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AHHoTanusl. [TananH OTHOCHTCS K IMCTEHMHOBBIM MpPOTEa3aM C SHAOIUTHYECKUM JeHCTBHEM. B co-
CTaBe JIaTeKca IMananii (PepMEHT yJacTBYeT B 3aIINTE PACTCHUS OT HACEKOMBIX U (putomaroreHos. [lamann
HaXOJUT IIUPOKOE IIPIMEHEHHE B ITUIIEBOI MPOMBIIIIICHHOCTH B KAUECTBE Pa3MATUUTEINS MsCA U OCBETIIS-
IOIIETO areHTa. JH3MM ITOKa3bIBAET BBICOKYTO 3(h(heKTHBHOCTH NPH JICUEHUH CIIOPTUBHBIX TPAaBM, 001a1aeT
AQHAJBIETHYECKON 1 TIPOTHBOBOCHAIMTEIFHON aKTUBHOCTHIO B OTHOIICHUH CHMIITOMOB OCTPOTO aJIJICpPTH-
YECKOTO CHHYCHUTa 0e3 ITOO0YHBIX IPPEKTOB.

W3BecTHO, YTO (PyHKIMOHMPOBAHHE (PEPMEHTOB OITPEAECIACTCS HX IIPOCTPAHCTBEHHON CTPYKTYpOit. M3-
MEHEHHE B COCTABE U CTPYKTYpE BHYTPEHHHUX MOJIOCTEH, TYHHEIICH 1 TTOp MOXKET BIHSITH HA TEPMOCTAONITb-
HOCTh OMOKaTaIn3aTopoB.

B pabore nccnenoBaHbl COCTaB, JIOKAIM3ANMS M CTPYKTypa BHYTPEHHHX IOJIOCTEH, TyHHENEH, mmop
B MOJICKyJie TIallanHa HPH €€ CBS3BIBAHUM C PA3IMYHBIMHU JIMTAHAAMH: METHIOBBIM 3(GHupoM N-Tper-
Oy THIIOKCUKapOOHMI-peHII-IHNKHA. cyKIuHII-Gln-Val-Val-Ala-Ala-p-HUTpoaHUIHIOM, JTOKCHCTATH-
HOBOI1 kucnoroit (E64-c) u xmopmerunkeToHOM. Bee ncenenoBanHbie HaMu OPMBI epMEHTA MTOKA3BIBAIOT
CXOJHYIO JOoKanu3auuio TynHenei u nop. Monenu 1KHQ u 1PIP xapakTepusytoTcss MEHBILIUM CyMMapHbIM
00bEeMOM BHYTPEHHHX ITOJIOCTEH, YeM (hepMeHT Oe3 MUraHaoB, Toraa kak cTpykrypsl 1PPP u SPAD — ux
OompmmmM o0beMoM. B coctaBe momenu 1PIP tyrHe M oTcyTCTBYIOT. CTpYKTYpa TYHHENEH y BCeX N3yUueH-
HBIX HaMH (OpM TaranHa OTIINYaeTcs OT TAKOBOW /uisi cBoOoHOTO (hepmenTa. [lokazaHo monHoE OTCyT-

CTBHE TIOp Y CBOOOIHOTO M CBS3aHHOTO CO BCEMH IPEACTABICHHBIMY B pab0Te JIMTaHaMH MallanHa.
Ki1roueBble cii0Ba: mananH, BHyTPEHHHE TTOJIOCTH, TYHHEIH, TIOPBI, in Silico ananms.

[Mammann (K® 3.4.22.2) oTHOCHTCS K IIHCTEHHO-
BBIM MpOTEa3aM C JHJIOJUTUYCCKUM JICHCTBHEM H
BBIIEISIETCS U3 Jarekca nanaiu (Carica papaya L.).
OH nposIBIISIET IPOTEOTUTHYECKYIO AKTHBHOCTb B OT-
HOIIICHUU OEJIKOB, KOPOTKOIICTIOYCYHBIX MENTHJIOB,
CJIOXHBIX 3(UPOB AMUHOKHCIIOT U aMUIHBIX 3BCHHCB
U NIHPOKO MPUMEHSIETCS B IMHUIIEBOW MPOMBIIIIICH-
HOCTH B MemuruHe [1]. epMeHT mpeanoITUTEIEHO
pacmiernisier TenTHIHBIE CBA3U C y4acTHEM OCHOB-
HBIX aMUHOKHUCIIOT, 0COOCHHO apriHHHA, JM3WHA H
OCTaTKOB, PACIIOJNIOKEHHBIX TOCie (eHuTanaHnHa
[2, 3]. B cocTaBe nmarekca mamaifi OH BEITIOTHSIET 3a-
NUTHYIO QyHKIHIO. [TananH oka3plBaeT TOKCHYECKOE
nefcTBrue Ha mrenkonpsina Eri silkworm, Mamestra
brassicae n Spodoptera litura, a Taxke Ha HEKOTO-
PBIX KEeCTKOKPBUTBIX [4]. Kpome Toro, hepMeHT BBI-
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CTyIaeT B Ka4eCTBE 3aIlIUTHOTO areHTa MPOTHUB psja
¢uTomaroreHoB [5].

[Tanmaws ncnonp3yeTcs I JI€ISHNUS CTIOPTUBHBIX
TpaBM. bbI10 TOKa3aHO, 9TO CITIOPTCMEHBI, TIPUHIMAB-
mve J00aBKU C TIATanHOM, CMOTJIH COKPATUTh BpeMs
BoccTaHoBIeHUS ¢ 8.4 1m0 3.9 mueii [6, 7]. YcTaHOB-
JIEHO, YTO TIATIanH 00J1a1aeT 3HAYUTEITHHON aHaIbre-
THUYECKON U MPOTHBOBOCHAINUTEIBHOW aKTUBHOCTBIO
B OTHOIICHWH CHMIITOMOB OCTPOTO aJlJIEPrHIECKOTO
cuHycHuTa 6e3 mMoOoIHBIX 2P hekToB [8].

TTanaun ucnonb3yercs B COCTaBe pa3MsrdurTesien
msica [9]. depMeHT Takke MOXKET JCHCTBOBATH KaK
OCBETUBIFOLIMI areHT BO MHOTMX MpoLeccax MUIIEBOI
poMbIIIIeHHOCTH. Kak mepeBapuBaroniii 0eIoK, Ia-
TIAaMH WCIIOIB3YETCs Il OOPBOBI ¢ UCTICTICHEH U Apy-
TAMH PAaCcCTPONCTBAMHU TIMINEBAPEHUSI U KETYIOUHO-
kuregroro Tpakra [10, 11]. Coobmiamoch, 94To marmant
VIyYIIaeT IIaBKOCTh U PacTsSHKUMOCTE Chipa [12]. DH-
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3UM 00NajiaeT MPOTHBOIPHOKOBBIMH, aHTHOAKTEpHAIIb-
HBIMH U [TPOTUBOBOCIAJIUTENILHBIMU CBOMCTBAMHU.

WzBecTHO, 4TO (YHKIHMOHHpPOBAaHHE (epMeHTa
ONPEAEIISIETCSl €r0 MPOCTPAHCTBEHHON CTPYKTYpOM.
B psine pabot okaszaHo, 4To «3aroIHEHHEY UITH «CO3-
JIaHUE TOJIOCTEN C IIOMOILBIO CAUT-HAIIPABIEHHOIO
MyTareHe3a MO)KET COOTBETCTBEHHO YBEIMYUBATh
WM YMEHbBIIATh TEPMOCTA0MIBHOCTD Oenka [13-16].

Lenbto taHHOW PaOOTHI SBIISIETCS U3YUEHHE COCTa-
Ba, JIOKAJIU3ALMU U CTPYKTYPBl BHYTPEHHUX MTOJIOCTEH,
TYHHEJIEH, op B MoJieKyiie nanauna u3 Carica papaya
IIPU €€ CBSI3bIBAHUHU C PA3IMYHBIMU JIUTAHIAMH.

OBBEKT U METO/bI
NCCIEJOBAHUSA

B kxadecTtBe 00BHEKTOB HCCICIOBAHHS BBICTYATN
MOJICTTH TIPOCTPAaHCTBEHHON CTPYKTYPHI CBOOOTHOTO
(9PAP [17]) 1 cBSI3aHHOTO C Pa3TUYHBIMU JIUTAHAAME
nanauxa (Taom. 1).

Pacuer mapameTpoB M BU3yaln3alUi0 BHYTPEH-
HHUX TIOJIOCTEH, TYHHEJIEW WU MOp OCYLIECTBISUIM B
nporpamme MOLE 2.5.17.4.24. Tlog «1monocTbio»
MOHUMAJI CBOOOTHOE 3aMKHYTO€ IPOCTPAHCTBO
BHYTpH II00YIbI (hepMEHTa, He COOOIAroIIeecs ¢ 1o-
BEPXHOCTBIO MOJeKylbl. [log «mopoit» — cBoOoaHOE
MIPOCTPAHCTBO BHYTPHU TIIOOYJBI, COOOINAIOIIEECs C
ee TMOBEPXHOCTHIO TOJIKO Yepe3 OJHO OTBEPCTHE,
T.e. yIIyOJieHHe Ha TOBEPXHOCTH WM B TOJIIE MO-
nexynsl. [log «TyHHENEM) MoapazyMeBalid CKBO3HOE
oTBepcTHe B OCJIKOBOM I7100YJIe, T.e. CBOOOIHOE MPO-
CTPaHCTBO BHYTPH MOJIEKYJIbI, cooOIaromieecs ¢ ee
MOBEPXHOCTHIO uepes ABa U 0ojiee OTBEPCTHH.

PE3VYJIBTATHI U UX OBCYXJIEHUE
Hamu Ob1tn 0OHapyeHbl 10 3 BHYTPEHHHX I10-
JIOCTH B COCTaBe MoJieJiel POCTPAHCTBEHHBIX CTPYK-
Typ nanauHa 1KHQ u 1PIP, mo 4 B cocrase cTpyKTyp
1PPP, SPAD, 9PAP. Bce npescraBineHHble B paboTe

1KHQ

1PIP

MOJIEJIM TTOKA3bIBAIOT CXOJHYIO JIOKAIHM3AlMIO JaH-
HBIX CTPYKTYp B MoJieKye (puc. 1).

B ta0n. 2 mpeacTaBieHbl aMUHOKHCIOTHBIN COCTaB
1 00beM BHYTPEHHUX mojocTeit. CBOOOIHASI MOJICKY-
Jla TIa’madHa XapakTepusyeTcs HanuuueMm 47 aMHHO-
KHCJIOTHBIX OCTATKOB B COCTaBE BCEX CTPYKTYp JaHHO-
TO THIIA, a TAKXKE UX CYMMapHBIM 00BbEMOM, PaBHBIM
826.1 A’. B ciyuae moneneit 1KHQ u 1PIP na6mosna-
€TCsl HAMEHbIIIee YUCII0 aMUHOKHCIOTHBIX OCTaTKOB,
BXO/SIIIMX B COCTAaB BHYTPEHHUX IOJIOCTEH, a TaKxke
MHUHUMAJIBHBIA CyMMapHbI 00beM JaHHBIX CTPYK-
TYp, 4TO, BEPOSITHO, MOKET YKa3bIBaTh Ha HEKOTOPYIO
KOMIIAKTH3aIHI0 MOJIEKYJIbI MAllaiHa MPH CBSI3bIBAHUH
C METHJIOBBIM 3(pHUpOM N-TpeT-OyTHIIOKCUKApOOHMII-
¢enmn-rmnuHa U cykuuHuiI-Gln-Val-Val-Ala-Ala-p-
HUTPOAHWIU/IOM. YBEJIMUEHHE YHciIa aMUHOKHCIIOT-
HBIX OCTATKOB B COCTaBe BHYTPEHHUX MOJIOCTeH (53 u
65 COOTBETCTBEHHO), a TaK)Ke 00beMa IAaHHBIX CTPYK-
Typ (901.1 A3u 1188.6 A® cooTBercTBEHHO) XapakTep-
HO ayst popm 1PPP u SPAD, uro MoxeT cBHIETENb-
CTBOBaTh O JEKOMITAKTH3allMM MOJIEKYNbl IananHa
IIPYU B3aUMOJICHCTBUH C JIOKCUCTATUHOBOM KUCIOTOU U
XJIOPMETUIIKETOHOM.

Tabmuua 1
Jlueanovl, cesizannvie ¢ MONEKYIOU NANAUHA
Homep monenn
b Gase PDB Jhurari
METHJIOBBII 3pup N-TpeT-
1IKHQ
Oy THITOKCHKApOOHUII-(PEHUII-TITHIINHA
|PIP cykuunmi-Gln-Val-Val-Ala-Ala-p-
HUTPOAHWIIH ]
1PPP nokcucrarnHoBas kuciora (E64-c)
S5PAD XJIOPMETUIIKETOH

Hamu Obutn oOHapy»XeHBbI 10 2 TYHHENS B COCTa-
Be moxeneit 1IKHQ u SPAD u mo omHOMY TYHHENIO
B coctaBe cBobonmHoro depmenta (9PAP) u cTpykry-
pot 1PPP. Tynnenu B popme SPAD Ha 3HauMTENBHOM
MPOTSHKEHHOCTH COOOMIaloTCst 00IIei MycToToM, 4To

1PPP 9PAP

Puc. 1. BHyTpeHHUE TTOIOCTH B COCTaBe MOJICKYJIBI IIAalTlanHa, CBSI3aHHOHN C Pa3IMYHBIMU JINTaHIaMU
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Tabnuua 2

AMUHOKUCTIOMHBLIL COCMAB U 00beM GHYMPEHHUX nonocmeti 8 cocmase MOJleK)jibl nanaunda, CBA3AHHOU

C pas3iudHvimu Juanoamu

Yucno
. O0beMm,
Mognens AMUHOKHUCIIOTHBIH COCTaB aMMHO- A
KHCIIOT
1. Vall6, Lys17, Cys25, Phe28, Ser29, Val31, Val32, Glu35, Glu50, His159, Ala160, Vall61, 16 3495
Alal62, Lys174, Asn175, Ser176 )
1KHQ | 2. Pro68, Trp69, Ser131, Val132, Val133, Ser205, Ser205, Leu251, Phe252 14 199.1
3. Alal2, Vall3, Thrl4, Val32, Glu35, Gly36, Leu45, Pro129, Vall64, Lys174 10 129.4
CymMMapHble 3HaY€HHs KOJIMYECTBAa aMHUHOKHUCIIOT ¥ 00beMa IoIoCTei 40 678.0
1. Vall6, Lys17, Cys25, Phe28, Ser29, Val31, Val32, Glu35, Glu50, Arg83, His159, Alal60, 17 3503
Vall61, Alal62, Lys174, Asnl75, Serl76 ’
1PIP 2. GInl112, Vall13, GInl14, Prol15, Tyr116, Asn117, Leul21, Leu202, Tyr203, Ser205, Ser206 11 179
3. Alal2, Vall3, Thrl4, Val32, Glu35, Leu45, Pro129, Vall64, Lys174 9 111.8
CyMMapHbI€ 3HaUCHHS KOJIMYECTBA aMUHOKHCIIOT U 00beMa MoJI0CTel 37 641.1
1. Vallé, Lys17, Cys25, Phe28, Ser29, Val31, Val32, Glu35, Gln47, Tyr48, Glu50, Arg83, His159, 19 406.4
Alal60, Vall61, Ala162, Lys174, Asn175, Ser176 ’
2. GIn112, Vall13, GIn114, Prol15, Tyr116, Asnl17, GIn118, Leul21, Leu202, Tyr203, Ser205,
Ser206 12 193.3
1PPP
3.Vall32, Vall133, Leul34, Phel41, His159, Vall61, Ile173, Asnl75, Trp181, 1le187, Leu202 11 166.9
4. Trp7, Alal2, Vall3, Thr14, Val32, Glu35, Gly36, Leu45, Pro129, Vall64, Lys174 11 134.5
CyMMapHble 3HaUCHHS KOJIMYECTBA aMUHOKHCIIOT U 00beMa MoJI0CTel 53 901.1
1. Trp7, Alal2, Vall3, Thrl4, Vall6, Lys17, Asnl8, GInl9, Phe28, Ser29, Val31, Val32, Thr33,
Glu35, Gly36, 1le40, Leud5, Asnd6, Glnd7, Tyrd48, Glu50, Arg83, Pro129, Vall30, Serl31, 33 743.1
Vall61, Ala162, Alal63, Vall64, Lys174, Asnl75, Ser176, Tyr186
SPAD 2. Leul21, Leul22, Tle125, Vall30, Vall32, Vall61, Alal62, Alal63, Gly165, Tyrl166, Ilel171, 13 203.7
Ile173, Leu202
3. Cys22, Ser24, Trp26, Ala27, Phe28, Glu50, GIn51, Leu54, Tyr88, Gly90, Val91l 11 137.6
4. Leul34, Phel41, His159, Vall61, Ile173, Asnl75, 1le187, Ile189 8 104.3
CyMMapHble 3HaUCHHs KOJIMYECTBA aMUHOKHCIIOT U 00beMa MoJI0CcTel 65 1188.6
1. Vall6, Lys17, Ocs25, Phe28, Ser29, Val31, Val32, Glu35, Glu50, Alal160, Vall61, Alal62, 15 3372
Lys174, Asnl75, Ser176 ’
OPAP 2. Ala30, Thr33, Pro68, Trp69, Leu72, Ser131, Val132, Val133, Ala160, Ser205, Phe207, Moh225 12 188.5
3. GInl12, Vall13, GInl14, Prol15, Asn117, Leul21, Leu202, Tyr203, Thr204, Ser205, Ser206 11 172.9
4. Alal2, Vall3, Thr14, Val32, Glu35, Leu45, Pro129, Vall64, Lys174 9 127.5
CymMMapHble 3Ha9€HHs KOJIMYECTBA aMIHOKHUCIIOT ¥ 00beMa MOI0oCTeH 47 826.1

BHJTHO U3 AMUHOKHUCIIOTHOTO cocTaBa (Tabdi. 3). B mo-
nenu 1PIP TynHenn He oOHapysxeHbl. Cpen BceX BbI-
SIBJICHHBIX TyHHeJel HaOJroaeTcs OIMH CO CXOIHOM
JUTSE BCEX MOjeNell okanm3anueit (puc. 2), oIHaKo,

€ro CTPYKTypa B MX COCTaBE B Pa3HOI CTENCHU OTJIM-  JICHHBIX B paboTe opM IarnauHa.

1KHQ 1PPP

gaeTcst (puc. 3), YTO MOXKET yKa3bIBaTh HAa XapakTep
KOH(QOPMAIIMOHHBIX MIEPECTPOEK B MOJIEKYJIE IMaranHa
TIPY CBSI3BIBAHUU C PA3TMYHBIMU JIUTaHIAMH.

[Tops! HE OOHapy>KEHBI HU B OJJHOM W3 MPEJICTaB-

Puc. 2. Jlokanuzanus TyHHEJICH B COCTaBE MOJICKYIIBI TIAITAWHA, CBI3aHHOM C Pa3IMYHBIMH JINTAHIAMHU
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Tabnuma 3

Amuroxuciomuwlii cocmas myHHerezi 6 cocmaee mMoJjieKyijibl nanaund, CB53AHHOU C pasiudHvimu AUSAHOAMU

. Yucmo aMuHO-
Monens AMUHOKHUCIIOTEIN COCTaB
KHCJIOT

1KHQ 1. Glu52, Leu53, Cys56, Leu74, Tyr78, Gly79, 11e80, Cys95, Ser97, Tyr103 10

2. Pro68, Trp69, Ser131, Val132, Val133, Ser205, Ser205, Leu251, Phe252 9
1PPP Ser49, Glu52, Leu53, Cys56, Arg58, Leu74, Tyr78, Gly79, 11e80, Cys95, Ser97, Arg98, Tyr103 13
SPAD 1. Ser49, Glu52, Leu53, Cys56, Leu74, Tyr78, Gly79, 180, Ser97, Tyr103 10

2. Ser49, Glu52, Leu53, Cys56, Leu74, Tyr78, Gly79, 11e80, Ser97, Arg98, Tyr103 11
9PAP Glu52, Leu53, Cys56, Leu74, Val75, Val75, Tyr78, Gly79, Cys95, Ser97, Arg98, Tyr103 12

1KHQ 1PPP SPAD 9PAP

Puc. 3. llpoduns 001Iero Juist MPeICTaBICHHBIX B pa00TE MOJICIICH TYHHEJIS B COCTAaBE MaranHa

3AKJIIOYEHHUE

[lammana urpaet BaXHYIO POIIb B 3aIIUTE PACTCHUS
OT HACEKOMBIX M (pUTOMaToreHoB. 3HAHUE TUHAMUKU
M3MEHEHUS IPOCTPAHCTBEHHOW CTPYKTYPHI (hepMeHTa
[P €r0 CBSA3BIBAHUH C PA3IHMYHBIMHU JIUTAHIAMH MO-
JKET CBhITpaTh 3HAYUTENBHYIO POJb B MIOHUMAaHUU Me-
XaHu3Ma ero (QyHKIHoHWpoBaHMA. |lpencrapneHHbIe
B pabote gaHHbIe 00 N3MEHEHUH COCTaBa, CTPYKTYPHI
U JIOKAJIM3allMY BHYTPEHHUX TOJIOCTEN U TyHHENEH B
MOJIEKyJIe TIalfanHa TPU CBSA3BIBAHUH C Pa3MIHBIMU
COCAMHEHHUSMH BKHBI JUTS BBISIBIICHHS KOH(QOpMAIIH-
OHHBIX MIEPECTPOCK FH3NMA B XOJI€ €T0 (PYHKIIOHHPO-
BaHms. Kpome Toro, oHH MOTYT OBITH MCITOJIB30BaHBI
JUTSL KICCITEIOBAHNS KaTATMTHYECKIX CBOMCTB (hepMeH-
Ta, TAKUX KaK TePMOCTAOMILHOCTD, TIPH €T0 B3aMMO-
JIEUCTBUU C COCTUHEHUSIMU PA3JIMYHON MPUPOJIBI KaK
B COCTaBE PacTUTEIHHOTO OpPraHu3Ma, TaK U IPH pas-
paboTKe MPOMBITIIJICHHBIX KaTaTN3aTOPOB.

Paboma evinonnena npu @unancosoil noooepicke & pop-
me epanma Ilpesudenma Poccuiickoti @edepayuu 01 2ocyoap-
CMBEHHOU NOOOEPHCKU MOTLOOBIX POCCULICKUX YUEHBIX - OOKINOPOS
nayk M/-1982.2020.4. Coenawenue 075-15-2020-325.
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IN SILICO STUDY OF THE COMPOSITION AND STRUCTURE
OF INTERNAL CAVITIES, TUNNELS AND PORES OF THE
PAPAIN MOLECULE AT BINDING WITH DIFFERENT
LIGANDS

F. A. Sakibaev!, M. G. Holyavka'?, V. G. Artyukhov!

Woronezh State University
2Sevastopol State University

Abstract. Papain is a cysteine protease which have the endolytic action. As part of papaya latex, the
enzyme is involved in defence of the plant from insects and phytopathogens. Papain is widely used in the
food industry as a meat tenderizer and clarifying agent. The enzyme is highly effective in the treatment of
sports injuries, has analgesic and anti-inflammatory activity against the symptoms of acute allergic sinusitis

without side effects.

It is known that the functioning of enzymes is determined by their spatial structure. Thus, a change
in the composition and structure of internal cavities, tunnels and pores can affect the thermal stability of

biocatalysts.

The composition, localization and structure of internal cavities, tunnels, pores in the papain molecule
when it binds to various ligands: methyl ester of N-tert-butyloxycarbonyl-phenyl-glycine. succinyl-Gln-
Val-Val-Ala-Ala-p-nitroanilide, loxystatinic acid (E64-c) and chloromethyl ketone were investigated in this
work. All the studied forms of the enzyme show similar localization of tunnels and pores. Models 1KHQ
and 1PIP are characterized by a smaller total volume of internal cavities than the enzyme without ligands,
whereas the structures 1PPP and 5SPAD have a larger volume. There are no tunnels in the 1PIP model. The
structure of the tunnels in all the forms of papain studied by us differs from that for the free enzyme. The
complete absence of pores was shown in free papain and associated with all ligands presented in the work.

Keywords: papain, internal cavities, tunnels, pores, in silico analysis.
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