Tutorial Lecture

Sunday, 16t September
15:30 — 16:15
Tutorial Lecture 1: Nico M M Nibbering

Chair: Ryuichi Arakawa (Kansai University, Japan)

TL1-1530 Selected examples of gas-phase ion chemistry studies.
15:30 — 16:15

Nico M M Nibbering
Vrije Universiteit, Amsterdam, The Netherlands

Keywords:
tautomeric ions, time-resolved MS/MS, epimerization

Novel aspects:
Gas-phase infrared multiphoton dissociation spectroscopy and ion mobility have become in recent years new and invaluable tools
for gas-phase ion chemistry studies.

Abstract:

Gas-phase ion chemistry is an area in mass spectrometry that has received much research interest since the mid fifties of the last
century and there are still several groups in the world active in gas-phase ion chemistry of both positive and negative ions, either
unimolecularly and/or bimolecularly.

In this tutorial lecture the formation and determination of tautomeric ion structures and intra-ionic catalyzed tautomerization in
the gas phase will be discussed. In addition, an example of formation of different tautomeric structures in protic and aprotic
solvents under electrospray ionization conditions will be given, as established by gas-phase infrared multiphoton dissociation
spectroscopy. This will be followed by presenting an example of time-resolved MS/MS which enables to identify the structure of
an ion, generated at a particular molecular ion lifetime. At the end of the lecture the power of ion mobility will be shown in
elucidating the mechanism of epimerization of bis-Tréger bases having chiral nitrogen centers.



Tutorial Lecture

Sunday, 16t September
16:15 — 17:00
Tutorial Lecture 2: Michael L Gross

Chair: Yoko Ohashi (RIKEN, Japan)

TL2-1615 “Can Mass Spectrometry Play a Role in Protein Biophysics and Structural
16:15 — 17:00 Biology?“

Michael L Gross, D Rempel, H Zhang, D Hambly, B Gau, J Chen, R Huang, J Zhang, L Jones, M Zhu
Washington University, St Louis, MO, USA

Keywords:
Protein footprinting, H/D exchange, fast photochemical oxidation of proteins

Novel aspects:
Mass spectrometry will play a role in structural biology by providing information of protein interaction interfaces, protein affinities,
and protein folding, ultimately to give coarse-grained structures.

Abstract:

There is a profound need in biological sciences to determine structure and properties of proteins that do not crystallize and are
not suitable for high-resolution NMR studies because the proteins are too large or they oligomerize at low concentration.
Furthermore, the relevant properties of a protein are manifest in unusual media (e.g., high concentrations of lipids and other
proteins) or in protein assemblies. Many low-resolution approaches exist (e.g., fluorescence, Raman, absorbance, circular
dichroism, chromatography, calorimetry) , but most do not readily yield information at the peptide or amino-acid levels. Mass
spectrometry (MS) , on the other hand, is the basis for a middle-resolution method. In appropriate experiments, MS provides a
means of determining protein interactions, following folding and unfolding, and determining binding affinities and interaction sites
by using chemical footprinting. Driving this approach is the wide availability of mass spectrometers, separation methods, and data
processing software for analytical proteomics ; these should also be immediately applicable to protein footprinting.

To this end, we are developing fast photochemical oxidation of proteins (FPOP) and implementing HD exchange (H/DX) , and
other covalent modification approaches to interrogate protein interactions, interfaces, and dynamics of folding/unfolding. We are
implementing H/DX to map protein interfaces and developing strategies to measure protein affinities (we call the latter approach
PLIMSTEX) . For irreversible labeling, we use FPOP, which has a significant advantage of speed, owing to the use of free radicals
as footprinting reagents. Radical generation occurs in low nanoseconds, and the radical reactions are complete in 1 microsecond.
Only a single conformation of the protein exists during the footprinting because the distribution of oxidation products is Poisson.
Besides OH, other radicals can be used including the sulfate and carbonate radical anions and the iodide radical, which have
different selectivities for the amino-acid residues. FPOP can also be the “probe “in a classic, two-laser “pump-probe “ experiment
whereby a temperature-jump perturbation is produced as a “pump “ by one laser and a second laser initiates FPOP as the “probe

“ to afford residue-specific information. This experiment is capable of probing protein structural dynamics at the sub millisecond
level with improved sensitivity and more detailed structural resolution than any physical chemical method.

In the lecture, we will describe these approaches, provide context for them in terms of other MS-based methods, and outline
some applications in protein science. We will show that these approaches provide more information than fluorescence, UV
absorbance, Raman, IR, nuclear magnetic resonance, and circular dichroism and may ultimately be a source for coarse-grained
structures of proteins and protein assemblies.



Plenary Lecture

Sunday, 16™ September Main Hall
17:30 — 18:15

Plenary Lecture 1: Hiroyuki Hamada

Chair: Koichi Tanaka (SHIMADZU Corp ., Japan)

PL1-1730 Applied Conventional Technology- Look at Tradition for Our Future-
17:30 — 18:15

Hiroyuki Hamada
Kyoto Institute of Technology, Kyoto, Japan

Keywords:
Traditional technology, Highly cultural product, Implicit knowledge

Novel aspects:
Interdisciplinary engineering which develop new ideas based on implicit knowledge of the past

Abstract:

When we think a new material, a new processing and a new product ; usually we have to develop technology, skill and soon.
Fortunately, we, human, have a long history, so that there are so many traditional technologies. For example, in Japan particularly
in Kyoto, there are many traditional craft works such as Urushi painting, roof tile named Kyo-gawara, and so on, because Kyoto
was capital of Japan for long time, for 1200 years.

Traditional craft products give customers some kind of satisfaction when customers see the products or when they have them in
their hands or use them. That is the reason why traditional craft products have been made and used for many years. We use a
word “highly cultural products “ as the word that shows this kind of satisfaction. This word means the function of products and
also appeals to the sensitivity of customer.

In the modern industry and production at the moment this kinds of additional value should be required. Therefore it is nice idea
look at the past technologies to get some additional functions. There are appropriate words ;

Learn a lesson from the past.

However traditional technologies have been brought down as implicit knowledge. Therefore it takes long time to understand the
technologies and education system is not effective. In order to overcome this problem and easily understand traditional
technologies, we propose a new engineering field name as Applied Conventional Technology.

An example of applied conventional technology approach is to find secret and knack in the traditional craft works ; it is sometime
material selection or sometimes fabrication method, by using scientific approach.

After this stage we can get explicit knowledge from implicit knowledge.

We can easily use the explicit knowledge to modern industry and products. Traditional craft works and processing exist in every
country and every area around the world. Therefore all of scientist and fabrication Engineers are interested in this new engineering
field.

The research topics undergoing are listed below ;

1) Comparison of painting technique of Urushi products between expert and non-expert

2) OBSERVATIONOF SURFACE STRUCTURE OF KYO-KAWARA (CERAMICMATERIAL FORROOF

COMPONENT) FABRICATED BY TRADITIONAL SKILLFUL TECHNIQUE

3) Effects of Processing Time and Years of Experience on Pre-Bending Process for Bamboo Beam in Kyo-Chouchin (Japanese
Lantern) Making Process

4) Thermal Strain of the Soldering Product in Traditional Metalwork

5) Evaluation of Pre Bending Process of Bamboo Beam in Kyo-Chochin (Japanese Lantern) Making Process

) Motion Analysis of the “Temae “in the Way of Tea Manufacturing movement analusis

) Analysis of the bacterial community found in clay wall material used for the construction of Japanese traditional buildings

) Quantification and Application of Implicit Knowledge of Bows made in Japan (Kyoto-bow)

)

6
7
8
9) Influence of proficiency in making “kanaami *



Plenary Lecture

Monday, 17t September
08:00 — 08:45
Plenary Lecture 2: David E Clemmer

Chair: Peter J Derrick (Massey University, New Zealand)

PL2-0800 Development of Next Generation lon Mobility/Mass Spectrometry
08:00 — 08:45 Techniques

David E Clemmer
Indiana University Department of Chemistry/Bloomington, IN/United States

Keywords:
lon mobility spectrometry

Novel aspects:
This is an invited lecture

Abstract:

When a pulse of ions is injected into a buffer gas and exposed to an electric field, different species will separate due to
differences in their mobilities through the gas. This separation is the basis of a widely used analytical method called ion mobility
spectrometry (IMS) . The approach has attracted considerable attention because : 1) it allows species with identical m/z values
but different shapes to be separated; 2) it can be coupled with high-speed mass spectrometry techniques to provide an
additional dimension of separation without influencing analysis times ; and, 3) the combined approaches provide advantages for
observing low abundance ions as well as parallel fragmentation strategies. When combined with theoretical calculations the
method also complements mass spectrometry as a means of determining structure. At present the resolving power of ion mobility
instruments is relatively low. This talk will describe the early development of ion mobility/time-of-flight techniques and explore
current efforts to improve IMS resolving power. Specifically, progress in understanding ion separation by an overtone mobility
approach will be presented. This progress has driven the development of a new circular drift tube. By allowing ions to experience
multiple cycles we have taken advantage of very long effective drift regions (ions have now been moved through more than 100
meters) . Multipass designs facilitate a range of new experiments, including IMS", as well as what we call mobility ringdown
experiments (where some ions are released for analysis after each cycle) . The ringdown studies have been used to follow the
level of H/D exchange on specific conformations of ubiquitin. The work is at a very early stage and current limitations will be
presented.



Monday, 17 September
09:00 — 11:00

Session 1: Developments in Tandem Mass Spectrometry - Hybrid Instrumentation “The
whole is greater than the sum of its parts” (Aristotle).

Chair: Morio Ishihara (Osaka University, Japan)

S01-0900 [Keynote Lecture] Orbitrap-based hybrid mass spectrometers: synergy of
09:00 — 09:40 analyzers

Alexander A Makarov
ThermoFisher Scientific, Bremen, Germany

Keywords:
Orbitrap analyzer, high mass accuracy, ultra-high resolution, hybrid mass spectrometer

Novel aspects:
Overview of existing and future configurations of Orbitrap-based hybrid mass spectrometers and associated analytical methods

Abstract:

Orbitrap mass spectrometry has grown to become one of the most prominent techniques for high resolution, high mass accuracy
analysis. To large extent this is the consequence of intricate synergy between different combinations of analyzers employed in
Orbitrap-based hybrids.

Being the first high-performance mass analyzer that employs trapping of ions in electrostatic fields, Orbitrap analyzer can provide
high performance analytical characteristics only when highly integrated with the ion injection process. The advent of pulsed
injection from an external ion storage device has allowed the analyzer to become effectively de-coupled from previous stages of
mass analysis. Therefore such a storage device in the form of the C-trap became the crucial building block of all Orbitrap-based
hybrids which currently contain two major families : the original LTQ Orbitrap and the recent Q Exactive hybrids. First family
employs linear traps MS" analyzers for the first stages of mass analysis while the second one utilizes a quadrupole mass filter with
hyperbolic electrodes. In both cases, preceding mass analyzer ensures optimum filling of the C-trap and thus stability of Orbitrap
operation in spite of significant ion loads.

Both of hybrid families have recently entered a new phase in their short but eventful history. For the Orbitrap Elite instrument, a
new construction of the analyzer with a higher field strength as well as new methods of data processing allowed to increase
drastically spectral acquisition rate, improve sensitivity and performance for proteins. For the Q Exactive instrument, a variety of
new methods of analysis became enabled by parallel isolation/detection as well as by multiplexing of quadrupole filtering.
Performance of new instruments is described in comparison to their predecessors and high-field FT-ICR instruments. Particular
attention is given to recent improvements related to protein and top-down analysis.

In conclusion, future trends and perspectives of the Orbitrap mass spectrometry are discussed. Alternative hybrid configurations
are discussed from the point of view of their synergies, including ones with multiple Orbitrap analyzers operating in parallel.



Monday, 17 September
09:00 — 11:00

Session 1: Developments in Tandem Mass Spectrometry - Hybrid Instrumentation “The
whole is greater than the sum of its parts” (Aristotle).

Chair: Morio Ishihara (Osaka University, Japan)

S01-0940 High Mass Resolution MALDI TOF MS/MS With A Curved Field Reflectron
09:40 = 10:00  (Or The CFR Comes Of Age)

Andrew R Bowdler, lan Brookhouse
Kratos Analytical Ltd, Manchester, UK

Keywords:
Mass resolution, MALDI TOF MS/MS, High energy CID, CFR, TOF/TOF

Novel aspects:
State of the art mass resolution for MALDI TOF MS/MS. 20keV lab energy CID with high mass resolution.

Abstract:
The curved-field reflectron (CFR) has been in existence for nearly two decades since it was introduced by Cotter and Cornish [1].
For several years the CFR was used in the only commercially available instruments capable of MALDI TOF MS/MS without
scanning the reflectron. Seamless post-source decay provided advantages in terms of both sensitivity and speed of acquisition.
However, the key advantage of the CFR over conventional linear field reflectrons, even those used in TOF/TOF instruments has
been the ability to produce MS/MS at the full extraction energy. This is because there is no need with the CFR to re-accelerate the
ions after the first TOF. So firstly, true high-energy CID is possible with lab collision energies of 20keV or more. Secondly. there is
no need to discard any meta-stable ions (post-source decay) and thus very high efficiency is achieved for MS/MS.
However, even when used in MALDI TOF instruments with in excess of 20,000 mass resolution for MS, the mass resolution using
the CFR for MS/MS was typically limited to isotopic resolution up to about 1000Da. This has been known for a long time to be due
to the increase in the laser intensity required to produce the meta-stable ions required for MS/MS (even with high-energy CID)
which is much higher than the threshold for MALDI TOF MS. Until recently, this effect had not been understood or quantified.
More importantly, the reduced mass resolution has meant that the CFR instruments were not able to match the ultimate
performance of other TOF/TOF instruments.
In this paper, the theory and data for a method to produce high mass resolution MS/MS with a curved field reflectron will be
presented. Theoretical calculations and ion trajectory simulation data will be used to show how the reduction in mass resolution
when the laser intensity is increased is due to a large increase in the initial spatial distribution in the axial direction of ions
generated by the MALDI ion-source. This axial spatial distribution is passed on by the parent ions during meta-stable decay or CID
to the fragment ions. It will be shown that it is possible to gain MS levels of mass resolution for MS/MS if this axial spatial
distribution is re-focussed before all of the fragment ions reach the entrance to the curved-field reflectron. With this technique and
in combination with the curved-field reflectron, fragment mass resolutions in excess of 10,000 can be achieved for MS/MS of meta-
stable ions and CID at lab energy of 20keV. By using axial spatial distribution focusing (ASDF) , the curved-field reflectron is again
capable of defining the state of the art for MALDI TOF-MS/MS and can really be said to have come of age.

[ 11 Cornish TJ and Cotter RJ 'Non-linear field reflectron’ US patent 5464985



Monday, 17" September
09:00 — 11:00

Session 1: Developments in Tandem Mass Spectrometry - Hybrid Instrumentation “The
whole is greater than the sum of its parts” (Aristotle).

Chair: Morio Ishihara (Osaka University, Japan)

S01-1000 High resolution, high aperture, high sensitivity TOF mass-spectrometers
10:00 - 10:20  with expanded functionalities

Aldan A Sapargaliyev?, Igor F Spivak-Lavrov?, Yerbol A Sapargaliyev'~
'Scientific Center “REB*, 2Aktobe State University, Aktobe, Kazakhstan, 3Scientific Center REB, Almaty, Kazakhstan

Keywords:
TOF, instruments, parallel tandem, high sensitivity, high resolution

Novel aspects:
Novel designs of compact TOF analyzers with the longest flight-paths (TOF) are suggested. lon-beam channels utilize parallel
tandem analysis simultaneously by energy and mass in the “nested time “ mode.

Abstract:

The set of novel ion-optical (I0) designs of Time-of-Flight (TOF) analyzers with a loop ion trajectory formed by the Wedge-Type-
Two-Dimensional (WT) grid less mirrors is proposed [1] . These TOF analyzers possess record characteristics twice as much
overcoming their already known analogues by resolution and sensitivity. They can be used in mass-spectrometers of different
configurations (tandem, hybrid) for the preliminary selection of ions and/or for the final division of the flow by masses.
Furthermore, they feature extended functional capabilities enabling multi-object (simultaneous separate analysis of ion beams
from two and more different sources) and multi-parameter mass-spectrometry. Exceptional features of the TOF analyzers
proposed, including the high sensitivity, are due to the following innovations.

WT mirrors are made in the form of longish sheets which create two-dimensional electric field with the middle plane. Providing
the ion beam loop configuration, the disposition of mirrors in the analyzer allows reimbursing the transverse spatial dispersion by
energy, which appears at every reflection of the ion beam. The plane of the loop trajectories of the ion beam moves along the
longish sheets providing the increase of the unlooped path of ions. The use of various three-dimensional IO reflection elements
allows spatially to focus the ion beam in two transverse directions and thus to transport ion packages without significant loss.
Compared to axis symmetric 1O elements, the middle plane IO elements have smaller aberrations and larger aperture, which
enables mass-spectrometers with high resolution and sensitivity. Meanwhile, the record-breaking characteristics can be achieved
while using the multilayer-multi-reflective TOF analyzers. The use of mass-spectrometers with TOF analyzers for parallel mass
spectrometry of two or more tract ion beams is stipulated, that provides the expansion of their functionality and also increases
the speed of receiving mass-spectrometry data and enhances the credibility of the results.

Some of the offered designs, including multi-channel, hybrid and tandem, provide possibility of simultaneous analysis of the ion
pbeam by energy and mass.

The proposed designs suggest the longest fly-distance (TOF) at the smallest sizes of ion channel. Resolution of mass-
spectrometers may vary from tens of thousands (two-reflective) to several millions (multilayer-multi-reflective) . For example,
single-layer-multi-reflective TOF system at dimensions 0.4x0.2x0.05m 3 (layer width 0.05m) provides 32m path-of-flight (resolution
200,000) . Five-layer-multi-reflective system (dimensions 0.4x0.2x0.25m 3) provides 160m path-of-flight (resolution 1,000,000) . In
general, the TOF analyzer can contain any number (ten and more) of layers.

Suggested variants of ion-beam channels enable utilizing the parallel tandem TOF analysis in the “nested time “ mode, in the
better way than the ones suggested by other systems.

The general method of investigation and the corpuscular-optical theory of the spatial and temporal structure of charged particle
flows in systems including in elements with special points (mirrors and emission units) can be found in works [2-41 . The
methods and theory developed in these works are the basis for the theoretical substantiation of TOF analyzers proposed.

[ 11 Sapargaliev A.A., The method of mass-spectrometry (variants) and the device for its realization, International publication No.
PCT/KZ2011/000011, Pub. No. : WO/2012/005561, International Filing Date : 08.07.2011, Publication Date : 12.01.2012.

[2] Sapargaliev A.A., Yakushev E.M., Osnovyobshego metoda teorii fokussirovki zariazhennykh chastits, (Fundamentals of the
general method of the theory of focusing of charged particles) Izv.AN KazSSR, seria Phyz.mat. 1980, 2, pp. 22-26.

[3] Yakushev E.M., Sapargaliev A.A., Elengeev AK., Obshaya Teoria prostranstvennoy | vremiaproletnoi fokussirovki
zariazhennykhchastits v statsionarnykh electromagnitnykh poliakh (General theory of spatial and time-flight focusing of charged
particles in stationary electromagnetic fields) . ZhTF, 1985, V.55, 7, p.1291-1299.

[4] Bimurzaev S.B., Yakushev E.M., Electromagnetic mirror objective with removable spherical aberration, Nucl. Instr. Meth. in
Phys. Res., 2011, V. A 645, p. 33-34.
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Session 1: Developments in Tandem Mass Spectrometry - Hybrid Instrumentation “The
whole is greater than the sum of its parts” (Aristotle).

Chair: Morio Ishihara (Osaka University, Japan)

S01-1020 On the way to the holy grail of CID (20 keV and C12 precursor ion): from
10:20 = 10:40  MALDI-LinTOF/CF-RTOF- to MALDI-SpiralTOF/offset parabolic-RTOF-MS

Guenter Allmaier’, Ernst Pittenauer’, Pavel Rehulka?, Akihiko Kusai?

"Wienna University of Technology, Vienna, Austria, 2University of Defence, Hradec Kralova, Czech Republic, 2JEOL
(Europe), Croissy-sur-Seine, France

Keywords:
MALDI, High-energy CID, Spiral TOF/Parabolic RTOF, Triglycerides, Glycerophospholipids

Novel aspects:
A MALDI tandem MS (spiralTOF, HE (20 keV) -CID, parabolicRTOF) can be seen as reaching the holy grail of CID structural
analysis allowing C12 ion selection/true HE-CID of lipids out of mixtures.

Abstract:
With the introduction of MALDI-TOF/RTOF-technology during the turn of the 215t century high-energy (beyond or at 1 keV)
collision-induced dissociation (HE-CID) of biomolecules (e.g. lipids, peptides, carbohydrates) for structural elucidation was back
in business after the slow disappearance of classical high performance tandem four sector instruments due to sensitivity issues
and the complexity of the mass spectrometer compared to modern tandem or multi stage mass spectrometric instrumentation (IT,
QgRTOF and Q@Q) . Whereas tandem four sector instruments (for example EBEB (JEOL HX110/HX110) configurations) offered
monoisotopic (Ci2) precursor ion selection and keV-collision regimes (rich in product ion formation across the whole m/z range))
at reasonable resolution the latter tandem mass spectrometric instrumental developments (IT, QQRTOF and QqQ) allowed only
eV-collisions frequently poor in formation of structure diagnostic product ion formation. Major draw-backs of recent HE-CID TOF/
RTOF-instrumentation particular for lipid analysis are mainly based on technical limitations in MS 1 and the associated ion gate-
technology for precursor ion-selection thus never enabling clear monoisotopic precursor ion selection. This is extremely important
as the smallest mass difference between two lipid species is often just 2 Da (i.e. one double bond) . Therefore monoisotopic
precursor ion selection (mass window 1 Da without any isotope interferences at suitable sensitivity) is urgently needed on
routine base for unambiguous lipid species characterization and identification under “true “ HE-CID (Ewas = 20 keV) conditions.
As recent advancement (i.e. coming close to the holy grail of CID structural analysis) the introduction of a MALDI tandem HE (20
keV) -CID MS consisting of a spiralTOF as MS 1 and an offset parabolic RTOF as MS 2 can be seen allowing again Ci
(monoisotopic) precursor ion selection at good sensitivity. For evaluation of this latter, most advanced device samples of
selected triacylglycerols (TAGs from castor bean and linseed oil) and glycerophospholipids (GPL) from various classes (PC, PE,
PS, PI, etc.) were analyzed by means of the JMS-S300 SpiralTOF (JEOL) and including various other TOF/RTOF-instruments from
different manufacturers (ABI 4700 and 4800 proteome analyzer (both : ABSciex) and Axima TOF? (Shimadzu Kratos Analytical) . As
precursor ions [M+H]* and [M+nNa (n1) H]* ions (n = 1-3) were selected for positive ion and [MH]- for negative ion mode.
All product ion assignments were based on previously published product ion nomenclature for TAGs and GPLs. It turned out that
the new device allowed clear monoisotopic precursor ion selection out of complex lipid mixtures at good sensitivity and 20 keV
HE CID fragmentation of these ions for detailed structure elucidation (i.e. double bond location) of lipids across the complete m/z
range of interest.
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09:00 — 11:00

Session 1: Developments in Tandem Mass Spectrometry - Hybrid Instrumentation “The
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S01-1040 Identification of trace level process related impurities of small molecule
10:40 = 11:00  |rbesartan, an angiotensin Il receptor antagonist through MSMS analysis

Saravanan Subramaniam, Raman Palvannanathan, Rampriya Uthayakumar,
Govindarajan Chandramohan, Mohan Kasi, Arvind Thyagarajan, Manohar Venkat

Indian Institute of Chromatography & Mass Spectrometry

Keywords:
Irbesartan, trace level impurities, SSSfunction

Novel aspects:
The novel features of the MS technology namely Synchronized Survey Scan (SSS) has been exploited to characterize process
related unknown impurities at a concentration of less than 0.10%.

Abstract:

Identification of impurities based on process parameters is one of the regulatory requirements to ensure the safety of the final
drug substance. If the impurities are not process related, but new ones, it is imperative that one has to establish the biological
toxicity of the unknown impurities, which in turn will be highly cost prohibitive. The MSMS technology available in triple
quadrupole mass spectrometer with multiple collision energy features becomes very much useful to identify these process related
/ unknown impurities, which are present in trace level in drug substances. This paper presents the identification of five unknown
impurities of Irbesartan an angiotensin Il receptor antagonist molecule. The MSMS analysis demonstrates that these five impurities
are process related only and not new unknown impurities.

Irbesartan was in-house synthesized at Indian Institute of chromatography and Mass Spectrometry (IICMS) , Chennai, India. The
purity of the compound was found to be 99.21% (Area normalization method) . The concentration of five impurities was found to
be varying from 0.04% to 0.32% (Area normalization method) .

The salient features of LCMS 8030 like Synchronized Survey Scan (SSS) provides the MS and MSMS data simultaneously in a single
run and paves a way for rapid identification of impurities. Further the simultaneous MS analysis in both positive and negative
modes, MSMS analysis with different collision energies and MSMS analysis with neutral loss function have enabled us to
characterize the impurities of Irbesartan.

The molecular ion of the acive compound Irbesartan has been observed as m/z 429 in ESI positive mode, confirmed in the
simultaneous ESI negative mode analysis as m/z427. The MSMS analysis of the main compound irbesartan in ESI positive ionization
shows the charecteristic fragmentation ions such as m/z 429, m/z 207, m/z 195, m/z 180 and m/z 84.

It is intresting to note the MSMS features of LCMS 8030 shows the charecteristic neutral loss resulting to the presence of ion m/z
207. Simillar charecteristic ions of the impurities were also observed in the MSMS mode. The MSMS analysis have been carried out
at the collision energies same as that of the main compound and the data analysis has enabled us to observe the presence/
absence of methyl group leading to the formation ofimpurity-2 and impurity-5. All the impurities except impurity-3 have their
origin from the raw meterial spiroketones used in the synthesis of irbesartan. Impurity- 3 is already reported as USP impurity-A.

The entire analyses show how the MSMS architecture available in LCMS 8030 can effectively be employed to characterise the
process related impurities. The unique feature of this capability is the identification of the molecular ion at very low concentration.
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S02-0900 [Keynote Lecture] Chemical Cross-Linking and Mass Spectrometry: A
09:00 = 0940 Fruitful Combination for Protein 3D-Structure Analysis

Andrea Sinz
Martin-Luther University Halle-Wittenberg, Halle, Germany

Keywords:
Chemical cross-linking, ESI-LTQ-Orbitrap-MS/MS, protein 3 D-structure

Novel aspects:
Combination of chemical cross-linking and MS for protein structure analysis.

Abstract:
Detailed knowledge of three-dimensional protein structures and the identifcation of protein-binding partners are critical for
understanding cellular processes at the molecular level. However, applying conventional methods of structural biology is
challenging when analyzing membrane proteins, transient complexes or very large protein assemblies. Chemical cross-linking in
combination with mass spectrometry (MS) and computational modelling has emerged as an alternative strategy to obtain three-
dimensional structural information of proteins and protein complexes [1-31 . The chemical cross-linking/MS approach can be
used in combination with other low-resolution structural methods to study proteins and protein assemblies, which are otherwise
not amenable to the high-resolution structural techniques of X-ray crystallography or NMR spectroscopy. Chemical cross-linking
relies on the introduction of a covalent bond between functional groups of amino acids within one protein, to gain insight into the
conformation of a protein, or between interaction partners to elucidate interfaces in protein complexes. Based on the distance
restraints derived from the chemical cross-linking data, three-dimensional structural models of proteins and protein complexes can
be constructed. We employ the chemical cross-linking/MS strategy to study proteins and protein complexes with a wide range of
biological activities. The protein systems currently under investigation in our lab comprise the peroxisome proliferator-activated
receptor alpha, the formate channel FocA, as well as calmodulin/Munc13 and laminin/nidogen complexes. Most commonly, homo-
bifunctional amine-reactive cross-linkers, such as N-hydroxysuccinimide esters, are used for studying protein assemblies. Our aim
is to extend the arsenal of exisiting cross-linkers to obtain complementary structural information. We explore the incorporation of
unnatural photo-reactive amino acids into the proteins of interest, and we use specifically designed cross-linkers, which are
cleaved by collisionally activated dissociation (CAD) conditions during MS analysis [4] . After the cross-linking reaction, the
chemically modified proteins are enzymatically digested and the resulting highly complex peptide mixtures are analyzed by MS
(nano-HPLC/MALDI-TOF/TOF-MS/MS and nano-HPLC/nano-ESI-LTQ-Orbitrap-MS/MS) . Mass spectra are screened for cross-
linked products by the StavroX software [5] and the distance restraints we obtain serve as the basis for constructing structural
models of the proteins under investigation using Rosetta. With the continual improvements in mass spectrometric equipment and
bioinformatics tools, the chemical cross-linking strategy can be expected to greatly facilitate the 3 D-structural analysis of proteins.

Literature References :

[1] Sinz, A., Mass Spectrom. Rev. 2006, 25, 663. [2] Leitner, A. et al., Mol. Cell. Proteomics. 2010, 9, 1634. [31 Rappsilber, J., J.
Struct. Biol. 2011,7173, 663. [4] Muller, M.Q. et al., Anal. Chem. 2010, 82, 6958. [5] Gotze, M. et al., J. Am. Soc. Mass
Spectrom.2012, 23, 76.
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S02-0940 Applications of online- bioaffinity- mass spectrometry to structure and
09:40 = 10:00  affinity determination of neurodegenerative proteins from brain material
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Perpeet?, Michael Przybylski'
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Novel aspects:
The new affinity-MS method based on the online coupling of SAW-biosensor to ESI-MS provides information of biopolymer
interactions at molecular level, enabling affinity detection and quantification, and ligand structure identification.

Abstract:

Introduction:

In the analysis of affinity interactions biosensors are a key analytical tool, being able to detect and quantify bioaffinity bindings.
Nonetheless, biosensors do not provide the chemical structure identification of ligands, for which mass spectrometry is a powerful
tool [1]. Here we show that the online combination biosensor- mass spectrometry provides simultaneous chemical structure
identification and quantification of bioaffinity interactions.

Methods:

In this study we report affinity interaction and structural studies of antigen-antibody and peptide-protein complexes, as well as of
biological samples: mouse brain homogenate containing a-Synuclein and human CSF containing AB peptides. The SAW-biosensor
was directly coupled to (i) ESI ion trap, and (ii) ESI FT-ICR-MS. The analysed complexes included AB (1-16) peptide / anti- AB (1-
16) antibody; AB(12-40) / anti- AB (17-28) antibody; Tau protein (isoform 2N/4R) / anti-Tauspecific antibody (clone TAU5); melitin
/ calmodulin, and a-Synuclein / anti- a-Synuclein antibodies. An anti- a-Synuclein antibody was used for the affinity characterisa-
tion of mouse brain homogenate, while anti- AB antibodies were employed in the analysis of human CSF. Antibodies / proteins
were immobilised via a thiol linker on the surface of a gold chip inside the biosensor, and their interactions with the specific
peptide or protein were monitored with the SAW biosensor. Using the online interface developed in our laboratory, the bound
peptide or protein was eluted at acidic conditions from the gold chip and analysed by ESI mass spectrometry, which provided the
structural characterisation of the ligands [1].

Results:

The online combination of SAW biosensor and mass spectrometry allowed the structural identification and affinity determination
of affinity-bound Tau, AB and  a-Synuclein. The mass spectrometric characterisation provided details on post translational
structure modifications of proteins and peptides present in biological samples, while the analysis of the binding kinetics delivered
the KD values for the antibody-antigen interactions. The key achievement of the method consists in the ability to structurally
characterize specific biopolymer molecules (A3, a-Synuclein), occurring at low concentrations in biological material. Using this
new hybrid tool, screening for biomarkers of neurodegenerative diseases will become more efficient and accurate, leading to
easily quantifiable and interpretable results.

(Supported by grant KF2026662 from the Bundesministerium fur Wirtschaft und Technologie, Berlin Germany)

[11 Dragusanu, M. et al. J. Am. Soc.Mass Spectrom. 21, 2010, 1643-1648.
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Novel aspects:
The ability of mass spectrometry to obtain single-residue structural information even for large and challenging protein complexes
of therapeutic interest.

Abstract:

Introduction

Hydrogen/deuterium exchange (HDX) analysis of individual residues in proteins by electron
transfer dissociation (ETD) has paved the way for MS analysis of protein structure at an
unprecedented level of detail [1,2] . HDX-ETD experiments on large protein systems [3] however
remain a challenge as these yield highly complex peptide mixtures for which optimal ETD
spectra can be difficult to acquire on a chromatographic timescale. Here we combine optimized
ETD with chromatographic separation in an online HDX-ETD workflow to successfully obtain
site-specific HDX information on the therapeutically important 75KDa protein complex formed
by Coagulation Factor Vlla (FVIla) and Tissue Factor (TF) during blood coagulation [4] . Our
results demonstrate the ability of mass spectrometry to obtain single-residue structural
information even for large and challenging protein complexes of biopharmaceutical interest.

Methods
Deuterium labeled samples of recombinant FVlla and TF were prepared by an automated liquid
handling robot (LEAP technologies) . Labeled protein samples were loaded onto a refrigerated
nanoACQUITY UPLC system (Waters Inc.) interfaced with a Synapt G2 mass spectrometer
(Waters Inc.) for pepsin digestion, chromatography and mass spectrometry. The mass
spectrometer was equipped with an ESI source operated at predefined settings for minimal H/D
scrambling as described previously [5,6] . ETD was performed in the trap T-wave by reacting
radical 1,4 dicyanobenzene anions with quadrupole-selected deuterium labeled peptide ions.

Results

Pepsin proteolysis of FVIla-TF samples yielded a complex mixture of overlapping peptides and
57 unique peptides covering 95% of the sequence of FVlla were identified. HDX-MS
experiments performed without ETD on free and TF-bound FVlla revealed a subset of 11
representative FVlla peptides that displayed reduced deuterium uptake upon TF binding and
thus contained residues whose conformation was affected upon TF-induced activation of FVlla.
HDX-ETD experiments on the hybrid Q-TOF platform were performed by use of a data-
dependent method to optimize precursor selection and ETD acquisition parameters for the 11
FVlla peptides of interest based on their respective elution time and most abundant charge
states observed. Further, mild supplemental activation of ETD product ions performed in a
data-dependent manner in the transfer T-wave was found to improve ETD efficiency for 2+
peptide ions. Using the tailored HX-ETD workflow, we have extracted site-specific HDX
information for FVIla when bound to TF which has allowed us to pinpoint, for the first time, a
network of residues in FVlla that relay a concerted structural change from the TF binding site of
FVlla to the active site region of the protease. This provides detailed molecular insight into the
allosteric regulation of this enzyme and key information for the design of variants of FVlla with
improved activity and biopharmaceutical efficacy. Our results demonstrate that ETD can be
performed online on a chromatographic timescale using a hybrid Q-TOF platform in an
improved HX-ETD type workflow that is poised to open up for high-resolution HDX analysis of



large and challenging protein systems of key biological and pharmaceutical interest.
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Novel aspects:
First application of IM-MS in combination with MD simulation to characterize the structural varieties of histone multimers with
disordered tail regions

Abstract:

Gas-phase behaviors of various protein complex ions have been characterized by electrospray ionization mass spectrometry (ESI-
MS) in combination with ion mobility (IM) separation. In the present study, we have investigated gas-phase structures of histone
multimers, which have a folded core structure with disordered tail regions, by ESI-IM-MS and molecular dynamics (MD) simulation.
Histone proteins are chief components of nucleosome core particle (NCP) , the basic structural unit of eukaryotic chromatins.
NCP consists of approximately 147 base pairs of DNA wrapping around a histone octamer, (H2 A/H2B/H3/H4), and its assembly
and disassembly is a dynamic process that regulates DNA transcription, replication, and repair. In order to understand the
mechanism of the NCP assembly and disassembly, structural characterization of the histone multimers, H2 A/H2B dimer and H3/
H4 tetramer, should be of great help. However, their atomic-level structures have not been determined because of the high
flexibility of the N-terminal disordered tail region of each histone protein. Thus we have characterized these histone multimers by
MS and MD simulation.

Human histone H2 A/H 2B dimer and H3 /H 4 tetramer were prepared by refolding of the recombinant proteins. When the sample
solutions were prepared in an extremely high concentration of ammonium acetate and subjected to ESI-MS, the intact histone
multimer ions were successfully observed without dissociation into each monomer. In the IM-MS analysis, experimentally obtained
arrival times of these histone multimer ions presented rather wide distributions, suggesting that they were in various
conformations.

In order to characterize the structures of these histone multimers observed by IM-MS, consecutive MD simulation for these histone
multimers was carried out first in aqueous environment then in vacuo. MD simulation in aqueous solutions containing high salt
concentrations for 10 ns revealed the structures of histone multimers with stable folded core parts and disordered tail regions. The
10 simulated structures every 1 ns in solution were then subjected to the gas-phase simulations. The behaviors of the histone
multimers in vacuo were analyzed by MD simulation with attaching 11+ (H2 A/H2B dimer) or 16+ (H3/H4 tetramer) charges,
which were the dominant charge states observed in the ESI mass spectra, to the initial solution structures. When the distribution
of the calculated CCS values for 150 simulated structures of each histone multimer was analyzed, it was found that the MD
simulated structures at the ESI-charge state exhibited a relatively narrow CCS distribution, which was not completely consistent
with the results obtained by IM-MS. Therefore, another set of MD simulation of the histone multimers at the Native-charge state,
i.e., the charge state that was employed in the MD simulation in aqueous environment, was also carried out. It was found that the
MD simulated structures at the Native-charge state demonstrated a wide CCS distribution, which was similar to that observed in
the IM-MS experiments. In addition, detailed analysis of the simulated structures revealed that the wide CCS distribution was
derived from structural variety of the tail regions in the gas phase.

This study indicates that the combination of IM-MS and MD simulation enables comprehensive characterization of the gas-phase
structures of biomolecular complexes containing disordered regions. Further discussion on the transition of the structures during
ES ionization process will be carried out based on the results of IM-MS and MD simulation.
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Novel aspects:
We present a summary of our efforts focusing on different steps of the proteome analysis pipeline, starting from protease
characterization, sample preparation, LC separation, ionization to data acquisition and analysis.

Abstract:

In-depth bottom-up mass spectrometry (MS) -based proteomics profiling is currently limited by the effective dynamic range of the
proteins present and the under-sampling of the peptides generated by proteolysis. Nonetheless, it allows for identification of
several hundred, or even thousands of proteins in a chromatographic run, while top-down proteomics is successful in detecting
and analyzing multiple isoforms and modification sites on the same protein. It can be envisioned, that by decreasing the frequency
of cleavage sites of a protease, the average size of the generated peptides will increase, and consequently, the sample complexity
decreases. Middle-down proteomics (MDP) is a recently emerged approach that targets exactly this hypothesis by combining the
benefits of bottom-up and top-down techniques and it is fully compatible with the scan speed of the state-of-the-art FTMS
instrumentation operating in LC-MS/MS mode. Here, we advance bottom-up and middle-down proteomics by judicious selection
of endoproteases capable of providing increased sequence coverage and LC-MS/MS method tailoring to the novel proteolytic
peptide properties to deliver the required improvement in protein identification and characterization.

Trypsin and LysC are the two most commonly used proteases in bottom up proteomics ; the benefits of having a basic residue on
the C-terminus for the quality of the MS/MS data have been extensively studied. Much less studied, dibasic site-specific proteases
cleave at adjacent K and/or R sites, where cleavage may occur before, after or between the two basic residues, therefore
resulting in longer peptides carrying multiple charges at one or both termini. To evaluate the applicability of dibasic proteases for
MDP, peptides mimicking these theoretical protease products were synthesized by Fmoc solid state peptide synthesis and their
HCD and ETD fragmentation behavior was compared. We have determined optimal fragmentation conditions using direct infusion
of these synthetic peptides by comparing the sequence coverage obtained at different HCD collision energies or ETD reaction
times for the different charge states. All MS/MS experiments were performed on a high-field compact Orbitrap Elite mass
spectrometer (Thermo Scientific) , with resolution setting of 60k (at m/z 400) for precursor ion scanning and 15k for product ions
using the eFT function enabled.

Another practical requirement for dibasic proteases is the availability, ease and cost of large scale production. We have found
two proteases, Sap 9 and Sap10 that are specific to dibasic sites and cleave after two adjacent basic residues ; these were
expressed in Pichia pastoris and His-tag purified ; a green fluorescent enzyme assay activity kit was used to determine the optimal
working conditions. We have found that the enzymes are most active at acidic pH conditions, at short incubation times.

Nano-LC separation was performed on a Dionex UPLC 3000 system (Thermo Scientific) on a 25 cm C18 column. Solvent and
gradient optimization was performed on the synthetic peptides. We have found that the presence of methanol in the mobile
phase causes an even distribution of the peptides over the LC gradient resulting in peak broadening ; this is expected to allow for
more sampling time for co-eluting peptides and increased MS/MS efficiency. To increase the intensity of the highly charged
precursor ions we have used an in-house built dual-spray microchip obtained through collaboration. Importantly, ion supercharging
occurs in-spray ; [ 1] therefore it has no detrimental effect on the chromatographic separation.

Our preliminary data indicates that commercial bioinformatics software designed for bottom-up experiments cannot be readily
implemented due to the maximum m/z constraint for the peptide precursor ion and because the advantage of high resolution MS/
MS data is not fully exploited. We thus implement software tailored for top-down data analysis for interpretation of the MDP data.

[ 1] Miladinovic S.M., et al., Analytical Chemistry (2012) , in print



Monday, 17" September
09:00 — 11:00
Session 3: Structures and Dynamics of Atomic and Molecular Clusters

Chair:  Fuminori Misaizu (Tohoku University, Japan)

S03-0900 [Keynote Lecture] Recent Advances in the Vibrational Spectroscopy of
09:00 - 09:40  Mass-Selected Gas Phase Cluster lons

Knut R Asmis
Fritz-Haber-Institut der MPG, Berlin, Germany

Keywords:
infrared photodissociation, clusters, ion trap, messenger-tagging, isomer-selective

Novel aspects:

(1) Measurement of infrared photodissociation spectra of thermalized mass-selected cluster ions. (2) Isomer-selective
photodissociation spectra using population-labeling IR/IR double resonance spectroscopy combined with a triple mass
spectrometer.

Abstract:

There is an ongoing effort, spanning many branches of the physical sciences, to characterize the structure of gas phase ions,
ranging from simple polyatomic species all the way to large biomolecules containing many thousand atoms. Several techniques
have been refined over the past decade, of which infrared photodissociation (IRPD) spectroscopy has evolved to be one of the
most powerful and widely applicable ones. | will give an overview of IRPD experiments performed in our group, focusing on the
structural characterization of mass-selected cluster ions, and how these results can help in our fundamental understanding of
heterogeneous catalysis as well as ion solvation.

Due to their structural variability and redox activity transition metal oxides are widely used in heterogeneous catalysis. However,
in most supported catalysts, neither the size and distribution of the active particles on the support surface, nor their structure is
sufficiently known. Therefore it proves helpful to study the size-dependent properties of such particles in the gas phase, i.e., in the
absence of any interactions with a medium or support. Our ongoing IRPD experiments on transition metal oxide clusters are
aimed at gaining a molecular level understanding of their structure-reactivity relationship and ultimately unravelling the adsorbate/
active site/support interaction important in heterogeneous catalysis.

Understanding how protons are hydrated is another important and challenging research area. The anomalously high proton
mobility of water can be explained by a periodic isomerization between the Eigen and Zundel binding motifs, HsO" (ag) and
HsO2" (ag) . respectively, even though the detailed mechanism is considerably more complex and still not fully understood. These
rapidly interconverting structures from the condensed phase can be stabilized, isolated and studied in the gas phase in the form
of protonated water clusters. The smallest protonated water cluster that exhibits structural isomers related to both motifs (Eigen
and Zundel) experimentally is the protonated water hexamer H* (H.O)¢. Here, results on isomer-selective double resonance
experiments on H* (H.O)s are presented. Protonated water clusters are formed by electrospray ionization, mass-selected, cooled
to cryogenic temperatures, and messenger-tagged with H; in a buffer gas filled ion trap. Isomer-selective photodissociation spectra
are measured from 300-4000 cm™' using population-labeling IR/IR double resonance spectroscopy combined with a triple mass
spectrometer.
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Novel aspects:
Specifically small numer of conformers of catecholamines in gas phase is found by uniquely improved laser desorption supersonic
jet spectroscopy.

Abstract:

The neural signal is transmitted by specific molecules known as neurotransmitters, which bind to receptor protein, from one
neuronal cell to the next, through the accurate molecular recognition process. The same signalization process is utilized for the
regulation of various vital functions by hormones. One of the well-known and typical neurotransmitters is catecholamine, such as
dopamine and adrenaline etc., which has catechol ring and amine chain. Investigation of the conformational geometries of these
molecules is important as fundamental knowledge to understanding the molecular recognition process of the neurotransmitters.
In this work, we applied laser desorption supersonic jet laser spectroscopy, which enables the gas phase spectroscopy of
biomolecules with distinguishing each conformers as isomers, to catecholamines and the irrelevant molecules. From the results, it
was found that catecholamines have specifically small number, 1 or 2, of conformers in gas phase, while the relevant molecules
which do not have catechol ring have many conformers, more than 10. This drastic reduction of number of conformers observed in
catecholamines is attributed to neighboring phenolic OH group of catechol ring.

In addition, we turned our eyes to another lead role, receptor protein of catecholamines. However, since the receptors are huge
molecules, whose molecular weights are larger than 40,000, it will be unreal to apply the gas phase spectroscopy to themselves.
Fortunately, it was suggested that the binding site of the catecholamines is a small number of residues, so we projected the
gasphase spectroscopy of the synthesized partial peptide of the binding site. We took notice of 5-recidue sequence of adrenergic
beta 2 -receptor, Ser-lle-Val-Ser-Phe, which behaves as the binding site of catecholic OHs, and applied the laser desorption
supersonic jet spectroscopy. By measuring IR spectrum and comparing it with results of quantum chemical calculations, we
determined a geometrical structure of the 5-recidue peptide. For the next step, we are planning to generate a complex of
5-residue peptide and adrenaline in gas phase and determine its structure by IR spectroscopy and theoretical calculations.
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Novel aspects:
Detergent cluster characterisation using ion mobility mass spectrometry. Mechanism of cluster dissociation

Abstract:

Recent advances in the field of biological mass spectrometry have shown that it is possible to use this technique to obtain crucial
insights into the subunit stoichiometry, topology and lipid binding of membrane protein complexes. Central to this approach is the
use of collision induced dissociation (CID) to remove protein-bound detergents prior to mass analysis. However, this ‘clean-up’
strategy employs brute force to thermally agitate the ions to levels than can often result in the disruption of protein structure, thus
abrogating any downstream structural characterisation. In order to improve these strategies there now exists a need to
understand the mechanism/s by which detergent clusters protect protein complexes during CID. This may then lead to more
rational selection criteria for detergents that are best suited for the gas-phase characterisation of membrane protein complexes.
In order to understand these processes we have characterised a range of different detergent clusters using electrospray ionisation
mass spectrometry (ESI-MS) in tandem with ion mobility mass spectrometry (IMS) and tandem mass spectrometry (MSMS) .
These important initial studies have been conducted in the absence of proteins which tend to occlude all of the detailed
information that can be gained when studying the cluster in isolation.

Aside from having packing densities to within a few percent of micelles in solution we show that detergent clusters are unique to
the gas-phase. Detergent clusters have topological features that are not representative of micelles in solution. Furthermore, the
properties of these clusters do not depend on amphiphile orientation prior to the electrospray process. We also show that the
well-known relationship between aggregate size and alkyl chain length in solution is actually reversed in the gas-phase. Thus, our
data suggest that detergent clusters are formed non-specifically during the ESI process. The distribution of different aggregate
sizes and shapes favours a system explained by weak forces governed by the cluster surface tensions.

In order to deduce the mechanism by which detergent clusters protect membrane proteins during CID we then investigated the
properties of the clusters during thermal agitation by MSMS. We show that detergent clusters dissociate by mechanisms that are
predominately described by charge fission processes and the loss of neutrals by evaporation. The latter of these two processes
can be extensive and probably explains the high persistence of residual clusters even at maximum CID thresholds. Using these
data we propose that evaporative cooling mechanisms protect membrane protein complexes during CID. Future directions
designed to confirm this proposal are also discussed.
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Novel aspects:
A carbon monoxide molecule reacts with an oxygen atom on copper cluster anions. This CO oxidation proceeds efficiently on
copper pentamer and nonamer anions.

Abstract:

In a chemical reaction of molecules on a metal cluster composed of several to tens of atoms, its constituent metal atoms
contribute cooperatively in some cases to the chemical reaction. The electronic and the geometric structures change sensitively in
a reaction pathway, and the fundamental features of the reaction pathway vary characteristically with cluster size. One of our
goals is to elucidate the relation of the reactivity with the electronic and geometric structures. This relation will provide a recipe
for developing catalysts of a high utility. To this end, we studied reactions of molecules on metal cluster ions by use of a tandem
mass-spectrometer with reaction cells. For instance, we investigated the reaction of CO and O, on size-selected copper cluster
ions, Cu,* (n = 4-18) and Cu, (n = 4-11) . A coadsorbing product, Cu,O,(CO)*, was observed in the reaction of Cu,O.* with CO,
and it was found that CO adsorbs onto Cu,O.* more efficiently than onto Cu,™. This shows that CO adsorbs cooperatively with O
onto Cu,*. On the other hand, in the reaction of Cu,O2" with CO, a reduced product, Cu,O-, was given instead of the coadsorbing
product, Cu,O2(CO)". In particular, CusO, and CusO" have relatively high efficiency for the production of Cu,O-. This result
suggests that CO is oxidized and CO; is produced on Cus. Further, we found that CusO4 is reduced sequentially and CusOn» (m
= 0-3) are observed in higher CO pressures.

The DFT calculation indicates that the activation energy in the reaction of CusO,(CO)- -> CusO (CO») is only 0.79 eV while that
of the corresponding cation is 1.79 eV. The structure of Cu, is more flexible than that of Cu," probably because of its excess
electron. It is concluded that the stabilization of the transition state and the decrease of the activation energy make the CO
oxidation proceed on Cuy.
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Novel aspects:
We report a key intermediate of high relevance to natural and synthetic activation and fixation of carbon dioxide.

Abstract:

Activated forms of carbon dioxide are of great interest due to the relevance to photosynthetic CO, uptake and to sequestration
of CO; from flue gases formed upon the burning of fossil fuels. One efficient fixation of carbondioxide by covalent C-C bond
formation is schematically described as RX +CO; + 2e® RCO> + X. In plant cells, electrons are provided from chlorophyll via
NADPH and formation of a C-C bond between CO, and another substrate occurs at the magnesium-centered active site of the
enzyme RuBisCO. In this context, we report here on the gas-phase characterization of a novel and fragile structural form of
carbondioxide bonded to magnesium (I) , HOMgCO, showing interesting reactivity features

HOMgCO;, ions were formed via electrospray ionization of a mixture of oxalic acid and magnesium salts MgCl. and
MgBr.dissolved in CHsOH/H.O (v/v 90/10) . Analysis of the ions was done using a homemade modified Quattro Il (Micromass,
Manchester, UK) and a hybrid quadrupole Fourier transform ion cyclotron resonance (hQh-FT/ICR, Solarix, Bruker Daltonics,
Billerica, USA) mass spectrometer. Different types of activation were performed on the complexes, including collision-induced
dissociation (CID) , sustained off-resonanceirradiation collision-induced dissociations (SORI-CID) and ion-molecule reactions (with
H,O and CHsCl) .

In parallel to experiments, quantum chemical calculations were carried out using the program system GAUSSIAN 09. Geometry
optimization and single point energies were obtained using the composite G4 method.

Electrospray ionization was applied to mixtures of oxalic acid and magnesium salts MgCl. and MgBr.dissolved in CHsOH/H.O (v/v
90/10) . From the recorded mass spectra, signal corresponding to the MgC,OsH ion was observed. Upon collisional activation, this
ion dissociates by losing CO,, 2CO, and MgC,0s leading to the formation respectively of HOMgCO,", HOMgand HO. Different
structures are probed theoretically for the ion of interest, HOMgCO; as well as its mechanism of formation from the MgC,OsH-
ion. Results show that two structures are conceivable for this ion, HOMg (7 20,C)-and HOMg (n2-OCO)", separated from each
other by 31kJ/mol. Furthermore, the complex shows a strong reactivity upon water which is present as a trace in the mass
spectrometer. This reaction leads to the formation of an unique ion, Mg (OH) 5. Theoretical study of the mechanism of formation
of this ion reveals a very exothermic pathway from HOMg (7 2-O,C)" but not from HOMg (7 ?-OCO)".As will be discussed, this
supports the hypothesis of the presence of only one structure for HOMgCO., i.e. HOMg ( 7 %-O.C) Finally, the reaction of the
complex with CHsCl is investigated. Several product ions are observed, in particular Cl and CHsCOzthat are products from an
Sn 2 -type reaction.
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A new multimodal MS imaging approach reveals changing signaling pathways in disease

Abstract:

The study of molecular signaling processes related to diseases requires not only the detection and analysis of the molecules
involved but also the evaluation of their spatial organization. This allows the detailed chemotyping of cells under duress and can
provide critical insight in the activated pathways related to the progression of the disease. Imaging mass spectrometry is ideally
suited for this task as it allows the generation of high resolution molecular images of a wide variety of biological compounds from
complex surfaces without the need for chemical labels or antibodies. High fidelity molecular ion images can be generated using
modern desorption and ionization techniques combined with high end mass spectrometric systems. The distribution of several
hundreds of peptides and proteins on the surface of histological tissue sections can be determined in a single imaging MS
experiment. This enables molecular pathway analysis and the role of the different molecular signals and their behavior under a
drastically changing chemical or biological environment in these pathways.

The complexity of these pathways in diseases prohibits the detailed chemical characterization by a single technique. We have
developed an approach that combines a number of innovative mass spectrometric imaging approaches with bright field imaging,
magnetic resonance imaging and targeted IHC images to refine our understanding of disease progression in human tissue samples.
In addition we have integrated state-of-the-art quantitative proteomics and metabolomic studies of selected tissues in our
molecular imaging workflow. The common histological tools typically only provide generic morphological information unless
immunohistochemistry is used to determine the distribution one specific known protein. Imaging mass spectrometry has evolved
to bring together these two disciplines, mass spectrometry and histology. This approach, sometimes referred to as molecular
histology, can take great benefit from the use of high resolution mass spectrometry, gas-phase ion mobility separation and smart
surface preparation protocols. Combined they provide new molecular visualization tools for biomedical researchers. These
innovative developments towards high resolution imaging mass spectrometry can reveal new tissue details that remain hidden
with conventional molecular imaging approaches. In this contribution we will discuss applications of new chemical microscopes in
biomedical tissue analysis. This lecture will discuss how imaging MS can elucidate the way in which local environments can
influence signaling pathways in diseases.



Monday, 17t September
09:00 — 11:00
Session 4: Imaging-I

Chair: Mitsutoshi Setou (Hamamatsu University School of Medicine, Japan)

S04-0940 Single cell level mass spectrometry imaging for plant metabolites
09:40 — 10:00

Young-Jin Lee'?
'lowa State University, Ames, USA/lowa, 2Ames Laboratory-USDOE, Ames, USA/lowa

Keywords:
MALDI, mass spectrometry imaging, plant, metabolites, single cell

Novel aspects:
single cell level imaging on plant metabolites ; multiplex MS imaging technology to save data acquisition time while achieving rich
chemical information.

Abstract:

We develop mass spectrometric (MS) imaging techniques to map metabolite distributions within plant tissues, particularly in
single cell level high spatial resolutions. In this presentation, | will present a few of our recent work that demonstrate some
technological advancements and applications to plant metabolic biology.

Technology development 1-Single cell level MS imaging of a whole flower : Chemical images of epiculticular wax lipids were
acquired on the surface of Arabidopsis flower in 12um ultrahigh spatial resolution. Optical fiber with 25um core diameter was used
to narrow the laser beam size and modified oscillating capillary nebulizer was used to homogeneously spray colloidal silver as a
MALDI matrix. With this approach, single cell level very fine chemical images could be obtained including visualization of single
pollen grains and fine structures of anthers.

Technology development 2-Multiplex MS imaging : Multiplex MS imaging technology has been developed to reduce the data
acquisition time while obtaining diverse chemical information in a single experiment. In this methodology, each raster step is split
into a few spiral steps. While orbitrap mass spectrometer is scanning dataset from the first spiral position, ion trap is scanning
next few dataset from the following few spiral steps. Using this approach, we could simultaneously obtain high mass resolution
imaging in low spatial resolution and high-spatial resolution imaging in low mass resolution, in much less data acquisition time. In
addition, we could also incorporate a few MS/MS and MSn imaging at the same. We successfully applied this technique to obtain
asymmetric distribution of structural isomers of flavonoids. This methodology is also applied to latent finger printing,
simultaneously obtaining MS imaging and MS/MS imaging, and further extended to obtain positive and negative ion MS imaging in
a single experiment.

Application 1-MS imaging as a tool for high-resolution functional genomics : Metabolite images from two genetically mutated
Arabidopsis plants were studied using MS imaging and compared to those of wild-type. In MS imaging of CER 1 mutant, systematic
decrease of alkane, ketone, and C26 fatty acids were monitored on various plant tissues including flower, leaf, and stem, in
contrast to slight increase of C30 fatty acids. High resolution MS imaging could distinguish C28 aldehyde from C29 alkane and
revealed the accumulation of aldehyde in CER1 mutant, suggesting the involvement of CER1 gene in decarbonylation of
aldehyde. Flavonoid imaging of the Arabidopsis flower showed an asymmetric distribution of kaempferol and its glycosides on the
distal region of petals, and quercetin, isohamnetin, and their glycosides on the proximal region of petals. In contrast, a
homogeneous distribution of kaempferol and its glycosides is observed in the mutant (tt7) . suggesting asymmetric gene
expression of TT7.

Application 2 -Cellular level lipid distribution in cottonseeds : MS imaging of cryosections of cotton embryos revealed a distinct,
heterogeneous distribution of molecular species of triacylglycerols (TAG) and phosphatidylcholines (PC) , the major storage and
membrane lipid classes in cotton embryos. Other lipids were imaged, including phosphatidylethanolamines, phosphatidic acids,
sterols, and gossypol, indicating the broad range of metabolites and applications for this chemical visualization approach.
Comprehensive lipidomics images generated by MALDI-MSI report accurate, relative amounts of lipid species in plant tissues and
reveal previously unseen differences in spatial distributions providing for a new level of understanding in cellular biochemistry. For
example, TAG species with palmitic and linoleic acids (c.f, TAG 50: 2 (PLL) or TAG 52: 4 (LLL)) have a higher abundance in
cotyledon than in the embryonic axis. The similar distribution in PC (c.f., PC34: 2 (PL) or PC36: 4 (LL)) supports the synthesis of
TAG via membrane lipids as an intermediate.
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Abstract:

Various mass spectroscopic techniques, such as secondary ion mass spectrometry (SIMS) , matrix-assisted laser desorption
ionization (MALDI) and desorption electrospray ionization (DESI) , have been examined intensively during the last decade,
because molecular, structural and chemical state information is considered invaluable in life science. The SIMS technique is
considered to have the highest spatial resolution, and submicron resolution has been reported for elemental analysis of inorganic
materials. Energetic ion irradiation also leads to emission of molecular ions representing the chemical composition of biological
materials. However, secondary molecular ion yields are usually quite low, because of decomposition of molecules and low-density
excitation of surface. Novel ion beams, such as cluster ion beams and swift heavy ion beams, are utilized to enhance secondary
molecular yields. Cluster ion beams have been reported to enhance the yields of secondary ions, because of the high-density
energy deposition and multiple collisions near surfaces. SFs, Ceo, Aus and Bis were found to be quite useful for SIMS of organic
materials [ 1] . Because these primary ion beams cause significant damage on organic surfaces, the primary ion dose is limited to
a certain threshold value (known as “the static-limit “, “10'? ions/cm?) . Therefore, the intensity of small molecular ions (>500 Da)
is too low to obtain high-resolution mass images.

We proposed the use of a large Ar cluster beam for SIMS analysis of organic materials. This beam presents a number of
advantages over other cluster beams for molecular depth profiling of various organic materials, and provides new opportunities
for sputtering molecules without inducing significant damage [2, 3] . Biomolecules are also very fragile and thus difficult to
sputter with conventional ion beams ; therefore, a large Ar cluster beam would be quite suitable for biological material analysis.
We have developed a new Ar cluster ion gun aiming to obtain a fine-focused beam, and Ar cluster ion beam with several mm
diameters was obtained.

The beam current density is too low to measure mass spectra with the conventional time-of-flight (TOF) method, when the
primary ion beam is pulsed. An orthogonal acceleration time-of-flight (0a-TOF) mass spectrometer, which allows the use of a
continuous beam, was employed in a new bioimaging system. There was no need to use the ion-bunching technique in this
system, and therefore there was no need for tradeoff between beam diameter and mass resolution, which is a problem in mass-
imaging of biological samples with conventional SIMS. This is another advantage of our new molecular imaging system over the
conventional TOF instrument. Because of the complexity of chemical compositions in natural samples, such as cells and tissues, it
is very important to maintain high mass resolution (>10000) to separate between different molecules with similar mass.

The latest results of this system and its performance in molecular imaging of cells and tissues will be presented and discussed.
Acknowledgements
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Abstract:

Spatially resolved analysis of metabolites and proteins is essential for elucidating compartmentalized cellular processes. During
the last decade enormous progress has been achieved in MALDI MS based imaging (MALDI MSI) and application of this technique
to animal and human tissues has revealed a number of novel clinical markers for better diagnosis or for pharmacological studies.
Investigation of plant tissues with MALDI MSI is more recent and adaption of protocols is needed as plant organs comprise
complex tissue types. For example, visualization of specific classes of compounds relies on the right conditions for ionization. We
are interested in the elucidation of components involved in barley grain development. An understanding of developmentally and
ecologically regulated processes affecting agronomical traits such as final grain weight, seed quality and stress tolerance is of
outmost importance, as barley provides one of the staple foods.

The presentation will introduce an untargeted MALDI MSI approach to the analysis of metabolite patterns during barley grain
development. We analyzed longitudinal and cross sections from developing barley grains (3, 7, 10 and 14 days after pollination) .
A number of candidate m/z values showing high tissue as well as developmental specificity were detected and selected examples
will be shown. Challenging aspects regarding spatial resolution, sensitivity and identification of unknown compounds will also be
discussed. First analytical efforts allowed for assignment of a number of the candidate m/z values to various metabolite classes,
such as sugars, phospholipids and chlorophyll, directly from tissue sections. However, identification from tissue sections failed for
many of the candidate m/z values due to their low abundance in the individual MALDI MS spectra. Thus, current work includes
fractionated extraction of differentially distributed compounds out of manually dissected barley grain tissues and identification of
respective molecular ions by GC-MS and LC-MS approaches. Finally, further approaches for quantification of selected metabolites
by LC-MS and GC-MS as well as approaches for relative quantification of selected metabolites by DESI-MS will be presented. The
future task will be to relate the patterns to distinct cellular and physiological events. First results revealed particular metabolite
distributions indicative for nutrient transport into the developing endosperm and for grain hardness (e.g. dough and germination
properties) .
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Abstract:

Introduction

Neurodegenerative disorders, such as Parkinson and Alzheimer diseases, constitute a major public health issue affecting more
than thirty millions of people worldwide. Patients affected by Parkinson disease suffer from different symptoms, motor impairments
as muscular rigidity, slowness of movement, trembling at rest. Although the etiology of the disease is not clearly understood,
death of dopaminergicneurons in substancia nigra pars compacta (SNpc) has been found to be one of the main features of the
disease. Therapies correcting the loss of dopamine only allow a decrease of some of the symptoms, but don’t alter the
neurodegenerative process. The goal of our experiments is to localize the drug (1-methyl- 4 -phenylpyridinium, MPP+) inducing
the Parkinsonism in mouse model and to survey the modifications of lipid profiles in the different parts of the brain by MALDI-
TOF/TOF imaging. A new synthetic active molecule (SF41) , providing both neuroprotective and neuritogenic activities for
dopaminergicneurons, was also localized by mass spectrometry imaging (MSI) .

Methods

Experiments were performed using a MALDI-TOF/TOF (4800 and 5800 AB-Sciex) instrument. For each mouse brain (control, treated
by MPTP or SF41) , images of 5 sections at different depths were recorded. A major advantage of this technique is the
opportunity to obtain a chemical mapping of a wide range of substances in a single run, particularly lipids. Then 9-aminoacridine
andalpha-cyano- 4 -hydroxycinnamic acid matrices were deposited on the tissue sections with a TM-Sprayer for negative and
positive modes, respectively. All instrumental parameters were optimized for the best sensitivity. Lateral resolution was fixed to 70
pm.

Results

MPP+ was detected in the positive ion mode in mouse brain treated by MPTP, which is the precursor of the active drug. Clear
accumulations in the SNpc and the striatum, which represent the two areas rich in dopaminergic neurons and fiber, were
demonstrated. Lipid profiles in both positive and negative ion modes were compared between control and MPTP-treated mouse.
The process consists in the comparison of mass spectra of the relevant regions of interest (ROIs) so as to discriminate differences
in lipid composition and to highlight some potential biomarkers for Parkinson disease. Significant modifications will be discussed.
SF41 was also detected in the positive ion mode in treated mouse brain. This indicates that SF4lefficiently crosses the blood-brain
barrier as confirmed by LC-MS/MS. SF41 was detected in different anatomical brain areas, especially the striatum and the SNpc.
lon images were associated to immunohistochemistry TH+ and Nissl preparation of adjacent brain sections to precisely localize
the altered areas. It emphasizes that the compound reaches its target and can have an in vivo neuroprotective effect on
dopaminergic neurons loss. EasyMSI processing software was used for this purpose. Lipid profiles were also extracted from the
MSI data and compared to the ones from the control or MPTP-treated mouse brain.
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Abstract:

Electrospray ionization (ESI) MS is generally used for the characterization of labile supramolecules in which non-covalent bonding
interactions are predominant. However, molecular ions are not detected in many cases because of their instability, and even if the
molecular ions are detected, thermal decomposition generates fragment ions whose peaks also appear in the mass spectrum. In
conventional ESI, the heat produced by the desolvation chamber was thought to be necessary for the ionization in the gas phase ;
however, it might be responsible for the thermal decomposition.

Cold-spray ionization (CSl)is designed for the MS detection of labile organic species. It may be an appropriate method to analyze
the structures of biomolecular complexes and labile organic species in solution. The method, a variant of ESI-MS, operates at low
temperatures and can simply and precisely characterize labile non-covalent complexes that are difficult or impossible to observe
by conventional MS.

CSl is particularly suitable for elucidating the structures of labile organometallic compounds in solution. This method provides a
means to investigate the dynamic behavior of unstable molecules and/or labile clusters in solution.In the first example, the
composition of Grignard reagent in solution was investigated. CSI-MS revealed that RMg. (m-Cls) is the structure of RMgCl in THF
solution. CSI-MS is also a powerful tool to analyze the equilibria of multiply linked self-assembling catenanes in solution. Its
application to unstable and complex supramolecules will be shown.

The CSI-MS can be used to investigate labile solution structures of various biomolecules. In the case of DNA, for example, various
oligodeoxynucleotide complexes can be observed by CSI-MS ; examples include such unstable species as low Tm DNA duplexes.
CSI shows its superiority to other methods by effectively elucidating the interactions of DNA complexes. In the case of amino acid
analysis, aggregation to form corresponding clusters is widely observed. Large-scale aggregated chain structures of simple
biomolecules, such as amino acids, can be introduced to the gas phase. A clear chain structure can be seen for amino acids,
including glycine, L-valine, L-serine, L-methionine, and L-phenylalanine, by means of CSI-MS. A difference, diffusion-based NMR
technique and CSI-MS can be employed as a solution-based approach to identify a ligand binding to a protein receptor. The
difference, diffusion-based NMR technique, called difference NOE pumping, can directly detect a ligand binding to a protein
receptor. The CSI method can also detect the ligand-receptor complex. The efficiency of these techniques for identifying binding
ligands is demonstrated with a human serum albumin HAS-drug system.

Various labile organic compounds are analyzed by the CSI method in organic chemistry. Investigations of real solution behavior of
labile organic molecules by MS are difficult. The nature of hydrogen-bonding interactions remains unclear even for simple water
molecules, to say nothing of the precise behavior of complex biomolecules in solution. This is because higher-order structures are
linked by weak intermolecular interactions that are readily disrupted. CSI-MS was used to investigate the solution behavior of
aggregated steroid compounds, bisguanidinobenzene-benzoicacid complexes, and cavitand cages.

Recently, we developed an effective ionization method that uses metal-complex-based ionization probes containing 2,6-bis

(oxazolinyl) pyridine (pybox) ligands. By using these probes, we were able to obtain multiply charged ions of target molecules.
This method effectively ionized large complex molecules, including biomolecules and various supramolecules, as well as carbon
clusters, such as fullerenes. Moreover, isotope-labeled pybox-La complexes were used to clearly detect isotopic labeling shifts.
Their applications to multiply charged ionization, including isotope labeling of biomolecules and carbon clusters using CSI-MS, will
be shown.
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Abstract:

With an unexpected success in distinguishing positional isomers of phospholipids in the early '80s, we used FAB-MS for isomer
distinctions of sphingoid isomers, ganglioside series and sugar linkages. Afterwards, ESI-MS was found to be more promising in
accuracy with much less sample consumption. Recently, we have come to think that we have covered isomer distinctions of
essentially all categories of similar biological isomers by mass spectrometry when stereoisomers such as epimers and anomers
were finally successfully distinguished by ESI-MS/MS. "2

However, an extensive examination of an unsolved problem left in the elucidation of one minor fragmentation path has led us to
conclude that there is a new class of isomers, which we call “charge-localization isomers “. This specific class of isomers may exist
transiently as the negative ion of strong dibasic acids, exemplified here as a glycosaminoglycan disaccharide
N-acetyllactosamine-6, 6’-disulfate disodium salt (M”W 587, where M” stands for the disodium salt) .* As shown in ref. 3, a
negative precursor ion [M”-Nal- at m/z 564, originating from this dibasic acid, is capable of fragmenting by two different routes in
negative ion ESI-MS/MS. Two possibilities ought to be considered : (1) There is only one common precursor ion for the two
routes. (2) There are two different precursor ions individually leading to two different fragmentation routes. In the former case,
such precursor ion structure may represent a doubly dissociated negative ion weakly bridged by a Na*, which compensates one
negative charge. This situation will be conceivable in the solution phase. However, at the spray ionization, Na* must localize at
either one of the two sulfate anions in the gas phase, eventually leading to the latter case. Evidence is provided as follows.®> The
negative ion ESI-MS full scan spectrum of N-acetyllactosamine-6, 6’-disulfate disodium salt showed a doubly negative ion [M”
-2Nal?* at m/z 270.5 in higher abundance than [M”-Nal- at m/z 564. This means that the two negative groups are well separated
owing to the Coulomb repulsion. Since a preliminary optimization of the structure of the dihydrogensulfate by semi-empirical
molecular orbital calculations (PM5) indicated that the two hydrogen sulfate groups were geometrically far apart,’ the
mechanism including two different precursor ions is more probable. Molecular structure optimization by DFT calculations is now
in progress.

We assume that either one of the two sulfate groups is available for the negative center. Thus, the two formed individual negative
ions (charge-localization isomers) proceed along different routes of decomposition, even though some product ions apparently
show isobaric mass numbers. Thus, we claim that the entity of [M”-Na]" is not a Na*-bridged doubly negative ion but a mixture of
two separate singly negative ions, which we call “charge-localization isomers *

Experimental :
Galb 1-4 GlcNAc-6,6-disulfate disodium salt (M”W 587) was obtained from shark fin keratan sulfate by keratanase I digestion,
and dissolved in H.O/CHsOH (1 : 1) at a concentration of 10 ng/mL. A ThermoFisher Scientific mass spectrometer LTQ FT was

used in the accurate mass measurement mode with the spray voltage 1 kV and the resolving power 100,000. The CID energy
parameter for MS? and MS? was 30%.
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Abstract:

Introduction

Increasing charge deposited on analytes by electrospray ionization is desirable, because higher charged molecules are more
effectively dissociated by tandem MS and because they reduce analyzer m/z requirements. Supercharging ability is especially
valuable when examining protein-protein and protein-ligand associations where, for many non-covalent complexes, a sufficiently
broad reagent concentration window exists to elevate charge without altering stoichiometry ; e.g., with the 28 subunit, 600-kDa 20S
proteasome and with 14 subunit, 800-kDa GroEL. Regardless of supercharging’s utility, the mechanism responsible for that charge
increase is under debate, as is the question of whether separate mechanisms are required to describe the charge elevation
observed from non-denaturing and denaturing solutions. Here we consider experimental observations of protein charging with
regard to an ESI mechanism.

Methods
Positive ion electrospray ionization mass spectra were acquired with three different systems : a hybrid quadrupole time-of-flight
(QTOF) mass spectrometer with Triwave ion mobility (IM) separator (QTOF/IM ; Waters Synapt HDMS, Manchester, UK) , an
LTQ-FT Ultra mass spectrometer (Thermo Fisher Scientific) , and an LTQ ion trap mass spectrometer (Thermo Fisher) . The
nanoESI source using borosilicate glass capillaries with Au/Pd coatings (Proxeon Biosystems, Odense, Denmark) was operated at
low analyte flow conditions (50 nL/min) . Protein samples were desalted with centrifugal filter devices using 20 mM ammonium
acetate prior to analysis. The final protein concentration for ESI-MS measurements from non-denaturing solutions was
approximately 5 uM in 20 mM ammonium acetate, pH 6.8. Reagents for altering charge included m-NBA, sulfolane, DMSO,
hexafluoroacetone, and others.

Results

Supercharging of denatured solutions has been suggested to arise from the increased surface tension imparted to late-stage ESI
droplets by low-volatility additives. Since that proposal, complicated boiling point/evaporation arguments have sometimes been
applied to rationalize or to question how surface tension would vary during an organic/water/acid-containing droplet’s lifetime.
We return to these considerations, and also to the charged residue model (CRM) , essential to justifying a relationship between
charge and surface tension.

It is notable that proponents of the CRM assert that native proteins and compact molecules ionize by the classic CRM, whereas
denatured proteins must instead be described by a modified CRM or ion evaporation. Modifications are needed to rationalize
CRM’s poor fit to denatured proteins’ predicted and observed charge distributions. Modified CRM argues that non-spherical
droplets deform without exploding, stabilized by the polymer backbone to attain charge densities beyond the limit imposed by
the solvent surface tension. However, the need to invoke “stabilization “ to rationalize the observed charge distributions of
denatured proteins invalidates the Rayleigh limit relationship to surface tension. Notably, the results most often used to support
surface tension dependence in supercharging are obtained from denaturing solutions.

Reagents increasing or decreasing charge in electrospray ionization for native and denaturing solutions, independent of
conformational changes, can be divided into several classes and assessed for volatility, basicity, acidity, and ability to alter charge
in positive and negative ionization modes. These classes provide hints about relevant considerations in electrospray ionization
charge state distributions and to the mechanism of ionization.

Impact on charge state distributions of gas versus solution phase denaturation and gas versus solution phase charge transfer are
also considered, as is the presence of supercharging reagent adducts that localize primarily to higher charge ions.
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Abstract:

We recently introduced a new mass spectrometric method applicable to proteins which uses laser ablation of a matrix-analyte
mixture similar to atmospheric pressure MALDI but produces mass spectra nearly identical to ESI. This new technique called
laserspray ionization (LSI) ([1]) has advantages of speed of analysis, high spatial resolution for imaging, mass range extension, and
improved fragmentation common with multiply charged ions. This approach was extended to producing highly charged ions from
proteins by laser ablation using vacuum MALDI sources ([2]) . We demonstrate that proteins as large as BSA (766 kDa) produce
ESI-like multiply charged ions from certain matrices when introduced to vacuum from AP. Crucial for the production of highly
charged ions are desolvation of the matrix from charged matrix/analyte clusters by thermal or vacuum assistance and the use of a
laser is just a sophisticated means of transferring the clusters into the gas-phase.

Applying this concept, we show first examples of highly charged ions produced directly from a solid matrix-analyte material using
a vacuum MALDI source without need of a laser. Charge states up to 44 are observed for BSA. Protein, peptide, and lipid ions are
observed directly from mouse brain tissue and analyzed using IMS and MS (SYNAPT G 2) separations without the need of harsh
conditions imposed by laser ablation. Initial results for protein complexes directly from surfaces will be shown. Other uses are
rapid and automated analyses of small molecules such as drugs and body fluids including blood spots, saliva, and urine. Producing
ions under vacuum conditions in a mass spectrometer enhances sensitivity and the multiply charged ions offer the potential to use
high performance mass analyzers for advanced structural characterization. Such a simple ionization method, requiring only the
vacuum necessary for the proper functioning of the mass spectrometer, should prove useful in clinical settings and in field portable
instruments.

We show that all of the newly developed AP and vacuum methods as well as ESI produce ubiquitin ions of similar structures as
determined by IMS-MS. Further, multiply charged ESI-like ions are also produced from solvent solutions allowing us to interface
this method with a NanoAcquity UPLC for separation prior to high sensitivity mass analysis of, e.g., drugs and protein digests ([3]) .
The multiply charged ions from any of these methods produce nearly complete backbone fragmentation using electron transfer
dissociation. Applications, besides high sensitivity LC/MS, include tissue imaging and characterization of fragile ganglioside lipids
and neuropeptides directly from mouse brain tissue ([4]) .

([1]) Inutan, E.D., Richards, A.L., Wager-Miller, J., Mackie, K., McEwen, C.N., Trimpin, S. Laserspray lonization - A New Method for
Protein Analysis Directly from Tissue at Atmospheric Pressure with Ultrahigh Mass Resolution and Electron Transfer Dissociation.
Mol. Cell. Proteomics, 10 (2) : 1-8,2011.

([2]) Trimpin, S., Ren, Y., Wang, B., Lietz, C.B., Richards, A.L., Marshall, D.D., Inutan, E.D. Extending the Laserspray lonization
Concept to Produce Highly Charged lons at High Vacuum on a Time-of-Flight Mass Analyzer. Anal. Chem. 83 (14) : 5469-75, 2011.

([3])) Wang, B., Inutan, E.D., Trimpin, S. A New Approach to High Sensitivity Liquid Chromatography-Mass Spectrometry of
Peptides using Nanoflow Solvent Assisted Inlet lonization. J. Am. Soc. Mass Spectrom. 23 (3) , 442-445, 2012.

([4]) Richards, AL, Lietz, C.B., Wager-Miller, J., Mackie, K., Trimpin, S. J. Lipid Res. 2012, doi : 10.1194/jlr.D019711.
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Hung Su, Chu-Nian Cheng, Min-Zong Huang, Jentaie Shiea
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Keywords:
Direct electrospray probe ; plant tissue ; Steviarebaudiana

Novel aspects:
Direct electrospray probe mass spectrometry was used to rapid characterization of chemicals in plant.

Abstract:

Electrospray ionization (ESI) , an atmospheric ionization method, can directly ionize analytes in liquid and provide an effective
means of analyzing large biomolecules as well as small organic and inorganic compounds. In ESI, however, the sample solution
subjected to ESI/MS analysis must be carefully cleaned to prevent from capillary clog. Direct electrospray probe (DEP) has been
developed as a direct sampling ionization method for mass spectrometric analysis of complex solution without the need ofa
sample introduction capillary. lons of analyte are directly generated by applying a high voltage to the probe wetted with a small
volume of solution. The DEP technique provides a number of unique analytical features including : (a) sample consumption is low
and sample switching is quick ; (b) the capillary and pump are non-required ; and (c) the probe is low cost and easy to be
constructed and cleaned. In this study, a modified DEP probe is successfully applied to characterize the chemicals from plant
tissues (e.g. leaf, stem, and root) for disease diagnosis.

In DEP, the analyte molecules are first dissolved while the extract solvent is pre-loaded onto the plant tissues. Next, analyte ions
are generated from the tip of probe via electrospray ionization. In this study, we demonstrated that the main components of plant
tissues were successfully determined through the DEP analysis under ambient conditions. For example, both positive and negative
ions of the organic compounds such as steviolbioside, rubusoside, stevioside, dulcoside A, and rebaudioside E in the plant tissues
of Steviarebaudiana were detected directly via DEP technique. Furthermore, the distribution of organic compounds was obtained
by using DEP to directly examine different areas of the same plant tissue. For example, different molecular ions were acquired
from the green- and white-color surface of the Erythrina indica var. picta tissue. In consequence, we demonstrated that DEP
technique can be applied to directly and rapidly characterize and identify major compounds in plant tissue and its great potential
for the diagnosis of plant diseases.
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Keywords:
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Novel aspects:
Use of FT-MS for large-scale targeted proteomics

Abstract:

The most widespread technique in proteomics is the shotgun method. Proteins are digested into peptides, chromatographically
separated, and measured by mass spectrometry (MS) . Many types of mass spectrometers are used quadrupole ion traps (QIT) ,
QIT hybrids such as the Orbitrap or LTQ-FT-ICR, and quadrupole time-of-flight (Q-TOF) but the experiments from MS
measurements onward are basically the same. Eluting peptide cations have their mass-to-charge (m/z) values measured in the
MS' scan. The most abundant precursors are then selected for a series of sequential tandem MSevents (MS?) . The number of
these events depends on the acquisition rate of the device, but generally ranges from 3 to 15. Following a second MS' scan, a
new group of targets is selected. The process, called data-dependent acquisition (DDA) continues for the duration of the
chromatographic separation. Because this method has not changed over the past fifteen years, advancements have come from
the constant evolution of the MS hardware. Significant improvements in key Figures of Merit such as sensitivity, scan rate, mass
accuracy, and resolution have evolved over this period. Constant operation generates hundreds of thousands of spectra in days.
These spectra are then mapped to peptide or protein sequence using highly evolved database search algorithms. Successful
results can be obtained within just a few days of instrument analysis, and are nothing short of spectacular : tens of thousands of
unique peptide spectral matches mapping to several thousand unique protein isoforms have become the norm.

Doubtless the shotgun approach achieves high throughput, it does, however lack sensitivity and reproducibility. Specifically,
complete coverage of specific pathways or functional groups is not typical (i.e., all 500 kinases, 1,400 transcription factors, etc.) .
Likewise, overlapping IDs in replicate experiments are low (35-60 %) . This lack of completeness and reproducibility limit the
quantity and quality of biological conclusions that can be drawn from a proteomic experiment. These limitations have propelled
recent fervor in target-based methods, namely selected reaction monitoring (SRM) . SRM achieves the reproducibility that the
shotgun approach lacks and can determine absoluteabundance, but suffers from low throughput and low resolution, as it is
primarily restricted to the triple-quadrupole (QqQ) MS platform. Here we describe a new data acquisition paradigm that
harnesses the mass accuracy and speed of new generation of high resolution hybrid MS systems to develop to achieve the
sensitivity and reproducibility of SRM methods with the high-throughput capacities of the shotgun technique. Our approach is to a
new targeting concept, parallel reaction monitoring (PRM) , that is uniquely enabled by the high-resolution mass analyzers. PRM
stands to remedy the extremely low throughput problem of SRM by exploiting high resolving power to readily distinguish target
product ions from contaminants. To test this, we analyzed a test-set of fourteen synthetic peptides, present in a biological matrix
of yeast tryptic peptides, using either the PRM method (Q-Exactive) or traditional SRM (QQQ) . These data demonstrated low-
attomole level detection limits, high measurement reproducibility, and good linearity over 5 orders-of-magnitude for PRM. PRM
analysis, on average, was significantly more sensitive than QgQ SRM, quantifying peptides over a greater number of concentration
orders-of-magnitude (3.9 versus 3.2 average orders quantified, p = 2.8E-3, n = 14) . The linearity of response between the two
methods was the same (0.93 versus 0.87 average logged adjusted %RSDs, p = 0.51,n = 14) . These data suggest that the PRM
method, with very little assay development time (about 1 hr) can target analytes in matrix with the same or better fidelity than a
highly optimized QqQ SRM method (extensively developed over several days) .



Monday, 17" September
15:00 — 17:00
Session 6: Novel Approaches in Proteomics Analysis

Chair: Roman A Zubarev (Karolinska Institutet, Sweden)

S06-1540 Miniaturised Chemical Proteomics to Profile Clinically-relevant Kinase
15:40 = 16:00  |nhibitors in Tumour Core Biopsies

lvo Chamrad?, Uwe Rix?, Manuela Gridling', Katja Parapatics', Andre C Mueller', Alexey Stukalov',
Giulio Superti-Furga', Eric B Haura?®, Keiryn L Bennett'

'CeMM Research Center for Molecular Medicine of the Austrian Academy of Sciences, ?Palacky University, Olomouc,
Czech Republic, *H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida, USA

Keywords:
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Novel aspects:
The optimisation and miniaturisation of a robust method to study the kinase inhibitor profile of human tumour core biopsies

Abstract:
Specific anticancer agents have been undeniably successful in the treatment of the disease, however, several issues still remain.
Even when enormous efforts have been made to design and develop compounds affecting only given molecular nodes in cancer
circuits, strictly-selective agents are rare. The majority of novel, potential therapeutics display broader inhibitory profiles than
originally envisaged. Affecting unexpected targets can lead to unwanted toxicity and cause adverse side effects. Alternatively,
incidental drug promiscuity is not necessarily always harmful. Hence, for every drug, determining the specificity profile and
delineating a plausible mechanism-of-action should be an integral part of the modern drug-discovery pipeline.
Chemical proteomics is a compound-centric affinity approach that utilises immobilised drugs to isolate protein interactors from
protein mixtures. Identification of specific protein sets is achieved via modern high-end mass spectrometry (MS) . Research in our
laboratory has previously downscaled the affinity procedure to an input of 500ug total protein.” The study presented here, entailed
a further miniaturisation of the protocol to 100ug - the range of material that can be obtained from a core biopsy. The possibility
to perform systematic chemical proteomics with material from core biopsies taken from patient tumours will provide new
opportunities for personalised medicine.
An analogue of the broad-spectrum tyrosine kinase-inhibitor bosutinib was coupled to sepharose beads.? Cell lysate was
generated from the human K562 cell line (derived from chronic myelogenousleukaemia) . Drug pulldowns were performed
according to Fernbach et al.! except that the total quantity of input material was lowered to 100ug protein. Experimental
conditions such as protein concentration, bead bed-volume, total quantity of drug, drug concentration on the beads, incubation
time, agitation speed, elution volume, and quantity of trypsin were assessed as a multi-dimensional matrix. Samples were analysed
byLCMS on hybrid LTQ Orbitrap instruments and based on the number of kinases identified, the experimental conditions were
optimised for drug pulldowns from low quantities of protein.
In the first phase of this study, the published protocol’ was assessed with 100ug protein input. Approximately 100 protein groups
(98 and 120) were unambiguously identified in two replicates, with the target kinases accounting for "20 % of all protein
identifications. For specific interaction partners (730 kinases) , many known major targets of bosutinib such as SRC kinases (LYN
and YES) , Bcr-Abl, CSK, BTK, GAK, EPHB4 and PTK2 were present. Functional annotation analysis of the proteins revealed an
over-representation of gene ontology terms associated with kinase activity. These results were highly-encouraging, as lowering the
protein input by 5-fold still resulted in the identification of a high proportion of kinases. Only 10 fewer kinases were apparent as
compared to the data obtained with 500ug protein input. Phase two of the study involved a systematic assessment of several
experimental metrics that can influence the result of the chemical proteomic experiment. To monitor the various permutations of
factors investigated in optimising the protocol, normalised sequence abundance factor (NSAF) was utilised. Several blocks of
experimental parameters were designed and evaluated, prior to selecting the ideal conditions to design the next experiments.
After several rounds, the following conditions were selected : protein concentration (0.5mg/mL) ; bead volume (50ul) ; total
quantity of drug (50nmol) ; drug concentration (1nmol/ul) ; incubation time (2h) ; agitation speed (10r.p.m.) ; acid elution
volume (250uL) ; and trypsin quantity (1.25ug) . To ensure that our optimised approach was not tuned specifically for bosutinib,
the down-scaled methodology will be assessed with additional tyrosine kinase inhibitors. Ultimately, the approach will be applied
to lysates of core biopsies from tumour samples and the protein profile determined from clinically-relevant tyrosine kinase
inhibitors.

"Fernbach, N., et al. (2009) J Proteome Res 8, 4753-4765
2Remsing Rix, L., etal. (2009) Leukaemia 23, 477-485
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Keywords:
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Novel aspects:
This study combines state of the art mass spectrometry techniques (i.e. shotgun proteomics and COFRADIC) and very recently
described deep sequencing techniques (i.e. ribosome profiling : sequencing of ribosome captured mRNA) .

Abstract:

Tandem mass spectrometry (MS/MS) -based shotgun proteomics or specific COFRADIC (COmbined FRActional Dlagonal
Chromatography) technologies are very effective for large-scale proteomics or chromatographically isolated peptide class
identification. Protein sequence database searching is the most commonly used technique for the identification of peptides
following the acquisition of MS/MS spectra. Although convenient for routine use, these public databases are collections of all
known and predicted proteins in a species and may not closely represent the real protein pool in a specific sample. In contrast,
MRNA-seq derived translation products give a more representative expression state of the sample under investigation. Also,
databases employed in proteomics searches are usually incomplete with respect to sequence variation information, such as single
nucleotide variations (SNVs) and RNA-splice and -editing variants. Without taking them into account, proteomic studies may fail
to detect novel, important protein forms. Surely, usage of mRNA-seq derived protein databases in the identification process has
several advantages (as mentioned) and will become mainstream in due time.

Ribosome profiling (the deep sequencing of ribosome-protected mRNA fragments) is a new technique developed by Ingolia et al.,
that allows precise and quantitative analysis of genome-wide in vivo translation. Ribosome profiling measures expression at the
level of translation, opening new windows on in vivo translation. Recently, Ingolia et al. also described a strategy exploiting the
propensity of harringtonine to cause ribosomes to accumulate at sites of translation initiation. Combination of the ribosome
profiling mRNA-seq data with a machine-learning algorithm can define protein products systematically. On the other hand,
Guttman et al. state that ribosome profiling has indeed provided us with a strategy for identifying ribosome occupancy on RNA,
serving as a method to distinguish between coding and non-coding transcripts. However, this first needs to be tested because
non-coding transcripts that show an association with the ribosome have not been shown to have a protein product.

To verify the potential of ribosome profiling in providing us with a true snapshot of the translational landscape, we generated a
database of translation products based on the ribosome profiling experiments from the Ingolia et al. study on mouse embryonic
stem cells. Also, we in silico derived a human version of this data. Several shotgun-proteomics experiments and N-terminal
COFRADIC (isolating N-terminal peptides in the chromatography step) MS/MS result sets were searches against these compiled
translation product databases. Extra MS experiments, trying to isolate small endogenous peptides in mouse embryo samples are
still ongoing.

We were able to validate several findings of the initial ribosome profiling data. Several alternative translation start sites were
identified, of which many with near-cognate start codon. We could also reaffirm N-terminal truncation and elongation products.
Furthermore, ongoing experiments could possibly reveal true uORF (upstream open reading frame) and/or sORF (small ORF)
translation products.

As deep sequencing techniques are becoming more standard, inexpensive, and widespread, the ribosome profiling methodology
will in the future probably serve as an alternative to MS-based protein identification, moreover since its large dynamic range,
sensitivity, and comprehensive nature. On the other hand, enrichment techniques preceding MS experiments (such as for example
N-terminal COFRADIC) will still be indispensible to lower the complexity of the peptide mixture and enrich for selected peptide
classes. Furthermore, MS-techniques in general, provide us with true evidence of the in vivo proteins/peptides and not to forget
their post-translational modification status. Anyhow, combination of aforementioned deep sequencing and mass spectrometry
techniques will definitely become mainstream in the future in revealing translation levels.



The first two authors contributed equally to this work.
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Keywords:
top-down quantitative proteomics PTMs

Novel aspects:
High throughput quantitative top-down LCMS for global and targeted analyses

Abstract:

Combinatorial post-translational modifications (PTMs) , signal peptide cleavages, proteolytic processing and site mutations are all
important biological processes that largely go undetected in traditional bottom-up proteomic analyses. While several PTMs are
successfully identified using bottom-up methods, information including stoichiometry of modifications on a single protein, or
presence of a combination of multiple modifications on a single protein isoform are impossible to infer from peptide-level data.
Because most proteins in a typical global proteomic study are not identified with 100 % sequence coverage, it is not known
whether the lacking sequence coverage is due to biologically relevant proteolytic processing events, sample preparation, or MS
duty cycle. The potential information gleaned from top-down proteomic studies, or through integration of top-down and bottom-
up approaches, is vast and, combined with recent improvements in MS instrumentation, is rapidly becoming an important avenue
for proteomic studies. The work presented here will discuss specific examples demonstrating why top-down analysis is preferred
over traditional bottom-up studies.

Typically PTMs are not identified in global bottom-up quantitative studies, despite the fact that a large number of proteins are
known to contain biologically relevant PTMs. While top-down analyses provide this information, throughput and sensitivity have
been limiting factors due to extensive pre-fractionation efforts required for adequate proteome coverage. To tackle these
challenges, we have optimized commercially available, LCMS platforms for high-throughput, comprehensive and sensitive top-
down quantitative analysis using an E. coli lysate. Of the 502 proteins confidently identified from a combination of ETD and HCD
MS/MS experiments searched, over half contained PTMs. This approach has been successfully applied to other systems, including
thermobacteria, cynobacteria, and Salmonella.

However, complications at both the experimental and data-analyses levels remain, particularly in the case of a large number of co-
occurring PTMs and other modifications, demonstrating a need for further improvement in the top-down proteomics field. Histones
contain a large number of combinatorial modifications, providing a significant analytical challenge. While many modifications are
localized to the N-terminus, modifications span across the entire sequence emphasizing the need for top-down studies to
accurately reflect the number of relevant isoforms. To this end, we have developed a histone specific two dimensional LC-MS/MS
platform that enabled identification of over 700 histone isoforms from 7.5 pg of starting material in a single 24-hour analysis.

Bottom-up quantitative studies can provide information on several thousand proteins, however, depending on activated biological
processes, data can be difficult to interpret when going from a peptide to protein abundance. For example, iTRAQ analysis of a
human skin cell model was used to identify abundance changes and translocation in response to exposure to ionizing radiation.
The global study identified several hundred proteins changing with statistical significance. However, proteins that underwent
processing or modification as a result of radiation exposure required a more complex analysis. Filaggrin consists of several
domains that are cleaved and translocate in response to specific stimuli. Because filaggrin subunits could be considered unique
species, we broke down the observed peptides into the N-terminal nuclear targeting domain, internal domains or C-terminal
domains. Quantitative analysis indicated that the N-terminal domain localized to the nucleus as expected, and decreased in
abundance following radiation exposure. Additionally, peptide rollup to proteins that underwent extensive radiation dependent
phosphorylation were analyzed separately. Differences in fold-change were observed when the peptides containing known
phosphorylation sites were included/excluded. These extra steps required previous knowledge of biology involved, and would not
have been required if a top-down analysis was employed. Examples featured here highlight the complexity of comparing peptide
abundance values in the context of protein abundance, and suggest that future top-down studies may be required for
comprehensive analysis of biological processes.
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Keywords:
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Novel aspects:

In silico method of instrumental response compensation improves accuracy of label-free quantification by post-acquisition data
processing. The generality of the technique promises its widespread application in mass-spectrometry based quantitative
methods.

Abstract:

Introduction:

In the analysis of human biopsies, particular bodily liquids, the biological variations of interest are often small ("10%) , which poses
high requirements on the accuracy of proteomics analysis, especially when it is performed by the label-free method. One of the
main contributors to the inaccuracy of label-free LC/MS experiment is the variability in the instrumental response, which includes
fluctuations in the electrospray current, instrument transmission and detection sensitivity. We developed in silico method of
reducing this variation, and dramatically improve the precision of label-free proteomics analysis by post-processing.

For abundant proteins, precision of ca. 1 % (CV) is achieved in relative quantification of blood plasma proteins of ageing
population, which allowed clear gender differentiation of pooled samples and 86% accurate differentiation of individual samples.

Method:

The compensation method is based on the observation that in many proteomics experiments, most of the proteome stays
unchanged and only a relatively small number of proteins (10-30 %) change their abundance as a biological response to the

stimulus.

Since the fluctuations of instrumental response affect all simultaneously eluting peptides to the same degree, peptides from the
“unchanged “ part of the proteome can be used as references for abundance alignment of other peptides eluting in a different
LC/MS run within the same narrow time window ( 1 min) . By statistical analysis of the multitude of simultaneously eluting
peptide species in both runs, for any given retention time the average ratio is calculated between the two runs for the
“unchanged “ peptides. Thus ratio is used as a correction factor that compensates such time-varying artifacts as ESI current

fluctuations.

Implementation:

The above compensation method was implemented in Visual C# 2010 as a part of Quanti, a label-free quantification workflow.
First, MS/MS data from the whole experiment (2 -200 individual Orbitrap LC/MS .raw files) are merged together with elimination of
duplicates, and searched by Mascot. Then Quanti aligns retention times of peptides by minimizing the changes in the elution
order in different runs. In each LC-MS run, chromatographic peak of every Mascot-identified peptide is integrated after performing
charge and isotope deconvolution. Relative abundances of peptides for each pair of LC-MS run are corrected as described above.
Final relative abundances are inferred by statistical analysis of the matrix of pairwise comparisons for all possible pairs of LC-MS
runs.

Preliminary data:

Label-free quantification was applied to proteomic blood plasma analysis of 8 samples pooled from 218 age-matched persons
according to gender and the stage of Alzheimer’s disease (AD) (Control; Mild Cognitive Impairment, MCI ; Progressive MCI ;
AD) . Protein extraction and digestion was repeated three times for each sample. Each prepared peptide mixture was analyzed
twice on Orbitrap Velos with Easy-nLC (both Thermo) using 90 min LC gradient. Altogether, 1441 peptides were identified with 1%
FDR. Label-free quantification was performed by Quanti. When technical replicates were compared, the average R? factor
between peptide abundances was 0.98 for the linear abundance scale and 0.96 for the logio scale. Application of instrumental
correction improved the R? factor to 0.995 and 0.98 for the linear and logarithmic scales, respectively. For abundant proteins,
precision of ca. 1% (CV) is achieved.



Significantly, measured protein abundances after correction correlated better with known biological aspects of the samples. 100%
accurate sex differentiation is achieved on pooled blood plasma samples. When the same proteins as in the pooled samples were
used for sex differentiation in individual samples, correct sex identification from a single LC/MS analysis of each sample was
achieved in 31 out of 35 cases (88% accuracy) , as opposed to 28 cases out of 35 (80% accuracy) without the correction.



Monday, 17" September
15:00 — 17:00
Session 7: New lonization Methods and Related Topics for the Next Generation

Chair: Kenzo Hiraoka (University of Yamanashi, Japan)

S07-1500 [Keynote Lecture] What is the Opposite of Pandora’s Box? Direct
15:00 - 1540 Analysis, Ambient lonization, and a New Generation of Atmospheric
Pressure lon Sources.

Robert B Cody
JEOL USA, Inc.

Keywords:
DART, ambient, ionization, direct

Novel aspects:
Ambient ionization has led to development of many new ion sources. Direct analysis relies on the mass spectrometer selectivity,
but chemistry and complementary methods can provide major benefits.

Abstract:

lon sources have changed dramatically over the decades since chemical ionization was first introduced as an alternative to
electron ionization. Game-changing developments such as FAB and plasma desorption were followed by the development of
atmospheric pressure ion sources. Two revolutionary new ion sources became widely available in the early 1990's : ESI and MALDI
suddenly made the analysis of large biomolecules possible for the first time.

The first ambient ion sources, DART and DESI, were first publicly presented in adjacent talks at the ASMS Sanibel Conference in
January 2005. Both were new atmospheric pressure ion sources .The surprising aspect of what is now termed “ambient ionization *
was that it was much easier to generate ions than we thought! Mass spectrometry could now analyze samples ionized in open air
in the laboratory environment, with little or no sample preparation. This led to the development of a new generation of
atmospheric pressure ion sources based on plasma techniques like DART, spray techniques like DESI, or hybrid methods
combining multiple ionization mechanisms.

Our work with DART has led us to press the limits of direct ionization to see how far we can go in analyzing a wide range of
simple and complex samples with minimal sample preparation. In some cases, the mass spectrometer provides enough
information through high resolution and/or MS/MS to identify complete unknowns, even in complex mixtures. “Fingerprinting “ of
complex mixtures by DART has been used to identify biological species and to characterize commercial products.

However, no single method is ever sufficient to solve all analytical problems by itself. One must appreciate the limitations of a
technique as well as its advantages and try to decide where improvements can be made. Taking advantage of simple chemical

“tricks “ such as in-situ derivatization, rapid sample cleanup methods, and in-situ H/D exchange, we have been able to ionize,
and obtain more information for, a larger set of compounds than by DART alone. A better understanding of the ionization
mechanism has allowed us to control the selectivity of DART for some analyses. After trying to find out how far we can go to
analyze complex samples without chromatography, we found that reintroducing separations in combination with ambient
ionization can provide some unique benefits.

A recent example has been the use of DART to identify new designer drugs that are suddenly appearing on the market in
attempts to circumvent the laws governing drugs of abuse. In some cases, we have been able to identify specific designer drugs in
so-called “herbal incense “ or “herbal smoking mixtures “ by DART alone. Exact mass measurements and isotopic abundances in
combination with fragmentation may suffice for many known target compounds. However, complementary technigues including
HPLC and NMR are needed to separate isomers and conclusively determine structure for new drugs for which standards are not
available.
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Novel aspects:
Temperature dependence of proton transfer for isolated multiply-charged protein and peptide ions with gaseous molecules was
investigated. Dramatic change was observed for distribution of product ions and absolute reaction rate.

Abstract:

The structures and reactions of gas-phase biological molecules bridge the gap between the gas phase and the real living system.
In order to investigate the intra- and intermolecular interactions, nonvolatile molecules should be introduced into the gas phase as
ions. These studies are expected to provide a deeper understanding of the intra- and intermolecular interactions that determine
the conformations. In the present work, temperature dependence ofproton transfer for isolated multiply-charged protein and
peptide ions with gaseous molecules of large proton affinity (PA) was investigated with mass spectrometry, which elucidates the
synchronized processes in biomolecular systems.

A home-made tandem mass spectrometer with electrospray ionization (ESI) was used for measurements. Multiply-charged
protein and peptide ions were produced by ESI of a dilute solution of proteins in methanol-water mixture including acetic acid.
We choose lysozyme, cytochrome ¢, myoglobin, ubiquitin, insulin, hemoglobin and albumin as sample proteins, and choose
angiotensin |, angiotensin Il, bradykinin, substance P, somatostatin, neurotensin, melittin, insulin chain B, ACTH 1-24, RKRARKE, KKK,
KKKK and KKKKK as sample peptides. The ions produced by ESI are admitted into the vacuum chamber through stainless capillary.
The charge-selected protein and peptide ions emerging from a quadrupole mass spectrometer are admitted into a collision cell
with octapole ion trap. The collision cell is filled with He including gaseous molecules of large PA. We choose 1 -propylamine,
1-butylamine, 1-pentylamine, pyridine, tert-butylamine, diethylamine, dipropylamine, 2,6-dimethylpyridine, or triethylamine as
target molecules. Temperature dependence of reaction rate and branching fractions for proton transfer from multiply-charged
protein ions to the target molecules was measured, by changing temperature of collision cell. The parent and product ions are
mass-analyzed by a time-of-flight mass spectrometer equipped with reflectron.

Proton transfer from the protein and peptide ions to the target molecules was occurred by collisions in the cell. Absolute reaction
rate for proton transfer was estimated with intensity of ions in the mass spectra. In any proteins, the reaction rate increased
rapidly with increasing number of the charges. By changing temperature of collision cell in region from 280 to 470 K, temperature
dependence of reaction rate and branching fractions for proton transfer from multiply-charged protein and peptide ions to target
molecules was measured. Dramatic change was observed for distribution of product ions and reaction rate. These results would
correlate with conformation change of protein and peptide ions with change of temperature, which originates in self-solvation of
the proton by hydrophilic residues in polypeptide chains, delocalization of charges with self-solvation, and Coulomb interaction
between charges.
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Keywords:
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Novel aspects:
This work is the first arttempt to detect nuclear magnetic resonace for mass-selected gas-phase molecular ions with a mass
spectroscopic sensitivity.

Abstract:

Nuclear Magnetic Resonance (NMR) technique is a powerful tool to study the physical and chemical properties of materials in
wide area. However, this technique is limited for the materials in condensed phase. Although NMR is also highly expected to use
for mass-selected gas-phase ions in both fundamental and applied sciences, the method to extend to the gas-phase ions is not
reported yet. In the present paper, we report a principle of the detection of NMR for the gas phase ions in a gradient magnetic
field based on a “magnetic resonance acceleration “ technique and describe the design and the construction of an apparatus,
which we are developing. This technique is a new extension of a molecular-beam magnetic resonance method and is readily
coupled with an ion cyclotron resonance mass spectroscopy (ICR) . Thus, in near furture, it may allow us to use for chemical
analysis of mass-selected ions such as an ICR-NMR. We also present the experimental techniques and the results on the formation
and manipulation of ultra cold ion packets in a strong magnetic field, which are the key techniques to detect NIVR signal using the
present method.
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Novel aspects:
There are very few studies of molecular photoionization using femtosecond lasers in the IR wavelength range. Systematic study of
this type is required to optimise post-ionization techniques.

Abstract:

Mass spectrometric techniques including secondary ion mass spectrometry and matrix assisted laser desorption ionisation have
been very successfully applied in applications involving surface chemical analysis and imaging. Powerful though these approaches
are, they rely on the detection of analytes ionized as a direct consequence of the desorption process. However, with very few
exceptions, the dominant proportion of desorbed analyte species is neutral. The issue of enhanced ionization efficiency remains
central to further developments in performance.

With regard to secondary ion mass spectrometry (SIMS) , the introduction over the last decade polyatomic and cluster ion
sources have improved the molecular sensitivity significantly, opening up new areas of application, particularly in the biosciences.
However, the fraction of ejected species that are ionized in the SIMS process remains very small (typically 107-10) and is subject
to large matrix ionization effects which limit routine quantification. Detecting the secondary neutral flux by post-ionizing analytes
subsequent to desorption therefore offers potentially further increases in sensitivity and in ease of quantification. This is
particularly important in imaging applications.

Laser post-ionization of sputtered neutrals has been very successfully applied for elemental analytes. For molecules the situation
is complicated by photofragmentation and a detailed understanding of the ionization-dissociation characteristics of analytes is
required to optimize the experimental parameters [1] . Recent work has shown that using femtosecond lasers with mid-IR
wavelengths and/or ultrahigh intensity can overcome the traditional trade-off between molecular ionization efficiency and
fragmentation [21] .

Here we report on the efficiency of molecular ion and fragment ion production of a range of molecules as a function of laser
wavelength and intensity. A clear transition in behaviour is observed favouring molecular ion production. This will be discussed in
the context of the underlying mechanisms.

[ 1] N.P. Lockyer “Laser Post-lonisation for Elemental and Molecular Surface Analysis *
, Ed by J.C. Vickerman and D.Briggs, Surface Spectra (Manchester) and IM Publications (Chichester) (in press)

[2] D.Willingham, A. Kucher and N. Winograd, “Strong-field ionization of sputtered molecules for biomolecular imaging “, Chem.
Phys. Lett., 468,264 (2009) .
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Keywords:
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Novel aspects:
Desorption/ionization induced by neutral clusters is a soft and matrix-free ionization source with high absolute ionization
efficiency. Combination with ion-trap MS allows for high sensitivity and batch-type analysis of biomolecules.

Abstract:

Desorption and ionization induced by neutral clusters (DINeC) can be employed as a very soft and matrix-free method for
transferring surface-adsorbed biomolecules into the gas phase. Using neutral clusters with polar constituents such as SO. or H2O,
the method makes use of the dipole moment of the cluster molecules which allows both for solvation and charge transfer
processes in the cluster. Furthermore, shattering of the cluster during its impact on the surface leads to a rapid redistribution of
the system’s energy and an efficient cooling of the desorbed molecules. Thus the impacting cluster provides not only the energy
for the desorption process but also serves as a transient matrix. As a consequence, desorption and ionization of oligopeptides
and smaller proteins proceeds without any fragmentation of the biomolecules at comparably low energies of the impacting
clusters [1] .

In combination with ion trap mass spectrometry, desorption and ionization induced by neutral cluster impact can be utilized for
soft and matrix-free, batch-type analysis of biosamples. Especially when the cluster beam is produced by a pulsed nozzle with
pulse duration in the sub-millisecond regime, all ions generated during one pulse can be collected in the ion trap. In combination
with an absolute ionization efficiency of the process on the percent level, this leads to a very low consumption of analyte material.
E.g., for oligopeptides such as angiotensin Il or bradykinin, the ionization efficiency was determined to be 3 to 4 % and femtomol
sensitivity was achieved in the case of these oligopeptides. Furthermore, as no primary ions but neutral molecular clusters are
used for the desorption and ionization process, the background intensity in the spectra is comparably low.

Due to the soft nature of the cluster-induced desorption process, the majority of the peaks in the initial spectrum can be directly
associated with intact sample molecules ; in combination with full MS™ capabilities, structural analysis and straight-forward
spectrum analysis is possible as illustrated for a set of rhodamine dyes.

The presented experimental setup is relatively simple and allows for easy combination of a DINeC source with standard mass
spectrometers ; the process can be efficiently applied for a wide range of surface concentrations and configurations, i.e. from
micrometer-thick films down to submonolayer surface concentration of biomolecules [2] . Samples are prepared by means of
directly drop-casting the respective solution on a millimeter-size spot ; neither special sample preparation nor addition of matrix is
needed. Multiple sample arrays and low sampling time then allows for batch-type analysis.

[1] C.R. Gebhardt, A. Tomsic, H. Schroder, M. Durr, and K.L. Kompa, Angew. Chem. Int. Ed. 48, 4162 (2009) .
[2] M. Baur, B.-J. Lee, C. R. Gebhardt, and M. Durr, Appl. Phys. Lett. 99, 234103 (2011) .
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Novel aspects:
First gas-phase absorption spectra of luciferin and oxylucerin anions isolated in vacuo and the role of single water molecules

Abstract:

Luciferin is the substrate for the enzymatic reaction responsible for the characteristic yellow light emission from fireflies. In
aqueous solution at physiological pH, the molecule is present in its anionic form. It undergoes an Mg?*- mediated reaction with
ATP in the active site of the luciferase enzyme. The resulting luciferyl adenylate compound reacts with O, to give the product
anion, oxyluciferin, in a singlet excited state, which emits a photon of light as it relaxes to the ground state. Even though different
species of bioluminescent beetles all use the same luciferin, the emission spectrum varies greatly, e.g., the light emitted from the
firefly Photuris pennsylvanica is green while that emitted by the railroad worm Phrixotrix hirtus is red. The most studied species,
the North American firefly P. pyralis, produces a yellow-green light. The reason for this variability is up for much current debate. To
better understand the bioluminescence phenomenon and environmental influences, my group has carried out gas-phase
spectroscopy experiments on the bare luciferin and oxyluciferin anions to establish their electronic properties when isolated in
vacuo. We have also studied the impact of single water molecules. Absorption spectra were obtained at the electrostatic ion
storage ring in Aarhus and a sector instrument where ionic dissociation is monitored on a long time scale (up to milliseconds) and
on a short time scale (few microseconds) , respectively. | will discuss the implications of our gas-phase results on the
understanding of firefly bioluminescence. Finally, but not least, our data serve to benchmark theoretical models used to calculate
excited states.
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Keywords:
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Novel aspects:
Electron-capture dissociation of S-S bonded peptide cations at high energies. Interconversion of tautomeric anions in vacuo.

Abstract:

The electrostatic storage ring at KEK is equipped with an electrospray ion source, an ion-trap, a merged electron beam device [ 1]
and an OPO laser (wavelength : 410-600 nm) . The ring is also characterized by its ultra-high vacuum (10" Torr) , which realized
long beam lifetimes resulting from less frequent collisions of stored ion beams with residual gas molecules. This makes it possible
to perform electronic and photonic collision experiments on various molecular ions including biomolecules in an extreme
environment. Here, we introduce some of the recent experimental studies using this ring.

It is well known that the electron-capture dissociation (ECD) is efficient for thermal electrons and the cross sections rapidly
decrease with an increase of electron energies. Meanwhile, the ECD rate for peptide cations was also found to be significant for
high energy (3-13 eV) electrons and this phenomenon is called *hot electron capture dissociation” (HECD) [2] . Still, HECD
reported so far are for peptides without disulfide (S-S) linkage [31 . Now we report on collisions of high-energy electrons with
various protonated peptide monocations with disulfide bonds. Resonant neutral particle emissions at the energies of 6-7 eV
were observed, as well as a rise towards zero-energy, which are typical electron-capture dissociation profiles. The presence of
disulfide bonds tends to enhance the resonant bump heights. Chemical nature of the amino-acid residues adjacent to cysteines
appears to correlate with the bump strength [41 .

Fluorescein and its derivatives are the most widely recognized dyes owing to their unique bright fluorescence. The monoanions
are considered to adopt two basically possible tautomeric forms, i. e., the monoanionic carboxylate (MAC) and the monoanionic
phenolate (MAF) forms. Whereas the photoabsorption properties of MAC have been extensively studied, there is a dearth of
information regarding MAF. The photodissociation of fluorescein monoanions was studied by varying the storage times of the ions
in the ion trap and the electrostatic storage ring, before laser irradiation. The photodissociation neutral spectra as a function of
time consist of components with short and long lifetimes, and vary in a manner dependent on the storage time as well as the laser
wavelength. By comparing the neutral yields as a function of wavelength obtained herein with the photoabsorption spectra of
fluorescein reported recently for the solution and gas phases, it was deduced that the spectra originated from various tautomers
of fluorescein monoanions. Moreover, interconversion of these tautomers occurs during long-term storage in the storage ring in
vacuo. The wavelength spectra of the converted ions depend strongly on the storage time in the ring. In addition, we have also
performed detailed semiempirical quantum-chemical computations, to try revealing what kind of monoanion tautomers we are
dealing with [5] .

References

[11 T. Tanabe, K. Noda, Nucl. Instrum. Methods A 496, 233-237 (2003) .
[2] F. Kjeldsen, K. F. Haselmann, B. A. Budnik, F.Jensen, R. A. Zubarev, Chem. Phys. Lett. 356, 201-206 (2002) .
[3] T. Tanabe, K. Noda, M. Saito, S. Lee, VY. Ito, H. Takagi, Phys. Rev. Lett. 90, 193201 (2003) .
[4] T. Tanabe, K. Noda, S. Miyagi, N. Kurita, S. Tanaka, J. Setzler, W. Wenzel, E. B. Starikov, G. Cuniberti, Chem. Phys. Lett. 504, 83-
87 (2011) .
[5] T.Tanabe, M. Saito, K. Noda, E. B.Starikov, Eur. Phys. J. D (2012) in press.
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Keywords:
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Novel aspects:
We developed a novel method to directly measure cold ion-polar molecule reactions by using a Stark velocity filter and a
sympathetic laser-cooling method, and applied to the measurement.

Abstract:

During the recent decades several techniques for producing cold atoms, molecules, and their ions have been developed, and they
are now being applied to the study of cold atomic and molecular processes, such as cold ion-molecule reactions. In fact, a
mearsurement of the reaction rate between a laser-cooled Ca* Coulomb crystal and slow CHsCF molecules, produced by a Stark
velocity filter [1]1 , was demonstrated at about 1K [2] . The method can be extended to reaction rate measurements of cold
molecular ion-polar molecule reactions, which play an important role in the chemical evolution of dark interstellar clouds [31] .
Here we report on this extension and describe our apparatus and results to directly measure cold molecular ion-polar molecule
reactions. The setup consists of a Stark velocity filter and a detection vacuum chamber enclosing a cryogenic linear rf ion trap. We
have produced slow NDs, CH,O, and CHsCN beams by using the Stark velocity filter. A time-of-flight method was applied to
determine the velocity distribution of these slow polar beams. The typical peak velocity is 30 - 40m/s, and the number density of
the polar molecules is determined to be n = 10% -10° cm= in the ion trapping region. Both these quantities are important
parameters to determine the reaction rate constant of the ion-molecule reactions of interest. For preparing the cold molecular
ions, sympathetic cooling by laser-cooled Ca* ions is applied in the cryogenic linear trap. In doing so we have successfully
produced various Ca* Coulomb crystals including two-species Coulomb crystals, and in addition characterized them by molecular
dynamics simulations [4, 51 . Recently, cold CaH*, N>* and N;H" ions embedded in a Ca* Coulomb crystal have already been
produced in our experiments. Before starting the reaction experiment with sympathetically cooled molecular ions, the reaction
rate measurements between a Ca* Coulomb crystal and slow polar molecules were performed to check the reactivity of the slow
polar molecules with the Ca® Coulomb crystal itself. As a result, the reaction rates are of the order of 10¢- 10° s, which are very
slow compared to typical reaction rates of molecular ion-polar molecule reactions at very low temperatures. This fact shows that
Ca* is well suited as a coolant when sympathetically cooling molecular ions, which are targeted for the reaction-rate
measurements. Finally, we have performed initial reaction rate measurements between some of the above sympathetically cooled
molecular ions and velocity-selected CHsCN molecules. Preliminary results will be presented and discussed.

[11S. A.Rangwala et al., Phys. Rev. A67, 043406 (2003) .
S

]
[2] S.Willitsch et al., Phys. Rev. Lett. 100, 043203 (2008) .
[3] V. Wakelam et al, Space Sci. Rev. 156, 13-72 (2010) .
[4] K. Okada et al., Phys. Rev. A81, 013420 (2010) .
[5] N. Kimura et al, Phys. Rev. A83, 033422 (2011) .
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Novel aspects:
A portable electrostatic ion storage ring is being developed. It complements one-pass experiment apparatus and the conventional
electrostatic ion storage rings in terms of an observation time range.

Abstract:
An electrostatic ion storage ring is a powerful device for investigation of slow reactions such as meta-stable decay and radiative
cooling of large molecular ions including clusters and bio-molecules. We are developing a portable electrostatic ion storage ring

(uE-ring) reducing ten times from the existing ring at Tokyo Metropolitan University (TMU) , keeping the basic idea for beam
manipulation unchanged. That is, the pE-ring consists of two 160 degree deflectors, four 10 degree deflectors and four focusing
and defocusing electrostatic quadrupole doublets. It will store positive or negative ions with the energy range from several to 20
keV with the storage time up to several seconds under expected base pressure. Compact size of the ring has great advantages. A
short period of revolution provides higher time resolution of observations to be made at the straight section of the ring. The
portability enables us to bring it to various ion beam facilities. In addition, use of the ring in a synchrotron radiation facility will
definitely expand the field explored by the ion-storage ring.

In the present study, first, we reconsidered transport property of an ion beam in order to check the effect of the miniaturization.
Based on the equation of motion of ions in the ring, transfer matrices were produced, and the Twiss parameters were calculated.
Then the stable conditions of betatron oscillations were derived by changing voltages of the quadrupole doublets. Second, actual
electric fields generated by the electrodes were calculated by a simulation code for electric fields and the trajectories of charged
particles, SIMION. The simulated ion beam trajectories show considerable deviation from ideal electric field. Therefore, the ion
optics was refined with field clamps.

The dimensions of each electrode were determined with taking care of accuracies of machining and assemblage due to the
miniaturization. In the final design, the circumference of an ion beam trajectory is about 0.8 m, and all electrodes are mounted on
a single rectangle plate of 480 mm x 200 mm, for precise alignment of the electrodes and efficient bake-out of the ring. Now, the
ring is under mounting operation. In the presentation, we will show the detailed design and the status of the pE-ring.
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Novel aspects:
A novel apparatus which combines ion trap - laser cooling technique with ICP-MS is developed to be applied to trace isotope
analysis.

Abstract:

Analysis of rare isotopes has applications in biomedicine, archeology and planetary science [1] . For instance, calcium has six
stable isotopes, #04243444648C3 (abundance : 96.9%, 0.647%, 0.135%, 2.09%. 0.004%, 0.187%, respectively) and a long-lived radioactive
ultra-trace isotope, “'Ca (*'Ca/Ca = 10" - 10™%) . Today only AMS (Accelerator Mass Spectrometry) is utilized for practical
purposes. In general, isobaric interference is an unavoidable issue for mass spectrometry. Therefore, collision/reaction cell, which
is utilized to remove the isobaric ions by means of gas collisions or chemical reactions, has to be built in ICP-MS (Inductively
Coupled Plasma Mass Spectrometry) . However, the chemical reactions in a cell produce other isobaric ions. In the case of “'Ca¥,
for instance, “°CaH* is produced when NHs is introduced to the cell for removing “°Ar* or “°ArH*. Alternatively, laser-based
methods, such as RIMS (Resonance lonization Mass Spectrometry) and ATTA (Atom Trap Trace Analysis) , have been developed
for laboratory application [2] . We have developed a novel method which combines ion trap - laser cooling technique [3-5]
with ICP-MS. Before using 4'Ca, we will demonstrate the principle of the method and evaluate the performance of our
experimental system with the stable isotopes of Ca.

Our experimental system consists of ICP-MS, ion transport system, linear ion trap, laser system and observation system. Liquid
sample is continuously injected to the ICP-MS and ionized by the Ar* plasma. lons are transported through the collision/reaction
cell and the quadruple mass separator. Mass-selected ions are extracted to the transport system, deflected 90 degrees and
decelerated by collisions with buffer gas. Then the ions are loaded to a linear ion trap and laser-cooled. We employ External
Cavity Diode Laser (ECDL) systems for generating 397 nm and 866 nm wavelengths to laser-cool Ca*. To observe Ca*, Laser
Induced Fluorescence (LIF) is collected by an objective lens and projected to an Intensified Charge-Coupled Device (ICCD) .
Isotope selective observation can be achieved by means of the isotope shifts of the transition wavelengths.

We investigated the transport and trapping efficiency as functions of the flow rate of cell gas, the buffer gas pressure and the
isotope species. We found that the cell gas worked not only for removing interference ions, but also improving the beam quality.
Therefore, there was an optimum flow rate to maximize the number of ions extracted from ICP-MS. The dependence on the buffer
gas pressure was investigated between 10 and 10 Torr. The loading and loss rate of trapped ions increased as the buffer gas
pressure increased and 10 Torr was the optimum pressure to maximize the LIF. After the optimization of these parameters, all the
stable isotopes of Ca including “¢Ca*, whose abundance is only 0.004 %, could be observed. To observe “Ca*, the hyperfine
structure should be considered because of its nuclear spin. To create closed cycle, two 397 nm lasers were employed and a
relatively high power 866 nm laser was utilized to excite the metastable levels. We will discuss the details of these properties of
our new apparatus and the observation of all the stable isotopes of Ca.

References
[1] D. Elmore et al., Nucl. Instrum. Methods Phys. Res., Sect 852, 531 (1990) .
[2] 1. D. Moore et al.,, Phys. Rev. Lett.92, 153002 (2004) .
[3] S. Hasegawa et al.,, J. Nucl. Sci. Tech.43, 300 (2006) .
[4]1 Y. Hashimoto et al., Spectrochimica Acta B 63, 645 (2008) .
[5] Y. Hashimoto et al., Int. J. Mass Spectrom.279, 163 (2009) .
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Novel aspects:
Imaging with mass spectrometry with 250 nm spacial resolution and 5 nm depth resolution. Metabolite distributions in single cells.

Abstract:

Bombardment of molecular solids with polyatomic projectiles allows interrogation of the sample with reduced chemical damage
accumulation. Hence, it is now possible to perform depth profiling experiments with a depth resolution of less than 5 nm. In our
hands, the projectiles of choice are Ceo and argon gas cluster ions such as Arazseo. TO retain molecular information during beam-
induced erosion, any damage accumulation must be removed at least as rapidly as it is formed. Here we discuss a number of
fundamental descriptions associated with molecular depth profiling. These descriptions, which include both analytical models
valuable in parameterizing the acquired signals and a molecular dynamics approach important for visualizing the action on a
molecular level, point towards experimental conditions that optimize the quality of a depth profile. For example, the size and
kinetic energy of the polyatomic projectile, the angle of incidence and the temperature all have significant influence on whether
the important molecular ion signals are retained. Atomic force microscopy (AFM) is shown to be an essential technique for
guantitative characterization of any molecular profile.

An important application of this mode of mass spectrometry is to provide chemical information for a wide variety of molecules in
biological tissue and single cells. Although early attempts at implementing this application focused on low molecular weight
fragment ions, polyatomic primary ion sources have opened detection schemes to a much wider range of molecules with
molecular weights extending to greater than 1000 Da. In this regard, a number of workers have reported the distribution of drug
molecules and of metabolites under various conditions. Here we discuss a number of challenges facing this field given the new
measurement paradigms. Very different sample preparation measurement considerations emerge as the desired spatial resolution
approaches 1 micron. At values above 1 micron, freeze drying methods appear to be successful and there are enough molecules
in the probe area to detect higher mass species directly. For example, we have detected the molecular ion of more than 50
different lipids in brain tissue and in a lawn of cells, using ms/ms techniques to assign structure. Characterization of single cells
becomes much more challenging, however, since there are many fewer molecules available for detection, and sample
pretreatment to enhance ionization can move molecules around, reducing the effective lateral resolution. For these systems,
preparation of frozen hydrated samples appears to be the best way to avoid artifacts. Moreover, since polyatomic projectiles now
allow molecular depth profiling, use of frozen hydrated samples is the only way to preserve 3-dimensional structure of cells.
Currently, using a conventional high performance imaging TOF-SIMS system, the sensitivity is on the limit of being able to detect
the higher mass molecular ions. Several examples will be given to illustrate each of the above issues. The prospects for improving
the sensitivity of this type of imaging will also be discussed.
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Novel aspects:
1) . TOF-SIMS imaging applications to biomedical tissues such as atherosclerotic aortic sinuses and to gastric cancer tissues 2)
Development of SIMS/MALDI microscopic mass imaging system for high throughput imaging.

Abstract:

Time-of-flight secondary ion mass spectrometry (TOF-SIMS) has been a useful tool to profile secondary ions from the near surface
region of specimens with its high molecular specificity and submicrometer spatial resolution. We have been trying to develop
TOF-SIMS into a molecular histology tool, which can be a practically useful biomedical diagnostic for clinical applications in
cardiovascular and oncology areas. Summaries of TOF-SIMS applications to map the distribution of cholesterol ester in
atherosclerotic aortic sinuses and to discriminate gastric cancer tissues from normal tissues with identification of biomarker
candidates associated with the amino acid metabolism

Changes in cholesterol ester (CE) content regulate the progression of atherosclerosis. However, the spatial dynamics of CE
subsets and their quantitative changes during lesion progression are not well understood due to a lack of appropriate imaging
techniques. In this study, we developed an imaging based analysis method to map the distribution of CE subsets using ToF-SIMS.
Serial sections of atherosclerotic aortic sinuses from apolipoprotein E knock-out mice (n=15) fed a 0.15% high-fat diet for 1220
weeks were examined by ToF-SIMS. We found that the ratio of cholesteryl palmitate (Ch-PA) to cholesteryl oleate (Ch-OA)
increased by approximately 99% (p=0.02) as atherosclerosis progressed, whereas the ratios of cholesteryl linoleate (p=0.09) and
cholesteryl stearate (p=0.22) to Ch-OA did not change significantly. In advanced atherosclerotic plaques, in situ cell death assays
showed that local Ch-PA densities were highly correlated with an increase in the number of apoptotic cells. These results suggest
that increased Ch-PA may contribute to the formation of a necrotic core by increasing cell death. Our results indicate that the
regional ratio of CEs as measured by ToF-SIMS might be a valuable new marker of atherosclerotic progression.

The TOF-SIMS analysis of even a moderately large size of samples has been hampered due to the lack of tools for automatically
analyzing the huge amount of TOF-SIMS data. Here, we present a computational platform to automatically identify and align
peaks, find discriminatory ions, build a classifier, and construct networks describing differential metabolic pathways. To
demonstrate the utility of the platform, we analyzed 43 data sets generated from seven gastric cancer and eight normal tissues
using TOF-SIMS. A total of 87 138 ions were detected from the 43 data sets by TOF-SIMS. We selected and then aligned 1286 ions.
Among them, we found the 66 ions discriminating gastric cancer tissues from normal ones. Using these 66 ions, we then built a
partial least square-discriminant analysis

(PLS-DA) model resulting in a misclassification error rate of 0.024. Finally, network analysis of the 66 ions showed disregulation of
amino acid metabolism in the gastric cancer tissues. The results show that the proposed framework was effective in analyzing
TOFSIMS
data from a moderately large size of samples, resulting in discrimination of gastric cancer tissues from normal tissues and
identification of biomarker candidates associated with the amino acid metabolism.

Finally, TOF-SIMS for biomedical applications is still suffered from insufficient molecular ion yields, which may be overcome with
an Ar gas clusters ion beam. For clinical applications, high throughput is critical to make the diagnosis technique inexpensive.
KRISS has been tackling these two issues by developing a TOF-SIMS/MALDI microscopic mass analysis system based on an Ar gas
cluster ion beam and a broad laser beam. Recent preliminary progresses will be reported and discussed together.
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Novel aspects:
meta analysis of histopathological lipidomics with high resolution imaging mass spectrometry

Abstract:

We developed high resolution imaging mass spectrometry system and determined quantitative and qualitative alterations in lipids.
Molecular species of phosphatidylcholine (PC) on thin slices were determined during the occurrence and progression of diseases
in patients and model animals to identify potential clinical indicators of pathology. In addition, species of phospholipids were
quantified by liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS) of lipid extracts from
control/patients. Unique distribution patterns were observed for phospholipids with different fatty acid compositions, and distinct
dynamic changes were seen in both their amounts and their distributions in tissue as tissue damage resulting from diseases. The
analysis was applied for various diseases such as colon cancer, gastric cancer, inflammatory bowel diseases, Alzheimer disease,
schizophrenia, atherosclerosis, and so

on. The specificity and generality of the lipid changes in human pathology revealed by the meta-analysis will be presented and
discussed.
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Abstract:

Introduction

Mass spectrometry (MS) -based techniques such as LC-MS or GC-MS have been known to be a conventional strategy for low-
molecular-weight metabolite analysis. However, these methods have drawbacks in analysis of tissue samples due to a requirement
of metabolite extraction that causes loss of information on spatial localization. Moreover, total analysis time is still on the order of
several minutes for a sample. Matrix-assisted laser desorption ionization (MALDI) has recently been reported to be applicable for
low-molecular-weight metabolite analysis. Direct MALDI-MS analysis dose not require pre-separation step, and then the analysis
time is within a minute for a sample. In addition, MALDI system enables us to analyze tissue sample directly (mass spectrometry
imaging ; MSI) . It is generally known that the detectable molecules in MALDI-MS are completely dependent on the matrix used.
Although there is a critical issue, limitation of the number of detectable analytes, in MALDI system, screening or development of
novel matrix is believed to improve such drawback in coverage.

Herein, we report the development of MALDI-MS system towards the rapid analysis of metabolic dynamics and tissue metabolite
imaging. Furthermore, we also describe an attempt to develop novel matrix for expanding the coverage of detectable metabolites
in MALDI-MS.

Methods

For high-throughput analysis, E. coli was used as a model organism. Cell suspensions were directly mixed with matrix solution (5
mg 9-aminoacridine (9-AA) in methanol) for rapid sample preparation. This suspension were spotted onto MALDI sample plate
and analyzed directly. For MSI experiment, rodent brain tissues were sectioned at 10 um thickness with cryostat and then thaw-
mounted onto an ITO-coated glass slide. A matrix solution was applied by spray-coating or sublimation method. In both types of
experiments, data were acquired in negative ionization mode and signals between m/z = 50 to 1,000 were collected. Metabolites
were identified or estimated by comparing MS/MS spectra with standard compounds or databases online database. For matrix
development, more than 40 compounds including N- or C-substituted 9-AA analogues, anthracene derivatives and quinoline
derivatives, were newly synthesized as matrix candidates. Using these synthetic matrices, 230 kinds of low-molecular-weight
metabolite standards were measured by MALDI-MS in negative ionization mode.

Results and Discussion

Firstly, we demonstrated the feasibility of a high-throughput MALDI-MS system for tracing intracellular metabolic dynamics of
bacteria. In a model system using E. coli, the time-dependent metabolite change was observed during environmental carbon
source perturbation following the rapid relief from glucose limitation. This technique enabled to trace time-dependent transitions
of the levels of phosphorylated metabolic intermediates and corresponding cofactors. Our proposed high-throughput analytical
platform was expected to easily apply for a large-scale data acquisition of metabolite levels responsible for the central
metabolism. Metabolite correlation network analysis using these data is now under way. Furthermore, this highly sensitive
metabolite analysis technique was applied for in situ metabolite imaging. We could simultaneously visualize the distributions of a
broad range of metabolites including nucleotides, cofactors, phosphorylated sugars, amino acids, lipids, and carboxylic acids in
normal mouse brain tissue with single-cell sensitivity. Although we showed the findings using 9-AA as a matrix, recently several
new synthetic matrices were found to be more efficient than 9-AA, depending on the metabolites. Detailed results will be
discussed in the session.

(1) Miura D. et al. Anal. Chem. (2010) 82, 498-504. (2) Yukihira D. et al. Anal. Chem. (2010) 82, 4278-4282. (3) Miura D. et al. Anal.
Chem. (2010) 82, 9789-97%. (4) Miura D. et al. J. Proteomicsin press
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High resolution in space and mass method for understanding metabolites distribution in plants and insects.

Abstract:

Mass spectrometry imaging (MSI) , introduced in the mid-90s, has shown encouraging progress recently in explaining the
molecular basis of biological systems and processes. The technique has developed to become a promising tool for clinical
investigation and biomolecular research (1-3) . Herein, we present mass spectrometry images generated from plant and insect
tissues that reveal spatial distributions of metabolites with high resolution in mass and space (HR?) . MSl is able to visualize the
distribution of metabolites with high spatial resolution, aiding to explain mechanisms of complex biological processes.

A home-built atmospheric-pressure scanning microprobe matrix-assisted laser desorption/ionization (SMALDI) ion source for
imaging was used for ion generation (1) . To acquire uniform sections from the sample, embedding materials such as
carboxymethyl cellulose (CMC) and tragacanth gum were used for cryosectioning of insects. For root samples, on the other hand,
sections were prepared manually using a common shaving blade. Pneumatically assisted spraying was employed for matrix
deposition on the tissue, using a dedicated home-built apparatus. Matrices 2,5-dihydroxybenzoic acid (DHB) for positive ion mode
and p-nitroaniline (pNA) for negative ion mode were used. The SMALDI source was operated with a nitrogen laser at 337 nm
wavelength with a 60 Hz repetition rate. The source was coupled to an orbital trapping mass analyzer (Exactive or QExactive mass
spectrometer, Thermo Fisher Scientific GmbH, Bremen) set to a mass resolving power of 50,000 to 140,000 at m/z = 200. The home-
built software package 'Mirion” was used to generate mass images from the raw files generated by the mass spectrometer. lons
formed by 30 laser pulses were accumulated prior to detection, and matrix cluster peaks were used for internal calibration. All
measurements including mass spectra from 10 micrometer pixels were acquired with a mass accuracy 2.5 ppm (root mean
square) . Molecular images were generated with a bin width of m/z = 0.01.

Images from seeds (rape and wheat) , roots (rice and wheat) and insects (Paederus and Harmonia) were generated with 5 to 25
micrometer spatial resolution. For rapeseed at 10 micrometer pixel size, it was possible to image the ion at m/z = 496.24 (cyclic
spermidine conjugate) that is only exhibited in the germinating region of the seed. For wheat seeds, several different metabolites
were imaged which were located in different regions of the seed. Whole insect imaging of Paederus was performed at 10
micrometer spatial resolution and the defensive agent pederin, known to be produced by Paederus, was observed as sodium
adduct at m/z = 526.29, as well as its metabolite pseudopederin with high mass accuracy. Similarly for Harmonia, MS images were
generated using the signal of the resistance-related substance harmonine (m/z = 283.31) , as well as using the signals of its
metabolites, detected in different regions of the insect.

Literature :

1. Koestler et al. (2008) Rapid Commun Mass Spectrom. 22 (20) : 3275-3285.

2. Roempp et al. (2010) Angewandte Chemie International Edition. 49 (22) : 3834-3838.
3. Roempp et al. (2011) Anal Bioanal Chem. 401 (1) : 65-73.
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Novel waveform generators and gas compositions raise FAIMS resolving power by >10 times (to “500 for peptides) , enabling new
approaches to proteomics (especially for characterization of post-translational modifications) and metabolomics.

Abstract:

Fast gas-phase separations using ion mobility spectrometry (IMS) prior to mass spectrometry (MS) are becoming ubiquitous, as
the recent introduction of IMS/MS platforms by multiple major vendors rapidly expands applications into new areas. As single-
stage drift-tube IMS analyses developed since 1970-s turn routine, research and technology development are moving into novel
approaches beyond simple ion separation by low-field mobility.

The mobility of all ions in gases depends on the electric field intensity, and a major new IMS paradigm is differential or field
asymmetric waveform IMS (FAIMS) based on the difference between mobilities at two intensities. That difference is often
substantially uncorrelated to the ion mass/charge ratio or absolute mobility at either intensity, rendering the FAIMS dimension
significantly orthogonal to MS or conventional IMS. While FAIMS/MS had been reported "20 years ago and found promising for
biological analyses, its utility was severely restricted by low resolving power, R (typically “10) .

We have strived to improve the R metric and resolution of FAIMS and explore the new application classes afforded by such gains.
Modeling and experiments have revealed that high resolution requires homogeneous electric fields established in planar electrode
gaps. New planar-FAIMS devices employing helium/nitrogen buffers with up to 75% He or power supplies that produce waveforms
with amplitudes (dispersion voltage, DV) up to 5.4 kV have raised R for multiply-charged peptides to 200, but electrical
breakdown in gas precluded further increases of He fraction and/or DV. The resolving power of separations in media, including
FAIMS, generally scales as the square root of separation time. Extending ion residence in the gap from the previously longest 0.2 s
up to 0.8 s had raised the resolving power by up to twofold (to >300 for peptides) . Hydrogen has much higher breakdown
threshold than He, and the greatest H. fraction at maximum DV in our FAIMS unit is 90% vs. 50% for He. Hydrogen-rich mixtures
allow improving the resolution further, especially for larger singly-charged ions, while accelerating analyses. Finally, new high-
definition voltage generator with a more stable and precise output has narrowed the features at highest resolving power by " 1/3,
pushing the maximum R to "500.

Upon reviewing the latest advances in FAIMS technology, we shall discuss exemplary applications to proteomics and
metabolomics. As a filtering technique, FAIMS is best suited for targeted analyses, such as separation and identification of isomeric
peptides with differently localized post-translational modifications (PTMs) . High-resolution FAIMS can broadly separate these
variants for many modifications, including phosphorylation, glycosylation, and even smallest PTMs like acetylation or methylation,
and various attachment sites. The capability extends to larger “middle-down “ ("3 - 4 kDa) peptides such as histone tails that
are richly modified and potentially exhibit millions of localization variants. Crucially, the variant separation is unrelated to the PTM
shift involved and even those with adjacent alternatively modified sites (which challenge LC and MS/MS methods most) are well-
resolved. Separations for different charge states are also independent, and the variants “co-eluting “ for one are often resolved for
another. The peak capacity is thus multiplied by the number of observed states, which is increasingly consequential for larger
peptides that exhibit more states.

We shall also look at lipidomic applications, where FAIMS can assist lipid classification and effectively resolve regioisomers
differing in the fatty acid position or other details.
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Extensive analysis of atomic and molecular ion mobiliy using ab initio potentials and two-temperature theory has revealed the
collision dynamics at very low energy.

Abstract:

Typical measurements of ion mobility spectrometry (IMS) for chemical analysis have been performed in ambient air. Because the
ambient atmospheric pressure is high of 0.1 MPa, the reduced electric field strength E/N in the drift tube is smaller than 1 Td even
if the electric field is stronger than 100 VV/cm. Therefore, the dependence of ion mobility on E/N is not important for IMS and the
zero-field mobility has been used for the identification of the chemical compound. On the other hand, the traditional ion mobility
measurements in rarefied gases have been performed in various electric fields and gas pressures, and the ion mobility as a
function of the E/N has been investigated to discuss the interaction potentials and the elastic collision cross sections between the
ion and the gas molecule.

In Tokyo Metropolitan University, we have developed a drift tube mass spectrometer operated at liquid helium and nitrogen
temperatures, and measured the mobility of various atomic and small molecular ions at low temperatures. For the closed-shell
systems, only one potential energy curve as a function of the internuclear distance is involved in elastic collisions. Therefore the
measured ion mobility of the alkali ions, namely Li*, Na*, K*, Rb* and Cs*, in helium at 4.3 and 77 K can be reproduced by the
classical calculation based on the two-temperature theory with the ab initio interaction potentials between the ions and helium.
For the open-shell systems, the interaction potential curve on the ground electronic state could split into different molecular
states at the small internuclear distance. Using the averaged cross sections for two interaction curves, the mobility of the open-
shell ions in helium can be calculated approximately. We have measured the mobility for C*, N*, O*, He*, Ne*, Ar*, Kr*, and Xe*
ions, and the calculation with the ab initio potentials shows fairly good agreement with the experimental results.

Not only atomic ions, diatomic and triatomic molecular ions have been used as the incident ions for the selected-ion-injection drift
tube experiments. The molecular ion mobility as a function of the E/N shows quite different behavior from that of the atomic ions.
For the atomic ions, the theoretical calculation of the mobility can be performed shortly. On the other hand, the mobility of
molecular ions is extremely difficult to be calculated because of the multi-dimensional potential surfaces. To analyze the molecular
mobility, the classical trajectory calculations have been carried out for N2™ and O2* ions in helium, and the experimental results of
the mobility can be reproduced quite well. In these calculations, it was found that the temporal rotational excitation plays a very
important role.

Recently, we have measured the mobility of OH" and OD" in helium and observed a minimum in the mobility as a function of the
E/N. The features of these results are quite different from those of O,*, CO*, NO*, CO,", and NO.", which have no minimum. The
possible mechanism in collisions at few meV will be discussed with the ab initio potentials of molecular ions between helium
atom.

We have also make a start on the development of an apparatus for the IMS in ambient air. The progress report on this new
project will be given in our presentation.
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Novel approaches to applications enabled by high speed FAIMS separation

Abstract:

There has been a considerable increase in interest for orthogonal gas phase separations in combination with mass spectrometry
during the last several years. High-Field Asymmetric Waveform lon Mobility Spectrometry (FAIMS) uses variation of ion drift
velocity in atmospheric pressure environments at very high electric fields. It is often seen as a candidate for enhancing the
separation provided by liquid chromatography (LC) , or even potentially replacing LC stage entirely for some applications.

Previously, one disadvantage of all differential mobility devices has been the scanning duty cycle relative to fast LC. It proved a
challenge to achieve performance that allows simultaneous effective separation, high transmission and scan speed. For this
presentation we have characterized performance of a new generation of microscale FAIMS devices, which enable this ability and
which promise to revolutionize high throughput multi-dimensional separations. Several mass spectrometry applications are
expected to benefit from high speed pre-separation. We describe preliminary experimental results related to some of these
potential applications.

A newly designed chip-based FAIMS device from Owlstone, Ltd., UK has been incorporated into the Agilent TOF mass
spectrometry system. This generation of chip FAIMS devices has an analytical gap of 100pm and ion drift path of 700 m. The
device comprises multiple channels with parallel electrodes designed to achieve optimum ion collection and transmission. In
addition, this configuration offers enhanced selectivity while maintaining exceptional speed of separation. Entire CV scan can be
accomplished in under 100 u s, while switching delay between different CV settings can be less than 5 ps. This speed is enabled
by using very high values of dispersion field inside miniature channels.

As a result, the new device is compatible with TOF MS and QQQ MS data acquisition rates, as well as time scales of ultra-fast
chromatography and solid phase extraction (SPE) based analytical methods such as Agilent RapidFire.

Preliminary testing has demonstrated that the performance is in good agreement with theoretical expectations. We report
significant improvements in separation power and transmission, particularly for the high mobility ions compared to the previous
series of prototypes. In addition, the FAIMS device demonstrates very low ion losses in “off-line “ mode which supports high
performance of the mass spectrometer in its regular operation regime. High dispersion voltages and short ion residence times are
shown to provide high stability and reproducibility of operation with respect to specific conditions of analytical sample, solvent or
chemical matrix.

Several potential applications have been demonstrated using the unique fast scanning and switching capabilities of the new
system. They include separation of drugs, metabolites and interfering compounds, isomer identification, as well as peptide
selection based on charge state distribution.

For example, the ability to separate components of a peptide mixture by charge state allows enhanced detection of higher charge
ions with respect to singly charged ions as well as chemical noise. This proves beneficial for the identification confidence. This
application requires adjustable resolution, excellent transmission and the possibility to switch dispersion and compensation field
settings quickly to fully realize this potential benefit.

In another example, we were able to demonstrate conditions for selective transmission of phenacetin vs. acetaminophen,
morphine vs. morphine glucuronide as well as some other pairs of analytes. This capability is very attractive, for example, in high
throughput SPE/MS analytical methods such as RapidFire/MS which do not include liquid chromatography. Incorporating the
FAIMS device into the RapidFire QQQ MS system provides an orthogonal mode of separation allowing more accurate quantitation
of analytes that are susceptible to interference from in-source fragmentation.
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Abstract:

Introduction

Complex samples mixture of low molecular weight and polar compounds are particularly challenging from an LC-MS acquisition
perspective. In order to extract all relevant analyte information from such samples, higher peak capacity is frequently required,
and this leads to coupling of comprehensive two-dimensional (2 D) separation technique such as GCxGC and LCxLC. However, in
such coupling, the second dimension of separation requires to be very fast, which can be challenging to LC. Here we propose that
the second dimension can be obtained with chemically-assisted differential mobility separation (DMS) to provide more
comprehensive detection of analyte from complex mixture. DMS provides a separation that is orthogonal to MS as well as LC, and
the addition of chemical modifier in the transport gas can increase significantly the separation power of the DMS system.
Methods

A DMS cell was mounted in the atmospheric region between the entrance aperture of a hybrid quadrupole-time-of-flight mass
spectrometer and TurboV® source. Nitrogen was used as the transporter gas, and constant gas flow in the DMS cell was achieved
by the primary stage vacuum pumping of the MS system. Addition of 1.5% of either isopropanol (IPA) or acetonitrile (ACN) to the
curtain gas was used to alter the DMS separation. LC was performed using a Shimadzu UFLC system operated at 400uL/min with a
2x100mm (2.6u) Luna Kinetex C18 column. A mixture of 30 compounds ranging from m/z 70 to 700, with different polarity,was
spiked in different samples matrix such as urine and protein precipitated plasma.

Preliminary Data

The DMS cell was operated at a separation voltage (SV) up to 4000 and the compensation voltage (CoV) was stepped from -30
to +10V with increments of 0.5V (81 steps) . Mass spectra were collected at each step for 20ms, thus producing a total cycle time
of 1.62sec. Using a gradient of 1 min from 2 % to 98% organic, several of the lower mass compounds co-eluted. For species of
lower mass (m/z < 350) , a wide spread of CoV values were observed and many of the isobaric and co-eluting species were
effectively separated as a result of using the DMS with either IPA or ACN as modifier in the gas transport. It is noticeable that
some of the species that could not be separated by LC, such as fendiline (m/z=316.2060) and chlorprotixen (m/z=316.0912) were
separated by the DMS, which enabled individual MS/MS data collection with precursor ion selection window equivalent to
<0.1Tamu, as opposed to generating composite MS/MS spectrum. When dealing with samples of higher complexity, such as diluted
urine samples, the DMS with IPA provided the highest peak capacity that complemented LC selectivity. This enables faster and
more comprehensive coverage of analyte ions detected from complex samples while maintaining rapid sample throughput (i.e.
rapid LC gradient) . Additional results pertaining to selectivity gains for qualitative and quantitative analysis of TOF-MS and TOF-
MSMS data will be presented.
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Abstract:

In general, the number of coexisting isomers in atomic and molecular clusters increases rapidly with their sizes. Among such
clusters, silicon cluster cations, Si,*, have stable prolate structures for n< 30 and spherical isomers for n> 24. Carbon cluster
cations, Cn*, also have different type isomers depending on their size ; cyclic isomers for m< 40 and fullerene isomers for the even
number size at m> 30. Therefore the isomers of Si»* and Cn,* have two structural motifs ; spherical and non-spherical structures.
These different structures may show marked difference in their reactivity. Therefore the isomer-resolved measurement is necessary
in order to examine the reactivities and reaction mechanism rigorously. lon mobility spectrometry, IMS, is a powerful tool to
directly separate isomers. However, the ion intensity drops by several orders of magnitude after the isomer-separation with this
method. It is also important to obtain spatially focused ion bunches for unambiguous and highly-sensitive photodissociation
measurements of size-selected ions.

In order to fulfill the isomer-resolved photodissociation experiments against above problems, we have developed a combined
setup of an ion drift cell with a double reflectron time-of-flight mass spectrometer, TOFMS. In this setup, dissociation efficiency is
enhanced by the focusing of parent ions at the irradiation point after a first reflectron. In this study, we have examined UV laser
photodissociation reactions for each isomer of Si;*and Cn,* after mass- and isomer-separations. Si,* and C,* generated by laser
vaporization were isomer-separated by a drift cell, in which the ions were collided with He under an electrostatic field. The cell
was cooled to 170 K. The separated isomers were mass-separated in a double reflectron TOFMS setup. The ions were then
dissociated by irradiation with a 4.66 eV laser at the ion focal plane in the first reflectron. The photofragment ions were mass-
analyzed by the second reflectron.

In the isomer-separated experiments for the parent Si,*ions with n = 24-27, we have observed two types of fragment ions, Sie-11*
fragment clusters and Siio-loss fragment ions, from both the prolate and spherical isomers. In particular, relative intensities of
Sho-loss fragments from the prolate isomers were found to be slightly higher than that from the sphericals. This result was partly
explained from the calculated geometric structures containing Siso units [ 1] .

On the other hand, forC»* (m = 32, 34, 36, 38) , we have observed clearly different fragmentation pathways between the cyclic
and fullerene isomers ; Cis-loss was preferentially observed from the cyclic isomers, whereas sequential C,-losses were obtained
from the fullerenes. The Cis-loss products were already reported in dissociation studies of C»* with m< 29, where stable isomers
have multi-cyclic structures [2] . This predominant pathway was explained by the neutral Cis stability based on the Hueckel
model. The Cs-loss pathways of fullerenes are also consistent with the previous photodissociation studies on fullerenes [3] .

[1]S. Yoo and X. C. Zeng, J. Chem. Phys. 124, 054304 (2006) .
[2] P.P.Radi, T. L. Bunn, P. R. Kemper, M. E. Molchan, and M. T. Bowers, J. Chem. Phys. 88, 2809 (1988) .
[3]1S.C. OBrien, J. R. Heath, R. F. Curl, and R. E. Smalley, J. Chem. Phys. 88, 220 (1988) .
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Nonlinear dc fields modify the stability boundary of the quadrupole, increasing the BAD efficiency to 94% and extending the mass
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Abstract:

Boundary-Activated Dissociation (BAD) of multiple charge ions has been investigated in a low pressure linear ion trap in the
presence of nonlinear dc fields. Nonlinear dc fields allowed ions to be stored at working points beyond the by= 0 stability
boundary of the regular quadrupole. The ions reached large stable radial amplitude trajectories and gained high kinetic energies
from the main drive RF field and thus the BAD efficiency increased from less than 20% to upto 94%. The broadening of the stability
diagram at the by = 0 boundary also enabled the observation of fragment ions of higher mass-to-charge ratio than the precursor
ions thus overcoming one of the major drawbacks of BAD of multiple-charged ions. A comparison between high pressure beam-
type collision activated dissociation (CAD) and low pressure BAD spectra showed that similar internal energies can be deposited
using these two techniques however less fragmentation channels were observed using low pressure BAD.
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Abstract:

Introduction

Last years we demonstrated a Radio Frequency-Free (RFF) electro-magnetostatic (EMS) cell for producing electron capture
dissociation without the aid of a cooling gas or phase-specific electron injection into the cell as part of a triple quad and a hybrid
Q-TOF tandem mass spectrometer [1-3] . That work further demonstrated not only ECD, but also combined ECD and collision-
induced dissociation (CID) in an RFF EMS cell [4] . In this presentation, we describe an improved EMS cell design and present
results that demonstrate that this improved cell’'s ECD efficiency is at the threshold of analytical usefulness.

Methods

A triple quadrupole (Q-g-Q) Finnigan TSQ 700 mass spectrometer was converted to a Q-ECD-Q instrument :

-An indirectly heated, ring-shaped, Tantalum disc (Heat Wave Labs, Inc., Watsonville, CA) located concentric with the cell’s axis
at the ion-entrance, serves as the source of electrons.:

The cell comprises an electromagnet and anaxially polarized Sm.Cos7 ring-magnet (Chino Magnetism Corp. Ltd., Fairfield, NJ)
that has a 12.54 mm diameter, 1.0 mm thickness, and 2.0 mm bore. Several common peptides were introduced into the instrument
by ESI in order to produce parent ions for the ECD experiments.

Preliminary Data

Using an indirectly heated disc as a source of electrons instead of a directly heated, ring-shaped, wire filament solved three
important problems. First, the greatly increased emitting area of the disc over that of the wire filament emitted a much larger
number of electrons. Second, the problem of voltage drop through the emitter was eliminated ; in the case of the ring-shaped,
wire filament, this voltage drop could be up to 7 V resulting in an excessively wide electron energy distribution. Third, the
problem of the magnetic field induced by the current in the ring-shape wire filament negatively effecting electron emission was
totally eliminated. Taken together, the gains resulting from these three improvements increased the ECD efficiency of EMS cell up
to at least 2 %, which is at the threshold of analytical utility. As example, ECD fragments recorded while injecting 5 pg/mL
solution of substance P in methanol at a flow rate of 2 uL/min are present.

Summary

In summary, we have achieved ECD in a linear, RF-free, hybrid electrostatic/magnetostatic cell at efficiency level of at least 2%
without the aid of a cooling gas. The cell’'s design and compact construction allow it to be incorporated into virtually any type of
tandem mass spectrometer, e.g., triple quadrupole, hybrid quadrupole ion trap, hybrid quadrupole time-of-flight, or even FT-ICR.
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Keywords:
Etoposide, liquid chromatography tandem mass spectrometry, cerebrospinal fluid

Novel aspects:
This is the first time using liquid chromatography tandem mass spectrometry method for quantification of etoposide and
etoposide catechol in cerebrospinal fluid.

Abstract:

Cancer with brain metastasis is one of the leading causes of death in many major cancer subtypes. Etoposide is one of the
chemotherapy drugs that can partially penetrate blood brain barrier. In human body, etoposide undergoes O-demethylation and
can be metabolized into etoposide catechol which exhibits signicant cytotoxic activity. Understanding the etoposide and
etoposide chatechol concentration in CSF for patients with brain tumor can help to evaluate the drug efficacy. A rapid and
sensitive ultra-high-pressure liquid chromatography/electrospray ionization tandem mass spectrometry (UHPLC-MS/MS) method
was developed for quantification of etoposide and etoposide chatechol in CSF.

Chromatographic separation was performed on an Agilent Extend RP-18 column (1.8 um, 50 mmXx2.1 mm) with a gradient mobile
phase consisted of 0.1% acetic acid in water and methanol delivered at 0.3 ml/min. Detection was achieved by an Agilent 6460
UHPLC-MS/MS system with selected reaction monitoring (SRM) in positive ion mode with the transition m/z 589.6/229.1 and m/z
575.2/229.0 for etoposide and etoposide chatechol, respectively. The limit of detection (LOD) is 0.5 ng/mL and the limit of
quantification (LOQ) is 1 ng/mL for both etoposide and etoposide chatechol. The total analysis time is below 3 minutes. The
method was validated in terms of precision, accuracy, matrix effect and linearity. Finally, this method was successfully applied to
the analysis of CSF samples from cancer patients with brain and leptomeningeal metastasis treated with etoposide, and the
pharmacokinetic behavior of etoposide in CSF was determined.
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Keywords:
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Novel aspects:
To our knowledge, this is the first complete characterization of the fragmentation of enalapril impurities, mainly are its by-
products, using ESI-IT-TOF tandem mass spectrometry with accurate mass measurements.

Abstract:

Enalapril Maleate is the maleate salt of enalapril, the ethyl ester of a long acting angiotensin converting enzyme inhibitor. Enalapril
is a pro-drug ; it is bioactivated by hydrolysis of the ethyl ester to enalaprilat, which is the active angiotensin conveting enzyme
inhibitor. Enalapril has side effects : fainting ; urinating more ; chest pain, etc. However, by-products, unknown impurities and their
structures are a big concern. Currently, high-performance liquid chromatography (HPLC) has been the essential method for
analysis of enalapril. Atmospheric pressure ionization sources, such as electrospray ionization (ESI) are routinely used in drug
impurities analysis for sensitivity.

A liquid chromatography/electrospray ion trap time-of-flight mass spectrometry (LCMS-IT-TOF) was used in this study. It has the
ability to provide multistage tandem spectra (MS") with accurate masses (error<5 ppm) in both MS and MS" modes. Tof analyzer
allows fast acquisition of full spectra with high sensitivity and elevated mass resolution (12000 FWHM) . With this technique, we
can acquire reliable structural information about the ionized molecule and the product ions, based on the exact mass and the
multistage tandem mass spectrometric analyses (MS") . In addition, as the mass/charge ratio gets smaller, the number of
candidates gets smaller, too. Since mass/charge ratios of the product ions in the highest order spectra are usually less than 200 Da
and the neutral losses are usually less than 100 Da, their formulae could be confirmed with significantly higher confidence.
Enalapril samples were separated on a Shimadzu Shim-pack XR-ODS column (2.0 mm I.D.X75 mm L., 2.2 pm) with isocratic elution
using 10 mM ammonium acetate and acetonitrile as mobile phase. High concentration of enalapril (300 mg/L) was injected to
concentrate impurities. Flow path switching valve was used in the instrument, cutting the enalapril main constituent to waste line
in order not to contaminate MS detector. Four impurities were separated and detected by ESI-IT/TOF. MS" spectra (n=4) of
each impurity were obtained in both positive and negative ion mode. The combination of accurate mass measurement in MS
spectra and sequential MS" experiments enabled fragmentation pathways to be elucidated in detail. Formulae, chemical structures
of impurities in an Enalapril sample were suggested with supporting results on the probable fragmentation pathways.

Protonated molecules of impurity 1 (m/z 349.1758) gave product ions at m/z 303.1703 with a neutral loss of m/z 46.0055, which was
CH,0O.. Using formula predict software impurity 1 was CigH2aN2Os. Similar MS"™ measurement was observed between impurity 1
and enalapril. This could be explained by loss of two methylene group (perhaps carboxylic acid ethyl ester) from enalapril
structure.

Formula predict of impurity 2 m/z 381.2395 shows a formula as Cz0H3:N.Os,contains 6 more H atom compared to enalapril. When
m/z 381 was selected as the precursor ion to perform the MS? product ion scan experiment, a product ion at m/z 335.1976, 307.2027,
291.2078, 273.1972, 263.2129 and 192.139%4, all have corresponding response loss of 6 H in enalapril. Product ion at m/z 183.0775,170.0823
were both observed at impurity 2 and enalapril. m/z 183.0775,170.0823 is formed by the loss of benzene ring form enalapril. So the
structure of impurities 2 may be explained by deoxidation of benzene ring from enalapril.

Also we may get the formulae for impurity 3 and 4 are CaoH26N204 and CisHz6N204. To our knowledge, this is the first complete
characterization of the fragmentation of enalapril impurities, mainly are its by-products, using ESI-IT-TOF tandem mass
spectrometry with accurate mass measurements.
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Keywords:
Gossypol Derivatives, LCMS-IT-TOF, MSn Spectra

Novel aspects:
The study of derivatives struture by MSn Spectras got from LCMS-IT-TOF

Abstract:

Free gossypol and in cottonseed is a toxic chemical, which can affect human reproductive function, skin and stomach burning,
nausea, vomiting, diarrhea, headache, coma, convulsions and even death due to respiratory, circulatory system failure. Therefore,
strict control of the free gossypol and its derivatives is required in deep-processing process of cottonseed. In this article, according
to the MS" Spectra of gossypol, the structures of known and unknown gossypol derivatives were figure out by LCMS-IT-TOF.
Quantity and quality of free gossypol derivatives were different when using different extracting way. The qualitative results of
gossypol derivatives get from LCMS-IT-TOF could tell the best way of deep-processing process of cottonseed.
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Novel aspects:
Low femto-gram LOQs were achieved by using highly sensitive LC/MS/MS with heated gas and multi orthogonal heated device

Abstract:

The triple quadrupole mass spectrometer is widely used in various application fields to quantify the trace amount of compounds
in real world samples because of its excellent sensitivity and selectivity. In order to achieve lower limit of quantitation, many
researchers have been developing new desolvation technologies at either ESI sprayer or MS inlet.

Here, we report the higher sensitive triple quadrupole mass spectrometer equipped with novel desolvation devices such as
addition of the heated gas blowing along with electrospray and the heated multi-orthogonal ion path mounted at the inlet of mass
spectrometer. The combination of the heated gas at ESI and heated multi-orthogonal ion path enhanced desolvation efficiency
which resulted in low femto-gram limit of quantitation.

Several commercially available drug samples (Reserpine, Verapamil, Alprazolam, Carbamazepine, Cilostazol, Lidocaine,
Fluticasone and Testosterone) were prepared for the sensitivity evaluation of higher sensitive triple quadrupole mass
spectrometer equipped with the modified ESI source and the heated multi orthogonal ion path. All the samples were analysed by
the Multiple Reaction Monitoring (MRM) . MRM parameters including MRM transitions and collision energy as well as compound
dependent ion transfer voltages were optimised through automatic MRM optimization functionality incorporated in LabSolution
software (Shimadzu Corporation, Kyoto, Japan) .The temperatures of heated gas and heated multi-orthogonal ion path were
optimised for each sample.

Using modified ESI source and the heated multi orthogonal ion path helped to deliver a limit of quantitation for all eight drugs
below 5 fg/uL. The temperature of heated gas and heated multi-orthogonal ion path were independently optimised for each
sample with the range of 200 to 500 degree C and 150 to 300 degree C respectively. The ion intensity of reserpine was increased 8
times with the heated gas and 4 times with heated multi-orthogonal ion path operated at 300 degree C. Besides larger volume of
lon was introduced into the mass spectrometer by the effective desolvation, the base line noise was maintained at reasonably
low level as the noise derived from neutral droplet or unwanted ions were strongly reduced in the multi orthogonal region heated
at high temperature, and resulted in excellent signal to noise ratio which achieved low femto-gram sensitivity.
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Keywords:
bioavailability, Di- (2-ethylhexyl) phthalate (DEHP) , pharmacokinetics, plasticizer, tandem mass spectrometry.

Novel aspects:
This is the first time that a LC-MS/MS has been developed to investigate oral bioavailability in rat.

Abstract:

Di- (2-ethylhexyl) phthalate (DEHP) is generally used to increase the flexibility of plastics for industrial products which has been
contaminated in food and beverages as clouding agent in Taiwan in the early 2011. Previous studies indicated that DEHP may lead
to hepatotoxic, cytotoxic, teratogenic and mutagenic effects on animals. In order to assess the exact extent of absorbed DEHP via
the oral route, the aim of this study is to develop a reliable and validated ultra performance liquid chromatography with tandem
mass spectrometry (UPLC-MS/MS) method for the evaluation of the oral bioavailability of DEHP in Sprague-Dawley rats. The
optimal chromatographic separation of DEHP and Butylbenzyl phthalate (BBP ; as internal standard) were achieved on a Cis
column (2.1 mm x 100 mm, 1.7 pm) . The mobile phase consisted of 5 mM ammonium acetate-methanol (11 : 89, v/v) with a flow
rate of 0.25 mL/min. The monitoring ion transitions were m/z 391.4 — 149.0 for DEHP and m/z 313.3 — 149.0 for the internal standard.
The average of matrix effect and recovery of DEHP at low, medium and high concentrations was 113 £ 20% and 98 £ 5%. The
calibration curve is linear within the given concentration range from 0.1-2.5 pg/mL and produced linear correlation coefficient is
greater than 0.995. In conclusion, the validated UPLC-MS/MS method is suitable for analyzing the rat plasma sample of DEHP and
the oral bioavailability of DEHP was about 7 % in rats.
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Keywords:
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Novel aspects:
This is the first time that a LC-MS/MS has been developed to investigate oral bioavailability of DINP in rat.

Abstract:

Di-isononyl phthalate (DINP) is a general-purpose plasticizer for polyvinyl chloride. However, the industrial chemical plasticizer
had contaminated food and beverages as clouding agent, which had been inspected by Taiwan Food and Drugs Administration.
The aim of study is to develop a sensitive and specific ultra-high performance liquid chromatography coupled with electrospray
ionization tandem mass spectrometry (UPLC-MS/MS) method to investigate the pharmacokinetics of DINP in freely moving rats.
Multiple reaction monitoring (MRM) was used to monitor the transition of the protonated molecule m/z of 419 [M+H]* to the
product ion 149 for DINP. Plasma and feces homogenates were extracted by protein precipitation with 100 % acetonitrile (0.1%
formic acid) for sample preparation. The analyte was analyzed by UPLC-MS/MS with C18 column (100 mm x 2.1 mm, 1.7 um) which
was equilibrated and eluted with an isocratic mixture of acetonitrile-ammonium acetate water solution (90 : 10, v/v) at a flow rate
of 0.3 mL/min. The limit of quantification (LOQ) of DINP in rat plasma and feces homogenate was determined to be 0.25 pg/mL.
The intra- and inter-day accuracy (% Bias) and precision (% CV) were less than 15 %. Linear calibration curves were obtained for
DINP concentration ranges of 0.05-2.5 ug/mL in plasma and feces. The feces were homogenized mechanically using 50 %
acetonitrile as the media. The pharmacokinetic curve demonstrated that the disposition of DINP in rat plasma was fitted well by
the two-compartmental model after DINP administration (10 mg/kg, i.v.) . The elimination half-life of DINP was 587 =+ 3.41 and
150.41 £ 58.38 min for intravenous (10 mg/kg) and oral (100 mg/kg) administration, respectively. The pharmacokinetic data indicate
that the oral bioavailability of DINP in freely moving rats was about 1.19 %. The total DINP excretion up to 48 h was 12.30 £ 4.46 %
in feces.
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Keywords:
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Novel aspects:
This is the first time that a LC-MS/MS has been developed to investigate pharmacokinetics of DBP in rat.

Abstract:

Dibutyl phthalate (DBP) is a commonly used plasticizer for flexible polyvinyl chloride with a broad range of applications. However
several plasticizers have been illegally used as clouding agent to form dispersion in agueous matrix of the drinks. The aim of study
is to establish a rapid and accurate analytical method to investigate the pharmacokinetics of DBP in Sprague-Dawley rat by Ultra
Performance Liquid Chromatography coupled to tandem mass spectrometry (UPLC-MS/MS) . The UPLC-MS/MS system equipped
with a positive electrospray ionization (ESI) source in multiple reaction monitoring (MRM) mode was used to monitor m/z 279.28
— 148.93 and m/z 225.09 — 102.96 transitions for DBP and chrysin (internal standard) , respectively. The analytes were separated
using a Cis reversed-phase column (2.1 mm x 100 mm, 1.7 pm) , the mobile phase for column separation was 5 mM amonium
acetate mthanol (27 : 73, v/v) with a flow rate of 0.25 ml/min. The method has been applied to measure DBP in rat plasma and
faece by protein precipitation procedure. The limit of quantification for DBP in rat plasma and faese was 50 ng/ml and 125 ng/ml,
respectively. The pharmacokinetic results demonstrated that the maximum concentration (Cma) and the time to reach the
maximum concentration (Tma) in rat plasma were 2.88+0.17 pg/mL and 7.11+0.50 min, respectively after DBP administration (30
mg/kg, i.v.) . About 0.9 % of the administered dose was recovered from the faece within 48 h. The results showed that DBP
degraded within 2 h, suggesting a rapid metabolism of DBP in the body.
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Novel aspects:
This study demonstrated a novel poly (TAIC-EDMA-SMA) monoliths which are highly potential stationary phases for hydrophilic
solutes separation.

Abstract:

Abstract

In traditional methacrylate ester-based monoliths, it is very hard to separate polar compounds. In this study, we describe triallyl
isocyanurate as hydrophilic cross-linker to synthesize poly methacrylate ester monolithic columns for the separation of polar
solutes in capillary electrochromatography (CEC) . Different ratios of triallyl isocyanurate to ethylene dimethacrylate (EDMA) and
alkyl methacrylates were optimized and characterized by SEM to evaluate the morphology, N2 adsorption/desorption isotherm to
determine the surface area and thermogravimetric analysis for thermal stability. Compared with traditional methacrylate ester-
based monoliths, the triallyl isocyanurate-co-methacrylate monoliths exhibit hydrophilicity, better thermal stability and good
baseline separation ability for all polar analytes at a mobile phase composed of 18727.5 % acetonitrile. Moreover, these triallyl
isocyanurate-co-methacrylate columns were also applied in CEC-ESI/MS.
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Keywords:
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Novel aspects:
COIN-TOF MS as a new and versatile instrument for the investigation of collision processes and analytical chemistry

Abstract:

Mass-spectrometry is nowadays widely used not only for the analysis of (bio-) chemistry products [11 but also for the
investigation of processes (e.g., ion, electron or photon-nano-system collisions) [2] . Collecting and correlating all the nascent
fragments produced in a given dissociation pathway represent a tremendous challenge for an accurate characterization of the
parent molecule or the description of the interaction mechanisms. The mass of charged products can be determined with high
accuracy by time-of-flight mass spectrometry [31 . In contrast, ascribing the neutral species requires very specific conditions [4] .
The coincidence measurements between sets of fragments may be obtained only by using multi-detectors technique [51 ,
however the correlation between fragments within a given dissociation event are still not accessible. These become even more
challenging for complex nano-systems when branching ratios between several competitive channels for neutrals production are
opened.

We present the COIN-TOF Mass Spectrometer [6] . This new and versatile instrument is based on a single detector for the
detection of the ion and the neutral fragments produced within a single dissociation event and the “event-by-event “ analysis of
data. Such analysis provides information on the ion and neutral products, their correlations for a given dissociative channel and
also the nature of the prior interaction that leads to the dissociation of the investigated molecular system. Thus, physical
parameters i.e., branching ratios for neutral fragments, kinetic energy releases., can be directly accessible. Illustration of the COIN-
TOF_MS will be discussed through selected examples obtained from recent collision induced dissociation measurements [71 .

[1] J.B. Fenn et al., Science246 64 (1989) : R.G. Cooks et al., Science311 1566 (2006) : S.K. Kim, T. Ha, J : -P. Schermann, Phys.
Chem. Chem. Phys., 121366 (2010)

[2] J.S Brodbelt, Mass Spectrom Rev., 16 91 (1997) ; R. Zenobi, R. Knochenmuss, Mass Spectrom. Rev.17 337 (1998) ; R.E.
Continetti, Ann. Rev. Phys. Chem., 52 165 (2001)

[3] N. Misraleh-Kohan, W.D Robertson, R.N. Compton, Mass Spectrom. Rev.27 207 (2008)

[4] D.P. deBruijn, J.Los, Rev.Sci.instrum.53 1020 (1982) ;) R.D. Thomas, Mass Spectrom. Rev.27 485 (2008) ;

[5] P. Jukes, A. Buxey, A. B. Jones, and A. J. Stace, J. Chem. Phys., 109 5803 (1998) : K.A. Hanold, AK. Luong, T.G. Clements, R.E.
Continetti, Rev. Sci. Instrum.70 2268 (1999)

[6] M. Farizon, B. Farizon, H. Abdoul-Carime, G. Bruny, S. Eden, S. Feil, C. Montano, Depdt de brevet n ° 09 58991 du 15
Decembre2009, PCT/FR2010/052733 patent pending.

[71 H. Abdoul-Carime et al., Direct observation of neutral water dimer from collision induced dissociation of H* (H,O) by
COINTOF mass spectrometry, submitted 2012
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Keywords:
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Novel aspects:
An automatic method for disulfide bond assignment using dimethyl labeling and computational screening of a1 ions by MS
analysis with customized software, RADAR, is developed.

Abstract:

An automatic method for disulfide bond assignment using dimethyl labeling and computational screening of a: ions by MS analysis
with customized software, RADAR, is developed. Utilizing the enhanced a: ions generated from labeled peptides, the N-terminal
amino acids from disulfide-linked peptides can be determined. In this study, we applied this method for structural characterization
of recombinant monoclonal antibodies, an important group of therapeutic proteins. In addition to a: ion screening and molecular
weight match, new RADAR is capable of confirming the matched peptide pairs by further comparing the CID fragment ions. With
the N-terminal amino acid identities as a threshold, the identification of disulfide-linked peptide pairs can be achieved rapidly at a
higher confidence level. Unlike majorities of the current approaches, prior knowledge of disulfide linkages or a high- end mass
spectrometry is not required, and tedious labor work or deliberate interpretation can be avoided in this study. Our approach
makes it possible to analyze unknown disulfide bonds of protein pharmaceuticals as well as their degraded forms without further
protein separation. It can be used as a convenient quality examination tool during biopharmaceutical development and
manufacturing processes.
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Novel aspects:

An analytical method has been established for the determination of chloramphenicol (CAP) . The derivatization of non-volatile

CAP with either N,O-bis (trimethylsilyl) trifluoroacetamide (BSTFA) or N- (tert-buthyldimethylsilyl) - N-methyltrifluoroacetamide
(MTBSTFA) reduced the polarity of CAP.

Abstract:
Determination of chloramphenicol in biological samples by gas chromatography-mass spectrometry

Suh-Jen Jane Tsai", Hsiu-Hua Huang, Pei-Yin Hsieh, Che-Wei Chang

Department of Applied Chemistry, Providence University, Taichung , Taiwan 43301
E-mail : sjtsai@pu.edu.tw

Abstract
An analytical method has been established for the determination of chloramphenicol (CAP) . CAP is one of the most important
antibacterials. CAP has often been used in the animal and fish farms to prevent diseases, to fight parasites, and to promote
growth. GC-MS is less expansive then LC-MS, and consequently, is more popular in the routine laboratories. However, it is not
applicable to analysis the non-volatile CAP directly by GC-MS. The derivatization of non-volatile CAP with either N,O-bis
(trimethylsilyl) trifluoroacetamide (BSTFA) orN- (tert-buthyldimethylsilyl) - N-methyltrifluoroacetamide (MTBSTFA) reduced the
polarity of CAP. The derivatives were effectively determined by GC-MS. TThe experimental conditions for GC-EI-MS were
optimized. These included the optimum injection temperature, injection volume for the derivatization condition, reaction solvent,
and reaction time...etc. GC-EI-MS was done with extracted ion mode. The derivatization efficiency of silation and acetylation were
compared. The accuracy and precision of this proposed method for the determination of chloramphenicol in biological samples
including pig liver, pig kidney, and Bovine liver were also evaluated.
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Novel aspects:
Mechanism of APPI of studied by combining experimental MS data and quantum mechanical calculation

Abstract:

Atmospheric pressure photo ionization (APPI) is a powerful technique for analysis of polycyclic aromatic compounds (PAH) which
are very important in environmental and crud analysis. In a previous study published in our group, it has been shown that toluene
is the source H* for APPI when only toluene was used as a solvent. In this study, APPI mechanism, especially, the source of H*
during the generation of protonated PAH compounds were studied by quantum mechanical calculation and mass spectrometry
analysis.

Antharacene, acridine, HPLC grade toluene, water, MeOH, anisole and benzene were purchased from Sigma-Aldrich (MO, USA)
and used without further purification. Standard samples were dissolved in toluene, anisole and benzene solvent to final
concentration of 1 uM™0 pM. The solutions were analyzed by positive mode APPI LCQ Fleet ion trap mass spectrometer (Thermo
Scientific) . The General Atomic and Molecular Electronic Structure System (GAMESS) program was used for all of the
computations. Density functional theory with B 3 LYP functionals was utilized in combination with an all-electron 6-31G (d,p) basis
set. Minimum energy reaction paths were determined by first optimizing the geometries of the minima and transition states.
Anthracene was dissolved in toluene, anisole and benzene and analyzed by APPI MS. Only anthracene dissolved in toluene
produced protonated ions. This strongly suggests that the hydrogen in methyl group of toluene molecules but not the one in the
aromatic ring is used to produce protonated ion. Additionally, APPI MS spectra of acridine dissolved in toluene, anisole and
benzene were obtained and compared. It was observed that all three combinations of anthracene-toluene, anthracene-benzene
and anthracene-anisole dominantly produced protonated ion. The data suggest that both hydrogen in methyl group and aromatic
ring can be used to produce protonated ions for acridine. To further study the findings, theoretical calculation is currently
undergoing. The general atomic and molecular electronic structure system (GAMESS) program is being used for computations.
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Novel aspects:
GFP conformation in the gas phase. Novel method to probe the properties of gas-phase molecular ions

Abstract:

The combination of laser-induced fluorescence (LIF) with mass spectrometry opens up new possibilities for structural studies of
biomolecular ions in the gas phase. What will happen to a protein when the solvent molecules are removed? Will it maintain a
near-native conformation, unfold, or assume a new structure? The green fluorescent protein (GFP) is highly fluorescent in its
native conformation, while it does not fluoresce upon unfolding. Observing the fluorescence of GFP in the gas phase can therefore
serve a very direct measure of its conformation.

A Fourier-transform ion cyclotron resonance mass spectrometry (FTICR-MS) coupled with laser spectroscopy was chosen as an
experimental platform to probe the properties of isolated biomolecular ions. A unique home-built optical setup was constructed
that allows laser-induced fluorescence/dissociation experiments on trapped ions in the gas phase. lons can be produced
externally by electrospray ionization (ESI) and trapped for high resolution mass analysis and spectroscopic studies in the FTICR
cell.

We performed a series of laser spectroscopy experiments in order to probe the conformation of gas-phase GFP ions directly
inside the ESI plume and when trapped in the high vacuum of the FTICR mass spectrometer. GFP fluorescence spectra in the ESI
source were found to be unchanged along the plume, but the signal intensity gradually decreased. In additional experiments, a
trapped GFP ion population was subjected to CW laser irradiation (from 351 nm to 514 nm) of various powers (up to 1.5 W) and
exposure times (up to 2 min) . Interestingly, neither fluorescence nor dissociation was observed for trapped GFP ions. On the
contrary, synthetic cR6 G labeled protein-dye conjugates prepared from ubiquitin and GFP showed fluorescence signal when
isolated in the FTICR cell under same conditions. The lack of fluorescence from GFP could be directly attributed to protein
unfolding in vacuum. On the other hand, the fluorescence could disappear due to the loss of structural water molecules. Water
molecules are important contributors to the stability and functioning of biomolecules. There is evidence that the structural water
participates in the GFP fluorescence process. Molecules of structural water build a hydrogen bond network that is necessary for
GFP fluorescence. Our high-resolution MS experiments show the complete absence of structural water molecules in GFP. This
does not affect the GFP conformation too much, but dramatically changes its fluorescence properties. Our preliminary data
suggest that this is the mechanism responsible for the lack of GFP fluorescence in vacuum.
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Novel aspects:
ETD conjunction with CID supplied more structure information of doubly derivatized steroids, and expected that a novel and
sensitive metohd could be applied for steroid analysis.

Abstract:

The specific measurements of target steroids play an important role in the clinical diagnosing of a number of common endocrine
disorders and testing drug abuse in athletes. More recently, liquid chromatography/electrospray ionization tandem mass
spectrometry (LC/ESI-MS/MS) with collision-induced dissociation (CID) has advantage that detection of complex sample and
time-reduced of pretreatment, and it is a rapid and convenient technique for examination of disease and drugs. Nevertheless,
steroid assay is difficult to develop specific methods for the detection of an individual steroid in the presence of many structurally
similar compounds. To further develop a specific method with sensitivity and precision, we conducted a complementary MS/MS
analysis of doubly Girard’s reagent P derivatized steroids by using combined CID and electron transfer dissociation (ETD) . This
approach proved that derivatization with Girard’s reagent P by microwave irradiation led to higher ESI sensitivity of steroids and
reduces the reaction time less than 10 min. As the result of derivatized steroids underwent two fragmentation methods, CID
provided much product ions which are low m/z and the fragment mechanism was random and some was perplexity. However,
ETD provided high m/z ions and sequential fragment mechanism which was easy to recognize. These findings indicate that the
analysis of doubly derivatized steroids by ETD in conjunction with CID can provide more structural information of B- and C-ring,
and with side chain on it. Furthermore, establishment of both CID and ETD fragment ions database that from nine doubly
derivatized steroids expected to improve steroid identification.
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Novel aspects:
Protein ligands were identified by FT-ICR-MS/MS using CID and SORI with a Bruker solariX, which allowed revision of proposed
metabolic pathways.

Abstract:

The presence of non-covalently bound ligands in proteins can have a variety of significant biological effects ; examples are
numerous including biological synthesis, cell signalling, and transport. Accurate identification of the ligands involved is of vital
importance in these processes. However, conventional mass spectrometry and even X-ray crystallography cannot always provide
definitive identification, especially where sample is limited in amount. The high mass accuracy of FT-ICR-MS, in tandem with its
ability to couple with a variety of ion dissociation options, offers good scope for the identification of these biological molecules.
We have demonstrated that the Bruker solariX equipped with a 9.4-tesla magnet can be used to accurately identify non-covalent
protein ligands.

Ligand identification by FT-ICR-MS was performed under denaturing conditions to maximise signal quality and mass accuracy.
Acquisition parameters were adjusted to aid release of the ligand and optimise sensitivity in the low m/z region where the ligands
are found. Important acquisition parameter changes included increasing the source accumulation time and reducing the TOF time.
Typically, identification of elemental composition was possible from the intact m/z alone, with indications of structure arising from
fragmenting the ligand using different dissociation methods. The solariX affords a variety of dissociation options ; so far we have
performed fragmentation of ligands using CID in the quadrupole and SORI in the Infinity™ cell. These approaches have yielded
differing and complementary product ion spectra that aid the assignment of ligand structure. In the case of L-alanyl- y -D-glutamyl-
mesodiaminopimelate the yi-ion pedominated in the SORI spectrum while the y»-ion was only detected following CID. Example of
ligands identified include : L-alanyl-y -D-glutamyl-mesodiaminopimelate ; glutathione ; sialyl amide and S-adenosyl,
S-carboxymethylhomocysteine. Identifications were consistent with results of structural binding assays or X-ray crystallography
data.
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Novel aspects:
With the high resolution carbon cluster peaks, the mass accuracy of internal calibration was improved in 15 T MALDI FT-ICR MS.

Abstract:

Introduction

Since Fourier Transform lon Cyclotron Resonance Mass Spectrometer (FT-ICR MS) was introduced by Comisarow and Marshall in
1974, many research groups have gone into mass measurement accuracy (MMA) enhancement using the advantages of high
resolving power of FT-ICR MS in wide mass range with external or internal calibration. MMA is crucial for characterization and
identification of small molecules such as natural products, drug substances, metabolites as well as peptides. Due to simultaneous
detection of calibrants and analytes, internal calibration shows higher MMA by compensating time-dependent tolerances. It has
been reported to improve MMA using matrix assisted laser desorption ionization (MALDI) FT-ICR MS.

Method

All mass spectra were obtained using positive ion mode on a MALDI FT-ICR-MS with a 15 T superconducting magnet (ApexQe
Bruker Daltonics, Bremen, Germany) . Desorption/ionization was carried out with 355 nm Nd : YAG laser of 6 ns pulse width.
Carbon soot (CS ; combustion from liquid butane) was prepared for a source of carbon clusters and used for a calibrant as well
as for a matrix of positive ion MALDI FT-ICR MS. The enhancement of MMA by internal calibration with a number of standard
peaks from CS was demonstrated via analysis of a peptide mixture, which was directly spotted onto CS layer.

Results

Carbon clusters (soot) with 24 u mass spacing were generated in the range of m/z 720-2500 and successfully adopted for internal
calibration of a peptide mixture which is usually used as internal standards. With the high resolution carbon cluster peaks, the
mass accuracy of internal calibration was improved in 15 T MALDI FT-ICR MS. The average mass error of analytes was "29 ppb and
the RMS error of “31 ppb.
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Novel aspects:
Mapping of epitopes recognized by different monoclonal antibodies raised against the fHbp of Neisseria meningitidis using
Hydrogen/Deuterium exchange coupled with Mass Spectrometry.

Abstract:

The factor H binding protein (fHbp) is included in the multicomponent 4 CMenB developed to prevent disease caused by
Neisseria meningitidis serogroup B. fHbp is a 27-kDa membrane-anchored lipoprotein that was discovered by reverse vaccinology.
It binds to the complement factor H regulator and down-regulates the alternative pathway thus allowing survival of the bacteria in
human plasma. fHbp has also the capability to induce bactericidal antibodies in mice and humans, and it was proposed that
antibody binding to fHbp could increase the immune response by preventing the bacteria to inhibit the complement alternative
cascade.

The identification of protective epitopes is an important step to understand the mechanism of an effective immune response and
to improve the rational design of more protective antigens. In this study, we investigated the interactions between fHbp and
different monoclonal antibodies using hydrogen-deuterium exchange associated with mass spectrometry (H/DX-MS) . The H/DX-
MS approach relies on the differential solvent accessibility of the free and bound antigen to a deuterated buffer. Thus, the antigen
epitopes in interaction with the antibodies are protected from the solvent and incorporate less deuterium compared to the free
antigen. We report here the mapping of the epitopes recognized by different monoclonal antibodies and present a structural
comparison of the different antigenic regions identified.
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Novel aspects:
Variable temperature IM-MS studies investigate the influence of buffer gas temperature on the mutlimeric protein structures, and
highlight the difference between the gas phase and solution thermal stability.

Abstract:

Despite an increasing success of ion mobility mass spectrometry (IM-MS) to study intact biomolecules, there are still some
controversies regarding structure preservation in the gas phase and data calibration obtained from the commercially available
travelling wave ion mobility spectrometry (TWIMS) instrument Synapt HDMS. The issue with any mobility analyzer used to
investigate the conformations of biomolecules is that the measurement itself may alter the conformation of the ion. Application of
high injection energies and long ion storage times can cause structure collapse or reorganisation via unfolding. Recent studies
show, that the ion effective temperature within TWIMS for small proteins can exceed 500 K which will cause an ion to re-order to
more elongated conformations under typical settings recommended by the manufacturer. We set out to investigate the influence
of buffer gas temperature on the mutlimeric protein structures and gain more insights into the thermal stability those complexes.

lon mobility and mass spectrometry data of mutlimeric complexes was acquired on a home built linear temperature variable drift
tube DT IM-MS instrument. lon species selected for this study were trimeric Protein X (52 kDa) , and two commercially available
tetrameric protein complexes : avidin (64 kDa) and concanvalin A (102.6 kDa) . All three systems yield stable ion currents and
have simple preparation requirements. Prior to IM-MS analysis, the sample buffer was exchanged to 100 mM ammonium acetate
using chromatography spin columns. The data were obtained at different buffer gas (helium) temperatures ranging from 200 to 500
K to examine the thermal stability of those protein complexes, their collapse, unfolding and complex dissociation.

All three protein complexes under investigation present narrow charge state envelopes (protein X trimer n =13-16, avidin tetramer
n = 15-18 and concanvalin A tetramer n = 21-24) . Smaller complexes such as trimeric protein X and avidin) present a shift towards
higher charge states upon exposure to higher temperatures such as 400 K. lon mobility data analysis show a decrease in collision
cross sections (CCSs) of those complexes in comparison to CCSs determined at 300 K, suggesting a structural collapse. Moreover,
in case of Protein X the stochastic increase in CCSs usually observed with increasing charge state resulting from protein unfolding
due to coulombic repulsions, is no longer observable ; the CCSs remain more-less constant across charge states, again supporting
the complex collapse. When exposed to temperatures above 500 K, the protein complexes dissociate into monomeric (Protein X,
avidin, concanvalin A) or dimeric (concanvalin A) species. Capturing the ions prior to the dissociation (at 470 480 K) reveals a
drastic increase in the CCSs associated with protein unfolding. Based on the IM-MS data, we speculate that investigated protein
complexes exposed to high temperatures collapse first prior to unfolding. Interestingly, cooling down the drift cell to 200 K allows
preservation of tetrameric concanvalin A, which otherwise exhibits a significant amount of dimeric and monomeric species even at
300 K. Presented variable temperature IM-MS studies pinpoint the importance of the analysis temperature for protein structural
studies, and highlight the difference between the gas phase and solution thermal stability.
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Novel aspects:
Complete H/D exchange of small analytes and peptides and their analysis by ESI-MS and -MS/MS without significant loss of label.

Abstract:

N-, O-, and S-bound hydrogens undergo fast H/D exchange in solution. Determination of the number of exchangeable hydrogens
in an analyte strongly substantiates the confidence of mass spectrometric identification. So far complete H/D exchange of
peptides with subsequent analysis by MS is reported only sporadically [ 11 . In this study we show the systematic investigation of
gas-phase and solution H/D exchange for a variety of compound classes with the aim of full H/D exchange. As a result of this full
exchange, MS and MSMS spectra of peptides are better suited for de novo sequencing via CBS [2] and for database-linked
peptide identification. The identification of unknown analytes by MS is generally put on a more reliable basis using full H/D
exchange as additional analytical tool.

By in-solution H/D exchange, virtually complete exchange can be achieved for N-, O-, and S-bound hydrogen atoms in intact
molecules (metabolites, amino acids, lipids and peptides) . In an electrospray ion source, H/D exchange may occur by collisions
with gas-phase components containing exchangeable hydrogens [3]1 . While this phenomenon is of disadvantage for exact
measurements of the number of exchangeable hydrogens, it offers the possibility for gas phase introduction of deuterium within
an ESI source. For small molecules, we observed that using a D 2 O-saturated ESI source, hydrogens present in -COOH, -OH, -SH,
-NH2, non-amide -NH, as well as in phosphate and phosphate esters groups efficiently undergo H/D exchange. Amide hydrogen in
peptides is only poorly exchanged under these conditions, as confirmed by gas phase in- and out-exchange of deuterium.
However, full H/D exchange could be established using highly enriched D2 O (99.9 % atom% D) as solvent plus a D 2 O-saturated
ion source atmosphere. In this way, degrees of deuteration of up to 99.8 atom% at all exchangeable positions could be achieved.
Tandem mass spectra of fully deuterated peptides show that b- and y- ions carry the number of deuterium atoms calculated on
the basis of their structure. Thus, full H/D exchange is avaluable tool for improving de novo and database-linked peptide
sequencing.
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Keywords:
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Novel aspects:
We demonstrated a high sensitivity SALDI-MS measurement to the angiotensin on an ITO plate using photoabsorption of the gold
nanorods.

Abstract:

Surface Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometry (SALDI-MS) is frequently used for analysis of
biomolecules. In modern SALDI-MS measurements, nanostructured surfaces or nanoparticles absorb photons and assist in
desorption and ionization of sample molecules. In this work, we detected of oligopeptide (angiotensin I) in SALDI-MS
measurements using gold nanorods fixed on an indium-thin oxide (ITO) plate. The gold nanorods on the ITO plate are expected
to capture and concentrate the target molecules.

A solution of the prepared gold nanorods with aspect ratios of about 5 (51 £ 7 nm and 9.7 = 1.1 nm in longitudinal and
transverse directions, respectively) was centrifuged twice at 15000 g for 10 min and then decanted to remove excess CTAB
molecules from the solution. After this, gold nanorods were coated with poly (sodium styrenesulfonate) (PSS) to obtain poly-
anionic surfaces. The PSS layers contributed to decrease the concentration of CTAB in the solution and stabilize the colloidal
dispersion of the gold nanorods in the absence of CTAB. An ITO plate modified with 3-aminopropyltriethoxysilane (APTES) was
immersed in an aqueous solution of the PSS-coated gold nanorods to deposit the anionic nanorods on the cationic surfaces. The
nanorod-ITO plates that were dropped and dried angiotensin | (100 mL) were used for SALDI-MS measurements using a MALDI-MS
instrument (Autoflex I, Bruker Daltonics) . The light source was a nitrogen laser oscillated at 337.1 nm. An agqueous solution of
trifluoroacetic acid (0.1wt.%, 100 mL) was dropped and dried onto the plate before measurements.

The extinction spectra of the nanorod-ITO plate are shown the two SP bands near 520 and 900 nm. This indicates that the gold
nanorods were deposited on the ITO plate. The mass spectra of the nanorod-ITO plate with angiotensin (0.5 mM 10 fM) are
shown a peak of protonated angiotensin (m/z = 1297) . Even when adilute angiotensin solution was dropped on a nanorod-ITO
plate (10 fM) , a peak of protonated angiotensin was found at m/z = 1297 with a good signal/noise ratio (S/N = 11) . In the
absence of gold nanorod, no signal was detected even when 10 mM angiotensin | was dropped on an ITO plate. In the absence of
angiotensin |, the nanorod-ITO plates with and without trifluoroacetic acid showed several peaks, but there were no peaks at m/z
= 1297. These control experiments indicate that the peaks at m/z = 1289 and 1291 are background signals from the PSS or APTES
on the nanorod-ITO plate, but the signal at m/z = 1297 of angiotensin | comes from the SALDI processes induced by the
photoabsorption of gold nanorods.

The ITO plate, which was modified with gold nanorods, was found to have effects in collecting angiotensin | molecules close to
the gold nanorods, and the SALDI processes that were induced by the photoabsorption of the gold nanorods efficiently
contributed the desorption and ionization of the angiotensin 1.2

References
1) Y. Niidome, Y. Nakamura, K. Honda, Y. Akiyama, K. Nishioka, H. Kawasaki and N. Nakashima, Chem. Commun., 1754 (2009) .
2) Y. Nakamura, Y. Tsuru, M. Fujii, Y. Taga, A. Kiya, N. Nakashima and Y. Niidome, Nanoscale, 3, 3793-3798 (2011) .
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Novel aspects:
The sensitivity of a collision cell for ICP-MS is significantly improved by using a rod structure with variable cross-section.

Abstract:

One of the fundamental challenges in ICP-Q-MS, polyatomic interferences can be suppressed with the use of a collision/reaction
cell. Although a universal gas mixture can be suitable for most routine applications, some analytes in more challenging matrices
will either benefit from an alternative gas or more aggressive cell conditions to preferentially suppress or remove the polyatomic
interferences. However, in the reaction mode it is also preferable to remove the reacting gas ions and other low mass ions along
the cell.

A new design of a collision cell comprising flatapole rods with a curved or stepped shape was developed. This allows a high
transmission caused by a larger ro at the entrance of the cell and a low mass cut-off at the lower roe.g. in the middle of the cell.
The underlying principle is the variation of g along the collision cell. This allows achieving for the same RF amplitude high
sensitivity and robustness as well as sufficiently high low-mass cut-off to ensure elimination of reaction products.

Experiments were carried out that clearly showed the following performance improvement :

- High transmission of the system even for low masses in kinetic energy discrimination (KED) mode in a He pressurized cell. At the
iCAP Q > 400 cps for “Li could be detected ina 1 ppb standard solution in this mode.

- Low-mass cut-off in order to remove unwanted masses of lower mass. The background from high intensity peaks of e.g. “°Ar is
completely removed at higher masses and thus allows higher signal-to-noise at these masses.

Excellent interference removal properties. In KED mode a value of > 20 for the ratio of the intensity of 1 ppb *°Co and the
interference of *Cl"*O could be achieved easily for a 1.5 % HCl matrix.
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Novel aspects:
The new affinity-MS method based on the online coupling of SAW-biosensor to ESI-MS provides information of biopolymer
interactions at molecular level, enabling affinity detection and quantification, and ligand structure identification.

Abstract:

Introduction:

In the analysis of affinity interactions biosensors are a key analytical tool, being able to detect and quantify bioaffinity bindings.
Nonetheless, biosensors do not provide the chemical structure identification of ligands, for which mass spectrometry is a powerful
tool [1] . Here we show that the online combination biosensor- mass spectrometry provides simultaneous chemical structure
identification and quantification of bioaffinity interactions.

Methods:

In this study we report affinity interaction and structural studies of antigen-antibody and peptide-protein complexes, as well as of
biological samples : mouse brain homogenate containing  a-Synuclein and human CSF containing AR peptides. The SAW-
biosensor was directly coupled to (i) ESI ion trap, and (i) ESI FT-ICR-MS. The analysed complexes included AR (1-16) peptide /
anti- AR (1-16) antibody ; AB (12-40) / anti- AR (17-28) antibody ; Tau protein (isoform 2N/ 4R) / anti-Tauspecific antibody (clone
TAU5) ; melitin / calmodulin, and a-Synuclein / anti- a-Synuclein antibodies. An anti- «-Synuclein antibody was used for the
affinity characterisation of mouse brain homogenate, while anti- AB antibodies were employed in the analysis of human CSF.
Antibodies / proteins were immobilised via a thiol linker on the surface of a gold chip inside the biosensor, and their interactions
with the specific peptide or protein were monitored with the SAW biosensor. Using the online interface developed in our
laboratory, the bound peptide or protein was eluted at acidic conditions from the gold chip and analysed by ESI mass
spectrometry, which provided the structural characterisation of the ligands [ 1] .

Results:

The online combination of SAW biosensor and mass spectrometry allowed the structural identification and affinity determination
of affinity-bound Tau, AB and  a-Synuclein. The mass spectrometric characterisation provided details on post translational
structure modifications of proteins and peptides present in biological samples, while the analysis of the binding kinetics delivered
the Ko values for the antibody-antigen interactions. The key achievement of the method consists in the ability to structurally
characterize specific biopolymer molecules (AB, a-Synuclein) , occurring at low concentrations in biological material. Using this
new hybrid tool, screening for biomarkers of neurodegenerative diseases will become more efficient and accurate, leading to
easily quantifiable and interpretable results.

(Supported by grant KF2026662 from the Bundesministerium fur Wirtschaft und Technologie, Berlin Germany)

[1] Dragusanu, M. et al. J. Am. Soc.Mass Spectrom. 21, 2010, 1643-1648.
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Novel aspects:
Automated flow-through dried blood spot LC/MS analysis for opiates in blood

Abstract:

Dried blood spot technology (DBS) coupled to highly sensitive LC/MS/MS systems promises significant advantages in bioanalytics
both in the toxicology and pharmaceutical industry. However, two major disadvantages that limit the acceptance of DBS
technology are : (1) the laborious, time-consuming, error prone sample pre-treatment required, and (2) poor assay sensitivity
due to reduced sample volume. An automated card extraction system virtually eliminates off-line sample preparation with direct
online sample extraction of DBS cards without the need for hole punching while triple quadrupole mass spectrometry technology
provides unparalleled sensitivity and superior quantitation for the low sample volumes typically encountered with DBS analyses.
This presentation will describe our application of this integrated analysis system to the quantification of opiates in blood in the
ng/mL concentration range.
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Novel aspects:
Uniform and homogeneous crystallization of matrix material by automatic matrix dispensing system is of critical importance to
consistent and quantitative analysis of glycans with MALDI-TOF MS

Abstract:
Most of currently available cancer biomarkers are glycoproteins such as CA125 (MUC16) , alpha-fetoprotein (AFP) , and CA 15-3
(MUC 1) , and many tumor antigens are derived from glycans which are supposedly shed by glycoproteins. In addition, quite a
few individual proteins have been reported to change their glycosylation patterns in cancer. On the basis of these findings, the
study of global pattern of protein glycosylation, so called 'glycomics’, is now considered to be highly promising source of new
cancer biomarkers. The method of choice for the precise profiling of glycans is mass spectrometry (MS) , which provides a wide
range of analytical power to successfully distinguish molecules with tiny differences in the molecular mass. A couple of successful
applications of glycan analysis by MS to the identification of potential biomarkers have been already published. Here, we report
the optimization of high-throughput profiling of N-linked glycans by MALDI-TOF MS with high reproducibility. N-linked glycans
were released from glycoproteins by peptide N glycosidase F (PNGase F) , and analyzed by MALDI-TOF MS. We focused on the
minimization of variations in MS peak intensities that could be generated in each steps of MALDI-TOF MS. For the stable
consistency of the analysis, uniform and homogeneous crystallization of the matrix material on the sample spot was found to be
critical. Therefore, we developed automatic matrix dispensing system so as to enhance the homogeneous matrix preparation, and
tested its performance regarding reduced variations in the MS data. Through the correlation of MALDI parameters, optimized
MALDI analysis conditions were determined, leading to stable reproducibility. The coefficient of variations (CV) in normalized
intensities of glycans decreased below 5%, and the variations in absolute intensity were in a range of 0.69-9.25% for 32 samples,
indicating significant improvement in minimizing variations of MS data. These results suggest that uniform and homogeneous
crystallization of matrix material by automatic matrix dispensing system is of critical importance to consistent and quantitative
analysis of glycans with MALDI-TOF MS.
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Novel aspects:
In this study, we employed comprehensive two-dimensional UHPLC coupled with LCMS-IT-TOF for the analysis of Panax ginseng
extracts, a popular Chinese herbal medicine.

Abstract:

The great sample complexity often overgrows the separation power of mono-dimensional (1D-) HPLC techniques ; in such cases
implementation of multidimensional chromatographic systems is mandatory. In this respect, comprehensive two-dimensional liquid
chromatography (2D-LC) is a powerful tool for the analysis of complex samples including pharmaceutical, biological, and natural
products. The favourable features of 2 D-LC were already demonstrated more than thirty years ago ; since then, a lot of efforts
have been put in the development of multidimensional techniques of ever higher peak capacity. Recently, UHPLC (Ultra High

Performance Liquid Chromatography) has been successfully employed to remarkably decrease analysis time in the second
dimension of comprehensive LC system, and it is becoming popular to speed up 2 D-UHPLC separations.

In this study, we employed two-dimensional UHPLC for the analysis of Panax ginseng components, a popular Chinese herbal
medicine. A combination of RPLC (low pH) x RPLC (high pH) was selected and the chromatographic behavior of five major
ginsenosides (ginsenoside Rgl, Re, Rb1, Rc, and Rd) and other minor compounds was monitored. All experiments have been run
on a 2 D-UHPLC system (Shimadzu Prominence) , and interfaced through ESI to an hybrid mass spectrometer (Shimadzu LCMS-IT-
TOF) , which possesses both MSn ability of an ion trap and the excellent resolution and mass accuracy of time-of-flight. The
LCMS-IT-TOF and Composition Formula Predictor Software allowed the structural assignment of ginsenosides in Panax ginseng
with similar formula below 5 ppm for analysis.
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Novel aspects:
The optimization of matrix concentration and solvent system significantly improved the quality of MALDI mass spectra of peptides.

Abstract:

Introduction :

The quality of MALDI mass spectra of peptides is known to be significantly influenced by sample/matrix preparation procedures.
So far, many different kinds of sample/matrix preparation methods have been developed. The most widely used among them is a
dried-droplet method with the use of a saturated matrix solution on a stainless steel sample plate. Systematical understanding,
however, of preparation techniques in terms of highly sensitive detection of low-abundance peptides without using special plate
or anything complicated have been lacking in detail. To this end, we started a systematic study on optimizing conditions for matrix
concentration and solvent system for both sample and matrix. Results demonstrated a detection limit of below 10 amol peptides
using alpha-cyano- 4 -hydroxycinnamic acid (CHCA) as a matrix with sufficient signal intensities.

Methods :

A 0.5 uL volume of peptide solutions with an equal volume (0.5 uL) of matrix solutions were mixed on a stainless steel MALDI

plate (Shimadzu/Kratos, UK) and allowed to dry at ambient atmosphere. Sample and matrix solutions were prepared using 0.1%
(v/v) aqueous TFA for acidification. MALDI-TOF MS (AXIMA Performance™ ; Shimadzu/Kratos, UK) measurement using CHCA as

a matrix was performed in positive reflectron mode. MALDI-QIT-TOF MS (AXIMA Resonance™ ; Shimadzu/Kratos, UK)

measurement using 2,5-dihydroxybenzoic acid (DHB) as a matrix was performed in positive mode. Peptides and protein digest

standards were purchased from Waters (USA) .

Results :

To optimize the concentration of CHCA in matrix solutions, we examined several points of the concentrations ranging from 0.01 to
10 mg/mL. The CHCA concentration dependence of MALDI-MS response was examined by using the signal-to-noise ratio. Results
demonstrated the extremely high S/N ratio of peptide peaks in MALDI mass spectra at a CHCA concentration of around 0.1 mg/
mL. The enhanced MALDI-MS response (about 10-100 times) compared with the use of a saturated (10 mg/mL) matrix solution
was observed. For example, limits for the detection of human ACTH 18-39 was 10 amol under optimal condition using the dried-
droplet technique in MALDI-TOF MS measurement (positive reflectron mode) . Furthermore, the effect of varying solvent systems
for sample and matrix preparation was examined in terms of matrix solubility, reducing adsorption of sample to plastic tubes, and
small deposition on target plate. The condition by optimizing matrix concentration and solvent system obtained in this study using
ACTH 18-39 was verified with four other peptides and achieved significant improvement of sensitivity by two to three orders of
magnitude, comparing with the conventional conditions. The optimization of concentration and solvent composition of both CHCA
and DHB matrices significantly improved the quality of MALDI mass spectra of peptides, and details will be discussed in this
session.
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Novel aspects:
Micro-array carboxylated dopamine plates can efficiently assist the ionization of samples for the detection of small molecules
without matrix

Abstract:
Dopamine in mussel is known as adhesive material, which is abundant in the proteins found at the interface between adhesive
pads and opposing surfaces, and helps mussels bind to organic or inorganic surfaces. This adhesive characteristics and molecular
structure of dopamine is similar to 2,5-dihydroxybenzoic acid (DHB) with substitution of a carboxyl group to an amine group. Since
DHB is one of the preferred matrix material for MALDI-TOF mass spectrometry (MS) , we attempted to make dopamine-coated
disposable target plates for the analysis of small molecules by MALDI-TOF MS, and tested the plates for possible use as a sample
platform for MALDI-TOF MS without additional matrix material, anticipating that dopamine on the plate can play a role of matrix
material. Micro-patterning with chemical etching and photolithography were used to make an array of 50-500 pm hydrophilic spots
with 100-300 pm gap on hydrophobic plates. It has 5000 more spots in comparison with those of standard microscope slide.
Patterned stainless steel surfaces have been coated with 3,4-dihydroxy-L-phenylalanine (DOPA) by immersing the stainless steel
plates in DOPA solution with gentle shaking. The adhesion of dopamine is confined only within the hydrophilic spot area. The
thickness of coated film increased with coating time, and the color of hydrophilic spot area turned dark brown when it was
monitored by a microscope. A homogeneous and fine surface structure was shaped eventually. The ionization of some small
molecules on the dopamine-coated plates for MALDI process of MS was increased when observed in MS spectra of the small
molecules, indicating that coated dopamine layer on the sample spot could replace MALDI matrix material. Further modification
(carboxylation) of dopamine-coated surface with succinic anhydride has been performed and applied to the detection of small
molecules by Laser Desorption lonization MS. The molecular ion peaks were obtained from carboxylated dopamine plates and
compared with those from different plates. The ionization yields from micro-array carboxylated dopamine-coated plates were
comparable with DHB matrix spots. The clear identification of small molecules by MALDI-TOF MS was possible due to the
absence of interference from matrix peaks. In conclusion, micro-array carboxylated dopamine plates can efficiently assist the
ionization of samples for the detection of small molecules without matrix, and can provide a preferred sample platform for high
throughput MALDI-TOF MS analysis of small molecules.
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Novel aspects:
Hydrophilic interaction chromatography (HILIC) has excellent compatibility and provides enhanced detection sensitivity when
combined with mass spectrometric (MS) detection.

Abstract:
Introduction

Hydrophilic interaction chromatography (HILIC) is a useful tool for separation of polar compounds in biofluids.HILIC has excellent
compatibility and provides enhanced detection sensitivity when combined with mass spectrometric (MS) detection. HILIC uses a
high percentage of organic solvent in the mobile phase, hence easy to volatilize in the detector interface.

Biofluids is generally of aqueous character and contain many polar compounds, and their metabolites. The liquid part of blood,
devoid of cells and platelets, is termed either plasma or serum depending on how the sample has been prepared. By applying
protein precipitation protocols prior to analysis, matrix (proteins, salts, minerals and lipids) can effectively be removed and allow
sensitive methods to be developed. In practice, this means adding a volume portion of plasma, serum, or urine in a minimum of
four volume portions of organic solvent to stimulate protein precipitation. Besides effective matrix removal, the procedure makes
the biological sample perfectly aligned to a HILIC separation, and large sample volumes can be injected without a risk of
compromising the separation efficiency. This poster will illustrate how different bonded zwitterionic HILIC phases have been
utilized for bioanalytical purposes.
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Novel aspects:
Analysis of thyroid hormones in serum by LC/MS/MS with/out online sample cleanup

Abstract:

Liquid chromatography triple quadrupole mass spectrometry (LC/MS/MS) has become an essential tool for small molecule
quantitation due to its high sensitivity and specificity, excellent reproducibility and the ability to perform simultaneous analysis of
multiple analytes. Thyroid hormones can be challenging compounds to analyze due to the low levels relevant to clinical research.
In order to address this challenge, sensitive liquid chromatography-tandem mass spectrometry methods for the simultaneous
analysis of Thyroxine (T 4) ,3,3,5-Triiodothyronine (T 3) and 3,3',5-Triiodothyronine (rT 3) in serum samples were developed.

Both positive and negative ionization techniques were investigated, but optimal results were achieved using positive electrospray
ionization (ESI) . Quantitative analysis was performed using multiple reaction monitoring (MRM) transition pairs for each analyte
and internal standard. Final concentrations were calculated by comparing the response of the analyte to a known concentration
of internal standard and plotting the result on a calibration curve developed using stripped human serum spiked with standards.
Standard liquid chromatography (LC) was used initially.The LC system was also configured for sample enrichment, comprised of
two pumps, a 2 position/6 port valve, an enrichment column and a reverse-phase C18 analytical column to assess the added
value of online sample cleanup. Methods were compared using measurements made in serum Standard Reference material

(SRM9971) . The LC-MS/MS parameters were optimized and calibrated over the range of 1 pg/ml to 500 pg/ml for free and 1 ng/
ml to 500 ng/ml for total Thyroid hormone concentrations. The LOQ was the lowest calibrator. The calibration curves show
excellent linearity and reproducibility across the entire range of analysis.
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Novel aspects:
This study offers much easier and more straightforward sequence determination of peptides from complex mixtures using
chemical modification approach

Abstract:

MS/MS has become a major technique for protein and peptide sequencing, owing to its high sensitivity, rapid analysis, and
applicability to complex peptide mixtures. In particular, de novo peptide sequencing (that is, elucidation of amino acid sequence
without the prior knowledge of the sequence information) is powerful when the target peptides are from unexplored organisms
lacking genomic/proteomic information, or those undergone post-translational modifications. However, due to incomplete
fragmentation of the peptide backbone, de novo peptide sequencing remains a challenging task. In this context, we have
demonstrated that N-terminal derivatization with a 4-amidinobenzoic acid greatly improves peptide fragmentation under low-
energy CID conditions, such as in a triple quadrupole or an ion trap mass spectrometer. 4-Amidinobenzoyl moiety can be
introduced into N-terminal amino groups by using a succinimide active ester method, which is commonly used for derivatization of
primary amines. However, introduction of 4 -amidinobenzoyl moiety usually occurs not only at N-terminal a-amino groups, but also
unfavorably at side chains of lysine and tyrosine residues by this method. This often results in the production of a complex mixture
which makes the analysis even more difficult. Recently, a new method for selective modification at N-terminal a-amino groups of
peptides using an oxidative amide synthesis method via metalloporphyrin-catalyzed aromatic alkyne oxidation was reported. In
this study, we propose a new method to selectively introduce 4-amidinobenzoyl moiety to the peptide N-terminus by utilizing this
reaction.

As an alkyne carrying a 4 -amidinobenzoyl moiety, N- (4 -ethynylphenyl) -4 -amidinobenzamide was designed, and synthesized by
mixing 4 -amidinobenzoic acid and 4-ethynylaniline in the presence of BOP reagent in dry pyridine. The product was purified by
HPLC. Metalloporphyrins [Mn (2,6-CL.TPP) Cll were prepared by refluxing porphyrins (2,6-CLL.TPP) and MnCl, in DMF. Peptide
derivatization with N- (4 -ethynylphenyl) -4 -amidinobenzamide was accomplished as follows : to a solution of lysine-containing
peptides in 50 % aqueous acetonitrile, N- (4-ethynylphenyl) -4-amidinobenzamide (500 eq) , Mn (2,6-CLLTPP) Cl (6 eq) in a
NaHCOs aqueous solution containing H.O. were added. The mixture was kept at room temperature overnight, and partially
purified with a MonoSpin C18 spin column (GL Sciences, Inc) to remove the unreacted reagents before LC/MS" analysis. The LC/
MS™ analysis was performed using Shimadzu LCMS-IT-TOF hybrid mass spectrometer. All mass spectra were obtained in a positive
mode.

LC/MS analysis of the reaction solution showed that only a single moiety of N- (4-ethynylphenyl) -4-amidinobenzamide was
introduced into each of the tested lysine-containing peptides in a high yield without significant production of by-products. Product
ion spectra of derivatized peptides confirmed that the N-terminal a-amino group was specifically modified and that the lysine and
tyrosine side chains remained intact. The improving effect of amidino benzoyl moiety on the peptide fragmentation was similar to
that observed in the case of derivatization with 4-amidinobenzoic acid using the succinimide active ester method. In conclusion,
we have established a method that can selectively derivatize the N-terminal a-amino group for de novo peptide sequencing. This
method offers much easier and more straightforward sequence determination of peptides from complex mixtures.
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Novel aspects:
an EESI-MS based method has been developed for sensitive detection of ultratrace iodine-129 in various liquid samples.

Abstract:

Detection of radioactive species plays an important role in public safety. Due to the high afnity to the human body and very long
physical half-life (15.7 million years) , lodine-129 is considered one of the most hazardous substances and must be monitored with
high accuracy and precision.

EESI is an ambient ionization technique targeting to direct ionize samples for mass spectrometric detection with minimal (or
without) sample pretreatments. Ultratrace uranyl species' and its isotopic ratio (2*°U/?2®U) 2 have been accurately detected using
multiple-stage EESI mass spectrometry in natural water samples.

In this work, an EESI-MS based method has been developed for sensitive detection of ultratrace iodine-129 in various liquid
samples. The base peak at m/z 129 ("*°) was adopted for quantification. The calibration curve showed good linearity within a
wide range of 6.5-208 ppt (R=0.996) . The limited detection (LOD) is 1.38 ppt. which was measured at three times of the standard
deviation of the blank determination, and with the corresponding relative standard deviation (RSD) values of 4.4 %-6.8%.

Since most iodine species are easy to be enriched and absorbed in liquids in the form of ions, our method offers a rapid, sensitive
and specific approach for the detection of iodine-129 ions, providing potential applications many cases including nuclear leakage
or nuclear explosions.
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Novel aspects:
The approach utilizing derivatization reagents with high proton affinity as shown in this study offers a novel de novo peptide
sequencing method under low-energy CID conditions.

Abstract:

Recent advances in various tandem mass spectrometric techniques have enabled the facile determination of the amino acid
sequences of peptides. In addition, the development of comprehensive databases of protein primary sequences predicted from
the genomic sequences of various organisms has boosted the efficiency with which proteins can be identified by mass
spectrometry. However, since database coverage is limited to the components of major organisms in most cases. Amino acid
sequencing without the assistance of a database (de novo sequencing) is still essential in the identification of peptides and
proteins from unexplored organisms.

De novo sequencing can be carried out by interpreting mass differences between a series of consecutive ions of N- or C-terminal
fragments generated by collision-induced dissociation (CID) . However, fragmentation of peptides often gives complicated and
incomplete product ion spectra, making de novo sequencing difficult. Newly developed mass spectrometric techniques for better
fragmentation, such as ECD or ETD, and for highly accurate mass measurements, such as FT-ICR mass spectrometry or Orbitrap,
have greatly improved the efficiency of de novo sequencing ; however, there still remain difficulties in obtaining mass spectra that
allow easy identification of key fragment ions for sequencing. The difficulties come mainly from incomplete fragmentation of the
peptide backbone. To overcome these problems, chemical modifications at the N-terminus of peptides have been attempted for
more regular and informative fragmentation. The introduction of a positively charged group, such as quaternary or tertiary
ammonium and quaternary phosphonium groups, at the N-terminus is known to enhance the relative intensity of N-terminal
fragment ions (b-ions) in product ion spectra, significantly facilitating the formation of whole series of b-ions. Similarly, it has been
reported that the introduction of a negatively charged group at the N-terminus enhances the generation of C-terminal fragment
ions (y-ions) with suppression of the occurrence of b-ions.

In this study, we evaluated the improving effect of N-terminal charge derivatization on peptide fragmentation under low-energy
CID conditions using compounds with high-proton affinity. Derivatization reagents containing guanidino or amidino moiety were
introduced into the N-terminus of peptides, and their effects on fragmentation were compared using an ion trap mass
spectrometer. Among four reagents differing in proton affinity, derivatization with 4-amidinobenzoic acid, which has moderately
high proton affinity, brought about the most effective fragmentation in all peptides used in this study. This result clearly indicated
that there was an optimal affinity for efficient fragmentation of peptides.

However, even with the aid of derivatization, identification of b-ions was still not very easy in some cases due to the overlap of
b-ions with other series of ions, This was especially the case when multiply charged ions were selected as a precursor. In this
study, to specifically identify b-ions from other fragment ions, stable isotope-labeling of derivatization reagents was further
investigated. 15N was introduced into 4-amidinobenzoic acid, and its effect on specific identification of b-ions was evaluated. As
expected, b-ions were effectively identified by comparing the spectra between peptides derivatized with 15N-labeled or non-
labeled 4 -amidinobenzoic acid, which allowed straightforward interpretations of spectra.

In conclusion, N-terminal derivatization with 4-amidinobenzoic acid undoubtedly improves the peptide fragmentation pattern,
which may offer a novel de novo peptide sequencing method under low-energy CID conditions.
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Novel aspects:
By allowing missed proteolytic cleavages, multienzymatic limited digestion method provides better sequence coverage, accurate
PTM characterization and allows de novo sequencing of long sequence tag using our “sequence assembly “ software

Abstract:

This method relies on a combination of multienzymatic and limited proteolytic digestions on a purified protein, for complete
sequence and posttranslational modification (PTM) characterization. It generates numerous different peptides with miss-
cleavages, greatly increasing the probability of analyzing the entire protein sequence.

This 2 hours digestion protocol was validated on several commercial proteins and applied to the identification and localization of
Beta-Lactoglobulin posttranslational modifications induced by a reactive metabolite of acetaminophen (NAPQI) . This experiment
shows 100 % sequence coverage involving information on peptide identity and modifications localization. Strong identification
confidence was obtained due to multiple overlapping peptides matches with the given sequence tag and to a high number of
overlapping peptides assignments. A program to assemble amino acid sequences of entire proteins from such data was
developed.

HSA, Myoglobin, Lysozyme, Invertase and a-Amylase (5 pg) after reduction-alkylation, were independently digested by proteases
mixtures, 2h, in standard buffer and 2 enzymes mixtures were tested, consisting of Trypsin, GluC and Chymotrypsin at weight
enzyme/weight total protein ratios of respectively : 1/500, 1/375, 1/250 for Mix 1 and 1/3000, 1/2250, 1/1500 for Mix 2. Each
digest (1 pg) was analyzed by nano-LC ion trap MS (Ultimate 3000, Dionex, Amazon, Bruker) by nano-UPLC Q-TOF (nano
Acquity Synapt G2, Waters) with identical 60min. gradient. Data were treated with Data Analysis 4.0, Protein Scape 3.0 (Bruker)
and PLGS 25 (Waters) . B-Lactoglobulin modifications (NAPQI addition) were induced by activated acetaminophen using an
electrochemical flow-through cell (model 5125, ESA Biosciences) .

Complete multi-enzymatic digestion presents the advantage of compatibility with most existing protein sequences, due to high
number of accessible specific cleavage sites (6 using trypsin, Glu-C and chymotrypsin) , but the limitation of such a protocol is
that the very small proteolytic peptides generated are not compatible for LC-MS analysis. By controlling and limiting digestion
reaction time, miss-cleavages are generated and after database searches, the number of unique peptides matching the protein
sequence highly increases. The analysis of the five proteins gave the following results : HSA, Myoglobin and Lysozyme were
identified with 100% sequence coverage with respectively 421,108, and 49 unique peptides ; Invertase : 75.9% sequence coverage -
158 unique peptides, a-Amylase : 78.5 % sequence coverage - 60 unique peptides. The missing sequence coverages in the last two
proteins mainly correspond to sequences known to contain post-translational modifications (PTM) sites. For example, when
invertase was N-deglycosylated the sequence coverage reached 92.9 % showing clearly which peptides were modified. A
comparison analysis of NAPQI modified and unmodified B-Lactoglobulin clearly indicated which cysteine residues were modified
by NAPQI. By integrating the extracted ion chromatogram of the unmodified peptides found in common for both conditions,
quantification could be achieved and the occupation frequency of this specific modification was evaluated. With our method, at
least an average of 10 different peptides covering each sequence stretch of the protein could be obtained. This greatly increased
the robustness and the significance of the identifications and the localization of the modifications. The protocol as presented here
and tested on several pure proteins digested in solution certainly improves the general “bottom-up “ strategy applied for highly
confident protein identification and would allow better protein characterization, even for those having PTMs, such as
N-glycosylations. Moreover this simple and rapid method could also find helpful applications to assemble amino acid sequence of
novel proteins using our “sequence assembly “ software.
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Novel aspects:
This poster is development of an Ultra fast analysis method for determingestrogens in envirmental water.

Abstract:

A UHPLC-MS/MS method was developed for the determination of Estrogens in environmental water. 8 kinds of Estrogens ( Estriol,
17-alpha-Estradiol, 17a-Ethinylestradion, Estrone, 17-beta-Estradiol, Diethylstilbesterol ,hexestrol, dienestrol) were seperated by
UHPLC system with a gradient elution program, and detected by Shiamdzu Triple Quadrupole MS LCMS-8030. The linear range was
from 0.5 to 500 pg/L with correlation coefficients (r) more than 0.999. Retention times and peak areas results were highly
reproducibility. The limit of quantification (LOQ) were less than 2 ng/L for all of Estrogens. This method is rapid, efficient and
highly sensitive for quantitative analysis of 8 Estrogens in environmental water.
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Novel aspects:
Based on metabolome analysis, PLS might semi-rationally be able to determine the pathway related with xylose fermentation
performance.

Abstract:

Xylose is the second most abundant sugar after glucose in the hydrolyzate of lignocellulose. Thus, construction of recombinant
yeast that efficiently converts xylose into ethanol became an important task for successful ethanol production from lignocelluloses.
However, due to the slow consumption of xylose and relatively high yields of by-products such as xylitol and glycerol, the ethanol
yield is very low, which suggests that some metabolic regulations might (have) been induced during xloseassimilation in the
recombinant yeast. However, there is no effective strategy of molecular breeding to rationally improve the artificial xylose
metabolism, because metabolism in the recombinant yeast has not yet been elucidated. This study aims to develop a semi-
rational metabolome analysis-based method for identification of metabolic pathways related to xylose fermentation performance
in recombinant yeast.

Seven independent xylose assimilating yeast strains were subjected to the ethanol fermentation experiment in artificial synthetic
media containing xylose as a sole carbon source in order to quantitatively evaluate the performance of fermentation. Time course
of several important compounds, including xylose, ethanol, glycerol and xylitol were monitored by means of HPLC. Seventy-five
and forty-two compounds (117compounds in total) from yeast cells were determined by GC-MS and CE-MS, respectively.
Orthogonal projection to latent structure was conducted to reveal the relationship between the 117 metabolites and ten indices
of fermentation performance. Analysis of important metabolites for prediction model construction revealed that several amino
acids biosynthesis are important for xylose fermentation performance of the recombinant yeast. Several genes which might
correlate with these important pathways were suggested to be the target for genetic modification for improvement of xylose
fermentation performance. Based on the OPLS analyses, some genetic modification were introduced to the xylose assimilating
recombinant yeast. The result of the fermentation test of this recombinant yeast revealed that the modulation of methionine
biosynthesis-related genes would contribute to reduction of xylitol production without significant loss of function for both xylose
consumption and ethanol production.

To prove the universality of the contribution of methionine for reduction of xylitol production in the recombinant yeast, wild-type
strain was subjected to the fermentation experiment with a methionine-rich medium. The result showed that xylitol production
was decreased without significant changes in xylose consumption and ethanol production. This suggested that methionine
biosynthesis might be generally related to xylitol production in recombinant yeasts.
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Keywords:
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Novel aspects:
- Direct injection in High resolution UPLC-LTQ-Orbitrap APCI (-) ,geochemistry parameters from acid fractions compare whit
hydrocarbons and obtain biodegradations parameters

Abstract:
Study using synthetic organic acids as standards in Thermo Finnigan LTQ Orbitrap APCI. Application to the acidic fraction, from
Brazilian marine oil.

Autores : Luzia Koike'; Rosane Alves Fontes?; Eugenio Vaz dos Santos Neto?; Rosane Nora Castro®; Flavia Airoldi
Aguayo ",Nayara S.Inoue’, Luiz G.Bonato' and Luiz Fernando Lima'

1 Campinas State University, Organic geochemistry Group, 2Petrobras R&D Center,Rio de Janeiro, RJ.and 3 Federal University of
Rio de Janeiro, RJ.

Study of biodegradation of the evaporitic marine oils from northeastern Brazil Potiguar Basin named ME-a to Me-d, the acid
fractions, were analyzed using Thermo-Finnigan-LTQ-Orbitrap in APCI (-) mode. Standards acids were synthesize : 5a (H)
homopregnanic 1 and 5b (H) cholanic 2with similar basic structures of the steranes (K. Peters and M. Moldowan, 1993 and
Raphael kan,1993) , 8,13-tetrahydrocopalic 3 and 15-isocopalic acid 4 with similar basic structures to studied terpanos (K. Peters e
M. Moldowan,1993) .The compounds were analyzed using isopropanol and toluene (1 : 1) in the APCI source negative mode to
study the profiles and fragmentation patterns. Although the main fragments in the all standard spectra show the loss H.O or CO

(William J. Griffths 2003) from the molecular ion, we also see important fragments that are at 217.16 and 191,08 and 249.25 Da, gives

respectively, as in steranes and terpanes. In previous work (L.Koike et al., 1992 ; Sidney G. De Lima et al. 2010) the acid fractions
originating from Brasilian oils were studied using biodegradation and we derivatized through four steps of the chemical reactions.
After this process the yield of the acidic fractions were near 20 % . In the present work the acid fractions were extracted and
cleaned up using SPE-NHz , increasing the recuperation to 80-90 %. After the extraction and clean up, the samples were injected
directly in the LTQ Orbitrap UPLC by APCI in the negative mode. Spectra were acquired at high resolution.
Comparing biomarker parameters from the hydrocarbon fraction with those of the acid fraction reveals that biodegradation
increases from ME-a to ME-d. All the related parameters are closely similar in maturity from the ME-a to Me-d and the ratio
between steranes/terpanes are characteristic of marine oils. Carboxylic acids can help to refine the classification of degrees of
biodegradation of oils, and can be applied to other studies such as secondary cracking of oil, which is a crucial step of
quantification. After obtaining sample profiles we used the software COMPOSERF to summarize the data and related parameters
for the acid fraction. Because the software summarizes using the insaturation index DBE (Double Bond Equivalent) with this
software it was possible to see the serial linear acid (DBE 1.5) biodegradations increasing from ME-a to ME-d. In the O, (DBE 2.5)
we saw linear substituted in monocyclic acids. From the intracelular layer of alicyclic bacyllus, showing increases from Me-a to
ME-d. The O distribution results show that in components from acid compounds with molar masses until Cs9 carbons. This
phenomenon increases in the pentacyclic and tetracyclic compounds from ME-a to Me-d. Using a lacustrine fresh water oil sample
together with the marine ares ME-a to ME-d in the chart y axis the ratio hopanes/steranos (S/H) versus hopanes/steranes using
GC-MS data in the x axis, we can see that the in the lacustrine oil are ordered up in the range 20 to 25 (S/H) and in marine
samples this S/H range remain in range 0-5. This work is the first in the literature and represents a major advance in the study of
biomarkers acids.

L. Koike, L.M.C. Reboucas, F. de A.M. Reis, A.J. Marsaioli, H.H. Richbow and W. Michaelis,1992, Naphtenic acids from crude oils of
Campos Basin, , Org. Geochem. 18, 851
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Keywords:
iTRAQ), validation, benchmark, standard samples, quantitative proteomics

Novel aspects:
Standard samples designed to enable quantitative workflow benchmarking

Abstract:

We have been working to generate a family of carefully designed standard samples comprised of proteins spiked with known
variation into complex mixtures to enable the measurement of performance metrics of quantitative proteomics experiments.
Our goal is to generate benchmarks of key measures like precision and accuracy as a function of dominant variables such as
analyte concentration and extremity of fold change and then to use these benchmarks as a foundation to compare and improve
methods. The first quantitative strategy that is being evaluated using the standard sample set is iTRAQ reagent quantification.
First, a control experiment was undertaken to measure the identification rate impact on a constant quantity of just the E.coli
lysate component (1) unlabeled, (2) 4plex-labeled, and (3) 8plex-labeled, employing extensive replicates. Measuring with a
TripleTOF 5600™ system, the average peptide-level identification loss relative to the unlabeled sample was 11% and 24% for
4plex and 8plex, respectively (only 15% loss from 4plex to 8plex). In the current round of the study, the quantification accuracy
of the known ratios will be evaluated and false discovery rate of detection of differential proteins will be measured by a target-
decoy approach. Once benchmarks have been successfully established, we will use these to improve our informatics
methodologies used to analyze isobaric quantitative data, compare performance in multiple laboratories, and compare to other
quantitative proteomics workflows using the same samples and metrics.
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Keywords:
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Novel aspects:
A new FTICR cell is tested with a number of realistic use cases

Abstract:

Introduction

A recently described Fourier transform ion cyclotron resonance (FTICR) analyzer cell (Nikolaev et al., JASMS 2011) with dynamic
harmonization of the electric fields in the Penning trap, together with improvements in vacuum system, electronics and instrument
control and data acquisition software, enables ultrahigh resolving power (>1,000,000) in m/z 200-2000 in a 12 tesla FTICR system.
We will show the improvements in a number of realistic use cases by comparing the new system with the previous generation
instrumentation at the same magnetic field. Examples include the resolution and accurate mass determination of peptides,
alignment and hybridization with ion trap data in bottom-up proteomics, urine metabolomics and combinatorial chemistry.

Methods
Urine samples were prepared using standard desalting protocols on C18 solid phase extraction tips and spiked with known
concentrations of different analytes. Zebrafish embryos were homogenized, proteins extracted and digested using trypsin.
Standard peptides were synthesized from the C- to the N-terminus by Fmoc-based solid phase peptide synthesis with Tentagel S
AC as a resin. Peptide mixtures were separated by nanoscale liquid chromatography using a 15-cm 75 um i.d. PepMap C18
(Dionex) column on a Dionex Ultimate 3000 system with a flow rate of 300 nL/min. All FTICR mass spectra were acquired on 12 T
solariX systems, with two different cell designs (Bruker Daltonics) . Tandem mass spectra were acquired on an amaZon ETD
speed ion trap (also Bruker) .

Preliminary Data

A resolving power that could easily be achieved in the new system with the compensated cell was significantly better than the
best that was ever reached in the old system. For instance, three standard peptides of elemental composition HiooC73N14O26S,
H100C7sN1801753 and H100Cs2N20020S at m/z 811 (doubly protonated) that could only with difficulty be resolved on the old system
with a resolving power of 1,500,000, could easily be resolved to the baseline in the new system with a resolving power in excess of
4,000,000. Two synthetic peptides, with sequences MIM and HTH and elemental compositions Hz1CisN304S2 and H23C1sN7Os
respectively, could be clearly resolved. The mass difference between these two peptides is only 0.000469 Da the well-known HzSsvs
N4O split, which is the smallest common mass difference between any two peptides. These two peptides are also those closest
to 400 Da of all possible peptide pairs with this mass difference, and therefore useful for evaluation of instrument resolution at m/z
400.

Also for realistic samples such as urine metabolites and complex protein digests such as the zebrafish whole embryo, the
practically achievable resolving power on a time scale compatible with liquid chromatography (i.e. a spectral acquisition rate of
approx. 1 Hz) the new system outperformed the old, especially when internally calibrating each FTICR spectrum using peptides
identified in a separate ion trap analysis of the same sample, after chromatographic alignment of the FTICR and ion trap datasets.
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Novel aspects:
the low temperature rate constants of hydrocarbon ions and acetylene were measured

Abstract:

The results of a study of the ion-molecule reactions of C;Hs* and CoHs* with acetylene will be reported. The association reaction
forming CaH;* is important to understanding the ion chemistry in Titan’s atmosphere. A few experimental data on association
reactions exist for temperatures below the temperature of liquid nitrogen. The thermal and low-temperature (125K) rate constants
will be reported. The experiments were carried out using the low-temperature drift tube mass spectrometer.



Poster Session

Monday, 17" September
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)

Session 3: Structures and Dynamics of Atomic and Molecular Clusters

PMo-045  Assembly Modulated Metallosupramolecular Polymer Formation
11:10 -1220  Observed by CSI-MS and Other Analytical Methods

Masatoshi Kawahata', Kadzuya Hirata?, Hiroshi Danjo?, Kentaro Yamaguchi'
"Tokushima Bunri University, Kagawa, Japan, 2Konan University, Kobe, Japan

Keywords:
CSI-MS, Metallosupramolecular Polymer, cyclophane, Boron

Novel aspects:

Assembly modulated metallosupramolecular polymer formation of D 3-symmetric tris (spiroborate) cyclophanes (Twin Bowls)
and [Fe (tpy) 2] 2+ complex by adjusting countercharges, K+ or Ba 2 +, was definitely observed by CSI-MS and other analytical
methods.

Abstract:
Much attention has been paid to the development of supramolecular polymers for the creation of functionalized nanomaterials,
and the development of metallosupramolecular polymers is recognized as one of the most important approaches for the creation
of functionalized nanomaterials because these polymers show potential for charge or electron transfer and other optoelectronic
characteristics. We have reported the design and preparation of a new class of back to back twin bowls (Twin Bowls) of anionic
Ds-symmetric tris (spiroborate) cyclophanes that exhibit molecular recognition behavior via n - and electrostatic interactions at
both sides of a symmetry plane. Twin Bowls were readily prepared from 2,2’,3,3-tetrahydroxy-1,1-binaphthyls (THBs) and boric
acid. Equimolar amounts of THBs and boric acid were mixed in DMF at 150 °C to afford Twin Bowls® (MeaNH.")s in 85% yield.
Dimethylammonium would be generated by hydrolysis of DMF. In this reaction, almost no signals of other oligomeric structures
were detected by ESI-MS analysis. This molecular coupling behavior makes it possible to glue various cationic guest molecules to
each other via dual host-guest interaction. Particularly in the case of cationic metal complexes, iterative clathration takes place to
form metallosupramolecular polymers. Twin Bowls recognize cationic [Ir (tpy).13" (tpy = 2,2 : 6,2 -terpyridine) complex guests
by electrostatic and  n interactions to form metallosupramolecular polymer structures in the crystal and solution state. The
metallosupramolecular polymer structure of Twin Bowls and [Ir (tpy)2]*" was unequivocally determined by single-crystal X-ray
diffraction analysis and iterative encapsulation of [Ir (tpy)2]1>" by Twin Bowls took place to form one-dimensional array of the
guest molecules. In addition, two [Ir (tpy).]*" are in van der Waals contact each other through the cavity of Twin Bowls, showing
that the spherical cationic guests were effectively glued by Twin Bowls. And from the mearsurements of cold-spray ionization
(CSI) -MS, more than 13 molecule-aggregates were observed. We hypothesized that this supramolecular polymerization was
caused from the balance of charge between hosts and guests, and changing this balance would affect the degree of
polymerization, i.e. we could regulate the metallosupramolecular polymerization (elongation and dissociation) by adding a metal
cation as a control factor. By using CSI-MS, we examined the change of metallosupramolecular polymerization degree of Twin
Bowls and [Fe (tpy).]l?" complex when another metal cation (Ba?" or K*) was added as a control factor. The
Metallosupramolecular polymer of Twin Bowls and [Fe (tpy) .]1** complex showed the ion peak corresponding to Twin Bowls / [Fe
(tpy) 212" complex = 1 / 1. The addition of potassium trifluoromethanesulfonate gave the degree of polymerization increased and
the ion peak corresponding to elongated metallosupramolecular polymer of Twin Bowls / [Fe (tpy)2]1?" complex = 2 / 3 was
observed. Whereas the addition of barium trifluoromethanesulfonate gave the dissociation of the mettallosupramolecular polymer
and only the Ba?" ion was observed. These indicate that the polymerization with Twin Bowls and [Fe (tpy)2]?* complex was
enhanced by the addition of a potassium cation, whereas the presence of a barium cation disturbed the association of the
monomers.
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Novel aspects:
Liquid-ionization mass spectrometry was applied to clarify clusters existing in gas and liquid phases. Azeotropic mixtures showed
the presence of stable clusters which evaporate as they are in the liquid.

Abstract:
Studies of clusters are important for understanding the properties of liquids and the mechanisms of organic chemical reactions in
a solution.

A tandem mass spectrometer (Extrel CMS, TMAX 2000) equipped with an improved Liquid-ionization (LPI)"? ion source was used
to measure mass spectra of hydrogen-bonded clusters in gas and liquid phases. The voltages applied to various electrode for
focusing sample ions affect the peak intensities. Therefore these voltages were adjusted to be appropriate. LPI mass spectral
patterns observed by the first mass spectrometer (Q 1) are affected only by the voltage applied to the needle tip (where sample
ions are formed) and the voltage difference between skimmer-1 and skimmer-2. The influences of these voltages and mass
spectral patterns clearly indicate that neither adiabatic expansion nor condensation occur in the LPI mass spectrometer. Namely,
LPI mass spectra observed by Q1 indicate information about the composition distributions of clusters (neutral) in gas and liquid
phases, that is, observed clusters are already in the liquid.

Mass spectra of water in the air have been measured and shown cluster ions of water, expressd as (H.O).H+, with n up to
around 50. The numbers of water molecules (n) are related to the humidity in the air.? Mass spectra of pure ethanol (99.5 %)
showed neat ethanol cluster ions (CoHsOH) wH+ with m up to 12 and hydrate ions (C;HsOH) m (H.0) n\H+ with m larger than 8 and
n =1 and 2. Hydrate ions, such as 8-1, 9-1 and 10-1, were always observed, regardless of the quantity of background water. Even
when the quantity of water increased slightly, no hydrate cluster ions with m smaller than 7 were observed. Molar ratio (water/
ethanol) of the 9-1 cluster is 0.111 and agreed with the molar ratio (0.107) of azeotropic mixture of ethanol-water. The latter data
suggest the existence of stable clusters like the 9-1, which evaporate as they are in the liquid, and that is the reason why the
azeotropic mixture of ethanol-water exist. Results indicate that ethanol clusters with m =2 to 7 and hydrates like the 9-1 exist
in the liquid phase.

Mass spectra of acetonitrile were affected by the presence of a small amount of water and showed the intense peaks
corresponding to 2-0 and 2-1 of (CHsCN)m(H.O).H*. Mass spectra of azeotropic mixture of acetonitrile-water showed intense
peaks corresponding to the cluster ions of 2-0, 2-1 and 3-1, which are often observed in HPLC-MS when using acetonitrile and
water as the reversed phase eluate. Results indicate that these clusters are stable enough to evaporate as they are in the liquid
phase.

When using high flow rate (>10 micro-L/h) of the sample solution, mass spectra observed by the second mass spectrometer

(Q3) showed larger cluster ions than those observed by Q1. The primary ions must be the ions produced in the ion source and
react with the sample vapor flowing into the vacuum. lon-molecule reaction must occur in the collision chamber (Q2) , where
multiple collisions should occur to produce larger cluster ions. Mass spectra observed by Q3 indicate the results of ion-cluster
reactions.

References
1) M.Tsuchiya, Mass Spectrom. Rev. 17 (1998) 51
2) M.Tsuchiya, Y.Shida, K.Kobayashi, O.Taniguchi, S.Okouchi, Int. J. Mass Spectrom., 235 (2004) 229.

3) M.Tsuchiya, T.Tashiro, A.Shigihara, J. Mass Spectrom. Soc. Jpn. 52 (2004) 1.



Poster Session

Monday, 17" September
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)

Session 3: Structures and Dynamics of Atomic and Molecular Clusters

PMo-047 ICP-MS and IR techniques used in metal detection and control of some
11:10-1220  new synthetized materials with bioactive potential

NICOLETA C VEDEANU', Ramona Stanescu?, Dana Alina Magdas?, Cezara Voica®

IULIU HATIEGANU” UNIVERSITY OF MEDICINE AND PHARMACY, CLUJ-NAPOCA, ROMANIA, 2Babes-Bolyai University,
Faculty of Physics, RO-400084, Cluj-Napoca, Romania, *National Institute for Research and Development for Isotopic
and Molecular Technologies, RO-400293, Cluj-Napoca, Romania

Keywords:
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Novel aspects:
This work proposes the investigation of new synthetyzed materials with bioactive potential for bone rapair and reconstruction
using ICP-MS and IR as a necessary method for toxic metals determination

Abstract:

ICP-MS is a flexible technique that offers many advantages over more traditional techniques for elemental analysis and it has
become a widely used tool, for both routine analyses and for research in a variety of areas. Besides the classical tests of soil,
water, food, currently a wide range of biological samples, both solid and liquid can be analyzed by ICP-MS : blood, urine, plasma,
serum, fluid interstitial, internal organs, hair, teeth or bones. In many cases it is required to determine not only the total amount of
a particular item, but also its chemical form, because it may have a significant impact on the bioavailability, mobility and toxicity of
the element .

The research in the field of reconstructive medicine is in a continuous search of synthetic biomaterials, but also of new solutions
for prosthetic or regeneration of bones. Synthesis and marketing of improved biomaterials is always required as this automatically
leads to an improve in the life quality. In this respect the present work uses two complementar techniques (ICP-MS and IR) in the
metal ions detection and control of a new synthetized potassium-phosphate material doped with vanadium ions. Potassium,
phosphorus and vanadium are bio-elements required for materials used in bone repair but in suitable amounts. Thus, potassium
minimizes the loss of calcium from the body and thus reduces the risk of osteoporosis, providing a healthy skeletal system and
vanadium is an active agent in helping to the body metabolism, focusing on the growth of bones and teeth strengthening.

By using ICP-MS technique, 9 samples of V,0s-P.0s-K,Owith various quantities of potassium, phosphorus and vanadium were
investigated and suitable/expected amounts of metals were detected : for the sample with the lowest content of vanadium (3
mol%) 308225,184 mg/kg P, 60548,927 mg/kg K and 3292,332 mg/kg V were detected and for the sample with the highest content of
vanadium (5 mol %) 135363,798 mg/kg P, 28925,277 mg/kg K and 294601,682 mg/kg V were detected. We applied Total Quant
analysis method with external standard of 10 pg/l Mg, Cu,Rh, Cd, in, ba, Ce, Pb, U with a level of certainty of £ 25 %. Such an
elemental technique is strongly required in the study of materials with bioactive potential for the detection of impurities and toxic
elements ; such materials should be from a biological point of view non-toxic and without filtered products.

IR spectra of the studied 9 samples show for low concentration of vanadium ions the specific bands belonging to the phosphate
groups, but at high concentration of vanadim (x > 10 mol%) the bands belonging to the vibration of V.Os groups dominates the
spectra. In the same time the bands belonging to the phosphate groups are strongly reduced except the specific bands of the
short chain phosphate units. This suggest that in the studied materials vanadium acts as network modifier for low concentration (
x < 10 mol%) but may act also as a network former at high concentration of V20s.

1. J. Sabine Becker, H. Sela, J. Dobrowolska, M. Zoriy, J. S. Becker, International Journal of Mass Spectrometry 270 (2008) 1-7
2. RViswanatha, M. V. S. Reddy, C. N. Reddy, R.P. S.Chakradhar, Journal of Molecular Structure 889 (2008)197-203
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Novel aspects:
Three types of structures of zinc oxide cluster ions have been obtained by ion mobility mass spectrometry coupled with
theoretical calculations.

Abstract:

Zinc oxide ZnO is a compound of central interest in the field of functional nanomaterials, such as blue light emitting diode,
electrode, and photocatalyst. This compound is also used for cosmetics because of its low toxicity. Clusters of zinc oxide, (ZnO),
can be regarded as local structure models of nanomaterials or condensed phases, and thus the clusters have been studied both
experimentally and theoretically [1,2] . lon mobility spectrometry is one of the powerful methods to obtain geometrical
information of ions. This method utilizes the fact that the interaction of ions with buffer gas depends upon their geometrical
structures in an ion drift cell, in which He buffer gas is filled and electrostatic field is applied. The injected ions suffer thousands of
collisions in the cell, and the time spent in the cell depends on their collision cross sections with He. Thus the isomer ions are
separated depending on their collision cross sections with the buffer gas ; compact isomers pass through the cell faster than the
bulky isomers.

In this study, structures of zinc oxide cluster ions (ZnO)," (n = 2-15) have been investigated by ion mobility mass spectrometry
coupled with quantum chemical calculations. The cluster ions were generated with laser vaporization of Zn rod followed by
reactions with O, contained in He supersonic jet. The ions were injected by pulsed electric field into an ion drift cell with kinetic
energies of 100-400 eV. The cell was filled with He as buffer gas with a pressure of 0.8 Torr, and an electrostatic field of 7.5 V/cm
was applied in order to guide the ions downstream. The cell temperature was cooled down to 170 K by liquid N2 circulation.
Separated isomer ions were then accelerated by pulsed electric fields and analyzed in a reflectron time-of-flight (TOF) mass
spectrometer. We thus obtained TOF mass spectra sequentially by scanning the time difference, called “arrival time *, between
the injection pulse and the acceleration pulse in the TOF mass spectrometer after the cell. As a result, different isomer ions of
various size of clusters were separately detected corresponding to the differences of the arrival times in the two dimensional plots
of TOF vs. arrival time. The former corresponds to mass and the latter is proportional to the cross sections. Arrival time
distributions can be obtained as slices of the two dimensional plots on arrival time axis.

Three series of arrival time distribution were observed for (ZnO)," depending on the cluster size and the ion injection energy into
the drift cell. The fastest series is observed for n = 6, 8-15, which corresponds to cage or tube type structures, from the
comparison with density functional theory calculations and estimation of ion mobility from an averaged collision cross section
calculation. The second corresponds to ring structures, which is predominantly observed for n< 8. The last series is the zigzag or
linear structures, which were only weakly observed at the lowest injection energy of 100 eV in the present measurement. Most of
these structures are consistent with the previous theoretical predictions [2] , except for the cage structure at n = 6. Isomerization
to stable cages or tubes from other structures was observed as an annealing effect with increasing ion injection energy.

[11 A. Dmytruk, I. Dmitruk, I. Blonskyy, R. Belosludov, Y. Kawazoe, A. Kasuya, Microelectronics J. 40, 218 (2009) .
[2] B. L. Wang, S. Nagase, J. J. Zhao, G. H. Wang, J. Phys. Chem. C111, 4956 (2007) .
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Novel aspects:
Imaging detection of mass-analyzed photofragment ions from mass-selected cluster ions has been fulfilled using a newly
developed experimental setup.

Abstract:

Imaging detection has extensively been applied to neutral species so far for the investigations of photodissociation dynamics. We
recently developed a new experimental setup for image detection of mass-analyzed photofragment ions from mass-selected
cluster ions, using a conventional angular reflectron time-of-flight mass spectrometer coupled with an imaging detector [1] . In
this apparatus, the ion image of fragments can be obtained after mass-selection of parent ions. In the present study, we have
fulfilled the ion image detection of fragments induced by photolysis of mass-selected Mg*-Ar and Mg*-ICHz complex ions, and
compared the obtained dependences of recoil angular distributions on laser polarization directions and the obtained kinetic
energy release of the photodissociation reaction with previously obtained results.

At first we have observed an ion image of Mg" (?P) fragment after photolysis of a mass selected Mg*-Ar complex. Mg*Ar, were
produced by laser vaporization of Mg rod and supersonic expansion of Ar gas. The mass selected Mg*-Ar ion was
photodissociated by irradiation with 4.66-eV laser (the 4th harmonic of a pulsed Nd : YAG laser) in the first drift region of the
reflecrton. The Mg* fragment ions were reflected with a reflectron and their ion images were detected by a microchannel plate (
MCP ) with phosphor screen. Amplified electrons were converted to photons at the phosphor screen and finally detected with
the CCD camera. From the analysis of the image we obtained the results that the translational energy Eec and the anisotropy
parameter B was 604+100 cm™" and 0.98, respectively. From obtained image the Mg* ion was dissociated immediately after
excitation with a direction parallel to the laser polarization direction, although the selectivity was lower than the pure parallel
transition ( B = 2) . We successfully indicated that very low fragment-ion velocity on the order of several hundreds of ms™ is
detectable by this apparatus. From the observed translational energies we also estimated the binding energy of the Mg*-Ar
ground state as Do= 12224124 cm™'. This value is consistent with that reported previously, 1237 = 40 cm™ [2] .

We have also investigated an ion image of Mgl* fragment after photolysis of a mass selected Mg*-ICHs complex. As was already
reported by our group [31 , Mg*ICHs has a bent geometry in its ground state. The positive charge is almost localized on Mg, and
thus the ultraviolet absorption bands are originated from ?P+2S transition of Mg*. Present laser excitation at 4.66 eV corresponds
to 3p.+ 3s transition, in which the transition dipole moment p is parallel to the Mg-I bond axis. This excitation localized on Mg*
is followed by predissociation from a C-I bond dissociative state producing Mgl* fragment ion. Based on these considerations,
obtained ring image was explained by the dissociation process after excitation much faster than the rotational period of the
complex. Maximum value of the kinetic energy release distribution, 1.24%0.13 eV, which was determined from the observed ring
radius was also consistent with the previous result, 1.37 eV [3] .

[11 Y. Yamakita, H. Hoshino, Y. Suzuki, M. Saito, K. Koyasu, and F. Misaizu, in preparation.
[2] S. Massick and W. H. Breckenridge, Chem. Phys. Lett. 257, 465 (1996) .
[3] A. Furuya, F. Misaizu, and K. Ohno, J. Chem. Phys.125, 094310 (2006) .
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Novel aspects:
Chemical digestion using NTCB for imaging mass spectrometry.

Abstract:

In recent years, imaging mass spectrometry has received considerable attention, owing to its capability to monitor many
molecules at the same time. Mass spectral peaks corresponding to particular molecules can be used as biomarkers in disease
diagnosis (1-3) . In most cases, matrix-assisted laser desorption/ionization (MALDI) is used to softly ionize the molecules, but
this method gives poor spatial resolution. We have focused on time-of-flight secondary ion mass spectrometry (TOF-SIMS) , which
enables two-dimensional mass spectrometry imaging of components with high spatial resolution (4-6) .

Recently we reported a new method for enhancing peptide signals in TOF-SIMS (7) . The modification of peptide with 2 -nitro-
5-thiocyanobenzoic acid (NTCB) achieves high sensitivity for TOF-SIMS detection. Peptides containing only one cysteine at the
N-terminus were used as model samples in order to evaluate the ionization efficiency of the NTCB-modified peptides, because
peptides with internal cysteine residues give multiple digestion fragments. For the quantitative evaluation of ionization efficiency,
an inkjet printing technique was also used to obtain reproducible samples. The TOF-SIMS signal intensity of the parent ion was
increased 20-fold through NTCB modification of a peptide with the amino acid sequence CKVASLRETYGDMAD. These results
demonstrate that the NTCB method has great potential for detecting the peptides by TOF-SIMS because it has the additional
feature of chemical digestion of polypeptides containing cysteine. But little has been reported on the chemical digestion using the
NTCB method in imaging mass spectrometry.

The purpose of this study was to improve the NTCB method for measurement of two-dimensional distribution of peptides
because this method has a problem of migration of the NTCB-modified peptides. The NTCB method consists of three steps: (step
1) cleavage of S-S bond, (step 2) modification of SH to SCN, and (step 3) hydrolysis of modified polypeptides with base. Among
these steps, step 3 has a great influence on the migration since this step involves water treatment of the modified peptides. In
the present study we show an advanced NTCB method, that is, this method uses both an ammonia vapor as base and a
deliquescent salt in order to keep a trace amount of water on a sample.

Chemical digestion of insulin was demonstrated. We prepared an insulin solution using step 1 and step2. NaCl as a deliquescent
salt was then added to the solution, and the solution was deposited onto a Si-wafer by ink jet printing. The Si-wafer was exposed
to ammonia vapor at 37 &#8451 ; in moist condition. After the treatment, insulin digest peptides were detected by TOF-SIMS.
Comparison of optical and TOF-SIMS images of the printed dots showed that the migration caused by step 3 treatment is
negligible. We are planning to apply this advanced NTCB method to imaging mass spectrometry of tissue sections.

(1) S. Rauser, C. Marquardt, B. Balluff, S. Deininger, C. Albers, E. Belau, R. Hartmer, D. Suckau, K. Specht, M. Ebert,
M. Schmitt, M. Aubele, H. Hoefler, A. Walch, J. Proteome Res. 9 (2010) 18541863.

(2) D. Taverna, A. Pollins, G. Sindona, R. Caprioli, L. Nanney, Wound Repair Regen. 19 (2011) A56.

(3) M. Setou, Y. Saito, T. Hayasaka, K. Onoue, Y. Takizawa, Drug Metab. Rev. 43 (2011) 18.

(4) H. Nygren, P. Malmberg, Proteomics 10 (2010) 16941698.

(5) S.Parry, N. Winograd, Anal. Chem. 77 (2005) 79507957.

(6) F.Benabdellah, A. Seyer, L. Quinton, D. Touboul, A. Brunelle, O. Laprevote, Anal. Bioanal. Chem. 396 (2010)
151162.

(7) J. Naito, S. Satoh, Y. Otsuka, H. Hashimoto, Int. J. Mass Spectrom. (2012) , doi : 10.1016/].ijms.2012.03.003.
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Novel aspects:
This report brings out a quantitative relationship between ionization enhancement and the amounts of the adherent ice on the
sample.

Abstract:

INTRODUCTION ; This report presents a method of enhancing ionization of a sample while retaining the original distribution of
the sample constituents in time-of-flight secondary ion mass spectrometry (TOF-SIMS) imaging. In recent years, mass spectrometry
imaging has received considerable attention, owing to its capability to monitor many molecules at the same time. Mass spectral
peaks corresponding to particular molecules can be used as biomarkers in disease diagnosis. In most cases, matrix-assisted laser
desorption/ionization (MALDI) is used to softly ionize the molecules, but this method gives poor spatial resolution. On the other
hand, time-of-flight secondary ion mass spectrometry enables two-dimensional mass spectrometry imaging of components with
sub-micrometer resolution. However, one of the major issues in TOF-SIMS is that the ionization probability of components with m/
z > 500 is extremely low.

In this research, we report on ionization enhancement in TOF-SIMS imaging by a reproducible method of ice deposition onto the
surface of biomaterials. One of the three purposes of this report is to bring out a quantitative relationship between ionization
enhancement and the amounts of the adherent ice on the sample. The other purposes are to show that the ice deposition
method is suitable for mass imaging analysis because of retaining the original distribution of the sample constituents, and to
investigate how ice behaves as ionization promotor.

METHQODS ; Peptide samples were prepared on a silicon substrate by using a inkjet printing apparatus to assess signal intensities
among samples quantitatively.The area of each spot was about 8 X 102 mm? (diameter 0.1 mm) , and the peptide amount of
that was 67 fmol.

Ice deposition onto the sample was carried out in a preparation chamber of TOF-SIMS. After introducing the peptide sample in
the vacuum chamber, H.O gas was discharged into the chamber through a variable leak valve. At this time, by previously cooling
the sample to a temperature equal to or lower than a freezing point or a sublimation point of H.O, H.O gas that adsorbed on the
sample surface turned to ice. The amount of ice adsorbed on the sample surface was estimated by two methods. One method is
to use a crystal oscillator sensor, and the other one is to calculate the incident flux of H.O molecules impacting onto the sample.
By using these methods, the intended amount of ice can be deposited on the sample surface. Following ice deposition onto the
inkjet printing dots, the protonated parent ion was measured using TOF-SIMS.

RESULTS and DISCUSSION ; In order to investigate the detailed change of the detection intensity of the sample with respect to
the amount of the adherent ice, we prepared several dot pattern samples which were covered with various amounts of ice from
0 to 25 ng/mm?Z. It was found that the protonated parent ion intensity varies with the amount of ice, and approximately 1 ng/
mm? of ice gives the highest intensity, which is roughly 10 times the intensity of the original. Comparison of optical and TOF-SIMS
images of the printed dots indicates that the constituents diffusion caused by ice deposition is negligible. It means that this
method of ice deposition can keep the original distribution of the sample constituents, and is suitable for mass imaging analysis.
Experiments using deuterated ice showed that the adherent ice behaves as part of proton source.

From these results, it can be concluded that controlled ice deposition onto the biomaterials surface is effective for ionization
enhancement in TOF-SIMS imaging.
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Novel aspects:
Imaging of enzymatic reactions in plant material, and direct and indirect DESI imaging of plant material.

Abstract:

Introduction

We have developed an imprinting method, termed Indirect DESI imaging, where instead of imaging plant material directly, an
imprint is made on a porous Teflon surface which is then imaged by DESI, providing a very robust and simple imaging method.
We have now shown that although plant cells are disrupted during the imprinting process, initiating possible enzymatic reactions,
the method still works for compounds which are degraded in these reactions. Indeed, the method can be used to image such
enzymatic reactions in selected areas of the plant material. Furthermore, by using a new DESI solvent composition we have also
been able to perform direct imaging of leaves which cannot be imaged using standard DESI solvents, due to the presence of a
cuticular wax layer on the plant surface.

Methods

Plant material was pressed with porous Teflon and a piece of tissue paper in order to absorb the surplus plant juice. A rubber
sheet was added to distribute the pressure and the sandwich was pressed in a vice for a few seconds. The Teflon imprint was
dried in a vacuum desiccator and imaged on a custom-built DESlimaging ion source mounted on a Thermo LTQ-XL linear ion trap
mass spectrometer.

Results from the imaging experiments were validated by quantitative LC-MS experiments performed on different small sections of
the plant material.

Preliminary Data

Indirect DESI Imaging was performed on leaves and petals of Hypericum perforatum, showing the distribution of hypericin and
hyperforin. As previously reported, hypericin was found to reside in the black glands of the leaves and petals, while hyperforin
was found in translucent glands of the leaves and in spots and broad bands on the petals, respectively.

The method has also been applied for imaging of a variety of cyanogenic glucoside (CG) containing plants such as barley leaves,
Lotus japonicus leaves, sorghum etiolated seedlings and cassava tubers.

Many of these plants contain CGs together with active B-glucosidases capable of degrading CGs upon damage to the tissue.
Although the imprinting method inherently causes damage to the tissue it was found to be highly applicable for imaging of the CG
without observing significant degradation due to the imprinting process, since the imprinting time can be kept as low as a few
seconds and the enzymatic processes are “frozen “ when the imprint is dried in a vacuum desiccator. The fact that enzymatic
reactions do take place upon damage to the tissue was shown in an experiment where a leaf of Lotus japonicus was pressed with
a metal ring and imprinted after 20 minutes. Indirect DESI images showed compounds distributed homogenously throughout the
leaf (i.e. unaffected by enzymatic reactions) as well as compounds of decreased abundance in the pressed area (substrates of
the enzymatic reaction) and newly formed compounds in the pressed areas (products of the enzymatic reaction) .

Direct DESI imaging was performed on leaves of Lotus japonicus and cassava tubers, showing elevated levels of CGs in the base
of the leaf and near the peel of the tubers, as confirmed by LC-MS. Direct imaging of the leaves was only possible using a special
spray solvent mixture. The cassava tubers were cut in 40 um thick slices on a cryostat and mounted on glass slides, upon which
direct DESI imaging using normal spray solvent mixture was quite straight-forward.
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Novel aspects:
ToF-SIMS and Laser-SNMS was used to optimize cell preparation techniques and to detect membrane molecules such as lipids, Ag
nanoparticles, and arsenic species in different cells with sub-micrometer spatial resolution.

Abstract:

In recent years, molecular imaging with submicron lateral resolution has become of more and more interest for characterizing
specialized compounds in biological samples. As an example, nanoparticles (NPs) gain great commercial interest in the medical
field due to their high mobility in human tissue. This enables enrichment in specific organs of the human body, which makes them
suitable in applications like drug delivery. On the other hand, high mobility of the nanoparticles might result in adverse health
effects. Despite broad applications close to the human body, so far, there is only little knowledge of possible toxicity. In this
context, the distribution of nanoparticles within cells is of particular interest. Moreover, not only the distribution of nanoparticles
but also elemental and molecular cellular distributions such as metabolites and lipids are interesting for medical research.

In this study, we used time-of-flight secondary ion mass spectrometry (ToF-SIMS) and laser-secondary neutral mass spectrometry

(Laser-SNMS) to investigate different cells both unexposed and exposed in vitro to silver nanoparticles (AgNPs) and arsenic
species. To optimize the analysis, a special silicon wafer sandwich preparation technique was employed ; this entails freeze-
fracturing and washing of cell cultures that were grown on silicon wafers. The data showed that during freeze-fracturing, the cell
membrane is often stripped from the cell, enabling direct analysis of the interior of the cells on one sandwich wafer and the
remaining lipid membrane as a mirror image on the opposite wafer. During analysis, the signal from the nutrient materials was
observed to diminish the contrast of the molecular signals in the images. By optimizing the sample preparation and washing
procedures, both the contrast and the imaging resolution could be significantly increased due to higher molecular yields and
lower background. With these optimization procedures it was possible to detect lipid ions in a higher mass range, especially from
those membranes that were stripped from the cells.

Under these optimized conditions, several studies were performed to detect the distributions of trace elements in cells. One study
dealt with AgNPs. These particles show antibacterial effects and are therefore applied e.g. in the medical field for wound
disinfection or as a coating material for surgical instruments and prostheses. In conjunction with the high mobility of nanoparticles,
the antibacterial effects may pose health dangers. In this context the uptake of AgNPs of human macrophages was measured with
nanometer-scale resolution. 2D and 3D Laser-SNMS images clearly showed that AgNPs are incorporated by macrophages and in
part agglomerate to silver aggregates with a diameter of "3-7 um. In a similar approach, the distribution of arsenic in cells was
measured to obtain more information on the reasons why inorganic arsenic proves carcinogenic in humans. A comparison with
ToF-SIMS data showed that especially the high elemental sensitivity of Laser-SNMS makes it possible to detect theses trace
elements in cells.



Poster Session

Monday, 17 September Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)

Session 4: Imaging |

PMo-054  The potential use of reactive DESI to assess oxidative stress in the cell
13:30 — 14:40 culture

Anna Bodzon-Kulakowska, Piotr Suder, Tomasz Cichon, Jerzy Silberring
AGH University of Science and Technology, Krakow, Poland

Keywords:
DESI, oxidative stress, cell culture
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Examination of oxidative stress in the cell culture using DESI -MS technique

Abstract:

Oxidative stress is a phenomenon involved in many pathological processes such as neurodegenerative diseases (for example
Alzheimer’s or Parkinson’s diseases) or other types of neurodegeneration. It is associated with decreased amounts of antioxidants,
and with elevated production of molecules known as reactive oxygen species (ROS) . This may lead to oxidative damage of
proteins, lipids, and DNA and, in consequence to apoptosis of the cell.

DESI (desorption by electrospray) is an example of MS imaging approach. This technique is capable of localization and
identification of a wide range of substances in biological tissues. DESI utilizes electrospray source to produce charged droplets of
organic solvent, which are focused on the analyzed material. After hitting the surface they produce a second generation of
charged droplets containing surface molecules. Addition of an appropriate reagent to the carrier solvent results in fast chemical
reaction of this substance with molecules of interest localized on the surface. The MS spectra are acquired concurrently, which
means that the product of this reaction may be analyzed at once, without additional sample preparation.

Malondialdehyde (MDA) is considered as a marker for lipid peroxidation in living organisms and cultured cells, since it is one of
the main products of lipids peroxidation. This compound may be detected with the aid of reactive DESI, where
dinitrophenylhydrazine (DNPH) is dissolved in the spray solvent. DNHP is generally used for derivatization of carbonyl compounds,
what improves sensitivity of their detection. This substance reacts with MDA to form dihydrazone MDA diDNPH, which might
easily be detected by the MS.

For the experiments we applied astrocyte cell culture, since there is a growing number of evidence for their potential role in many
processes in the brain, including pathological ones involved in neurodegenerative diseases. Two compounds, widely used in
literature that induce pharmacological stress : hydrogen peroxide (H.O2) and tert-butyl hydroperoxide were utilized to evoke
oxidative stress in the cell cultures. The cell pellet, supernatant from the cells homogenized by sonification, and intact cells on the
glass surface were analyzed.

To our best knowledge this is the first study to examine oxidative stress in the cell culture using DESI-MS technique. A possibility
of rapid measurement of the oxidative stress may provide an opportunity to investigate pathology of CNS, such as drug addiction
using cell culture as a model.

The research was supported by the Foundation for Polish Science - POMOST Programme co-financed by the European Union
within European Regional Development Fund (POMOST/2011-3/1) and the grant from Ministry of Science and Higher Education
no. 3744/B/H03/2011/40 and 3048/B/H03/2009/37.
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Novel aspects:
The combination of LMIG TOF-SIMS imaging of tissue samples interleaved with GCIB removal of the LMIG-induced damaged layers
provides higher sensitivity and optimum spatial resolution imaging for high mass molecules.

Abstract:

Time-of-Flight Secondary lon Mass Spectrometry (TOF-SIMS) has recently evolved as a molecular surface analysis technique with
sub-micron spatial resolution. Based on these unique capabilities, applications of TOF-SIMS are rapidly expanding to lipid and
metabolite research in medical science, pharmaceuticals, and molecular biology. One limitation in these imaging studies has been
the low signal level of molecular ions from higher mass materials, e.g. lipids with molecular weights above 700 Da, when imaging
with sub-micron spatial resolution. This is due to the creation of a limited number of secondary ions per square micron from the
outermost layer of the sample while the Liquid Metal lon Gun (LMIG) primary ion beam induces molecular damage in the near
surface region. To enhance the quality of molecular ion imaging, there have been several efforts to increase the efficiency, or the
secondary ion yield, for high mass ions. These studies include the use of higher energy projectiles [1] , cluster ion beam
projectiles [2] , and the deposition of inorganic or organic secondary ion yield enhancing materials on the sample surfaces [3] .

In this paper, we discuss higher sensitivity TOF-SIMS molecular imaging with high spatial resolution using a combination of
Bis**primary ions from a LMIG interleaved with Ar gas cluster ion beam (GCIB) sputtering. The GCIB beam is used to remove a
very thin damaged surface layer after the LMIG acquisition of the maximum secondary ion signal intensity from the outermost
surface [41] . This interleaved process can significantly increase the signal intensity while maintaining optimum spatial resolution.

Results will be presented for imaging several lipids from tissue samples using LMIG data from only the outer surface of the sample
as well as data acquired with the interleaved LMIG / GCIB protocol. The comparisons of these results will be discussed relative to
the ultimate spatial resolution and the molecular ion sensitivity achievable for TOF-SIMS imaging of lipids in tissue samples.

References:
[11 Y. Nakata, et al,, J. Mass Spectr.,44 (2009) 128.
[2] K. Mochiji, et al,, Rapid Comm. Mass Spectr.,23 (2009) 648.
[3] T. M. Brewer, et al,, Rapid Comm. Mass Spectr.,24 (2010) 593.
[4] T. Miyayama, et al., Surf. Interface Anal,42 (2010) 1453.
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Parallel drug and metabolite localization in whole body section tissue samples in the presence of endogenous species separated
by IMS.

Abstract:
Introduction

Mass spectrometry Imaging (MSI) is increasingly used in pharmacokinetic studies during preclinical studies. It has been recognized
as a complementary technique to Whole-Body Autoradiography (WBA) , which is traditionally used for approval of a drug by the
Food and Drug Administration (FDA) agency. The two main advantages of MSI are cost savings compared to radio-labeling of the
drug and the absolute confirmation that the drug and its possibly produced metabolites are indeed visualized.

Here, we present the results from a study where two MS based imaging approaches were used to illustrate the spatial
distributions of a drug and its metabolites, along with untargeted analysis of endogenous molecules in a whole body section.

Methods

Olanzapine (OLZ) was administrated to rats at 8 mg/kg. Animals were euthanized at 2 or 6 hours post-dose. 30-um-thick whole-
body sagittal tissue sections were mounted on invisible mending tape. A single sagittal section of a whole rat spanned three
MALDI plates. CHCA matrix was applied evenly to the sample in several coats using a SunCollect nebulising spray device.

Data were acquired using a MALDI SYNAPT G2 mass spectrometer in both MS and MS/MS mode with tri-wave ion guide optics
to separate ions according to their ionic mobility in the gas phase. The obtained data sets were subsequently processed using
High Definition Imaging (HDI) MALDI software for detailed image analysis.

Preliminary Data

OLZ is a drug of which its pharmacokinetics' have been intensively studied in different animal systems. However, spatial
distribution analysis solely by MSI lacks certain, specific information. The two main metabolites of OLZ (m/z 313.15) that have
been identified in rat are N-desmethyl OLZ (m/z 299.13) and 2-hydroxymethyl OLZ (m/z 329.14) . Typically, drug distribution
analysis by MSI is conducted by using a targeted analysis method for the drug of interest, aiming to achieve better sensitivity and
specificity, where the molecular ion is selected by a quadrupole, fragmented in a collision cell and finally the product ions m/z
separated before detection. In this study, traditional targeted and untargeted MSI analysis experiments have been explored and
contrasted as detailed below.

A first experiment was carried out on the 2 h post-dose tissue section in a multiplex targeted MS/MS, approach where the drug
and the two known metabolites were MALDI imaged from a single tissue section.

A second experiment was performed on the 6 h post-dose tissue section in an untargeted MS approach. Also in this instance,
both the drug and the two main metabolites were imaged. However, here a vast amount of information is also generated by the
ionisation of the endogenous species present in the whole body tissue section.

The final part of the study involved the performance evaluation of isobaric species separation in the gas phase by means of ion
mobility separation, which is integrated in the MALDI SYNAPT G2 HDMS instrument, for untargeted MALDI-MS imaging
experiments of OLZ and its two main metabolites.



! Kelem Kassahun et al., Drug Metabolism and Disposition, 1977, Vol. 25, No. 5, pp573-583
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Comparison of brains low MW chemistry between control and morphine exposed brains. Application of DESI-MS technique in
complex, comparable analysis.

Abstract:

Drug addiction is one of the growing and still unsolved problems among societies of countries all over the world. Drug abusers
are involved in trade of illegal substances and are susceptible to dangerous, infectious diseases. They are also significant source of
criminal behaviors. The society bears significant costs of treatment of drug abusers but, despite intense investigations, there is still
no effective therapy proposed for the addicts. The modern medicine offers psychotherapy supplemented by pharmacology with
antagonists or weak agonists of the selected brain receptors. This strategy is definitely not sufficient, and such therapies usually
show low effectiveness. To evaluate and finally develop an effective, open and cheap treatment for drug addicts, the crucial task
is to understand molecular mechanisms involved in dependence, tolerance, and withdrawal. Based on our previous experiences in
proteomic approach, we decided to use the rat morphine dependence model for the comparison of localization and distribution
of low molecular mass molecules in the control, and morphine-exposed brains. Such approach allows for observation and
comparison of global changes in low MW molecules among major brain structures between physiological and pathological states.
Investigations were performed using DESI ion source (Prosolia, Indianapolis, USA) connected to the Amazon ETD mass
spectrometer (Bruker Daltonics, Bremen, Germany) . DESI-MS seems to be one of the most promising, mass spectrometry based,
imaging techniques operating at ambient pressure, available since a few years. We examined density and localization maps of the
selected, low molecular mass substances in the range of 100-1200 m/z. Mass spectra were taken in the positive and negative
modes. For the experimental purposes the rats were given 10mg/kg of morphine hydrochloride once daily (sc.) indays: 1,3, 5
and 7, what stays in agreement with major morphine dependence models described widely in literature. Additionally, dependence
status was verified by precipitation of withdrawal signs by naloxone. Maps were constructed from the frontal sections (ca. 40
micrometers/slice) of the rat’s control brains. We compared them with the maps received from brains of rats after morphine
injections. Typically, at least 10 density maps from each brain were taken for experiments. Slices were acquired from various areas
in an interaural axis from +10 to +2 mm range (corresponding to Bregma +1.5 to -7 mm) what allowed for detailed visualization
of major structures of the reward system, as well as other structures, clearly visible on the slices, such as hippocampus, striatum,
and cortex.

The obtained results bring a new insight into time-dependent activation of brain structures after morphine treatment, and show
differences in the low MW range between compared states, what might be useful for further research on the brain areas involved
in addiction. Presented findings may also be valuable from therapeutics point of view, showing early mechanisms during
development of addiction.

This work was supported by the grants from Polish National Science Center (grants number 3744/B/H03/2011/40 and 3048/B/
H03/2009/37) and Foundation for Polish Science - POMOST Program co-financed by the European Union within European Regional
Development Fund (POMOST/2011-3/1) .
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Novel aspects:
Using TOF-SIMS imaging, we found that skin stratum corneum has at least three distinct layers that have different barrier functions
likely corresponding to metabolic process of filaggrin.

Abstract:

Stratum corneum (SC) is the fundamental structure of skin surface to protect the body of mammals from desiccation and foreign
insults. SC is a water repellent barrier constituted by corneocytes and inter-corneocyte lipids. Congenital SC barrier insufficiencies,
i.e. filaggrin deficiency, are hypothesized to predispose to atopic diseases such as atopic dermatitis, atopic asthma, allergic rhinitis,
and food allergy via augmentation of percutaneous allergen infiltration and subsequent sensitization to various allergens. Limitation
of analyzing methods, however, hampers detailed analyses of SC barrier structure and barrier function. Here we introduce time-of-
flight secondary ion mass spectrometry (TOF-SIMS) imaging combining with immunofluorescence imaging to co-visualize SC
structure and infiltration of external molecules using mouse skin as a model. Based on the distribution of Na, K and arginine, we
temporary divide the SC into three distinct layers : an upper Na"&" K"e" arginine'®” layer (upper-SC) , a middle Na"eh K'ow
arginine"®" layer (mid-SC) , and a thin bottom layer of Na"&" K" arginine® (bottom-SC) . We found that the upper-SC works as a
sponge-like layer where several external ions easily infiltrated in. The mid-SC contains higher amounts of free arginine, one of the
major degradative products of filaggrin, and prohibited the infiltration of topically applied potassium and hexavalent chromium. In
contrast, trivalent chromium infiltrated into the mid-SC but not into the bottom-SC. Interestingly. filaggrin-null SC revealed frequent
infiltration of topically applied trivalent chromium into living cell layer, strongly suggesting that focal barrier breakage took place at
the bottom-SC in filaggrin-deficient conditions. Our results first demonstrated that SC has at least three distinct layers that have
different barrier functions likely corresponding to metabolic process of filaggrin. We anticipate our TOF-SIMS imaging technique to
be a starting point for the analysis of SC barrier deficiency in atopic diseases and the evaluation of medicines for skin barrier
recovery.
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Novel aspects:
This study suggests that MALDI-IMS enables the analysis of the distribution of peptide pharmaceuticals. In addition, the
quantitative analysis was achieved by MALDI-IMS.

Abstract:
Introduction

Biopharmaceuticals, such as peptide and antibody drugs, are expected to contribute to innovative drug therapy, and an increasing
numbers of pharmaceutical industries are challenging the development of biopharmaceuticals. In drug discovery and development,
studies about the distribution of a drug after its administration provide useful information on the mechanisms for the expression of
efficacy or toxicity. Therefore, quantitative and efficient methods for the analysis of the distribution of biopharmaceuticals will be
required.

Imaging MS (IMS) has been developed to visualize the distribution of drugs or biological molecules on tissue sections without
radiolabeling, and recently, several reports have demonstrated the quantitative performance by MALDI-IMS. Thus, MALDI-IMS is
expected to enable the quantitative analysis of the distribution of biopharmaceuticals.

In this study, MALDI-IMS was performed on tissue sections of mice administered with octreotide, a synthetic octapeptide analogue
of somatostatin.

Methods

Male 8-week-old C57BL/ 6 J mice were injected via the lateral tail vein with octreotide (3 mg/10 mL/kg) . At 15 min after dose

administration, the liver and kidneys of each mouse were dissected. A half of the liver and the left kidney were frozen to perform

MALDI-IMS, while another half of the liver and the right kidney were homogenized with distilled water to determine the

concentration of octreotide in each tissue by LC-MS/MS. To perform MALDI-IMS, 10-um-thick sections were obtained from the

frozen tissues, coated with 2,5-dihydroxybenzoic acid (DHB) as a MALDI matrix compound using an automatic vaporizer
(ImagePrep, Bruker Daltonics) , and then analyzed using a linear ion trap mass spectrometer equipped with a MALDI source
(MALDI LTQ XL, Thermo Fisher Scientific) .

Preliminary Data

Prior to MALDI-IMS, a standard solution of octreotide mixed with a MALDI matrix compound on the stainless plate was analyzed.
In MS analysis, the [M + H] + ion of octreotide (m/z 1019) was detected with higher intensity in the use of DHB than in the use of
a -cyano- 4 -hydroxycinnamic acid. The doubly charged ion of octreotide (m/z 510) was not observed, unlike in ESI-based analysis.
In MS/MS analysis of protonated octreotide, product ions at m/z 914 and 1001 had relatively high intensities. Next, a standard
solution of octreotide spotted onto a liver section of a non-dosed mouse was analyzed by MALDI-IMS. A product ion at m/z 914
gave a better signal-to-noise ratio on the liver section than [M + H] + ion (m/z 1019) or another product ion (m/z 1001) . Thus,
the m/z 1019—914 transition was used to obtain the octreotide-specific ion images in the following studies.

On the tissue sections of the mice injected with octreotide, the distribution of octreotide was clearly visualized by MALDI-IMS.
Furthermore, IMS-based signal intensity of octreotide correlated with the concentration of octreotide in the tissue samples.
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Novel aspects:
By using zeolite matrix, the ion signal intensity of a drug from a mouse brain section was 1.5 times higher than that using the
conventional organic matrix.

Abstract:

Introduction: Acceleration of the processes of new drug development is desired in pharmaceutical industry. Recently, imaging
mass spectrometry (IMS) has increasingly got attention as a novel analysis method of pharmacokinetics, which investigates
absorption, distribution, metabolism and excretion of an administered drug. Compared to the conventional method,
autoradiography, IMS has advantages in measuring time, cost, and ability of distinguishing the drug from its metabolites. However,
IMS is inferior to autoradiography in the point of detection sensitivity of the drug”. Therefore, it is important to choose the optimal
ionization assisting reagent and its solvent, laser irradiation condition, and so on. The aim of this study is to investigate zeolite
matrix for analysis of pharmacokinetics using IMS in order to enhance detection sensitivity. Zeolite matrix is a mixture of an
organic matrix and zeolite, which is crystalline aluminosilicate with nanosized cages. It has been reported that zeolite matrix can
improve the signal intensities of protonated ion of peptides?. In the present study, ion signal intensity from a brain tissue section
obtained from a mouse administered a drug was measured using the zeolite matirix, and compared with that measured using the
conventional organic matrix.

Materials and Methods: A mouse (C57BL/ 6J) was administered buspirone by tail vein injection at a dose of 20 mg/kg. Buspirone
is an anxiolytic psychoactive drug. 30 minutes after the injection, the brain was removed and frozen. «-cyano- 4 -hydroxycinnamic
acid (CHCA) and the zeolite (NaY5.6) were mixed in equal amount, and the zeolite matrix was dissolved in 70/30 acetonitrile

(ACN) /water at a concentration of 8 mg/mL. The frozen brain tissue was sliced into 2 pm thickness with a cryostat microtome
and attached onto a metal sample plate. 1 pL zeolite matrix solution was spotted onto the brain section with a pipette and dried.
For comparison, 1 pL CHCA solution in 50/50 ACN/water at a concentration of 10 mg/mL was spotted onto the mouse brain
section and dried. A time-of-flight mass spectrometer (Voyager-DE PRO, Applied Biosystems) was used, and the third harmonic of
a Nd @ YAG laser (GAIA Il 30-T, Rayture Systems Co., Ltd.) was irradiated to the sample. 20 points randomly selected in the dried
matrix spot, and 100 laser pulses were irradiated to each point. Then, measured 20 mass spectra were averaged. Laser pulse
energy was set to 10, 15, 20 and 25 u J. Under the same conditions, five mass spectra were measured for zeolite matrix and CHCA,
respectively.

Results and Discussion: Using both ionization assisting reagents, the signal intensity of protonated ion of buspirone with the laser
pulse energy of 15 J was the highest. When laser pulse energy was higher than 20 1 J, the signal intensity was decreased with the
increase in the laser pulse energy. The signal intensity of protonated ion of buspirone at the laser pulse energy of 15uJ using the
zeolite matrix was 1.5 times higher than that measured using CHCA at the same laser pulse energy. It seems that the water in
nanosize cages of the zeolite contributed to the protonation of buspirone. Therefore, it is supposed that the detection sensitivity
of buspirone could be enhanced by using the zeolite matrix. In the future work, improvement of the deposition method, the
sample preparation method, and so on will be investigated. In addition, the distribution of buspirone in the mouse brain tissue
section will be measured with IMS using the zeolite matrix.

References
1) E. G. Solon et al, The AAPS Journal, 12, 11-26 (2010)
2) Y. Komori et al,, J. Phys. Chem., 114, 1593-1600 (2010)
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Novel aspects:
DESI-MS imaging of the penetration of topically applied substances ; DESI-MS imaging of skin sections

Abstract:

INTRODUCTION

Studying the penetration behaviour of substances into skin is of great importance for toxicologists and for the development of
new pharmaceutical products that are delivered into and through the skin. The stratum corneum, the outermost layer of the skin,
acts as a protective boundary for exogenous substances, preventing them from entering the body. Several substances and
formulations can permeate the skin barrier and this effect is used for topical delivery of substances that either need to be
delivered locally, or are rapidly metabolized upon oral delivery. In principle there are three different ways of penetration through
the skin for exogenous substances : transcellular diffusion through the corneocytes, intercellular diffusion through the lipid sheets
between the corneocytes, and penetration of the compounds via perspiratory glands or hair follicles. The importance of the latter
pathway has long been underestimated due to a lack of appropriate experimental models, and has sparked scientists’ attention
only within the last ten years. As an example, for caffeine it was found that 50 % of the assimilated substance penetrated via the
hair follicles [1]1 . The follicular pathway is normally studied by manually closing the single hair follicles with wax, a laborious
procedure, and measuring the drug level in blood or a receptor solution. Here we present an alternative qualitative approach for
the study of the skin penetration behaviour of topically applied substances, using pig ear skin as an in vitro model and desorption
electrospray ionization (DESI) mass spectrometry imaging for the detection of drug substances and lipids.

METHOD

All hair is removed from the pig ear and the formulation is applied to the skin for different periods between 0 and 24 hours in
order to follow the penetration of the compounds into the skin over time. After the application period, surplus ointment is
removed from the skin and the treated area is cut from the rest of the pig ear. For the first time point (0 hours) the formulation is
applied and wiped off immediately to determine the signal that is measured from residues of the ointment on the skin. The tissue
samples are frozen at -80° C until they are cut into 18-25 um thick slices on a cryotome, both in vertical and in horizontal direction.
The samples are kept at -80° C until DESI analysis. DESI imaging is performed on a Thermo XL Linear lon Trap mass spectrometer,
equipped with a custom-built imaging stage, as described in [2] . Images are recorded with 100 pm resolution. Light micrographs
of the samples are recorded before imaging and adjacent tissue slices are H&E stained for comparison with the DESI images.

PRELIMINARY DATA

In negative ionization mode DESI images show the heterogeneous distribution of lipids in the different compartments of the skin.
The distribution of hair follicles in horizontal cuts could be pictured in negative ionization mode by following the distribution of
cholesterol sulphate which is associated with the hair follicles. Optical images confirmed the localisation of hair follicles. Several
drug substances were topically applied to pig ear skin for different application periods, and the distribution of the substances in
positive and negative ion mode was recorded. This way the skin penetration behaviour of e.g. ibuprofen and lidocaine was
imaged.

REFERENCES

1. Trauer.S., et al., Permeation of topically applied caffeine through human skin - a comparison of in vivo and in vitro data. British
Journal of Clinical Pharmacology, 2009. 68 (2) : p. 181-186.

2. Thunig, J., S.H. Hansen, and C. Janfelt, Analysis of Secondary Plant Metabolites by Indirect Desorption Electrospray lonization
Imaging Mass Spectrometry. Analytical Chemistry, 2011. 83 (9) : p. 3256-3259.
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Novel aspects:
Effectiveness of Pt vapor deposition SALDI-MSI on the direct detection of small analytes for printed papers and TLC plates.

Abstract:

Introduction

Recently, a method of coupling MALDI/MS with mass spectrometry imaging (MALDI/MSI) has attracted considerable interest in
tissue imaging. However, MALDI/MSI has some problems, (1) the spatial resolution depends on the dispersion size of organic
matrix crystals and inhomogeneous crystallization of organic matrix may give poorly reproducible ion peaks at each point, (2) the
substrates need to be electrically conductive in order to allow for desorption of the ions from the plate. To eliminate these
problems in MALDI/MSI, a method of coupling surface-assisted laser desorption/ionization mass spectrometry with imaging mass
spectrometry (SALDI/MSI) using nanoparticles and a nanostructured substrate has been proposed as an organic-matrix-free
approach. In this study, we first report Pt vapor deposition SALDI/MSI of small molecules as a solvent-free, homogenous, organic-
matrix free and not depend on substrate method.

Methods

The Pt vapor deposition MSI experiments were performed by using a MALDI-TOF MS, AutoFlex llI, Bruker equipped with a YAG
laser (355 nm) . The Pt deposition onto the target imaging sample was performed by a commercially available magnetron
sputtering device (E-1030, Hitachi) . The Pt-deposited sample was mounted onto a standard stainless steel MALDI plate using
electrical conductive tape. MSI was conducted in a point-to-point scanning fashion, where the laser beam rasters across a sample
surface. Thus, a mass spectrum was collected at each point. Later reconstruction of the 2-D ion maps of the molecules of interest
revealed their spatial distributions by using Bruker software (fleximaging ) .

Results

We demonstrate the effectiveness of the Pt vapor deposition SALDI/MSI (Pt-MSI) on the direct detection of small analytes
without extraction or concentration for printed paper, as well as of various analytes (saccharides, pigments and drugs) separated
by glass-backed thin-layer chromatography (TLC) plate.

1. Inkjet printing

The Pt-MSI method was applied to inkjet-printed papers in order to profile the distribution of ink colorant and ink components
using a custom inkjet ink formulation of known composition (magenta) on both printed and unprinted papers. The degradation of
ink components via UV light was also examined. The distinct optical images were obtained from inkjet printing with magenta on a
paper and with the exposure of UV light. We observed several ion peaks in the mass spectra of the printed paper ; magenta ink
colourant (m/z = 603) , inkjet ink component (m/z = 172) from the printed region, the UV degradation product (m/z = 188) from
the printed region and a paper component (m/z = 393) from an unprinted region. These ion signals on the printed papers were
not detected without the Pt vapor deposition.

2. TLC-MS

We compared Pt-MSI with Au-MSI and LDI-MSI (no deposition) for pigments (crystal violet, Rhodamine 123, and Rhodamine B) on
the TLC plate. The peak intensities of the pigments are much lower in LDI-MS than when using metal deposition. And using Pt
deposition is greater than when using Au deposition.

Pt-MSI can be successfully applied to the imaging analysis of saccharide mixtures (D (+) -glucose, maltose and maltotriose)
separated on the TLC plate. In the photograph of a TLC silica plate after the TLC separation, we could not visually confirm the
position of the separated saccharides because we did not use colouring reagents. However, the Pt-MSI image can clarify the
location of separated saccharides on the TLC plate. In the mass spectra of these spots separated by TLC, the components are
sodium adduct ions at m/z 203 from glucose, m/z 365 from maltose and m/z 527 from maltotriose.

This method would be useful in imaging analyses of various insulating materials such as polymers and biological materials.
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Novel aspects:
This preliminary feasibility study will compare two MALDI imaging modalities, as well PET, to be used together in this application
to stem cell culture

Abstract:
Introduction

Peptide gels are being investigated as a medium for the location and growth of stem cells in vivo. We are developing approaches
based on MALDI-MS imaging and positron emission tomography to map the distribution of these gels at the intended site of stem
cell growth and to monitor migration of the peptide elsewhere in the organism. The current study aims to assess detection limits
for the peptide in tissue samples and to optimise sample preparation to monitor peptide distribution following administration. The
peptide is to be radiolabelled for PET imaging, slightly altering its structure. Migration of the modified peptide relative to the
unmodified peptide is to be assessed by MS imaging. This provides an excellent opportunity to compare two different MALDI MS
instruments, along with testing prototype MALDI imaging target slides.

Methods

Detection limits were measured by applying known concentrations of the peptide to tissue sections, coating with matrix (CHCA)
and Imaging with MALDI MS. Fragmentation patterns during MS/MS were determined by analysis of MS/MS peaks. Direct imaging
of the peptide (M+H) + ion and MS/MS imaging were compared to assess their dynamic range and which is more appropriate to
mapping the high concentrations in the original gel deposited and low concentrations at remote sites. Initial peptide distributions
have been mapped by spiking tissues from newly sacrificed mice, flash freezing in liquid nitrogen, sectioning and observing
apparent distribution in tissue sections prepared for MALDI imaging . Imaging experiments were performed using a Shimadzu
Axima CFR+, along with a prototype Shimadzu MALDI MS, samples were coated with CHCA matrix using a TLC sampler. 3
different target slides were assessed - steel target, ITO coated glass and prototype Shimadzu target slides.

Preliminary Data

Distribution of the injected peptide in murine heart has been measured directly using the (M+H) + peak and MS/MS experiments
performed using the 1121 Da parent and observing the fragment at 974 Da. PET labelling of the peptide will use [18F]
fluoroacetaldehde which forms a covalent adduct at lysine residues. Activities of up to 287 MBq of the [18F] fluoroacetaldehde
labelling agent have thus far been generated in low-activity trials. Limits of detection will be determined and data from MS/MS
experiments along with images showing peptide distributions at high and low concentrations will be presented.
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Novel aspects:
NALDI- imaging mass spectrometry demostrated to offer the advantages of little or no sample preparation and to show the
changes in the phospholipid metabolite of the tumor after drug treatment.

Abstract:

Phospholipids are the main components of biological membranes and there is a special interest in elucidating their role in the
treatment of cancer. In fact, as observed before, the tumor progression is accompanied by an adaptive metabolic change showing
high levels of phosphatidylcholines (PCs) and phosphatidylethanolamines (PEs) . A class of potential synthetic antineoplastic
phospholipids such as alkylphospholipids, generally termed as “ether lipids “, acting on phospholipid metabolism, represents
promising treatment for cancers. In fact, ether lipids, such as phophoethanolamine (PHOS-S) , has been shown to be able to
reduce the synthesis of phosphatidylcholines (PCs) in cancer cells interfering with turnover of phospholipids. The aim of this work
is the evaluation of changing in the lipid profiles of an animal model of melanoma treated with phosphoethanolamine (PHOS-S) by
nano-assisted laser-desorption- ionization imaging mass spectrometry (NALDI-IMS) . For the first time, commercially available
nano-structured surfaces are used as substrates for imaging tumor tissue sections of mice.

The implantation of B16/F10 melanoma cells was done in the dorsal of the mice. At the 10" day from the inoculation, the animals
were randomly divided into 2 groups : the control group received 0.1 mL water (placebo) and the treated group received 0.1 mL
phosphoethanolamine (PHOS-S) solution (5 mg/mL) daily during 10 days. After the treatment, control and treated mice were
sacrificed and tumor mass was removed. The tumors were frozen in liquid nitrogen, stored at -80 °C , and subsequently cut in 30
pm sections using a cryo-microtome (CM1850, Leica, Germany) . After cutting each slice was transferred on a NALDI plate
provided by Bruker Daltonics. The NALDI plate was heated from its other side by the operator’s finger. The quick heating, “thaw
mounting “, resulted in an imprinting of the section. While the rest of the tissue was washed off by water rinse (approximately 5
mb) ., the imprinting of phospholipids stayed on the NALDI surface. It is worth noticing that any matrix application was needed.
The NALDI-imaging mass spectrometric experiments were performed using a MALDI-TOF Autoflex Il Smartbeam (Bruker
Daltonics, Germany and USA) equipped with a 337 nm laser desorption ion source. The spatial (2D) resolution was set to 150 u
m. The imaging experiments were replicated trice on consecutive tissues. The images were created and normalized by
Fleximaging software and processed by Biomap software. The identification of the phospholipids was done by LIFT-MS and the
lipid searches were performed through the on line database, www.lipidmaps.org. For the first time, it has been demonstrated how
a commercially available NALDI™ chip can be used as support for desorption/ionization imaging experiments to differentiate the
lipid profile of a human melanoma its fatty capsule. NALDI-MS allowed to identify and map the distribution of the lipid tumor
biomarkers. Compared with the fatty tissue, the tumor is mainly characterized by an high abundance of monounsaturated and
polyunsaturated phospholipids such as [PC (30: 1) +Hl*at m/z 706.6, [PC (32: 1) +HI*at m/z732.6, [PC (34: 1) +H]*at m/z
760.6and [PC (36 : 2) +H]l*at m/z 786.6. According with the literature [5] ., not only an high abundance of phospholipids was
observed in this study but also a significant low presence of triacylglycerols (TAGs) at m/z 895.7 and 897.7. Then, the lipid profile
of a melanoma was also compared with the one of the same cancer grown in mice fed with PHOS-S.

The PHOS-S-treated tumor slices were imagined and the phospholipid biomarkers mapped. A significant decreasing in abundance
of the lipid tumor biomarkers was observed. The treated tumor also presence different stages of tumor development that can be
clearly observed in the NALDI images. The results confirmed the PHOS-S’'s capability to inhibit the phosphatidhylcholines’s
turnover.
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Novel aspects:
Employing a microwave fixation technique is essential for precise imaging and quantification of metabolites by mass spectrometry.

Abstract:
Previous studies have shown that MALDI-Imaging MS (IMS) can visualize distributions of diverse metabolic molecules in the
biological tissues. On the other hand, a highly comprehensive/quantitative analysis of metabolites by capillary electrophoresisMS
(CE-MS) can efficiently complements the IMS technology. However, optimization of animal organ sampling protocol for these
metabolomic analyses has remained as a quite critical issue, because major degradation of the metabolites occurs in tissues
within a couple of ten seconds after death, especially of high energy phosphate-metabolites. In this study, we have evaluated
several sample preparation techniques, namely, a focused-microwave irradiation, in situ freezing (ISF) method, and a postmortem
freezing fixation (PMF) with decapitation.
As results, we found that the PMF caused unacceptable autolytic reduction in ATP and increases in ADP and AMP ; absolute
quantification by CE-MS revealed that 90% of ATP was broken into downstream metabolites, and therefore, AMP level represents
a ten times increase. Furthermore, we found that the micro-wave fixation as the best way for our purpose ; extents of the ATP
reduction, AMP elevation, lactate elevation as a results of enhanced anerobic respiration, were much lower in the micro-waved
samples compared to in-situ frozen brains. Finally, we revealed that the microwave irradiation of brain samples improved IMS data
quality in terms of the number of effective pixels and the image contrast (i.e., the sensitivity and dynamic range)
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Keywords:
HepG2, Rotenone, GRP78,scanning electrochemical microscopy (SECM), time of flight-secondary ion mass spectrometer (TOF-SIMS)

Novel aspects:
The cell surface protein GRP78 translocation can be observed by TOF-SIMS imaging technology.

Abstract:

The protein expression level play an important role of living organisms. Traditional detection methods include western blot,
enzyme-linked immunosorbent assay, fluorescence resonance energy transfer and flow cytometry. But these methods have
some limitations and defect. In this study, we used rotenone which is a specific inhibitor of mitochondrial complex | on human
hepatocellular liver carcinoma cell line (HepG2). Rotenone induced cell apoptosis progression and endoplasmic reticulum stress.
After 48 hours we observed the endoplasmic reticulum stress associated protein GRP78 expression location change by scanning
electrochemical microscopy (SECM). We found that HepG2 cells mitochondria membrane potential were signicant decreases as
rotenone concentration increased. The concentration of rotenone in 300nM can induce 5% HepG2 cell apoptosis and 500nM
can induce about 10% cell apoptosis. Using confocal microscope to observe GRP78 protein expression location, we found some
GRP78 translate to cell membrane and some GRP78 in the endoplasmic reticulum. We built the mass image of GRP78
expression by time of flight-secondary ion mass spectrometer (TOF-SIMS) analysis. All the preliminary results showed that the
cell surface protein can be observed by TOF-SIMS imaging technology.
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Novel aspects:
We tried to map small molecules in plant tissue slice using ultra-high-resolution and high-accuracy MALDI-FTICR MSI equipped
with in-house ion-source. Also we compared the map with convensional MALDI-TOF MSI results.

Abstract:

Recently MALDI mass spectrometry imaging (MSI) has been a powerful tool to map spatial distribution of molecules on the
surface of biological materials. Frequently MSI is applied to animal tissue slices to map various biological molecules on the slice,
such as functional lipid molecules, drug metabolites and so forth. However, it’s still been difficult to apply MSI techneques to plant
tissue because of the difficulties in sample preparation and the existence of secondary or tertiary metabolites. In general, plant
tissue is highly water rich and cell wall exits between plant cells, so special sample preparation technique was required to make
thin slice of plant tissue. Ultra-high-resolution and ultra-high-accuracy in mass spectrometry are also necessary to identify
metabolites contained in plant tissue.

We have developed in-house MALDI ion-source, which was originally developed as a microscopic MALDI ion-source, and it was
equipped with Bruker-Daltonics commercial FTICR-MS (Apex-Qe-94T) . In our ion-source, small transparent ITO-coated slide glass
was inserted into the original ion-funnel horizontally and tightly focused UV-LASER beam was irradiated vertically from upper long
working distance Cassegrain mirror objective while sample specimen can be observed by lower zooming video microscope in
real-time. High-precision sample stage was also equipped inside the vacuum chamber and the exact position was able to be
controlled by in-house software. All of the MSI experiment sequence, including sample specimen observation with video-
microscope, sample stage motion control and triggering MALDI-FTMS run, was also controlled by in-house-build software written
with LabView.

We tried to make thin (40 micrometer) slice of quick frozen leaf of Arabidopsis thaliana and the frozen slice was vacuum dried
under freezing temperature followed by matrix application using sublimation or neblizer spraying, before dedicated for MALDI MSI
experiments. A leaf of Arabidopsis thaliana was first quickly frozen and ice-embedded. The ice-block was then embedded in OCT
compound followed by micro-slicing using cryo-microtome under freezing temperature. 40 micrometer thick thin slice of
Arabidopsis thaliana leaf was successfully obtained by Kawamoto’s method utilizing special adhesive support film during thin-
slicing. The thin slice laid on adhesive support film was then put on the cold metal block inside vacuum chamber to be dried
under freezing temperature. The dried thin slice on the support film was glued on the small ITO-coated slide glass followed by
matrix application using sublimation or neblizer spraying.

We tried to use 2,5-dihydroxy-benzoic acid (DHBA) as matrix and MALDI-FTICR MSI experiment was done in negative-ion mode.
Also we tried to use another matrix substance 9-amino-acridine (9-AA) because 9-AA was reported to work as a MALDI matrix
of small acidic compounds in negative-ion mode, including typical plant hormones such as Auxin. We performed a lot of try-and-
error experiments varying thickness of matrix layer on the dried slices, to find optimized experimental parameters to map small
molecules on the plant tissue slices.

Also, the samely prepared specimens were MS imaged using commercial MALDI-TOFMS, (Shimadzu AXIMER performance) , in
order to discuss the advantages and disadvantages of MALDI-FTICR MSI against convensional MALDI-TOF MSI in plant
physiological studies.
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Novel aspects:
MALDI imaging mass spectrometry is an effective new technology for the discovery of molecular signatures of mouse
development.

Abstract:

Background: Imaging mass spectrometry (IMS) using matrix-assisted laser desorption ionization (MALDI) is an effective tool for
molecular studies of complex biological samples such as human and experimental animal tissue sections. Distribution maps of
multiple analytes directly obtained from tissue sections can be correlated with histological and experimental features. Targeting
whole mouse embryos by IMS will cover spatial and temporal molecular arrangements without the need for target-specific
reagents, allowing the discovery of novel and diagnostic markers of mouse development.

Materials and Methods: From E12 to E18 days post coitus (d.p.c.) mouse embryos were sacrificed for this experiment. Ten micron
thick frozen sections of whole mouse embryos were cut on a cryostat. The sections were transferred to precooled conductive
Indium-Tin-Oxide coated glass slides for sagittal and transverse orientation. The ImagePrep device was used for this experiment
which utilized vibrational vaporization of the matrix with a piezo-electric spray head. The MALDI measurement and image analysis
was carried out on a linear Autoflex instrument equipped with a smartbeam-laser and with the fleximaging 2.1 and ClinProTools 2.2
software packages (Bruker Daltonik GmbH, Bremen) . MALDI measurements were done in linear mode in a mass range of 1,000-
40,000 Da. The lateral resolution for the MALDI imaging was set to 100 g m. Statistical analyses were carried out using the
ClinProTools 2.2 Software. For the statistical analyses, the mass spectra were internally recalibrated on common peaks and
normalized on the total ion count. An average spectrum created from all single spectra was used for a peak picking and to define
integration ranges. The data set was further analyzed by multivariate analysis such as principal component analysis (PCA) and
hierarchical clustering. For the PCA analysis and the clustering across different tissues, the mass spectra were selected on the
tissue by assigning representative areas of developing tissue in each stage. Following the MALDI analysis, the matrix was washed
off the slides with 70% ethanol and the sections were stained with a modified nile blue staining, scanned at low resolution, and
co-registered with the MALDI imaging results. This was also referred by The Atlas of Mouse Development (Kaufman MH, 1992) .
Results and Discussions: MALDI imaging in combination with hierarchical clustering allows the comprehensive analysis of the in
situ mouse development proteome. On the basis of this cluster analysis, classification of complex and dynamic distribution of
tissue proteome was well comparable to histological distribution. It is possible to trace development of brain, spinal cord, heart,
vascular system, lung, bone, liver, kidney, gut, pancreas, bladder, upper and fore limbs, thymus, pineal gland, and so on.
Comparing the IMS atlas of mouse development with the above mentioned histology, it is highly efficacious in understanding
embryonic development. Therefore, it must be of particular interest to apply this knowledge into phenotypic screening of
genetically mutant mouse to find out aberrant molecular organization in the early stage of the mouse development.
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Keywords:
MALDI mass spectrometry imaging, in situ desalting, brain ischemia, lipidonics.

Novel aspects:
Matrix sublimation/deposition combined with in situ desalting for MALDI-MSI successfully revealed the subtle lipidomic changes in
the ischemic rat brain parenchyma.

Abstract:

Conventional MALDI mass spectrometry imaging (MALDI-MSI) studies of ischemic brain sections revealed the changes of
phospholipids mostly in their alkalinated form as a result of the ischemic assault. However, the massive change of alkali metal ions
in the brain parenchyma following ischemic stroke likely masked the underlying changes of phospholipids following brain
infarction. To overcome the interference of massive cation change and to successfully reveal the subtle lipidomic changes by
ischemia, MALDI-MSI studies were carried out on the ischemic rat brain sections in which the matrix was applied by vacuum
sublimation/deposition following a simple in situ desalting process.

Brain ischemia was surgically induced by permanent middle cerebral artery occlusion (pMCAQO) in male Sprague-Dawley rats.
Ischemic rat brains were collected 24 hours after pPMCAO surgery and cut into 14 um coronal sections, then collected onto the
indium-tin oxide (ITO) -coated slides. After the initial vacuum drying, each brain section was drip-washed with 600 uL of 150 mM
ammonium acetate solution to remove the endogenous alkali metal ions. Thereafter, the brain sections were vacuum-dried for
another 20 min before applying the MALDI matrix 2,5-dihydroxybenzoic acid (DHB) onto the brain section by matrix sublimation/
deposition under vacuum.

MALDI-MSI result showed that the distribution of lysophosphatidylcholine 16: 0 (LPC 16: 0) in the desalted brain section and
that of sodiated LPC 16 : 0 in the neighboring undesalted section was essentially identical. confirming the suitability of the
desalting method for MALDI-MSI application. MALDI-MSI of phosphatidylcholines (PCs) containing both saturated and saturated
plus monounsaturated fatty acyl (MUFA) residues showed slight increase over the ischemic brain parenchyma. However, the
distribution of PC 16 : 0/18 : 1 showed a consistent reduction in the infarcted area. The distribution of polyunsaturated fatty acyl

(PUFA) residue-containing PCs revealed laminated patterns in the normal cerebral cortex. Ischemia disrupted the laminated
pattern of PC 16 : 0/20 : 4, and reduced its abundance as well as the abundance of PC 18 : 0/20 : 4. However, ischemia led to the
subcortical increase of PUFA-containing PCs containing stearoyl residue, and confined their cortical increase to limited areas. In
addition, ischemia caused the consistent decrease of sphingomyelin 18: 0 (SM 18: 0) with the corresponding increase of
ceramide in regions showing moderate to high abundance of sphingomyelin. Together, the results showed that other than the
decrease of PCs and the corresponding increase of LPCs, ischemia also heterogeneously increased the abundance of PCs
containing mostly stearoyl residue over the ischemic areas. Beyond the changes of PCs and LPCs, the consistent decrease of SM
may also serve as a marker for brain injury. The combined imaging results revealed the subtle yet potentially important lipidomic
changes through which the effective management of brain ischemia may be based upon.
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Novel aspects:
A novel mass spectrometric visualization method has been developed that allows the generation of pseudo cross-sectional skin
images for fast and non-invasive transdermal drug delivery investigations.

Abstract:
Visualization of transdermal drug delivery is important for cosmetic companies that provide topical products containing mild
active ingredients. Fluorescent microscopy, CLSM (confocal laser scanning microscopy) , and TOF-SIMS (time-of-flight secondary
ion mass spectrometry) have been typically used for those purposes. The conventional methods, however, have a distinct
disadvantage in which biopsy samples are required to obtain a cross-sectional drug penetration image across skin. We present in
this study a novel mass spectrometric visualization method to generate pseudo cross-sectional skin images for fast and non-
invasive transdermal drug delivery evaluations. After applying an aliquot of a topical cream containing 1% of 4-methoxy salicylic
acid potassium salt (4MSK) to the inner forearm of a healthy male volunteer, skin samples were collected by the tape-stripping
(TS) technique. Using the standardized TS procedure, stratum corneum (SC) , the most outer barrier layer of epidermis, was
collected as a sheet on an adhesive tape. After collecting several SC layers by repetitive TS operations, two-dimensional
desorption elestrospray ionization / mass spectrometry (2D-DESI MS) was utilized to obtain planer distribution information of
4MS (K) penetrated into SC. The collected data was processed by a patent pending method to create a pseudo cross-sectional
skin image showing 4 MS (K) penetration through SC layers. Potentials and limitations of the approach will be discussed on the
presentation.
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Keywords:
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Novel aspects:
We aim to develop diagnostic microchips, utilizing targeted secondary detection MS-imaging. These chips would allow rapid
diagnosis for various purposes, regardless the size or abundance of target molecules.

Abstract:

MALDI-imaging mass spectrometry has become one of the most promising analysis technologies, allowing measurements of
hundreds of different molecules on surfaces at the same time without disruption of sample integrity. However, like all techniques
it has limitations : Very hydrophobic proteins, membrane proteins, high mass proteins and low abundant molecules are hard to
measure.

We try to overcome those limitations by applying a new approach which was lately published by Thiery et al.’. TArgeted
multiplex MS IMaging (TAMSIM) is a secondary detection method, which allows the concurrent detection of a basically unlimited
number of different target molecules on a tissue surface at the same time. The surfaces are treated with probes containing
antibodies, which bind to their particular targets. These antibodies carry chemical tags of a defined mass, which are
photodissociated by MS laser irradiation and detected via the time-of-flight analyzer in MALDI-TOF. Thiery et al. showed that
simultaneous measurement of Chromogranin A and Synatophysin as markers for Langerhans islets on human pancreas tissues by
TAMSIM has a very good analogy with the immunohistochemistry staining of the same tissue section”. To make this approach
multiplex, a library of photocleavable tags with different, distinct masses is synthesized. The mass tags contain an activated acid
group which randomly binds to all available amino groups.

We aim to apply the same principle for the development of diagnostic microchips by creating two different microarrays for fluid
samples.

The first chip is designed to give solely a yes / no answer for e.g. biomarker detection. Specific antibodies against the desired
biomarkers are immobilized in an array on the chip surface, every position with another antibody. The fluid sample is treated with
the mass tag and applied on the chip. After incubation and washing a fast MS analysis will show on which spots the tag can be
detected, thus stating whether the tagged substrate is bound on that spot.

For the second kind of chip the samples are spotted on the chip surface and immobilized. A mixture of differently tagged
antibodies, which are specific against the targets of interest, is applied on the chip surface. After incubation and washing, the chip
is screened via MS analysis, and each detected tag is stating a different target molecule on which the specific antibodies have
bound.

Due to the specific nature of the mass tags no matrix is needed for desorption and ionization, which dramatically increases the
signal to noise ratio. Additionally every antibody can bind several tags, resulting in signal amplification. It would be possible to
detect virtually every molecule for which a specific antibody can be synthesized, regardless of the size of the target molecule or
its abundance compared to other molecules in the same sample.

These chips would allow rapid diagnosis for various purposes : from research and drug testing to differentiation between cancer
types to provide optimal, “personalized “ medication.

(1) Thiery et al., Proteomics, 2008, 8, 3725-3734.
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Keywords:
Quantitation in MALDI Imaging, drug imaging, FTMS

Novel aspects:
A novel model for quantitation in small molecule IMS studies

Abstract:

Introduction

Imaging Mass Spectrometry (IMS) has proven to be a powerful technique for the analysis of drugs and their metabolites in tissue.
In IMS, success is dependent upon the ability to extract the molecule of interest from the tissue efficiently as well as the suitability
of that molecule for IMS analysis. We previously introduced a model for assessment of drug suitability and sample preparation
optimization based on the “sausage “ model. Here we present the refinement of this approach (sausage omelette) and discuss
the application of this model to quantitation in IMS studies.

Methods

Bulk tissue was homogenized then aliquots were spiked with varying levels of a small molecule target and mixed thoroughly with
minimal addition of water. Spiked homogenates were used to fill wells formed in an embryonic protein-based support matrix, then
frozen at -80 until solid and sectioned at 12 um thickness. Following matrix coating with DHB (30 mg/mL in 50% MeOH) , sample
sections were analyzed on a Bruker solariX FTMS (Bruker, Billerica, MA) and data analyzed with the flex Imaging software.

Results:

While determination of relative levels of parent drug and metabolites in tissue is valuable to the understanding of distribution and
metabolism, the ability to use these data in the context of drug development, including determination of the efficacy and safety of
a drug requires a quantification step.

Due to the nature of the MALDI process, particularly in regard to the ionization of analytes directly from treated tissue, the issue
of quantitation is problematic. Here, we show the refinement of an approach previously proposed for optimization of sample
preparation (including matrix application) and its value in developing a method for quantitation of target molecules directly from
tissue sections.

To assess this model, a number of drugs such as reserpine, verapamil, sunitinib, and terfenadine as well as several early-stage
development drugs were spiked into homogenized liver aliquots then injected into a support matrix, frozen and sectioned as
tissue. Analysis of these sections shows drug signal from homogenate plugs with no evidence of bleeding into the matrix or
separation of the plugs from the matrix during sectioning, indicating that this model nicely mimics dosed tissue. It was also
observed that the MS signal response is linear with respect to concentration over more than 2 orders of magnitude. If ion pre-
selection and accumulation is performed (CASI) , more than 3 orders of magnitude linearity is observed.

Based on our results, this model shows great promise as a simple method for quantitation in small molecule IMS studies.
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with Imaging data

Novel aspects:
New MALDI imaging method that provides identities plus distributions of more than 100 proteins in tissue sections simultaneously.

Abstract:

Introduction:

MALDI-Imaging Mass Spectrometry (IMS) of proteins in tissue sections combined with Top-Down proteomics represents a
powerful approach to biomarker discovery. However, lack of direct identification strategies is preventing its broader use in
Proteomics studies.

We have developed a new workflow that combines the spatial information obtained by IMS with the routine identification of
proteins from tissue sections by LC-MS. Protein digests were generated by trypsinization on two subsequent tissue sections
maintaining the spatial distribution of the peptides. One of the trypsinized sections was analyzed by IMS. Peptides from the other
section were identified by routine LC-MALDI-MS/MS. The new “Spatial Proteomics workflow “ allows routine identification of more
than 100 proteins from tissue sections as well as their spatial distribution at the 50 um level.

Methods:

Fresh frozen rat brain, testis samples and human breast cancer biopsies were sectioned to 10 um slices. Each section was
analyzed in parallel by analyzed with and without tryptic digestion. For the digests, two subsequent slices were placed onto one
glass slide and a trypsin solution was applied to both of them by supersonic vibration. Tryptic peptides were imaged from one
section in a reflector mode MALDI-TOF. The section was coated with CCA matrix. Tryptic peptides were identified by nanolLC-
MALDI-TOF/TOF analysis and Mascot searching (Matrix Science) after elution from the second slice. A software tool was
developed that grouped the peptide masses by their associated protein and linked it to the peptide masses in the bottom-up
image for visual inspection of their co localization.

Results:

We analyzed rat organs using the new Spatial Proteomics approach as model systems, at the 50 um spatial resolution level. In
both organs, more than 200 peptides present in the images (i.e., 80 %) were identified by the parallel LC-MALDI analysis and
approximately 120 proteins localized. As primary validation tools for the assignment of protein distributions in the tissue sections,
the intensity and co-localization of 2 or more peptides and the specificity of mapping the peptide molecular weights to 1 or
more proteins were used.

As an extension of the established top-down imaging strategy, this bottom-up Spatial Proteomics approach facilitates the
identification and simultaneous localization of a much greater number proteins than was previously possible. Proteins of biological
relevance were identified that were previously identified by top-down imaging and top-down sequencing such as [ 1] thymosin- 4
and LCFA-CoA from rat testis and [2] Cystein-rich intestinal protein 1 (CRIP 1) from breast cancer biopsies - a novel marker for
metastatic cancer.

HER 2 +/CRIP 1 + specified human breast cancer biopsies were analyzed using the established Spatial Proteomics workflow. CRIP 1
was identified as one in 150 proteins. Arg-68 was present predominantly in the methylated form and to a lower extent in the non-
modified form. Arginine methylation heterogeneity present in CRIP 1 was in agreement with the unexplained top-down imaging
peak pattern [2] in breast cancer biopsies.

Globally, the Spatial Proteomics workflow provided protein distributions that are typically invisible in top-down images. These
included large (4 MDa titin) and membrane associated proteins such as MARCKS ; however, mostly cytosolic, nuclear and
cytoskeleton associated proteins were identified. The method may also be useful for protein imaging and identification from FFPE
tissue in which top-down analysis is made impossible by protein crosslinks and which is largely accessible from tissue banks.

1. Lagarrigue 2011 MCP 10 : M110.005991
2. Rauser 2010 JPR 9 : 1854-63
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Novel aspects:
Identification of drug and metabolites in whole body tissue sections by rapid accurate mass full scan imaging.

Abstract:

Traditional imaging approaches relying on accurate mass measurements typically require long scan speeds that result in lengthy
acquisition times and hefty file sizes. For this reason, applications toward the assessment of whole body drug distributions have
been limited. New methods allowing for ion accumulation prior to FTICR detection, along with online data reduction algorithms,
have significantly decreased unnecessary overhead, thus considerably improving the overall approach. In this study, rapid imaging
of whole body tissues with accurate mass, high resolving power and high dynamic range by MALDI FTMS in broadband mode
were successfully obtained in a significantly shorter time frame and allowed for the rapid assessment of drug and metabolite.
Male Sprague-Dawley rats (n=3) were administered a single 30 mg/kg PO dose of Olanzapine euthanized at 2, 6, and 12 hrs post
dose, and flash frozen. Whole-animal carcasses were sectioned at 20 micron thickness and whole-body sections were transferred
to MALDI target plates using double-sided tape. A solution of alpha-cyano- 4 -hydroxycinnamic acid (CHCA) matrix (5 mg/ml,
50/50 (v/v) Acetonitrile/H2 O) was spray coated onto tissues using the automated HTX Imaging sprayer. Full MS spectra from m/z
140-1000 were acquired on a 7.0T SolariX FTMS system (Bruker) equipped with a dual ESI-MALDI source employing smartbeam-I|
technology. Data were processed and images were extracted using Fleximaging software (Bruker) .

High resolution (resolving power of 150,000 @400 m/z) and exact mass (<2 ppm) imaging data were obtained in full scan MS
mode over the m/z range of 140 to 1000 using the 7 Tesla FTMS (Bruker) . Exact mass (+/-0.002 Da) 2D images of drug showed
unique distributions across the whole-body sections. Each whole body section collected comprised of roughly 24,000 pixels and
with the acquisition rate of 0.8 seconds/pixel took 5 hours to acquire. The large sample introduction plate and fast acquisition
capabilities of the 7 Tesla FTMS made it an ideal platform for rapid whole body mass spectrometric imaging (WB-MSI) . This
study demonstrated the advantages of a fast acquisition approach for whole body imaging because it allowed for the acquisition
of a full MS spectrum within several hours, effectively enabling a full data set representing a PK time course to be obtained over a
course of a few days rather than weeks by traditional approaches.
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Novel aspects:
Our proposed MALDI-MSI system could visualize spatial distributions about both proteins and metabolites on the same tissue
section.

Abstract:

Background

Matrix-assisted laser desorption/ionization (MALDI) mass spectrometry imaging (MSI) is a remarkable new technology that
enables us to determine the distribution of biological molecules in tissue sections by direct ionization and detection. This
technique is now widely used for analysis of biomolecules such as proteins, lipids and drugs. with high sensitivity. Previously. we
attempted to apply this technique to low-molecular-weight metabolite imaging using 9-aminoacridine (9-AA) as a matrix. As
metabolites represent the compound-level phenotype of information via gene expression and translation, the metabolite imaging
technique is expected to be a potential tool to systematically understand the biological processes. On the other hand, an
integrated analysis of multiple layers of biomolecules has received much attention to get a better understanding of the entire
biological system. Since expression levels of enzymes in some tissues reflect metabolite pattern there, integrated information of
spatial distributions of both metabolites and proteins in the same tissue section will be a breakthrough for unraveling complex
biological systems. In this study, we developed a MALDI-MSI technique for simultaneous analysis of the multiple biomolecules,
proteins and metabolites, in a single tissue section.

Results

Normal rat brain tissues were coronal sliced at 10-um thickness with a cryostat-microtome and thaw-mounted onto a stainless
plate. First, we analyzed the distributions of metabolites in the tissue section. A matrix solution (10 mg/mL 9-AA in 100 %
methanol) was sprayed to the section using an airbrush. Single reflectron-type MALDI-TOF-MS (AXIMA Confidence, Shimadzu)
was used in negative ion mode for metabolite imaging. More than 100 metabolite peaks were detected, and such peaks could be
visualized with their unique distributions. By the MS/MS analysis using quadrupole ion trap-type instrument (AXIMA QIT,
Shimadzu) , we identified about 30 metabolites, including nucleotides, cofactors, phosphorylated sugars, amino acids, lipids, and
carboxylic acids. After metabolite imaging, the tissue section was washed twice in 70% ethanol for removing 9-AA, lipids, salts
and other contaminants, and once in 100% ethanol for fixing protein. The washed sample was subjected to direct tryptic digestion
of proteins on tissue sections (in situ digestion) . Trypsin solution (0.2 pg/pL in 10 mM ammonium hydrogen carbonate) was
spotted onto the tissue section using chemical ink-jet printer CHIP-1000 (Shimadzu) , and then 2,5-dihydroxy benzoic acid (25 mg/
mL in 0.1% TFA/60% methanol) was spotted on the same point. The tissue sample was analyzed by MALDI-MS (AXIMA QIT) in
positive ion mode for peptide MSI, and detected peptides were identified by MS/MS analysis. The MS/MS spectra obtained were
submitted to a MASCOT (Matrix Science) database search engine. Spatial distributions of 30 peptide peaks were successfully
visualized by the sequential MALDI-MSI after metabolite analysis and several peaks were identified.

Conclusions

The present multistep MALDI-MSI technique enabled to visualize the distribution of both metabolites and proteins on the same
brain tissue section for the first time. Overlay of the data from a serial MALDI-MSI allowed the comparison of their relative
abundance or spatial localization unambiguously. Although it is still primitive, we believe that our proposed strategy integrating
the spatial information of biomolecules in two different layers will strongly contribute to the advance in biological and
pharmacological researches.
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Novel aspects:
First report of hierarchical clustering of MALDI-FTMS imaging data

Abstract:

Interpretation of MALDI imaging data can be tedious, especially if many peaks are present. Hierarchical clustering is a technique
that allows clustering of mass spectra based on their overall similarity. The technique is already used for the fast and concise
semi-supervised segmentation of MALDI-TOF imaging data (Deininger et. al, J. Proteome Res 2008, 7 (12) :5230-6) . Compared to
MALDI-TOF spectra of proteins the clustering of FTMS data is more challenging, mainly because FTMS spectra have many more
peaks. In this proof-of-concept study several parameters for the hierarchical clustering such as distance and linkage methods and
missing value treatment were evaluated and their results compared in respect to computational performance and analytical
results.

MALDI imaging data from several model tissues such as mouse kidney, brain, and pancreas were recorded on a FTMS mass
spectrometer (Solarix, Bruker Daltonics) . For each mass spectrum a peak list was generated. The peak lists were binned into
one bucket table with a custom C# program. Clustering was calculated with R. Different parameters for the distance (such as
Euclidean, Correlation, Manhattan) and linkage (Ward, Complete, Average) were used for the calculation, for the Euclidean
distances data were also pre-treated with Principal Component Analysis (PCA) . Segmentation maps were reconstructed from the
clustered data and compared to the anatomy of the tissue sections.

The data suggest that different distance and linkage methods lead to overall similar segmentations of the dataset, which were in
good agreement with the anatomy of the samples. In the kidney, the cortex, medulla, and renal pelvis were clustered as the main
tissue structures by all approaches. The same was true for the anatomical regions in the brain. This suggests that the differences
in the anatomical regions were significantly larger than random pixel-to-pixel variations, thus leading to a robust clustering result.
Differences were observed in the details : Ward linkage led to dendrograms that were easiest to interpret, since they resulted in
larger clusters at the top end of the dendrogram. While ward linkage resulted in the clearest segmentation it was computationally
not feasible to use this on larger datasets. Correlation was found to be a very appropriate distance method that could be applied
without normalization of the data. The preliminary data suggests that since the clustering was robust in the observed cases, it is
feasible to select the parameters according to the computational requirements, which can be different for datasets of different
sizes. Generally the clustering was applicable to FTMS data and allowed a concise segmentation of the datasets.



Poster Session

Monday, 17% September Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)

Session 4: Imaging |

PMo-077 An Investigation of Spatiotemporal Metabolic Behaviors in Response to
11:10-1220  Pathological Progress using Multiple Mass Spectrometry Techniques

Miho Irie, Yoshinori Fujimura, Daiki Setoyama, Mayumi Yamato, Daisuke Miura, Hiroyuki Wariishi
Kyushu University, Fukuoka, Japan

Keywords:
LC-MS, mass spectrometry imaging, metabolomics

Novel aspects:
Combination of MALDI-MS imaging and LC-MS-based matabolomics would visualize drastic changes in spatiotemporal metabolite
distribution of MCAO brain.

Abstract:
Background
Metabolomics, the measurement of global endogenous metabolite profile from a biological sample under different conditions, can
lead us to an enhanced understanding of disease mechanisms and the discovery of diagnostic biomarkers. Mass spectrometry
(MS) coupled with preseparation techniques such as liquid chromatography (LC-MS) or gas chromatography (GC-MS) is a
conventional strategy for metabolomics. These techniques analyze hundreds of metabolites simultaneously ; however, they have
drawbacks in analysis of tissue samples due to a requirement of metabolite extraction, which causes the loss of information on
spatial localization of the metabolites. To better understand the complex biochemical processes in living organisms requires not
only the elucidation of the molecular entities involved in these processes but also their spatial distribution within the organism.
Recently, we developed in situ metabolomic imaging technique by using matrix-assisted laser desorption ionization (MALDI) -MS
that can visualize the localization of a broad range of metabolites simultaneously. The MS imaging (MSI) enabled to trace
spatiotemporal metabolic dynamics in the brain of transient middle cerebral artery occlusion (MCAQO) rat during infarct formation
after ischemia-reperfusion. Although several distinctive changes during pathological progress were observed, detailed metabolic
dynamics still remained unclear because of a low coverage of detectable metabolites. Herein, we performed additional LC-MS
analysis to understand more comprehensive metabolic behaviors in the brain of MCAQO rat. This data together with MSI data was
analyzed for characterizing detailed metabolomic response to pathological alterations.
Results
To investigate metabolic variance after reperfusion following 1 h of MCAO, we used rat brains at different time intervals after
ischemia-reperfusion (0, 3 and 24 h) . For comparing the metabolic state in ischemic and contralateral hemispheres of MCAO
brain, tissues were coronally sliced at 10-um thickness with cryostat and then subjected to MSI for visualizing the spatial
distribution of metabolites. On the other hand, metabolites extracted from three different regions such as whole cortex (CTX) ,
hippocampus (HI) and corpus striatum (CPu) , were measured by LC-MS. Our previous MSI data of MCAO rat brain indicated that
drastic spatiotemporal metabolic changes were occurred in the central metabolic pathway. Holistic evaluation of metabolic profile
in each region was firstly investigated by principal component analysis using LC-MS datasets. These results suggest that metabolic
states were clearly different between contralateral and ischemic hemispheres or among three representative compartments (CTX,
HI and CPu) . In ischemic hemisphere, significant metabolic changes at CTX and CPu were observed after reperfusion, while
metabolic state of HI was relatively stable. These observations indicate that metabolic profiling with spatial information is
indispensable to better understand the mechanism of disease progress in MCAQO brain. Indeed, region-specific metabolic
behaviors in amino acid metabolism, TCA cycle and nucleotide metabolism were shown by hierarchical clustering analysis. In each
specific region (three compartments and two hemispheres) , data correlations between MSI- and LC-MS-based metabolite
analyses were slightly low (averaged R?=0.24) , but remarkable changes such as citrate and N-acetylaspartate were fully
appreciated in both analytical platforms (R?=0.96 and R?=0.89, respectively) . These findings raise the possibility that only a single
LC-MS analysis in small tissue compartments may cause an underestimation of metabolic changes in the tissue. A combination of
different analytical platforms (MSI : spatial information but low coverage ; LC-MS : high coverage but loss of spatial information)
enabled us to visualize more comprehensive metabolic behaviors in the tissue micro-regions. Details about metabolic changes
and its biological significance in MCAO brain will be discussed in the session.
Conclusion
Our proposed multiple mass spectrometric platforms revealed for the first time detailed metabolic behaviors after reperfusion in
MCAO brain. Although this is still primitive, further development of systematic analytical methodology for data integration will
contribute to the advances in biological and pharmacological researches.
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Novel aspects:
Images of drug-positive bands on the longitudinal section of hair shafts, which can provide chronological information of drug use,
were obtained by MALDI-TOF imaging mass spectrometry.

Abstract:

Amphetamine-type stimulants (ATS) represent the most prevalent and potent drugs of abuse. Such drugs ingested into the body
circulate in the bloodstream, and trace amounts of the drugs are deposited in the hair follicles and thus incorporated into the hair
shafts. This paper presents the direct detection of ATS in hair and its imaging by MALDI-TOF-MS, with careful optimization of
sample preparation. Preliminary experiments were performed using human hair shafts spiked with the over-the-counter drug
methoxyphenamine (MOP) , as an ATS analog, at various concentrations. Method development was further carried out using hair
specimens from volunteers who took MOP (e.g., 50 mg/day x 5) . A longitudinal section of a lengthwise-cut single human hair
shaft was directly analyzed by using the MALDI-TOF mass spectrometer autoflex speed (BrukerDaltonics) which utilized a
Smartbeam™\-|| solid-state laser, after deposited with  a-cyano- 4 -hydroxycinnamic acid matrix using an ImagePrep™ (Bruker
Daltonics) . Although lengthwise-cutting of a single hair shaft was laborious, this was necessary for effectively detecting ppm-level
drugs incorporated in hair. Images of drug-positive bands on the longitudinal section of hair shafts, which can provide
chronological information of drug use, were obtained by monitoring analyte-specific product ions in the selected reaction
monitoring mode. To further confirm the identity of drugs detected by MALDI-TOF-MS, the analyses of drugs and metabolites in
T-cm segments (from the root side to the tip side) of these hair specimens were carried out by a conventional LCMS-MS
procedure.

Thus, imaging mass spectrometry can offer a new perspective in the analyses of drugs in hair : “imaging hair analyses for drugs “
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Novel aspects:
Initial characterization of easy ambient sonic-spray ionization mass spectrometry imaging (EASI-MSI) is presented.

Abstract:

Ambient ionization methods (AIM) allow for the examination of surfaces in their native conditions at atmospheric pressure with
minimal or no preparation. Spray-based AIM such as desorption electrospray ionization (DESI) and desorption atmospheric
pressure photo-ionization (DAPPI) have been successfully applied to mass spectrometry imaging (MSI) . In DESI, a spray of
charged droplets creates a thin film on the surface which dissolves the analytes. Subsequent primary droplets hit this film forming
secondary microdroplets which then undergo the classic electrospray mechanism of ionization. In DAPPI, a heated jet of mixed
nebulizer gas and spray solvent vapor is directed to the sample and promotes thermal desorption of the analytes which then
undergo the classic gas-phase mechanism of photoionization. Easy ambient sonic-spray ionization (EASI) is also a spray-based
method. It has been applied to direct analysis of inks for document examination and in characterizing organic compounds
separated on thin-layer chromatography plates. No voltage or heating is required by EASI. The ionization of the sample is achieved
via sonic spray ionization (SSI) assisted by a high-velocity gas flow. Although chemical images have not been presented by EASI,
its potential for MSI is implied. We report the initial characterization of EASI-MS for mapping the distribution of (i) inks in printed
patterns on paper, (i) biomolecules from tissues, and (i) drugs separated by thin-layer chromatography. Preliminary results
showed that chemical images can be easily obtained using no voltage DESI. However, the high-velocity gas flow and the solvent
flow rate required by EASI represent challenges to attain stable signals and good lateral resolution.
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Novel aspects:
We successfully reconstructed acetylcholine distribution in mouse brain and spinal cord tissue sections by MS/MS imaging.

Abstract:

Matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) provides the means for analysis of a wide variety of
biomolecules. This technology known as imaging mass spectrometry (IMS) provides us a novel opportunity to visualize diverse
types of molecules directly on tissue surfaces without the need for target-specific reagents such as antibodies. As most previous
IMS studies analyzed the relative abundances of larger metabolite species, it is important to expand its application to smaller
molecules, such as neurotransmitters. Here we applied IMS technique to visualize neurotransmitter distribution in the central
nervous system (CNS) .

We chose acetylcholine (ACh) and examined both single MS imaging and MS/MS imaging for ACh. Monitoring ion transition by
MS/MS measurement improved the S/N ratio of the ACh-derived signal by eliminating matrix interference. Previous studies
reported that collision-induced dissociation of ACh yields a major fragment ion at m/z 87 arising from the loss of trimethylamine.
Therefore, we compared the S/N ratio and sensitivity of ACh-derived signals between single MS measurements (ion at m/z 146)
and MS/MS measurements (ion at m/z 146 > 87) . For both measurement results of 1 nM ACh standard measurements by MS/MS
and single MS measurements, the spectra obtained from the sample containing spots exhibited clear ACh-derived signals, where
as those from blank DHB spots only exhibited matrix-derived background peaks. In particular, in the single MS measurement, a
DHB-derived peak observed at m/z 146 interfered with the detection of ACh in the MS mode. Conversely, there was no observable
matrix interference at m/z 87 in the product ion spectrum of m/z 146. As expected, this advantage offered an excellent S/N ratio
that is superior to that of the single MS detection, even for the measurement of a trace sample concentration.

We also tried to directly detect neurotransmitters and visualize their localization in the tissue samples. In MS/MS imaging, the
transmitter could be visualized with a high S/N by elimination of matrix interference. In the MS analyses of mouse spinal cord,
reconstructed ion intensity maps for ACh ion showed that the ion which corresponds to ACh distributed both inside and outside
tissue section, suggesting that containing matrix derived chemical noise. Tandem MS solved the first problem of the sensitivity. In
the tandem MS-imaging analysis of ACh in the mouse spinal cord, the signals were detected around the region containing rich
motor neurons. Similarly, we analyzed mouse brain sections with tandem MS imaging. In comparison with the previous reports, it
was revealed that ACh was localized in the region abundant in acetylcholinestelase.

These results show that ACh is the suitable molecular species to detect in positive ion detection mode by IMS, and that tandem
MS imaging is useful for the analyses of tissue distribution of ACh in the CNS tissues.
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Novel aspects:
Preliminary results reveal interesting differences concerning the spatial resolution between different drying times of tissue samples.

Abstract:
Abstract
Objective : Matrix-assisted laser desorption ionization (MALDI) -Imaging mass spectrometry (IMS) has become a powerful and
successful tool for biomarker detection' and drug development. Depending on the research question investigators are trying to go
beyond the exclusive visualization of the spatial distribution of potential markers or areas of interest. Their focus lies on the
identification of the unknown components and hence increased efforts have been made to develop and improve existing
methods.

Current on tissue trypsin digestion techniques in MALDI-IMS are either done via spray coating or droplet deposition of trypsin
solution?? and/or matrix solution respectively. Both can be performed either in @ manual or automated manner. The latter allows
greater confidence of inter-run reproducibility, however the entire process from sample collection to data analysis is influenced by
a number of more or less controllable and uncontrollable factors.

Design and Method : The overall goal of this study was to test and compare various protocols of tissue digestion in order to
improve the quality and reproducibility of MSI data. Frozen and freshly prepared mammalian tissue samples were automatically
sprayed with trypsin and matrix using the ImagePrep device from Bruker Daltonics. Subsequent measurements were carried out
with an UltrafleXtreme instrument (Bruker Daltonics) . The different experiments were carried out varying the trypsin incubation
times/drying phases, the matrix, the raster width of the laser and the setting of the laser attenuator.

Results : Preliminary results reveal interesting differences concerning the spatial resolution. But due to the fact that the
experiments are still ongoing at the time of abstract submission, a final conclusion cannot be drawn.
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Novel aspects:
This high-resolution imaging mass spectrometry analysis for breast cancer tissues revealed the Pls reconstruction in breast cancer
cells which would affect the PI3K or arachidonic acid pathway.

Abstract:
Breast cancer is the common cause of death among Japanese women and its incidence is rapidly growing for the last few
decades. Several studies showed the high-fat diet and obesity increase the risk of breast cancer, and suggested that palmitic acid
(16 : 0) and a-linolenic acid (18 : 3) could affect the breast cancer risk. Furthermore, the phosphatidylinositol-3 kinase (PI3K)
pathway is frequently mutated in the breast cancer. Its abnormal activation is related to the growth, survival, and resistance of
tumors to conventional chemo and radiation therapy. Thus, the blockade of this pathway has a great concern as an emerging
target for breast cancer therapy. Although, the composition of phosphatidylinositols (Pls) altered in cancer tissues, its significance
or impact on PI3K pathway remains poorly understood. The objective of this study is to investigate the phospholipid distribution
in breast cancer tissue by the imaging mass spectrometry and find out the new pathological and biological features in terms of
the Pl and their metabolism.
In this study, we obtained breast cancer tissues from two patients who were diagnosed as the postmenopausal triple-negative
(ER-, PgR-, Her 2-) breast cancer. The tissues were obtained during surgery, quickly frozen, and stored at -80° C until analysis. The
serial sections were prepared from each sample and attached onto the indium tin oxide coated glass slides. Every section was
coated with 9-aminoacridine (9-AA) , which was used as the matrix for matrix-assisted laser desorption/ionization mass
spectrometry (MALDI/MS) . The 9-AA was mechanically evaporated for positive and negative imaging MS analysis. The imaging
mass spectrometry was performed by the high-resolution mass spectrometer (AP-MALDI, 10um spacial resolution, Shimadzu Corp.,
Kyoto) . All imaging data were analyzed by the BioMap (Novartis, Basel, Switzerland) .
The phospholipid distribution obtained showed three patterns ; 1) cancer cell-specific localization, 2) stroma and stromal cell-
specific localization, and 3) uniform distribution. Intriguingly, the distribution of Pls showed a unique localization. PI (18:0/20: 4) ,
one of the major molecular species of Pl, was localized in stromal cells while it was almost undetectable in cancer cells. In
contrast, Pl (18: 0/18:2) , Pl (18: 1/16: 0) and Pl (16: 0/16: 0) were mostly observed in only the cancer cells. PI (18:
0/22:6) ,PI (18:1/20: 4) ,PI (16: 0/20: 4) , and lysoPI (18 : 0/OH) were uniformly distributed while the signal intensities
of the first three Pl were dramatically lower than that of lysoPl (181 0/OH) . PA (16: 0/18: 1) , a precursor of Pl, was detected
in cancer cells. From these findings, we could speculate that this replacement of acyl-chain or de novo Pl synthesis occurred in the
breast cancer and regulate the PI 3K or arachidonic acid pathway in the cancer cells, although we didn’t compare with the normal
ductal and stromal cells. At least, majority of Pls in cancer cells could be a palmitic acid or stearic acid containing Pls. In addition,
The palmitic acid containing phosphatidylcholine (PC) , PC (16: 0/16: 0) and unknown molecular species of PC, which were
localized in cancer cells changed their sn-1 acyl-chain from palmitic acid (16 : 0) to palmitoleic acid (16 : 1) in accordance with
the distance from the stromal region. Although this was observed only in one case, we thought it was because each tumor cell
cluster was very small in another case.
In summary, we observed the unique localization of Pls and PCs in breast cancer tissue using high-resolution imaging mass
spectrometry. We will confirm these findings by measuring the tissues containing normal ductal and stromal cells and investigate
the key factors related to the Pls and PCs reconstruction.
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Novel aspects:
We studied the oxygen defect chemistry through zinc and antimony distribution in tin dioxide ceramics.

Abstract:

Transparent oxides such as zinc oxide and tin dioxide, an n-type semiconductor with a wide band gap, has been extensively
studied as a useful material for application to solar cells, gas sensors, and oxidation catalysis. It is considered that the origin of
n-type conduction is oxygen vacancy. Especially, the study on oxygen defect in tin dioxide is not enough, because it is difficult to
produce dense ceramics and single-crystal. In this study, we propose new defect chemistry on the oxygen vacancy through the
distribution of zinc and antimony in the dense tin dioxide ceramics.
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Novel aspects:
Evaluation of the distribution and the content of various metabolites by using metabolite maps reconstructed from the CE-MS
based quantitation

Abstract:

Matrix-assisted laser desorption/ionization (MALDI) imaging mass spectrometry has been widely used to display the spatial
localization of endogenous metabolites and administered pharmaceutical drugs in various tissues. This technique is currently used
to the wide variety of animal and plant systems. In MALDI imaging mass spectrometry (IMS) technique, to keep a high sensitivity
and a good reproducibility, a homogeneous matrix coating on tissue slices is required. As a typical matrix coating method, a spray
method, a droplet method using a robotic spotter and a vapor deposition technique are known and each method is chosen
according to the aim (a spatial resolution, the reproducibility, an extraction efficiency of molecules, a cost, etc.) . To keep the
reproducibility between multiple samples on IMS experiment, we performed matrix deposition by usage of a robotic spotter. In
this study, we performed IMS of endogenous metabolites in a mouse brain tissue using 9 -aminoacridine as a MALDI-matrix. As a
consequence of IMS, these molecular images displayed a unique distribution of each metabolite between multiple samples and
these molecular images suggested homogenous matrix deposition between many spots led to acquire reproducible results among
different slices.

Subsequently, to reflect the concentration of metabolites in tissues to the molecular images, the quantitative data by CE-MS was
tried to couple to imaging of metabolites. Quantitative analysis by CE-MS was achieved using a sequential tissue slice next to a
tissue slice for IMS measurement. First, a ratio of the peak intensity of a target metabolite at nth spot (Int,) / the median of the
peak intensities of the metabolite of the all the spots (Intae) was calculated from the IMS data and next, the apparent
concentration (C,) of each metabolite at the nth position of tissues was determined by multiplying the ratio by the metabolite
concentration (C) of tissue quantified by CE-MS. Thus metabolite maps (AMP, ADP and ATP) were reconstructed to evaluate the
changes of energy metabolism among the multiple samples. Furthermore, energy charge (EC) was also calculated using
reconstructed molecular images from AMP, ADP and ATP. Using this IMS technique linked to the quantitation, we displayed the
distribution of ATP and its degradation metabolites, ADP and AMP in mouse brain tissues from both wild type and transgenic mice
deficient with a target enzyme under the normoxia/hypoxia. Molecular imaging reconstructed by CE-MS based quantitative data
could become a powerful tool to evaluate the fluctuation of metabolites between multiple tissue slices from different mice,
reproducibly and reliably.

References
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Novel aspects:
Newly developed nano-electrospray source allows non-LC-MS experts to get optimized nanoLC-MS results by using an integrated
column-emitter design.

Abstract:

Introduction

Nano-flow LC-MS is widely used for qualitative and quantitative proteomics studies due to its high sensitivity and specificity ;
however, it is frequently observed that irreproducible and poor results are obtained owing to imperfect connections of tubing,
column, high voltage electrode, and the emitter. Improper connections often result in leaks and large swept volumes that cause
substantial peak broadening and thus poor sensitivity while a poor high voltage connection will yield poor data because of
unstable spray. In order to address these common issues, we have developed a new nano-electrospray source and emitter
concept in which, a column, column heater, high voltage electrode and an emitter are combined in one ready-made assembly.
The performance of this new source concept was evaluated.

Methods

A prototype of new developed nano-electrospray source was installed on the Orbitrap Elite mass spectrometer and connected to
an Easy-nLC 1000 nanoLC pump. Three column (50 um id x 15 cm, 2 um) assemblies were used for evaluating column-to-column
and run-to-run reproducibility. Both complex peptide mixtures and simple digest mixture were used. The retention time
reproducibility, peak shape, resolution and peak capacity in different temperature ranges were evaluated. In order to test the
device flexibility, several flow rates from 150 nl/min to 1000 nl/min were used. The mobile phases were 0.1% FA/H2 O and 0.1% FA/
MeCN. A 60 min linear gradient was used for the complex sample separation. A 15 min linear gradient was used for the simple
digest sample separation

Preliminary Data

The column assembly is positioned in the source without the need to adjust the X,Y, or Z positions of the emitter. A high spray
stability was achieved over all LC runs with three different columns. The obtained chromatographic resolution, sensitivity, and
reproducibility matches other state-of-the-art data without need for adjustments (or expert intervention) beyond plugging in the
column/sprayer assembly. More than a thousand proteins were identified with increased component detection from the complex
protein digest mixtures. The reproducibility of the retention time from column to column for the targeted peptides from the simple
standard mixtures was less than one percent.
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Keywords:
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Novel aspects:
The ESTASI provides an alternative strategy to ionize a sample from a surface as compared to laser desorption ionization and
desorption electrospray ionization.

Abstract:

An electrostatic spray ionization (ESTASI) method has been developed for mass spectrometry (MS) analysis of samples in or on
an insulating substrate.’ The principle is based on the capacitive coupling between an electrode and the sample. In practice, a
metallic electrode is placed close to the sample and isolated by an insulator. Upon application of a high voltage pulse to the
electrode, an electrostatic charging of the sample occurs leading to a bipolar spray pulse. When the voltage is positive, the
bipolar spray pulse consists first of cations and then of anions. This method has been applied to a wide range of geometries to
emit ions from samples in a microchip, in a silica capillary, in a disposable pipette tip or from samples on a polymer plate.

Specifically, proteins or peptides separated by an isoelectric focusing gel electrophoresis can be directly profiled by the ESTASI-
MS without staining and extraction procedures. Indeed, with the ESTASI-MS, proteins with an amount of several nanograms can
already be detected, indicating a strategy more sensitive than the classical Coomassie Brilliant Blue staining and providing the
molecular weight or even fragmentation information at the same time. This protein profiling strategy with ESTASI-MS has a brilliant
future in top-down proteomics.

We have also developed multi-functional polymer microchips as both microreactors and electrospray emitters for on-line analysis
of reaction products by MS. Typically, the microchips include several microchannels to introduce reagents to a main reaction
channel, electrodes to apply high voltage for electrospray or apply voltages for on-line electrochemical reactions, and a
microchannel to provide sheath flow to stabilizing electrospray ionization (ESI) . When the electrode providing high voltage is in
contact with the main channel for spray, the microchip is used for regular ESI. When the electrode for high voltage is isolated from
the main channel by polymer, the microchip is used for capacitive ESTASI.

In a first application, the microchip-MS was used to investigate the nitration of tyrosine.? With the advantages of on-line reaction,
we have found new mechanisms for nitration on tyrosine catalyzed by copper (Il) . In general, micromolar concentrations of
copper catalyze the nitration process by nitric oxide (NO) oxidation, whilst millimolar concentrations catalyze the nitration
process by nitrite oxidation. Comparing to batch reaction, the on-line microchip-MS system is useful to detect reaction products
with short lifetime produced in seconds, such as radicals. When different solvents are introduced via different microchannels, the
microreactor can be used for the research of liquid-liquid interface reactions. We have investigated the mechanism of ferrocene
methanol oxidation at the 1,2-dichlorobenzene-water interface.

Since sheath flow of a buffer suitable for ESI is provided, the microchip can be used as an emitter to connect with various
microfluidic devices for efficient and stable ESI of analytes. In one example, we have connected the microchip emitter with a push-
pull probe developed in our group for scanning electrochemical microscopy (SECM) .°> Therefore, surface chemical component
was firstly characterized and imaged by SECM and then extracted for microchip-ESI-MS imaging. In another example, the ESI
emitter microchip was connected with a microfluidic chip for electrochemical reaction, similar as the one reported recently in
BIOSENSORS&BIOELECTRONICS.* Drug metabolites generated by electro-oxidation was analyzed on-line by ESI-MS.

Reference

1. Electrostatic-Spray lonization Mass Spectrometry, L. Qiao, et al.. Chemical Science, SC-EDG-02-2012-020213, revised
2. L. Qiao, et al., J. Am. Chem. Soc.,2011, 133, 19823-19831.
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4. M. Odijk, et al., Biosens. Bioelectron., 2010, 26,1521-1527.
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Novel aspects:
Miniaturized peptide sample pretreatment platform that only required nano-liters of sample. Subsequent indirect spray mass
spectrometric analysis can be carried out using same platform.

Abstract:

The presence of salt or matrix components is known to suppress analyte signal' in the mass spectrometric analysis of complex
mixtures. Therefore, solid phase extraction (SPE) is an important and widely used sample pretreatment technique? to
preconcentrate the target analyte and remove interfering components prior to the mass spectrometric analysis. However, the
minimal volume of sample required for SPE clean-up is typically one to a few micro-liters.

Our group has developed a sensitive ambient ionization technique, named indirect spray?. Using membrane funnel, 1 fmol of
peptide is sufficient to provide detectable signal in a Fourier-Transform lon Cyclotron Resonance mass spectrometer. Sample
volume requirement for an indirect spray analysis can be as low as 50 nL. To couple the advantages of SPE and indirect spray, SPE
sorbent attached membrane funnel is prepared. Preliminary results showed that SPE in sorbent attached membrane funnel format
was feasible. Angioteinsin Il could be adsorbed on the C18 sorbent efficiently by simply loading the sample onto the surface of the
sorbent film. After the washing step, angiotensin Il signal could remain essentially the same as before washing. Desalting was
feasible for peptide sample prepared under physiological concentration of salt (150 mM NaCl) . Determination of salt tolerance,
reproducibility and sensitivity of indirect spray using this miniaturized peptide sample pretreatment platform are underway. We
will also explore the applicability of other sorbent materials for specific peptide analysis.

' Buhrman, D. L. ; Price, P. I. ; Rudewicz, P. J. J. Am. Soc. Mass Spectrom.1997, 7, 1099-1105.

2Majors, R. E. LCGC North Am. 2002, 20, 1098-1113..

3 Yeung, H. S.; Chan, T.-W. D. In 58" Annual Conference on Mass Spectrometry and Allied Topics ; Salt Lake City, UT, May 23-27,
2010 ; The American Society for Mass Spectrometry @ Santa Fe, NM, 2010 ; p 912.
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Novel aspects:
Novel off-line electrospray ion source with a disposable needle for liquid sample analysis.

Abstract:

Introduction

Electrospray ionization is a useful tool for analyzing liquid samples, such as environmental, pharmaceutical, and biological samples.
Usually, a liquid sample is pumped through a metal capillary of the electrospray ion source. The capillary is contaminated and
then is sometimes clogged by dirt that is in the sample.

Off-line ion sources such as probe electrospray' and ESI chip? were reported to reduce contamination and blockages. For further
improvement, we have developed a novel off-line electrospray ion source (off-line ESI) using a disposable needle that is available
commercially and is easy to exchange. We will show the preliminarily results obtained using an off-line ESI with a disposable
needle.

Methods

Our off-line ESI consists of a disposable needle. The disposable needle consists of a metal capillary and a plastic reservoir with a

volume of about 100 uL. A liquid sample was introduced from the end of the metal needle into the sample reservoir using a syringe

that was connected to the reservoir. After supplying the sample, the syringe was separated and a high voltage of 3-5 kV was

applied to the metal needle. The liquid sample was continuously sprayed from the end of the disposable needle by gravity
(without pumping) .

Preliminary data

Reserpine was used as a measurement sample, and the following three solvents were used : methanol, methanol/water : 1/1,
and water. The ion sensitivity of reserpine ions using the off-line ESI with the disposable needle was about half that of the normal
ESI. The signal lasted for over 60 seconds with an inner diameter of 0.19 mm.

We investigated the flow rate by gravity dependence on the inner diameter of the capillary for several solvents. For methanol, the
flow rates with an inner diameter of 0.13, 0.19, 0.26, and 0.33 mm were 20, 50, 200, and 600 uL/min, respectively. The flow rate
increased proportionally to the 3.7th power of the capillary’s inner diameter, which is consistent with the conductance of a
capillary being proportional to the 4th power of the capillary’s inner diameter. The flow rate of the methanol /water : 1/1 was
reduced to 40-50 % of that of the methanol solvent, and the flow rate of the pure water was reduced to 70-80 % of that of the
methanol solvent. This result shows that the flow rate is approximately inversely proportional to the viscosity of the solvent.

References
[ 1] Hiraoka, K. ; Nishidate, K. ; Mori, K. ; Asakawa, D. ; Suzuki, S. ; Rapid Commun. Mass Spectrom. 21, 3139-3144 (2007)
[2] Zhang, S.; Van Pelt, C.K. ; Henion, J.D. ; Electrophoresis, 24, 3620-3632, (2003)
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Keywords:
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Novel aspects:
direct separate measurement of ion and droplet losses in their movement through a transportation capillary from atmospheric
region into the interface

Abstract:

Mass-spectrometry with ambient ionizations requires ion transfer into the high vacuum region. A nozzle or transportation capillary
is often used in modern instruments ; a number of vacuum steps are used before an ion enters the high vacuum. Physical
processes in ion movement from the atmospheric region to the gas dynamic interface, i.e.the low vacuum part of the instrument,
are very important as they affect strongly on main analytical features : the mass range, detection limit, and precision.

The transport capillary is a cylindrical channel with the diameter D and length L. The nozzle can be treated as a capillary with
extremely small length. Droplets can be evaporated in their movement through the capillary, and the charged particles are able to
diffuse to its walls ; this results in loss of signal and instrument discriminations.

The presented work discusses dependence of the capillary transmission on the L/D relation, of a sort of charged particles, and a
magnitude of the through the capillary. Capillaries have been used with L/D ratios of 0.8, 32.5, and 420, and lengths L0.3, 30, and 150
mm. Studies were carried out by a double focusing mass spectrometer MX-3303 with a Kontorovitz-Grey gas-dynamic interface in
the positive ion mode.

Atmosphere pressure corona ionization (APCI) and electrospray ionization (ESI) have been used to get various types of the
charged particles : APCI generates only ions ; they are mostly water clusters and provide a steady and high ion current. On the
contrary, ESI gives both ions and charged droplets, and their relative role in the total current depends on the spraying details.

It was shown experimentally that the capillary transmission decreases with the increase in its relative length. In the APCI mode of
ionization with the input current of 1500 nA, the current transmission drops by a factor of three when the capillary with L/D =0.8
has been substituted by the one with L/D = 32.5; for the capillary with L/D = 420, the transmission was decreased by a factor of
50. In the ESI mode, the input current was ~ 60 nA, and the drop in transmission was 3 times for L/D =32.5, and "150 times for L/D
= 420.

To determine the charged particle type entering the gas dynamic interface, we applied retarding potential to the skimmer : the
electric and gas dynamic forces work oppositely. The voltage of 20- 80 V was enough to repulse ions as they have rather high
mobility ; however, it was too low to affect droplets. This made it possible to evaluate the efficiency of droplet evaporation inside
the transportation capillary. To validate the above ideas, detailed simulation of ion and droplet movement have been done using
SIMION 8.0 and ASXIM.

The output current consisted of droplets for more than 99% for a nozzle or short capillary ; as for the capillary with L/D = 420, the
30 % of output current were ions. This means that droplets are evaporated actively in the capillary, and this effect can not be
ignored when one estimates the relative effectiveness of different methods of introducing the charged particles into a gas-dynamic
interface. We have simulated the gas dynamic movement inside all three types of the capillary using Fluent 6.0 and calculated the
charged particle diffusion to the capillary wall. The results are in good agreement with the experimental findings.
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Novel aspects:
A novel micro/nano-ESI ion source provides ease of use, improved ion signal stability, and better S/N ratio.

Abstract:

Introduction

The advent of micro/nano-ESI has considerably extended the applications of ESI in analytical mass spectrometry. It offers some
remarkable benefits such as lower sample consumption and higher ionization efficiency. However, conventional micro/nano-ESI
systems can suffer from unstable Taylor cone effects, clogging of emitters, and incomplete droplet desolvation, making them more
difficult to operate. In the present study, a novel source was developed to accommodate nano to micro LC flow ranges and
operate atatmospheric pressure. Compared to the conventional micro/nano-ESI ion source, this new ion source offers ease of use,
2 fold improvement in signal stability, and higher S/N ratio with more complete droplet desolvation.

Methods

The experiments were carried out on an IONICS EP10+ with IONICS HSID™ interface. Comparisons of signal stability,
reproducibility, and S/N ratios were made for the new ion source and a conventional microspray source. Flat-cut silica capillaries :
25 um (ID) were used as sprayer emitters. Reserpine (100pg/ul) in H.O : MeOH (1 : 1) with 0.1% acetic acid was used to study
the signal stability with both syringe and nano-HPLC pumps. Both BSA (tryptic digest) (50fm/ul) in H,O (100%) with 0.1% formic
acid and testosterone (10pg/ul) in serum were run with nano LC columns (75um (ID) , C-18) to study the S/N ratio of the MRM
spectra. The LC gradient was 5 % to 95%in the organic solvent in a 15-minute run.

Preliminary data
The ion source conditions such as sprayer emitter position, gas flow, and sprayer voltage, were fully optimized. For this new ion

source, the optimization process was simple and straightforward with good reproducibility, offering ease of use. However, for the
conventional microspray ion source, the optimization process was very time consuming with poor reproducibility. There were also
larger ion signal variations at different ion source conditions for the conventional microspray source. After the ion source
optimization, the ion signal stability was measured with a reserpine sample using both syringe and nano-HPLC pumps.

The variation in the total ion counts from Q 1 scans were recorded. The results consistently showed that the new ion source had
2-fold improvement in stability compared to the microspray ion source for both syringe and nano-HPLC pumps. Using a nano-
HPLC pump with 75umID columns, the MRM spectrum from multiple injections of reserpine also showed that the new ion source
provided two times higher signal reproducibility than that of the microspray ion source. The MRM spectra from a BSA digest were
examined to compare the S/N ratio for both ion sources. The results clearly showed reductions of chemical noise level of the new
ion source due to the more complete droplet desolvation. Although the absolute ion intensity of the microspray ion source was
better than that of the new ion source, the resulting S/N ratio of the new ion source was better. A similar trend was also found in
the MRM spectra of testosterone in serum. Since the MRM spectrum itself can greatly reduce the chemical noise level, the Q1
multiple ion (MI) scan of a BSA digest was also used to examine the background noise and S/N ratios. The result clearly showed
improved S/N ratio with the new ion source.
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Novel aspects:
new ESI design with rotating gas flow and transversal ion extraction

Abstract:

The mass-spectrometer sensitivity are highly determined by droplet eletrospraying, their movement by gas and electric forces,
evaporation, and ion collection to the sampler. The most significant signal loss occurs in the ambient region because of spray
inefficiency, imperfect droplet evaporation and spatial repulsion of the charged particles. The signal losses due to each of these
reasons can be of 2 to 3 orders of magnitude ; the total loss in signal compared to its maximal theoretical value is often as high
as 10° even for effective commercial instruments.

We have examined the sequence of physical processes that leads to losses in ions at the atmospheric region, and indicated the
mutual relationship between the named mechanisms. Generally, electrospray proceeds under the influence two electric fields :
the outer electric field created by the counter electrode and the space charge field created by droplets emitted from the Taylor
cone. Space charge field plays an important role, suppressing the spraying at high flow rates, and causing high and low frequency
oscillations of the emitted current.

Evaporation of droplets is limited by the drift time of their movement, by heat flux, and significant readsorbing of solvent
molecules. Droplet move much more slowly than ions, and are the main source of space charge to cause an effective repulsion of
the particles.

We have studied experimentally, in simulation and theoretically the possibility of electrostatic focusing of ions at the atmospheric
pressure by electrostatic lens system. It was shown that the nature of particles and the space charge density are the main factors
determining focusing efficiency. Thus for ions got from corona ionization, the focusing efficiency dropped from ™ 15% at 50 nA down
to 0.1% at 1 mA. Focusing almost did not work at the first situation : the current part reaching the sampler entrance was nearly
the same as ratio the geometric orifice area and the area of the ion cone. In the case of ESI, the situation was much more
complicated and depended on the temperature and solvent composition

To overcome these difficulties, we have developed a novel spray system, based on a combination of droplet evaporation in a
rotating heated gas and electrostatic ion extraction in the transverse direction. The measurements showed a significant increase
in sensitivity of the instrument, as high as two orders of magnitude for favorable conditions, and sufficient increase in spraying
effectiveness for high sample flow rates
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Novel aspects:
Use of isotopically labelled protein internal standards to perform Sl-traceable quantification in human serum samples.

Abstract:

The need for certified reference materials is well recognized within the clinical community and by the International Federation for
Clinical Chemistry and Laboratory Medicine (IFCC) . Use of suitable reference materials supports results that are accurate,
specific, and most importantly comparable between laboratories. Although methods for the traceable quantification of standard
protein solutions have now been developed, such standards are rarely commutable for use with routine clinical or biochemical
immunochemical measurement techniques. Solution standards behave differently during the analytical process than the complex
biological samples they are being used to standardise. Consequently, there is a need to develop methods that give traceable
results for protein standard materials in complex matrices such as human serum.

Using somatropin (recombinant human growth hormone, rhGH) as a model, a method for the Sl-traceable quantification of a
specified protein inhuman serum has been developed. Isotopically labelled rhGH was used as an internal standard to perform
isotope dilution mass spectrometry (IDMS) . This should account for any losses encountered during sample preparation,
incomplete digestion due to the presence of the remaining matrix proteins and any modifications that occur during the method. In
order to remove any structural differences between the natural rhGH and its labelled analogue, denaturing and reducing
conditions were used prior to sample clean-up. Removal of the large (>30 kDa) proteins within serum and subsequent reverse-
phase fractionation was performed using a restricted-access type media. The resultant simplified matrix was digested using trypsin
and quantification of the tryptic peptides released was performed by mass spectrometry.

In order to achieve traceability, a rhGH solution standard previously quantified using internal labelled peptide standards was used
to spike blank human serum. A serum sample was prepared at 10 ng/g and quantified using the method described to give results
traceable to the SI with a total measurement uncertainty of <20 %.
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Novel aspects:
Global examination of protein complexes in sea urchin development using a novel high-through screening approach based on
high-performance HPLC separation and LC-MS/MS analysis

Abstract:
Macromolecular complexes are essential for all aspects of cell biology, including development. Generating comprehensive cellular
protein-protein interactions maps is therefor eessential for understanding the basic molecular biology of organisms. While
progress has been made in the large-scale isolation and identification of stable protein complexes simple model organisms like
yeast, existing high-throughput assays for mapping physical interactions like affinity purification are difficult to apply to non-
traditional classical model organisms such as sea urchin. Here we describe the application of an integrative proteomic profiling
approach for systematically enriching and identifying the components of soluble protein complexes during early stages of
development in Strongylocentrotus purpuratus. Soluble protein was extracted from lysates of eggs prior to fertilization, 5 min
post-fertilization, at 2-cell cleavage stage, and from hatched blastulas, and subjected to extensive non-denaturing fractionation
with mix-bed ion-exchange high pressure liquid chromatography (IEX-HPLC) . Proteins belonging to the same complex that co-
elute during HPLC are then identified and quantified by tandem mass spectrometry (LC-MS/MS) using a high precision Orbitrap-
velos instrument. SEQUEST and PepQuant (homemade software) were used for MS/MS database searching and label-free MS 1
precursor ion-based quantification, respectively. Interaction scores were assigned based on the similarity in fractionation profiles
(ie Pearson correlation score) of co-eluting protein pairs based on the recorded spectral counts and peak intensities. Next, an
integrative machine-learning procedure using supporting biological evidence (e.g. co-evolution, functional annotations, co-
expression, co-localization, conservation) was used to filter the protein protein interactions to generate a high-confidence
PPInetwork, while clustering was applied to predict protein complexes. This work provides an unprecedented perspective into the
global molecular organization and conservation of protein complexes in sea urchin cells during early development, and should
facilitate further mechanistic insights into animal gene function.
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Novel aspects:
The C-terminal enrichment was successfully performed by double digestion using GluC and AspN, and COOH selective capture
with tosylhydrazide glass material.

Abstract:

The C-terminus of protein is of great importance in determining various cellular functions. Presently, mass spectrometry (MS) has
been the method of choice for analyzing the protein C-terminus, but even with the cutting-edge technology, it is still difficult to
analyze the C-terminus of a protein of interest, and it is not too much to say that there are only a few methods for the analysis.
The conventional methods of peptide mass fingerprinting and peptide fragment fingerprinting can often not give any information
of C-terminal structure, in particular when the protein is C-terminally processed or posttranslationally modified. Hence, an efficient
and practical technique for characterizing protein C-terminal variation has strongly been needed.

We here present an approach to MS-based sequence analysis of selectively enriched C-terminal peptide from protein. This
approach employs a combination of the specific derivatization of alpha-carboxyl group (COOH) , proteolytic double digestion
using endoproteinase GluC and AspN, and enrichment of C-terminal peptide through the use of COOH-capturing material. Highly
selective derivatization of alpha-COOH was achieved by a combination of specific activation of alpha-COOH through oxazolone
chemistry and amidation using 3-aminopropyltris (2,4,6-trimethoxyphenyl) phosphonium bromide (TMPP-propylamine) . This
amine component was used to simplify fragmentation in MS/MS measurement, which facilitated sequence determination. The
peptides produced after GluC/AspN digestion were then treated with a COOH scavenger to enrich the C-terminal peptide that
lacks COOH group, and the obtained C-terminal peptide was readily sequenced by MALDI-MS/MS due to the TMPP mass tag.

In the current status, there is no general method for C-terminal sequencing analysis of protein, partly due to its highly varied
nature, hence versatile techniques for such purposes have been required. The method presented in this session can be used
complementarily with previously reported protocols for protein C-terminal analysis.
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Novel aspects:
Proteomics analyasis is one of usefull methods for investigate mechanisms of AlA.

Abstract:

Introduction: The mechanism of aspirin intolerant asthma (AIA) remains unclear. AlA patients have a character with intractable
nasal polyps. We performed proteomics analysis of nasal polyps to identify proteins related to AIA using different expression
profiles.

Methods: Proteomics analysis by nasal polyps had been performed in AIA and Chronic Rhinosinusitis (CRS) . Polyp samples were
taken from 8 patients with AIA and 8 patients with CRS. Proteins extracted from polyps were labeled with Cy 3 or Cy5. Samples
were run 2 D-DIGE (2dimensional differential gel electrophoresis) . The target protein spots were found with Progenesis PG240
software. And then these were subjected MALDI-TOF/MS analysis. The database search for peptide mass fingerprinting
candidates was performed using a Mascot Search Program. Immunohistochemistry and western blotting by using antibodies
against these proteins were followed in nasal polyps for AIA and CRS. Finally, in vitro, we studied regulation of these proteins
using EoL- 1 which is human eosinophilic cell lines.

Results and Discussion : We identified 122 diffrentially expressed protein by 2 D-DIGE. Compared with CRS, there were 79 proteins
up-regulated and 43 proteins down-regulated. Among these, 4 proteins including protein X (temporary name) were highly
overproduced in AIA patient’s nasal polyps. To validate the results obtained in this study, we selected one candidate protein
(protein-X) related to AIA and assesed more detail. The differential expression of protein-X in cytoplasm of eosinophil was
confirmed by immunohistochemical analysis. Aspirin and lipopolysaccharide (LPS) has not changed protein-X mRNA in EoL-1.
CysLT 1R mRNA was up-regulated by LPS and decreased by transfected siRNA for protein-X.
Proteomics analyasis is one of usefull methods for investigate mechanisms of AIA. Ptrotein-X is overexprresed in AlA patient’s
nasal polyps and have important role of AIA as LPS.
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Finding of racemization in antibody therapeutics and investigation of analytical method for racemization in protein with hydrogen/
deuterium exchange mass spectrometry.

Abstract:

Therapeutic antibodies often suffer from degradation due to various modifications during storage. We detected a novel
degradation of immunoglobulin gamma 1 (IgG 1) stored for 6 month at 40 degrees celsius, and identified the modification as the
racemization of a cystein residue in the hinge sequence of heavy chain. The racemization was confirmed by mass spectrometry in
conjunction with extracted ion chromatography of the tryptic digest of IgG 1 forced to degrade in D,O. To rationalize the possible
relationship between the racemization of cysteine, we suggest a new reaction mechanism that assumes a base catalyst to initiate
these reactions by activating the amide nitrogen of neighboring lysine residue.
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Novel aspects:
SAW-bioaffinity analysis of carbohydrate peptide/protein interactions.New clinically relevant carbohydrate binding epitopes.

Abstract:

The emerging physiological significance of carbohydrate (glycan) -protein (lectin) interactions direct increasing attention to the
structural analysis of this contact (1) . Using human adhesion/growth-regulatory galectins, we have developed a robust and
reliable approach to identify sequence stretches in contact to the ligand. In this study we want to focus on Galectin-9 and
Galectin-5 because sequence homology analysis revealed that the C-terminal carbohydrate-binding domain of galectin-9 has
extensive similarity to that of monomeric galectin-5. In contrast to galectin-5, which is mainly expressed in erythrocytes, galectin-9
was found to be widely distributed, i.e. in liver, small intestine, thymus, kidney, spleen, lung, cardiac and skeletal muscle,
reticulocyte and brain. Galectin-9 is also known to be a selective eosinophil chemoattractant and it was found in tumor tissue of
Hodgkin’s disease. Because of such features characterisation of galectin-carbohydrate interactions and identification of binding
sites is of crucial importance for drug design. Combination of proteolytic excision and affinity-mass spectrometry yielded peptides
reactive with cognate sugars, as ascertained by biosensor and cell assays.

Experimentally, galectins were adsorbed to an affinity resin bearing cognate sugar and proteolytically digested. After washing out
unbound galectin fragments, the fragments remaining on the column were eluted, and both fractions analyzed by mass
spectrometry. This procedure was termed CREDEX-MS (Carbohydrate recognition domain excision/extraction) . The identified
CRD-peptides were synthesized by Fmoc-SPPS and their binding properties characterized by affinity-MS. The interactions of lactose
with full-length galectins and with identified CRD-peptides were studied by SAW-bioaffinity-measurements and online-bioaffinity-
coupling of SAW with ESI-MS. The lactose was immobilized on bioaffinity-sensor-chips in the form of a glycopeptide. SAW
measurements were performed with an S-Sens K5 Biosensor instrument in PBS buffer and elution was performed with ACN : 0.1%
TFA 2 1.

CREDEX-MS of galectins identified at least two carbohydrate-binding peptides for every galectin - in complete agreement with the
binding sites of the crystal - or molecular modelling structures. All identified carbohydrate-binding peptides were synthesized and
their affinity for lactose demonstrated by affinity-MS. To get more detailed information about the affinity and interaction kinetics of
the CRD peptides and full galectins with lactose, SAW-bioaffinity measurements were performed. Lactosyl-glycoprobe was
immobilized on the SAW chip and dissociation constants of galectin peptides and galectins with lactose determined to be in the
WM range. For a real-time study of carbohydrate-lectin interaction a newly developed online-coupling of SAW with ESI-lon Trap MS
was used. With this system the peptides interacting with on chip bound carbohydrate could be studied directly after the elution
and it could be proved which peptides interact with the carbohydrate on the chip. This system was tested with synthetic CRD
peptides and it was shown that online-coupling of mass spectrometry with the biosensor was successful.

The presented results document the validity of the concept to obtain bioactive peptides from lectins (2) . These bioinspired
peptides are becoming objects of detailed structural analysis and inspire their tailoring, e.g. by incorporating non-natural amino
acids, as medically useful mini-lectins or lectin blockers.

Surface acoustic wave measurements were shown as a working tool for determination of dissociation constants as well as in
combination with ESI-lon-Trap-MS for the study of carbohydrate-lectin-interactions.
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Novel aspects:
Specific fragment ions obtained by a novel CFR can discriminate isobaric residues in SPITC-derivatized peptides without impairing
interpretable sequence information.

Abstract:

Fixing a strong negative charge at N-terminus of tryptic peptide is a quite effective chemical derivertization for de novo sequencing
by using post-source decay (PSD) on MALDI-TOFMS. However, whereas the chemical derivertization causes interpretable y-ions
mainly, one cannot differentiate isobaric amino acid residues, for instance, Ile/Leu and «- /B Asp. We will report our study of
differentiation of these residues by using PSD and a high energy CID in a novel curved field reflectron.

PSD and high-energy CID-MS/MS in the curved field reflectron were performed in positive ion mode. For the high-energy CID
experiments, helium was used as collision gas, and a collision energy was 20 keV (laboratory frame of reference) . 4-sulphopenyl
isothiocyanate (SPITC) was purchased from SIGMA. Tryptic digests of BSA and f-casein were provided to SPITC-derivatization, as
described in the previous report. Some peptides including Ile/Leu were analyzed by PSD and the MS/MS. Two synthesized
peptides, which include a-and B Asp respectively, were also provided to the derivatization, and then analyzed by MS as well.

As reportedly, the derivertization of the tryptic peptides produced y-ions mainly in PSD measurement, which is useful to interpret
sequences denovo easily. However, it was impossible to differentiate Ile and Leu due to the same residual mass. The high-energy
CID-MS/MS (HE-CID) of the derivertized peptide produced moderate intensities of w- and d-ions that were generated by side-
chain fragmentation, while dominant y-ions were still observed in the MS/MS spectra. It is noted that, in an operation of CFR, one
can switch PSD to HE-CID so rapidly that it is easy to recognize d- and w-ions derived from Ile/Leu by comparison with both
spectra. For instance, y-59 between two y-ions, a mass difference of which is 113, indicates Leu, while y-45 does Ile. Namely, by
using HE-CID of the SPITC-derivertized peptide, it is easy to read an exact sequence from MS/MS spectrum, even though if the
sequence includes lle/Leu.

We also applied the derivertization to a differentiation of another isobaric residue, a- and BAsp. As we reported previously, PSD
is applicable to differentiate Asp isomerization, because the isomerization causes significant changes in the intensities of fragment
ions, which are responsible for cleavages at the N- and C-terminal sides of the isomeric residues. The SPITC derivatiztion induced
more cleavable N-terminal side of the residue than the one in a underivertized counterpart. Notably, the specific y-ion ratios of
Asp isomers were still retained after the derivertization, which is thought to be useful to perform further quantitative analysis.
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Hydrogen-induced cleavage of peptides with MALDI-ISD and sonolytic hydrolysis methods has been compared from the stand
point of the mechanism for both methods.

Abstract:

Introduction

Simple and efficient protein cleavage holds the key for the success of bottom up proteome analysis approach using mass
spectrometry. In-source decay (ISD) coupled with MALDI has been recognized as efficient ladder sequencing method. MALDI-ISD
is caused by hydrogen transfer from matrix to analyte, and can be successfully applied for sequencing protein and peptide. Here
we report an additional method for sequence analysis of peptides. The method is consists of an ultrasound sonolytic device and
reductive hydrogen donors such as 1,4-benzenedithiol. The sequence informations of peptides obtained with MALDI-ISD and
sonolytic hydrolysis were compared on the standpoint of the hydrogen-induced reactions.

Experimental

Mass spectra were acquired on an AXIMA-CFR MALDI time-of-flight mass spectrometer (Shimadzu, Kyoto, Japan) . The sonication
was performed with a Branson 450 sonifier (Danbury, CT, USA) . The frequency and power used were 20 kHz and 50 W,
respectively. Analytes used were horse myoglobin, glucagon, ACTH18-39, and phosphorylated peptide. Analytes were prepared as
an aqueous solution at 10pmol/ul. The ultrasound was applied to 1000ul of the aqueous solution with addition of hydrogen donors
such as 1.4-benzeneditiol. 100umol additives were added into 1000ul of the analyte solutions. Peptide solution was premixed in 1 :
1 ratio with serine doped CHCA ; then a volume of 1uL of sample solution was deposited onto a MALDI sample plate and
solvents removed by allowing evaporation in air room temperature.

Results and discussion

MALDI-ISD, which uses hydrogen transfer reaction, resulted in the formation of N-terminal side c-series ions of both peptide and
protein analytes without loss or degradation of amino acid side chains and phosphate group. On the other hand, ultrasound
sonolysis combined with hydrogen donors in aqueous solution was applied to cleave of peptide and proteins, and resulting
products were analyzed by MALDI-TOF MS. The hydrolytic characteristics of peptides were that Xxx-Pro bond was more
susceptible to the sonolysis than other amino acid residues, while the information originated from Xxx-Pro degradation never be
observed in MALDI-ISD, and that hydrolysis occurred without any side chain degradation. MALDI mass spectrometric analysis of
the products obtained with sonolytic hydrolysis gave information about amino acid sequence of the peptides without any
byproducts. The mechanism for the sonolytic hydrolysis of peptides would be presented on basis of the acid hydrolysis, while the
mechanism of the MALDI-ISD has been known as a laser-induced hydrogen attachment reaction to the carbonyl oxygen on the
peptide backbone.

The characteristics of chemical acid hydrolysis of peptides in solution have been reported that the peptide bonds at the
C-terminal side (Asp-Xxx) , the N-terminal side of serine and threonine (Xxx-Ser/Thr) , and both sides of glycine (Xxx-Gly and Gly-
Xxx) are relatively sensitive to acid hydrolysis. Moreover, the acid hydrolysis of peptides often leads to the formation of
dehydration products as a result of side reactions. Furthermore, the peptide bond at the N-terminal side of proline (Pro-Xxx) is
insensitive to acid hydrolysis. From the degradation characteristics of peptides with sonolytic hydrolysis differing from chemical
acid hydrolysis, it was suggested that the sonolytic may not be arisen from protons, but hydrogen radicals.

Consequently, although the degradation characteristics of peptides with sonolytic hydrolysis quite differ from both the MALDI-ISD
characteristics of which the peptide bond at Xxx-Pro is insensitive to MALDI-ISD and the chemical acid hydrolysis, the use of both
methods of MALDI-ISD and sonolytic hydrolysis was very useful for amino acid sequencing of peptides.
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Efficient reduction of disulfide bonds using a novel electrochemical approach based on a new electrode type and square wave
pulses

Abstract:

Disulfide bonds are one of the most important post-translational modifications of proteins. They are stabilizing protein’s
3-dimensional structure and are crucial for their biological function.

The reduction of intra- and intermolecular disulfide bonds is necessary for successful characterization and assignment of the
bonding sites by MS.

Off-line reduction is performed using highly concentrated chemical agent (e.g. dithiothreitol (DTT)) that needs to be removed
prior LC/MS analysis. Alternatively, thiol - free reducing agents as TCEP (tris (2-carboxyethyl) phosphine) can be used. However,
the sample preparation remains laborious and difficult to combine with on-line LC/MS.

Moreover, the possibility of on-line disulfide bond reduction can be beneficial for the determination of disulfide bond
arrangements or top down proteomics strategy, which relies on fragmentation of intact proteins without enzymatic digestion.

In this poster, we present electrochemically (EC) assisted reduction of biologically active peptides and proteins containing
disulfide bonds followed by on-line mass spectrometric detection. For the first time the reduction of disulfide bonds is performed
using a proprietary semi-precious metal working electrode. The unique properties of the working electrode allow for complete
reduction of all disulfide bonds of the tested proteins and peptides. Furthermore, a special electrochemical method based on
square-wave potential pulses was developed and applied for efficient and stable reduction.

Insulin, a small protein of 5733 Da containing 3 disulfide bridges was used as model protein for system evaluation. The results are
compared with the previous approach exploiting a conductive diamond working electrode. Reduction of other peptides and
proteins such as Somatostatin with one disulfide bond (1638 Da) and a-Lactalbumin with four bonds (14 178 Da) will be shown to
demonstrate the power of electrochemical S-S bond reduction.

The data were acquired using high resolution Fourier transform ion cyclotron resonance mass spectrometer (FT ICR) that allowed
for accurate molecular weight determination of intact protein before and after reduction. Additionally, high mass resolving power
was necessary for unambiguous identification of a peak originated from Somatostatin and its reduced form.

The electrochemical cell can be positioned before or after the HPLC separation, i.e., in an EC/LC/MS or LC/EC/MS set-up, resulting
in a fully automated platform for fast characterization of protein/peptide based biopharmaceuticals.
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Novel aspects:
The first isotope dilution LC-ESI/MS/MS method for the determination of phenylthiohydantoin-amino acids derived from Edman
degradation products of proteins has been developed.

Abstract:

[Objective]

Edman degradation reaction, reported in 1950, is a well-known method for amino acid (AA) sequencing in a peptide. It was used
almost exclusively before mass spectrometry (MS) -based sequencing appeared. The methodology is based on the stoichiometric
labeling of N-terminal a-amino group by Edman reagent (phenylisothiocyanate, PITC) followed by the quantitative degradation to
release the N-terminal AA as the phenylthiohydantoin derivative (PTH-AA) . Since the methodology is robust, we have been
studying the possibility to quantitate not only peptides, but also proteins as the PTH-AAs. That could enable to perform absolute
quantitation of proteins without use of protein standards. To prove this idea, we have already confirmed the concept using matrix
assisted laser desorption ionization (MALDI) -time of flight (TOF) /MS [1] . Here, we demonstrate the first isotope dilution
liquid chromatography (LC) -electrospray ionization (ESI) /tandem mass spectrometry (MS/MS) method for the determination of
PTH-AAs derived from Edman degradation products of proteins. The long-term stability experiments of twenty PTH-AAs and the
applications for model proteins/peptides have been also performed.

[Experiments]

High-performance liquid chromatography (HPLC) was carried out using an UltiMate 3000 HPLC series (Dionex Co.) with an Inertsil
ODS-4 column (150 X 2.1 mmid., 3 pm, 100 &#8491;, GL Sciences, Inc.) . A TSQ Vantage triple stage quadrupole mass
spectrometer (Thermo Fisher Scientific Inc.) with an ESI source was used for selected reaction monitoring (SRM) . The long-term
stability of PTH-AAs was examined in four different storage conditions (25% (v/v) aqueous trifluoroacetic acid, pH3, pH7, and pH11
buffers) at 4 &#8451 ; followed by monitoring with HPLC/UV. A mixture of twenty AAs was allowed to react with PITC and [*Ce]
-PITC to obtain standards and the corresponding internal standards, respectively. Human serum albumin (HSA) , angiotensin II, «
-casein, lysozyme, ribonuclease A, pepsin, and insulin were used as model proteins/peptides.

[Results & Discussion]

The LC conditions were optimized in terms of effective ESI and chromatographic separation of the isovalent mass amino acids,
such as Leu vs. Ile. Using acidic mobile phase (0.1% formic acid/water-acetonitrile) , all PTH-amino acids were well ionized and
the base line separation between PTH-Ile and PTH-Leu was also achieved. Since the optimal fragment ion for SRM was selected to
each PTH-AA/ [Ce] -PTH-AA, simultaneous analysis of twenty PTH-AAs was attained as stable isotope dilution method. The
calibration curve of each PTH-AA showed good linearity (r?= 0.995-1.000) throughout the range of 1-100 pmol/injection. Also, the
storage condition of each PTH-AA (at least 90 % within a week) was optimized for long-term storage as solutions. From the
experiments using the seven model proteins/peptides, corresponding PTH-AAs released from the N-terminal amino acids were
observed selectively. The yields of PTH-AAs derived from proteins were almost quantitative even from the largest model protein

(77%, HSA, 66 kDa) . Since this stable isotope dilution LC-ESI/MS/MS method is robust and selective enough for the determination
of PTH-AAs, it could be used for absolute quantitation of proteins even without the use of protein standards.

[1] Oe T., Maekawa M., Satoh R, Lee S.H., and Goto T., Rapid Commun. Mass Spectrom.24, 173-179 (2010) .
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The mechanism of non-enzymatic isomerization of N-terminal amino acid mediated by endogenous aldehydes has been revealed
to involve a ketimine intermediate.

Abstract:

[Objective]

The aldehydes can easily react with other biomolecules containing a nucleophilic functional group. There have been a lot of
studies on the aldehyde-mediated biomolecular modifications because a large number of different aldehydes have been detected
in vivo and most of them have intrinsic bioactivities. In the reaction of the bioactive peptide, angiotensin Il (Ang Il : H-Asp-Arg-Val-
Tyr-Ile-His-Pro-Phe-OH) with the lipid peroxidation derived aldehydes, we have recently identified a pyruvamide-Ang Il formed via
oxidative decarboxylation of N-terminal Asp as the most abundant product along with other modified Ang lIs. It was suggested
that the pyruvamide-Ang Il was produced by deamination of N-terminal Asp after the formation of Schiff base intermediate and
subsequent decarboxylation. In addition, the non-enzymatic stereo-isomerization of N-terminal amino acid was observed in the
reaction between model peptides and various endogenous aldehydes under a physiological condition. We reasoned that the
ketimine formed by tautomerization of the Schiff base intermediate can add a hydrogen atom non-stereo-specifically, leading to
the isomerization of N-terminal amino acid. To clarify this mechanism, the model peptide was reacted with aldehyde in the
absence or presence of heavy water and the reaction mixture was analyzed by LC/ESI-MS and MS/MS. The possibility of
N-terminal amino acid isomerization of the protein was also examined.

[Experiments]

The model peptide (L-FMRF-amide : H-Phe-Met-Arg-Phe-NH2) was incubated with pyridoxal 5’-phosphate (PLP) in phosphate
buffer (pH7.4) at 37°C. LCQ-DECA (Thermo Fischer Scientific Inc.) was employed for the analysis of the reaction mixture. The
chromatographic separation of reaction products was carried out on an Inertsil ODS-3 (150 X 2.1 mm id., 3 pm; GL sciences
Co. Ltd) with water and acetonitrile containing 0.1% formic acid as mobile phases at 0.2 mL/min. The same reaction was also done
in the heavy water. As for the protein model, human serum albumin (HSA) and its N-terminal tetra-peptide (L-DAHK : H-Asp-Ala-
His-Lys-OH) were used. HSA was incubated with PLP, followed by a trypsin digestion. The tryptic peptide was analyzed by LC/ESI-
MS after derivatization with dansyl chloride.

[Results and Discussion]

LC/ESI-MS analysis of the reaction between L-FMRF-amide and PLP revealed the presence of five products together with D-FMRF-
amide which was formed by isomerization of N-terminal Phe. Four products had an identical protonated molecule (MH*) which
corresponded to an increase in mass of 229 Da (+ [PLP-H.Q] , Schiff base) . The MH* of another product was consistent with the
deamination of L-FMRF-amide. MS/MS and (MS)® analyses further revealed that both modifications occurred at N-terminal Phe,
and that the intermediate of N-terminal isomerization could be Schiff base. Results of the reaction in the heavy water showed that
deuterium was added to D-FMRF-amide and two Schiff bases, which was confirmed by their isotopic compositions (ratios of
heavy to light isotopes) . This suggests the formation of ketimine intermediate during the reaction. Thus, the isomerization of
N-terminal amino acid occurred through a mechanism involving non-stereo-specific addition of a proton to ketimine. The detection
of deaminated product generated by an irreversible hydrolysis of ketimine intermediate also supports this isomerization
mechanism. The isomerization of N-terminal Asp was subsequently observed in the reaction of L-DAHK, equivalent to N-terminal
sequence of HSA, with PLP. Furthermore, D-DAHK fragment was detected when HSA was reacted with PLP, followed by tryptic
digestion. These results suggest that the isomerization of N-terminal amino acid can occur in the protein through the same
mechanism.
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Statistical approach to question peptide fragmentation upon CID activation in ESI and MALDI mass spectrometry from an home-
made non biaised peptide set covering a wide structural diversity .

Abstract:

Proteomics has emerged as a major tool in understanding protein functions as well as protein-protein interactions at the cellular
level. Mass spectrometry, through “top-down “ or “bottom-up “ strategies, constitutes one of the best method to identify protein
primary sequences. In the course of these analytical protocols, MS/MS experiments are conducted to induce fragmentations of
the polyamide skeleton. Such data, recorded upon high or low energy dissociation conditions, ideally enable to decipher the
amino acid sequence. However, the extent of the gathered information varies strongly according to structural and instrumental
conditions (nature of the peptide chains, type of mass spectrometer, activation method, fragmentation tuning,..) . Following a
statistical approach, we investigated the low and high energy collision induced dissociation (CID) behaviors in ESI and MALDI
mass spectrometry (ESI-Q-g-Tof and MALDI-Tof-Tof instruments) of various synthetic peptides (300 sequences of variable
compositions and lengths mimicking proteolytic peptides obtained by the action of various enzymes such as trypsin, Lys-N, Glu-C,
.) .12 Our attention was particularly focussed on singly charged peptides that often failed to be identified by sequencing
algorithms. Only half of the studied compounds showed charge directed dissociations in accordance with the mobile proton
model producing fragment ions directly related to the primary sequence. For the peptides that did not exhibit the expected
fragment ion series, alternative dissociation behaviors issued from complex rearrangements were evidenced thus providing a more
comprehensive fragmentation model suitable for more efficient automated MS/MS spectra interpretation. Such remarkable gas-
phase behaviors were mainly attributed to the presence of basic residues (Arg, His, Lys) and to their relative localisation within
the peptide sequences.3#

1. L. Mouls, J-L. Aubagnac, J. Martinez, C. Enjalbal, J. Proteome Res. 6, 1378-1391 (2007)

2. N. Shenar, N. Sommerer, J. Martinez, C. Enjalbal, J. Mass Spectrom. 44, 621-632 (2009)

3. M. Dupre, S. Cantel, P. Verdié, J. Martinez, C. Enjalbal, J. Am. Chem. Soc. Mass Spectrom, 2011, 22, 265-279.

4. M. Dupre, S. Cantel, J. Martinez, C. Enjalbal, J. Am. Chem. Soc. Mass Spectrom, 2012, 23, 330-346.
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Novel aspects:
Presented is a novel method for enhanced analysis of middle-out and bottom-up sized peptides using high resolution accurate
mass on a hybrid mass spectrometer.

Abstract:
Microwave-supported acid hydrolysis exploits kinetically selective cleavage at Asp residues to provide very rapid protein cleavage,
10sec to 20 min, depending on sample complexity. We report the evaluation of this technique in three different proteomic
workflows. First, its utility is demonstrated for digestion in solution, using a system poorly suited for tryptic digestion, the human
ribosome. The high abundance of Lys and Arg residues required to interact with the phosphate backbone of ribosomal RNA
makes the average peptide length following tryptic digestion less than 5 residues; too small for effective data dependent analysis
(Cannon et al, JPR 2010, 9 : 3886-90) . Second, the digestion method is shown to be effectively applied “in-gel “ to bands of an
electrophoretically fractionated whole cell lysate from human multiple myeloma cells. From eight excised bands, a total of 1124
peptides were identified representing 604 proteins. Finally, the same mixture was used to demonstrate increased efficiency in
analyzing high and low mass peptide fractions partitioned about a 3000Da molecular weight threshold.
Longer peptide products are produced, on average, by this single residue cleavage reaction. This is illustrated in silico and in the
laboratory by comparison of acid cleavage products from multiple myeloma with tryptic peptides from the same cancer cells. We
and others have reported that many advantages are offered by longer peptides in middle-out proteomics strategies. A workflow
has been designed and demonstrated to enrich peptides with masses exceeding 3000Da and increase their successful analysis by
LC-MS/MS. Products of microwave-supported acid cleavage are fractionated into larger and smaller peptides using a 3KDa
molecular weight filter. Subsequent LC-MS/MS analysis of the larger peptides is further biased by setting data dependent scanning
parameters to reject charge states less than z = 4. Successful implementation of this middle-out strategy also requires the use of
optimized HPLC and an upgraded search program such as ProSight. In addition to the more informative higher mass peptides, the
fraction enriched in lower mass peptides can be analyzed in classical high throughput bottom-up fashion.
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Novel aspects:
The optimization of matrix preparation methods for MALDI-ISD of protein was performed to obtain the abundant and steady ISD
fragment peaks without sweet spots.

Abstract:

Introduction

The intensity and sharpness of MALDI-ISD fragment peaks of peptide and protein depend on the matrix used and co-crystallization

of sample (matrix and analyte) solution. The procedures for analyte-matrix solution preparation are shown to greatly influence on

the co-crystallization of sample solution. Depending on the co-crystallization, the ISD spectra were obtained with or without the
“sweet spots “. In order to get the reproducibility of ISD fragment ions, the ISD spectra have to be obtained by automatically and

randomly scanning the sample crystal surface. Here we introduce 1-naphthol derivatives as novel matrix material to optimize the

matrix solution preparations, by changing the fractional compositions of solvent and with or without added trifluoroacetic acid
(TFA) . Here we report the preparation methods of matrix solution for the MALDI-ISD of protein to attain co-crystallization

without “sweet spots “. The methods obtained would be applied to several kinds of protein and phosphorylated peptide.

Methods

The chemicals used as matrix were 5-amino- 1-naphthol (5,1-ANL) and 5-hydroxy- 1-naphthol (5,1-HNL) , and were obtained
from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan) . In order to determine the optimum matrix solvent compositions, different
fractional compositions of solvents such as acetone, acetonitrile (ACN) and water (H2O) were prepared at 10 mg/mL in acetone/
H2O (1 : 1), ACN/H2O (1 : 1) , ACN/H2O (7 : 3) , and ACN. In order to determine the influence of acid on the co-
crystallization, matrix solution was prepared with and without added 0.1% TFA, i.e., the matrix solution at 10 mg matrix/mL solvent
with added 0.1% TFA was prepared. Aqueous analyte solution of 10uL was premixed in a tube with the same volume of a matrix
solution of 10uL. A 1 pL of sample solution was deposited onto a MALDI sample plate and the solvents were removed by drying
in air at room-temperature. Analyte used for the optimization was horse cytochrome c (Mr12360) .

Results and discussion

Of the different matrix solvent compositions tested, the composition of acetone /H2O (1 : 1) for whichever matrix was not
suitable for MALDI-ISD, because the abundance of ISD fragment peaks was very low. The composition of ACN/H2O (7 @ 3) was
suitable for MALDI-ISD, while ACN/H2O (1 : 1) was not suitable for MALDI-ISD. The solubility of matrix into solvent has been
demonstrated to be important in MALDI sample preparation. Both matrices 5,1-ANL and 5,1-HNL have better solubility in the ACN/
H2O (7 : 3) than ACN/H2O (1 : 1) . As a result, ACN/H20O (7 : 3) was most suitable for automatically and randomly
scanning the sample surface. It was found that addition of TFA into the matrix solution showed a remarkable influence on the
quality of the ISD spectrum. The matrix solution of 5,1-ANL prepared with TFA was not suitable for MALDI-ISD of protein, because
the abundance of ISD fragment peaks was absolutely lower than when the solution without added TFA was used, while [M+H]*
peak was absolutely high in the matrix solution with added TFA. On the other hand, the solution of 5,1-HNL prepared with TFA
was suitable for MALDI-ISD. The abundance of both [M+H]* and ISD fragment peaks was absolutely high compared with the
solution without TFA. In conclusion, we have presented optimized methods of matrix preparation procedures for MALDI-ISD of
protein, i.e., ACN/H2O (7 : 3) without added TFA for 5,1-ANL and ACN/H2O (7 : 3) with added 0.1% TFA for 5,1-HNL. The
optimized matrix preparation methods obtained here would be applied to several different proteins and a tetra-phosphorylated
peptide. The MALDI-ISD spectra obtained with the optimized matrix preparation methods showed the informative ISD fragment
ions for the analysis of sequencing and secondary structural characteristics.
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Novel aspects:
To our knowledge, this is the first report of using the proteomic strategy to analysis of virulence variations in xanthomonas
campestris pv. campestris strain 17, 11 and P20H.

Abstract:

Xanthomonas campestris pv. campestris (Xcc) is a Gramnegative plant pathogenic bacterium causing black rot in crucifers,
resulting in tremendous loss in agriculture. The ability of Xcc to infect plants successfully depends on certain factors including
extracellular enzymes (such as protease, endoglucanase, pectinase and mannanase) , exopolysaccharides (xanthan gum) and
biofilm production. A newly isolated pathogenic Xc17 from an infected cabbage leaf for some phenotypic characteristics have
previously been implicated as factors contributing to pathogenicity. A wild-type strain of X. campestris,Xc11, was found to have
lost its pathogenicity spontaneously after frequent subculturing for years. This non-pathogenic derivative, designated Xc11A. X.
campestris P20H was a non-mucoid mutant previously isolated from Xc11A by mutagenesis with nitrous acid. Recently the
proteomics have been developed more widespread, the techniques can offer insights into the quantity and quality of the final
gene products. In this study, we aim to elucidate the physiological and molecular mechanism response to virulence variations in
Xxanthomonas campestris pv. campestris strain by using proteomics method. Total proteins of intracellular and extracellular were
extracted for comparative proteomics analysis via 2D electrophoresis and LC-MS/MS analysis. The result shows several
differentially expressed proteins spots of bacterial proteome in Xc17, 11 and P20H. These identified proteins may be helpful in
elucidating the molecular basis of virulence variations in Xcc.
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Novel aspects:
Novel starch biosynthesis pathway in developing rice endosperm has proven and demonstrated in our study.

Abstract:

Rice (Oryza sativa) is one of the most important cereals in the world. The starch reserves of the rice grains generally contain more
than 75% amylopectin ; however, the abundance of amylose can affect the properties of starch in the grains. In this study, we use
the Tainung 67 (TNG67) and its sodium azide-induced mutant SA0419 as the investigated materials. The low amylose content in
SA0419 grains (8 %) is apparently different from TNG67 grains (20%) . Moreover, the superior efficiency of starch biosynthesis and
shorter developing period are observed in SA419. We want to resolve the regulated mechanisms of starch biosynthesis in rice
endosperm from protein expression level. Endosperm proteome of the grains of 14 days after anthesis (DAA) were extracted and
separated by 2-DE. MS-based protein identification strategy was used to analyze the total proteome and differential-expression
proteome of TNG67 and SA0419. The higher abundance of enzymes in SA0419 was used to produce the more a-D-glucose- 1P, and
high level of starch biosynthesis enzyme were generated to produce the ADP-glucose and to accelerate the accumulations of
starch. Furthermore, lack of granule-bound starch synthasein SA0419 is the major key factor to cause the low amylose content.
Overall, the starch biosynthesis model in the rice endosperm was presented in this study. The increased in gluconeogenesis
pathway and reduction of the other metabolism pathway in SA0419 elevated the substrate contents for starch biosynthesis.
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Novel aspects:
1) Hepcidin 2 as potential biomarker for radiation exposure. 2) Adipsin was deglycosylated with radiation injury.

Abstract:

On March 11, 2011, a series of disasters at Fukushima in Japan killed thousands of people, left hundreds of thousands of people
homeless and nuclear accidents exposed large numbers of people to ionizing radiation. It is now necessary to develop biomarkers
for radiation dose assessment that can be used for mass screening in the event of a radiological mass casualty incident. High-
throughput appliances that could evaluate such incident are expected as being employed to guide triage and subsequent
therapeutic choices. Our aim of this study is to develop a high-throughput, sensitive biodosimetry technique which can be applied
for the early triage of a radiation emergency medical system.

We employed a proteomic approach to analyzing urinary proteins, using mice as an animal model. The urine samples were
collected from the mice which were exposed to total-body radiation (4.0-6.0Gy) produced by the ¥Cs gamma-ray source. The
urine was separated by HPLC and/or SDS-PAGE and analyzed by MALDI-TOF mass spectrometry using Ultraflex TOF/TOF (Bruker
Daltonics) and AXIMA-QIT (Shimadzu) .

We identified hepcidin 2 as potential biomarker for radiation exposure. The urinary concentration of hepcidin 2 was increased
at 24 hours after gamma-irradiation in a dose-dependent manner, which coincides with the previous observation. The blood
hepcidin 2 levels was also increased at 8 hours after gamma-irradiation, this is the first observation of the increase of urinary
hepcidin 2. In addition, a 27-kDa protein was increased at 24 hours after gamma-irradiation in a dose-dependent manner. The 27-
kDa protein (SDS-PAGE) was identified by peptide-mass fingerprinting and MS/MS analysis as adipsin. Adipsin is a glycoprotein of
44- and/or 37-kDa,"” and a serine protease homolog, which is synthesized and secreted by adipose cells and is found in the
bloodstream. These results indicate that the sugar chain of urine adipsin was cleaved by radiation exposure.

Thus, urinary metabolites may be a potential biomarker for acute ionizing radiation exposure. Further studies may be warranted
for the development of new biodosimetry methods for radiation exposure.

1) B.S.Rosen et al, Science, 244, 1483-1487 (1989) .
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Novel aspects:
Nanostructured silicon platforms for direct high-throughput robust protein digest characterization.

Abstract:
Laser desorption/ionization mass spectrometry (LDI-MS) using specific inert surfaces to promote ion formation has been widely
investigated the last decade [1] . In addition to porous silicon through the original DIOS technique, different materials were
tested as potent LDI-promoting agents, such as metals, carbon-based structures, porous particles, nanomaterials and more
recently, ordered three-dimensional silicon architectures. All of these matrix-free methods are now referred as Surface Assisted
Laser Desorption lonization-Mass Spectrometry (SALDI-MS,http : //www.iupac.org) .
Up to now, disposable ready-to-use target plates (MassPREP™, QuickMass™ and NALDI™) can be purchased for SALDI analysis
of small molecules. In order to overcome the limitations encountered with the use of such commercially available probes (surface
pollution affecting detection sensitivity and reproducibility) , we explored a variety of inert silicon-based UV-absorbing materials
that were presenting different physico-chemical properties for the analysis of peptides [2-4] . Both material architecture

(amorphous powders, structured particles, structured surfaces) and material hydrophilic/hydrophobic character tuned by specific
chemical derivatization (oxidation, silanization) were probed as crucial parameters for achieving efficient and robust detection of
an home-made array of model peptides covering a wide structural and mass diversity (50sequences, m/z 500-2000 Da) . Through
this set of experiments, we were able to compare the performances of all investigated silicon-based supports, especially taking
into account peptide detection sensitivity (down to femtomolar concentrations) and reproducibility/repeatability (intra-spot/inter-
spot signal variations) as well as the method robustness (easy sample preparation, need for ionization additives, straightforward
sample deposit depending on material wetting properties, ionization source tuning using conventional MALDI-TOF/TOF
instrument) . Having illustrated the capability to achieve both peptide detection and sequencing on these ionizing surfaces in the
same run, high-throughput identification of protein tryptic digests by a rapid MS profiling and subsequent MS/MS analyses was
undertaken. Tryptic digests from Cytochrome C, Beta-casein, BSA and Fibrinogen were analyzed in the femtomolar range (for
instance, from 50 fmol for Cytochrome C down to 2 fmol for Fibrinogen for a nanostructured silicon surface) .Comparison of the
MS and MS/MS data with those obtained with sample conditioned in organic matrix [5,6] and on commercial target (NALDI™)
demonstrated a great behavior for low mass responses.
We thus demonstrated the capability of LDI on nanostructured silicon supports to be a complementary method to MALDI Peptide
Mass Fingerprinting (PMF) ensuring determination of peptide molecular weights and sequences for more efficient protein
database searches in proteomic workflow.

[ 1] Peterson DS. Mass Spectrom. Rev. 2007 ; 26 : 19-34.

[2] Shenar N, Martinez J, Enjalbal C. J. Am. Soc. Mass Spectrom. 2008 ; 19 : 632-44.

[31 Shenar N, Cantel S, Martinez J, Enjalbal C. Rapid Commun. Mass Spectrom. 2009 ; 23 : 2371-9.
[4] Dupre M, Coffinier Y, Boukherroub R, Cantel S, Martinez J, Enjalbal C. J. Prot. 2012 ; 75:1973-1990.
[5] Dupre M, Cantel S, Verdie P, Martinez J, Enjalbal C. J.Am. Soc. Mass Spectrom. 2011 ; 22 : 265-79.
[6] Dupre M, Cantel S, Martinez J, Enjalbal C. J. Am.Soc. Mass Spectrom., 2012 ; 23 : 330-46.
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Novel aspects:
PAC-MS/MS method has the potential for highly sensitive and quantitative analysis of peptides in biological fluids.

Abstract:

Introduction

Endogenous peptides in biological fluids have actively been investigated as biomarkers for discovery of clues to underlying cause
of disease, for early and correct diagnostics, and for effective therapy against various diseases. However, both discovery of
functional peptides and analysis of their functions are difficult because many peptides exhibit their functions only at
concentrations in the low picomolar range. Recently, there is a compelling need for a methodology based on high-performance
liquid chromatography-mass spectrometry (LC-MS) for the quantitation of peptides in biological fluids, because LC-MS methods
possess considerably higher selectivity based on the mass-to-charge (m/z) ratios in addition to chromatographic separation, and
better reproducibility in comparison with immunological methods.

We found that the adsorption capacity of a peptide to the column packing changed abruptly and reversibly across a specific
amount of organic solvent (the critical point, f, = 1) in the peptide solution. Circular dichroism spectral analysis suggested that
the abrupt change in the adsorption capacity was caused by the conformational change induced by the organic solvent in the
peptide solution. This solvent-induced conformational change was found to be reversible across the critical threshold. Based on
this property, we developed a new gradient system, which is named peptide adsorption-controlled liquid chromatography (PAC-
LC) , for quantitative analysis of peptides in the solution with a higher fn value than 1 (> 1) . PAC-LC enables quantitation of
peptide in such solutions without any loss of sensitivity due to peptide adsorption to various materials, and found to be superior
to a standard LC system in terms of precision, loading volume onto the system, sensitivity, and the simultaneous and quantitative
analysis of peptides with good precision. Then, we have evaluated the usefulness of PAC-LC coupled with tandem mass
spectrometer (4000 QTRAP and TripleTOF5600) for quantitation of peptides in biological fluids such as plasma and cerebrospinal
fluid (CSF) .

Method

Using PAC-LC coupled with 4000QTRAP, quantitation of peptides in biological fluids was carried out using multiple reaction
monitoring (MRM) mode. In the case of TripleTOF 5600, quantitation of peptides was carried out using either TOF-MS scan or
TOF-MS/MS scan mode. During the evaluation, stable isotope-labeled peptides were also evaluated as the internal standards to
minimize the influence of matrix on the reproducible quantitation. The calibration curves for endogenous peptides were drawn
from the standard calibration solutions.

Preliminary Data

The results of the study suggest that PAC-LCMS method is a powerful tool to quantify peptides in biological fluids. For example of
analysis using MRM mode, PAC-LC-MS method enables simultaneous quantitation of amyloid B peptides (AB) 1-38, 1-40, 1-42
and 1-43 in dog CSF with good reproducibility. The basal concentration of A 1-38, AB 1-40, AB 1-42and AB 1-43 in dog CSF
is found to be approximately 300, 900, 200 and 30 pM, respectively. Also, stable isotope labeled AB used as the internal standard
can minimize the influence of CSF matrix on the reproducible A quantitation. In the case of TripleTOF 5600, calibration curves
from the standard calibration solutions were successfully constructed in the concentration range from 10 pM to 1000 pM for
various peptides using TOF-MS scan mode. For TOF-MS/MS mode, the lower limit of quantitation was expected to be lower than
10 pM. The obtained results suggest that PAC-LCMS coupled with TripleTOF5600 have easily applicability to the quantitation of
peptides in biological fluids.
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Novel aspects:
The proteomes of CD133+ liver cancer stem cells, CD133- liver cancer cells and normal human hepatocytes were investigated
using two label-free methods.

Abstract:

CD133-positive liver cancer stem cells, which are characterized by their resistance to conventional chemotherapy and their tumor
initiation ability at limited dilutions, have been recognized as a critical target in liver cancer therapeutics. In the current work, we
investigated the proteome of CD133-positive liver cancer stem cells for the purpose of identifying unique biomarkers that can be
utilized for targeting liver cancer stem cells. The subpopulation of Huh7 hepatoma cells that express the glycosylated CD133
antigen was sorted and compared with normal hepatocytes and CD133-negative hepatoma cells. Label-free quantitation was
performed by ID-based Elution time Alignment by Linear regression Quantitation (IDEAL-Q) . The results showed that 151 proteins
were differentially expressed in the CD133-positive hepatoma cells when compared with CD133-negative cells. 21 up-regulated
plasma membrane proteins were identified in the CD133-positive hepatoma cells, suggesting potential surface biomarkers for liver
cancer stem cells. We validated the expression of some of the up-regulated membrane proteins either by MaxQuant software or
by RT-PCR, immunoblot, and immunofluorescent analysis. We identified annexin A1 and annexin A 3 were highly expressed in the
CD133-positive hepatoma cells. These findings confirmed that mass spectrometry-based label-free quantitative proteomics can be
used to gain insights into liver cancer stem cells.
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Novel aspects:
Our method provide a fast, simple and inexpensive way for protein pathway analysis in quantitative proteomics, especially for
small animal sample, for example rat spinal cord.

Abstract:

Protein expression in the cell could be easily affected by, among other things, drugs, disease or stress. The change in protein
expression may activate a response bio-mechanism and influence expression of other related proteins, which makes
corresponding pathways up or down regulated. By quantifying the protein expression in biological tissues we can identify the
activated pathways, which are caused by or related to a certain disease or clinical symptoms. In this study, we compared the
protein expression level in contralateral dorsal and contralateral ventral parts of the spinal cord in naive rats. We use dimethyl
isotope labels to globally label the tryptic peptides for relative quantification. Proteins were extracted from homogenized rat
spinal cord tissues, then digested, labeled and analyzed by LC-MS/MS using FT-ICR instrument. Sample preparation protocol and
the acquisition parameters of LC-MS/MS were optimized, especially for relative quantitative proteomics analysis in spinal cord
sample. Stability and repeatability of the method were evaluated as well. Related bio-pathway analysis was performed using IPA
from Ingenuity.

The results show that 17.2% of the mapped proteins are related with the nervous system development and functions and most of
them have higher expression level in the contralateral dorsal region than in the contralateral ventral region. Relevant pathways in
the nervous system can be identified with a high confidence value, for example GABA receptor signaling and protein ubiquitination
pathways. The efficiency of the isotope dimethyl labeling is stable and data acquisition of FT-ICR is robust for relative quantitative
proteomics analysis. This method could be applied to the study of neuro-related dysfunctions e.g. neuropathic pain in the central
nervous system. Due to the complexity of biological samples and the high dynamic nature of proteome, large number of samples
and replicates are needed to enhance the confidence of the inferences from the experiment.
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Novel aspects:
We will demonstrate the power of MS-based proteogenomics and comparative proteomics in annotating newly sequenced
genomes and identifying and characterizing novel proteins not seen before, analysing Blumeria graminis.

Abstract:

The barley powdery mildew (Blumeria graminis f.sp. hordei) is an economically important fungal obligate pathogen in temperate
regions around the world. Large-scale MS-based proteomics has been successfully employed for a proteogenomic approach in
validating the annotation of its recently assembled genome. A comparative MS-based analysis of the proteomes of Blumeria spore
and hyphae cells to Blumeria haustoria cells (i.e. the cells involved in infection and direct interaction with the host through nutrient
uptake and elicitor delivery) allowed the identification of Blumeria effector candidate (BEC) proteins unique to haustoria cells.
These proteins are secreted, most have little or no sequence similarity to known enzymes and are likely to represent novel
structural folds as they have poor predicted 3D models. Some of these proteins were shown to have a biological function in the
infection process. Their Blumeria and barley interactors are being sought by “pull down * affinity chromatography using expressed
tagged recombinant BEC proteins as baits.

We will demonstrate the power of MS-based proteogenomics and comparative proteomics in annotating newly sequenced
genomes and identifying and characterizing novel proteins not seen before.
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Novel aspects:
MALDI MSn of complex protein patterns with single isotopic selection at various MS/MS stages

Abstract:
Introduction

Production of reactive oxygen species (ROS) is a characteristic feature of a variety of (patho) physiological processes. It is
recognized that ROS are makers of disease since they can induce deleterious effects, e.g. oxidation of biomolecules such as lipids
and proteins. Today, oxidative stress is thought to be involved in many pathologies ranging from neuronal (e.g. Alzheimer’s and
Parkinson’s disease) and metabolic disorders (e.g. hypercholesterolemia and diabetes) to chronic inflammatory diseases (e.g.
atherosclerosis and arthritis) and cancer.
In this context, protein carbonylation as the major form of protein oxidation is considered as universal indicator for oxidative
stress of biological samples and products. During oxidative damage carbonyl groups can be generated directly from amino acids
(e.g. Arg, Lys, Pro, Glu, Asp) or indirectly via Shiff's base (e.g. aldehydes) or Michael adducts (e.g. a,3-unsaturated carbonyls) of
advanced lipid oxidation products (e.g. fragmented OxPLs) , which are oxidized to the carbonyl level.

The limited number of current data on the successful analysis of carbonylated proteins by mass spectrometry can be explained by
the difficulty of characterizing oxidized proteins by conventional proteomic approaches. We present in this work top down and
bottom up strategies using MALDI MS" technologies that allow exhaustive characterization of protein and peptide modification.

Material and methods

For protein oxidation, protein and peptide stock solution were mixed with 5 mM NaOCl solution. The mixture was incubated for
15 min at 37 °C in a water bath. Following oxidation, the proteins and peptides were purified using a ZipTip microcolumn and
eluted the matrix. 2 ul (approximately 3 ug) were applied either to the MALDI-TOF and MALDI-QIT-TOF target and allowed to dry
at ambient temperature. MALDI spectra were acquired on a MALDI-TOF and on a high vacuum MALDI-QIT-TOF instrument

(Shimadzu, Manchester, UK) . The control software (Launchpad, version 2.9.2) was used for fragment annotation and analysis.
Protein identification was performed using mascot (http : //www.matrixscience.com) .

Results, discussion and perspectives

The MALDI-QIT-TOF technology was used to fragment oxidized peptides and proteins. Protein fragments were analyzed after
digestion or directly in the source by in source decay. lons were transferred to the ion-trap and submitted further to multiple
cycles of MS" using CID. The resolution for all the fragmentation stages (more than 15000 FWH) allowed selection of single
isotopes selection and up to five cycles. Protein carbonylation generates modifications on lysine (-1 Da) , Threonine (-2 Da) ,
proline (+16 Da) or arginine (-43 Da) . Especially for lysine, the most abundant modification, selection of a single isotype in each
MS/MS step has been a real benefit for unambiguous characterization of protein modification.
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Novel aspects:
Novel quantification method to analyses peptides in complexe biological samples, leveraging the quadrupole-orbitrap instrument.

Abstract:

A hybrid quadrupole-orbitrap mass spectrometer offers unique capabilities, in term of resolution, mass accuracy, and acquisition
speed that has enabled novel quantitative proteomics approaches. This instrument, combined with stable isotope dilution,
allowed developing new methods to detect and quantify large sets of peptides in complex mixtures, such as urine and blood
proteomic samples.

Quantification was performed either on the precursor ions, using the selection ion monitoring (SIM) mode, or on the fragment
ions resulting from collision dissociation (i.e. reaction monitoring mode) .

The high resolution capability in both MS and MS/MS modes allows a dramatic improvement of the measurement selectivity, by
effectively discriminating the signals of analytes from those of the background. In addition, the narrow m/z isolation window of the
quadrupole, results in an increases of the dynamic range and the limit of detection, by gating only the ions of interest in the
trapping device. This mode of operation enables reliable quantification over a wide dynamic range.

The sample preparation consisted in the precipitation of the proteins present in the urine samples, followed by trypsin proteolysis.
The isotopically labeled synthetic polypeptide standards, comprising proteotypic peptides of the protein of interest and a
universal reporter peptide were spiked into the sample prior to the proteolysis. Analyses were performed on a nano-HPLC system
coupled with a hybrid quadrupole-orbitrap instrument (Q-Exactive, Thermo Scientific, Bremen) .

The MS/MS experiments were used to conduct in a targeted (SRM-like) mode, to quantitative reference peptides spiked in urine
and plasma samples, and thus precisely measure the corresponding endogenous peptides. Various combinations of quadrupole
isolation windows and orbitrap resolution settings were evaluated to determine their effect on the selectivity of the
measurements. Other parameters such as the collision energy were also evaluated. The actual quantification was carried out post-
acquisition by extracting the ion chromatograms of specific fragment ions. The co-elution of the traces was used to assess the

“purity “ of the ions measured, and a reference library of MS/MS spectra was used to systematically confirm the identity of the
peptides analyzed.

The performance of SRM-like quantification was determined using urine samples, and benchmarked with the results obtained by
SRM technique on triple quadrupole instrument. Experiments were performed on ten clinical samples spiked with a defined
amount of isotopically labeled peptides representing four endogenous proteins. Time-scheduled experiments were performed on
both instruments using the same precursor ion isolation window. The selectivity improvement due to higher resolution allowed a
better discrimination of interferences in the MS/MS spectra. To scale-up the number of peptides targeted in one single LC-MS/MS
analysis, acquisition parameters were adapted to keep a low duty cycle. It included relaxing the resolving power, and selecting
several peptide precursors to generate a composite fragment ion spectrum (i.e. multiplexing capabilities) . The quality of the
measurements was assessed in a second study comprising 200 isotopically labeled reference peptides spiked into urine tryptic
digests. Experiments with different resolution (17k-70k) and quadrupole isolation windows (1Th-100Th) were performed, including
the acquisition in data independent mode. The selectivity for each set of experimental parameters provided a baseline for the
establishment of acquisition methods generally applicable. The approach was applied to the precise quantification of potential
biomarkers of recurrence of bladder cancer in urine and serum samples.

These results demonstrate the benefit of using the high resolution, accurate mass to increase the selectivity of quantitative assays
in very complex matrices by a better discrimination of the interferences. The recent development of the acquisition software
enabled the very precisely analysis of more than 500 peptides in one single experiment, thus dramatically easing the verification
step of biomarkers studies.
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Keywords:
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Novel aspects:
Quantitative proteomics, SRM coupled with N-terminomics, approach could determine caspase-cleaved peptide profiles in
different cancer cell lines and inducers of apoptosis. These may aid in the development of specific biomarkers.

Abstract:

Introduction

Apoptosis is a conserved pathway and has important roles in all metazoans. Dysfunction in apoptosis is critical to cancer cell
survival and most cancer chemotherapies promote apoptosis. Apoptosis can be triggered by two pathways, extrinsic and/or
intrinsic pathways. Caspases, cysteine-class proteases, are activated during apoptosis and cleave substrates after aspartic acid
residues to deconstruct the cell. Different cancer drugs can induce apoptosis through different substrates and pathways, for
instance, inhibiting protein kinases, topoisomerases or inhibiting the proteasome to induce the cellular stress. Moreover different
cell lines show different response to these drugs for reasons that are often poorly understood. Here, we used a label-free
quantitative proteomics approach called selected reaction monitoring (SRM) coupled with a positive enrichment N-terminomics
approach to determine caspase-cleaved peptide profiles in different cancer cell lines and different inducers of apoptosis.

Methods

Three hematologic malignancy cell lines, T-cell leukemia (Jurkat cell line) , B-cell lymphoma (DB cell line) , and plasma cell
multiple myeloma (MM 15 cell line) , were used for these experiments. Cells were grown to uniform density and treated with
staurosporine (DB, Jurkat and MM 1S) and either doxorubicin (DB and Jurkat) or bortezomib (MM 15) . Cell viability and caspase
activity were monitored during the cultivation to control for different rates of cell death. In the initial discovery phase, cells were
harvested at approximately 25% and 50% cell viability, and enriched for N-terminal peptides (Mahrus et al, Cell. 2008, 134, pp866-
876) . Enriched samples were pooled, fractionated and analyzed by conventional LC/MS/MS (QSTAR Elite, AB/Sciex) and proteins
and peptides were identified using ProteinProspector (University of California, San Francisco) . The putative SRM transitions were
generated from MS/MS spectrum of identified caspase-cleaved peptides. For the relative quantification by SRM, cells were treated
with three different drugs (staurosporine, bortezomib and doxorubicin or MG132) and harvested at multiple time points between
100% viability and near complete death (0 % viability) . SRM (QTRAP 5500, AB/Sciex) was performed and data were processed
using in-house perl scripts. Internal standards were included to control for experimental and analytical variability and permit
relative quantitative comparisons of peptide intensity.

Results and Discussions

From the discovery runs using pooled samples, we identified a total of 2083 «a- amine containing peptides from 1256 proteins.
About one-third (674/2083) of cleavages followed aspartic acid, which were putative caspase cleavage sites, and 800 peptides
(including different charge states, missed cleavages by trypsin, and methionine oxidations) were selected to generate SRM
transitions. Interestingly, 90% of peptides could be detected at some level in all three cell lines using SRM analysis of individual
apoptotic cell lysates from the discovery experiment. However, there are large differences in signal intensities of peptides
depending on cell type and inducer. For example, in MM 1S cells treated with the proteasome inhibitor bortezomib, levels of
activating transcription factor-4 (ATF 4) increase dramatically early in drug treatment and then decrease upon cleavage by
activated caspases. Thus, caspase-derived cleavage products are a sensitive reflection of cell-type and drug-induced stress, and
provide useful fingerprints for mechanism of drug action and response.
In summary, these studies reveal the remarkable sensitivity of caspase cleavage profiles for drug and cell-type. These data may aid
in the development of specific apoptotic biomarkers for determining drug action, cell-type specific cell death, and possibly new
targets and pathways for cancer drug treatments.
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Novel aspects:
enzyme reaction in the microwave system combined with air bubble-mediated cooling can drastically reduce reaction time while
still maintaining the efficiency of the enzyme digestion.

Abstract:

Efficient enzymatic digestion of proteins is critical in the analysis of protein samples, in particular when global proteomic analysis
is required. However, the traditional water-bath enzymatic digestion has always been the major rate-limiting step in the sample
processing for proteomic analysis. In recent years, microwave has been applied to protein digestions, and demonstrated very
rapid completion of most digestion reactions within several minutes. In this study, the new microwave-assisted enzyme digestion
system was developed, employing a reaction chamber equipped with water-bubbling system by air supply. Air bubbles in the
microwave chamber keep on slightly decreasing the temperature of the chamber, leading to the continual irradiation of the
chamber by microwave pulses, which, in combination with air bubble-mediated cooling system, will maintain the repetitive
radiation of microwave pulses and constant temperature in the chamber. This combination of microwave pulses and cooling
system by air bubbles controlled the water chamber temperature with variation less than 0.5 &#8451 ;. We tested in-solution and
in-gel digestion of BSA and transferrin with several enzymes such as trypsin and chymotrypsin. The enzymatic release of
oligosaccharides (N-linked glycans) from glycolproteins was also attempted with PNGase F in the microwave system. All the
enzyme reactions were carried out with 400W of microwave power output & cooling air-bubble system at 37 &#8451 ; for 10 min.
The efficiency of trypsin or chymotrypsin digestion was determined by MALDI-TOF mass spectrometry (MS) with matrix pre-
spotted plates. The homogenous and continual microwave radiation throughout the reaction time significantly reduced the
number of miss-cleavaged peptides in protein digestion. The sequence coverage of more than 80 % by including one miss-
cleavaged peptides of BSA has been achieved in most of repeated experiments with air-bubbling microwave water chamber. The
constant irradiation by microwave pulses significantly reduced the miss-cleavaged peptides from BSA and transferrin when
peptide mass fingerprinting by MASCOT search was used for the analysis. In contrast, microwave irradiation which was not
constant and uniform mostly led to the incompletion of reaction. We analyzed multiple mass spectrometry spots on the sample
plates, and the MS data were very similar among identical spots, indicating the consistency of data analysis. The digestion
efficiency from 10-min reaction with microwave system in combination with air bubble-mediated cooling reached almost identical
level of efficiency obtained from conventional overnight digestion in regular water-bath. N-linked glycans released by PNGase F
were also analyzed by MALDI-TOF MS, demonstrating that just 10-min digestion reaction in the microwave chamber with bubble-
mediated cooling system was enough to result in the digestion efficiency similar to that acquired from overnight reaction using
conventional incubators. These results point out that enzyme reaction in the microwave system combined with air bubble-
mediated cooling can drastically reduce reaction time while still maintaining the efficiency of the enzyme digestion.
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Novel aspects:
This work provides a targeted means of discovering and validating non-glycosylated tryptic peptides as biomarkers in human
plasma, without the need for complex enrichment processes or expensive antibody preparations.

Abstract:
A simple mass spectrometric approach for the discovery and validation of biomarkers in human plasma was developed by
targeting non-glycosylated tryptic peptides adjacent to glycosylation sites in an N-linked glycoprotein, one of the most important
biomarkers for early detection, prognoses, and disease therapies. The discovery and validation of novel biomarkers requires
complex sample pre-treatment steps, such as depletion of highly abundant proteins, enrichment of desired proteins, or the
development of new antibodies. The current study exploited the steric hindrance of glycan units in N-linked glycoproteins, which
significantly affects the efficiency of proteolytic digestion if an enzymatically active amino acid is adjacent to the N-linked
glycosylation site. Proteolytic digestion then results in quantitatively different peptide products in accordance with the degree of
glycosylation. The effect of glycan steric hindrance on tryptic digestion was first demonstrated using alpha- 1-acid glycoprotein
(AGP) as a model compound versus deglycosylated AGP. Second, nonglycosylated tryptic peptide biomarkers, which generally
show much higher sensitivity in mass spectrometric analyses than their glycosylated counterparts, were quantified in human
hepatocellular carcinoma (HCC) plasma using a label-free method with no need for Nlinked glycoprotein enrichment. Finally, the
method was validated using amultiple reaction monitoring analysis, demonstrating that the newly discovered non-glycosylated
tryptic peptide targets were present at different levels in normal and HCC plasmas. The area under the receiver operating
characteristic (ROC) curve generated through analyses of non-glycosylated tryptic peptide from vitronectin precursor protein was
0.978, the highest observed in a group of patients with HCC. This work provides a targeted means of discovering and validating
non-glycosylated tryptic peptides as biomarkers in human plasma, without the need for complex enrichment processes or
expensive antibody preparations.
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Novel aspects:
We applied label free quantification to discover biomarker for the development of therapeutic agent in atopic dermatitis.

Abstract:

Quantitative proteomics measures abundance changes of many proteins among multiple samples in a high-throughput manner.
Results from such measurements provide information on how biological systems respond to environmental perturbations at a
genomic scale. A number of methods have been developed for quantitative proteomics to obtain high proteome coverage,
accurate quantification, and wide applicability to different types of samples. Here, we used normalized spectral index based label
free method for protein quantification. Label-free quantification can be achieved by correlating protein abundance with mass
spectrometric signal intensities of peptides and the number of MS/MS spectra matched to peptides and proteins. In terms of
accuracy, precision, and reproducibility, quantification performance was tested by using standard proteins samples. We compared
normalized spectral index based label free quantitation with MS chromatogram based label free quantification. We applied this
method to discover biomarker for the development of therapeutic agent in atopic dermatitis.
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Novel aspects:
A novel spotting robot for the MALDI target was developed for the high sensitivity nanoflow LC-MALDI analyses and applied to
the off-line multidimensional LC-MALDI workflow.

Abstract:

Introduction:

The discovery of protein biomarkers is important for early detection and elucidation of disease diagnosis. However, it is not easy
to detect extremely small quantity of peptides from highly complex samples such as serum or plasma without effective
fractionation and enrichment strategies. A proteomic strategy based on multi-dimensional liquid chromatography (MDLC)
combined with mass spectrometric analysis is essential approach for the effective detection of such kind of low-abundance
biomarkers. The purpose of our study is to construct an extremely high sensitivity MDLC and matrix-assisted laser desorption/
ionization mass spectrometry (MALDI-MS) workflow available as a proteomics platform for the discovery of protein biomarkers
and post-translational modifications (PTM) . Recently, we developed a prototype of a spotting robot on MALDI target, which is
suitable for the high sensitivity nanoflow LC-MALDI analyses. In this presentation, we demonstrate and discuss the advantages of
the off-line MDLC-MALDI workflow.

Methods:

The prototype of the novel MALDI spotter instrument was designed for the highly accurate collection of nanoliter fractions eluting
from nano-LC system on MALDI targets to support 1536 well format. This spotter is equipped with a laser sensor for high-precision
z-axis positioning with an overall error of 15 mm. The probes were constructed from 0.050 mm i.d. 0.150 mm o.d. x 150 mm length
fused silica capillary tubing. Cadenza™ CD-C18 resin (Imtakt, Japan) was self-packed into the capillary with sol-gel frit. The
2,5-dihydroxybenzoic acid (DHB) precoated targets were prepared using piezoelectric inkjet device. MALDI-QIT-TOF MS (AXIMA
Resonance™; Shimadzu/Kratos, UK) measurement was performed in positive ion mode.

Results:

The newly designed MALDI spotter is fully compatible with nano-LC system. The outside of column probe tip coated with a
hydrophobic material allows various kinds of LC eluents including an acetonitrile gradient to deposit stably on a MALDI target. The
performance of MDLC-MALDI system has also been evaluated in terms of a high selectivity and sensitivity detection of the PTM-
containing peptides. To optimize peptides separation, hydrophilic interaction chromatography (HILIC) mode was used because of
its orthogonality to 3-dimensional-reverse phase mode. The ion-exchange phase was also used to separate other sets of
molecules which have similar hydrophobic/hydrophilic properties. The final column eluents were directly spotted on DHB
precoated targets from capillary column-integrated probe using the nanoliter spotting robot to prevent post-column diffusion. The
peptides with PTMs spiked in highly complex sample were reproducibly detected using our MDLC-MALDI system. The
combination of MALDI-MS and MDLC is a powerful approach for the highly sensitive analysis of low-abundance peptides and
therefore this is an effective breakthrough in the sample complexity in the field of proteomics or PTM analysis.
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Novel aspects:
We have employed a mixture (1 : 1) of 13-HPODE and [13C18] -13-HPODE to facilitate the detection and characterization of
protein modifications by LC-ESI/MS.

Abstract:

[Objective] Many studies have implicated oxidative stress as a substantial contributor to the degenerative diseases of aging,
cancer, and cardiovascular diseases. Oxidative stress can induce the production of reactive oxygen species (ROS) and the
activities of cyclooxygenases and lipoxygenases. They can oxidize polyunsaturated fatty acids (PUFAs) to form lipid
hydroperoxides that undergo decomposition to highly reactive bifunctional electrophiles such as 4-oxo-2 (E) -nonenal (ONE)
and 4-hydroxy-2 (E) -nonenal (HNE) . These aldehydes are involved in the inflammation, apoptosis and other cellular signaling
through modification and cross-linking of the related proteins. Because of the difficulties in dealing with complex systems, most
previous studies have focused primarily on either protein modification by a single electrophile or structural characterization of
specific modifications on a model amino acid/peptide. It is now important to conduct a comprehensive study of the protein
modifications results from various oxidation products of PUFAs. To develop the methodology of the global screening for lipid
hydroperoxide-derived protein modifications, we have employed angiotensin Il (Ang Il : DRVYIHPF) as a model peptide. It is a
well-known bioactive peptide in the renin/angiotensin system and has been found to be readily modified by reactive aldehydes
such as ONE and HNE ™. As for the source of electrophiles, 13-hydroperoxy- (Z.£) -9,11-octadecadienoic acid (13-HPODE) was
prepared from the linoleic acid (LA) , the most abundant PUFA in mammalian tissue. [*Cig] -13-HPODE was also prepared and a
mixture (1 : 1) of 13-HPODE and ['*Cis] -13-HPODE was reacted with Ang Il to facilitate the detection and characterization of
Ang Il modifications by liquid chromatography (LC) -electrospray ionization (ESI) /mass spectrometry (MS) . Thus, any modified
Ang Il derived from 13-HPODEs will be observed as a doublet (i.e. m : m+9 for ONE- or HNE-derived modification) in the mass
spectrum with identical retention times by LC-MS. This will allow to develop the pseudo neutral loss scan method for an effective
screening.

[Experiments] 13-HPODE and [*Cis] -13-HPODE were prepared using soybean lipoxidase from linoleic acid and ['*C] -linoleic
acid, respectively. 13-HPODE and Ang Il were reacted in the presence of ascorbic acid (AA) or AA/Cu" and analyzed to optimize
the LC/MS condition. A mixture (1 @ 1) of 13-HPODE and ['*Cis] -13-HPODE was then reacted with Ang Il in the presence of AA
or AA/Cu" and analyzed using an optimized LC-ESI/MS conditions. LCQ-DECA (Thermo Scientific Inc.) equipped with ESI source
was employed for the analysis of the reaction mixture. The chromatographic separation of reaction products was carried out on a
SunFire C18 column (150 X 2.1 mm i.d., 3.5 pm ; Waters, Milford, MA) with water and acetonitrile containing 0.1% formic acid as
mobile phases at 0.2 mL/min.

[Results & Discussion] The reaction conditions to generate 13-HPODE and ['*Cis] -13-HPODE from linoleic acid and ["*C] -linoleic
acid, respectively, were optimized. They were isolated using normal phase HPLC system, and each concentration was determined.
The oxidative condition for the reaction between 13-HPODE and Ang Il was then optimized. The LC/MS condition was also
optimized. It was revealed that each electrophiles-modified Ang Il and the corresponding [*Cis] -labeled one elute at the same
retention time. The modified Anglls derived from 13-HPODEs were confirmed by doublets in their mass spectra. The
comprehensive pseudo neutral loss scan method will then be developed based on the current results for global screening of
protein targets of electrophiles.

[1] Lee, S. H., Takahashi, R..Goto, T., and Oe, T., Chem. Res. Toxicol. 23, 1771-1785 (2010) .
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Novel aspects:
Peptide fragmentation knowledge can be successfully applied to large-scale datasets in an automated manner providing a unique
insight into the composition of collision induced fragmentation spectra.

Abstract:

MS-based Proteomics projects often produce millions of MS/MS spectra containing information about tens of thousands of
sequence unique peptides and their modifications. Peptide and protein identification based on database searches are largely
automated and obtaining the peptide sequence from regular fragment ions seems straightforward. While the investigation of
different peptide fragmentation mechanism has been of great interest to the mass spectrometric community for decades, this
knowledge has not been applied to large-scale studies and it is difficult to access for biological researchers using proteomics as a
tool. The latest generation of mass spectrometers that provides high resolution and high mass accuracy for both MS and MS/MS
scans (high-high-strategy’) allows measuring the peaks in MS/MS spectra with high mass accuracy - for low m/z even revealing
the chemical compositions. Here we develop a computer-assisted Expert System that incorporates much of the knowledge about
peptide fragmentation pathways and we validate it by applying it to a statistical investigation into the nature of higher energy
collisional dissociation (HCD) and collision induced dissociation (CID) fragmentat ion spectra.

We acquired data from digested E.coli, yeast and Hela cell lysate on LTQ Orbitrap Velos and LTQ Orbitrap Elite mass
spectrometers (Thermo Scientific) . Peptide identification was carried out with MaxQuant and the Andromeda search engine with
a strict FDR of 0.0001. Our dataset initially contained more than 100,000 high scoring and unique tryptic peptides but was further
filtered to obtain greater than 16,000 very high-quality MS/MS spectra nearly free of co-eluting peaks. The MS/MS spectra were
then comprehensively annotated by an Expert System that was iteratively developed together with this study.

The major ion types that we found in our study can be classified into 6 different categories : regular ions that result from
cleavage of the peptide back bone (a-, b- and y-type ions) , neutral loses, internal fragments, immonium ions, side chain fragments
and the intact precursor mass. Strikingly, we find the amino acid coverage of our collection of tryptic peptides to reach 80% for a
peptide length of up to 20 amino acid in total. This demonstrates high fragmentation efficiency and the potential for de novo
sequencing. While HCD spectra in general feature highly complete y-ion series but only low mass b-ion series, in CID spectra the
b-ion series also contributes substantially to the sequence information content. In contrast, there are many internal ions in HCD
spectra (10% of the intensity coverage) , but these are nearly absent in CID spectra. Likewise, in HCD spectra 6 % of the intensity
coverage is accounted for by immonium ions and side chain fragments are also specific and prominent in the low mass region.
Our study demonstrates that peptide fragmentation knowledge can be successfully applied to large-scale datasets by our
computer-assisted Expert System at a level of quality comparable or better than a human expert. This allows the expert focussing
on very specific problems such as the discovery of novel fragmentation pathways.
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Novel aspects:
We illustrate the relationship between the absorbed proteins and the developement of secondary cataract. This finding will help
scientists to design a new intraocular lens with lower secondary cataract rate.

Abstract:

The intraocular lens (IOL) is a polymer implant designed to replace the natural lens after cataract surgery. When the implant is
introduced into the lens capsule, the polymer starts to interact with the aqueous humour and the exchange of molecules between
the solid and the liquid begins. The nature of exchange in water, ions, and biomolecules may result in several postoperative
complications including glistening, calcification, and posterior capsular opacification. The posterior capsular opacification (PCO,
also called “Secondary Cataract ) is raised from the over-growth of residual lens epithelial cells. The first step of the over-growth
process of the cells is their adhesion to the deposited biomolecules, such as proteins involved in extra-cellular matrices.

The purpose of this study is to identify the principal proteins adsorbed onto the acrylic polymers by mass spectrometry. The
concept of adsorbome is to generate a list of adsorbed proteins to the hydrophilic and hydrophobic polymers, and then compare
the difference to the original component of aqueous humour in order to see the affinity of individual protein to each material. Two
kinds of hydrophilic and two kinds of hydrophobic acrylic polymers were tested for their adsorbomes by treating them with an
aqueous humour analogue and the major adsorbed proteins were identified by mass spectrometry. Interestingly, the hydrophilic
acrylic polymer shows a relative lower protein adsorption rate but shows a higher incidence of secondary cataract. This
phenomenon implies the adsorbed proteins play a crucial role in progress of secondary cataract.
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Novel aspects:
A cheap, low dose and label-free absolutely quantitation by LC-nanospray-MS is established and tested for CuZn-SOD in HepG2.

Abstract:

Generally, artificial free radicals, DPPH or ABTS are employed in vitro to screening antioxidant activity in natural resources.
However, it is hard to infer directly the obtained free radical scavengers, neither the metabolites of the scavengers possessing
antioxidant activity in vivo. Therefore, that is why bio-guided screening approaches are still in use, although they are cost and high
dose of testing sample needed. In the present study, we developed an efficient bio-guide assay by detecting CuZn-SOD in HepG 2
using LC-MS for screening antioxidants. The novel aspect of study is cheap, low dose and label-free absolutely quantitation . We
adopted trypsin to hydrolyze CuZn-SOD of HepG 2 and found good ion efficiency peptide sequences by LC-nanospray-MS. It is
simply the recognition of the fact that not all of the peptides are equally likely to be detected by current mass spectrometry-
based techniques. Therefore, we selected proteotypic peptide that is always detected and its analogue to synthesize. The
analogue peptide sequence has been replaced one amino acid to anticipate that have similar ion efficiency to proteotypic
peptide. These two synthesized peptides were used to acquire the absolutely quantity of CuzZn-SOD in HepG2. And the CuZn-
SOD in HepG 2 was in different treated by resveratrol. The quantity of CuzZn-SOD was evaluated by the induced resveratrol .
Nevertheless, if quantity of resveratrol adding in HepG 2 was too high, the CuzZn-SOD containing in cell line HepG 2 would have
decreased. Furthermore, the technique should be applicable for screening widely natural antioxidants.
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Keywords:
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Novel aspects:
Development of an alternative data quality control method to compare and validate protein expression across multiple
experimental conditions

Abstract:
Classical vaccination approaches capable of controlling viruses have not worked for HIV-1. Several studies recently published
indicate that mammalian cells have response mechanisms to HIV-1 through activation of innate sensors. The central coordinators
of innate and acquired immune responses are the dendritic cells (DCs) and little is known about how they can detect retroviruses
and help mounting an effective protective immunity against HIV-1.
A study applying a system biology approach capable of exhaustively exploring the protein landscape and the complexity of the
innate immune recognition pathways in the DCs represents an opportunity to unravel the mechanisms by which these cells
determine disease outcome and may provide important insights for the design of HIV therapies and vaccines.
Mass spectrometry has turned into the analytical technique widely used for data collection in proteomics research. At the same
time, bioinformatics supplies computational methods for protein identification and quantification in these large-scale experimental
data sets.
In this project, primary human DCs generated from peripheral blood monocytes of individual healthy donors (monocyte-derived
DCs or moDCs) have been analyzed using liquid chromatography combined with tandem mass spectrometry (LC-MS/MS)
instrumentation. These cells either elaborate a potent, innate, antiviral state that suppresses HIV-1 infection to undetectable
levels or they are rendered completely permissive for HIV- 1 infection.
As an initial screening, we are applying the bottom-up shotgun MS/MS workflow : after cell lysis of the moDCs samples, protein
samples are digested and the label-free samples are analyzed using data-dependent (IDA) or data-independent (SWATH)
acquisition schemes on a QqTOF mass spectrometer (with a resolving power of 30,000) . Then, standard peptide fragment
fingerprinting (PFF) tools such as MASCOT and ProteinPilot are used for protein identification.
We are currently exploring approaches to compare and validate the protein expression level consistency across different donors
and across different replicates (within the same donor) , as well as the protein expression level variations as a result of viral
infection.
Preliminary results have shown some variability in the protein expression content among the multiple experimental conditions ;
however, to quantify and perform similarity analysis on these complex biological mixtures supporting the investigation of the
antiviral response mechanisms is a difficult task.
To achieve this, we are developing a novel approach that consists in clustering the samples according to the different
experimental conditions. Each sample is represented by a fixed-length vector where each dimension corresponds to a protein
(from the list of identified proteins) and the value for the corresponding dimension is an estimated quantification. Different
identification results and different label-free quantification strategies such as spectral count and MS 1-based profiling (e.g.
generated by SuperHirn) will be investigated using several clustering algorithms and similarity measures. In addition, we plan to
extend the analysis to peptides and study post-translational modification profiles.
We expect the results to indicate whether the protein/peptide quantification content properly characterizes these multiple
experimental conditions in order to : i) validate the protein expression level consistency intra and inter donors under the same
condition (i.e. grouped in the same cluster) , and ii) identify possible distinctive patterns in each of the different conditions (i.e.
samples under different conditions clearly separated in different clusters) .
The usage of such method as an alternative data quality control process is an important step in our project in order to reduce
artefacts induced by individual variability and reliably categorizes the list of differentially expressed candidate proteins and
signature peptides of the complex mixture under several basal and perturbed experimental contexts. ltems of the output list will
be further validated and characterized to create and refine models describing the biological pathways under study.
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Novel aspects:
Modified amino acid sequence identified using ultra fast LC/MS/MS scanning with multiple collision energy events.

Abstract:
An amino acid in a heme protein can be modified by reaction with hydrogen peroxide, resulting in loss of physiological activity of
the protein. Additionally, it has been reported that the insertion of tryptophan near the heme in myoglobin can be oxidized by an
organic acid peroxide.
In this study, we found that a methionine residue is modified in a mutant of another heme protein. However, among the peptide
fragments obtained by the peptidase digestion of the modified protein, two peptides were present with the same molecular
weight, containing methionine and constructed with the same set of amino acids. From this we identified the modified amino acid
in the mutant protein using LC-MS/MS.
The mutant of the heme protein used in this study was a mixture of modified and non-modified proteins, with about 50% of the
native protein oxidized. After digesting the mutant of the heme protein with trypsin, the obtained peptide fragments were
analysed by mass spectrometry. The sample was analyzed using a double-focusing mass spectrometer with electrospray
ionization. Then LC-MS/MS analysis was performed using UHPLC (Nexera, Shimadzu Corporation, Japan) and a triple quadruple
mass spectrometer (LCMS-8030, Shimadzu Corporation, Japan) . Separation was achieved using an ODS column, Shim-pack XR-
ODS I (150 x 2.0 mm, 2.2um) . The sample was eluted at 0.2 mL/min with a binary gradient system and analysed by MS/MS in
positive ion electrospray.
The tryptic digested sample of the heme protein was analyzed by ESI-MS. Peptide F2 (sequence : IFIMK) and peptide F 8
(sequence : MIFIK) at m/z 651 (M+H) differed in sequence. Peak at m/z 667, which was 16u larger than the original peak is likely
to be due to the oxidized species of peptide F 2 or F8. MS/MS analysis of two products at m/z 326 (M+ 2 H) corresponded to the
mass of the peptides F 2 or F8, and the peak at m/z 334 (M+2H) to the modified peptide. In order to analyze the sequence of the
peptide exhibiting these peaks, product ion scan (MS/MS) measurements were performed with three collision energies (CE=10,
20, 30V) and a high scan rate (15000u/sec) . The results of product ion scan data showed that the two peaks at m/z 326 were F 2
and F8, respectively, and that the peak of m/z 334 was F 2 (IFIMK) .
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Novel aspects:
We developed proteomics pipeline to analyze genetic variations in the proteome level analysis for population scale.

Abstract:
With the completion of the Human Genome Project, more than 3 billion bases in the human genome were fully sequenced.
Among the human genome, 99.9 % of bases are exactly the same from person to person. Approximately 3 million bases in the
human genome are different, and these variations make people unique. Single nucleotide polymorphisms (SNPs) are the most
common type of these genetic variations among people and the major genetic basis of physiological or pathological variants for
individuals. There are two types of SNPs within coding region : synonymous and non-synonymous. The non-synonymous SNPs
(nsSNPs) result in variation of amino acid sequences and often have significant impact on functions of the corresponding proteins
and also phenotypes. However, little attention has been paid to study SNPs at the proteome level in population scale so far.
Therefore, in this study, we present a new proteomic analysis pipeline based on high-confidence Uni-prot annotation and proteins
that were analyzed by shotgun proteomics strategy. In this study, we applied a targeted proteomic approach, multiple reaction
monitoring (MRM) , in total 300 plasma samples to quantitatively analyze and find associations between nsSNP and obesity at the
proteome level in population scale.
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Novel aspects:
To enhance enrichment efficiency of nitro-peptides, we optimized the blocking step of free amino groups on the nitro-peptides.

Abstract:

Protein tyrosine nitration is nitric oxide (NO-) dependant post-translational modification (PTM) associated with a number of
diseases and biological aging. To correlate protein tyrosine nitration mechanistically with specific physiological and pathological
conditions, it is important to identify protein target sequences and to quantify protein-3-NT residues on these proteins. Since
protein nitration is a low-abundant post-translational modification, development of an effective enrichment method is needed to
detect nitrated peptides or proteins from the limited amount of patho-physiological samples. The developed enrichment method
includes blocking, reduction, and specific chemical tagging steps of the nitro-peptide prior to capturing the derivatives with
fluorine carbon tag. However, blocking by acetylation resulted the reduction of mass signal. As the blocked peptides with
acetylated lysine on C- terminal have positive charge at amine group, they are induced to be neutralized during ionization in ESI-
MS. Thus, the choice of acetic anhydride as an acetylating agent results in fatal reduction of peptide ion signals during ionization
in MS. To overcome the problem associated with signal reduction due to acetylation, in this study we introduced dimethylation
step to block amino groups on tryptic peptides keeping their positive charge after the blocking reaction.

At first, we synthesized two artificial peptides with only differed C-terminal sequence. One had C-terminal lysine, the other had
C-terminal arginine as a control. Then two peptides go through the same processes of blocking, acetylation and dimethylation,
followed by analysis on ESI-MS. Our results indicate that the peptide with C-terminal lysine showed significant reduction of mass
signal when used acetylation for blocking, however, we could show the mass signal gain when we use dimethylation as a
blocking.

We conclude that the blocking step of tryptic digested peptides using dimethylation is more efficient than acetylation without loss
of signal for ESI-MS analysis.
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Novel aspects:
Quantification of biological drugs in plasma by liquid chromatography-tamdem mass spectrometry was performed.

Abstract:
[Objectives]

In many cases, enzyme-linked immunosorbent assay (ELISA) methods are developed to quantify the biological active proteins in
plasma samples. However, in early stage of drug discovery, ELISA will not be available for candidate proteins because of not to be
prepared yet the specific antibody for ELISA. Then the discussion on the relationship between PK and PD might be skipped,
though it is very important to make go/no go-decision even in early stage. Our objective is to establish the method for quantifying
the biological drugs in plasma and take PK information in animals, without a specific drug antibody, using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) .

[Methods]
To indicate the usefulness of LC-MS/MS method, three types of biological drugs on market , Palivizumab as a whole 1gG (Abbott) ,
Etanercept as a fusion protein of TNFalpha-Receptor and Fc fraction (Pfizer) , and Peginterferon as a PEGylated IFN-alpha-2b
(MSD) , were examined. Firstly, a specific peptide, which was necessary as a probe peptide for each protein to be detectable by
mass-spectrometry, was selected from a portion of protein sequences using available tools and data base on the web site
(Expazy, NCBI or Swiss-prot) considering some defined conditions. The each specific peptide and its peptide with stable isotope
(IS) for proteins were synthesized. Next the standard samples were prepared for calibration curve and QC. A specific peptide
and IS were spiked in the tryptic digested plasma and samples were injected to LC-MS/MS (UPLC-Quattro Premier, Waters) to
quantify the specific peptide. A validation (recovery, linearity of calibration curve, intra-day and inter-day assays) were performed.
Finally, a single dose PK study in animals was carried out to examine the usefulness of LC-MS/MS method against ELISA method.

[Results and Discussion]
The validation results were satisfied our criteria for Palivizumab. This validated method was adapted to the PK studies of
Palivizumab (rat and monkey) . In results, the PK parameters are good correlated good correlated to previous reported values
determined by ELISA. For Etanercept the recovery % from standard samples was relative low, therefore Etanercept was added to
plasma before tryptic digestion and digested in order to correct the recovery %. This protocol could provide results with good
precision. The validation of Peginterferon is still under consideration.
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Novel aspects:
Improvement in sensitivity and resolution of proteomic analysis for histone modification dynamics.

Abstract:
Purpose : Improve methodology and workflow of histone modification analysis to identify function-dependent combinatorial
histone codes.

Background : Histone modification has been an attractive target for MS. Especially, two types of histones, H3 and H4 have many
modification sites (amino acid residues) which can be methylated (mono-, di-, tri-) , acetylated, phosphorylated, and more. These
modifications can occur in any combination and produce thousands of possible patterns. Different modification pattern does not
necessarily mean different mass or chemical property. Rather, the difference is often extremely subtle, so the good separation and
the fast high-resolution mass measurement are essential. In addition, increasing interest in epigenetics demands more sensitive
analysis. Histones carry rich epigenetic information in the form of posttranslational modifications on their N-terminal tail
sequences, playing crucial roles in dynamic cellular function. Their combinations of modifications constitute the “histone code
which regulates epigenetic events.

Methods : Our approach is label-free semi-quantitative LC/MS/MS to investigate time-course changes in multiple modification
patterns. For H4 analysis, histone was extracted from cell-cycle synchronized Hela S3 cells, digested with Asp-N, and analyzed
with nano LC-MS/MS (Orbitrap ELITE ETD) . We used Progenesis software (Nonlinear Dynamics) for quantitative analysis. Data
were then subjected to multivariate analyses.

Results : With about 1 pg of histone proteins, we determined over 50 patterns of combination of modifications. Notably, the
phosphorylation of serine in H4 (H4S 1 ph) was well-quantified, which has been otherwise poorly detected or quantified so far. In
the cell-cycle synchronization experiments, we observed cell cycle phase-dependent ups and downs of H4S1 phosphorylation
level with good reproducibility, as well as H 4 K20 methylation changes described previously.

Conclusion : We have developed an improved methodology and workflow to analyze histone modification dynamics.
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Novel aspects:
Simultaneous quantification of CYP 1 A2, 2D6, and 3 A4 isoform proteins by liquid chromatography-tamdem mass spectrometry
using a single internal standard peptide was performed.

Abstract:
[Objectives]
Nowadays, quantification of enzyme proteins by liquid chromatography-tamdem mass spectrometry (LC-MS/MS) is adopted
widely in evaluation of drug-drug interaction caused by drug-metabolizing enzymes. Typically, in quantifying each cytochrome P450
(CYP) isoform protein, a stable isotope-labeled peptide specific to each CYP isoform protein is utilized as an internal standard
(IS) . In this method, a stable isotope-labeled peptide has to be synthesized for each isoform to be measured, which constitutes
a drawback. Therefore, we established a simultaneous quantification method using a single IS peptide for major three CYP
(CYP1 A2, 2D6, 3A4) isoform proteins, which are important in the incipient period of drug discovery.

[Methods]

Probe peptides of CYP 1A2, 2D6, and 3A4 isoforms were selected from analysis data of Matrix Assisted Laser Desorption/
lonization Time-of-Flight mass spectrometry (MALDI-TOF MS) and literature information. A peptide that does not exist in vivo was
used as a single IS peptide. By using these peptides, we measured content of each CYP isoform protein in individual (Lot HG3,
HG6, HG23, HG43, HG56, HG66, HG89, BD Gentest) or pooled human liver (Mix gender, Pool of 15, Lot PR09004, Xenotech) and
intestinal microsomes (Mixed sex human, Pool of 6, Lot UGU, BD Gentest) as well as recombinant human (cDNA-expressed) CYP
isoform proteins (CYP 1 A2 Lot 456203, CYP2D 6 Lot 456217, CYP 3 A4 Lot 456202 : baculovirus-expressed microsome, BD Gentest
and CYP1A2Lot C1A2R007/A, CYP2D6 Lot C2D6R013/A, CYP3 A4 Lot C3A4R010/A @ Escherichia coli expressed microsome,
Cypex) . We also measured content of CYP isoform proteins in cryopreserved human hepatocytes treated with rifampicin. These
quantitative results were compared with those measured with a stable isotope-labeled peptide IS specific to each CYP isoform
and validity of the measurement method that we established was verified.

[Results and discussion]

Contents of CYP 1 A2, 2D6, and 3 A4 isoform proteins in liver microsomes of each donor obtained with the measurement method
using the single IS peptide were almost identical to those results using the stable isotope-labeled peptide ISs for each CYP
isoform. Moreover, the measurement results in intestinal microsomes and recombinant human CYP microsomes with a different
matrix in which a CYP protein exists were almost the same. Furthermore, expression induction of CYP3 A4 isoform alone was
confirmed when contents of each CYP isoform protein after rifampicin (a CYP 3 A typical inducer) treatment using the
cryopreserved human hepatocytes were quantified. Thus, the assay that we established is one of an effective tool in drug
discovery because contents of multiple CYP isoform proteins are measurable with the single IS protein.
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Novel aspects:
Establishment and testing of well-defined criteria for target protein identification in an forensic-type analysis.

Abstract:

The Chemical Weapons Convention (CWC) , which entered into force in 1997, prohibits the development, production, acquisition,
stockpiling, retention, transfer or use of chemical weapons by Member States. The Organisation for the Prohibition of Chemical
Weapons (OPCW) has been established to implement the CWC. Compared to other treaties limiting weapons of mass
destruction, the CWC aims at complete elimination of this type of weapons. It also includes a verification aspect in the form of
routine and possible challenge inspections as well as investigations of alleged use of chemical weapons.

Typical analytes covered by the CWC are small molecules, which can quite routinely be analysed by GC-EI/MS, LC-ESI/MS or LC-
APCI/MS. Ricin is the only protein toxin included in the CWC. As a minimum, the identification by two different analytical
techniques is required. These identification criteria are not directly applicable to a much more complex system as the ricin protein.
The Scientific Advisory Board (SAB) of the OPCW and its temporary working group has been discussing the establishment of
identification criteria for ricin.

Ricin protein is found in seeds of Ricinus communis, the castor plant. It is a ribosome inactivating protein (RIP) , which consists of
A and B chains (30 kDa and 29 kDa without glycosylation) . The mass of the glycosylated protein is 63 kDa. The B chain is
responsible for allowing the toxin to enter cells while A chain is RIP active. The seeds also contains Ricinus communis agglutinin

(RCA) which consists of two A and two B chains and has weight of 120 kDa. RCA is closely related to ricin and these two proteins
contain common sequence fragments.

Typically LC-MS/MS identifications of proteins are based on database searching. The analysis is done from an enzymatically
digested sample. In these analyses, the product ion spectra are measured using either clearly defined or data-dependent
measurements. The data, full raw data or pre-processed data, are searched in protein databases. Finally, the resulting peptide
matches are correlated with possible proteins present in the samples. The reliability of result is increased with increasing
sequence coverage.

The identification of ricin for the purposes of the CWC has several requirements : 1) the presence of both A and B chains have to
be verified, 2) it has to be verified that the chains are connected and 3) the ricin protein is RIP active. The traditional
identification method described above could fulfil the two first requirements. In our studies, we have chosen a more direct way
also able to fulfil these two requirements for the identification, which aims for high sensitivity. The third requirement can be
satisfied only with activity assays, which are outside the scope of this paper.

The starting point for our work has been the analysis of the sequences of both ricin and RCA. The aim has been to find tryptic
peptides, which can be used to differentiate ricin and RCA as well as be as characteristic to ricin as possible. The analysis of ricin
samples has been carried out by a triple quadruple LC-ESI/MS/MS instrument using both product ion scan and selected reaction
monitoring (SRM) . The basic identification criteria used for the evaluation of this data include comparison retention time
information as well spectral or SRM data between sample and reference. For protein identification, the number and properties of
the peptides as well as the relative intensities seleted to represent the protein play an important role. The detection limits depend
greatly on the selected criteria.
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Novel aspects:
Peptide quantitation using stable isotope standards and MALDI-TOF MS yields accurate results with CVs in the 1-2% range from
plasma.

Abstract:

The most critical step in translating candidate protein markers into clinical diagnostics, the so-called verification step, requires
accurate protein and peptide quantitation in large sample sets (usually plasma or serum) . Nano-LC and multiple reaction
monitoring (MRM) mass spectrometry have been methods of choice providing precise relative quantitation of proteotypic
signature peptides representing proteins of interest in clinical samples. However, the use of nanolLC inhibits use of this approach
in clinical settings. SISCAPA (Stable Isotope Standards and Capture by Anti-Peptide Antibodies) are introduced and combined
with MALDI-TOF MS as an LC-free method for high throughput protein quantitation. MALDI-TOF is characterized as an extremely
simple and precise assay methodology that may be applicable for measurement of diagnostic proteins in clinical laboratory
environments.

Six pairs of synthetic proteotypic peptides were used in 2 forms : unlabeled (L) and labeled (H) in the C-terminal K or R residue.
Peptides were proteotypic for human proteins such as thyroglobulin, PCI, HER 2 /neu, HE-4, amongst others. Peptides were used
from 10 mM stocks to prepare mixtures at varying L : H ratios across 11-point calibration series spanning ranges up to 2047 fold.
Dilutions were prepared in 96 well plates using a liquid-handling robot (Bravo, Agilent) and spotted on prespotted AnchorChip
MALDI plastic targets (Bruker Daltonik) in quadruplicate. The SISCAPA assays utilized Invitrogen “ s protein G dynabeads, rabbit
monoclonal antibodies selected for high peptide affinity and human plasma with titrated levels of spiked peptides. MALDI-MS
spectra were acquired on an autoflex speed LRF MALDI-TOF in positive ion mode.

The precision of peptide quantitation by MALDI-TOF MS was explored using 6 pairs of proteotypic peptides (L) and same-
sequence stable isotope labeled synthetic internal standards (H) . These were combined in dilution curves spanning up to 2,047-
fold ratios. Coefficients of variation (CV) of L : H peak area ratios were examined across 4 replicate MALDI spots per sample..
Averaged across 11 points of a 100-fold dilution curve and over all 6 peptides, the overall CV was 2.5% at 11 fmol total (light +
heavy) of each peptide applied per spot. The average CV of measurements at near-equivalence (the center of the dilution curve)
for the six peptides was 1.0%. Response curves across the 100-fold range could be closely modeled by a power law fit giving R?
values > 0.998 for all peptides.

The MALDI-TOF MS method was used to determine the endogenous level of a proteotypic peptide (EDQYHYLLDR) of human
protein C inhibitor (PCl) in a plasma digest after enrichment by capture on a high affinity anti-peptide antibody, a technique called
Stable Isotope Standards and Capture by Anti-Peptide Antibodies (SISCAPA) . The level of PCI was determined to be 770 ng/mL
with a replicate measurement CV of 1.5% and a >14,000-fold target enrichment via SISCAPA-MALDI-TOF. These results indicate that
MALDI-TOF technology can provide precise quantitation of high-to medium abundance peptide biomarkers over a 100-fold
dynamic range when ratioed to same-sequence labeled internal standards and enriched to near purity by specific antibody
capture. The robustness and throughput of MALDI-TOF in comparison to conventional nano-LC-MS technology could enable
currently impractical large-scale verification studies of protein biomarkers.



Poster Session

Monday, 17 September
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)

Session 6: Novel Approaches in Proteomics Analysis

PMo-134 Production of Standards for Quantitative Proteomics and
13:30 - 14:40 Phosphoproteomics with Focus on ICP-MS and ESI-MS

Wolf D Lehmann
German Cancer Research Center (DKFZ)

Keywords:
quantitative proteomics, peptide standards, protein standards, phosphorus, selenium,

Novel aspects:
Production of peptide/protein standards calibrated via ICP-MS and phosphorus or selenium detection and their transformation
into phosphorus-free or selenium-free peptide/protein standards under preservation of their accurate quantification.

Abstract:

Quantitative data are of outstanding importance in the life sciences. Regular quantifications result in concentration data.
Quantitative proteomics started with relative quantifications, designed for measurement of concentration ratios. In general,
relative quantification methods are connected with differential analyte labeling, so analytes from samples to be compared can be
distinguished when analyzed as mixture. Later, methods for regular quantification (“absolute quantification ) followed, which
deliver concentration data. For this purpose, the method of choice is to use a standard which is both labeled and calibrated. For
further development of the field of quantitative proteomics, there is urgent demand for accurately quantified and certified peptide
and protein standards. Techniques capable for generation of such standards are described with focus on inductively-coupled
plasma ionization mass spectrometry (ICP-MS) and electrospray ionization mass spectrometry (ESI-MS) as quantification methods.

For quantification of phosphopeptides by ICP-MS, phosphorus is the element of choice. (PASTA peptides [1]) . Using
quantitative dephosphorylation controlled by ESI-MS or LC-ESI-MS, quantified phosphopeptide standard solutions can be
converted into peptide standard solutions, with preservation of the quantification accuracy. In this way it is possible to produce
phosphorus-quantified but phosphorus-free stable isotope labeled peptide standards. Mixing of calibrated peptide and
phosphopeptide solutions results in ratio standards, which serve e.g. as standard for determination of a site-specific
phospho