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Tporomuosux (Tpm) — 3T0 ONMH U3 BaXHEHIIMX MapTHEPOB aKTUHOBOTO (hUIaMeHTa, BO MHOTOM OIpe-
NeJISIIONINM ero cBoiicTBa. B opraHn3aMax KMBOTHBIX CYIIECTBYIOT pa3Hbie n30(opMbl Tpm, KOTOphIE, Kak
CUYUTAETCS, YUYACTBYIOT B PETYJAMU PA3IMYHBIX KIETOYHBIX (DYyHKIMM. OOHAKO MOJEKYISIpHbIEe Mexa-
HU3MBI Peryisiiuv (yHKIMNA aKTMHOBBIX (DMJIAMEHTOB Pa3IMYHBIMU LIMTOTIa3MaTUUYECKUMU U30(op-
Mamu Tpm 10 cux rnmop majno usydyeHbl. B Haiieit pabote Mbl IPUMEHSIIA pa3JIMYHbIe METO/bI ISl UCCIIe-
noBaHMs cBOCTB uzodopm Tpm2.1 u Tpm4.1 u cpaBHUBaIM UX KaK MeXAy co00ii, TaK M CO CBOMCTBaMU
nszodopm Tpm, KOTOphie yKe MoABeprajuch paHee Oojee AeTaabHOMY udydyeHuto. Mzopopmber Tpm?2.1
u Tpm4.l OYTH HEe OTIMYAIUCH JAPYT OT APYyTa MO UX CPOACTBY K hubpwuisipHomy akTuny (F-aktuny),
M0 TePMOCTAOUJIBHOCTH MX MOJEKYJI M MO UX YCTOMYMBOCTM K OTPAHMYEHHOMY IMPOTEOJM3Y TPUIICH-
HOM, HO 3aMETHO pPa3jnyajJMCh MO BSIBKOCTU UX PACTBOPOB M MO TEPMOCTAOMIBHOCTU MX KOMILIEKCOB
¢ F-aktunoM. ImaBHbiM otimurem Tpm2.1 u Tpm4.l ot apyrux paHee ucciienoBaHHbIX u3zohopm Tpm
(Takux, Hanpumep, Kak Tpml1.6 u Tpml.7) Gbuta UX KpailHe HU3Kask TEPMOCTAOMILHOCTh, U3MEPEHHAsI
Metogamu K u JICK. Bo3aMokHbIe TPUUMHBI 3TOIl HECTAOUJIBHOCTU JI€TAJIbHO PACCMOTPEHbBI TIPU CpaB-
HEHUM aMUHOKMCJIOTHBIX nocienoBaTenbHocTel Tpm4.1 u Tpm2.1 ¢ mociaenoBaTeIbHOCTIMUA U30(DOpM
Tpml1.6 u Tpm1.7, koTopble He oTanuanuch oT Tpm4.1 1 Tpm2.1 COOTBETCTBEHHO MO 3K30HHOM CTPYKTYpe
MX TEHOB.

KJIFOUYEBBIE CJIOBA: n3odopmbl TpommoMro3uHa; cTabWIBHOCTh CTPYKTYPHI coiled-coil, akTuH-accoummpo-

BaHHBIE O€JIKU, aKTMHOBBIE (hrJlaMeHThI, Aud depeHLaabHast CKaHUPYIolasi KaIOpUMETPHUSI.
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BBEJIEHHNE

Tponomuosun (Tpm) mnpenacraBasieT coOoit
GUOPWILISIPHBIN  aKTUH-CBSI3BIBAIOIIMIA  OEJOK,
MPUCYTCTBYIOIIMI BO MHOIMX CTPYKTypax aKTH-
HOBOTO IIMUTOCKeneTa. Tpm IIMpOKO pacipocTpa-
HEH B OpraHM3Max >XKMBOTHBIX U MpPEACTaBJIeH BO
Bcex ux TKaHgx [1]. Tpm dopmupyer TaKk Hasbl-
BaeMylo CTpyKTypy coiled-coil, obGpa3zoBaHHYIO
ABYMs HapaJlJIeIbBHbIMU APYT APYry O-CIupansd-
MU [2]. 3a CUET KOHLEBBLIX B3aMMOICHUCTBUI MEXKIY
MoJjiekyjaamu Tpm oOpa3yeT BHITIHYTYIO HUTh, KO-
TOpasi INIOTHO MpUJIeraeT K MOBEPXHOCTU aKTUHO-

Ilpunareie cokpamenus: NCK — muddepeHnmaibHas
cKaHupyoomas Kajiopumerpus; F-akTuH — GuOpMILISpHBIii
akThH; Tpm — TPOIIOMHMO3KH.

* Anpecar 11t KOppeCITOHASHLIVH.

Boro ¢unameHTa. Cuutaercs, uto Tpm cnocodbeH
peryaMpoBaTh (PYHKIIMM aKTUHOBOTO LIMTOCKEJIe-
Ta B XMBOTHOM KJIETKE M BBICTyIAeT cBOeoOpas-
HBIM <«IIPUBpPAaTHUKOM» [3, 4], onpenensitommm, ¢
KaKMUMU TIapTHEpaMM OyaeT B3auMMOJeiiCTBOBATH
aKTUHOBBIN (uinameHT [5, 6]. BeIIO TIOKa3aHoO,
yto Tpm mMOBBIIIAET CTAOUJIBHOCTb AKTMHOBBIX
¢unamenToB [7, 8] U mpemoTBpallaeT UX AETO-
gumMepusanuio [9, 10]. Tpm Takxke ydacTByeT B
perysiiiu mI00aJIbHBIX KJIETOYHBIX IPOIIECCOB,
TaKuX Kak MopdoreHe3 U TKaHeBass auddepeH-
nupoBka [11, 12], Be3uKkyasipHbIi TpaHcmopT [13,
14], xknerouHast anre3us [15, 16], a Takxke pery-
JISIUMST  COKpAIleHUs CKEJIETHBIX M CepAeYHBIX
mbii [ 17, 18].

YV MmnekonuTaromux ooHapyxkeHo oonee 40 nuzo-
¢opm Tpm [1]. Bonbiioe kKonuyecTBo M3odopm
MOXET JIeXKaTh B OCHOBE PETYJISLUMU Pa3IudHbIX
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CBOMCTBA U30®OPM TPOITOMWO3UHA Tpm4.1 U Tpm?2.1

¢yHkumii Tpm 1 obecreunBaTh B3aMMOACICTBUE
C IPYTMMU aKTUH-CBSI3bIBAIOIIMMU Oekamu [19—
21]. Monekynel Tpm SBASIOTCS TIPOIYKTaMU
yeTweipéx reHoB (TPM1, TPM2, TPM3 n TPM4),
a Oosbllasg BapuabelIbHOCTh B CUHTE3e U30(DOpM
BO3HMKAeT B OCHOBHOM B pe3yJbTare ajibTep-
HaTuBHOTO crutaiicuHra [1]. OcobGeHHOCTH 3K-
30HHOI CTPYKTYpbl 3TUX M30()OpM M MX Ha3Ba-
HUS TIPEACTaBIeHbI B OOLIETIPUHITON HOMEHKIIA-
type Tpm [22].

B Haeit padote Mbl U3y4MJIM CBOMCTBA IBYX
nzogopm Tpm: Tpm?2.1 u Tpm4.1. U3odpopma Tpm?2.1
JIOCTaTOYHO XOPOIIO M3y4yeHa, ToTna Kak pador,
nocBsaEHHbIX Tpm4.1 ouenb Mano. Tpm2.1 npen-
CTaByIsIeT co00il yHMKalIbHYIO0 U30(OpMYy, KOTO-
pasi 9KCIIpeccupyeTcsl Kak B INIaJKOMBIIIECYHBIX,
TaK U B HEMBIIIEYHBIX TKaHsX [23, 24]. B rmagko-
MBIIIEYHBIX KJeTkax Tpm2.1 sBsgeTcsS 4YacTblo
COKpPaTUTEIBLHOTO armapaTa KJIETKU W y4acTBYeT
B COKpallleHWH 3Toro tuia Muimn [24]. Cruenyer
OTMETUTh, YTO B MIaAKMUX Mbluax Tpm2.1 B oc-
HOBHOM 00Opa3yeT rerepoauMepbl C APYroil M3o-
¢dopmoit Tpm, npoaykrom reHa TPMI (Tpml.3
nwnn Tpml.4, ctapoe HazBaHue — o smooth Tm
wim ripocto o Tm [22]) [2, 24]. ®yukuuu Tpm?2.1
B HEMBIIIEYHBIX KJIETKaX MOKa el MOJHOCThIO He
M3y4eHbl. M3BeCTHO, YTO OH NMpPUHMMAET y4acTue
B (hbOpMUpPOBAHUM CTpecc-PUOPUIT B KIEeTKax U
y4acTByeT B Iepeqaye MeXaHWYeCKMX CHUTHAJIOB
OT BHeKJIeTOuHoTro marpukca [23, 25]. CHuxke-
Hue skcrapeccun Tpm?2.1 TpuUBOAUT K pa3dopke
cTpecc-(puOpUIII M YacTO KOPpEIMpyeT ¢ pas-
BUTUEM OIIyXOJIeBOl TpaHchOpMallUM M yCU-
JIeHWEM KJIeTOYHON wuHBasum [26, 27]. Tpm?2.1
4YacTO Ha3bIBAIOT PAKOBBIM CyIpeccopoM. Tak,
BOCCTAHOBJICHUE BKCIIPECCUU 3TO M30(DOPMEI B
PaKOBBIX KJIETKaxX IMPUBOAUT K BO300OHOBJIECHUIO
HOPMAaJIbHOTO (PYHKIIMOHUPOBAHMUSI KJIETOK U
MpeIOTBPALICHUIO 3J10KAaYeCTBEHHOM TpaHcdop-
Mauuu [25, 28].

B nutepatype Takxke HMMEIOTCS ITaHHBIE O
CTPYKTYPHO-(YHKIMOHAIBHBIX CBOMCTBAX MOJE-
Kyael Tpm?2.1. PaHee cTtaGuiabHOCTL 3TOM M30(oOp-
Mbl Tpm wusydyanu wmetomom auddepeHIuaib-
HoOli ckaHupywooweit kamopumerpuu (JACK) [29].
[MnaBiaeHue Bcell MOJEKYJIBI IIPOMCXOAUIO B MH-
tepBane temrepatyp 20—50 °C, u npu JeKOHBO-
JIIOLIMY KPUBBIX U30BITOUHOIO TEIIOMOIIOIIEHMS
B MoJjeKyJe OblIM OOHapyXeHbl TpU KaJaopu-
METpUUECKUX JOMeHa (T.e. 4acTeil MOJIEKYJIbI,
KOTOpbIE JIEHATYPUPYIOT KOOIEPAaTUBHO U He3a-
BUCHUMO ApPYT ot npyra). Cpeau HUX ObUT UAEHTU-
(buLMpoBaH KaJOpUMETPUYECKUI TOMEH, COOT-
BETCTBYIOIIUI MJaBJieHUO N-KOHLEBOM 4YacTu
Mojiekynbsl Tpm2.1 [29]. B nuteparype Takxke
MMEIOTCS JaHHBIC, XOTS U JOBOJBHO IIPOTHUBO-
peuuBbie, 0 cpoacTBe Tpm2.1 K pudbpuIIIpHOMY
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aktTuHy (F-aktmny). B omHuUX wucciaeqoBaHMUAX
OBIJTO OTpenesieHO BBICOKOE cpoacTBo Tpm2.1
K F-aktuny (Kq < 1 MmxM) [30, 31], Torna kak B
IPYTUX MCCIEIOBAHUSIX OHO OBLIO CYLIECTBEHHO
Huxe (K; = 5,5 MxM) [32].

T'opa3no MeHbllIe U3BECTHO O CBOMCTBAaX U30-
¢opmbl Tpm4.1. Ha maHHBIE MOMEHT MMEIOTCS
TOJILKO JI0Ka3aTelbCTBa €€ CYyIIeCTBOBAHUSA W
ObL1a OIyOJMKOBaHA JIMIIb OfHA padoTa, 1EMOH-
CTpUpYIOIIas TMOCIESACTBUS CHUXEHUS SKCIIpec-
CHUU 3TOM U30(OPMBI B KJIETKAX SIUTEIUS MOJIOY-
HOIi kene3bl. B 3T0it paboTe ObLI0 MOKa3aHO, YTO
HapyueHue sKkcnpeccuu Tpm4.l mpuUBOIUT K pas3-
PYLIEHUIO MEXKJIETOYHBIX KOHTAKTOB U CITOCO0-
CTBYeT YCUJICHUIO KJIETOUHOI nHBa3um [33].

B Hameit paboTe ¢ MCIOJIb30BAHUEM PaA3IUY-
HBIX IMOAXOA0B MBI OIIEHWJIM CBOMCTBA M30(GOpM
Tpm?2.1 u Tpm4.1 u cpaBHUIM UX KaK APYT C APY-
roM, TaK M CO CBOHCTBaMU APYIMX H3BECTHBIX
nzogopm Tpm.

MATEPHAJIbI 1 METO/IbI

Ilonyyenne OenkoB. Bce MoliekynsipHO-TeHe-
TUYECKHE KOHCTPYKUUU u3odopm Tpm, ncnonab-
3yeMble B 3TOIl paboTe, TMPEncTaBisiad coOoit
Koaupytomue nocienoBateabHoctu (CDS) ¢ mo-
MOJHUTEIBHBIMU  TPUILJIETAMU, KOAUPYIOIIUMU
Ala u Ser mepen OCHOBHOI MOCeI0BATEIbLHOCTHIO
JUISI UMUTALMU €CTeCTBEHHOIo /N-KOHIIEBOTO alle-
tunupoBanusa [34]. CDS pasnuyHbix u3ohopm
Tpm 6b111 cuHTe3upoBaHbl («EBporen», Poccust)
" KJIoHupoBaHbl B BekTop pET-23a+ mexny caii-
tamu pectpukuun Ndel u EcoRI. KoppekTHocTb
BCeX KOHCTPYKIIMI ITpOoBepeHa CEKBEHUPOBaHUEM
(«EBporen»).

benkoBble mpernapaThl MOJyYald B KiEeTKax
Escherichia coli mtamma C41 (DE3). Hounyio KyJib-
TYpy MHOKYIUpoOBaau B 1 nutp cBexeit cpenasl LB
(«Ambresco», CIIIA) B nmpucyrctBuu 100 Mr/mutp
amnuuuaivHa. Kinetku pociu no tex mop, moka
MOMJIOIIEHNE CYCIeH3UM (IIpU JIMHE BOJIHbI
600 HM) He mocturayio 0,6, Mocjiae 4Yero MHIYLU-
poBanu aKcrpeccuto nodasieHueM 1 MM IPTG.
Knetku mpomonxkand MHKyOMpOBaTh B TEUEHME
Houu 1ipu 30 °C 1 MOCTOSTHHOM TIepeMellIMBaHUM.
3aTeM KJIETKU OCaXIalu LIEHTpUDYTrupoBaHUEM
(4000 g, 50 MMH) U pecyclieHAUPOBaJIN B Oy(depe
st ounctku (50 MM Tris-HCI, pH 8,0).

HM3odopmbr Tpm ouninanu, Kak ObLJIO onuca-
Ho paHee [35]. CHavana Tpm noaBepraiau rpyooit
aKcTpakiuu. CyCIeH3MI0 pa3pylIeHHbIX KJIETOK
nHKyOupoBaiu npu 86 °C B TeueHUe 5 MUH C T10-
cienyloiumM HeHTpudyruposanueMm npu 15000 g
B TeueHue 40 wmumH. Ocagok oTOpachIBalIu,
a CymNepHATaHT IOABEpPrajiu MU303JeKTPUYECKOMY
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OCaXIEHUIO C TIOCAEAYIOIIUM LEeHTPUMYyrupo-
BanueM 1ipu 15 000 g B Teuenune 40 muH. Ocanok
pactBopsaau B 50 MM Tris-HCI (pH 8,0) u npo-
BOIWJIM AWAJIM3 B Te€UEHUE HOYM IIPOTUB ITOTO
Oydepa. Ha 3akiaouuTenbHOM 3Tame mpernapa-
Thl Tpm oYuIIagd C MOMOIIbI0 MOHOOOMEHHOI
xpomaTtorpacdpuu Ha KojoHke HiTrapQ HP («GE
Healthcare», CIIIA) ¢ ncrnonab3oBaHUEM JIMHEN-
Horo rpagueHTa NaCl (0—2 M). KoHueHTpauuio
npenaparoB Tpm omnpenenstii CreKTpodoToMe-
TPUYECKM C MCHOJIb30BaHUEM KO3(M(OUINEHTOB
sketuHKkuuU Eio mpu 280 HM, paBHBIX 2,1 cM~! —
mnsg Tpm4.1 u 2,73 em™!' — mrg Tpm?2.1.

I'noGynspHeiii MoHoMep ATP-G-akTuH 3Kc-
TparupoBaju M3 aleTOHOBOTO IOPOIIKA MBIIII]
KpoJiKa o cTaHgapTHO Metomuke [36]. F-Ak-
TUH nonuMmepusoBanu u3 ATP-G-akTtnHa g1o06aB-
nenuem 5 MM MgCl, u 100 MM NaCl. 3a noau-
MepM3alMeil CAeIUIN MyTEM PeruCcTpaluy CBETO-
paccestHus npu 350 HM ¢ KUCToOIb30BaHUEM (PIyo-
pecueHTHOro crnekrpogoromerpa Cary Eclipse
(«Varian Australia Pty Ltd», ABctpanus). Ilon-
Has nojuMmepusanusa F-aktuHa 3aHuMana He 60-
see 30 MuH.

Metoa CHEKTPOCKONMMM KPYroBOTr0 JUXPO-
mma (KJI). Dxcnepumentsl no KJI mpoBoguin
Ha KJ/I-cnektpodortomerpe Chirascan («Applied
Photophysics», Benukooputanusi). Crnektpnl KJI
ans Tpm2.1 u Tpm4.1 peructpuponanu nipu S °C B
KIOBeTax ¢ JUIMHOM ontruyeckoro myTtu 0,02 cMm npu
KOHLeHTpauuu Oenka 1 mr/mia. CHekTpbl UMe-
JIU CTAHAAPTHBIA BUI C ABYMS OTPUIIATEIbHBIMU
MakcuMymamu Tipu 222 u 208 HM, XapaKTepHbIMU
IJI O.-CTIMpaibHbIX O0elKOB. TepMoCcTaOUIbHOCTh
npenaparoB Tpm M3MepsIn MyTEM perucTpaluu
MOJISIPHOH SJIJIMIITUYHOCTU MpU 222 HM B aMarna-
30He Temnepatyp 5—70 °C co CKOpOCTbIO HarpeBa
1 °C/mMuH; npyrue ycioBus: KOHUeHTpaluss Tpm
cocrasisia 1 mr/ma B 30 MM Hepes-Na (pH 7,3),
conepxaniem 100 MM NaClu 1 MM ITT. /IBa mo-
cJeoBaTe/IbHbIX HArpeBaHMSI UCIOJb30BAIU IS
MPOBEPKU 0OPATUMOCTU TEPMUUECKOTO pa3Bopa-
yuBaHUS 00pa3uoB Tpm.

Merton nuddepennmanbHoii CKaHUPYIONIEH Ka-
JopuMeTpun. DKcriepuMeHTsl MetogoM JCK mpo-
BOOWIM Ha IuddepeHInaaIbHOM anuabdaTudec-
KOM CKaHMpylolleM MUuKpokamopumeTpe MicroCal
VP-Capillary DSC («Malvern Instruments», CILIA)
npu ckopocTu HarpeBaHus 1 °C/MuH, Kak onuca-
Ho paHee [37]. Konuenrpamuss Tpm cocTaBisiia
2 mr/mn B 30 MM Hepes-Na (pH 7,3), conepxa-
meM 100 MM NaCl. IIpodunu JCK aHanuzupo-
BaJId C MCIIOJIb30BAHUEM IPOrPaMMHOIO obecrie-
yeHust Origin 7.0 («MicroCal Inc», CIIIA), kak
onucaHo paHee [37].

OrpanuyeHHbIii MPOTEOIN3 TPHUICHHOM. JI7IsI
MPOBENECHUSI OrPaHUYEHHOTO IPOTE0In3a 00pas-

JIOTBUHOB u ap.

bl Tpm ¢ koHeHTpanueit 0,5 Mr/MJj moaBepraiu
BO3IEHCTBUIO TpUIICMHA, oOpaboTraHHoro L-1-
TO3UJIaMUI0-2-(PEeHUIITUAXITIOPMETUIKETOHOM
(«Worthington», CIIIA). O6pa31bl nHKyOupoBaau
B TeueHue 90 muH nipu 30 °C B 30 MM Hepes-Na
(pH 7,3), comepxamem 100 MM NaCl. B skcrme-
pMMEHTaX MCIOJb30BajJd MacCOBOE COOTHOIIIE-
Hue TpuncuHa K Tpm, paBHoe 1 : 300. ATUKBOTHI
00pa3uoB 0TOMpAJIM B pa3HOEe BpeMsl, a peaklunio
OoCTaHaBJIMWBaIu JoOaBiaeHUEM Oydepa s oopas-
1I0B, conepxaiero 5 MM dheHUIMeTUICYIbGOHUIT
¢ropuna. [Iporeonns 6enka aHATU3UPOBAIU C TI0-
MolIbIo 3J1eKTpodopesa B 12,5%-Hom SDS-PAGE.
[Tony4yeHHBIN Teab CKAaHUPOBAIU, U aHAJU3UPO-
BajJd MHTErpajbHYI0 IUIOTHOCTH C MCIIOJb30Ba-
HUEeM nporpaMMHoro obecrieueHus Imagel 1.53q.

Coocaxngenne Tpm c¢ F-aktuaom. Cpon-
ctBo Tpm k F-akTuHy oueHuUBaiIuM ¢ MOMO-
IO aHajlM3a UX COBMECTHOIO OCaXIeHHUs, Kak
onucano panee [35]. Bkparue, 10 mxM F-ak-
TUH, CTAaOMIN3UPOBAHHBIN (ANIOUIUHOM, CMe-
muBaiu ¢ Tpm B pa3IMYHBIX KOHIIEHTPALIUSIX
(0—-7,5MxM) B 30 MM Hepes-Na (pH 7,3), conep-
xKamem 200 MM NaCl. 3atreM akTUH ocaxkaaau
BMECTE CO CBSI3aHHBLIM ¢ HUM Tpm myTéM yabTpa-
neHtpudyrupoBanusa mnpu 100 000g B TeuyeHue
40 muH («Beckman Coulter», CIIIA). DkBuBaneHT-
HbIe 00pa3Iibl OCaJKa 1 CylepHaTaHTa MoaBepraiu
aHaJIN3y C MMOMOILBIO 3eKTpodopesa B 12,5%-HoM
SDS-PAGE. IlonydeHHbIe read CKaHUPOBAIU U
aHAJM3UpPOBaId HMHTErpajbHYI IUIOTHOCTh C
HCIIOJIb30BaHUEM IIPOIPAMMHOIO OOeCcIeueHuUs
ImagelJ 1.53q. Homto F-akTnHa, cBI3aHHOTO C MO-
Jexkynamu Tpm, onmpenesiiv Kak OTHOILIEHHUE KO-
nuuectBa Tpm B ocajike K KojimuecTBy F-akTuHa.

OnpenelieHne TepMOCTAOMIBHOCTH KOMILIEKCOB
Tpm c¢ F-aktunom. [luccoumainuio KOMILIEKCOB
Tpm ¢ F-akTMHOM MHAYLUPOBAAU C MOMOILbBIO
HarpeBaHUs U CJIAENWIN 3a HEl MO U3MEHEHMUIO
cBeTopaccesHMs, KaK onucaHo paHee [35]. Dkc-
MEPUMEHTHI TIPOBOAMIM IIPU TOCTOSIHHOI CKO-
poctu HarpeBa 1°C/MMH Ha (JIyopecleHTHOM
cniekrpodoromerpe Cary Eclipse, ocHaméHHOM
PETYJISITOPOM TeMIIEpPaTyphl U TEPMOIIPUCTABKOIA.
O6pasns conepxanu F-aktun (20 MxM), cTtabu-
JM3UpOBaHHBIN PammonauHoMm, n 10 MxM Tpm.
IIpu 06paboTKe 3KCHEpUMEHTANbHBIX JaHHBIX,
MOJYYEHHBIX s KoMmIuiekcoB Tpm ¢ F-aktu-
HOM, BBIUMTAJU TEMIIEPATypHYIO 3aBHUCHUMOCTD
cBeTopaccesHUsl cBobomHoro F-akTtuHa; mocie
9TOTO0 KpUBBIC OBLIM aIIPOKCMMUPOBAHBI CTaH-
TapTHOM cUrMoupanbHOW (yHKIuel bombpiimMana
(Boltzmann function) B mporpamme Origin 7.0.
OCHOBHBIM ITapaMeTPOM, M3BJIEKaeMBbIM M3 3TOTO
aHanu3a, saBusiercs Ty, T.€. Ta TEeMIlepaTypa, npu
KoTopoit npoucxonut 50%-Hoe CHUXEeHUEe CBETO-
paccesiHus.
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CBOMCTBA U30®OPM TPOITOMWO3UHA Tpm4.1 U Tpm?2.1

N3mepenne Bsg3kocTn pactBopoB Tpm. Dxcrie-
PUMEHTHI TIPOBOAMIM Ha BUcCKo3uMeTpe AMVn
(«Anton Paar GmbH», ABCTpusl) ¢ HUCIOJb30-
BaHMeM Kamuuisgpa oobeémom 0,5 mia mipu 20 °C.
11 KOPPEeKTHBIX PacuéTOB BSI3KOCTU YICIbHYIO
IJIOTHOCTh pacTBOpPoB Tpm u3Mepsiu Ha Ipu-
oope DMA 4500 («Anton Paar GmbH»). Bce
U3MEPEHUST TIPOBOAMIM TP KOHUEHTpalUu
Tpm 2 mr/mn B 30 MM Hepes-Na (pH 7,3), conep-
xkameMm 100 MM NaCl u 1 MM ATT. U3zmepeHus
MOBTOPSUIM TPYIKIBI, a TOJY4YeHHBIC 3HAYCHUS
YCPEIHSIN.

PE3YJIBTATBI UCCJIETOBAHUI

CrpykrypHble cBoiictBa u3odopm Tpm2.1
u Tpmd.l. 3HauuTtenbHass 4acTb pabOTHI ObLIa
MOCBSIIEHa W3YYEHUIO CTPYKTYPHBIX CBOMCTB
nzodpopm Tpm2.1 u Tpm4.l. Mbl ucnonb30BaaIu
takue meronbl, Kak KJ/I, JCK u orpaHuueHHBbI
MPOTEOJU3 TPUIICUHOM, JIUISI OMMCAHUS CTaOUJIb-
HOCTH 3TUX u3odopm Tpm. Pe3ynbraThl 3TUX KC-
MMEPUMEHTOB MpeACTaBIeHbl HAa puc. 1—3.

B mepBylo oyepenb Mbl NMPUMEHWIM METOM
K nns n3yyeHuss TepMOCTabUIBLHOCTU U30(DOpPM
Tpm2.1 u Tpm4.1 (puc. 1, a u 6). Paspymenue
Q-CIIMpay Mpy HarpeBaHUM JJIs 3TUX BUAOB Tpm
HCCIeNoBaad NYTEM W3MEPEHUS SIUIMIITUYHO-
CTU Tipu 222 HM, KOTopasi oTpaxkaeT colepxKaHue
a-crnupanu B mojekyne Tpm. o 30—34 °C uso-
dopmbr Tpm2.1 u Tpm4.l Tepsor okono 20%
CBOEGI O-CIIMPaJbHOCTU IIPU HEKOOIlepaTUBHOM
IUIaBJI€HWM, a OCHOBHAs MOTEPsl CIMPaJbHOCTU
MPOUCXOAUT MpU 0o0Jee BBICOKON TeMIepaType,
B uHTepBayie oT 34—35 go 50—52 °C (puc. 1, a).
B nuddepennuanbHoit (popmMe OCHOBHOI Tem-
JoBOit mepexon HaoOmonmanca npu ~42 °C pnsa
Tpm2.1 u npu 44 °C — qna Tpm4.l (puc. 1, 0).
B uenom, pesyasrarel K/ moxka3zanu, 4To TepmMo-
crabunbHOCT, Tpm4.l OblJTa HECKONBKO BHIIIE,
yem y Tpm2.1.

CrabunpHocTh Moyiekyn Tpm4.l n Tpm?2.1
OLICHUBAJIU TaKXe METOJIOM OTPaHMYEHHOIO IIpO-
TeoJIM3a TPUIICKMHOM, TTO3BOJISIONIMM ONpPEAeIUTD
YCTOMUMBOCTD 3TUX MOJIEKYJ K IPOTEOIU3Y, KOTO-
pasi okazajach OAMHAKOBOM IJisI 00enx nu3odopM
Tpm (puc. 2). BeposgTHO, 3TO CBSI3aHO C TEM,
YTO IIPOTEOJU3 MPOUCXOAUT IPEUMYIIECTBEHHO
IO IIEHTpaJbHOM YacTU MOJEKyabl Tpm — Hau-
MeHee CTaOMJIbHOM YacTU MOJIEKYJIbl U3-3a HaJlu-
4yysl B Hell psiia HeKAaHOHMYECKMX aMUHOKHUCIIOT-
HBIX OCTaTKOB, IECTA0MJIM3UPYIOIIMX IBOMHYIO
cnupanb. PaHee ObLJIO MOKa3zaHO, YTO aMMHO-
KHCJIOTHAsI MOCAeN0BaTeIbHOCTb 3TOM YaCcTU MO-
JIEKYJBl 00J1aJaeT 4Ype3BLIYAfHO BBICOKOI KOH-
CEePBAaTMBHOCTHIO JIJISI MHOXECTBA CaMBbIX Pa3HBIX
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Puc. 2. CrabunbHocTh Mojiekyn Tpm2.1 u Tpm4.1, usmepeH-
Hasl C TOMOIIbIO OrPAaHWYEHHOIO MPOTEOIM3a TPUIICUHOM.

[Mpoteonuns nmpoomuau mipu 30 °C Mpu COOTHOIICHUHN TPUTI-
cuH : Tpm, paBHowMm 1 : 300

nzodopm Tpm [35, 38]. UMeHHO 3TUM MOXHO
OOBSICHUTL TOT (pakT, yTto m3odopmbl Tpm4.1
n Tpm2.1, KoTopble Majio pa3InNyaloTCcs 1Mo Mocje-
JOBATEJIbHOCTU LICHTPAJbHON YacTU UX MOJIEKYI,
HE pa3jidyalTcsd U 110 UX YCTOMYMBOCTU K IIPO-
TEOJIU3Y TPUIICUHOM.

Hanusie JICK (puc. 3) mocTtaTodHO XOpO-
IO COINIACYIOTCS C pe3ylbTaTaMM, IOJIy4YeHHBIMU

7*
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MetonoMm KJI. /IeKOHBOMIOLMOHHBINA aHaIU3 T0-
kazaja, uro kpusyto HCK gnga Tpm2.1 moxHO
Pa3IoXUTh HAa TPU KaJOPUMETPUUECKUX JOMEHA
(puc. 3, a; Tabauua), 4YTO XOPOUIO COTJACyeTcs C
paHee oOmnyOJMKOBAaHHBIMU pe3yabTaTamu [29].
Bonee Toro, paHee ObLJIO TTOKAa3aHO, YTO KaJIOPH-
MeTpudeckuit nfomeH 2 Ha kpuoil JCK coot-
BETCTBYET ILIaBJIEHUIO /N-KOHIIEBOM 4acTU MoJjie-
kyael Tpm2.1 [29]. Hanpotus, uzocdopma Tpm4.1
MPOAECMOHCTPUPOBAJIa TOJILKO Ba KaJOPUMETPU-
yeckux goMeHa Ha kpuoii JJCK (puc. 2, 6; Tab-
auna). BeposiTHO, HEKOTOpbIE YacTH MOJICKYJIbI
Tpm4.1 geHaTypupyIOT BMeCTe KaK eIUHBINA Ka-
JIOPUMETPUYECCKUIN TOMEH 2 WJIM MX TEIIOBbIE
Mepexoabl COBMAAAIOT 110 TOJIOKEHUIO U TTIOTOMY
HE MOTYT OBITh pas3ziesieHbl JeKOHBOJIOIMOHHBIM
aHanmu3oM. YTo KacaeTrcss HamMeHee TepMOCTa-
OMJILHOTO KaJIOPMMETPUYECKOTO JIOMEHa 1, TO OH,
BEPOSITHO, OTpaXkaeT HEKOOIMepaTUBHOE TUIABJIC-
HUE HEKOTOPHIX JOBOJIBHO MaJIbIX YacTell MOJIEKYIT
Tpm?2.1 u Tpm4.1. B uenom, TeMriepatypsl TeIji0-
BOTO TIepexojia JJisl IJIaBHBIX KaJIOPUMETPUIECKUX
JToMeHOB O0nu3ku 1t uzopopM Tpm2.1 u Tpm4.1,
YTO CBUIETENbCTBYET O CXOAHOI CTAaOMJIBHOCTHU
BCeX yacTeit MoJeKyJ A1 3TuxX uzodopm Tpm.

DyHKIHOHAIbHBIE cBoiicTBa M30opm Tpm?2.1
u Tpmd.l1. ITapamerpnl B3aumonaeiictust Tpm2.1
n Tpm4.l ¢ F-akTuHOM olleHMBaIM METOJaAMU
coocaxaeHusa Tpm ¢ F-akTuHOM M peructpauuu
TePMOCTAaOMJILHOCTU KOMILIeKcoB Tpm—F-akTun
110 U3MEHEHUIO CBeTopaccesiHusl. Pe3yabraThl 5THX
UccaeqoBaHMil TpeacTaBiaeHbl Ha puc. 4. Cpon-
ctBo u3dodopm Tpm Kk F-akTunHy OBLIO MpakTU-
YecKd UIEHTUUYHBIM (puc. 4, a): 3HayeHUe Ksoy
coctapsio 2,70 + 0,18 MkM mist Tpm?2.1 u 3,02 *
* 0,22 MKM — st Tpm4.1.

B omnuume ot cpoactBa usodopm Tpm K
F-axtuny (puc. 4, a), TepMOCTaOUIBHOCTh KOM-
riekcoB Tpm—F-akTuH Obl1a 3HAYUTENLHO BBILIE
s Tpm4.1 (T = 45,4 £ 0,3 °C), uem g Tpm2.1
(Tyiss = 40,4 = 0,3 °C) (puc. 4, 6). [IpumeuarenbHo,

JIOTBUHOB u ap.
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Puc. 3. TemnepaTypHble 3aBUCUMOCTUA M30BITOUHOTO TETLIO-
nornomeHust (Cp) mig uzodbopMm Tpm2.1 (a) u Tpm4.l1 (6),
nojiyueHHbsie MetonoMm JICK. CrutoniHble TUHUU MPEacTaB-
JISTIOT c000#1 3KCITepUMeHTaIbHbIE KPUBBIE TTOCTIC BEIYMTAHUS
MHCTPYMEHTAJbHbBIX U XMMUYECKUX 0a30BbIX JUHUI, a MyHK-
TUPHBIMU JIMHUSIMU TOKa3aHbl OTIE/IbHbIC TETUJIOBbIE Mepe-
Xonbl (KaJIOpUMETPUYECKHE ITOMEHBI), TOJYYEeHHBIC IyTEM
TIEKOHBOJTIOLIMY 3TUX KpHUBBIX. KaxKIblil KaJJOpUMETPUIECKUI
IIOMeH 0003Ha4YeH MUdpaMu 1Mo Mepe YBEIUICHUS TePMOCTa-
OMJIBHOCTU

Kanopumerpuueckue nmapamerpsl 1t nzodopM Tpm2.1 1 Tpm4.1, momydeHHbIe nociie aHanu3a KpuBbix JICK

KanopumeTrpuueckue mapameTpbr***
Wsodopmsr Tpm JomeH 1 JomeH 2 Jomen 3
YAHca™*,
m*,°C KI[é(I}I;;lc’mb T, °C Kﬂé(l;lﬁl(;nb T, °C Kﬂé(l}lltzl(;.]'[b o
Tpm?2.1 29,4 30 39,3 390 443 200 620
Tpm4.1 32,6 50 42,7 550 — — 600

[Tpumevanue. * Tn — TeMmmepaTypa KajJopuMeTpuuyeckoro nomeHa; ** AHcy — 3HaueHUE KaJOpUMETPUYECKON SHTAJIbIUU;
**% JlorpelIHOCTh TPUBENEHHBIX 3HAUCHUI TemIlepaTypbl He mpeBblmana *+ 0,2 °C; misg 3HaueHUWil KaJOpUMETPUUYECKOI

SHTaJIBIIMU MOTPEITHOCTD He mpeBbimana 10%.
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Puc. 4. ®ynkunoHanbHbIe cBoiicTBa Mosiekysn Tpm. a — CponctBo Tpm2.1 m Tpm4.1 k F-akTuHy, MoxydyeHHOE ¢ TTOMOIIBIO
coocaxneHusi Tpm c¢ F-aktunom. PesynbsraTel mpencraBieHbl Ha Tpaduke kak moist F-aktunHa, nexopupoBanHoro Tpm,
B 3aBUCHMMOCTHU OT KOHUEHTpaluu cBobomaHoro Tpm, oOHapyXeHHOro B cynepHaTaHTe. 3JHayeHUs Ksos, COOTBETCTBYIOLIVE
KOHLIeHTpauusM Tpm mpu mosyHachkIeHnu, coctapisior 2,70 £ 0,18 MmxM mng Tpm2.1 u 3,02 + 0,22 MmkM — mrg Tpm4.1.
6 — HopmanusoBaHHbIe TeMIepaTypHble 3aBucuMocTu auccouuauuu Tpm2.1 u Tpm4.1 ¢ noBepxHoctu F-aktuna. CHuke-
HUE WHTEHCHBHOCTHM CBETOPACCESHUSI OTpaXkaeT JUccolManuio komruiekca Tpm—F-aktuH. 3HadyeHust Tas (T.e. TOW Tem-
repaTypbl, IIpU KOTOPOil MHTEHCHUBHOCTb CBeTOpaccesHus cHuxkaercss Ha 50%) cocrasisior 40,4 = 0,3 °C g Tpm2.1

n 45,4+ 0,3°C — qis Tpm4.1

yro mig Tpm2.1 3Hauenue Tgs (40,4 +0,3°C)
(puc. 4, 6) ObLJIO CPAaBHUMO C TeMIIepaTypoii IiaB-
JICHUsSI OCHOBHOTO KaJOPMMETPUYECKOIO Ja0Me-
Ha 2 (39,3 °C) (puc. 3, a@). D10 yKa3bIBaeT Ha TO,
YTO CTAaOMIBHOCTDL KoMILJIeKcoB Tpm?2.1 ¢ F-aktu-
HOM 3aBHUCUT B MEPBYIO 0Yepelb OT CTaAOMIBHOCTU
camoii mosekyasl Tpm. OnHakKo cTaOWJIBHOCTH
koMmIuiekcoB F-aktmHa ¢ Tpm4.l Obina 3Hauum-
TEJIbHO BBIIIE, YEM TEPMOCTAOUIBHOCTb MOJIEKY-
el Tpm4.1. D10 03HavaeT, yTo B ciaydae Tpm4.l
CYLIECTBYIOT M Apyrue (pakTopbl, KOTOPbIE MO-
I'YT BJIUSTHL Ha CTaOMJILHOCTH €ro KOMILIeKca C
F-aktuHoM. MBI TpeanosoXuiv, 4YTO HOIOJ-
HUTENbHBI BKJIAI MOTYT BHOCHTb KOHIIEBBIC
B3aMMOJICIICTBUSA MeXIy MoJieKyJamu Tpm, u
OLCHWJIM UX CHJIYy METOIOM BHUCKO3UMETPUU.
JleiicTBUTENBbHO, BI3KOCTh pacTBopa Tpm cocra-
Buna 0,484 + 0,001 mIla-c gng Tpm4.1, yto cy-
IIECTBEHHO BBIIIE, YeM 3HauYeHUE, IOJy4YeHHOe
st Tpm2.1 — 0,321 &+ 0,002 mITa-c.

OBCYXIEHME PE3YJ/IbTATOB

Cpasunenue csoiicte Tpm2.1 u Tpm4.1 ¢ apy-
ruvu uzogopmamu Tpm. Tpm4.1 — onHa U3 Hau-
MeHee cTabuiIbHbIX u3odopM Tpm. OHa obGn1agaeT
JIOBOJIbHO YHUKAaJIbHBIMU CTPYKTYPHBIMU CBO¥i-
crBamu. [loutu Bce yactu mojekyabl Tpm4.l ne-
HATYPUPYIOT BMECTe KaK €IUHbII KaJOpUMETPU-
yeckuit nomeH 2 (puc. 3, 6) U JOBOJIBHO 3HAUYM-
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TeJabHag 4dacTh Tpm4.l (okoso 25%) He CTpyK-
TypupoBaHa B auamnasoHe (U3UOJIOTUYECKUX
temnepatyp (puc. 1, a). Takue CTpyKTypHBIE OCO-
OEHHOCTHU, BEPOSTHO, TIpUaaloT Moiekyse Tpm4.1
BBICOKYIO JIAOMJIBHOCTh, UTO MOXET BJIMATH Ha €€
(byHKIIMOHAIBHBIE CBOCTBA.

Pesynrbrarel, monydeHHsie mMetogoM JICK u
CBUCTEJBbCTBYIOIIME O HU3KON TEepMOCTaOWIb-
Hoctu u3odopmbel Tpm2.1 (puc. 3, a), xopoiio
COITIAaCyIOTCSl C JaHHBIMU, TIOJYYEHHBIMU pa-
Hee [29]. Ilo cBoeil CTaOMJILHOCTH H30(DOPMBI
Tpm2.1 1 Tpm4.1 odyeHb MOXOXHU APYyT Ha Apyra
(puc. 1-3). OrmeTum, uto Tpm2.1, Tpm4.1 u pa-
Hee u3ydyeHHas uzodopma Tpm2.2 [37] cocraB-
JITIOT KOTOPTY HeCTaOMIbHBIX u3odopM Tpm.
C 0oJblI0 qoseit BepOSITHOCTU YHUKAJIbHO HU3-
Kasi TepMOCTaOMIBLHOCTD 3TUX M30dopM Tpm mMo-
JKeT OBbITh BaXkKHa JJIsI UX (PYHKIIMOHUPOBAHUS.

CponctBo Tpm4.1 m Tpm2.1 x F-aktuny
MOXHO OLIEHUTb KaK CcpeaHee I10 CpaBHEHUIO
¢ apyrumu wuzodpopmamu Tpm. AddUHHOCTD
3TUX M30(POPM YCTYIMAeT HEKOTOPHIM IIPOAYK-
tam reHa TPM1I, takum kak Tpml.5 (1,1 MxM)
u Tpml.7 (0,4 MmxM) [39]; HO, ¢ ApYyro¥i CTOPOHBI,
UX CPOJICTBO 3HAUYMTENILHO BbIIIEe, YeM Yy Tpml.12
(15,5 MxM) [39] unmm Tpm3.7 (3,7 MxM) [40].
[MTpumeuarenbHo, yTo cpoactBo Tpm4.1 u Tpm?2.1
K F-akTuHY HMXe, yeM y Ipyrux IIPOOYKTOB Te-
HoB TPM4 n TPM2 (1,07 MxkM — nna Tpm4.2 u
0,33 MmxkM — gna Tpm2.2) [39, 41]. CponcTtBo
Tpm2.1 k¥ F-akTnHy, mojlydaeHHOE B HAIIMX 9KC-
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MepUMEHTaxX, OTAWYAeTCs OT IMPEAbIAYIIUX MC-
cnenoBanHuii [30—32, 39—41]. OTu pasznauuus B
3HAUYECHUSAX aPPUHHOCTU MOXHO OOBSICHUTDH 3HA-
YUTEJIbHBIMU PA3IMYUSIMU B BKCIEPUMEHTAb-
HBIX YCJIOBMSIX, TAKMX KaK MCITOb3yeMasi MOHHas
cuJia, pa3nuMs B u3oopMax akTUHA U JpP.

CrabunbHocTh KoMILiekca Tpm4.1 ¢ F-akTu-
HOM (Tgss = 45,4 °C) Takke HaXOOUTCS Ha ypOB-
HEe CpeIHMX 3HAYeHMi IS pas3IMYHbIX U30-
(opm Tpm; onHAaKO OHA 3HAUUTEIBLHO HUXE, YeM
y npyroro nponykra reHa TPM4 — Tpm4.2 (Tas =
=49,8 °C) [39]. Yrto kacaercs uzodopmsl Tpm?2.1,
TO OHa 00pa3yeT OAMH M3 CaMbIX HECTAOMJIbHBIX
KoMmILiekcoB ¢ F-akTuHOM cpenu Apyrux u3o-
dopm Tpm [39—41].

B 1enoM, MOXHO OTMETHUTh, YTO OCHOBHBIM
OTJINYMEM M3y4aeMbIX HaMu TpernaparoB Tpm ot
OPYrux n30GopM SBISIETCS UX HU3KAs TepMOCTa-
OMJIbHOCTD. [{OBOJBHO CIOXHO pa3obpaThes, K
KaKUM (QYHKIIMOHAIbHBIM MOCIESACTBUSIM 3TO MO-
keT npuBecT. OIHAKO MOXKHO TOHSITh, TTOYEMY
nzogopmsl Tpm4.1 u Tpm2.1 KpaiiHe HecTaOUIb-
HbI, €CIM OOpaTUTbCI K HUX aMUHOKHUCIOTHBIM
MOCJIEIOBATELHOCTSIM U MCIOJIb30BaTh TO CBOM-
CTBO, 4YTO CTpyKTypa coiled-coil ctporo ompene-
JisieTcs1 €€ TIepBUYHOM MOCIeI0BaTeIbHOCTHIO.

Bo3MoKHbIE TIPUYMHBI HU3KOW CTA0MJILHOCTH
modopm Tpm2.1 u Tpmd.1. Ipenwvinyue pado-
THI TOKa3aJii BaXXHOCTh IMEPBUYHOI IOCIEI0Ba-
TeJbHOCTH Tpm 1151 GOpMUPOBaAHUS €0 CTAOUIb-
HOI CTpYyKTyphl. OcoOyio poiab B CTaOMJIBHOCTU
MoJieKyJbl Tpm wurpaioT BapuabenlbHbIe SK30HBI
reHoB Tpm [38]. Tak, ObLIO MPOAEMOHCTPUPO-
BaHO, YTO CTaOMJILHOCTbL MHOTrUX u3odopm Tpm
3aBUCUT OT TOTO, KaKMe SK30HbI BXOJIAT B COCTaB
ero nocienosarenbHocTu [38]. MccnenoBanusa mo
MHOXECTBEHHOMY BbIpaBHUBaHMIO n3odopm Tpm
MOKa3ajii, YTO OCHOBHOE pa3jInuue B MOC/IeN0Ba-
TeJILHOCTSIX MEXIY pa3HbIMU M3odopmamu Tpm
JIOCTUTAETCS 3a CYET UCIOJIH30BaHUS ajbTepHa-
TUBHO CIUIaliCUPOBAHHBIX 9K30HOB [42]. B To ke
BpeMsI OJHU U T€ XK€ DK30HBI BHICOKO KOHCEpBa-
TUBHBI MeXAy pas3HbiIMu reHamu [1, 42]. Oto
O3HayaeT, uTo u3odopmbl Tpm, KonupyeMbie pa3-
HBIMU T€HAMHU C OJHUMM M TeMU Ke DK30HAMMU,
JOJIKHBI OBITH ITOXOXM IPYr Ha Apyra Mo CBOUM
CBOMCTBaM.

WNzopopmel Tpm2.1 u Tpm4.1 umeroT Bapua-
OenbHBIe 5K30HBI 1a2b6a9d u 1a2b6b9d coorBeT-
CTBeHHO. JIerko BUIETh, YTO 3TU U30(POPMBI OT-
JIMYAIOTCST JPYr OT Apyra TOJIbKO 3K30HaMu 6 (6a
WIN 6b), eciay He YUYUTHIBATh DKCIIPECCUIO C pa3-
HBIX T€HOB. DK30H 6 NMPUXOAUTCA Ha LEHTPajb-
HYIO 4acTb MOJIEKYJIbBl Tpm, OgHY M3 CaMbIX He-
CTaOMJILHBIX YacTell Bo Bcell MoJieKyse, KaK ObLIo
rnmokasaHo paHee [43], 1, BEpOSITHO, TTORTOMY 3TU
130¢OpMBbI TaK OJIM3KU 1O CBOEI CTAOMIHLHOCTH.

JIOTBUHOB u ap.

I'en TPM1I takxke BKCIpecCUpyeT IBE M30-
¢opmbl Tpm ¢ MAEHTUYHBIM HAOOPOM 3K30HOB,
n3zodopmel Tpml.6 u Tpml.7. CTpyKTyphl 3K-
30H0B Tpml.6 u Tpml.7 MOEHTUYHBI CTPYKTY-
pam Tpm4.l u Tpm2.1 coorBeTrcTBeHHO. OQHAKO
TepMOCTaOMIBbHOCTh MoJieKyn Tpml.6 u Tpml.7
3HAYUTEIbHO BBIIIE, YEM Y U3YUYEHHBIX U30(OPM.
Oco0eHHO 2TO KacaeTcsl KaJlopUMeTPUUEeCcKOTo
JIOMeHa 3, COOTBETCTBYIOIIETO IJIaBICHUIO /N-KOH-
LeBoii yactu mojiekya Tpml.6 u Tpml.7 [39].
Tepmuueckast cTaOMILHOCTL 3TOTO JOMEHa Oblia
Boire Ha 7,1 °C B ciyyae Tpml.7 mo cpaBHEeHUIO
¢ Tpm2.1 u Ha 6,7 °C — B cayyae Tpm1.6 1o cpaB-
HEHWIO C TJaBHBIM (0OBbENMHEHHBIM) TOMEHOM 2
B ciryuyae Tpm4.1.

s Toro 4ToObI MOHATH, B YEM MOXKET OBITh
MIpUYMHA TAKOTO Pa3jnyuusi, Mbl CPaBHUJIU T1OCIIE-
JOBaTeJbHOCTU 3TUX M3odopm (puc. 5). Tpml.6
otangaercss or Tpm4.l1 42 aMUHOKHUCIOTHBIMU
ocTaTkaMu, 4To coctasigeT 14,7% ot oO1ei mo-
cienoBarenbHOCTU. OgHako 19 aMMHOKUCIOTHBIX
3aMeH aHamormyHbl (puc. 5). B cBowo ouepenp,
Tpml.7 ornuuaerca or Tpm2.1 49 ocratkamu,
T.€. HECKOJIbKO OOJIBIIIE IO CPAaBHEHMIO C IPEIbI-
nymieit mapoii. Otauume OT oOIIel mocienoBa-
TeJabHOCTU cocTaBiseT 17,2%, a 27 octaTkoB U3 49
aHaJioTu4yHHI (puc. 5). B menoM, MoXHO cKa3aTh,
YTO IIOCJIEAOBATEIbHOCTH OUYE€Hb IMOXOXHU JIPYT
Ha Apyra, OAHAKO B cilydyae MOJIEKYJabl Tpm maxe
eIMHUYHAsl 3aMeHa MOXET CWJIbHO IIOBIUSTH
Ha e€ cTabuabHOCTb. [ToaTOMY MBI pelInIu BHU-
MaTeJIbHO IMOCMOTPETh Ha IIOCJIeNOBaTEIbHOCTH.
Oco0oe BHUMaHUE IIPpY aHAJIU3€e YIEIOCH I0JI0-
JKEHUSIM a U d B TenTagax, Tak KaKk OHM OTBEYaloT
3a CTaOMIILHOCTH TUAPOMOOHOTO KOpa CTPYKTYPHI
coiled-coil. Bo-BTopyio ouepenb, BHUMaHUE OBIIO
COCPEIOTOYEHO Ha IMO3ULMSIX € U g, KOTOPhIe MO-
I'YT OOIIOJHUTEIbHO CTaOMIM3UPOBATh CTPYKTYPY
cynepcnupanu. ITockonbky HauboJblIasg pa3HU-
11a B CTaOMJIILHOCTU HabmomaeTcs B N-KOHIIEBOM
YacTU MOJIEKYJ, ITOCIeN0BaTeIbHOCTh 3TOI YacTu
aHAJIM3UPOBaJIU B IIEPBYIO OUYEPEIb.

HMmeetcsa 5 3aMeH B BLIOPAHHBIX MTOJIOXKEHUSIX
Mmexny nzogopmamvu Tpml.7 u Tpm2.1 B N-KoH-
IIEBOM YacTW WX MOJEKyJI. DTo 3aMeHbl [43Q,
L57V, L64V u L71Q B no3uuuu a u A63S — B 11o-
3unuu g (repBas OykBa Koda COOTBETCTBYET M30-
dopme Tpml.7, a Bropasg — Tpm4.1). Hu ogna us
9TUX 3aME€H He MOXET OBITb OTMeUeHa KaK KpH-
TAYECKAsd IJISI CTPYKTYpbl IBOMHOW CyHepCIu-
panmu. OmHaKo, ¢ TOYKM 3PEHUSI TEOPETUIECKOM
CTaOMIILHOCTH CITMpPAaJIbHBIX CTPYKTYD [2, 44], Bce
3aMEHBI B MMO3ULIMKU @ UMEIOT HECKOJIbKO XYIIINe
mapaMeTphl CTa0MIM3alun TUAPOPOOHOro Kopa B
ciygae n3odopmel Tpm2.1. ITo-BunuMomy, cHU-
KeHUE CTaOUIbHOCTU N-KOHILIEBOM YacTH MOJie-
kynel Tpm2.1 mo cpaBHeHuio ¢ Tpml.7 MOXHO
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n Tpm4.l. CBemIO-Cephlii LIBET YKAa3bIBACT HA CXOMHBIE aMMHOKHUCJIOTHI B TIEPBUYHON TOCIIEIOBATEIBHOCTH MOJIeKyl Tpm,
TEMHO-CEpbIii IIBET — Ha aMUHOKMCIIOTHI, CYIIECTBEHHO pa3jIMyYarolluecs Mo CBOMM CBOMCTBaM, a 0€3 OKpacKu MPUBEICHBI
WICHTUIHBIE aMUHOKUCIIOTHI. [ToTosKeHsI aMMTHOKKCIIOT B CTPYKTYpeE TeTTal BhIACICHBI KYPCUBOM d—g

OOBSICHUTH KYMYJISITUBHBIM 3(P(heKTOM HEOOMbIIO-
IO CHIUXEHMSI CTAOMJIBHOCTH, BBI3BAHHOTO 3aMe-
HaMu B mojioxXeHuu a. B C-KoH1IeBoit yacTn MoJie-
KYJIbl UMEETCs 00JIbII0OE KOTUYECTBO 3aMEH MEXIY
5TUMU AByMs uszogopmamu (puc. 5). OgHako Bce
OHM B OCHOBHOM IIPUXOAATCS Ha MTO3ULIMU b, ¢ U f,
MEHbIIIe — Ha TMO3ULIMU € U g, U TOJBHKO JBE BO3-
JeficTBYIOT Ha TUAPOGOOHBIN KOp MOJEKYJIbl. DTU
3ameHbl, VI90A u K213E, pa3melieHbl B I0JO-
KEeHUAX a U d cooTBeTcTBeHHO. [lepBas u3 HuX
(VI90A) MoxeT BbI3BaTh HE3HAUMTEJIbHYIO JecCTa-
OUIM3AlIMIO B CTPYKTYPE CyNepCcIMpaiu, a apyras
(K213E) He momkHa MPUBOAUTH K CYIIECTBEHHBIM
M3MEHEHUSIM, TTOCKOJIBKY 3apsii B TUAPO(GOOHOM
KOpe MOJIEKYJIbl HE3aBUCUMO OT €ro 3HakKa IpH-
BOJUT K eCTa0MIM3alMU CTPYKTYPHI coiled-coil.
AHajoruyHasli CuTyalusi HaOJIogaeTCs U IIpu
CPaBHMUTEIIBHOM aHajn3e TOCIeI0BaTeIbHOCTEM
nzodpopm Tpml.6 u Tpm4.l (puc. 5). Kak u B
MpeabIayleM cliydae, OCHOBHOE OTJIMYME B CTa-
OMJIBHOCTU TIPUXOAMUTCS Ha N-KOHIEBYIO 4YacTb
MOJIEKYJIbl Tpm, B KOTOPOI HE TaK MHOTO 3aMEH.
Oco0oe BHUMaHME CIIeAyeT YACAUTb TPEM U3 HUX.
HBe u3 atux 3ameH (L39V u A74T) pa3melieHbl
B nto3unuu d u ogHa (A63D) — B mo3unuu g. Bee
OHU MOTYT BBI3BIBATh 3(PPeKT AecTabuIn3aluum

BUOXUMUS tom 88 BBII. 6 2023

CTPYKTYphl coiled-coil. AMMWHOKHCIOTHBIX 3a-
MeH B C-KOHILIEBOI YyacTu MoJieKyJabl Tpm Takxke
Oosbllle, KaK M B mpeasaymum ciaydae. OmHako
TOJILKO 2 3aMeHbl, A211S 1 V260L, Haxonsaiuecs
B MOJIOXKEHUU @, MOIJIY ObI MOBJIUSTH HAa CTAOUJIb-
HOCThb cynepcnupaid. OmHako NpeackasaTb MX
NeficTBYE CJIOXKHO. 3aMeHa B IoJjioxkeHuu 211 moJ-
KHa TIPUBOIUTL K HEOOJbIIOW AecTabuin3aluun
C-KoH1eBOI yacTu Moyekylnbl Tpm4.l mo cpaB-
HeHuio ¢ Tpml.6, HO 3TOT 3(deKT, BEPOITHO,
ycTpaHsieTcss 3ameHoit V260L. B monb3y Takoii
WHTepIpeTalMid CBUAETEILCTBYET TOT (hakKT, UTO
KajopumeTrpuueckuii goMeH 2 Ha KpuBbix JJCK
“MeeT ONMHAKOBYIO TeMIepaTypy IUIaBIeHUs Kak
st Tpm4.1, Tak v gist Tpm 1.6 [39].

SAK/IIOYEHHNE

B nanHoii paboTe ObIIM U3yYeHbI pa3IUYHbIC
cpoiictBa nzodopMm Tpm2.1 u Tpm4.1. Ilokaza-
HO, YTO OCHOBHBIM OTJIMYMEM 3THUX M30(OPM OT
Ipyrux nuzogopm Tpm sgBisieTcsd MX HU3KaAs CTa-
OMIBHOCTB (TepMOCTadbUIbHOCTD). [IprynHa cHu-
JKEHHOM CTaOMJIBHOCTH 3THX U30(DOPM KpOeTcs B
rpyrIe aMUHOKHUCIOTHBIX OCTAaTKOB B TUAPO(DOO-
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HOM KOp€ MOJIEKYJIbI, KOTOpasi MOXET AeCTaOuIn-
3UpOBaTh CTPYKTYpY ABOIHONI crimpanu (coiled-
coil). Kpome Toro, uzodopmel Tpm2.1 u Tpm4.1
OYEeHb ITOXOXM IPYr Ha Apyra Mo CBOUM CBOWi-
cTBaM. EAMHCTBEHHBIM BBISIBICHHBIM pa3inydeM
SIBJISIETCSI TEPMOCTAOMIBbHOCTh MX KOMILIEKCOB C
F-akTtuHOM, 00OyClIOBIEHHAs, ITO-BUAUMOMY, pa3-
JIMYUSIMU B CUJIE KOHIIEBBIX B3aUMOAEHCTBUIA MO-
Jiekyn 3tux uszodopM. IlpruHuMass BO BHUMaHUE,
4yTO (DyHKIIMOHAJIIbHbIE CBOMCTBA Tpm yacTo cBs-
3aHbl C YCTOMYMBOCTBIO CTPYKTYPHI coiled-coil ero
MOJIEKYJIbI, MOXHO TIPEIINOJIOKUTh, UTO CHUXKEH-
Hasi CTaOMJILHOCTb 3TUX M30(OpM MOXKET UMETh
(byHKIIMOHATIbHOE 3HAYEHMUE.

Bknax aBtopoB. A.M. MaTioleHKO — KOH-
LIEMUIMS ¥ pyKOBOACTBO paboToii; A.C. JIorBUHOB,

JIOTBUHOB u ap.
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pumeHToB MetonoMm [CK; A.M. MaTouieHKo u
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Tropomyosin (Tpm) is one of the most important partners of the actin filament, largely determining its
properties. In animal organisms, there are different isoforms of Tpm, which are believed to be involved in
the regulation of various cellular functions. However, the molecular mechanisms of regulation of the func-
tions of actin filaments by various cytoplasmic isoforms of Tpm are still poorly understood. In our work,
we used various methods to study the properties of Tpm2.1 and Tpm4.1 isoforms and compared them both
with each other and with the properties of Tpm isoforms that had already been subjected to more detailed
study earlier. The isoforms Tpm2.1 and Tpm4.1 almost did not differ from each other in their affinity for
F-actin, in the thermal stability of their molecules and in their resistance to limited proteolysis by trypsin,
but they differed markedly in viscosity of their solutions and in the thermal stability of their complexes with
F-actin. The main difference of Tpm2.1 and Tpm4.1 from other previously studied Tpm isoforms (such,
for example, as Tpm1.6 and Tpm1.7) is their extremely low thermal stability measured by CD and DSC
methods. The possible causes of this instability are considered in detail when comparing the amino acid
sequences of Tpm4.1 and Tpm2.1 with the sequences of isoforms Tpm1.6 and Tpm1.7, which did not differ
from Tpm4.1 and Tpm2.1, respectively, by the exon structure of their genes.

Keywords: tropomyosin isoforms; coiled-coil stability, actin-associated proteins, actin filaments, differential scanning
calorimetry
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