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YnpaBneHune akTUBHOCTbIO KIIETKM CBETOM OMpefeNeHHON ANNHbI
BOJIHbI C MOMOLLbIO CBETOUYBCTBUTENbHbIX MOHHbIX KaHas10B, OMNCKHOB,
(onToreHeTuKa) Bce 60nee LWWNPOKO UCMONb3YEeTCs ANIA NCCeA0BaHNS
paboTbl 1 GyHKUUM HENPOHOB. BHeapeHWe B KNeTouHyto MeMbpaHy
OMNCVHOB C MOCNeAyOWYM NPYOOPETEHNEM KNETKOW YyBCTBUTENTIbHO-
CTW K CBETY AOCTUraeTCA C MOMOLLbIO BUPYCHbIX BEKTOPOB, CO3AaHHbIX
Yalle BCEro Ha OCHOBE NIEHTVBMPYCOB MM aleHOACCOLMUPOBAHHbBIX
BMpycoB (AAV) 1 HecyLmx HYKNeoTAHbIe NOCNefoBaTeNbHOCTY,
Kogupytowve 6enku GoToKkaHanoB. BBefeHue B TpaHCreH-3KCnpeccn-
pytoLLyto KacceTy cneundryeckoro ana MHTepecyiowero Tuna

KNeToK MpoMOTOpa No3BosAET LiefleHanpaBiieHHO NpoayLMpoBaTbh
OMCWH TONbKO B KNeTKax-MuLeHsX. Lienbto gaHHoM paboTbl ABUNUCH
KpaTKoe onrcaHne onToreHeTYeckoro NoAxXoAa, a Takxke aHanm3
BO3MOXHOCTM €ro 1CnoJsib30BaHNA NPV BBEAEHUN BUPYCHbIX BEKTO-
POB B MO3I HEOHATaJIbHbIX XMBOTHbIX ANA UCCNefoBaHNA GYHKL MK
HeNpPOHOB in vivo B nocnegytoLme nepnoabl oHToreHesa. B faHHon
paboTe TpexgHEBHbIM KPbICATaM MoOA XON0A0BbIM HAPKO30M BBOAWAN
B ronosHou mo3r ontosekTop (PAAV-CAMKIla-ChR2,,;3,4-YFP),
Koaupyowmin GoToKaHas, akTUBUPYIOLWMI HENPOH, N MapKePHbIN
KenTblin priroopecueHTHbI 6enok nog koHTponem CAMKIla npomo-
Topa, cneundUYHOro AnA rnyTaMmaTepruyecknx HelmpoHos. Muk
JKCNPeccy BHECEHHOTO reHa, Kak NpaBuno, NPUXoamnTCa Ha 3—5-10
Heflenio NoC/e BBeLEHUS BEKTOPA, UYTO HabNo4anoch 1 B Hallem
cnyyae. DoTOCTUMYNALMA HENPOHOB runnokammna 20-AHeBHbIX
YKMBOTHBIX, KOTOPbIM Ha TPETUN AEHb XMN3HW BBOAWUIN ONTOBEKTOP,
noBblLIana pa3paAfHYI0 akTVBHOCTb 3TVX HEMPOHOB, a TakXe yBenu-
yrBana B HUX 3KCMpeccuto 6enka c-Fos, sBnsatoLerocs obLenpusHaH-
HbIM MapKepOoM HelpoHasibHOM akTuBaumu. B pesynstate npoBepeHunA
TaKoro nuccnefoBaHusA B 6osee No3gHne CPoKy, Yepes 60 fHel nocne
HeoHaTanbHOro BBEAEHNA reHa ONToKaHana, He 6b110 06HapyKeHO
HW ero 3amMeTHOW 3Kcnpeccum, H1 GOTOaKTUBaLMMN HENPOHOB-
MULLeHel rnnokamna. Taknum ob6pa3om, HeoHaTanbHoe BBeAeH e
BVPYCHOrO BEKTOPA, HeCYyLLero reH ontokaHana, 3p$peKTMBHO npu
nccnefoBaHny GyHKLMN HEMPOHOB MO3ra B IOBEHUSIbHOM BO3pacTe
KpbIC 1 TpebyeT LOMOMHUTENBHOWN NPOBEPKM IKCMPECCUM FreHa

B nocsiegytoLmne neprioabl OHTOreHesa.
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Optogenetics, that is, the control of cell activity

using light-sensitive ion channels opsins with light
of a specific wavelength, is increasingly being used to
study activities and functions of neurons. Expression
of opsins in the cell membrane, followed by the
acquisition by the cell of the sensitivity to light is
achieved by means of viral vectors, often created

on the basis of lentiviral or adeno-associated (AAV)
viruses bearing the nucleotide sequence encoding
the photo-channel proteins. Inclusion of the cell-speci-
fic promoter of interest into the transgene-expression
cassette allows opsin to be produced only in the target
cells. The aim of this work was to briefly describe

the optogenetic method, as well as to analyze the
possibility to use administration of viral vectors into
the brain of neonatal animals to study the function

of neurons in vivo during subsequent periods

of development. In this analysis, 3-day-old rat pups
received intracerebroventricular injections of opto-
vector (pAAV-CAMKIla-ChR2,,,3,-YFP), coding for a
photo channel, which activates neurons, and the
yellow fluorescent marker protein under the CAMKIla
promoter specific for glutamatergic neurons under
cold anesthesia. The peak expression of the transferred
gene is usually achieved at week 3-5 after the transfer
of the vector, which is what was also observed in our
experiments. Stimulation of the hippocampal neurons
with blue light in the 20-day-old animals, to which
opto-vector was transferred at the 3rd day of life,
increased the discharge activity of these neurons.

This light stimulation increased expression of the



KAK LUTUPOBATb 3TY CTATbIO:

recognized marker of neuronal activation protein
c-Fos in these photosensitive cells too. The same
experiments with older animals, 60 days after the
neonatal opto-channel gene transfer, revealed no
noticeable expression of this channel or photo-
activation of target neurons of the hippocampus.
Thus, neonatal administration of a viral vector carrying
an opto-channel gene is suitable for the study of brain
neurons in rats of juvenile age, and requires additional
control for gene expression during subsequent periods
of development.

Key words: optogenetics; photosensitive proteins;
neuronal activity; adeno-associated viruses; ontogeny;
expression.
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porpecc B M3yYCHHUHU CIIOKHBIX (PU3UOJIOTHUCCKUX

CHCTEM W IPHU3HAKOB, 0COOCHHO TOJOBHOTO MO3Ta,

TpeOyeT HOBBIX, BCE O0JIee COBEPIICHHBIX METOIOB HC-
cienoBanusl. Jlo HelaBHEro BpEeMEHH IpH aHau3e (GyHKIHA
nenTpanpHoi HepBHOH cucteMsl (LIHC) muns momynsanun
AKTHBHOCTH HEHPOHOB UCIIOIH30BAIH JIUIITH (DapMaKOJIOTHYC-
CKHUe u 3MeKTpodusnonorndeckue Metopl. [Ipu BeisscHeHUN
MEXaHN3MOB MYJIBTUTCHHBIX W IUICHOTPOIHBIX MPHU3HAKOB
BO3HHKJIa HEOOXOTUMOCTH B 00JIee M30UPATEIHHBIX MOIX0IaxX
K MaHMIYJISALUU cOCTosiHMeM paboTtaromux kietok [THC.
B HacTosiiiee BpeMsi MCCIIEIOBATENN PACIIONATraloT OOIIHp-
HBIM Ha0OPOM MOJIENIeH i METOIOB, TAKMX KaK TPAHCTCHHBIC
N HOKAYTHBIC JXUBOTHBLIC, 6I/IOTeXHOHOFI/I'{eCKI/le 1oaAXoabl
1 HEAABHO MOJYYIHBIITHE MTUPOKOE PACTIPOCTPAHEHHUE METOBI
ONTOTCHETUKHU. B onToreHeTnyeckoit 061actu HEUPOOHOITO-
THYCCKHUX I/ICCJ'ICJIOBaHl/Iﬁ Ol'Iy6J'lI/IKOBaHI)I COTHH CTaTeﬁ, OXBa-
TBHIBAIOIINX IIUPOKHUH CIIEKTp (PYyHKIINI HEHPOHOB U UX CeTer
Y CaMBIX pa3HOOOPa3HBIX 00BEKTOB: OT HEMATOJIBI, IIOAOBON
MYIIKH ¥ aKBAPLYMHOW PBIOKH JI0 J1a00OPATOPHBIX IPHI3yHOB
n gaxke mpumatoB (Deisseroth, 2011; Diester et al., 2011;
Zhao et al., 2011; Hdprrano, 2015). CyTh ONTOreHETHYESCKUX
IOAX040B COCTOUT B YIIPABJIAEMOM U3MCHCHUU MeM6paHHOFO
MOTEHIIMAJa KJIETOK ITyTeM aKTHBAIIMH CBETOM BHEIPEHHBIX
B X MEMOpaHy CBETOYYBCTBUTEIBHBIX HOHHBIX KaHAJOB.
Taxkoit oaX0a MOXXET OBITh UCIOJIB30BaH IS MCCIICI0BA-
HUS IPUYHMHHO-CIICICTBEHHON CBS3M MEXIY aKTHBHOCTBHIO
OTIpE/ICTICHHBIX HEHPOHOB U, HAIPUMED, MTOBEICHUEM WA
JKCIIPECCUEH UHTEPECYIOLIMX UcCiIenoBaTels reHoB. Llenbto
JTAaHHOI pabOTHI ABUIOCH PACCMOTPEHNE HanOoJIee 4acTo UC-
MOJTIB3YEMBIX B HACTOSIIICE BPEMS CPEACTB PEaTN3aIlii 3TOTO
MOJIX0/1a, a TAaKXKe aHajdu3 0COOEHHOCTEHW ero MpUMEHEHUs
TIPY BUPYCHOW JOCTABKE ONITOTEHETHYECKUX BEKTOPOB B MO3T
HEOHATAJBHBIX JKUBOTHBIX [ HCCIICAOBAHUS (DyHKIIMA HEHi-
POHOB in Vivo B IOCIEAYIOLIME ITEPUOBI OHTOTEHE3A.

CBETO‘-IyBCTBI/ITeanbIe MOHHbIe KaHallbl,
M3MeHALWMNE aKTUBHOCTb HEMPOHOB

O1nToreHeTNKa HCTIOJIB3YET METOABI TeHHOH WHXXEHEPUU I
BHEJIPCHHS B KIICTOUHYIO MEMOpaHy HCCIIelyeMbIX HEHPOHOB
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0CJIKOB, OIICHHOB, CIIOCOOHBIX MEHSATh MEMOPAaHHBIN MOTCH-
IIMaJl KJIETKH B OTBET HA aKTHBAIMIO CBETOM OIPEAEIEHHOMN
JUTMHBI BOJIHEL. Cpenn ONCHHOB BBIJICISIOT aKTHBATOPHI,
JIeNoJIsIpU3yolue MeMOpaHy, 1 HHTHOUTOPBI, TUIIEPIIO-
JSIpU3YIOINe ee. DT TeHETHYECKHE MWHCTPYMEHTHI MOTYT
UCIIONIB30BaThCsl KaK IO OTACIBHOCTH, TaK M B COUCTAHUH
(Glock et al., 2015).

Hamubonee gacTo HCMOIB3YIOTCS POAONICHHEL. JTH OSNKH
HUMEIOT B CBOCH CTPYKTYpe CeMb TPaHCMEOpaHHBIX JIOMe-
HOB, 00Opasyromux kaHayi. OHHM COINPSDKEHBI C PETHHAJIEM,
SIBIISTFOIIAMCST KO(aKTOPOM 3THX ONICHHOB. [lormomast GpoToH,
peTHHAIb N30MEPH3YETCsI, ITPOBOLIUPYS U3MEHEHNE KOH(OP-
Manuy OesKa, YTO MPUBOJUT K M3MEHEHUIO ITPOHNUI[AEMOCTH
MeMOpaHbl A1 HOHOB, HHAYIUPYS] TOK OJHOBAJIEHTHBIX
(H*, Na*, K) 1 He60IbIIOr0 KOJIMYECTBA HEKOTOPHIX JIBYX-
BasieHTHBIX (Ca2") KaTHOHOB, BBI3BIBAIOLINX JCTIONSAPU3ALIIO
MeMOpaHbI HelipoHa.

Kananopononcun-2 (ChR2) 6bu1 mepBeIM OakTepuab-
HBIM O€JIKOM, HCIIOJIb30BAHHBIM JJIsl U3MEHEHHSI aKTUBHO-
CTH HEWpPOHA, a UMEHHO €T0 JCTOIAPHU3ALNY, a TAKKe IJIsS
ynpasienus noseneHneM Hemarons! C. elegans (Boyden et
al., 2005). Criexrp noromenust ChR2 naxonures mexay 350
u 530 HM, TOTIa KAK MAaKCUMaJIbHasi aKTUBAINS JOCTUTAETCs
[pU CTUMYJSILLUA CBETOM C JJIMHON BOJHBI OKOJIO 460 HM
(cunwuii cet). [locne TOro kak KaHas OTKPBIBAETCS, OH MOXKET
MEJUIEHHO CIIOHTaHHO 3aKpBIBATHCSI B TEMHOTE, HO €T0 3a-
KPBITHE TaK JK€ MOKET OBITh MHAYIIMPOBAHO 3€JICHBIM CBETOM.
CKOpOCTb TOKa HOHOB U€pe3 3TOT KaHaJ CPAaBHUTEIHHO MaJla
(1,21 mc mpm ocBemennn 20 MBt/Mm?) (Lin, 2011), mostomy
JUIS TOCTHKEHUS! (DYHKIIMOHAJIBHO 3HAYMMOTO PE3yJbTara
TpeOyeTcst IPUCYTCTBHUE OOJIBIIOrO KOJIMUECTBA KaHAJIOB Ha
MemoOpane (Boyden et al., 2005). Cefigac momydeHsl KaHAJIBI
¢ OopIIel CBETOYYBCTBUTEIBLHOCTBIO U CKOPOCTBIO TOKA
MOHOB, HO U B HacTosuiee Bpemsi ChR2 siBisiercst Hanbouiee
UCTIONb3YEMBIM B ONTOTEHETHYIECKUX MCCIEJOBaHUAX. YCO-
BEPILICHCTBOBAaHNE (PYHKIMH 3TOTO KaHAIa METOIAMH MO-
JIEKYJSIPHOM MH)KEHEPHH 32 CUET U3MEHEHHSI CIIEKTPaIbHBIX
CBOICTB, TPOBOIMMOCTH HJIM KHWHETHUKH 3TOTO O€JIKa aKTUBHO
BEJIETCsI B psijie Taboparopuii. bputo mokasaHo, HarrpuMep, 4To
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onHa ToueyHast MyTarust (H134R) B rene kaHamopooncuta-2
TIOBBIMIAET TOK HOHOB B 2—3 pasa 3a c4eT 3aMe/JICHUS TeaK-
tuBanun kaHaia (Gradinaru et al., 2007), a C128S myTanTsI
CHOCOOHBI JIEaKTUBUPOBATHCS O JCHCTBUEM HMITYJIbCa
3eNeHoro ceeta (542 HM), COXpaHss IPH 3TOM CIIOCOOHOCTH
AKTHBUPOBATHCSI CHHUM CBETOM. Takue CBOMCTBa MOTYT OBITH
UCII0JIb30BaHBI 1715 00JIee TOYHOTO PEryJIUPyEeMOro UMITYJIbC-
HOTO BKJIFOUCHHS WITH BBIKITIOUEHHS KaHaJla M, COOTBETCTBEH-
HO, TIOBBIIICHUS MJIM CHIKEHHSI aKTHBHOCTH HelipoHa (Zhang
etal., 2010).

TopmokeHIe HEHPOHAIEHOW aKTHUBHOCTH BIIEPBBIE OBIIIO
JIOCTUTHYTO ¢ moMotrsio ramopogoncuaa (NpHR), Haiinen-
HOTO B apxesix Natronomonas pharaonis (Zhang et al., 2007).
NpHR sBnsieTcs HacocoM, aKTUBUPYEMBIM KEITHIM CBETOM
¢ koM Bo30yxaenust 590 uM. OH UHAYLHMPYET TOK HOHOB
XJIOpa B KJIETKY, THIIEPIIOJSIpU3yst ee MeMOpaHy. B omiinune
OT KaHAJIOPOAOTICHHA, KOTOPBII SIBISIETCSI KAHAJIOM M B OT-
KPBITOM COCTOSIHIH CITIOCOOEH MPOITyCKaTh MHOXXECTBO HOHOB,
raJopoJOICHH — HACOC, KOTOPBIH CIIOCOOEH TPaHCIIOPTHPO-
BaTh TOJIKO OZIMH MOH 3a OJUH LHKJI. B cBs3u ¢ atum NpHR
MMEEeT HU3KYIO CKOPOCTb paboTh! M Hyknaercs, kak 1 ChR2,
B BBICOKOM YPOBHE KCIIPECCHH JUIsl OCYIIECTBICHUS (PU3HO-
Jormygeckoro 3 ¢exra.

B macrosimee BpeMmst /ISl TOPMOXKEHHSI aKTHUBHOCTH HEH-
POHOB IIYTEM THIEPIOISPHU3ANUU TAKKE HCIOJIb3YIOTCS
MIPOTOHHEIE HacOoCH Arch m Mac, KOTOpbIe BRIKa9UBaIOT IPO-
ToHbI n3 kieTkn. Archaerhodopsin-3 (Arch) 611 0OHapyXkeH
B apxesix Halorubrum sodomense (Husson et al., 2012). Drot
HAcOC aKTHBUPYETCS JKEJITO-3EJIEHBIM CBETOM M BBI3BIBAET
CaMyl0 MOIIHYIO IO CPaBHECHUIO C APYTMMH OEIKaMH TH-
MEePIOJISIPU3ALMIO IPU OCBELICHUH CBETOM C JUIMHOM BOJIHBI
566 aM. Mac, HalineHHBIN B rpube Leptosphaeria maculans,
AKTHBUPYETCSI CHHE-3eJIeHbIM cBeToM (550 HM). B 1ienom stu
Oesnku uMeroT 0osiee BBICOKYIO CKOPOCTh TPaHCIIOPTUPOBKH
nonos, ueM NpHR. Kpome Toro, ciekTpbl akTuBaluu 3THX
0€JIKOB ITO3BOJISIOT HCIOJIB30BaTh nX coBMecTHO ¢ ChR2 npun
MYJIBTUMOJIJIBHBIX CTPATETHSIX OCBELICHUSL.

TpaHCreHHble >KNBOTHbIE
B onToreHeTu4eCKNX nccsieqoBaHmnAx
W3ydenne HyHKINU HHTEPECYIONTIX HCCIEN0BATENs Helpo-
HOB BO3MOKHO TPH NX aKTHBALIUH CBETOM, €CJIH 3TH HEHPOHBI
numMeroT B coeit MemOpane ChR2. J{ist aToro coznarorcs TpaHe-
reaHble ChR2 )XHUBOTHBIE, Y KOTOPBIX OTICHH YKCIIPECCHPYETCS
B OIIPE/ICIICHHOM THIIE KJIETOK, 4TO 00eCIeYrBacT Crieiupuy-
HBI JJIS1 3TUX KJIETOK IPOMOTOP. Takue JIMHUU KPbIC U MBILLEI
MOTYT OBITH UCTIONIB30BAHBI JUTS N3YIEHUsSI (PyHKIIMOHATBHBIX
CBsI3eH B CIIOXKHBIX M €II¢ HE N3BECTHBIX HEHPOHHBIX LETIAX
B €CTCCTBCHHLBIX YCJIOBHUAX C BBICOKUM IMPOCTPAHCTBCHHBIM
Y BPEMEHHBIM Pa3pEIICHNEM. YKE CO3J[aHO OOJIBIIOE YHCIIO
TaKuX JUHAN. JKUBOTHBIE 3TUX JIMHUN HE NMEIOT KaKUX-TH00
3aMETHBIX MMOBEACHYECKUX WM PENPOAYKTUBHBIX 1e()EKTOB
(Arenkiel et al., 2007; Wang et al., 2007).

Jlist ananm3a CIOXKHBIX (POPM TTOBEICHHS XKUBOTHBIX
C IIOMOIIIBIO ONTOreHETUYECKOM CTUMYJISIIUU NIPUMCHAIOT
KOHTPOJIUPYEMYTO IKCTIPECCHIO (POTOAKTHUBUPYEMBIX OCITKOB,
KOTOpast MO0 3aIycKaeTcst, TMOO0 MpeKpamaeTcsi B OTBET Ha
omnpeneneHHbId Tpurrep. Takue CUCTeMbl 00SCIICYMBAOT H3-
MEHEHHE COJEP KaHMs ONCHHOB B KOHTPACTHBIX CHUTYaIHAX
MOBE/ICHYECKOTO TecTa. [IJIs 3THX 1eel 9acTo NCIOIb3YIOT

2016
20.2

D.A. Lanshakov, U.S. Drozd
T.A. Zapara, N.N. Dygalo

terpanukinHoBbie Tet-off u Tet-on cucremsr. Tet-off cucrema,
HarpuMmep, ObljIa YCIENTHO UCIIOIb30BaHA B IKCIIEPUMEHTE,
HAIICJICHHOM Ha BBISIBIICHHE KJICTOK, KOHTPOJIMPYIOIINX Peak-
LUIO cTpaxa y Mbllleld. TpaHCT€HHBIM MBIIIAM, KCIIPECCUPY-
IOIIAM TETPALNKIMHOBHIN akTuBaTop tTA mom mpomMoTopoM
TeHa paHHEro oTBeTa c-fos, FKCIpeccHst KOTOPOTO SIBIISIETCS
MapKECpOM aKTHBallUH HeﬁpOHOB, B T'UIIIIOKaMII BBOJUJIU
BHPYCHYIO KOHCTPYKITHIO, B KoTopoit ChR2 Haxomwmiics mon
MIPOMOTOPOM, COJCPXKAIUM TETPALUKIMH-OTBEYAIOITNI
aneMeHT (TRE). JKuBOTHBIM ¢ muIel gaBaiv JOKCUIIUKIUH
(cuHTETHYEeCKUH aHAJOT TETPALMKINHA), KOTOPBIN CBSI3bI-
Baercsi ¢ tTA, 4TO MPEnsATCTBYET BKIIOUCHUIO HKCIIPECCHH
ChR2. Kak TOJBKO JOKCHIUKIMH NpEKpalaer nocrynarh
C TIMIIEH, CTAHOBUTCA BO3MOKHOM akcnipeccust ChR2, Ho oHa
MPOMCXONT TOJIBKO B AKTHBHPOBAHHBIX HEHPOHAX, Y KOTOPBIX
3allylicH MEXaHN3M, YHaCTHUKOM U TOKA3aTcJICM aKTUBHOCTHU
KoTOporo sBisieTcs 6enok c-Fos. B aTux ombiTax He3aq0ro
JI0 TIOMEUICHHS B CTPECCOBYIO CHUTYAIHIO, BBHI3BIBAIOILYIO
Yy MbILIEH peakIlMIo CTpaxa, UM MPEeKpaLain JaBaTh JJOKCULIH-
KJIMH, a y’K€ B yTPOXKAIOIEH CUTyaIlny CHOBA 1aBaJIM JAHHBIH
npernapar. OTUM 00eCIeUNBAIIH HKCIPECCHIO KAaHATIOPOJIOTICH-
Ha-2 TOJIBKO B TEX HECKOJIbKUX «HEHPOHAX CTpaxay, KOTOpbIe
ObUTH aKTHBHBI B CUTyalnu cTpecca. OHaKAbI 3aITyeHHAs
skcripeccust ChR2 B 3TuX «HEWpoHax cTpaxay J0CTaTOUYHO
YCTOWYHMBA, YTO [TO3BOJIMIIO U30MPATEIbHO aKTUBUPOBATh X
cBeToM. ONTOreHETHYECKO CTUMYIISIIIUN 3TUX HECKOIBKHUX
HEWPOHOB B YCIIOBUSIX, B KOTOPBIX dXMBOTHOE OOBIYHO HE TTPO-
SIBJISIET PEAKLIUIO CTpaxa, ObUIO JOCTATOUHO, YTOOBI BHI3BATh
PEaKIHIo CTpaxa B CIIOKOWHOM, HEYyTpoXKaromiei 00CTaHOBKE
(Liu et al., 2012).

OnHO¥ U3 MPOOJIEM ONTOICHETHKH SIBJISICTCS MOJYUYCHHE
crabunpHOM skcnpeccrn ChR2 mox cirabbIM HiTH e KeCTKO
PEryIpyeMbIM TPOMOTOPOM. J{JIst TOBBIICHUS KCIIPECCUH
(oToKkaHaNa €ro CTaBAT MOJ KOHTPOJIb CHIBHOTO KOHCTH-
TYTHBHOTO TIpoMoTopa (Hampumep, EF1-a), Haxomsmerocs
B 00paTHOI OpHEHTALNH K IIPOMOTOPY OICHHA U (hIIaHKHPO-
BaHHOTO JBYMsI loxp caiiTamu, OOBIYHBIM ¥ MYTHPOBaHHBIM
(EF1a-DIO-rano/omncun). [Tocne BoccTaHOBICHUS HOP-
ManbHOl opueHTanuu Cre-pekoMOMHAa301 MOCIIea0BaTelb-
HOCTh, Koaupytomas MPHK oncuna wim ranopojorncuna,
pa3BOpauMBaEeTCs, YTO 00ECIEeYnBaEeT BBHICOKHH YPOBEHB
JKcTIpeccuy oTokaHana. HYacTo MCIONb3YIOTCS KOHCTPYK-
I[UH, B KOTOPBIX MOCJIE CHJIBHOI'O NMPOMOTOPA HAXOIUTCS
stop-kaccera, (mankupoBanHas loxp caiitamu (EFla-lox-
STOP-lox-rano/orncun).

YT0o0Bl TOOUTHCS CHIIBHOW CHEHU(UUHON IKCIPECCHH
OTICHHOB B HEHPOHAX TEX TUIIOB, KOTOPHIC MPEICTABISIOT
MHTEpEC, JIN00 B KIIETKAX, SKCIIPECCUPYIOLINX HCCIICTyeMBbII
T'€H, HCTIOJIb3YIOT TPAHCTEHHBIX JKUBOTHBIX, Y KOTOpBIX Cre-
PEKOMOMHA3a SKCHPECCUPYETCS] TOJIBKO O] POMOTOPOM,
padOTAIONIMM HCKITIOUYUTEIBHO B HEOOXOIMMOM THIIE KIIETOK
7100 1MOJT MPOMOTOPOM HCCIIEyeMOro reHa. [IpumMeHstoT kak
BBeneHue Bupycos (EF1a-DIO-ramo/oncun) stum TpaHc-
TEHHBIM >KUBOTHBIM, dKcrpeccupyromum Cre-pekoMOnHa3y,
TaK U CKpeLIMBaHUE MBIIIEH IBYX TPAaHCTEHHBIX TUHUN. [Ipu
BBEJICHUH BUpYca B MO3T Cre-3KCIpeccupyromuX TPaHCTEHOB
TeH orcuHa ¢ cuibHbIM EF 1-0 mpomMoTopom momazaer Bo Bce
KJIETKU B 30HE UHBEKLIMHU BUPYCHOI KOHCTPYKLUU, HO JIUIIb
B TEX KIEeTKaX, riae umeercs: Cre, MPOM30iIeT yBeIUUeHUE
ypoBHs 3kcnpeccuu toro rera (Gompf et al., 2015).

MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I9CKOVI reHeTuKun
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Hapsiy ¢ TpaHCT€HHBIMH JIMHUSIMH MBIIISH HCTIONB3YeTCs
BUPYCHasl IOCTABKA F€HOB ONICUHOB B KJIETKHA HHTEPECYFOIIHUX
HccieoBarelis 00JacTeil ToJI0OBHOIO MO3Ta.

BupycHbie BEKTOPbI fOCTaBKN ONCUHOB B MO3T
Jlmst aKcripeccuu B KIETKaX HCCIEAYyEMBIX OTICIOB MO3Ta
AKTHBHPYEMBIX CBETOM KaHAJIOB UX YaCTO TOCTABIIIIOT K 3TUM
KJIETKaM B COCTaBE JICHTH- MJIHM a/IeHOACCOIIMMPOBAHHBIX
(AAV) BupycoB. OTH BEKTOPHI 00ECIIEYNBAIOT YCTOHUUBYIO
SKCIIPECCHUIO JIOCTABIIEMOT0 TeHA B PA3TMIHBIX TUTIAX KIIETOK
[P MUHUMAJILHOM OTBETE MMMYHHOIl CHCTEMBI.
Crnenuuyeckuii KIETOUYHBI MTPOMOTOP CIIOCOOeH 00e-
CIICYHTH CENEKTUBHYTO SKCIPECCHIO OTICHHA B HYKHBIX THTIAX
HEMpOHOB, a TaK)Ke OT/Jeslax I'0JOBHOrO Mo3ra. BupycHbie
BEKTOPHI Ha OCHOBE JICHTH- 1 AAV BHpPYyCOB MOTYT OBITh
WCIIONB30BAHBI Ha OpPTaHU3MaXx, IS KOTOPHIX ITOJHOCTHIO
HEJOCTYMHBI JTM00 UMEETCs JIMIIb OIPAaHUYEHHOE YHCIIO
TPAHCTEHHBIX MOJIENIeH, HaIpuMep Ha IpuMaTtax. BupycHsie
KOHCTPYKITHH CTIOCOOHBI IPEOIONICBATH HU3KYIO TPAHCKPHII-
IIMOHHYIO aKTUBHOCTh HEKOTOPBIX CHEH()UYHBIX IPOMOTOPOB
ITyTeM BCTPaMBaHMI MHOKECTBA Komnii reHa. [Ipu noctatouHo
BBICOKOM THTPE BBEIICHHOTO BHPYCa BBEICOKUN YPOBEHB IKC-
MIPECCUU ONICHHA B HEHPOHAX JOCTUraeTcs uepes 2—3 Heenu
U MOXET HaOII0aThCad B TEUCHUE HECKOIBKHUX MECSIICB.
(Dittgen et al., 2004; Zhang et al., 2010; Kim et al., 2013).
JlaHHBIN MOJXO/ B COYETAHMU C TIOCIEJAHUMHU JOCTHIKE-
HUSMH B (hoTonuTorpaduu MO3BOJSAET IMEPEHTH HAa HOBBIN
YpOBCHb B W3yUeHUH (QYHKIHA HEUPOHOB in vivo. Kommep-
yeckue kommanuu (Neuronexus, Neuralynx, Omnetics, Atlas
Neuroengineering, IMTEK, Multichannel system, Intan
Blackrock) mpemmararot pa3mnaHble MHOTOKaHATBHEIC TTOITY-
MIPOBOTHUKOBBIE (C MUKPOYCHIIUTENIEM JUTsl KQKIO0TO KaHaja
Ha IJ1aTe) ONTOTPOAB!I (OMTOBOJIOKHO + 3JIEKTPON), TIPH TI0-
MOIIIA KOTOPBIX BO3MOYKHBI OJHOBPEMEHHBIC CTUMYIISIIUS
CBETOM M 3aITUCh JIOKAJIBbHBIX OTEHIMAI0B KieTok (Davis et
al., 2008; Tan et al., 2008). I1OTHOCTh IEYaTH MHUKPOILIAT
TTO3BOJISICT BECTH 3aITHCh IO 256 KaHAIIOB, PETHCTPUPYS MTOITY-
JSIIMOHHBIE CITAKU MaJIOTo KonnyecTBa HeHpoHoB (Buzsaki
et al., 2015). Ilporpecc B TeXHMYECKNX HayKaxX O0OECIEUIT
CO3/IaHNEe MUKPO-ONITOBOJIOKHA, YMATHPYIOIIETO CBET C Pa3-
HOM JUIMHOM BOJHBI B pa3HbIX TOYKAX IJISI OJJHOBPEMEHHOM
CTUMYJISIIINH ¥ HHTHOMPOBAHUS HEHPOHOB, PACTIONIOKEHHBIX
B 30HaX IMHUCCUH BO30YKTAIOIIETO U TOPMO3HOTO CBETA, UTO
MO3BOJISIET MYJIETHMO/IAIEHO MaHHITYJIMPOBATh Pa3IMYHBIMH
nomyssiusivu HelipoHoB (Pisanello et al., 2014). Mmeromuecs
OTITOTPOIBI I MUKPOCXEMBI JIOCTAaTOYHO MUHHATIOPHEL [locite
BKUBIICHHSI B MO3T' OHM MOTYT OBITh 3aKPEIUICHbI Ha TOJIOBE
U CIIy’KUTh TIPU JONTOBPEMEHHBIX XPOHHYECKUX OMBITaX Ha
JKUBOTHBIX, YTO OTKPBUIO ITyTh MPUMCHEHUSI ONTOTCHETHKH
JUTSL ICCIIC/IOBAHMSI JICTIPECCUBHO-I0JJ00OHOTO MTOBEICHUS,
TPEBOKHOCTH, arpeCCHU, AMSITH, CTpecca U APYTrUX QpyHKIMH
OpraHu3Ma.

leH c-fos B onToreHeTNYeCKNX nconegoBaHmMAxX

AKTHBAIMIO HEHPOHOB B MO3Te MOYKHO BBISIBUTH HE TOJIEKO
M0 YacTOTC W aMIUIMTYJIE UX AJICKTPUYCCKUX Pa3psoB, HO
M 10 BCILIECKY DKCIPECCHU T'€HOB PAHHET0 OTBETA, TAKHX KaK
c-fos Wi arc. ITO YCTAHOBICHO MHOTHMH HCCIIEIOBATEIISIMU
METO/IaMU in Sifu TUOPUAN3U3ANUN U UMMYHOTHCTOXUMHHU
(Lanshakov et al., 2016). [ToBbImeHHE SKCIIPECCUU C-fOS
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MOXET HaOIIOAAThCs YXKe 4epe3 5 MHH IM0clie aKTHBALUU
HelpoHa, II03TOMY TPaHCTeHBI M TeHETHYECKUE KOHCTPYKTHI
Ha OCHOBE MPOMOTOpPA C-fOs YaCTO MCIOJIB3YOTCS B OINTO-
T'CHCTHUKE. AKTI/IBI/IpOBaHH]:le KIJIICTKHW U ILICJIbIC HeﬁpOHHbIe
CETH MOYKHO MapKHUPOBATh U BBISBIATH IO SKCIPECCHH C-fOS,
UCIIONb3Ysl TPAHCTCHHBIX MBIIICH C permopTepHbIM (IIr00-
PECLIEHTHBIM OEJIKOM MOJ €ro MpoMoTopoM. MapkupoBarh
aKTUBHBIC HEHpoHBI mo3BosieT U moaxon TRAP (Targeted
Recombination in Active Populations), BkIrouarommii 18a
komroHeHTa: TpancreH ¢ ERTCre-pekoMOuHa30# 101 IpoMo-
TOPOM C-fos ¥ TPaHCTeH (WU BUPYC), KOTOPBIH SKCTIPECCUPYET
penopTepHsIit QIIF0OpeCeHTHBIN OeTOK peKOMOHHA303aBHCH-
MbIM 00pazom. B orcyrcrBue tamokcudena Cre-pekomOrHasza
oCTaeTcsl B MUTOIUIa3Me HEaKTHBHOH, peKOMOMHAIMS He
MPOUCXOAUT U OENOK He 3Kcmpeccupyercs. BaxkHo, 4To
HEaKTUBHbBIE KJIETKH He dKchpeccupyroT Cre-pekomMOuHazy
Y B HAX HE IPOUCXOANT PEKOMOMHALIMH IA%Ke B IPUCYTCTBUH
TaMOKcH(peHa. DTOT MOAXO/ OTIHYAETCs 00Iee BBICOKHM Bpe-
MEHHBIM pasperienueM o cpaBaenuto ¢ TET-off cucremolit,
TaK KakK DKCIPECCHs C-fos MPOUCXOIUT TOJIBKO B TEUCHHUE
KOPOTKOTO BPEMEHH MOCIIC aKTUBAIIK HEHPOHA M aKTUBHOCTD
TaMOKCH(eHa OrpaHIYeHa ero METadOIM3MOM 1 KCKpELUEH.
B pesynbrare nomeyaroTcsi TOJIBKO T€ HEHPOHBI, KOTOPbIE
OBUTH aKTUBHBI B TEUCHHE HEMPOJOIDKHTEIBHOTO OTpe3Ka
Bpemenu. (Guenthner et al., 2013). OTmeruM, 4TO BCe ONMcCaH-
HBIE cucTeMBl, ucrionb3ytomue Cre- m ERTCre-pekoMOnHA3REL,
MOTYT OBITH COBMEILICHBI C COBPEMCHHBIMHU PEIOPTEPaMH,
TaKUMHM Kak (roopecreHTHbIe Oenku, Hanpumep brainbow,
a TaK)Ke TeHETHYECKH KOTUPYEMBIMH (DOTOCEHCOpaMHU HOHOB
KaJIbLIMS WK [ITyTamara.

OTBeTbl Ha (I)OTOCTI/IMynFlLI,VIIO KJeTOK,
3KCNpeccpyoLwWwmx KaHaIopoAONCUH
KaHnanoponorncunel criocoOHbl OCYLIECTBISATh TPAHCMEM-
OpaHHBI TOK MOHOB TIOA BIUSHUEM (POTOHOB OTIPE/ICIICH-
HOM JUTMHBI BOJIHBI B KJIETKaX JIFOOBIX THITOB. DTO CBOHCTBO
(hoTOKaHAJIOB PUBIIEKAET K HUM BHUMaHUE JIaKe B KA4€CTBE
MOTEHIMATbHBIX PETYISITOPOB CEPICUHOM JEATEILHOCTH IPH
JKCTIpeccuy B KapanomuonuTax (Ambrosi et al., 2015).

Dkcrpeccus UCIONIb30BaHHOIO B Halled pabore kaHa-
nopopnoricuaa H134 in vitro B coctaBe tura3Muasl pAAV-
CAMKIIa-ChR2, ,,-YFP B knerkax muunn HEK293 5m6-
PHOHAJILHOW MOYKH YeJIOBEeKa, TPaHC(HEMPOBAHHBIX TOMN
MIa3MHUI0H TPHU MOMOIIM JIMNo(eKTaMuHa, MpuaBana
JITAaHHBIM KJIETKAM 4yBCTBUTEJIBHOCTh K CBETY. B 3THX OIbI-
Tax 4yepe3 CyTKH Mocie TPaHC(EKUUH KIETKH, SKCIPECCH-
pyroutue orcun H134, ocsemanu cuanM cBetoM (480 HM
~1,2 MBT/MM?) 1 U3MEpPSUTH TPAHCMEMOPAHHBIN TOK METOZIOM
nary-kinamn (Zapara et al., 1989). IIpu ocBemennn kieTok
HaOIIoaNy ACMOIAPH3ALIUIO IX MEMOpaH, 9TO TOATBEPIKIacT
(hoToaKTHBHOCTH TOTO OfncKHa (puc. 1).

JIst SKCIEpUMEHTOB in Vivo BUPYCHBIE BEKTOPBI OBLIH
coOpaHbl, OYHUIIEHB U CKOHIICHTPHPOBAHBI B JTAOOpaTOpHUn
¢ynkmonansHol Heliporenomuku MIul” CO PAH Ha oc-
HOBe Tu1a3mMuJ, co3nanueix rpynnoii K. Deisseroth (CIIA).
Yactunsl AAV BHPYCOB CMEMIAaHHBIX MEPBOTO M BTOPOTO
CEpOTHUIIOB IMOIYYaJIN, KaK 3T0 MpuHATO, myTeM PEI Tpancdek-
ur HEK293 kietok cMechio Mia3Mu/ 171t COOPKU BUPYCOB
pDP1, pDP2 u nnasmunoit pAAV-CAMKIIa-ChR2, ,,-YFP,
Hecylllel Mocie10BaTeIbHOCTh KaHanopoaoncuHa-2 H134.



Analysis of neuronal activity with application
of optogenetic vectors into the neonatal brain

BupycHble yacTHIIbI BBIJIEISIIM Ha renapuH-cedapo3HbIX
KOJIOHKaX ¥ KOHIIEHTPUPOBAJIU IIPH MTOMOIIH IIEHTPH(YKHBIX
koutentTparopos Millipore (CIIA) no tutpa 10'!. B stux
BEKTOPAxX JKCIIPECCUs] KaHAJIOPOAOIICHHA KOHTPOJIUPYETCS
npomotopomM CAMKIIa, akTHBHBIM TOJNBKO B TITyTamarep-
THYECKUX HelpoHax. B KauecTBe KOHTPOIS MCIOIB30BAN
BekTop AAV-CAMKIIa-EGFP, nmeromuii Te ke KOMIIOHEHTHI,
49TO U (DOTOBEKTOP, 32 NCKIIOUCHHEM (POTOKaHAIIA.

BHenpenne reHeTHIECKIX KOHCTPYKINI B MO3T B3POCIIBIX
IPBI3YHOB CBSI3aHO C HEOOXOAMMOCTBIO IIPOBEICHUS CIIOKHOM
oTiepanuny, BKITtouatomnen rpenanaryro yepena (Shishkina et
al., 2001). BBomuts npenapars! B TOJIOBHOH MO3T HOBOPOJXK-
JACHHBIX WJIW HCOHATAJIbHBIX JKUBOTHBIX CYIIECTBECHHO JICTYC,
MOCKOJIBKY UX KOJKHbIE TOKPOBBI IIPO3PAYHBI,  KOCTH Yeperna
eme He c(hOPMUPOBAHBI, KaK ATO yKe ObIIO MOKa3aHO HaMH
pasnee (Shishkina et al., 2004; Dygalo et al., 2008). [TosTomy
UCTIOJIb30BaHNE HEOHATaJIbHBIX KMBOTHBIX AJISI MHBEKIUH
UM B TOJIOBHOI MO3T BEKTOPOB, SKCIIPECCUPYIOMINX KaHAJIO-
POMIOTICUHBI, JUISi TIOCJIEAYIOIIEro UCCIEI0BAHUS B3POCIBIX
JKMBOTHBIX MPEJICTABIIAET OCOOBIH HHTEPEC.

Jl1st OeHKM IPUMEHMMOCTH TAKOTO ITOJIX0/1a C HCIIOIB30-
BaHHMEM BEKTOpa, B KOTOPOM JKCIIPECCHUS KaHAJIOPOJONCHHA
koHTponupyercs mpomoropom CAMKIIa, akTHBHBIM B IITyTa-
MaTepruieckux HeHpoHax, TPEXTHEBHBIM KPBICATaM I10]] XO-
JIOIOBBIM HApPKO30M B OOKOBBIE HKEITY0YKH TOJIOBHOTO MO3Tra
6bUT0 BBENIEHO Spl BUPYCHBIX YacTHI], KOAUPYIOMINX KaHAJ
1 (hirroopeceHTHBIN MapKep, WM KOHTPOJIbHBIC BUPYCHBIC
YaCTHIIbI, HECYIIIUE JIUIIIb 3eICHBIN (ITF0OPECIICHTHBIN OETIOK.

Uepes 3 u 9 Hen OBUT MPOBEACH aHAIN3 ANIEKTPUUIECCKOM
AKTMBHOCTH KJIETOK MoO3ra npu (GoTocTUMYIsiuu. Js
ATOTO YKUBOTHBIX HAPKOTU3UPOBAIN YPETAHOM M MOMEIIAIIH
B cTepeoTakcuc. Yepes HEOOIbIIIOE OTBEPCTHE B YEPETIE, pac-
TMIOJIOXKEHHOE Ha/l TUIIokaMmoM, B ero CA 1 o0macTh BBOIMITH
16-kananpHbIl onTorpoa Al x16-5mm-100-177-OA16LP
¢upmer Neuronexus (CILA), mo3Bonsiomuii 0CyIIecTBIATh
ONTHYECKYIO CTUMYJISIIAIO TKAHU B 00JACTH PACIONOXKCHUS
OKOHYaHUS ONTOTPOJA U PETHCTPUPOBATH AIEKTPUUECKYIO
AKTHBHOCTH KJIETOK 3TOTO Y4acTKa MO3ra. 3alHCh OIS~
OHHBIX CIIaIfKOB BEJIU C ITOMOIIIBIO TprOopa SmartBox komra-
mun Neuronexus (CLIA). Ctumymnsiiuio ceetom 1,2 MBT/MM2
NpoBOAMIN TpH momoniu ¢ortonnona ¢upmsel Thorlabs
(CHIA), maromero CHHHM CBET C JITUHOM BOTHBI 480 HM. DKC-
MepuMeHT HaunHaM 10-MUHYTHOM peructpanueii GoHoBOI
pa3psAIHON aKTHBHOCTH HEHPOHOB 0€3 (hOTOCTUMYISAINH.
IMocnenyrone 10 MUH 37€KTPHUECKYIO aKTUBHOCTH 3THX
HEMPOHOB PErHUCTPUPOBAIIH TIPH TOJIAY€ YEPe3 ONTOBOJIIOKHO
cunero csera (480 um ~ 1,2 MBT/MM?2), BXozdIIEe B COCTAB
ornrrorpona (puc. 2). Uepes 3 Hep 1mociie BBEICHUS BUPYCa, KaKk
OTYETIIMBO BUJHO HA OTOM PUCYHKE, I[P CTUMYJIALIUU MO3Ira
CBETOM ITPOUCXOJUT YBEIMICHHE IEKTPHUECKON aKTHBHOCTH
KJIETOK THITIIOKaMITa. AKTHUBAIHS THIITOKaMITa HEOHATATBHBIX
JKUBOTHBIX CBCTOM IOATBCPIKIAATACh U KOJIUYCCTBECHHBIM
AQHAJIN30M Pa3PSAHON aKTHBHOCTH €ro HEHpOHOB (puc. 2, 6).

[Mocrne 3aBepIIeHNst ONTO-3NIEKTPOPHU3NOIOTHIECKOH YacTh
AKCIIEPUMEHTA CTUMYJIMPYIOLee JeHCTBUE CHHETO CBETa Ha
KJIETKHA JOTIOJHUTEIHHO OBLIO OMpPENeIeHO MO OOIenpH-
HSATOMY KPHUTEPHUIO aKTHBAIMM HEHPOHOB — IMOBBIIICHHUIO
aKcIpeccun Oenka panHero orsera c-Fos. [lyist aToro Hapko-
THU3UPOBAHHBIX KUBOTHBIX TPAHCKAPAUAIBHO MEP(y3UPOBAITH
1 xPBS u 4 %-m napadopmansaernnom (PFA). M3Bnekanu
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Puc. 1. MameHeHmne TokoB B KoHurypaumm whole cell patch-clamp,
pervcTprpyembix B MeMbpaHe TpaHchopmrpoBaHHoi kneTkn HEK293,
3KCNpeccmpyollert KaHanopogoncuH-2 H134 npu gencrsun ceeta

C ANNHOW BonHbI 470 HM (1) 1 B KOHTpone (2).

mo3r, noctukcuposiu 4 4 B 4 %-m PFA u nenanu 300 pm
cpe3sl Ha BHOpaTomMe. IMMYHOTHCTOXUMHIO OETIKOB ITPOBO-
JTAITH COTTIaCHO o0menprHATHIM MeTomkaM (Lanshakov et al.,
2016). UMMyHOTrHCTOXMMHYECKHI aHAITH3 [T0Ka3aJl, 4To GoTo-
CTUMYJISIINS PA3PSAHON aKTUBHOCTH HEHPOHOB BBI3BIBACT
YBEJIMUYCHHUE IKCIpeccHu Oelka paHHero oTBeTa c-Fos B Tex ske
KJIETKaX, KOTOPbIE SKCIIPECCUPYIOT KaHanoponorncud H134.
B ornnume OT IOBEHMJIBHBIX KXUBOTHBIX, B TOJIOBHOM
MO3T€ B3pOCIbIX 9-HEAETbHBIX KPBIC IPAKTHIYECKU HE OBLIO
HalJIeHO KJIETOK, IKCIIPECCUPYIOIIMX pernopTep. B commacun
C 9THM Y B3POCIIBIX )KUBOTHBIX OTCYTCTBOBAJ TAK)KE U OTBET
CO CTOPOHBI Pa3psIHON aKTUBHOCTH HEHPOHOB TOJOBHOTO
MO3ra Mpy CTUMYJISILIUK CHHUM CBETOM Kak i1 Vivo, Tak ¥ Ha
Cpe3ax TUIIIOKaMIIA in Vitro. B O0IbITMHCTBE SKCTIEPUMEHTOB
C BUPYCHOH JI0CTABKOH OTICHHOB B MO3I" B3POCJIBIX )KHBOTHBIX
CTUMYJISIIHEO TTpoBosT yepe3 20—30 nu (Stuber et al., 2011;
Warden et al., 2012). B HEKOTOPBIX MCCIEOBAHUAX KOH-
ctpyktsl ¢ CAMKIIa mpomoTopoM obecrieunBaiy B TeUCHUE
89 HeJ 3KCIIPEeCCUI0 BHYTPUKIICTOYHBIX OCIIKOB, KOTOPBIC HE
SKCTIOHUPOBAHKI Ha TOBepxHOCTH KieTok (Hioki et al., 2007;
Watakabe et al., 2015). SIBHOE CHMKEHIE KOTHYESCTBA KICTOK,
skcnpeccupyonmx H134 y *KUBOTHBIX 9-HeAEIbHOTO BO3-
pacTa, MOXKET 0OBSCHITHCS psiaoM npuduH. [Ipexse Bcero,
CITyCTSl HECKOJIBKO HEJIeITb TTOCIIC JIOCTABKU BEKTOPA B KIIETKY
00OHAPY>KUBAIOTCSI METHIIMPOBAHUE U MHAKTUBAIIMS €r0 IPO-
MOTOPA, YTO CYIIECTBEHHO CHIKAET IKCIIPECCHIO PETYIHPY-
emoro uM rena (Watakabe et al., 2015). C npyroii cTopoHsl,
KaHaJIOPOJOIICHH — YYXXEPOJHbII OEJIOK, BCTPauBaIOLIMUCS
B MeMOpaHy HEHPOHOB M SKCITOHUPYIOMINNCS Ha UX TTOBEPX-
HOCTH, YTO CIIOCOOHO WHIYIIMPOBATh Pa3BUTHE PEaKIUU
MUKPOIVIMU M JIUMUHALIMIO 3TUX KIETOK. [laske sxcripeccust
BHYTPHUKJIETOYHOTO YYXKEPOIHOTO Oenka, oOecriedeHHas ero
JIOCTaBKOH B KJICTKH Mo3ra AAV2 BUpYCOM, CIIOCOOHA, XOTS
B MEHBIIIEH cTeneHy, yeM foctaBka AAV9 BUpycoM, HHIYIH-
POBaTh NMUMHUHALNIO KIETOK, SKCIIPECCUPYIOIMINX ITOT OEJIOK
(Samaranch et al., 2014). O6a TpeaTOKCHHBIX MEXaHU3Ma
cHmkeHus skcnpeccun H134 y KUBOTHBIX 9-HeneabHOro
BO3pacTa MPEACTAaBISIOTCS BIIOJIHE PEabHBIMHU, MTOCKOIBKY
yOeMTebHO MOKa3aHbl Ha TEHETHYECKUX KOHCTPYKIHUSIX, I10-
JOOHBIX Hamel. Takum 00pa3oM, HECMOTPsI Ha TEXHOJIOTHY-
HOCTb BBE/ICHHSI B TOJIOBHOM MO3T" HEOHATAJIbHBIM XMBOTHBIM
BEKTOpa, SKCIIPECCUPYIONIET0 (POTOUYBCTBUTEIBHBIN KaHaJ,
MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I€CKOVI reHeTuKun
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Puc. 2. dneKkTpryeckas akTMBHOCTb HENPOHOB MMMMOKamma IBEHWbHbIX (20-AHEBHBIX) XKMNBOT-
HbIX MOC/e BBeAEHVSA UM B MO3T B HEOHaTa/lbHOM NeproAe Pa3BUTUA afeH0aCCOLMNPOBAHHBIX
BUPYCOB, HecyLmx GOTOUYBCTBUTENbHDIN KaHan 1 penopTtepHbiii 6enok (CAMKIla-ChR2),134-YFP),
[0 Vi nocsie CTUMYNALUN STUX HEMPOHOB CUHUM CBETOM.

a - 3KCnepuMeHTanbHasA ycTaHoBKa 1 06pasLbl 3anncy paspagHoON akTBHOCTV HENPOHOB FUMMNoKamna;
6 — YaCTOTHbIE MMCTOrPamMMbl aKTUBHOCTY HEMPOHOB rMMMoKammna, Nosly4YeHHble no KaHany A_009 onto-
TPpofa v ycpefiHeHHbIe 3a CEKYHAHbIE MHTepBasbl 0 1 nocne GotocTumynauum. Mo ocu Y — nokanbHbIN
MeMO6paHHbI NOTeHLMan rpynnbl HeNPOHOB, MB.

MPUMEHHMOCTb ATOIO MOAXO0AA, O KpPallHEH Mepe OTHOCUTENBHO UCHOIb3YEMBIX
B Halled paboTe KOHCTPYKTOB, UMEET OIPAaHUYEHHE MO CPOKY TI0CIIE BUPYCHOI J10-
CTAaBKH BEKTOPA B MO3T U MOXKET 3(D(DEKTUBHO MTPUMEHSATHCS JINIIb y FOBEHUIIBHBIX
JKUBOTHBIX.

Pe3ynbpraThl CBHAETENBCTBYIOT, YTO MaJIOTPAaBMHUPYIOLIEE U HETPYI0EMKOE
BBEJICHNE BUPYCHBIX KOHCTPYKIIHMI B TOJIOBHOM MO3T HOBOPOKAECHHBIM MIIM HEOHA-
TAJILHBIM )KHBOTHBIM MOYKET OBITH HCIIOJIB30BAHO IS TOCIIETYIOIIETo U3ydeHNUs 3¢-
(hexToB onroreHernuecko akruBauuu HelipoHoB [IHC y )KHUBOTHBIX IOBEHHIILHOTO
WIJIN OAPOCTKOBOTO BO3pacTa. B To jxe BpeMst 17151 ONTOr€HETHYECKOTO YIIPaBICHHS
paspsaHoi akTuBHOCTHIO HEHpoHOB LIHC B3pOCbIX )KUBOTHBIX M aHAJIM3a CBOICTB
9THX KJIETOK HEOOXOIUMO BBE/ICHHE BEKTOPOB, B KOTOPBIX AKCIIPECCHS KaHAIOPO-
noricuHa KoHTponupyercss mpomotopom CAMKIIa B cpoxm, mpeniiecTByonme
CTUMYJISIIU HEHPOHOB CBETOM M 00€CIIEIHBAIOIIHE IPOSIBIICHNE BHICOKOTO YPOBHS
9KcIIpeccHr (OTOKAHANA B IEPUOJL UCCIICI0BAHUSL.
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