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In order to get a better understanding of  how plants are 
using their arsenal of  natural products in the daily battle 
of  survival in an ever-changing environment, methods are 
required which allow sensitive detection, quantification and 
identification of  secondary compounds. Metabolomics ap-
proaches are one possible answer to these requirements. 
The information resulting from such non-targeted analy-
sis is of  tremendous value for gene function analyses, it 
will provide molecular insights into physiological states and 
biological networks, will allow to identify disease markers 
or to study the impact of  environmental perturbations on 
a biological system. Because of  the chemical diversity of  
the metabolome, which for any given multi-cellular species 
comprises a mixture of  thousands of  compounds differing 
in size, polarity etc. and varying in abundance by several 
orders of  magnitude, the need for multi-parallel analytical 
techniques is obvious and well-accepted. LC-MS is a versa-
tile analytical tool. It covers a wide mass range and allows 
to target many compound classes not detectable by GC-
MS. In addition modern LC-MS set-ups offer superior op-
tions to structurally elucidate unknown metabolites using 
accurate mass determination and tandem MS. Data-analysis 
was and still is a major bottleneck of  metabolomics. Nev-
ertheless in recent years open source software methods 
for raw data deconvolution and further data mining tools 
have been developed (http://msbi.ipb-halle.de/MetWare; 
http://www.bioconductor.org/). Construct-ing a pub-
licly available ESI-MS database is of  general interest and 
should be a common effort. On the bases of  a scientific 
cooperation agreement the Institute of  Plant Biochemistry 
deposits its MS-data in the international Mass Spectral Da-
tabase for Metabolome Analysis (http://www.massbank.
jp) built by the RIKEN – Plant Science Center (Japan). In 
the last 10 years the institute has established a reliable LC-
MS platform based on UPLC-ESI-QTOF-MS. More than 
200 samples per day are profiled originating from different 
plant species ranging from Arabidopsis thaliana to Brassica na-
pus or trees like the ornamental Aesculus hippocastanum. Life 
science examples will be discussed. 
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Protein phosphorylation belongs to the most important 
post-translational modifications involved in many essential 
signaling mechanisms in eukaryotic and prokaryotic cells. 
The O-phosphorylation of  serine, threonine, and tyrosine 
residues provides the highly stable O-phosphorylated 
products, which have been extensively studied with many 
different techniques, especially with mass spectrometry [1].
However, the phosphorylation process can occur on the 
side chains of  other amino acids, among them histidine, 
lysine, and arginine. The involvement of  lysine phospho-
rylation in cellular signaling or metabolic pathways has 
not been investigated yet, although it is connected with 
some kinases and phosphatases activity [2]. Although the 
lysine phosphorylation is an important protein modifica-
tion, it is still poorly explored in terms of  products and 
mechanisms. The main reason is the untypical P-N bond 
(phosphoramidate bond), which is highly unstable at 
acidic conditions and undergoes hydrolysis easily. There-
fore, detection of  N-phosphorylated peptides or proteins 
by the electrospray mass spectrometry (ESI-MS) creates 
problems due to a low abundance or spontaneous gas 
phase dephosphorylation [3].
Electron capture dissociation is known to be useful for 
the characterization of  labile post-translational protein 
modifications [4]. The ECD fragmentation of  histidine-
phosphorylated peptides do not create dephosphor-
ylated fragments, what suggests that the ECD method 
may be useful for analysis of  the N-phosphorylation on 
lysine residues.
We present the analysis by the ESI-MS of  the lysine 
phosphorylation products obtained by the reaction of  
peptides with monopotassium phosphoramidate. The 
ECD method was found useful for the localization of  
phosphorylation sites in unstable lysine-phosphorylated 
peptides. Moreover, the results indicate that the ECD 
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mass spectrometry may be used for analysis of  the regi-
oselectivity of  the N-phosphorylation reaction. 
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The genus Trifolium includes about 250 species. This genus 
contains some important species used as a pasture crops. 
Additionally the red clover (Trifolium pretense) has been a 
commercial source of  isoflavones used for formulation 
of  drugs for menopausal symptoms release. In our phy-
tochemical search on this genus, the aerial parts of  57 spe-
cies were characterized for flavonoids, isoflavones, clova-
mids and phenolic acids composition and concentrations 
[1]. Seeds of  the same species were analysed by TLC for 
the presence of  triterpene saponins and flavonoids [2]. In 
present research aerial parts of  the same set of  species was 
analysed for triterpene saponins. The dried and finely pow-
dered Trifolium tops (400 mg) were extracted with 40 mL 
of  50% MeOH at 100°C in an ASE200 accelerated solvent 
extractor (Dionex, Sunnyvale, CA) at a working pressure of  
1500 psi. Ten milliliters of  these extracts was taken, and the 
solvent was removed under reduced pressure and tempera-
ture (50°C). The crude extract was suspended in water (10 
mL) and was passed through a C18 Sep-Pak (360 mg, 55–
105 μm) cartridge (Waters Associates, Milford, MA) pre-
conditioned with water. The cartridge was washed first with 
water (10 mL) to remove sugars and then with 40% MeOH 
(10 mL) to elute phenolics and 70% MeOH to remove sa-
ponins. This fraction was evaporated and redissolved in 
MeOH (10 mL) for analyses. The TLC chromatography 
was performed. A Thermo Finnigan LCQ Adventage Max 
ion trap mass spectrometer with an electrospray ion source 
was used for spectral analysis. The samples were introduced 
by direct injection by a syringe pump at a flow rate of  5 
μL/min.The direct injection ESI-MS spectra (negative ion 
mode) of  most of  the tested species showed peaks, which 
could be easily interpreted based on fragmentation patterns 
as: Rha-Gal-GlcA — soyasapogenol B (m/z 941), Rha-Xyl-
GlcA — soyasapogenol B or Rha-Ara-GlcA – soyasapog-
enol B (m/z 911), Glc-GlcA- soyasapogenol B (m/z 795), 
Rha-Hex- soyasapogenol B (m/z 765) and GlcA – soyasa-
pogenol B (m/z 633). The spectra of  four species: Trifo-
lium resupinatum L. var. minus Boiss, Trifolium resupinatum L. 
var. Majus Boiss, Trifolium resupinatum L. var. resupinatum and 
Trifolium medium Grufb. var. sarosiense (Hazsl) contained in 
TLC profile compound with distinctly different color than 
soyasapogenol glycosides. Also their spectra contained ad-
ditional peak at m/z 823, which fragmented into m/z 661 
amd m/z 485, which was temporarily identified as Hexose-
GlcA-quillaic acid. This finding should be confirmed by 
further spectral analyses. If  confirmed this has been the 
first report on the occurrence of  quillaic acid in genus Tri-
folium. Trifolium hybridum contained like the other species the 
dominant peak at m/z 941, which could be interpreted as 
Rha-Gal-GlcA — soyasapogenol B. But closer search of  
fragmentation products and interpretation of  other peaks 
present in the spectrum indicated that this species contain 
exclusively glycosides of  soyasapogenol A. 
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Metals exist in biological systems as complexes with various 
molecules including peptides. The most common binding 
sites for metal ions are His residues. The presence of  some 
transition-metal cations such as Cu2+ or Zn2+ is essential for 
the specific binding of  different peptides to their receptors.
We applied CID and ECD ESI-MS/MS methods to study 
an interaction of  Cu2+ and Zn2+ ions with the analogues 
of  two important neurohypophysial hormones: oxytocin 
(OT) and [Arg8]vasopressin (AVP). Both hormones are 
nonapeptides with a disulfide bridge between Cys residues 
in position 1 and 6, therefore, they are constituted of  a 
six-amino acid cyclic part and a C-terminal three-residue 
tail. Metal ions interact with the cyclic part of  oxytocin 
and vasopressin. The disulfide bridge is involved in a metal 
binding by stabilizing the structure of  both hormones. We 
synthesized a series of  analogues of  oxytocin and vaso-
pressin with both Cys residues substituted by His as well 
as peptides with additional modifications: acetylation of  
N-terminal amino group and replacement of  Tyr residue 
by Phe.
All peptides had strong affinity to Cu2+ ions, and lower to 
Zn2+ ions. CID MS/MS of  [M+Cu]2+ and [M+Zn]2+ ions 
yielded very rich tandem mass spectra, which, through the 
combination of  all observed fragments, allowed us to de-
termine the localization of  the metal ion in the peptide 
complex. The protonated y3 and b6 ions containong the 
Cu cation were observed in CID spectra of  OT and AVP 
analogues complexed with Cu ions. This suggests that the 
structure of  OT and AVP analogues includes C-terminal 
α-amidated three-residue tail and a fragment similar to 
the six-amino acid cyclic part of  the native OT and AVP. 
The disulfide bond present in the native structures has 
been substituted by Cu ion bound to the two His residues. 
Therefore, dihistidine analogues of  OT and AVP could 
have structures similar to the native conformations of  the 
OT and AVP peptides. Cu2+ and Zn2+ ions interact with 
N-terminal fragment of  OT and AVP analogues including 
residues between 1 and 6. C-terminal three-residue tail is 
not involved in the metal ion complexation.
ECD spectra of  the Zn2+ complexes contained mainly c 
and z fragment ions and were easier to interpret than CID. 
Metal ion was included in both N- and C-terminal peptide 
fragments. Due to the easy reduction of  the Cu2+ ion dur-
ing the ECD experiment this method has limited applica-
tion to the complexes containing this ion. 

Figure. First stages of the [His1,6]AVP+Cu2+ complex fragmentation 
in CID MS/MS. First, one of the two coordination bonds between 
metal ion and the two His residues is broken forming linear pep-
tide. Next, C-terminal PRG fragment is cleaved and than the frag-
mentation of the 1-6 peptide sequence containing Cu2+ ion fol-
lows.

References
1. Brasuń J et al (2009) J Inorg Biochem 103: 1033–1038.
2. Brasuń J et al (2009) J Chem Soc Dalton Trans 4853–4857.
3. Stefanowicz P (2004) Eur J Mass Spectrom 10: 665–671.



Vol. 57       292nd Conference of Polish Mass Spectroscopy Society, 2010

L3.5

High resolution mass spectrometry in 
analysis of platinum(II) complexes of 
substituted (benzoxazol-5-yl)alanines
Alicja Kluczyk1, Joanna Kierzenkowska1, 
Hubert Bartosz-Bechowski1, Piotr Stefanowicz1, 
Katarzyna Guzow2, Wiesław Wiczk2, Zbigniew Szewczuk1

1Faculty of Chemistry, University of Wrocław, Wrocław, Poland; 2Faculty 
of Chemistry, University of Gdańsk, Gdańsk, Poland
e-mail: Alicja Kluczyk <kluczyk@wchuwr.pl>

High resolution mass spectrometry (HR ESI-MS) recently 
gained the recognition as a standard procedure in coordi-
nation chemistry [1]. One of  the first reports on ESI-MS 
application in analysis of  transition-metal complexes pre-
sented the interactions of  ruthenium(II) and 2,2’-bipyridyl. 
The bipyridyl motif  could be introduced into peptides in 
the form of  special amino acids or as a covalent attach-
ment. It is known that 2-pyrid-2-ylbenzoxazole, analogue 
of  bipyridyl, forms a chelating didentate complex with 
Pt(II), where coordination occurs via the pyridine and ring 
imine nitrogens. 
We investigated the interactions of  Pt(II) ions with a se-
ries of  2-substituted 3-(benzoxazol-5-yl)alanines, known 
for their photochemical and biological activity [2], to select 
the most promising modifications for synthesis of  peptide 
conjugates. The diversity was based on the substitution of  
benzoxazole by five- and six-membered heterocycles con-
taining N, O or S, as well as by quinoline rings differing in 
position of  attachment. It is worth noting that the analogue 
substituted with 8-quinolinyl group could be used as effec-
tive chemosensor for Zn(II), Tb(III) and Eu(III) ions [3]. 

The benzoxazole derivatives, after incubation with K2PtCl4, 
were subjected to ESI-MS and ESI-MS/MS experiments, 
which demonstrate the differences between the affinity of  
Pt(II) ions to variously substituted benzoxazoles. The grad-
ual changes in composition of  complex ions were observed 
over a three-month period. The MS/MS experiments indi-
cate that the binding occurs in the heterocyclic part of  the 
compounds and the ionic complexes show differences in 
stability and fragmentation patterns. 
Although there are several factors restricting the direct 
transfer of  conclusions drawn from MS experiments in gas 
phase to the solution state, the results obtained from the 
analysis of  a series of  related compounds should be useful 

in selecting the most promising ligands for further studies, 
making mass spectrometry a method of  choice in analysis 
of  organic combinatorial libraries. 
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Flavonoid glycosides play an important role in plant physi-
ology and biochemistry, especially during interactions with 
other plants (allelopathy), interactions with pathogens (in-
fection) or herbivores, in the pollination processes or in 
response to abiotic stress factors like drought, light or tem-
perature. Applications of  liquid chromatography combined 
with mass spectrometry in studies of  flavonoids are widely 
described in the literature and the use of  different mass 
spectrometric analyzers, as well as ionization methods have 
been reviewed. Flavonoid glucuronides form a particular 
group among the flavonoid glycosides. These compounds 
contain glucuronic acid moiety (or moieties) either instead 
or in addition to sugar units commonly present in plants. 
This class of  compounds occur in tissues of  plants belong-
ing to various taxa. On the other hand, flavonoid glucuro-
nides are produced from flavonoids by UDP-glucurono-
syltransferases (UGTs) as a result of  the metabolism in 
animals and humans. However, during these physiologi-
cal processes most metabolites are singly glucuronidated 
on different hydroxyls of  a aglycone moiety, and LC-MS 
methods designed for analysis of  flavonoid glucuronides 
in body fluids (blood, plasma and urine) deal mainly with 
such compounds. Barrel medic (Medicago truncatula Gertn.) 
is closely related to alfalfa (M. sativa L.) and belongs to fam-
ily Fabaceae. Metabolomic studies of  this species regarding 
root tissues or cell cultures thereof  have been conducted 
using different LC-MS techniques. Twenty-three flavonoid 
glycosides, mostly the glucuronides, have been isolated ear-
lier from aerial parts of  M. truncatula plants and structur-
ally characterized using NMR and MS methods. Among 
these compounds di- and triglucuronides of  flavones api-
genin (MW 270), luteolin (MW 286), chrysoeriol (MW 300) 
and tricin (MW 330) acylated with phenylpropenoic acids 
(ferulic, coumaric or sinapic) have been identified. In our 
studies two LC-MS systems were used, aiming to elucidate 
the fragmentation pathways of  M. truncatula flavonoids 
after collision-induced dissociation (CID) experiments. 
Both spectrometers were equipped with ESI ion sources 
and in one of  them ion trap (IT) was used whereas the 
other had a high-resolution tandem quadrupoles–time of  
flight (QToF) mass analyzer. Distinct rules of  charge reten-
tion for positive and negative ions on fragments created 
after bond cleavages could be demonstrated. Advantages 
of  application of  the high-resolution analyzer (estimation 
of  elemental composition for registered ions) and of  regis-
tration of  CID mass spectra in both negative and positive 
modes to draw structural conclusions about the analyzed 
compounds are discussed.
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Flavonoids and their derivatives constitute an interesting 
group of  secondary metabolites because of  their important 
role in plant physiology and biochemistry. Due to a wide 
spectrum of  biological activities and perspectives of  ap-
plication in phytopharmacy a search for new plant sources 
of  secondary metabolites is an important issue. 
Application of  two systems, LC/IT-MS and LC/qToF-MS, 
allowed profiling flavonoid conjugates in extracts obtained 
from roots and leaves of  Mexican lupine species Lupinus 
reflexus. Over sixty flavonoid and isoflavonoid glycoconju-
gates were detected in extracts from roots and green parts 
of  lupine. Many of  these natural products were isomeric 
or isobaric compounds. For example glycoconjugates of  
genistein, 2’-hydroxygenistein, biochanin and prenylated 
isoflavones were found in the analyzed extracts. CID/MS/
MS spectra registered in positive and negative ion modes 
permitted structural characterization of  these compounds. 
Both LC/MS systems allowed to obtain complementary 
data from the registered mass spectra. MSn experiments on 
IT permitted identification of  flavonoid aglycones. High 
resolution of  qToF analyzer enabled the determination of  
the elemental composition of  protonated or deprotonated 
molecules [M+H]+/[M-H]– of  the studied compounds. 
Application of  mass spectrometric techniques allowed ten-
tative identification of  new compounds. Careful control of  
collision energy and ionization potential at the entrance to 
the analyzer of  hybrid qToF spectrometer permitted the 
registration of  mass spectra of  the product ions with highly 
repeatable relative intensities of  fragments. The differences 
in the ion intensities could be used as a tool for the distin-
guishment of  isomeric compounds. The glycosides identi-
fied in L. reflexus were acylated with malonic acid and also 
malic acid. Presence of  the latter was not reported until 
now. Neither positions of  sugars on the aglycone moie-
ties nor positions of  glycosidic bonds and configuration 
on sugar C-1 atoms could be established on the basis of  
mass spectra.
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The recent developments in mass spectrometry have led to 
a dramatic improvement in the peptide and protein analy-
sis. However, the problem of  very small quantities of  the 
substance, available for the analysis, is still an important is-
sue. Therefore, the new peptide modifications, which in-
crease the efficiency of  ionization and allow detection at a 
very low concentration, attract a lot of  attention. 
To improve the detection limits, peptide are modified with 
cationic tags, which enhance ionization by providing a per-
manent positive charge. In the recent years several types of  
derivatives, containing sulfonium, phosphonium or quater-
nary ammonium salts, were developed [1].
The aim of  our work was to investigate the possibility of  
introducing into the peptides pyrylium moiety by reaction 
with 2,4,6-triphenylpyrylium (TPP+) tetrafluoroborate. This 
compound is known as a powerful reagent for converting 
primary amines to the analogous N-substituted pyridinium 
salts [2]. The application of  TPP+ in mass spectrometry 
(MS) was mentioned by Katritzky et al., who investigated 
cation tagging for monitoring gas phase reactions [3] and 
demonstrated collisionally activated dissociation of  N-
alkylpyridinium cations [4]. 
In the present study we have developed a procedure for 
direct MS analysis of  peptides and investigated the frag-
mentation of  modified peptides in collision-induced dis-
sociation (CID) and electron capture dissociation (ECD). 
We have studied the reaction of  TPP+ with model peptides 
and enzymatic protein digests. 
In summary, we present a new method for amino group 
modification, which increases ionization efficiency and en-
hances sensitivity in MS analysis of  peptides and proteins.
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Glycated proteins are formed during interaction of  reduc-
ing sugar (e.g. glucose) with amino groups of  amino acids. 
Chronically elevated level of  glucose in a human body is 
characteristic of  diabetics [1]. Therefore, peptide-derived 
Amadori compounds are widely used and convenient bi-
omarkers of  many diseases such as diabetes mellitus.
Isotopically labeled compounds are designed as internal 
standards for quantitative measurements using MS meth-
ods. Such products posses identical ionization efficiency 
as isotopically unmodified compounds which is crucial for 
reliable comparison of  MS signals intensities for purposes 
of  quantitative analysis.
The known amount of  the isotopically labeled peptide-
derived Amadori compound (introduced to the biological 
sample containing corresponding unlabelled peptide, gen-
erates additional MS signals. Peaks originating from the in-
ternal standard are shifted in comparison with the analyte 
by m/z value characteristic for used isotopic modification 
(e.g. six 12C atoms in sugar moiety replaced with 13C give 
6.0201 Da shift).

Currently no convenient nor efficient methods for the syn-
thesis of  peptide-derived Amadori compounds isotopically 
labeled on sugar moiety are available. Previously we devel-
oped two protocols of  glycated peptides synthesis [2,3] but 
they seem inappropriate for isotopic modification on the 
sugar residue due to the relatively high amount of  expen-
sive labeled reagent needed for the synthesis.
Hereby we present new approaches for the preparation 
of  glycated peptides regioselectively labeled with stable 
isotopes of  carbon, oxygen or hydrogen at aminofructose 
moiety even at several sites. Our methods allow to label the 
sugar moiety with 2H located on carbon C1 or two 2H on 
carbon C6, 18O at the anomeric carbon atom or to get pep-
tide glycated with D-glucose 13C6. Relatively high yields and 
purities of  the obtained products were achieved especially 
during the synthesis utilizing microwave irradiation. Other 
modifications are also possible since variously labeled glu-
cose are commercially available.
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Isoflavonoids are a group of  phenolic compounds that 
ubiquitously occur in plants of  Fabaceae family. These 
secondary metabolites are synthesized in phenylpropanoid 
pathway and they often play a role of  phytoalexins or phy-
toantycipins during plant interactions with pathogenic mi-
croorganisms. This group of  compounds is a subject of  
research conducted in many laboratories due to a range of  
their biological activities.
Isoflavonoids occur in plants in a great number of  isomeric 
forms. They are usually accumulated in plant tissues as gly-
cosides, frequently acylated with organic acids. Numerous 
malonylated flavonoid glycoconjugates were identified in 
leaves of  narrow leaf  lupine (L. angustifolius). The physio-
logical and biochemical role of  natural products malonyla-
tion is not clear. However, it is suggested that it is involved 
in transport of  secondary metabolites to the parts of  plants 
endangered by pathogenic infection.
We compared changes in profiles of  isoflavone conjugates 
and free aglycones in leaves of  narrow leaf  lupine seedlings 
infected with Colletotrichum lupini (the anthracnose fungus) 
or elicited with toxins isolated from the same fungus. LC/
MS/MS system with high resolution analyzer was used for 
monitoring profiles of  phenolic compounds. Profiles regis-
tered for control and infected or elicited lupine plants were 
processed using software delivered by Bruker.
Several isomers of  malonylated glucosides of  the analyzed 
isoflavones were detected on the basis of  registered mass 
spectra and single ion chromatograms due to efficient 
separation achieved on rapid resolution type LC column. 
Structural differentiation of  compounds as well as evalua-
tion of  their elemental composition were achieved on the 
basis of  MS2 and “pseudo MS3” spectra and accurate values 
of  m/z registered for [M+H]+ ions, respectively. Qualitative 
and quantitative changes in profiles of  isoflavonoid conju-
gates and free aglycones were observed in different time 
points both after infection and elicitation of  lupine plants. 
Strong reaction was observed in distal parts of  plants in 
which single leaves were treated with fungal toxins which 
is typical for the systemic acquired resistance (SAR) reac-
tion. Four compounds not observed previously in L. an-
gustifolius: luteone glucoside, wighteone glucoside and their 
malonylated derivatives were identified in plants elicited 
with C. lupini toxins. Statistical analysis of  the LC/MS pro-
files revealed that only the increase in the level of  malo-
nylated glucoside of  2’-hydroxygenistein was significant in 
the elicited plants. On the other hand, a significant increase 
of  prenylated isoflavonoids contents was also observed in 
fungus infected plants.
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Flavonoids and chlorogenic acid derivatives synthesized 
in leaves of  barley (Hordeum vulgare L.) plants were studied 
previously by several research groups. Majority of  com-
pounds identified up to now using NMR and MS tech-
niques were 6-C-glucosides of  apigenin, luteolin and tricin 
additionally substituted with sugars (arabinose, rhamnose 
or glucose) and phenylpropanoic acids (p-coumaric, ferulic 
or sinapic). We report results of  studies on the variation in 
phenolic compounds, especially flavonoid glycoconjugates 
and chlorogenic acids, that are present in leaves of  six bar-
ley cultivars of  different geographical origin: Middle East 
(Harmal and M. Dingo), America (Morex) and Europe 
(Georgia, Maresi and Lubuski). The analyses have been 
performed using two different chromatographic systems: 
high performance liquid chromatograph (HPLC) coupled 
to ultraviolet UV detector and electrospray ionization (ESI) 
ion trap mass spectrometer (IT MS) and ultraperformance 
liquid chromatograph (UPLC) with UV detector. Both sys-
tems provided opportunities to identification of  84 differ-
ent compounds that were flavonoid and chlorogenic acid 
derivatives. Among them tri-, di- and monoglucosides of  
flavones: apigenin, luteolin, chrysoeriol and tricin as well as 
flavonol quercetin have been found. The identified sugar 
derivatives include mainly C- and O-glucosides, but rutino-
sides, arabinosylglucosides, arabinosides and glucuronides 
are also present. Some of  the identified compounds are 
esterified with malonic and phenylpropanoic acids. In addi-
tion three isomeric chlorogenic acids as well as quinic acid 
esterified by ferulic and p-coumaric acids occur in the stud-
ied plants in relatively high concentrations. The profiles of  
phenolic compounds detected in the studied barley show 
significant qualitative and quantitative differences.
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Hairy roots and suspension cell cultures are commonly 
used to decipher different problems dedicated to biochem-
istry, physiology and molecular biology of  plant secondary 
metabolites. We have generated several lines of  Medicago 
truncatula hairy root cultures and grow them on different 
media. We tested the influence of  media composition on 
secondary metabolites profile. Our particular interest is in 
phenolic compounds. Here we compared profiles of  fla-
vonoids glycoconjugates in the roots of  Medicago truncatula 
seedlings cultivated on medium with low/high sugar con-
tent and hairy roots grown on high sucrose medium.
For profiling of  flavonoid glycoconjugates LC/ESI/CID/
MS/MS system equipped with Q-ToF hybride analyzer was 
used. The LC/MS profiles of  target natural products ob-
tained for roots of  M. truncatula seedlings and hairy roots 
differed substantially. The most abundant compounds in 
seedlings roots were mono- and diglucuronides of  iso-
flavones. This type of  glycosilation was not observed in 
hairy roots cultures. The only recognized glycoconjugates 
in the tissue of  hairy roots were glucose derivatives of  iso-
flavones.
Application of  a high resolution mass spectrometer permit-
ted to evaluate elemental composition of  protonated mol-
ecules [M+H]+. The structures of  natural products were 
characterized only on the basis of  registered mass spectra.
From observed differences in registered profiles we can 
conclude that composition of  natural products in plant tis-
sue may by strongly influenced by nutrients composition 
in media.
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Heavy metals are natural constituent of  the soil, but hu-
man activity caused a big alteration in they biochemical bal-
ances [1]. The presence of  Pb2+ and Cd2+ as well as ions 
of  other metals in the environment leads to a number of  
disturbances in many metabolic processes in plants. One 
of  a major symptom is inhibition of  growth, this process is 
associated with a number of  morphological, physiological, 
and biochemical events [2–4]. Moreover heavy metals may 
interfere with essential nutrient uptake and transport and 
thereby disturb mineral nutrition composition of  plants. 
Consequently, heavy metals may result in phytotoxic effects 
by influencing mineral nutrition metabolisms of  the plants 
[5]. The applied laser ablation technique enabled an analysis 
of  the migration and accumulation of  absorbed metals in 
particular root tissues and also allowed the level of  Cu, Zn, 
Cd, Pb transported to the aboveground parts of  plant to 
be designated. LA-ICP-MS technique was adopted also to 
explore the possibility of  determining elemental distribu-
tion in root tissues of  pea plants and to monitor the level 
of  elements such as K, Mg, Ca or P, which significantly 
influenced the heavy metal uptake and accumulation by 
plants.Defence of  plants against heavy metals involves the 
activation of  a range of  various mechanisms resulting in 
the modification of  ion mobility within the rhizosphere, 
active exclusion of  heavy metals from cells or synthesis of  
bioligands [6]. The synthesis of  phytochelatins (PCs) is one 
of  the main and best characterized metal detoxification 
mechanisms in plant cells [7–9]. PCs are synthesized in an 
enzymatic reaction in which glutathione and its homologs 
are the substrates. The resulting peptides chelate metal ions, 
so they can be transported into vacuoles as low-molecular 
complexes (LMW-HM). The last step of  the detoxification 
process is the release of  heavy metals there and formation 
of  solid complexes with organic acids or long-chained PCs 
and S2–.
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Introduction. Peptide Mass Fingerprinting (PMF) is a 
widely used protein identification method basing on MS 
data. A novel probability-based scoring scheme contain-
ing an innovative idea was developed. Our scoring scheme 
assumes a different approach to modeling the distribution 
of  protein masses in the database and considering matches 
between experimental and theoretical peaks. The perform-
ance of  the proposed probability-based scoring method 
was assessed and compared with two popular scoring 
schemes, i.e. Mascot [4, 5] and PBSF [1].
The comparison includes scoring results obtained for simu-
lated data. Different levels of  samples contamination and 
the different coverage of  peptides sequences were consid-
ered in the simulations. Preliminary results indicate, that 
our scoring scheme has a comparable or better perform-
ance to the well-known Mascot and PBSF scoring schemes. 
Experiment description. The experiment is conducted 
on the basis of  simulated peak-data – similar approach to 
assessment of  quality was presented in [2].
A fixed number of  proteins is drawn randomly (without re-
placement) from the proteins database. These proteins are 
then cleaved in silico and each peak list is modified using 
two parameters. The first parameter (x) describes fraction 
of  ‘true’ peptides extracted from the drawn protein, the 
second parameter (y) describes how big part of  contami-
nated protein the ‘true’ peaks constitute. Points (x,y) form 
a grid, in which fractions spaces (varied from 0 to 1) were 
divided into the sections of  length 0.05. In the next step, 
contaminated proteins were identified using scoring algo-
rithm being investigated, Mascot and PBSF.
Results and discussion. The grid described above re-
sulted in 20 points, both for x and y values. For each (x,y) 
point 45 proteins were drawn randomly form the Swiss-
Prot database and digested in silico using trypsin enzyme 
– missed cleavages and proteins modifications were not 
considered. For such peaks, lists of  matching masses for 
each protein were found, and along with peptides masses 
were passed to the scoring functions. If  the name of  the 
best scored protein agreed with the real name of  protein, 
(from which peptide sequence was derived) — such event 
was counted as a score hit. On the other hand, if  the best 
scored protein was different, but was among top 20 results 
from the BLAST [4] searching, with BLAST e-value less 
than 0.05 — it was also regarded as a hit. For both PBSF 
and our scoring algorithm, for each grid point, a number 
of  hits were counted and fraction of  correctly identified 
proteins was calculated. We can observe that for fraction 
values close to 0, both scoring algorithms perform rather 
poorly. Note that, the large area (over 50% of  points) was 
identified by scores with almost 100% of  proper hits. Re-
sults leads also to the conclusion, that new scoring method 
behaves noticeably better in the areas of  (x,y) space repre-
senting high contamination and where the number of  true 
masses is small.
An additional experiment was performed using 5500 pro-
teins from the area of  (x,y) space with x varying from 0 to 
0.2 and y from 0.15 to 0.45, what represents masses being 
very likely to occur in the real experiment [2]. Contami-
nated proteins were submitted to the Mascot and the new 

scoring function. The results indicated that Mascot identi-
fied correctly 47% while our scoring approach identified 
properly 49% of  proteins, what makes it more efficient in 
this simulation region. 
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New aspects
The proposed novel probabilistic approach to PMF scoring achieves com-
parable or better accuracy to PBSF and Mascot (on simulated data).
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Perennial ryegrass (Lolium perenne L.) is one of  the most 
important forage grass species of  the temperate region. It 
is characterized by good productivity, forage quality and 
relatively high frost tolerance comparing to other forage 
Lolium species. Similarly to all the plant species which can 
survive winter, L. perenne has the ability to increase its frost 
tolerance after exposure to low but non-freezing tempera-
tures (this adaptive process is known as cold acclimation, 
CA). Cold acclimation influences numerous physiological 
and biochemical pathways in plants reprogramming cell 
metabolism and gene expression. The changes in propor-
tion and composition of  membrane lipids, and accumula-
tion of  compatible solutes (mostly sugars and amino acids) 
in the cells are one of  the most important plant reactions 
to temperature decrease. To recognize the metabolomic 
response to CA in L. perenne, the comprehensive research 
was initiated, including: (i) the selection of  two genotypes 
with distinct levels of  frost tolerance: high frost tolerant 
(HFT) genotype and low frost tolerant (LFT) genotype, (ii) 
the analysis of  primary leaf  metabolites (sugars and amino 
acids) accumulation at eight different time points of  CA 
(2, 8, 26 hours, and 3, 5, 7, 14 and 21 days), as well as one 
day before CA, using gas chromatography combined with 
mass spectrometry, (iii) the comparison of  the obtained ac-
cumulation profiles between HFT and LFT genotypes. The 
most intensive accumulation during CA was observed in 
the case of  proline and raffinose. After 21 days of  CA pro-
line abundance was higher in HFT genotype, whereas raffi-
nose abundance was similar in the both selected genotypes. 
These compounds are thought to be the most important 
and universal compatible solutes identified in plants. The 
abundance of  the other analyzed sugars remained un-
changed during CA with the exception of  fructose (its 
abundance increased slightly in both genotypes). On the 
other hand, the abundance of  the most analyzed amino 
acids increased during CA, however, glutamic and aspartic 
acids showed similar levels of  accumulation in both gen-
otypes, whereas the levels of  lysine and asparagine were 
higher in LFT genotype.
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Peptides, proteins, and other biomolecules containing ami-
no groups interact with reducing sugars, mainly glucose, 
yielding Schiff  bases, which undergo a rapid rearrangement 
forming more stable Amadori compounds [1]. Characteri-
zation of  the glycated peptides may be useful for a bet-
ter understanding of  the mechanisms of  complications in 
diabetes.
The problems of  sequencing the peptide-derived Amadori 
products by classical MS/MS methods are widely known 
[2, 3]. The CID spectra of  the glycated peptides are domi-
nated by the abundant pattern of  characteristic neutral 
losses (three molecules of  water, one molecule of  formal-
dehyde, and finally whole hexose) [4–6].
Herein we present the fragmentation of  the series of  modi-
fied peptides using the electron capture dissociation (ECD) 
method. The ECD method does not reveal ions formed by 
elimination of  neutral losess from the sugar moiety. The 
fragmentation spectrum is dominated by the series of  cn 
and z·n ions covering the whole sequence of  the peptide 
and establishing the location of  glycated Lys residues in the 
peptide chain. The ECD experiments were performed on 
the series of  synthetic isomeric peptides and unseparated 
digests of  glycated ubiquitin [7].
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Abnormally elevated concentration of  total homocysteine 
(Hcy) over 15mM, termed hyperhomocysteinemia, has 
been recognised as a risk factor for number of  human 
pathologies including cardiovascular and neurodegenera-
tive diseases. Hcy is formed from dietary protein methio-
nine as a by-product of  biological methylation reactions. 
If  not removed by transsulfurattion and transmethylation 
reactions, Hcy becomes toxic to human cells by conversion 
to Hcy-thiolactone (HTL) [1] followedby indirect incorpo-
ration into protein by a post-translational modification of  
protein lysine residues (N-homocysteinylation) [2]. Protein 
N-homocysteinylation affects protein structure and func-
tion, causes cellulartoxicity [2], and elicits autoimmune 
response leading to the creation of  antibodies against 
N-Hcy-proteins [3], aggregation of  N-Hcy-fibrinogen in 
thrombosis [4], etc. There are two known enzymes that hy-
drolyze HTL and protect against Hcy toxicity: extracellular 
Hcy-thiolactonase/paraoxonase 1 (PON1) [5] and intrac-
ellular Hcy-thiolactonase/bleomycin hydrolase (BLH) [6]. 
We used mouse models with genes “knock-out” Blh-/- and 
Pon1-/- to determine how inactivation of  Hcy-thiolactone-
detoxifying enzymes affects protein expression and protein 
N-homocysteinylation in the mouse. To determine how 
HTL affects human endothelium, we also studied cul-
tured human umbilical vein endothelial cells (HUVECs), 
which are frequently use as a model of  vascular cells and 
like other cells, are known to efficiently metabolize Hcy to 
HTL. Protein extracts from both sources were analyzed us-
ing 2-dimensional SDS-PAGE/IEF followed by MALDI-
TOF analysis. In HUVECs treated with 50–1000 mM HTL 
for 24h, we found increased expression of  vimentin and 
TXNDC5 protein. Expression of  TXNDC5 is known to 
be induced by hypoxia and its role may be to protect hypox-
ic cells from apoptosis. Analyses of  liver protein extracts 
from BLH and PON1 knock-out mice revealed no major 
changes relative to wild type mice. Effects of  Blh and Pon1 
gene inactivation on protein maps will be further studied 
after induction of  hyperhomocysteinemia by feeding mice 
with1% methionine in drinking water.
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N-homocysteinylation is a process leading to many harm-
ful effects, especially for cardiovascular system [1, 2]. Dur-
ing recent years it started to be thought, except the high lev-
els of  cholesterol in blood, as being the main factor causing 
arteriosclerosis [3]. Homocysteine is produced in living 
organisms as a side effect of  activity of  several enzymes 
and methionine is known to be the main precursor of  this 
amino acid [4]. In human organism, homocysteine is usu-
ally synthesized from methionine delivered together with 
eaten food, it is the indirect product of  methylation and 
is generally outgoing two further conversions: remethyla-
tion back to methionine and transsulfuration to cysteine[4]. 
Two enzymes utilizing B12 and B6 vitamins are engaged 
in transformations of  homocysteine: they are methionine 
synthase and cystationine α-synthase respectively. Muta-
tions of  genes coding these enzymes and deficit of  folic 
acid and mentioned vitamins may result in increased con-
centration of  homocysteine and serious health problems, 
especially cardiovascular diseases [5]. It was also proved 
that elevated level of  Hcy leads to disorder of  endothe-
lium functions, it provides cytotoxic effects, fibrynolysis 
disorders, oxidative stress, enhancement of  synthesis of  
colagen etc. [6]. The main protein, which undergo N-ho-
mocysteinylation is serum albumin [7]. Homocysteinyla-
tion of  ε-amine group of  lysine residues causes loss of  
positive charge and creation of  additional thiol group. In 
a consequence, the structure and biochemical properties 
of  proteins are changed making them more susceptible to 
oxidation and decreasing their catalytic functions. The non-
enzymatic protein modification occurs even at nanomolar 
concentration of  HTL, and increased concentration of  
HTL enhances the modification level linearly [5, 7]. To 
monitor the protein N-homocysteinylation process we de-
cided to use mass spectrometric methods. The constant de-
velopment of  mass spectrometers in the field of  biological 
experiments made them a perfect tool for protein analysis. 
During the last decade ESI or MALDI ionization methods 
together with quadrupole and ToF analyzers became tools 
of  choice for protein identification and posttranslational 
modifications detection. MALDI-ToF mass spectrometer 
is capable of  analysis in the wide range of  masses, but since 
the resolution and mass accuracy decreases substantially 
with higher masses we decided to implement digestion of  
model proteins prior to analysis. This allows us not only 
to estimate the level of  homocysteinylation but also makes 
possible localization of  modification sites. Additionally we 
attempted an effort to establish a good method for quan-
titative analysis of  protein N-homocysteinylation using 
both, the  MALDI-ToF and LC-MS/MS methods. In our 
opinion such an assay would be a great step forward in the 
mentioned process study. Our idea was to develop efficient 
method for global N-homocysteinylated protein analysis. 
We decided to use MALDI ToF mass spectrometry as the 
method of  choice since this tool is high throughput and 
easy to use. First step was to establish albumin N-homo-
cysteinylation degree. Analysis of  intact modified protein 
could give that information as it is possible for smaller pro-
teins such as hemoglobin, cytochrom c or mioglobin. Un-
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fortunately in case of  albumin this approach didn’t give the 
possibility to assay the number of  N-homocysteinylated 
lysine residues in albumin because of  low resolution and 
mass accuracy of  TOF analyzer. The suggested number 
of  modification sites established in this experiment was 7 
N-homocysteinylated Lys residues. Further experiments on 
digested proteins confirmed this result and allowed for de-
tailed analysis of  homocysteinylation sites.
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