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Aunomauyusn. I'enamum B eupycunune 13a aumucenunu xoonosuu S cen PPIC9
mpancgpep eexmopu opxamu Pichia pastoris auumxucuea xnownanou. bynoa pPIC9- S
pekomounanm niaazmudacu Sacl pecmpuxmasza epmenmu ounam xecunud Pichia pastoris
auumKucuea 31eKmponopayus ycyioa Kupumuiou. A4umku KIOHAApU SUCMUOUHCU3 O03VKA
Myxumoa ycmupunub cenexyus Kununou. Hamuowcaoa Pichia pastoris auumxucunune S caknosuu
Mut® krounapu onunou.
Kanum cysnap: Pichia pastoris, pexomounamm [HK, S ecen, mpancghep eexmop,
INEKMPONOpayus, pecmpukyus, mparcgopmayus
KJOHHUPOBAHME YUY KEPOJHBIN 'EH B IPOXKKEM PICHIA PASTORIS
Annomauun. lI'en S, xooupyowuii no8epxXHOCMHbIUL aHmMueeH eupyca cenamuma B,
KA1oHUposan 6 Opodicocu Pichia pastoris ¢ nomowwio mpancgheproeo eekmopa pPICY. Ilpu smom
pexombunanmuyto naasmudy pPIC9-S obpabamuieanu pecmpuxyuonnvim epmenmom Sacl u
ecmpausanu 6 Opodxcdicu Pichia pastoris memodom anekmponopayuu. Kionwvr Opooicorcei
omoéupanu, svlpawusads 6e3 SUCMUOUHO80U NumamenvbHol cpede. B pesynomame 6vinu nonyueHol
Mut™ gperomuner Pichia pastoris, cooepoicawue S 2en.
Kniwueewie cnosa: Pichia pastoris, pexomounanmuasn J{HK, een S, mpancgep sexmop,
INEKMPONOpayusl, pecmpuryus, mpancopmayus.
CLONING A FOREIGN GENE IN THE YEAST PICHIA PASTORIS
Abstract. The S gene encoding the hepatitis B surface antigen was cloned into the yeast
Pichia pastoris using the pPIC9 transfer vector. The recombinant plasmid pPIC9-S was treated
with the restriction enzyme Sacl and inserted into the yeast Pichia pastoris via electroporation.
Yeast clones were selected by growing in a medium without histidine. As a result, Mut™
phenotypes of Pichia pastoris containing the S gene were obtained.
Keywords: Pichia pastoris, recombinant DNA, S gene, transfer vector, electroporation,
restriction, transformation.

Kupum

Pichia pastoris aunTky TU3UMH XO3MPIU KyH/a PEKOMOMHAHT OKCHIIJIAPHU OJIMIIIA KYTI
unutatuiaaéTrad SKCIPECCHOH TU3UMIIApJaH Oupu xucoOnaHamu. Ap30H 03yKa MYXHTAa Ky
Ouomacca WUFWIIN, SHJOTOKCUH Ba MHUPOTCHIAPHUHT HYKIWTH, aHYalHH FOKOPU PEKOMOMHAHT
OKCWJI CHHTE3UM Ba PEKOMOMHAHT OKCHJIHM O03yKa MYXUTra YHKApHUII XYCYCUSTIapH YOy
IKCIIPECCHMOH TH3MUMHUHT acocui ad3ammukmapuaup [1-3]. Byrynrm xynma Pichia pastoris
9KCIIPECCUOH TH3MMHUJIAa TEPANEBTHK Ba caHOAT MHUKEcHa uuuatiiagurad /0 1aH OpTHK OKCHIT
MaxCyJa0TiIapu 6030pra unkapuiras [4].
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Pichia pastoris »skcmpeccust TH3UMIaH (OWAATAHUIIHUHT aCOCHH MaKCaaud CyT
SMHM3YBUMJIAp YYyH Taja® KuIMHAaguraH xadramap ypHura Oup HeYa KyH JaBOM JTYBUH
depMenTanus KapaCHW OpKaJIM IOKOPH CaMapajop pEeKOMOMHAHT OKCH/UIAp OJHMIIAAH
uboparaup. byrynrm kynga P. pastoriS Tu3uMu OpKajdM OJMHTaH OHMOTEXHOJOTHS,
(dapMmarieBTHKa, dMIIAIl, XaWBOHJIAp CAJIOMATIMIH Ba O3WUK-OBKAT CaHOATHJATH MaxCyJoTiap
yayH 160 maH opTHUK KOMITaHMsIapra JuleH3usuiap Oepwirad. YmoOy tuzumaa 500 gaH opTuk
reTeporeH OKCHUJLIap OJMHTaH OYnuo, ymoOy okcwuiapaad oupuHurcu 1996 inina WHCOHHUHT
KJIMHUK CHHOBJIAPUTa KHPUTHIJIA Ba YH/IAH CYHT dcCa TEPANeBTHK OKCHIUIAD Ba aHTHTCHIIAPHUHT
KYJUTaHWIHMIM Gonutanau [5-7].

AuuTKuiapra acociaHraH Oapya OuwodapmareBTHKa MaxCyJoTJapH XO3WPrH KyHAa
AKIII Ba EBpomama Sacharomyces serevisia tusumuia unutad umkapuiaau. Lyaunrmek, P.
pastorisgan ojqMHraH peKoMOMHAHT rematuT B BaknuHacu Ba nuTephepoH anda XuHIUCTOHIA
1999 Ba 2002 immnapaa Shanta Biotech tamonuman cormiran (Www.shantabiotech.com). Iy
Kabu, peKoMOMHAHT WHCOH uHCynmuHM XuHmuctonga 2003 #mima tacaukianrad Ba Shanta
Biotech Ba Biosan (www.biosan.com) Ky1iMa KOpXOHACH TAMOHHUIAH COTHJIA OOIITAHTaH.

berona remnumur remom JIHK ra muTerpanus skapaéuu Saccharomyces cerevisiae na
Oynranu kabu, BekTop Ba Pichia pastoriS reHoMH TOMOHHIAH YXIIall KeTMa-KEeTIHKJIAp
ypTacuia roMOJIOTHK peKoMOMHaIus HaTvxkacuaa conup o6ymamu [8]. Pichia pastoris ra ITHKuu
KAPUTUIIHUHT acoCaH TYpTTa YyCyJId TapKajiran OYyau0, ymap KyJaiiuk, TpaHchopMmarius
TE3JIMTH Ba OOIIKa XyCcycHusTiapu Owinan ¢apkiaanaau (1-xxaasan).

1-xanBan
P. pastoris TpancgopManust yCyJHHHHT YMYMU# XyCyCHATIApH
VYeymap Tpancdopmarus Kynaiinuru *MyATHKOITH
yaymu/Mkr JTHK HMHTETpALU
Cdepormact 10° IMact Bop
DnexTponopanus 10° IOxopu bop
PEG1000 10° FOKopH UyK
LiCl 10? Okopu fI}”/K

*- XyKaifpa TeHOMHTa Oup Heua HycXa FT€HHUHT KUPHUIIIH.

Typrra Tpanchopmalys npoueaypalapuHUHT Xap Oupu OuiiaH BekTopiapHu P. pastoris
reHOMHUra KupUTUII MyMKHH. CeporuiacT yCcyiu 3HT SIXIIU YpraHuiarad 0yiand, yHyMAOPJIUTU
IoKopu  XucobmaHagu  (~10°/MKr, JHK), aMMO arapid MyXUTTa OKHJITaHIaH —CYHT
XyKalpaJJapHUHT THUKJIAQHHUII Japaxacu aH4da nact xucoOsmanaau [9]. Komran yura ycyn
épramMua Xyxxaipaigap araposa reIfHUHT fo3acua Oy3uiamarad €Ki OyTyH XoJia cakjiaHa/u Ba
XyXKalpaJlapHu SKHII Ba KEHMHIM TaxJWwIapAa WIIIaTUIINA KyJanuk Tyraupanu. byHnax
tamkapu PEG 1000 Ba LiCl ycymnapuaa tpanchopmaiius yHyMd HHUCOATaH NMacT Ba MYJITUKOIU
MHTETPAIUsl MaBXyJ dMac. DIEKTPONopanus ycyauaa 0y KaOu KaMYHIMKIAp Ky3aTHIMaMIH.
[y 6unan 6upranukma Oy yCya OCOH, KyJial Ba ap30H XUCOOJaHUO, XO3UPTH KYHJa KYITIMIHK
OJIMMJIap TOMOHUJIAH KYJUTaHWIAETraH ycyn xucobnananu [8].

Marepuana Ba MeToaJ1ap

Tanxkukotnapumusga Sacl pecrpukius depmentu (Invirtogen, AKII), GS115 P.
Pastoris auntku mramu (Invirtogen, AKIL), pPIC9 tpancdep Bekropnapu (Invirtogen, AKL),
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MD (1% rmoko3a, 1X YNB, 1,5% arap-arap), RBD (1% rmoko3a, 1X YNB, 1,5% arap-arap,
1M copOuTo) 03yKa MyXuTiIapuaan (o gaiaHuIIx.

Pecmpuxyus scapaénu. Pecrpuxums pepmentu Sacl moc paBumparu 1X Oydeprapaa 1
mkr JIHK ra 1 unit ¢pepment xucobuna onmnagu. Apanamma 37°C ma 2-4 coaT mobaiiHuIa
MHKyOauusa KuinHaau. JKapa€HHUHT YHYMHU 351eKTpodopes yCyinuia TeKITUPUIaIn.

Pexombunanm naasmuoanapnune P. pastoris xyscatipanapuea mpauc@opmayuscu.
Tanép npobupkanaru xXyxaipamapra 1-5 Mkr 3amxup xonarura kentupwirad JTHK kymwmnanm,
0.2 cm kroBerara >KOiIaHaJW Ba My3 XaMMOMHJA 5 MHH JaBoMuaa yruiananu. Electroporator
2510 (Eppendorf company) kypuiamacu 1.5 kV ra co3manu6, KroBera jxoiyaHaau Ba “pulse”
TyrMacu MKKUW MapTta Oocuinanu. Kapa€H Tyraraniauru XakuJard CUTHAJIaH CYHI CEKHMHIIMK
owian 1 man 1M cop6uton kymmnaau. CyroKIuK KIOBETaJaH SHIM 2 MJ IpoOHupKara OJMHHUO,
30°C na 1 coar maBomuaa TeOpanumicu3 mHKyOanus KwmmHamu. Cyrokmuknad 100-500 Mk
onuHuO, sHru Taiépranran RDB arap JAMKOMUacMHUHT 1032 KUCMHUTA Maxcyc sicajraH siCCH
mMiia Haya épmamuaa cypub mumaupwiaad. Pichia pastoris GS115 HIS4 renu O¥iinua
MyTaluara ydparaniauru cababnu KOJIOHUSUIAp TUCTHAMHCU3 MYXUTAa Yca oaMaiauiap.
Xyxaiipagaru his4 renu Bektop ruiasmunanard HatuB HIS4 reHu OuimaH aaMaliTHPUITaHIUTH
cabalnu, KOJNOHMSUIAPHHU CENeKLUsS KWIMII Makcaauaa THCTUAMHCHU3 o3yka myxuTuaa (RDB)
Verupunan. Jlukomyanap KoJOHWMsUIAp Xocwin OynryHra kamap 2-3 kyH, 30°C ma wHKyOanus
KHJTUH]IH.

OJIMHraH HATHKAJIAp Ba YJIAPHUHT MyXOKaMacH

pPIC3.5-S 6a pPICY-S pexombunanm nnazmudanrapunu Pichia pastoris xyacatipacuea
unmezpayus Kuiuwl (kupumuut). TaTKUKOTUMU3HUHT aCOCUN MKCaJH renatut B BUpyCHHUHT
1032 QHTUTEHH S OKCWJIMHHU KojtoBuM renuHu Pichia pastoris xyxaiipacura pPIC9 tancdep
BEKTOPHU OpKaJId KUpUTHIIIaH ubopar. byHuHr ycyn xankacumuon makwigaru JJHK maxcyc
pecTpuKTazajap OWIaH KecHinO YHM3MKCHMOH XoJjarra ojaub KemuHWImM Kepak. Pichia
Expression Kit (Invitrogen, USA) wmabaymoTiapura Kypa PpeKOMOMHAHT IUIa3MHAaJIapHU
YU3UKCUMOH (JIMHEHHBIN) XONra KeNTHPHUIIJA WIUIATWITaH PEeCTPHKTa3a (epMEHTIAPUHUHT
Typura Kapab Mut* Ba Mut® xa6u deroTurap onuHam (2-Kansan).

2-KaJBal
OuuHaaurad GeHOTHIJIAPHUHT PeCTPUKTA3a GepMeHTIAPUTa GOFITHMKIHIH
PectpukTasa GpepMeHTH WHrerpanus coxacu deHoTHIT
Sal I 6a Stu | his4 6yitrua His™ Mut*
Sac | 5' AOX1 kucmu 6yitnya His* Mut*
Bal 1l AOXI 6¥iinua alManifHUIIL. His* Mut®

bus P. pastorisauar Mut® denotununu omumn Mmakcaguaa PPIC9-S pexomGuHAHT
tasmMuIann Sacl pectpukrasa pepMeHTH OMIaH KeCHO YM3MKCUMOH XO0JIra KeITUPIUK. Maskyp
dbepMeHT OuilaH WIUIOB OEpHUIN OpPKAIM acoCHW yriiepoa MaHOaW Ba MaKCaJId TE€HHUHT
WHUIMATOPU OYJIraH METAHOJHW FOKOPH Japakajga yTHIHM3alus Xycycustid Mut® ¢penorunm
xocun Oymamu. Pichia pastoris GS115 mtaMMuia THCTHIMHHUHT CHHTE3UTa KaBoO OepyBud
rHCTHIUHON Aeruaporenaza reHu (his4) myramms kwimHrad. HaTmkana Maskyp ImTamMmiiap
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TUCTHJIMHCHU3 03YKa MyXHT/a Yca onMaiiaunap. TankukoT moupacuaa uiaTuiaétrad Tpaacdep
BekTopiaap HatuB HIS4 renunm cakmaiiaun. PexomOumuanT 1iasmupanap Pichia pastoris
XyXKalipacura KUpuTHIranaa S ren ounan Oupranukaa maskyp HIS4 renn xam pexkoMOuHanusra
yupaiinn. Hatmwkana xyxaidipagarn myrtanus KuiauHran his4 ren watuB HIS4 ren Ownan

QIMalIMHAIA Ba PEKOMOMHAHT XyXalpajiap THCTHAWHCH3 O3yKa MYXHUTAA YCUII KOOWIHATHTA
ara 6ymaaunap (1-pacwm).

SIS~ Pichia Genome (his4)
hisd. ¥

* mutation

ey TT |Geneof Interest & 5 P.ox: o 3' AOX1 m
HIS4 his4. b

His* His~

1-pacm. Pichia pastoris auntku reHomura 6eroHa reHHHHT KUPHII KapaéHu (TOMOJIOTHK
peKOMOUHAIIHS).
Iy cababman xam TpaHchopMmanus >xapa€HHIaH CYHI XyKaipagap THCTHIMHCH3
cernektuB 03yka (RDB) myxutaa 30 °C na 3-7 xyH naBomuzaa yerupunan (2-pacm).

2-pacm. pPIC9-S pekomOuHaHT maa3mMuaacu acocuaa onunran Pichia pastoris
KOJIOHHMSUTAPUHHUHT TUCTUIUHCHU3 CEIICKTUB 03yKa MYXHTH/IA YCTUPHIIL.
Xap Oup Karakyamapra axpaTWIraH KOJOHHUsUIApAaH OWTTaJgaH OJNUHHUO, KeHHWHTH
*KapaHiap y4uyH sHTH Taiépianran ructuaniacn3 MD myxutura Kaiita sxunnu (3-pacwm).
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3-pacm. pPIC9-S pekomOuHaHT TIa3MKIacK acocuaa oiaunran Pichia pastoris
KOJIOHUSUTAPUHUHT TUCTUIMHCH3 ceneKTUB MD o3yka MyXuTHra KaiTa SKWIHIIH.
IOxopunaru ukkana MD myxuTura Kaiita skuiarad mraMMiaapHUHr 6apdyacu 10mi cyrox
MD wmyxutura skwm6, 30 °C ga TyH aAaBoMuia HWHKyOauus KunuHAu. bapua ycran
KyJITYpaJJapHUHT ONTHUK 3UYIMIU criekTpodaromerpHuHr 600HM TYIKMH y3yHIMIHAa YI4aHiu.
VYnap nauaan 4 Ta 3HT IOKOPH ONTHK 3UWIMK HAMOEH dTraniapu tannad onuuau. Lynnan cyHT
auuTKu Xyxaipacuzan reioMm JIHK cu axparwigum Ba KUPUTHITaH N€HHUHI MaBKYJIUTUHU

-
N

tekimmpuin mMakcaauaa [13P (moaumepasa 3aHKup peakcuscH) yceyiu Kyyutana (4-pacm).

4-pacm. 1% arapo3sa renunaru [13P HaTmxkanapu.
bynoa: 1-4 tanna® omurunran auutkuwiapaunr JIHK ¢parmentnapu; M-mapkep; K-

MycOaT HaMyHa.

OnuHran HaTWXajapAaH IIyHM XyJloca KWIMII MYMKHHKH, TaHna® onunran 4 Tta P.
pastoris peKOMOMHAHT IITaMMJIAQPUHUHT Oapyacu ¥3 TapkuOuaa Makcayid S TeHMHU TYTUIIH Ba
KUPUTWITAaH TeHHHHT Vmuamu 681 >kH (KypT HYKJICOTH]) JKaHIUTH aHUKIaHau. MycOat
HaMyHada cudaruma S TeH CcakKJIOBYM peKoMOWHAHT tuiazmuaa dovnananwinu. [llynnan cyHr,
SKKa XOJIAard peKOMOWHAHT MITaMMHHU TUCTHIUHCH3 MD arap MmyxuTura kaita mTpuxiad
SKUIITH.

ynnait kunuoO, I'ematut B Bupycununr ro3a S (HBSAQ) OKCHIIMHM KOAJIOBUM S-TeH,
pPIC9-S pexomOmHaHT IutazmMuaanapu opkamu Pichia pastoris xyxkaiipacura KHpUTWIIH Ba
Mut* herorvnu oM.
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