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Rostliny jsou v priibéhu svého Zivota ohrozovany kromé jinych vlivli i patogennimi mikroorganismy. Poznatky o negativnich ugincich
patogennich mikroorganismu pfitomnych na obilce jeémene jsou v sou¢asné dobé neuplné a nedostate¢né. Vyskyt patogenniho mikro-
organismu na obilninach mize negativné ovlivnit nejen kvalitativni vlastnosti obilky, ale plsobi i komplikace pfi nasledujicim zpracovani.
Kontakt patogenniho mikroorganismu s burikou vyvolava celou fadu koordinovanych vnitrobunéénych procesu, jejichz cilem je omezit
¢i zcela eliminovat jeho pusobeni a Sifeni. Cely proces je spojen s tvorbou novych latek (primarnich a sekundarnich metabolit(l) jak na-
padené rostliny, tak i samotnych patogent. Obranné reakce rostliny vyvolavaji naslednou reakci (tvorbu specifickych latek) u patogenniho
mikroorganismu, kterou se patogen snazi obrannou reakci rostliny pfekonat. Pro komplexni zhodnoceni kvality zrna je tedy nutné sledovat
kromé nutriéné cennych latek také rizikové komponenty, jako jsou pravé metabolity (napf. mykotoxiny a dalsi) a stresové latky vznikajici
pri interakci patogen-obilka, ¢i rezidua modernich pesticid(, pouzivanych k ochrané plodin. Pfitomnost téchto metabolitdl v dané suroviné
nelze vylou€it ani za podminek dobré zemédélské praxe.

Benesova, K. — Mikulikova, R. — Bélakova, S. — Svoboda, Z. — Psota, V.: Identification of substances originating from pathogen
— caryopsis interaction and their effect on malt quality. Kvasny Prum. 57, 2011, No. 1, p. 2—7.

Besides other effects, plants are during their life endangered also by pathogenic microorganisms. Current information on negative
effects of pathogenic microorganisms occurring on a barley caryopsis is incomplete and insufficient. The presence of pathogenic mi-
croorganism on cereals can negatively affect not only quality characters of caryopses but it can also complicate following processing.
Contact of the pathogenic microorganism with a cell triggers a number of coordinated intracellular processes with the aim to mitigate or
fully eliminate its action and spreading. The whole process is connected with creation of new substances (primary and secondary metabo-
lites) of both the infested plant and pathogens. The plant defense reaction evokes a following reaction (production of specific substances)
of the pathogenic microorganism by which the pathogen strives to overcome the plant defense reaction. Therefore, for the complex eval-
uation of grain quality it is necessary to follow not only nutritiously valuable substances but also risk components, such as metabolites
(e.g. mycotoxins, etc) and stress substances originating at pathogen-caryopsis interaction and residues of modern pesticides used for
plant protection. The presence of these metabolites in the given raw materials cannot be avoided neither under the conditions of good
agricultural practice.

Benesova, K. — Mikulikova, R. — Bélakova, S. — Svoboda, Z. — Psota, V.: Identifikation der wahrend der Interaktion Pathogen —
Grasfrucht entstehenden Stoffe und ihren Einfluss auf die Malzqualitat. Kvasny Prum. 57, 2011, Nr. 1, S. 2—-7.

Die Pflanzen sind im Laufe ihres Lebens neben anderen Einfliisse auch durch Pathogen Mikroorganismen bedroht. Die Erkenntnisse
Uber negative Wirkungen von auf der Grasfrucht anwesenden Pathogen Mikroorganismen sind zurzeit ungenugend und unvollstandig.
Das Auftreten eines Pathogen Mikroorganismus auf den Getreidepflanzen kann nicht nur Qualitatseigenschaften der Grasfrucht negativ
beeinflussen, aber auch Komplikationen wéhrend der weiteren Verarbeitung verursachen. Der Kontakt des pathogenen Mikroorganismus
mit der Zelle verursacht eine ganze Reihe der koordinierten innerzelluldren Prozesse mit dem Ziel eine weitere Wirkung und Ausbreitung
des Pathogens zu eliminieren oder zu verhindern. Der ganze Prozess ist mit einer Bildung von neuen Stoffen (priméren und sekundaren
Metabolite) sowohl der angegriffenen Pflanze als auch der Pathogens. Die prophylaktischen Pflanzenreaktionen verursachen eine fol-
gende Reaktion des Pathogens, der eine spezifische Stoffe bildet, mit dem Ziel die prophylaktische Pflanzenreaktion zu inhibieren. Fur
eine komplexe Kornqualitdtsauswertung ist nétig neben den alimentaren Wertstoffen auch die Risiko Komponenten zu verfolgen, wie
Metaboliten (z.B. Mykotoxins und weitere) und Stresstofen, die wahrend der Interaktion Patogen — Grasfrucht entstehen, bzw. die moderne
Pestiziden, die zum Pflanzenschutz eingesetzt sind. Auch unter Bedingungen der guten landwirtschaftlichen Praxis ist die Anwesenheit
der Metaboliten in den Rohstoffen méglich.
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1 UVOoD

Rostliny se v pfirodé ¢asto museji vyrovnavat s velmi nepfiznivymi
podminkami okolniho prostfedi. Jejich pfeziti v téchto podminkéch
by nebylo mozné bez schopnosti pfizplisobovani (adaptability). Cim
vice a ¢im déle se okolni prostfedi odchyluje od podminek optimalnich
pro rlst a vyvoj rostlin, tim vice trvalych zmén u nich nachazime [1].
Stav, ve kterém se rostlina nachazi pod vlivem nepfiznivého pliso-
beni, oznacujeme jako stres, nepfiznivé faktory potom jako stresové
faktory neboli stresory. Stresové faktory dale délime na biotické a abi-
pred plsobenim stresorl nemaji moznost pfimého Uniku. V pfiroze-
nych podminkach ¢asto plsobi vice stresorli sou¢asné, napiiklad
silné zareni, vysoka teplota a nedostatek viahy. To mnohem skodlivé;ji
pusobi na rostlinu, nez kdyby kazdy faktor plsobil sam o sobé. Re-
akce na stresovy faktor nastava na vSech funkénich urovnich orga-
nismu. Pokud stres pomine, rostlina se vrati do pdvodniho stavu. Po-
kud stres trva, rostlina se bud dokaze prizpusobit, nebo se vyéerpava
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1 INTRODUCTION

Plants in nature often have to cope with very unfavorable conditions
of the environment. Their survival under these conditions would not
be possible without their capability to adapt. The more and the longer
the environment diverts from the conditions optimal for growth and
plant development, the more permanent changes can be found in them
[1]. The state of a plant into which the plant gets due to this unfavorable
effect is denoted as stress, unfavorable factors as stress factors or
stressors. The stress factors can be further split into biotic and abiotic.
Unlike animals, stress in plants is more complicated as plants have
no possibility how to escape directly from the action of stressors. Under
the natural conditions, more stressors often operate simultaneously,
for example strong radiation, high temperature and lack of humidity.
This affects the plant more harmfully than if each factor acted sepa-
rately. A reaction to a stress factor occurs at all functional levels of the
organism. If stress passes, the plant gets back to its original state. If
the stress persists, the plant is either able to adapt to it or it gets ex-
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a postupné hyne. Stresova odpovéd rostliny zavisi jak na délce a in-
tenzité plasobeni, pfipadné opakovani stresové udalosti, tak i na ge-
netickych pfedpokladech rostliny a jejich adapta¢nich schopnostech.

2 PATOGEN

Patogen je bioticky faktor, ktery zapficini onemocnéni hostitele.
Casto je pouzivan ve z(Gzeném vyznamu zahrnujicim organismy, které
mohou narusit normalni fyziologii mnohobunéénych organismd. Za
patogeny povazujeme vSechny organismy véetné vird, viroidd a vlak-
nitych mikromycet. Infekce vnika do rostlin mechanickymi poranénimi,
ale ani pevna buné¢na sténa zdravého jedince nemusi priniku pato-
genll vzdy zabranit. V zasadé plati, Ze vznik choroby a vysledné po-
Skozeni rostliny je zavislé na vzajemnych vztazich mezi patogenem,
hostitelskou rostlinou a vlivem vnéjSich podminek, je tedy nutna sou-
hra tfi ¢initel(l. Ze vSech patogenl maji nejvétsi vyznam houby (vlak-
nité mikromycety).

3 HOUBY

Houby jsou prastaré organismy z karbonu &i permu. Dfive byly fa-
zeny k rostlinam, pak pro né byla vy¢lenéna vlastni fise. Od zelenych
rostlin se lisi tim, Ze postradaji chlorofyl a jsou proto odkazany na he-
terotrofni (organickou) vyzivu. Organické slozky nachazejici se vné
jejich stélky houby rozkladaji tak, Ze do svého nejblizsiho okoli vylu-
Cuji hydrolytické enzymy. Tyto enzymy $tépi substrat na mensi pod-
jednotky, které jsou pak absorbovany [1]. Rozmnozuji a §ifi se jed-
nobunéénymi &i vicebunéénymi vytrusy (sporami). Jejich télo ma
jednoduchou stavbu, je slozené z rozveétvenych a propletenych viaken
(hyf) nebo maze byt jednobunécné (v pfipadé kvasinek). Hlavni struk-
turni sloZzkou bunécéné stény hub je polysacharid chitin. Sestava z jed-
notek glukosovych derivatd N-acetyl-D-glukosaminu spojenych
B(1—4) glykosidickymi vazbami.

Z ekologického hlediska spociva kli¢ova role hub v kolobéhu uhliku
—1j. schopnosti mikromycett rozkladat celul6zu a jiné odolné rostlinné
polysacharidy jako hemicelul6zy a lignin. Houby jsou jediné orga-
nismy, které jsou schopné rozlozit lignin az na CO,. Odbouravani
a nasledné vyuziti hojné se v pfirodé vyskytujicich g-glukant, skrobu
a glykogenu se uskuteCnuje prostfednictvim enzyml f-glukanaz,
amylaz (endoglukanazy) a glukoamylaz (exoglukanazy).

Soucasné vSak houby parazitujici na rostlinach snizuji rodu nebo
togentm viibec [1].V neposledni fadé maji nepfijemné zdravotni do-
pady na zdravi zvifat a ¢lovéka formou infekénich onemocnéni, my-
koalergii nebo akutnich ¢i chronickych otrav. Tyto mikroskopické
vlaknité houby (vlaknité mikromycety) byvaji ozna¢ovany vzitym ces-
kym nazvem plisné.

Mykotoxiny, sekundarni toxické metabolity mikromycetd, patfi mezi
vyznamné pfirodni toxiny. Jsou to latky nebilkovinné povahy, toxické
pro ¢lovéka a Zivé organismy. Divod, pro¢ jsou mykotoxiny produko-
vany, je vysvétlovan tim, Ze jsou prostifedkem vlaknitych mikromycet(
v boji 0 potravu a preziti. Mykotoxiny nejsou nezbytné pfi jejich rozvoji
ve srovnani s aminokyselinami, mastnymi a nukleovymi kyselinami
nebo proteiny, proto nazev sekundarni metabolity. Zejména vykazuiji
ucinky genotoxické, mutagenni, karcinogenni, teratogenni, imunoto-
xické, hemoragické, neurotoxické, nefrotoxické a hepatotoxické. Jsou
neodstranitelné z potravin vafenim nebo zmrazenim. Ke kontaminaci
potravin mykotoxiny dochazi nezavisle na vili a zajmim c¢lovéka,
nelze ji zamezit, pfedvidat ani odstranit. V soucasné dobé je znamo
pfes 300 mykotoxinli a nadale jsou objevovany a charakterizovany
dalsi. Jejich vyzkum zdaleka nebyl ukoncéen a nadale probiha [napf.
2-5].

4 OBRANNA REAKCE ORGANISMU NA PA-
TOGENNI MIKROORGANISMY

Rostlindm chybi adaptivni imunitni systém pro ochranu proti pato-
gendm. Vyvinuly se u nich jiné mechanismy antimikrobialni ochrany.
Rezistence rostliny spociva ve vytvoreni podminek, za kterych pato-
gen neni schopny na rostliné rist nebo se mnozit a rozsifovat [6].

Mnoho rostlin v€etné je€émene vykazuje mnohostrannou obrannou
odpovéd, pokud jsou napadeny fytopatogeny. Vlastni obranné reakce
zahrnuji jednak tvorbu specifickych stresovych proteint a jednak syn-
tézu a hromadéni chemicky jednodussich slou¢enin s vyraznym an-
tibiotickym ucinkem.

hausted and fades. The stress response of a plant depends on both
on the length and intensity of the impact or repetition of the stress
event and plant genetic predispositions and ability to adapt.

2 PATHOGEN

Pathogen is a biotic factor that causes a disease in its host. The
word is often used in a narrower sense indicating the organisms that
can disturb normal physiology of multicellular organisms. Pathogens
are all organisms including viruses, viroids and filamentous mi-
cromycetes. Infection penetrates into plants through mechanical in-
juries but not even a solid cell wall of a healthy individual can always
prevent penetration of pathogens. Generally, the origin of a disease
and resulting plant damage depends on mutual relationships between
the pathogen, host plant and the effect of the environment; it means
that the interplay of three factors is necessary. The most important
pathogens are fungi (filamentous micromycetes).

3 FUNGI

Fungi are very old organisms from the Carboniferous or Permian
period. Previously they were assigned to plants and then the fungus
kingdom was formed. Unlike green plants, it has not chlorophyll and
thus they must rely on heterotrophic (organic) nutrition. Fungi release
hydrolytic enzymes into the substrate decomposing thus organic ma-
terial outside their thallus. These enzymes decompose the substrate
to minor subunits which are subsequently absorbed [1]. They repro-
duce by unicellular or multicellular spores. Their body has a simple
structure, it is constructed by branched and intertwisted filaments (hy-
phae) or can be unicellular (such as yeasts). The main structural com-
ponent of the fungal cellular wall is polysaccharide chitin. It consists
of units of glucose derivates N-acetyl-D-glucosamine joined by
B(1—4) glycosidic bonds.

From an ecological point of view, fungi play a key role in the carbon
cycle —i.e.capability of micromycetes to decompose cellulose and other
resistant plant polysaccharides such as hemicellulose and lignin. Fungi
are the only organisms that degrade lignin completely to CO,. Degra-
dation and following use of, in nature abundantly present, g-glucans,
starch and glycogen is realized by the activity of enzymes f3-glucanases,
amylases (endoglucanases) and glucoamylases (exoglucanases).

Simultaneously, fungi parasitizing on plants reduce crop yield or
destroy food and feed. Many of them belong to the most dangerous
pathogens [1]. In addition, they affect unfavorably human and animal
health causing infectious diseases, mycoallergies or acute or chronic
intoxication. These microscopic fibrous fungi (filamentous mi-
cromycetes) are usually referred to as moulds.

Mycotoxins, secondary toxic metabolites of micromycetes, belong
to important natural toxins. These substances of a non-protein char-
acter are toxic for man and vivid organisms. Mycotoxin production is
a tool of filamentous micromycetes in their struggle for surviving. My-
cotoxins are not necessary for their development unlike amino acids,
fatty and nucleic acids or proteins, therefore the name secondary
metabolites. They exhibit genotoxic, mutagenic, carcinogenic, terato-
genic, immunotoxic, hemorrhagic, neurotoxic, nephrotoxic and hep-
atotoxic effects. They cannot be eliminated from food by boiling or
freezing. Contamination of food with mycotoxins occurs independently
of man’s will and interest; it cannot be avoided, predicted nor removed.
Today more than 300 mycotoxins have been known and still others
are being discovered and characterized. Research has not been fin-
ished and it has been further continuing [e.g. 2-5].

4 THE DEFENSE REACTION OF THE
ORGANISM TO PATHOGENIC
MICROORGANISMS

Plants do not possess an adaptive immune system for their pro-
tection against pathogens. They have developed other mechanisms
of antimicrobial protection. Plant resistance is based on creating the
conditions under which the pathogen is not able to grow on the plant
or reproduce and spread [6].

Many plants including barley exhibit multiple defense reactions to
a phytopathogenic assault. The defense reactions include both cre-
ation of specific stress proteins and synthesis and accumulation of
chemically simpler compounds with pronounced antibiotic effects.

Frequently, a primary impetus for triggering the defense reaction is
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Na pocatku vSech obrannych reakci musi ovSem byt podnét k jejich
spusténi, kterym obvykle byva specificky metabolit (elicitor) uvolfiovany
pfi pocatecni interakci bunky s patogenem a identifikovany vhodnym
receptorem hostitelské rostliny. Jako elicitory mohou slouzit jednak né-
které metabolity vylu€ované patogeny (exogenni elicitory, napr. nékteré
polysacharidy, specifické enzymy a peptidy), ale i slouceniny, které se
uvolfiuji z naru$ovanych bunéénych stén obou organismi (endogenni
elicitory). K tém patfi napf. oligomery chitinu, oligoglukany a glykopro-
teiny uvolfované hydrolyzou bunééné stény patogennich hub, ¢i oligo-
galakturonany uvolfiované z bunééné stény napadené buriky [7].

Pomérné Casta a prekvapivé ucinna reakce na priinik patogent je
fizena tvorba ochrannych nekréz. V napadené bunice mohou byt bé-
hem nékolika desitek minut po kontaktu houbové hyfy s bunéénou
membranou spustény biochemické procesy vedouci k rychlé zkdze
jak vlastni buriky, tak i houbové hyfy. Pfi této tzv. hypersenzitivni reakci
dochazi k ndhlému zvyseni koncentrace aktivnich forem kysliku (,,oxi-
dative burst”) a aktivaci lipaz, i kdyz nékdy je provazeno tvorbou né-
kterych dalSich pro patogen toxickych latek (napf. polyfenold). V da-
sledku pak dochazi k rychlé peroxidaci a k rozpadu membranovych
systému, a tim i ke smrti bunky. V dal$i fazi dojde k odumreni bunék
i v blizkém okoli mista infekce. Lokalizovana nekréza vétSinou dosti
spolehlivé zastavi pronikani a dalsi Sifeni infekce.

Dalsi reakei rostlin v pribéhu patogenese je produkce novych pro-
tein(, oznacovanych jako PR- proteiny (Proteiny indukované pato-
geny, ang. pathogenesis—related proteins, PRP). Tyto proteiny zahr-
nuji mimofadné pocetnou a rtznorodou skupinu, ktera je dale délena
na podskupiny podle velikosti a podle pfevazujicich funkci. PR pro-
teiny maji nékteré spoleéné fyzikalni a chemické vlastnosti, napf. jsou
selektivné extrahovatelné pfi nizkém pH nebo vysoce odolné vidi
proteolytickym enzymdm. PR proteiny deaktivuji proteasy, rozkladaji
bunécéné stény patogenu a jeho proteiny, zasahuji reprodukci, deak-
tivuji ribozomy a omezuiji pronikani patogenu [8]. Rada téchto protein(i
vykazuje enzymové vlastnosti, napf. chitinasy a glukanasy. Peroxi-
dasy a lipoxygenasy se podili na produkci lipidovych peroxidi a se-
kundarnich metaboliti s antimikrobidlni aktivitou. Mechanismus
uc¢inku fady PR proteint neni doposud zcela objasnén. Rozdéleni
a moznosti vyuziti antifungalnich proteind jako zajimavé alternativy
chemickych fungicidnich latek shrnuje prace [9].

Silné fungicidni u¢inky maji proteiny inaktivujici ribozémy. Zvlastni
skupinu obrannych proteind tvofi tioniny, které Ize nalézt velmi rychle
po kontaktu bunky s patogenem v bunééné sténé. Plsobi na Siroké
spektrum patogend, pravdépodobné vytvarenim pérl v jejich mem-
branach. Velmi rychle jsou také indukovany proteiny pfenasejici lipidy.
Kromé prenosu lipidl do organel jsou potfebné i k tvorbé zesilené
kutikuly. U nékolika dal$ich stresovych proteind indukovanych pato-
geny byl zjistén silny antivirovy ucinek.

Sekundarni metabolity s ochrannou funkci jsou u nékterych druhd
rostlin pfitomny trvale, i kdyZz v men$im mnozstvi nez pfi infekci. Patfi
k nim nejrazné;jsi flavonoidy, terpenoidy, fenolické latky a alkaloidy,
které byvaji souhrnné oznacovany jako fytoncidy &i inhibitiny.

Zvlastni skupinu specifickych nizkomolekularnich obrannych latek
tvofi fytoalexiny, které se za normalnich okolnosti v burikdch nevy-
skytuji, ale zaCnou se vytvafet az po napadeni patogenem. V sou-
Casné dobé je znamo vice nez 300 fytoalexinl, které po chemické
strance patfi mezi velmi rliznorodé typy slouc¢enin.

Jinym typem obrannych reakci rostlin je rychlé zvySeni tvorby po-
lysacharidu kalosy (1,3-p-glukan), ktery pak vypliuje buriky v okoli
infikovaného mista. Kalosa je velmi odolna vuci houbovym hydrola-
zam. Pokud je Sifeni infekce pomalé, dochazi nékdy i k tvorbé odlu-
Covaci vrstvy a celd infikovana ¢ast rostliny odpadne.

Uvedena ochranna opatfeni rostlin vii¢i patogendm nejsou samo-
zfejmé zcela neprekonatelnd, zejména pro nékteré silné virulentni
kmeny hub. Jejich uspésnost spociva jednak v mimoradné rychlém
rGstu hyf (Sifi se rychleji, nez se staci aktivovat obranné reakce), jed-
nak v tvorbé specifickych latek (supresord), které potlacuji vznik hy-
persenzitivni reakce, tvorbu stresovych protein( a ostatnich ochran-
nych metabolit(i. Patogenni houby také disponuji bohatym arzenalem
bunéénych jedl, jako je napf. fusicoccin (diterpenglukozid houby Fu-
sicoccum amygdalii) zpUsobujici hyperpolarizaci bunéénych mem-
bran silnou stimulaci ¢innosti protonovych pump [1].

5 CHITINASA A GLUKANASA

Z PR proteind jsou pro obranu rostlin proti patogendim vyznamné
chitinasa a 1,3-p-glukanasa pro svou schopnost hydrolyzy bunécné
stény parazitll a produkce elicitord pro dal$i obranné reakce. Pfiro-
zenym zdrojem substratll pro tyto stresové proteiny jsou pravé bu-

a specific metabolite (elicitor) released at the initial interaction be-
tween a cell and a pathogen and identified by a suitable host plant
receptor. Elicitors can be some metabolites released by pathogens
(exogenous elicitors, such as some polysaccharides, specific en-
zymes and peptides) and also compounds released from disrupted
cellular walls of both the organisms (endogenous elicitors), such as
chitin oligomers, oligoglucans and glycoproteins released by hydrol-
ysis of pathogenic fungi cell wall or oligogalacturonans released from
a cell wall of the attacked cell [7].

A controlled formation of protective necroses is a relatively frequent
and surprisingly efficient reaction to the penetration of pathogens.
Within a few tens of minutes after the contact between the fungal hy-
pha and the cell, biochemical processes leading to the rapid destruc-
tion of the cell itself and fungal hypha begin. During this so-called hy-
persensitive reaction, concentration of active oxygen forms is
suddenly increased (“oxidative burst”) and lipase activated although
sometimes it can be accompanied with production of some other and
for the pathogen toxic substances (for example polyphenols). This re-
sults in rapid peroxidation and breakdown of the membrane systems
and thus cell death. In the next phase, cells in the immediate vicinity
of the infection die. Localized necrosis quite reliably stops penetration
and further spread of the infection.

Another plant reaction during pathogenesis is a production of new
proteins denoted as PR- proteins (pathogenesis—related proteins,
PRP). These proteins include an extremely numerous and heteroge-
neous group which is further split into subgroups based on a size and
prevailing functions. PR proteins have some common physical and
chemical characters, for example they are selectively extractable at
low pH or highly resistant to proteolytic enzymes. PR proteins deac-
tivate protease, degrade cell walls of the pathogen and its proteins,
affect reproduction, deactivate ribosomes and impede penetration of
the pathogen [8]. Many of these proteins exhibit enzymatic characters,
such as chitinase and glucanase. Peroxidase and lipoxygenase par-
ticipate in the production of lipid peroxides and secondary metabolites
with antimicrobial activity. The mechanism of the effect of many of PR
proteins has not been fully elucidated yet. A classification and possi-
bilities of using antifungal proteins as an interesting alternative to
chemical fungicidal substances are summarized in the study by Hef-
manova et al. [9].

Ribosome-inactivating proteins exert strong fungicide effects.
Thionins, a special group of defense proteins, can be found very
quickly after the contact between a cell and a pathogen in the cell
wall. It affects a wide spectrum of pathogens, probably by creating
pores in their membranes. Lipid-transfer proteins are very quickly in-
duced too. Besides the transfer of lipids between organelles, they are
also needed for strengthening the cuticula. Strong antivirotic effect
was found in some other stress proteins induced by pathogens.

Secondary metabolites with protection functions are in some plant
species present permanently although in a lower amount than during
an infection. These are various flavonoids, terpenoids, phenolic com-
pounds and alkaloids that are summarily denoted as phytoncides or
inhibitors.

Phytoalexins, a special group of specific low molecular weight de-
fense substances, do not occur under normal circumstances in cells
but their production starts upon pathogen attack. Today more than
300 phytoalexins have been known; chemically they belong to various
types of compounds.

Another type of the plant defense reaction is a fast enhancement
of production of polysaccharide callose (1,3-B-glucan), which fills the
cells in the vicinity of the infected area. Callose is very resistant to
fungal hydrolases. If spread of the infection is slow, a separation layer
may be formed and the whole infected part of the plant falls off.

Definitely, the above given protective measures of plants against
pathogens are not completely unsurpassable, especially for some
strongly virulent fungal species. Their success lies in extremely fast
growth of hyphae (they spread more quickly than the defense reactions
can be activated) and in production of specific substances (supres-
sors) that suppress hypersensitive reactions, production of stress pro-
teins and other protective metabolites. Pathogenic fungi also posses
a rich arsenal of cellular poisons, such as fusicoccin (diterpen gluco-
side of Fusicoccum amygdali) causing hyperpolarization of cell mem-
branes by a strong stimulation of the activity of proton pumps [1].

5 CHITINASE AND GLUCANASE

PR proteins, chitinase and 1,3-3-glucanase, are important for plant
protection against pathogens due to their ability to hydrolyse cell walls
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nécné stény hub. Po degradaci strukturnich polysacharidd bunééné
stény hub (chitinasa degraduje chitin a p-(1,3)-glukanasa laminarin)
pak vzniklé fragmenty pravdépodobné spoustéji obranné reakce in-
fikované rostliny. 1,3-B-glukanasa také zvySuje permeabilitu bunéc-
nych stén patogenu, takze dochazi k uniku elektrolytu a makromole-
kul z patogenni buriky a k jejimu odumfeni [10]. Kazdy ze stresovych
enzymu se vyskytuje v nékolika isozymickych formach a jejich aktivita
silné zavisi na misté sekrece v burice (apoplast, vakuola) [11].
V mnoha pfipadech pusobi PR proteiny synergicky pro zabranéni ri-
stu hub, u nékterych patogent byla ovéem pozorovana tvorba prote-
inQ, které inhibuji rostlinné p-(1,3)-glukanasy. Je to evolu¢ni adaptace
patogenu na obranné mechanismy rostliny [12].

6 KONTAMINACE JECMENE A SLADU

Na kofenech, listech, klasech a obilkach je€mene se vyskytuje Si-
roké spektrum fytopatogennich hub. Na obilkach se tyto mikroorga-
nismy vyskytuji po celou dobu jejich skladovanii v priibéhu sladovani.
Polni mikrofléra se nachazi na rostlinach po celou dobu jejich rastu
na poli. Po sklizni pak dochazi ke kvalitativnim i kvantitativnim zmé-
nam mikrofléry a vzniklé spektrum mikroorganism( se oznaduje jako
skladistni mikrofléra. Na jeji slozeni ma vliv pribéh pocasi, lokalita,
doba sklizné a péstovana odrlida. Skladistni mikrofléru ovliviiuje tep-
lota, vihkost zrna a doba skladovani. Mikrofléra sladu zavisi na pod-
minkach sladovaciho procesu. Jeémen muze byt v polnich podmin-
kach kontaminovan zejména mikromycetami rodd Fusarium
a Alternaria, také Cladosporium a Helminthosporium apod. Béhem
transportu, skladovani nebo zpracovani miize dojit ke kontaminaci
mikroorganismy, hlavné Aspergillus a Penicillium. Pfi skladovani ze-
médeélskych plodin je kritickym faktorem limitujicim rlist mikromycet
obsah dostupné vody. Pfi sladovani vznikaji vyhodné podminky pro
rlist mikroorganisml, jejich pocet roste béhem celého maceni a kli-
¢eni. Obména maceci vody muze sice ¢ast mikroorganismui odstranit,
presto jejich pocet dosahuje vrcholu az béhem klic¢eni. Pfi hvozdéni
dochazi k poklesu mikroflory, ale ne k jejimu vymizeni. Cetnost mik-
roorganismu je €asto vy8Si u sladu nez u sklizeného je¢mene. Nej-
GastéjSimi rody mikromycet, které se vyskytuji ve sladu, jsou Asper-
gillus, Penicillium a Rhizopus [13]. Kvalita sladu ovliviiuje proces
vyroby piva a ma stézejni vyznam i v docileni pozadovaného che-
mického slozeni, organoleptickych vlastnosti a koloidni stability piva.

7 ANALYTICKE STANOVENI VYBRANYCH
TECHNOLOGICKYCH PARAMETRU

A LATEK VZNIKAJICICH PRI INTERAKCI
PATOGEN - OBILKA

Stanoveni -glukanu: 3-glukany jsou vysokomolekularni polyscha-
ridy obsazené v obilkach jemene. Endospermalni bunééné stény
jeémene obsahuiji asi 75 % p-glukand. Hladinu p-glukant v jeémeni,
sladu, sladiné i pivu Ize stanovit metodou FIA (Flow-injection analysis)
[14], jejimZ principem je vstfikovani vzorku do nosného proudu tlu-
mivého roztoku a ¢inidla. Vysokomolekularni -glukany vytvofi s bar-
vivem Fluorochrom Calcofluor fluoreskujici komplexy. Intenzita fluo-
rescence je nasledné analyzovana fluorescenénim detektorem.
Vyhodou je ¢asova nenaro¢nost.

Stanoveni stresovych enzymd: V literatufe je popséna fada po-
stupU na stanoveni aktivit stresovych proteinl. Mezi zakladni metody
stanoveni aktivity f-glukanasy patfi méfeni pfiriistkl redukujicich sa-
charidli [15] a viskozimetrické metody [16-18], které jsou zalozeny na
stanoveni Ubytku viskozity p-glukanového substratu ptsobenim f-
glukanasy. Rozdily jsou jednak v pouzitém substratu, jednak ve zpQ-
sobu stanoveni viskozity. Na jiném principu je zalozena metoda sta-
noveni aktivity p-glukanasy radialni difuzi [18-19]. Jedna se o difuzi
enzymu agarosovym gelem obsahujicim fB-glukanovy substrat
a kongo Cerven. Toto barvivo nereaguije s -glukany ani s oligosacha-
ridy, které produkuji f-glukany ucinkem p-glukanasy a je tedy pro jeji
stanoveni vhodné [20]. Aktivita enzymu se pak stanovuje z velikosti
odbarvené plochy. Mezi rychlé a snadno proveditelné postupy stano-
veni aktivity enzymu patfi vyuziti chemicky modifikovaného, rozpust-
ného a barevné oznaceného substratu (dye-labelled metoda). Azo-
barley glukanovy substrat je inkubovan se sladovym extraktem za
definovanych podminek. Barevny substrat se enzymem depolymeri-
zuje na fragmenty, které jsou rozpustné v pfitomnosti srazeciho ¢i-
nidla. Po odstfedéni smési se méfi na spektrofotometru absorbance
supernatantu, kterd je pfimo umérna enzymové aktivité [21-22].

of parasites and produce elicitors for other defense reactions. Cell
walls of fungi are a natural source of substrates for these stress pro-
teins. After degradation of structural polysaccharides of fungal cell
walls (chitinase degrades chitin and p-(1,3)-glucanase laminarin), the
fragments formed probably trigger the defense reactions of the in-
fected plant. 1,3-B-glucanase also increases permeability of pathogen
cell walls allowing thus electrolyte and macromolecules leak from
a pathogenic cell which subsequently dies [10]. Each of stress en-
zymes occurs in several isozymic forms and their activity strongly de-
pends on a place of secretion in a cell (apoplast, vacuole) [11]. In
many cases PR proteins act synergically to prevent the growth of
fungi, however, in some pathogens production of proteins inhibiting
plant g-(1,3)-glucanase was observed. It is an evolutionary adaptation
of the pathogen to plant defense mechanisms [12].

6 CONTAMINATION OF BARLEY AND MALT

A wide spectrum of phytopathogenic fungi occurs on barley roots,
leaves, ears and caryopses. On the caryopses, these microorganisms
occur for the whole time of their storage and during malting. Field mi-
croflora is found on plants for the whole period of their growth on
afield. After harvest, qualitative and quantitative changes in microflora
occur and a spectrum of microorganisms created is denoted as a stor-
age microflora. Its composition is affected by the weather, locality,
harvest time and the variety grown. The storage microflora is affected
by temperature, grain moisture and a period of storage. Malt microflora
depends on malting process conditions. Under the field conditions,
barley can be contaminated first of all by micromycetes of species of
Fusarium and Alternaria, and also Cladosporium and Helminthospo-
rium, etc. During transport, storage or processing contamination with
microorganisms, mainly Aspergillus and Penicillium can occur. At
storage of agricultural crops, a critical factor limiting the growth of mi-
cromycetes is content of available water. At malting, favorable condi-
tions for the growth of microorganisms are formed, their number in-
creases during the whole phase of kilning and germination. Exchange
of steeping water can eliminate some microorganisms, nevertheless
their number achieves the maximum only during steeping. During kil-
ning microflora declines but it is not completely removed. Quantity of
microorganisms is often higher in malt than in harvested barley. As-
pergillus, Penicillium and Rhizopus are the most frequently occurring
micromycete species in malt [13]. Malt quality affects the brewing pro-
cess and is of a key significance for achieving required chemical com-
position, organoleptic caharacters and beer colloid stability.

7 ANALYTICAL DETERMINATION OF SE-
LECTED TECHNOLOGICAL PARAMETERS
AND SUBSTANCES ORIGINATING AT
PATHOGEN - CARYOPSIS INTERACTION

Determination of B-glucans: f-glucans are high molecular weight
polysaccharides contained in barley caryopses. Barley endospermal
cell walls contain about 75 % of p-glucans. -glucan level in barley,
malt and beer can be determined by the FIA (Flow-Injection Analysis)
method [14]. Sample is injected into a flowing carrier stream of
reagent. High molecular weight p-glucans together with a Fluo-
rochrom Calcofluor dye form fluorescing complexes. Subsequently,
fluorescence intensity is analyzed with a fluorescent detector. The ad-
vantage is time undemandness.

Determination of stress enzymes: Numerous methods for the de-
termination of stress protein activity have been described in the liter-
ature. The basic methods for the determination of 3-glucanase activity
include measurement of the accruals of reducing saccharides [15]
and viscosimetric methods [16-18], which are based on the determi-
nation of the decrease in viscosity of f-glucan substrate caused by
B-glucanase activity. The differences are both in the substrate used
and in the determination of viscosity. The method for the determination
of B-glucanase activity using radial diffusion is based on [18-19] the
diffusion of the enzyme through an agarose gel containing f3-glucan
substrate and kongo red. This dye does not react with $-glucans or
oligosaccharides that produce $-glucans due to -glucanase activity
therefore itis suitable for the determination [20]. Activity of the enzyme
is then determined from the size of a discolored area. The dye-labelled
method belongs to fast and easy assays for the determination of en-
zyme activity, it uses a chemically modified, soluble and dye-stained
substrate. Malt extract is incubated with Azo-Barley glucan
substrate under the defined conditions. The dyed substrate is depoly-
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V pfipadé chitinasy Ize jako substrat pouzit radioaktivni chitin pfi-
praveny acetylaci chitosanu tritiovanym acetanhydridem [23]. Tato
rychla a citlivd metoda je zalozena na nerozpustnosti chitinu a roz-
toda vyuzivala jako substrat koloidni chitin degradovany obvykle
streptomycetovou chitinasou na disacharid diacetylchitobiosu. Pfi
del$i inkubaci se pak disacharid degradoval na produkt reaguijici s p-
dimethylaminobenzaldehydem [24-25]. Postup s radioaktivnim chiti-
nem je snadnéjsi a rychlejsi. Navic reacetylovany chitin je mozné vy-
uzit jako nahradu koloidniho chitinu v dalSich aplikacich (napf. jako
adsorbent pfi purifikaci chitinasy). Dal$i moznosti je pouziti chromo-
genniho substratu CM-chitin-Remazol-Briliant-Violet. Po inkubaci
a odstfedéni se méfi absorbance pfi 550 nm [26-27].

Stanoveni kontaminace mikromycetami [28]: Kontaminaci vzorku
mikromycetami Ize stanovit pomoci EPS — aglutinaéniho testu na pfi-
tomnost extracelularnich polysacharidi (galaktomanant), které jsou
vlaknitymi mikromycetami produkovany. DalSi moznosti stanoveni
kontaminace fusarii je sledovani obsahu ergosterolu [29].

Stanoveni prekurzort dimethylsulfidu: Sirné latky vznikaji ze svych
prekurzord enzymovymi reakcemi pfi poskozovani rostlinnych pletiv.
Prekurzory tékavych sirnych slou€enin jsou vétSinou netékavé sirné
slouceniny, aminokyseliny cystein, cystin, methionin a jejich derivaty.
Dimethylsulfid patfi k vyznamnym chutovym slozkam piva, pochaze-
jicim pfevazné ze sladu. K jeho tvorbé pfispivaji slozky, které pfi vy-
sokém obsahu ve sladu a chybou v technologii mohou vést ke kon-
centracim v pivu nad senzoricky préh. Dimethylsulfid vznika
disproporcionaci dimethyldisulfidu, oxidaci methanthiolu vzniklého
z methioninu nebo rozkladem S-methyimethioninu. Koncentrace pre-
kurzoru dimethylsulfidu (dale jen PDMS) ve vzorcich se méfi pomoci
techniky head space spojené s plynovou chromatografii s FPD [napf.
30] nebo hmotnostné-spektrometrickou detekci [napf. 31].

8 VLIV LATEK VZNIKAJICICH PRI
INTERAKCI PATOGEN - OBILKA NA
KVALITU SLADU

V prabéhu let byly sledovany vztahy mezi aktivitou stresovych pro-
teinG chitinasy a p-glukanasy a napadenim houbami rodu Fusarium
(EPS) v nesladované obilce i ve sladu s vybranymi technologickymi
znaky (obsah B-glukan(i ve sladiné a PDMS ve sladu) [32].

V pribéhu sladovani se vyraznym zplsobem zvysila aktivita 3-glu-
kanasy, byla pfiblizné o tfetinu vy3si ve sladu nez v obilkach. Aktivita
chitinasy v nesladovanych obilkach i ve sladu byla v podstatné na
stejné urovni a vztah mezi témito znaky byl diky tomu velice uzky.
Kontaminace sladu viaknitymi mikromycetami zjisténa pomoci testu
EPS byla ve velmi tésném vztahu k aktivité chitinasy v obilkach i ve
sladu (obr. 7). Pfitomnost galaktomanan(i (EPS test) byla vy$si u obi-
lek jeémene nez u sladu. Obsah B-glukant ve sladiné je pro finalniho
vyrobce dllezitym ekonomickym znakem. Vzhledem k Sirokému
spektru sledovanych odrdd se obsah B-glukan(i pohyboval v Sirokém
rozpéti. Obsah PDMS mél stiedné silnou korelaci k aktivité chitinasy
v obilkach a ve sladu, k aktivité f-glukanasy ve sladu a k pfitomnosti
galaktomanant (EPS) ve sladu. Obsah B-glukani ve sladiné neni
pravdépodobné znakem, ktery by byl zasadnim zpisobem ovlivnén
kontaminaci obilky. Naproti tomu obsah PDMS ve sladu je vyrazné
spjat se znaky spojenymi s kontaminaci obilky vldknitymi mikromy-
cetami [32].

120
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Obr. 1 Zavislost aktivity chitinasy na EPS ve sladu/ Fig. 1 Dependence
of chitinase activity on EPS

merised by malt fragments soluble in the presence of a precipitation
agent. After centrifugation, supernatant absorbance is measured on
a spectrophotometer, the absorbance is directly proportional to en-
zyme activity [21-22].

For chitinase, radioactive chitin prepared by acetylation of chitosan
with trithiated acetic anhydride can be used as a substrate [23]. This
fast and sensitive method is based on insolubility of chitin and solu-
bility of the reaction product, diacetylchitobiose, in water. A previous
method used as a substrate colloid chitin usually degraded by strep-
tomyces chitinase to disaccharide diacetylchitobiose. During a longer
incubation disaccharide degrades to a product reacting with p-
dimethylaminobenzaldehyde [24-25]. The method using radioactive
chitin is easier and faster. Furthermore, reacetylated chitin can be
used instead of colloid chitin in further applications (such as adsorbent
at chitinase purification). Use of chromogenic substrate CM-chitin-
Remazol-Briliant-Violet is also possible. After incubation and centrifu-
gation, absorbance is measured at 550 nm [26-27].

Determination of contamination with micromycetes [28]: Sample
contamination with micromycetes can be determined with the agluti-
nation EPS test for the presence of extracellular polyscacharides
(galactomannans), which are produced by filamentous micromycetes.
Monitoring of ergosterol content is another possible method of the
determination of fusarium contamination [29].

Determination of dimethyl sulfide precursors: Sulphur substances
are formed from their precursors by enzymatic reactions upon plant
tissue damage. Precursors of volatile sulphur compounds are mostly
non-volatile sulphur compounds, amino acids cysteine, cystine, me-
thionine and their derivatives. Dimethyl sulfide belongs to important
beer flavor components coming prevailingly from malt. Its production
is supported by components, which at high content in malt and by
a mistake in technology can lead to concentrations in beer above sen-
sory threshold. Dimethyl sulfide is created by disproportionation of
dimethyl disulfide, oxidation of methanthiol formed from methionine
or degradation of S-methyl methionine. Concentration of dimethyl sul-
fide precursor (PDMS) in samples is measured with the head space
technique coupled with gas chromatography with FPD [e.g. 30] or
mass-spectrometric detection [e.g. 31].

8 THE EFFECT OF SUBSTANCES ORIGI-
NATING FROM PATHOGEN - CARYOPSIS
INTERACTION ON MALT QUALITY

Over the years the relationships between activity of stress proteins
chitinase and p-glucanase and attack by fungi of Fusarium species
(EPS) in a non-malted caryopsis and malt and selected technological
parameters (B-glucan content in sweet wort and PDMS in malt) were
studied [32].

During malting, p-glucanase activity increased markedly, it was ap-
proximately by one third higher in malt than in caryopses. Chitinase
activity in non-malted caryopses and in malt was nearly on the same
level and relationship between these parameters was due to it very
tight. Contamination of malt with filamentous micromycetes deter-
mined with the EPS test was in a very close relationship to chitinase
activity in caryopses and malt (Fig. 7). The presence of galactoman-
nans (EPS test) was higher in barley caryopses than in malt. -glucan
content in sweet wort is an important economic parameter for a final
producer. Considering a wide spectrum of the varieties studied, p-
glucan content varied in a wide range. PDMS content had medium
strong correlation to chitinase activity in caryopses and malt, $-glu-
canase activity in malt and the presence of galactomannans (EPS)
in malt. 3-glucan content in sweet wort is not probably a trait principally
affected by caryopsis contamination. Conversely, PDMS content in
malt is markedly associated with the parameters connected with con-
tamination of caryopsis with filamentous micromycetes [32].

9 CONCLUSIONS

Interaction between a pathogenic microorganism and caryopsis is
accompanied with a number of processes which aims at reducing or
eliminating the action of the pathogen. Within this process, cells of
a caryopsis and pathogene produce specific substances that can un-
favorably affect grain processing and quality and health suitability of
the final products. The level of a caryopsis reaction to the micromycete
attack can be studied by the determination of activities of chitinase
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9 ZAVER

Interakce patogenniho mikroorganismu s obilkou je provazena ce-
lou fadou procesu, jejichz cilem je omezit nebo eliminovat pusobeni
patogena. V ramci tohoto procesu produkuji buriky obilky a patogena
specifické latky, které mohou nepfiznivé ovlivnit pribéh zpracovani
zrna obilnin a kvalitu a zdravotni nezavadnost finalnich vyrobkd. Sta-
novenim aktivit enzymda chitinasy a p-glukanasy, kterymi se snazi na-
padena obilka branit, Ize sledovat Uroven reakce obilky na napadeni
mikromycetami. Pfitomnost nékterych skupin mikromycet je mozno
sledovat pomoci pfitomnosti polysacharidu galaktomananu. Vztahy
mezi nékterymi znaky, napf. mezi aktivitou chitinasy a vyskytem ga-
laktomananu ve sladu jsou Uzké. Vzajemna interakce mezi patoge-
nem a obilkou se ¢aste¢né odrazi na Urovni nékterych znakl charak-
terizujicich kvalitu finalniho vyrobku (gushing, PDMS a dalsi).
VétSinou vSak ziskané vysledky poskytuji pouze hrubou predstavu
0 zménach sladovnické kvality, protoze dopad interakce patogenu
a obilky na technologické znaky je komplexniho charakteru.
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and fB-glucanase, the enzymes by which the attacked caryopsis de-
fends. The presence of some groups of micromycetes can be followed
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