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OCOBEHHOCTHU ITIPOCTPAHCTBEHHBIX CTPYKTYP
MOJIEKYJ PACTUTEJBHBIX IPOTEA3 - BPOMEJINHA,
POUIINHA U ITAITAUHA
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'@I'BOY BO «Boponesicckuil 20Cy0apcmeeHmblll YHUBEePCUMemy
2@IAOY BO «Cesacmononbckuil 20Cy0apCmeeH bl YHUSCPCUNEY
[Moctymuna B penakiuio 06.07.2020 r.

Annoranust. L{ucrennoBbie mporeassl (OpomesnuH, (HULIUH, MaanH) XapakTepU3YIOTCs HAIWYUEM B
AKTHBHOM LICHTPE MX MOJIEKYJ THOJIOBOW TpYIIIbl OcTaTka 1ucrernHa. OHU SIBISIFOTCS OMHUM M3 CPEJICTB
3alIUTHl PACTEHUH OT HACEKOMBIX, HEMATO/l 1 MHKPOOPTaHU3MOB. B HacTosIee BpeMs IUCTEHHOBBIE TIPO-
Teas3bl HAXOAAT IUPOKOE IPUMEHEHHE B IPOMBIIUICHHOCTH U MEJHUILITHE.

W3zBecTHO, 4TO (hyHKIIMOHHpOBaHUE (PEPMEHTOB BO MHOT'OM OIPEACISETCS UX CTPYKTYPOH. DIIEMEHTHI
BHYTPEHHEH CTPYKTYypbl OMOKaTalIn3aTopoB, TaKHe KaKk BHYTPEHHHE MOJIOCTH, TYHHEIIU U TIOPBI, SBIISIOT-
Csl HEOTHEMJIEMBIMH KOMIIOHEHTaMU HaTUBHOW KoH(popMarmu Oenka. OHM UrpatoT 3HAYNTEIBHYIO POJIb B
TpaHcropTe cyocTpara, KopakTopoB M MOHOB K aKTHBHOMY M PETYJISITOPHBIM LIEHTpaM OEJIKOBOH Makpo-
MoJiekyibl. Kpome Toro, nx KOH(Urypamus MOXKET BIMATh HAa TEPMOCTAOMILHOCTh (DEPMEHTOB, B CBSI3U
C 4eM M3yYEHHE JIAaHHBIX CTPYKTYP SBJISCTCSI BAYKHBIM JUIS TIOHUMAHUSI MEXaHU3MOB (DYHKIIMOHUPOBAHHS
OHOKaTaIN3aTOPOB.

B pabote uccienoBaHbl cocTas, JOKAIU3aUUs ¥ KOHGUTYpaLUst BHYTPEHHHUX MOJIOCTEH, TyHHENeH U
nop B Mosiekyinax o6pomenuna (PDB ID: 1W0Q) u3 Ananas comosus, puuuna (PDB ID: 4YYW) u3 Ficus
carica v nananna (PDB ID: 9PAP) u3 Carica papaya. J1ns pacyera napameTpoB 0003Ha4E€HHBIX CTPYKTYpP
ncnonb3oBanack nporpamma MOLE 2.13.9.6. ITokazano Hanuuue 10, 2 u 3 TyHHenel 11 yka3aHHbBIX SH3U-
MOB COOTBETCTBEHHO; 110 |1 BHYTpEHHEH MOJIOCTH B cocTaBe OpoMesinHa U GuIrHa U 3 TIOJIOCTH B COCTaBe
narauna; 13 mop B cocraBe OpOMEIIMHA U UX ITOJIHOE OTCYTCTBUE /IS TananHa U ¢punnHa. bpomenun u du-
LIUH UMEIOT CXOHYIO JIOKAIN3AIMIO BHYTPEHHHX TIOJIOCTEH, OJJHAKO, MX CTPYKTypa paziauyHa. bpomennn
MIPEATIOIOKUTEIEHO NMEET HAUMEHBIIYIO CTENIeHb KOMITAKTU3aIMK B CBSI3U C HANOOJBIINM KOJIHYECTBOM
BHYTPEHHUX CTPYKTYp. [IpuBeieHbl aMHUHOKHCIIOTHBIH COCTaB W NPO(WIN TyHHENICH W MOp H3ydaeMbIX
poTeas. YCTaHOBJIEHO, YTO 0003HAUCHHBIE CTPYKTYPhI COOOLIAIOTCA APYT C APYTOM OOLIMMHU ITyCTOTaMHU.
CXOZIHBIX 110 KOH(UTYpalny U JOKAJIM3aluU TyHHEJIEH B COCTaBe MCCIelyeMbIX IIpoTea3 0OHapy»KEeHO He
Obu10. BeIsBIIEHO ITpeobnaanne ruipopoOHBIX aMHMHOKHCIIOTHBIX OCTaTKOB B COCTaBE TYHHEJEH M TI0P.

KiroueBrnle ciioBa: 6p0MeJ’II/IH, (1)I/IIII/IH, rnamnavd, BHYTPEHHHUC MMOJIOCTU, TYHHEIIN, TOPHI

ucTtenHoBBIC (THOJIOBBIC) TPOTEA3bl XapakTe-
PHU3YIOTCS HaJWMYHWeM B aKTUBHOM IIEHTPE THOJIOBOH
TPYIIIbI, TPUCYTCTBYIOIIEN B OcTaTke nuctenHa. [{u-
CTEMHOBBIE TPOTEa3bl BBIIEICHBI U3 PACTEHUH, KH-
BOTHBIX, TpHOOB 1 OakTepuit. Cpenan Hanbosee SpKux
MIPUMEPOB — TMaNlanH, aKTHHUIWH, OpOMEITNH, (QHITHH,
karericuibl B 1 H, cTpenTokokkoBble MPOTEUHA3HI,
KJIIOCTPUTIMH W KajblanHbl. Kak mpaBmio, Bce OHU
MMEIOT OTHOCHTEIHHO HEOOIBIINE MOJEKYISIPHBIC
Macchl, koneomromuecs ot 20 mo 35 x/a [1, 2].

B ecrecTBeHHOM cpejie pacTeHUs MOABEPTarOTCs
aTakaM pa3JIMYHBIX TAaTOTEHOB W BpEIHUTENeH: Oak-
Tepuii, TpuOOB, HEMATON M HACEKOMBIX. B OoNbIInH-
CTBE CITy4aeB OTCYTCTBHE IKCIIPECCHN INCTEHHOBBIX
MpoTea3 MPUBOANT K CHHIKEHUIO YCTOWYHBOCTH pac-
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TEHHH K TIATOTeHaM, YTO MOXKET yKa3bIBaTh HA UX 3HA-
YUTETBHYIO POJIb B 3aIIUTE OT BpeauTenei [3-5].

B HacTosimiee Bpemsl IIMCTEHHOBBIC TMPOTEa3bl
HaXOMAT NIMPOKOE MPHMEHEHHE B OWOTEXHOJIOTHH.
bpomemun (EC 3.4.22.32), ¢purun (EC 3.4.22.3), na-
nmann (EC 3.4.22.2) u3 ananaca, MH)KHpa W Tamaiimy,
COOTBETCTBEHHO, SIBJISIOTCS HauOoJee M3BECTHBIMU
pacTUTEIbHBIMUA TIPOTEa3aMHU, HCIONB3YeMbIMH B
MUIIEBON MPOMBIIIJICHHOCTH, (papMarieBTUKe U JIpy-
TUX TEXHOJOTUICCKHUX TIpoIieccax. ITH TPH PepMeH-
Ta COCTaBISIOT 5 % MHPOBBIX MPOAAX TpoTteas [6].
JlaHHBIE 3H3MMBI TIPOSIBISIFOT aHTHUMHUKPOOHYIO, pa-
HO32XXUBIISIIOIIYI0, aHTHOKCHJIAHTHYIO, aHTHTHUIICp-
TEH3UBHYIO aKTUBHOCTS [7]. Kpome Toro0, OpomenuH,
(UIIH ¥ TATanH 1eMOCTPUPYIOT 3HAUYNTENBHBIE TIep-
CIICKTHUBHI B TTUIIICBOY MPOMBITIUIEHHOCTH [8-11].
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JlokazaHo, 4TO (YHKIHMOHHpPOBaHHE (epMeHTa
BO MHOIOM OINpEAENseTCs] €ro MpOoCTPAaHCTBEHHON
CTPYKTYpoOH. BiusiHue cTpOeHMsI Ha KaTAIUTHYECKYIO
AKTHBHOCTb DH3MMa MOXET OBbITh PEaln30BaHO Kak
Yyepe3 0COOCHHOCTH B3aMMOJICHCTBHSI ¢ CyOCcTparoMm,
TaK M 4yepe3 Apyrue (pHU3MKO-XUMHUYECKUE CBOMCTBA.
B psine pabot nmokazaHo, 4TO U3MEHEHHSI B COCTABE U
CTPYKTyp€ BHYTPEHHUX IOJIOCTEH, TYHHEIEH U I10P
[IOCPEZICTBOM HAIpaBICHHOIO0 MyTareHes3a MpHUBOJSAT
K YMCHBIICHUIO WM YBEJIWYCHUIO TEPMOCTAOUIIb-
HOCTH Ouokaranusatopa. Kpome Toro, Ha3BaHHBIE
CTPYKTYpPBl Y4acTBYIOT B TPaHCIOpPTE BELIECTB (KO-
(haKTOpOB, PErysTOPOB, HOHOB U T.J1.) K aKTUBHOMY
1 BCIIOMOTaTeJIbHBIM LIEHTpaM 0eJIKa, YTO TaKXKe yKa-
3bIBACT HA WX 3HAYMTENBHYIO POJb B (PYHKIIMOHHPO-
BaHUM (epmenTos [12-17].

Llenbro gaHHOM PabOTHI SIBIISETCS W3yYEHUE CO-
CTaBa, JIOKAIM3allUU U CTPYKTYpbl BHYTPEHHHUX IIO-
JIoCTel, TyHHENeH W Mop B MOJEKylax OpoMelnHa,
¢unKHa 1 NananHa.

OBBEKTbHBI U METO/bI
NCCIEJOBAHUSA

B kauecTBe OOBEKTOB HCCIIEOBaHUSI OBLIH BbI-
Opanbsl Opomenun (PDB ID: 1WO0Q) u3z Ananas
comosus [18], ¢unun (PDB ID: 4YYW) u3 Ficus
carica [19] u nmanaun (PDB ID: 9PAP) u3z Carica
papaya [20]. Pacder mapamMeTpoB U BU3yaIH3AIUIO
BHYTPEHHUX MOJOCTEH, TyHHEJIEH W MOp OCyIIecT-
Bsuin B nporpamme MOLE 2.13.9.6. Ilox «momno-
CTBIO» TIOHHMAJIM CBOOOJHOE 3aMKHYTOE MPOCTpPaH-
CTBO BHYTPH I1100YIIbI PepMeHTa, He coodLIaromeecs
C TOBEPXHOCTHIO MoJIeKybl. [Tox «mopoii» — cBobo-

HOE TIPOCTPAHCTBO BHYTPH IIIOOYIIBI, COOOIIArOIIEECs
C €€ MOBEPXHOCTBHIO TOJBKO Yepe3 OIHO OTBEPCTHE,
T.. yNIyOJeHHe Ha TIOBEPXHOCTH HJIH B TOJIIE MOJIE-
Kynbl. [lon «TyHHENIeM» Mbl HOAPa3yMEeBaId CKBO3-
HOE OTBepCcTHE B OEJIKOBOM 1o0yre, T.€. CBOOOAHOE
HPOCTPAHCTBO BHYTPU MOJICKYJIbI, COOOIIAIOIIEeCs ¢
€e MOBEPXHOCTHIO Yepe3 JBa 1 00Jiee OTBEPCTHIA.

PE3VJIBTATHI U UX OBCYXJIEHUE

B cocraBe monekyn OpomennHa U (GUIMHA 00-
HapykeHO Mo 1 BHyTpeHHeH MoJIoCTH, AJIs HarnanHa
UX YUCIO cocTarisieT 3. bpomenuH u GpuivH UMEroT
CXOIHYIO JIOKaJIN3aIMI0 BHYTPEHHUX MOJOCTEH, OfI-
HaKo, X CTPYyKTypa pasznuyHa (puc. 1). B cocrase
MOJICKYJIbI TIaNlaHa He 00OHAPYKEHO MOJOCTEH, UMe-
IOIIUX CXOMHYIO JIOKAQJIM3alUI0 C TAaKOBOW IS TIep-
BBIX JIBYX (hepMEeHTOB.

Puc. 1. CTpykTypa u JIOKaau3anus BHYTPEHHUX
MOJIOCTEH B COCTaBE MOJICKYT OpoMeNnnHa (clieBa),
¢unrHa (B IICHTpPE) W NamanHa (Crpana)

HawnGonpmee yncno tyHaHenei (10) oOHapy)keHO
B MoJIeKyie OpomenuHa. Monekyibl GuIuHa U ma-
MavHa XapaKTePU3yIOTCs HAIMYUEM 2 U 3 TyHHeJel
cooTBeTCTBEeHHO. [Ipn ananuse oOCyXJaeMbIxX B pa-

Tabmuma 1

Amunokuciomuulii cocmas myHHenell 8 MOIeKy1ax Opomenuna, uyuna u nanauna

Ne

DepmeHT
TYHHEIS

AMMHOKHUCIIOTBI

bpomennn

1 Glul18, Met121, Met122, Tyr165, Argl190, Asp191, 11e201, Ala202

2

Glul18, Met121, Val160, Thr161, Ala162, Ile163, Tyr165, Tyr185, Ile186, Met188, Arg190, Asp191,
11e201, Ala202

Glul18, Met121, Vall47, Tyr165, GIn167, Asp168, Argl87, Met188, Alal89, Arg190, Asp191, I1e201,
Ala202

Arg9, Glul18, Metl121, Alal62, Ile163, Gly164, Tyr165, GIn167, Glul82, Tyr185, Ile186, Argl187,
Met188, Argl190, Asp191, 11e201, Ala202

Cys26, Gly65, Gly66, Trp67, Glu68, Ala133, Asnl57, Ala159

Gly66, Trp67, Glu68, Alal33, Leul56, Asnl57, Alal59, 11e203

Val35, I1e38, Tyr39, Phe72, Ile75, Ser104, Ala105, Tyr106, Ile107, Pro208, Leu210

Lys144, Tyr172, Lys174, Trp176, Lys179, Trp180

O (A[N ||

GlIn53, Ala82, Tyr87, Lys97, Gly100, Val101

—
(e

Vall4, Thrl5, Ala33, Glu36, Ser37, Leu46, Ile163

Dunyn

Aspl4, Prol5, Argl7, Phe28, Ser29, Val32, Glu35, Ser47, Glu50, Ala163, Val164, Argl81, Ser183

Ala7, S04100, Asp115, Valll6, Prol17, Alal18, Asn120, Leul24, Ala210, Met211, Glu212, Ser213

[Tanaun

Glu52, Leu53, Cys56, Leu74, Val75, Tyr78, Gly79, Cys95, Ser97, Tyr103

Glu52, Leu53, Cys56, Leu74, Tyr78, Gly79, 11e80, Cys95, Ser97, Tyr103

W [—= D —

Ala30, Tyr67, Pro68, Trp69, Leu72, Ser131, Vall33, Ser205, Phe207
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0oTe pepMEHTOB HAMHU HE OOHAPYKEHO CXOAHBIX MO
CTPYKTYpE W JIOKaJHM3aluu TYHHEJEeH B MX MOJICKY-
nax (puc. 2, 3). AMUHOKUCIIOTHBIN COCTaB TyHHENEH
npeacTaBieH B Tadiuue 1.

B monekyne OpomenuHa ObUTO BBIABICHO 13
nop (puc. 4 u 5). UXx aMHHOKHCIOTHBIH COCTaB
npuBeAcH B Tabmuue 2. AHalu3 MoJenei Npo-
CTPaHCTBEHHBIX CTPYKTYp (uLMHA B OpomesnHa
MoKasall OTCYTCTBHE B MX cocTaBe mop. Ha ocHo-
BaHUM YKa3aHHBIX JaHHBIX MOXKHO MPEINOI0KHTD,
YTO HaWMEHbINAsl CTCIICHbh KOMIAKTH3AIMH XapaK-
TepHa 1J1s1 OpoMeJInHa.

Ocobennocmu npocmpancmeenHovix CmpyKkmyp

Puc. 2. CtpykTypa W jokanu3anus TyHHeNEH B
cocTaBe MOJICKyJl OpomenuHa (cieBa), ¢uimHa (B
LEHTpE) U NarnanHa (cripasa)
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Puc. 3. llpopunu tyrHene# (0003HaueHb! nudpamu), BXOIAIIMX B COCTAB MOJIEKYJI OpoMenHa, GUIluHA

U nmarmanHa

[Ipu ananmze TyHHENEH U TIOP OBLIO YCTAHOBIICHO,
YTO NaHHBIC CTPYKTYPHI COOOMIAIOTCS OOIMMMH IIy-
CTOTaMHU B COCTaBE€ MOJIEKYT OpOMeHMHA M TaranHa.
B cocrase mocnennero 2 u3 3 TyHHENEH COOOMIAIOTCS
o0rmIei mycToToit. Mosnekyina OpoMennHa XapakTepH-
3yeTcsl 3HAYNTENFHON CTeTeHBbI0 Ppa3BETBICHHOCTH

Puc. 4. CTpykTypa 1 JJOKaIu3a1us rnop B COCTaBe
MOJIEKYJIbl OpOMenHa
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BHYTPEHHUX CTPYKTyp. TOJBKO 2 TyHHENS W3 TpUBe-
neHabX 10 u ogHa mopa u3 13 mop He cooOmaroTes ¢
JIPYTUMHA CTPYKTYPaMH OOIITIMH TTyCTOTaMH.

B manbopIeM KoJIMdecTBE B COCTaBe TYHHEICH
W TIOp TPEACTaBICHBI THAPO(POOHBIE aMUHOKHCIIOT-
HBIE OCTATKHU: X J0Js coctaBiseT 51 %, 50 % u 66 %
U1l OpoMennHa, (pUIIHA ¥ TaranHa COOTBETCTBEH-
HO; OIS 3apsHKCHHBIX aMUHOKHUCITOT — 25 %, 25 % u
6 % cooTBeTCTBEHHO. BHIHO, YTO TpHCYTCTBHE 3a-
PSKEHHBIX OCTaTKOB B COCTaBe TYHHENEH B MOJIEKYIIe
TaranHa BEIPAXKEHO B HANMEHBIIIEH CTETIeHH.

3JAKJIIOYEHHUE
[Tornmanmne ocobeHHOCTEH (PYHKIIMOHUPOBAHMS
9H3UMOB, a TakXke pa3paboTka Ha WX OCHOBE Kara-
JIU3aTOPOB  JUIsi OMOTEXHOJIOTHUYECKOTO HCIOIb30-
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Tabmnwuma 2
AMUHOKUCTOMHDIL COCMA8 NOP 8 MONEKYILe OPOMENTUHA
Ne AMUHOKHUCIIOTBI
TTOPBI

1 Asp7, Arg9, Gly164, GIn167, Tyr185, Argl187

2 Asp7, Arg9, Thr161, lle163, Gly164, GIn167, Tyr185, 1le186, Argl187

3 Arg9, Thrl161, le163, Gly164, Gln167, Glu182, Tyr185, lle186, Argl87

4 Ser$, Ile6, Asp7, Vall47, Gly164, Tyr165, Gln167, Asp168, Arg187, Met188, Alal89, Argl190

5 Arg9, Vall47, Glyl64, Tyr165, GIn167, Asp168, Glul82, Tyr185, Argl187, Met188, Alal89, Arg190

6 Vall47, Vall160, Thr161, Alal62, Gly164, Tyr165, GIn167, Asp168, Tyr185, Ile186, Arg187, Met188, Alal89, Argl190,
11e201

7 GIn4, Glul18, Metl21, Met122, Val160, Thr161, Alal62, Tyr165, Gly166, Tyr185, lle186, Met188, Arg190, 11e201

8 Gln4, Glul18, Met121, Met122, Vall147, Tyr165, Gly166, GIn167, Asp168, Arg187, Met188, Ala189, Arg190, 11e201

9 Gln4, Arg9, Glul118, Met121, Met122, Ala162, Ile163, Gly164, Tyr165, Gly166, GIn167, Tyr185, Ile186, Arg187, Met188,
Arg190, 11e201

10 Gln4, Asp7, Arg9, Glul18, Metl121, Met122, Alal62, Ile163, Gly164, Tyr165, Gly166, GIn167, Tyr185, 1le186, Arg187,
Met188, Arg190, 11e201

11 Argl12, Vall13, Prol14, Argl15, Ngz121, Asp204, Pro205, Leu206

12 Trp67, Phe69, Argl12, Vall13, Prol14, Argl15, Ngz121, Leul56, 11e203, Asp204, Pro205, Leu206

13 Val35, Tyr39, Glu47, Leud9, Asn103, Ser104, Alal105
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Puc. 5. llpodunm mop (0603Ha4eHBI M(pamMu), BXOASAIINX B COCTAB MOJICKYIIBI OpOMETHA

BaHUS HEBO3MOXKHBI 0€3 NETalbHOTO0 M3Y4EHHUS HX
NPOCTPAHCTBEHHOH CTPYKTYphI. B HacTosimei pado-
T€ BBIIBICHO HaIW4KME | BHYTPEHHEH MONOCTH JUIS
OpomennHa 1 puUUHA U 3 CTPYKTYp JAHHOTO TUIIA B
cocraBe nanauHa. [lokazano nanuume 10 TyHHenel
u 13 nmop B Mojekyne Opomenuna, 2 u 3 TyHHeNEH
B MOJIEKYJIaX (ULMHA U MaanHa. YCTAaHOBJICHO, YTO
rupodoOHbIe aMUHOKUCIIOTHI MPeo01aJaoT B TyH-
HENSIX U mopax A uccienyeMbix (hepMeHToB. Bol-
SBJICHO, UTO AaHHBIE CTPYKTYPbI COOOLIAIOTCS IPYT C
JPYroM OOLIMMH TOJIOCTSIMH.

[IpuBeneHHBIE OCOOCHHOCTH CTPOCHUST MOJIEKYI
OpoMesnnHa, pULIKMHA U TIallalHA MOTYT UTPaTh CyIle-
CTBEHHYIO POJIb B MX BHYTPHKJIECTOYHOM (YHKIHO-
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HUPOBAHUH, YTO HCO6XO}_II/IMO YUYUTBIBATH IPU pa3pa-
0OTKE HA UX OCHOBE MIPOMBIIIJICHHBIX KaTaJIn3aTOPOB
U MCOWLMHCKUX MIpCraparoB.

Paboma evinonnena npu gunancogoii noodepoicke 8 hop-
me epanma Ilpesudenma Poccuiickoii @edepayuu 0ns 2ocyoap-
CMBEHHOIL NOOOEPIHCKU MOTIOObIX POCCULICKUX YUEHBIX - OOKINOPO8
nayx M/[-1982.2020.4. Coenawenue 075-15-2020-325.
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FEATURES OF SPATIAL STRUCTURES OF PLANT
PROTEASES MOLECULES - BROMELAIN, FICIN AND
PAPAINE

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

! Voronezh State University
?Sevastopol State University

Abstract. Cysteine proteases (bromelain, ficin, papain) are characterized by the presence of a thiol
group of the cysteine residue in the active center of their molecules. They are one of the plant protection
agents for insects, nematodes and microorganisms. Currently, cysteine proteases are widely used in industry
and medicine.

It is known that the functioning of enzymes is largely determined by their structure. Elements of the
internal structure of biocatalysts, such as internal cavities, tunnels and pores, are integral components of
the native conformation of protein. They play a significant role in the transport of the substrate, cofactors,
and ions to the active and regulatory centers of protein macromolecules. In addition, their configuration
can affect the thermal stability of enzymes, and therefore the study of these structures is important for
understanding the mechanisms of biocatalyst functioning.

In this work, we investigated the composition, localization and configuration of internal cavities,
tunnels and pores in molecules of bromelain (PDB ID: 1W0Q) from Ananas comosus, ficin (PDB ID:
4YYW) from Ficus carica, and papain (PDB ID: 9PAP) from Carica papaya. MOLE 2.13.9.6 program
was used to calculate the parameters of the indicated structures. It is shown the presence of 10, 2 and
3 tunnels for the indicated enzymes respectively, the presence of | internal cavity in the bromelain and
ficin molecules and 3 cavities in the composition of papain and the presence of 13 pores in bromelain and
their complete absence for papain and ficin. Bromelain and ficin have a similar localization of the internal
cavities, but their structure is different. Bromelain probably has the least degree of compaction due to the
highest number of internal structures. The amino acid composition and profiles of tunnels and pores for
the studied enzymes are given. It was found that the indicated structures communicate with each other by
common voids. No tunnels similar in configuration and localization were found in the composition of the
investigated proteases. The predominance of hydrophobic amino acid residues in the tunnels and pores was
revealed.

Keywords: bromelain, ficin, papain, internal cavities, tunnels, pores
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