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BBIABJIEHUE AMUHOKHNCJIOTHBIX OCTATKOB, OTBETCTBEHHbBIX
3A CITIOCOBHOCTB K ObPATUMOUN ®OTOKOHBEPCHUH
MOHOMEPHOI'O KPACHOI'O ®JIYOPECHEHTHOI'O BEJIKA TagRFP
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[IpoBeieH HaITpaBIeHHbBIK MyTareHe3 MOHOMePHOTO KpacHoro dburyopecueHTHoro 6enka TagRFP u ero Ba-
DHAHTOB C LIETBIO TIOMyYeH!s 06paTUMO (POTOAKTHBHPYeMBIX OenkoB [Tokazano, 9T0 aMMHOKMGIOTHBIE ITO3M-
1M 69, 148, 165, 179 1 181 (HyMepaims CoryiacHo 3eeHoMy (uyopecuenTHoMY 6enky GFP) urpaxot onpene-
JISFOLIYIO POJNB B IIPOSBACHUM CBOMCTB GOTOAKTUBUPYeMOCTH. TTomydeH o6paTviMo HOTOAKTUBMPYEMBI Ge10K
KFP-HC, obnanatonmit ¢ayopeclieHIIMel B KpaCHOHM 00JIaCTH CIEKTpa, ¢ MaKCUMyMaMM BO3OYXIeHUST B
sMUCCHH TIpH 585 1 615 HM, COOTBETCTBeHHO. [10Ka3aHo, YTO MHTEHCUBHOCTL (prryopecuerimy KFP-HC na-
naeT B 5—10 pa3 (3a cueT yMeHbUIEHHS KBAHTOBOTO BEIX0a (MIIYOPECLIEHLIMMN ) 11O BO3IENCTBUEM 3€IEHOFO CBe-
Ta (530—560 HM) U 3aTeM BO3BPALIAETCH K MCXOAHOMY YPOBHIO IIDH OOIVYeHMM CUHUM cBeTOM (450—490 HM)
WU TTOCTie MHKYGalMU B TEMHOTE (BpeMs TTOJIYBOCCTaHOBNIEeHMS 30 MIH)

Karoueswvie crosa: kpacuwvitl ayopecyenmnubiii 6eaox; Mymazenes, pomoxongepcus, QayopecueHmuoe meenue.

BBEAEHUE

3eneHpni dmyopecueHTHbINH 6enok (Green Fluores-
cent Protein, GFP) rmnpounron Meny3st Aequorea victo-
ria Y1 €10 BaAPMAHTHI LIIMPOKO WCITONL3YIOTCS it BU3ya-
JM3aLlMUA CTPYKTYP U NPOLIECCOB B XMBBIX CUCTEMAX.
HUcnonp3oBaiue GayopecleHTHBIX OEIKOB OCHOBAaHO
Ha UX YHUKQIbHBIX OMOXUMUYeckux csofictax. GFP-
rmoxoOHbIe OENIKH NPEICTARIAI0T CODOH eIMHCTBEHHYIO
MU3BECTHYIO TPYIITY 0€JIKOB, CIIOCOOHBIX OPMHUPOBAThE
XpOMOGOPHYIO TPYTITY CaMOCTOSATENLHO, Be3 yJyacTus
BHEIIHWX (DEPMEHTOB K KO(AKTOPOB, 32 HCKITIOUEHUEM
MOJIEKYIIsipHOTrO Kuciaopona [1]. ObpasoBanme xpoMo-
(opa MpOUCXOINT 32 CYET UMKIIM3ALIMM U IOCTICAYIONIE-
IO OKHCJIEHMS aMUHOKHUCIIOTHBIX OCTATOK BHYTPU Oe/Ka
(Ser65-Tyr66-Gly67 8 GFP). TakuMm obpasoM, red GFP
MOXET ObITh 3KCIIPECCUPOBAH MPAKTHYECKH B JTFOOOM Op-
raHu3Me ¢ 00pa3oBaHueM (QYHKIIMOHATHHOIO (dutyopec-
UEHTHOro) 6eka, M, CIenoBaTeIbHO, NIPEACTaRIseT CO-
6011 MOMHOCTHIO0 TEHETUYECKH KOAMPYeMYIO METKY [2, 3].

Tomonorn GFP, moMyMO I'MOpOMIHBIX MELy3 (THTI
Cnidaria, knacc Hydrozoa), 6ol oGHapyXeHbl elile B
HECKOJIBKMX IPYyNIiaXx MOPCKHX OeCMO3BOHOYHBIX. KO-

Coxpantenus: GFP — senensiit oryopecueHTHBIN Oeslok (green
fluorescent protein), KFP1 — pasxwurarommiica quryopecLieHTHbIHN
6estox (kindling fluorescent protein), PA-GFP — doroakTHBUpYe-
MBIH 3eeHbi quryopecueHTHBIR G6enok (photoactivatable green
fluorescent protemn), PS-CFP — doronepeximoyaemenit royboit
dyopeceHTHBIH Oenok (photoswitchable cyan fluorescent pro-
tein); PAFP — oroaktusupyemsie yopecueHTHble Geaku
(photoactivatable fluorescent proteins)
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pasUioBbIX oymriax {(tun Cnidana, kace Anthozoa) [4],
B HEKOTOPBIX BMIax IUIaHKTOHHbIX paukop Copepoda
(trr Arthropoda) [5] ¥ B HU3HINMX IPEACTABUTENISX TUTIA
Chordata — nanuernukax [6]. Tlpencrasurert GFP-
1ONOOHBIX OeTKOB KOPAUIOBBIX [TOJUITOB MMEIOT Hak-
fosiee pa3sHOOOpasHble CHEKTpalbHble CBoicTBa [7].
Dbutn HatineHs! Genxu, GIyopecLUMpYIOLIME B roTyooi,
3€JIEHOH, JXEJITON U KpaCHOM O0JIaCTSX CIIEKTPA, @ TAKXKE
HedITyopecieHTHEIE XPOMOOEITKH.

OTaebHYI0 CHEKTPaIbHYIO TPYTIITY COCTABMISIOT TaK
Ha3biBaeMble (POTOAKTUBUPYEMBIE (DITYOPECLIEHTHEIE
bemxu (photoactivatable fluorescent proteins, PAFP),
CITOCOBHBIE CYNIECTBEHHO YBETUYUBATE SIPKOCTH (DITyo-
PeCLIEHUMH B KaKOM-JTHOO palioHe BUIMMOTQ CIIEKTPa
TI0M BO3IEMCTBMEM CBETA ONPEIesIeHHON IUTMHbBI BOJIHBI
Y MHTEHCHUBHOCTH (8, 9]. DoTOaKTHBALIMS MOXET TIPO-
VICXOIUTE TIyTEM M3MEHEHUS CTEKTPATLHBIX XapakTe-
puctuk PAFP, naripumep, yBesiM4eHUsT KBAHTOBOTO BbI-
x00a QIIyopeCle HIIMM UITH MOJIAPHOro KO3MpHULUMEHTA
TMTOITIOLIEHHWs] DY TaHHOH ILTMHE BOJIHBI, & TAKKE CMe-
UIEHWS MaKCUMyMa BO3OYXKIEHHsT ¥/ WK aMuccrM. Ta-
KHe 6€1KM ObUTH HaliaeHsI cpemy npuponasx GFP-no-
JA0OHBIX 6€JIKOB, a TAKKE TIOIYYeHB] HCKYCCTBEHHO ITy-
TEM MyTareHesa.

MoxHO BblmeMTL ABE OCHOBHBIE Ipyrmisl PAFP,
(POTOKOHBEPCHS KOTOPBIX UMEET COOTBETCTBEHHO He-
00OpaTUMBIH K 0OpaTHMBIH xapakTep. s HeoGpaTumMo
KoHBepTUpYeMbIXx PAFP XapaktepHbI (POTOXUMHUYECKHE
peaKiiy, MPUBOMIIIME K U3MEHEHWIO XUMHYECKOH
CTPYKTYPBI XpoModopa WM €r0 HENoCpeACTBCHHOIO
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OenKoBOTO OKpYyXeHUs. Tak, HanpuMmep, B Henkax
PA-GFP (doroakTurupyeMbIii 3emeHBIM  iryopec-
HeHTHbIA 6enok [10]) u, BepostHo, PS-CFP (dororne-
pexToyaeMeii ronyboit duiyopecueHTHbIN 6ok [11])
npoUCcXonuT (GOTOMHIYLIMPDOBAHHOE AEKAPOOKCWIUPO-
BaHue 6okoBo# 1enu ocratka Glu222, 4To NPUBOIUT K
CYLWIECTBEHHON MNEPECTPOMKE CHUCTEMBI BOMOPOIHBIX
CBSI3€H BOKPYT XxpoModopa H eTo INepexoay U3 MMpoTOHU -
POBAHHOTO B AENPOTOHMPOBaHHOE cocTtostHue [12, 13],
COTPOBOXIAIOLIEMYCS CIBUTOM MaKCHMyMa BO30YXIe-
Husi ¢ 400 no 490—-505 Hm.

st o6patiMo koHBepTUpYyeMbIx PAFP xapakrepHa
BO3MOXHOCTh MHOIOKPAaTHOTO TIOBTOpEHMS (POTOKOH-
Bepcum. [lepBeiit 6e10K Takoro Tumna — hoTOAKTUBHPY-
eMblIit xpoMobenok asFP595 mopckoro aHemMoHa Anemo-
nia sulcata — 6bu1 ormucan B 2000 & {14]. O6nyvenue 6e1-
xa asFP595 MHTEHCUBHBIM 3€/ICHBIM CBETOM IEPEBOIUT
ero B KpacHoe qUTyOpeCLICHTHOE COCTOSTHHE 33 CYeT YBE-
JIMYMEHMs KBAHTOBOTO BbIXOHa (ryopecneHuun Honee
yeM B 100 pa3. Yepes HeckonbKO CeEKyHI OeIoK CaMo-
MPOH3BOJILHO BO3BPALIAETC B MCXOMHOE COCTOAHUE
MPaKTHYECKU HeITYOPEeCUIEHTHOTO XpOMOoGeiika, Iocsie
Yero MOXET OBITh BHOBbL AKTUBUpOBaH. K 6ObICTpOMY
BO3BPATY aKTUBUPOBAHHOIO 6¢ejika asFP595 B TemMHOBOE
COCTOSTHUE TIPHBOIMT TAKXKe 0OJIyIeHUE €10 CHHUM CBE-
ToM. [To3xke O6bUT nomydyeH MyTaHT asFP595, na3paHHbIA
KF¥P1 (Kindling Fluorescent Protein — pasroparonmics
duryopecuenTHb 6eToK) [15, 16]. B uenom, KFP1 ne-
MOHCTPHPYET TOT Xe TUIT (DOTOKOHBEPCHUM, HO 00/1a1aeT
OONBIIUM BpEMEHEM KU3HU (DITYOPECUIEHTHOTO COCTOSI-
Hus. Hepocrarkammu KFP1, orpaHMYMBAaOIIIMHA €0
TIPAKTHYECKOE UCIOMB30BAHME, SIBIISIOTCS €ro Terpa-
MEpHag 4eTBePTHYHAA CTPYKTYpa M Hu3Kasg SpKOCTb
byopecueHLIMH.

BrL10 omicaro HeCKOIBKO 00paTUMO KOHBEPTHPYE-
Meix PAFP (uanpumep, Dronpa [17], mTFP0.7
[18], rsFastLime [19] 1 1p.), oBnamaronimx BLICOKOH MH-
TEHCUBHOCTHIO QUIYOPECLICHLIMM B aKTUBUPOBAHHOM CO-
CTOSTHUM M BBICOKUM TMHAMMYECKHM IHara3oHoM ¢Go-
TOKOHBEPCHH (T.€. pa3IMYrMeM MEXITy SIPKOCTBIO (hIyo-
pPECLIEHUMH B aKTUBUDOBAaHHOM U HEAKTWUBUPOBAHHOM
cocrosnusx). HemaBHo ObUTH OMyOIMKOBaHBI TAHHBIE O
TICPBBIX MOHOMEPHBIX KpacHBIX PAFP [20], co3amaHHbBIX
yTeM MyTareHe3a 6enka mCherry [21].

JUts HEKOTOpBIX 0OpaTthMo KoHBepTUpyembiX PAFP
ObUT AETATHHO MCCICAOBAH MEXaHM3M (POTOKOHBEDCHH,
U BO BCEX CITyJasx TIOKa3aHo, YTo POTOKOHBEPCUS CO-
MPOBOXAANACh LUC-MPAHC-A30MEPU3ALIUCH, a TakkKe
COITYTCTBYIOUIMM IMPOTOHUPOBAHHUEM-IETIPOTOHHPOBA-
HHMeM xpomodopa [16, 18, 22, 23].

PAFP M0OXHO UCITONIB30BaTh WIS TIPULIETBHOTO ME-
YEHUS KIIETOK, OTAEIBbHBIX OpraHe/UT Wi ITy/Ia 6eiika ¢
LEJTHIO OTCIIEXUBAHWA HX NepeMeenusd [9]. Kpome To-
0, KaKk HeobpaTuMo, TakK 1 00paTUMO KOHBEPTUPYEMBIE
PAFP smistrorcst nmpeKpacHbIMU METKAMM LTt (hiTyopec-
LIEHTHOM MHKPOCKOTTHH YIbTPABBICOKOTO pa3perleHns
[20, 24-28], no3pBonsIOEH JOCTHraTh paspeUIcHUs
20—50 1M, CyIIeCTBEHHO ITPEBOCXOASILIETO (hyHAAMEH -
TaTLHBIN Oapbep pa3peliieHUsi CBETOBOI MUKPOCKOTIMH.
4 DBUOOPTAHUNYECKAA XVMUA 2010
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B nanHo#t pabote Mbl U3y4MIM BO3MOXHOCTb NPHIA-
HUS CIIOCOGHOCTH K 06paTtrMoil (POTOKOHBEPCUH OENIKY
TagRFP, koTopsi siBjsIeTCca Ha CErOIHAUIHUIM IeHD Ca-
MBIM SIDKMM MOHOMEPHBIM KpacHBbIM (IIyOpeCLIEHT-
HbIM Besikom [29].

PE3VJIBTATHI 1 OBCYXKAEHUE
Mymaeenes

At cosmarmns o6patrMo GHOTOAKTHBHPYEMOTO aHa-
Jlora kpacHoro ¢uryopectieHTHoro 6enka TagRFP mel
TIPOBENU €ro MyTareHe3 MeTOIOM CTy49aifHOro MyTtare-
HE3a MO KITIOYEBbIM MO3MLIMIM, 148 1 165 (3mech 1 nanee
Hymepauus 1mo GFP, puc. 1), KoTophie, COIJIACHO JINTE-
paTypHBIM JaHHBIM TIO APYTHM (DITyopeClIeHTHBIM Del-
KaM, OOJ/DKHBI B OOJBIION CTENEHU ONpelessTh BO3-
MOXHOCTb LUC-mpanc-U3oMepu3aLyy xpoModopa [16,
19, 221. Brina nonyuena GubiunoTexa MyTaHTHBIX BapU-
aHTOB, Hecylliux 20 BO3MOXHBIX aMHWHOKMCIOTHBIX
OCTaTKOB B MONOXeHWsTX 148 1 165 B pazmd4HbIX coYye-
TaHusx (Bcero 400 BO3MOXHBIX COYETAHMM ), IKCITPEC-
cupyrowmxcst B . coli. BU3yarmbHBIA CKPUHHUHT OKOJIO
5000 xonowuit 310l OMOMMOTEKHM TMOKA3Wl HATAYNE
KpacHbBIX (DITyOpeCLIEHTHBIX OEJIKOB pa3zMuYHOM SAPKO-
CTH, OIHAKO He ObUI0 HaMIEHO HU OTHOTO POTOAKTUBH~
PYEMOT0O BapHaHTa. Mbi 3aK/TFOYHMITH, YTO KAKHE-TO aMU-
HOKHUCJIOTHBIE OCTATKM B OKPYXEHUHU xpoMmodopa
TagRFP menrator nposisieHIo cBOHCTB (DOTOKOHBED-
CHH.

It npeomonieHuss 3ToM TpobIeMbl MyTarcHe3 I1o
rTostoxxeHusM 148 1 165 6b1 rpoBeneH Ha 0CHOBE Oel-
ka-npeniecteertka TagREP, nasvisaemoro NRM 14,
TaKXe o0ranaroiero MOHOMEPHOW CTPYKTYPOW, HO
MMeEroLLEro Bosee HM3KyI0, yeM y TagRFP sipkocTs dutyo-
PECLIEHLIMM. AHATIN3 aMUHOKUCIIOTHBIX ITO3ULMH, pazi-
garouux Genku TagRFP u NRM14, noxasbisaer, 410
TOJIBKO JUTS TpeX U3 HUX (rto3uinu 69, 179 u 181) 6okosble
LIETIM TIOTPYXXEHBI BHYTPS O€JIKOBOI IoOyJb! (puc. 1) U,
JIENOBATENBHO, MOIYT HANpPSAMYIO RIMATH Ha CIIOCOO-
HOCTB K 00paTtiMoii GOTOKOHBEPCHH. MBI Npetosiara-
eM, 4to B citydae TagRFP 6osiee 0GbeMHbIE ocTaTKu Argb9
u Phel81 (Lys69 v Leul81 8 NRM14) moryT Meruarts yuc-
MpAaHC-N30MEpU3alMK  XpoModopa, KoTopasl [I0JDKHa
MPOVICXOIATH NPH (POTOKOHBEpCUM. VirrrepecHo, 41O B
dorokoHBepTHPYeMOM Geke KFP1 B cooTBETCTBYIOLIMX
no3rimax 69 u 181 crosr mmenno Lysu Leu.

Ilpu myrarenese NRM14 6bUt0 0GHapyXeHO IBA
MYTaHTHBIX BapHaHTa, 007alalolMX CrIoCOOHOCTBIO K
obpatumoit oTokouBepcuH. OIUH M3 HUX cOIepXKal
3ameHy S148C o 1posiBisi1 (POTOKOHBEPCHIO, aHAIO-
rH4YHyIo obpatumoit otoakTusa KFP1: unreHcus-
HOCTb KpaCHO¥ (tyopeciieHIMH Bo3pacTaia B 3—4 pasa
MO BO3ACHCTBHEM 3e1eHoro ceera (530—-560 um) U 3a-
TEM BO3BpAILAIACh K UCXOJHOMY YPOBHIO NpH 00iIyde-
HMM CUHUM cBeTOoM (450—490 HM) win rnocie HHKyDa-
LIMH B TeMHOTe. BTopoit MyTaHTHBIN OeNOK, Ha3BaHHBIN
KFP-HC, conepxan 3amennt N148H 1 S165C (puc. 1) u
NMPOABRISUT  CBOMCTBA, oOparHbIe CBoicTBaM Oeyika
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Puc. 1. BelpaBHMBaHHE aMMHOKHCJIOTHBIX 1TOC/IEI0BATEIbHOCTEH dlyopecueHTHBIX 6e1koB. HyMepauus octaTkoB COOTBET-
cTByeT nocnenosaresbHocTH GFP. PaspeiBbr, BHECEHHbIE 1S BhIPABHUBAHUS 110CTEN0BATEIbHOCTE N, 0003HaYEHEBI TIPOYEPKa-
MH. AMMHOKHCIIOTHBIE OCTaTKH, DOKOBBIE 11EMHM KOTOPBIX NOTPYXEHBI B 0E1KOBYIO T/100YI1y, TI0Ka3aHbl Ha cepoM (HOHE. AMU-
HOKHCJIOTHBIE OCTaTKH B ITOJIOXEHUAX 65—67, obpasyioiine XxpoMOoQOPHYIO IPYTITTY, BhIIEIEHbI IIPSMOYTOJIbHUKOM. 3aMEHBI B
NMR14, otanyarouue ero or TagRFP, noruepkuyTsl. 3aMeHbl, XapakTepHslie 111 KFP-HC, BblesieHbI XUPHBIM LIPUGTOM H

NOIYEPKHUBAHUEM.

KFP1: ucXomHO OTHOCHUTEILHO BBICOKASI WHTEHCHUB-
HOCTb KpacHoit ¢uyopecueHmu nanana B 10 pa3 non
Bo3neucTBueM 3esieHoro csera (530—560 HM) u 3arem
BO3Bpalllalach K MCXOJIHOMY YPOBHIO IPU OOTyYeHUH
CUHUM cBeToM (450—490 HM) WM 1ocie UHKYOallMK B
temHote. Tak kak Myrant KFP-HC nposieisin 66:1b-
LIYIO SIPKOCTb TyOPECLIEHIIMU U BOTBIINI IMHAMHAYE-
CKU nuana3oH (POTOKOHBEPCHH, MBI OXapaKTepH30Ba-
JI1 ero 6osnee rmoapoOHO (CM. HUXE).

Cnexmpanvhuie ceoiicmea KFP-HC

Brouzenennsnit 6esiok KFP-HC ob6nanan dayopec-
LIEHLIMEHN B KpaCHOM 0051aCTH CMeKTpa, C MAKCUMYyMaMU
BO30YXIeHUS ¥ SMHUCCUM TTpH 585 | 615 HM, COOTBET-
cTBeHHO (puc. 2a). Ilocne oGmydyeHMss MHTEHCUMBHBIM
3€JIEHBIM CBETOM MHTEHCUBHOCTD (MTYOpECLIEHIIMM Ta-
nana B 8—10 pa3 (puc. 2a). KpoMme U3MeHEHUSs UHTEH-
CHBHOCTH (ITyOPECLIEHIIMH, TPOUCXOIMIIO TAKXKE HEKO-
TOPOE M3MEHeHHe (DOPMBI CIIEKTPOB BO3OYXIEHHUS U

SMMCCHUHU, YTO XOPOIIIO 3aMETHO TNPH CpaBHEHWU HOP-
MaJIM30BaHHBIX CIIeKTPOB (puc. 26). B “norymeHHoM”
COCTOSTHUM OCHOBHOM ITMK BO30YXIE€HUS HEMHOIO
CIIBUTaeTCsl B CHHIOKO 00J1acTh (MAKCUMYM ITpH 575 HM),
a TaKxXe nosipisiercss HOBbIM nuk rmpu 480 um. [locnen-
HUM, BEPOSITHO, COOTBETCTBYET ITPOTOHUPOBAHHOMY CO-
CTOAHUIO XpoModopa ¥ ONPEAE/ACT PEaKTHBAIIUIO “TI0-
TymieHHoro” 6enka KFP-HC. MakcumyM asmuccuun
TaKXe IpeTeprieBaeT I'MIICOXPOMHBIN CIBAT Ha 13 HM
(602 H™). MaMepeHue CIIEKTPOB TMOITIOIEHHMS TTOKa3a-
710, yto nipu Tyiuennu KFP-HC 3e1eHbM cBETOM IpoO-
WCXOINT CIABWT MakcuMyMma ¢ 575 no 565 HM ¢ HEKOTO-
PBIM yBeTMYEHUEM KoM dULIMEHTa MOJISIPHOTO MOIJ10-
n1eHMs (puc. 26). ITocKoIbKY ApKOCTB (TyOpecieHLIMU
MPOIOPLIMOHATTbHA TNMPOM3BENCHUIO Koa(ddHuImeHTa
MOJIIDHOTO TTOTJIOIIEHHUS M KBAaHTOBOIO BbIXOHa, TO
oueBunHo, uro Tymenne KFP-HC o6bsacHsercs
YMEHBIICHWEM KBAHTOBOTO Bhixona ¢uiyopectieHImu. B
akTHBUpoBaHHOM cocTtosstHuM KFP-HC o6nanan kBaH-
TOBBIM BbIX0OM iryopecueHImH 0.08 u koadbduuu-
BUOOPTAHUYECKAS XUMUS 2010
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BbISABTEHME AMUHOKHNCIIOTHBIX OCTATKOB

€HTOM MOJsipHOro normomenus 72000 M~lem—L
IMocne Tymernst KEP-HC 3eieHBIM cBETOM, B TEMHO-
BBIX YCJIOBUAX BEI0K MEUTEHHO BO3BPALLAJICSt K UCXOM -
HOMY ((DITYOpECLICHTHOMY) COCTOSIHUIO C BPEMEHEM I10-
JIYBOCCTAHORIEHUST OKONO 30 MUH.

Domokonsepcuss KFP-HC @ kyavmype Kaemok
MACKORUMQHOUUX

ns neMoHCcTpayy BO3MOXHOCTH HCHOb30BaHUS
KFP-HC w1 npyroKu3HEHHOTO MEYEH ST, KOMUPYHOLIast
nocienoarenbHocTh KFP-HC 6bina Ki1OHMpOBaHa B
BEKTOpP /11 SKCHPECCHH B KJIETKAX MIIEKOITHUTAIOLIHX.
brlna mposeneHa BpeMeHHAA TpaHChEKIIUS KIIETOK JIM-
Huu Phoenix Eco (Momudukaums impoko UCnosb3ye-
MOH JIMHUM KJIETOK SMOPHOHATIBHOU IMOYKM YEJIOBEKA
HEK?293). ®nyopecueHTHass MUKPOCKOIHUSI MOKA3aia
HaTHY¥ie TPAaHCHUIIMPOBAHHBIX KIIETOK C (uIyopecLieH-
LIME B KpacHO¥ 001acTH criekTpa (pyc. 3a). MureHcus-
HOCTB QIIYOpeCIIEHIIMH ObLTa HU3KOM, HO YETKO AETEK-
tpyeMol. [Ipy HabmoneHuu non QayopecLEeHTHbIM
MUKPOCKOITOM HHTEHCUBHOCTD (PJIyopeclleHLIMU OBICT-
PO Manana, MocKOJMbKY BO3OYXKIaIOLMH 3€NEeHbIH CBET
BBI3bIBAJ 3aTyxaHue (iyopecueHumn 6enka KFP-HC.
Ilocne KpaTKOBPEMEHHOTO OOGIYYEHMS] CUHUM CBETOM
(Habop ¢wisTpoB Wig Busyamsalmmn GFP) npoucxo-
IWIO BOCCTAHOBJIEHHE KpacHoro curHata. Ilyrem Ba-
PBUPOBAaHUS APKOCTU M TIPOAOIDKUTETBEHOCTH 00Iyye-
HMSI 3eJIeHBIM M CHMHMM CBETOM YyOanoch Nonodparb
YCJIOBMSL ISl TIPOBENEHMS MHOTOKPATHbIX LIUKJIOB Ty-
meHusg-aktuBarmy 6enka KFP-HC 6e3 sameTHOTO He-
obparumoro doToobecupeunBanus (puc. 36). B xome
3TUX DKCHEPMMEHTOB BBISICHIIOCH, YTO M30BITOYHOE
0o0y4eHre MIMEHHO CUHMM, a He 3€JICHBIM CBETOM OKa-
35IBAET OCHOBHOE BJIMSHUE HA CKOPOCTh HEOOpaTUMOro
doroobecipeumpanus Genxka KFP-HC (1e nokazaHo).

Takum obpazom, 6enoxk KFP-HC moxeT ObITh NpH-
MEHEH TS ITyOPECUEHTHOIO MEYECHHSI B KYJILTYpE KJle-
TOK MiteKonuTaroumx. CroricTsa 0OpaTuMolt POTOKOH-
BEPCUM, BEPOSATHO, MOTYT OBITH UCIIOMB30BAHBI I J10-
KQIBHOIO OITMYECKOIO0 MEUEHMsI, a Takxe Uil
MUKDOCKOITHH  VJIBTPaBbICOKOTO paspeiieHus. Boisgs-
JIEHHAsT B3aUMOCBSI3b MEXIY CTPYKTYpOU (aMUHOKHMC-
JIOTHOM TTOCJ/IENOBATEILHOCTHIO) ¥ CMIOCOOHOCTHIO K 00-
patuMoil (POTOKOHBEPCHU Yy Pa3TMYHBIX BapraHTOB
KpacHoro ¢uryopectieHTHoro 6eyrka TagRFP MoryT nos-
BO/MTH B OynyiieM paspabotarts 6onee spkue GoTOKOH-
BEPTUPYEMBIC KpacHbIe PITYOpeCICHTHBIE OeIKH.

SKCIIEPUMEHTAJIbHAS YACTD

B pa6ote ucnom3osam Tprc, XJIOPUCTBIN HAaTPUH,
EDTA, aykneoruarpudocdarsr (Sigma, CHIA); aHno-
HyKneasbl pecrpukii (New England Biolabs, CIIA);
cMech nomMepas i [P Advantage KlenTag (Clon-
tech, CIIIA).

HanpasyieHnpIii MyTareses rpOBOIMIA METOIOM 10-
CTPOUKH TTePEKPhIBAIOLIMAXCH (DPArMEHTOB, TIOTY4eH-
HBIX aMIDTH(UKALMEN ¢ TTpaiiMepaMM, HECYLLIMMM MyTa-
Ne 2 2010
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Puc. 2. CrnekrpanpHbie cBoictBa 6enka KFP-HC.
(a) Criextpel  BO30yXIeHHs (LUTPUXOBblE JIHHHH) M
aMmuccuu (crutouidpie JuHUM) KFP-HC B uicxomHOM
(4ePHEIE THHUM) 1 FIOTYLIEHHOM (Cephie THHHW) COCTOSI-
HUsX. (6) CITeKTpHI M3 NTAHETH @, HOPMAJIU30BaHHbIE Ha
MaKCUMAalbLHOE 3HayeHUe DIyOpeCleHUNH IR KaOKIOoH
kpvBo#. (8) Cnexrpsl nornomerHua KFP-HC B uexon-
HOM (4epHasi TUHHS) U TIOTYLIEHHOM (cepasd THHUS) CO-
CTOSIHUSAX

o [30]. ITonydeHHbIE MYTAHTHBIE [TOC/IENOBATETBHO-
CTU KJIOHUPOBATH B JKCIpeccHoHHb Bextop pQE30
(Qiagen), ucroae3ysi SHIOHYKJIEA3bl PECTPUKIIUMN
BamHI u Hindlll. TIpu skcripeccuu 310i1 KOHCTPYK-
K B L. coli monyueHHBIC pPeKOMOMHAHTHBIC Oenku
UMeT JIOTIOTHUTEITEHYIO TOC/IE0BaTENBHOCTh
MRHHHHHHGS na N-xoHile NoyMITenTHIHOMN HETTH,
KOTOpast MO3BOJsiNa OBICTPO OUMILATE ITH OesIKH ¢ TI0-
MOILLBIO MeTasoahdUHHOU XpoMaTorpahuy.

BusyansHbrit ot60p diryopecueHTHBIX ¥ GoTOTIEpE-
KITIOYaeMbIX KJIOHOB TTPOBOIWIX C ITOMOUIBIO (BIyopec-
HeHTHoro SuHoKy sipa Olympus SZX12.

4*
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Puc. 3. @orokonsepcusi KFP-HC B XUBBIX KJIETKAX MJIEKOTT

utarmx. (a) Mukpodororpadbuu AByX KiIeToK THHUH Phoenix

Eco, conepxammx KFP-HC, nory4eHHble ¢ HCIONb30BaHHeM Hab0poB dunsrpoB TX2 wist Bu3yanusaunu GiyopecleHInH B
KpacHO# obyacTtu criektpa. @ororpaduu nosydeHsl N0C/IeI0BATEIbHO B YKa3aHHOM MOPSAKE, KAXIOe HeYeTHOe H300paxke-
Hue cootBetcTByeT KFP-HC B aKTHBMPDOBaHHOM COCTOSTHMH, KaXI10€ YETHOE — B MTOTYILIEHHOM cocTogHUHM. Tvinenne KFP-
HC ocymecrasiiocs 061ydeHUeM 3eJI€HBIM cBEeTOM (Habop dunerpos TX2), akTuBauus — 061ydeHUEM CHHHM cBETOM (Habop
¢unsrpos GFP). (6) Usmenenne unteHcuBHocTH hrryopecuenunu KFP-HC B kieTkax, okasaHHbix Ha naHenu a. Cepole U
YepHbIe MPAMOYTONBHUKY Hal rpaduKoM 0603HAYAIOT UHTEPRATH O0TYUeHMS 3E/IEHBIM 1 CHHUM CBETOM, COOTBETCTBEHHO.

Lndpsl COOTBETCTBYIOT H300paXEHUSIM Ha MAHENH 4.

Jnsa napaGoTkn duryopeceHTHBIX 0€JIKOB IITaMMbI
E. coli, Hecynme IuiasMMIbl, 3KCIIPECCHPYIOILME pe-
KOMOMHaHTHBIe O6enkH, BeipatiBaim ripu 37°C B obpe-
Me 50 M1 o onTuyeckoro rnoromeHus okoso 0.6 OE
ripu 600 HM. TTocite 3TOro SKCNPECcUIo HHAYLUPOBAIH
nobaserrem IPTG 1o konuenTpaumnu 0.2 MM. [danee
KYJETypY UHKyOuposau ripu 37°C B Teyerre Hou. Ha
CJIENYIOLINI IEHb KIIETKU cOOUpau LeHTprUdyrupoBa-
HueM (10 mun nipu 4000 g), pecycrieHIMpoBaM B 1 M
PBS u paspymanu yisrpassykoM (3 pasza mo 20 ¢ Ha
Jbay) Ha nipubope Sonic Dismembrator 60 (Fisher Sci-
entific, CIIIA). ITocne uenrpudyrupoBanusa (10 MuH
rpu 10000 g) dnyopeclieHTHbIE OETKU BBIIESITM U3
PacTBOPUMON (DpakIIMH C TTOMOIIBIO MeTaLtoahdUH-
Horo copbeHTa TALON (Clontech) cormacHO peKOMeH-
JAUMAM TTPOU3BOIUTENS. DTIOUHMIO C COPOSHTA TIPOBO-
oo PBS, conepxammm 100 MM EDTA. CreneHn
OYUCTKH OeJIKOB GbLta He MeHee 90% 110 TaHHBIM I'eJb-
anektpodopesa B [TAAT B 1eHaTypUPYIOIIMX YCTIOBHUSIX.
CniekTpaJIbHbIE M3MEPEHMUS TPOBOIWIN Ha CIEKTPO-

dnyopumerpe Carry Eclipse u criektpodoromerpe Car-
ry 100 (Varian, ABcTpaius).

Jis1 3KCIIpeccuu B KJIETKAX MIIEKOITMTAIOLIMX KON -
pyioiast nocienosareabHocTh KFP-HC 6bu1a K1oHU-
poBaHa B Bektop EGFP-C1 (Clontech) non KoHTpoJIb
PaHHEro MpOMOTOpPa LIMTOMETAJIOBUPYCa BMECTO 110CIIE-
nosaresnbHocTH EGFP, ¢ ucrnons3oBaHueM 3HIOHYKIIE-
a3l pectpukimu Agel u Bglll. Knerku Phoenix Eco
TpaHchuimpoBach peareHToM FuGene (Roche) u
BbIpalMBanuck B cpeie DMEM (Invitrogen), conepxa-
et 10% FBS (Sigma) nipu 37°C B armocdepe 5% CO,
B TeYeHHUE 48 4.

DayopecHeHTHYI0 MHMKDOCKOMMIO JXWMBBIX KIIETOK
MJIEKOITUTAIOIIMX MPOBOAWIM 4Yepe3 24—48 4 rmocne
TPaHCHEKIIMU C TTIOMOIILIO HHBEPTUPOBAHHOTO MUKPO-
ckona AF6000 (Leica, Tepmanus), ocHailieHHOro 0ob-
extBoM HCX PL APO Ibd. BL 63x 1.4NA ¢ macasaHoM
ummepcueit, CCD-kamepoit Photometrics CoolSNAP
HQ (CHIA), nabopamu ontrdeckux ¢wisrpos GFP
(bwerp BO3OYX)maromiero cera BP470/40, ¢wuistp

BUOOPTAHUYECKAS XUMUS 2010

ToM 36  Ne 2



BBIABJIEHWE AMUHOKHCIIOTHBIX OCTATKOB

smuccuu BP525/50) 1 TX2 (dunsrp Bo30YyKAarolilero
ceeta BP560/40, dwrerp smuiccv BP645/75) v momu-
HecuenTHoM sammion 120W HXP (Osram) s netex-
U IyopecUeHIIMU B KpAcHOM oO/acTH CrieKTpa, a
takke wid Tyienns KFP-HC ucronb3oBami Habop
dwrsrpos TX2, mis aktuBauum notyuieHHoro KFP-
HC ucnonb3oBamu Habop dwisrpos GFP
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Identification of the Amino Acid Residues Responsible for the Reversible
Photoconversion of the Monomeric Red Fluorescent TagRFP Protein

L. Chzhan, N. G. Gurskaya, Y. E. Kopantseva, N. N. Mudrik, L. L. Vagner,
K. A. Lukyanov#, and D. M. Chudakov

_ #Phone: +7(495) 429-8020; e-mail: kluk@ibch.ru
Shemyakin—Qvchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences,
ul. Mikiukho-Maklaya 16/10, Moscow, 117997 Russia

The site-directed mutagenesis of the monomeric red fluorescent protein TagRFP and its variants was per-
formed with the goal of generating reversibly photoactivatable fluorescent proteins. Amino acids at positions
69, 148, 165, 179, and 181 (enumeration according to the green fluorescent protein GFP) were shown to play
a key role in the manifestation of the photoactivatable properties. A reversibly photoactivatable red fluores-
cent protein KFP-HC with excitation and emission maxima at 585 and 615 nm, respectively, was generated.
The KFP-HC fluorescent intensity was decreased by 510 times under green light (530—560 nm) irradiation
(due to the fall of the fluorescence quantum yield) and restored under irradiation with blue light (450—
490 nm) or after incubation in the dark (time of half reconstruction of 30 min).

Key words: fluorescent labeling, mutagenesis; photoconversion, red fluorescent protein
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