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AHHoTanusi. bakTepuanbHble KoJUTareHasbl SIBISIOTCS METAJUIONPOTEMHA3aMH, YYacTBYIOIIMMH B
pa3iIoKEeHNH BHEKJIETOYHOTO MaTPUKCA KJIETOK YKMBOTHBIX M3-3a UX CIHOCOOHOCTH I'MPOJIH30BAaTh HATHB-
HBII KoJutareH. [laroreHHbie MUKpoOpranu3Mel (B ocHOBHOM Clostridium histolyticum), U3BeCTHBIC Kak
MIPOAYIEHTHl MUKPOOHOM KOJIJIareHa3bl, MOTYT PacCIIEIUISITh KaXIylo ITOJUIENTHAHYIO Ielb KoJljlareHa
Ha HECKOJIKO Y4acTKOB. M3BeCTHO, 4TO OHM JNEHWCTBYIOT KaK SK30TOKCHH M HapylIaloT MeTaboJH3M CO-
eIMHNUTENILHOM TKaHM 3a CYEeT TMJpOJN3a KoJulareHa B KiieTkax. KoyutareH siBisieTcsi OCHOBHBIM OelTKoM
BHEKJICTOYHOTO MaTpPUKCa TKaHEH, TAKUX KaK CyXOXKHIIHUS, KOKa, XPSIIN ¥ KPOBEHOCHBIE COCY/bI, a TAKIKE
OpraHMYecKUM KOMITOHEHTOM 3y0OB, KOCTel W poroBuilbl. KojutareHasbl 4acTo MCHOJIB3YIOTCS JUIS BBI-
JIeTICHUs] KJIETOK M3 TKaHEH B MEIMIMHCKUX UCCICAOBAHUAX. DTH (DEPMEHTHI YCHEUIHO MPUMEHSIOT IS
yAaJeHUs M epeMeIIeHHs KJIETOK MOPKeNTyI04HOM skene3bl. CeroHs KoareHasy paccMarpHuBaloT B Ka-
YeCTBE JIGKapCTBEHHOT'O CPEJICTBA U, TI0-BUIMMOMY, OHA MOXKET 3aMEHUTH HEKOTOPbIE HHBA3MBHBIE METOIbI
Jie4eHust 3a00JIeBaHUi, IPU KOTOPBIX Ype3MEpHOE OTIOKEHHE KOJUIareHa BBI3bIBAET HapylIeHus (Gu3no-
nornyeckux (yHKIui opranu3Ma. KosmareHasza ruaponn3yeT HATUBHBIN KOJUIAreH, JAeHATYypPHPOBAHHBIN
KOJIareH W skenatuH. MepMeHT OCyIIecTBISIET MPOTEONIN3 MO HENTHIHBIM CBS3SM OCTAaTKOB MPOJIMHA U
OKCHITPOJINHA.

B nacrosimeii pabore Obuta m3ydeHa cyOcTparHas CrieliM(UYHOCTh KOJIIareHasbl 110 OTHOLICHUIO K
CJIeTyIOIIMM cyOcTparam: ObIuui chiBopoTouHbIi ankOymuH (BCA), umnasa u3 mopKeny/I04HON Kemesbl,
0, ,-Ka3eMH MOJIOKa, 0-aMMJIa3a U3 TIO/KENyIOYHOM Jkenesbl, pocdarasa, reMONIOOHH, TMUHBIH albOyMHH,
LIUTOXPOM C, CHIBOPOTOYHBIN anpOymuH uenoBeka (CAY), karanasa, koyutareH. AKTHBHOCTH (pepMeHTa
orpeaensin MetonoM Jloypu (110 pa3HOCTH MEX/y coepikaHneM Oelika B pacTBope cyocrpara 6e3 u ¢ 30
MHUHYTHOW MHKyOaumeii ¢ pepmentom ripu 37 °C). YCTaHOBICHO, YTO TOJIBKO KOJUIATEH C BBICOKOW CKOPO-
CTBIO THJPOJIM3YETCs KojulareHazoi. I10 OTHOIIEHHIO K OCTaJbHBIM OelkaM (ObIYbeMY CHIBOPOTOYHOMY
anb0yMUHY, JIUNa3e, FeMOITIOONHY, Karanase, Ka3eHHy MOJIOKa, aMHiIa3e, SINYHOMY aJIbOyMHHY, IINTOXPOMY
¢, pocdaraze ¥ CHIBOPOTOUHOMY aTLOYMUHY YeJIOBEKa) ObLiIa BISBICHA HU3KAs KaTATUTHYCCKAs CITOCO0-
HOCTh HATUBHOW M MMMOOMJIM30BaHHON Ha MaTpHIle XHTO3aHa KoJutareHas3bl. CHIKEHHE NMPOTea3HON ak-
TUBHOCTH MMMOOMIIM30BAaHHOW KOJIJIareHa3bl M0 CPAaBHEHHUIO CO CBOOOJHOM, BEPOSITHO, CBS3aHO CO CTe-
PUUECKHMHU OTPAHUUCHUSIMH JOCTYIa BHICOKOMOJIEKY/SIPHBIX CyOCTpaToB (OENKOB) K aKTHBHOMY LIEHTPY
(epmeHTa, 00yCIOBICHHBIMU MaTPHILEH XUTO3aHA.

KroueBble ciioBa: KoiutareHasa, XUTo3aH, IMMOOWIN3aIys, cyOcTpaTHas Crielin()UIHOCTD

BakrepuanbHbie KOJUIareHasbl SIBISIFOTCS METall-
JIONIPOTENHA3aMHU, YYACTBYIOIUMH B Pa3JIOKCHUU
BHEKJICTOYHOTO MaTpPHKCa KIETOK YKHBOTHBIX H3-3a
HX CHOCOOHOCTH THAPOJIHM30BaTh HATUBHBIN KOJUIA-
reH. DT (DepMEHTHI SBIAIOTCS BaXXHBIMH (DaKTO-
paMH BUPYJICHTHOCTH JUII MHOXKECTBA MATOTCHHBIX
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Oakrepuii [1-8]. IlaroreHHBIE MHKPOOpPTAaHWU3MEI, B
ocHoBHoM Clostridium histolyticum, W3BECTHBI Kak
MIPOAYIIEHTH MUKPOOHOH KotareHass [9, 10]. Kom-
JlareHa3bl MOTYT PACIICIUISTh KaXKTyI0 MOTUIETITH-
HYIO IIeNb KOJUIareHa Ha HeCKOJbKO ydacTkoB [11].
W3BecTHO, YTO OHU JAEUCTBYIOT KakK 3K30TOKCUH M
HapyIIaloT METa0OJIM3M COEAMHUTENbHON TKaHU 3a
CYeT THAPOJM3a KojulareHa B KireTkax [12]. Pexom-
OMHAHTHBIE OaKTepUaTbHBIE KOJIJIAreHa3bl CIIOCOOHBI
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THIPOJIU30BaTh KaK BOJAOHEPACTBOPUMBIC HATHUBHEIE
KOJUIareHbl, TaK M BOJOPAcCTBOPHUMBIE JEHATYPHPO-
BaHHBIC KoJuTareHsl [13].

Konnaren siBisieTcst OCHOBHBIM O€JIKOM BHEKJIE-
TOYHOTO MAaTpHUKCa TKaHEH, TaKuX KaK CyXOXKHIIUS,
KOYKa, XPAILIN U KPOBEHOCHBIE COCY/IbI, a TAKXKe opra-
HUYECKUM KOMIIOHEHTOM 3y00B, KOCTEH W pOTOBUIIBI.
Upe3mMepHast arperaiysi KojlareHa MOYKET BBI3BaTb
HapylIeHue 3THOJIOTUH opraHeii [9].

Komnarenassl 4acTo MCNONB3YyIOT JUIS BBIIEJICHUS
KJIETOK W3 TKaHeW B MEIULMHCKUX HCCIIEI0BaHUSX.
OTH (hepMEeHTBI YCTIEIHO MPUMEHSIOT VIS YAaIeHUs 1
NepeMeIIeHHs] KIIETOK MOKETyI0YHOM sKeie3bl, KOTO-
past BeipaOaThiBacT MHCYIIMH (y TAIUEHTOB C TMa0eTOM)
[14]. Ucrionb3ys KomIareHasbl, MOKHO TAK)KE BBICTUTh
VHTAKTHBIC KJICTKU APSHXUMBbI [ICYCHH, IKHUPOBBIX KJIe-
TOK M HA/MOYEYHUKOB [ 15], KOTOpBIE 3aTeM MOKHO HC-
[0JIb30BaTh YISl BBIPAIMBAHMS KIETOUYHBIX KYJIBTYD
[16]. Ceronns xomareHasy paccMarprBaroT B KaueCTBe
JIEKapCTBEHHOTO CPEACTBA U, O-BUMMOMY, OHA MOYKET
3aMEHHTh HEKOTOPbIE MHBA3WBHBIC METOABI JICUCHUS
3a00J1eBaH, TIPH KOTOPBIX UYpPE3MEPHOE OTIOKEHHUE
KOJJIareHa BbI3BIBACT HapylICHUS! (H3MOIOTHYECKHX
¢dynkumii opranmsma [17, 18].

Komnnarenasa ruaponusyeT HAaTHUBHBIN KoOJIareH,
JIeHaTypUpPOBaHHBIA KoJulareH M skenarnH. OHa ocy-
LIECTBIISIET THAPOIIN3 TIO MENITHIHBIM CBS35SM OCTATKOB
NpojrHa 1 OKcunposimHa. CKOpoCTh THAPOIH3a CyO-
CTpara CHI)KaeTcs NpH HaJIMYMK B HeM apruHuHa [19].

Ha nonyyeHue [OMOIHUTENBHBIX CBEAEHUN O
cyOcTpaTHO# crienu(UYHOCTH KOJUTareHa3bl B CBO-
00IMHOM M MMMOOWJIN30BAHHOM COCTOSIHUSIX M Ha-
MpaBJieHa Hallla CTaThsl.

METOJAUKA DKCIIEPUMEHTA

B kauectBe 00beKTa HCCie0BaHuUs Oblila BBIOpa-
Ha koyuiareHasza u3 Clostridium histolyticum ¢upmsr
«Sigma-Aldrich», HocuTensaMu 111 IMMOOWIIN3AIH
— KHCJIOTOPAaCTBOPUMBIE CpeTHEMOIEeKYIApHbINA (Mr
= 200 x/la, crenens neanerunupoBanus — 82 %) u
BBICOKOMOJIEKYJISIpHBIM xuTo3ansl (Mr = 350 x/la,
CTeNeHb JeareTunrpoBanus — 94.85%) pupmsr 3A0
«buonporpeccy. UMMobunnzanuio KoiiareHasbl Ha
XHUTO3aHE OCYILECTBIISUIA METOIOM MIPOCTOH ascopo-
uuu [20].

Jnst uccnenoBaHusi cyOCTpaTHOH crienn(UIHO-
CTH KOJUTareHa3bl HCIOJIb30BAINCH CIEAyIomune 0e-
Ku: Oblumii chiBOpoTOuHbId anbOymun (BCA) (Bos
taurus, 66 kJla), mumasza U3 NOHKETYIOYHON JKEIe3bI
(Sus scrofa, 48 xJ1a), as1-xazeun mosnoka (Bos taurus,
22-23 k/la), a-amuna3za U3 MOIKETyIOYHOU Kele-
36l (Sus scrofa, 51-54 x/la), pocdarasa (Bos taurus,
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nmumep ~160 k/la), remornooun (Homo sapiens, 66.8
k/la), suunetii ansOymun (Gallus gallus, 44-45 x/1a),
nuToxpoM ¢ (Homo sapiens, ~15 k/la), ceiBOpoTOU-
HbIi anpOymuH yenoseka (CAY) (Homo sapiens, 66.4
k/la), katanaza (Bos taurus, terpamep ~250 k/la),
kostareH (Homo sapiens, ~300 k/]a).

AKTHUBHOCTh (PEPMEHTOB OIPEICIISLIA METOI0M
Jloypu (10 pa3HOCTH MEXIy CoJep)KaHHeM OejKa B
pactBope cyocTpara 0e3 u ¢ 30 MUHYTHOI HHKYOaIu-
et ¢ pepmentom nipu 37 °C) [21, 22].

Craructuyeckass o0pabOTKa TIOJyYEHHBIX pe-
3yJBTaTOB MPOBOJMIACH TPAIUIIMOHHBIM CIIOCOOOM
NPy YpPOBHE 3HAYUMOCTH 5 % C HCIONIB30BaHUEM
t-kputepus CTbrOfICHTA.

OBCY/XKJIEHUE PE3VJIBTATOB

OCHOBBIBASICH Ha JIUTEPATYPHBIX JaHHBIX O TIpE]i-
MOYMTAEMbIX KOJUTareHa30i M M30eraeMblixX €ro IMer-
TUJHBIX CBS3X Ui rujaponusa [9, 17-19], Obuia
cocrapiieHa Ta0JHIa, B KOTOPOH NMPHBEICHBI a0co-
JIOTHBIE U OTHOCHTEJBbHBIC 3HAYCHHUS, a TaKXkKe CO-
OTHOUICHUE TPEANOYUTACMBIX U N30eraeMbIX CBSI3CH
JUTSL TH/IPOJIH3a.

YCTaHOBIICHO, UTO TOJIBKO KOJIJIAareH (OTHOIIICHUE
MPEANIOYUTAEMBIX 1 U30eraeMbIX CBSI3€H COCTABISET
6.1) ¢ BBICOKOI CKOPOCTBIO THAPOIM3YETCS KoJjlia-
reHa3zoil. CHMKEHUE KaTaTUTUYECKOH CIIOCOOHOCTH
M0 OTHOIICHHIO K KOJUIareHy HMMMOOHMIM30BAaHHOTO
(epMeHTa MO CpPaBHEHUIO CO CBOOOJHBIM, BEPOSIT-
HO, CBSI3aHO CO CTEPUYECKUMHU OTPaHUUYCHHSIMH JIO-
CTyIa BBICOKOMOJICKYJIIPHBIX CyOCcTpaToB (OeKOB) K
AKTHBHOMY IICHTPY KOJUIareHasbl, 00yCIOBICHHBIMH
MaTpHIIeH XUTO3aHa.

Huskas xaranurudeckass crnocoOHOCTh HaTHB-
HOM W MMMOOWIM30BAaHHOM Ha MaTPHIC XWUTO3aHA
KOJIJTareHasbl OblIa BBISBJICHA K OCTAIBHBIM OCIIKaMm:
OBIYbEMY CBIBOPOTOUHOMY allbOyMHHY (OTHOIIEHHE
MPEANIOYNTAEMBIX U U30eraembix cBsized — 1.2), nu-
nase (1.4), remornobuny (2.3), karanaze (0.9), kazeu-
Hy MoJioka (3.1), amunase (0.9), suaHOMY abOyMUHY
(1.0), uutoxpomy c (2.0), pocdaraze (1.8) u criBopo-
TOYHOMY alibOymuHy 4yenoBeka (1.0) (puc.1, Tadm. 1).

AHanM3upys 1aHHBIC PUCYHKA U TaOJIUIBI, MOXK-
HO C/IeJIaTh BBIBOA O TOM, YTO YPOBEHb aKTHBHOCTH
KOJIJIareHasbl M0 OTHOIICHUIO K TOMY HJIM HWHOMY
cyOcTpaTy CBA3aH C COOTHOIICHHEM IpearoYnTae-
MBIX JIJIsl THAPOIN3a U U30eraeMbIX MENTUAHBIX CBSI-
3eil. Uem BblllIE IIPOLIEHTHOE COAEP)KAHUE IMPENAIOo-
YUTAEMBIX U HIDKE KOJIMYECTBO M30ETacMbIX CBSI3CH
B cyOcTpare, TeM BBIIIE aKTUBHOCTH (pepMeHTa Io
OTHOLICHWIO K HeMmy. CHIKCHHE KaTaJMTHYECKOH
CIOCOOHOCTH MMMOOMIIM30BAaHHOM KOJIareHashbl 1o
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Tabnuua 1.
Konuuecmeo npednouumaemvix u usbezaemvlx nenmuoOHbIX C8s13¢ell 05t 2UOPONU3A KOLIA2eHA30U
N3z6eraemeie OTtHolIeHHE
[IpeanountaemMble aMUHOKHUCIOTHBIC AMMHOKHCIOT- | TpeTodmTac
OCTAaTKH U MENTHIHbIC CBSI3H P
Cy6erpar HBIC OCTAaTKU MBIX aMUHO-
o Jletnun- Cymma, Aprunus, KHCTOTHBIX
POMIH - byiwn | a6comor. / % | a6eomot. / % OzTaTKOB K
H30CTracMbIM |
Brrunii ceiBopoTouHbIid anp0ymMuH [Bos taurus| 607 aa
GenBank: CAA76847 1 28 3 31/5.0 26/4.0 1.2
Jlunasa [Sus scrofa] 465 aa
GenBank: ADD71520.1 25 4 29/6.0 21/4.5 1.4
Kazeun momnoxa [Bos taurus] 214 aa
GenBank: ACG63494.1 17 2 19790 6/28 31
Awmmunasa [Sus scrofa] 511 aa
GenBank: AAF02828. 1 21 3 24/5.0 28/5.5 0.9
Docbaraza [Bos taurus] 533 aa
GenBank: AAA30571.1 31 4 35/6.5 20/4.0 1.8
Temorno6un [Homo sapiens] 574 aa
PDB: 1SI4 A
PDB: 1S14 B 26 6 32/5.5 14/2.0 23
PDB: 1SI4 C
PDB: 1SI4 D
Suuanstit ansOymut [Gallus gallus] 386 aa
GenBank: AAB59956, 1 14 1 15/4.0 15/4.0 1.0
Hutoxpom ¢ [Homo sapiens] 105 aa
NCBI Reference Sequence: NP_061820.1 4 0 4740 2/20 20
ChIBOpOTOUHBIH anbOyMuH 4esoBeka [Homo sapiens]
609 aa GenBank: AAN17825.1 24 4 28745 28 /45 1.0
Karanasa [Bos taurus] 527 aa
NCBI Reference Sequence: NP_001030463.1 28 ! 29755 32/6.0 0-9
Komnaren [Homo sapiens] 1678 aa
GenBank: BAA04809.1 275 16 291/17.0 47/2.8 6.1

AMHHOKHCIIOTHBIE [TOCIIEI0BATeIbHOCTH CYOCTpaToB ObuTH B3siThI M3 0a3bl qanHbx NCBI (https://www.ncbi.nlm.nih.gov/ )
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Puc. 1. Karanmutuyeckas akTUBHOCTBH (€a/MI)
KOJITareHasbl M0 OTHOIIEHHIO K Pa3InYHbIM Oellkam,
rne 1 — pacTBopuMast KojlareHasa, 2 — KojulareHasa,
MMMOOMJIM30BaHHAsI HA CPEAHEMONEKYISIPHOM XUTO-
3aHe, 3 — KoJlareHasa, IMMOOHMIIN30BaHHAsI HA BBICO-
KOMOJIEKYJISIPHOM XUTO3aHE

CPaBHEHHUIO CO CBOOOIHOM, BEpOSATHO, CBSA3AHO CO
CTEepUYECKUMH OTPAHWYCHHUSAMHU JIOCTyIa BBICOKO-
MOJICKYJISIPHBIX CYOCTPaToB (OEITKOB) K €€ aKTHBHOMY
LEHTpY, 00yCIOBICHHBIMH MaTpuIeil xuro3ana. [1o-
Jy4eHHBIE CBEJICHUS O CyOCTpaTHOM cielu(pUIHOCTH
KOJUTareHas3sl B CBOOOAHOM M HMMMOOMIM30BAaHHOM
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COCTOSIHHSIX MOTYT OBITh MCIIOJIb30BAaHBI TIPH pa3pa-
00TKe HOBBIX (PapMaKOJIOTHIECKUX areHTOB U MT03BO-
JIAT ¢ OONBIICH OJIel BEPOSTHOCTH HHTEPIIPETHUPO-
BaTh PE3YNIHTAThl KIIMHUYECKUX UCCIIEIOBAHMH.

Paboma svinonnena npu gunarncosoii noooepoicke 6 hopme epanma
Ilpesuoenma Poccutickou @edepayuu 015 20Cy0apcmeeHHou noooepic-
KUl MONOObIX POCCULCKUX YYeHbIX — 0okmopos Hayk M/]-1982.2020.4. Co-
enawenue 075-15-2020-325.
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Abstract. Bacterial collagenases are metalloproteinases involved in the degradation of the extracellular
matrix of animal cells due to their ability to hydrolyze a native collagen. Pathogenic microorganisms
(mainly Clostridium histolyticum), known as producers of microbial collagenase, can break down each
collagen polypeptide chain into several sites. They are known to act as an exotoxin and disrupt connective
tissue metabolism by hydrolysis of collagen in cells. Collagen is a major protein in the extracellular matrix
of tissues such as tendons, skin, cartilage and blood vessels, and an organic component of teeth, bones and
cornea. Collagenases are often used to isolate cells from tissues in medical research. These enzymes have
been used successfully to remove and move cells from the pancreas. Collagenase is now being considered
a medicine and it is likely to replace some invasive treatments for diseases in which excessive collagen
deposition causes physiological dysfunction. Collagenase hydrolyzes native collagen, denatured collagen
and gelatin. The enzyme carries out proteolysis at the peptide bonds of proline and hydroxyproline residues.

In this work, the substrate specificity of collagenase with respect to the following substrates was stud-
ied: bovine serum albumin (BSA), lipase from the pancreas, as1-casein of milk, a-amylase from the pancre-
as, phosphatase, hemoglobin, ovalbumin, cytochrome c, serum albumin human (HSA), catalase, collagen.
The enzyme activity was determined by the Lowry method (by the difference between the protein content in
the substrate solution without and with 30 minutes incubation with the enzyme at 37 °C). It has been found
that only collagen is hydrolyzed by collagenase at a high rate. In relation to other proteins (bovine serum
albumin, lipase, hemoglobin, catalase, milk casein, amylase, ovalbumin, cytochrome ¢, phosphatase, and
human serum albumin), a low catalytic ability of native collagenase and collagenase immobilized on the
chitosan matrix was revealed. A decrease in the protease activity of immobilized collagenase as compared
to free collagenase is probably associated with steric restrictions on the access of high molecular weight
substrates (proteins) to the active center of the enzyme, caused by the chitosan matrix.

Keywords: collagenase, chitosan, immobilization, substrate specificity
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