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YIK 577.32

MOJIEKYJIAPHBIE MUIIIEHHU
HE®POTOKCHUYECKOI'O IEMCTBUSA
INOJIMMHUKCHUHOB

JIncuak 0. B.

I'Y “UHcTHTYT MUKPOOHOJIOTHH U HUMMYHOJIOTHH HM.
HN.N. MeunukoBa HanmmonaabHoH akageMuu
MeANLIHHCKUX HAYK YKpauHbl”

WHTepec K TOMMMUKCHHAM, HAONIONAEMBIH B
MUpE TOCIeAHee BpeMs, BBbI3BAH 3HAYUTEIBHBIM
pacrpocTpaHeHHEM HO30KOMHAJBHBIX HHEKITHH,
PE3UCTEHTHBIX K IIMPOKOMY CHEKTPYy COBPEMEHHBIX
AHTUMUKPOOHBIX areHTOB, W OTCYTCTBHEM HOBBIX
3¢ P EKTHBHBIX AHTHOMOTHKOB MIPOTHB rpam-
oTpunarenbHbeIX  Oaktepmii  [1-4]. Tlo  omenkam
CICIHAINCTOB, OTCYTCTBHE TaKWX aHTHMHUKPOOHBIX
areHTOB  MOXET IPUBECTH K  BO3BpAIlEHUIO B
JOaHTHOMOTHKOBYIO 3py [5]. B To xe Bpems
OONBIIMHCTBO IpaM-OTpHUIIATEIBHBIX Gaxtepuit
YYBCTBUTEJbHbl K IOJUMUKCHHAM, W (OPMHUpPOBaHHE
PE3UCTEHTHOCTH K OSTHM KaTHOHHBIM JIMITOTICTITHIAM
MIPOUCXOAUT MEAJICHHO W HaOJIOMaeTCs Topa3io pexe Mo
CPaBHEHHIO C APYTMMH aHTHOMOTHKamu [6-16]. B 70-x

Polymyxin B1

Puc. 1. Xumuueckasi CTpyKTypa noJiuMuKkcuHa By

rogax 20-ro cToneTvs OT MOJMMHUKCHHOB OTKA3aJIUCh U3-
3a cirydaeB HE(pPOTOKCHYHOCTH ¥ TOSBJIICHUS JIEKAPCTB C
MEHBIIUMH TMO0OYHBIMH dddexramu. OmHako, Koraa
NpUMEHEeHne  [(-TakTaMoB, aMHHOIIMKO3WAOB  WIIH
XUHOJIOHOB TMPOTHB YPE3BBIYAHHO IOIUPE3UCTCHTHBIX
IITAMMOB TpaM-OTpPHULIATEIbHBIX OakTepuid, BKIro4as P
aeruginosa, A. baumannii 1 K. pneumoniae, CTAaHOBUTCS
He 3 PEKTUBHBIM, MMOJTUMHUKCHH B M KONHCTHH OCTaroTCS
MOCJIEZIHUM CPEIICTBOM JiedeHust 3Tux uHbpekumi [11, 13,
15, 16].

['pynma mOMMMUKCHHOBBIX TENTHAOB BKJIFOYAET
B ce0s HECKOJNBKO XWMHYECKH DPAJIMYHBIX COCIUHEHHN

(momumukenasr  A-E, M, S wu gpyrme [17]).B
KIIMHUYECKOH MpaKTHKE UCTIONB3YIOTCS JIUIIB
nonmumukcusbl B u E (konuctun) [4]. INonmumuxcun
B  (polymyxin, PmB) — 3T0  IUKIMYCCKUI

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

Dab9-Thr10]. Cemb aMUHOKHCIOT  MOJMMHKCHHA
obOpazytor  makpouukn  (cycle[Dab4—Dab5—D-Phe6—
Leu7-Dab8-Dab9-Thr10]), a Tpu aMHHOKHCIIOTHI
(Dab1-Thr2-Dab3) cocTaBisiOT JIMHEHHBIA Y4acTOK,
COCIMHSIONMKA MaKpOIMKI C KOHIEBBIM OCTAaTKOM
METHII-OKTaHOUJI0BOK kucnoTel (MOA). Maxkpouuki

00pa3oBaH IOMOIHUATEIFHON TENTHIHONW CBA3BIO MEXITY
Thr'® u y-amMunorpymmoii ocrarka Dab4.
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N-koHieBoii  ocrarok  Dabl  momumukcuHOB — N*-
aIITUPOBAH  JKUPHOH  KUCIOTOH, Takod Kak 6-
MeTHioKTaHoBass  kucnora  (PmB;)  (puc.l),  6-

MeTwirekcanosasi kuciora (PmB,), oxranoBas kuciora
(PmB;) u T.n1. EXWHCTBEHHBIM CTPYKTYPHBIM OTIMYHEM
komuctuHa  (colistin,  polymyxin  E, PmE) or
noauMukcuHa B gBnserca amuHokucinora D-Leu B
nonoxxeHnu 6 BMecto D-Phe B monmumukcune B (puc. 2).
IMonumukcud B ¥ KOJMCTHH comepikar IATh CBOOOIHBIX
amMuHOTPYN (B cocrtaBe Dab) M, COOTBETCTBEHHO, IISATh
MOJIOXKWUTENBHBIX ~ 3apsiIoB  NpH  (PU3HOIOTHUECKUX
YCIIOBHSX.

“BosBpalieHue” NOIMMUKCHHOB B KIIMHUYECKYIO
NPaKTHKy CTUMYJIMPOBAJIO JajbHEHIINE yITyOJeHHbIE

WCCIEIOBAaHMsI WX  TOKCHUYHOCTH. B mocnemHee
JIECATUIICTHE TOKCHYHOCTH TMOJIMMUKCHHA B 1 konmucTrHA
OBLTa TOIATENFHO IPOBEPEHAa COBPEMEHHBIMH METOIAMU
(c y4eToM pEKUMOB TMPABWIBHOTO HCIOJNB30BAHHUS,
XUMHYECKOM YUCTOTHI M TOMOT€HHOCTH MpENaparoB) H
OKazajach HE TaKOW BBICOKOW, KaK CUMTAJIOCh B MPOIILIOM
[11, 13, 16, 18-19]. Tem He MeHee OHA BCE €IIE MOXKET
3HAYUTENLHO  YCIOXKHATH  TEpanvio, CHUXATh e
3Q}eKTHBHOCT, M JaXe MPUBOAUTH K €€ IIOJHOMY
npekpameHuio. [loaToMy co3maHWe MeHee TOKCHYHBIX
MIPOM3BOIHBIX TTOJIMMUKCHHA OCTAETCS OYEHb aKTyaITbHOU
3aja4uei.
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Puc. 2. Xumuueckasi cTpykTypa KoiucruHa (moaumMukcuHa E;). OmiMumMsi oT CTPYKTYpbl NoJIMMUKcHHA B,

BbI/1€JICHBI KPACHBIM IIBETOM.

B IIOCIICAHEC JCCATUIICTUEC HCCKOJIBKO
HCCIICAOBATCILCKUX T'PyHIl COCPEAOTOUYNIN CBOU YCUIIMA
Ha pa3pa60TKe MCHEC TOKCHUYHBIX MMPOU3BOAHBIX

nonuMukcuHa [17, 20-31]. B wactHoctH, Cakypa H. u np.
CO3/1aM TIPOU3BOAIHBIE TouMuKcHHA Ser2-Dap3-PmB(2-
10) (puc. 3), Dap3-PmB(3-10) (puc.4) u Ser3-PmB(3-10)
(puc. 5), ocTpas TOKCHIHOCTH KOTOpbix (JI[so) mpumMepHO
B 10 pa3 HuXe, 4UeM y NOIMMUKCHHA B, a aKTUBHOCTb B
OTHOLIEHWHM  CHHETHOMHOM  MallO4KH  COXPAHSETCS
IIPUMEPHO Ha ypoBHe nonumukcuHa B [31]. Vaara M. u
Ip. CHHTE3UPOBAIIN MeHee HEeQPOTOKCHIHBIC

npousBogHble monumukcnHa NAB7061 (puc. 6), NAB739
(puc. 7) n NAB740 (puc. 8), mo4euHsIii KIMPEHC KOTOPHIX
OBLT, COOTBETCTBEHHO, B 28, 53 u 378 pa3 BhImIe, U4eM y
KojucTUHa, a adduHHOCTE K MeMmOpaHe IICTOYHOM
TIOJIOCKH MUTENHS TIOYKU KPBICHI ObUIa B 2-3 HIKE, YeM
y TeHTaMUIMHA, U B 5-6 pa3 HMXKE, YeM y MOJIMMHKCHHA
B, [21]. Tlowmckum  HETOKCHYHBIX  IPOWU3BOIHBIX
MOIMMHUKCHHA B IIEJIOM BEAYTCS OSMIHPHUYCCKH, 0e3
MPUBJICUCHUS] KAKHX-TNOO MOJEKYIAPHBIX MEXaHH3MOB
ero He(POTOKCHYECKOTO JIECHCTBHUS W/MIM CTPYKTYPHBIX
Mozieneit B3anMO/IeHCTBUS TTOIMMHUKCHH-MHIICHB.
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Puc. 3. Xumnueckasi CTPyKTypa NpOM3BOIHOro noJumMukcuia Ser2-Dap3-PmB(2-10).
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Puc. 4. Xumuueckasi CTpyKTypa nNpou3BoaHoro noiumMukcuia Dap3-PmB(3-10).
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Puc. 6. XuMnyeckasi CTpyKTypa npou3BoaHoro nosmmmuxcuia NAB 7061.
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Puc. 7. XumMu4eckasi CTPyKTypa Npou3BoaAHOro nosumukcuia NAB 739
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Puc. 8. Xumnueckasi CTpyKTypa NpoM3BOIHOro noJumMukcuia NAB 741

HpC,Z[HOCLIHKOﬁ HanpaBJICHHOTO IIOHCKa TaKuX
MMPOU3BOAHBIX SABJIIACTCA 3HaHUC MOJICKYJIAPHBIX
MCXaHU3MOB He(prTOKCI/I‘IHOCTI/I IIOJIMMHUKCHHOB,

OCHOBAHHOE Ha JETaJbHBIX CBEACHUSIX 00 0COOEHHOCTIX
MEXMOJIEKYIISPHBIX B3aUMOICHCTBUI ITOTUMUKCHHOB CO
CBOMMH MHIICHSIMH HEPPOTOKCHUECKOTO JACHCTBUSI.
W3BectHo, duro HedpoTokcmueckuid 3ddekr
TIOJINMUKCHHOB OOYCIIOBJICH HX aKKyMYJSILMEH B KIIETKax
SMUTENHS MPOKCUMAJIbHBIX KaHANBIEB IOYKH, A€ OHHU
MIEPCUCTHPYIOT JOJITOE BPEMs, BBI3BIBAs MOBPEKICHUS
MOYKU: UX aKKyMYJISIUSI B BO3PACTAIOLIMX KOJMYECTBAX B
JIM30CcOMax IPHBOAMT K Ha0yXaHUIO M, B HTOre, - K
Ppa3pbIBy HOCIEIHUX U BHICBOOOXKICHUIO IOJIMMUKCHHOB B
LUTO30JIb, TNIE WX Hecmeuu(puyeckoe CBA3bIBAHHE
BEI3BIBACT OCTPHIA TyOYIsipHBIH Hekpos [32-37]. Ilpwm
9TOM  TJIABHBIM  (aKTOPOM  aKKyMYISIIUM  3THX
QHTUOMOTHKOB B ITOYKE CYMTACTCS MX B3aMMOJICHCTBHE C

METINHOM (paHee ero Has3blBaJIM IIMKOIPOTEHHOM
gp330) [33, 37-44], rUTaHTCKUM PELENTOPOM KIETOUHOMH
MOBEPXHOCTH, KOTOPBIA Hanbolsiee OOMIIBHO MpENCTaBIeH
B allMKaJbHOM MeMOpaHe IPOKCUMAaJIbHBIX KaHaJIbIIEB
noukn [37, 43-46]. Takum o00pazoMm, 3TOT PELENTOP
MOXKET TPEJCTABIATh CO00H YHUKAIbHYIO MHIICHB IS
CO3IIaHUs TTOJTMMHUKCHHOBBIX AHTHOMOTHKOB c
MHUHUMH3HPOBaHHON HEPPOTOKCHYHOCTRIO. OcnabieHue
CBSI3bIBAHUS TOJIMMHUKCHHOB METajIiHOM MOXET CTaTb
HOBOM MpPEBEHTHBHOH MEpOH NPOTUB MOJUMHKCHH-
MHIyIHpoBaHHOW HedpoTokcuuHoctH [33, 47].

Meranuu - 3TO TpaHC-MeMOpaHHBIN
IIMKOMPOTEWH, WIPAONMHA  IEHTPAIbHYI0 pOlb B
SH/IOIMTO3HOM (hyHKINH KIIETOK SIUTEIHS
MIPOKCUMAaJbHBIX KaHajJbleB MNouku [48]; OH Takxe
y4acTBYET M B CHTHAJIBHOW TPAHCIYKIMH B 3THX KIETKAX
[49]. MeranuH n0Kanu3yeTcs B KIAQTPHHOBBIX KaBeOJIaX
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SIIUTEIINA IIPOKCUMAJIBHBIX KaHaJIbIICB IIOYKH )51
(YHKIMOHMpYET  KaK  JHAONMTO3HBIA  pemenTop,
CBA3BIBAIOILMN OYEHb IIUPOKUNA CHEKTP  BELIECTB.
Jlurangpl,  cBsA3BIBAalOIIMECS ~C  METalluHOM  (MX
HacuuThIBaeTcst Oosiee 30), mpencTaBiieHbl HECKOJIbKUMU
IpyNIIaMH COCIMHEHUI: NPOTEMHAMH, BKJIIOYEHHBIMH B
JIMIIONIPOTEMHOBBIM ~ MeTabonu3M;  IpoTeasaMd U
HpOTeaSa-I/IHFI/IGI/ITOpHI)IMI/I KOMILICKCaMU; MaTPUKCHBIMU
MIPOTCUHaAMM, BHYTPHUKJIICTOYHBIMHU MPOTCUHAMM,
¢dakTOopaMH pocTa W IOPYTUMH TPyHIaMyd (BKIFOUas
JMaKTo(eppHUH, PUHOBHPYC, KoMIieMeHT C3, TeHTaMHIINH,
MOMMMHUKCUH ©  jap.) [36-42]. Meranua sBiseTcs
MIPE/ICTaBUTEIEM CEMEHCTBA PEeNTOPOB JUIONPOTENHOB
nuskort twiotHoctu (low density lipoprotein receptor
(LDLR) gene family) [49-53]. LDLR cemeiicTBo - 3TO
KJIacC  CTPYKTYPHO  TOMOJIOTUYHBIX  MEMOpaHHBIX
peuenTopoB, COCTOAIIMX U3 MOAYIBHBIX CTPYKTYpP
(TOMEHOB) U TIPEICTABICHHBIX Y MICKONUTAIOIINX CEMBIO

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

O  EGEF repeat

OCHOBHBIMHU TJIMKOTpoTenHamu [42, 43, 45, 48, 51]:
petienitop JTUIMONPoTenHOB HU3KOH ImioTHOCTH (LDLR);
peuenTop JMIONPOTEMHOB OYEHb HHU3KOM IUIOTHOCTH
(VLDLR); anomunonporenn-E penentop 2 (ApoER2 mm
LRPS); MHOKECTBEHHBII (pakTOp SMUACPMATBHOTO POCTa
(MEGF7); LDLR-cBsizannsbiii nporens 1 (LRP1); LDLR-
ces3anHblil nporenH 1b (LRP1b) m LDLR-cBsizanHBIN
nporerH 2 (LRP1) wiu meranumn (Megalin) (puc. 9).
MeranmuH — caMblii KpyNHBIA IPEACTABUTENb ITOIO
ceMeicTBa, ero macca coctaBiser okojgo 600 x/la.
AMMHOKHCIIOTHASI TOCIIEJOBATEIbHOCTh METaINHa KPBICHI
HacuuTbiBaeT 4460 aMHUHOKUCIOT U COIEPXKUT 25-
AMHUHOKHCIIOTHYIO N-KOHIIEBYIO CHUTHAJIBHYIO HETITHIHYIO
MOCJICIOBAaTEIbHOCTD, 4400-aMuHO KUCIIOTHEIN
BHEIIHEKJIETOUHbII Y4acToK, 22-aMUHOKHUCIIOTHBIN
OJHOIPOXOIHBI TpaHC-MeMOpaHHBIH gomMeH u 213-

aMUHOKHUCIOTHBIH C-KOHILIEBOW  IUTOINIA3MAaTHYECKUH
xBocT [47].
|
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Puc. 9. MonynbHasi JOMeHHAsl OPraHU3alUs ceMelicTBa peleNnTOPOB JUNONPoTenHOB HU3Koii mioTtHoctu (LDLR
peuenTopos). Kiacrepsl JINrana-cBA3b1BaOIIMX IOBTOPOB NIpoHYMepoBaHbl I-1V.

AMUHOKHCIOTHEIE IMOCJICA0BATCIBHOCTHU
YCIIOBCKa nu KPBICBI CXOJHBI Ha

METraJInHa

77%  [42].

BHemHekIeTouHblil  y4acTOK ~ METaJldHa  COAEPKUT
CTPYKTYpHBIE MOJIYJIH, XapaKTEpHBbIE AJII BCEX UJICHOB
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LDLR-cemeiictBa (puc. 9), - oborarmieHHbIe HCTEMHOM
JMTaHJ-CBSI3BIBAIONINE TOBTOPHI (B JIMTEparype UX
Ha3bIBAIOT TAKKE KOMIUIEMEHT-IIOIOOHBIMU IIOBTOpaMHU
(mmn momenamu) u o6ozHavaror CR (Complement-type
Repeat) (puc. 10), mosropsl ¢akropa pocra (EGF-
noBTopel) (puc. 11) u P-mpomensepHble TOMEHBI (pHC.
12). Kak moxa3sIBalOT MCCIENOBaHUSI 10 HAIPaBICHHOMY
MyTareHe3sy, yd4acTKaMH CBS3bIBaHHsS ~ OOJBIIMHCTBA
suragioB  LDL-peuentopamu  ABISIOTCA  JIMTaHA-
cesspBaronie CR moBTopsr [54, 55]. BHemTHEeK 1€ TOUHBIH

yuactok LDLR (nmaummensiiero mpeacraButens LDLR-
ceMeHCTBa) COIEPKUT 7 JIMTaHI-CBI3bIBAIOIINX
TTOBTOPOB, KOTOpPBIE 00pa3yloT ofwH Kiactep (puc. 9 u
13), Torma kak BHEIMIHEKJIETOYHble ydacTku LRP u

MErajJiMHa COJIepKaT, COOTBETCTBEHHO, 31 u 36 nurann-
CBSI3BIBAIOIINX IIOBTOPOB, PACHpPEIENCHHBIX B YEThIpeX
knacrepax (kmacrepsl I-1V) (puec. 9). Kaxngsiit u3 CR
JIOMEHOB COCTOHUT U3 TpuMepHO 40 aMHHOKHCIOTHBIX
OCTAaTKOB.

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

Puc. 11. Crpykrypa 1Byx EGF-nomenos LDLR uyenoseka [S7] (PDB xox 1HJ7).
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Puc. 12. Crpykrypa f-nponesuiepaoro nromeHa LDLR uenoseka [S8] (PDB kox 11JQ).

CR2

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

Ilepbie paHHBle O TpexmepHOH opranusamun CR
noBTopoB ObuH nostydensl N. L. Daly u np. ¢ momomisro
CHEKTPOCKOIHUH SIIEPHOTO MarHUTHOro pe3oHaHca (SIMP
cnekrpockonuu) st moropa CR1 [60], a 3arem u CR2
n3 LDLR uenoseka [61] (PDB komet 1LDL u 1LDR,
COOTBETCTBEHHO). DBBIIO BBIIBICHO, YTO 3TH  MOIYIH
cofepKaT 1Mo 3 MUCYIb(GUIHBIX CBS3H, a TAKXKE - TaKHe
0a30BbIC AIIEMEHTHI BTOPHYHON CTPYKTYpPHI Oenka, Kak [3-
mmuibkn W B-usruObel.  Jlanmee Obuta  ompenerncHa
kpucraummdeckas crpykrypa CRS gomena u3z LDLR
yenoBeka ¢ paspemenuem 1.7 A [56] (PDB xox 1AJ)),
BIIEPBBIE TMOKA3aBINas, YTO MOAYJb cofepkut noH Ca®,

KOTOPBIN OKTa’ApUUECKH KOOPIUHHPOBAH OTPULATENIBHO
3apsDKCHHBIMM ~ OCTAaTKaMH ~ aclaparuHoBoi  (Asp) w
nrroraMuHOR (Glu) KUCnoT n KapOOHWIIBHBIMU TPYIIaMU
0CTOBa, O0pa3ylOIUMK KapMaH BOKPYI MOHA KaJbLIUs
(puc. 10 m 14). Tlozxke GbuIO MoOKa3zano, 4yro mom Ca
HEeo0XoIuM JuIst MIPaBUIIBHOTO CBOPauYUBAHUS
MOJIMINENTUAHON LeNu M MONACPKKU CTPYKTYPHOH
nenocTHocTH Moxnyist [62]. CTpyKTypHBIE IOaHHBIE LIS
MErajiHa B HACTOSILEE BPEMs JOBOJIBHO OTPAHUYEHBI:
M3BECTHA JMIIb OAHA cTpykTypa 12-ro CR nomena
MerajiHa KpbIChl M oaHa cTpykTypa 10-ro CR nomena
MerajipHa 4YejioBeKa (a TakKe €ero KOMIUIeKca ¢



p- 16 Annals of Mechnikov Institute, N 3, Vol.1, 2015
www.imiamn.org.ua /journal.htm

TeHTAaMHILIMHOM), OIIpPEJeNICHHBIE B PAaCTBOPE METOIOM
SMP [63, 64].

Gly 27

Asp 35

Puc. 14.

Hon Ca* nu KOOPAMHUPOBAHHBIC UM OTPULATECIBHO 3aPAKCHHbIC AMHUHOKHCJIOTHBIC OCTATKH H

KapOoHuIbHbIe rpynnbl ocroBa CRS nomena LDLR 4yenoseka [56].

OpHako, U3BECTHBI CTPYKTYphl Bcex cemu CR nomeHoB
LDLR u neckonbkux CR nomenoB LRP peuenrtopos,
KOTOpbIE OBUIM MOJIIYYEHBI KaK JUIS OTICIbHBIX MOIYIEH C
nomonrsto SIMP  cnektpockonuu [60, 61, 65-67] wim
PEHTTeHOBCKOM KpucTamiorpadun [56, 68], Tak u s UX
map [69, 71-75] . Bce crpykrypel 3tnx CR momeHoB
UMEIOT OOMH M TOT K€ THUI  CBOPAYMBAHUSA
TOJNMMIENTHIHON eTN: KOPOTKUI aHTHUIApaAJUICIBHBIA [3-
JIMCT, JIBE METJIH, CTAaOWIN3UPOBAHHBIE IUCYIbGHIHBIMA
cBa3aMu Mexay nucrenHamu Cysl-CyslIl, CysIV-CysVI
u  cBs3aHHble qucynbGunHbM MoctHkoM Cysll-CysV
(puc. 15). N-xoHmeBas mMewId  JOMOJHUTEIHHO
cTa0WIM3upoBaHa AaHTHUNAPAIUICIEHBIM [(-TTHCTOM  (CM.
KpacHblC INUPOKHE AaHTUMAPAIUICHbHBIE CTPENKH Ha
puc9), a  C-xoHmeBas MeWIi  JONOJHHUTEIBHO
CTaOMIM3UPOBaHA B3aUMOJICHCTBUAMU OCTaTKOB,
CKOOPJIMHUPOBaHHBIX BOKpyr uona Ca’’ (puc. 10, 14 u

Cysl

Puc. 15.

15). CxonHBIH XapakTep CBOPAaYMBAHUS IOJMIICITHIHON
LeN¥ ¥ CXOmHas TpexMmepHas opranuzamus CR moMeHOB
SIBJISICTCSL CJICACTBHEM T'OMOJIOTMHM WX aMHHOKHCJIOTHBIX
MOCJICZIOBATENILHOCTEHN, COMEpIKAIINX KOHCEPBATHBHBIE
ocrtartku acnaparnaoBoi (D) u mrroramunoBoi (E) Kucmor
U KOHCEPBATUBHOE pACIOJIOKEHHE IIECTH OCTaTKOB
mucrenna  (C) (oM.,  Hampumep, — pHC. 16).
[IpernMyIecCTBeHHBIMH MECTaMH  CBS3BIBAHHS MHOTHX
BaXHBIX JMraHaoB mnpexacraBurensimu LDLR-cemelicTBa
SIBIISIFOTCSI JIMTaH[I-CBsI3bIBatore moBTopsl [38, 50, 54,
55, 73-80] (puc. 9 m 15). Kak mnoka3piBaeT aHaJIu3
HUMCIOIIUXCS CTPYKTYPHBIX JaHHBIX O B3aMMOJCHCTBUU
yiaeHoB LDLR-cemeiicTBa €O CBOMMH KaTHOHHBIMH
nurangami [56, 64, 66, 72, 73, 75, 78, 81-84], yaacTtok

XapakTepHass TpexMepHas opraHu3anusa CR noBropos. IlucreMHOBBIe OCTaTKH, 00pa3syloime

Z[l/lcy.]'ll)(l)I/I)IH])Ie CBSI3H, MOKA3aHbI ¢ MOMOIIBIO I[IapO-CTep)KHeBOﬁ MoOae/Iua.

y3HaBaHWS ~ HAa  pelenTtope  sBIseTcs  OOIIUM
(YHMBEpCAILHBIM) CTPYKTYPHBIM MOTHBOM M COAEPIKHT
KOOPIMHUPOBaHHBIE HOHOM Ca®’* TpH  KHMCIIOTHBIX
(Hecymux OTpULIATENIbHBIN 3apsn) ocTarka
acTmaparnHoBO# KHCIOTHI (Tak HasbpBaeMmblii DXDXD
MOTHB) W OOWH TruApodoOHE ocTtatok (puc. 17).
VY4acTKOM y3HaBaHUsI/CBSI3bIBAHMS Ha JIMTAHJE SIBISIOTCS
TIOJIOKHUTEIIEHO 3apspKEHHBIE OCTaTKH JM3HHA.
CBsi3bIBaHME OCYLIECTBIIIETCS B OCHOBHOM 3a CUET
ANEKTPOCTATHUECKUX B3aUMOJICHCTBUN MEXIY

TIOJIOKUTENIFHO 3apsDKEHHBIMM  OCTarkaMM JIMTaHjga |
OTPHIATENIFHO 3apSHKEHHBIMU OCTAaTKaMH acliapardiHOBOM
KHUCJIOTHI, YYaCTBYIOWIUX B KoopauHanuu uoHa Ca?'. D10
CBSI3pIBAHME  JIM3MHA  ycWiMBaercss  ruapodoOHbIM
B3aMMOJICHCTBIEM MEXAY apoMarmdeckuM octaTtkoMm CR
Monynsi  (TpunrodaHoM WM (EHWIAIAHWHOM) U
anmdarnyeckuM (parMeHTOM nH3MHA. Takum oOpasom,
KIIIOYEeBbIE  XapaKTEPUCTUKH  y4dacTKa  CBSI3BIBAHUS
BKirovyaroT: (1) KoopAWMHAaIMIO WOHA KanbLus (cepble
LITPUXOBBIE JINHUN), (2) COJIEBBIE MOCTUKH U BOJOPOIHBIE
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CBA3M MEXIYy OCTaTKaMH acmaparnHoBoil kuciotel CR
MOBTOpa M KAaTMOHHBIMH OCTaTKaMH JMTaHAa (ToryOble
mTpUXOBEIe THHUN) U (3) ruapodoOHBIE B3aNMOACHCTBH
MEXy apOMAaTHYECKUM OCTAaTKOM JIMTaHJ-CBSI3bIBAIOIIETO
moBropa M anu(aTHdecKuM ~ Y4acTKOM  JIM3MHA
(KOpUYHEBbIC MITPUXOBBIC TUHUK) (puc. 17) [75].
Y4acTok CBsI3bIBaHUS MOJMMUKCHHA Ha €ro
MOJIEKYIISIPHOM MUIIICHH, MeTaJHHe, MOKa
9KCIIEPUMEHTAIBHO HE yCTAHOBJEH, OTCYTCTBYIOT TaKXKe
U Kakue-mmbo CTPYKTYPHBIE MOJENH B3aUMOICHCTBHA
MONMMHUKCHHA C METaIMHOM Ha AarOMHOM YPOBHE.
OpHako, W3BECTHO, YTO TNOIMMHKCHH B (kak u
TeHTaMHUIMH) sBiseTcs 3(P(EeKTUBHBIM KOHKYPEHTHBIM
WHTUOUTOPOM CBSI3BIBAHUSI METAJIMHOM KPBICHI IPOTEHHA
RAP (Receptor-Associated Protein, penentop-cBsi3aHHbIH
mporenH) [38]. RAP — »oT0 mamepoH, KOTOpPBIi
CBSI3bIBAETCA C MpeacTaBuTensasMu cemeidcrea LDL-
peuenTopoB M JAEHCTBYET KaK  YHUBEPCAJIbHBII
AaHTarOHUCT WX MPEXKICBPEMEHHOIO CBS3BIBAHUS CO
CBOMMU JIMTaHJAMH B 3HJOIUIa3MAaTHYECKOM PETHKYIyMe
(BemyIIero K WX arperanyu W Jerpaganin), ooecreynBas
HOPMAJIBHYIO ~ OKCIOPECCHI0 3THX  pELENnToOpoB  Ha
MOBEPXHOCTU  KJIETKM JUIS  OCYILECTBIEHHS  UMH
3HAOLUUTO3HON GhyHKIIH [51]. Konkypentnoe
HHTUOMpOBAaHHE  NpEANojaraeT Kak  CTPYKTypHOE
CXOACTBO MHTHOMTOpa U cyOcTpara (mo-KpaifHe# mepe, -
CTPYKTYPHOE CXOZICTBO MX MOJIEKYJISIPHBIX (pparMeHTOB,
KOTOpBIE B3aUMOJICHCTBYIOT C PELIENITOPOM), TaK U OIUH U
TOT K€ y4aCTOK CBSI3BIBAHUS Ha perenrtope. A
CTPYKTYypHBIE MozienH B3auMojeiictBus RAP mporenna ¢
LDL-peuenropaMu Ha aTOMHOM YPOBHE M3BECTHBI [72,
75,78, 82, 83] (puc.18).
U B 3THX KOMIIJIEKCaxX TaKXe MOJIOKUTENBHO 3apsHKEHHBIE
NH;-rpynnsl reHTaMHLIMHA B3aUMOLEMCTBYIOT C TpeMst
OTPHIATENBHO 3apsDKCHHBIME OCTATKaMH aCIaparHHOBOH
kucnoTsl gomeHa CR10, 1. e. co crpykrypaeiM DXDXD
MOTHBOM, OOHapyxeHHbBIM u mist Apyrux CR momyneit
[56, 66, 72, 73, 75, 78, 81-84]. Takum oOpa3oM, eCTh
OCHOBaHMs MpEANoararb, 4ro Y4YacTKOM CBSI3bIBAaHUS
MOJIMMUKCUHOB TAaKX€ SIBIBIFOTCS cTpyKTypHble DXDXD
MOTHUBBI JHTraHj-cBsa3bBatomux CR 1oMeHOB MmerannHa
(puc. 17), ®  MONEKYIApHBIMH  (parMeHTaMu
MOJIMMHUKCHHOB, KOTOpBIE B3aNMOJIEHCTBYIOT c

peuenTopoM, SBISIOTCS HMX KaTHOHHbIe Dab rpymmsl
(aHAMOTH MM3WHOBHIX OCTATKOB) (puc. 1-7).

Kak nokasanu uccnenoBanust Baapa M. u np.
[21] (cm. Bbmme), NAB-mpou3BOgHBIC TTOJUMHKCHHA,
UMEIOIIMe  TOJNBKO TPU  TOJNIOXKWTEIBHBIX  3apsa,
PAcCIOJIOKEHHBIX B TMpefesiax MAaKpOLMKIAa MOJEKYIbI
(3apspkenHble octatku Dab5, Dab8 u Dab9) (puc. 6-8),
ABJISIFOTCA HE TOJIBKO 3¢ eKTHBHBIMU
aHTHOAKTepHaNbHBIMM ~ areHTaMH, HO U oO0iajaior
CymiecTBeHHO Ooliee HU3KOH HE(PPOTOKCHIHOCTHIO, YeM
HUCXOIHBIN MOJIMMUKCHH, coJeprKaluum ISTh
TIOJIOKUTENBHBIX 3apsfoB (3apshkeHHbIE ocrarku Dabl,
Dab3, Dab5, Dab8 u Dab9) (puc. 1-2). IIpu stom ux
MOYEYHBIN KIIMPEHC ObUT B JIECATKA U COTHH pa3 BBIIIE,
4YeM y KOJMCTMHA, a WX adduHHOCTE K MeMmOpaHe
MIETOYHON TIOJIOCKU DIUTENNs MOYKH KPBICH B 5-6 pas
HIDKE, YeM y nosimMuKcuHa B [21], To ecTs mpon3BonHbIE
MONMMHUKCHHA C OCJIA0NEHHBIM B3aUMOJCHCTBHEM C
MHUIICHBIO HMMENW JIydiine  (hapMaKOKHMHETHYECKUE
TIOKa3aTelNy. Taxkum o0pazom, YPOBEHb
HE(POTOKCHYHOCTH TOJMMHUKCHHA M €ro IIPOM3BOIHBIX
KOppenupyeT ¢ OCOOCHHOCTSIMH HMX MOJIEKYISPHOTO
CTPOEHHsSI W, KaK CJIEACTBHE, C OCOOCHHOCTSIMH HX
MEXMOJIEKYSIPHBIX ~ B3aUMOJCICTBUIM C  METaJuHOM.
HoBoe 1pou3BosHOE MOIMMUKCHHA/KOJIMCTHHA, KOTOpas
He OyaeT y3HaBaTbCsl METAIMHOM, IPEIIOJIOKHUTEIBHO,

JOJKHA HUMETh CYIIECTBEHHO MEHBIIYIO
HE(POTOKCHYHOCTb. KakoBbl 0CcoOeHHOCTH
MEKMOJISKYJISIPHBIX  B3aUMOJICHCTBUH TOJMMHKCHHA C
MeraguHoM?  KakoBbl  CTpYKTypHBIE  NpPEIIOCHUIKU

pazauuuii BO B3aMMOJECWCTBUU MOJMMUKCHHA U ero NAB-
MIPOU3BOAHBIX C MeranuHoM? OTBETHI HAa 3TH BOIPOCHI
JanyT MPONOJDKAIOIINECS HCCIIENOBAHUSA CTPYKTYpHO-
(YHKIMOHANBHBIX OTHOLIEHHH TOJMMHKCHHOB W HX
MOJIEKYJISIPHBIX MUIICHEH HE(POTOKCHUIECKOTO ICHCTBHS.
HemaBno  meromamm  SIMP  cnekrpockonmuu
MOJICKYIIIDHOTO ~ MOJICIUPOBaHUA  (AOKWHTa)  OBLTH
OIpeieNeHbI CTPYKTYpHI KOMIUIEKCOB JIUTaHA-
cBa3biBaroniero gomesa CR10 MeranuHa yenoBeka ¢ ele
OJJHUM KAaTHOHHBIM aHTHOWOTHKOM, T'€HTaMHUIIMHOM,
KOTOPBIN TaKke 00nanaeT modo4YHbIM HE(HPOTOKCHUECKUM
neiicreuem [64] (puc.19).
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CR3 | /sas890  ...... VPPPQ CQ. PGEFACA  N.. SRCIQER  WKCDGDNDCL = DNSDEAPALC

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. Cxemaruueckoe crpoenne LRP (BBepXy) U BhIpaBHHBaHMe AMHHOKHCJIOTHBIX IOCIEI0BATEIBLHOCTEH
nomenoB CR3-CR10 Broporo kiaacrepa LRP (Buuzy) [73]. IlecTh KoOHCepBATHMBHBIX OCTATKOB
HUcTeMHa (BbleJIeHbl 3eJIeHbIM LBEeTOM) 00pa3yoT 3 nucyiab@uaHble cBs3U (MOKA3aHbI 3eJ1eHbIMHU
crpeikamu). KoHcepBaTHBHBIE OTCTAaTKHM, Koopaunupyiomue Ca’' mocpeacTBoM KapGoOKCHJILHBIX
rpynn cBoMX OOKOBMX Lenei, BblleJIeHbl KPACHBIM, 2 KOHCEPBATHBHbIE 0CTATKH, KOOPIMHUPYIOLIHE

Ca’™ mocpencTBoM KapOOHUILHbBIX TPYII 0CTOBA, - CHHUM IBETOM.

Puc. 17. YHuBepcaabHbIH MeXaHM3M CBSI3bIBAHUS KATHOHHBIX JIMTAHAOB JUTaHI-CBA3BIBAIOLIMMH OBTOPAMHU
peuentopoB LDLR-cemeiictBa [75]. IlonoxkuTe/bHO 3apsikeHHBbI aTOM a30Ta JHU3HHOBOIO OCTaTKa
(Lys) KaTHOHHOTO JIMT'aHAA BbIIeJIeH CHHHM LBETOM, aTOMbI KHCJIOPOAa KHCJIOTHBIX OCTAaTKOB (Asp,
Glu) Jurana-cBsA3LIBAIOIIMX NOBTOPOB — KPACHBIM, a CBSI3AHHBINA KaJbLUIl B JUTaAHA-CBA3bIBAIOIIEM
TOBTOPE — 7KeJIThIM LIBETOM.
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Puc. 18. Crpykrypa komiuiekca RAP mporeuna ¢ LDL-penentopom [75]. KaTuoHHBIe OCTATKHM JIM3HHA
Bbl/leJIEHbl KPACHBIM LBETOM. ATOMBI BOIOPOJA He OKA3aHbl.

Puc. 19. CTpykTypa KOMILIEKCa TeHTAMHIIMHA ¢ JUTaHI-cBA3bIBalomMM JoMeHoM CR10 mMeraiuna 4esioBeka.
T'eHTAMULUH BbIIeJI€H CHHUM LBETOM, 2 €r0 KaTHOHHbIE AMUHOTPYIIbI — KPACHBIM IBETOM. ATOMBI

BOIOpOAAa HE MOKAa3aHbI.
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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.



