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IMomuamunoamun (PAMAM) neHnpuMepbl HaXOOSAT IIPUMEHEeHUEe B MEAULIMHE JIJIsl CUCTEMHOI TOCTaBKU
snekapcTB. OneHKa 6e30MacHOCTY GMoMaTepuaioB, KOTOpbIe OyIyT KOHTAaKTUPOBAaTh C KOMIIOHEHTaMU KPO-
BM U TKaHSIMM, ocoOeHHO BaxkHa. Hannpumep, PAMAM-NH, nennpumepsl G4—G7 BbI3bIBAIOT arperawLuio
TpoMOOUMTOB U pubpuHoreHa. Mbl usyuymwiun Biausaue PAMAM-COOH nenapumepoB G1.5—G3.5 Ha
KJIIOUYE€Bble KOMIIOHEHTBI cCUCTeMbl (puOprHOIM3a. JleHapruMepbl He BJIMSIA Ha aKTUBHOCTD IJIa3MUHA, HO
aMUAOJIMTUYECKME aKTUBHOCTH TKAHEBOTO aKTUBaropa ruia3MuHoreHa (tPA) u ypokuHassl (UPA) 3aMeTHO
CHIZKAJIMCh C POCTOM IreHepallMy U KOHLIEHTpaluu aeHapuMepa. MHTeHCuBHOCTD IuKa Iipu 340 HM ¢ury-
opecueHTHoro criekTpa Glu-tia3muHoreHa B otcyrcrBre v ripucyrerBum 0.15 M NaCl cHukanach ¢ yBe-
JIMYEHUEM KOHLEHTPALIMU IEHIAPUMEPOB, YTO YKA3bIBAET HA U3MEHEHUSI B MUKPOOKPYKEHUU OCTaTKOB Trp
U1 MOJIEKYJISIDHOI KOH(OpPMAaILIMKU OTKPBITOI 1 3aKpbIToil (hopM Glu-mmazmuHoreHa. I3 cpaBHeHUs KOH-
CTaHT TylIeHUs (hJIyOpeCUEeHLIMU CAeIaH BbIBO/, YTO aHUOHHBII IEHAPUMED U XJIOPUI UOH ONHOBPEMEHHO
CBSI3BIBAIOTCS C TUIA3MUHOTEHOM M, UTO KaXKIIbIit U3 3TUX JIUTAHI0B MPOSIBJISIET CBOM He3aBUCUMBbIe 3hdheK-
Thl Yepe3 OTAEbHbIE CaliThl CBsA3bIBaHUS. C yBeJIMUeHUEM KOHLIEHTPALIMU U TeHepallMu JeHAPUMepa CKO-
pocTtb tPA- 1 uPA-mHunmupoBanHoit aktuBauuy Glu-miasmMuHoreHa B 6ydepe, pH 7.4 pe3ko cHmKanach,
BEPOSITHO, M3-32 00pa30BaHUs KOMIUIEKCOB IEHAPUMED * MJIa3MUHOTEH C BO3PACTAIOLIUM COJIEp>KaHUEM
NeHApYMepa, B pe3yJibTaTe Yero paciieruisieMasi akTuBaTopaMM CBsI3b TJIJa3MUHOTeHA CTAaHOBUTCSI MeHee
noctynHoil. Ckopoctb tPA- u uPA-uHayLIMpOBaHHOIO JIM3Kca IJIa3MEHHOIO CTyCTKa B IIa3Me CHUXKaJIaCh
YMEPEHHO C POCTOM KOHIIEHTpAllMU JeHApUMepa, BO3MOXHO, U3-3a CHIKeHUS 3 dekTa neHapumepa Ha
GUOPUHCBSI3aHHLIN IIa3MUHOTeH. TakuM oOpa3oM, MeXaHM3M MHIMOMPYIOIIEro NeHACTBUS aHUOHHBIX
PAMAM neHapuMepoB Ha aKTUBALIMIO U TpPOMOOJIU3UC, MHIyLIupoBaHHbIe tPA 1 uPA, cBsi3aH ¢ 3aMeTHOI1
WHAKTUBAalLIME aKTUBAaTOPOB U 3HAYUTEIbHBIM U3MEHEHUEM KOH(pOpMaLMU TJIa3MUHOTeHa. B uupKys-
uu, PAMAM-COOH neHnprMepbl MOTYT BJIMSITh Ha Apyrue (pu3nogoruyeckue v naTojJoruueckue mpo-
1IeCChI, B KOTOPBIX CUCTEMA TJIa3MUHOTeH/TUIa3MUH UTPAET BaXKHYIO POJIb.
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BBEJEHUWE

B mocnenHee BpemMs BO3pacTalolIWii WHTEpPEC B
00J1acT HAHOMEIWIIMHBI BbI3bIBAIOT IEHAPUMEPHI —
HOBBIIf TUIT MOHOOWCIIEPCHBIX MOJIMMEPOB C CUJIBHO
pa3BETBICHHOI TPeXMEPHOII ITIO0YISIPHOI apXUTEK-
Typoil M1 YHKIIMOHAJIbHBIMU TPYINaMyd Ha MOBEpX-
HocTu. Hanbosee usyyeHHBIMI Ha CETOIHSILITHUN IeHb
ABJSTIOTCS TToJiamMugoamMuH (PAMAM) neHapuMepsl,

Cokpamenusa: FM — ¢ubpun monomep; Glu-Pg n Lys-Pg —
Glu- u Lys-dopmbl trasmuHoreHa; KR — KpuHII-moMeH;
LBS — nu3uHcBs3bBaomuii yaactok; PAMAM G1.5, G2.5u
G3.5 — nonraMuaoaMUH AeHAPUMEpHI reHepaumu 1.5, 2.5 u 3.5;
Pap — N-tepmuHanbHEIN TTenitua; Pg — ma3mMuHoreH; tPA —
TKaHeBbI{ aKTUBATOP IJIa3MUHOreHa; UPA — nByxuenoyeyHas
YpOKHHa3a.
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KOTOpPBIE COMlepKaT STWICHINAMUHHOE SIIPO, OTASIIb-
HbI€ BETBM, CKOHCTPYMPOBaHbIC 13 MEeTWJIaKpUIaTa v
STWJIEHAMAaMWHA, QYHKIIMOHAJbHbIC TEPMUHAILHEIC
rpynnsl (—NH,, —OH, unu —COOH) Ha noBepx-
HOCTH ¥ OTHOCUTENTHLHO THIpodoOHBIe ToaocTh. C po-
croM reHepaunu (G) neHapuMepa, yBeJIMYUBaAETCS KO-
JIMYSCTBO TEPMUHAJIBHBIX BETBEI 1 (DYHKIIMOHAJIBHBIX
rpytm. MIx pasMepsbl B 3aBUCUMOCTH OT OKOJICHUST KO-
neomotcs ot 1.1 am (s G1) oo 12.4 am (st G10) [1].
PAMAM peHapuMeEpHbl XOPOIIIO PaCTBOPUMBI B ITO-
JISIPHBIX PaCTBOPUTEIISIX, HE MMMYHOTEHHBI [2] 1 cITo-
COOHBI MPOHMKATH Yepe3 reMaTodHIIe(haTnIeCKUit
oaprwep [3]. IlokazaHo, 4TO JeHAPUMEPHI TTO3BOJIS -
IOT U3MEHSITh XapakTep (papMaKOKMHETUKU JieKap-
CTBEHHOTO IIpernapara IIyTeM €ro MHKaICyIMpOBaHUS
BHYTPb MJIM KOBAJICHTHOI MJIM HEKOBaJICHTHOM cOpO-
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IIMM HEMOCPEJCTBEHHO Ha MOBEPXHOCTU MOJIEKYJIbI
neHapumepa [4, 5]. MyabTUBaJIeHTHbBIE IEHAPUMEDHI,
CMOCOOHBIE MPUCOEANHSITh 3HAUYUTEBHOE KOJIUYe-
CTBO JIMTaHIa, SBJSIIOTCS XOPOIIei aabTepHaTUBOM
TPaJAULIMOHHBIM TTOJIUMEPaM B KAYECTBE CUCTEM JI0-
CTaBKU JIEKapCTBEHHBIX TIpenapaToB [6, 7]. biaroma-
psl YHUKQJILHOM CTPYKTYpE M CBOCTBaM, pa3jinyHbie
npousBoaHbie PAMAM neHapuMepa UMEIOT MHOXKE-
CTBO MHOTOOOEIIAIONINX OUOMEIUIIMHCKUX MTpUMe-
HEHU, 0COOEHHO MPU CUCTEMHOM BBEJIEHUM JJ151 10-
CTaBKM JIEKAPCTB, KOHTPACTHBIX BEIIECTB, TEHOB, aH-
TUTEJ U APYrux 6MomMakpomosekys [8—12].

UcnonbzoBanne PAMAM neHaApuMepOB B Kaue-
CTBE HOCUTEJIEN TTO3BOJISICT YMEHBIIUTD KJIIUPEHC U3
KPOBOTOKA, IPOMINTh BpeMsl CUCTEMHOMN IUPKYJIs-
LIMU U YBEJIMYUTh TOCTABKY JIEKAPCTBEHHOT'O CPE/ICTBA
K MecTy Ha3zHaueHUsl. C yBeJIMYECHUEM BPEMEHU LIUP-
KYJISILMM B KPOBU YBEJIMYMBACTCSI IPOIOJLKUTEIIb-
HOCTb KOHTaKTa IeHAPUMEPOB C OeJIKaMM, a TaKXKe C
KJIETKaMU KPOBH Y SHIOTEIMATBHBIMU KJIETKAMU KPO-
BEHOCHEBIX cocynoB. C 3TOI TOYKM 3peHUSI, BAXKHBIM
aCIIEKTOM SIBJISIETCSI OlieHKa 6€30MacHOCTU 61oMa-
TepurajaoB, KOTOpPbIE OYAyT KOHTAaKTUPOBATh C KOM-
IMMOHEHTAaMM KPOBU U TKaHSIMHU. BOJIBIIMHCTBO I1y0-
JIMKALMK TI0CJIETHUX JIeT ObI0 c(POKYCHMPOBAHO Ha
ncciaenoBaHuu BausiHUST PAMAM neHapuMepoB Ha
CTPYKTYPY U (PyHKIINIO KOMIIOHEHTOB CUCTEMBI KOa-
ryasuyu. BeisgBiaeHo, yto katnoHHsie PAMAM neHn-
pUMeEpPHl ¢ KOHIEBHIMM aMHHOTIPYIIIIAMU BBI3BIBAIOT
0oJ1ee 3HAYNTEIbHBIN I'eMOJIN3 SPUTPOLIMTOB in Vitro
in vivo, 4eM JeHApHUMEpPHI C KApOOKCUJIbHBIMU U TUI-
POKCHJIBHBIMU KOHIIeBBIMU Tpyrinamu [13, 14]. Lu-
TOTOKCUYHOCTb KaTUOHHBIX PAMAM neHapuMepoB
MOBBIIIAETCS C YBEJIMYEHEM KOHIIEHTPALlMM U Te€He-
pauuy IeHapuMepa, a YyacTuIHasi Moau(UKaLs 10~
BepXxHOCTHBIX N H,-rpymnit MoIusTUIEHTIMKOJIEM CHU -
KaeT UX TUTOTOKCUYHOCTh [15, 16]. [Toka3aHo, 4TO
PAMAM-NH, penapumep G7 Hapylaer Kiwouye-
Bble (DYHKIIMM TPOMOOIIMTOB, BEI3BIBACT arperalnio
¢ubpuHOTreHa 1 cBepThIBaHMe KpoBu [17, 18]. Toab-
KO KpPYITHBIE KaTUOHHBIE AeHapuMepbl G4—G6, HO He
aHUOHHLIC, HEUTpAJIbHBIE I HEOOJIbIIIE KATUOHHBIE
JIEeHIPUMEPHl, MHAYIUPYIOT arperamuio TPoMOOIIr-
TOB uesioBeka [19]. M3yyeHo BaMsIHUE OASHAPUMEPOB
G3—G5 Ha akKTUBALIAIO Y PEAaKTUBHOCTH TPOMOOILIM-
TOB KPOBU M Ha KJIIOYEBBIE ITapaMeTphl KOaryJIsIIuu
nnasMmel [20—22]. Bausane PAMAM nenapumepoB
Ha KOMIIOHEHTBI CHUCTeMbI (PUOpPUHOJM3A HE ObLIO
U3Yy4eHO.

MBI HegaBHO COOOINWIM Pe3yJbTaTbl CPaBHEHUS
addexroB PAMAM-NH, u PAMAM-COOH nenn-
PUMEPOB HU3KHUX MTOKOJIEHU A HA pa3IMYHbIE TEMOCTa-
TUYeKure rmapamerpsl [23]. Pe3yabTaThl moKas3aiu, 4YTo
nIaxe HeOonblre KaTnoHHbIe PAMAM neHnpume-
pel G2—G3, 0cOOEHHO ITPH MUCITOIB30BaHUU B BBICO-
KUX KOHILIEHTpAIMsIX, BEIyT Ce0sl OYEeHb MOXOXe Ha
npoxoaryiassHTHe PAMAM neanpumep G7 [17]. Kpo-
M€ TOTO, MbI BII€pBble OOHAPYXWJIU, UTO aHUOH-
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aeie PAMAM neanpumepsl G1.5—G3.5 Baugor Ha
CTPYKTYPY M aKTUBALIMIO IJ1a3MuHoreHa. ITnasMuHo-
IreH — IPEAIIeCTBEHHUK KJIIOYEBOTO (pepMeHTa CHU-
creMbl ¢pubpuHOIN3a miasmMuHa (K® 3.4.21.7), He-
MOCPEICTBEHHO pacTBOpPSIONIeTo (PUOPUH CTyCTKa,
LUPKYJIUPYET B KPOBM B KOHLIEHTpanuu ~2 MKM.
Ilon meiicTBMEM aKTUBATOPOB IUIA3MUHOIEHA TKAHE-
Boro (tPA, K® 3.4.21.68) u ypokunasHoro tuna (uPA,
ypokuHa3za, KO 3.4.21.31), cnenduyecku paciien-
JIIIOIINX AaKTUBALIMOHHYIO CBsI3b Arg561—Val562 B
OIHOLIETIOYEYHOM MOJIEKyJIe IIa3MUHOTeHa, 00pa3y-
eTCsI IBYXLEIIOYeYHBI (epMeHT Iia3MuH. PaHee
OBLIO TIOKa3aHoO, 4To aHmoHHble PAMAM neHnpmn-
MEPHI SIBJISIIOTCS TTePCHEKTUBHBIMU B KAY€CTBE HAHO-
HOCHUTEJIE CTPENTOKMHA3BI (aKTUBATOPA IIa3MUHO-
reHa OaKTepUaJbHOTO IIPOMCXOXIEHUSI) U IOPYTUX
OMOMAaKpOMOJIEKYJI, TIOCKOJBbKY OEJIKM MOTYT oOpa-
30BBIBaTh HEKOBAJICHTHHIC ¥ KOBAJICHTHBIE KOMILICK-
CBI C KOHIIEBBIMU KapOOKCIJIbHBIMHY TPYIIIaMU JeHI -
pUMepoB 0€3 3HAYUTEIbHOM MoTepr MX OMO(PYHKIINN
[12, 24—27]. CnenmoBaTellbHO, IJISI OMOMEIUILIMHCKUX
BHYTPUMBEHHBIX IIpUMEHEHMII OMO0E30MMacHOCTh
aHNMOHHBIX PAMAM neHapuMepoB TakKxXKe JOJIKHA
OBITH OLIEHEHA.

HaHHasi paboTa MOCBSIIIEeHa AeTaJIbHOMY H3y4de-
HUIO BAUSHUS aHMOHHBIX PAMAM nmeHapuMepoB
Huskoit reHepauuu (G1.5—G3.5) Ha aKTUBHOCTb CU-
creMbl pruopuHoan3a. C 3Toii 1ie/blo, U3YUYEHBI in Vitro
KOHIIEHTpalMOHHBIE 3((PEKThl YKa3aHHBIX ICHIPH-
MEPOB Ha COOCTBEHHbBIE aMUAOJIMTYECKIE aKTUBHOCTU
KJII0YeBbIX (DepMEHTOB 3TOM CUCTEMBbl — IIJIa3MUHA,
tPA 1 uPA, Ha KoHdopmanuio HaTuBHOro Glu-1U1a3-
MUHoreHa (a Takxke ero Lys-¢opMbl) ¢ MCIOJIb30Ba-
HUeM GIIyOPeCLEHTHOM CIIEKTPOCKOIINM, Ha CKOPOCTh
aKTUBaMM 00enx (hopM IUIA3MHMHOIEHA M CKOPOCTh
JIM3KCa TUIa3MEHHBIX CTYCTKOB, MHIYLIMPOBaHHBIX tPA
u uPA. Ha ocHOBaHUM TTOJIydEeHHBIX JaHHBIX OyoeT
BBISICHEH MEXaHW3M MHTUOMPYIOIIETO AeiiCTBUS aHU-
OHHBIX ICHAPHUMEPOB Ha aKTUBHOCTb (PMOPUHOIUTH -
YECKOU CUCTEMBI.

PE3VYJIBTATBI 1 OBCYXIAEHHWA

B »TOM wucciaenoBaHuUM OBbUIM HCIIOJIb30BaHBI
PAMAM nennpumepsl IToj1oBUHHOM reHepaumu G1.5,
G2.5u G3.5, kotopnle conepxkar 16, 32 1 64 nepude-
PUYECKUX KapOOKCUJIBbHBIX IpyIin [24] U ©MeIoT nua-
MeTphl 2.6, 3.6 1 4.4 HM cooTBeTcTBeHHO [28]. Kak
YIIOMUHAJIOCh BBIIIE, aHUOHHbIE, HEUTPpaJIbHbIE U Ka-
TuoHHbIe PAMAM peHapuMepbl HU3KUX TeHEpalluu
(<G4) HE MHAYLIMPYIOT arperainio TPOMOOIIUTOB Ye-
JIOBeKa B mjia3me in vitro [19].

MBI M3YyYUJIM TEMOJIM3 3PUTPOLIUTOB YeJIOBEKa,
UHAyUMpoBaHHBINA aeHapuMepamu G1.5—G3.5. s
OLIEHKY T€MOJIMTUYECKOIO YPOBHSI, ObUTN UCITOJIB30-
BaHbl BEICOKME KOHLIEHTPALlMY YKa3aHHBIX JeHOIPU-
MEpPOB, IIPUHMMasi BO BHUMaHME, YTO KOJIUYECTBO 3a-
PSKEHHBIX [IOBEPXHOCTHBIX IPYITI Y HUX 3HAYUTEIHLHO
MEHBbIIIE, YeM Y ACHIPUMEPOB O0Jiee BHICOKUX TeHEe-
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pauuit (G > 4). CreneHb TeMOJIM3a 3PUTPOLIUTOB B
npucyTcTBUM gaxe 600 MKM KOHLIEHTpaLUU UCCIe-
JMIOBaHHBIX JAEHIPUMEPOB, COCTaBJIsia BCETO OKOJIO
5—8% 110 cpaBHEHMUIO C TTOJTHBIM T€MOJIM30M, BHI3bIBA-
eMbIM 1%-HbiM TputoH X-100 (maHHBIe He TOKa3a-
Hb1). CenoBaTenbHO, KOHIeHTpanuy PAMAM neHn-
pumepoB G1.5—G3.5 Hmke 600 MKM (<8 mMr/mi st
camoro 0oJbloro G3.5) He SIBJISIOTCS IUTOTOKCUYHBI-
MU. DTU pe3yIbTaThl MOATBEPXKIAIOT, YTO NIEHAPUMEDDI
C KOHIIEBBIMU OTPULIATEIbHO 3aPsKEHHBIMU TPYIIIIaMuy
MMEIOT HU3KMI TeMOJIMTUYECKMIA ypoBeHb [ 13, 14].

B skcnieprMeHTax 1Mo BBISIBICHUIO BO3MOXHBIX OT-
pULAaTeIbHBIX 3(P()EKTOB Ha AKTUBHOCTH KOMITOHEHTOB
cucteMbl (uOpmHOMM3a KoHHeHTpauun PAMAM-
COOH nengpumepoB G1.5—G3.5, nMerommx MeHb-
IIYIO TUIOTHOCTh ITOBEPXHOCTHBIX 3apsI0B IO CpaB-
HEHUIO C JeHAPUMEpaMU BBICOKMX TeHepaluii, Ba-
peupoBanu B nuHTepBajie 0—300 MkM.

Bausinue anuonnbix 0eHOpumepos
HQ aKMUBHOCMb (hepMeHmos

AMUIONUTUYECKME aKTUBHOCTHU M1a3MuHa, tPA n
uPA ObL1M M3MEPEHbI O HAYaIbHBIM CKOPOCTSIM TU/I-
ponu3a ux creuurUIecKnX XpOMOTeHHEBIX CyOCTpa-
ToB HCO-Ala-Phe-Lys-pNA (AFK-pNA), H-D-Ile-
Pro-Arg-pNA (S-2288) u p-Glp-Gly-Arg (S-2444),
cootBeTcTBeHHO. PAMAM nenapumepsl G1.5—G3.5
BILJIOTH 110 300 MKM KOHLIEHTpallMU MPaKTUYECKU He
BJIMSUIM HA aKTMBHOCTD (hepMeHTa Tla3MUHA, B TO Bpe-
M KaK BbI3bIBIM 3aMETHOE€ MHTMOWPOBAHWE aMUJIO-
JUTUYeCKUX akTuBHOCTEe! UPA 1 tPA. MHrn6upyo-
it 3¢pHeKT aHMOHHBIX ISHIAPUMEPOB Ha COOCTBEH-
HYIO aKTUBHOCTb OOOMX aKTUBATOPOB TJIa3MUHOTEHA
YCUJIMBAJICS C YBEJIMUEHUEM TJIOTHOCTU TTOBEPXHOCT-
HOTO 3apsijia 1 KOHILIEHTpaluu aeHapumepa (tadim. 1).
Hawubosnee cunbHOEe MHIMOMPOBaHNE aKTUBHOCTH IBYX
¢depmeHTOB BbI3bIBaI AeHapumep G3.5, B TO BpeMst
Kak neHapumep G 1.5 okaspiBa ciraboe MHIMOMpyIo-
1ee JAeicTBUE JUIIL Ha aKTUBHOCTL UPA mpu KoH-
neHTpauusx Beiire 200 MKM.

Bonee BEIpaxkeHHOE MHIMOUPOBAaHWE ISHIPUME -
paMu aMUIOIUTUYECKO akKTMBHOCTU UPA mo3Bo-
JIMJIO OTPeNeUTh KOHCTAaHTbl UHTMOUpoBaHus (Kj)
AKTUBHOCTH 3TOTO (pepMEeHTa C MCITOJIb30BAaHUEM BBI-
COKMX KOHIIEHTpaluii JeHIpUMEpOB. 3HAYCHUST KOH-
CTaHT MHTMOMPOBaHMS akTUBHOCTH UPA neHnpumepa-
mu G1.5, G2.5 u G3.5 HaiigeHs! paBHbIMU: 2.30 = 0.03,
0.56 £0.04 1 0.21 = 0.03 MM CcOOTBETCTBEHHO. AHa-
3 3aBucumocTteii JlaitnynBepa-bepka mokasai, 94To
PAMAM-COOH G1.5—G3.5 neHapuMepsbl SIBJISIIOTCSI
CJIaObIMM HEKOHKYPEHTHBIMM HHruouTopamMu uPA,
T.€. OHY B3aUMOJIEMICTBYIOT HE C aKTUBHBIM LIEHTPOM
uPA, a ¢ gpyrumu ydyactkamu pepmenra. IlomydeH-
HBIC Pe3yJIBTAaThl 110 MHIMOMPOBAHUIO aMHUIOJIUTHYC-
cKkux aktTuBHOCTe UPA 1 tPA mpenmomaraior, 4To cBSI-
3piBaHue TojimBaieHTHBIX PAMAM-COOH nenapu-
MEPOB C JOCTYITHLIMU ITOJIOXUTEIHHO 3apSKEHHBIMU
LIEHTPaMM 3TUX (PEPMEHTOB BbI3bIBAET HEKOTOPHIE Ha-
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Taomuma 1. BimsiHue KoHIeHTparmn v reHepat PAMAM-
COOH neHnpuMepoB Ha aMUIOJIUTUYECKYIO aKTUBHOCTD
uPA (20 €M), u tPA (20 uM) (0.1 M PBS 6ydep, pH 7.4,
25°C), p <0.001

AMunoauTHIecKast akTUBHOCTb, %
Konuenrpamust
IeHIpuMepa, tPA uPA
MkM G15[G25/G3.5|G1.5]G2.5[G3.5
0 100 | 100 | 100 | 100 | 100 | 100
95 101 95 91 99 95 90
190 100 93 88 92 88 82
300 99 91 87 80 75 70

pyleHus KOH(MOpMaILIMK OCJIKOB, KOTOPHIE BIUSIOT
Ha UX aKTUBHbBIE LIEHTPHI, MPUBOISIINE K CHUXEHUIO
¢depMeHTaTUBHOM aKTUBHOCTU. TeM He MeHee, CHU-
>KeHHEe COOCTBEHHBIX aMUIOJIUTUYECKUX AKTUBHOCTHU
uPA 1 tPA Ha 13 1 30% COOTBETCTBEHHO, B TIPUCYT-
crBuu 300 MkM konHueHTpauuu G3.5 o3Ha4aeT, 4To
9TU (hbepMEHTHI COXPAHSIOT BBICOKYIO CITOCOOHOCTD
pacIIeIUIsITh UX OEJIKOBBINM cyOCTpaT MJIa3MUHOIEH.

Bausnue dendpumepoes
Ha KOHGopMayuio nAa3muHoeeHa

Harunepriit Glu-mtazmunorex (Glu-Pg, 93 xJla) —
OOHOLICTIOYEYHBII ITIMKOIPOTEWH, KOTOPBIMA comep-
XUT N-TepMUHanbHbIA qoMeH (Pap), maTh romomno-
ruuHbIX KpuHII foMeHa (KR1—-KR5), cogepxaiue
JmM3uHCBs3bIBatone neHTpsl (LBS), 1 cepuH-11poTe-
asHebIi (SP) noMeH. B mupKynsiiimy oH IIpyuHUMAET 3a-
KpbITY1O TUIOTHYIO (T) KOH(bOopMaIrio, yCTOMYUBYIO K
aKTUBALIMU, T.K. IETJIs, COoAepKaIlasl pacIieruisieMyo
aKTUBATOpaMM IJIa3MUHOTeHa CBSI3b Arg561—Val562,
HenmoctymHa. KommakTHas T-kondopmanus Glu-
TUIa3MUHOTEHA TOAIEPXKUBACTCSI KIIOUCBBIMU MEX-
IOMeHHBIMU B3aumozaeiicteusmu Pap/LBS KR-5 u
Pap/LBS KR-4 [29—31]. B ero kpucrajiinueckoi
CTPYKTYpe OOHapyKeHBI UeThIpe Xjaopua noHa: npa Cl-
HaxomsaTcda Ha rpanunax pasaena KR-4/PAp u KR-2/
SP, a nBa npyrux Cl~ cBs3bIBatoTcs ¢ nomeHoM KR-2
u SP coorBeTcTBeHHO. MHTaKkTHEIN Glu-TI1a3MmuHO-
reH B orcyTcTBUe Cl™ IIpMHUMAaET BEICOKO aKTUBHpYe-
MyIo OTKpHITYI0O R-kKoH(popmanmio [32]. Toapko LBS
KRI1 sBIIsieTcss He3alIUIIIEHHBIM B 3aKPBITOM MOJIEKYJIE
U, BEPOSITHO, OMOCPEayeT HauaaIbHOE CBSI3bIBAHUE TTPO-
depmenTa ¢ muteHsmu [29]. Ipu ynanenuu Pap no-
MEHa IJ1a3MIHOM BO BpeMsI Ipe-aktuBanuu Glu-1mias-
MUHOreHa obpasyercs Lys-turasmuHoreH (85 xla,
Lys-Pg), KoTopblit uMeeT OTKpbITYI0 R-KoHpopma-
0. CyIiecTBYIOT pa3jiIMuMs B IIPOCTPAHCTBEHHBIX
B3aMMOCBSI3SIX OTIEIbHBIX IOMEHOB MexXmy 1- u
R-dbopmamu Glu-tutazamuHoreHa. CamMu  JTOMEHBI
KOH(MOPMAIIMOHHO HEe U3MEHSIIOTCSI, HO UX B3alMO-
JIEHACTBUE MPU CBSI3BIBAHUU HEOOJBIINX JIMTAHIOB
Ne 5
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Puc. 1. Biusaune PAMAM nenapumepa G3.5 Ha dayopecuieHTHBI ciekTp 1 MKM Glu-ruiasMuHoreHa B OTCyTcTBuUe (@) U B
npucyrctBuu 0.15 M NaCl (6) B 10 MM docdatrom 6ydepe (pH 7.4; 25°C) (Bo36yxnenue npu 280 Hm). p > 0.001.

MOXKET U3BMEHSITBCSI, UTO CYILLIECTBEHHO BJIUSIET Ha 00-
1IYI0 KOH(OopMaluio 0enka.

Kondopmanus mia3sMuHOTeHa BaxkKHa Il peair-
3aIM1 €ro OMOJIOTMYECKOM (PYHKIIMM M OHA YyBCTBU-
TeJIbHA K OKpY:Karollei cpeie. Mbl MCTIOTb30BaIN Me-
TOJ, (pIyOpPECLIEHTHOM CIIEKTPOCKOINM JJISI perucTpa-
oy u3MeHeHn KoHdopmanmn Glu-mma3sMumHoreHa
MPpY KOMITJIEKCOOOpa30oBaHMU ¢ aHUOHHBIMU ICHAPU -
Mepamu. BaustHue paznmmyHbiX KoHueHTpaumii G3.5
PAMAM nennpumepa, Kak IIpeACTaBUTEIIS TPEX aHU -
OHHBIX JCHIPHMMEPOB, Ha CIEKTp (IIyopecUeHIINN
Glu-m1a3aMrHOreHa B OTCYTCTBHE (@) Y B IPUCYTCTBUN
xJiopua noHa (6) mokasaHo Ha puc. 1. Kak BunHo, rii-
KU ¢iryopectieHunu npu 340 HM paBHOMEPHO YMEHb-
IIAIOTCSI TI0 UHTEHCUBHOCTH, HO HE CABUTAIOTCSI C YBE-
JIMYEeHWEeM KOHIIEHTpauuu aeHapuMmepa. Iluku mpu
340 HM npenCcTaBISIOT COOOM CIIEKTPHI (hyopecieH-
nuu Trp-ocratkoB Glu-1uta3aMuHOreHa, BO30yXKIeH-
Horo nipu 280 HM. [TomoOHEBIE, HO HEMHOTO MEHBIITHNE
U3MeHeHus1 criekTpa dayopecueHuun Glu-niaa3mu-
HOTreHa HaOJIIOOAINCh U B IIPUCYTCTBUE IEHAPHUMEPOB
G 1.5 u G2.5 (maHHBIe He TIpencTaBiieHbl). CHIDKeHNE
WHTEHCUBHOCTU (hiryopeciieHIMU Glu-tuia3MuHOreHa
B IIPUCYTCTBUM BO3pACTAIONINX KOHLIEHTPALIWIA TeH]I -
pumMepa G3.5 1 G2.5 ObUIM TTPOAHAIM3UPOBAHEI C MIC-
rojb3oBaHueM ypaBHeHus [ItepHa—®PonbMepa, onu-
CBIBAIOIIIETO IIpoliecc TyureHus [33]:

%=1+KSV[Q], (1)

rae Fy u F— dayopecueHnus 6enka 06e3 U ¢ IeHIpU-
MEPOM, COOTBETCTBEHHO, Kgy — KOHCTAHTa TYLLEHUS
IHTeprna—®onbpmepa u [Q] — KOHLEHTpALUS ICHI-
pumMmepa.

BUOOPTAHUNYECKAS XUMUA
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3aBucumoctu ltepHa—®onabpMepa U BEIYUCTIEH-
HbI€ KOHCTaHTHI TyLIeHU (hayopectieHIMU Glu-mnas3-
muHoreHa neHapumepamu G2.5 u G3.5 B oTCcyTCTBUE
u B ipucyrcTBuu 0.15 M NaCl nmpuBeaeHbI Ha puc. 2
u Taba. 2. U3 pe3ynabraToB cieayeT, 4yTO aHMOHHBIE
JIeHIpUMeEPhbl 00pa3yloT KOMILIEKCH KaK ¢ R-, Tak n
¢ T-bopmoii Glu-nmma3sMmMHOTeHA, YTO NMPUBOINT K
M3MEHEHUSIM B MUKPOOKPYXEHU OCTaTKOB Trp 1 MO-
JIEKYJIIpHOiT KoH(popMalum ooenx popMm oenka. [pu
3TOM, KOHCTaHTa TyllIeHUusI AeHapuMepaMu R-dop-
MBI Glu-T1asMuHoOreHa Obijia TIOYTHU B 2 pa3a BhIIIE,
yeM ero T-opMal.

B cBs3M ¢ 5TUM MBI U3yYWIIN BIIUSTHUAE TUX JCHII-
puMepoB Ha (IyopeclieHTHBI crekTp Lys-1uias-
MUHOTEHA, KOTOPbI He COAePXKUT N-TepMUHATLHBIIA
Pap momen. ITostomy B Lys-TurasmMmHOreHe, B OTJIH-
yue oT Glu-miaa3MUHOIeHa, OTCYTCTBYIOT MEXIOMEH -
HbIe noHHBIe B3anMoneiictBus Pap/LBS KR-5u Pap/
LBS KR-4 n oH nMmeeT OoTKpBITYIO R-KOH(MpOpMaLmio
HEe3aBUCUMO OT IPUCYTCTBUS xJjiopua noHa [29, 30].
Puc. 3 nmokaswsiBaer BnusiHue geHapumepa G3.5 Ha
GIIyopeclieHTHBIN cIeKTp Lys-TuiasMmHOTeHa B OT-
cyrctBue (a) u npucyrctum 0.15 M NaCl (6). Kak
BUIOHO, aHUOHHLII meHapuMep G3.5 obpasyeT KoM-
IUIeKC U ¢ Lys-mia3sMUHOTE€HOM Y CHMXKAeT MHTEHCHB-
HOCTb ero duryopecueHuuu. 3aBucumoctu IlltepHa—
donbMepa 1 BIMUCIIEHHBIE KOHCTAHThI TYILIEHUS Iy~
opecueHMM Lys-mmasmMuHoreHa neHapumepamu G2.5
u G3.5 B orcyrcTBUe U B npucytctBuu 0.15 M NaCl
npuBencHEI Ha puc. 4 1 Tab. 2.

CpaBHUTEJIbHBIN aHAIM3 KOHCTAHT TylleHUs1 (Kgy)
pa3HbIX POpM IUIa3MUHOreHa (Tabii. 2) MoKa3bIBaeT,
4TO aHUOHHEIe AeHApuMepbl G2.5 u G3.5 cBs3bIBa-
forcs ¢ Glu-turasmMuHoreHoM 1 Lys-mima3MMHOTeHOM
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Puc. 2. 3aBucumoctu llItepHa—®PonbpMepa wis TyieHus diyopecueHuyn Glu-ruiasmuHoreHa PAMAM nennpumepamu G2.5 (a)
u G3.5 (6) B orcyrctBue (/) u mpucyrcteuu 0.15 M NaCl (2). p > 0.001.

KakK B OTCYTCTBHE, TaK 1 B IIPUCYTCTBUU XJIOPUI MOHA,
YTO MNPUBOIUT K M3MEHEHHIO B MHUKPOOKPYXKECHHUU
OCTaTKOB Trp M MOJEKYIsIpHOI KOH(MOpMaLUM KaK
3aKpBITOM, TaK U OTKPHITOU (hopMm 3umoreHa. Habto-
JaeMoe Ha puc. 1 u 3 yMeHbIlleHe NHTEHCUBHOCTHU
dyopecueHunu Glu-mrasmuHoreHa u Lys-torazmm-
HOTeHa TIpY CBSI3BIBAaHMM neHApuMepa G3.5 aHamo-
TMYHO ONMCAaHHOMY paHee 3P deKTy XJIopua MOoHaA
Ha ¢ayopecueHmio Glu-mmasmuHoreHa [34, 35]. U3-
BECTHO, YTO XJIOPUI WMOH, KOTOpPHIN TIOAIepKMBaeT
KimoueBble B3anmonenicTeus Pap nomena c KR4 1 KRS,
orBeyaeT 3a R — T-mepexonm xkoHdopmanmmn Glu-
nnasmuHoreHa. OpHako geHapuMepbl G2.5 u G3.5
u3MeHs1 KoHpopManuio Glu-torasMuHOreHa U B
MIPUCYTCTBUE XJIOPU MOHA, T.€. KOTJA OH YK€ UMEET
T-dbopmy (Tabi. 2). Kpome Toro, neHapumepbl U3Me-
HsUI1 KoH(opManuio 1 Lys-masMmuHoreHa, KOTOPBIiA
nMeeT R-koH(popMalnio 1 He MOXKET TpaHCHOpMUPO-
BaTbcs B T-chopmy 13-3a otcyTcTBUS Pap nomeHa. I1o-
JIydeHHbIE JaHHbIC YKA3bIBAIOT, YTO AaHUOHHBII TeH/I -

pUMep 1 XJIOPUI MOH OJHOBPEMEHHO CBSI3bIBAIOTCS C
IUIa3MUHOTEHOM M, YTO Ka>KIBIii U3 3TUX JIUTaHIOB
MpOSIBIISIET CBOU 3(P(PeKThI Uyepe3 OTACIbHbIE CaliThI
CBS3BIBaHUS, T.€. HE3aBUCHMO JPYT OT Apyra. DKCIIo-
HUPOBaHHBIE AMUHOTPYIIILI HA TIOBEPXHOCTU 000UX
TUIa3MUHOTEHOB MOTYT OBITh caliTaMM CBSI3bIBAHUS
AHWOHHOTO JeHApUMEpA.

Bonee cunbHoe Tymenue dayopecuenuuu Glu-
IUTIAa3MUHOTEeHA aHUOHHBIMU ICHAPUMEPaMU B OTCYT-
CTBUE XJIOPUJI IOHA, YeM B €TO IIPUCYTCTBUHU, BEPOSIT-
HO CBSI3aHO C TEM, UTO OTKpHITast R-¢popma 6enka co-
JIEPXUT OOJIbIIE 3KCIIOHMPOBAHHBIX aMUHOTPYIIII,
yeM ero 3akpbitas T-gopma (Tadn. 2). 3HaueHus Kgy
i1 R-opmer Lys-1mrasMuHoreHa B OTCYyTCTBUE U B
MPUCYTCTBUM XJIOPUI MOHA PA3IUIAIOTCSI HE CUIBHO,
HO OHU CYIIECTBEHHO HUXe, yeM Kgy 111 R-popmbl
Glu-ra3sMuHOreHa, YTo MOXeT ObITh CBSI3aHO C MEHb-
IIIMM KOJIMYECTBOM AOCTYIHBLIX aMUHOTPYIIN Ha IO~
BepxHocTU Lys-miasmuHoreHa (85 xla), yem Ha 1o-

Tabmmuna 2. KoHcTtanTe! TymeHus guyopecueHuuu (Kgy) Glu-mmasmuHorena u Lys-masmuHorena PAMAM-COOH
nennpumepamu G2.5 and G3.5 B orcyrctBUe U B ipucytctBuu 0.15 M NaCl

NaCl ®opma Ksy, M~
TUIasMuHOTEHA nenapumep G2.5 meaapumep G3.5
Glu-11a3MMHOTeH - R (3.12£0.12) x 10° (3.25 £ 0.13) x 10°
+ T (1.62£0.17) x 10* | (171 £0.13) x 10°
Lys-nutasmunoren - R (222£0.11) x 10° | (2.83£0.12) x 10°
+ R (1.84£0.14) x 10° | (2.54+0.13) x 10°

BUOOPTAHUYECKAA XUMMUA
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Puc. 3. Biusaune PAMAM-COOH gennpumepa G3.5 Ha dtyopeclieHTHbIN crieKTp 1 MKM Lys-1utasMuHOreHa B OTCYyTCTBUE (a) U

B npucytctBuu (6) 0.15 M NaCl (pH 7.4; 37°C). p > 0.001.
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Puc. 4. 3aBucumoctu tepHa—PonbMepa st TymeHus diayopectienimu Lys-morasmuaoreHa PAMAM nennpumepamu G2.5 (a)
u G3.5 (6) B orcyrctBue (/) u B npucyrcteuu 0.15 M NaCl (2). p > 0.001.

BepxHocTu R-dopmbl Glu-mnasmuHoreHa (93 k/a).
Tymenue ¢iyopeciieHINM pas3InIHbIX (OpPM ILIa3-
MMUHOI'€Ha aHMOHHBIM JEHIPUMEPOM MOXKHO OOBSIC-
HUTb T€M, YTO C POCTOM KOHIIEHTpALIMK ACHApUMEpaA
YBEJIUYMBAETCS UX CBSI3bIBAHNE C SKCIIOHUPOBAaHHEI-
MU aMUHOTPYIIIIaMu 3MMOI'€Ha KaK B IPUCYTCTBUE,
TaK ¥ B OTCYTCTBHUE XJIOpHI MoHA. [1pu 3TOM, BEpOSITHO,
00pa3yI0TCsl KOMIUIEKChI C BO3PACTAIOIIUM COOTHOIIIE-
HUEM ASHIPUMED : IUIA3MUHOIEH, B KOTOPHIX U3MEHEe-
HUe KoHpopmMaluu 6eJika MponoKaercs. DTOT MeXa-
HM3M OOBSICHSET KOH(POPMAIIMOHHOEC M3MEHEHME
Ne 5
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Lys-mitasaMuHOreHa He3aBUCHMO OT TIPUCYTCTBUS
xjopun noHa u Glu-1tura3aMuHOreHa B MPUCYTCTBUU
ITOCTOSTHHOM KOHIIEHTPAIIMH XJIOPUI MOHA.

I1pm ob6pazoBanum Tpomoda, Glu-mmIa3sMmHOTEH,
LUPKYIUPYIOIINI B KPOBU B KOHIIEHTpauu 2 MKM,
3aXBaThIBAETCS B CTYCTOK. JIM3KC CTyCTKA MHAYLIUPY-
ercst tPA u uPA depe3 akTuBaLMIO MJIa3MUHOIEHA,
JIOKaJIM30BaHHOTO Ha €ro MoBepXHOCTH. eHapume-
Pbl, BBEACHHBIC B IUPKYJIALINIO, MOT'YT CBA3BIBATHCS C
tPA, uPA ¥ T1a3MUHOTEHOM B IMPKYJISIIIMM, a TAKXKE C
TUTAa3MUHOT€HOM, JIOKAJIM30BAaHHBIM Ha MOBEPXHOCTHU
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Puc. 5. Bimmsinue konueHTpaunut PAMAM nennpumepa G3.5 Ha ckopocth aktuBammu 0.3 MkM Glu-1urasaMuHoreHa o aeii-
crBreM tPA (a) u uPA (6) B orcyrcTBue (1) u B npucyrcTBun 60 MKkM pubpuH moHomepa (2) B 0.1 M Tpuc-HCI 6ydepe, 0.15 M
NaCl, pH 7.4. Konnienrpanus aktuBatopos: (a) 20 ME/mn (1) u 2 ME/mn tPA (2); (6) 1 ME/ma uPA. p < 0.001.

cryctka. Mbl pelliviv U3y4uTh BIUMSIHUE TeHIpUMEpPa
G3.5 (kak mpeacTaBUTEINISI TpeX AEHAPUMEPOB C Hau-
OOJIbIIIEN MJIOTHOCTHIO OTPUILIATEJIBHOIO 3apsiaa) Ha
ckopocTh akTuBaluu Glu-rutasMuHoreHa B Oydepe,
conepxaitem 0.15 M xjiopua MoH (110 aHAJIOTUH C YCJI0-
BUSIMU LIUPKYJISILIMKA), B OTCYTCTBUE M TPUCYTCTBUU
pactBopuMoro ¢pudpuH-moHomepa (FM) u Ha cko-
pOCTh Jin3uca TBepaoda3HOro rmia3MeHHOIro CrycTka
o neticteueM tPA 1 uPA.

Bausnue dendpumepos Ha akmueayuio n1azmuHoeeHa

Kpusbie / Ha pucC. 5 MoKa3bIBalOT BIMSHUE KOH-
HeHTpauuu geHapumepa G3.5 Ha CKOpPOCTh aKTHBa-
nuu HatuBHOTO Glu-TUTa3MUHOreHa, MHAYIUPOBAHH-
Horo tPA (a) u uPA (6), B 6ydepe, conepxaiem 0.15 M
NaCl (pH 7.4). PocT KOHIIEHTpalLlMK1 IeHAPHUMEPA BbI-
3bIBaJl 3HAYUTEIbHOE CHMXKEHME CKOPOCTU aKTHBa-
mun Glu-miasMuHOTeHa o AEUCTBUEM OOOMX €To
akTuBaTOpOB. [1pu 3TOM, CKOPOCTh aKTUBALIM Maa-
J1a 6osee pe3ko 10 50 MKM KOHIIEeHTpalluu AeHIPH-
Mepa B ciaydae aeiictBus uPA (puc. 56, kpuas ).
yeM B ciy4dae aerictBus tPA (puc. 5a, kpusas 1). UH-
rubupoBaHue aktTuBauuu Glu-Tuta3aMuHOreHa ¢ po-
CTOM KOHLeHTpauuu acHapumepa (G3.5 BbI3BaHO,
[JIaBHBIM 00pa3oM, M3MEHEHUEM CTPYKTYpPHI ILIa3-
MUHOTeHa (puc. 1) B pe3ynbTraTe 00pa3oBaHUSI KOM-
IUIEKCOB JeHAPMMEP*IIa3MUHOI€H C BO3PaCTalOLIM
coliepKaHrueM B HUX AeHApUMepa. YMEHbIIeHUEe CO0-
CTBEHHOI1 KaTaJiuTudeckoil akTuBHocTUu tPA 1 uPA
(Tabi. 1) ¢ poCTOM KOHLICHTpALMU JeHIpUMepa TaK-
K€ JaeT BKJIaJ B MHTMOMPOBaHME CKOPOCTU aKTUBa-
1 Glu-1tutasMuHoreHa.

BUOOPTAHUYECKAA XUMMUA

HN3BecTHO, 9TO (PMOPUH PE3KO YBEINUYNBAET CKO-
pocTtb akTuBauuu Glu-1uia3aMuHOreHa noj IeicTBU-
eM tPA 1 MaJio BIusieT Ha TJ1a3MUHOTeH-aKTUBaTOp-
HYI0 aKkTUBHOCTB UPA T.K. tPA aBisgeTcsa dudbpmHCIIE-
IMUIESCKNM aKTUBATOPOM IIa3MuHoOreHa [36], B To
BpeMs Kak UPA He uMmeeT cpoxacTBa K ¢pudbpuny [37].
B cBs131 ¢ 3TIM, MBI IPOBEPUIN BIUSHUE PACTBOPU-
Moro FM Ha mHrubupoBanue aeHapumepom G3.5
TUIa3MUHOTEH-aKTUBAaTOPHOM aKTUBHOCTU JBYX aK-
TUBATOPOB. [laHHbIE pUC. Sa, 56 IEMOHCTPUPYIOT, UTO
ckopoctu aktuBaumn Glu-TiasMmHOTEeHa 1o Ieii-
CTBUEM OOOMX aKTUBATOPOB B MpuUcyTcTBUM 60 MKM
FM 3HauuTelbHO BhIlIe (KpUBBIE 2), YeEM B €ro OT-
cyTcTBHE (KpUBBIE /), XOTS IIPOAOJIKAIOT NaaaTh C PO-
CTOM KOHILICHTpalluu AeHapumepa. [1pu HU3KMX KOH-
LEHTpalusIX aeHapuMepa, FM 3HaunTeIbHO CUJIbHEE
MOBBIIIA] CKOPOCTh aKTUBAIIMU TLUIAa3MUHOTeHA 101
nericteueM tPA (a), yem nox neiictsuem uPA (6), uto
OOBSICHSIETCS pa3IMYMeM CPOJICTBA K (PUOPUHY IBYX
akTuBaTOpOoB. HabmomaeMblit YaCTUYHBIN 3aIIATHBIA
3 dekT FM oT MHAKTUBHUPYIOLIETO IEUCTBUS TEHI -
puMepa yKa3bIBaeT Ha HAJIMYMe KOHKYPEHLIUU MEXITY
FM u nennpuMepoM 3a CBSI3bIBAHNE MOJIEKYJT TIJIa3MU-
HoreHa 1 ero akTuBaTopoB. Kak ObI10 cKa3aHO BhIIIIE, C
yBEJIMUEHNEM KOHIIEHTpAallUKW ACHIPUMEpPA, BEPOSITHO,
00pa3yroTCs KOMIUIEKCHI AEHIPUMEP*TNIA3MUHOTEH C
BO3pACTaIOIIMM COACPXKAaHUEM B HUX ICHIApUMEpA, B
KOTOPBIX TIPOJOJIKAETCSI U3MEHEeHUe KOHdopMalu
Glu-Ta3MIHOTeHa, B pe3yJIbTaTe 4ero cBs3b ArgS561—
Val562 cTaHOBUTCS MEHee JOCTYITHOM I CKOPOCTh aK-
tuBaumuu Glu-1ula3aMmMHOreHa 1oj aeictsueM u tPA,
u uPA nagaet (puc. 5, kpussie /). HarmpoTus, CBSI3bI-
BaHue FM ¢ LBS Glu-mi1a3MuHoreHa BEI3BIBAET pa3-
pylIeHUEe MEXIOMEHHBIX B3aumoneincteuii Pap/LBS
Ne 5
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Puc. 6. KuHeTrka nu3urca ruia3MeHHOTO CTYCTKa B T1a3Me uesioBeka nog aeticteueM S0 HM tPA (a) u 90 HM uPA (6) B oTcyT-
ctBue (/) u B npucyrcreum 200 (2) 1 300 MxM (3) PAMAM nenapumepa G3.5. p < 0.01.

K4 u Pap/LBS K5 [29, 30] u T — R-mepexon ero
KoHbopMalmy. DTO MPUBOIUT K ITOBBIIMICHHUIO TO-
CTYITHOCTH aKTUBAaIIMOHHOI cBsa3u Glu-TtasmMmHo-
reHa U YBEJIMUYCHUIO CKOPOCTU €ro aKTUBAIIMU TIOI
nevicteueM u tPA, n uPA (puc. 5a, 56, kpussble 2). Jlo-
MOJHUTEbHBIN BKJIaJ B TTIOBbILLIEHUE CKOPOCTHU tPA-
MHIyUMpOBaHHOM akTuBaiuu Glu-ruia3MuHOTeHa B
npucyrctBur FM MoxkeT maBaTh conmokanmu3aims tPA
M 3UMOT€HAa Ha pacCTBOPUMOM (pUOpUHE.

Takum ob6pazom, HaGIOJaeMOe CHUXKEHUE WH-
ruoupymoollero 1eiicTBUS aHUOHHOTO ICHIpUMepa Ha
ckopocTh akTuBaluu Glu-1iasMuHOTeHa B IIPUCYT-
CTBUHU PaCTBOPUMOTO (prOpHMHA SIBJISIETCS Pe3yJIETATOM
KOHKYPSHILIMM CTUMYJIUPYIoIero 3¢ geKTa MOCTOSH-
Hoit 60 MKM KoHueHTpaumuu FM 1 MHrMOUpYIOIIETO
a(pdekTa Bo3pacTaroluX KOHLIEHTPALi# aHUOHHOTO
meHgpumepa (puc. S5a, 56, xpusble 2). Tak mpm
200 MM koHueHTpanmu aeHapuMmepa (G3.5, cko-
pPOCTb aKTUBALIMU IUIa3MUHOTeHa Tagajia Ha 64 1 47%
B ciydae ¢ tPA n Ha 52 1 40% B cnydae uPA cooTBeT-
CTBEHHO, B OTCYTCTBUE W B mpucyrctBuu FM. Jlpa-
MaTtudeckoe ItajgeHHue cKopocTu aktuBanuu Glu-
asMpHOIeHa oOouMHu akTmBaTopamMmu (Ha 90—
95%), HabmogaemMoe TIpU YBEJIMYSHUM KOHIIEHTpa-
uu neHapumepa ot 200 mo 300 MxM nazke B IPUCYT-
crBuu 60 MKkM FM, MOXXHO OOBSICHUTD UCTOLLIEHUEM
YPOBHSI MOCJIETHETO B pe3yiabTaTe IIPOTCOJIUTHYIC-
CKOWM JeTpagaliiy oopa3yrommMcs IrasMuHoM. lan-
HBIE pUC. 5a, 56 MOIEIUPYIOT BIIMSIHUE JeHApUMEpa
Ha cKopocTb akTtuBauuu Glu-Ta3sMyuHOreHa TIOf
nerictBueM tPA n uPA B LIMpKyIILY ¥ BO3MOXHBIH
s dexT Ha 3TU Tponecchl PUKCUPOBAHHON KOHIICH-
Tpayy pacTBOpUMOTo GUOpUHA.
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Bhusinue dendpumepa Ha (pubpuronus

Puc. 6 neMoHCTpUpYeT BIMSIHUE IBYX BBICOKUX
KOHIIeHTpaluit neHapumepa G3.5 Ha KUHETUKY JIU-
31ca Ma3MeHHOTO CTYCTKa, MOTPYXKEHHOTO B ILIa3My
yeyioBeKa, mof aeicreuemM tPA (a) u uPA (6). Beruuc-
JICHHBIE U3 KUHETUYECKUX KPUBBIX CKOPOCTH JIM3UCa
(Al/t) coctaBmsm: 0.030 £ 0.002, 0.023 £ 0.002 n
0.018 = 0.003 mm/mun oas tPA u 0.026 + 0.002,
0.017 £ 0.003 u 0.016 £ 0.002 mm/MuH st uPA B oT-
cyrcrBue u B ripucyrcrBuu 200 1 300 MkM meHmpu-
Mepa cooTBeTcTBeHHO. deHapumep G3.5, nobaBlieH-
HBIIl B TJ1a3My HaJl CTYCTKOM, BBI3bIBaJl CHUKCHUE
cKopocTy TpoMbonmarca Ha 23 1 40% B ciydae neii-
ctBust tPA u Ha 35 u 38% B ciaydae neiictBust UPA,
npu KoHueHTpauu aeHapumepa 200 u 300 MkM co-
OTBETCTBEHHO. VM3 cpaBHEHMS TaHHBIX PUC. 5 1 puc. 6
cienyeT, uro aeHapumep G3.5 MHTHMOMpYET JM3UC
TBepA0(a3HOTO TJIA3MEHHOTO CTYCTKA, MHIYLIMPOBAH-
HbII IBYMSI aKTHBAaTOpaMU, 3HAUUTEIbHO cliabee, yeM
akTuBanuio Glu-maa3MuHOreHa 3TUMM aKTUBAaTO-
paMu B Oy(depe naxe B MPUCYTCTBUU PACTBOPUMOTIO
¢ubpuHa.

Hab6mromaemoe Ha puc. 6a, 66 yMepeHHOE CHIKE-
HIE CKOPOCTH TpOoMOOJIM31ca, MHIyLIMpoBaHHOTO UPA
u tPA, ¢ pocTOM KOHILIEHTpallMu AeHApHUMepa o0y-
CJIOBJICHO C 3 deKTaMu IEHIPUMEPOB Ha CTPYKTYPY U
(YHKIIMIO TUTAa3MUHOTEeHA KaK Ha TOBEPXHOCTH CTYCT-
Ka, Tak U B Tu1a3me. AktuBalusa Glu-miasMuHoreHa
MIPH CBS3BIBAHUU ¢ (DUOPUHOM CTYCTKA YCUJIMBAETCS
n3-3a T — R-m3MeHeHus ero KoHpopMannu, a NH-
ruoupylomuii apdeKT IeHAPUMEPOB Ha aKTUBAIIAIO
(GUOPMHCBI3aHHOIO IUIAa3MUHOTEHA 3HAYUTEIBHO
CHMKE€H M3-3a MEHBIIIEr0 KOJIMYEeCTBA ITOBEPXHOCT-
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HBIX aMMHOTPYIIIL B MOJIeKYyJIe (prOpMHCBI3aHHOTO 3M-
MOTeHa, MOCTYMHbBIX ISl CBSI3bIBAHUS JEHIPUMEPOB.
BeposiTHO, MHTMOMPOBaHWE TPOMOOIM3KCA IEHAPUME-
pamu, B OOJNbIIIEH CTEIIEHH, CBSI3aHO C 0Opa30BaHUEM B
TUIa3Me KOMIUIEKCOB IeHAapumep * 1orasmuHoreH. C
pPOCTOM COOTHOIICHUSI ACHAPUMEDP : TUIA3MUHOTICH,
CBSI3BIBaHME 3TUX KOMIUICKCOB C HOBBIMHU ILIEHTPAMU
CBsI3bIBaHMS IUIA3MMHOIEHA Ha MOBEPXHOCTU (PUO-
pUHaA, OOpa3yIoIIMMUCI B XOIe CIeONu(PUIECKOTro
pacuiernyieHus TJIaMUHOM €ro JIM3WHOBBIX CBSI3CHA,
yxymaercs. CHIbKeHre copOLMY ¥ aKTUBUPYEMOCTH
KOMIUIEKCOB IeHAPMMEDP*TIa3MUHOIEH, a TakKXKe 3a-
METHOe WHTMOMpoBaHUE aKTUBHOCTM UPA m tPA
MPUBOAAT K YMEHBIIEHUIO CKOPOCTU OO0pa3oBaHUs
IUIa3MUHa Ha PUOpUHE U TPOMOOIN3HCA.

M3 nonydeHHBIX pe3ynbTaToB cienyer, 4o PAMAM-
COOH gennpumeps! cBsi3bpiBaroTcd ¢ Glu-mazmm-
HOTE€HOM C oOpa3oBaHUEM KOMIUIEKCOB OEHIPU-
Mep*MIa3MUHOTEH, B KOTOPBIX COJAEpXaHUEe T10-
JiIuMepa YBEJIMYUBAETCs C POCTOM KOHIIEHTpaluu
JT00aBICHHOIO AeHApUMEpa. DTO IIPUBOIUT K 3Ha-
YUTEJIbHOMY W3MeHeHUIo KoHdopmauuu Glu-mias-
MUHOTEeHa U Pe3KOMY TaJleHUI0 CKOPOCTU €To Tpe-
BpallleHH B MJIa3MUH MO JeficCTBUEeM aKTUBAaTOPOB.
CBs3bIBaHMEe aHUOHHBIX AeHApUMepoB ¢ tPA u uPA
BBI3bIBA€T 3aMETHOE CHUXKEHUE WX COOCTBEHHOI
AMHUIOIUTUIECKOIT aKTUBHOCTH. DTU 3D DEKTHI yBe-
JIMYMBAIOTCS C POCTOM KOHILIEHTPAIlMU W TeHepaluu
nenapumepa (ot G1.5 no G3.5). PactBopumslii puod-
PUH-MOHOMEp 3aMETHO CHMXKaeT, HO He aHHYJIUPYET,
UHTUOUpYIoLIMi 3 hEKT IeHAPUMEPOB Ha AKTUBALIUIO
Glu-mmasmuHoreHna B 6ydepe (0.15 M NaCl, pH 7.4).
OnmHako MHrubupymomuii 23pdeKT TeHApUMEpPOB Ha
JIM3UC TBepaoGa3HOTo IMIa3MEHHOIO CIyCTKa B IIa3-
M€ CYIIIECTBEHHO HIXKE, YeM Ha CKOPOCTb aKTUBalIMU
TUIa3MUHOTeHa B XKUIKOM (haze mon neiictsueM tPA
n uPA. Takum oOGpazomMm, HHTUOUpYIOIIIEe NeiiCTBIE
annoHHeIx PAMAM neHnpuMepoB Ha aKTUBHOCTh
cucTeMbl (UOPUHOJN3A BKIIOYAET 3HAYMTEJIbHOE 13-
MeHeHWe KoHdopMaluu U (yHKIUU LUAPKYIUPYIO-
mero Glu-ninasMuHOreHa 1M, B MEHBIIE CTerneHHU,
CHI:KeHHre akKTUBHOCTHU ero tPA 1 uPA.

Crnenyer ormetuth, ut0 PAMAM-COOH nenn-
puMepbl 6osiee BbICOKMX reHepauuii (G4.5—G6.5)
JIOJDKHBI UBMEHSITh KOHGopManuio u dynkuuio Glu-
IUIa3MUHOTEeHA IIPU 3HAYNTEIIbHO MEHBIIINX KOHIICH-
Tpanusgx, 9eM usydeHHole HamMmn PAMAM-COOH
JIeHIpuMepbl HU3KuX reHepauuii (G < 3.5). [Toatomy
MIpU KUCMOJb30BaHUU aHUOHHBIX PAMAM neHapu-
MEPOB pa3INYHbIX TeHepalluii B Ka4eCTBE HOCUTEJIeH
JIJISI CUCTEMHOM TOCTaBKH JIEKAPCTB HEOOXOIMMO OLIe-
HUBATh UX KOHIEHTpALMOHHbIE 3((PEKThl HA CTPYK-
Typy U GYHKLMIO HUPKYJIUPYIOIIETO MJIa3MUHOIeHa,
IMOCKOJIbKY CUCTEMA TUIa3MUHOTEH/TIJIa3MUH, IIOMU-
MO TPOMOOJIM3HMCA, UTPACT BAXKHYIO (PM3HOJIOTUIECKYIO
W TATOJIOTUYECKYIO POJIb B PSIIE NPYTUX XKU3HEHHO-
BaXKHBIX Ipolieccax: Jerpagalii BHEKJIETOUHOIO MaT-
puKca, SMOpHOTeHe3e, MUTPALIMM KIIETOK, PeMOJIE-
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JIMPpOBAaHUN TKaHCfI, 3aKMBJICHUU paH, aHTMOI'CHE3EC,
BOCITAJICHUUN N MUTPALIN OITYXOJIEBBIX KJIECTOK.

SKCITEPUMEHTAJIbHAA YACTb

B pabGore ObUIM MCHOJB30BaHbI PEKOMOWHAHT-
HBIi TKaHEBbI aKTUBATOp Miaa3muHoreHa (tPA, KO
3.4.21.68) (NIBSC, BenukoGputaHus), ypoKrMHaza
(uPA, K® 3.4.21.31) (Memak GmbH, I'epmanus),
pentmnaza (KP 3.4.21.29) u3 sma 3smen Bothrops atrox
(=36 x/la, Diagnostica Stago, ®paHuus), n-HUTPO-
anunun H-D-Ile-Pro-Arg (S-2288) (Diapharma,
USA), n-nurpoanunun p-Glp-Gly-Arg (S-2444)
(Sigma, CIIA), n-autpoanmwmun HCO-Ala-Phe-Lys
(AFK-pNA), TpoMOUH 1 pubprHoreH yenoBeka (Tex-
Hosorus-Crangapt, Poccust), anporunun Gordox
(Gedeon Richter, Beurpust), Lys-cedaposa 4B (GE
Healthcare Life Sciences, I1Isetust), PAMAM nennpu-
Mepbl tokosneHuit G 1.5 (2934.6 da), G2.5 (6265.6 da)
u G3.5 (12900 [1a) c kOHLIEBbIMU KapOOKCUIbHBIMU
rpyniamMu ObLIM JTIIOOE€3HO TPEeAOCTaBJIEHbI Kade-
poii XuMUM HedTH U OPraHMYECKOTO KaTajam3a Xu-
Mmmndeckoro ¢akyiapreta MI'Y mm. M.B. JlomoHocoBa.
YucroTa neHApuMepoB 6blia onreepxacHa 'H AMP
crieKTpocKormnueil. JJoHopcKkas UuTpaTHasl mja3Ma
KPOBHM TIOJIy4€Ha Ha CTaHLIMU TEpEeIMBaHUS KPOBH,
Mocksa, Poccust. 96-ayHounble 1iaHietsl (brome-
nukan, Poccust). Tpuc (2-aMuHO-2-(TUIPOKCUMETWIT ) -
1.3-tporranauon) (Sigma, CIIIA). OcranbHEIE peak-
TUBBI OT€YECTBEHHOTO IIPOM3BOACTBA MapKu “oc.4.”
i “x.4.”

OobopynoBanme. Criekrpogoromerp Biochrom WPA
Lightwave 11, meitkep-nHKyo6aTop a5 roraHmer (ST-3,
Elmi, OcToHus), miaHiieTHbli poTtomeTp Antos-2020
(ABcTpust), (payopeclieHTHBIH crieKTpodoToMeTp Vari-
an Cary Eclipse (American Laboratory Trading, Inc.,
CIIA), nmpubop st anekTpodopesa BIO-RAD Mini-
Protean Tetra Cell, xommektop ¢pakumit BIO-RAD,
Mozeib 2110 (Benukobpuranust), katetomerp KM-6
(Poccus).

CraTHCTHYECKUI aHAJU3 Pe3yJabTATOB ObLI ITPOBE-
JIeH ¢ ToMolipio mporpamMmsel Sigma Plot 11.0. JlaH-
HBIE€ CUMTAINCH JOCTOBepHbIMU ITpu p < 0.05.

I'emomu3 aputpouutoB (RBC). Csexxyto KpoBb 10-
HOPOB OTOMPAJIN B IIPOOMPKH, comepxarue 3.2% Ha-
TPUI LMTPaTHBIA Oydep, LeHTpudyrupoBamu (mpu
2000 % g B TeueHue 15 MmuH npu 4°C), yaajasuiu 1ias-
MY, M OCaJOK TpexKpaTHO MpOMbIBaM (ochaTHo-
cojieBbIM Oydepom, pH 7.4 (PBS). 3ateMm K ocanky no-
o6apmsuin PBS mis nonydyenust cycneHsun RBC npu
2% (v/v) reMaToKpHTe. AITUKBOTHI cycrieH3un RBC
nHkyouposaiu ¢ 600 MM PAMAM neHapumepaMu
G1.5, G2.5 wm G3.5. Tputon X-100 (1%, B/B) mo-
0aBJISLIU K APYyTUM anukBoTaM cycrieH3un RBC mrs
MoJiydeHus 1ojiHoro remonusa. Ilociie nHKyGaiuu
npu 37°C B TeyeHuUe 4 4 MpU MSITKOM BCTPSIXUBaHUU,
cycrnieHsuu RBC uentpudyruposaiu npu 1500 X g B
teyeHue 10 MuH nipu 4°C, U cynepHaTaHTbl aHAJIU3U -
Ne 5
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MEXAHW3M UHTUBUPYIOILIETO JENMCTBUA

poBaju C IIOMOIIBIO crieKTpodoTomeTpa Lightwave 11
(Biochrom Ltd., BenukoopuTtaHust) Ha BbICBOOOIUB-
LIMUIACS U3 SPUTPOLIMTOB reMoryioouH rpu 540 Hm [15].
DKCNEPUMEHThI ¢ KaXIbIM 00pa3lioM MPOBOAUINCH
MSTh pas.

Duopun-monomep (FM) (des-AA-¢pudpun) nonyva-
1 00paboTKoit (hmbpuHOreHa yejgoBeka (20 Mr/min)
TPOMOUHOMONOOHBIM (EPMEHTOM pENTUIA301
(0.05 ME/Mn) u pacTBOpeHHEM 00pa3oBaBIIErOCs
CTyCTKa MOINEePeYHOHECIIUTOTO MoJuMepa B paBHOM
o0beme 7 M MOYEBUHBI.

Glu-na3mMuHored u Lys-nia3MuHOreH TMoJiyvyaiv
u3 IIyJa IUIa3Mbl 4ejloBeKa ¢ goOaBieHHeM u 0e3
anpoTMHMHA, COOTBeTCTBeHHO. Lys- u Glu-gopmbl
MJIa3MUHOI'€HAa BBIACISIM U3 IUIa3Mbl apuHHOMN
xpomatorpadueit Ha Lys-cedapose 4B nipu 4°C 1o
METONy, OITMCAaHHOMY HaMUu B paborte [38]. Yuctoty
pernapaToB IIpoBepsuin ¢ moMolpio Ds-Na-TTAAT -
ayIeKTpodope3a B HEBOCCTAHABIUBAIOIINX YCIIOBHSIX
B 12%-HoM rese metomom JIammu [39]. 1o maHHBIM
TUTPOBaHUS allPOTUHMHOM IJIa3MUHA, IIOJTYyIYeHHO-
ro aktuBaumeil Lys- mwmm Glu-gopMm 1miasmMmHoOreHa
CTPENTOKMHA30M, coaepXaHre 3MMOTeHa B IIperapa-
Tax cocTtaBisuio 90 1 95% cooTBEeTCTBEHHO.

Ilnazmun nomydanu aktuBalmein 2 MKM pacTBopa
Lys-mia3aMuHoreHa KaTaluTUYECKONH KOHIEHTpaluen
crpentokuHasbl ([Pg] : [SK] =100:1 (M/M))B0.1 M
Tris-HCI oydepe, pH 7.4, conepxariem 0.15 M NaCl,
20%-wbrit tuuepud (V/V) n 0.01%-nb1it Tween-80,
npu 25°C. ITomHOTY IIpeBpalleHusI 3MMoreHa B ep-
MEHT OTIPENECNISUIA MO0 MaKCUMAJIIbHON aMUIa3HOU
aKTUBHOCTU OTOOpaHHBIX MpoO. PacTBop 1uiazaMuHa
XpaHWIU B aaukBoTax nmpu —20°C.

AMuI0IMTHYECKHE AKTUBHOCTH (pepmeHTOB. CO0-
CTBEHHBIE aKTUBHOCTH 1u1a3MuHa (20 HM), tPA (20 HM)
u uPA (20 HM) u3Mepsuiu 110 CKOPOCTSIM TUIPOJIN3a
uX crienndpuIecKx XxpoMoreHHBIX cyocTtpaToB AFK-
pNA (0.6 MM), S-2288 (1 MM) u S-2444 (0.1 M), co-
orBeTcTBeHHO, B 0.1 M PBS (pH 7.4), conepxaiem
paznuyHble KOHIeHTpaunn PAMAM neHapumepoB
(ot 0 1o 300 MKkM), B 96-1yHOUYHBIX IUTAHIIIETAX IIPU
KOMHaTHOIi TeMneparype. MI3aMeHeHre TTOrIoeHUs
npu 405 HM perucTpupoOBaINCh Yepe3 |-MUHYTHBIC
WHTEpBaJIbl B TedeHue 15—20 MUH ¢ TTIOMOIIbIO TIaH-
meTtHoro potomerpa Anthos 2020 (Anthos, ABcTpust).
AxTBHOCTU TH1a3mMuHa, tPA 1 uPA Beramcnsim us
HavaJbHBIX CKOPOCTEU TMApoOJu3a UX crenudpude-
cKux cyoctparoB. Kaxablii SKCTIEpUMEHT BbITIOJTHS -
Jm 3 pasa.

®DayopecuentHblii cnekTp. CriekTp (hJiyopeclieH-
nuu 1razmMuHoreHa (1 MxM) B 10 MM dochaTtHOM
oydepe, pH 7.4, conepxamieM pa3TMmIHbIe KOHIICHTPA-
1 PAMAM neHnpuMepa, CKaHUPOBAJIM B TUAIIa30HE
300—450 HM B KBapLeBbIX stuciikax (4 X 1 X 1 cMm) mipu
KOMHATHOIi TeMIepaType, ¢ UCIIOJIb30BaHuEeM (hi1yo-
pecueHTHOro cnekrpodoromerpa Varian Cary Eclipse
(American Laboratory Trading, Inc., CIIA). 9tu
CKAaHMPOBaHMS OBIIM BBIIOJHEHBI TIpU (PUKCHUPO-
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BaHHBIX YCIIOBUSIX U3MEPEHHUS: A, 280 HM, IIMpUHA
LIeJIV BO30YKIeHUS U M3NIydeHus1 10 HM U CKOpOCTh
ckaHupoBaHusi 1200 HM/MUH. Bce sKcrepuMeHThI
OBLIM IIOBTOPEHEI TPU pa3a.

AKTHBanus miasMuHoreHa. KMHETHUKY akTUBaLU
Glu-mmasmMuHoreHa mon aeiictsueM tPA u uPA uzy-
YaJIi C IIOMOIIIBIO COIPSKEHHOIO METOIA, OIMCAHHO-
ro B pabdore [41] ¢ HEKOTOpHIMU MoauduUKauusIMu. B
JIyHKY MUKporutaHiera BHocuan 150 Mk 0.1 M Tpuc-
HCI 6ydepa, 0.15 M NaCl, pH 7.4, conepxatero
0.8 MM AFK-pNA, 0.4 MM Glu-Pg u paznuyHbie
koHLeHTpauu PAMAM nenapumepa. Ilocie nHKyoa-
LMY TUIa3MUHOT€HA C IeHAPpUMepaMU B TedeHHe 15 MyuH
ripu 37°C B TepMOCTaTUPYEeMOM IlleiiKepe-nHKYyOaTo-
pe mas tuiaHmeroB (ST-3, Elmi) B pabouue JgyHKU
BHocwiu 50 mxi1 80 HM tPA unm 4 HM uPA B ToMm ke
Oydepe, a B KOHTPOJIbHBIE JYHKU BHOCWIU 50 MKII
Oydepa. KoHeuHble KOHIIEHTpALIUU OEHAPUMEpPA B
peakuumoHHOM cMecu BapsupoBann ot 0 mo 300 MM.
B skcniepyMeHTaX Mo U3y4eHUIO BIUSIHUSI pACTBOPU -
Moro (prOprHa Ha CKOPOCTb aKTUBALIM IJIa3MUHOTIe-
Ha peakinoHHas cMech comepxkana 0.02 mr/min FM, a
KoHIeHTpauuo tPA cHmxanu no 2 HM. 3a KuHeTu-
KOI aKTUBAallUM TUIA3MMUHOTEHA CJICOWIN II0 BBICBO-
ooxnmenuio mpoaykra ruapoimsa AFK-pNA obpa3zy-
fo1MMcs riasMuHoM npu 405 uM (37°C) ¢ ToMOLIbIO
riaHieTHoro ¢oroMmerpa Anthos 2020 (ABcTpus).
CKOpOCTH aKTUBALMK TUIa3MUHOTEHA (AAy)s/1) BbI-
YUCIISUIA TaK, KaK omucaHo B pabore [41]. Kaxmbrit
9KCIEPUMEHT BBINIOJHSIIN 4 pa3a.

JIn3uc minasMeHHbIX CrycTkoB. KMHeTUKY Jun3uca
IUIa3MEHHOI'O CTYCTKAa B IIa3Me YeJIoBeKa, MHIYLIM-
poBaHHoOTO tPA unu uPA, n3yyanu ¢ ITOMOIIBIO Me-
TOJa, ONIMCAaHHOTO HaMU B padote [41] ¢ HEKOTOpPbIMU
Momudukanusmu. K chopmupoBaHHBIM IUIA3MEHHBIM
resisim go6aisiu 0.45 MIT TIa3MEBI YeIOBeKa, Coaep-
Kalllei pa3InyHble KOHLIeHTpauuu aeHapumepa (0—
300 MxM). Ilocne TepmocTatrupoBanus mpu 37°C B
TeyeHue 15 MUH, peakiunio GUOPUHOJIM3a MHUALINHU-
poBasin fo6asiaeHreM S0 MKJ pacTtBopa tPA nim uPA
o KoHeyHoM KoHueHTpauuu 50 u 90 HM cooTBeT-
cTBeHHO. Kaxkaplit aKcIiepuMEeHT BBINIOJIHSUIA 4 pa3a.
3a KMHEeTUKOI UOPUHOIN3A CICAUIN 10 YMEHBbIIIE-
HUIO BBICOTHI cToJiOa rens (/) Bo BpemeHu 1ipu 37°C
¢ nmomoibio kKateroMerpa (KM-6, Poccust). CkopocThb
¢ubpuHOIM3a OMNpeAessiiu KaK TaHIeHC yrjia Ha-
KJIOHA HavaJbHBIX Y4ACTKOB KMHETUYECKMX KPUBBIX
(Al/t, MM/MUH).

OOHIOBAA MMOIAEPXKKA

Pa6ora BEITTOTHEHA HA XUMWYECKOM (PaKyIbTETe
MOCKOBCKOTO rocyiapCTBEHHOTO YHUBEPCUTETA VM.
M.B. JlomoHOCOBa B paMKax ['ocpermcrpallMOHHOM
TeMbl Noe AAA-A16-116052010081-5 “Monekynsip-
HBI NU3aiiH, CTPYKTYPHO-(YHKIIMOHAIbHBIN aHa-
JIU3 U peryasumst (epMeHTHBIX CUCTEM, KJIETOUHBIX
KOHCTPYKIIMIT, 0OMOHAaHOMAaTepHaaoB: (hyHIaMEHTATb-
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HbIE OCHOBHI U TIPUJIOKEHUS B TEXHOJIOTUY, METULIVI-
He, OXpaHe OKpYyXKalollei cpeabl”.

COBJIIOJEHUE OTUYECKUNX CTAHIAPTOB

Hacrosiias ctatbsl He COIEPKUT KaKUX-JIMOO MCClie-
JIOBAaHUIA C y4aCTUEM JIIOEI U XKMBOTHBIX B KAUECTBE 00b-
€KTOB HUCCJIELOBAHUIA.

KOH®JIIMKT MHTEPECOB

ABTODHI 3asIBISIOT 00 OTCYTCTBUU KOHMJIMKTA MHTEe-
pecos.

CIIMCOK JTHUTEPATYPhI
1. Tomalia D. // Prog. Polym. Sci. 2005. V. 30. P. 3—4.

2. Srinivasa-Gopalan S., Yarema K. // Nanotechnologies
for the Life Sciences. 2007. V. 7. P. 1—-43.

3. Kannan S., Dai H., Navath R.S., Balakrishnan B., Jyoti A.,
Janisse J., Romero R., Kannan R.M. // Sci. Transl. Med.
2012. V. 4. P. 130—146.

4. Cheng Y., Wang J., Rao T., He X., Xu T. // Frontiers in
Bioscience. 2008. V. 1. P. 1447—1471.

5. Wyszogrodzka M., Haag R. // Chemistry. 2008. V. 14.
P. 9202-9214.

6. Orive G., Hernandez R., Gascon A., Pedraz J.L. // Can-
cer Therapy. 2005. V. 3. P. 131—-138.

7. Patri A., Majoros I., Baker J. // Curr. Opin. Chem. Biol.
2002. V. 6. P. 466—471.

8. Madaan K., Kumar S., Poonia N., Lather V., Pandita D. //
J. Pharm. Bioall. Sci. 2014. V. 6. P. 139—150.

9. Bielinska A., Eichman J.D., Lee I., Baker J.R., Jr., Ba-
logh L. // J. Nanoparticle Res. 2002. V. 4. P. 395—403.

10. Shadrack D.M., Swai H.S., Munissi J.J.E., Mubofu E.B.,
Nyandoro S.S. // Molecules. 2018. V. 23. P. 1419.

11. Pan B., Cui D., Xu P, Ozkan C., Feng G., Ozkan M.,
Huang T., Chu B., Li Q., He R., Hu G. // Nanotechnol-
ogy. 2009. V. 20. P. 125101.

12. Mukhametova L.I., Aisina R.B., Zakharyan E.M., Kara-
khanov E.A., Gershkovich K.B., Varfolomeyev S.D. //
Thromb. Res. 2017. V. 154. P. 50—52.

13. Han M.H., Chen J., Wang J., Chen S.L., Wang X.T. //
J. Biomed. Nanotechnol. 2010. V. 6. P. 82—92.

14. Greish K., Thiagarajan G., Herd H., Price R., Bauer H.,
Hubbard D., Burckle A., Sadekar S., Anwar T., Yu A.,
Ray A., Ghandehari H. // Nanotoxicology. 2012. V. 6.
P. 713-723.

15. Wang W., Xiong W., Zhu Y., Xu H., Yang X. //J. Biomed.
Mater. Res. Part B. 2010. V. 93. P. 59—64.

16. Diaz C., Benitez C., Vidal F.,, Barraza L.F., Jiménez V.A.,
Guzman L., Fuenteala J., Yevenes G.E., Alderete J.B. //

Nanomedicine: Nanotechnology, Biology, and Medi-
cine (NBM). 2018. V. 14. P. 22272234,

17. Jones C.FE, Campbel R.A., Franks Z., Gibson C.C.,
Thiagarajan G., Vieira-de-Abreu A., Sukavaneshvar S.,
Mohammad S.E, Li D.Y., Ghandehari H., Weyrich A.S.,

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Brooks B.D., Grainger D.W. // Mol. Pharm. 2012. V. 9.
P. 1599—1611.

Jones C.FE, Campbell R.A., Brooks A.E., Assemi S., Tad-
jiki S., Thiagarajan G., Mulcock Ch., Weyrich A.S.,
Brooks B.D., Ghandehari H., Grainger D.W. // ACS Na-
no. 2012. V. 6. P. 9900—9910.

Dobrovolskaia M.A., Patri A.K., Simak J., Hall J.B.,
Semberova J., De Paoli Lacerda S.H., McNeil S.E. //
Mol. Pharm. 2012. V. 9. P. 382—393.

Watala C., Karolczaka K., Kassassira H., Talara M.,
Przygodzkia T., Maczynskaa K., Labieniec-Watala M. //
Intern. J. Pharmaceutics. 2016. V. 503. P. 247—-261.

FuY,HuR., LiC., Wang Q., Liu Z., Xue W. // J. Bioact.
Compat. Polym. 2014. V. 29. P. 165—179.

Markowicz-Piasecka M., Sadkowska A., Podsiedlik M.E.,
Mikiciuk-Olasik E., Sikora J. // Toxicology in Vitro.
2019. V. 59. P. 87—99.

Aisina R., Mukhametova L., Ivanova E. // Materials
Science and Engineering: C. April. 2020. V. 109.
110605.

Wang X., Inapagolla R., Kanna S., Lieh-Lai M., Kan-
nan R.M. // Bioconjug. Chem. 2007. V. 18. P. 791-799.

Aticuna P.b., Myxamemosea JI.U., lepwkxosuu K.b.,
Heanoea E.M., 3axapsn E.M., Kapaxanos 3.A. // buo-
opraH. xumusi. 2018, T. 44. C. 533—543. [Aisina R.B.,
Mukhametova L.1., Gershkovich K.B., Ivanova E.M.,
Zakharyan E.M., Karakhanov E.A. // Russ. J. Bioorg.
Chem. 2018. V. 44. P. 528—537.]

Singh P. // Bioconjug. Chem. 1998. V. 9. P. 54—63.
https://doi.org/10.1021/bc970048a

Thomas T.P., Patri A.K., Myc A., Myaing M.T., Ye J.Y.,
Norris T.B., Baker J.R., Jr. // Biomacromolecules.
2004. V. 5. P. 2269—2274.

Bustos E., Godinez L.A. // Int. J. Electrochem. Sci.
2011. V. 6. P. 1-36.

Law R H.P., Caradoc-Davies T., Cowieson N., Hor-
vath A.J., Quek A.J., Encarnacao J.A, Steer D., Cowan A.,
Zhang Q., Lu B.G., Pike R.N., Smith A.1., Coughlin P.B.,
Whisstock J.C. // Cell Reports. 2012. V. 1. P. 185—190.

Ponting C.P., Marshall J.M., Cederholm-Williams S.A. //
Blood Coagul. Fibrinolysis. 1992. V. 3. P. 605—614.

Aiicuna P.b., Myxamemosa JI.H. // BbuoopraH. xu-
must. 2014, T. 40, C. 642—657. [Aisina R.B., Mukha-
metova L.I. // Russ. J. Bioorg. Chem. 2014. V. 40.
P. 590—605.]

Castellino FJ., Ploplis V.A. // Thromb. Haemost. 2005.
V. 93. P. 647—654.

Lakowicz J.R. // Principles of Fluorescence Spectros-
copy. 3rd ed. Springer US, 2006.

Urano T., Chibber B.A.K., Castellino F.J. // Proc. Natl.
Acad. Sci. USA. 1987. V. 84. P. 4031—4034.

Urano T., de Serrano V.S., Chibber B.A.K., Castellino F.J. //
J. Biol. Chem. 1987. V. 262. P. 15959—15964.

Rijken D.C., Hoylaerts M., Collen D. //J. Biol. Chem.
1982. V. 257. P. 2920—2925.

Duffy M.G. // Fibrinolysis. 1993. V. 7. P. 295-302.

BUOOPTAHUYECKAA XUMHUA Tom 46 Ne5 2020



MEXAHW3M UHTUBUPYIOILIETO JENMCTBUA 539

38. Jlesawos M.IO., Aiicuna P.b., l'epukosuu K. b., Bapgho-  40. Aisina R., Mukhametova L., Gershkovich K., Var-

nomees CJ1. // buoxumusa 2007. T. 72. C. 872—882. Jfolomeyev S.D. // Biochim. Biophys. Acta. 2005. V. 1725.

[Levashov M.Yu., Aisina R.B., Gershkovich K.B., Var- P. 370—376.

folomeyev S.D. // Biochemistry (Moscow). 2007. V. 72.

P.707-715.] 41. Aisina R., Mukhametova L., Varfolomeyev S. // Bio-
39. Laemmli, U.K. // Nature. 1970. V. 227. P. 680—685. chim. Biophys. Acta. 2016. V. 1860. P. 629—635.

Mechanism of Inhibitory Action of Anionic Polyamidoamine Dendrimers
of Generation 1.5—3.5 on the Activity of the Fibrinolytic System

R. B. Aisina*- #, L. I. Mukhametova*, and E. M. Ivanova*
#Phone: +7 (495) 939-50-83; e-mail:aisina2004@mail.ru
* Faculty of Chemistry, Lomonosov Moscow State University, Leninskie gory 1/3, Moscow, 119991 Russia

Polyamidoamine (PAMAM) dendrimers are used in medicine for systemic drug delivery. The safety assess-
ment of biomaterials that will come into contact with blood components and tissues is especially important.
For example, PAMAM-NH, dendrimers G4—G7 cause platelet and fibrinogen aggregation. Here, the affect
PAMAM-COOH dendrimers G1.5—G3.5 on key components of the fibrinolysis system was studied. The
dendrimers did not affect plasmin activity, but the amidolytic activities of tissue plasminogen activator (tPA)
and urokinase (uPA) decreased markedly with increasing dendrimer concentration and generation. The peak
intensity at 340 nm of Glu-plasminogen fluorescence in the absence and presence of 0.15 M NaCl decreased
with increasing dendrimer’s concentration, indicating a change in the microenvironment of Trp residues and
molecular conformation of open and closed Glu-plasminogen forms. From comparing the fluorescence
quenching constants, we concluded that anionic dendrimer and chloride ion simultaneously bind to Glu-
plasminogen and that each of these ligands exerts its independent effects through separate binding sites. With
increasing dendrimer concentration, the rate of tPA- and uPA-initiated Glu-plasminogen activation de-
creased sharply, probably due to the formation of dendrimer*plasminogen complexes with increasing den-
drimer content, which makes the plasminogen bond cleaved by activators increasingly unavailable. The rate
of tPA- and uPA-induced plasma clot lysis in plasma decreased moderately with increasing dendrimer con-
centration, possibly due to the reduced effect of dendrimer on fibrin-bound plasminogen. Thus, the mecha-
nism of inhibitory action of anionic PAMAM dendrimers on Glu-plasminogen activation and thrombolysis
induced by tPA and uPA is associated with a marked inactivation of activators and a significant change in plas-
minogen conformation. In circulation, PAMAM-COOH dendrimers can affect other physiological and
pathological processes in which the plasminogen/plasmin system plays an important role.

Keywords: plasminogen, plasminogen activators, activation, inhibition, dendrimers
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