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Bidomo, wo niopoduna npomeinkinaz SnRK1 6epe yuacmo
Y Decyalo8anHi 8yene6o0H020 00MIHY ma eHepeemu4HOe0
banauncy. Lli hepmenmu xapaxmepusyromocs ceo€r b6aea-
MOPYHKYIOHANbHICMIO MA MOJMCYMb NPUUMAMU YHaACMb 6
0azamvox THWUX aXNCAUGUX Npoyecax y Kaimuui. B da-
Hill pooomi eueuaru poav npomeinkinaz SnRKI1 (KIN10
ma KIN1I) y peeyasauii kaimuunnoeo nodiny Arabidopsis
thaliana. Jlis yvoeo euxopucmosyseanru Mymawmui AiHii
kinlO/kinll A. thaliana (http.//arabidopsis.info/), Ho-
xaymui no eenax KINI0O ma KINI1I. B uyux mymanmax
0y10 3a@hiKcO8aHO HUZBKULL MIMOMUYHUIL [HOeKC ma no-
Ka3aHo 3HUdICEeHULl pieeHb eKchnpecii mapikepie KAIMUHHOI
nponigpepauii — eenie CYCBI; 1 (yukain B) ma pocaunno-
20 eomonoea BRCAI (Breast Cancer Suppressor Protein).
3uauno HuNCuuld MimomuuHuil iH0eKc ma pieeHv excnpecii
CYCBI;1i BRCAI cnocmepiearu came y Mmymanmax, ki
OyAu @uUpOWweHi 3a M08 eHepeemuuHo2o 20400yeanna. Ta-
Koxc 6yn0 3agikcosano nideuweny excnpecito CYCBI; 1/
BRCAI ma KINIO/KINI1 y cycneusitiniti Kyabmypi
A. thaliana 6 nopiensHHi 3 iHMAKMHUMU NPOPOCMKAMU.
Taki dani moxcymo ceiduumu npo MoNCAU8Y poab Npo-
meinkinaz KINIO/KIN11 y peeyaauii nponigpepamueHoi
aKmMu@HoCcmi.

Karouogi caosa: npomeinkinasu, Arabidopsis thaliana,
SnRK1, KIN10, KIN11, excnpecis eenie, mapkepu mimo-
3y, KAIMUHHUI noodin.

Beryn. Iporeinkinasu pogunn SnRK € BaxiBu-
MM KOMITOHEHTAMM CUTHAJIbHUX Ta PETYISATOPHUX
rpoueciB BUILMX pociuH [ 1, 2]. [TigTBepmKeHo, 1110
i ¢pepMEeHTHU BilirparoTh KJIIOUOBY POJib Y (popMy-
BaHHI aJalTUBHOI BiIMOBiIi pOCIMH Ha Ail0 CTpe-
ciB OioTnuHOI Ta abioTmuHoi mpupoau [3]. OgHe
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3 HalOiIbII BaXJIMBUX (PYHKIIOHAJIBbHUX 3HAYEHb
Mae migpoarHa npoteinkiHaz SnRK1 Takox Bigo-
mux, 9K SnRKo, — HAaltOIMKINX POCTMHHUX TOMO-
sioriB AM®-akTuBOBaHUX IPOTEIHKIHA3 TBapUH
(AMP activated protein kinases) Ta mpoTeiHKiHa3
koMmruiekcy SNF1 (Sucrose non-fermenting 1) 3
IPiIKIKIB [4-6]. DyHKIIIOHAIBHO aKTUBHI POCIMH-
Hi nporeiHkiHasu SnRKI1 — ue rereporpumepu,
JIO CKJIAAy SIKUX 00OB’SI3KOBO BXOASITh KATAIITUUHI
cyboaunuili SnRKa (SnRKa-1/KIN10/At3g01090
a6o SnRKo-2/KIN11/At3g29160) [7].

He3sBaxxarouu Ha 3HAYHY KiJIbKiCTh POOIT, MpU-
CBSIUCHUX POCIMHHMM TipoTeinkiHazam SnRKI1, ix
(¢yHKILIIOHaJIbHA POJIb PO3KPUTA JIMILIE YAaCTKOBO.
Bcranosneno, mo npoteibkiHazu SnRK1 € ogHum
3 KJIIOYOBUX KOMITOHEHTIB CUTHAJbHUX KacKaJiB
€HEepreTMYHOro TroMeoCTa3y POCIMHHOI KJiTUHU
[8—11]. JdoBemeHo, 1o 1i (pepMEHTHU IHILIIOIOTh
MpOLECH, 110 CIIPUSIIOTh TIepeMUKaHHIO BiJ aHa-
00J1i3My 10 KaTaboJi3My Ta € BaXJIMBUMU PEryJisi-
TOpaMu TpaHCKpuIlii. Bimtomo, 1110 poTeiHKiHa31
SnRK1 BriMBaloTh Ha eKCITpECito reHiB, siKi 6epyTh
yyacTb y peryisiiiii pocTy, OHTOreHe3y, ayTodarii
Ta iH. [12—15]. byno npoaeMOHCTpOBAaHO BasKJIu-
BY poJib LIMX (DepMeHTiB y (hOpMyBaHHi BiJIOBi-
JIi POCIMH Ha Jil0 CTpecoBUX (paKToOpiB, 30Kpema
TeMpsiBY, N1eiUTy MOXWBHUX PEYOBUH, XOJIOMY,
mocyxu Ta iH. [16—18]. TakoX € minTBepIKEHHS
yuacti nporeinkiHad SnRKI1 y ¢gopmyBaHHi CTiii-
KOCTi POCJIMH IO COJIbOBOTO Ta OCMOTUYHOTI'O CTpe-
ciB [19]. Takum 4yuHOM, (piziosioriuHa BiAIOBiIb
POCJIMH Ha Jil0 CTPeCOBUX UMHHUKIB MOXe pe-
TYJIIOBaTUCS 3a IONOMOrow mpoteinkiHaz KIN10
(SnRKI1.1) ta KIN11(SnRK1.2).



HemonaBHo Hamu 3a poromMororo 6ioiHpopma-
TUYHUX METOJIIB OyJI0 BCTAHOBJIEHO FOMOJIOTII0 Mix
npoteiHkiHazamMyu SNnRK1 pociMHHOTO MOXOMKEeHHS
i mporeinkinazamu BRSK ccaBuiB [7]. Tak, ic-
HY€ 3HAyHa MOMIOHICTh aMiHOKMCJIOTHMX ITOCJIi-
JIOBHOCTEM, JOMEHHOI apXiTeKTypu Ta MPOCTOPO-
BOI CTPYKTYpPHU KaTaJiTUYHUX JTOMEHIB POCIMHHUX
SnRK1 i BRSK1 monunu [7, 20]. 3a pe3ynabraramu
CMiJIbHOI (DUJTOTeHETUYHOI KJlacTepu3allii MOBHOTO
KiHOMy A. thaliana i nporeinkiHaz BSRK ntoaunu,
HaWBUILMI piBEHb TOMOJIOTil OyJ0 3HAWAEHO s
nporeidkiHazu BRSK1 ta mgBox pocimHHUX mpo-
teinkiHaz SNRK1 — SnRKa-1/KIN10 i SnRKa-2/
KINT1. OTxe, oCKiJIbKM 11i MpOTEIHKiIHA3M € Hali-
OJIMKYMMU POCMHHUMM TOMOJIOTAMM TTPOTEIHKI-
Hazu BRSK1, MmoxHa npunyctut, 1o SnRK1 mno-
TeHLIMHO 3JaTHI BUKOHYBaTu 1oxioHi 7o BRSK1
(yHKUil i B pocIMHHUX KJIiTUHaAX. Tak, BpaxoBy-
04 KOHCEPBATHUBHICTh aMiHOKMCJIOTHUX ITOCJIi-
JIOBHOCTEM y-TyOyJliHY poCiuH Ta TBapuH [21],
HaMu OyJI0 BUCYHYTO MPUITYILIEHHS 100 MOXJIU-
BicTi (ochopunoBaHHs nporeiHkiHazow KIN10
aMiHOKMUCIOTHOTrO 3aiuilky Serl31 y-tyOyniHy
A. thaliana [7], a TakoX IIOJ0 MOXJIMBOI y4acTi
1ux (epMeHTIB y mpolecax, IMOB’SI3aHUX 3 KJli-
TUHHUM MOJLJIOM.

3 MeToro MiATBEepIXKEHHsT abo CIpPOCTYBaHHS
JAHOTO MPUITYLIEHHS 1100 Y4YacTi MPOTeIHKiHa3
KIN10 (SnRKa-1/KIN10/At3g01090) Ta KIN11
(SnRKa-2/KIN11/At3g29160) y KIiTHHHOMY I10-
Hii Ta 'y hochopuiitoBaHHi y-TyOyJliHY, HaMu OyJ10
JOCJIIKEHO MYTaHTHI JIiHil A. thaliana, HoKayTHi
no reHax KINI0 ta KINII. 3okpema, po3paxo-
BY-BaJld MIiTOTUYHUI iHAEKC Ta JOCJiIKYBaJIU KO-
peJisiliio piBHIB eKkcrnpecii MapKepHUX TeHiB KJli-
TUHHOI Tiponidepauii, a, came, CYCBI Ta BRCAI
[22, 23] 3a HOpMaJIbHUX YMOB Ta 32 YMOB eHepre-
TUYHOro Aediumnty. Takox OyJio MOPiBHSIHO PiBHI
eKcnpecii IMX MapKepHUX T'eHiB Ta T'eHiB MpoTe-
THkiHa3 KIN10 ta KIN11 y cycneHsiiiHiil Kyjib-
Typi KJiTUH [24, 25] Ta iHTAaKTHUX MNPOPOCTKAX
A. thaliana.

Marepiaim Tta mMeronu. Y OOCIIIXKEHHiI OyJO
BUKOPUCTAHO HACiHHSI MyTaHTHUX JIiHil kinl0 Tta
kinll A. thaliana (SALK 139618C Ta SALK
127939C), oTrpumaHux 3 €BpOIEMCcbKOro CTOKO-
Boro 1HeHTpy apabimoncuca (The European Arabi-
dopsis Stock Centre, http://arabidopsis.info/), Ta,
SIK KOHTPOJIb, AuKkoro exkortuny A. thaliana (Col-0).
HacinHg crepwiizyBaiu npotsirom 10-Tu XB B Ti-
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MOXJIOPUTi HATPilO, TPUUi BiAMUBAIN CTEPUIIBHOIO
BOJIOIO Ta BUCAJXXyBajyd Ha XXWBUJbHE CEPElOBU-
me Mypacire-Ckyra, MC (Murashige and Skoog
salts, Duchefa, Himepmanau), 110 MiCTWJIO IOJIO-
BUHHMIA Habip Mikpo- i MakpocoJjieit MC, BiTaMiHU
(tiamin i mioinosurton) (2 r/m), 10 T/1 caxapo3u
Ta 8 T/71 arapy, pH 5,7. ¥ Bumangky mMomemoBaHHS
YMOB €HepreTMyHoro AeiluTy HaCiHHSI MYTaHT-
HUX JIiHI/A Ta AUKOTO TUIY BUCAIXXyBaJlud Ha aHa-
JIOriuHe cepeaoBullle, ofHaK 0e3 JolaBaHHS caxa-
po3u. BucamkeHe HaciHHSI CIoOYaTKy CTpaTudiky-
Bamm mpu Temmeparypi +4 °C mpotsaroMm 24 rom,
a Jaji KyJbTUBYBaqu mpoTsirom 7 Ta 14 ni6é npu
+22 °C Tta goBXMHI CcBiTI0BOrO mepiogy 16 rox
Ha 700y.

AHaJli3 HOKayTHUX MYTaHTHMX JiHiil kinl0 Ta
kin 11 npoBoawiu 3a nonomorotw ITJIP 3i 380poT-
Hoto TpaHckpuruiew (3T-TTJIP).

Jns migpaxyHKy KiJbKOCTi KJIITUH Yy cTafil Mi-
TO3y KOpeHi 14-aeHHUX MPOPOCTKiB BUTPUMYBAIU
2 ron y xonomHiii Bomi (+4 °C) s cMHXpOHi3a-
Lii MiTO3iB, micJist Yoro (hikCyBajau 3a JOIIOMOIOIO
moaudikoBaHoro Hamu ¢ikcaropa Kmapka (J1bo-
JsTHa orroBa Kuciora 1 @ 3, aneroankoronb 96 %)
BripoaoBxk 24 rop. ITicas 3-KpaTHOro MpoMUBaHHS
y 70%-HOMY €TUIOBOMY CIIMPTi, KOPEHi ITOMilliaan
y 4%-Huii aLeToopceid i HarpiBaju Ha CIIUPTIB-
i 10 «IIPUXOBAaHOIO» KUITIHHS 3 HACTYIIHOIO BM-
TPUMKOIO Y OapBHUKY BIpoaoBx 1 rox. JlaBiaeHi
[pernapaTy BUTOTOBJISUIU B 45%-HOMy PO3UMHi MO-
JIOYHOI KMUCJIOTU. MITOTUYHUI iHAEKC 0OpaxoBy-
Baju 3a (hOpMYyJIOIO:

MI = XUT+M+A+T

= 100
SU+ 0+ M+ A+ 0%

ne >, (I + M+ A+ T) — cymapHa KiJIbKiCTb KJTi-
TUH, $SIKi 3HaxoJsAThcsl y mpodasi ([1), mertadasi
(M), anacdasi (A), renodaszi (1), > ([ + 11 + M +
+ A + T) — cymapHa KiJbKiCTb KJIiITMH, SIKi 3Ha-
XoaaThcs y iHTepdasi ([), npodasi (I1), meTtadasi
(M), anadasi (A), Tenodasi (7).

3HavyeHHs K, oOpaxoByBaju $IK CIIiBBiIHO-
1IeHHs1 3HaueHb MI m1st o6pobsieHUX BapiaHTIB 3
KOHTPOJIEM:

MI Bap.

KMI = MI KoHTpOJIb '

ITigpaxyHOK MITOTUYHOIrO iHAEKCY Ta LIUTOJIO-
TiYHUM aHaji3 3AiCHIOBAJIM 3a IOIOMOIOK Mi-
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kpockony Axioskop 40 (Carl Zeiss, HimeuunHa)
3 ob6’ektuBamu Plan-Neofluar 40x/1.3 i 100x/2.6
Immersion Oil. OTpuMmani maHi 00poOIsLIM 3a
JIOTIOMOTOI0 TIPOrpaMHOT0 3abe3nevyeHHsT AXxio-
VisionsRel4.7 (CarlZeiss, Himeuunna). Matema-
TUYHY OOpOOKY JaHUX 3AiMCHIOBAJIM METOIOM
JUCIIepCiHOTO aHajlidy 3 BUKOPUCTAaHHSIM MS
Excel (2010).

Juist pociimKeHHsT KopeJsiii piBHIB ekcrpecii
LIUTOBUX T€HIB BiIOMpaiu 7-MU AEHHI IIPOPOCTKU
A. thaliana.

CycneHsiitHy KynbTypy A. thaliana. [24, 25]
BUPOLIYBAJIM BPOJOBX 7-MU N1i0 Ha Moaudiko-
BaHOMY cepenoBulli I'amGopra [26], 110 MicTHIO
2,5 mr/mn 2.4-J1, 2,5 Mr/mi KiHeTUHY, a TaKOX
10 t/n caxaposu ta 8 r/n arapy, pH 35,7.

3araapny PHK Buminsu 3a mornmomoroo TRIsol-
pearenry (Termo Fisher Scientific, CILIA) Binmo-
BiTHO 1O MPOTOKOJY, PEKOMEHIOBAHOTO KOMIIa-
Hi€lo-BUpoOHUKOM. Akicth BuaineHoi PHK Bu-
3HAUaJIM CIEeKTPOo(OTOMETPUUHO Ta 3a JTOMOMO-
roto enekrtpogopesy y araposHomy remi. KoH-
neHTpauito PHK y pisHuxX 3paskax moBOOWIMN IO
piBHoro 3HauyeHHs. CuHte3 k/JIHK nmpoomwiu 3
BUKopucTaHHsIM Habopy RevertAid RT cDNA
Synthesis Kit (Termo Fisher Scientific, CIIIA)
BiITIOBITHO A0 IPOTOKOJY KOMIIaHii-BUPOOHUKA.

PiBenb excnpecii reHiB CYCBI;I/BRCAI Tta
KINI10/KIN11 Bu3HavYanu 3a JOMIOMOTIOI0 KiJIbKic-
Hoi I[TJIP (AACt meTon) [27]. Amiutidikaltito cre-
migyHnX PparMeHTiB I€HIiB IIPOBOAMIIN 3a BUKO-
puctanHg Habopy SYBR® Green JumpStart™Taq
ReadyMix™ (Sigma-Aldrich, CIIA). PeakiiiiiHa
CyMilll 3araJilbHUM 00’€MOM 25 MKJI MicThJIa 2 MKJI
kJIHK, 1 MK1 npssMoro ta 3BOpOTHBOTO Mpaiime-
piB. ITJIP nipoBoauiu 3 iHTepKallOlOUUM OapBHU-
koM SybrGreen (490 HMm) Ha amrutidpikaTopi 1Q5
(Bio-Rad, CIIA) 3a HacTymHUM IPOTOKOJIOM:
95 °C 5xB; HactynHi 40 1uKIIiB amIutiikaiii 6yiu
BUMKOHaHI TakuM yuHOoM: 30 ¢ mipm 95 °C, 30 ¢
pu 55 °C ta 30 ¢ ipu 72 °C, diHagbHa eJloHTa-
miss — mpu 72 °C BripomoBxk 4 xB. PiBeHb (1i00-
pecLeHIIil BUMIpIOBaIX Ha CTajail CUHTE3y aMILIi-
KOHiB. [IJ1S MOpPiBHSIHHSI PiBHIB €KCIpecil reHiB,
IK pedepeHTHNIT BUKOPUCTOBYBAJIM TeH aKTUHY
(AtActin). ®parmentu reHiB CYCBI;1, BRCAI Ta
KIN10, KINI1I amrutidikyBaayd 3 BUKOPUCTAHHSIM
HACTYMHUX MpaiMepiB;

CYCBI;1_for 5CTGTTGAGAGTGAATGGA-

Ilomenuitina poav npomeinkinaz SNRK1 y pezyasauii kaimunnozo nodiay Arabidopsis thaliana
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— 1000 m.H.

Puc. 1. Ananiz excnpecii KINIO ta KINI1 y HokayT-
Hux JiHisx SALK 139618C ta SALK 127939C. 1 —
koHTposnb KINI0, 2 — xoutpons KINIO, 3 — SALK
139618C (kin10), 4 — SALK _127939C (kinllI)
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B kinll
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Puc. 2. MiToTMYHa aKTUBHICTh KJIITUH KOPEHEBOI ami-
KanbHOI MepucteMu A. thaliana (Col-0) Ta MyTaHTHUX
niHi kinlO/kinll, 3a HOpMaJbHUX YMOB, Ta 3a YMOB
eHepreTuyHoro jaedinuty (06e3 1onaBaHHS caxapo3u)

CYCBI;1_rev STAACCGACAAGAACCGATCC3';
BRCAI1_for SSCATTGATTGGATTAAGGCG-
TG3,

BRCA1_rev TAAGGTCCTTCTCGTATTCC3',
KIN10_for CCTCAAGCCTGAAAACTTGC3',
KIN10_rev5STGCATACGGGGAGTACCTTC3';
KINI1_forSGCGGGATGGTCATTTTCTAAZ,
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Puc. 3. PiBHi ekcnpecii mapkepHux reHiB CYCBI Ta
BRCAI (%) mo BiZHOWIIEHHIO OO KOHCTUTYTMBHOIO
piBHSI eKcripecii reHa akTUHY (AtActin) y KOHTPOJIbHIii
Ta MYTaHTHUX JIiHisIX A. thaliana 3 HOKayTOBaHOIO
ekcripeciero KINI0 ta KINI1 3a HopMajabHUX YMOB (a)
Ta 32 YMOB €HepreTuyHoro aediuuty (0)

KINT11_rev SAATCCAG'CCCTCAGCACATT-
CCAGCA3,
AtAct_rev GGACTAAAACGCAAAACGAA3'.

ITicna amrmutidikaliii SKicTh TPOAYKTIB OLIHIO-
BaJIM Ha MiJCTaBi aHaIi3y KPUBOI TIJIaBJIE€HHS TIPO-
nyktiB IIJIP. PiBHi exkcmpecii TreHiB BH3HayaJu
OKpeMO JIJIsT KOXKHOI mapu IipaiiMepiB. JIst olliHKA
SIKOCTi Ta MiATBEPIKEHHSI BIATBOPIOBAHOCTI pe-
3yJIbTaTiB peakllil, eKCIEPUMEHTU MPOBOAWIN Y
TPbOX MOBTOPAX.

PesyiabTaTé Ta ix odroBopenns. B xomi mpoBe-
JeHHS aHalidy MyTaHTHUMX JiHil kinl0 ta kinll
OyJI0 MiATBEPIKEHO BiJCYTHICTh IPOMAYKTIB I'€HIB
KINI10Ta KIN11 3a nonomorox 3T-TTJIP (puc. 1).

Jnsg BuBYEeHHST poJii rnpoteiHkiHaz SnRKI1 y
npoliiecax KJIiTUHHOTO MOy BU3HAYa I MiTOTHY -
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HUI iHIEKC KJIITUH KOPEHEBOI alliKaJlbHOI MepH-
creMu y kin 10/kin I [-HoOKayTHUX JiHisIX A. thaliana
32 HOPMAJIbHUX YMOB Ta 32 YMOB €HEPreTMYHOTO
nediuuty. ITopiBHSIHO 3 KOHTpoJieM, Oyio 3adik-
COBaHO HabaraTo HMXXYUU MITOTUYHUI iHIAEKC Y
MYTaHTHHUX JIiHIi $IK 32 HOpMaJIbHUX YMOB, TaK i
3a YMOB €HepreTMYHOro aediuury (puc. 2).

Takox y kin10/kin1I-HOKayTHUX JIiHIsIX TOCTi-
JUKYBaJIM KOPEJISILIIO PiBHIB eKCIpecii MapKepHUX
reHiB KJiTuHHOI nipostidepanii CYCBI;1ta BRCAI
[22, 23, 28] 3a HOpMaJILHUX YMOB Ta 3a YMOB €HEp-
reTuyHoro aedinuty (puc. 3). BctaHoBjeHO, 1110
y 000X MyTaHTHMX JIiHiSIX PiBHi eKcIripecii r'eHiB
CYCBI;1 tTa BRCAI Oynu 3HAYHO HWKYUMM, HIXK
y JUKOTO TUITY.

T'omonmorn BRCAI ccaBuiB Oyno 3HalimeHO Yy
POCJIIMHHMX OpraHidMax, a came B A. thaliana. by-
JIO TI0Ka3aHo, 1110 ToAioHo 1o TBapuHHOro BRCALI
POCJMHHUI TOMOJIOT Oepe y4acThb B peryJsiilii KJli-
TUHHOTO LIMKJY Ta AyOJtoBaHHI LieHTpocoM [23].
IcHyIOTH eKcrnepuMeHTalIbHI JaHHi, 110 CBigyaTh
Ipo y4yacThb IIbOro OIIKYy B Tpolecax HyKJeallii
MiKpPOTpyOOUYOK IIJIIXOM YOIKBITUHYBAaHHS 7Y-Ty-
OyaiHy [29]. OTxe, 3HMKEHHST PiBHS eKCHpecii re-
Hy LIbOTO (pepMEHTY MOXe HEraTMBHO BILIMBAaTH Ha
dyHKUiOHYBaHHS Y-TyOyJliHYy. 3arajoM 3HUKEHHS
piBHiB excnipecii reHiB CYCBI;1 ta BRCAI cBia-
YUTh TPO 3aTPUMKY KIITMHHOI Iposidepalii Ta
MHOpPYIUEHHS IIPOLECiB HyKJIealil MiKpoTpyOouoK
[22, 23].

Bapro 3azHauuMTH, 10 y MYTAaHTHUX JIiHIsIX
kinl0 Tta kinll, BUpOLIEHUX B yMOBaX €HEPreTUY-
Horo aediuuty, excnpeciss CYCBI;1 ta BRCAI 6y-
Jla 3HAUHO HMXYOI, HiX Y POCJIMH, BUPOILIEHUX
3a HOpMaJbHUX yMOB. Bimomo, 110 mpencTtaBHM-
kM mnporeiHkiHaz SnRKI1 3miiicHIOI0TH 0COOIMBO
BaXJIUBi (DYyHKIIT i Yyac €HepreTMYHOro roJjo-
JIyBaHHsSI. AK€ aKTUBHICTb LMX (PEPMEHTIB 3ajie-
KUTh Bill eHepreTUYHoro OanaHcy kiitmHu [30].
3HUKEHHS €HepreTMYHOro OajlaHCy MPU3BOAUTH
no axktuBaiii KIN10 ta KINI1, ski cripusitoTh
BMUKAHHIO TIPOLIECiB KaTaboJ1i3My B KJIiITMHi, BU-
MHUKAlO4YM BCi MOXJIMBI €HEpro3arpaTHi MeXaHi3-
mu. TomMy HOKayTHi JIiHii MyTaHTIB X T€HIB, 1O
Oy BUPOIIEHI B yMOBaxX eHepreTUYyHoro aedi-
LUTY 3HAYHO Bpa3juBilli, HiXK BUPOILEHI 3a HOP-
MaJbHUX YMOB. BiAIlOBiAHO, KJIIITUHU TaKUX POC-
JIMHX MOXYTh MaTW HWXXYMIA piBeHb KIIITUHHOI
npomidepaitii. TakuM YMHOM MOXKHA MPUITYCTUTH,
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110 aKTUBHIiCTb reHiB KINI10 ta KINII noB’si3aHa
3 KIITUHHUM TOIJIOM.

JI1st iaTBepAXKEHHSI TINOTE3U IIPO MOXKJIMBICTh
iCHYBaHHSI TI€BHOI MO3UTUBHOI KOPEJSILIi MixX iH-
TEHCHUBHICTIO KJIITUHHOTIO IOMIy Ta piBHEM €KC-
npecii reHiB KIN10 ta KIN11 6yno npoBeleHO Ta-
KO TIOPiBHSIHHSI PiBHIiB €KCIpecil LiJIbOBUX I'EHiB
Yy CYCII€H3iiIHOI KyJbTYpU KJITUH A. thaliana Ta B
IHTAaKTHUX IIPOpOCTKax. BimoMmo, 110 cycreHsiii-
Hi KJIiTUHU A. thaliana xapakTepu3ylOTbCSl 3Ha-
YHO BUILMM MITOTMYHUM iHIEKCOM Yy MOPiBHSIHHI
i3 KJiTMHaMu TnpopocTkiB [24]. Ha Haiy mymky,
1€l MOKA3HUK TaKOX MOXe KOPeJtoBaTu 3 piBHEM
eKcrpecii TeHiB JOCHiIXyBaHUX TPOTEiHKiHA3
KIN10 Ta KINT11.

Tak, y KJIITUHAX CyCMeH3ilHOI KyJIbTypu A. tha-
liana HamMm Oyno 3adikcoBaHO Oinblle, HiIX B
JIBa pa3u BUILI piBHI ekcnpecii reHiB KINI0 Tta
KINI1 y mopiBHSIHHI 3 MpopocTKamMu apadifgor-
cucy (puc. 4.). BpaxoByrouu 3HaYHe MepeBULLIECH-
Hs piBHIB ekcnpecii reHiB KINI0O ta KINII y
CYCNEH3ilHIN KyJIbTypi, MOXHA MPUIYCTUTH, IO
OOWH 3 MEXaHi3MiB il WX IPOTEIHKIHA3 MOXE
OyTU MOB’sI3aHUIA came 3 KJIITUHHUM TPOIiIOM.

Jist minTBepIKEeHHSI TOro, IO CYyCIeH3iiiHa
KyJbTypa Ma€ BUCOKWI MITOTUYHMI iHOEKC, IO-
PiBHIOBAJIM TaKOX PiBHI €KCIIpecii MapKepHUX re-
HiB KiiTuHHOI nipostidepanii — CYCBI;1ta BRCAI
Yy CYCHEH3IMHOI KyIbTypu KIITUH A. thaliana ta B
IHTaKTHUX IIpopocTKax (puc. 5). byno BcraHOB-
JieHo BuluMii piBeHb ekcrpecii CYCBI;1 ta BRCAI
caMe y CYCIIEeH3IMHIll KyJIbTypi, 1110 MOXE CBiIUM-
TU TIPO BUCOKUU piBEHb KJIITMHHOI MpoJidepaliii.
ITocunena xiiTMHHA mpoidepallis Ta BUCOKUIA
piBeHb €KCIpecii TeHiB KaTaliTUYHUX CYOOAMHUIIL
KIN10/KINT1 npoteinkiHaz SnRKI1 y cycneHsiii-
Hili KyJIbTYpi MiATBEPIXKYE MOXIIMBICTb YUacTi LIUX
(epMEeHTIB y perysiiii KIITUHHOTO TOIiTY.

Ha croroaHi BiacyTHi Oyab-sIKi 1aHHi, SIKi €KC-
MMepUMEHTAILHO TTATBEPIKYBAIM OM HAIIy TilTo-
Te3y CTOCOBHO yuacTi npoteiHkiHa3 SnRK1 y pe-
ryJsifii kKiituHHoro noginy. IlikaBum ¢aktom €
TaKoOX Te, 110 HaWOJMXKUYMM TOMOJIOTOM IpOTe-
iHkiHa3 SnRK1 y TBapuHHI#l KJIITMHI BBaXKa€ThCS
AM®-aktuBoBaHa mnporeinkiHaza BRSKI1 [20].
Lleii hepMeHT MOB’SI3aHUI 3 PETYJSILIEI0 KIITUH-
HOTO TIOAITy Y TBApMHHUX KiTiTiHaxX [31—33]. ®Poc-
(opumoroun y-tyoyiH, nporeiHkiHaza BRSK1 pe-
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Puc. 4. PiBni excnpecii reniB KINI10 ta KIN11 (%) no
BiTHOILIEHHIO 10 KOHCTUTYTUBHOTO PiBHS €KCIpECii re-
Ha akTuHy (AtActin) B mpopoctkax A. thaliana (Col-0)
Ta CYCIeH3iiHiil KyabTypi A. thaliana
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Puc. 5. PiBHi excnpecii mapkepHux reHiB CYCBI Tta
BRCAl (%) 10 BiTHOIIEHHIO 10 KOHCTUTYTMBHOTO
piBHSI eKkcripecii reHa akTuHY (AtActin) y mpopocTKax
A. thaliana (Col-0) Ta cycnieH3iiiHiil KyabTypi A. thaliana

Y-TYOYJIiH € ONHUM 3 HAUOUIbLI BaXJIMBUX €Jie-
MEHTIB, 1110 PEryJiloloTh 30MpaHHS MiKpoTpyOo-
YOK Ta YTBOPEHHS BepeTeHa mnominy [34]. Ockinb-
k1 mipoteiHkiHazu SnRK1 Oyno BusHaueHo K
HalOMMKYI POCAMHHI TOMOJIOTM IPOTEIHKiHA3U
BRSKI1, MoxHa NpuycTUTH, 110 BOHU ITOTEH-
LIifHO 3JaTHI BUKOHYBATH ITOIi0OHI (DYHKIIIT TaKOX
y KiitmHax pociauH (puc. 6). Ilomepenni GioiH-
(hopMaTUUHi AOCHIIKEHHS TiATBEPAUIN 3HAUHY
CTPYKTYpHY MHoniOHicTh mpoTeiHkiHaz BRSKI1 Ta
SnRKI1 [7]. BianoBinHO 10 OTpMMaHUX HaMU J1a-
HUX, HAMU OYJIO BUCYHYTO MPUITYILLEHHS, 110 ca-
me npeacrtaBHUKM SnRKI1, MoxyTh Opatu y4yacThb
y peTyJIsiii IpoLECiB KIITUHHOTO IOy 3a TOMi-
oHuM 10 TBapuHHMX BRSKI1 clueHapiem.
OTpuMaHi HaMM pe3yabTaTh TOKa3yloTh, 110
MITOTUYHMIA iHAEKC Ta PiBHI €KCHpecii MapKepiB
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Puc. 6. limoretnyHa cxema B3aeMomii nporeinkiHazu SnRK1(SnRKa) y nmopiBHsHHI 3 nporeinkiHazowo BRSKI1
3i CBOIMM MilIEHSIMHU y POCIMHHUX KJIITMHAX Ha MiICTaBi JITEPAaTypHUX NAHUX Ta PE3YyJIbTaTiB HALLMX MOMEPEIHIX

GioiH(opMaTUYHUX AOCITIIKEeHb [7]

KJiTuHHOI mpodidepanii CYCBI;1 ta BRCAI y
HokayTHux JiHigsx SALK 139618C ta SALK
127939C A. thaliana, maxoTh 3HAYHO HUXKYi MO-
Ka3HUKM HiX Yy KOHTPOJIbHIH JiHil. 32 yMOB eHep-
TeTUYHOro AeiluMTy eKCHpecisl JaHUX TI'eHiB Ta-
KOX 3HMXKyBaJlach. ¥ CycreH3iiHii KyabTypi A. tha-
liana, sixa XapaKTepU3y€eThbCs IHTEHCMBHUM KITITUH-
HUM IIOJIUIOM, OYyJIO BCTAHOBJIEHO BHCOKHUI pi-
BEeHb €KCIIpecii SIK MapKepHUX reHiB, Tak i KINI0/
KIN11, y NOpiBHSIHHI 3 POCJIMHAMU IUKOTO TUITY
(KOHTpOJIB).

Otxe, OTpMMaHi JaHi MOXYTb PO3MISIAATUCH
K JOJATKOBE ITATBEPIKEHHS HAIIOTO TOTepe-
JHBOTO TMPUIMYLIEHHSI CTOCOBHO MOXKJIMBOI y4yacTi
KaTaJliTMUHUX CyOOnMHULbL TpoTeiHKiHaz SnRKI1
(KIN10 ta KIN11) y perynsiii mpoueciB KJIiTUH-
Hoi mpostidepalii BULIUX POCAUH, LLISIXOM (hoc-
(bopunoBaHHs y-TyOy/niHy. Takox MOXHA MPUITYC-

8

TUTUA BaXXJIMBY POJIb HMX (PePMEHTIB Yy KIITUHHO-
MYy TIOZiJTI POCJIMH, IIIO 3pOCTAIOTh 32 YMOB eHepre-
TUYHOTO Ae(ilnTy.

POTENTIAL ROLE OF PROTEIN KINASES
SnRK1 IN REGULATION OF CELL DIVISION
OF ARABIDOPSIS THALIANA

E.E. Krasnoperova, D.D. Buy, I.1. Goriunova,
S.V. Isayenkov, P.A. Karpov, Ya.B. Blume, A.l. Yemets

Institute of Food Biotechnology and Genomics
NAS of Ukraine Osypovskogo Street 2a

E-mail: krasnopio524@gmail.com,
denisbuy90@gmail.com,
inna.horiunova.ukr@gmail.com,
stan.isayenkov@gmail.com, karpov.p.a@gmail.com,
yemets.alla@gmail.com, cellbio@cellbio.freenet.viaduk.net

It is well known that the SNF1-related protein kinase-1
(SnRK1) subfamily is involved in the regulation of
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carbohydrate metabolism and energy balance. These
enzymes are multifunctional and can participate in
many other important cellular processes. In this work,
the role of protein kinases SnRK1 (KIN10 and KIN11)
in the regulation of the cell division of Arabidopsis tha-
liana was studied. For this purpose, A. thaliana kinl0
and kinl11 knockout lines (http://arabidopsis.info/) we-
re used. The cells of these mutant lines exhibited the
low mitotic index. The expression level of the cell pro-
liferation markers — CYCBI, 1 (cyclin B) and plant
BRCAI homolog (Breast Cancer Suppressor Protein)
was reduced too. A significantly smaller mitotic index
and expression level of CYCBI, 1 and BRCAI genes
were found in the mutants that were grown under
energy starvation conditions. High level of expression
of CYCBI, I/BRCAI and KINIO/KINII genes in A.
thaliana cell suspension culture was also revealed in
comparison to Arabidopsis seedlings. Obtained data may
indicate the possible role of protein kinases KIN10/
KINTI1 in regulation of cell proliferative activity.

IMOTEHLIMAJIIbHASA POJIb SnRK1
ITPOTEMHKHMWHAS3 B PETVJIAALWU
KJIIETOYHOT' O AEJTEHUA
ARABIDOPSIS THALIANA

E.E. Kpacnonéposa, /1./1. byii, H.HU. ToproHosa,
C.B. Ucaenkos, I1.A. Kapnos, A.b. baom, A.U. Emey

H3BecTHO, uTOo moacemeiicTBo mporenHkrHa3 SnRKI1
YYacTBYET B PEeryJsILIMU YIJIEBOAHOTO OOMEHa U HEep-
reTUYecKoro OanaHca. DT (epMEHThl MHOTOMYHK-
LIMOHAJIbHBI U MOTYT NMPUHUMATh y4acTHe BO MHOIMX
JIPYTHX BaXXHBIX KJIETOUHBIX Mpolieccax. B maHHoIi pa-
6ote usydanu poiab nporemHkrHa3d SnRK1 (KIN10 u
KIN11) B peryasguuu KjietrouHoro aeneHust Arabidopsis
thaliana. JIng 3TOTO WCIMOJB30BAJIM MYTAaHTHbIE JTUHUU
kinl0/kinll A. thaliana, HokayTHble o TeHam KINI0
u KINII (http://arabidopsis.info/). B naHHbIX MyTaHTax
ObUT YCTAHOBJIEH HU3KUH MUTOTUYECKMI MHAEKC U I10-
Ka3aHO CHUXXEHUE YPOBHS IKCIIPECCUU MapKepoB Kiie-
touHoit mpoaudepaunu — CYCBI, 1 (uuknuH B) u
pacturesnibHoro romosiora BRCAI (Breast Cancer Sup-
pressor Protein). 3HAUMTENbHO MEHBIIMM MUTOTHYEC-
Kuil uHAgekc u ypoBeHb 3kcrpeccun CYCBI, 1 u
BRCA1 HaGmofaam MMEHHO B MyTaHTax, KOTOpbIE
BBIPAIIMBAINA B YCIOBUSX SHEPTETUYECKOTO TOIOAAHUS.
Taxxe ObLIO 3a()UKCHMPOBAHO BBICOKYIO 3KCIIPECCHIO
reHoB CYCBI, 1/BRCAI u KINIO/KINII B cycrieH-
3WUOHHOM KyJbType A. thaliana 1o CpaBHEHUIO C TIPO-
pocTKamu apabujorcuca. Takue JaHHbIE MOTYT CBUIE-
TEJIbCTBOBATH O BO3MOXHOW pOJIM TPOTEMHKUHA3
KIN10/KIN11 B peryasauuu KJIEeTOUHOI Ipoiudepa-
TUBHOI aKTUBHOCTH.
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CKOPOYEHHA:

PRL1 — Protein pleiotropic regulatory locus

FUS3 — B3 domain-containing transcription factor
SKP1 S-phase kinase-associated protein 1

WRI1 — WRINKLEDI1 transcription factor

bZIP — Basic Leucine Zipper Domain

IDD8 — INDETERMINATE DOMAIN-containing
transcription factor

GRIK1/2 — Glutamate ionotropic receptor kainate
type subunit 1/2

PAD1 — Proteasome subunit alpha type-7-A

SNF4 — SNF1-related protein kinase regulatory su-
bunit beta-2

AT4G1 — SNF1-related protein kinase regulatory su-
bunit beta-2

CDKI1 — Cyclin-dependent kinase 1

RIMS1 — Regulating synaptic membrane exocytosis 1
WEE1 — Well-like protein kinase
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