KVASNY PRUMYSL
ro¢. 47 / 2001 - ¢islo 6

159
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1 UvoD

Pochopeni funkce biologickych systému vyzaduje znalost
jejich chemického sloZeni. Stav Zivotniho cyklu bunky v kte-
rémkoli okamziku je dan predevsim slozenim jejich bilkovin,
tj. jejim proteomem. Existuje nékolik zpusobu identifikace bil-
kovin, ale vétSinou jsou to ¢asové velmi narocné postupy. Mo-
dernim a uc¢innym nastrojem je proteomika. Ta je zalozena na
srovnani znamych sekvenci DNA a primarnich struktur bilko-
vin, které jsou dostupné v databazich, s experimentalné sta-
novenymi molekulovymi hmotnostmi peptidu, ziskanych en-
zymatickym rozkladem studované bilkoviny. Identifikace
bilkovin touto proteomickou metodou byla aplikovana na radu
biologickych systému [1,2]. Identifikace bilkovin je nyni dule-
Zitym ukolem v mnoha oblastech véetné identifikace odrud
sladovnickeho jeémene, nebot bilkoviny jsou ¢asto oznaco-
vany jako biochemické markery urcitych vlastnosti (napf. od-
radové prislusnosti) sladovnického jeémene [3].

Pro rychlou identifikaci bilkovin je vhodné vyuzit kombinace
gelové elektroforézy pro separaci bilkovin ze smési a hmot-
nostni spektrometrie pro stanoveni hmotnosti enzymaticky
nastipanych peptidu [4]. Tyto metody spolu s pocitacovym vy-
hledavanim v databazich jsme pouzili pro identifikaci bilkovin
z jeCmene (Hordeum vulgare L.). Bilkoviny byly izolovany bud
z listu nebo ze zrn, potom separovany jednorozmérnou SDS
gelovou elektroforézou (SDS-PAGE) a nasledné enzymaticky
rozlozeny na peptidy pomoci trypsinu pfimo v separa¢nim
gelu. Hmotnosti peptidu byly stanoveny pomoci hmotnostné
spektrometrické metody nazvané desorpce a ionizace lase-
rem v pfitomnosti matrice (MALDI-TOF MS) [5]. Na zavér bylo
provedeno srovnani zmérenych hmotnosti peptidi s udaji
v databazi.

Uspésnost této metody zavisi predevsim na pfitomnosti se-
kvence hledané bilkoviny v databazi. V pfipadé jeCmene je
znamo jen asi 20 % genomu a navic existuje mnoho odrid
jeCmene, coz uspésnost identifikace snizuje. Navzdory témto
komplikacim se nam podarilo identifikovat nékolik bilkovin
a na identifikaci dalSich se pracuje. Ziskané vysledky potvr-
dily, Ze proteomicky pfistup je vhodnym nastrojem pro iden-
tifikaci bilkovin jeGmene, a Ze ma potencial pro identifikaci od-
rud sladovnického je¢mene.

2 MATERIAL A METODY

Pro identifikaci bilkovin z jeémene kombinaci gelové elekt-
roforézy a hmotnostni spektrometrie ve spojeni s databazo-
vym vyhledavanim byla zvolena odruda Luxor. Analyzovanymi
¢astmi rostliny pak byly listy a zrni, z nichZ byly extrahovany
studované bilkoviny.

Listy jeCmene byly nejprve rozdrceny v kapalném dusiku.
Extrakce bilkovin z 1g této smési probihala v 10 ml 2,5% NaCl
po dobu 1 h za stalého tfepani. K analyze byl pak pouzit su-
pernatant ziskany po centrifugaci. Podobné byla po rozdrceni
extrahovana zrna pomoci 5% NaCl po dobu 15 minut.

Vzorky pro gelovou elektroforézu byly pfipraveny smicha-
nim extraktu se vzorkovym pufrem (50 mM TRIS-HCI, pH 6,8,
4% SDS, 12% glycerol, 2% [3-merkaptoethanol, 0,01% brom-
fenolova modr) v poméru 1:1. Po povareni (vodni lazen, 30
minut) bylo naneseno 20 ul této smési na polyakrylamidovy
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1 INTRODUCTION

Understanding of the function of biological systems
requires knowledge of their chemical composition. The state-
of-life of a cell at any given time is defined by its protein
composition, i.e., its proteome. There are several ways of
protein identification, however, majority of them are very time
consuming procedures. A modern and efficient tool is the
combination of separation techniques with mass
spectrometry as used in proteomics. It is based on
comparison of known DNA sequences and primary protein
structures of a rapidly growing number of species that are
now available (many more will be completed in the near future)
in databases with experimentally obtained molecular masses
of enzyme-digested peptides. Protein identification from
electrophoretic gels by mass spectrometric peptide mapping
or peptide sequencing combined with sequence database
searching is established and has been applied to numerous
biological systems [1, 2]. Protein identification is nowadays
very important task in various fields including variety
identification of malting barley because proteins are often
indicated as biochemical markers of certain properties (e.g.
variety appurtenance) of malting barley [3].

For high throughput proteomics, it is very useful to use
a combination of gel electrophoresis with peptide mass
fingerprinting based on mass measurement of enzyme-
digested peptides [4]. These methods together with database
searching we used for identification of some proteins from
barley (Hordeum vulgare L.). Protein mixtures were isolated
from barley leaves or grains, then separated using one-
dimensional SDS polyacrylamide gel electrophoresis (SDS-
PAGE) and in-gel digested with trypsin. Exact peptide
molecular masses were obtained by means of matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) [5] and these used as input into the
database-searching programs.
This strategy is not always successful because the success
depends mainly on presence of the protein in the database.
In the case of barley only about 20% of genome is known and
moreover there exist many variants of barley. In spite of this
complication, several proteins were identified. It proved that
the combination SDS PAGE followed by in-gel digestion and
MALDI-TOF MS is a suitable strategy for the identification of
known and for the characterization of unknown barley proteins
and furthermore for the reliable variety identification.

2 MATERIAL AND METHODS

For the identification of barley proteins, applying
a combination of SDS-PAGE and mass spectrometry followed
by database search, a barley variety Luxor was selected.
Extracts from leaves and grains were analyzed.

Barley leaves were milled in liquid nitrogen. Proteins were
extracted from 1 g of this mixture in 10 ml 2.5% NacCl for 1
hour while shaking. The supernatant after centrifugation was
used for further analysis. Grains were extracted in a similar
way with 5% NaCl for 15 minutes.

Samples for gel electrophoresis were prepared by mixing
a particular extract with the sample buffer (50 mM TRIS-HCI,
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gel (koncentracni vrstva — 6%, separacni vrstva — 20%) o roz-
mérech 100 x 100 x 0,7 mm. Vizualizace byla provedena po-
moci Coomassie Brilliant Blue R-250 fixaci v 45,4% metha-
nolu/4,6% kyseliné octové (1 hodina), obarvenim v 45,4%
methanolu/4,6% kyseliné octové/0,1% Coomassie Brilliant
Blue R-250 (1 hodina) a naslednym odbarvenim pozadi gelu
v 5% methanolu/7,5% kyseliné octové (24 hodin).

Vyfiznuty prouzek gelu obsahujici bilkovinu byl po rozkra-
jeni (kousky pfiblizné o velikosti 1 mm?) omyt v alkylaénim pu-
fru (50 mM NH,HCO,, 5 mM EDTA, pH 7,8). Bilkovina v gelu
byla dale podrobena redukci v 200 ul alkylaéniho pufru/5 ul
1,4 M dithiothreitolu (1 hodina) a alkylaci v 200 ul alkylagniho
pufru/15 ul 1 M jodoacetamidu (30 minut). Odstranéni soli
a barviva bylo provedeno omytim ve smési 40 % acetonitrilu/
60% digeséniho pufru (50 mM NH,HCO,, pH 7,8) po dobu 1
hodiny. Cisté kousky gelu byly ususeny ve vakuové centrifuze
a poté k nim bylo pfidano 5 pl trypsinu (Roche, Modified Se-
quencing Grade) v diges¢énim pufru o koncentraci 20 ng/ul.
Po 15 minutach byl pfidan dal$i diges¢ni pufr tak, aby pokryl
kousky gelu (pfiblizné 20 ul). Trypsinové $tépeni probéhlo pres
noc ve vodni lazni o teploté 37 °C. Peptidy byly extrahovany
dvakrat prostfednictvim 100 ul 60 % acetonitrilu/40 % vody
po dobu 1 hodiny. Extrakty byly smichany, lyofilizovany a po
rozpudténi v 50 ul 0,1% kys. trifluorooctové precistény pomoci
technologie ZipTip Cs.

Stanoveni molekulovych hmotnosti bylo provedeno na pfi-
strojich Kompact MALDI IV tDE a AXIMA-CFR (Kratos Ana-
Iytical) TOF. Na tercik bylo naneseno 0,5 ul matrice (o-kyano-
4-hydroxyskoficova kyselina, nasyceny roztok v acetonu) a po
uschnuti matrice, ktera vytvofila homogenni vrstvu jemnych
krystal(, bylo pfidano 0,5 ul vzorku, jez byl usuSen pod
mirnym proudem vzduchu. Relativni molekulové hmotnosti
peptidi odectené ze spektra v rozsahu 1000-3000 Da
byly zadany do programu ProteinProspector — MS-Fit
(http://prospector.ucsf.edu/ucsfhtmli3.4/msfit.htm). Presnost
stanovenych molekulovych hmotnosti peptidd pouzita pro vy-
hledavani v databazich byla 200 ppm. Jako vyhledavaci da-
tabaze byla zvolena databaze SwissProt.

3 VYSLEDKY A DISKUSE

Vysledky gelové elektroforézy smeési bilkovin extrahova-
nych z listl (1) a ze zrna (2) jsou znazornény na obr. 1. Po
enzymatickém rozkladu separovanych bilkovin trypsinem
pfimo ve vyfiznutych ¢astech elektroforetického gelu byly izo-
lované a purifikované peptidy naneseny na MALDI ter€ik v pfi-
tomnosti  kyseliny o-kyano-4-hydroxyskoficové. Priklad
MALDI-TOF spektra peptidu ziskanych pusobenim trypsinu
na bilkovinu izolovanou gelovou elektroforézou z extraktu li-
stu je uveden na obr. 2. Oznacené peptidy byly pouzity pro
identifikaci bilkovin, jejiz vysledky jsou uvedeny v tab. 1. Je
ziejmé, Ze hledana bilkovina je ribulosa bifosfat karboxylasa
(prekursor velkého fetézce), ktera je na obr. 1 oznacena R,
coz potvrzuje jak statisticka analyza vysledk( uvedena v tab.
1, tak porovnani relativnich molekulovych hmotnosti identifi-
kovanych peptidu s primarni strukturou této bilkoviny (fab. 2).
Z vysledku v tab. 1 vyplyva, ze vSechny nalezené bilkoviny
jsou ribulosa bisfosfat karboxylasy z ruznych druhu a Ze je-
jich statistiky jsou téméf shodné. Tato zjisténi potvrzuji sku-
te¢nost, Ze ribulosa bisfosfat karboxylasa je velmi podobna
v riznych druzich zelenych rostlin. Protoze pouzity extrakt byl
z listh jeémene, je zifejmé, Ze nami identifikovana bilkovina je
tfeti v pofadi ribulosa bisfosfat karboxylasa (prekursor velkého
fetézce) z Hordeum vulgare (zkratka HORVU).

Priklad vysledkd identifikace bilkovin extrahovanych ze
zrna je uveden v tab. 3 a 4, z nichz vyplyva, ze hledanou bil-
kovinou je B-amylasa (na obr. 1 oznacena jako B). DalSi iden-
tifikovanou bilkovinou v extraktu ze zrna je aldosa reduktasa
(na obr. 1 oznacena jako A). Kromé uvedenych bilkovin bylo
identifikovano nékolik bilkovin ze skupiny tzv. hordeinii [6] a na
identifikaci dalSich bilkovin se pracuje.

pH 6.8, 4% SDS, 12% glycerol, 2% B-mercaptoethanol, 0.01%
bromophenol blue) in the volume ratio 1:1. After boiling (water
bath, 30 min) 20 pl of this mixture was applied onto the
polyacrylamide gel (concentrating layer — 6%, separating
layer — 20%, size 100 x 100 x 0.7 mm). Visualisation was
carried out with Coomassie Brilliant Blue R-250 by fixing in
45.4% methanol/4.6% acetic acid (1 hour), staining in 45.4%
methanol/4.6% acetic acid/0.1% Coomassie Brilliant Blue R-
250 (1 hour) and subsequent destaining in 5% methanol/7.5%
acetic acid (24 hours).

A stripe of gel containing protein was washed in alkylation

buffer (50 mM NH,HCO,, 5 mM EDTA, pH 7.8) after cutting into
small pieces (of size about 1 mm?). Protein was reduced in the
gel with 200 ul alkylation buffer/5 ul 1.4 M dithiothreitol (1 hour)
and alkylated in 200 ul alkylation buffer/15 ul iodoacetamide
(30 minutes). Removal of salts and the dye was carried out in
40% acetonitrile/60% digestion buffer (50 mM NH,HCO;, pH
7.8) for 1 hour. Pure gel pieces were dried in vacuum centrifuge
and 5 ul of 20 ng/ul trypsin (Roche, Modified Sequencing
Grade) in digestion buffer were added. After 15 minutes next
digestion buffer was added to cover gel pieces (about 20 pl).
Trypsin digestion was carried out in a water bath at 37 °C
overnight. Peptides were extracted twice with 100 ul 60%
acetonitrile/40% water for 1 hour. Extracts were mixed together,
lyophilized and purified by means of ZipTip C,5 technology after
redissolving in 50 ul 0.1% trifluoroacetic acid.
Determination of molecular masses was performed either on
Kompact MALDI IV tDE or AXIMA-CFR (Kratos Analytical)
TOF instrument. 0.5 ul of matrix solution (c-cyano-4-
hydroxycinnamic acid, saturated solution in acetone) was put
on the target and after drying of this droplet, forming
a homogeneous layer of small crystals, 0.5 pl of sample
solution was deposited and air-dried. From the positive ion
MALDI mass spectra, exact molecular masses of the tryptic
peptides in the region m/z 1000 to 3000 were obtained and
submitted into the program ProteinProspector — MS-Fit (http://
prospector.ucsf.edu/ucsfhtmli3.4/msfit.htm).  The mass
accuracy used for the search was 200 ppm. SwissProt was
used as a searching database.

3 RESULTS AND DISCUSSION

The SDS gel electropherograms of protein mixtures
extracted from the leaves (1) and the grains (2) are shown in
Fig. 1. After in-gel digestion of the separated proteins by
trypsin, the isolated and purified peptides were transferred on
a MALDI target covered with the matrix «-cyano-4-
hydroxycinnamic acid. An example of the MALDI-TOF
spectrum of peptides from leaf extract is shown in Fig. 2. The
marked peptides were used for protein identification; the
results are summarized in Tab. 1. The protein was identified
as ribulose bisphosphate carboxylase large chain precursor,
which is supported by the statistical analysis of the results
shown in Tab. 1 and by the comparison of the determined
relative molecular masses of the identified peptides to the
primary structure of the identified protein (7ab. 2). In fact, all
identified proteins in Tab. 1 are ribulose bisphosphate
carboxylases from various species and their statistics are
almost the same. It also shows that ribulose bisphosphate
carboxylase is a highly conservative protein in green plants.
Because we used the extract from barley leaves, we can
conclude that our protein is the rank 3 in Tab. 7: ribulose
bisphosphate carboxylase large chain precursor from
Hordeum vulgare (abbreviation HORVU).

An example of identification of proteins from the grain
extract is given in Tabs. 3 and 4. It shows that the identified
protein is B-amylase (marked as B in Fig. 7). Another identified
protein is aldose-reductase (marked as A in Fig. 7). Besides
these identified proteins, several proteins from so-called
hordein group [6] were identified and identification of other
proteins is under development.
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Obr. 1/ Fig. 1 Separace
extraktu z lista (1) a zrn
(2) jecmene pomoci
SDS gelové elektrofo-
rézy. ldentifikované bil-
koviny jsou oznaceny: R
— ribulosa bisfosfat kar-
boxylasa (prekursor vel-

-
=)

PEPEPL RPN SR I SR SR N

kého retézce), B — pB-
amylasa, A - aldosa
reduktasa./ SDS gel
electrophoresis of barley 1 2

extracts from leaves (1)

and grains (2). The identified proteins are labeled: R — ribu-
lose bisphosphate carboxylase large chain precursor, B — 3
amylase, A — aldose-reductase.

Obr. 2/ Fig. 2 MALDI-TOF MS spektrum smési peptidi ziskanych pusobe-
nim trypsinu na bilkovinu (identifikovanou jako ribulosa bisfosfat karboxy-
lasa) izolovanou gelovou elektroforézou z extraktu listd jecmene. Sipkou
oznacené peptidy byly vyuZity k databazové identifikaci./ MALDI-TOF MS
spectrum of a peptide mixture from in-gel tryptic digest of a protein (iden-
tified as ribulose bisphosphate carboxylase) isololated by gel electrophore-
sis from barley leaf extract. The arrow-marked peptides were used for da-

tabase searching.

Vyhody zvolené proteomické metody oproti jinym pouZiva-
nym metodam spocivaji predevSim v malé spotrebé vzorku
a v rychlosti identifikace bilkovin. Nejmensi potfebné mnozstvi
bilkoviny je takové, které jsme schopni vidét po obarveni sepa-
racniho gelu. | gely obarvené nejcitlivéjSimi zplsoby (napf. stfib-
rem) obsahuji dostate¢né mnozstvi bilkoviny (asi 10 ng) pro jeji

The advantages of the proteomic method we used in
comparison to other methods are mainly in lower consumption
of the sample and rapidity of protein identification. The
necessary amount of the protein is given by sensitivity of the
staining procedure used to visualize protein spots on the
separation gels. Even spots visualized by very sensitive

Tab. 1

Prehled vysledki databazového vyhledavani / Summary of database searching

R S P Mipl D A N

1 |1.14e+003 | 714 (50%) | 43917.4/6.40 | NELLU | Q05800 | RIBULOSE BISPHOSPHATE CARBOXYLASE LARGE CHAIN (RUBISCO LARGE SUBUNIT)

2 [1.08e+003 | 8/14 (57%) | 46114.2/6.40 | SPIMR | P36488 | RIBULOSE BISPHOSPHATE CARBOXYLASE LARGE CHAIN (RUBISCO LARGE SUBUNIT)

3 (1.06e+003 | 8/14 (57%) | 47090.9/6.32 | HORVU | P05698 | RIBULOSE BISPHOSPHATE CARBOXYLASE LARGE CHAIN PRECURSOR (RUBISCO LARGE
SUBUNIT)

4 |1.02e+003 | 7/14 (50%) | 48674.7/6.60 | BYBLI | P28386 | RIBULOSE BISPHOSPHATE CARBOXYLASE LARGE CHAIN (RUBISCO LARGE SUBUNIT)

5 |1.02e+003 | 8/14 (57%) | 48720.8/6.54 | GLYEC | 062970 | RIBULOSE BISPHOSPHATE CARBOXYLASE LARGE CHAIN (RUBISCO LARGE SUBUNIT)

Vysvétlivky / Abbreviations:

R - vysledné pofadi dle skore / rank

logy, 1993, Vol 3, No 6, pp 327-332
M — relativni molekulova hmotnost / relative molecular mass
D - puvod bilkoviny / protein origin

N - nazev bilkoviny / protein name

S — MOWSE skoére definované podle Pappin et al, Current Biology, 1993, Vol 3, No 6, pp 327-332 / MOWSE score based on Pappin et al, Current Bio-
P — pomér poctu shodnych ku poctu zadanych peptidy / ratio of matched and submitted peptides

pl — izoelektricky bod bilkoviny vypoéitany na zakladé primarni struktury / isoelectric point of protein based on computing from primary structure

A - Kli¢ bilkoviny v databazi SwissProt / accession number of protein in SwissProt database

m/z — pomér hmotnosti a naboje peptidu / mass/charge ratio of peptide

PS - sekvence peptidu / peptide sequence
M - modifikace / modification

Tab. 2
Prehled identifikovanych peptidi / Summary of identified peptides
m/z MH* Delta ppm S K PS M
1170.4100 1170.5591 -127.3488 304 312 (R)YQKNHGMHFR(V) 1Met-ox
1187.4700 1187.6649 -164.1158 286 295 (R)DNGLLLHIHR(A)
1407.4300 1407.6684 -169.3494 22 32 (K)LTYYTPEYETK(D)
1465.6300 1465.7552 -85.4073 147 159 (K) P R(D)
1708.8400 1708.8771 -21.7056 147 161 (K)TFQGPPHGIQVERDK(L)
2063.8700 2064.0990 -110.9669 147 164 K)TFQGPPHGIQVERDKLNK(Y)
2063.8700 2064.0132 -69.3917 296 312 (R)AMHAVIDRQKNHGMHFR(V) 1Met-ox
2169.6300 2169.9875 -164.7507 195 213 (R)GGLDFTKDDENVNSQPFMR(W)
2185.5800 2185.9824 -184.0918 195 213 (R)GGLDFTKDDENVNSQPFMR(W) 1Met-ox
Vysvétlivky / Abbreviations:

MH* — relativni molekulova hmotnost protonovaného peptidu / relative molecular mass of protonized peptide

Delta ppm - odchylka zméfené a nalezené hmotnosti peptidu v ppm / difference between measured and found mass of peptide in ppm
S — pocatecni pozice peptidu v identifikované bilkoviné / start position of peptide in identified protein

K — koncova pozice peptidu v identifikované bilkoviné / end position of peptide in identified protein
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Tab. 3

Prehled vysledkul databazového vyhledavani / Summary of database searching

R 3 2 Wpl D A N

1 [1.24e+003 | 7115 (46%) | 59647.9/5.58 | HORVU | P16098 | BETA-AMYLASE (1,4-ALPHA-D-GLUCAN MALTOHYDROLASE)

2 144 715 (46%) | 98659.1/8.37 | BYDVR | P29045 PUTATIVE RNA-DIRECTED RNA POLYMERASE [CONTAINS: 39 KD PROTEIN]

3 136 715 (46%) | 98663.2/8.45 | BYDVP | P09505 | PUTATIVE RNA-DIRECTED RNA POLYMERASE [CONTAINS: 39 KD PROTEIN]

4 76.2 6/15 (40%) | 44549.3/6.36 | BRUPA | 017473 CATHEPSIN L-LIKE PRECURSOR

B 75.5 6/15 (40%) | 83253.5/8.82 | HUMAN | Q15349 | RIBOSOMAL PROTEIN S6 KINASE ALPHA 2 (S6K-ALPHA 2) (90 KDA RIBOSOMAL PROTEIN
S6 KINASE 2) (P90-RSK 2) (RIBOSOMAL S6 KINASE 3) (RSK-3) (PP90RSK3)

Vysvetlivky / Abbreviations:
R - vysledné pofadi dle skore / rank

logy, 1993, Vol 3, No 6, pp 327-332
M - relativni molekulova hmotnost / relative molecular mass
D - plvod bilkoviny / protein origin

N - nazev bilkoviny / protein name

S — MOWSE skére definované podle Pappin et al, Current Biology, 1993, Vol 3, No 6, pp 327-332 / MOWSE score based on Pappin et al, Current Bio-
P - pomér po¢tu shodnych ku poctu zadanych peptidl / ratio of matched and submitted peptides
pl — izoelektricky bod bilkoviny vypoéitany na zakladé primarni struktury / isoelectric point of protein based on computing from primary structure

A - kli¢ bilkoviny v databazi SwissProt / accession number of protein in SwissProt database

Tab. 4
Prehled identifikovanych peptidi / Summary of identified peptides
m/z MH* Delta ppm S K PS M
1326.8700 1326.6694 151.2126 384 394 (R)YDPTAYNTILR(N)
1753.0900 1752.8921 112.9142 419 433 (R)LSNQLVEGQNYVNFK(T)
2022.1200 2021.9317 93.1255 11 128 (R)DVGTRDPDIFYTDGHGTR(N)
2086.3000 2086.0722 109.2181 129 146 (R)NIEYLTLGVDNQPLFHGR(S)
2206.3000 2206.0901 95.1284 439 457 (R)MHANLPRDPYVDPMAPLPR(S) 1Met-ox
2222.2100 2222.0851 56.2297 439 457 (R)MHANLPRDPYVDPMAPLPR(S) 2Met-ox
2841.2300 2841.2869 -20.0121 217 242 |(K)AAAAAVGHPEWEFPNDVGQYNDTPER(T)

Vysvétlivky / Abbreviations:
m/z — pomér hmotnosti a naboje peptidu / mass/charge ratio of peptide

PS — sekvence peptidu / peptide sequence
M — modifikace / modification

MH* - relativni molekulova hmotnost protonovaného peptidu / relative molecular mass of protonized peptide

Delta ppm — odchylka zméfené a nalezené hmotnosti peptidu v ppm / difference between measured and found mass of peptide in ppm
S - pocatecni pozice peptidu v identifikované bilkoviné / start position of peptide in identified protein

K — koncova pozice peptidu v identifikované bilkoviné / end position of peptide in identified protein

identifikaci. Zpracovani gelu trva sice zhruba 24 hodin, ale je
mozné soucasné zpracovat vice bilkovin, jejichz peptidy jsou
pouzity na MALDI-TOF MS. Tato méreni nejsou Casové prilis
naroc¢na (cca 10 min na jednu bilkovinu). Nasledné pocitacove
vyhledavani je imérné presnosti stanoveni molekulovych hmot-
nosti peptidu. To znamena, Ze za optimalnich podminek je
mozné za 48 hodin identifikovat nékolik bilkovin. Identifikace
jedné bilkoviny jinymi zpisoby vyzaduje fadové tydny prace, pro
kterou je nezbytné mnohem vétsi mnozstvi bilkoviny.

Nase vysledky ukazuji, ze gelova elektroforéza, MALDI-
TOF MS a bioinformatika jsou uéinnymi nastroji pro analyzu
bilkovin a proteomu jeémene a mohou byt vyuzity pro identi-
fikaci odrud sladovnického jeCmene [6]. Strategie identifi-
kace bilkovin zalozena na hmotnostni spektrometrii ma
nékteré vyhody (napf. mala spotreba vzorku). Spolu s dosta-
te¢nou citlivosti umoznuje nejen identifikaci bilkovin, ale i de-
tailni analyzu vyskytu a funkCnosti jednotlivych bilkovin
v organismu, véetné studia bilkovinovych komplexu, charak-
terizaci posttranslacnich modifikaci bilkovin [4,7] a stanoveni
slozeni bilkovin v riznych ¢astech organismu v ruznych sta-
diich jeho Zivota, coz umozni studovat Zivotni procesy na mo-
lekularni trovni.
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staining procedures (e.g. silver staining) contain enough
protein material (about 10 ng) for identification. The in-gel
digestion and peptide extraction and purification take about
24 hours. However, because it is possible to prepare several
protein spots simultaneously for MALDI-TOF MS and these
measurements are not too time demanding (about 10 min for
one protein), it is possible to identify several proteins within
48 hours. It means much faster than it is possible by other
methods.

Our results show that gel electrophoresis, MALDI-TOF
mass spectrometry, and bioinformatics are important tools for
protein and proteome analysis of barley and they can be
successfully applied to the identification of malting barley
varieties [6]. The mass spectrometry-based strategy designed
for protein identification exhibits good sensitivity and this
approach allows even detailed structure/function analyses. It
includes studying the molecular composition of multiprotein
complexes, characterization of post-translational modifi-
cations of proteins [4,7] and investigation of protein
composition at different stages of the plant life, which allows
studying biochemical processes at molecular level.
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mika — novy a rychly nastroj pro identifikaci odrud je€mene.
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Na zakladé identifikace nékolika bilkovin z riznych ¢asti jecmene
jsme ukazali,ze proteomicka metoda zaloZzena na kombinaci gelové
elektroforézy, MALDI-TOF MS a bioinformatiky je u¢innym nastrojem
pro analyzu proteomu jeémene a Zze muze byt vyuzita pro identifikaci
odrid sladovnického jeémene. Strategie identifikace bilkovin zalo-
Zena na hmotnostni spektrometrii ma vyhody (napf. mala spotieba
vzorku, rychlost identifikace bilkovin) oproti stavajicim metodam.
Identifikovanymi bilkovinami byly ribulosa bisfosfat karboxylasa v ex-
traktu z listu a B-amylasa a aldosa reduktasa v extraktu ze zrna.

Chmelik, J.- Rehulka, P. — Mayrhofer, C. — Allmaier, G.: Proteo-
mics — A New and Fast Tool for Identification of Barley Varieties.
Kvasny Prum. 47, 2001, No. 6, p. 159-163.

Identification of several proteins from various barley samples by
the proteomic method based on combination of gel electrophoresis,
MALDI-TOF mass spectrometry, and bioinformatics is an important
tool for proteome analysis of barley and it can be successfully ap-
plied to the identification of malting barley varieties. The mass spec-
trometry-based strategy designed for protein identification exhibits
good sensitivity and rapid protein identification in comparison to other
methods. The identified proteins were ribulose bisphosphate car-
boxylase from barley leaves and -amylase and aldose-reductase
from barley grains.

Chmelik, J. — Rehulka, P. — Mayrhofer, C. — Alimaier, G.: Proteo-
mik — ein neues und schnelles Instrument zur Identifikation der
Gerstensorten. Kvasny Prum. 47, 2001, Nr. 6, S. 159-163.

Aufgrund der Identifikation einiger Eisweissstoffe aus verschiedenen
Gerstenteilen zeigen die Autoren, dass die proteomische Methode, die
auf der Kombination der Gel-Elektroforese, MALDI-TOF-Masse-Spek-
trometrie und Bioinformatik basiert, ein wirksames Instrument zur Ana-
lyse des Gerstenproteoms darstellt und zur Identifikation der Brauger-
stensorten ausgeniitzt werden kann. Die auf der Masse-Spektrometrie
basierende Strategie der Eiweissidentifikation hat Vorteile gegeniiber
den bisherigen Methoden (kleiner Verbrauch der Probe, Schnelligkeit
der Identifikation). Von den Eiweissstoffen wurden identifiziert: Ribu-
lose Bisphosphat Karboxylase aus dem Extrakt der Blatter und B-Amy-
lase und Aldose Reduktase aus dem Kornextrakt.

Xmenuk, W. — Pxerynka, M. — Maiteprodep, L. — Annmaitep, I'.:
CoBpeMeHHbI BbICTpOAEHCTBYIOWMA Metoq ans
naeHTUdUKaLMm copTa ASYMeHs — npoteomMuka. Kvasny Prum. 47,
2001, Ne 6, cTp. 159-163.

Ha ocHoBe waeHTUhUKaUMM HECKONbKMX OEnKoB M3 pa3sHbiX
yacTew pacTeHus 6bino AOKa3aHo, 4TO NPOTEOMUKA, OCHOBAHHANA
Ha KOMOMHMpoBaHuW renb-anekTpocopesa, MALDI-TOF MS
n 6uouHdopmaTukn, siBnseTcs APPEeKTUBHbIM CpeacTBOM ANA
aHanuaa npoTeoma SYMEeHs U NO3BONAET NASHTU(UKALMIO COPTOB
CONoAOPacTUTENbHOrO AYMeHsA. HacTtoswas crTpaterys waex-
Tuhukayum 6enkos, 6asmpyroLan Ha Macc-CneKTPoMeTpuK, UMeeT
HEKOTOpble npeumyllecTBa MO CPaBHEHUIO C A0 Cux nop
CYLECTBYIOWMMN  MeTOJAamMu, Kak Hanp. Mmanoe  Komu-
yectBo obpa3ya wu ObicTpoe onpegenenne 6enkos. WaeHTu-
huympoBaHHbiMM 6enkamu 6binu pubynosa 6uctoctar Kap-
6okcunasa B 3KCTpakTe U3 NUCTbeB M 6eTa-amunasa v anbaosa
pefykTa3sa B 9KCTpakTe 13 3epHa.



