BENOXNMNA. MONEKYINAPHAA BUOJIOT A, TEHHAA NHXXEHEPWNA

YK 57.083.3:616-097:579.834.114

CPABHUTEJBbHBIN CTPYKTYPHBIN 1 UMMYHOXUMUWYECKUN AHAJIN3
PEKOMBUHAHTHBIX AHTUTEHOB OSPC HOBOCUBUPCKUX U30JIAITOB
CIIUPOXET BORRELIA GARINII I BORRELIA AFZELIT
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B pabore mpezncraBieH cpaBHUTEIbHBIN aHAIM3 AaMUHOKUCIIOTHBIX MTOCe0BaTebHOCTel OekoB OspC CIMpPOXeT reHo-
BUnoB Borrelia garinii, nByx rpynmn NT29 u 20047T, u Borrelia afzelii. Tomonorus 6enkoB coctaBmwia 60—67 %. Ctoib
BBICOKasl BapuabeIbHOCTh MIEPBUUYHBIX CTPYKTYP 3TUX OEJIKOB O0YCJIOBWIA X CYIIECTBEHHbIE aHTUTEHHBbIC OTaMuus. Ha
npuMepe peKoMOnHaHTHBIX 0enkoB OspC B. garinii 20047T u B. afzelii moka3aHO pa3anyue B UX IyBCTBUTEILHOCTU KaK
AHTUTCHOB TPU OTpENeIeHUU CIelU(pUUECKUX aHTUTENT B CBIBOPOTKAX KPOBU OT OOJIbHBIX MKCOMOBBIM KJICIIEBbIM OOp-
PEJIM030M C JIOKAJTU30BAaHHOW U ITUCCEMUHUPOBAHHON CTamusaMu MHOeKIUKU. YyBCTBUTEIbHOCTD BBISIBJICHUST cCrielndu-
YeCKUX MMMYHOIIOOYIMHOB, pearupytonmx ¢ OspC usonsara B. garinii 20047T, Haxomunack B mpenenax 60,9—71,4 %
st IgM u 70,0—75,0 % nna IgG B 3aBUCMMOCTH OT cTaainu MHMeKIMU. YyBCTBUTEIBHOCTD BBISIBJICHUS CHICIIUDUUECKUX
MMMYHOTJIOOYTMHOB, pearupyommx ¢ OspC uzonsta B. afzelii cocrasnsina 39,3 % u 50,0 % nnst IgM CBIBOPOTOK OT
OGOJILHBIX C TUCCEMUHUPOBAHHON M JIOKAJIM30BAHHOM cTanussMu uHbekunu cootBerctBeHHO U 50,0 % mns IgG Hesa-

BUCUMO OT CTaiu OOJIE3HM.

KumoueBnie cioBa: Borrelia garinii, Borrelia afzelii, romonorusi, antured OspC, MKCOMOBBII KJIEIIEBOi1

ooppenno3, nmmyHodepMmeHTHBII aHamm3 (MDA).

Borrelia — 310 TpaMOTpuULIaTEeNIbHBIE OAKTEPUU CE-
MelictBa Spirochaetacae, TIEpEeHOCHUMBIC KJCIIAMU
pona Ixodes 1 BBI3BIBAIOIIME y YeJIOBeKa MKCOMOBBIC
kienieBbie 6oppenuosbl (MKDB). Mo oninumsim B Hy-
KJIEeOTUIHBIX TochaeaoBaTenbHOCTIX JHK Goppenuii
BBIICSIOT 13 TeHOBUIOB, KOTOphIE OOBEAUHEHBI B
KOMIUIEKC Itoa HasBaHueM Borrelia burgdorferi sensu
lato [1]. MkconoBbie KiieleBbie O0PPETMO3bl BbI3bIBA-
FOTCS IPEUMYILIECTBEHHO CITMPOXETaMU TPeX MaTOTeH-
HBIX TeHOBUIOB: Borrelia burgdorferi sensu stricto (s.s.),
Borrelia garinii u Borrelia afzelii [1]. Bce 3T reHOBUIBI
Ooppenuii ObLIM OOHApY>XEHbl Ha €BPOIEMCKON Tep-
putopun Poccnu [2—4]. Ha Teppuropnu Cubupu u, B
yacTHOCTH, HoBocubupckoit odsactu a0 HaCTOSIIE-
ro MOMEHTa ObLIO HaAlIEHO TOJIbKO JIBa IMATOTE€HHBIX
reHoBuaa Goppenuii: Borrelia garinii (rpynmer 200477
u NT29) u Borrelia afzelii [2, 5—9]. HemgaBHO B OM-
CKOIi 00acTy ObUT OOHApPYXKEH TMaTOreHHBIN TeHOBUI
Borrelia spielmani [10]. B Buny pa3zHooOpa3usi KJIMHU-
yeckux nposipineHuit MKb, a1 noarBepkaeHuUs 1ua-
rHO3a MCIIOJB3YIOT IOMOJHUTEIbHBIC J1a00paTOpHbIE
METOJIbI, CPEJU KOTOPBIX IIMPOKOE PACIIPOCTPAaHEHHE
MOJIYYUJIA METOIbI, OCHOBAaHHbIC Ha BBIIBICHMU aH-
TUTE] K Bo30yauTento. B KkauecTBe aHTUTEHOB TIpe-
MOYTEHUE OTIAeTCs PEKOMOMHAHTHBIM aHTUICHAM
ooppenuit [11]. bonblias M3MEHUYMBOCTh AaHTUTCHOB
BO30yauTeNsl OOyCJIaBIMBAeT CJIOXHOCTh CEpOauar-

Hoctuku MKDB. Bricokasi BapuabeabHOCTh OCOOEHHO
XapakTepHa I BHEIIHUX ITOBEPXHOCTHBIX OCJIKOB
Ooppenuii, SIPKUM MPEICTaBUTEIEM KOTOPBIX SIBJISI-
ercs 6emok OspC. DTOT aHTUTEH OJHUM U3 TIEPBbIX
BbI3bIBA€T UMMYHHBII OTBeT y O6onbHbIX MKD, 61a-
rojiapst 4eMy MCITOJIb3yeTCsl B pa3IMUHbBIX IMATHOCTH-
yeckMx TecT-cucreMax. MMMyHornooyauHsl M npo-
B OspC MpPUCYTCTBYIOT B KPOBU B BBICOKOM TUTpE
yXKe Jepe3 OIHY-IBE Hemeau Iocie 3apaxkeHus [12].
benky OspC cBoiicTBeHHa BbICOKasl I'eTepPOreHHOCTH
cpenau pa3IMYHBIX T€HOBUIOB OOppEeNMii, TOCTUTal0-
mas 40 % amuHOKMCIOTHOTO coctaBa. C Bapuabeib-
HOCTBIO TIEPBUYHBIX CTPYKTYP KOPPEIUPYeT U U3MEH-
YUBOCTb AHTUT€HHBIX CBOMCTB — ChIBOPOTKHU OOJIbHBIX
WUKB, nHQUIIMPOBAaHHBIX CITMPOXETAMH KaKOTO-JI0O0
TeHOBHUAA, KaK MpaBWio, Mjioxo pearupyioT ¢ OspC,
MIPOUCXOISIINM U3 Teorpadmiyecky OTAaJIeHHBIX U30-
JISTOB 3TOTO X€ T€HOBMIA WM IPYTUX ITATOr€HHBIX
reHoBuIOB B. burgdorferi s.l. [13]. B cBsi3u ¢ atum ue-
AbI0 HACMOSAWE20 UCCACO08AHUA SIBJISTIOCH TIOJyYeHUE
pekoMOMHAaHTHBIX aHTUreHoB OspC 3amagHoCuOup-
CKMX M30JIITOB crupoxeT Borrelia garinii u Borrelia
afzelii n cpaBHEeHVE WX TIEPBUYHBIX CTPYKTYP U UMMY-
HOXMMMWYECKUX CBOWCTB.

Marepuan 4 METOIbI

Amnaugpuxauus 2enoé ospC. AMIUIMKOHBI TE€HOB
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nuMmepasHoii enHoi peakiuu (ITLP) ¢ ucrnonb3osa-
HUEM JIBYX Iap MpaiiMepos:

npsimMoit mpaiimep (Ne 196)
5-AGGGGTACCATGAAAAAGAATACATTAAGTGCGA-3’;

obOparHbIit mipaiimep (Ne 197)
5-GAGCTCGAGAGGTTTTTTTGGACTTTCTGC-3;

npsiMoit mpaiimep (Ne 278)
5-CGGAATTCTGGGGATACTGCATCTACTAATC-3’;

oOparHbIit mipaiimep (Ne 279)
5-GTGGTGGTGCTCGAGAGGTTTTTTTGGACT-3".

ITpaiimMepsl comepxKaiy Ha 5’-KOHLAX CalThl y3Ha-
BaHUsI SHIOHYKJIea3aMU PeCTPUKIUM (CalUThl TTom4ep-
KHYTHI), MCIOJIb3yeMble JI KJIOHMPOBAHUS aMILI-
koHOB. [lepByto mapy mpaiiMepoB (Ne 196 u Ne 197)
WUCTOB30BAIM JUISI aMIIM(pUKALIUU U CEKBEHUPOBa-
HUS yyacTKa reHa osp C, KOAUPYIOIIETO MpeIleCTBeH-
HuK OspC, Bropyro mapy (Ne 278 u Ne 279) — nist am-
MIMpUKalIMU U TOCIEAYIOled KCIPEeCCUn ydacTka
reHa ospC, xomupyioiero 3peibiii OspC, B KJeTKax
E. coli. Ina nposeneHus: INILP ucnonb3oBanu am-
mucdpukatop MC-2 («IHK-texnonorusi», Mockga).
dnst ammuindukamy TpUMEHSUIM TePMOCTA0WIBHYIO
xuMepHyto JHK-momumepasy «Phusion» ¢upMbl
«Finnzymes» (®uniasHaus). TemmnepaTypHble pexu-
MBI OTXKMTa MPaiiMepoOB COOTBETCTBOBAJIM TeMIIepaTy-
paM uX TUIaBJICHUSI.

Pecmpuruuro u aueuposanue ghpaemenmos /JHK 1ipo-
BOAWJIM C TIOMOIIBIO COOTBETCTBYIOIIMX 3HIOHYKJIea3
pectpukuuu u T4 JHK nurassl ¢pupmbl «CuO3H3UM»
(HoBocubupck).

Karonuposanue cena ospC uzoaamoe B. garinii u
B. afzelii 6 kaemkax E. coli 6 cocmase 3xcnpeccupyroue-
20 eéexkmopa. B KayecTBe 2KCIPECCUPYIOLIETO BEKTOpa
Obl1a MCTOb30BaHA MOAU(DUIIMPOBAHHAS HAMM TLJ1a3-
muga pET36b(+) (pupma «Novagen», CILA). B pa-
0ote ucnonb3oBan KIeTku E. coli mmtamma Rosetta 2.
Tpancdopmanmio kiaetok FE. coli peKOMOMHAHTHBIMU
JHK mpoBoauiayd ¢ MOMOLIBIO 3JIEKTPOINOpaliu CO-
[JJACHO METOoAMKe (pUpMbI — TIPOM3BOAUTENST MpUOOpa
(«PeqLab, Biotechnologie GmbH», TI'epmanus). Pe-
KOMOWHAHTHBIE KJIOHBI E. coli oTOMpaiu Ha CeJIEKTUB-
Hoit cpene LB, comepxarteit 30 MKT/MI KaHaAMUIIMHA.

Boideaenue naasmuonvix JIHK ocyliecTBISIIN
LIEJIOYHBIM MeToloM, aHanu3 minasMuaHbix JTHK u
¢parmentoB JHK pazmepom ot 500 mo 6000 map
HYKJIEOTUJIOB MTPOBOIMIIM METO/IOM 3JIeKTpodopesa B
arapo3Hom rejie, ¢ okpammbBaHuem JHK OGpomuc-
TBIM ATUAKUEM [14].

Cexeenuposanue eenog ospC. OtpeneneHue Hy-
KJIEOTUIHBIX TMOCIeI0BATEIbHOCTE KIOHUPOBAHHbBIX
TeHOB ocyliecTBs1 LIeHTp KOJUIEKTMBHOTO MOJb30-
BaHus CO PAH «CexksenupoBanue JIHK» (Hoso-
cubupck). CekBeHUpPOBaHUE TPOBOJAUIN MO METOIY
CeHrepa, ¢ UCIOJIb30BAaHUEM HaboOpa peareHToB «Big
Dye terminator ready reaction kit v.3.1» («Applied
Biosystems», CIIIA). ITpomyKThl peakinii CEKBEHUPO-
BaHUS OBUIM TTPOAHAIM3UPOBAHBI HA aBTOMATUYECKOM
renHoM aHaimm3atope <«ABI PRIZM 3100-Avant»
(«Applied Biosystems»).
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CpasHnumeavHblll AHAAU3 NEPBUHHBIX CIMPYKMYD Oea-
koe OspC. JInsi cpaBHEHUSI aMUHOKUCIOTHBIX MOCIIE-
JIOBAaTeJIbHOCTE!l OEJIKOB MCIIOIb30BaIM IMPOrpaMMy
«BLAST on-line» pecypca HauuoHanbHOTO I1ieHTpa
ounorexHonornueckoir nHpopmauuu (National Center
for Biotechnology Information; http://blast.ncbi.nlm.
nih.gov/Blast.cgi).

Iloayuenue u ouucmka peKoMOUHAHMHBIX AHMUEHOB
OspC. Hounyo KyabTypy KietoK E. coli, comepxka-
mux 1masmuay pETm co BcrpoeHHBIM reHOM osp C,
BelpammBaay npu 37 °C B 5 mu cpeasl LB ¢ kaHa-
murHOM 30 MKT/MiI. 3aTeM KyJBTYpy IepeceBalld B
paseaenuu 1:100 B cBexyto cpeny LB, comep:xkairyio
aHTMOMOTHK, ¥ BbipamuBanu npu 37 °C mo OII,
paBHoii 1,0 £ 0,1 om.exn., mocie yero B Hee BHOCUIIU
uzonponui-B-D-1-tuoranakronuponasun  (UITTI)
10 KOHeYHOo# koHueHTpauu 1 MM. KynsTypy MHKY-
oupoBaau B TedeHue 12—16 yacos npu 30 °C, kier-
K1 ocaxaanu neHtpudyrupoanuem (3000 06./MuH,
15 MuH) u xpanwiu nipu —20 °C 1151 moCieayoero
BBIIEeHUS OesKoB. YacTh OMoMacchl aHAIM3MPOBAIU
METOIOM 3JieKTpodopesa u3aTa KIETOK B ITOJIMaKpU-
JIAMUIHOM TreJie Mo JIamMmuin.

BrigeneHue u O4MCTKY peKOMOMHAHTHBIX O€JIKOB U3
ouromacchl KiIeToK E. coli OCyLIeCTBISUIA ¢ TTIOMOIIIBIO
aduHHOI XpoMaToTrpadni T1U3aTa KJIETOK Ha KOJIOH-
ke ¢ Ni-NTA-cepaposoit CL-6B B HAaTUBHBIX yCIIO-
BUSIX COIJIACHO MPOTOKOJNY (DUPMBI-TTPOUZBOIUTENS
addunHOro copdbeHra «Quiagen» («Quiagen», I'ep-
MaHwus). LleneBbie OeNKM 2JIOMPOBAIN CTyIIEHYATHIM
rpagreHToM mMmugazona 25—500 MM. AIMKBOTHI I10
5—10 MK u3 Kaxnoi xpomarorpaduueckoit ¢dpak-
MU aHAIM3UPOBAIM C MOMOIIBIO djieKTpodope3a B
nojuakpwiaMuaHoMm reie 1o Jlsmmm. ®pakuuum ¢
HaMOOJIbIIMM COIepKaHueM Oellka M HauMEHBIINM
KOJIMYECTBOM IIpuMeceil o0benuHsuii. KoHieHTpa-
Mo Oejika U3MEPSUIM  CHEKTPO(hOTOMETPUUECKUM
Metoaom 1o Jloypu.

Anaauz UMMYHOXUMUMECKUX CGOICIME AHMU2EHO8
OspC. ]Ins v3ydyeHUs] UMMYHOXMMUYECKUX CBOKCTB
pekoMOMHaHTHBIX OesikoB OspC 3amaiHOCUOUPCKUX
n30ITOB B. afzelii tpynmer 200477 u B. garinii me-
TOIOM TBepaoda3zHOTO0 MMMYHOGEPMEHTHOIO aHa-
mm3a (MPA) wucnonb3oBaiu 00pasibl ChIBOPOTOK
KpPOBU OOJIbHBIX ¢ AocTOoBepHbIM nuarHo3zom WMKDB c
JIOKAJIM30BAaHHON W IWCCEeMUHUPOBAHHON CTamusIMM
nHpexkuu. ChIBOPOTKA KPOBM ObLIM TIOJYYEHBI OT
MaluMeHTOB 1-i ropoackoit MH(MEKIMOHHON O0OJIbHU-
upbl T. HoBocubupcka u obnactHoro meHtpa «CITI»
(r. HoBocubupck) B pamMKax IOrOBOPOB O HAay4YHOM
COTpyIHMYEeCTBe. B KauecTBe KOHTPOJISI MCITOIb30Ba-
JI1 00pasilbl CHIBOPOTOK KPOBU 3IOPOBBIX TOHOPOB.
HccnenoBanve mpoBOaUIU C COOJIIOJEHUEM TTPUHIIU-
OB J0OPOBOJILHOCTM M KOH(PUACHIIMATHLHOCTA B CO-
otBeTcTBUM ¢ «OcHOBamMu 3akoHoAaTelbcTBa PP 00
OXpaHe 370pOBbs Tpaxaan» (B ped. Ykasa IlpesuieH-
Ta PO o1 24.12.1993 No 2288, DenepalibHbIX 3aKOHOB
ot 02.03.1998 No 30-®3, ot 20.12.1999 Ne 214-D3,
or 25.11.2009 No 267-®3). CBIBOPOTKM WCIIOIH30-
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By B pasBeneHuu 1/80 m 1/160. s BBISBICHUS
cnennrIecKoro KOMIUIEKCa «aHTUTeH — aHTUTEIO»
HCMOJIB30BaIN TIEPOKCHAA3HbIE KOHBIOTAThl HA OCHOBE
MOHOKJIOHAJIbHBIX aHTuTeNn K IgG u IgM uenoseka,
KOTOPBIE OBLIA MOTYYEHBI U3 JTA00paTOPUU THOPUIOM-
Hbix TexHoaoruii LIHWM U pentreHopaauosorun MuH3-
npaBcoupasputust P®. s adhekTUBHON copOIim
Ha TIOJIMCTUPOJIE UCCIIETyeMble aHTUTEHBI MCIOJb30-
BaJld B KOHILIEHTpalUM 3—5 MKI/MJI, CyMMapHoOe KO-
JIMYECTBO aHTUTEHA COCTaBJIsLIO He MeHee (0,5 MKT Ha
JIyHKY IUiaHiiera. Pesynmbratel MDA peructpupoBaim
Ha punepe «Multiscan» (PUHISIHINS).

Iloayuenue sxcnpeccupyroueeo eexkmopa pETm oaa
KAoHuUposanus 6 e2o0 cocmage zenoe ospC 6 Kiemkax
E. coli. B xauecTBe MCXOQHOM KOHCTPYKIIUM IIPU TO-
JIyUeHUM 3IKcrpeccupytoiero Bekropa pETm Obuta
ucnosnb3oBaHa Iasmuga pET36b(+). dng ymoocTsa
KJIOHUPOBaHUS TeHOB 0spC TON PETYJISTOPHYIO 00-
nacth mpomoropa dara T7 B mnasmumy pET36b(+)
Ob11 BcTpoeH ¢parmeHT JHK (monunuHkep), coaep-
Kaluii Habop CalTOB y3HaBaHUSI SHAOHYKIJIea3aMM
pectpukuuu (EcoRI, Kpnl, BssHII, BstEII, HindIII
u Xhol), u yyacTtok, KOAMPYIOIIUI BOCEMb aMUHO-
KUCJIOTHBIX OCTaTKOB TMCTUIMHA, 32 KOTOPBIM CIIEA0-
BaJl CTOI-KOJIOH TpaHCsIMu Oenka. BerpanBaemblit
¢parment JHK monyuanm tmOpumamsanueit Imapsl
KOMIJIEMEHTApHbIX OJIMTOHYKJIEOTUAOB. B pesynbra-
Te TMOpUAM3aINU 00pa30BbIBAJICS ABYHUTEBOU hpar-
MmeHT JAHK, comepxammii Ha 5’- 1 3’-KOHIAX «IUII-
KM€ KOHLbI» IJ1s dHIOHYKIea3 pectpukuuu EcoRI u
BamHI cootBeTcTBEHHO.

[Mnasmuny pET36b(+) rumpoan3oBain HIOHY-
kieazamu pectpukiu EcoRI u BamHI, otoensiim ot
MPOAYKTOB TUIPOJM3a B arapo3HOM rejie, 3aTeM W3-
Bexkaimy ¢parmMeHT TnrasmugHoil JJHK ¢ momomisio
COOTBETCTBYIOIIEro Habopa (¢pupma «buocuinkar,
HoBocubupck). IlosyueHHbIe (parMeHThl BeKTOpa
pET36b(+) muruposiu T4 JHK-nurasoit co Bcrpan-
BaeMbIM parmeHToM JIHK B MoOJIIpHOM COOTHO-
weHuu 1:20. JluraszHoii cMechio TpaHCHOPMUPOBAIU
kinetku E. coli mramma BL21 (DE3). Tpanchopmu-
poBaHHbIe KJIeTKU E. coli pacceBajii Ha CEJIEKTUBHYIO
cpeny LB, coaepxaliyto KaHaMUIIMH, U BbIpallluBaIn
B TedyeHre 12—16 yacoB. M3 moxydyeHHBIX KJIOHOB BbI-
JIeJISUIM PeKOMOMHAHTHbBIE TUTa3Mubl. [1paBUIbHOCTh
BCTPOIMKM MOJUJIMHKEpaA TTPOBEPSUIM CEKBEHUPOBAHU-
eM. M3 KJIoHa, yIOBIETBOPSIIONIETO 3TUM TPeOOBAHU-
siM, BblAeJsM masmuay pETm u ucnonbzoBanu ajis
KJIOHUPOBaHUS B ee cocTaBe TeHOB ospC.

Pe3yabTaThl u 00Cy)KaeHnE

Iloayuenue ppacmenmos xodupyrowux obaacmeil ee-
Hoe ospC uzoaamos B. garinii u B. afzelii. Panee Hamu
ObUIM TIOJTYYEHBI KYJBTYpPbI 3alaJHOCUOMPCKUX U30-
9ToB B. garinii vt B. afzelii [8]. I3 yacTu 3TUX KyIbTYp
BbIIEISIM cyMMapHble npernapatsel JJHK ¢ moMoriiso
ryaHuauH-xjgopuaa [14]. Tlockoiabky B JHUTepary-
pe Ha TpuMepe IMOBEPXHOCTHOTO OenKa Ooppeaunii
OspA 0bLJIO MMOKa3aHO, YTO 3TOT AHTUIEH TOKCUYEH
sl kKiaetok E. coli B cBOEM TMOJHOpPa3MEpHOM BUJE
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M HE TOKCWYCH TIpU ydaJleHUU 17 aMUHOKUCIOTHBIX
ocTtaTKoB B N’-KOHIIEBOM pernoHe Oenmka [15], MBI
KCITOIB30BAIM 3TY XK€ CTPATEruio Uil KIOHUPOBAHMS
reHa ospC. 1o HalIMM IIPeAIIONIOXEHUSIM, TAKHUE yCe-
yeHHbIe BapuaHThl 0e1KoB OspC MOIIM CUHTE3UPO-
BaThcsl B KJeTKax E. coli, He TIpUBOAS K WX TUOENN.
O6nactu reHoB ospC, KOAUPYIOIIME 3pejble OenKu
OspC, ammmpuuuposaau merogom ITI[P. B kauect-
Be Marpull-muilieHeir wucnonbzoBam JHK wu3o-
Jna9toB B. garinii rpynnbl 200477 (My3eiHBIN U30JIST
Ne 10; NSK-10-06) u B. afzelii (My3eiiHBIif U30JIST
Ne 5; NSK-05-06). Pazmep nipoaykros ITLIP cocras-
51 ipuMepHo 580 map HYKJICOTHUIOB. AMILIUKOHBI
HapabaTbIBad B KOJUYECTBE 1—2 MKI, OYUILAIU U
MOCJIEIOBATEIbHO THAPOJU30BAIM SHIOHYKJIea3aMu
pectpukymu Xhol n EcoRI.

Kaonuposanue eenoe ospC uzoassmoe B. garinii u
B. afzelii 6 kaemkax E. coli ¢ cocmase eexmopa pETm.
ITnasmuny pETm u rennl ospC uzonstoB B. garinii
rpynmsl 200477 m B. afzelii tuaponavzoBaayd dHAO-
Hykieasamu pectpukun EcoRI m Xhol. Bektop m
TFeHbl OUYMINAJIM OT IIPOAYKTOB THAPOJIM3a W JINTH-
poOBaJIM B MOJISIDHOM cooTHolieHuu 1:5. JlurasHoi
cMmechlo TpaHchopmupoBanu kinetku E. coli. Tlomy-
YeHHBbIe KJIOHBI E. coli aHanM3MpoBaad Ha HaJu4yue
B PEKOMOMHAHTHBIX IJIa3MMIAX BCTaBKU reHOB ospC
MeromoM ITLP ¢ mpaitmepamur Ne 196 u Ne 197. Ho-
Bble PEKOMOWHAHTHBIC ILJIa3MUJ/blI, HECYIIME TCeHBI
ospC criupoxeT B. garinii n B. afzelii, Obl11 Ha3BaHbI
pETm-OspC-Bg m pETm-OspC-Ba cooTBeTCTBEHHO.
Kionsl, comepxamme murazmuasl pETm-OspC-Bg u
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Puc. 1. Dnexkmpogopeepamma auzamoe uHOYYUPOBAHHBIX
UIITT u neundyyuposanuvix kaemox kaounoe E. coli
wm. Rosetta 2, codepicawyux peKOMOUHAHMHbLE
naazmudst pETm co ecmpoennvimu
paemenmamu eenoe ospC uzonsnmos B. garinii (Bg)
20047" u B. afzelii (Ba). Jopoxcku: 1, 3u 5 —
auzamol Heunoyyuposanunolx UIITT kaemok E. coli,
codepacauux pekomburnanmuole naasmudo pETm (1),
pETm-OspC-Bg (3) u pETm-OspC-Ba (5); 2, 4 u
6 — auzamot undyyuposannvix UITI kaemok E. coli,
codepacauux pekomburnarnmuole naasmuds pETm (2),
pETm-OspC-Bg (4) u pETm-OspC-Ba (6); 7 —
mapkepHvle beaku maccou 66, 45 u 14,5 klla.
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.afzelii

1 MKKNTLSAILMTLFLFISCNNSGKGGDSASTNPADESAKGPNLTEISKKITDSNAFVLAV

60 Puc. 2. Cpasnenue amuHOKUCIOMHbIX

g.garz:.m:.:?. ;-(1)'(2)37 1 ............ F .......... -—..T..... -...E..... T :Z nocaedosamenvHocmell d)paemenmoe
Lgarinil NIZY9 = 1 =00 . iiiiieiit ittt etsasnssssetsscnssnsssacenosnns

garinii 6eakos OspC 3anadnocubupckux
B.afzelii 61 KEVETLVSSIDELAS-AIGKKIQQONNGLGANV-DKNGSLLAGAYAISTLIT---EKLKAL 115 uzonamoe boppeauii: B. afzelii
B.garinii 20047 58 ....A.L....... K-...Q..D.....AATQ...T.......... A..K---Q..DG. 113 (NSK-05-06), B. garinii 20047"
B.garinii NT29 5l TP.V...-NHH..FC.DA-NY....... Voo L.LIIDG.TG. 108 (NSK—10—06) u B garinii NT29
B.afzelii 116 KNSGELKAKIEDAKKCPEDFTKKLAAGHAQLGIDGA--TDNDSKEAILKTNGTKTKGAEE 173 (NSK-20-97). Obaacmu npaiimepos
B.garinii 20047 114 QGPEG.NKE..A....S.A..N..KEK.QD..VANGDT...NA.A.....H..ED..VK. 173 noouepKHymol.

B.garinii NT29 109 EGLE..N.E..E..EASAAYI.NIR.A..DA.KRDT--..DNAQK...... AN.D...K. 166

B.afzelii 174 LVKLSESVASLSKAAQEASANSVKELTSPVVAESPKKP 211

B.garinii 20047 174 .KD.LK..E..A....A..S.......... Mo...... 211

B.garinii NT29 167 .EE.FK..E...... K.SLT....... N..I 197

pETm-OspC-Ba, wucciemoBaim Ha WHAYLUPYEMYIO
MPOAYKIINIO PEeKOMOMHAHTHBIX O0enkoB OspC meTo-
JIOM 3JIeKTpodope3a TU3aTOB KJIETOK B TOJIMAKPUII-
aMuaHOM reje. [TpuMep Takoro aHaau3a IpeacTaBicH
Ha puc. 1. MonekynsipHas mMacca PeKOMOMHAHTHBIX
oenkoB OspC uzonsaroB B. garinii rpynnbl 20047T u
B. afzelii coctaBnsna npumepHo 21—22 x/1a, 4To COOT-
BETCTBOBAJIO PacUeTHOM MoJIeKyasipHOU Macce. Cpen-
HSIsSl JOJIST LEJIEBBIX PEKOMOMHAHTHBIX OeskoB OspC
OT 0011ero 6eyika KJieTKu coctasisia 20—28 %.

Cpasnenue AMUHOKUCAOMHBIX NOCACO008ANIEALHO-
cmeil pexomounanmuolx 6eaxoe OspC 3anadnocubup-
CKuX u304amoe cnupoxem B. garinii (epynnot 20047 u
NT29) u B. afzelii. YcraHOBJIEHHBIE HYKJIEOTUIHbBIC
MOCJIEOBATEILHOCTH (hparMeHTOB reHoB ospC 3amaj-
HOCUOUPCKMX M30JITOB B. garinii 20047T n B. afzelii
U KOAMPYEMbl€ 3TUMU I'€HaMM aMMHOKMUCJIOTHbBIE I10-
CJIeIoBaTeIbHOCTH ObUIM JEMTOHUPOBaHbI B MexXayHa-
POIHYIO 3JIEKTPOHHYI0 0a3y maHHbIX «GenBank» mon
Homepamu EU979626.1 u EU979627.1.

PaHee B Hallleil 1abopaTopuu ObUT KJIOHMPOBAH IeH
ospC uzonara NSK-20-97 B. garinii NT29, BbineneH-
Horo u3 kuema Ixodes persulcatus, OTJOBIEHHOTO Ha
teppuropun HoBocubupckoii obmactu [16]. Mbr uc-
CJeI0Bald TOMOJIOTMIO BCEX TpeX PEKOMOMHAHTHBIX
oeakoB OspC. 'omonorng mexny oeakamm OspC mn3o-

naroB B. garinii 200477 u B. afzelii cocraBuna 67 %,
usonsatoB B. garinii 20047T u B. garinii NT29 — 60 %,
n307s1TOB B. afzelii v B. garinii NT29 — 66 %. Pe3synb-
TaThl CPABHEHUSI aMUHOKUCIIOTHBIX TTOC/IEI0BATEIbHO-
CTeil Bcex TpeX FeHOBUIOB TPEICTaBJIEHbI Ha puUC. 2.
Ha puc. 2 BuaHO, uTO HauboOJbIlIasT KOHCEPBATUB-
HOCTb OesiKoB HabogaeTcss B N-KOHIEBBIX 001acTIX
(MIeHTUYHBbIE aMUHOKUCIOTHBIC OCTAaTKM TIPEACTaB-
JleHbl TouKamu). HaumHas mpumepHO ¢ 65 aMuHO-
KHCJIOTHBIX OCTAaTKOB, TOSIBJSIIOTCS BapuabeabHble
YYacTKM, KOTOpble coxpaHsiorcss 10 C-KOHIIEBBIX
YUYaCTKOB TOCJIEI0BATEIbHOCTE. YUUThIBasI, YTO BCE
TPpU U30JIsITa OOPpPenil LIUPKYJIUPYIOT HAa OHOM Tep-
putopuu HoBocubOupckoit o6acTu, BbISIBJI€HHAsT TO-
MOJIOTHSI 3TUX OEJIKOB J0CTaTOYHO HU3Ka. OnHaAKO B
1IeJIOM HU3Kasi TOMOJIOTMSI aMUHOKUCJIOTHBIX TOCIIe-
noBareabHoCcTelr OenkoB OspC Ooppenuil SIBIIsSIETCS
MU3BECTHBIM (PaKTOM M, IO OlIEHKAM HEKOTOPbIX aB-
TopoB, gocturaet 60 % [17]. BronHe MOHSITHO, 4TO
Takue OTJIMYUS B MEPBUYHBIX CTPYKTYypax 3TUX aHTU-
TeHOB MOTYT OOYCJIaBIMBaTh UX Pa3IUIHYI0 UMMYHO-
PEAKTUBHOCTD C ChIBOpOoTKamMu 00JbHbIX MKDB.
Anaau3  umMMyHOXUMUYMECKUX C60licCmE aHmuze-
noe OspC. JIns ucciaenoBaHUsT UMMYHOXMMHUYECKUX
CBOWCTB PEeKOMOMHAHTHBIX 0enkoB OspC U30J5TOB
B. garinii tpynnel 200477 u B. afzelii vix BwIaenSIN

Tabauua

Jlannvle ummynopepmenmnoeo evisiéneHus 6 coieopomkax 6oavhoix UKB cneyuguueckux anmumen kaacca IgM
u 1gG k pexomounanmuvim 6eaxam OspC 3anaonocubupckux uzonsmos B. garinii epynnot 200477 u B. afzelii

KoJim4ecTBO CHIBOPOTOK C MOJIOKHTEILHBIMA Pe3yJIbTATAMA
(% 4yBCTBUTEILHOCTH)

AHTHrEHBI Bun IgM IgG

Cramus I Cramus 11 Cramus 1 Cramus 11

(c MD; n = 46) (0e3 MD; n = 28) (c MD; n = 30) (0e3 MD; n = 24)
@) ©) @) ©)

OspC-Ba B. afzelii 23 (50,0) 11 (39,3) 15 (50,0) 12 (50,0)
OspC-Bg Bé(ﬁg’;;’i” 28 (60,9) 20 (71,4) 21 (70,0) 18 (75,0)

Ilpumeuanue: (a) — rpynna 6onbHbix UKD ¢ murpupyonieit aputemoit (MD; nokannzoaHHas uHdexuus — cragus 1),
CBHIBOPOTKA B3sITa B Mepuof 2—4 Hemenu ¢ Havajga 3aboneBaHus; (6) — rpynma 6oxpHbEIX UKD 6e3 Murpupyioieii apure-
MbI (IMCcCeMMHMpOBaHHas MH@ekuus: — ctaaus 1I), cbiBopoTka B3sTa B mepuoa 4—8 Heaeb ¢ Hayajaa 3a00JeBaHMSI; N —

KOJIMYECTBO UCCIICAYEMBIX 06p33HOB CbIBOPOTOK.
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n3 O6momMaccel Kietok FE. coli ¢ momoiibio ahbuH-
HOIl xpomaTorpacvu Ha HUKEJb-XeJaTHOM COpPOEH-
Te. YucTtora GEIKOB IO JaHHBIM 3JeKTpodope3a B
MOJIMAaKPWJIAMHUIHOM Tejie JocTurajia He MeHee 95 %.
Boixon ouuniiieHHBIX OenkoB coctaBist 40—45 mr/n
KYJIbTYPbI KJIETOK MPOAYLEHTA.

AHalli3 UMMYHOPEAKTUBHOCTU U CIIeLU(UIHOCTH
pekoMOMHaHTHBIX 0e1KOB OspC B OMbITaX ¢ CHIBOPOT-
kaMu 6onbHbIX UKD ¢ panHelt u nucceMuHUpOBaH-
HOM cTagusMu 3a00JieBaHUsI MOKa3ajl, uYTO TMPU BbI-
SIBIGHUM aHTUTe]l K OoppennsiM Kak IgM, tak u IgG
KJ1acCOB HAMOOJbIIENH JAUAarHOCTUYECKOU UYBCTBU-
TEJbHOCTBIO 00Janal peKOMOMHAHTHBIN Oesok OspC
usonsata B. garinii 200477 (OspC-Bg). st pekoMOu-
HaHTHOTO Oenka OspC mzonara B. afzelii (OspC-Ba)
JIMarHOCTUYeCcKasl YyBCTBUTEIbHOCTh OblLTa HECKOJIb-
KO HIMXe. Pe3ynbTrarsl aTUX MCCIeNOBaHUN TpeACcTaB-
JICHBI B Ta0JmIIe.

Takoe paznuyue MOXHO OOBSICHUTH TeM (haKTOM,
YTO BCTpeuaeMocCTb reHoBuaa B. garinii 200477 B Kie-
mwax 1. persulcatus Ha tepputopun HoBocmbOupckoii
ob6sacT nMpuMepHo B 4 pasza 0oJIbllle BCTPEUAEMOCTH
B. afzelii [7—9]. MoXHO 0XuaaTh, YTO 3TO OTpaxaet-
¢sl 1 Ha MH(UIIMPOBAHUM JIIO/Iei COOTBETCTBYIOIIUMU
reHoBUIaMu Ooppenuii. bonbHbIe, THOUIIMPOBAHHbBIC
reHoBuaOM B. garinii 200477, OymyT BcTpedaThCs vallle,
U HE MCKJIIOUEHO, YTO B Hallleil BEIOOPKE ChIBOPOTOK
npeobjagaay UMEHHO TakKhe MalMeHThl. A MOCKOJIb-
Ky aHTureHbl OspC AByX reHOBUI0B OOppenuil UMEIOT
CYyIIIECTBEHHbIE AMUHOKUCIOTHBIE OTIMYMS, KOTOPbIE
00yCJIaBIMBAIOT  CMEUM(GUUHOCTh B3aUMOJEHCTBUS
¢ antutenamu, OspC B. garinii 200477 Oynet Gosee
cneuudUYeH K aHTUTEJIaM ChIBOPOTOK OOJIbHBIX, MH-
(ULIMPOBaHHBIX TaHHBIM T€HOBUIOM OOppeNNU, He-
XeMu K TauueHTaM, UH(GUIIMPOBAHHBIM T€HOBUIOM
B. afzelii, n Hao6opoT. ITogoOHBIE HAOIIOAEHUS ObUIN
OTMEUEHBI U JUISI U30JISITOB OOppENnii, LIUMPKYIUPYIO-
mmx Ha Tepputopun EBporsr [13].

AHaM3 Ha BbISIBIEHUE CHEHU(PUUHBIX aHTUTEN
kinaccoB IgM u IgG Kk pekOMOWHAHTHBIM OeKaM
OspC B KOHTPOJILHOH TpyTIIe ChIBOPOTOK 3I0POBBIX
noHopoB (30 00pa31oB) He BBIIBUJI HU OJHOTO JIOXK-
HOMOJIOXKUTEJLHOTO pe3ysibTara.

ITpoaHanu3MpoBaB B3aUMOJECHCTBUSI CHIBOPOTOK
C KaXIbIM peKOMOMHAHTHBIM OenkoMm OspC (maH-
HbI€ HE TMPEICTaBIEHbI), Mbl OOHAPYXWIH, YTO OEI0K
OspC-Ba BbISIBIIIET aHTUTENA B ChIBOPOTKAX, KOTO-
pble He oOHapyxwuBaioTcsl aHTureHom OspC-Bg, u
Hao0opoT. OHAaKO aHTUTEA B YaCTU CHIBOPOTOK BbI-
SBJISIMCh 000OMMM aHTUTeHaMU. Eciii MpennoioxuThb
OJIHOBPEMEHHOE MCIIOJIb30BaHUE B TECTE Mapbl aHTHU-
reHoB OspC-Ba u OspC-Bg, To MOXXHO 0XHWIAaTh IO-
BBIIIICHUSI YyBCTBUTEJIIBHOCTU BBISIBJICHUS Criel(u-
YeCKMX aHTHUTEJI B CHIBOPOTKax OoibHbIX. Ha pmc. 3
MpeACTaBJIEHbl JaHHbIE OXUIAEMOT0 KOJUYECTBA Chl-
BopoTok OosibHbIX UKD, comepxainnx cnenuduyHbe
anTurtena kiaccos IgM u IgG.

IIpu BEIgBIeHUM aHTHUTEN KiaccoB IgM u IgG
nepekpect mexay antureHamu OspC-Bg n OspC-Ba

10

(A) 1M
n=74

OspC-Ba

12%*

IIporaosHpyeMas 1yBCTBHTIENEHOCTE 88%

OspC-Bg
42% Mepekpect

23%

2%*

[B) 186 OspC-Ba
n=54 26%
OspC-Bg
Mepexpect
48% pexkp

24%
IIporHo3HpyeMad 9YBCTBHTEIBEHOCTE 98%

Puc. 3. Oxcuoaemoe koauvecmeo (% uyscmeumenvhocmu,)
8blsA6As1eMbIX Cbleopomok boavhbix UKD, codepacaujux
cneyugpuunvie anmumena IgM (A) u IgG (B) k nape
anmueernoe OspC-Ba u OspC-Bg. [lepexkpecm —
KOAUMECMB0 CblGOPOMOK, NPOPeasupo8aguitx ¢
oboumu anmueeHamu; * — KOAUHecmeo Cbl8OPOmoK,
He npopeazupo8aguiux Hu ¢ OOHUM AHMUSEHOM; N —
KOAUYeCme0 Uccaedyembix col8OpomoK, ¢ Kajicovim 6
OMOeAbHOCIU AHMUREHOM.

Ha MCCJeAyeMOl MaHeJu ChIBOPOTOK COCTaBWI 23 U
24 % COOTBETCTBEHHO. DTOT MEPEKPECT MOXKET OBITh
00YCJIOBJIEH KaK HaJIMYMEM OOIIMUX SMUTOIOB Y 3TUX
AHTUTEHOB CpeIM psila M30JITOB ABYX TI€HOBUIOB
Ooppenuii, Tak 1 MHGUIMPOBAHUEM YeJIOBEKa OIHO-
BPEMEHHO IBYMsI reHoBumamu BosoOymutenas MKD.
Takum 00pa3oM, MporHo3upyemasl JuarHoCTUYecKast
YYBCTBUTEJBHOCTh I mapbl aHTUureHoB OspC-Bg u
OspC-Ba coctaBut 88 % Tipy BBISIBICHUW AHTUTE]
knacca IgM u 98 % mipu BBISIBJIEHUU aHTUTEN Kjacca
IgG He3aBuCcHMMO OT cTaguy UHQEKIINN.

3akioyenue

Pesynbratel cpaBHEHMSI aMUHOKUCIOTHBIX ITOCTIE-
JIOBAaTEJIbHOCTE!d W AHTUI€HHBIX CBOMCTB PEKOMOU-
HaHTHBIX 0eJ1KoB OspC yoeanuTe IbHO CBUACTEILCTBYIOT
B T0JIb3y HEOOXOAUMOCTU MCMOJIb30BaHUS ISl CEPO-
guarHocTuku MKDB roMojornyHbeIX BapuabebHbBIX
AHTUTEHOB, TMOJYYEHHBIX M3 Pa3JIMYHbIX MaTOTEHHBIX
TeHOBUAOB CIIUpPOXeT B. burgdorferi s.1., LIUPKyIUpPYIO-
1IMX Ha KOHKPETHbIX TeppuTOopusix. MHbIMU ciioBaMH,
ns ceponuarnoctuku MKB Ha Tepputopun HoBocu-
OMpcKoi 00J1acTH 11eIecO00pa3HO HapsAy C APYTUMU
WUMMYHOJIOMUHAHTHBIMUA aQHTUTEHAMU MCIOJb30BaTh
a"nTureHbl OspC BceX IaTOreHHBIX TEHOBUIOB OOppe-
it (B. garinii 200477 u NT29 u B. afzelii), unpkynau-
PYIOIIMX B 3TOM PErMOHE.
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COMPARATIVE STRUCTURAL AND IMMUNOCHEMICAL ANALYSIS
OF RECOMBINANT OSPC ANTIGENS OF NOVOSIBIRSK
BORRELIA GARINII AND BORRELIA AFZELIT ISOLATES

Aleksandr Vladimirovich RYABCHENKO, Vitaly Semenovich KARAVAEYV,
Anatoly Borisovich BEKLEMISHEV

Scientific Research Institute of Biochemistry SB RAMS
630117, Novosibirsk, Timakov st., 2

In the paper a comparative analysis of amino acid sequences of B. garinii NT29 and 20047", and B. afzelii OspC proteins
is presented. Homology of the proteins was 60—67 %. Such a high variability of the primary structures of these proteins
led to significant antigenic differences. Recombinant OspC proteins of B. garinii 20047" and B. afzelii showed the differ-
ence in their sensitivity as antigens in the determination of specific antibodies in the serum of patients with Lyme disease
in localized and disseminated stages of infection. The sensitivity of detection of specific immunoglobulins, binding with
OspC of B. garinii 200477 isolate, was within 60,9—71,4 % for IgM and 70,0—75,0 % for 1gG depending on the stage of
infection. The sensitivity of detection of specific immunoglobulins, binding with OspC of B. afzelii isolates was 39,3 %
and 50,0 % for IgM of sera from patients with disseminated and localized stages of infection, respectively, and 50,0 % for
IgG, regardless of the stage of disease.
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