BHODH3HKA, 2020, mom 65, No 6, c. 1135—1141

YIK 577.325.2 + 577.151.042

BNO®U3NKA CIIOKHBIX CUCTEM

BJIMAHUE OCMOJINTOB HA BUOJTIOMMHECHEHTHYIO PEAKIINIO

BAKTEPUMN: CTPYKTYPHO-IMHAMMNYECKHUE ACIIEKTbI
© 2020 r. JI.A. CykoBarsiii*, A.E. JIucuna*, B.A. Kparaciok® **, E.B. Hemnepa*: **

*Cubupckuil pedepanvruiii ynusepcumem, 660041, Kpacnospck, Ceo600muiit npocn., 79
** Uuemumym ouogpuzuku CO PAH, 660036, Kpacrospck, Akademeopodok, 50/50
E-mail: Isukovatyy@sfu-kras.ru
TMoctynuna B pepakiumio 30.11.2019 r.

ITocne mopa6orku 30.11.2019 r.
[Mpunsra k mydaukauuum 24.07.2020 r.

HccnenoBaHo BIMSTHUE BSI3KMX Cpell ¢ IMILIEpUHOM M caxapo3oii (10—40%) Ha KMHETUKY OMOJIOMUHEC-
LICHTHOM peaklinu 6aKTepuii METOJOM OCTaHOBJIEHHOTO MoToKa. [TokazaHo yBelndyeHue KBAHTOBOTO BbI-
XOJIa peaKkUWy MPU KOHIIEHTpauu ocMoauToB 210 %. [JanpHeiiee yBeIndeHe KOHIIeHTpanuu 10 30—
40% TIpMBOANT K CHUKEHUIO KOJTMYECTBa MCITyCKaeMbIX KBAHTOB CBETa B CPeax C IIMLIEPUHOM, B TO BpeMsI
KaK JIJIsT caxapo3bl TTOA00HBIN 3 deKT He HabmonaeTcs. MonenmpoBaHue MOJIEKYJIIPHOM TMHAMUKN OaK-
TepUaIbHOM Jo1depasbl B OKPY>KEHUU MOJIEKYJT BOABI M PA3IMYHOTO KOJMYECTBA MOJIEKYJI TJULIepUHA
U caxapo3bl TTOKa3ajio, 4TO 06a OCMOJIUTA B MCCIEIOBAHHOM IHMaIla30He KOHIIEHTpAIlWii He OKa3bIBaloT
3HauMTeabHOro 3ddekTa Ha KoHpopmauuio 6enka. Pacuer cpenHekBanpaTiyHoii pirykryauuu C,-aToMOB
0-CyObeAMHUIIBI IO (epa3bl YKa3bIBaeT Ha TO, YTO YBEIMYEHHE KBAHTOBOTO BbIxoAa B mpucytcTBuu 10%
caxapo3bl U TJMIIEPUHA MOXET OOBSICHATHCS OOJbIIIEN MOABUKHOCTbIO MOOUJIbHOM TeT/IM (pepMeHTa Mo
CPaBHEHMIO C BOTHBIM OKPYXXeHHUEM. Y CTAaHOBJIEHO, YTO TJIMIEPHH, B OTIMYKME OT caXxapo3bl, UMEeT TOCTYIT
B aKTUMBHBIN LIEHTP OaKTepuaibHOM Jonndepasbl, a Mpu BhICOKMX KoHIeHTpalusix (30 u 40%) BoITecHsIET
OTTYy/Ia MOJIEKYJIBI BOIbI HA MPOTSDKEHUU BCETO BpeMeHU MoaepoBaHus (40 HC), YTO MOXET OOBSICHSITh
CHUXEHUE KBAHTOBOTO BBIXO/IA PEAKIINH.

Knouegvie cnosa: 6GuonromuHecuenyus, ceemsaujuecs 6akmepuu, O6axmepuarsras arwuugepasa, ocmosum,

MOAEKYAAPHAA OUHAMUKA, CMPYKMYPa U OUHAMuKa 6eixa.
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BruoxnMuueckoit 0CHOBOIT GHOTIOMUHECLIEHIIUN
GaKTepuii ABIIIETCS peaKls OKUCIIEHUSI BOCCTAHOB-
JeHHoro ¢iaaBuHMoHoHyKIeoTuaa (FMN) u miuH-
HOLIEITOYEYHOI0 ajbAeruaa KUCIOPOAOM BO3dyXa,
KaTtajnusupyemasi epMeHTOM — Jironudepasoii [ 1, 2].
CaeTsiiyecs: 6akTepru OOUTAIOT MO BCEMY MUPOBO-
MY OKE€aHy: OT TNIyOOKOBOJIHBIX YJYaCTKOB, ITPU TEM-
nepatype okoiio 0°C, 10 TponmuIeCKUX BOJ, Te TeEM-
repaTypa noBepXHOCTU MOXeT IpeBbiaTh 30°C [2].
B okpyxarolieii cpeqe 6aKTepuu peryasspHO CTATKU-
BalOTCSI C U3MEHEHUEM YCIOBHIA — TeMIepaTyphl,
pH, ocMoTnueckoro naBiaeHUs, pagualui, KOHIECH-
Tpalyy MIUTATEJIbHBIX BEIIECTB M TOKCUHOB. OnHa 13
CTpaTeruii, 00yCIIOBINBAIOIINX aTallTUBHBIN ITOTEH-
1yajl 6akTepuii B U3MEHSIOLIMXCS YCIOBUSIX, 3aKITIO-
YaeTCsl B HAKOIJIEHUY PACTBOPEHHBIX OPraHUYECKUX
BEIIECTB B OTBET Ha ITOBLIIIIEHNE OCMOJISIPHOCTU BHE
KJIETKU U OBICTPOTO BHICBOOOXKIEHUS 3TUX BEIECTB
IIpU e CHIDKeHUM [3, 4]. DT HU3KOMOJEKYISIpHEIC
COEIVMHEHUS HAa3bIBAlOT OCMOJIMTaMU. MeXaHW3M
BJIIMSIHUST OCMOJIMTOB Ha aKTUBHOCTh (DepPMEHTOB,

Coxpawerue: FMN — (bJ1aBUHMOHOHYKJICOTHI.

obecrneuynBaromMx (QyHKIMIO OUOTIOMUHECLIEHIIUU
OakTepuii, B HacTOsIIIIEE BpeMs HE UCCIIEIOBAH, XOTs
X 3¢ heKTH OB HEOTHOKPATHO 3apeTUCTPUpPOBa-
HHI [5, 6].

M3BecTHO, YTO OCMOJUTHI CITOCOOHBI BHI3bIBATH
M3MEHEeHNE CTAaOMIBHOCTU M (PYHKIIMOHAJIBHON aK-
TUBHOCTU 6eJIKOB [7, 8]. DTO 00yCIOBICHO, B YacT-
HOCTU, OaJlaHCOM MEXIy MPEeMMYIIECTBEHHOM! Tuli-
paranueii 6ej1Ka U NperuMyleCTBEHHBIM CBSI3bIBAHU -
€M MOJIEKYJI OCMOJIMTA C ero moBepxHocThio [9, 10].
DpdeKT OCMOIUTOB HAa AKTUBHOCTH (DEPMEHTOB MO-
>KeT ObITh TaKXKe BbI3BaH M3MEHEHUEM CTPYKTYPHO-
JTUHAMUWYECKUX CBOMCTB OTAEIbHBIX (hYyHKIIMOHATb-
HO BaXXHBIX YYacTKOB Oejika M MPOHUKHOBEHHEM
OCMOJIMTOB B 00JIacTh aKTUBHOTO IieHTpa [§8, 11]. B
JIaHHOM paboTe C MOMOIIbIO METOJIOB MOJIEKYJISIPHO-
ro MOJIEJIMPOBAHUS ObUIU UCCIIETOBAHbI MEXaHU3MBbI
BJIMSIHUS TJIMLIEpUHA U caXapo3bl Ha peaklnio, KaTa-
JIU3MpyeMylo OakTepualibHOU Joludepasoit. [nu-
LIEPMH U caxapo3a SIBJISIIOTCS M3BECTHBIMU OCMOJIU-
TaMU B OaKTepUaJIbHBIX ccTeMax [4], a TakKe copac-
TBOPUTEJISIMUA, MCHOJAB3YEeMbIMU U1 U3YYEHUS
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BIIVSHUS BA3KOCTM Ha (PEPMEHTATHUBHBIE pPEaKLNU
[8, 11, 12].

MATEPUAJIBI U METOJbI

B paboTe ObUIM MCHOJb30BaHbI CIEOYIOIINE pac-
tBOphl: FMN (Sigma, CIITA), 30 MxM; D/ITA (Roth,
I'epmanus), 0.02 M; pekomOMHaHTHAas Jonudepasa
Photobacterium leiognathi (OOO <«buoaoManardHo-
ctuka», KpacHosipck), 1.96 MKM; nekaHanb (Acros
Organics, CIIIA), 21073 M; rmmnepun (Panreac,
Hcnanwus), 10—40 sec. %; caxaposa (Gerbu, I'epma-
Hus), 10—40 Bec. %. Bce cToOKOBBIE pacTBOPHI OBLIHN
IIPUTOTOBJIEHBI C HCIOJIb30BaHMEM KaWii-HATpUA
docdartHoro 6ydepa (0.05 M, pH 6.9), 3a uckioue-
HUEM pacTBOpa AcKaHajsl, KOTOPBIii TOTOBWJIM Ha
3TaHOJIE.

Onpenenende aKTUBHOCTH OAKTEPUAIbHON JIIOIM-
thepaspl B IpUCYTCTBUH IJIMIEPHHA U caxapo3sl. Peru-
CTPUPOBAJIM KBAaHTOBBII BBIXOJ peaklnu (o0liiee Ko-
JIMYECTBO KBAHTOB, U3JIyYEHHBIX B peakiiu 3a OJUH
000pOoT (hepMeHTa) KaK IUIOIIAAD IO KWHETUIECKOM
KPUBOM, WU3MEPEHHOW METOIOM OCTAaHOBJIEHHOIO
IIOTOKA C ITOMOIIBIO aHaau3aTopa KUHeTUKu SX-20
(Applied Photophysics, Benukoopuranust) ipu 20°C.
Peakiiyio MTHULIMMPOBAJIM, CMEILIMBasi PacTBOp JIIO-
mmudepassl (1.96 MKM) ¢ pacTBOpoM, comepKaIluM
¢dotoBOCcTaHOBIEHHBI B mpucyrcTBur DA TA dia-
BUHMOHOHYKIeoTun (30 MxkM) u nexkaHanp (20—
100 MxM). Kazknast KuHeTH4YeCcKasi KprBasi ObLIa I10-
JlydeHa yCpEeAHEHUEM T10 TSTU TOBTOPHOCTSIM.

PacuyeTsl MOJIEKYJISIPDHO# TMHAMHUKH JIIOIU(pepa3sbl B
pa3MYHBIX cpenax. TpexMepHas CTpYKTypa 6aKTepH-
aJIbHO Joldepasbl OblIa MOJydeHa 13 OaHKa JaH-
HEIX 0enKoBbIX cTpykKTyp (PDB ID: 3FGC) [13, 14].
g maHHOM CTPYKTYpHI OBLIO TIPOBEIECHO PEKOH-
CTPYMpOBaHUE yJyacTKa MOOWJIBHON METIU Q-CyObh-
enuHULBl  Oenka (283—290 aMMHOKMCIIOTHBIA
OCTaToOK), KaK onucaHo B pabote [ 15]. daaBUHMOHO-
HYKJICOTHJI, MOHBI U CBsI3aHHAasl Boda, paciuudpo-
BaHHBIC BMeCTe C JIIoLMdepasoit, OB NCKITIOUCHBI
W3 CTPYKTYPHI IO CTapTa BEIYMCICHMIA.

Buruuciaenne MoOIeKyIIpHOM IMHAMUKYI CTPYKTY-
pBl 6akTepuaabHOM molndepa3bl B IBHOM PacTBO-
puTesie ObLJIO MPOBEICHO C MOMOIIBIO MPOTrPaMMBbI
GROMACS Bepcuu 5.1.4 [16]. Iist onmucaHus mapa-
METPOB B3aMMOACUCTBUS MEXIY aTOMaMU CHUCTEMbI
6bUTO UCIONB30BaHO cuitoBoe moie CHARMMI36
[17].

MopnenupyemMasi cuctema IMpeacTaBiasijia coboit
KyOM4eCcKNii OOKC C YCIOBUSIMU II€pUOOUYECKON
TPaHUIIBLI, B LIEHTPEe KOTOPOro pa3Mellaii MOJEKYITy
mouurdepasbl. PaccTosiHue Mexmy 00KcoM u dep-
MEHTOM cocTaBisuio 12 A or moboro aToMma Geska.
J1st co3maHmst BOMHOTO OKPYXXEHMS B TaHHBII OOKC
nomectuin 40821 monekyny Boasl (Moaesis TIP3P).
HavanpHast reoMeTpus MOJIEKYJI TJIMIIEpUHA U caXa-
po3bl ObLIa B3sTa 13 EBpomneiickoro 6aHKa JaHHBIX

CYKOBATBIM u 1p.

oenkoBbix cTpyKTyp (PDBeChem ID: GOL u SUC
cooTBeTcTBeHHO) [18]. s MopenmpoBaHUS KOH-
HeHTpauuii ocmomutos 5, 10, 20, 30 u 40 Bec. % B
6OKce ObLIO pasMEIIeHO CJeaylllee KOIMYEeCTBO
MOJIEKyJT TauiepuHa/Boabl: 399/38615, 799/36445,
1597/32289, 2396/28208 u 3194/24323 munu caxapo-
3el/Bogbl:  108/39109, 215/37443, 430/34136,
645/30819, 859/27589 coorBercTBeHHO. [1lapameTpsl
CUJIOBOTO TIOJIS TSI MOJIEKYJIbI TTIULIEpUHA ObLUIN TT0-
JIy4eHBI ¢ moMolbio oHyaitH-cepBuca CGenFF [19],
IJIsT caxapo3bl — ITOCPEACTBOM MOIUMDUKALIUU YKe
M3BECTHBIX MapaMeTpoB sl o-D-rimoko3sl u -D-
GPYKTO3bI, KaK PEKOMEHIOBAHO B PYKOBOJCTBE K
CHARMMS36 [16]. dag aHanu3a MOJIy4EHHBIX Tpa-
€KTOpUIA MCITOJIb30BaJId  IPOTPAaMMHBII  ITaKeT
GROMACS.

Jlo Havama MoIeJIupoBaHUS ObLIa IIPOBEICHA
HeWTpanu3aiusl 3apsila BCeil CUCTeMbl, a 3aTeM —
MUHUMM3ALUS €€ SHEPTUM TIPU U30XOPHO-U30TEp-
mudyeckux (NVT-aHcamM01b) U M30TepMO-U300apU-
yeckux (NPT-ancam6ap) yciaoBusix. B mepBom ciry-
yae pejakcalMsi CUCTeM MpOUCXOAujia B TeUueHUE
5 Hc ipu Temneparype B 300 K, Bo BTopoMm — B Teue-
Hue 10 Hc ripu ntocTtostHHOM TemIepaTtype (300 K) u

JaBJICHUN (105 ITa). ITonoxkeHue TSKEIBIX aTOMOB
OeJika mpU JaHHBIX MUHUMM3ALUSIX ObLIO 3a(hUKCH-
poBaHo. lasiee ObLI MpoJeaH elle OAUH 3Tall peJiak-
cauun NPT-ancam6is B Teuenue 10 Hc 0e3 pukca-
U aTOMOB OeJIKa, HeOOXOANUMOCTh KOTOPOTro ObliIa
cBs13aHa ¢ uckiayeHneM FMN 13 akTUBHOTO 1ieH-
Tpa KPUCTAJUIMYECKON CTPYKTYphl Jnouudepasbl U
PEKOHCTPYMPOBAaHUEM yIaCTKa MOOWILHOM ITeTIN.

Brruucnenue MoJIeKyasipHO-IUHAMUYECKOM Tpa-
€KTOpUM IMPOBOAWIN s KaHOHHWYecKoro NPT-aH-
caMmOis1 mpu moctosiHHoit Temneparype (300 K) u

JIaBICHUU (105 I1a) B Teuenme 40 Hc ¢ IaromM BBIYKC-
nenus 2 ¢c. g Kaxmoi U3 cucteM OB TTPOBEe-
HBI TPY HE3aBUCUMBIX 3aITyCKa, BKIIOUAIOIINX B ce0s
BCe 11ary pejlakCcallii U MOJICKYJISIPHYIO TUHAMUKY.

PE3VJIBTATbBI 1 OBCYXIEHHUE

BimsiHue TIIMIEepUHA M CaXapo3bl HA KBAHTOBBII BbI-
XOJI peaKiMu, KaTaJIu3upyeMoii 0aKTepraJIbHOM JIOmM-
tepasoii. bruta n3MepeHa HecTallMoOHApHAsI KWHETH-
Ka OWOJIIOMUHECIEHTHON peaklnu, KaTaau3upye-
Mol OakTepualibHOI ouudepas3oit, B cpemax cC
pa3INYHBIM COAEpPXKaHUEM TIIMLIEPUHA WIU caxapo-
3bl. JIJ1s pa3nuaHbBIX KOHIeHTpauuit nekaHans (10—
50 MxM) HabJIIogaJ I CXOAHBIE 3aKOHOMEPHOCTH 13-
MEHEHUSI KUHETUKU B MOJEIBHBIX CpeliaX, OTPaKeH-
HBIE Ha puc. 1a,0. BugHo, uTo a3 dekTh rmmuuepuHa
M caxapo3bl HA KMHETUKY peaKlMy pa3iandaiorcs. B
06acT MallbIX KOHIeHTpamuii ocMmonutoB (10%
i rmmuepuHa n 10—20% miist caxapo3sbsl) Haboaa-
eTCs YBeJIMYEHUE MaKCHUMAaJIbHOM WHTEHCHUBHOCTU
cBeueHUs. JlambHe It pocT comepKaHUST OCMOJIV-
TOB B cpege 10 30—40% TpuBOINT K CHUKEHUIO MaK-
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CHMAaJTbHOM WHTEHCUBHOCTH, YTO OCOOEHHO SIPKO
MIPOSIBIISIETCS IJIsI CPeJI C TUIepuHOM. Takke BUIHO,
YTO B cpedax ¢ TJIHUIEPUHOM 1 caXxapo30il KWHETHUKa
peakIM 3aMemIsIeTcs, 4TO BBIpaxkaeTcs B Oojee
IMO3IHEM BBIXOJIe CBEYCHMST Ha MaKCUMaJIbHBIN ypo-
BEHB I10 CPaBHEHUIO C peaklineil B Oydepe. 3ameniie-
HUE KHHETUKN MOXKET OBITh CBSI3aHO C YBEJTMYCHUEM
BSIBKOCTH PEAKIIMOHHON cpenbl W, KaK CJIEACTBUE,
YMEHBIIIEHEM CKOPOCTH TUMOY3U KOMIIOHEHTOB
peaxInm.

Ha ocHOBe KMHETUUYECKUX KPUBBIX OBIT paccyu-
TaH KBAaHTOBBII BBIXOJ peaKIInu, T. €. O0IIIee KoJude-
CTBO KBAaHTOB CBeTa, M3JIYYEHHBIX 32 OAMH OOOpOT
depmenTa (puc. 1B). BunHo, 94TO IIpuCyTCTBHE B Cpe-
ne kak 10% caxapossl, Tak 1 10% rivnepuHa npuBo-
JIUT K YBEJIUYEHUIO KBAHTOBOTO BBIXOJA pPEaKIIUU.
IIpu BRICOKMX KOHIEHTpauusax IimunepuHa (30—
40%) >¢hdEeKTUBHOCTh peaKLMM CHUXKAETCS, B TO
BpeMsI Kak B cpefiax ¢ TAKUM Xe coAepKaHUeM caxa-
PO3BI KBAHTOBBLII BBIXOJ HE M3MEHSIETCS TI0 CpaBHE-
HUIO0 ¢ KoHTpoJjieM (Oydep). IlosydeHHbIE TEHIEH-
LIMM COXPAHSIIOTCS TPU BapuallMd KOHUEHTpaluu
anpaeruga B auana3one 10—50 MxM. CrienyeT oTMe-
TUTb, YTO TaKasi HEMOHOTOHHAsI 3aBUCUMOCTh KBaH-
TOBOT'O BBIXO/a PeaKIIMKU OT KOHILIEHTPALIMU OCMOJIN-
TOB TOBOPUT O HAIMYUU HECKOIBKUX MEXaHU3MOB X
BIMSIHUS Ha (DEPMEHT U/WJIN CyOCTpaThl, BOBJIEUCH-
Hble B peakiuio. Takke oueBUIHO, YTO HaOIIOdae-
Mble 3(PDEKTHI HE MOTYT OOBSICHSITHLCI TOJBKO YBEIM-
YeHHEeM BSI3KOCTU pacTBOpa, IMOCKOJBKY 3Ta XapaK-
TePUCTUKA U3MEHSIETCSI MOHOTOHHO C POCTOM
KOHILIEHTPALIUU OCMOJIUTOB.

[MonydeHHBIE Pe3yJIBTATHI TO3BOJISIIOT TIPEATIONO-
KUTh, YTO B MPUCYTCTBUM TIUIIEPUHA W CaXapO3bl
MMPOUCXOAUT U3MEHEHHEe CTPYKTYpHO-IMHAMUYEe-
CKHX XapaKTepUCTHK epMeHTa JIIondepassl B 11e-
JIoM, JTN60 (HYHKIIMOHAIBPHO BaXXKHBIX CTPYKTYPHBIX
3JIEMEHTOB AaHHOTO Oenka. ISl BBISIBIEHUS TaKUX
5(hGEKTOB OBITM MPUMEHEHBI METOIBI MOJIEKYIISIp-
HOTO MOJEIMPOBAHYS.

Bimsnue riMnepuHa M caxapo3bl HA CTA0MJIbHOCTD
1 KOMIIAKTHOCTh 0aKTepuajbHoii onudepassl. M3me-
HeHre KoHdbopmMaluu Jouudepassbl Mo BIUSHAEM
OCMOJIMTOB OBLIO OLIEHEHO C TTOMOIIBIO IBYX ITapa-
METpPOB: CpeAHEKBaIPaTUYHOI 0 OTKJIOHEHUsI C -aTo-

MOB 0OeJIka M TUIOIIAAu TIOBEPXHOCTH Oesika, HOo-
CTYITHOI pacTBopuTeao. BoluuciaeHue cpenHe-
KBaApaTUYHOTO OTKJIOHEHUSI ObUIO MPOBEICHO
OTHOCUTEIBHO KOOPAMHAT aTOMOB B pacliudpoBaH-
HOU KpUCTAIMYECKON CTPYKType Jrolurdepasbl
(PDB ID: 3FGC). 115 mrouudepasbl pacyeT IIo1a-
TV TTIOBEPXHOCTH, AOCTYITHOI PaCTBOPUTEJIIO, TIPOBO-
JIWJIY C TIOMOIIbIO TIPOOHOI cheprl paguycom 1.4 A.
3HaueHusl MapaMeTpoB CpeaHEKBaApPaTUYHOIO OT-
KJIOHEHWS W TUIOIIAAU TIOBEPXHOCTHU, MNOCTYMHOM
PacTBOPUTENIO MIPU Pa3IMYHOM COAEPKAaHUU OCMO-
JIUTOB, yCpeNHEeHHbIe 1151 mocaeaHuX 20 HC MOJIeKY-
JIIPHOTO MOJEUPOBAaHUSI, MPEACTAaBIEHbI Ha puUC. 2.
Ne 6 2020
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Puc. 1. KuHeTHKa OMOJIIOMUHECILIEHTHOM peaKIuu, KaTta-
JIM3UpYyeMOi GaKTeprallbHON Jolrdepasoii, B IIPUCYT-
CTBUU Pa3IMYHBIX KOHIIEHTpauii (B %) riuiepuHa (a)
WA caxapo3sbl (0) 1 U3MEHEeHUe KBAaHTOBOTO BhIXOJA pe-
akuuu (B). KoHueHrtpauus moimdepassr — 0.96 MKM,
FMNH,; - 15 MxM, C;— 50 MxM. Cpennee 3HaueHue u
MOTPELTHOCTD OTpPeAEIEHUSI KBAHTOBOTO BBIXO/A BBIYMC-
JIeHa Ha OCHOBE 3KCIIEPUMEHTOB C pa3HBIMU KOHIIEHTPa-
mussmMu - anpreruga  (10—50 mxM). TopusoHTasbHas
LITPUXOBAs IMHUS YKa3bIBA€T HA BEJIMYMHY KBAHTOBOTO
BBIXOJa peaklnu B Oydepe.

BuaHo, yTo mpu pasHOM KOJIMYECTBE TJULEPUHA U
caxapo3bl B cpelle JaHHBIe MapamMeTpbl BapbUPYIOT
HE3HAYUTEJIbHO. DTO TOBOPUT 00 OTCYTCTBUM BIIUSI-
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Puc. 2. 3HaueHus cpenHekBagpaTUYHOro oTKiIoHeHUs1 C -aToMOB (a) U IUIOIIAAN TOBEPXHOCTHU, JOCTYITHOI pacTBOpU-
temto (0), 6akTepuanbHOU Tonndepasbl B Cpeaax ¢ OCMOIUTAMU, YCPETHEHHbBIE IJ1sI mociienHux 20 HC MOJEKYISIPHOM T1-
Hamuku. LLITpuxoBbie rTOpU30HTATIbHBIEC IMHUY MTOKA3bIBAIOT 3HAYEHUS TSI Mol epasbl B BOLE.

HUS pacCMaTPUBAeMBIX OCMOJIMTOB Ha KOH(MOpMa-
uto Jourdepas3bl, aHAJIOTUIHO TOMY, KaK 3TO ObLIO
ycTaHoBJIeHO i Ju3ouuma [10]. Takum oGpazom,
WHTUOUpYIOIee BIUSIHAE Ha PeaKINIo, KaTaTUu3upy-
eMylo OakTepuaibHOU Joumudepasoit, cpen ¢ 30—
40% tnuiepuHa He CBSI3aHO ¢ U3MEHEHUEM CTPYKTY-
pbI bepMeHTa (B3aMHBIM ITOJIOKEHHEM aTOMOB OC-
HOBHOI 1IeNN).

Bimsanue cpex Ha TMHAMUYECKHE CBOICTBA OaKTe-
puanbHoii oumdepassl. 1 OLIEHKU MOABUXKHOCTU
pPa3INYHBIX YYACTKOB OaKTepHaIbHOM oI epasbl
B MIPUCYTCTBUHM OCMOJIMTOB Ha OCHOBE TOJYICHHBIX
MOJIEKYJIIPHO-TMHAMHWYECKUX TPAeKTOPUIi ObLUT pac-
CYWTaH TaKOM mapaMeTp, KaK CpeIHeKBaIpaTHIHast
(irykryamma C,-aTOMOB  Ol-CyObEOIUHMIIBI OesKa

(puc. 3). BunHo, 4ro 60abmmHCTBO C-aTOMOB HUC-

MBITHIBAIOT HEOOJbIINE KOJEO0aHUSI OKOJO CBOETO
nostoxeHust ¢ amruiutynoii <1 A. Hau6osee moaBux-
HBIM B3JIEMEHTOM O-CYOBEAUHMIIBI KaK B BOTHOM
OKPYXEHUU, TaK U B IPUCYTCTBUU OCMOJIMTOB SIBJISI-
eTcss MoowiabHas metisa (262—291 a.o.). [lonyueHo,
yTo pu 5—10%-M comepkaHUU TIMLIEpUHA U caxa-
po3bl B cpele HaOI0IaeTcsd yBEJIUYEHUE CpeaHe-
KBAaIpaTUYHON  (IyKTyauuu JaHHOIO ydacTka
CTPYKTYPbI, OCOOEHHO aMWHOKHCJIOTHBIX OCTAaTKOB
282285 (puc. 3, Bpe3ku). I[Ipu manbHeimeM pocre
KOHIIEHTPAllMd OCMOJIMTOB BJIMSIHWME CPEJbl Ha TO-
JIBVDKHOCTDH METIM TpomnaaaeT. MI3BeCTHO, YTO MO-
OWIbHAsI TIETJISI O-CYObEOWHMUIIbI WrpaeT BaXHYIO
ponab B xome depmeHTaTuBHOI peakuum [13, 20].
CuuraeTcsi, YTO JAHHBII Y4aCTOK OTBeYaeT 3a CTabu-
JIM3allMIo UHTEPMEIMATOB peakiluu 1 MpeaoTBpailia-
eT TonajgaHrue MOJIEKYJl pacTBOPUTENS B aKTUBHbIN
LIEHTp TOCJIe CBI3bIBAaHUU Oeyika ¢ hjiaBUHOM [21].

ITonydyeHHBI 3 PEKT cpel ¢ HU3KUMU KOHILICH-
TpalusIMU TJMLEpUHA U caxapo3bl Ha MOOMJIIBHOCTh
(YHKIIMOHATBHO BaXXHOTO Y4YacTKa OaKTepHaJIbHOM

Jonrdepasbl MOXET OOBSICHITh YBeJIMICHE KBaH-
TOBOTI'O BBIXOJa peakiuu B npucyrcrsun 10% rimiie-
pUHa 1 caxapo3bl, HabJroAaBIleecs] B SKCIIEpUMEH-
Tax in vitro (puc. 1B). OnHaKO OH He OOBSICHSIET CHU-
JKeHWEe KBAaHTOBOTO BBIXOAA peakiMu TIpu Ooiee
BBICOKUX KOHIIEHTPALIUSIX TJIULEPUHA.

JlocTynmHOCTh AKTHBHOTO IEHTPA hepMeHTA ISl MO-
JIeKyJ1 ocMoJMToB. [IpoOHUKHOBEHUE MOJIEKYJT TJIUIIE-
pUHaA WM caxXapo3bl B 00JaCTh aKTUBHOIO IIEHTpPA
depMeHTa MOXET MPUBOIUTH K CHIDKEHUIO 3P deK-
TUBHOCTU peaKIIMM 3a CYET TaKUX MEXaHU3MOB, KaK
KOHKYPEHTHOE MHTUOUPOBAHWE, M3MEHEHUE CPOJI-
CTBa K CyOCTpaTy MOCPEACTBOM M3MEHEHMUSI TOJISIP-
HOCTHU Cpefbl, HapyllleHUe CeTU BOJOPOIHBIX CBSA3EHH
MeXny (PYHKIIMOHAIILHO BaXXHBIMU aMHWHOKUCIIOT-
HBIMU OCTaTKaMu M npyrux [8, 11, 22].

JJ1st KOMM4YeCTBEHHO# OLIEHKU ITOCTYITHOCTU aK-
TUBHOTIO IIEeHTpa OakTepuaJibHOM Jolrdepasbl I
MOJIEKYJT OCMOJIUTOB ObLIO BHIYMCIIEHO YUCJIO MOJIe-
KyJI TJIMIEepUHA Y caXxapo3bl, HAXOMSIIMXCS Ha pac-
crostunu < 8 A ot aroma cepbt aCys106. B paccmar-
puBaeMyl0 00JacTh BOIIIA BCE aMHWHOKUCIIOTHBIE
OCTAaTKW, YYacTBYIOIIME B CBS3bIBaHWU (PIaBUHA.
Pacuer 1 ycpenHeHHe KOJTMYECTBA MOJIEKYJI OCMOJIM -
TOB MPOBOIWIN IS TTocneaHux 20 HC MOaeInpoBa-
HUS TUHAMUKM 6eIKa B pa3IMUHBIX cpelax.

YCTaHOBIEHO, YTO MPUCYTCTBUE MOJIEKYJT TJIHUIIE-
pYHA B aKTUBHOM LIEHTpE HabJII0JaeTcs Py BCEX ero
KOHIIEHTPALIMSIX, U3MEHSIETCSI TOJIBKO JIOJISI BpeMe-
HU, B TeYEHUE KOTOPOTrO MIIMLIEPUH HAXOMUTCS TaM
(tabnuua). IMpu koHuenTpanusx 30 u 40% B cpen-
HEM XOTsI OblI OHA MOJIEKYJIa TJIMLEpUHA HAXOIUTCS
B aKTMBHOM 1IEHTpE B T€YEHUE BCETO BPEMEHU MOJIE-
JINPOBaHUS, a KOJIMYECTBO MOJIEKYJT BOAbI CHUKACT-
cs. B To ke BpeMs B aKTUBHOM LIeHTpe (pepMeHTa He
OBIJI0 OOHAPYXXEHO HU OMHOI MOJIEKYJIbI CaXapo3kl, a
KOJIMYECTBO MOJIEKYJI BOABLI OCTABaJOCh HEU3MEH-
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Puc. 3. CpenneksanpatnyHas durykryauust C,-aTOMOB O-CyOBeAMHULEI TIOLU(bEPa3sl B MPUCYTCTBUM Pa3IMYHBIX KOHIIEH-
Tpauuii rviepurHa (a) u caxapossl (0). Ha BcraBkax moka3zaHbl 3HaU€HUSI CpeHEKBaAPaTUYHOMN (huIyKTyaluu U1l yyacTka Mo-
OWIbHOM NeTau hepMeHTa (4acTU MOCAeI0BaTeIbHOCTU, BBIICIEHHOM CEPOI IITPUXOBOI PaMKOIA).

HBIM MpU YBEJIMYESHUU KOHIIEHTpAllMM caxapo3bl B
cperne.

JlaHHBIN pe3yabTaT MOXET OOBSICHSATh CHIDKEHUE
KBaHTOBOI'O BbIXOJla OMOJIIOMUHECIIEHTHON peaKIIun
B cpenax ¢ 30 u 40% rauiueprHa U OTCYTCTBUE TAKOTO
addekTa TIpyu OONBITNX KOHIIEHTPAIIUSIX caxapo3bl.
Paznuiia B 1ocTyITHOCTH 00JIaCTA aKTUBHOTO IIEHTpa
monudepasbl IS IIWLEPUHA U Caxapo3bl MOXET
OBITH CBSI3aHa C pa3MepaMM 3TUX MOJIEKYJI (MX MOJIe-
KyJasipHasi Macca coctasiser 92 u 342 Jla cooTBeT-
CTBEeHHO). BeposiTHO, 06bI11ast TI0 pa3Mepy MOJIEKY-
JIa caxapo3bl MCHBITBIBAET CTEPUYCCKUE OrpaHMde-
HMS, HE TO3BOJISIONIME € MPOHMKATh B aKTUBHBINA
LIeHTp ¢epMeHTa, B OTJIUYME OT MOJEKYJIbI TJIULIEPU-
Ha. AHAJIOTUYHEIN 3 (eKT Ik ApYyrux OEJIKOB ObLI
paHee TIPOASMOHCTPHUPOBAH B psiae pabdor [7, 8, 22].

SAKJTIOYEHHUE

HccnenoBanrie MeXaHU3MOB BIMSTHUSI TIPUPOI-
HBIX OCMOJIUTOB Ha CTPYKTYpy M (DYHKIIMIO OGEIKOB
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SABJISIETCS aKTyaJIbHOM 3adaydeil KaKk ¢ TOYKW 3peHUs
HeoOXOAUMOCTH MOHUMAaHUSI IPUHIIMIIOB OpTaHU3a-
UM MeTaboJIM3Ma KJIETOK B 9KCTPEMaJIbHBIX YCIJIO-
BUSIX, TaK M YYMUTHIBas MOTPEOHOCTH B pa3pabOTKe
METOMOB CTAOMIN3alMM U aKTUBAIUU TOJUTICIITHU-
JIOB ST HyX7 OmoTexHojoruu. buogoMuHeceHT-
Hasl peakiMsi OaKTepUii IIMPOKO HMCIOIb3YeTCs KaK
BJIEMEHT Pa3JIUYHbIX OMOAHATUTUYECKUX CUCTEM
[23, 24].

B naHHOIT pabGoTe OBLIO PAaCCMOTPEHO BJIMSIHUE
pacTBOpOB InIepuHa 1 caxapossl (10—40%) Ha ad-
(GEKTUBHOCTh OMOJIIOMUHECIICHTHON peaKluu Oak-
Tepuil. DKCIIEpUMEHTAJIbHO OBLJIO 3aperucTpupoOBa-
HO yBeJIWYeHUE KBAaHTOBOIO BBIXOAA pEaKLWU IIPU
KoHLeHTpaumu 10% nist o6oux ocMoIUTOB. B TO ke
Bpems B ripucytctBuu 30 u 40% raviieprHa Ipouc-
XOIUT CHUKCHME KOJIMYECTBA KBAHTOB CBETA, UCITYC-
KaeMBbIX 32 OIMH 000pOT (hepMEHTa, a BRICOKME KOH-
LIEHTpAlLIMU caxapo3bl HEe U3MEHSIOT 3(h(HEeKTUBHOCTD
peakuuu. MonenpoBaHe MOJECKYISIPHON TUHAMM--
K1 OaKkTepranbHOI Jfonudepasbl B OKPYKEHUN MO-
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CYKOBATBIM u 1p.

Yucno MOJIEKYJI BOAbBI 1 OCMOJIMTOB B aKTUBHOM LICHTPEC 6aKTCpI/IaJ'IbHOI7I nloun(bepasm

Yucito MOJIEKYJ BOIbI B AKTUBHOM Yucio MoJIeKyJI OCMOJIUTA
ITapametp
LIEHTpe, IIIT. B aKTUBHOM LIEHTpE, IIIT.
Jlo6aBnsieMbIii OCMOJIUT I'munepun Caxapo3sa I'manepun Caxapo3sa

0 20,1 £5,8 0
R 5 19,7+ 2,6 19,0+ 2,5 0,2+0,4 0
g
=
g 10 16,5 +4,5 19,4 £ 3,6 0,5+0,6 0
g
g
g 20 20,6 £ 2,2 20,8 + 3,4 0,2+04 0
a
F
5
= 30 15,9 + 4,0 21,6 +2.,3 1,1 £0,8 0
)
N

40 14,4 £33 20,6 £ 2,2 1,5+0,7 0

an/IMC‘IaHI/IC. YCpCIlHCHI/IC TIPOBEICHO I10 ITOCJICIHUM 20 HC MOACTIUPOBAHUS.

JIEKYJ BOABI U Pa3IMYHOTO KOJUYECTBA MOJIEKYII
OCMOJIUTOB MO3BOJIUIIO YCTAHOBUTH BO3MOXHBIE M-
XaHU3Mbl HaOmMogaeMbIx 3¢G@GEKTOB: IMPU  MabIX
KOHILIEHTPALUSIX IULEPUHA U caxapo3bl HAOIIOOAET-
cd yBeJMYEHUE TOABMXHOCTA MOOWIIBHON TETIN
Oenika, a MpU BBICOKMX KOHLEHTpAIIUSAX TJIULEpPUHA
€ro MOJIEKYJIbl HEMPEPhIBHO MPUCYTCTBYIOT B 00Jia-
CTM aKTUBHOTO LieHTpa depMeHTa. [Ipn 3TOM KOH-
dopmanusg OakTepuandbHON doLudepassl HE TIpe-
TeprieBaeT CYILIECTBEHHBIX M3MEHEHUII B cpedax C
TITULIEPUHOM U caxapo3oii. Takum oo6pa3oM, B padboTe
YCTAHOBJIEHO, YTO BJIUSIHUE UCCIIEIOBAHHBIX OCMO-
JIMTOB Ha (PYHKIIMOHUPOBaHUE OGUOIIOMUHECIIECHT-
HOIi cMCTeMBI OAKTEPUiT MOXET OCYILECTBIISTHCS Ue-
pe3 U3MeHeHUe TMHAMWYECKUX, a He CTPYKTYPHBIX,
cBoiicTB mouudepasbl. MHTEpeCHBIM HOBBIM pe-
3yJBTAaTOM pabOThI SBJISIETCS BBISBIEHHAsT U30Mpa-
TEJIbHOCTh aKTMBHOIO 1IEHTpa OaKTepuallbHOM JTI0-
mudepasbl OTHOCUTEIHLHO XMUMMWYECKON HPUPOIBI
OCMOJIUTA: MOJIEKYJIBI CaXapO3bl HE TPOHUKAIOT B 00-
JIaCTh CBSI3BIBaHMSI cyOcTpatoB gaxke mipu 40%-M
COJIep>KaHUU B Cpejie, B OTIMYME OT MOJICKYJ TIulIe-
puvHa.

CrenyeT 3aMETUTh, YTO JJISI IOHUMAaHUS TOTO, Ka-
Kol 3(p(eKT 0Ka3bIBaIOT OCMOJIMTHI Ha OaKTepHUaIb-
HYIO OMOJTIOMUHECLICHIIMIO in Vivo, TpeOyeTcs n3yde-
HUE UX BJIUSHUSI HA aKTUBHOCTb APYTUX (DEPMEHTOB,
obecrieynBaOIINX CBeUeHUE OaKTEepUii: HaIIpuMep,
NADH:FMN-okcugopenykTassl, paOoTamolieii B
COTpsIKeHNU ¢ monndepasoit [25].
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The Effects of Osmolytes on the Bioluminescent Reaction of Bacteria:
Structural and Dynamic Aspecits

L.A. Sukovatyi*, A.E. Lisitsa*, V.A. Kratasyuk*: **, and E.V. Nemtseva*: **

*Siberian Federal University, Svobodnyi prosp. 79, Krasnoyarsk, 660041 Russia

** [nstitute of Biophysics, Siberian Branch of the Russian Academy of Sciences,
Akademgorodok 50/50, Krasnoyarsk, 660036 Russia

The effects of viscous media with glycerol and sucrose (10—40%) on the kinetics of the bacterial biolumines-
cent reaction have been investigated by stopped-flow technique. Increment of quantum yield in media with
10% of both osmolytes was shown. Higher concentrations of glycerol, up to 30—40%, were found to reduce
the efficiency of the reaction, while this effect was not observed in the media with sucrose. The molecular
dynamics simulation was used to study the structure of bacterial luciferase surrounded by either water mole-
cules solely or by mixture of water with various numbers of glycerol/sucrose molecules. It was found that both
cosolvents at studied concentrations did not cause a significant change in conformation of bacterial lucifer-
ase. The calculated root mean square fluctuations for C-atoms of bacterial luciferase a-subunit indicated
that the higher flexibility of the enzyme mobile loop could be responsible for increment of quantum yield in
the presence of 10% of both osmolytes. The active site of bacterial luciferase was found to be accessible for
glycerol molecules while sucrose did not enter catalytic gorge. Moreover, at 30% and 40% concentration the
glycerol molecules were found to locate in the active site of bacterial luciferase throughout the whole simula-
tion time (40 ns) and to exclude water molecules, which can explain the experimentally obtained reaction
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