doi 10.18699/bgrs2024-3.1-16

IoaGop yc/i0BUil KPUCTAIA3ANMUN XUMO3MHOB
’KBAYHbIX KMBOTHBIX

Muponosa E.» ?*, Konsi6anos /1., Apxunos C., lrocenosa C.1, IlleBos M.3,

Benenskas C.4, Bonocuukosa E.*, Bopmesckuii B.2, llep6akos J.4

! lenmp xonnexmuenozo nonvzoeanus « Cubupckuti KoIbYeeoll UCMOYHUK (OMOHOE»
Hnemumyma kamanusza u aocopoyuu CO PAH, Hosocubupck, Poccus

2 Hosocubupckuii 2ocyoapcmeennvlil ynusepcumem, Hosocubupck, Poccus

3 Mockoeckuii pusuro-mexnuyeckuti uncmumym, JJonzonpyonwtii, Poccus

4 ®BYH I'HIL] BF «Bexmop», Hoéocubupck, Poccus

* mironovaforwork@gmail.com

KuroueBble ci10Ba: KpUCTAIIN3anus; OEIOK; XMMO3UH; PEHTT€HOCTPYKTYPHBII aHAIN3

Momusayus u yeav: XMMO3UH NIPEJCTABIIACT cO00M OENOK Kitacca MenTuaas, KOTOPbId
AKTUBHO HCIIOJIb3YETCS B MHUILEBOM MPOMBILUIEHHOCTH. Panee 111 mpou3BOACTBA ChIpa
3a CYUET CEJIEKTHBHOTO MpOLIecca CTBOPAXKHBAHUS MOJIOKA HCIIONB30BAIM XHMO3HH,
coJiep KalIuiicsl B M3MEIbUEHHBIX CHIYYyTrax FOHBIX TEJIT, OJHAKO B HACTOSIIECE BpeMs
OCHOBHOM 00BEM 3TOr0 (pepMEeHTa MOIYYArOT OMOTEXHOJOTHYECKUM criocoOom. Jlis
XMMO3UHOB Pa3IUYHBIX BUIOB HAOMIOAAETCS pa3sHas CHeIU()UIHOCTD K Kallla-Ka3enHy
KOPOBBLETO MOJIOKA, B ClTydae XMMO3MHA BEpOJII0Jia MPEBHIIAIOIIAs AaXe MoKa3aTenn
poaroro depmenTta [1]. Llensio Harel pabOTHI SBISCTCSA MOMCK YCIOBUN KPUCTAITH-
3alUM Psila XUMO3WHOB PA3IMYHBIX XKBaYHBIX (AJITalCKUIl Mapai, CeBEpPHbIH OJICHb,
apxap) IUIsl MX AajbHEHIEr0 PEeHTTEHOCTPYKTYpHOTO aHanu3a. [lomydeHHble qaHHBIE
MO3BOJIAT YTOYHHTH TMpPENNojaracMblii MeXaHH3M JACWUCTBHS (epMeHTa, a TaKkxKe
MIPOBECTH aHATHN3 (PaKTOPOB, BIHSIOMINX HA CyOCTPATHYIO CIEI(PUIHOCTb.

Memoowr u ancopummsr. Kpuctrannuzaums XHMO3WHOB ajTaliCKOro Mapaja, Jocs,
apxapa U CeBepHOT'0 OJICHS IPOBOJIMIIACH METOJIOM custueit karumu. s popmupoBanus
Karenb ucmoas3oBaics podbor NT8 Drop Setter (Formulatrix, CIITA). B kauecTBe
pacTBOpoB ocaauTesell ObUIM BBIOpAaHBI KOMMEPYECKH JOCTYIIHBIX CKPHHUHI'OBBIE
Habopel s Kpuctayummsanumu: Pact Premier, Crystal Screen, Index, SG1, JCSG+
(Molecular Dimensions, BenukoOpuranus). [Iporienypa CKpuHUHTa BKIIFOYaia B ceOst
TaKXe BapbUPOBAaHHE COOTHOIIEHHS oOBema pacTBopa Oenka u ocaaurens. [ns
XMMO3MHA alTaiiCKOro Mapana BBIIOJHMIM PEHTICHOCTPYKTYPHBIH aHaiu3 C
WCTIOJNI30BaHUEM CHHXPOTPOHHOTO Wu3nmydeHHs. CheMKy MpOBOIWIM Ha CTaHIHU
CHUHXPOTpOHHOTO HctouHuka u3nydeHus 1D23-1 ESRF (I'peno6mns, @panuus).
Peszynomamur: TlogoOpanbl ycnoBHsS KpHCTAIM3aLMK XMMO3WHA Mapaja, JOocs |
apxapa. Kpucraiisl xuMo3rHa Mapajia ObLIH HOJIYYEHBI B CleAyONHX yceiaopusx: 0.2 M
CaCly, 0.1 M Tris (pH 8.0), 20 % w/v PEG 6000; xumo3zuna socsi —0.2 M CaClz, 0.1 M
arterar Hatpust (pH 5.0), 20 % (w/v) PEG 6000 [1]; xumo3una apxapa — 0.01 M ZnSOs,,
0.1 M MES (pH 6.5), 25 % v/v PEG 550; 0.05 M anerar nuuka, 20 % w/v PEG 3350.
[Mogo0paTh ycIoBHs KPUCTAIUTH3AIMH XMMO3WHA CEBEPHOTO OJICHSI Ha JAHHBIA MOMEHT
HE NOJIY4MI0Ch. BO3MOXKHO, 3TO CBA3aHO ¢ MajIoil KOHLIEHTpaLKe pacTBOpa HCXOAHOTO
Oenka. BbuT BBINOJIHEH PEHTTEHOCTPYKTYPHBIM aHAU3 IOJYYEHHBIX KPHCTAJUIOB B
EBponeiickoM LEHTpe CHHXPOTPOHHOro wu3iaydeHuss W B lllaHxaiickomM UeHTpe
CHHXPOTPOHHOTO m3nydeHus. Jlns xumosuHa Mapana Obiia pacmugpoBaHa
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KpHCTaJUTM4YecKasi CTpykTypa u 3aaenonupoBana B PDB (PDB ID: 8CIK). B cinydae
XMMO3HHA JIOCS yIaJI0Ch ONPEAEIUTh TOJNBKO MapaMeTphl AJIeMEHTapHOW suerku. Jis
XMMO3MHA apxapa B HACTOsIIEE BpeMs BeIyTCsl pabOThl 10 YTOUHEHHUIO CTPYKTYPHOH
MOJIENH.

Bvi6oovi: beimn monoOpaHbl yCIOBHS KPUCTANTM3AlMK XMMO3MHOB Mapaia, JIocs |
apxapa. Jlns XuMoO3MHA CEBEpPHOTO OJeHS TpeOyeTcsl NadbHEWIHil IMMOMCK YCIOBHUI
KpUCTaINIM3alyH. ECTh IpeAnoa0kKeHHe, YTO ONTUMHA3ALNA IPOLESYPBI KPHOIIPOTEKTH-
POBaHMA KPUCTAJIOB XMMO3UHA JIOCS MTO3BOJIUT MOJYYUTH OT BBIPAILIEHHBIX KPUCTAIIOB
Habop OU(PaKIHOHHBIX JaHHBIX, C TMOMOMIBIO KOTOPOTO MOXHO OYAET BBHIOJHHUTH
pelieHre M YTOYHEHHE COOTBETCTBYIOLIEH CTPYKTyphl. beina pacmmdpoBana u
3aJIENOHMPOBaHa CTPYKTYpa XMMO31HA Mapana.

Qunancuposanue. PaboTa BBHIONHEHa B paMKax TOCYJapCTBEHHOTO 3aJaHUs
MunncrepcTBa HayKd W BBICIIero oOpazoBanusi Poccuiickoit @eneparm most LIKII
«CKHD» UK CO PAH (FWUR-2024-0040).

IllesnoB M. wu bBopmeBckuii B. BbIpaxkaloT OnarogapHocTb 3a MOIAEPKKY
MUHHCTEpPCTBY HayKH U BbICIIET0 oOpa3oBanus Poccuiickoit depepannu (cornameHue
Ne 075-03-2024-117, npoexkt FSMG-2024-0012).
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Motivation and Aim: Chymosin is a protein of the peptidase class, which is actively used
in the food industry. Previously, chymosin contained in the crushed rennet of young
calves was used for the production of cheese due to the selective process of milk
coagulation, but currently the bulk of this enzyme is obtained by a biotechnological
method. For different types of chymosins, different specificity to cow's milk kappa
casein is observed, in the case of camel chymosin, even exceeding the parameters of the
native enzyme [1]. The purpose of this work is to search for conditions for the
crystallization of a number of chymosins of various ruminants (Altai maral, reindeer,
argali) for their further X-ray diffraction analysis. The obtained data will clarify the
proposed mechanism of action of the enzyme, as well as analyze the factors affecting
substrate specificity.

Methods and Algorithms: Crystallization of chymosins of Altai maral, elk, argali and
reindeer was carried out by the sitting-drop method. The NT8 Drop Setter robot
(Formulatrix, USA) was used to form droplets. Commercially available screening kits
for crystallization were selected as precipitant solutions: Pact Premier, Crystal Screen,
Index, SG1, JCSG+ (Molecular Dimensions, England). The screening procedure also
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included varying the volume ratio of the protein solution and precipitant. X-ray
diffraction analysis using synchrotron radiation was performed for the Altai maral
chymosin. The experiment was carried out at the station of the synchrotron radiation
source ID 23-1 ESRF (Grenaoble, France).

Results: Conditions of crystallization of chymosin of maral, elk and argali were selected.
Maral chymosin crystals were obtained under the following conditions: 0.2 M CaCly,
0.1 M Tris (pH 8.0), 20 % w/v PEG 6000; moose chymosin —0.2 M CaCl,, 0.1 M sodium
acetate (pH 5.0), 20 % (w/v) PEG 6000 [1]; argali chymosin — 0.01 M ZnSQO4, 0.1 M
MES (pH 6.5), 25 % v/v PEG 550; 0.05 M zinc acetate, 20 % w/v PEG 3350. It has not
been possible to select the conditions for crystallization of reindeer chymosin at the
moment, perhaps due to the low concentration of the initial protein solution. X-ray
diffraction analysis of the obtained crystals was performed at the European Synchrotron
Radiation Center and at the Shanghai Synchrotron Radiation Center. The crystal
structure of the maral chymaosin was deciphered and deposited in PDB (PDB ID: 8 CIK).
In the case of elk chymosin, it was possible to determine only the parameters of the unit
cell. For argali chymosin, work is currently underway to refine the structural model.
Conclusion: The conditions of crystallization of the chymosins of maral, elk and argali
were selected. Further search for crystallization conditions is required for reindeer
chymosin. It is assumed that optimization of the cryoprotection procedure for moose
chymosin crystals will allow obtaining a set of diffraction data from grown crystals,
using which it will be possible to solve and refine the corresponding structure. The
structure of the maral chymosin was deciphered and deposited.
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