206 Proceedings of the National Academy of Sciences of Belarus, Chemical series, 2021, vol. 57, no. 2, pp. 206217

ISSN 1561-8331 (Print)

ISSN 2524-2342 (Online)

VK 577.15:[611+594.3] [Moctymuna B penakiuio 05.02.2021
https://doi.org/10.29235/1561-8331-2021-57-2-206-217 Received 05.02.2021

A. A. Unpkun, O. M. banaesa-Tuxomuposa, B. B. loaimartoBa, U. O. Cemenon

Bumebckuii 2cocyoapcmeennwiti ynusepcumem umenu I M. Maweposa, Bumebck, berapyce

MOJIEKYJAPHO-CTPYKTYPHASA 'OMOJIOTUSA NTPOTEOJUTUYECKHUX
@®EPMEHTOB B U3YUYEHUU MEXAHU3MA ITPOTEOJIN3A U ETO PET'YJIAUN

AHHOTanus. B coBpeMeHHON MeAMLIMHE KUBOTHBIE PACCMATPUBAIOTCA KAK MOJAEIbHBIC OPraHU3MBbI A Pa3InYHBIX
TIATOJIOTHH MPH TOKJINHUYECKUX HCIBITAHUAX U MCTOYHHKH OMOJIOTMYECKOro MaTepuaia JUisl 3aMEeCTUTEIBHOH Tepanuu.
Llenplo mccae0BaHUS SIBUIICS CPABHUTENBHEIH aHAIU3 CTEICHN TOMOJIOTHH MIPOTEOINTHIECKIX (EPMEHTOB y YeIOBEKa
1 JIETOYHBIX MPECHOBOJHBIX MOJITIOCKOB. B X01e MccienoBanns yCTaHOBICHO, YTO TOMOJIOTHS (DEPMEHTOB IO HYKICOTHI-
HBIM TIOCTIEZIOBATEIBHOCTSIM y UEIOBEKA M JIETOYHBIX MPECHOBOJHBIX MOJIITIOCKOB ITPH aHATH3€ HEPETyIHUPYyEeMOTo MpOTeo-
aM3a cocraBigeT 66—68 %; peryaupyemoro nporeonusa — 69—76 %; yOMKBUTHH-OJOOHBIX MoauduKaTopoB — 78—83 %;
BHEKJICTOYHBIX (pepMeHTOB — 67—76 % W BHYTPUKIETOUHBIX (GepMEHTOB — 65-72 %. DBONIONUOHHBII KOHCEPBATH3M IIPO-
TEOTUTHYECKUX (PEPMEHTOB ITO3BOJISIET MCIIOIB30BATh STUX JKUBOTHBIX B Ka4eCTBE ICHIEBBIX M YZOOHBIX B COACPKaHHUH
TECT-OPraHN3MOB M 0OOCHOBBIBACT I€JIECO00Pa3HOCTh (POPMHUPOBAHUS AKBAKYIBTYPHI MOJUIIOCKOB, IS TIONY9EHUS U3 UX
TKaHEeH OeNKOBBIX (PepPMEHTATHBHBIX MPENapaToB MPOTEONUTUIECKOTO AEHCTBHS B paMKax 3a4ad OHo(papMaleBTHKH, KOC-
METHKH U NMUIIEBOH MPOMBIIIICHHOCTH.

KiroueBble cjioBa: MOZAENbHbIE OpraHU3Mbl, (PEPMEHTHI IPOTEONIN3a, HYKICOTUAHBIC MOCICA0BATEIBHOCTH, aMHHO-
KHCJIOTHBIE TIOCIIEIOBATEIILHOCTH, YEJIOBEK, JIETOUHEIE IIPECHOBOJHBIE MOJLTIOCKI

Jas nuTupoBanus. MonekyisipHO-CTPYKTYpHasl TOMOJIOTHS IPOTEOIUTHYECKUX (PEPMEHTOB B U3yUCHUH MEXaHH3Ma
npoteonnsa u ero perynsnun / A. A. Unpkus [u np.] / Bec. Hau. akaxa. naByk benapyci. Cep. xiMm. HaByK. — 2020. — T. 57,
Ne 2. — C. 206-217. https://doi.org/10.29235/1561-8331-2021-57-2-206-217

A. A. Chirkin, O. M. Balaeva-Tikhomirova, V. V. Dolmatova, 1. O. Semenov

Vitebsk State University named after P. M. Masherov, Vitebsk, Belarus

MOLECULAR-STRUCTURAL HOMOLOGY OF PROTEOLYTIC ENZYMES IN THE STUDYING
OF PROTEOLYSIS MECHANISM AND ITS REGULATION

Abstract. The actual problem of experimental medicine is the substantiation of new model organisms that meet modern
requirements of bioethics, cost and conditions of detention. The aim of this work was a comparative analysis of the homology
degree of proteolytic enzymes in humans and pulmonary freshwater mollusks. The homology of enzymes in nucleotide se-
quences in humans and pulmonary freshwater mollusks in the analysis of unregulated proteolysis is 66—68 %; regulated prote-
olysis — 69—76 %; ubiquitin-like modifiers — 78—83 %; extracellular enzymes — 67-76 %; and intracellular enzymes — 65-72 %.
The evolutionary conservatism of proteolytic enzymes and the presence of an open blood circulation, which allows the sub-
stances under study to be delivered from the hemolymph directly to target cells, make it possible to use these animals as cheap
and convenient test organisms. The practical importance of a sufficiently high homology degree of proteolytic enzymes in
humans and pulmonary freshwater mollusks justifies the expediency of forming mollusk aquaculture to obtain proteolytic
enzyme protein preparations from their tissues within the framework of the tasks of biopharmaceuticals, cosmetics and the
food industry.
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Brenenue. Okosio 5 % reHoMa MHOTOKJICTOYHBIX OPraHM3MOB OOECIIeUMBaeT KoaupoBaHue ¢ep-
MEHTOB TpoTeonu3a. OHU MPUCYTCTBYIOT MPAKTHYECKH BO BCEX KIETKAX U OMOJIOTHYECKUX KHUIKOCTSIX
opranu3Mma. [ eHOTHIT OpraHU3MOB BEIpaKaeTCs B PEHOTHIIE, T. €. B CIIEKTpax OenkoB. benku nmporeonu-
TUYECKU PACIICIUISIOTCS [T 00€CIICUeHU s BaXKHEHIUX (DyHKIUI KJIETOK, TKaHel u opranusma. [Ipo-
TEONIUTHYUECKHE (DEPMEHTBI OTHOCSTCS K KJIACCy THJPOJIA3, KOTOPhIC PACIICIUISIOT MENTUIHYIO CBS3b
MeXIy aMHUHOKHCIOTaMH B Oelikax. B HacTosimee Bpems coryiacHO MexyHaponHoit 6aze MEROPS
12.0 (https://www.ebi.ac.uk/merops/whatsnew.shtml) menrtugassr 1 mpoTenHAa3bI (ITPOTEa3bl) MOAPaA3IC-
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JSIOTCS HA CEMb CEMEICTB Ha OCHOBE MPUPOABI KaTaJIUTUYECKUX IIEHTPOB: aclaparuHOBbIC — THI A
(BriepBoie onucanbl B 1993 1), nucrennosbie — tum C (1993 1), cepunoBsie — tum S (1993 1), meTasmio —
tan M (1993 1.), TpeonmnoBeie — tum T (1997 r.), rmyramuHoBeie — Tunm G (2004 1.), acmapa-
ruH-nentua-1uasel (2010 1.). K acnaparnHoBbIM mpoTea3aM oTHOCAT Karencuusl D, E, penun, nencus,
MPECEHWIMHBI U JIP.; K LUCTEHMHOBBIM ITPOTEa3aM — Kacla3bl, KaTeIICHHbI, KaJIbIauHbl, aMuaopochopu-
Oo3miTpaHcdepasa u Ap.; K CEpUHOBBIM — IMTAHKpeaTnueckne (PepMeHTHI, 3J1acTasa, HyKJICONOPHH, JaK-
TodeppuH, KAJUTMKPEHHBI, OJTUTONENTHIa3bl ¥ JIP.; K METAIIJIONENTHAa3aM — aMHHO- M KapOOKCHTICTI TH-
nasel, AIAM u ap.; K METauIONpOTEnHA3aM OTHOCST IIUHK-3aBUCHUMBIE (DEPMEHTHI MEXKJIETOUHOTO
MaTpuKca (KOJIareHasbl, XKeJaTHHA3bl, CTPOMENIU3HUHBI); K TPEOHHHOBBIM — IIPOTEaCOMHbBIE (PePMEHTHI;
K TJyTAMHHOBBIM — KHCJIbIE HEUYyBCTBUTENIbHBIC K TENCTaTHHY MPOTeas3bl — SKOJIM3MHBI, K acnapa-
TUH-TITITH/I-THa3aM — OEJIKH 000JI0YEeK BHPYCOB, ayTOTPAHCIIOPTEPHBIE OENKU, HHTEHH-COJIEPIKaIIIe
6enku. K cemeiictBy U OTHOCAT HEM3BECTHBIE U TJIOXO U3yUYEHHBIE MPOTenHa3bI [1-3].

Henu npoteonu3za: 1) mOCTTpaHCISIIUOHHBIA MPOLECCHHT (TPENPoanbOyMUH — MpoaTb0yMuH —
anpOyMuH); 2) ynajJeHUe WHULIUUPYIOMIEIrO0 METHOHUHA, YTO ONpPEIesIeT MEPUO MONYKU3HU Oenka
(mpaBuio N-koH11a); 3) ylaJeHre CUTHAIBHOTO TIENTH A TIOCTIE [IEJIEBOTO TPAHCTIOPTa Oellka 4yepe3 MeM-
Opany; 4) pacIieruieHue OeTKOB-TIPEAIICCTBEHHUKOB ST (JOPMUPOBAHMS CHEITUGUIHBIX MOJIEKYIT
(OuoperysITOpoB, Kackaj] CBEpThIBAHUSI KPOBH, CHCTEMa KOMILIEMEHTa); 5) BHEKIETOUHOE (MUIIeBape-
HHUE) U BHYTPUKIIETOUYHOE PaCIICIUICHUE OEJNKOB (JIM30COMBI — ayTO(arus HECENCKTUBHBIA MyTh, MIPH
HAJTUYUH NenTUAHON nmocnenoBaTenbHOcTH KFERQ cenekTuBHEIN My Th; MPOTEacOMbl — YOMKBUTHHU-
poBanne u AT®-3aBUCUMEI TPOTEOIIH3); 6) «COTOBAS» PETYIALHS MTyTEM aKTHBAIIUH WM JIe3aKTHBA-
U (PEPMEHTOB METa0OIHMUYECKUX U CHUTHAJBHBIX IyTeH, (pakTOpPOB TPaHCKPHUIILIUUA U PEIENTOPOB;
7) ynpaBiieHHe KJIETOYHBIM [IUKJIOM Yepe3 MPOTEOIN3 HUKINHOB YOUKBUTHH-OIIOCPEAOBAHHBIM IPOTEO-
JUTHUYECKUM IyTeM; 8) Kaclasbl — MPOTEONUTHYECKHE (DEPMEHTHI aromnTo3a; 9) ayTonpoTeoauTHye-
ckoe oOpa3oBanme moMeHOB (akTopa poH Bumnedpanna tuna D, nomena FrpC Neisseria meningitidis,
paspsiBa cBsi3u Gly-Ser B mogMHOXKECTBE JOMEHOB Oenka criepMbl U 1ip.; 10) camoriepeBaprBaHme TKa-
HeW MpH MaHKpeaTUuTe, aKTUBAIUS JIN30COM IIPH CaxapHOM JuadeTe, peBMaTOMJIHOM apTPUTE, Pa3BUTHE
Oosie3nu AubrreiiMepa u ap.; 11) mpoTeasbl MOT'YT peryIupoBaThecsl aHTUIIPOTEa3aMy I HHTUOUTOpa-
MU MpOoTeas3, U AucOaIanc MeXy IpoTea3aMu U aHTUIIPOTEa3aMi MOXKET MPUBOIUTH K 3a00JICBaHUSIM,
HaTIpUMeD, K pa3pyIIeHHIO TKaHeH Jerkux mpu smbuzeme. Takoe pa3HooOpasne MpoTEOTUTHIECKUX (hep-
MEHTOB 00ecleynBaeT UX y4acTHe B CyJp0e, JIOKAJTU3allu1 U aKTUBHOCTH MHOTHX OEJIKOB, YIIPaBICHUH
0enoK-0eIKOBBIMH B3aUMOACHCTBUSIMH, CO3JaHUM HOBBIX OMOAKTHUBHBIX MOJICKYJ, BHECEHUH BKJIaaa
B 00pabOTKy KJIETOUHOU MH(OPMALUH MOCPEACTBOM T'€HEPUPOBAHUS, TPEOOPA30BBIBAHMS, YCHIICHUS
WJIA OTMEHBI MOJIEKYJISIPHBIX CUTHAJIOB. Kak MpsiMoii pe3yJsibTaT 3TUX MHOKECTBEHHBIX JEHCTBUM, ITPO-
TEWHAa3bl BIUSIOT Ha perukainuio u tpanckpunuuio JHK, npomudepannio n nuddepeHnnpoBky
KJIETOK, MOp(doreHes u peMoneInpoBaHre TKaHeH, TeIJIOBON LIOK, aHTHOTeHe3, HEeHPOoreHes, OBYIIs-
LU0, OTLIONOTBOPEHHE, 32KUBJICHUE PaH, MOOMIIU3ALIMIO CTBOJIOBBIX KJIETOK, TEMOCTa3, CBEPTHIBAHUE
KpOBH, BOCIIaJICHHE, HIMMYHHUTET, ayTo(darnto, crapeHne, HeKpo3, aronTo3 ¥ MHOTHE APYTHE MTPOIIECCHI
[4—6]. [TooTOMY M3MEHEHHUS B MPOTECOTUTHUCCKUX CUCTEMaX JIKAaT B OCHOBE MHOKECTBA MATOJIOTHYIC-
CKUX cocTostHui. Hampumep, B maroreHese cunapoma [lanuiiona—JledeBpa BaxkHYIO poiib UTpaeT Ka-
tericuH C, nmumdombr XomkkuHa — karerncunbl B, H, L, S, nepMatutoB u 3a00jeBaHUN KUIIIEYHUKA —
MeTajionporea3a 17, moBpexaeHni Koxu — smtn3ud (MMP 28), perieccuBHOTO TUCTPO(UUYECKOTO
Oymnesnoro smuaepmonnza — MMP 1, numdoanenomarnn — DDP IV (cepuroBas mpoTeasa), icoprasa
W PEeBMATOUTHOTO apTpuTa — apr-, ana-, Jel-amuHonentuaassl 1 DDP 1V, ncopuasa u cebopen — kacra-
3a 14, annepruyeckoro KOHTAKTHOTO JepMaTUTa — TPUITa3a. BHYTPUKOXKHBIN U MOJKOKHBIN Ty TH BBE-
JCHUSI TEPANIeBTUUECKUX OCJIKOB M BAaKIIMH MOTYT CHHMJKATh UX OHOJOCTYITHOCTD 3a CUET MPOTCONHUTH-
4ecKuX (PepMEHTOB KOXKH, MOJKOKHON KIIETYATKH, TUM(ATHUECKUX MyTeH 1 MTUM(paTHIeCKUX TKaHeH
[7]. DTO 0COOEHHO BaXKHO MJIsI YCIIEITHOCTH BaKIIMHAIINK HAaceleHus B yciaoBusax manaemun COVID-19
[8, 9]. B cBs3u ¢ mannemueil ocoObIif HHTEpEC MPEACTABISIIOT TaK)Ke MAJIOM3yUYEeHHbIE TTPUPOIHBIE pe-
3epByapbl KOPOHABUPYCOB B BOAHOM CpEAe M CTOYHBIX BOJAAX, a TaKXKe MX CBSI3b C BOJHOW OHOTOH,
BKJTIOYAst JIETOYHBIX TPECHOBOHBIX MOJUTIOCKOB [10]. [Ipr 3TOM BaxkHa CBSI3b MIPOTEOIN3A U PETYJIISIHH
BUpYJEHTHOCTH matoreHoB [11]. B HacTosmee Bpems hepMeHTaTHBHAS TEpanus — OYCHb EePCIEKTHB-
HOE HaIpaBJIeHHE JICUYCHHUST COCTOSIHUH, BEI3BAHHBIX (PMOPO3HBIMH M PYOLIOBBIMH POIIECCaMH U CBSI3aHHBIX
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C Upe3MEpHBIM HAKOIUIEHUEM KoyutareHa. [Ipy HegocTaTouHOCTH MaTPUKCHBIX METAJJIONPOTEHHA3 UC-
MOJNIBb3YIOT KoJutareHassl U3 Clostridium histolyticum v M3 momKenynouHON xenesbl kpada Paralithodes
camtschatica n3 cemetictBa Lithodidae. 1lenecoobpa3en mouck 0osiee TOCTYIMHBIX U OJU3KUX K YEII0-
BEYECKUM MMPOTEHHA3aM MPOTEOTUTHUYECKUX (DepMEHTOB )KUBOTHBIX [12]. Mcmonb3ys dyopecieHt-
HbIE MOJIEKYJISIPHBIE MasiKi OJIMKHEr0 MH(PPaKpacHOTo AHANa3oHa U METOIbl HHBEPCUH, YIaI0Ch 10-
JYYUTh TPEXMEPHBIE N300paskeHUsI TPOTeasbl in Vivo (METO MOJIEKYJISIPHON TOMOrpaduu IpOTEOIUTH-
geckoi akTUBHOCTH) [13].

Pa3paboTka OMOIOTMYECKUX U MEAMIIMHCKHUX aClEKTOB MPOTEOIN3a TPeOyeT UCIOIb30BaHUS MO-
JenbHBIX opranu3moB. [lo kiaccuueckum npeacrasiaenusm [ Kapna [14] cymiecTByoT 1ecTb OCHOBHBIX
MOJETIBHBIX OPraHu3MoB: Escherichia coli (nyst npokapuor), Saccharomyces cerevisiae (1715 9yKapuor),
Arabidopsis thaliana (nns pacrennii), Caenorhabditis elegans (KN€TOYHBIA UK, HEHPOOHOIOTHS),
Drosophila melanogaster (renetuka), Mus musculus (demoBex). [Ipu MTOKITMHHUYIECKUX HCIBITAHUSIX
U OTPabOTKe JIeUeOHBIX TEXHOJIOTUH OOBIYHO MCIIONIB3YIOTCS MIICKOMTUTAIOIMINE (KPBICHI, KPOIHKH, CO-
0aku, CBUHBU, 00€3baHbI). OTHAKO U3-32 ITHUECKUX IPUYMH U JJOPOTOBU3HBI UX IPUMEHEHHE COKpallia-
ercst. B To e BpeMsi 3KCIepUMEHTHI Ha KJIETOUYHBIX KYJIbTYPax HE PELIatoT MHOTHX ITPOOJIEM MEXKKJIe-
TOYHOI'O B3aUMOJEICTBUS B TKaHSIX OpraHu3Ma, TpeOyIOT CIELUaJIbHOIO0 00OPYHOBAHMS, PEarcHTOB
U crienranuctoB-mMopgonoros. [ToaTomy BHUMaHKE Hccie0BaTeNe TPUBIIEKAIOT MPOCTEHIIINE MHOTO-
KJICTOYHBIE 3yKapPUOTHUYECKUE OPTaHM3MBbI, B KOTOPBIX MPEICTaBICHBI OCHOBHBIC TUIIBI KJIETOK, MEX-
KJICTOYHBIX B3aMMOJCHCTBUH, MeTaboin3Ma U PeryiasTopHbIX cucteM. LlIupoko pacnpocTpaHeHHbIE
JIErOYHbIE IPECHOBOIHBIC MOJITIFOCKH OBbIJIM KaHIUAATaMH TECT-OPraHU3MOB ISl HEHPOOHOJIOTMH U IKO-
Tokcukosoruu [15]. Bo Bropoii monoBuae XX Beka jaypearsl HoOeneBckoit mpemun A. XOmKKHH,
3. Xaxcnu u O. Kanjen npusHaiy, 4To JIErOYHbIE TPECHOBOHBIE MOJTIOCKH MOT'YT CITYKHUTb MOJEJ -
MH JUIsl TIOHMMaHUsl OCHOBHBIX HeHpoOuoiormieckux mporeccoB [16, 17]. K HacTosmemMy BpeMeHH
y HEX uaeHTH(uIrpoBaHo okoio 100 meliporentumos [18], onpeneneHbl MEXaHU3MBI TTAMSTH, B TOM
gucie onpexneneHa poias MUKpoPHK (Lym-miR-137) [19, 20], uccienoBanbl MEXaHU3MBI TTPOSIBICHUH
napkuHcoHnusMa [21] u ap. B Pecnybnuke benapycek Takue uccienoBaHus 0CyIIECTBISIOTCS O] PyKO-
BOJICTBOM JIOKTOpa Ouosorndeckux Hayk A. B. Cugoposa [22]. [1lupoko pacripocTpaHeHHBIH B BOjIOE-
Max MOJUTIOCK Lymnnaea stagnalis Obl1 MPU3HAH MOJEJIBHBIM OPTaHU3MOM [JIS1 HCCIICIOBAHUSI BOACH-
CTBHS BOJOPACTBOPHUMEBIX XMMHUYECKHUX areHTOoB B EBporetickom coroze B 2010 1. [23]. PazpaboTanst
JeTajabHble TPEOOBAaHUS K MPOBEIEHUIO CTPOTO KOHTPOIHPYEMBIX IKOTOKCHKOJIOTHYECKNX UCCIIeI0Ba-
HUHW B TEYCHHE BCEH MIIM YaCTH KU3HU MOJUTIOCKA [24-27]. HUIIMaTOpaMy MHOTOYHCIICHHBIX HCCIIe-
JOBAaHUH 1O 3TOMY HampasjieHuio B PecniyOnuke benapych siBisiioTcs JOKTOpa OHMONOTHYECKUX HAyK
A. 1I. T'ony6eB u C. E. JIpomamiko [28—30]. O6mupHBIE TEHOMHBIC, TPAHCKPUTITOMHBIE, IPOTEOMHEIE
1 MeTa0OJIOMHBIE IAHHBIE, TOJTyYEHHBIE JIJIS JISTOYHBIX TPECHOBOIHBIX MOJUTIOCKOB, JTOCTYITHBI B MEX-
OyHAapOAHBIX 0a3ax JaHHBIX. He aHHOTUPOBaHHBIN YEepHOBOH reHOM Lymnnaea stagnalis yxe AOCTY-
neH B 0aze nanubix NCBI u B HacTosmiee BpeMs NpenpuHUMAIOTCS yCHIIHS TI0 CO3JaHUI0 aHHOTHPO-
BAaHHOI'O I'€HOMa. JTO MO3BOJIUT MOJAEINPOBATH IPOLECCH XUPATIBHOCTH, PEIPOAYKIIUH, IMMYHUTETA,
B3aMMOJIEHCTBUSI IAPA3UT—XO35IMH, OCTPBIX U XPOHUYECKUX aJaTUBHBIX PEAKLUI U IPOSIBJICHUH psaa
3a0oneBanuii uenoBeka [15]. Ha 1erouHsIx mpecHOBOIHBIX MOJITIOCKAX TPUMEHEH METO]] pelakTHPOBa-
nus renoma CRISPR / Cas9, ynocroennsiit HoGenesckoit mpemun B 2020 1. [31, 32]. DTO OTKpHIBaeT
HOBBIE BO3MOKHOCTH JIJI51 UCTIOJIB30BAHUS JIETOUHBIX PECHOBOAHBIX MOJIJIFOCKOB KaK MOAEIBHBIX Opra-
HU3MOB PA3JIMYHBIX HAaTOJOIMYECKUX MPOLECCOB, a TAKKE Ha JOKJIMHUYECKHX 3Talax HUCCICIOBAHUS
(hapMakoIMHAMHKYU OHOJIOTHYECKH AKTUBHBIX BEIIECTB.

Lenb nanHoi pabOThI — CPABHUTEIBHBIN aHAIN3 CTEIIEHU TOMOJIOTHH TPOTEOTUTHIECKUX PepMeH-
TOB y YEJIOBEKa U JIETOYHBIX ITPECHOBOIHBIX MOJITIOCKOB.

Marepuaa U MeTOAbl McCJIEIOBAaHUsI. B kauecTBe CpaBHHBAEMBIX JKUBOTHBIX M BO3MOXHBIX
HMCTOYHHUKOB MOIYUYCHHSI TPOTEOTUTHIECKUX (PePMEHTOB H30paHBI IIHPOKO PacIpoCTpaHEHHBIE B BOJOE-
Max EBpombl JierouHble TPeCHOBOJHBIC MOJUTIOCKH — MPYAOBUK OOBIKHOBEHHBIH (Lymnaea stagnalis),
Tak)Ke Karyuika porosas (Planorbarius corneus). bivxaillinM poICTBEHHUKOM TMOCIEIHEH SBISETCS
Xopouo usyueHHas Biomphalaria glabrata, B 4yacTHOCTH, U3BECTEH €€ MOJHBIM aHHOTUPOBaHHBIN Ie-
HOM [33, 34]. YunutsiBas 3T0, OBLI MPOBENCH CPAaBHUTCIHHBIN aHATN3 TOMOJIOTHH TMPOTCOTUTHICCKUX
(dbepmenToB uenoseka (Homo sapiens) u Biomphalaria glabrata.
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[ouck n 0TOOP HYKICOTHUIHBIX MOCIEAOBATEIBHOCTEH, KOTUPYIOIINX OCIKH 4eJIOBEKa, OCYIIeCT-
BJISUICS Ha cepBepe https:/wWww.ensembl.org; MOMCK TOMOJIOTHYHBIX TTOCIEAOBATEIBHOCTEN I MOJI-
JIIOCKOB — Ha cepBepe https:/www.ncbi.nlm.nih.gov mpu momomu pecypca BLAST; onncanne 6einkoB
JIUIs YeJioBeKa ObLIO B3ATO C pecypca https:/www.uniprot.org; mapHOe BhIpaBHHBAHUE M CPABHEHUE I10-
CJIEZIOBATEIBLHOCTEH YeJOBEKa M MOJUIIOCKOB BBINOJIHEHO B mporpamme MEGA 5.2.; moctpoenue 3D-
CTPYKTYpP (hepMEHTOB IS MOJLTIOCKOB OCYIIECTBIISIOCH Ha cepBepe https:/swissmodel.expasy.org mo
mabdiaony 3D-cTpyKTYypsl (hepMEHTOB YellOBeKa, HAWJCHHBIX B OaHKE TaHHBIX TPEXMEPHBIX CTPYKTYP
0CIKOB M HYKJICHHOBBIX KHCIIOT http://www.rcsb.org. B pabote ncrnonb3oBanu clieyoMuid allrOpHTM:
MOMCK HYKJICOTHIHOM MOCIIEIOBATEIBHOCTH — MOCTPOSHHE aMHUHOKHUCIOTHBIX MOCIEI0BATEIbHOCTEH
CpPaBHHUBAEMBIX OEJIKOB — MX IMAPHOE BHIPaBHUBAHHUE M OLIEHKA CTEIICHU FOMOJIOTMH IEPBUYHBIX CTPYK-
Typ NS (HyKJI€OTHIHBIE MTOCTENOBATENFHOCTH) AAS (aMIHOKHMCIOTHBIE TTOCIIEIOBATEIEHOCTH) — OIIEHKA
TPETUYHBIX CTPYKTYP O apXUTEKTYpe MOJIEKYJ U UX JOMEHHOH opranu3amuu [35]. MccnenoBanue mMo-
THUBOB U CTPOCHHSI aKTHBHBIX IECHTPOB (DEPMEHTOB HE BXOJMJIO B 3a/1a4M JaHHOU paOOTHI.

B pabote npoBenen aHanus 75 6enKOB (B CKOOKaX KYpCHBOM 0003HAuCHBI TE€HbI):

cemu hepmenmos nepecyrupyemozo npomeonuza B ToMm uncie: K® 3.4.11. — Aminopeptidase B
(RNPEP); Leucyl aminopeptidases (LAP); K® 3.4.21. — Prolyl oligopeptidase (PREP); ATP-dependent
Clp protease proteolytic subunit (CLPP); Furin unu PACE (Paired basic Amino acid Cleaving Enzyme —
«(pepMeHT, pacierIIonuii 0eoOK B MECTe CIAapeHHBIX OCHOBHBIX aMUHOKHCIOTY) (FURIN); K®
3.4.23. — Signal Peptide Peptidase (SPP); K® 3.4.24. — Thimet oligopeptidases (THOPI);

wecmu ghepmenmog pezynupyemo2o npomeoausa (YOUKBUTHH-IIPOTEACOMHOT'O ITyTH) B TOM YHUCIIE:
K® 2.3.2. — Ubiquitin conjugating factor E4 B-like (TcasGA?2); Ubiquitin conjugating factor E2 W-like
(UBE2W); Ubiquitin conjugation factor E2 E1 (UBE2EI); E3 ubiquitin ligase (WD40 domain) (RFWD2);
Ubiquitin-like modifier-activating enzyme 5 (UBAY5); K® 3.4.19. — Ubiquitin carboxyl-terminal hydro-
lase L5 (UCHLY);

Ooessamu 06enko8 Youkeumun-no0oonvix moouguxamopos u youxkeumuna: SUMO2 u SUMO3 (Small
ubiquitin-like modifier); NEDDS8 (Neuronal-precursor cell-expressed developmentally down-regulated
protein 8); ISG15 (IFN-stimulated gene 15); GABARAP (Gamma-aminobutyric acid receptor-associat-
ed protein); FAT10 (F-adjacent transcript-10); UFM1 (Ubiquitin-fold modifier-1); URMI1 (Ubiquitin-re-
lated modifier-1); Ub (ubiquitin);

20 enexaemounvix gpepmenmos B Tom uncie: K® 3.4.15.1 — Angiotensin-converting enzyme (ACE);
K® 3.4.17. — Angiotensin-converting enzyme 2 (ACE2); Carboxypeptidase B2 (CPB2); K® 3.4.11. —
Chymotrypsinogen B (CTRBI); Chymotrypsinogen B2 (CTRB2); Chymotrypsin-C (CTRC); Chymo-
trypsin-like elastase family member 2A (CELA2A); Kallikrein-1 (KLK/); Plasma kallikrein (KLKBI),
Plasminogen (PLG); Prothrombin (F2); K® 3.4.23. — Pepsin A-3 (PGA3); Pepsin A-4 (PGA4); Pepsin
A-5 (PGAS5); Renin (REN); Gastricsin (Pepsinogen C) (PGC); K® 3.4.24. — Matrix metalloproteinase-9
(MMP9); Matrix metalloproteinase-17 (MMPI17); Matrix metalloproteinase-21 (MMP21); Matrix metal-
loproteinase-24 (MMP24);

33 enympuxaemounvix gpepmenma B ToM uncie: K@ 3.4.11. — Glutamyl aminopeptidase (ENPEP);
Cytosol aminopeptidase (LAP3); Methionine aminopeptidase 1 (METAPI), Methionine aminopeptidase
1 mitochondrial (METAPID); Methionine aminopeptidase 2 (METAP2); Aspartyl aminopeptidase (DN-
PEP); Aminopeptidase Q (LVRN); Aminopeptidase B (RNPEP); Aminopeptidase N (4ANPEP); Amino-
peptidase O (AOPEP); K® 3.4.17. — Carboxypeptidase Al (CPAI); Carboxypeptidase A2 (CPA2); Car-
boxypeptidase A4 (CPA4), Carboxypeptidase A6 (CPA6); Carboxypeptidase Bl (CPBI); Carboxypepti-
dase D (CPD); K® 3.4.21. — Granzyme-B (GZMB); Hepsin (HPN); Rhomboid-related protein 1
(RHBDLI), Rhomboid-related protein 2 (RHBDL?2); K® 3.4.22. — Caspase 1 (CASPI); Caspase 3 (CASP
3); Caspase 7 (CASP 7), Caspase 8 (CASP 8); Calpain 1 (CAPNI); Calpain 2 (CAPN2); K® 3.4.23. —
Cathepsin D (CTSD); Cathepsin E (CTSE); Presenilin-1 (PSENI); Presenilin-2 (PSEN2); Signal Peptide
Peptidase (SPP); K® 3.4.24. — Neprilysin 2 (NVEP2); Disintegrin and metalloproteinase domain-contain-
ing protein 17 (ADAM17).

Juis cpaBHEHUs OBUIN B3SATHI 08a (hepmeHma nypuHo8020 oOMeHa, BaKHOTO IS CHHTE3a HyKJIeo-
traoB: Amidophosphoribosyl-transferase (phosphoribosyl pyrophosphate amidotransferase) (K® 2.4.2.14)
(PPAT) u Adenylosuccinate lyase (adenylosuccinase) (4.3.2.2) (ADSL).
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l'omonorust nzydeHHsix 0eikoB 1Mo NS- u AAS-NOCIEA0BaTEIBHOCTSIM HAaXOJWIACh B IMpenenax
26,4-95 %, nostomy ycinoBHo auanazoH 20—40 % Obl1 ONPUHAT KaK HU3KUHM YPOBEHb I'OMOJIOTHH,
41-70 % — cpenuuit ypoBeHb romosniorun u 6oiee 70 % — BBICOKUN yPOBEHb TOMOJIOTHH.

Pe3yabTaTsl M uX 06cy:xkaenue. [Ipy cpaBHUTEIHHOM aHaJIn3e (EPMEHTOB HEPETYITUPYEMOT0 TIPO-
Teonu3a yenoseka u Biomphalaria glabrata ycTaHOBIIEHO, UTO HUTO30JIbHASI CEPUHOBAs nenTuaasa Pro-
lyl oligopeptidase, pacieruisironiasi NeNTUAHYIO CBsI3b C-KOHLEBOTO MPOJIMHA, UMEET TOMOJIOTHIO IO
NS - 66 %, mo AAS — 62 %; ATP-dependent Clp protease proteolytic subunit — cepunoBas mporeasa,
cojieprkaliiasi KataauTudeckyto Tpuany Asp-His-Ser, romonoruuna mo NS — 68 %, nmo AAS — 67 %;
Furin — cepuHoBas mpoTeasa KJIETOK JKHBOTHBIX, PACIIOIOKEHHAs B armnapate [ 0baku, TOMOIOrnyHa
mo NS — 69 %, no AAS — 68 %; Signal Peptide Peptidase — BHyTpuMemMOpaHHas acnapTHII-IpoTeasa
romonornyHa o NS — 67 %, mo AAS — 68 %; Amino-peptidase B — xaTanusupyer oTmierieHre OT
nenTu10B N-KOHIIEBBIX 0-aMHHOKHCIIOTHBIX OCTATKOB, & TAKXKE TUIPOJIU3 (-AMUJI0B AMHHOKHUCIIOT U €€
romotorust o NS — 66 %, o AAS — 50 %; Leucyl aminopeptidases (cytosol aminopeptidase) — ¢ep-
MEHT, IPEUMYLIECTBEHHO KaTaJIM3UPYIOIIUI THAPOIU3 JCHIIMHOBBIX OCTATKOB Ha N-KOHLIE MENTH/I0B
u OenkoB, romoniorudeH o NS — 66 %, mo AAS — 55 % u, nHakoren, Thimet oligopeptidases — cemeii-
CTBO METAJUIONENTHA3, yUAaCTBYIOIUX B Jerpajalluy NeNTHI0B — OpaJUKMHHUHA, HEHPOTEH3MHA, aH-
ruoten3una | u nentuaa AP, umerot romonoruto mo NS — 66 %, no AAS — 63 %.

CpaBHHTEIBHBIN aHaln3 (PepMEHTOB PEryJHpyeMOro mpoTeonnsa mokasai, yrto Ubiquitin conju-
gating factor E4 B-like — onocpenyromuii cOopky monmyOMKBUTHHOBEIX IleTiel Ha cyOcTparax, yOuK-
BUTHHHPOBAHHBIX IpyTroil youkButuHInTa3oi E3 romonoruden mo NS — 72 %, mo AAS — 49 %; Ubig-
uitin conjugation factor E2 W-like, npunumaromuii yOuKBUTHH u3 KoMmIiekca El u karanu3upyronuit
€ro KOBaJEHTHOE MPUCOEAMHEHUE K ApyTruM Oenkam, romonorudeH mo NS — 75 %, mo AAS — 74 %.
Ubiquitin conjugation factor E2 E1 — npunumaet yOukBuTHH U3 KoMmIiuiekca El n katanusupyer ero
KOBaJICHTHOE NMPUCOEINHEHHE K APYTUM Oenkam romosorudeH no NS — 75 %, mo AAS — 88 %; Ubiqui-
tin carboxyl-terminal hydrolase L5 — neyOukBuTHHUpYOmMUNA (epMEHT, CBA3AHHBIA C PETryIATOPHON
cyosenunuiein 19S nporeacomsr 26S romosiorudeH mo NS — 72 %, o AAS — 67 %; Ubiquitin-like
modifier-activating enzyme 5 — cneunu4ecku KaTajqu3upyeT MEPBYIO CTAAUIO IPUCOSIUHEHHS MO~
¢uxaropoB UFM1 u SUMO2 u umeet romonoruto 1o NS — 76 %, no AAS — 59 % u E3 ubiquitin ligase —
pacro3HaeT OCITKOBBIN CyOCTpaT M CITOCOOCTBYET MIIM HETIOCPEICTBEHHO KAaTaAIU3UPYET ITePEeHOC YOUK-
BuTHHA OoT E2 k GenkoBomy cyOcTpaTy — romonorus mo NS — 69 %, mo AAS — 51 %.

Jist cpaBHEHU S PUBEICHBI TaHHBIE O IBYX (hepMeHTax mypuHoBoro oomMena: Amidophosphoribosyl-
transferase — gepMmeHT, Karanu3upyroumi npepamenue S-hocpopudosun-l-nupodocdara B S-oc-
¢dopudo3mi-1-amun, romonorus mo NS — 68 %, nmo AAS — 67 %, Adenylosuccinate lyase (adeny-
losuccinase) — GpepMeHT, KaTaIH3uPYIONUI peBpalieHue aaeHuiIcyknuaata B AMP u ¢pymapat, romo-
goruueH no NS — 64 %, no AAS — 60 %.

U3zBecTHO, uTOo yOoukBuTHH-NI0n00HBIe Moaudukaropsr SUMO (Small ubiquitin-like modifier) Bos-
JICYCHBI B PETYISIIHUIO Psiia KIETOUHBIX MPOLIECCOB: SIACPHBIA TPAHCIIOPT, PEIUIMKALMIO U PEMapamuio
JHK, Tpanckpumnunio, amonTo3, cCTabMmIM3anuio 0EIKOB. Y MO3BOHOYHBIX OOHAPYKEHO 4 TOMOJIOTHY-
HbIX reHa — SUMOI, SUMO2, SUMO3, SUMO4. Tlono6HO yOMKBUTHHUPOBAHHUIO, MPUCOCIMHECHHE
SUMO «k cybcrpary — cyMouupoBaHue (sumoylation) — MpoUCXOAUT Yepe3 0Opa3oBaHKe U30MENTHA-
Hol cBsi3u Mexay C-koHueBslM octatkoM Gly B monekyne SUMO u g-amuHorpynmoi ocrarka Lys
B MoJieKkyJie cybcrpaTta — romonorus mo AAS anst SUMO?2 — 33 % w nns SUMO3 — 35 %; nocnenoBa-
teapHOcTel SUMOI n SUMO4 y moitocka He oOHapyxeHo. beiok NEDD 8 (Neuronal-precursor cell-
expressed developmentally down-regulated protein 8) momaBisieT sKCpeccro Habopa reHOB B TIPE/IIIe-
CTBEHHHKaX HEPBHBIX KJIETOK BO BpEMS pa3BUTHUA MO3ra; ero romosorus no AAS cocrasiser 92 %.
Bemox ISGI5 (IFN-stimulated gene 15) BoBiiedeH B perymisiiini0 UMMYHHOTO OTBETA, KIETOUYHBIH POCT
u nuddepennnpoBky; on romonoruueH mo AAS Ha 33 %. benok GABARAP y MiekonuTaroommx BoB-
JieYeH B PEryJIsALUIo ayTodaruu mpu HelpoJlereHepaTUBHBIX, HEPBHO-MBIIICYHBIX U OHKO3a00JICBAHUSX,
OakTepraIbHBIX U BUPYCHBIX HHPEKIUAX XapakTepusyeTcsi romosorueid mo NS — 78 %, mo AAS — 95 %.
®daxrop FAT10 (F-adjacent transcript-10) — 6enok, KOTOPBIA KOAUPYETCS T€HOM TJIABHOTO KOMILJIEK-
ca ructocoBMecTuMocTH U uHAynupyercss TNFo u y-uHTepdepoHOM M COCTOUT U3 ABYX yOUKBUTHUH-
MOJ00OHBIX JOMEHOB, OMH U3 KOTOPBIX MOKET HANPSIMYIO CBA3BIBATHCA ¢ 26S MpoTeacoMoi 1 orocpe-
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JI0BaTh yOWKBUTHH-HE3aBUCUMYIO Jerpajanuio 0eikoB; ero romoiorus no AAS cocrasmsiet 32 %.
Mopmudurarop UFM1 (Ubiquitin-fold modifier-1) ¢ moka He ycTaHOBICHHOI OHOJIOrMYecKoi QyHKITHEH
romostorndet 1mo NS — 83 %, mo AAS — 89 %. benmoxk URMI (Ubiquitin-related modifier-1) xoBaienTHO
KOHBIOTHPYETCS Yepe3 M30MENTHIHYIO CBS3b C OCTATKAMHM JIN3HHA IIEJEeBbIX OCIKOB M €r0 TOMOJOTHS
o AAS pasHa 64 %. [{ns montocka Lymnaea stagnalis Oblna HaliJiIeHa TOJIBKO OJlHA aMHUHOKHCIOTHAS
MOCJIEA0BATEIbHOCTh, KOTOPAsl IPH MAPHOM BBIPAaBHUBAHUH J1aBajia MPOLCHT CXOJCTBA C HECKOJIBKUMHU
moaudukaropamu — NEDDS (56 %), ISG15 (33 %), FAT10 (31 %).

Youksutun (Ubiquitin) npeacrapiseT cobor HeOonboi (8,6 k/la) perynstopHbiii 010K, 00HAPY-
JKCHHBI B OOJBIIMHCTBE TKAHEH DYKapHOTHYECKHX OPraHM3MOB. B reHoMe uenoBeka yeThipe reHa Ko-
nupytotT youksutu: UBB, UBC, UBA52 n RPS27A. Ilpu cpaBHUTEIBHOM aHAJIN3€ 3THX YETBHIPEX [CHOB
OBIITN TTONTYUYeHBI CIIEAYIOIINE NaHHble 17151 Biomphalaria glabrata: UBB — romonorus o NS — 81 %, mo
AAS — 99 %; UBC — romoitorus mo NS — 79 %, mo AAS — 100 %; UBA52 — romonorus mo NS — 79 %,
mo AAS — 94 %; RPS27A — TOMOJIOTHS 110 HYKJICOTHIHOU MOCIeN0BaTEALHOCTH — 81%, M0 aMHUHOKUC-
n0THOH — 93 %. [Anst Lymnaea stagnalis Ob11 OTy4YeHBI HECKOJIBKO MHBIE JaHHble: UBB — roMoJIorus
mo NS — 82 %, mo AAS — 100 %; UBC — romomnorus 1mo NS — 84 %, no AAS — 100 %; UBAS52 — romomno-
rust o NS — 82 %, mo AAS — 100 %; RPS27A4 — romonorust o NS — 80 %, mo AAS — 93 %. Ilomyden-
HBIC IAaHHBIC XapPaKTEPU3YIOT BEICOKYIO CTEIICHh KOHCEPBATH3MA YOMKBUTHHA.

K BHEKJIETOUHBIM MPOTEOTUTHUCCKUM (PepPMEHTaM MOXKHO OTHECTH (DEPMEHTHI BHY TPUIIOIOCTHOTO
npoTeoan3a (MeTnCuH, TPUIICHH, XUMOTPUIICHH U AP.), KPOBEHOCHOTO pyciia (IpoTeas3bl CHCTEMBI CBEp-
ThIBaHUS KPOBH, (puOpuHONM3a, KAIJIMKPEUH-KNHUHOBOM, PEHUH-aHTHOTEH3UHOBOM CHUCTEM, NPOTEO-
JTUTHYECKre PEepPMEHTHI KOMILJIEMEHTa | JIP.), & TAK)KEe DKCTPAKIETOYHOTO MPOCTPAHCTBA U BHEIHEH
MOBEPXHOCTH KJIETOUHOW MEMOpaHBI.

[Ipy cpaBHHUTEIBHOM aHAJIM3€ BHEKJIETOYHBIX MPOTEONMTHYECKUX (DepMEHTOB yenoBeka u Bio-
mphalaria glabrata yctanosyeHo, uto Pepsin (mencun) u ero n3odopmsel A-3 — A-5, oTIuYarommecs mo
ontuMmymy pH, nmerot romosnoruto mo AAS okoio 43 %. Renin (peHnH) — KOMIIOHEHT PEHUH-aHTHO-
TEH3MHOBOW CUCTEMBbI, PETYJIUPYIOLIUH KPOBSHOE JIaBJICHHUE, IIPOTEONUTUYSCKUN epMeHT 1 Gastricsin
(mericuHoren C) — mpoTerHa3a acnaparuHOBOrO THIIA AeHCTBHs roMooruyHel 1o AAS Ha 40,8 %. Chy-
motrypsin-C (XUMOTPHIICHH) PEryJIHPYET aKTUBALMIO U IErPaallio TPUIICHHOICHOB U ITPOKapOOKCH-
nentuaa3, Chymotrypsin-like elastase family member 2A — momceMelicTBO CEpUHOBBIX ITPOTEa3, KOTO-
pble THIPOIU3YIOT MHOTHE OCNKH B JOTOJIHEHHE K dnacTrHy, Chymotrypsinogen B — ceprHOBBIH THIT
SHJIOTIENTHIa3HOH aKTHBHOCTU MMeeT romoJioruio AAS Ha yposae 34,5 %. Kallikrein-1 pacmensier
cBsizu Met-Lys u Arg-Ser B KHHHHOIEHE C BBICBOOOXKAEHUEM Lys-OpaiMKHHUHA, HMEET TOMOJIOTHIO
AAS — 26,4 %; Plasma kallikrein pacmenuisier cBa3u Lys-Arg u Arg-Ser u akTUBUpPYET B OTBETHOH
peaxiuu paxtop XII cBepThHIBaHUS KPOBH, YUaCTBYET B BHICBOOOKICHUH OpaIMKMHUHA U3 KHHHHOTE-
Ha W MpEeBpalleHUs] MPOPEHNHA B PEHUH — XapaKTepU3yIOTCS HU3KUM YPOBHEM TOMOJIOTHH 1Mo AAS
B 29,5 %. Angiotensin-converting enzyme (aHrHOTeH3UHIpeBpamaomuii pepmert — AIID) — nupky-
JUPYIOMNK BO BHEKJIETOYHOM IIPOCTPAHCTBE (PEPMEHT (IK30IENTHAa3a), KaTaJIU3UPYIOIINN paciierie-
HUeE JeKaleNnTH1a aHrHoTeH3uHa | 10 okTanenTtuaa anruoreHsuHa I xapakrepusyeTcst TOMONOTHEN O
NS - 66,8 % u mo AAS — 46,3 %; Angiotensin-converting enzyme 2 (aHTHOTCH3HHIIPEBPALIAONIUI
¢depment 2 — AIID2) — memOpaHHAss HUHK-COIEpIKAILasi SK30MENTHA3a, TaKKe KaTalu3upylomas
npeBpalleHue anrnorensrta I B anrunorensuna II; cekperupyemas popma, obpazyercs 3a cueT NpoTeo-
IuTUYecKoro pacuierjienus: nporeazoilt ADAMI7. ATID2 yenoBeka sIBJISIETCS PEUEITOPOM U TOUKOU
BXO/Ia B KJIETKY HEKOTOPBHIX KOPOHABHPYCOB M XapakTepusyercs romonorueit mo AAS B 40,3 %. Pro-
thrombin (IpoTpoMONH) CHHTE3UPYETCs B MIEUYECHHU W MPH MOBPEKICHUH COCYJIOB MPEBpalIacTCs B aK-
TUBHBIA epMEeHT TPOMOUH, KOTOPBIK MyTeM I'HAPOIN3a NENTHIHBIX cBsi3el nocie Arg u Lys npespa-
mraeT pudpunoreH B pubpuH. [IporpomOun nmeeT romonoruto mo AAS 33,3 %. Plasminogen (mna3mu-
HOT'€H) — IUPKYJIUPYIOLTUH POPEPMEHT, U3 KOTOPOIro 00pas3yeTcs riaa3MuH (pUOpHUHOIIM3) M aHTHOCTATHH
(nHTHOMpOBaHME pocTa cocyaoB) romojoruueH no AAS na 38,4 %. Matrix metalloproteinases (ma-
TPHUKCHBIE MeTajulonporenHassl — MMP) — ceMelicTBO BHEKJIETOUHBIX ITUHK-3aBUCUMBIX 3HIONENTH-
Ja3, CHOCOOHBIX pa3pylLIaTh pa3JndYHbIC TUIBI OEJIKOB BHEKJIETOYHOIO MAaTPUKCA U XapaKTEPU3YIOTCS
HHU3KHM YpOBHEM romojiorun o AAS: MMP-9 — 28,3 %, MMP-17 — 39,1 %, MMP-21 40,8 %, MMP-24
36,9 %. B To e Bpemst MmetaiutonporenHassl MMP-21 (urparot ocoOyio poiib B TeHEpaIiH JIEBO-TIPaBON
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aCHMMETPHH BO BpeMsi SMOpHOTreHe3a U MOKET JeCTBOBATh KaK HETaTUBHBIN PEryJIsTOP CUTHAIBHOT'O
nyta NOTCH) u MMP-24 (onocpenyet pacuiernienre N-kaarepuHa u IeHCTBYeT KaK peryisaTop Hel-
POMMMYHHBIX B3aUMOJEHCTBUIN U IIOKOSI HEPBHBIX CTBOJIOBBIX KJIETOK) XapaKTEPU3YIOTCs BEICOKOH CTe-
neHepto romosiorun — 71,7 u 76,4 % coorBetcTBenHo. Carboxypeptidase B2 (kapOokcunentuiaza B2)
ormensieT C-KOHUEBbIE OCTATKW aprHHUHA WM JIM3WHA OT OMOJIOrHYECKH aKTUBHBIX MENTHIOB THIIA
KMHWHOB UJIM aHA(UIATOKCHHOB B KPOBOTOKE U MOAaBisieT GpuOpuHonu3, yaaiss C-KOHIEBbIE OCTaTKH
nu3vHA U3 (UOpPUHA TTOCIe YaCTHYHOTO pa3pylIeHUs IIa3MIHOM, nMeeT romorioruio AAS B 36,0 %.

K BHYTPUKIJIETOYHBIM MPOTCOJIUTUYECKUM (DEPMEHTAM MOXHO OTHECTH ()EPMEHTHI BHYTPHMEM-
OpaHHOr0, NUTOIIA3MATHYECKOTO M JIN30COMaJIbHOIO MpoTeosn3a. McecnenoBana romonorust cemu dep-
MEHTOB MEMOpaHHOTO THIIA POTE0JIN3a YeJoBeKa U Biomphalaria glabrata.

[IpeceHmIMHBI — ceMEMCTBO TPaHCMEMOPAaHHBIX O€JIKOB, COCTABIIAIOLINX YaCTh IPOTEA3HOIO KOM-
Iekca y-cekperassl. Presenilin-1 u Presenilin-2 romomormanast mo NS — 68,3 u 66,6 % cOOTBETCTBEH-
HO, a 110 AAS — 54,4 u 55,3 % coorBeTcTBeHHO. IHTepecHO, 4TO OJIM3KUN YPOBEHbL TOMOJIOTHH O0OHApY-
JKEH IIPH CpPaBHEHHH 3TUX (PEPMEHTOB Y YeJloBeKa U MoJuTiocka Lymnaea stagnalis: mo NS — 67,4 u 68,5 %
COOTBETCTBEHHO, M0 AAS — 54,2 u 66,1 % coorBeTcTBeHHO. CpeTHUM yPOBHEM I'OMOJIOIMHU OTINYAET-
cs Signal Peptide Peptidase (mentmaasa curHaiapHBIX menTHAoOB) o NS — 67,1% u mo AAS — 68,1%.
[orpaHUYHBIMU MEKy HU3KUM M CPETHUM YPOBHSIMH FOMOJIOTHU XapaKTEPU3YIOTCSl CEpHHOBAs TIPO-
tea3a Hepsin (rencun), Rhomboid-related protein 1 u Rhomboid-related protein 2 mo AAS — 37,3, 43,0
u 37,0 % coorBercrBenHo. depment Disintegrin and metalloproteinase domain-containing protein
17 (AJJAM17) oTBeuaeT 3a MPOTCOTUTHICCKOE BRICBOOOKICHHE Psiia OCITKOB KJIETOYHOM ITOBEPXHOCTH,
Biitouass ACE2, u neiicTByeT kak aktuBaTop myTu Notch, romonorudern mo NS — 68,4 % u mo AAS —
35,3 %. lluctenHoBkIe MpoTEa3bl Kackaaa kacnas (ydacTByromux B anontose) — Caspasel, Caspase 3,
Caspase 7, Caspase 8 oka3zanuch romojoruunbiMu o AAS na 28,6 %, 50,4, 30,1 u 40,0 % cooTBeTcT-
BeHHO. B xauecTBe a3pdexTopos amornroza paccmaTpuBatoTcs kaiasnanHbl (Calpain 1, Calpain 2) — mpen-
CTAaBUTENH CeMelcTBa MUTO30bHEIX Ca’ -aKTHBHPYEMBIX IHCTEMHOBBIX MPOTEAa3 C TOMOJOTHEH T10
AAS — 45,0 %. Granzyme-B (rpansum B) npencrasisier co0oii cepuHOBYIO MpoTeasy, Haudojee 4acTo
O0Hapy’KMBaeMyI0 B T'paHyJlaX €CTECTBEHHBIX KJICTOK-KHIIJIEpOB (NK-KJIETKHM) U HUTOTOKCHYECKUX
T-knerok. OH cekpeTHpyeTcss 3TUMHU KJIETKaMH BMECTE C MOpO0OpasyIomMuM OeIKOM HephOpHHOM,
OTTOCpETys arorTo3 B KJIETKax-MHUIIeH X. | omomnorus rpanzuma B mo AAS Huskas u coctasisiet 27,3 %.
JInzocomanbubie epmenThl Karercuubl (Cathepsin D u Cathepsin E) xapakrtepusyrorcsi cpeqHuM
ypoBHeM romosnoruu o AAS 51,2 % u 45,2 % cootBeTcTBeHHO. Neprilysin (Henmpuin3uH) — IUHK-3aBU-
CHMasi METaJUIONIPOTENHA3a, KOTOpas HHAKTUBUPYET HECKOJIBKO MENTHUAHBIX FTOPMOHOB, BKJIIOUAs TJI0-
KaroH, SHKe(hallnHBI, BEIECTBO P, HEMPOTEH3WH, OKCUTOIIMH ¥ OpaJuKHHWH, TOMOJIOTHYHA TI0 AAS —
40,4 %. KoMIiekc aMHHOMENTH a3, BKIFOYAONINI Ty TAMHIAMUHOIENTH a3y, TUTO30MbHYI0 Zn> -3aBu-
CHMYI0 aMHHOIICNTH/IAa3y, METHOHUH-aMUHOTIENITHIA3bI 1, 2, acrapTaT-aMHHONICNTHA3Y, AaMUHOTICIITH 1A 35l
Q, B, N, O, romonoruunsl no NS B nuanazone 65,4-72.4 %, a no AAS B auanasone 31,2-71,1 %. Kap-
ookcunentuaassl (Al, A2, A4, A6, Bl, B2, D) romonornunst o AAS B nuanasone 35,5-70,8 %.

CpenHue naHHbIE OLEHKU T'OMOJIOTMH [IEPBUYHBIX CTPYKTYP NPOTEOIIUTUYECKUX (HepMEHTOB Homo
sapiens v MOJUTIOCKa Biomphalaria glabrata npencrasieHbl B TaOIHIIE.

W3 ananu3za naHHBIX TaOIUIBI CIEAYET, YTO HAanOOIee KOHCEPBATUBHBIMHU 10 KOAUPYIOIIUM HYKJIEO-
TUIHBIM [OCJIEA0BATEIBLHOCTSIM SIBIISIIOTCS] YOUKBUTHH-TI0Z00HBIE MOAN(DUKATOPBI, PEPMEHTHI peryiu-
pPYeMOro mpoTeosn3a U BHEKJIETOUHbIE (DEPMEHTHI, & 0 aMHUHOKHCIOTHBIM IIOCJEIOBATEIBHOCTIM —
yOUKBUTHH-TIONOOHBIE MOTU(PHUKATOPBI, (PEPMEHTHI PErYIHPYEMOTr0 M HEPEryITUPYyEeMOTro IPOTEOIH3a.
OnHako 1o Mepe paciiupeHus UCCISJOBAHUH 10 HYKICOTUIHBIM 1 @aMUHOKHCIOTHBIM TIOCJICI0BATEb-
HOCTSIM IIPUBEACHHBIC JTAHHBIC MOTYT YTOYHSITHCSL.

CrenyeT OTMETHTD, YTO MPHU NIAPHOM BBIPABHUBAHMH HYKJIEOTHIHBIX IOCIIEN0BaTENbHOCTEN (ep-
MEHTOB HEPETyJIUPYEeMOro MPOTEOIH3a YelloBeKa U MOJLTtocka Biomphalaria glabrata 6b110 00Hapyxe-
HO, uTO Moka3arenu Active site, Binding site u Metal binding jyist 7 pepMeHTOB OBLITH MOJHOCTHEO TOMO-
JOTHYHBI Y uenoBeka u Moitocka (Prolyl oligopeptidase, Thimet oligopeptidases, ATP-dependent
Clp protease proteolytic subunit, Leucyl aminopeptidases, Signal Peptide Peptidase, Adenylosuccinate
lyase, Aminopeptidase B), a 2 depmenTa — romosornans! yacTuaHO (Amidophosphoribosyltransferase
u Furin). [Ipu napHOM BbIpaBHMBaHWHU HYKJICOTHIHBIX MMOCIIEI0BATEIILHOCTEH (DePMEHTOB PEryIUPyEMOro
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OneHKa roMOJIOTHH NEPBUYHBIX CTPYKTYP NPOTEOJUTHYECKUX (pepMeHTOB YesioBeka Homo sapiens
H MoJLIocka Biomphalaria glabrata

Assessment of the homology of the primary structures of Homo sapiens
and the mollusk Biomphalaria glabrata proteolytic enzymes

Hyxneoruausie nocnenopatenbHocT (NS) AMWHOKHCIIOTHBIE TIOCIe0BaTeabHOCTH (AAS)
I/ICCHe}IOBaHHHC OenKn KonnuecTBo
MOKpBITHE, % romosorus, % MOKpsITHE, % romosorus, %
DepMEeHTHI HEPETYIHPYEMOT0 32,5 (16-61) 66,8 (66—68) 61,9 (50-68)
7 N 90,0 (79-99) N
IpOTEO0JIN3a CpenHuii ypoBeHb CpenHuii ypoBeHb
DepMEeHTHI PeryaupyeMoro 6 17,0 (4-31) 73,1 (V69776) 85.8 (65-99) 64,7 (f19788)
poTeO0In3a Boicokuii ypoBeHb CpenHuii ypoBeHb
YOUKBUTHH-TIOOOHBIC 9 23,5 (21-26) 80,5 (078783) 83,3 (47-100) 66,6 ("32795)
MOAU(BHUKATOPBI Boicokuii ypoBeHb CpenHuii ypoBeHb
BueksieTounsie pepmMeHTHI 20 8.3 (2-34) 71,6 (v67776) 88,8 (33-98) 37,2 526746)
Bricokuil ypoBeHb Hu3sknii ypoBeHb
BuyTtpuknetounsie GpepMeHTHI 3 24,8 3-61) 67,8 (v65772) 777 (44-98) 45,2 (v27771)
CpenHuii ypoBeHb CpenHuii ypoBeHb

11 pumMeydaHHuCeC. HpI/IBe,IIeHBI CpEeAHUEC BCINYNHBI, B CKOOKax Mmoka3aH JArara3soH ToKa3aTeseH.

MPOTEOIH3a YeJIoBeKa 1 MOJLTIoCcKa Biomphalaria glabrata 6p110 00HapYXKEHO, 4TO TIOKa3aTenn Active
site, Binding site and Metal binding mis 4 GepMeHTOB ObLIM MOJHOCTHIO FOMOJIOTHYHBI Y YeIOBEKa
u moutrocka (SUMO, NEDDS, FAT10, ISG15), asis 3 ¢pepMEeHTOB aKTUBHBIE CAWTHI U CAWTHI CBA3BIBAHUS
ue onucanbl (UFM1, URMI, GABARAP). IlapHoe BEIpaBHHBaHHE HYKJICOTHIHBIX TOCIIEIOBATEIEHO-
CTeH KOIMPYIOUIMX T'eHOB YOWKBHTHHA YEJIOBEKa M MOJUIIOCKOB Biomphalaria glabrata w Lymnaea
stagnalis TIPOIEMOHCTPHUPOBAJIO, UyTO Mmokaszarenu Active site, Binding site and Metal binding momHo-
CTBIO TOMOJIOTHYHBI B 4 HYKJICOTHIHBIX TTOCIEAOBATENBHOCTAX Kak Biomphalaria glabrata, Tax u Lym-
naea stagnalis. Panee ObLIIO BBISICHEHO, YTO 6 aMHHOKHCIIOT TpUticuHa y Homo sapiens n'y Biomphalaria
glabrata cBA3BIBAIOTCS C STHOHMHOM B ONW3KHUX JIOKycax Moyekyn (epmenta: y Homo sapiens —
Asp 189, Ser 190, Gln 192, Ser 195, Val 213, Cys 220, a y Biomphalaria glabrata — Asp 224, Ser 225,
Gln 227, Ser 230, Val 248, Cys 254. I'oMmoyiorusi MOJIEKyJI TPUIICHHA YeJIOBEKA U MOJUIIOCKA COCTa-
Buja 26,6 % [36].

[IpuBeneHHbIe MaTepHAIbl O TOMOJIOTUN (PEPMEHTOB U PErYISTOPHBIX OCJIKOB IPOTEONIH3a Y Yeso-
BEKa M JIETOYHBIX MPECHOBOAHBIX MOJIJIIOCKOB JOKA3bIBAIOT BO3MOXKHOCTb MCIIOJIb30BAaHUS MOCIETHUX
B KaueCTBE MOJICJIBHBIX OPraHU3MOB JJISI MOJICIMPOBAHUS HAPYIIEHUH MPOTEOTUTHUECKUX TPOIIECCOB
Y JIOKJIMHUYECKOTO UCIBITAaHUS PErYIUPYIOIINX IPOTEOIU3 CyOCTaHIINM, a TaKKe MOTyUeHHS U3 aKBa-
KYJIBTYp 3TUX THAPOOMOHTOB (DEPMEHTATHBHBIX U PETYIATOPHBIX OeNKoB mpoTeonnsa. Kpome Toro,
JIETOYHBIE TPECHOBOAHBIE MOJUTFOCKH MOT'YT OBITh OpraHM3MaMH JJIsl BOCIIPOU3BECHUS U SKCIICPUMEH-
TaJBHOTO JICYEHUS 3allpOrPaMMHUPOBAHHON I'MOENN KIETOK, a Takke 3a0oieBaHni 0OMEHa BEILECTB,
OIOPHO-JIBUTATEIBHOTO allllapaTa U KaHIePOreHe3a ¢ 1abopaTOPHBIM KOHTPOJIEM B BUJIe OHOMapKepoB
npoteonusa [37-40].

3akiroyenue. ['omosorust pepMeHTOB 110 HYKJICOTUIHBIM IIOCJIEA0BATEIBHOCTSIM Y USJIOBEKA U JIe-
TOYHBIX TTPECHOBOAHBIX MOJLUTIOCKOB MPU aHANIN3€ HEPETYIUPYEMOro IPOTE0In3a COCTaBIsieT 66—68 %o;
perynupyemMoro nporeoiusa — 69-76 %; yOMKBUTHH-110A00HBIX MOIupHUKATOPOB — 78—83 %; BHEKIIE-
TOYHBIX PEPMEHTOB — 67—76 % W BHYTPUKIETOYHBIX (pepMeHTOB — 65—72 %. DBONIOIMOHHBIN KOHCEP-
BaTU3M INPOTEOIUTUYECKHX (EPMEHTOB, HAIMYUE HE3aMKHYTOrO KPOBOOOpPAIICHHUS, MO3BOJISIOLIETO
JOCTaBJISATh U3y4yaeMble CyOCTaHIIMM U3 reMOIMM(bl HEOCPEICTBEHHO K KJIETKaM-MUILECHSIM, [03BO-
JISIIOT MCIOJIB30BATh 3TUX KUBOTHBIX B KAYECTBE JICHIEBBIX U YAOOHBIX B COACPKAHUU TECT-OPraHU3MOB.
[IpakTH4ecKkoe 3HaYCHUE HOCTATOYHO BBHICOKOH CTENEHH TOMOJIOIMH IPOTEOJIUTHYECKUX (PepMEHTOB
y IIOIel M JIETOYHBIX TPECHOBOJAHBIX MOJUTIOCKOB OOOCHOBBIBACT 1EJIECO00OPa3HOCTh (POPMHUPOBAHHUS
AKBaKyJbTYPBl MOJUIIOCKOB, JJISl TIONYYECHUS U3 MX TKaHEH OENKOBBIX (PEPMEHTATUBHBIX MPENapaToB
IPOTEOIUTUYECKOrO IeHCTBUS B paMKax 3a1a4 OnodapMaleBTUKN, KOCMETUKH U IHUILEBON IPOMBILI-
JICHHOCTH.
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