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Abstract. Determination of plant resistance to fungal pathogens is an important breeding component.
Thus, the study of protein profiles from corn kernels (13 genotypes) revealed a constitutively pronounced
14 kDa protein, trypsin inhibitor (TT), which is present at a relatively high level of concentration in seven
Aspergillus flavus — resistant maize lines, but at low concentrations or is absent in six sensitive lines.
The 14 kDa trypsin inhibitor (TI) also showed antifungal activity against other mycotoxicogenic species.
In this regard, the task was to determine the content of TI in varieties of maize with known properties,
resistance, or sensitivity to such fungal pathogens of maize as head smut, common smut, and Fusarium
stalk rot. According to the data obtained, the content of TI varies in different varieties and can vary
by 4 times. However, in disease-resistant varieties its content is increased, which may be the primary marker
of resistance of the variety to fungal pathogens.
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AHHOTaNUsl. YCTOWYHBOCTh PACTCHHI K MATOTCHHBIM I'PHOAM SIBISETCS BaXKHOW CEJCKIIMOHHOM
COCTaBIISIIOIIEH. MeXaHI3MBl YCTOWUMBOCTH OY€Hb Pa3HOOOpa3HbI X MOTYT BKIIIOYATh B ceOsl B3aUMOJIEH-
cTBUS HEPMEHTOB M HX HHTHOUTOPOB. B CBSI3H € 3THM NMPOBEIECHO CpaBHEHHE CO/ICPKaHHUs HHTHOHTOpa
tpuncuna (UT), kak BO3MOXHOTO MapKepa CEeNEKIHH, B 3peJIbIX 3epHAaX COPTOB KyKypy3bl C M3BECTHOU
YCTOWYHMBOCTBIO K MBUILHOHN TOJIOBHE, My3bIPUaTOi TOJOBHE U CTEONICBOM THIIIH. B KauecTBe M3ydacMbIxX
00BEKTOB B3AThI 6 YCTONYMBBIX U 12 4yBCTBUTENBHBIX COPTOB. J[JIsi rapaHTHPOBAHHOTO W3BIICYCHHUS
13 DKCTPAKTOB MOJIOTHIX 3epeH KyKypy3bl Tonbko UT npuMmeHsuiach KooHOUHAs adGUHHAS XpOMaTo-
rpadus Ha TpPUIICHH-arapo3e B aHAJTUTHYECKOM BapuaHTe. B pe3ynbpraTe BBIACHHIOCH, YTO COAEPKAHUE
WT BapbupyeT BHYTpU 00EHX IPYIII COPTOB KyKypy3bl: B YCTOMUMBOII rpyImiie — MakcUMyM 347 1 MUHU-
MyM 162 MKI/T, B 4yBCTBUTEIBHOM rpymne — MakcuMyM 200 u MuHMMYM 84 MKI/T. COOTHOIIEHUS MaK-
CUMYMOB K MHHUMYMaM (2,3) OIMHAKOBBI B 00€UX rpyIax, HO MAKCUMaJIbHOE U MUHHMAJILHOE COAEp-
JKaHUe TI0YTH B JIBa pa3a BBILIE B IPYIIIE YCTOHUUBBLIX COPTOB KyKypy3bl. B cpeqHeM B yCTOHUMBBIX cOpTax
KyKypy3bl copepkanue T Beiue B 1,7 pasa. IodydeHHble JaHHBIE OATBEPXKIAIOT BO3MOMKHOCTD UCIOIb-
30BaHUs COJIEPIKAILETOCS B KyKYpYy3HBIX 3epHax T B kauecTBe Mapkepa IpH BHIBEICHUN HOBBIX COPTOB
KyKYpY3bl, yCTOHUUBBIX K IIBIIBHON FOJOBHE, Ty3bIPUaTOi TOJIOBHE U CTE0JIEBOM THUIH.

KiroueBblie cjioBa: KyKypy3a, HHTHOUTOpP TPHUIICKHA, TPUIICHH-arapo3a, rpuOKOBEIE MTAaTOT€HBL,
IIBUTBHAS TOJIOBHS, ITy3bIpYaTasi TOJIOBHSI, CTEOIeBbIE THIIIM.
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Introduction

Plants are exposed to a large number of infectious pathogenic fungi. For maize,
common smut, head smut, stem rot, fusarium disease are the most common fungal
pathogens in the Russian Federation. While in countries with a hot and arid climate,
pathogens of the genus Aspergillus are most common, the effects of which are most
fully studied.

Thus, a study of protein profiles from maize grains (13 genotypes) revealed a con-
stitutively expressed 14 kDa protein, a trypsin inhibitor (TI), which was present in rela-
tively high concentrations in seven maize A. flavus resistant lines, but in low concen-
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trations or was absent altogether in six sensitive lines [1]. 14 kDa TI also showed anti-
fungal activity against other mycotoxicogenic species [2].

Although plants do not have an immune system, they use protective mechanisms,
including the synthesis of low molecular weight compounds, proteins and peptides with
antifungal activity. To date, 13 classes of antifungal proteins are known, among them
PR-1 proteins, 1,3-B-glucanases, chitinases, chitin-binding proteins, thaumatin-like pro-
teins, defensins, cyclophilin-like proteins, proteinase inhibitors and other proteins [3].

Proteinase inhibitors are an integral part of protection system against pests and
diseases [4]. It was shown that pathogenic fungi Fusarium and Helminthosporium secrete
enzymes into the environment that break down protein and synthetic substrates. Different
types of fungi are characterized by unequal activity of extracellular proteinases. The high
content of extracellular proteinase inhibitors of the pathogenic fungi Fusarium and Hel-
minthosporium in the seeds of pea, buckwheat, and corn can be one of the important
factors ensuring the resistance of these crops to root rot [5].

Similarly, TI content of 14 kDa in maize seeds was shown to correlate with resis-
tance to 4. flavus disease [3] and, therefore, aflatoxin accumulation.

In addition to trypsin-inhibiting activity, TI from 14 kDa maize was shown to have
alpha-amylase activity, and, when added to the nutrient medium, it suppressed growth
of conidia and growth of phytopathogen hyphae Aspergillus flavus, Asp. paprasiticus,
F. moniliforme, and also showed antifungal activity against other mycotoxicogenic
species [2, 6].

We held experiments to study TI content of 14 kDa in maize samples with known
properties, resistance or sensitivity to fungal pathogens, such as head smut (pathogen —
Sphacelotheca reiliana), common smut (pathogen — Ustilago maydis, U. zeae) and stalk
rot of maize (pathogen — Fusarium moniliforme fungus).

Materials and methods

Object of study. Maize varieties with known properties of resistance (sensitivity)
to fungal pathogens (head smut, common smut and stalk rot) were provided from
Russian Research Institute of Maize in Pyatigorsk. Six varieties resistant to fungal infec-
tions and 12 varieties sensitive to fungal pathogens were investigated.

Sample preparation. The seeds were ground, each maize sample (10 g) was ex-
tracted with 20 ml of a 0.2 M NaCl solution, stirred for 2.5 hours, then filtered, and
approximately 15 ml of extract was obtained. To each sample, 6 g of ammonium sulfate
(60% concentration) was added, left in the refrigerator for 18 hours overnight. Then it
was centrifuged for 10 minutes, the precipitate was dissolved in 5 ml of buffer (20 mM
Tris-HCI, 0.15 M NaCl, pH 6 ,8) and used for application on trypsin agarose or on HPLC.

Trypsin agarose affinity chromatography. An affinity sorbent, trypsin agarose,
was chosen as the isolation method [7]. Trypsin agarose was obtained by immobilizing
TPCK trypsin on BrCN agarose.

To quantify the method, a standard sample of 14 kDI TI, 200 pg in 1 ml of equili-
bration buffer was used.

Samples of 1.2 ml of each extract were applied to a trypsin-agarose column (4 ml)
at a rate of 0.5 ml/min. After washing with equilibration buffer (10 mM Tris-HCl, 0.3 M
NacCl, pH 7.0), an elution with 0.15 M acetic acid was performed.
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HPLC (hydrophobic chromatography). Sample analysis was performed on
an RP-304 (250x4.6) Bio Rad column. The following conditions were used: 3' —
0% CH4CN; 40' — 100% CH,;CN; 50'— 100% CH,CN, 65' — 0% CH,CN.

200 pg of 14 kDI TI was previously used as a standard.

Electrophoresis in page. SDS-PAGE 15% gel electrophoresis was used to ana-

lyze samples.
Results

6 smut-resistant maize varieties and 12 varieties susceptible to smut and stalk rot
were studied. The samples of maize grains with known properties of resistance (sensi-
tivity) to fungal pathogens were provided from Russian Research Institute of Maize
in Pyatigorsk.

Peak areas obtained by trypsin-agarose chromatography were calculated by mathe-
matical methods. The amount of 14 kDa TI was determined on the basis of calibration;
for this, a sample containing 200 ug TI was used (Fig. 1).

A typical chromatography picture of extracts of maize kernels on trypsin agarose
is shown in Fig. 2.
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Fig. 1. Standard chromatography curve on trypsin-agarose.
In this case, 200 nug of 14 kDa Tl is applied for calibration
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Fig. 2. Typical chromatography curve of maize grains extract
on trypsin-agarose: second peak — Tl elution
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Fig. 4. 14 kDa trypsin inhibitor as a standard

in HPLC (200 pg)

According to HPLC, 4 extracts of different maize varieties were studied (Fig. 3, 4).
The following results were obtained:

Ist sample — 4.14% 14 kDa TI (resistant to Sphacelotheca, R);

2nd sample — 0.09% 14 kDa TI (susceptible to Sphacelotheca, S);

3rd sample — 3.40% 14 kDa TI (resistant to Ustilago, R);

4th sample — 3.60% 14 kDa TI (susceptible to Ustilago, S).

Subsequently, an analysis of extracts of different varieties of maize grains was
carried out (R — resistant varieties, S — susceptible) using affinity chromatography
on trypsin agarose (Table 1). An additional 18 samples were examined. A standard
sample containing 200 pg of 14 kDI TI was used for calibration.

Table 1

Results of screening maize varieties by quantity of 14 kDa trypsin inhibitor

Elution peak area Calculated Ti . Resistance to fungal diseases
per 1 g of corn grains

11.3 290 mcg R Ustilago (580/14)
6.85 174 mcg VR Sphacelotheca (4716/11)
8.94 228 mcg R Ustilago (3867/11)

13.59 347 mcg R Ustilago (3941/11)
6.3 162 mcg VR Sphacelotheca (1358/12)

10.9 278 mcg VR Sphacelotheca (4683/11)
3.29 84 mcg S Ustilago, Fusarium (2617/09)
4.53 115 mcg S Fusarium 2597/09
3.59 86 mcg S Sphacelotheca 112/27 2013
6.35 162 mcg S Sphacelotheca (3398/14)
5.83 149 mcg S Fusarium (2613/09)
7.73 197 mcg S Ustilago (2599/09)
7.6 190 mcg S Ustilago (2075/12)
8.09 200 mcg S Ustilago (2613/09)
5.8 140 mcg S Ustilago (1200/13)
5.5 132 mcg S Ustilago (3358/14)
5.7 138 mcg S Ustilago (1506/14)
7.7 190 mcg S Ustilago (605/12)
7.83 200 mcg Tl, standard sample
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Results and discussion

Earlier [1], in the study of maize grain extracts (13 genotypes), the presence of con-
stitutive 14 kDa TI at a relatively high concentration level was shown in seven A. flavus
resistant varieties of maize, but in six susceptible varieties TI was present in low con-
centration or was absent altogether.

The mechanism of action of TI against fungal growth may be partially due to the
inhibition of fungal amylase, which restricts access of 4. flavus to simple sugars [5],
which is necessary not only for the growth of pathogenic fungi, but also for their
production of toxins. TI also demonstrated antifungal activity against other mycotoxi-
genic species [2].

In [6], TI content was studied in different varieties of Indian maize, resistant and
susceptible to A. Parasiticus, the data are shown in Table 2.

Proteomic analysis of wheat germ proteins and endosperm proteins of maize
varieties resistant and susceptible to Aspergillus flavus, separated by two-dimensional
electrophoresis (2 D PAGE), showed that there were 5 more constitutive marker pro-
teins, namely — storage proteins (globulin 1 and globulin 2), proteins of late embryo-
genesis (LEA), proteins associated with drought (LEA3 and LEA14) or osmotic stress
(WSI18 and aldose reductase) and proteins associated with heat stress (HSP16.9).
Aldose reductase activity, measured in resistant and susceptible genotypes before and
after infection, indicates the importance of constitutive levels of this enzyme for re-
sistance [7].

Table 2
Trypsin inhibitor concentration in Indian maize varieties [6]
Variety Trypsin inhibitor concentration in Response
Indian maize varieties to A. parasiticus infections
LM-6 242.2
P(Y)S-8-185-6-B8B 258 .
GY-37-1-328 420 Resistant
CML-142 421-2
CML-176 90
Pob-24-FSRS-C-1 90
Hyd-9745 132 .
- Susceptible
Maduri 134
CML-185 158
CML-430 188
CML-291 266
CML-161 36
African tail 130
CML-150 130
MPQ-13 131
Pob31(ALM) 132 Moderately susceptible
HHH-XB
Local 190.8
Shaktiman-1 211.6
CM-119 302
Panchaganga 356
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Most proteomic studies are related to resistance to genus Aspergillus (flavus and
parasiticus) [8]; our studies of the content of TI in different varieties of maize resistant
(susceptible) to smut and stalk rot showed that the number of TI was increased in resistant
varieties and reduced in susceptible varieties, however, there were intermediate variants,
called in the literature as “moderately susceptible” [6].

Conclusions

Based on the importance of presence of proteinase inhibitors in plants, various
maize varieties were screened for trypsin inhibitor content. Isolation of TI was performed
using an affinity sorbent, trypsin agarose.

Estimating the amount of TI in maize grains can serve as a primary marker of re-
sistance (susceptibility) to fungal pathogens such as smut and stalk rot. The number
of TlIs is increased in resistant varieties and reduced in susceptible varieties, but there
are also intermediate variants — varieties, which are called moderately susceptible
in the literature.

BBepeHune

PacTeHus noasepraroTcs BO31€HCTBHIO OOJIBIION0 KOJINYECTBA MH()EKIIMOHHBIX
naTOreHHBIX rpuboB. /{1 KyKypy3sl HanOosee pacpoCTpaHEHHBIMH TPUOKOBBIMU
NaTOr€HaMHU Ha TeppuTopun PO ABIAIOTCA NBUIBHAS TOJIOBHS, ITy3bIp4aTasi FOJIOBHS,
crebieBble THUIH, (py3apuo3. B To Bpems kak B cTpaHaX C jKapKUM U 3aCyLUIMBBIM KJIH-
MaToM HauboJee paclpoCTpaHEeHbl NATOTeHbl poja Aspergillus, BO31eHCTBHE KOTOPBIX
HauboJIee MOJIHO U3YUCHO.

Tak, nccnenoBanue npodunei 6enka U3 3epeH KyKypysbl (13 reHOTHIIOB) BBIIBUIN
KOHCTUTYTHBHO-BbIpaxKeHHbIN 14 k/la 6enok, nnrudurop tpuncuna (TH), koTopsrii
IPUCYTCTBOBAJ B OTHOCUTENILHO BBICOKMX KOHIIEHTPALMSIX B CEMH yCTOHUMBBIX K 4. fla-
Vus JIMHUSIX KyKypy3bl, HO B HU3KUX KOHLIEHTPAIMAX WM OTCYTCTBOBAJI BOOOIIE B IIIECTH
qyBCTBUTEIBHBIX JTHHUSX [1]. 14 x/la TU Takke mposBIIsiil aHTUTPUOKOBYIO aKTUBHOCTh
IIPOTUB JIPYTUX MUKOTOKCUKOI€HHBIX BUIOB [2].

XoT4 pacTeHus HE UIMEIOT IMMYHHOM CHCTEMBI, OHU UCIIOJIb3YIOT 3allUTHBIE Me-
XaHU3MBI, BKIIFOYAIOIINE CUHTE3 HU3KOMOJIEKYJISIPHBIX COEIMHEHNH, OSIKOB U MENTHIOB,
MMEIOLIMX aHTUIPUOKOBYIO akTUBHOCTh. K HacTosIeMy BpeMeHH M3BECTHO 13 KiaccoB
AHTUTPUOKOBBIX OEJKOB, cpenu HUX MOXKHO oTMeTuTh PR-1 Genku, 1,3-B-rmrokanassl,
XUTHHA3bl, XUTHH-CBS3bIBAIOLINE OSIIKH, TAyMAaTHH MOJ00HbIE OesKu, 1e(eH3UHBI, IUK-
J10(pUINH-110100HbIEe OETIKH, UHTHOUTOPBI IPOTEeNHA3 U JApyrue 6enku [3].

WMHruOuropsl NpoTenHa3 ABISIOTCS COCTABHON YaCThIO CUCTEMBI 3alllUThI OT BpEIH-
Teneit u 6ose3neit [4]. bbuto mokaszaHo, 4to natoreHHbIe TpUOLl Fusarium u Helmin-
thosporium BBIIEISAIOT B OKPYKaIOIIYIO cpeny (hepMeHThI, paclienisionye OeKoBbie
U CHUHTeTHYecKue cyocTpathl. PazHble BUibl TPHOOB XapaKTEpU3YIOTCsS HEOIMHAKOBOM
aKTMBHOCTBIO BHEKJIETOYHBIX NIPOTENHA3. BpIcoKkoe conepxanne NHrHOMTOPOB BHEKIIE-
TOYHBIX NTPOTEUHA3 NATOTE€HHBIX IpubO0B Fusarium nu Helminthosporium B ceMeHax
ropoxa, Ipeduxy U KyKypy3bl MOXKET CIYyXKUTb OJJHUM U3 BaXHBIX (pakTOpoB, obecre-
YMBAIOIIUX YCTONYUBOCTH 3TUX KYJIBTYpP K IOPAKEHUIO KOPHEBBIMU THUIISIMH [S].
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Amnanorn4Ho, 0bUT0 TIOKa3aHo, uTo coaepxkanue UT 14 x/la B cemMeHax KyKypy3bl
KOppEeIUpYyeT C yCTOWYMBOCTBIO COPTOB K 3ab0neBanuio A. flavus [3] 1, COOTBETCTBEHHO,
HaKOIUICHHIO a()JIaTOKCHHA.

NT n3 kykypy3sl 14 x/la, kak ObUIO OKA3aHO, TOMUMO TPUIICHH-UHTHOUPYIOLIeH
aKTHBHOCTH, 00J1aJjaeT akKTUBHOCTBIO anb(a-amuiassl, U, Oyaydd J0OABICHHBIM B ITH-
TaTeJIbHYIO Cpeay, OH MOAABJISAI IPOPACTAHUE KOHUAUN U pocT Tu( GpUTONaToreHoB
Aspergillus flavus, Asp. paprasiticus, F. moniliforme, a Taxxe TPOSBIISUT aHTUTPUOKO-
BYI0 aKTUBHOCTB IIPOTUB JIPYTUX MUKOTOKCHUKOTE€HHBIX BUJIOB [2, 6].

Hamu Oblia mpennpunsaTa SKCIIepUMEHTalIbHAsE paboTa Mo MCCIEeA0BAHUIO COIEp-
xaHus UT 14 k/la B oOpa3iiax KyKypy3bl ¢ 3aBe/IOMO U3BECTHBIMHM CBOWCTBAMH, YCTOM-
YUBOCTH WJIM 4yBCTBUTEIBHOCTH K TPUOKOBBIM MTaTOr€HaM, TAKUM KaK TbUTbHAS TOJIOBHS
(Bo3Oymutenb — Sphacelotheca reiliana), my3bsipyaras royioBHs (B030yAnUTENb 00JIE3HH —
Ustilago maydis, U. zeae) n cTebieBble THWIHM KYKYpy3bl (BO30ymuTens — rpud Fusarium
moniliforme).

Martepuanbl n meToabl

O0bekT uccaenopanusi. Copra KyKypy3bl ¢ U3BECTHBIMU CBOMCTBAMU YCTONYH-
BOCTH (4yBCTBUTEILHOCTH) K TPUOKOBBIM MAaTOreHaMm (IbUIbHAS TOJIOBHS, IMy3bIpuaTast
TOJIOBHS, cTeOseBble THIIN) ObLTH ipeocTaBieHbl n3 BHUM kykypy3si 1. [TaTuropcek.
bbutn uccnenoBansl 6 COPTOB, YCTOMUMBBIX K IPUOKOBBIM MHGEKIMAM U 12 copToB,
YyBCTBHUTEIBHBIX K TPHOKOBBIM TATOTCHAM.

IToaroroBka odpasuoB. CemeHa pazMasbIBaIM, KaX bl 0Opasel Kykypy3bl (10 r)
skctparupoBaimu 20 mu 0,2 M pactBopa NaCl, nepememmBanu 2,5 4, 3aTeM puiabTpo-
BaJIM, OJIy4YaId IpUMepHO 110 15 M skcrpakTa. K kaxkiomy obpasity 100aBiisiiu 1o 6 r
cynsgaTta ammonus (60% HachIIEHNs ), OCTABIISUIM B XOJIOAWIBHUAKE HA HOYb Ha 18 4.
3atem nentpudyruposanu 10 mMuH, ocagok pactBopsiau B 5 miu Oydepa (20 MM
tpuc-HCIL, 0,15 M NaCl, pH 6,8). Vcrions3oBanu a1 HaHECEHHsI HAa TPUIICHH-arapo3y
i Ha BOXX.

Addunnas xpomarorpadusi Ha TPUIICHH-arapo3e. B kayecTBe METO1a BBIEIIE-
HUs ObUT BBIOpaH auHHBIN copOeHT — TpurcuH-araposa [7]. Tpurncun-araposa nomy-
yeHa nmmoOmmm3anueit TPCK-tpuncuna na BrCN-arapose.

Jl1st KONMMYeCTBEHHON OIEHKHM METOJ]a MCIIOJIb30BaIM CTaHAAPTHBIM oOpa3zen
14 xJla TH, 200 mkr B 1 M1 ypaBHOBemHuBaromiero oydepa.

OO6pa3ip! o 1,2 M KaXk10ro SKCTpaKkTa HAHOCHIIM HA KOJIOHKY C TPHUIICHH-ara-
po3oii (4 mut) co ckopocThio 0,5 Mi/mMuH. [Tociie IPOMBIBKH ypaBHOBEIITUBAIOLIUM Oyde-
pom (10 MM tpuc-HCI, 0,3 M NaCl, pH 7,0) npoBonunu smroruto 0,15 M pactBopom
YKCYCHOM KHCJIOTHI.

BI7KX (ruapododHas xpomartorpadus). AHaiu3 o0pa3lioB NPOBOIUIN Ha KO-
nonke RP-304 (250x4,6) Bio Rad. Hcnonb3oBanu cnenytomniue yciosus: 3' — 0%
CH;CN; 40" — 100% CH,CN; 50' — 100% CH,CN, 65' — 0% CH,CN.

200 mxkr 14 x/la TH npenBapuTensHO UCTIOIL30BANIM B KAUE€CTBE CTAHApTa.

duekTpodope3 B [IAAI'. SDS-PAGE snexrpodopes B 15% rene ucnonbzoBaiu
JUIsL aHaJIM3a 00pasIoB.
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PesynbTaTthbl

Hccnenosano 6 yCTOMYMBBIX K ITy3bIPYaTOM TOJIOBHE U IBUILHOM I'OJIOBHE U 12 cop-
TOB, HEYCTOMUYMBBIX K ITy3bIPYaTOll TOJIOBHE, MbIJIbHOMN I'OJOBHE U CTEOJIEBBIM THUJISM.
JlaHHbIe 00pa3iibl 3epeH KyKypy3bl C 3aBE10MO M3BECTHBIMU CBOMCTBAMH YCTOMYMBOCTH
(4yBCTBUTENBHOCTH) K TAKUM T'PUOKOBBIM IaTOreHaM ObLIN npeaocTasiensl n3 BHUN

KyKypy3bl I. [IaTuropck.

[Tnomaau MuKoOB, MOJYYSHHBIX B Pe3ysbTaTe XpoMaTorpaduu Ha TPUIICHH-ara-
po3e, pacCUMTBIBAIIUCH MaTeMaTHnyeckumu metogamu. Kommuecrso 14 x/la TH onpe-
JEJSUTH Ha OCHOBAaHMM KaJIMOPOBKH, AJISL 3TOTO HCIIOJIB30BAIM 00pasel, conepKaluii

200 mkr THU (puc. 1).
Tunuyanast KapTHHA XpoMaTorpaduu SKCTPAKTOB 3€PEeH KyKypy3bl Ha TPUIICHH-ara-
po3e MpuBeeHa Ha puc. 2.
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Puc. 1. CtaHpapTHas kpmBas xpomMatorpadum ¢ TPUNCHMH-arapo3sbl.
B naHHOM cnyyae HaHeceHo 200 mkr 14 ka TU pns kanmbpoBku
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Puc. 2. TunnyHas kpynBasi xpomatorpadum akCcTpakTa 3epeH KyKypy3bl
Ha TPUNCUH-arapo3se: BTOPon Nk — anoumnsa T
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Puc. 3. TunuyHelii npodunb anounm

¥

9KCTpaKTa 3epeH KyKypy3bl Ha BOXX

Puc. 4. 14 xJa TUN B kauecTBe cTaHaapTa

npu BA>XX (200 mkr)

Metonom BOXX Obutn uccienoBanbl 4 SKCTpaKTa pa3HbIX COPTOB KYKYpY3bl

(puc. 3, 4). bbu osTy4eHsI CIeIyIOINe Pe3yIbTaThl:

1-it obpazer; — 4,14% 14 x/la TU (ycToituuB K MbUILHOU TOJIOBHE, R);

2-ii o6pazery — 0,09% 14 xJla TU (uyBCTBUTENEH K MBUIBHOM T'OJIOBHE, S);

3-i1 obpazerr — 3,40% 14 x/la TU (ycToifumB K mmy3sIpuaToii rojIoBHE, R);

4-ii o6pazer; — 3,60% 14 xJla TU (ayBCTBUTENEH K My3bIPUaTOii TOJIOBHE, S).

B nanbreiimem ObUT MPOBEICH aHATHM3 SKCTPAKTOB 3€PEH PA3HBIX COPTOB KYKYpPY3bl
(R — ycroitunBbIe copTa, S — YYBCTBUTEIIBHBIC) C UCIIONB30BaHUEM adPUHHON Xpoma-
Torpaduu Ha TpuricuH-arapose (tabdmn. 1). beuto nccnenosano eme 18 o6pasuos. st ka-
JHOPOBKH MCIIOJIBL30BAIM CTaHAAPTHBIN oOpaserr, conepsxkammii 200 mxr 14 k/la TH.

Tabnvua 1

Pe3ynbTaTbl CKPUHUHIa COPTOB KYKYPY3bl Mo konuvecTey 14 kla TU

Mnowanp N1ka anoLumm

PaccuntaHHoe konnyectso TU
Ha 11 3epeH Kykypy3bl

YCTOMYMBOCTL K FPUBGKOBLIM
3aboneBaHusAM

11,3 290 mkr R ny3ron (580/14)
6,85 174 mxr VR nbinibH ron (4716/11)
8,94 228 mkr Rnysron (3867/11)
13,59 347 mkr Rnysron (3941/11)
6,3 162 mkr VR nbiibH ron (1358/12)
10,9 278 mkr VR nbinbH ron (4683/11)
3,29 84 mkr S ny3 rosn, ctebn ru (2617,/09)
4,53 115 mkr S ctebn rH 2597/09
3,59 86 MKr S nbuibH ron MN2/27 2013 r
6,35 162 mkr S nbuibH ron (3398/14)
5,83 149 mkr S ctebn rtmnm (2613/09)
7,73 197 mkr S ny3 ron (2599/09)
7,6 190 mkr S ny3ron (2075/12)
8,09 200 mkr S ny3ron (2613/09)
5,8 140 mkr S ny3ron (1200/13)
5,5 132 mkr S ny3ron (3358/14)
57 138 mkr S ny3ron (1506/14)
7,7 190 mkr S ny3ron (605/12)
7,83 200 mkr TW, cTanpapTHbIN 06paseL,
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OOGcyxaeHue pe3ynbTaToB

Panee [1], nmpu nccrieoBaHNH SKCTPAKTOB 3epeH KyKypy3bl (13 reHoTHIIOB) OBLIO
MOKa3aHO NPUCYTCTBUE KOHCTUTYTUBHOTO 14 x/la TU Ha OTHOCUTEIBLHO BBICOKOM
YPOBHE KOHIICHTPAIMU B CEMH YCTOMYMBHIX K A. flavus copTax KyKypy3bl, HO B ILIECTH
YyBCTBUTEIbHBIX copTax TU mpucyTcTBOBai B HU3KOM KOHLEHTPALMM WIJIK OTCYTCT-
BOBAJ BOBCE.

Mexanusm peiictBust TU npoTus rpuOKoOBOro pocta MOKET OBbITh YACTUUHO 00YyC-
JIOBJIEH MHTUOMPOBaHUEM TPHOKOBOM aMMIIa3bl, MPUBOASAILIMM K OTPaHUUSHHIO TOCTYTIa
A. flavus k ipocTeiM caxapam [5], HEOOXOAUMBIM HE TOJIBKO I POCTa MAaTOTEHHBIX
rpu0OB, HO U JUIsl MPOU3BOJICTBA UMM TOKCHMHOB. TH Tarke mpoJieMOHCTpUpPOBAJ Ipo-
THUBOTPHOKOBYIO aKTUBHOCTB M B OTHOIIICHUU JIPYTHX MUKOTOKCUTE€HHBIX BUIIOB [2].

B [6] uccienoBanocs conepxxanue THU B pa3HbIX cOpTax UHIUNCKON KyKypY3bl,
YCTOHYMBBIX U UyBCTBUTENBHBIX K A. Parasiticus, TaHHbIE IPUBEACHBI B TA0M. 2.

ITporeomHbIit aHamu3 OEIKOB 3apO/IbIIIEH MIIEHUIB! U OEJIKOB SH0CTIEpMa COPTOB
KyKYpY3bl, YCTOWYMBBIX U YyBCTBUTEIBHBIX K Aspergillus flavus, pa3neneHHbIX METOIOM
nBymepHoro aiektpodopesa (2 D PAGE), noka3zain, 4ro uMeercs eme 5 KOHCTUTYH-
TUBHBIX MapKEePHBIX OCIIKOB, @ UMEHHO: 3aracaromniie 0einku (rmo0yavH 1 ¥ rio0ymmuH 2),
6enku nozaHero smopuorenesa (LEA), 6enku, cszannbie ¢ 3acyxoii (LEA3 u LEA14)
i ocMotrdeckuM crpeccoM (WSI18 u anbrozopenykrasa) u Oenku, CBI3aHHBIE C TeTI-
noBeiM cTpeccoM (HSP16.9). Anbno3zopenykrazHasi akTUBHOCTbD, H3MEpsieMas y pe3u-
CTEHTHBIX U BOCIPUUMYHUBBIX T€HOTUIIOB JI0 U MOCJIE 3apakeHUs], CBUIETEIbCTBYET
0 Ba)XHOCTU KOHCTUTYTHBHBIX YPOBHEH 3TOr0 pepMeHTa /i1 ycroituuBoctu [7].

Tabnmya 2
CKPUHUHI COPTOB MHAUMNCKOM KYKYpPY3bl
CTOMYMBBIX M1 HYYBCTBUTENbHbIX K A. parasiticus, Ha cogepxaHune TU [6]
Copt KoHueHTpauus HrMbuTopa TpUncuHa YyBCTBUTENBHOCTb
B MHAMMCKUX COPTax KyKypy3bl K A. parasiticus infections
LM-6 242.2
P(Y)S-8-185-6-B8B 258 VeTOMMBLIE
GY-37-1-328 420
CML-142 421-2
CML-176 90
Pob-24-FSRS-C-1 90
Hyd-9745 132 YyBCTBUTENbHbIE
Maduri 134
CML-185 158
CML-430 188
CML-291 266
CML-161 36
African tail 130
CML-150 130
MPQ-13 131
Pob31(ALM) 132 OTHOCUTENBLHO YCTOWYMBLIE
HHH-XB
Local 190.8
Shaktiman-1 211.6
CM-119 302
Panchaganga 356
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BonabmIMHCTBO MPOTEOMHBIX UCCIIEIOBAHUN CBSI3aHO C U3YYEHUEM YCTOMUYMBOCTH
K pony Aspergillus (flavus n parasiticus) [8]; MIpoBeICHHbIC HAMH HCCIICIOBAHUS COICP-
xaHusg TU B pa3HbIX copTax KyKypy3bl, yCTOHUMBBIX (4yBCTBUTEIbHBIX) K MBUIBHON
TOJIOBHE, ITy3bIPYaTOi T'OJOBHE, CTEOJIEBBIM THUJISIM MOKa3alH, 4To Konuyectso TU
MOBBIIIEHO B YCTOMYMBBIX COPTAaX U NOHMKEHO B UyBCTBUTENIbHBIX, OJTHAKO UMEIOTCS
Y MPOMEKYTOYHBIE BAPUAHTHI, B JIUTEPAType TaKHE COPTa HA3BaHbl KyMEPEHHO YyBCT-
BHUTEILHBEIMID [6].

BbiBOAbI

Hcxonst n3 BaKHOCTH MPUCYTCTBUSI MHTHOUTOPOB MPOTEUHA3 B PACTEHUSIX MPEJI-
NPUHSUT CKPUHHUHT Pa3HbIX COPTOB KYKYpy3bl HA COICPIKAHNE MHIHOMTOpA TPHUIICHHA.
Brinenenne TU npousBoauny ¢ ucnonb3oBanueM adGuHHOrO copOeHTa — TPUTICHH-
arapossl.

Onenka konnuyectBa TU B 3epHaxX KyKypy3bl MOXKET CIYXHUTb IEPBUYHBIM MapKe-
POM YCTOMYMBOCTH (4yBCTBUTEIBHOCTH) K TPHOKOBBIM MATOT€HAM, TAaKUM KaK MbUIbHAS
TOJIOBHSI, Iy3bIpyaTasi rojoBHS U cTebieBble rTHUIU. KonmnuectBo TU moBbimeHo
B YCTOMUMBBIX COPTaX U CHWKEHO B UyBCTBUTEIIBHBIX, OTHAKO UMEIOTCS M [IPOMEKYTOU-
HbIE BApUAHTBI — COPTa, B JIUTEpPAType Ha3bIBaEMbIC YMEPEHHO YYBCTBUTEIHHBIMHU.
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