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YIK 577.32

MOJIEKYJIAPHBIE MUIIIEHU
HE®POTOKCHUYECKOI'O TEMCTBUSA
INOJIMMHUKCHUHOB

Jncuak 0. B.

I'Y “UHeTHTYT MUKPOOHOJIOTHHA U HMMYHOJIOTHH UM.
HN.N. MeunukoBa HanmmonaibHoii akageMuu
MeAMUHHCKUX HAYK YKpauHbI”

WHrepec K TOMMMUKCHHAM, HAONIONAEMbIH B
MUpE TOCIeAHee BpeMs, BbI3BAH 3HAYUTENBHBIM
pacrpocTpaHeHHEM HO30KOMHAJIbHBIX nHpeKIuii,
PE3UCTEHTHBIX K LIMPOKOMY CIHEKTPY COBPEMEHHBIX
AQHTUMHKPOOHBIX ~ areHTOB, W OTCYTCTBHEM HOBBIX
3¢ PEKTHBHBIX AHTHOMOTHKOB MIPOTHB rpam-
orpunarenbHeIX ~ Oaktepmit  [1-4]. Ilo  omenkam
CIIEIAJINCTOB, OTCYTCTBHE TaKMX aHTHMHKPOOHBIX
areHTOB  MOXKET IPUBECTHM K  BO3BpAIEHUIO B
JOaHTHOMOTHKOBYIO 23py [5]. B To ke Bpems
OOJIBIITMHCTBO rpaM-OTPULIATEIbHBIX Gaxrepwuii
YyBCTBUTEJIbHbl K IOJMMUKCHHAM, W (OPMHUpOBaHHE
PE3UCTCHTHOCTH K J3THM KaTHOHHBIM JIMIONENTHIAM
MIPOUCXOANT MEUICHHO M HAOIIOZAETCs TOpa3/io pexe Mo
CPaBHEHHIO C APYTMMH aHTHOMOTHKaMu [6-16]. B 70-x

Polymyxin B1

Puc. 1. Xumuueckasi CTpyKTypa noJauMuKcuHa By

ronax 20-ro cToieTusi OT MOJIMMHKCHHOB OTKa3aJIUCh W3-
3a cirydaeB He(pPOTOKCHIHOCTU ¥ TOSBICHUS JICKAPCTB C
MEHBIIUMH T00OYHBIMEH 3Pdekramu. OmHako, Koraa
NpUMEHEeHHe  [(-TakTaMoOB, aMHWHODIIMKO3WAOB  WIIH
XUHOJIOHOB TMPOTUB YPE3BBIYANHO MMOJUPE3UCTEHTHBIX
MITAMMOB TPaM-OTpPHLATENbHBIX OakTepui, BKiIrodas P
aeruginosa, A. baumannii 1 K. pneumoniae, CTaHOBUTCS
He 3((EeKTUBHBIM, MOJTMMUKCHH B M KOJIMCTHH ocTatoTcs
MOCJIEIHUM CPEJCTBOM JieueHHs 3TuxX uHbpekunit [11, 13,
15, 16].

I'pynna nOIMMHMKCHMHOBBIX MHENTUIOB BKJIOYAET
B ce0s HECKOJIPKO XHMHYECKH DPAJIMYHBIX COCIUHEHHN

(mommmukcuebel  A-E, M, S wu gpyrme [17]).B
KJIMHUYECKON MIPaKTHKE UCTIONb3YIOTCS JIMIIb
nonmumukcusbl B u E (konuctun) [4]. INonumukcun
B  (polymyxin, PmB) — 53T0  IHKIMYCCKHI

nunoaexanentuy (puc. 1), comepikaniuii mecTh 0CTaTKOB
o,y-araMuHoOyTaHoBoi kucnmotel (Dab): MOA-Dabl—
Thr2-Dab3—cycle[Dab4—Dab5-D-Phe6—Leu7-Dab8—

Dab9-Thr10]. Cemp aMHHOKHCIOT IOJUMHKCHHA
obOpazyror  makpouukn  (cycle[Dab4—Dab5—D-Phe6—
Leu7-Dab8-Dab9-Thr10]), a Tpu aMHHOKHCIIOTHI
(Dab1-Thr2-Dab3) cocraBisoT JIMHEHHBIH Y4YacTOK,
COC/IMHSIIONIMHA  MaKpOIMKI C KOHIEBBIM OCTaTKOM
MeTHI-OKTaHOMIOoBOM Kucinorel (MOA). Makporuki

00pa3oBaH JOMOIHUTENHFHON TENTHIHONW CBA3BI0 MEXIY
Thr'® 1 y-amunOrpymmoii ocrarka Dab4.
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N-konieBord  ocratok  Dabl  momumukcuHOB — N*-
aIITIPOBAH  KUPHOH  KUCIIOTOH, Takod Kak  6-
MeTHiIOKTaHoBass  kucnota  (PmB;)  (pumc.l),  6-

MeTwiIrekcanoBasi kuciora (PmB,), oxranoBas kmciora
(PmB;) u T.n1. EXWHCTBEHHBIM CTPYKTYPHBIM OTIMYHEM
komuctuHa  (colistin,  polymyxin  E, PmE) or
noauMUKcuHa B gBnserca amuHokucinora D-Leu B
nonoxkeHnn 6 BMecto D-Phe B monmumukcune B (puc. 2).
IMonumukcud B U KOJIMCTHH cofepikar IMsATh CBOOOMHBIX
amMuHOTPYN (B coctaBe Dab) M, COOTBETCTBEHHO, IATH
MOJNIOKWUTENBHBIX ~ 3apsiIOB  MpH  (PU3HOIOTHYECKUX
YCIIOBHSX.

“Bo3sBpartieHue” NOITMMUKCUHOB B KIIMHUYECKYIO
MPaKTHKy CTUMYJIMPOBAJIO  JalibHEHIINe YIITyOJeHHBIE

WCCIEIOBAaHUST WX  TOKCHUYHOCTH. B mocrnennee
JIECATUIICTHE TOKCHYHOCTH MOJIMMUKCHHA B 1 KonwcTHHA
OBLTa THOIATENFHO IPOBEPEHAa COBPEMEHHBIMH METOIAMU
(c y4eToM pEKUMOB TMPABWIBHOTO HCIONB30BaHMUA,
XUMHAYECKOM YUCTOTHI M TOMOTEHHOCTH INpEnaparoB) U
OKazajach HE TaKOW BBICOKOM, KaK CUHUTAJIOCh B MPOIILIOM
[11, 13, 16, 18-19]. Tem He MeHee OHA BCE €IIE MOXKET
3HAYUTENLHO  YCIOXKHATH  TEpanvio, CHUXATh  ee
3Q}eKTUBHOCT, M Jaxe MPUBOAUTH K €€ IIOJHOMY
npekpameHnio. [loaToMy co3gaHne MeHee TOKCHYHBIX
MIPOM3BOIHBIX ITOJIMMUKCHHA OCTAETCS OUYeHb aKTYaIbHOU
3aJ1aucH.
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Puc. 2. Xumuueckasi CTpyKTypa KomctuHa (mojuMukcuHa E;). OiMumusi oT CTPYKTYpbl HOJIMMUKCHHA B,

Bbl/I€JICHBI KPACHBIM IIBETOM.

B TocienHee JIECATHIIETHE HECKOJIBKO
HCCIIEeI0BATEIbCKUX TPYII COCPEAOTOUMIIN CBOU YCHIIHS
Ha pa3pabOTKe MEHEe TOKCHYHBIX IPOU3BOTHBIX

nonuMukcuHa [17, 20-31]. B wactnoctu, Cakypa H. u np.
cO3/1aIM IPOU3BOAIHBIE ToNUMUKCHHA Ser2-Dap3-PmB(2-
10) (puc. 3), Dap3-PmB(3-10) (puc.4) u Ser3-PmB(3-10)
(puc. 5), ocTpas TOKCHIHOCTH KOTOpbIX (JI[s0) mprMepHO
B 10 pa3 Huxke, 4yeM y NOJIMMHUKCHHA Bi, a aKTUBHOCTb B
OTHOLIEHWH  CHHETHOMHOM  MallOYKH  COXPAHAETCS
IPUMEPHO Ha ypoBHe nonumukcuHa B [31]. Vaara M. u
Ip. CHUHTE3UPOBAIIN MeHee HEeQPOTOKCHIHBIC

npoun3BoaHble monumukcrnHa NAB7061 (puc. 6), NAB739
(puc. 7) 1 NAB740 (puc. 8), moyeuHsIii KIMPEHC KOTOPBIX
OBLT, COOTBETCTBEHHO, B 28, 53 u 378 pa3 BrIme, ueM y
KojucTUHA, a adduHHOCTE K MeMOpaHe NICTOYHOM
TIOJIOCKH MUTEIHS TIOYKH KPBICHI ObUIa B 2-3 HMXKE, YeM
y TeHTaMHUIMHA, U B 5-6 pa3 HMXKE, YeM y MOIMMHKCHHA
B, [21]. [Tlouckn  HETOKCHYHBIX  INPOMU3BOIHBIX
MONMMHUKCHHA B IIEJIOM BEAYTCS OSMIHMPHYECKH, 0e3
MIPUBJICUCHNST KAKHX-TNOO MOJEKYIAPHBIX MEXaHH3MOB
ero He()POTOKCHYECKOTO JAEHCTBUS W/WIM CTPYKTYPHBIX
Moyienel B3anMOIeHCTBISI MOIMMHUKCHH-MHIIEHb.
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Puc. 3. Xumnueckasi CTpyKTypa Npou3BOAHOro nouMukcuia Ser2-Dap3-PmB(2-10).
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Puc. 4. Xumuueckasi CTpyKTypa npou3BoaHoro noaumukcuia Dap3-PmB(3-10).
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Puc. 6. XumMnyeckasi CTpyKTypa Npou3BoaHoro noaumuxkcuia NAB 7061.
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Puc. 7. Xumuueckasi CTpyKTypa Npou3BoAHOro nmoumukcuaa NAB 739
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Puc. 8. Xumnueckasi CTpyKTypa NpoM3BOIHOro moumMukcuHa NAB 741

HpCHHOCLIHKOﬁ HanpaBJICHHOT'O IIOHCKa TaKHuX
MMPOU3BOAHBIX SABJIIACTCA 3HaHUC MOJICKYIAPHBIX
MCXaHU3MOB He(prTOKCI/I‘IHOCTI/I ITOJIMMHUKCHHOB,

OCHOBAaHHOE Ha JICTAJIbHBIX CBEICHHUAX 00 0COOEHHOCTSX
MEXMOJIEKYIISIPHBIX B3aMMOICHCTBUH MOJIUMHUKCHHOB CO
CBOMMH MHIICHSIMH HE(PPOTOKCHUECKOTO JACHCTBUSI.
W3BectHo, dro Hedporokcmueckwii 3ddekrt
TIOJIMMUKCHHOB OOYCIIOBIICH HX aKKyMYISIIMEH B KIIETKax
STUTENHS NTPOKCHMAJIbHBIX KaHANBLEB ITOYKH, A€ OHHU
MIEPCUCTHPYIOT JOJITOC BpEMsi, BBI3bIBas MOBPEXICHUS
MOYKH: UX aKKyMYJISIHsI B BO3PACTAIOLIMX KOJIMYECTBAX B
JMM30COMax IPHBOJAMT K HAa0yXaHWUIO M, B HTOTE, - K
Ppa3pbIBy HOCIEIHNX U BHICBOOOXKACHUIO IOJIMMUKCHHOB B
LUTO30JIb, TJ€ WX HECHeuu(pHUYecKoe CBA3bIBAHHE
BEI3BIBACT OCTPBIA TYyOYsIpHBIH Hekpos [32-37]. Ilpm
9TOM  TJABHBIM  (aKTOPOM  aKKyMYISIIMM  3THX
QHTHOMOTHKOB B ITOYKE CUMTACTCS MX B3aUMOJCHCTBHE C

METIMHOM (paHee €ro Has3blBaJIM IIMKOIIPOTEHHOM
gp330) [33, 37-44], rUraHTCKUM DELETITOPOM KIIETOUHOMH
MOBEPXHOCTH, KOTOPBIA Hanbosiee OOMIILHO IPENCTaBICH
B allMKaJbHOW MeMOpaHe MpPOKCUMAJbHBIX KaHaJbLEB
noukn [37, 43-46]. Takum o00pa3oM, 3TOT PEIEHTOP
MOXET TPEJCTABIATh CO00H YHHKAJIbHYIO MHIICHb IS
CO3IIaHUS TTOJIMMHUKCHHOBBIX AQHTHONOTHKOB c
MHUHUMH3UPOBAaHHOH HEPPOTOKCHYHOCTHIO. OciabieHue
CBSI3BIBAHUS IOJMMHKCHHOB METaJHMHOM MOXET CTarh
HOBOM MpPEBEHTHBHONH MEpOM NPOTUB TOJUMHKCHH-
UHyIHpOBaHHOW HedpoTrokcnuHoctH [33, 47].

Meranuun - 3TO TpaHC-MeMOpaHHBIN
IIMKOIPOTEWH, HWIPAOLMMH  IIEHTPAIbHYI0 pOlb B
SH/IOIIMTO3HOM GbyHKIMH KIIETOK SIUTEIHS
MIPOKCUMAJbHBIX KaHaJbLleB Nouku [48]; OH Takxke
y4JacTBYET M B CHTHAJIBHOW TPAHCIYKINH B 3THX KJIETKAaX
[49]. Meranun nokanu3yeTcs B KJIAQTPUHOBBIX KaBEOIax
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SIIUTEIINA ITPOKCUMAJIBHBIX KaHaJIbIICB IIOYKH u
(GYHKOMOHMpYET  Kak  JHAONMTO3HBI  pementop,
CBA3BIBAIOIMN OYEHb IIMPOKUNH CHEKTP BELIECTB.
Jlurangpl,  cBA3BIBAalOIIMECS € METalMHOM  (MX
HacuuThIBaeTcs Oosee 30), mpencTaBieHbl HECKOJIbKUMU
IpyNIIaMl COCIMHEHMH: NMPOTEMHAMH, BKIIOYCHHBIMH B
JIUIONIPOTEMHOBBI  MeTaboNM3M;  IpoTeasaMd U
HpOTea3a-I/IHFI/I6I/ITOpHBIMI/I KOMIIJICKCAMU; MAaTPUKCHBIMH
IIPOTCUHAMM BHYTPHUKJICTOYHBIMU MPOTCUHAMM,
(dakTopaMu pocTta W JPYTUMH Tpymmamd (BKITFOYas
JMakTo(EeppHH, PUHOBHUPYC, KoMiieMeHT C3, TeHTaMHIINH,
MONMMHUKCHH W Ap.) [36-42]. Meranmua  siBisiercst
IIPE/ICTAaBUTENIEM CEMEHCTBA PEeNTOPOB JIMIIONPOTEHHOB
uuskorr twiotHoctu (low density lipoprotein receptor
(LDLR) gene family) [49-53]. LDLR cemelictBo - 3TO
KJ1acc CTPYKTYPHO  T'OMOJIOTMYHBIX MeMOpaHHBIX
peuenTopoB, COCTOAIIMX U3 MOAYIBHBIX CTPYKTYpP
(TOMEHOB) M TIPEICTABICHHBIX Y MICKONUTAIONINX CEMbBIO

=3 CR, ligand-binding repeat
@ beta-propeller domain

O  EGEF repeat

OCHOBHBIMHU TIIMKOTpoTenHamu [42, 43, 45, 48, 51]:
penieniTop JHUIONPOTeNHOB HI3KO# ImioTHOCTH (LDLR);
peuenTop JHIONPOTEMHOB OYEHb HHU3KOM IUIOTHOCTH
(VLDLR); anomunonporent-E penentop 2 (ApoER2 nnn
LRPS); MHOXECTBEHHBII (pakTOp SMUAESPMATBHOTO POCTa
(MEGF7); LDLR-cBsi3annsiii nporenn 1 (LRP1); LDLR-
ces3aHHbll npotenH 1b (LRP1b) m LDLR-cBsizanHBIN
nporerd 2 (LRP1) wiu meramun (Megalin) (puc. 9).
Meranun — caMblil KpYyNHBI IPENCTAaBUTENb 3TOIO
ceMelicTBa, ero wmacca coctaBmsier oxonmo 600 k/la.
AMMHOKHCIIOTHASI TTOCIIEJOBATEIbHOCTh METaINHA KPBICHI
HacuuTbiBaeT 4460 aMUHOKUCIOT U COIAEPXKUT 25-
AMHWHOKHCIJIOTHYIO N-KOHIIEBYIO CHUTHAJIBHYIO HETITHIHYIO
MOCJICIOBAaTEIbHOCTD, 4400-amMuHO KUCIIOTHBIH
BHEIIHEKJIETOYHBII Y4acToK, 22-aMUHOKHCIIOTHBII
OJHOIPOXOMHBI TpaHC-MeMOpaHHBIH jgoMeH U 213-

AMUHOKHUCIOTHBIM C-KOHIIEBOM  IIMTOINIA3MaTHYECKHUI
xBocT [47].
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Puc. 9. MonyiabHasi fJOMeHHAsl OPraHU3aLUs ceMelicTBa peleNlTOPOB JUNONPOoTenHOB HU3Koii mioTtHoctu (LDLR
penenTopoB). KiiacTepnl JIMraHI-CBA3BIBAIOILKX NIOBTOPOB NMPOHYMepoBansl I-1V.

AMUHOKHUCIOTHEIE IMOCJICA0BATCIBHOCTHU
YCJIOBCKa nu KPBICBI CXOJHBI Ha

MCrajimuHa

77%  [42].

BHelIHEKIeTOYHbII ~ y4acTOK  MErajJliHa  CONEPIKHUT
CTPYKTypHBIE MOJIYINIH, XapaKTE€pHBIE IS BCEX YJICHOB
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LDLR-cemeiictBa (puc. 9), - oboramieHHbIe HCTEMHOM
JUTaH/A-CBSI3BIBAIONINE IIOBTOPHI (B JIHTEpaType WX
HA3bIBAIOT TaKXXe KOMIUIEMEHT-IOZOOHBIMH ITOBTOPAMH
(mmu momenamu) u o6ozHavaror CR (Complement-type
Repeat) (puc. 10), mosropsl ¢akropa pocra (EGF-
noBTopel) (puc. 11) m P-mponesiepHble JOMEHBI (pHC.
12). Kak moka3bIBaloT UCCIEA0BaHUS [0 HANPABICHHOMY
MyTareHe3sy, yd4acTKaMd CBS3bIBaHUS ~ OOJBIIMHCTBA
JIATaHJI0B LDL-penentopamMmu  SBISIOTCS ~ JIMTAHA-
cesspiBarorue CR moBtopser [54, 55]. BHemHEKIe TOYHBIH

yuactok LDLR (maummensmero mpexacraButens LDLR-
ceMercTBa) COIEPKUT 7 JIATaH/I-CBSI3BIBAIOIIINX
MTOBTOPOB, KOTOpBIE 00pa3yloT ofamH kiactep (puc. 9 u
13), Torma kak BHEIMIHEKJICTOYHbIE ydacTku LRP wu

METaJIHa COJEPKaT, COOTBETCTBEHHO, 31 u 36 nuranu-
CBSI3BIBAIOIIUX TOBTOPOB, PACIPENICICHHBIX B YETBIPEX
knacrepax (xmacrepsl I-1V) (puc. 9). Kaxngsrit u3 CR
JIOMEHOB COCTOUT M3 TNpuMepHO 40 aMHHOKHCIOTHBIX
OCTaTKOB.

Puc. 10. Ctpykrypa CRS moayas LDLR 4yenoBeka [56] (PDB kon 1AJJ).

Puc. 11. Crpykrypa n1Byx EGF-nomenos LDLR uyenoseka [S7] (PDB xox 1HJ7).
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Puc. 12. Ctpykrypa B-nponesuiepsoro nomena LDLR yenoseka [58] (PDB kox 11JQ).

CR2

Puc. 13. CrpykrypHbie mogyau LDLR uenoseka [S9] (PDB kox 1N7D)

IlepBole paHHBle O TpexmepHOM opraHm3zamun CR
noBTopoB ObuTH nomydensl N. L. Daly u np. ¢ momomnisio
CHEKTPOCKOIMHU SIIEPHOT0 MAarHUTHOTO pe3oHaHca (SIMP
cnekTpockonuu) ans nosropa CR1 [60], a 3atem u CR2
n3 LDLR ugenoseka [61] (PDB komet 1LDL u 1LDR,
COOTBETCTBEHHO). DBBIJIO BBISIBICHO, YTO 3TH  MOIYIIU
cofepKaT 1Mo 3 MUCYTbOUAHBIX CBS3H, a TAKXKE - TAaKHE
0a30BbIe AIIEMEHTHI BTOPHYHON CTPYKTYpHI Oenka, Kak [3-
mmuabkd u o B-usruOel.  Jlanee Obuta  ompeaencHa
kpucraummdeckas crpykrypa CRS gomena u3z LDLR
yenoBeka ¢ paspemenueM 1.7 A [56] (PDB xox 1AJ)),
BIIEPBBIE MOKA3aBIIasl, YTO MOAYIb cofepkut non Ca®,

KOTOPBI OKTadPU4YE€CKH KOOPIMHHUPOBAH OTPHLATEIHEHO
3apsDKCHHBIMM ~ OCTaTKaMH  aclaparmHoBoil  (Asp) u
nroramuHOM (Glu) KuCnoT u KapOOHMIIBHBIMU TPyIIaMu
0CTOBa, O0pa3ylOIUMK KapMaH BOKPYI' MOHA KaJbLIUs
(puc. 10 m 14). Tlozxke GbuIO MOKaszaHo, 4to mom Ca”*
HEeo0XoauM Uit IIPaBUIBHOTO CBOPauUBAHUS
MOJIMIENTUAHON LeNu M NONACPKKUA CTPYKTYPHOH
nenocTHocTH Moxmyist [62]. CTpyKTypHBIE IaHHBIC LIS
MeTaJIiHa B HACTOSIIEE BpPeMs JOBOJBHO OIPaHUYEHbI:
M3BECTHA JHIIb oOfHa cTpykTypa 12-ro CR pgomena
MerajivHa Kpbichl M onHa crpykrypa 10-ro CR nomena
MerajJiiHa 4YeJjoBeKa (a TakKe ero KOMIUIeKca ¢
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TEHTaMHIIMHOM), OTIpEJeJIEHHBIE B PAaCTBOPE METOIOM
SMP [63, 64].

Gly 27

Asp 35

Puc. 14.

Hon Ca* n KOOPAUHUPOBAHHbLIC UM OTPUHHATECJIBbHO 3apPHAKCHHbBIC AMHUHOKMUCJIOTHBIC OCTATKH H

KapOoHnIbHbIe rpynnbl octoBa CRS nomena LDLR 4yenoseka [56].

OpHaKo, WU3BECTHBI CTPYKTYphl Bcex cemMu CR nomeHoB
LDLR u neckonbkux CR nomenoB LRP peuentopos,
KOTOpbIE OBbUIM MOJNYYEHBI KaK JIs OTJEIbHBIX MOIYJEH C
nomomisio SIMP cnekrpockonuu [60, 61, 65-67] win
PEHTTeHOBCKOH Kpuctammiorpadun [56, 68], Tak u I UX
map [69, 71-75] . Bce crpykrypel 3tux CR momeHoB
UMEIOT OOMH M TOT K€ THUI  CBOPAYMBAHUS
MOMIENTHIHON Henu: KOPOTKUI aHTHIapauIeNbHBIA [3-
JIMCT, JIBE IETJIM, CTaOWIN3UPOBAaHHbIE AMUCYIb(OHUIHBIMA
cBa3aMu Mexay nucrenHamu Cysl-Cyslll, CysIV-CysVI
u  cBsa3aHHble JqucynbGunHbM MoctHkoM Cysll-CysV
(puc. 15). N-xoHmeBas TewId  JAOMOJHUTEIHHO
cTaOWIM3NpOBaHA AaHTUMAPAUICIEHBIM [(-TTHCTOM  (CM.
KpacHblE INUPOKHE aHTUMAPAUICIbHBIE CTPENKH Ha
puc9), a  C-xoHmeBas  mHeWIs  JONOJHHUTEIHBHO
CTaOMIN3HPOBaHA B3aUMOJICHCTBHSIMHU OCTaTKOB,
CKOOPJIMHUPOBaHHbLIX BOKpyr uona Ca’’ (puc. 10, 14 u

Cysl

Puc. 15.

15). CxonHBIH XapakTep CBOpPAaYMBAaHUS ITOJHUIIEITHIHON
e U cXomHas TpexMmepHas opranuzanus CR momeHOB
SIBJISICTCSL CJICJACTBHEM TOMOJIOTHHM UX aMUHOKHCIOTHBIX
MOCJICZIOBATEILHOCTEH, COMEpKaIMX KOHCEPBATHBHBIE
ocrarku acnaparuaoBoii (D) u mrroramunoBoi (E) Kucmot
U KOHCEPBATUBHOE pACIIOJIOKEHHE MIECTH OCTaTKOB
mucrenHa  (C) (em., Hanpumep,  puc. 16).
[IpernMyIecTBeHHBIMA  MECTaMH  CBS3BIBAHHS MHOTHX
BaXHBIX JHraHioB mnpexacraBureiasimu LDLR-cemelicTBa
SIBIISIFOTCSI JIMTaHI-CBsI3bIBatore moBTopsl [38, 50, 54,
55, 73-80] (puc. 9 m 15). Kakx moka3piBaeT aHamu3
HUMCIOIUXCS CTPYKTYPHBIX JaHHBIX O B3aMMOJCHCTBUU
yiaeHoB LDLR-cemeiicTBa €O CBOMMH KaTHOHHBIMH
nuraHaamiu [56, 64, 66, 72, 73, 75, 78, 81-84], yaacTtok

XapakTepHasi TpexMepHas opraHum3anusa CR noBropos. IlucTeMHOBBIE OCTAaTKH, 00pa3syloume

I[I/lchILq)I/II[H])le CBAI3H, MOKA3aHbI ¢ MOMOIIBIO I[IapO-CTep?KHeBOﬁ MoOa€/IMa.

y3HaBaHWs  Ha  peuentope  sBuseTcs  o0muM
(YHMBEpCAJILHBIM) CTPYKTYPHBIM MOTHBOM M COAEPKHUT
KOOPIMHUPOBaHHbIE HOHOM Ca®’*  TpH  KHMCIIOTHBIX
(ecymmx OTpULATEIbHbIN 3apsn) ocTarka
acmaparnHoBOi KHCHOTHI (Tak Ha3piBaemblii DXDXD
MOTHB) W oOnwH TuApodoOHBA ocTtatok (puc. 17).
VY4acTKOM y3HaBaHUsI/CBA3bIBAHNS Ha JIMTAHJE SIBISIOTCS
TIOJIOKUTEIILHO 3apsHKEHHbIC OCTaTKH JM3HHA.
CBsA3bIBaHHE OCYLIECTBIISIETCA B OCHOBHOM 3a CUeT
ANEKTPOCTATUIECKUX B3aUMOJICHCTBHUH MEXAY

TIOJIOKUTENILHO 3apsDKEHHBIMH  OCTarkaMM JIMTaHga |
OTPHLATENIFHO 3apSHKEHHBIMU OCTaTKaMH acliaparuHOBOM
KHUCIIOTHI, YYaCTBYIOIMX B KoopauHaruu uona Ca*". Oto
CBSI3pIBAHME  JIM3MHA  ycWiMBaercss  ruapodoOHbIM
B3aMMOJICHCTBHEM MEXAY apoMmarmdeckuM octatkom CR
Monyns  (TpuntodaHoM wnH  (EHWIAIAHHHOM) U
anmgarnyeckuM (QparMeHTOM J3uHa. Takum oOpasom,
KJIFOUCBBIC  XapaKTEPUCTHKM  y4acTKa  CBS3bIBAHUS
BKitoyaroT: (1) KoopAMHALMIO WOHA KajbLus (cepble
LITPUXOBBIE JINHUN), (2) CONEBbIE MOCTUKH U BOIOPOJIHBIE
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CBA3M MEXIy OCTaTKaMH acmaparnHoBoid KucioTtel CR
MOBTOpa M KaTHOHHBIMH OCTaTKaMH JHTaHAa (TomyOble
IITPUXOBEIC THHUN) 1 (3) ruapodoOHBIe B3aNMOICHCTBUS
MEXJTy apOMaTHYECKUM OCTAaTKOM JIMTaH/-CBSI3bIBAIOIIETO
moBTopa M anu(aTHdecKuM  y4acTKOM  JIM3MHA
(KOpUYHEBBIC MITPUXOBBIC JTUHUK) (puc. 17) [75].
VY4acTok CBSI3bIBaHUS TOJMMMKCHHA Ha €ro
MOJICKYIISIPHOH MHUILICHH, MeTajnHe, oKa
9KCIIEPUMEHTAIBHO HE yCTAHOBJIEH, OTCYTCTBYIOT TaKKe
U Kakue-mnOO CTPYKTYPHBIE MOJENN B3aWMOICHCTBHS
MONMMHUKCHHA C METaJIMHOM Ha AarOMHOM YpOBHE.
OpHako, W3BECTHO, YTO TMOJIMMHKCHH B (kak u
TeHTaMHUIMH) sBiseTcs 3(P(EKTUBHBIM KOHKYPEHTHBIM
WHTUOUTOPOM CBSI3BIBAHUSI METAJIMHOM KPBICHI TPOTEHHA
RAP (Receptor-Associated Protein, perentop-cBsi3aHHbIH
mporenH) [38]. RAP — o510 mamepoH, KOTOpPBIi
CBSI3bIBAETCS C IpefcTaBuTenaMu cemeilictBa LDL-
peuenTopoB M JNEHCTBYET KaKk  YHUBEPCAJIbHBII
AQHTarOHUCT HUX MPEXIECBPEMEHHOIO CBS3BIBAHUS CO
CBOMMHU JIMTaHJAMH B 3HJOIUIa3MaTUYECKOM PETUKYIyME
(Bemymiero K WX arperanyu WU Jerpafanin), odecreunBas
HOPMAJIbHYI0  JKCIPECCHUI0 3THX  pEeLenTopoB  Ha
MOBEPXHOCTU  KJIETKM JUISL  OCYILECTBIEHUS  UMH
3HIOLUUTO3HON byHKIMH [51]. Konkypentnoe
WHrUOUpOBaHHE  MpEANoNaraeT Kak  CTPYKTypHOE
CXOJIICTBO MHTHOWTOpa U cyOcTpara (mo-KpaifHeH mepe, -
CTPYKTYPHOE CXOZCTBO MX MOJEKYISIPHBIX ()parMeHTOB,
KOTOpBIE B3aNMOJEHCTBYIOT C PELIENITOPOM), TaK U OIMH U
TOT K€ y4acTOK CBSI3BIBAHUS Ha perenrtope. A
CTPYKTypHBIE MozenH B3auMojeiictBus RAP nporeuna c
LDL-peuenropaMi Ha aTOMHOM YPOBHE H3BECTHBI [72,
75,78, 82, 83] (puc.18).
U B 3THX KOMIIIEKCaX TaKXe MOJOKUTEIBHO 3apsKeHHBIE
NH;-rpynnsl reHTaMMIIMHA B3aUMOJEHCTBYIOT € TpeMs
OTPHIATENBHO 3apSDKCHHBIMU OCTATKAMH aCHaparHHOBOM
kucaoTsl JomeHa CR10, 1. e. co crpykrypaeiM DXDXD
MOTHBOM, OOHapyxeHHbIM u must apyrux CR momyneit
[56, 66, 72, 73, 75, 78, 81-84]. Takum oOpa3oMm, eCTbh
OCHOBaHMsI MpeAMNoyararb, 4TO Y4YacTKOM CBSI3bIBAaHUS
MIOJIMMUKCUHOB TAKX€ SIBILIFOTCS cTpyKTypHble DXDXD
MOTHUBBI JHMTraHA-cBa3biBaromux CR 1moMeHOB MeranuHa
(puc. 17), ®  MONEKYTApHBIMH  (parMeHTaMH
MOIMMHUKCHHOB, KOTOpBIE B3aUMOJICHCTBYIOT c

peLenTopoM, SIBISIOTCS HMX KaTHOHHbIe Dab rpymms
(aHanory MM3WHOBHIX OCTATKOB) (puc. 1-7).

Kax nokazanu uccnenoBanust Baapa M. u np.
[21] (cm. Bbmme), NAB-mpou3BOMHBIC TMTOJMMHKCHHA,
AMEIOIIAE TOJNBKO TPH  TIOJOKUTENBHBIX  3apsia,
PAcCIOJIOKEHHBIX B Mpefesiax MAaKpOLMKIAa MOJEKYIb
(3apsoxenHbie ocrarku Dab5, Dab8 u Dab9) (puc. 6-8),
ABJISIFOTCA HE TOJBKO 3¢ eKTHBHBIMU
aHTUOAKTepHaIbHBIMK  areHTaMH, HO M  o0JiajaioT
CyIIeCTBEHHO Ooyiee HU3KOH HE(PPOTOKCHIHOCTHIO, YeM
HCXOIHBIN ITOJIMMUKCHH, colepIKaIIUi nATh
TIOJIOKUTENIFHBIX 3apsAaoB (3apshKeHHble ocratku Dabl,
Dab3, Dab5, Dab8 u Dab9) (puc. 1-2). [Ipu 3tom ux
MOYEYHBIN KIIMPEHC ObUT B JIECATKH U COTHH pa3 BBIIIE,
YyeM y KOJHMCTHHA, a uX adduHHOCTH K MeMmOpaHe
MIETOYHON TIOJIOCKU DIUTENNs MOYKH KPBICHI B 5-6 pas
HIDKE, YeM y ToiuMuKcuHa B [21], To ecTs mpou3BonHbIE
MMOMMMHUKCHHA C OCIAa0JICHHBIM B3aMMOJEHCTBHEM C
MHUIICHBI0 UMENW JIydmme  (papMaKOKHHETHIECKHe
TTOKA3aTelH. Taxum o0pazom, YpPOBEHb
HEe()POTOKCHYHOCTH TOIHMHKCHHA W €ro IPOHU3BOIHBIX
KOppEeNUpyeT ¢ OCOOCHHOCTSIMH HMX MOJIEKYJISIPHOTO
CTPOGHUsSI M, KaK CJEICTBHE, C OCOOCHHOCTSIMU HX
MEXMOJIEKYJASPHBIX  B3aMMOJCHCTBUM C  METajJuHOM.
HoBoe mnpou3BosHOE MOJMMUKCHHA/KOJUCTHHA, KOTOpast
He OyAeT y3HaBaThCsS METAMHOM, IIPEANOIOKUTENHHO,

JOJDKHA UMETH CYIIIECTBEHHO MEHBIITYIO
He()POTOKCHYHOCTb. KaxoBsl 0COOCHHOCTH
MEXMOJICKYIISIPHBIX ~ B3aHMOJCHCTBUH TIONMMHUKCHHA C
MeranuHoM?  KakoBbI  CTPYKTYpHBIE  MPEANOCHUIKH

paznuuuii BO B3aMMOAEHCTBUU MOTUMUKCHHA U ero NAB-
MPOU3BOAHBIX C MeramuHoM? OTBETHI Ha 3TH BOIPOCHI
JanyT MPONOJDKAIOIIMECS HCCIIENOBaHUSA CTPYKTYpHO-
(YHKIMOHANBHBIX OTHOLICHHH TOJMMHKCHHOB M HX
MOJICKYIISIPHBIX MHUIIEHEH HEPPOTOKCHIECKOTO ACUCTBHSL.
HemaBHo  meromamm  SIMP  cnekrtpockomuu U
MOJICKYIIIPHOTO ~ MOJIEIUPOBaHHUS  (JOKWHTa)  OBLIH
OIpeieeHBbI CTPYKTYpHI KOMIUIEKCOB JUTaH-
cBa3biBaroniero gomesa CR10 MmeranuHa yenoBeka c ele
OJHAM KAaTHOHHBIM aHTHOMOTHUKOM, T'CHTaMHIIMHOM,
KOTOPBIN Takke 00nanaeT mobo4YHbIM HE(PPOTOKCHUECKUM
neiicreueM [64] (puc.19).
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CR4 891931 .. ..... HQHT CP. SDRFKCE | N..NRCIPNR  WLCDGDNDCG = NSEDESNATC

CR5 932971 . ..... SART CP.PNQFSCA | S..GRCIPIS  WTCDLDDDCG DRSDES. ASC

CR6 9721011 ... ... AYPT CFPLTQFTCN  N.. GRCININ | WRCDNDNDCG  DNSDE. . AGC

CR7 10121051 ... .. .. SHS | CS.STQFTCN  S_.GRCIPEH WTCDGDNDCG  DYSDETHANC

CRS 1052-1097 | TNQATRPPGG CH. TDEFQCR L. DGLCIPLR | WRCDGDTDCM | DSSDE.. KSC

CR9 10981140 ... EGVTHV CDPSVKFGCK | D. SARCISKA WVCDGDNDCE ~DNSDE..ENC

CR10 | 11411182 .. ..., ESLA CR. PPSHPCA  NNTSVCLPPD = KLCDGNDDCG A DGSDEG.ELC

Puc. 16. Cxemarudeckoe crpoenne LRP (BBepXy) U BhIpABHHBAHHE AMHHOKHCJIOTHBIX IOC/I€10BATE/ILHOCTEH
nomenoB CR3-CR10 Broporo kjacrepa LRP (Buu3y) [73]. LllecTh KOHCepBATHMBHBLIX OCTATKOB
nucTenHa (BbleJeHbl 3eJIeHbIM LBEeTOM) 00pa3yioT 3 nucy/ib(uaHble cBs3U (MOKA3aHbI 3eJeHbIMU
crpeakamu). KoHcepBaTHBHBIE 0TCTaTKHM, Koopaunupyiomme Ca’* mocpeacTBoM KapGOKCHJILHBIX
rpynn cBouX GOKOBHMX Lieneii, BblieJIeHbl KPACHBIM, 2 KOHCepPBaTHBHbIE 0CTATKH, KOOPAMHUPYIOLIUE

Ca’ nocpeacTBoM KapOGOHUILHBIX TPYII 0CTOBA, - CHHHM IBETOM.

Puc. 17. YHuBepcaabHbIi MeXaHU3M CBSA3bIBAHUS KATHOHHBIX JIMTAHAOB JUTAHI-CBA3BIBAIOIMMH MOBTOPaMHU
peuentopoB LDLR-cemeiictBa [75]. IHHonoxuTe bHO 3apsiKeHHBI aToM a30Ta JHU3HHOBOIO OCTAaTKAa
(Lys) KaTHOHHOTO JIMTaHAAa BbIeJIeH CHHMM IBETOM, aTOMbI KHCJIOPOAa KHCJIOTHBIX OCTATKOB (Asp,
Glu) aurana-cBsA3bIBaIOIIMX MOBTOPOB — KPACHBIM, a CBSI3AHHBIA KAJbLUIl B JUTAHA-CBA3bIBAIOIIEM
TOBTOPE — 2KeJITHIM LIBETOM.
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Puc. 18. Crpykrypa komiuiekca RAP mporeuna ¢ LDL-peuentopom [75]. KaruoHHble OCTATKM JIM3HHA
Bbl/leJIEHbl KPACHBIM LIBETOM. ATOMBI BOOPOJA He MOKA3AHBI.

Puc. 19. CTpykTypa KOMILIEKCa TeHTAMHIMHA ¢ JUTaHI-cBs3bIBaloimuM qoMeHoM CR10 merajiuna yenoBeka.
I'eHTaMULUH BblieJIleH CHHUM IBETOM, 2 €r0 KATHOHHbIE AMUHOIPYIIbI — KPACHBIM LBETOM. ATOMBI

BOIOpOAa HE NMOKa3aHbI.

BriBoabI
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UDC 577.32
MOLECULAR TARGETS OF NEPHROTOXIC
ACTION OF POLYMYXINS

Lisnyak Yu. V.

The rapid spread of multidrug-resistant gram-negative
bacterial strains has necessitated the search for the more
efficient antimicrobial agents and prompted a renewed
interest in polymyxins which have been invaluable for
the therapy of serious nosocomial pathogens but
withdrawn due to their nephrotoxicity. Polymyxins are
nonribosomal cyclic lipopeptides isolated from
Paenibacillus polymyxa. Several distinct groups of
polymyxins have been structurally identified, each group
is characterized by the unique amino acid sequence and
the chemical structure of the fatty acyl group. But, only
two polymyxins, polymyxin B and colistin (polymyxin
E), have been clinically used. The revival of polymyxins
into clinical practice has stimulated further thorough
investigations of their toxicity. During the last decade, the
toxicity of polymyxin B and colistin has been thoroughly
studied (taking into account the chemical purity,
homogeneity, dosing regimens and other factors) and
appeared to be not as high as reported earlier.
Nevertheless, it still may substantially complicate therapy
and even result in its stoppage. Thus, the development of
less toxic polymyxin derivatives remains to be a topical
problem. Understanding of molecular mechanism(s) of
polymyxin’s toxicity based on detailed knowledge of the
peculiarities of their intermolecular interactions with the
targets of their toxic action is a prerequisite of a
purposeful search for such polymyxin-based compounds.
Nephrotoxic effect of polymyxins is determined by their
accumulation in the epithelial cells of the kidney
proximal tubules. The main factor of the accumulation of
these antibiotics considered to be their interaction with
megalin, the giant receptor of cell surface, which is the
most abundant in the apical membrane of renal proximal
tubules. Megalin is a representative of the low-density
lipoprotein receptor (LDL-receptor) family which
contains several structurally homologous receptors.
Megalin is the largest member of the family; molecular
weight of rat megalin is about 600 kDa. Its amino acid
sequence involves about 4660 amino acid residues and is
identical to one of human megalin by approximately
77%. All members of this receptor family have a
modular structure, in particular, they contain clusters of
two or more cysteine-rich complement-type repeats (CR
modules) which are the binding sites of the most ligands
of LDL-receptors. Each of CR domains consists of
approximately 40 amino acid residues. The binding site
of the cationic ligands on the LDL-receptors shown to
contain a common structure motif, so called DXDXD
motif, which consists of three negatively charged aspartic
acid residues coordinated by Ca®* ion and a hydrophobic
residue. As a rule, the cationic part of a ligand is
represented by lysine residue. The binding occurs mainly
due to electrostatic interactions between positively
charged lysine residue and negatively charged residues of
aspartic acid. The binding is enhanced by hydrophobic
interactions between aromatic residue of CR module and
aliphatic region of lysine. Structural data on megalin are
rather limited now: there is known a structure of CR12
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domain of rat megalin and a structure of CR10 domain of
human megalin (as well as its complexes with
gentamicin) both solved by NMR in solution. Polymyxin
binding site on the megalin is not yet determined
experimentally, there are absent as well any structural
models at atomic level for polymyxin interaction with
megalin. However, based on an analysis of available data
on the structure of ligand-target complexes for the
members of LDL-receptors family, there are reasons to
suppose that polymyxin’s molecular fragment which
binds to megalin is represented by cationic residues of di-
amino-butanoic acid (an analogue of lysine), and the

structural DXDXD motifs of CR domains of megalin
compose binding sites for polymyxin as well. In the
review, the available data on the structure and three-
dimensional organization of megalin and other members
of LDL-receptors family are represented; the peculiarities
of their ligand-target intermolecular interactions are
considered. It is concluded that the weakening of
polymyxins binding with megalin may be an effective
preventive measure against polymyxin-induced
nephrotoxicity.

Key words: polymyxins, megalin, nephrotoxicity,
molecular target, LDL-receptors.



