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XNUMO3MNHOB AJIBIIAKA (Vicugna pacos), IIOJTYHEHHBIX B ITPO-
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Ha ocHoBe npoxckeit Kluyveromyces lactis pa3paboTaH IITaMM-IIPOAYLIEHT PEKOMOMHAHTHOIO IIPOXMMO3MHA
anbnaka (Vicugna pacos). TlpoBeneH cpaBHUTEIbHBIN aHATU3 OMOXMMMYECKHUX CBOMCTB PEKOMOMHAHTHOTO XU~
MO3MHA ajibllakKa, IOJIy4YeHHOro B cucteMax akcrpeccuu K. lactis w Escherichia coli. YcTaHOBIIEHO, YTO pEKOM-
OVMHAHTHBIN XMMO3WH aJTblTaka, CHHTE3UPOBAHHLIN B K. lactis TpeBOCXOIWII aHAJIOT, MOJTyYeHHBbI B E. coli, Mo
yuciy 000opoToB (pepmeHTa B 12.9 pasa, a no karanutudyeckoi apdexkrrnBHocTr — B 2.9 paza. [1o cpaBHeHUIO ©
XUMO3UHOM, 3KCIpeccCUpoBaHHBIM B E. coli, GepMeHT, MOJyYeHHBII1 B 3YKapMOTUUYECKOM IPOIYLIECHTE,
MMeJ OBBIIICHHBIN Ha 5°C MOpOor TepMOCTa0MIBHOCTU. 3aMeHa IMTPOKapUOTUYECKOTO IIPOAyLIeHTa Ha 3y~
KapMOTHUYECKU1, yCWIMBaja NajgeHne MOJIOKOCBEPThIBAIOIIE aKTUBHOCTU (DEpMEHTa B OTBET HA U3MEHE-
Hue pH Mostoka ot 6.1 10 6.9, 4TO CONPOBOXKAAIOCH YBEIUISHUEM MPOIOKUTEIbHOCTH KOATYJISILIUK Ha 8—
35%. Ipwn noBeiieHnn koHueHTpaunn CaCl, B cyGeTpaTe KoarysiiimoHHasi aKTUBHOCTD LIeJIeBOTO dep-
MEeHTa, CHHTe3upOoBaHHOTO B E. coli 6bina Ha 12—14% Brlllle, 4eM y eTo aHajora, mojaydeHHoro B K. lactis.

Karoueeswie croea: peKOMOMHAHTHBIN XMMO3UH ajibllaKa, IPOKapuOTUYECKas CUCTeMa SKCIIPECCUU, SYKapH -
oTuhyeckasl cucrtema akcrnpeccuu, Kluyveromyces lactis, GMuoOXMMUYeCKHe CBOMCTBa, KUHEeTUKa Muxasnuca-
MeHTteH
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XumosuH (XH) (KD 3.4.23.4) — acraparuHoBas
MpoTeas3a, KoTopasi IIMPOKO TMPUMEHSIETCSI B Kauye-
CTBE KOaryJisiHTa MoJIOKa Ipy1 MPOU3BOACTBE pa3any-
HBIX BUJIOB ChIUYXKHBIX CHIPOB. TpaluliMOHHO XH MO-
JIyJdaJiv U3 CbIYYTOB MOJIOYHBIX TEJISIT, HO CETOJHSI €r0
OCHOBHBIM UCTOYHWKOM SIBJISIFOTCS TEHETUUYECKU MO-
IuduIpoBaHHBIE IITAMMBI MUKPOOPTaHU3MOB [1].
AKTYaJIbHOCTb UCCJIEIOBAHUSI HOBBIX BUJIOB PEKOM-
OuHaHTHBIX XH (pXH) 00ycCJIOBJIEHa BO3MOXHOCTBIO
oOHapy:keHUsT (epMEHTOB, IIPEBOCXOASIINX ITO KOM-
IUIEKCY OMOXUMUYECKMX CBOMCTB YyXKe€ WU3BECTHBIE
TreHHO-UWHXXEeHEepHbIe KOoaryJsiHThl MoJioka [2].

OO111eU3BECTHO, YTO Yy MPOKAPUOTOB, B OTINYUE
OT 3YKapMOTOB, IOYTU MOJHOCTbIO OTCYTCTBYIOT
nmocrrpaHcasinioHHble Mmoaudukanuu (IITM) Gen-
KoB. B nomapisitonieM OOJIBIIMHCTBE CydyaeB, OAHU
N Te XE& PEKOMOWMHAHTHBIE OEJIKM, MOJIydeHHBIC B
MPO- ¥ 3yKapUOTUYECKOI CUCTEME BKCITPECCU U, Pa3-
JinyarTcs no (pU3MKO-XMMUYECKUM U OUOXUMUYE-
CKUM XxapakTtepucTukam. OnHaKo OTHO3HAYHOTO OT-

BE€Ta Ha BOMPOC O XapaKTepe BIUSIHUU CUCTEMBI IKC-
Inmpeccruu Ha 6I/IOXI/IMI/I‘{eCKI/Ie CBOIiCTBa IMMOJIy4a€MbIX
PEKOMOMHAHTHBIX OEJIKOB — He cylllecTByeT. Jlutepa-
TypHBIE JaHHbIE, TIOCBSIIIEHHbBIE U3YYEHUIO 3TOTO BO-
npoca, [3—9] cBuIeTeabCTBYIOT, IIPEUMYILIECTBEHHO,
0 TOM, 4UTO @ priori IPOrHO3UPOBATh BIUSTHIE CUCTE-
MBI DKCIIPECCUU Ha OMOXMMHWYECKUE CBOMCTBA 1ieJIe-
BOr0 PEKOMOMHAHTHOTO OeJika KpaiiHe 3aTpydHU-
TEJILHO.

CpaBHeHUE CBOMCTB cyObenuHuUIBI B TepMona-
omnbHOro sHTeporokcuHa (LTB) kumieuHoit majiou-
KM, TIOJIy4YeHHOTO B cuUcTeMax akcrnpeccum Pichia
(Komagataella) pastoris n Escherichia coli, oxa3aino,
YTO B IIEPBOM CJIydae, 3a CUET IIMKO3UJIMPOBAHUSI,
LeIeBOI OEJTOK MMeTT OOTBIITYIO MOJICKYJISIPHYIO Maccy,
a TaKKe MOBBIIIIEHHYIO apPUHHOCTD K TAHTJIMO3UIY
GMI1, 4YTO yCWMJIMBaJIO €r0 MMMYHOAaIbIOBAHTHEIC
cBoiicTBa. MHTEepecHO, 4YTO YpPOBEHb 3KCIIPECCUU
LTB B cucreme P. pastoris 661 mpuMepHO B 3 pasa
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BBIIIIE, YeM B TOMOJIOTMYHOM JJIsI 3TOTO OeIKa IpoKa-
pUOTUYECKOM MpoayueHTe [3].

B pa6orte [4] mipencTaBiieH cpaBHUTEIILHBIN aHa-
JIN3 KMHETUYECKMX ITapaMeTpPOB PEKOMOMHAHTHOMI
nodamMuH-cyabpoTpaHchepasbl YeloBeKa, CUHTE3M -
poBaHHOM B cucTeMax nponykunu E. coli, Saccharo-
myces cerevisiae W B KIJIETKaX MJIEKOTIUTAOINAX
(TpaHcopMUpOBaHHbIE (UOPOOAACTHI 0OE3bSHBI,
muaust COS-7 u ¢pubpoOracTel XOMsIIKa, JIMHUS
V79). TlokazaHo, uto K, cyibdoTrpaHcdepas, sKc-
MPECCUPOBAHHEBIX B ITPO- ¥ 3YKAPUOTUYECKIX CUCTEMAX
OBUIM IPMMEPHO PaBHBI Y COCTABISUIN 0KoJIo 1 MKM. B
TO 3Xe BpeMs, oTHotenue V,,./K,, y bepMmeHTa, 1mo-
nydyeHHoro B E. coli, 6bu10 B 31, 138 11 629 pas Bhilile,
yeM JIs1 cynbgoTpaHcdepas, CUHTE3MPOBAaHHEIX B
S. cerevisiae, V79 m COS-7, COOTBETCTBEHHO.

Cucrema akcrnipeccuu — P. pastoris unm E. coli — He
okasbiBajia BIUsiHUSA Ha pH- 1 TemnepartypHblii on-
TUMYMBI PEKOMOWHAHTHOU (uUTa3bl OaKTEepUii poaa
Shigella. Oba (pepMeHTa MPOSIBJISIIA BLICOKYIO CIie-
IUGUIHOCTL K GUTUHOBOM KHCIOTE W OBIIN pe3n-
CTeHTHBI K AecTBUIO TpurnicuHa. OIHAKO yaeabHast
aKTUBHOCTD (pepMeHTa, TTOJYyYeHHOTO B 3yKapuoTHye-
CKOM TIponylieHTe, Oblta B 3.1 pa3a Himke. I1o Tepmo-
crabrbHOCTH T1pn 60 1 70°C ¢puTaza, CMHTE3UPOBaH-
Hasi KJetkamMu P pastoris, mipeBocxoauia (epMeHT,
CUMHTE3UPOBAHHBIN B cucTeMe 3Kcrpeccuu E. coli, Ha
33 1 24% CcOOTBETCTBEHHO [5].

ITo naHHBIM [6], IpU BKCIIPECCUN PEKOMOMHAHT-
Holt MoHOoKcuTeHasbl 1B1 kponuka cuctema (E. coli
wian S. cerevisiae) He OKa3bIBajia JOCTOBEPHOTO BJIMSI-
HUS Ha TePMOCTAOMIILHOCTD, DJIEKTpOOpeTUUECKIE
M KaTaJlUTU4YeCcKre CBOMCTBa (pepMeHTa.

ITpoTuBOpEeYMBbIE JaHHBIE MOJIYYEHBI IJIS1 PEKOM-
OMHAHTHBIX O€JIKOB U ()epMEHTOB, BOBJICYEHHbBIX B
cucTteMy remocTtasa. [eHHO-UHXXEeHEepHble BHEKJIe-
TOYHbBIE JOMEHbI TKAHEBOTO (haKTOpa yesoBeKa, CUH-
Te3UpOBaHHbIE B NPOXKaxX (S. cerevisiae), baKkTepusix
(E. coli) n ximeTkax MirekormTatomux (Kyiasrypa CHO),
0o0JIaau TIOYTU UIEHTUYHBIMU MPOKOATYJITHTHBIMU
CBOMCTBaMU U, COIJIACHO CIEKTPaM sIIEPHOTO MarHUT-
HOTO pe30HaHca, KPYyroBoro auxpousma u uyopec-
LIEHLIMU, JEMOHCTPUPOBAIN BBICOKYIO CTPYKTYPHYIO
romoJjioruto [7]. PubpruHOIUTHYECKAS aKTUBHOCTD
PEKOMOMHAHTHOM YeloBeUYeCKOi yPOKUHA3bI, TTOJTY-
yeHHOM B OakTepusix (E. coli) 1 KIeTOYHBIX KYJIbTY-
pax MJEKOMUTAIOMX (KJIETKUM MHUEJOMBbI MBIIIN),
ObL1a B 5 pa3 BhIlIe, YEM Y aHAJIOTa, CUHTE3UPOBaH-
Horo B apox:kax (P. pastoris) [8].

PexomOMHaHTHBIE caxapo30CUHTAa3kl 1 KapTode-
JISI, KCIIpeccupoBaHHBIE B S. cerevisiae u E. coli ko-
JINYECTBEHHO M KAaYeCTBEHHO pa3INYaiuCh IO Cy0-
CTPaTHOM CITeTM(UIHOCTH, a TAKXKe T10 TTapaMeTpam
KnHeTUK Muxasnuca—MenTteH [9]. CpaBHeHue
OMOXUMHYECKUX CBOMCTB PEKOMOWHAHTHBIX XMMO-
3WHOB, CUHTE3MPOBAHHBIX B IPO- W 3YKapUOTHYIEC-
CKUX CUCTEeMaXx DKCIIPECCUU, HE TPOBOAUIIOCH.

MMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT'UA

BEJIEHBKAA u np.

Takmm o0pa3zoMm, CKygHble W HEOOHO3HAYHEIC
9KCIIEpUMEHTAaJIbHbIC TaHHbIE HE TMO3BOJISIIOT 0000-
IIUTh HAIIW TPEICTABIIEHUS O BIAUSHUM CUCTEMBI
SKCIPECCUN Ha CBOMCTBA lIeJIEBOr0 PeKOMOMHAHT-
Horo ¢epMeHTa M B KaXIOM KOHKPETHOM ciydae
TpeOYIOT 3KCIIEPUMEHTAILHOIO U3YUYEeHUSI.

Iems paboThl — CpaBHUTEABHBIN aHAINU3 OMOXM-
MMYECKUX CBOMCTB PEKOMOWHAHTHOTO XMMO3MHA
anbnaka (pXH-Vic), MojyyeHHOro B CUCTEMax 3KC-
npeccun E. coli (pXu-Vic-EC) u K. lactis (pXn-Vic-KL).

METOJMKA

KoncTpynpoBaHue 3KCIPeCcCHOHHOrO0 BeEKTOpA.
st monydyeHusi peKOMOMHAHTHOTO MPOXWUMO3MHa
(pIIpoXH) anbraka B IpOXIKEBOM cUCTEME ObLIT CKOH-
CTPYMPOBaH OPUTMHAIbHBINA TUIA3MUIHBINA BEKTOP
pPOG-Vic (puc. 1), obecrieunBarommii CHHTE3 U CEK-
peLmio 3MMOreHa liejieBoro oenka kierkamu K. lactis.
BexTop BrIIOUAJ ClAeAyOLINe CTPYKTYPHbIE 3JIEMEH -
ThI: MIOCJIEA0BATEIbHOCTh ITIPOMOTOPA NIUIIEPAJIbliE-
run-3-pocdar-meruaporetassl (GAP), curHajibHYIO
nociaeaoBaTeIbHOCTh (Ost2); HYKJIEOTUIHYIO TToCie-
JloBaTeJIbHOCTDL Tpoxumo3duHa anbiiaka (VIC); Ttep-
MUWHATOP TPAHCKPUIILIMU reHa LIUTOXpoM C-oKcraasbl
S. cerevisiae (CYC); IpoMOTOp IreHa ajaKOTOJIbASTH I~
poreHassl (ADH1 promoter); reH hakTopa yCTOMINBO-
ctu K 3eounHy (BleoR); opumkuH peruimkaim (ori);
reH (hakTopa yCTOMUYMBOCTH K aMIMUUWLITMHY (AmpR).

®dparMeHTH BeKTOpa (pUrc. 1) ObLIN aMIUTUGULIT-
pOBaHBI C UCTIOJIb30BAHUEM PACCUMTAHHBIX ITpaiimMe-
poB (TabJ. 1), BIAEICHBI U3 arapoO3HOIO Iejisl U O4K-
mieHsI ITpu tomonu Hadopa Cleanup Standard (“EB-
poren”, Poccus).

Coopky ¢pparmenToB JJHK npoBoauau ¢ UCIonb-
3oBaHueM Gibson Assembly Master Mix (“NEB”,
CHIA). IMonyyeHHOIi peakIIMOHHOW CMEChIO TpaHC-
¢dopMUpoOBaI KOMIIETEHTHBIE KJIeTKU E. coli (Iuramm
NEB Stable). st mpoBepKr KOPPEKTHOCTU COOPKH,
nnasmMuaHyo JJHK KJIoHOB cekBeHMpOBaNIU 11O Me-
tony CoaHrepa. B pesyabraTe mnojydyaju BeEKTOP
pPOG-Vic (puc. 1).

Iloayyenue pXH ajbpnaka B CHCTEME 3KCHPECCHH
K. lactis. J1ns1 iojlydeHUs] peKOMOMHAHTHOTO IIITaM-
Ma-MpPOAYILIEHTa, 3JeKTPOKOMIIETEHTHBIE KIIETKU
K. lactis (iutamm SVB-1) TpaHchopMupoBaiu BEKTO-
pom pPOG-Vic. Kietku nponyueHTta plIpoXH ajib-
rnakKa KyJbTUBUPOBAIM II0 paHee OIMMCAaHHOM METO-
nuke [10]. 3uMoreH, HaKaIUIMBAIOIIMICS B KYJIBTY-
paJibHOI SKUIIKOCTH, AKTUBUPOBAIIA yTeM
crynreHgaToro m3meHeHus pH [11] 1 nomydanu npemna-
pat pXH-Vic-KL.

ITonyyenne pXH ajbnaka B CHCTEME IKCHPECCHH
E. coli. PekoMOVMHaHTHBIN XH ajbliaka, KCIpeccu-
poBaHHBI B cucteme E. coli (iutamm BL21), mony4a-
JIV TI0 MEeTOJIuKe, OMMCaHHOI B padoTe [12].

HUccrenoBanne OMOXMMHMYECKHX CBOMCTB. JIjis
CpaBHEHUS TMOJYYEHHBIX pPXH MCHOJIb30BaIN IMOKa-
Ne 5
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Puc. 1. Cxema koHcTpynpoBaHus Bektopa pPOG-Vic.

3aTesiu KUHeTUKU Muxasnuca—MeHTeH U OMOXUMMU -
YyecKHe CBOMCTBA, XapaKTepU3YIOIIUe MOJOKOCBEP-
THIBAIOIINE ITIPOTEMHA3bl: MOJOKOCBEPTHIBAIOIIYIO
akTuBHOCTH (MA), 00IIYI0 IIPOTEOIUTUYECKYIO aK-
tuBHOCTH (ITA), KoaryasiiMOHHYIO CIEU(PUIHOCTD
(MA/IIA), tepmoctabunbHocTb (TC), 3aBUCUMOCTD

MA ot pH n KoHIIeHTpallul MOHOB KaJILLIASI B MO-
JIOUHOM cyOcTpare.

Oomyio u yaenbHylo MA, Hecrienmgunaeckyio TTA,
MA/IIA, TC u 3aBucumocts MA ot pH, KoHI1IeHTpa-
LIMY WMOHOB KaJIbLIUSI OMpeNessiid MO0 MEeTOAUKaM,
onyO/IMKOBaHHBIM B paborax [13, 14]. I1pu onpene-

Taomuuna 1. OIMroHyKJIEOTUAHbBIE ITpaiiMephl, UCITOJIb30BaHHbIC IS aMIUIMGUKALIMK KOMIOHEHTOB BekTopa pPOG-Vic

HaszBanue IMocnenoBaTenbHOCTH (5'—3") Marpuna I[N P-ipomykT
A-F gaattctaagtatcccgggaagctt
plet 1.2 ori 1 AmpR
A-R aggtagtatgacctgcagtaagtatcacgtgaagctt
B-F aggtcatactacctcggaagattcc
JOHK K. lactis 5'-GAP
B-R ccaaacttgtctcattgtgtaatattctttttttttacttgaaactg
C-F gaatattacacaatgagacaagtttggttctcttggatcg
pGH-Ost2 Ost2
C-R ggatccagcectctcttttttcca
D-F agagaggctggatccgcagagataactcgtatacctttatacaaggge
pGH-Vic VIC
D-R aaggaaaaggggcctgtcctaggetagatggectttg
I-F acaggccccttttectttgtcg
pKLAC2 CYC u ADH1 promoter
I-R ggtggcagatctggaattget
F-F agcaattccagatctgccaccatggccaagttgaccagtg
pPICZ BleoR
F-R atcccagtcggtactgactcagtcctgetcctegge
G-F gtcagtaccgactgggatcttg
JAHK K. lactis 3'-GAP
G-R tccegggatacttagaattccatgtceggtggtgace

ITPUKIIAAHAA BUOXUMUA U MUKPOBHUOJIOT'UA
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BEJIEHBKAA u np.

Taomuna 2. [TapameTrpbl KuHeTUKM Muxasnuca-MeHTeH peKOMOMHAHTHBIX XUMO3UHOB

IIpenapar Vinaxs HM/C K., MKkM Ky ¢! keoe/ Ky MKM ™! ¢!
pXH-Vic-KL 938.3 £ 66.0 511 £1.5 150.1 £ 10.6 29+0.3
pXH-Vic-EC 145.0 + 14.5 11.6 £0.2 11.6 £1.2 1.0+ 0.1
pXH-Bos 177.3 £ 29.8 229+2.8 141.9 £ 23.9 6.2+0.7

Ta6mma 3. YoenbHasi MOJIOKOCBEPTHIBAIOIIAsi aKTUBHOCTD, O0I11ast MMPOTEOIUTHYECKAasi aKTUBHOCTh U CIIEIM(PUIHOCTh

pCKOM6I/IHaHTHI)IX XUMO3MHOB

IIpenapar VioenvHaa MA, YE/mr|  Vaenbnas MA, % Oo6was 1A, % Crewmduirocts,
MA/TIA
pXH-Vic-KL 107500 * 1182 129 26 5.0
pXH-Vic-EC 85710 £ 771 103 34 3.0
pXH-Bos 83394 £ 1167 100 100 1.0
pXH-Cam 134698 + 1616 162 24 6.8

JIeHUU OMOXMMMYECKMX CBOWMCTB B KauecTBe ep-
MEHTOB CpaBHEHMSI WCIIOIb30BATA KOMMEpYECKIe
npernapatbl pXH KopoBbl (pXH-Bos) u pXH BepOJioga
(pXu-Cam), nipousBoactBa komnanuu “Chr. Han-
sen” (Jlanwus).

Onpeneienne napaMeTpoB KHHETHKH Muxasiuca—
Menten. IlpenenbHyto cKopocTb peakuuu (Vi.,),
KOHCTaHTy Muxasnuca (K,,), yucio o60poToB dep-
MmeHTa(kcat) M KartaauTudeckyro 3(PPEeKTUBHOCTh
(k/K,,) onipenensinu mo metonuke [14], c ucnomne3o-
BaHHEeM (QIIyOPECLIEHTHO MEUEHOIO IENTUIHOIO Cy0-
cTpaTa, UMUTHPYIOIIEro XH-4yBCTBUTEIbHYIO 00J1aCTh
x-kazeuHa (x-CN) KOpOBbI.

CraTucTU4ecKyo 06padboTKy JaHHBIX TTIPOBOIIN
B BEIYMCJIMTEIBHOI cpene nmporpaMmbl Microsoft Ex-
cel (“Microsoft Corporation”, CIIIA). PesynbraThl
oInpeaeaeHUs] KOJIUYECTBEHHBIX MEPEMEHHBIX Tpel-
CTaBJICHEI B Bue cpenHero apudmerndeckoro (M) ¢
YKa3aHUEM CPEIHEKBAApPaTUYECKOTO OTKJIIOHEHUS
(£SD). Ha rpacdukax He yka3biBaiu 95%-HBbIit TOBe-
PUTENbHBIN UHTEPBaJI, MOCKOJIbKY €ro 3HaUeHs Obl-
Ji MeHbIne 10% oT 3HaYeHMIT TTepeMEHHBIX.

PE3VJIBTATBI 1 UX OBCYXIEHHWE

Kunetuka Muxasnuca-Menren. Cucrtema 3Kc-
MpeccuM CYIIECTBEHHO BJIMsIa HAa KUHETUYECKUe
napameTpbl pXH-Vic (Tabin. 2). 3HayeHus K, mokasa-
Jm, yto adhuHHOCTH pXH-Vic-KL Kk hiryopeciieHTHO
MeYeHOMY IIeNTUIHOMY cyocTpaTty B 4.4 u 2.2 pa3a
Huke, yeM y pXH-Vic-EC n pXH-Bos cooTBeTCTBEH-
Ho. [lo-BuamMoMy, akTUBHBIN 1LIeHTp pXH-Vic-KL
ObIcTpee OCBOOOXAAICA OT TPOAYKTOB THUIPOJIM3a
cybcTpara, 4To OTpaxajaoch Ha ero k., 1 Kq/K,,. B
pesyabTaTe, pXH-Vic, CMHTe3upoBaHHbIN B K. lactis,
MPEBOCXOUJI aHAJIOT, TIOJIyYeHHBbIN B E. coli, 10 yuc-
JIy 000poTOB (pepMeHTa Ooee yeM Ha MOpsaoK (B

MMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT'UA

12.9 paza), a mo KaTaquTU4eCKOit 3(PHEKTUBHOCTU —
B 2.9 paza.

IIpeBocxoncTtBo pXH-Bos Hagm pXH-Vic-EC u
pXH-Vic-KL B katamutudeckoir 3PPeKTUBHOCTH
MOXET ObITh CBSI3aHO C Pa3IUYUSIMU B MEPBUYHOI
CTPYKType XH-4yBCTBUTEIbHBIX yyacTKOB K-CN Kko-
POBHI U TIpenacTaBuTeseii cemeiictBa BepOimonoBrie,
K KOTOpbIM oTHOcUTcH Vicugna pacos. I1o cpaBHEeHUIO
¢ K-CN kopoBel, Ha ygactke E96-N119 k-CN asbraka
oOHapyXuBaeTcs 9 aMUHOKMUCIOTHBIX 3aMeH. OnHa u3
HUX 3aTparuBaeT XH-UYyBCTBUTEJbHYIO CBsizb F105—
M 106, B koTOpoii HaGmomaercst 3ameHa M 106 — 1 [2].

Mo0KOCBePTHIBAOIIAS AKTUBHOCTb, crnenugpuy-
HOCTh. [Tockosibky MA 4BsIETCS YaCTHBIM CllydaeM
obmeit ITA depMmeHTa, HalpaBJIEHHON Ha TUAPOIU3
cBsi3u F105—M 106 B mosekyie K-CN, It cpaBHEHHS
cretrUIHOCTU Pa3HbIX PXH UCIOJIb3YeTCS COOTHO-
meHue MA/TIA. CrielicUYHOCTh HOBBIX BUIIOB pXH
TPAAULIMOHHO CPaBHUBAETCSl C XapaKTepUCTUKAMU
PXH KOPOBbI — MMEPBOTO FEHHO-UHXEHEPHOTO KOoary-
JISTHTA MOJIOKa JIJIs1 chipodenus [1, 2, 15].

ITo cnetupuunoctu pXH-Vic-KL u pXu-Vic-EC
MPEeBOCXOAUIU PXH KOPOBbI, HO ycTynaiu pXH OIHO-
ropooro Bepomopa. [1pu atom, yneasHasts MA pXH-Vic-
KL oxkazanacek Ha 25% sBbilie, yeM y pXH-Vic-EC. Ilo
cpaBHeHUIO ¢ pXH-Vic, nmojayyeHHbIM B E. coli, 3Kc-
npeccud 1eneBoro pepmenTa B K. lactis mpuBogiia K
cHrXeHuIo ero obureit ITA nHa 24% (ta6i. 3). B pe-
synbTare, cooTHomeHue MA/ITA pXH-Vic-KL cra-
HOBWJIOCH B 5 pa3 BbIllIe, YeM Y pXH-Bos u mpubnm-
KaJjloch K mokasatemio pXH-Cam, crelu¢puIHOCTb
KOTOPOTO MO OTHOIIEHUO K ¢Bsi3n F105-M 106 Gbi1a
MaKCUMaJIbHOM Cpeir NU3BECTHBIX MOJIOKOCBEPThIBA-
IOLIMX acrapTaTHBIX IpoTenHas [1, 15].

TepmocraduabaocTb. [Toporom TC cuutanu tem-
neparypy IporpeBaHusl, MPU KOTOPON CHMXKEHUE
octaTouHoii MA depMeHnTa cocrasisuio 220%. Co-
MIACHO HaHHOMY Kputepuio, nmoporu TC pXH-Vic-
Ne 5
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Puc. 2. 3aBUCMMOCTh OCTaTOYHOII MOJIOKOCBEPTHIBAIO-
meit aktuBHoct (MA, %) OT Temreparypsl porpeBa-
Hug (T, °C): 1 — pXu-Bos; 2 — pXu-Vic-EC; 3 — pXH-
Cam; 4 — pXH-Vic-KL.

EC u pXu-Vic-KL paBHbl 55 1 60°C cOOTBETCTBEHHO
(puc. 2). IToporu TC pXH KOpOBHI 1 BepOII0/1a TAKXKE
paznuyanuch Ha 5°C, 4To comiacyercsl ¢ TaHHBIMU
IPYrux aBTopoB [1].

Huskyto TC pXH-Vic-EC MOXXHO 0OBSICHUTD He-
3aBepllieHHbIM pedosIuHIoM (epMeHTa, MoJiydeH-
HOTO B NIPOKApUOTUYECKOU CUCTEME IKCIPECCUM, B
YaCTHOCTH, HETIOJIHBIM (MJI HEKOPPEKTHBIM) 3aMbl-
KaHueM IUCcyabGUuAHbIX cBga3eil. 1o maHHBIM [16]
paspyuieHne cBsizu C45—C50 B MoJiekyne pXH
KOPOBBI, 9KCIIPECCUPOBAHHOTO B E. coli, 3HaUUTEb-
Ho cHmxaeT ero TC [16]. Apyroe Bo3MOXHOE 0OBsIC-
HeHue 3Toro peHomMeHa — orcyrcrBue IITM rerepo-
JIOTUYHBIX OEJIKOB, MOay4YeHHbIX B E. coli. B yacTHO-
CTH, 3TO OTHOCUTCS K NIMKO3WJIMPOBAHUIO, KOTOPOE
MOXET BJIMSATh Ha TEPMOPE3UCTEHTHOCTh XH. Tak, B
pab6orte [17] mpuBOAsITCA NAaHHBIE, CBUNETEIBCTBYIO-
1LI1€ O TOM, YTO MPU CHUKEHUH CTETeHHU ITTMKO3UIUPO-
BaHUSI pXH omHorop6oro Bepomona TC ¢pepmeHTa —
najaaer.

3asucumocts MA ot pH. ToBopst o BausiHuu pH
Ha NPOJOJLKUTEIbHOCTh (PepMEHTATUBHOIO CBEPThI-
BaHMsS MOJIOKa, HEOOXOAMMO YUYUTHIBAThH IBA aCIeK-
ta. Bo-mepBhIX, KOHUeHTpaua H' Bauger Ha 6a-
JIJAaHC DJEKTPOCTATUUYECKMX M TUAPOMOOHBIX CHII,
CTAOWIN3UPYIOIINX MULIEJUTBI KazenHa [18, 19]. [1pu
noBelmeHn pH Mojioka, cyMMapHble OTpULATEIIb-
HBIE 3apsabl Ka3eMHOB yBeauduBaloTcs. Kak cuen-
CTBME, BO3PACTAIOT CUJIbI MEXXMUILICIIISIPHOTO JIEKTPO-
CTaTUYECKOI'0 OTTAJIKUBAHMS 1 0CIa0eBalOT Ka3eMH-Ka-
3eMHOBBIC TWIPO(MOOHBIE  B3aMMOACUCTBUSI, UTO
HEeraTUBHO BJIMSIET Ha CKOPOCTb ChIUY>KHOTO CBEPThIBA-
HUS1 MoJioKa. Bo-BTopreix, nusMeHenue pH cyocrpara ot-
paxkaeTcss Ha (PepMEHTATUBHBIX CBOMcTBax XH. OnTH-
MYMbl aKTUBHOCTU Pa3JIMUYHbIX BApUAHTOB pXH HaXo-
narcsa B quanazoHe pH 4.5—5.5 [https://www.brenda-
enzymes.org/enzyme.php?ecno=3.4.23.4#pH%200P-
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Puc. 3. 3aBUCHMOCTD MPOAOIKUTEIBHOCTH KOATYJISILINN
(ITK) ot pH MomouHoro cy6erpara: I — pXH-Bos; 2 —
pXu-Cam; 3 — pXH-Vic-KL; 4 — pXu-Vic-EC.

TIMUM] u ynajeHue OT HEro MPUBOIUT K CHIKE-
HUIO X KOATYJISLMOHHOI CITOCOOHOCTH.

ITo mepe HapacTtanust pH Monoka B muama3zoHe
6.1—6.9 ckopocTh 0Opa3oBaHMs CryCTKa IOI neii-
CTBUEM TE€HHO-WHXKEHEPHBIX XMMO3WHOB-3aMeIJIsI-
ercs [1].

I'paduku, ipencrasieHHbIE HAa pUC. 3, TI0OKa3aJIH,
YTO HAMOOJBIIYI0 YYBCTBUTEIBHOCTb K CHMKEHMIO
KoHLeHTpauu H' B Moo4yHOM cyGcTpare JeMOH-
CTpUPOBaJ pXH KOPOBBI, a HAUMEHbBIIYIO — PXH ajlb-
naka, IIOJIYYCHHBIII B 3yKapMOTHMYECKOM CHCTeMe
npoaykuuu. [1pu yBeauuennu pH ¢ 6.1 mo 6.9 npo-
nomxutenbHocTh Koarynsaiuu (ITK) monoka, mocie
BHeceHUs1 pXH-Bos, yBenuuuBanach B 5.8 paza. [eH-
HO-MHXEHEpHbIe XH MpeIcTaBUTEIE CeMeMcTBa
Bepomtonossix (Camelidae) — omHOropooro BepOJIro-
Jla ¥ ajibllaka — OBLJIM MEHEe YyBCTBUTEILHEI K YBE-
ymuyeHuo pH monoka. INoewimenue pH ¢ 6.1 1o 6.9
3aMeJIsSIJI0 CBEPThIBAaHUE MOJIOKA, MOCJI€ BHECEHUS
pXH-Vic-EC, pXH-Vic-KL u pXu-Cam, B 3.3, 3.7 u
4.1 pa3a COOTBETCTBEHHO.

CpasHuBast pXH-Vic-EC u pXH-Vic-KL cnenyer
OTMETUTh MOCTOSIHHO YBEJIWYUBAIOIIMECS] Pa3Iudus
B KOAryJsIlIMOHHOI CIOCOOHOCTU 3TUX (DEPMEHTOB
o mepe yBeiamuyeHust pH cyoerpara. Ecim nipu pH 6.3
MPOAOJIKUTETBHOCTh CBEPThIBAaHM S MOJIOKA IO e -
ctBueM pXH-Vic-KL 6bu1a Bcero Ha 8% Gosbliie, yem
st pXH-Vic-EC, to ipu pH 6.9 31a pasauia coctas-
ssta yxe 35%. Takum o6pa3oM, 3aMeHa TTPOKapUOTH -
YECKOM CHUCTEMBI 3KCIIPECCUM Ha 3YKAPUOTUYECKYIO
yCWIMBaAJla HETraTUBHYIO YyBCTBUTEIbHOCTb KOAryJisi-
LIMOHHOM aKTMBHOCTH pXH ajibllaka K HapactaHuto pH
cyocTpara B guaraszoHe 6.1—6.9, 4yto mpuBOIIIO K
YBEJIMYEHUIO TPOJAOIKUTEIbHOCTH 00Opa3oBaHUs
MOJIOYHOTO CrycTKa Ha 8—35%.

3aBucumMocTh MA OT KOHLIEHTPAIMM MOHOB KaJlb-
muA. BHeceHMe xmopuaa Kajabliysl B MOJIOKO YCKOPSI-
€T €ro CBepPThIBaHUE MO/ ACHCTBUEM Pa3JIUYHbBIX BU-
Ne 5
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CaCl,, MM

Puc. 4. 3aBUCUMOCTD TTPOIOJKUTEIIBHOCTA KOATYJISIIIAN
(ITK) ot koHUEeHTpauuu xjaopuaa Kaabuusi (MM) B Mo-
JogHOM cyoctpate: I — pXH-Bos; 2 — pXu-Vic-EC; 3 —
pXu-Cam; 4 — pXH-Vic-KL.

JIOB HATYPaIbHBIX ¥ TEHHO-WHKEHEPHBIX XUMO3MHOB
[1]. Ctumynupytoniee meiicTBe 3K30T€HHOIO Kallb-
1I1sI OOYCJIOBJICHO €ro BJIMSHUEM U Ha TEPBUYHYIO
(pepMEHTAaTUBHYIO), U Ha BTOPUYHYIO (arperalmoH-
Hy10) a3y ChIYYKHOTO CBepThIBaHUS Moyioka. [lo-
BblIeHNE KOHLeHTpauyuu Ca’" B MOJIOKE BBI3BIBAET
SKpaHUPOBaHUE OTPULIATEJILHOTO 3apsiia CTaOWIM-
3UPYIOIIETO “BOJOCKOBOIO CJIOSI”, KOTOPbIit 00pa3y-
IOT Ha TIOBEPXHOCTH Ka3€MHOBBIX MULIEIT AHUOHHBIE
C-tepmuHanbHbIe yaacTKM K-CN. CHIZKeHME TUIOT -
HOCTH aHMOHHBIX TPYINI Ha MOBEPXHOCTH MMIICIUI
o0bJieryaeT JOCTYIT MOJIOKOCBEPTHIBAKOIIETO (hepMeH-
Ta K XH-4yBCcTBUTENBHOM cBa3u K-CN (F105—M106)
M YCKOPSIET yHaJIeHUe “BOJIOCKOBOTO CJIOs1” B IIEpBUY-
HOIT (paze CHIUY:KHOTO CBepThIBaHMS. Bo BTOpHMYHOIA
da3e PK30reHHBIN KaJblIUi YCUJIMBAET arperamuio ae-
CTaOWIM3MPOBAaHHBIX MMIIC/UI 3a CYET OOpa3oBaHUSI
MOHHBIX MOCTUKOB MeXIy (ochopuInpoBaHHBIMU
ocTaTKaMU cepuHa ajibda- u 03Ta-Ka3eMHOB COKpa-
masi, TEM CaMbIM, IIPOIOJKUTEILHOCTh KOATyJISIIIUN
moJjoka [20].

Kommepueckue pXH pa3nuyaroTcs IO YyBCTBU-
TEJILHOCTH K KOHIIEHTPALIY IOHOB KAJIBIINS B MOJIOKE.
ComnacHo utepaTypHbIM JaHHBIM [ 1, 13, 15], koaryJs-
LMOHHAsI aKTUBHOCTb pXH OZHOropOOro BepOIoaa B
MEHBbIIIeil CTEIIEH! 3aBUCUT OT KOHIEHTPALUM XJIO-
pyIa KaJIbIUs, YeM aKTUBHOCTBH PXH KOPOBBHI.

B manHOM mccienoBaHUM IIpY BHECEHUM B MOJIOKO
I MM CaCl, npoaoaXuTelbHOCTh 0Opa3oBaHUs
cryctka mnon neiictBueM pXH-Bos u pXH-Cam
cokpamaiachk Ha 30 1 19% cootBeTcTBeHHO. PazHuia
B 11—12% mexny 3tuMu (pepMeHTaMU COXpaHSIach
Ha TIpOTSDKEHHWE BCEero MCCIeAyeMOro auarna3oHa
KOHIIEHTpaluii xJiopuaa Kajabluus (puc. 4).

Cucrema OKCIIPECCHUU OKa3biBajla 3HAYUTCJIbHOC
BJIMAHUE HA YYBCTBUTCJIBbHOCTD pXH aJIbIlaKa K U3MC-
HCHUMIO KOHLICHTpAaL MU XJIOpHaa KaJIblA B 11aI1a3o-
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BEJIEHBKAA u np.

He 1-5 MM. @epMeHT, CUHTE3MPOBAHHBIN B ITPOKa-
PUOTUYECKOM CUCTEME, BEeNEeT ce0s1 KaK pXH KOPOBHI,
a XH nonaydeHHbI B K. lactis, HAIPOTUB, B OOJIbIIIEHA
crerieHu HarmomuHaeT pXH-Cam (puc. 4).

Taxk ke, Kak 1 B mape “{epMeHT KOPOBEI — dep-
MeHT BepOmona”, pXH-Vic-EC cBepThIBaT MOJIOKO
Ha 12—14% OGricTpee, uem pXH-Vic-KL, Bo BceM uc-
cienqoBaHHOM auarnaszoHe KoHueHTpauuit CaCls,.
IMpenrooxXuTeabHO, pa3Hasl YyBCTBUTEIIbLHOCTD XU~
MO3UHOB, CHHT€3UPOBAHHBIX B IIPO- U 3YKapUOTax, K
M3MeHeHUsIM KoHLeHTpauuu Ca?t o6ycioBieHa Ha-
JINYMEeM MOCTTPAHCISIITUOHHOTO MPOLIECCUHTA Liejie-
Boro (bepMeHTa B cucteMe 3Kcnpeccuu K. lactis u ero
orcyrcTBueM B E. coli [21].

Takum o6pa3om, BIiepBbie ITPOBEIEHO CPaBHEHME
OMOXUMHUYECKUX CBOMCTB pXH aJjibllaka, MoJy4YeHHO-
ro B cucteMax akcrnpeccuu E. coliu K. lactis. Tlokaza-
HO, YTO 3aMe€Ha MPOKApUOTUUYECKOTO MPOAyleHTa
pXH-Vic Ha syKapuoTuiyeckuii, Ha 8—35% ycunuBa-
Ja nagenne MA ¢dbepMmeHTa, B OTBET Ha U3MEHEHUE
pH monoxka ot 6.1 1o 6.9, mpuBoauia K pocty ero TC
Ha 5°C, Ha 12—14% cHuxaja 49yBCTBUTEILHOCTE MA
K M3MEHEHUIO KOHILIEHTpallMU XJIOpUaa KajblLUsl B
nuanazoHe 1—5 MM, a Takke yBeJIMuuBasa KoaryJss-
LIMOHHYIO CIelM(UYHOCTD U YIydllajia rmoKa3aTeau
KaTaJIuTU4YeCKoi 3(hheKTUBHOCTU (hepMeHTA.

KondamkT nHTepecoB. ABTOpHI 3asIBISIOT 00 OT-
CYTCTBUU KOH(MIUKTOB UHTEPECOB.

Codmonenue s3TnaecKnx HopM. HacTosiast ctatbs
HE COHEPKUT OIMCAHUSI BBIIIOJHEHHBIX aBTOpPaMU
MCCJIEAOBAHUI C y4aCTUEM JIIOAE WU UCIOJIb30Ba-
HHEM XNBOTHBIX B KaUeCTBE OOBEKTOB.

sk ok sk

PaGora BbIToHEHa Tipu (UHAHCOBOW TIOMIEPXKKE
MuHucTepcTBa HaykKu U BbICIIETO  0Opa3oBaHUs
Poccuiickoit ®@enepanuu (cornameHue ot 12.10.2021
Ne 075-15-2021-1355) B pamkax peaju3aliii OTACIbHBIX
MEPONPUITUI DenepanbHOil  HAYYHO-TEXHUYECKOI
MPOTrpaMMbl Pa3BUTUSI CUHXPOTPOHHBIX M HEHUTPOHHBIX
WCCIeOBaHUI U UMCCIIeNOBaTeIbCKO MHMPaCTPyKTyphl
Ha 2019—2027 rr.
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Comparison of Biochemical Properties of Recombinant Alpaca (Vicugna pacos)
Chymosins Produced in Pro- and Eukaryotic Expression Systems
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Based on the yeast Kluyveromyces lactis, a strain-producer of recombinant alpaca prochymosin (Vicugna pa-
cos) was developed. A comparative analysis of the biochemical properties of recombinant alpaca chymosin
obtained in the expression systems of K. lactis and Escherichia coli was carried out. It was found that the re-
combinant alpaca chymosin synthesized in K. lactis exceeds the analog obtained in E. coli by 12.9 times in the
number of enzyme turnovers, and by 2.9 times in catalytic efficiency. Compared to chymosin expressed in
E. coli, the enzyme obtained in a eukaryotic producer has a thermal stability threshold increased by 5°C. Re-
placing a prokaryotic producer with a eukaryotic one enhances the negative sensitivity of the milk-clotting
activity of recombinant alpaca chymosin to an increase in substrate pH in the range of 6.1—6.9, which is ac-
companied by an increase in the duration of coagulation by 8—35%. With an increase in the concentration of
CaCl2 in the substrate, the coagulation activity of the target enzyme synthesized in E. coli was 12—14% higher

than that of its analogue obtained in K. lactis.

Keywords: recombinant chymosin alpaca, prokaryotic expression system, eukaryotic expression system,
Kluyveromyces lactis, biochemical properties, Michaelis—Menten kinetics
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