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INPOAYKTBI 'EHOB At1g21670 u At4g01870 A. thaliana — BO3MOZKHBIE
YYACTHHUKU IIEPEJJAYN CUTHAJIA ®PUTOT'OPMOHA ABK

Pab6oTa BeIMOIHEHA TPU YaCTUYHOU (rHAHCOBOU moaepkke PODU (rpant Ne 10-04-00594).

Marepuaisl ony6inkoBansl B pamkax npoekta @I «Opranu3annoHHO-TEXHUYECKOE
obecrieueHue mpoBeaeHNsT MexXIyHapOJHOH HayYHOH MIKOIIBI «[lepCcrneKTHBHBIC HalPABICHHS
(PU3UKO-XUMHYECKOI OHOIOTHH M OMOTEXHOIOT U
(T'K Ne 14.741.12.0153 ot 07 nrons 2011 1.).

Ha ocnose ananuza oannvix noanozenomuvix JJHK-mukpouunos Affimetrix 25k, ¢
nomouyvio npoepammul Microarray Expression Search visenenvt xapaxmepucmuxu 08yx
eenos Arabidopsis thaliana — Atig21670 u At4g01870. [nsa usyyenusa sxcnpeccuu smux
2eH06 Ha YypoeHe 6enKa NPUMeHANU 6ecmepH-010MmmuH2 ¢ UCNONb308AHUEM NOIUKAOHANb-
HbIX aHMUmen, Noay4eHHbIX HA PeKOMOUHAHMHBLI (ppasMenm 20MON0UUHO20 DenKa U3
Lupinus luteus. Hccredosanue smux 2eno8 nokaszano, 4mo ux 6enkosvie npooyKmsl yua-
CMBYIOmM 6 CUSHAUH2e abCYU30601l KUCIOMbL, U3MeHeHus IKcnpeccuu eenos Atlg21670 u
At4g01870 ceazanvl ¢ dmMbpuoceHe30M U pAHHUMU CMAOUAMU PA36UMUSL NPOPOCTNKOB
A. thaliana, ¢ delicmeuem xo10008020 cmpecca u 3acoyleHueM.

KawueBble cioBa: A. thaliana, cuenanune abcyuzo6o0tl KUCI0mMbl;, IKCHPeECcus 2e-
HO8, OuouHpOpMamuxa.

BBenenue

OauuM u3 QyHIaMEHTABHBIX HampaBieHUH B (DU3HOJIOTUU PACTEHHIA, UMEIO-
IUX Ba)KHOC MPHUKJIATHOE 3HAUCHHUE, SBILICTCS M3YUCHHE MEXaHH3MOB TOJICPAHT-
HOCTH PaCTCHHH K CTPECCOBBIM YCIOBHSAM OKpYKalolIeH cpenbl. AOGcIM30Bas Ku-
ciora (ABK) urpaeT KiroueByro polib B peryTUPOBaHUN MEXaHH3MOB 00CCIICUCHUS
YCTOMYMBOCTH K IIMPOKOMY CIHEKTPY CTPECCOB OKPY’)KAIOIIEH cpeipl, a TakkKe K
ouonartoreHam. ABK oTBeuaer 3a yCTOHYHMBOCTD K 3aCyXe, MOBBIICHHOHN 3aCOJICH-
HOCTH U XOJIOZIOBOMY CTPECCY, IO3BOJISS PACTCHUSAM KOJIOHU3UPOBATH YKOJIOTHYE-
CKHE HHMIIH, TJIe JOCTYIHOCTb BOJBI KpaliHe OorpaHuueHa TU00 HEeMOCTOsIHHA.

B cBs13u ¢ 0OHapyKeHHEM B MOCIEIHEE BPEMsI COBEPIICHHO HOBBIX PETYIISTOP-
HBIX OCITKOB, UTPAIOIINX KIHYEBYIO poib B curHanuare ABK [1], mpencraBnseTcs
MEPCIEKTUBHBIM JallbHEHIINH MOUCK YYaCTHHKOB, BOBJIECUCHHBIX B CUTHAJIBHYIO
CHCTEMY 3TOT'0 TOPMOHA.

Panee mamu ObutM omucaHbl ABa TeHa A. thaliana — Atig21670 u At4g01870
[2]. C momomipto OnonH(OPMATHUECKOro aHajiu3a ObUIO MOKa3aHO, YTO KOAMPYe-
MBI UMM OCIIKH cojiepkaT OoraTele TpUNTO(haHOM, acCapTaToOM M IIPOJIMHOM aMH-
HOKHCIIOTHBIE MOBTOPHI PD40, oOpasyromue KOHCEpBAaTUBHBINA OeTa-mponesiep-
HBIA JOMCEH, KOTOPBIH CIYXKHT IUIATPOPMON Uit COOPKH MYIbTUCYOBETUHIUIHBIX
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KOMIUTEKCOB. berku, conmeprkariue moqoOHbIe MOBTOPHI, YIACTBYIOT B TAKHX JKH3HCH-
HO B@XKHBIX (YHKIMSIX KIETKH, KaKk IEepeHOC pa3IM4YHbIX CUrHajioB (Oeta-
cyobpenuHnIa rereporpuMepHoit I'Td-a3b1), cuHTe3 Oenka (B kauecTBe KogakTopa
0EJIKOBOTO CHHTE3a), cOOpKa TPAHCKPHINIMOHHOTO armapara, Aerpajgaius «oTpado-
TaHHBIX» OeKoB KieTkH (6erok Copl) m MHOTHX ApyTuX mporeccax. Kpome toro, ¢
TIOMOIIBIO HO3EPH-OJIOTTHHra HAMU OBUIO IMOKa3aHo, uTo dkcmpeccusi MPHK, koau-
pyeMoiil TaHHBIMH TeHaMH, YCUITUBAETCs B OTBET Ha 00paboTKy ABK, a Takxke B oTBeT
Ha abuoTmdeckue ctpecchl [2]. B HacTosmel pabote oTpakeH Mporpecc B HaIpaBIIe-
HHUM U3YYEHHUS POJIM JaHHBIX TEHOB M UX MPOJIYKTOB B nepenaye curnana ABK.

MaTepnam,I U METOAUKH HCCJICTOBAHUA

XapakTepucTuka AByX I'eHoB Arabidopsis thaliana — At1g21670 n At4g01870 —
ObUla JaHa C TMOMOINBIO aHaJ HM3a NaHHBIX IMOMHOTeHOMHBIX JIHK-muxpounmon
Affimetrix 25k B nmporpamMme Microarray Expression Search, Be6-untepdeiic koro-
poii mpencranern Ha TAIR (http://arabidopsis.org) — MeXIyHApOAHOM HAay4YHOM
mopTae, MOCBAIMICHHOM HCCICIOBAHHMSIM MOJENBHOTO pacteHus A. thaliana. Ins
W3yYCHHs SKCIPECCHH MAaHHBIX TCHOB Ha YpOBHE Oellka MPUMEHSIUIH BECTEpH-
OJIOTTUHI C HCIIOJIb30BAaHUEM IOJHKIOHAJIBHBIX aHTHTEN, TOJyYeHHBIX Ha PEKOM-
OMHAHTHBIN (PparMeHT TOMOJIOTHYHOTO Oelika u3 Lupinus luteus, KOTOPBINA SBIISET-
Cs1 IPEIMETOM OTACITEHOU pabOoTEHL.

Pe3yabTaThl HCC1€10BaAaHUA H 00CY KIEHIE

B pesynprare 00pabOTKM JaHHBIX monHOreHoMHBbIX JHK-mukpounmnon
Affimetrix 25k ObIJIO BBISIBICHO, YTO M3MEHEHUS DKCIPECCHU TeHOB At1g21670 u
At4g01870 cBsA3aHbl ¢ SMOPUOTECHE30M W PAHHUMU CTAJUSIMH Pa3BHTHS MPOPOCT-
KOB A. thaliana, ¢ neficTBUEM XOJIOIOBOTO CTpecca, 3aCOJICHUEM, a TAKXKE COMAEp-
xanne MPHK pasnuuno B opranax pactenusi. HanGonee sapxuii a¢pext Ha KC-
MIPECCHUI0 N3yYaeMbIX TCHOB OKa3alld COJICBOI U XOJIOJOBOM CTpecchl (puc. 1).
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Puc. 1. Oxcnpeccns reHa At4g01870 B xopHsx 18-nHeBHBIX pacTeHuit 4. thaliana oTBeT
Ha coneBoi ctpecc (150 MM NaCl) (4) u runotepmuro (4°C) (5)
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C 1enpio MOATBEPAUTH BIMSHHE ATHX (DAKTOPOB HA JKCIPECCHIO M3YIaEMBIX
TeHOB Ha ypOBHE Oejka OBbUI ITPOBEIEH BECTEpH-OJOTTHUHI C aHTHTENaMH Ha pe-
KOMOMHAHTHBIH (hparMeHT TOMOJIOTMYHOTO Oenka u3 Lupinus luteus. Benenctaue
BBICOKOTO CXOJICTBa aMHHOKHCIJIOTHBIX ITOCTICIOBATCIHLHOCTEH OEIKOB, KOIUpYe-
MbIX At1g21670 u At4g01870, ¢ 6GeIKOM JIIOIIMHA )KEJITOr0 MOKHO OBUIO OXKUIATh,
YTO MOJYYEHHBIC K ero (parMeHTy aHTUTena OyAyT KpOCcC-pEeakTHBHEL, T.e. OyayT
00JamaTh MEXBHIOBOH CIIEIIU(PUIHOCTHIO K OJM3KOPOJICTBEHHBIM OenkaM. U neii-
CTBHUTEIIFHO, HA OJIOTTHHIE C WCIONB30BAHAEM ITHUX aHTUTET HAM yJalloCh ETEK-
TUPOBATH YCTKHI CUTHAN B OOJACTH OKHAAAEMBIX BEIUYUH MOJCKYISPHOU MacChl
(73-77 x/la) O6enkoBBIX MPOIYKTOB TeHOB At1g21670 u At4g01870. Kpome Toro,
CHTHAJl yCHJIMBAJICS B OTBET HA 00pabOTKY 3aCOJICHUEM U XOJIOJOM, a TAKXKE B OT-
BET Ha Mpeao0paboTKy pacTeHuit A. thaliana abcuu3oBol KUCIOTOH (pHC. 2).
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Puc. 2. Bo3neiictBue ABK 1 KOMITIIEKCHOTO aDHOTHYECKOTO cTpecca
«runotepmusi+3aconenue» Ha coaepxkanne CIP2.1-mogoOHIX GETKOB B paCTEHUSIX
Arabidopsis thaliana: 1 — KoHTpOIbHBIE 16-THEBHBIE pacTeHUS; 2 — KOHTPOJIbHBIC 7-THEBHBIE
pacteHust; 3 — cTpecc-uHAyLIMPOBaHHbIE 16-1HEBHbIE pacTeHUs, 5 MOCIEIHUX JAHEH
HAXOJIUBIIUECS IO/ BO3ICHCTBHEM CTpecca «3aconeHue+runorepmusi», 150 MM NaCl + 4°C);
4 — 16-1HEBHBIC PACTCHUS, 3 MOCIEAHUX AHS HaxoauBIIHecs no BosaeiicteueM ABK (22mMkM)

Conepxanne OENKOB, ONMPENESIAEMBIX Ha BECTEPH-OJIOTE Ha YPOBHE OXKHac-
MBIX TIPOAYKTOB TeHOB At1g21670 u At4g01870, B TOTadbHBIX OEIKOBBIX 3KCTPaK-
Tax 16-AHEBHBIX pacTeHHi Arabidopsis thaliana, 0o6pabOTaHHBIX B TEYCHHUE IO-
cnennux 3 muer ABK, a Takxe B 16-mHeBHBIX pacteHusix Arabidopsis thaliana,
MOJIBEP’KEHHBIX B TCUCHUE MOCIICAHUX S5 THEH BO3JICHCTBHIO KOMIUIEKCHOTO aOHO-
THYECKOTO CTPECCa «3aCONCHUETHIIOTEPMIS», 3aMETHO MOBBINIAIOCH.

3aki0uenue

[Momy4yeHHBIE NaHHBIE TIO 3KCHpeccHH TeHOB Atl1g21670 u At4g01870 Arabi-
dopsis thaliana na yposae MPHK u Oenka — ycuieHue ypoBHSI TPaAHCKPHUIIIHHA M
TpaHCIAMHK 1oJ] Bo3aeicTBueM ABK 1 aOMOTHYECKUX CTPECCOB — AAIOT JOTOJHH-
TENILHOE TOATBEPKICHUE BHICKA3aHHOM paHee TMIIOTE3¢ O BOBJICUCHUHU MX OCIIKO-
BbIX mpoayktoB B curHanuar ABK. Kpome Toro, qaHHble, MONyYEeHHbIC B HaIlIei
1abopaTopuH ¢ UCHOIb30BAHHEM HHCEPIIHOHHBIX MYTaHTOB MO UCCIEIYEMBIM Te-
HaM (JaHHBIC HE MPUBOMASATCS, TaK KaK SIBISIIOTCS MPEIMETOM OTICIbHOM myOsmKa-
M), TAKXKE MOJKPEIUISIOT 3Ty THIIOTE3Y.

Jumepamypa

1. Umezawa T., Nakashima K., Miyakawa T. et al. Molecular basis of the core regulatory net-
work in ABA responses: sensing, signaling and transport // Plant Cell Physiol. 2010. Vol. 51.
P. 1821-39.



146 A.B. [lemuoenko, /1.A. bapmaweeuu

2. lemudenxo A.B., Kyopsxoea H.B., Yepennesa I'.H. u op. Ydactue 6enkoB, conepxarux WD40-
like moMeHBI, B OTBeTe pacTeHHH Ha (PUTOrOPMOHEI U cTpecc // MI3BecTHs BBICIINX y4eOHBIX 3a-
BezieHuil. CeBepo-Kaskasckuii peruon. EcrectBennsie Hayku. 2008. Ne 4. C. 58-61.

Tlocmynuna 6 peoaxyuio 25.06.2011 2.
Artem V. Demidenko, Darja A. Bartashevich
K.A. Timiriazev Institute of Plant Physiology of Russian Academy of Science, Moscow, Russia

PROTEINS ENCODED BY A. thaliana GENES At1g21670 And At4g01870 — POSSIBLE
PARTICIPANTS OF SIGNAL TRANSMISSION PHYTOHORMONE ABA

Investigation of the mechanisms of plant tolerance to stressful environments is one of the
fundamental trends in plant physiology that has important applications. Abscisic acid (ABA)
plays a key role in regulating the mechanisms of resistance to a wide range of environmental
stresses, as well as to biopathogenic. ABA is responsible for resistance to drought, high salin-
ity and cold stress, thus allowing plants to colonize ecological niches where water availability
is extremely limited or variable. The discovery in recent years completely new regulatory pro-
teins that play a key role in signaling of ABA provided a major breakthrough in understanding
the signaling of this hormone, but its picture is still not complete. Thus further search of actors
involved in the signaling system of the hormone is promising and important problem.

We have previously described two genes of A. thaliana Atlg21670 and At4g01870.
Using bioinformatics analysis was shown that they encoded proteins containing trypto-
phan-, proline- and aspartate-rich PD40 repeats, which form the conservative beta-
propeller domain. This structure can serve as a platform for the assembly of multysub-
unit protein complexes.

The methods were used: analysis of genome-scale DNA microarray Affimetrix 25k using
Microarray Expression Search. Web-based interface of this programm is placed on TAIR
(http://arabidopsis.org) — an international scientific web-resource dedicated to research a
model plant A. thaliana. Also to study the expression of these genes at the protein level West-
ern blot with polyclonal antibodies against homologous protein from L. luteus was used.

As a result of Affimetrix 25k DNA-microarray data processing was found that changes in
Atlg21670 and At4g01870 gene expression associated with embryogenesis and early stages
of development of A. thaliana seedlings, with the effect of cold stress, salinity. The most strik-
ing effect on the expression of the studied genes was in case of salt and cold stress.

Western blotting was performed to confirm the effect of these factors on the expres-
sion of studied genes at the protein level. Because of the high similarity of amino acid
sequences of proteins encoded by At1g21670, At4g01870 and a homologous protein from
yellow lupine antibodies used in Western-blot have cross-species activity. Indeed, on
blots using these antibodies we were able to detect a clear signal of the expected values
of molecular weight (73-77 kDa) for protein products of genes Atig21670 and
At4g01870. The signal is amplified in response to salinity and cold treatment, as well as
in response to the pretreatment of A. thaliana plants with abscisic acid.

The data obtained on expression of A. thaliana genes At1g21670 and At4g01870 at the
level of mRNA and protein — transcription and translation level increase under the influence
of ABA and abiotic stress — provide further evidence of the previously suggested hypothesis of
the involvement protein products of studied genes in ABA signaling. In addition, data obtained
in our laboratory using insertional mutants of the genes studied (data not shown, as are the
subject of a separate publication) also support this hypothesis.
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