MHUHUCTEPCTBO OBPA30BAHUA PECITYBJIMKU BEJIAPYCb
BEJIOPYCCKUHN I'OCYJAPCTBEHHbLIA YHUBEPCUTET
BUOJOIr'MYECKUN ®AKYJIBTET

Kadenpa Ouoxumun

BAXWP
Onyapa XanexkoBu4

TETEPOJIOTMYECKAS SKCITPECCHS, BBIEJEHUE, OUNCTKA 1
XAPAKTEPUCTHUKA 3-THIPOKCACTEPONUIETUJPOTEHA3
(AKR1C4, HSD3B1) YEJIOBEKA

JurnomMHas pabota

HayuHb1i1 pyKOBOAUTEND:
KaHAUAAT XUMUYECKHUX HAYK,
noueHT A.B. Ceupun

JonymeH k 3ammure
« » 2022 r.

3aB. kadeapoit OUOXUMUU

KaHAuAAT OMOJIOTUYECKUX HAYK, JOIEHT
N.B. Cemak

MuHnck, 2022



PE®EPAT

Jumiomuas padota 62 c., 19 puc., 5 Tabmn., 126 ncTOYHUKOB.

AHJIpOTeHHBbIE aHA0OJIMYECKHE CTEPOUbI, CTEPOUJOTEeHE3, PEKOMOMHAHTHBIE
Oenku, (GepMeHTHI, TpaHchOpMalus, JIUTHPOBAHUE, 3IIEKTPOPOpe3, IKCIPECCHs,
metar-apdunnas xpomarorpadus, MALDI-TOF, Becrepu-Omortunr, Escherichia
coli, Spodoptera frugiperda.

Oo0BexT HCCJIeI0BAHMS: PEKOMOMHAHTHBIC 3-
TUAPOKCUCTEPOUIIETUAPOT€HA3BI YETOBEKA.

Hean: sKcnpeccHs, BBIIEIECHUE, OYHCTKA M XAPAKTEPUCTUKA UENEBBIX 3-
ruapokcuctepouaeruaporenas yenoseka (AKR1C4 u HSD3B1).

Metoabl HUCCJICIOBAHMS: criekTpooToMeTpuueCcKuit METO/T
KOJIMYECTBEHHOIO ONpeNeNieHUus OENKOB M TMOJIMHYKICOTHAOB, CEKBEHUPOBAHUE
JIHK, snextpodopes B arapo3HOM U MOJIMAKPUIAMHJIHOM TE€JISIX, BECTEPH-OJOTTHHT,
metaut-apuaras xpomarorpadus, MALDI-TOF macc-cnektpometpus.

PexomOunantueiii AKR1C4 B HatuBHOW ¢opme ObUT TONyYeH TMIpH
UCIIOJIb30BaHUU T€TEPOJIOTUIECKON dKCTpeccuu B kietkax E. coli BL21. benok, 3a
CUET HAJIMYHUS IOJMTUCTUIMHOBOM MeTKH Ha N-xonne MBP, ounmarcst ¢ moMomnisio
metaur-apduHHON  Xpomarorpadum Ha copoeHte NI-NTA u  moasepraics
BbICOKOCTIelMpruyHOMY mpoTeonusy TEV-mporeaszoil. Paznenenue cmecu mnocne
MPOTEOJIM3a MPOU3BOAUIOCH MOBTOPHOM XpoMartorpaduein Ha copberte Ni-NTA, Ho
cobupanuch Gpakiivu, HE CBSI3aBIIMECS C COPOCHTOM, T.K. OHU COJCPKAJIU 1IEJICBOM
oenok. [Ipenapat Genka ObLT MOJYYEH B TOMOT€HHOM cOoCTOsiHUM Maccoi 37,066 k/la
o ganHbiM MALDI-TOF macc-CrieKTpOMETpUYECKOTO aHAJIN3a, YTO COOTBETCTBYET
TeopeTudeckor pacuetHoir Macce (MW = 37,124 x/la). Jlanee Obuia mpoBeneHa
OLICHKa (PEPMEHTATUBHON AaKTUBHOCTH MOJYYEHHOTO PEKOMOMHAHTHOrO (hepMeHTa
JIBYMSI METOJIAMH: MAcCC-CIIEKTPOMETPUUYECKUM U CHEKTPOPOTOMETPUUECKUM, B XOJE
KOTOpBIX ObuTH ompeaeneHbl Ko u Ky st MmoznenbHOro cyoctpara (aHIpoCTepoHa),
koTopsle coctaBmmi 1,2 muH! u 0,8 MKM COOTBETCTBEHHO, YTO COIJIACYETCS C
JUTEPATYPHBIMUA JAHHBIMU O HATUBHOM (PEpMEHTE.

PexomOunantubii 3-HSD 1 tuma B HaTuBHOM (opme ObUI MOJY4YEH MpHU
UCIOJIb30BAaHUU TETEPOJIOTMYECKOM JKCIpeccuu B KieTkax jauHuu Sf9. JlaHubid
OeJIOK TakkKe OYMILAJICi ¢ ToMolblo MeTam-adppuHHOW xpomMarorpaduu Ha
copoente Ni-NTA. IIpenapar Oenka ObLUT ITOJIy4eH B TOMOIEHHOM COCTOSIHUH MacCOU
42,849 kJla ¢ BBICOKOM cTeneHbl0 4YUCTOTHI Mo maHHbiM MALDI-TOF wmacc-
CHEKTPOMETPUYECKOIO aHaiM3a, YTO COOTBETCTBYET TEOPETUYECKON pacyeTHOU
Macce (MW = 43,232 k/la).



POD®EPAT

Heimmomuas padota 62 c., 19 mai., 5 tabm., 126 xperi,.

AufpareHHbIsl aHAOATIYHBIA CTIPOIJBI, CTIpOiAareHe3, piIKaMOIHAHTHBISA
Osuku, hepMeHTHI, TpaHchapmarlbls, JiripaBaHie, diaeKTpadapi3, IKCIpaICcis, MeTal-
apinnas xpamararpadis, MALDI-TOF, Bectapu-6noteiar, EScherichia coli,
Spodoptera frugiperda.

A0'ekT JacienaBaHHsl: PAIKAMOIHAHTHBISA 3-T1APAKCICTIPOIIATIApareHa3bl
yajaBeka.

Mbdra: sKempacis, BBUIYYIHHE, adbICTKAa 1 XapaKTapbhICTbIKa MOTaBBIX 3-
rigpakcicTapoiaaariaparenas yanaseka (AKR1C4 1 HSD3BI1).

Meraabl [gacjegaBaHHsl: cHekTpadaToMeTpblYHBl METajJ — KoJbKacHara
BBI3HAURHHS OsJIKOY 1 MOJIIHyKjIeaThiaay, cekBeHipaBanHe JIHK, snexktpadapas y
arapo3HbIM 1 TMOJIAKPbUIAMIJHBIM  TeJIIX, BECTIPH-OJIOTHIHI, MeTan-a(iHHAS
xpamararpadiss, MALDI-TOF mac-cnektpameTpbis.

Pskam0OinantHel AKR1C4 ¥ HareiyHaii ¢opme Obly aTpbIMaHbl MpbI
BBIKAPBICTAHHI reT3pajariuHaid skcrnpacil ¥ knerkax E. coli BL21. banok, 3a xomr
HasyHacIll MOJiricTeia31HaBail nma3Haki Ha N-kaHubsl MBP, ubicuiycs 3 ganamorait
Metan-apinHail  xpamararpagii  Ha  capOenue Ni-NTA 1 magespraycs
BbICOKacneupipiunamy npamamsy TEV-nparsazait. Ilagzen cymect mnacng
npaTianizy BbIpaOisinacs nmayTopHail xpamartarpadisii Ha capOenue Ni-NTA, ane
30ipanicst (pakiipli, AKis HE 3Bs3a]ics 3 capOeHTaM, T.f. SHbI YTPBIMOYBaJll M3TABBI
osutok. IIpamapar Osiky OblY aTphiMaHbl ¥ TaMareHHbIM ctane Macaid 37,066 k/la na
nanzenbix  MALDI-TOF  wMac-cniekTpaMeTpbpluHara asajizy, IITO —ajarnaBsijae
TIapITHIYHAN pa3mikoBail Mace (MW = 37,124 x]la). /laneit Obia mpaBen3eHa ardHKa
(depMeHTaThIYHAN aKThIYHACI[l aTpbIMaHara piIKaMOIHAHTHbIA (epMeHTa JByma
MeTajaMi: Mac-CIeKTPaMEeTPbIYHbIM 1 CIIEKTpapaTOMETPBIYHBIM, Y XO/A3€ SKIX ObLII
BbI3HauaHbl Kear 1 Ky 011 MagpnbpHara cyocTpary (aHIpacTIpoHy), sikis ckiani 1,2
min? i 0,8 MkM ajgnasegHa, INTO ajnaBsgae 3 JITAPATYPHLIMI Jan3eHbIMI a0
HATBIYHBIM (DEPMEHTHI.

Pakamb6inanTHel 33-HSD 1 Teimy ¥ HaThiyHail ¢opme ObIY aTphIMaHbl MpPbI
BBIKAPBICTAHHI TeTdpanariyHail skcrpacii § kierkax il Sf9. Jlag3zensr Osuiok
Takcama u4bICIiycsi 3 Jamamorail metan-adinHail xpamararpadii Ha capOenue Ni-
NTA. IIpanapar OsuiKy ObIY aTpeiMaHbl ¥ ramMareHHbIM cTaHe Macail 42,849 k/la 3
BBICOKall cTymneHHio ubiciiHi na jaan3eHbix MALDI-TOF mac-cnekTpameTrpbluHara
aHai3y, ITO aJlaBsaae TIapIThluHal paznikoBail Mace (MW = 43,232 k/la).



ABSTRACT

Thesis 62 p., 19 figures, 5 tables, 126 sources.

Androgenic anabolic steroids, steroidogenesis, recombinant proteins, enzymes,
transformation, ligation, electrophoresis, expression, metal affinity chromatography,
MALDI-TOF, Western blotting, Escherichia coli, Spodoptera frugiperda.

Subject of research: recombinant human 3-hydroxysteroid dehydrogenases.

Purpose: expression, isolation, purification and characterization of target
human 3-hydroxysteroid dehydrogenases (AKR1C4 and HSD3B1).

Research methods: spectrophotometric method for the quantitative
determination of proteins and polynucleotides, DNA sequencing, agarose and
polyacrylamide gel electrophoresis, Western blotting, metal affinity chromatography,
MALDI-TOF mass spectrometry.

Recombinant AKR1C4 in native form was obtained using heterologous
expression in E. coli BL21 cells. The protein, due to the presence of a polyhistidine
label at the N-terminus of MBP, was purified using metal-affinity chromatography on
a Ni-NTA sorbent and subjected to highly specific proteolysis by TEV-protease.
Separation of the mixture after proteolysis was carried out by repeated
chromatography on the Ni-NTA sorbent, but the fractions that did not bind to the
sorbent were collected, because they contained the target protein. The protein
preparation was obtained in a homogeneous state with a mass of 37.066 kDa
according to MALDI-TOF mass spectrometric analysis, which corresponds to the
theoretical calculated mass (MW = 37.124 kDa). After that, the enzymatic activity of
the resulting recombinant enzyme was evaluated by two methods: mass spectrometric
and spectrophotometric, during which K and Ky were determined for the model
substrate (androsterone), which amounted to 1.2 min? and 0.8 pM, respectively,
which is consistent with literature data on the native enzyme.

Recombinant 33-HSD type 1 in native form was obtained using heterologous
expression in Sf9 cells. This protein was also purified by metal affinity
chromatography on a Ni-NTA sorbent. The protein preparation was obtained in a
homogeneous state with a mass of 42.849 kDa with a high degree of purity according
to MALDI-TOF mass spectrometric analysis, which corresponds to the theoretical
calculated mass (MW = 43.232 kDa).



