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analysis of the success in study in the nine subjects of the three blocks (humanities, natural and formal disciplines) reveal a direct correlation of
speed of reaction when performing the complex Stroop test in both the native and English languages with the success in the learning English
language, what may indicate on special dependence of the success from interhemispheric interaction. In order for the foreign language to be
automated and become "all the more native", it is need the fast access of the executive structures of the brain, such as the front-parietal neural
network, to the linguistic neural networks, presented in both hemispheres. According to literature, the inhibitory control mechanism from the
dorsolateral prefrontal cortex as the key structure of the front-parietal brain system may be one of several mechanisms underlying bilingual
superiority. The results obtained by us complement this conception, indicating the importance of the speed of interhemispheric interaction.
Key words: success in study, task of Stroop, tasks of Poffenberger, interhemispheric transfer of information, foreign language.
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BUAINEHHA TA XAPAKTEPUCTUKA MYTAHTHOIO N-KIHUEBOIro
KATANITUYHOro moavnsa TUPO3UN-TPHK CUHTETA3M B. TAURUS 13 3AMIHOIO Trp 87
TA Trp 283 HA ANNAHIH

Awminoayun-mPHK cuHmemasa € o0HUM i3 ocHo8Hux ¢hepmeHmie 6inkoeozo cuHme3sy. Tupo3un-mPHK cunmemasa (TyrRS)
ccasujie cknadaemsbcsi i3 deox cmpykmypHux oQuHuyb, N-kiHyeeo2o kamanimu4yHozo (miHi TyrRS) ma C-kiHyeeo20 yUMOKIHO-
nodi6bHo2o modynie. Y noeHopo3mipHil TyrRS N-kiHyeeuli Modynb 30ilicHIOE Kamanimu4Hy ¢hyHKUito 38 'a3yeaHHs1 aMiHOKUCIIO-
mu i3 mPHK, modi six C-mo0ynb kopez2ye ma cmabinizye po3miujeHHs1 mPHK e akmueHomMy yeHmpi ¢pepmeHma. licns po3wen-
neHHss mupo3un-mPHK cuHmemasu enacmasoro Ha MiHi TyrRS ma C-mMo0ynb, ocmaHHIi eusiensiomb YumokiHosi enacmueocmi.
Memoro po6omu 6yna onmumizayisi ekcnpecii knioHoeaHoil y nna3midi pET30a-39KYRS k[HK miHi TyrRS Bos taurus, e sikil 3a
dornomoezoro calim-crpssMo8aHo20 MymazeHe3y KoOOHU mpurnmodgbaHa 8 rnosoxeHHi 87 ma 283 3amiHeHi Ha KOOOHU anaHiHa, ma
ompumaHHsI MymaHmHo20 o0HompunmodgaHogozo binka miHi BtTyrRS ons nodanbwoao docnideHHs1 3a 00NoMo20t0 Memodie
ghriyopecyeHmHoi cnekmpockonii koHghopmauyiliHux 3MiH ¢hepmeHma Ha cmadii ymeopeHHs1 mupo3unadeHinamy ma npu e3ae-
Modii 3 akyenmopHuM kiHuem mPHK™", a makox eusHa4YeHHsl enniugy 3anuwkie mpunmodgaHy € rnosioxeHHi 87 ma 283 e iio20
cmpyKkmypi Ha cmpyKkmypHo-OuHamiYHi U ¢hyHKUjioHanbHi eracmueocmi eH3uMy. YcmaHoesieHo, w0 3amMiHa d8ox KOOOHie aMiHO-
Kucnomu mpunmoghaHa Ha KOOGOHU amiHokucriomu anaHiHa e kK[JHK mini BtTyrRS, knoHoeaHoi e ekcnpecytoyili nna3midi pET30a-
39KYRSW40, He ennueae Ha cuHme3 i po34uHHicmb MymaHmHoi ¢popmu ¢hepmeHmy e wmami E. coli BL21(DE3)pLysE. Kinb-
Kicmb po34UHHOI ¢hopMmu pekombiHaHmHoi MymaHmuoi miHi BtTyrRS y yumonna3mi 6akmepianbHuUx KaimuH npu ekcnpecii e
wmami E. coli BL21(DE3)pLysE 3HayHO nideuwyyembcsi npu iHKy6ayii 6akmepianbHoi Kynbmypu 3a memnepamypu 25° C nopie-
HSIHO 3 memmnepamypoto iHKy6auii npu 37 ° C. Buxi0 ompumaHo20 oyuwieHo20 binika MymaHmHoi miHi BtTyrRS cmaHoeums y
cepedHbomy 2,5 m2 i3 100 Mn KynbmypanbHo20 cepedosuwia, Wo € docmamHim Onsi NpoeedeHHs1 ModasibWux CMPYKMYypPHO-
yHKyioHanbHUX docnidxeHb MymaHmHoi gpopmu ¢pepmeHmy. Memodom ¢hriyopecyeHmHoI criekmpocKonii mokazaHoO KoMnakm-

HY cmpykmypy pekom6iHaHmHozo 6inka.

Knroyoei cnoea: mupo3un-mPHK cunmemasa, mini TyrRS, 6akmepianbHa ekcripecisi.

Bctyn. AmiHoaunn-TPHK cuHTeTasa (APCasa) € ogHum
i3 OCHOBHMX hepmeHTiB BinkoBoro cuHTesy. Ha gopuboco-
MHOMY eTani TpaHcnsAuii y BucokocneundidHii eHeprosa-
TNEeXHIN peakuii cMHTeTasa KaTtanisye akTuBalito amMiHOKMC-
NOTM Ta NpUEAHaAHHA ii OO TOMOJOMYHOI TPaHCMNOPTHOI
PHK, 3giicHiolouM TakMM YMHOM Mepluy cTagilo gekoay-
BaHHsA iHdopMauii npo cTpykTypy Oinka, 3aknageHHy B
HykneoTugHin nocnigosHocti AHK ta PHK [1, 2].

Tuposun-TPHK cuHTeTasa Bos taurus cknapaetbcs i3
OBOX CTPYKTYpHUX MoayniB, N-KiHLEBOro katanitTmyHoro
(Bignosigae ykopodeHin dopmi epmeHTa MiHi BfTyrRS,
342 a.3.,, 39kda) Ta C-KiHUEBOro UMTOKIHOMOAIOHOrO
(166 a.3., 20 kda) [2]. Y noBHOpo3MipHii BfTyrRS (528 a.3.,
59.2 kda) N-kiHLUeBWIA MOAynb 3AiNCHIOE KaTaniTu4Hy yH-
KLt KOBaNeHTHOro 3B'i3yBaHHA BiAMOBIAHOT aMiHOKUCNOTH
i3 TPHK, Togi sik C-Mogynb Koperye Ta crabinisye po3mi-
weHHa TPHK B aktuBHOMY UeHTpi dbepmeHTa [1, 2]. MNicnsa
po3wennerHHs Tupo3mn-TPHK cuHTeTasm enacrtasow Ha
MiHi BfTyrRS ta C-moaynb OCTaHHi BUSBMSAOTL LUMTOKIHOBI
BnacTtueocTi [3-5].

TecTn Ha uuTOoKiHOBY akTMBHICTb NH2-KiHUEeBOro katani-
TUYHOro gomeHy TyrRS BusiBunu, wo miHi TyrRS € xemo-
TOKCUYHUM (DaKTOPOM Af1S1 HEUTPOMINIB, a TaKoX CTUMY-
MNIOE aHrioreHe3 Mo KOHLEHTPAUiNHO 3anexHOMy LUNSAXy.
YBaxaeTbCs, WO LUMTOKIHOBA akTUBHICTb MiHi TyrRS ono-
cepenKoBYETbCA kKOHcepBaTUBHUM MoTMBOoM ELR y kaTani-
TUYHOMY AOMEHi cuHTeTasn [4-5].

Y disionoriyHmx ymosax Tuposun-TPHK cuHtetasa Bos
taurus sBnsie cobot romoaumep 02 TNy, MOHOMEPOM SKO-
ro € NOBHOPO3MipHUI oepmeHT. Mpu BuainenHi BtTyrRS i3
neviHkn 6uka Gyno nokasaHo, Lo nopsia i3 OCHOBHOK ¢o-

PMOI0 BUAINAETLCA TaKOX i (PYHKUiOHANbHO akTMBHa Mpo-
TeoniTmyHo mMogmdikoBaHa dopma Tuposun-TPHK cuHTe-
Ta3u 3 monekynspHoto Baroto 39 k[la, ska Mae NoBHy dep-
MEHTaTUBHY aKTUBHICTb B eKcnepumeHTax in vitro [2, 6-7].

Ockinbkn N-KiHUEBWIA KaTaniTUMHWUIA MOAYSb CUHTETa3n
aBnsie coboto iHTepnenkiH-nodibHNA UUTOKIH | BUSIBNSE
NpOoaHrioreHHi BNacTMBOCTI, BiH € NEPCNEKTUBHUM 06'€eKTOM
Ons pgocnigpkeHb 3 METOK MOXIIMBOrO BUKOPUCTAHHS B
nofanbLUOMy B SIKOCTi MikapCbKMX Npenaparis.

Y cTpyKTypi kaTanituyHoro mogyns tmposun-TPHK cun-
TeTasn MicTaTbCA Tpu 3anuwku TpuntocdaHy W40, W87 i
W283, aki posTalloBaHi, BignoBigHO, B aKTUBHOMY LEHTpi
depmeHTy, B obnacTi aumepusauum MOHOMEPIB  MiHi
BtTyrRS Ta B canTi 3B'A3yBaHHA TpunneTa aHTUKOAOHY
TPHKTyr. Take posTalwyBaHHA 3anuLKiB TpuntodaHy B
aMIHOKUCINOTHIN nocnigoBHOCTI Ginka pobutb Oyxe nepc-
NEeKTUBHUM [OCHI[KEHHSI MOro BNacTUBOCTEN MeToamu
hnyopecuUeHTHOI CNeKTPOCKONMii 3@ yMOBWU HassBHOCTI nuLue
OOHOrO 3anuLika B KOXXHOMY i3 TPbOX MOMOXEHb Y CTPYKTY-
pi depmeHTy. Y 3BA3KY 3 UMM 3a [OMNOMOroOH CanT-
cnpsiMoBaHoOro MytareHesy Mu 3aMmiHunm B KOHK MiHi
BtTyrRS, knoHoBaHoi B nna3migi pET30a-39KYRS, kogoHu
Trp87 Ta Trp283 Ha KOAOHW anadiHy, 3anuwuBLUN NuLle
OAMH KOAOH TpunTodaHy B KataniTM4HOMy LeHTpi bepme-
HTYy W40 (CtaTTs nogaHa oo apyky).

MeToto Hawwoi poboTn 6yno oTpMMaHHs 4AHOTO PEKOM-
6iHaHTHOro ogHoTpunTodaHoBoro 6inka miHi BtTyrRS ans
noaanbLUOoro AOCAIMKEHHS KOHPOPMaLUiNHUX 3MiH depme-
HTa Ha CTajii yTBOpPEHHS TMpOo3unageHinaty Ta npu B3ae-
Mogii 3 akuenTtopHUM kiHuem TPHKTyr, a Takox BU3Ha4eH-
HS BNNUBY 3anuLLUKiB TpUnToaHy B NonoxeHHi 87 ta 283 y
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NOro CTPYKTYPi Ha CTPYKTYPHO-AMHAMIYHI Ta PyHKLiOHANbHI
BNacTUBOCTI EH3NMY.

Ha cborogHi ynpoBamkeHO [Aekinbka reTeporioriyHmx
€KCMpecCiiHMX CcuUcTeM Ans OTPMMaHHs pPeKOMOGiIHaHTHUX
6inkiB. BoHM 3acHOBaHI Ha KNiTUHHUX NiHIAX ccaBLiB, KNiTK-
Hax OpixoKiB | OakTepi, a TakoX KNITUHHMX MiHiAX KoMax
[8]. Cepen Hux HaMbiNbLUIMM MONUTOM KOPUCTYETbCA Oak-
TepianbHa cuctema E. coli. Ekcnpecisi 6inkis y E. coli €
HEeIopPOruMm, LIBUAKUM i NPOCTUM METOAO0M, SIKUA [O3BONSE
oTpUMaTM PeKoMOBIHaHTHI Binkn y BenuKMX KinbKOCTAX Y
HaTuBHoMy cTaHi [9, 10]. Mun BrukopucTanu B Hawwii poboTi
OakTepianbHy cuctemy E. coli gna cuHTedy myTaHTHOI ¢o-
pmu miHi TyrRS Bos taurus.

Martepianu i metoan. Y po6GoTi BUKOpMUCTOBYBanmu
LWTamM-npoayLeHT pekoMmbiHaHTHoro Ginka, oTpMMaHui Ha
ocHoBi peuunieHTa E. coli BL21(DE3)pLysE (Stratagene,
CLA), TpaHchopMOBaHOro BiAMNOBIAHOK KOHCTPYKLIE 3a
3aranbHo npurHATo metoamkoro [11]. MNMnasmigHa KOHCT-
pykuia pET30a-39KYRSW40 6yna ctBopeHa Ha 6asi Bek-
Topa pET-30a(+) ("Novagen", CWA) i mictuna kQHK, wo
KOOYE CWHTE3 MYTaHTHOI MO 3anuwkax TpunTodaHiB y
nonoxeHHi 87 ta 283 mini BtTyrRS nig koHTponem npo-
MoTopa dara T7. CenekTMBHMM MapKepoM mnnasmign
pET30a(+) € reH, skuin 3abesnevye CTiNkicTb TpaHcdop-
MOBaHUX KNiTUH 00 aHTMBioTMKa KaHamiuuHy. MnasmigHy
OHK Buainanu 3a gonomorot kita Gene JET Plasmid
Miniprep Kit cdipmn "Thermo Scientific". KoHueHTpauito
nnasmigHoi [OHK Bu3Hayann Ha cnekTpodoToMeTpi
NanoDrop 2000 ("Thermo Scientific").

Ona oTpumaHHA pekoMbiHaHTHOI nnasmign pET30a-
39KYRSW40, TpaHcdopmauii ii y knituHun E. coli Ta ekc-
npecii kAHK katanitTnyHoro moaynsa tupo3nn-tPHK cux-
TeTasn Bos taurus BMKOPUCTOBYBamMW BifnoBiAHO FEeHHO-
imkeHepHi wTamn E. coli DH5a Tta BL21(DE3)pLysE.
KomneTeHTHi knituHm E. coli oTpumyBanu BignosigHO 00
meTogie Hiwwumypm i cnisaBTopie [12] Ta IHoe [13]. Yci
npouenypm i3 TpaHcopmadii nnasmigHoi AHK, wo koaye
nocnigoBHICTb MyTaHTHOI MiHi BfTyrRS, npoBoannu 3ria-
Ho i3 [13]. Mna3migHi KOHCTPYKUIT aHanidyBanu mMeToaoMm
enektpodopesy B 0,7—1 % arapo3Homy reni.

BupowyBaHHsa kynbTypu E. coli Ta iHOykuito ekcnpecii
pekombiHaHTHOT MiHi BfTupPC y GakTepianbHiin KynbTypi
nposoaunu B cepegosui Nypia-beptani (LB) i3 30 mkr/mn
aHTMGioTMKa kaHamiuuHy. TpaHcdopmoBaHi pekoMGiHaHT-
Hoto nnasmigo pET30a-39KYRSW40 koMNeTeHTHi KniTu-
HNn E. coli BL21(DE3) pLysE BupowyBanun Ha LIenkepi
(Environmental Shaker Incubator ES-20) npu 37°C go on-
TUYHOI rycTUHU Aeoo = 0,7 Ta iHAYKYBanu cuHTE3 LinboBOro
G6inka  popaBaHHam 1M i3onponin-B-D-Tioranakro-
nipaHosuga (IPTG) go 1 MM koHuUeHTpauii 3 HacTynHow
iHkybauieto npu 37°C Ta 25°C ynpogosx 4 Ta 16 rog Bia-
nosigHo. 3ibpaHy Giomacy 3i 100 Mn KynbTypu pecycneH-
ayeanu y 12 mn 6ycdepa ana nisucy knituH (50 MM HaTpiii-
docdatHun 6ydep, pH 8,0, 500 MM NaCl, 10 MM imiga-
3on, 5 MM B-mepkantoeTtaHon). Jlisuc nposogunu 3a fo-
NMOMOror yNnbTpa3ByKOBOIO JAesiHTerpaTtopa
Y3-03ByyyBaHHAM (LWwicTb umknis no 20 c, iHTepsanu 20 c).
Tlizat oceitntoBanu ueHTpudyrysaHHsm npu 13000 o6/xB

ynpogoex 30 xB npu 4° C. CynepHaTaHT HaHOCUNW Ha BPi-
BHOBaxeHy Gydepom ans nisucy knituH Ni-NTA araposHy
KonoHky o6'emom 1 mn, npomusanu 10 mn Gydepa ans
npomuekn (50 MM HaTpin-cdoocchaTtHun  Gydep, pH 8,0,
500 M NacCl, 20 M imipason, 5vM
B-mepkantoetaHon). PekoMGiHaHTHWIA Ginok entotoBanu
5mn 6ydepa gnsa enwouii (50 MM HaTpin-docgaTHoro
6ydep, pH 8,0, 150 MM NaCl, 200 mM imigason, 5 mM
B-mepkantoetaHon). ®pakuii, y skux 6yno BusiBneHo 6i-
nok, ob'egHysanu i gianidysanu npotn 200 mn bydepa
ans gianisy (500 mM Hatpin-cgocdaTtHun 6ycep pH 8,0,
150 mM NaCl) ynpogoex 20-t rog npu +4° C. Enektpo-
dopeTnyHMIN aHani3 ekcnpecii pekombiHaHTHoOro Ginka Ta
entoaty nposogunnn y 12 % noniakpunamigHomy reni B
neHaTypyloumx ymoBax OydepHoi cuctemu Jlemmni [14]
leni dpapbysann 6apBHukom Cumassie blue R250. KoH-
LeHTpaLilo oyuweHoro myTaHTHoro 6inka MiHi BITyrRS
BM3Ha4anu cnekTpopoToOMETPUYHO Ha CNEKTPOPOTOMETPI
BioMate 5, BuMKOpMCTOBYIOUM KOEMILIEHT EKCTUHKLIT
9970M-1cm~" 3a gosxuHu xBuni 280 HM. KoedilieHT on-
TUYHOrO MOFMIMHAHHA BM3HA4yanu 3a JaHUMKU aMiHOKMCHO-
THOro aHanisy 3a gornomoroto nporpamu ProtParam.

CnekTpy dnyopecueHLii peecTpyBanM Ha CMeKTpo-
dnyopumeTpi Hitachi M850 (AnoHis), sikuii 6ys obnagHa-
HWUIA TEPMOCTATOBaHUM KIOBETOTpMMaveM. TemnepaTtypy B
KIOBETI BM3Hayanu 3 TodHicTio o +0,2°C. BumiptoBaHHs
NpoBOAUNW Y KBapLEBi KIOBETi 3 [OBXWHOK OMNTUYHOrO
wnaxy 0,5 cm. CnekTpanbHa LWWpUHA LWINWH ANS MOHO-
XpomaTtopa 30y4>KyloUyoro CBiTNa Ta peecTpyryoi cuctemm
ctaHoBuna 5-10 HM. [JoBxuHa xBWni 30YyDKyH4Oro cBiTna
nopisHioBana 280 HM, iHTepBan LOBXMHU XBWUNb ANS CMEK-
TpiB pntoopecueHuii ctaHoBmB 300—400 HM, peecTpauito
dnyopecueHuii nposogunu nig kytom 90° 0o HanpsMKy
ny4ka 36ymKyoHoro ceitna 3a temnepatypu 25°C.

Pe3ynbTatn Ta ix obroBopeHHs. Y Bigaini 6inkosoi
ilxeHepii i GioiHpopmMaTUKM IHCTUTYTY MONeKynsapHoi Gio-
norii Ta reHetukn HAHY 6yno oTpumaHO, KNOHOBaHO Ta
CEeKBEHOBAHO MOBHY HykneoTuaHy nocnigosHicTb kOHK
reHy Tnpo3un-TPHK cuHTetasn Bos taurus [15], a Takox
CTBOPEHO eKcnpecytodi KoHCTpykuii pET-30a(+)-59KYRS
Ta pET-30a(+)-39KYRS, saki mictnnu, BignoBigHO, BCTaBKU
kOHK nosHopo3amipHoi BfTyrRS (M1-S528) Ta kartanitny-
Horo N-kiHueBoro moayns cuHTetasu (M1-P342). Bctaska
kOHK mini BfTyrRS micTtuna Takox nocnigoBHICTb HyKIeo-
TMAIB, SKi KOOylTb MikmoaynbHui niHkep (D343—-E359),
10 a.3. C-mogyns (P360—D369), 42 N-kiHLeBi aMiHOKMCIIO-
TV BekTopa Ta 12 3anuwkiB noniniHkepa nnasmign (Oy6-
poecbkuii O. J1., HeonybnikoBaHi gaHi). EkcnpecoBaHi y
wrami E. coli BL21 (DE3) pekombiHaHTHi Ginku 3Gepiranu
amiHoauuniowyy 34aTHICTb, NpUTaMaHHy Ans HaTUBHOI
amiHoauun-TPHK cuHtetasn. byno nobygosaHo komn'toTe-
PHY Mogenb CTPYKTYpHOI opraHi3adii N-kiHueBoro kartarni-
TnyHoro mogyns TyrRS Bos taurus [16]. Lito mogenb npoc-
TOPOBOI CTPYKTYpu romogumepa MiHi BfTyrRS i3 Bugine-
HUMW TpbOMa TPUNTO(aHOBUMMK 3amnULLKaMMN B MOMOXKEHHI
40, 87 1a 283 y ii CTpyKTYpi HaBedeHo Ha puc. 1.
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Puc. 1. Moaenb npocTopoBoi CTPYKTYpu AnMepa N-KiHLieBOro KatanitTudHoro Moayns
Tupo3un-TPHK cuHteTasu Bos taurus

KnoHoBaHi y nna3wvigax pET-30a-59KYRS Tta pET-30a-
39KYRS «k[HK noBHopo3mipHoi Tnpo3un-tT-PHK cuHTeTasm
BtTyrRS Ta miHi BfTyrRS 6ynu BMKOpUCTaHi Ans oTpumaH-
HH KOAOBaHUX HWMMM PeKOMOIHaHTHUX OinkiB y cucTemi
E. coli BL21(DE3)pLysE nicna TpaHcdopmauii nnasmig y
GakTepianbHi KNiTMHW. OCKiNbKK KiHLEBWUIA BUXi LiNbOBOro
pekombiHaHTHOro Ginka B GakTepianbHUX cUCTEMax 3Hau-
HO MIpOIO 3anexuTb Bifg, YMOB KynbTUBYBaHHS, Byno ekc-
nepuMeHTanbHO BM3HA4YeHO OMTUManbHi napameTpu Ans
ekcnpecii BfTyrRS Tta wmiHi BfTyrRS y E. coli [17-18].
Y poboTtax gocnimxyBaBcsl BNAMB Ha ekcnpecito BITyrRS i
MiHi BfTyrRS Taknx ocHOBHWUX thakTopiB, AK KiNbKIiCTb iHAYK-
TOpa cuHTe3y Ginka, Lo BHOCUTLCS B KynbTyparbHe cepe-
OOBYLLE, TeMNepaTypa Ta Yac KynbTUBYBaHHS KynbTypu 0
Ta nicns AofaBaHHA iHAYKTOpa.

Byno nokasaHo, Lo HanbinbL BUCOKUIA PIBEHb CUHTE3Y
pekoMOiHaHTHOI MiHi BfTyrRS y E. coli pocsiraBcs npu go-
AaBaHHi B KynbTypy iHAykTOpa cuHTe3y IPTG y KOHLUEHT-
pauii 1 MM Ha 2roguHy KynbTWBYBaHHA NpWU OOCAraHHi
KynbTypoto onTuyHoi ryctuHn ODeoo = 0,7-0,9 Ta iHkyOauii
ynpoposx 4 rop 3a 37°C.

66.3 —
554 —

3655

Mwn Bukopuctanu Ui YyMOBU KynbTUBYBaHHSA KMiTUH
E. coli wrtamy BL21(DE3)pLysE, TpaHcdopmoBaHMX nnas-
Migoto pET30a-39KYRSWA40, wo Kogye CUHTE3 MyTaHTHO-
ro no 3anuiikax TpunTodaHis y nonoxeHHi 87 ta 283 ka-
TanitmyHoro moaynsa amiHoaumn-TPHK cuHTeTasn, gns
OTPUMaHHSA MyTaHTHOI MiHi BfTyrRS. Ockineku BigomMo, Lo
NOCMiAOBHICTb KIMOHOBAHUX FEHIB B €KCMPECYHUMX BEKTO-
pax cepii pET i3 Hag3BMYaNHO CUIbHMM NPOMOTOPOM dhara
T7 Bigirpae 3HayHy ponb SK Y CUHTE3i PEeKOMOIHAHTHUX
OinkiB, Tak i B OTPMMaHHI PO34YNMHHOI dopaKLii HOBOCMHTE30-
BaHuX BinkiB, 3aMiHa ABOX KOAOHIB TpUNTOoaHy Ha KOAOHM
anaHiHy B CTpykTypi MiHi BfTyrRS y Hawomy Bunagky mor-
na 6yT! KPUTUYHOWO i MPU3BECTM [0 3HWXKEHHSI CUHTE3Y
€H3MMY Y1 NOro Nepexony B HEPO3UYUHHI TiNbLs BKIHOYEHHS]
[19]. Tomy Mu nposenu ogHoyacHo ekcnpecito B E. coli
MyTaHTHOI Ta HaTuBHOI dopM MiHi BfTyrRS i3 nnaawig
pET-30a(+)-39KYRS i pET30a-39KYRSW40. Ak BugHoO 3
enekTpodoperpamm Ha puc. 2, myTauii He BMMUMHYNWM Ha
€KCMpecito MyTaHTHOro Oinka: KinbKiCTb CUHTE30BaHUX Y
HakTepianbHin KynbTypi nicnsa iHAykuii IPTG HaTMBHOI Ta
MYTaHTHOI ¢opM KaTaniTuyHoro moayns Tuposun-tT-PHK
CMHTETa3u NpakTUYHO OJHAaKOBa.

Puc. 2. EnektpochopeTMyHuMiA aHani3 ekcnpecii HATUBHOT Ta MyTaHTHOI hopM KaTaniTM4HOro moayns
Tupo3suHoBoi aMmiHoauun-TPHK cuHTeTasu y wrami E. coli BL21(DE3)pLysE

M — MapkepHa cymiw 6inkiB ("Invitrogen", Mark 12 Unstained Standart)

1 — KnitnHHWiA nisaT 6akTepianbHOi KynbTypy TpaHcOpMOBaHOT Mra3migor
pET-30a(+)-39KYRS wramy BL21(DE3)pLysE go iHgykuii IPTG (koHTponb)

2 — KniTvHHMI ni3aTt 6akTepianbHOI KynbTypu TpaHCHOPMOBaHOI NnasMigoto
pET-30a(+)-39KYRS wramy BL21(DE3)pLysE nicns iHaykuii IPTG (koHTponb)
3 — KniTvHHWIA nisaT 6akTepianbHOi KynbTypyn TpaHCOPMOBaHOI Na3Mifoto

pET30a-39KYRSW40 wramy BL21(DE3)pLysE go inaykuii IPTG

4 — KnitHHWI nizaTt 6akTepianbHOI KynbTypu TpaHchopMoBaHoi Nna3migoto
pET30a-39KYRSWA40 wramy BL21(DE3)pLysE nicns iHgykuii IPTG
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AHani3 kniTMHHOro ocagy nicns oceiTNoBaHHA 6akTepi-
anbHUX ni3aTiB y npoueci BugineHHs 6GinkiB nokasas, L0
3HaYyHa KiNbKiCTb 9K KOHTPOMbHOI, TaKk i MyTaHTHOi opMm
€H3UMY BCe X 3HaXO0AATbCA B LMTOMMA3Mi B HEPO3YMHHIN
dpakLii B TiNbLUSAX BKMIHOYEHHS NPUONN3HO B PIBHUX MPOMo-
puisx (pe3ynbTaT He HaBefeHo). Xo4a po3ynHHa dpakuis
6inka B obox BMMagkax [O3BOMSE OTPUMAaTV [OCTaTHIO
KinbKicTb pekoMbGiHaHTHUX BinkiB Anst 4ocnigxeHHs ix Bna-
CTUBOCTEN sIK BioXiMiYHMMM, TaK i oNyopecLeHTHUMU Me-
Togamu, 6yno BUpilEHO MpoaHanidyBaT CUHTES3 LinbOBO-

116,0

—
662 —»
450 —»
350 —»
250 —»
KOA 1

ro 6inka B KynbTypi E. coli wramy BL21(DE3)pLysE nicns
ingykuii IPTG 3a Temnepatypu iHkyGauii 25° C. PesynbTa-
TV nokasanu B 1,5 pasun BuLLY KOHLIEHTPALi0 CUHTE30BaHO-
ro 6inka B po3umHHin cdpakuii. MNicns xpomaTtorpadivyHoi
ounctkn Ha Ni-NTA araposi i3 100 mn 6akTepianbHOI Kynb-
Typu Oyno oTpMMaHo 3 ypaxyBaHHsM KoedilieHTa eKCTUH-
uii 27850 M cm™ go 2,5 Mr romoreHHoro pekoMGiHaHTHO-
ro MyTaHTHoro 6inka miHi BfTyrRS, unictoTta sikoro 3rigHo 3
enekTpodopesom gocsrae 95 % (puc. 3).

2

Puc. 3. EnektpochopeTuyHMIA KOHTPONb YNCTOTU MyTaHTHoro Ginka 39 K TyrRS
nicnsa xpomarorpadivyHoi ouncTku Ha Ni-NTA araposi (12-BiAcOTKOBUI po3Ainsitounii renb)

1 — mapkepHa cymiw (Unstained Protein Molecular Weight Marker #SM0431 Fermentas)

2 — myTaHTHa MiHi-TyrRS (39 kDa)

driyopecLeHTHI  XxapaKTepUCTUKM OTpMMaHoro Girnka,
30Kpema LumpuHa crnektpa dnyopecueHuii AN 6ina 55 Hm
Ta NOro MakcumyMm, Lo npunagae Ha 328 HM, NOKasyTb

Fluorescence intensity, [fl.unit]
w
1
[ |

0

eKkpaHyBaHHs1 3anuvwky TpuntodaHa 40 W rinpocpobHMM
MIKPOOTOYEHHAIM B aKTMBHOMY LEHTPi MyTaHTHOI hopmu
hepmeHTa (puc. 4).

T T T T T T T T T T T T T T T T T T T T T T T 1
290 300 310 320 330 340 350 360 370 380 390 400 410

Emission wavelength A, [nm]

Puc. 4. CnekTtp cponyopecueHuii MyTaHTHOI hopmu W87/283A katanituuHoro moayns tuposun-TrPHKcuHteraszum B. taurus
3a AOBXWUHU XBUIi 30yaxeHH:A 280 Hm

Lle cBigunTb NPO KOMNAKTHUIA CTaH OTpUMaHoro Ginka i
HaTUBHICTb Woro cTpykTypu [20]. 3a paHumn cepBepa
ProtParam, monekynsipHa Bara oTpuMaHOl MYTaHTHOI MiHi
BfTyrRS popisHioe 47364,36 [la, isoenektpuyHa Toyka pl
OopiBHIOE 6,42.

BucHoBku. Y pesynbTaTi npoBeAeHOi poboTn Hamu
nokasaHo, Lo 3aMiHa ABOX KOAOHIB aMiHOKMCIOTU Tpun-
TodhaHa Ha KOAOHM aMiHOKMCNOTK anaHiHa B KAHK kaTa-
NiTM4HOro MoAaynsa TUMposuMHoBOl amiHoauun-TPHK cuk-
TeTasn, KINOHOBaHOI B ekcnpecyto4omy BekTtopi pET30a-

39KYRSW40, He BnnuBae Ha CUHTE3 Ta PO3YMHHICTb
MyTaHTHOT  dopmu  depmeHTy B wTtami E. coli
BL21(DE3)pLysE. KinbkicTb po3unHHOi dbopmu pekombi-
HaHTHOI MyTaHTHOI MiHi BfTyrRS y uutonnaswmi 6akrepi-
anbHUX KMiTUH npu  ekcnpecii y wtami E. coli
BL21(DE3)pLysE 3HayHO niaBuMLYETbCSA Npu iHKyGauii
bakTepianbHOi KynbTypu 3a TemnepaTtypu 25°C nopis-
HSIHO 3 TeMnepaTtypoto iHKybauii 37° C. Buxig ounweHo-
ro romoreHHoro 6inka MyTaHTHOI MiHi BfTyrRS crtaHo-
BUTb Yy cepedHbomy 2,5 mr i3 100 Mn KynbTypanbHOro
cepefoBuLLa, WO € OOCTATHIM ANs NpOBeAeHHs noaa-
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NbLNX CTPYKTYPHO-PYHKLiOHAaNbHUX AOCHigXeHb MyTa-
HTHOI hopmMmun bepmeHTy.
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BbIAENEHUE N XAPAKTEPUCTUKA MYTAHTHOIO N-KOHLIEBOIO KATAJIMTUHECKOIO MoaynA
TUPO3UN-TPHK CUHTETA3bI B. TAURUS C 3AMEHOW Trp 87 U Trp 283 HA AJTAHUH

Amunoayun-mPHK cunmemasa siensiemcsi 0OHUM U3 OCHO8HbIX ¢hepmMeHmoe 6esikoeoz2o cuHmesa. Tuposun-mPHK cuHmema3sa (TyrRS) mne-
Konumarowux cocmoum u3 dsyx cmpykmypHbix eduHuy, N-koHyeeoz2o kamanumu4eckozo (MuHu TyrRS) u C-koHUyee020 YUMOKUHONodo6HOo20
modyneli. B nonHopa3mepHol TyrRS N-koHueeol MoOysib ocywiecmersisiem Kamajumu4yecKkyro (pyHKYuUr cesizbieaHusi amuHokuciomsi ¢ mPHK,
moe0da kak C-modynb Koppekmupyem u cmabunu3upyem pa3mewieHusi mPHK e akmusHom yeHmpe ¢hepmenma. lMocne pacujensieHuss muposus-
mPHK cunmemassi anacma3soli Ha muHu TyrRS u C-mo0yb, nocsieGHuUe nNposiesnsirom YumoKuHoeble ceolicmea.
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Lenbro pabombi 6bi1a onmumu3sayusi 3KCrpeccuu KoHuposaHHol e nnasmude pET30a-39KYRS k[HK muHu TyrRS Bos taurus, e komopoli ¢
nomouibro calim-HanpaesieHHO20 MymazeHe3a KoOOHa mpunmodghaHa e nosoxeHuu 87 u 283 3aMeHeHbl Ha KOOOHbI afnlaHUHa u rnoJsly4yeHue MymaH-
mHo20 odHompunmogaHo8o20 6esika MuHu BtTyrRS Onsi danbHeliwezo uccredogaHusi ¢ MOMOWbI0 Memodoe ¢hsiyopecyeHmHoU criekmpocKonuu
KOHGhOPMaYUOHHbIX U. Huli ¢hep. Ha cmaduu obpa3oeaHusi mupo3usadeHusama u npu esaumodelicmeuu C aKyernmopHbIM KOHUOM
mPHK™, a makxe onpedesneHue enusiHusi ocmamkoe mpunmodbaHa e rnosioxeHuu 87 u 283 e e2o cmpykmype Ha cmpyKmypHo-OUHaMuYecKue u
¢hyHKYUOHanbHbIe ceolicmea ¢hepmeHma.

YcmaHoeneHo, ymo 3ameHa 08yx KOOOHO8 mpunmogaHa Ha KOOOHbI anaHuHa e K[HK muHu TyrRS, knoHupoeaHHOU 8 3Kcnpeccupyrouel
nnasmude pET30a-39KYRSW40, He enusiem Ha cuHme3 u pacmeopuMocms MymaHmHoU ¢hopmbi pepmeHma e wmamme E. coli BL21 (DE3) pLysE.
Konuyecmeo pacmeopumoli gpopmbl pekombuHaHmHol MymaHmuol MuHu BtTyrRS e yumonnasme 6akmepuanbHbIX KII€eMOK Mpu 3KCrpeccuu e
wmamme E. coli BL21 (DE3) pLysE 3Ha4yumenbHO noebiwaemcs npu uHKy6ayuu 6akmepuanbHol Kynbmypbl npu memMnepamype 25° C no cpaeHe-
Huro ¢ memnepamypoli uHKy6ayuu npu 37° C. Bbixod nony4eHHo20 o4yuujeHHo2o 6enka MymaHmHol MmuHu BtTyrRS cocmaensiem e cpedHem 2,5 me ¢
100 mn KynbmypansHoli cpedbl, Ymo siensiemcsi docmamoYHbiM Ol npoeedeHus1 danbHelwux cmpyKmypHo-byHKYUOHaIbHbIX ucciedosaHuli My-
maHmHol ¢hopmbi hepmerma. Memodom ¢hriyopecyeHmHoU CreKmpocKonuu rnokazaHa KoMnakmdasi cmpykmypa pekoM6uHaHmHo20 6esika.

Knroueenie cnosa: mupo3un-mPHK cunmemassbi, muHu TyrRS, 6akmepuanbHasi 3Kcripeccusl.

0. Tsuvareyv, assistant

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine, Kyiv, Ukraine,
L. Kolomiiets, research assistant., V. Zayets, Ph.D., |. Blaszczak, student., A. Kornelyuk, Dr.Sc.
Institute of Molecular Biology and Genetics, NAS of Ukraine, Kyiv, Ukraine

ISOLATION AND CHARACTERIZATION OF THE MUTANT N-TERMINAL CATALYTICAL MODULE
OF THE B. TAURUS TYROSYL-tRNA SYNTHETASE WITH THE REPLACEMENT OF Trp 87 AND Trp 283 BY ALANINE

Aminoacyl-tRNA synthetase is one of the major enzymes of protein synthesis. The mammalian tyrosyl-tRNA synthetase consists of two
structural units, the N-terminal catalytic (mini TyrRS) and the C-terminal cytokine-like modules. In a full length TyrRS, the N-terminal module carries
out the catalytic function of binding the amino acid to tRNA, while the C-module adjusts and stabilizes the placement of tRNA in the active center of
the enzyme. After cleavage of tyrosyl-tRNA synthetase with elastase on the mini TyrRS and C-module, the latter exhibit cytokine properties.

The aim of the work was to optimize the expression of cloned cDNA miniTyrRS Bos taurus in plasmid pET30a-39KYRS in which the tryptophan
codons at position 87 and 283 are replaced with alanine codons using the site-directed mutagenesis, and to obtain the mutant one-tryptophan
protein of the mini BtTyrRS for further study on using methods of fluorescence spectroscopy of conformational changes of the enzyme at the stage
of tyrosyladenylate formation and in interaction with the acceptor end of tRNA"", as well as determination of the effect of tryptophan residus in
positions 87 and 283 in its structure on the structurally dynamic and functional properties of the enzyme.

It was found that the replacement of two tryptophan codons into the alanine codons in the cDNA of the mini TyrRS cloned in the expressing
plasmid pET30a-39KYRSW40 does not affect the synthesis and solubility of the mutant form of the enzyme in the strain E.coli BL21 (DE3)
pLysE. The amount of soluble form of the recombinant mutant mini BtTyrRS in the cytoplasm of bacterial cells, when expressed in E. coli BL21
(DE3) pLysE strain, is significantly enhanced by incubation of bacterial culture at a temperature 25 ° C compared to a culture incubation at 37 ° C.
The yield of the obtained purified protein of the mutant mini BtTyrRS is 2.5 mg per average from 100 ml of culture medium, which is sufficient
for further structural and functional studies of the mutant form of the enzyme. The compact structure of the recombinant protein is shown by
fluorescence spectroscopy.

Key words: tyrosyl-tRNA synthetase, mini TyrRS, bacterial expression.
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THE EFFECTS OF MELATONIN ADMINISTRATION IN DETERMINED TIMES OF DAY
ON THE KIDNEY IN RATS WITH HIGH-CALORIE DIET-INDUCED OBESITY

Kidneys, like the cardiovascular system, are one of the main target organs, the most vulnerable to obesity, because the first
take on the metabolism correction function at an increasing excess of fat tissue in the body. Kidney affection under obesity is a
multifactorial thing that is caused by a number of processes, including inflammation, oxidative stress, lipid metabolism
disorders, renin-angiotensin-aldosterone system activation, insulin resistance and other factors. An optimal candidate for
reducing the harmful effects of kidneys obesity should be a compound that simultaneously exhibits anti-inflammatory and
antioxidant properties, controls the circadian rhythm, and also affects on the adipokines secretion. The molecule that meets
these conditions is melatonin.The aim of our study was to determine morpho-functional state (morphology characteristic of
kidney glomeruli and tubules; morphometric parameters: area and density of glomeruli) of kidney in rats with high-calorie (high
fat) diet-induced obesity after melatonin administration in determined time of the day. Melatonin was administered daily by
gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (ZT11) rats with high-calorie diet (HCD). Rats with HCD had huge
changes in kidney morphology, which manifested in presence of numerous mesangial cells outside glomeruli and lipid droplets
in tubules epithelial cells, while area and density of glomeruli in cm? decrease. In general kidney with above mentioned
characteristic from HCD rats lose their ability to conduct strongly renal function. After melatonin used in rats with HCD arise
leveling of pathological changes, which associated with consumption of HCD. Namely, in rats with development obesity
melatonin administrations led to increase area and density in comparison to HCD group, moreover glomeruli density reach
control values. This is suggest that melatonin have protecting effect against glomerular degeneration. In conclusions, melatonin
influence on kidney morpho-functional state in rats with HCD and turn back pathological its changes, moreover evening
administration can use for obesity therapy via its strong action on conservation glomerular morphology.

Key words: melatonin, obesity, chronotherapy, kidney, high-fat diet, glomeruli.

Introduction. Obesity is one of the main problems of
modern society. According to the World Health Organization
(WHO), overweight and obesity have become one of the
most serious health problems of the 21st century and are
recognized as an emerging chronic non-infectious
"pandemic" [1]. Obesity is a chronic, reverse disease
characterized by fat deposits and an increase in body weight
due to adipose tissue. It can be the cause the development
of type 2 diabetes, impaired reproductive system functions,
cardiovascular, and is accompanied by complications such

as chronic kidney disease. Kidneys, like the cardiovascular
system, are the main target organs, which sensitive to
obesity, because some of the first take on the metabolism
correction function during increasing excess of adipose
tissue in the body [2].

Kidney affection during obesity is a multifactorial
phenomenon caused by a number of processes, including
inflammation, oxidative stress, lipid metabolism disorders,
activation of the renin-angiotensin-aldosterone system,
increased insulin production, and the formation of insulin
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