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Zmény v proteinovém profilu béhem sladovani byly sledovany pomoci kombinace gelové elektroforézy (jedno- i dvojdimenzionalni; 1-
D, 2-D GE) a hmotnostni spektrometrie. Nase pozornost byla vénovana proteomické analyze jeénych proteinll, u kterych dochazi bé-
hem sladovani k modifikacim, které mohou vést ke stabilizaci daného proteinu a v kone¢ném dusledku az k ovlivnéni vlastnosti piva.

LaStovickova, M. — Bobalova, J.: Determination of important barley (Hordeum vulgare) proteins by the separation methods and

mass spectrometry. Kvasny Prum. 56, 2010, No. 2, p. 79-82.

The changes of protein profile during the malting were monitored by a combination of gel electrophoresis (one-dimensional and two-
dimensional; 1-D, 2-D GE) and mass spectrometry. Our attention was focused on the proteomic analysis of barley proteins, which were
modified during the malting and can influence the properties of beer as a final product of malting.

Lastovickova, M. — Bobalova, J.: Die Bestimmung der wichtigen Gerstenproteine (Hordeum vulgare) durch die separation- und
massspektrometrischen Methoden. Kvasny Prum. 56, 2010, Nr. 2, S. 79-82.

Durch die Kombination der Gelelektrophorese (eindimensional und zweidimensional, 1 — D, 2 — D GE) und Masspektrometrie wurden
die Anderungen im Proteinprofil wahrend des Malzherstellungsprozesses verfolgt. Unsere Aufmerksamkeit wurde der proteomischen
Analyse der Gerstenproteine gewidmet, bei denen wahrend der Malzlagerung zu den Modifikationen vorkommt, die eine Stabilisation
des gegebenen Proteins und folgende Beeinflussung des Biergeschmacks verursachen kénnen.
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1 UvVOD

Bilkoviny (= proteiny) jsou vysokomolekularni latky slozené bézné
z vice nez sta aminokyselin, vzajemné spojenych peptidovou vaz-
bou. Pofadi aminokyselinovych zbytkd v polypeptidovém fetézci (bil-
koviné) udava tzv. primarni strukturu a je uréeno geneticky. Proteiny
hraji dulezité role nejen v pfirodé, ale i v riznych v odvétvich pra-
myslu a zemédélstvi. Obor, ktery se zabyva systematickou analyzou
bilkovin z hlediska jejich identity, mnozstvi a funkci se nazyva prote-
omika [1, 2].

Jednou ze zakladnich a charakteristickych vlastnosti, ktera defi-
nuje jak latky nizkomolekularni, tak i makromolekuly, je jejich mole-
kulova hmotnost. Hmotnostni spektrometrie (mass spectrometry,
technik v proteomice, je metoda, jejimz principem je rozdéleni nabi-
tych ¢astic (iontd) podle jejich molekulovych hmotnosti.

Velmi u¢innou metodou pro identifikaci a analyzu struktury bilko-
vin je postup, nazvany peptidové mapovani, ktery se sklada z néko-
lika krok(1. Dand bilkovina je nejprve izolovana ze smési a potom en-
zymaticky $tépena na smés peptidl, které jsou detekovany MS (jsou
zjistény jejich molekulové hmotnosti). Tak vznikne tzv. peptidova
mapa, ktera je pro danou bilkovinu charakteristicka (tzv. peptide fin-
gerprint) [2, 3].

Jednou z fady MS technik, ktera byla vyvinuta v druhé poloviné
osmdesatych let 20. stoleti pravé pro analyzu vysokomolekularnich
latek (zejména proteinll), je hmotnostni spektrometrie s vyuZitim io-
nizace laserem v pfitomnosti matrice a analyzatorem doby letu
(MALDI-TOF MS = Matrix Assisted Laser Desorption/lonization Time
Of Flight Mass Spectrometry). K ziskani signélu pfisludné latky je
tfeba analyt smichat s pfebytkem matrice, coz nejc¢astéji byva slaba
aromaticka kyselina. Tato smés matrice a vzorku se nanese na spe-
cialni kovovou desti¢ku. Po odpareni rozpoustédla se vytvofi krys-
talky, které jsou vystaveny pulsim laseru. Pokud by molekuly vzorku
byly ionizovany laserem pFimo, dochazelo by vétsinou k nezadou-
cimu &tépeni molekul. Uloha matrice tedy spogiva v tom, Ze absor-
buje vétSinu energie a teprve pak ji Setrné pfedava molekulam ana-

Keywords: barley, gel electrophoresis, mass spectrometry, pro-
teomics

INTRODUCTION

Proteins are high molecular mass compounds composed com-
monly by more than one hundred amino acids joined together by the
peptide bonds. The sequence of amino acids in a protein determines
a primary structure and is encoded in the genetic code. The proteins
play a principal role not only in the nature, but also in the different in-
dustries and agriculture. Proteomics is a science dealing with the sys-
tematic analysis of proteins, particularly their identity, amount and
function [1, 2].

One of the basic characteristic features of both low-molecular mass
analytes as well as macromolecules is their molecular mass. Mass
spectrometry (MS) is one of the most important analytical techniques
in proteomics. The MS principle consists from the separation of ions
according to their mass to charge ratio (m/z).

Peptide mass fingerprinting (PMF), an effective analytical technique
for protein identification, comprises several steps. An unknown protein
is firstly isolated from a mixture and then is cleaved with enzyme to
generate peptides. The masses of individual peptides can be accu-
rately measured with a MS. MS analysis results in a peptide pattern
characteristic for individual protein (peptide mass fingerprint) [2, 3].

Matrix Assisted Laser Desorption/lonization Time of Flight Mass
Spectrometry (MALDI-TOF MS) is one of the MS techniques devel-
oped in the middle to late 1980s for the analysis of molecules with
large molecular weights (e.g. proteins). To obtain a signal of a sam-
ple, it is necessary to mix an analyte with a matrix compound, which
is usually weak aromatic acid. The mixture of sample and matrix is
loaded on a special sample plate and allowed to dry as a crystalline
coating. The crystals are subjected to a short pulse of a laser. If the
molecules of samples would be ionized directly by laser, the unwanted
fragmentation of molecules might happen. The matrix plays a key role
in this technique because it absorbs maximum of laser light energy
and then gently transfers this energy to the analyte molecules. The
sample is ionized by process such as hydrogen or alkali metal (K,
Na) attachment. These ions have lower internal energy thus the ion
fragmentation is minimized [4, 5].
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lytu. Analyt je ionizovan za vzniku protonovanych molekul nebo mo-
lekulovych aduktl s alkalickym kovem (K, Na). Takové ionty maji vy-
razné niz8i vnitfni energii a tedy i men&i tendenci k fragmentaci [4, 5].

Je€men sety (Hordeum vulgare L.) patfi mezi nejstarsi obilniny. Vy-
znamné misto a bohatou historii ma i u nas, kde je po pSenici dru-
hou nejrozsifenéjsi obilovinou. Je€men ma tfi hlavni oblasti pouziti:
sladovnictvi, lidska vyziva a krmivo pro hospodarska zvifata. Navic
je pouzivan jako dllezitd modelova rostlina pro genetiky a Slechtitele
[6]. Detailni analyza proteomu jeémene je dllezita pro jeho efektivni
vyuziti v zemédeélstvi a potravinafském primysilu. Ziskané poznatky
pomahaiji pfi pochopenibiologickych a technologickych viastnostijec-
mene (napf. odolnosti rostliny je€émene vici suchu &i chladu, vlivu na
kvalitu piva apod.). Navic bylo stanoveni proteind a glykoprotein Us-
pésné pouzito k identifikaci jeénych odrld, jejichz pfesna znalost je
dulezita zejména ve sladarském primyslu [7, 8].

2 MATERIAL A METODY
2.1 Izolace jeénych proteint

Jako vychozi materidl pro extrakci proteint byly pouzity pomleté
obilky jeémene z jednotlivych odbérl sbiranych po dobu celého sla-
dovani (zrno, zeleny slad, slad a vzorky odebrané v pribéhu slado-
vani — prvni az paty den). Vzorky jeCmene (odrdda Jersey) byly zis-
kany z Vyzkumného ustavu pivovarského a sladafského (VUPS,
Brno, CR). Metoda mikrosladovani byla zaloZena na tradi¢nim po-
stupu pouzivaném ve VUPS [9].

Proteiny z rozemletych je¢nych zrn (50 mg mouky pro 1D-GE resp.
600 mg pro 2D-GE) byly extrahovany pomoci 1 ml (pro 1-D GE) resp.
3 ml (pro 2-D GE) deionizované vody.

2.2 Separace je¢nych proteint

Extrakty byly podrobeny jednorozmérné gelové elektroforéze (1-D
GE; gradientovy 4-20 % TRIS-HCI gel (Bio-Rad), vizualizace prote-
in0 Coomasssie Briliant blue G-250; CBB), nebo dvourozmérné ge-
lové elektroforéze (2-D GE; 1.rozmér: IEF na IPG stripech (BioRad)
s linearnim rozsahem p/ 3-10; 2. rozmér: 15 % SDS gel, vizualizace
proteini CBB).

Po separaci byly zmény proteinového profilu mapovany pomoci vy-
hodnocovaciho softwaru PDQuest (BioRad). Jednotlivé skvrny vy-
branych jeénych bilkovin byly z gelli vyfiznuty (Bio-Rad ExQuest™
spot cutter) a podrobeny enzymatickému Stépeni (pouzity enzym:
trypsin ¢€i chymotrypsin). Pfed viastnim méfenim byly ziskané pep-
tidy precistény na reverzni fazi C;g podle protokolu vyrobce (ZipTip
$picky, Millipore). Odsoleny roztok peptidi byl analyzovan pomoci
MALDI-TOF MS.

2.3 MS analyza a identifikace vybranych proteint

Hmotnostni spektra byla méfena na hmotnostnim spektrometru
MALDI TOF/TOF (Applied Biosystems 4700 Proteomics Analyzer,
Applied Biosystems, Framingham, USA). MS/MS data byla ziskana
za pouziti dusiku jako kolizniho plynu. Matrice 4-hydroxy-o-kyanos-
koficova kyselina (10 mg/ml 0,1 % kyselina trifluoroctova/acetonitril
(1:1, v/v)) byla pouzita pfi véech analyzach peptidl ziskanych enzy-
matickym $tépenim. Identifikace proteinli pomoci peptidového ma-
povani, resp. MS/MS dat byla provedena programem MASCOT (pro-
teinova sekvenéni databdze NCBInr a SwissProt) dostupnym na
internetovych strankach www.expasy.org. Tyto databaze jsou provo-
zovany Evropskou molekularné-biologickou laboratofi (European Mo-
lecular Biology Laboratory, EMBL) a Svycarskym institutem pro bio-
informatiku (Swiss Institute of Bioinformatics).

3 VYSLEDKY A DISKUSE

Rozhodujicim krokem v proteomické analyze je pfiprava vzorku.
Pro spolehlivou identifikaci protein( je tudiz nezbytné pfed MALDI-
TOF MS analyzou vzorek nalezité upravit s vyuzitim nékteré ze se-
paracnich technik [10].

Nase pozornost byla zaméfena na analyzu ve vodé rozpustnych
protein(, které zlstavaji zachovany po celou dobu sladovani a do-
stavaji se az do piva, ¢imz ovliviuji jeho kvalitu [6]. Ziskany extrakt
obsahoval stovky proteind. Pro zjednodu$eni této proteinové smési
byla pouzita 1-D a 2-D GE. Pomoci 1-D GE jsou bilkoviny separo-
vany podle svych molekulovych hmotnosti. Tato metoda byla v na-

Barley (Hordeum vulgare L.) is one of the oldest crops. Being sec-
ond most spread crop (after wheat), the barley has a rich history and
prominent place even in our country. Barley varieties have three main
uses: malting industry, human food and animal feed. Moreover, it
serves as an important experimental and model plant for plant ge-
netics and breeders [6]. The detailed analysis of barley proteome is
important for agriculture and food industry. Obtained knowledge helps
to understand biologic and technologic parameters of barley (e.g.
quality of beer, resistance of barley plant to drought, cold, etc.). More-
over, the cultivar determination can be accomplished by the analysis
of barley proteins and glycoproteins. It is important mainly for malt-
ing industry [7, 8].

2 MATERIALS AND METHODS
2.1 Extraction of Proteins from Barley Grains

Barley mature grain, grain after 1-5 days of malting and green and
ready malt were used for the extraction of water-soluble proteins. Bar-
ley in different malting degrees (cultivar Jersey) was obtained from
Research Institute of Brewing and Malting (RIBM, Brno, Czech Re-
public). Micromalting method was based on the traditional procedure
used in the RIBM [9].

Proteins were extracted from barley grain (50 mg of flour for 1-D
GE; 600 mg for 2-D GE, respectively) by 1 ml (for 1-D GE) or 3 ml
(for 2-D GE) of deionized water.

2.2 Barley Protein Separation

Obtained extracts were subjected to one-dimensional gel elec-
trophoresis (1-D GE; gradient gel 4-20 % TRIS-HCI gel (Bio-Rad),
visualization Coomassie Brilliant blue G-250, CBB) or two-dimen-
sional gel electrophoresis (2-D GE; 1%t dimension: IPG linear strips
(BioRad) p/ 3—10; 2" dimension: 15 % SDS gel, CBB staining). The
changes of protein profile were monitored by analysis software
PDQuest (BioRad). Selected protein bands were excised using Bio-
Rad ExQuest™ spot cutter and enzymatically in-gel digested (by
trypsin or chymotrypsin). Obtained peptides were purified by ZipTip
Cis (Millipore) prior to MS analysis. Desalted solution of peptides was
analyzed by MALDI-TOF MS.

2.3 MS analyses and identification of selected proteins

Mass spectra were acquired with Applied Biosystems 4700 Pro-
teomics Analyzer (Applied Biosystems, Framingham, MA, USA). Ni-
trogen was used as the collision gas for all MS/MS experiments. a.--
Cyano-4-hydroxycinnamic acid (CHCA; 10 mg/mL 0.1 %
trifluoroacetic acid/acetonitrile (1:1, v/v)) was used as a MALDI ma-
trix for the analysis of peptides obtained by enzymatic digestion. Pro-
tein identification was performed by the comparison of the peptide
masses and MS/MS data against the sequence databases using the
MASCOT search engine (database SwissProt or NCBInr) available
via www.expasy.org. SwissProt is a protein sequence database run-
ning by European Molecular Biology Laboratory and Swiss Institute
of Bioinformatics.

3 RESULTS AND DISCUSSION

The crucial step in proteomic analysis is the sample preparation.
The combination of separation techniques with MALDI-TOF MS is re-
quired for the reliable identification of proteins [10].

The attention was paid to water-soluble proteins which survive malt-
ing conditions and remain in malt and beer and influence its quality
[6]. Obtained extracts contained hundreds of proteins. In order to sim-
plify this protein mixture common separation techniques like 1-D and
2-D GE have been employed. In 1-D GE, proteins are separated ac-
cording to their molecular weights. This method was used for the sep-
aration of barley proteins, but moreover complex of changes of pro-
tein profiles during the malting was characterized. Our attention was
focused on the analysis of proteins that are modified during the malt-
ing, which can lead to the stabilization of protein (e.g. effects on the
termostability). Glycation (= the attachment of one or more glucose
molecules to a polypeptide chain) is one of such modifications [11].

A lot of protein bands with molecular masses in the range of
6—-100 kDa were detected after electrophoretic separation. A visual
inspection of a gel confirmed significant changes of protein profile
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Sem pfipadé vyuzita nejen k separaci bilkovin, ale i ke komplexni cha-
rakterizaci zmén v proteinovém profilu béhem sladovani. Nase po-
zornost byla vénovana proteomické analyze je¢nych protein(, u kte-
rych dochazi béhem sladovani k modifikacim, které mohou vést ke
stabilizaci daného proteinu (napfiklad zlep$eni odolnosti proteinu vici
zvySené teploté). Jednou z takovych modifikaci je pfipojeni jedné Ci
vice molekul glukosy na polypeptidicky fetézec. Tato modifikace se
nazyvé glykace [11].

Po elektroforetickém déleni je¢nych extraktd byla odhalena na gelu
fada proteinovych prouzki v rozmezi molekulovych hmotnosti
6—100 kDa. Vizudlni kontrola gell potvrdila, ze zmény proteinového
profilu je mozné pozorovat jiz od druhého dne sladovani, a to mini-
malné u péti proteinovych prouzkl. Nejmarkantnéjsi rozdily byly na-
lezeny v oblasti s molekulovou hmotnosti 59, 43, 30 a 23 kDa (obr. 1).

observed after second day of malting at minimal five protein bands.
The most noticeable differences were found at molecular masses
about 59 kDa, 43 kDa, 30 kDa, and 23 kDa (Fig. 7).

Selected protein bands were cut out from a gel and digested by
enzyme. The series of specific peptides of particular protein was ob-
tained, purified and used for MALDI-TOF MS analysis. The MALDI-
TOF mass spectra of protein digests showed the ions of peptides. An
example of such mass spectrum is on the Fig.2.

A set of masses obtained by a mass spectrometer was compared
to protein database by using computer programs. Furthermore, the
peptides, corresponding to individual proteins, were fragmented
(MS/MS analyses) and obtained fragmentation spectra were inter-
preted by databases too.

Several proteins were identified with high correlation scores. The
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116.2 kDa
97.4 kDa
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45.0 kDa
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proteins, which quantitative or qualitative changes were
the most noticeably included: amylase subtilisin inhibitor
(22.4 kDa), peroxidase PB1(32.2 kDa), protein
Z (43.3 kDa), and p-amylase (59.9 kDa).

Protein Z is one of the most interesting proteins from
this group. It is considered to one of the key factor that
can positively influence beer foam. Protein Z is barley
albumin formed by several homologous proteins that
represent 10-25 % of all non-dialyzed beer proteins [12].

We were able to characterize certain changes of pro-
tein profile using 1-D GE; nevertheless the resolution of
individual proteins was not sufficient therefore 2-D GE
was performed. Proteins are separated from each other
by an isoelectric point in the first step (15t dimension)
and then by their molecular masses (2" dimension).
Thereby 2-D GE is also applied for separation of pro-

]gg ]I:Bﬂ teins that differ only in a modification. Fig. 3 and Fig. 4
i a show 2-D gels of extracts from grain and malt. The ar-

eas of the noticeable changes are marked by rectangles
1 23 4 5 5 THATOT 10 In Fig. 3and 4

Protein patterns of extracts from grain and malt were

Obr. 1 1-D TRIS-HCI gradientovy gel. 1, 10 — smés standardu, 2 — extrakt z obilek,
3 — extrakt z obilek po prvnim dnu sladovani, 4 — extrakt obilek po druhém dnu sla-
dovani, 5 — extrakt obilek po tfetim dnu sladovani, 6 — extrakt z obilek po ¢tvrtém
dnu sladovani, 7 — extrakt z obilek po patém dnu sladovani, 8 — extrakt ze zele-

ného sladu, 9 — extrakt ze sladu./ Fig. 1 1-D TRIS-HCI gradient gel.

cular weight marker (MWM), protein extract from: 2 — barley grain, 3 — the first day
of malting, 4 — the second day of malting, 5 — the third day of malting, 6

day of malting, 7 — the fifth day of malting, 8 — green malt, 9 —malt

Vybrané proteinové prouzky byly vyFiznuty z gelu a podrobeny §té-
peni enzymem. Byl ziskan soubor specifickych peptidd daného pro-
teinu, které byly po purifikaci pouzity pro MALDI-TOF MS analyzu.
V MALDI-TOF hmotnostnich spektrech digestu jednotlivych proteint
byly nalezeny ionty peptid(. Pfiklad jednoho z hmotnostnich spekter
je na obr. 2.

Soubor namérenych hmotnosti peptidd byl pak srovnavan pomoci
prohledavacich program0 s proteinovymi databazemi. Déle byly na-
lezené peptidy odpovidajici jednotlivym proteinim fragmentovany
(MS/MS analyzy) a ziskana fragmentacni spektra opét databazové

compared using PDQuest imaging system (special soft-
ware, BioRad). The spots that had a statistically signifi-
cant difference were enzymatically digested, character-
ized by MALDI-TOF MS and identified.

The results from 1-D and 2-D GE confirmed that pro-
tein Z belongs among the proteins that are subject to
changes. 2-D GE of malt extract revealed that pro-
tein Z formed several 2-D spots due to the presence of
chemical modifications which modify this protein during
the malting.

Moreover the presence of several sequence homologues (= pro-
teins vary in one or more amino acids) could cause this observation
too. We clearly confirmed minimal two molecules of protein Z with the
different amino acid sequence.

1, 10 — mole-

— the fourth

4 CONCLUSION

The changes of protein profile induced by malting were monitored
using up-to-date proteomic approach including the combination of

vyhodnocena. S vysokou prav-
dépodobnosti byla identifiko-
vana fada proteint, z nichz na-
sledujici patfi k tém, u kterych
dochazi k nevyraznéjSim kvan-
titativnim ¢i kvalitativnim modifi-
kacim: amylasa subtilisin inhibi-
tor (22,4 kDa), protein Z (43,3
kDa), peroxidasa PB1(32,2
kDa) a p-amylasa (59,9 kDa).
Jednim z nejzajimavéjSich
proteintl z vybrané skupiny je
sprotein Z“. Tato bilkovina je po-
vazovana za jednu z klicovych
latek, které pozitivné ovliviuji
pénivost piva. Protein Z je je¢na
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[12].

Pomoci 1-D GE bylo mozné

charakterizovat nékteré zmény tides coming from barley protein Z

Obr. 2 MALDI-TOF hmotnostni spektrum peptidové smési ziskané z proteinového bandu s molekulovou
hmotnosti 43 kDa po enzymovém Stépeni. (%) oznacuje peptidy proteinu Z./ Fig. 2 MALDI-TOF mass spec-
trum of peptide mixture from in-gel enzyme digest of a protein band 43 kDa. The asterisks (%) mark pep-
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v proteinovém profilu, nicméné rozlieni jednotlivych proteini nebylo
idedlni. Proto bylo pfistoupeno k 2-D GE, ktera v prvnim kroku roz-
déluje proteiny na zakladé jejich izoelektrickych bodl (1. rozmér)
a pak teprve dle jejich molekulovych hmotnostni (2. rozmér). Tim
umoznuje napfiklad i rozdéleni proteind, které se lisi pouze v modi-
fikaci. Na obr. 3 a 4 jsou uvedeny 2-D gely predstavujici extrakt z obi-
lek a ze sladu. Oblasti nejvyznamnéjSich zmén byly zvyraznény ra-
mecky.

Pomoci specialniho vyhodnocovaciho programu (PDQuest, Bio-
Rad) byly gely z extraktd zrna a sladu porovnany a proteinové skvrny,
které byly vyhodnoceny jako statisticky vyznamné zménéné, byly opét
enzymaticky Stépeny, charakterizovany pomoci MALDI-TOF MS
a identifikovany.

Vysledky z 2-D GE potvrdily, Ze mezi proteiny, které podiéhaji zme-
nam, patfi jiz zminény protein Z. 2-D GE sladu odhalila, Ze protein
Z se nachazi ve vice spotech diky modifikacim, kterym dany protein
podléha béhem sladovani. Navic tento jev mlze byt zplsoben i pfi-
tomnostinékolika sekvenénich homologl dané bilkoviny (= stejné pro-
teiny liSici se vzajemné o jednu nebo vice aminokyselin). V nasem
pfipadé byl jednoznaéné potvrzen vyskyt minimalné dvou rtznych
molekul proteinu Z, liSicich se aminokyselinovym slozenim.

4 ZAVER

Pomoci modernich proteomickych postup, které zahrnovaly kom-

binaci separa¢nich metod (1-D a 2-D GE) a MALDI-TOF hmotnostni

spektrometrii, byly sledovany zmény v proteinovém profilu béhem sla-
dovani, pficemz byl diraz kladen zejména na majoritni proteiny a je-
jich modifikace. Z modifikaci proteint byly studovany zejména tzv. gly-
kace, které se objevily u proteinl po sladovani jeémene.

Predlozena studie ukazuje, ze tento proteomicky pristup by mohl
byt aplikovan na monitorovani vyvoje sladovani a analyza protein(i ve
sladu by pak mohla byt uzite€na zejména sladarfim pfi posuzovani
kvality sladu a nasledné i piva.
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Obr. 3 2-D 15% SDS gel barveny CBB-G250 — vzorek: bilkovinny ex-
trakt z je€nych zrn. Ramecky A—C oznacuji oblasti nejvyznamnéjsich
zmeén proteinového profilu / Fig. 3 2-D 15% SDS gel stained by CBB-
G250 — sample: protein extract of barley grain. The rectangles rep-
resent the areas of the noticeable changes

separation methods (1-D and 2-D GE) and MALDI-TOF mass spec-
trometry. The main attention was focused on the important proteins
and their modifications, mainly glycations which were observed after
malting.

This study shows that used proteomic approach can be applied for
the monitoring of malting stages and thus the analysis of proteins can
be helpful to maltsters and to all beer producers.
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Obr. 4 2-D 15% SDS gel barveny CBB-G250 — vzorek: bilkovinny ex-
trakt z hotového sladu. Ramecky A-C oznacuji oblasti nejvyznam-
néjSich zmén proteinového profilu / Fig. 4 2-D 15% SDS gel stained
by CBB-G250 — sample: protein extract of barley malt. The rectan-
gles A-C represent the areas of the noticeable changes
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