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MbILLHbLIN OmuTpunt Bnagnmmposny —
yneH-koppecnoHgeHT PAH, noktop
XVIMUYECKUX HayK, FNaBHbI

Hay4HbI COTPYAHMK Nnabopatopumm
61MOMeaNLIMHCKON XMUK

MHcTuTyTa Xnmmnyeckon 6uosiormm

n yHpameHTansHon meguumHel CO PAH
(HoBocubupck). ABTOp 1 coaBTop 6ornee
190 Hay4HbIX paboT 1 15 naTeHToB

MoneKy bl OTHOCUTENIbHO MPOCThIX
coeuHeHU UMEeKOT pasmepsb|
MEHbLLIE OHOr0 HAaHOMETpA.
OpHako B pa3psij HaHOOObLEKTOB
rionafarot v 6UOSIorM4eCcKne
MakpOMOIIeKYy/Ibl, TakKue Kak 6esiku
M HYKITEUMHOBbIE KUCIIOTbI, & TaKXe
eLe 6os1ee KpyrHbie MOJIEKYISIPHbIE
«KJIETOYHbIE MalLUVHbI» U Jaxe
camMble «I1POCThble» XUBble
opraHu3mMbl — BUPYChbI.
(DyHﬂaMeHTaﬂbelMM
ncenenoBaHNsaMN 3TUX 0ObLEKTOB
TPaguLMOHHO 3aHUMasach

M 3aHUMAaeTcss MOJeKyIsipHas
buornorusi. Hapsigy ¢ aTuM y4eHble
paboTaroT Hag rnpobremMmamu CMHTe3a
MPUPOAHBIX MaKPOMOSIEKY/T,
CO3[aHUs U MPUMEHEHUS

MX NCKYCCTBEHHbIX aHaoros

C HOBbIMU CBOVICTBAMMU, NpuYem
OHV Ha4anu genatb 3T0 3a40J1ro
A0 Toro, Kak HaHoTexHoJs1ormm 6bln
06bsIB/I€HbI FOCY[APCTBEHHbLIM
rpPUOPUTETOM

KntoyeBble crioBa: [GEGIIEYGIeNlela7I7R

OHK, PHK, HyKnenHoBble KNCNOTbI,
ONINrOHYKNEeoTuAbl, HAHOMOTOPbI,
anTamepbl, HAHO30H[bI, TPAHCHEKLMS,
TPaHCMOPT HYKIIEMHOBBIX KMCIOT,
afpecHasi [ocTaBKa JIekapcTB.

BEHbAMWHOBA Anus N'ycertHoBHa —
KaHaMAaT XMMUYECKUX HayK, [OLIEHT,
3aBegytoLlas nabopatopuen xummm PHK
MHcTuTyTa XMmmnyeckon 61onormm

1 cbyHoameHTanbHOM MeguumHbI

CO PAH (HoBocubupck) go 2021 r.
Jlaypeat NocypapcTBeHHOM npemumn PO
(1999), npemuun nm. M. M. LLemsikuHa
(2019). AsTOp 1 coaBTOp 6oOsNEE

150 Hay4HbIX paboT, 5 nateHToB

3EHKOBA MapvHa ApkagbeBHa —
yneH-koppecnoHgeHT PAH, gokTop
61ONorMyecKmx Hayk, npodeccop,
3aBepytoLLasn naboparopven
6UOXMMUM HYKITEMHOBBIX KUCOT
MHCTUTYTa XMmmnyeckom 6rnonorum

1 pyHOaMeHTanbHOM MeanLUHbI

CO PAH (HoBocubupck).

ABTOp 1 coaBTOp 267 Hay4HbIX paboT
M 22 naTeHToB

nanotechnology, DNA,
RNA, nucleic acids, oligonucleotides,

nanomotors, aptamers, nanoprobes,
transfection, nucleic acid transport,
addressed drug delivery

HAYKA 13 nepBbIx pyk

CNHAKOB AnekcaHgp Hukonaesuy —
KaHamaaT XUMUYECKMX Hayk,

BEAYLLMIN HaY4HbIN COTPYAHUK
nadoparopuv 6UOMEONLIMHCKON XUMUK
MHcTUTyTa XMmnyeckom 61onormm

n dyHpameHTanbHon megunumHel CO PAH
(HoBocubupck). ABTOp 1 coaBTop

85 Hay4HbIX paboT 1 15 naTteHToB

BJTIACOB BaneHtuH Buktoposuy —
akagemunk PAH, 0OKTOp XUMMUYECKMX
HayK, npodyeccop, Hay4HbIn
pykoBoauTenb VIHCTUTyTa XMMrUYeckom
6uonornm u yHgaMmeHTanbHom
mMeaumumHbel CO PAH (HoBocunbupck).
Jlaypeat 'ocynapcTBEHHON npemMun
P® (1999), HaumoHanbHoM npemun
«[pussaHue» (2015), kaBanep opaeHa
Anekcanpgpa Hesckoro (2022). ABTop U
coaBTop 6oree 600 Hay4HbIX pa6oT 1 30
naTeHToB

© [.B. MbiwHbi, A.I". BeHbsiMnHOBa,
A.H. CuHsikos, M.A. 3eHkoBa,
B.B. Bnacos, 2024
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Monekyna oHoro
113 CaMblIX NPOCTbIX
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anomexHoa02uy — COBPEMEHHBIH MOAX0/ K UC-

[I0JIb30BAHUIO TAKUX CBOWCTB BEIECTBA, KOTOPBIE

OTIPE/IENIIOTCS] €r0 CTPYKTYPHBIMU dJIeMEHTaMK

HAaHOMeTPOBbBIX pazMepos. llociennee o3nayaer,
YTO MPU TIEPEXOJIE BENECTBA U3 MAKPO- U MUKPO- B HAHO-
COCTOSIHUE MOKET IPOUCXOAUTH PE3KOe, CKauKooOpasHoe
U3MEHEHHe ero XapaKTepUCTUK: GU3NUECKUX, XUMUYECKIX
u Guonornvyeckux. HaHoTexHOJIOTMsI, a TOUHEe, ee <«Te-
opeTuyecKkas» BeTBb, HAHOHayKa (nanoscience), Kak pas
U 3aHUMAETCS M3yYeHUeM IPUYKH HOSIBJIEHS Y BEIECTBA
MOI0OHBIX KBAHTOBBIX CBOWCTB.

B mpaktudeckoii obyactu cyiiecTBoBaHue GeHOMeHa
«HAHOBETIECTBa> TO3BOJISIET Pa3pabaThHIBATH TEXHOJOTUN
HATPABJIEHHOTO U3MEHEHUST CBOMCTB MATEPUATIOB 32 CUET
uX crerudruIecKoro CTpyKTypPUPOBAHIS HA HAHOYPOBHE.
[TposyKTOM HAHOTEXHOJOTUH CTAHOBSITCS HEOOBIUHDIE
110 CBOMCTBaM MaTepuaJibl; yJbTpaMaJible 3aMbICJI0BATbIE
MPOCTPAHCTBEHHBIE CTPYKTYPHI; HEBUAUMBbIE TJIa3y CO-
BEPIIEHHBIE MEXAaHU3MBI, CIIOCOOHBIE BHITTOTHSTH TOJIHKO
UM ITOCUJIbHBIE OlI€palili Ha MUKPOCKOIIMYE€CKOM YPOBHE.

Onnn nanomemp (onHa MUTHOHHAS YaCcTh MUJITHIMe-
Tpa) COOTBETCTBYET BEJIMYUHE HECTOKHONU MOJEKYJIbI,

2024 « N 3/4(101) HAYKA 13 nepBbIx pyk

Pu60coma — cynpamon

B HaHOMeTpOBbIV AnanasoH yknagbliBaroTca pasmMepbl
psfa 06beKTOB 6MONOrMYECKOM NPUPOabI

B npupoge cnoxhbie OpraHM4ecKue Monexysbl U HagMo-
NneKynapHble KOMNNEKcbl 06pa3yOTCA N0 NPUHLMNY CaMO-
opraHu3auun u3 6onee NpocTbIX MONEKYN.
BUOHAHOTEXHONOrMA CTPEMUTCSA YCTAHOBUTD NPUHLMNBI B3a-
MMOAECTBUSA TAKNX CTPYKTYP, 4T06bI BOCNPOU3BECTH NpU-
poAHblii npoyecc camoc6opku B UCKYCCTBEHHON CUCTEME.
J10 NO3BONSAET HE TONIbKO «CHHTE3UpPOBaTh» B MPOOUpPKE
pa3Hoo6pa3Hble 6MONOrnyeckue CTPYKTypbl (0T eAMHUYHOIO
thepmenta [JHK-nurasni go puéocombl unu BUpyconoao6Hoi
YyacTuubl), HO M WArHyTb Aanblue, co3gasas Guonoruve-
CKMe MUKPOO06bEKTbl C 3alaHHbIMK CBOICTBAMM, KOTOPbIX
B NPUPOAE HE CyLIecTBYeT

a HanboJiee TTPOCTHIE COETNHEHIS, TAKIE KaK BOJA, UMEIOT
3HAYUTETHHO MEHbINNN pazmep. OCHOBHBIMU JIETAISIMU
OGUOHAHOTEXHOJIOIMYECKOIO KOHCTPYKTOPA SABJSIOTCS
3HAUNTESTHHO GoJiee KPYTHBIE OPTaHUUECKTE MOJIEKYIIDI,
a TaKIKe CYNPamoaexyispHole KOMNIEeKCb, — CI0KHO Opra-
HU30BaHHBIE HAJIMOJIEKYJISIPHBIE CTPYKTYPBI. VX pasmep

COCTaBJISIET OT HECKOJIBbKUX HAHOMETPOB IO JECSITKOB
1 COTEH.

PoJih rIaBHBIX CTPYKTYPHBIX 9JIEMEHTOB B OMOHAHO-
KOHCTPYUPOBAHUU OTBOJIUTCS MOJIEKYJIAM HYKACUHOBHLX
xucnom — JJHK u PHK. Jles1o B ToM, 4T0 9TH OHOIIOIUMEPDL
00J1a1a10T YAMBUTEIBHON CIIOCOOHOCTHIO CAMOOPTaHM-
30BBIBATHCS B XapaKTepHbIe MPOCTPAHCTBEHHbIE KOH-
CTPYKIIUU — JIBYIIETIOUEYHbIE CTPYKTYPHI, YIEPKUBAECMbIE
KOMILJIEMEHTAPHBIMH B3ANMOEHCTBUSAMU. JTO MTO3BOJISTET
WCITOJTH30BATh HYKJIEMHOBBIE KUCJIOTBI HE TOJIBKO B Kave-
CTBE HOCUTEJISI TeHeTHYeCKoi MHMOpMAIH (3alTMCAHHOM
B IIOCJIEI0BATEIBHOCTH OMOTIONMMEpPA YeThIPbMs «OyKBa-
MU»-HYKJEOTHIAMK ), HO U KaK yA0OHbIe CTPOUTEIbHbIE
GJIOKH TIPU CO3IaHNK HAHOKOHCTPYKITHIA.

Cero/iHs HyKJIEUHOBbIE KUCTOTHI SABJSIOTCS TOCTYII-
HBIM MaTepuajioM OJarogaps pa3paboTke ahdOEKTHBHBIX

AepKMBEOTCR

NH 6°¢~

Te X MPUPOAHBIX MonMepos — AHK —
‘NPefcTaBnsaeT cooon cnupasb n3 [Byx
BMECTE 3a CHET KOMIJIEMEHTapHbIX
OCTaB MOHOMEPOB (HYK/TEOTUHOB).
— TaKKe MOXeT hOpMMPOBaTh

MeTO/IOB crHTe3a. Tak, ¢ OMOIIBIO CITENUaIBHBIX TPUOO-
POB —CHHTE3aTOPOB MOKHO B aBTOMATHYECKOM PEKHUMe
MPOM3BOANTH HYKJICOTHAHBIC [T JAJTUHON 0 COTHU
3BeHbeB. [I0CKOJIbKY «aCcCOPTUMEHT» TAaKNX MOJIEKYJI OTpa-
HIYEH JIUIITb M300PeTaTeIbHOCTBIO CAMOTO HAHOKOHCTPYK-
Topa, cepa MPIMEHEHNsT HYKJIEMHOBBIX KHCJIOT GJIarofiapst
UX JIOCTYITHOCTH U MIPAKTUYHOCTH OBICTPO PACIIUPSIETCSI.

OT NOKpbITUIA A0 MOTOPOB

CaMbIM MPOCTBIM MPUMEPOM CAMOOPTaHU30BAHHON
COOPKYM HAHOCTPYKTYP M3 HYKJIEUHOBBIX KUCJOT SIBJISIET-
cst hopmuposanue /JHK-konkamemepos — MOJTUMEPHBIX
CTPYKTYP 13 6JIOKOB, 060Pa30BAHHBIX JIUIIb TAPOI 01U20HY -
xaeomudos (dpparmentos JTHK). C momormpio nogo6Horo
MO/IX0/Ia MOJKHO CKOHCTPYMPOBATDH TaKKe JIBY- M TPex-
MepHBbIE CTPYKTYPBI. [Ipu co3panm mIocKux n 06beMHBIX
KOHCTPYKIIAI HAPSITY C <ITPOCTBIMU» OJIUTOHYKJICOTUIAMU
UCTIOJIb3YIOTCST TAKIKE UX KOHwvtozamyl (OT JIAT. conjugatio —
COEIMHEHNE) C APYTHMHU HAaHOOObEeKTaMU HEOPraHMIeCKOi
WJIM OPTAaHWMYECKOU TIPUPOIBI, HATIPUMED, C MOJIEKYJIAMHU
Geka.

HAYKA 13 nepBbIx pyk 2024 « Ne 3/4(101)
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a — KOHCTPYMPOBaHME NPOTSHKEHHbIX MNHENHbIX CTPYKTYp 13 [HK-HaH06510K0B

1,4 MKM

—

‘...5

N

6 — KOHCTPYMPOBAHNE HENMUHENHbIX CTPYKTYP M3 MOAMULMpoBaHHbIX JHK-HaH0610K0B

1,08 Hm 1,15 Hm

HAYKA 13 nepBbIx pyk

1,30 HMm

1,49 Hm

®nyopecueHums
noJynpOBOAHNKOBbIX
yacTuu, cynbcuaa
kagmus (CdS)

‘4 [lpocThie NMHeENHbIE (a) 1 KosbLeBble (6) CTPYKTYpbI
U3 HyKnevHoBbIX kucnoT (JOHK-koHkaTeMepbl) MOXHO
fony4anTs 13 [HK-6110K0B — ABYLIENOYEYHbIX CTPYKTYP,

L JHa'KOHLIax KOTOpbIX HAXO[WUTCS OQHOLIENOHeYHbiIl

= @parmMeHT. Ecnyi HyKneoTuaHbIE NocneaoBaTeNbHOCTY
KOHLIEBbIX yHaCTKOB OyflyT KOMMIEMEHTapHbI ApYr Apyry,
TO MPOUZOAET CaMOnPoM3BObHAs c60pKa NoIMMEPHON
Lernu.

©opasust [JHK riony4eHs! O. BuHorpanoBovi
(UXBDOM CO PAH); nx n3obpaxeHusi ¢ noMoLLbH
aTOMHO-CUTIOBOVI MUKPOCKOTM — E. PoaskuHo

* (UKT1 CO.PAH «HaHoctpykTypbi») (HoBocnbupck)

4 TlonyRPOBOAHMKOBbIE HAHOYACTULIbI — KBAHTOBbIE
TOYKM —Ha OCHOBE cynbduaa KagMmusa nyopecLmpyoT
B BofiHbIX pacTBOpaXx. [IN1Ha BOMHbLI MCMYCKAeMOoro
NI CBETA 3aBMCUT OT BEJINHMHBI 4aCTULL:
MRV YBEMHEHUN pasMepoB HabioaeTcs cMeLLeHne
N3 KOPOTKOBOMHOBOW (rony60w) B ANIMHHOBOTHOBYHO
(KpacHyto) 06/1acTb BUOMMOro crnekTpa. Takue yacTuubl
B VICTIONB3YIOTCS B KaYecTBe SPMEKTUBHBIX METOK
fPU CO302HNN NIMHEVIKM OJIMFOHYKNEOTNAHbIX 30HO0B
5 Ana GroaHaNMTNHECKMX Lieneu.

" Por0 P. AHapbaesa (MXEPM CO PAH)

MpumMepsl BO3M@XHbIX OHK-KOHCTpYKLniA

Vcrnonbays NpuHLIMN B3aMMHOW KOMIMJIEMEHTapHOCTH
oThesIbHBIX (hParMEHTOB B COCTABE ONUIOHYKNEOTUAHBIX
HaHOGMOKOB M. pa3nnyHble MoanuKaLum, N3MeHsoLLne
CTPYKTYpPHbIe flapameTpbl CIMpasibHbIX JOMEHOB, MOXHO
nosny4aTtb CaMocoOMparoLLMecss HAHOCTPYKTYPUPOBAHHbIE
NeHKK (a) n 06 bLeEMHbBIE KOHCTPYKLMK (6)

B Tom uncisie MOKHO MOJIYYUTh. YIIOPSIIOYEHHbIE I1JIe-
HOUHBIE CTPYKTYPBI, TJie HeOPraHuYecKrue HaHOYACTHUILbI
BBICTYTIAIOT B KaUeCTBE y37I0B-pa3BeTBUTENCH. Takme Ma-
TEPUAJIbI PACCMATPUBAIOTCS B KAYECTBE MEPCIEKTUBHBIX
CaMOCOOMPAIONINXCA HOKPITUI-1a6I0HOB IS HOLYIIPO-
BOJIHUKOBBIX CTPYKTYP IIPY CO3/ITaHNUT COBPEMEHHBIX MUK-
pocxeM. A 06beMHbBIe HAHOKOHCTPYKIIMN MOTYT CJIYKUTH B
KauecTBe YHUKATBHBIX ONOCOBMECTUMbIX KOHTEHHEPOB ISt
YIaKOBKH (hapMaKOJIOTITYeCKIX ITPETIapaToB 1 FX aIPECHOMH
JIOCTaBKU K OpraHaM-MUIIEHSIM.

Eme ogHuM mippMepoM HOBBIX MaTepUAJIOB CJYKAT
KOHBIOTATHI OJTUTOHYKIICOTH/IOB C KBAHMOBLIMU MOUKAMU —

HAYKA 13 nepsbIx pyk 2024 « No 3/4 (101)
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- 9T ABa dhnyopodoopa yaarneHsbl

“ Ha akuenTop. Mo Mepe yBenuyeHus
: paCCTOFIHVIH Mexay HUMM nepeHoc :

Meton FRET nossonseT ycTaHoBUTH:
OTHOCUTESIbHOE PacroNnoXeHue
OBYX MOMEKYJS Uv YacTeEN OOHON  «.
MOMeKybl. 15151 9TOro UCMOMb3YT -
0Be (PryopecLieHTHbIE METKN —
OOHOPHYIO M aKLENTOPHY!HO, -

rpu4eM Yactota SMUccun [ioHopa -
[OSXHA COOTBETCTBOBATH YacToTe !
+BO30YX[eHus akLenTopa. Korpa |

- Hotop:

‘Opyr OT Apyra He 6oee YeM &
Ha HECKOJbKO AECATKOB. aHrcTpem
(«cnapeHb|») NPOVCXOOUT nepeHoc'
SHEprun dryopecLieHLm ¢ loHopa

aKu,enTopa Ha'—WIHaeT I'Ia,D,aTb,
a ,u0Hopa yBeJ'IVI‘-WIBaTbCﬂ

MOJTYTIPOBOHUKOBBIME HAHOYACTUIIAMH, CIIOCOOHBIMU
K (hJIyOpeclieHIInI B BUANMOM JAuamnasoHe ceeta. Haboper
OJIUTOHYKJIEOTUHBIX 30H/I0B, MEYEHHBIX C MOMOIIbIO
TaKOH TEXHOJIOTUH, YIIPOIIAOT pelneHne psijia GuoJorn-
YecKuX 3a/a4 (Harpumep, napaiiejbHOTO OTCACKUBAHUS
HECKOJIBKUX MPOIIECCOB B JKUBOM KJETKe), a TaKKe HC-
moJTb3ytoTCst B obmactu meauttacekoit JIHK-narnoctikm
U KOMITBIOTEPHOIT TOMOTrpauiL.

Ha ocHoBe HYKJIEMHOBBIX KUCJIOT MOKHO CO3/[aBaTh U TaK
Ha3bIBaeMbIC KIEeMOUNble MONEKYAAPHbIE MAUWUNDL, T
buonanodsuzamenu, — HaHOYCTPOICTA, CIIOCOOHBIE aBTO-
HOMHO COBEPIIATH JABUIKEHUsI, TPAHCHOPMUPYST SHEPTHUIO
XUMHUUYECKUX PEAKINi B MeEXaHUUIecKyio paboTy. BaskHoii
XapaKTEePUCTUKON MOJIEKYJISIPHBIX HAHOMAIIWH STBJISIETCS
MUX aBTOHOMHOCTb WJIM camoyripaBienre. HanoMoTopbt
WMEIOT MHOKECTBO TTOTEHI[NATHHBIX TPUMEHEHUH, TAKITX
Kak 06paboTka MHMOPMAIMKI U PEryJISIUS XUMUUECKUX
peaxiuif, a TakxKe MOJIEKyJsApHas cOOpPKa B PasIUUYHbIX
HAHO3JIEKTPOHHBIX MPHOOPax 1 GHOCEHCOPaX.

B 2004 1. cosnanbt JJHK-#HanoMOTOpPBI, A€HCTBYIONIUM
HagasoM KoTopuix aBisgerca [JHKsnum «10-23» — cBoe-
obpasmublii pepment Ha ocHose JJHK. dtu «aBurarenn»
CHOCOOHBI TPOUBBOAUTH MEXAHUYECKUE JBUKEHUS JI0
TEeX MOp, MOKa AOCTYNHO <«ToianBo» — PHK-cy6erpart.
XOTs 3TV HAHOYCTPOINCTBA BIIOJTHE ABTOHOMHBI, €CTh BO3-
MOKHOCTbD PETYJIMPOBATh UX PabOTy «U3BHE», HAPUMED,
nobapsist nm youpast cyOoeTpar-ToramuBo (1o aHaJIoTUK
¢ aBTOMOGUJIbHBIM MOAIaBAaHUEM WU COPaChIBAaHMEM
rasa). boJiee Toro, HAHOMOTOP MOKHO OCTAHOBHUTb U TIOTOM
3aIyCTUTh BHOBb — JIJISI ATHX TI€JIell CIIyKaT CIIeIUaIbHO

2024 « N 3/4(101) HAYKA 13 nepBbIx pyk

CKOHCTPYMPOBAHHBIE OJTUTOHYKJICOTHUTHDBIE IIETIOYKU «TOP-

MO3» U <yIJICHUE>.

B 2005 r. ckorcTpynpoBan 60siee CJ0KHBIA HAHOIBH-
ratesb, yrpasisembiii JJHK3sumom «10-235, criocobmbrit
ABTOHOMHO I1€PEMEIIAThCS [0 OTIPE/Ie/IEHHON TPAEKTOPUH,
3a/laHHON OJIMTOHYKJIEOTHAHOMN 1enoukoii. [Togobmpie
CHICTEMBI B OYIYIIEM MOTYT WCIOIb30BAThCST JIJIsI TPAHC-
MOPTUPOBKY MOJIEKYJI-<TPY30B».

Mosekybl HyKJIEMHOBBIX KUCTIOT CIYKaT TMOTEHIIH-
QJIbHOI OCHOBOM /119 CO3/lJaHU4 ellle psijla YCTPOUCTB
U coefuHeHMil. B Tak Ha3bIBAaEMbIX HAHONEPEKIIOUAMENSIX
HCIIOJIB3YETCA CIIOCOOHOCTD ABYIIENIOUEYHON Cupasn
HYKJIEMHOBBIX KUCJIOT MEHATH CBOIO KOH(MOPMAIIIIO IO
BO3/IeiICTBUEM BHEIIHUX (DAaKTOPOB, HATIPUMED, TIPU CBsI-
3BIBAHUU CO CIEIUMDUUECKUMU BeleCTBAMU-IUTAH/[AMI.
Ecau Takoif 9yBCTBUTENBbHBIN yIaCTOK COEAMHSCT BA
aJIeMEeHTa HAHOKOHCTPYKITUH, TO TP 06aBJICHUY JIMTaH A
KOHCTPYKIIHS TepecTpanBaercs. Takum criocob6omM MOKHO,
HaIpUMep, MEHSITh YPOBEHb (hJTyOPECTIEHI TN HAHOOOBEKTA.

COBPBMGHHBIB BO3MOXHOCTW B o6nactu KoMnbHTEp-
HOro mopenupoBaHnd M cuHTe3a KOMNOHEHTOB HY-
KJIeMHOBbIX KWUCJIOT NPAKTU4YEeCKN HeorpaHn4eHbl, 410
no3BONSAET YXKe Celi4ac «CTPOUTb>» pa3Hoo6pa3Hbie
npuyyanuBebie cynpamonekynsapHoie curypol, hopma
WU npegHa3HaY4eHne KOTOpbIX OrpaHNnunBaroTCa Nuilb dlall-
Tasueii (Aldaye, Palmer, Sleiman, 2008)

HaHnomoTop Ha ocHoBe [JHK3uma «10-23» npencraBnseT
C060Vi CTPYKTYPY M3 COEANHEHHBIX U CBELEHHbLIX BMECTe

XECTKUX crivpanbHbiX cTepxHein. OH paboTaeT

Ha «Tonnuee» — PHK-cy6cTpaTe: xuMmnyeckas aHeprus
KOBaJIEHTHbIX CBA3€ElM Npeobpa3yeTcs B MeXaHN4eckune

[BVXXEHUSA MO CBEeOEeHWIO-Pa3BENeHNIO CTEPXKHEN.

OHK3um cBasbiBaeTcs ¢ cybCcTpaToM M pacLuennseT ero

Ha OBa nNpoaykrta, KOTopble 3atemMm BbICBOOOXAAKOTCS
13 Kommnsekca. 1ot npouecc conpoBoxXxpnaeTcq
Mn3MeHeHnem KOHCbOpMaLI,I/IVI MONneKyJbl, B pe3dynbrate
HYero u coeepLuaroTCca ABMXKXEHUA.

cyoeTpar S, S

HK3um

| IHK3um cBsA3bIBaeTCA € Cy6CTPATOM

; i, Il Cy6eTpar
'BbICBOOOX/AeTCA :
13 KoMnnexca

’ Il OHK3um pacuiennset cy6eTpar

- TlpocneauTs 3a OBWKEHUSIMW YacTeit
~ MOTOpa MOXHO-611arofapsi 0Co6bIM
~-hnyopecumpyoLMm METKaM Ha
- KoHuax [IHK3uma. Akuentop
CrnocobeH CHUMATb SHEePruto
.. C goHopa nocpeacTBoM
¢ FRET-adbcbekTa, cam ee
" He nepeuany4as. PryopecLieHumst
~ B cUCTeMe MOosIBSIeTCA NuLLb
_Torpa, Koraa akuenTop yaansercs
"ot goHopa. Mo uameHeHMIo :
_ VIHTEHCUBHOCTM 13My4aemoro
" cUCTEMO CBETA MOXHO CyaNTh
0 pa6oTe HaHoABMraTesns

HaHOMOTOp MOXHO OCTaHOBUTL 1 NMOTOM 3anyCTUTb
BHOBb. [1Nf 3TUX Lenen CyLecTBYIOT cneumanbHO
CKOHCTPYUPOBAHHbIE OJIMTOHYKNEOTU bl «TOPMO3»

1 «ynaneHue». Llenb «TopMo3» Mo CTPOEHUIO OYEHb
CX0Xa C Cy6CcTpaToOM-TOMMMBOM, HO NpeacTaBnseT cobom
OHK, koTtopas He pacwennsetca JHK3nmom

N «3aMblKaeT» MOTOP B MHAKTUBMPOBAHHOM COCTOSIHUM.
Llenb «ynaneHve» NOMHOCTbIO KOMIMIEMEHTapHa Lienu
«TOPMO3» U CMOCOOHA BbITECHATbL MOCIEAHION

13 KaTarMTU4ecKoro LieHTpa HaHOMOTOpa, TeM CamMbIM
BHOBb ero 3anyckas. [1o: (Chen, Wang, Mao, 2004)

Il IHK31M cBA3bIBAETCA CO CrIeAytoLLen
MoneKynom cyﬁchaTa

TonnvBoM Ans «LlaralLwero» HaHOMOTOpa Ha OCHOBE
OHK3uma «10-23» Takxe cnyxut PHK-cy6cTtpar, psg
mornekyn kotoporo (S,, S, S,, ...S)) 3admkcnposaH
Ha onpepnesieHHOM paccTosiHUM Apyr OT Apyra

Ha obLuer matpuue. CeA3aBLUMCH C OGHOW

n3 monekyn cyéerparta, AHK3um paciiennset ero

no onpefeneHHoMy y4acTky. HacTb pa3pyLueHHON
MOJEKyIbI cy6cTpaTta 0CBOOOXAAETCS, HTO NO3BONAET
OHK3umy «nepenonatu» Ha HOBYHO 6rIM3MexXaLLon
Monekyny cybctpata. [MocneaHIor XaeT Ta Xe y4acTb,
HO pesynbTaT HanuUo — HanpasfieHHOE NepemeLLeHne
coBepLueHo. [To: (Tian, He, Chen et al., 2005)
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CEHCOpHBbIN y4acTOK

®nyopodop-A0HOP

A OXDONX N

®nyopodop-akuenTop

*\m\:” /

”\ #l1 y
AN

HaHonepeknioyaTesib COCTOUT U3 XXECTKO COYNEHEHHbIX HYKNEOTUAHBIX CTPYKTYP, COEANHEHHbIX
B LIEHTPasIbHON YaCcTU CEHCOPHbIM (PParMeHTOM — y4acTKOM, YyBCTBUTESIbHbLIM K COCTaBy
BHELLHEN cpefbl. B MCXOQHOM COCTOSAHUM 3TOT hparMeHT HaxoauTCs B hopMe KNaccn4eckomn
npaso3akpy4eHHon cnvpanu. [Npu aTom napa ryopodopos, BXOAALLMUX B CTPYKTYPY
nepekmno4arTesns, okas3blBatoTCH PACMOIOXEHHbIMU 6IM3KO ApYr OT Apyra, 4To obecneyvsaeTt

FRET-3aBucumoe cBe4veHne akuentopa.

Mpu NosiBNeHWN B cpefie CcneLmgUIeckuX BELLECTB, CBA3bIBAIOLLNXCS C CEHCOPHBLIM Y4aCTKOM,
€ro CTPYKTypa pe3ko MeHsIeTCsi: Cnvpasib NEPEXOAUT B NeBO3aKpy4eHHyto dopmy. Takas
neperpynnupoBKa CTPYKTYPbI NMPUBOOUT K MU3MEHEHWIO CNIEKTpa (hilyopecLEHLIMM CUCTEMBI.

q)yHKLI,I/IH BbIMOJ/IHEHA — CUTHan nogaH

PaccmarpuBasi paginmymble HAHOYCTPONCTBA, HEJNb3sT
HEe YIIOMSIHYTh 00 anmamepax — yHUKAJIbHBIX MOJIE-
KyJlaX, CKOHCTPYHUPOBAHHBIX Ha OCHOBE HYKJIEHMHOBBIX
KMCJIOT. ATITaMepP TPEACTABIAET COOON TPEXMEPHYTO
CTPYKTYPY-<KJII0Y», CIEMU(MUIHO TOAXOAIILYIO K «3aM-
Ky» — OIpe/eJIeHHON MoJieKyJie-MuliieHu. B pesysibrate
UX B3auMOJeiiCTBUS 06Pas3yIOTCS TIPOYHbIE CTaOUIbHbIE
HA/IMOJIEKYJISIPHBIE KOMILTEKCHI. Biarofapst aToMy MOK-
HO 0OOHAPYKUTH MOJIEKYJIbI BEIIECTB [aKe B CBEPXMAJIbIX
KOHIIEHTPAIHSIX. ATITAMEDDI SIBJISIOTCS BASKHBIMI JIETATIS-
MU GHOHAHOKOHCTPYKTOPA, KOTOPBIE MCHOJIB3YIOTCS TIPH
Pa3paboTKe PasIMYHBIX CYPAMOJIEKYJISIPHBIX YCTPOICTB,
B TOM UwCJIe GHOCEHCOPOB.

AnarHoctmpyem MmyTaLmm

B 10 Bpemsi Kak 0jiHY IOCTUKEHUS OMOHAHOTEXHOJIOT U
TIOKA CJIe/LyeT PACCMaTPUBATh JIMIIb KAaK HEKHe IPOTOTHUITHI
YCTPOIICTB OTAa/IEHHOTO Oy IyIero (TaK, CEroHst BPsI JIN
MOKHO HAUTU JIOCTOUHYIO paboTy HAHOMOTOPY), APYyTrUe
He3aMe/ITNTETbHBIM 00Pa3oM BHEAPSIOTCS B BAsKHEHIIHe
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MPUKJIATHBIE 00aCTH, B YACTHOCTH, B METHITHHCKYTO
AMarHoCTUKy. B ux uucie — AUarHOCTUYECKHE CCHCOPDI
Ha OCHOBE HYKJIEMHOBBIX KUCJIOT, YaCTh KOTOPBIX Pa3-
pabGarbiBajach B nocuaepnue gecarmjperus 8 UXBDOM
CO PAH (Hosocubupck). Haznauenue HO[[O@HBIX KOH-
CTPYKITMH — PACIIO3HABATH C BBICOKOI TOYHOCTHIO T1eJIEBbIe
nocenosatenbioctn JIHK 6raronaps crienuduieckomy
CBsI3bIBaHMIO HaHO30HI0B ¢ JIHK-Mumensmu.

JlnarnocTaeckme CUCTEMBI, TIPeIaraeMbie HOBOCH-
OGUPCKUMU OMOXMMUKAMH, TIPE/ICTABISIOT COO0I CBOETro
pozia KacceThl U3 HAGOPOB KOPOTKHX CHHTETUYECKUX
dparmentos [THK. TTocaenane cnocoGHbI CBA3bIBATHCS
¢ nccrenyemoit /ITHK, q)opMI/Ipys{ TaK Ha3bIBAEMBbIE MAH-
OeMHbLe KOMNLCKCDL.

B pesymprate hyHmaMeHTaIbHBIX UCCTETOBAHUIN :—)fylx-
KOMIIJTEKCOB Y/IATOCh CO3/IaTh HA NX OCHOBE TECT-CHCTEMBI
JUIs1 BBISIBJIEHUsT ToueuHbIx My Tarmil 8 JTHK. A Beb 1opo0- %

HbIe MYTallu HEPEAKO ABJIAIOTCA HpI/I‘—II/IHOI/I CEPbE3HBIX
2

HACJIE/[CTBEHHBIX 3a00JI€BAHUIL, & TAKIKE OIPEIESIIOT |
MATOT€HHOCTh PA3JIMYHBIX MITAMMOB MUKPOOPTaHU3MOB
1 BUPYCOB. ) '

HaTuBHbI KOMNEKC

TaHAEMHbIE KOMMIEKCHI

[HK-MuLieHb
On-erHyKne'omn—sdhn

a) MNpocToil TaHAEMHbIA KOMMEKC.
O6pasyeTcs B pe3ynbTaTe CBA3bIBaHMS
[HK ¢ Habopom KOpOTKMX
ONIUrOHYKNEOTIUI0B-30H/10B

0) CLunTbIN TaHAEMHbIN KOMIEKC.
06pasyetcs B pesynbTare
Komnnekcoo6pasosanus AHK

C OJIUTOHYKNE0TNAAMM, COEANHEHHbIMM
HEHYKIIEOTMAHBIM MOCTUKOM

LuarHoctuyeckue cucteMbl gns getekumu AHK cocTtoaT n3 HabopoB KOPOTKUX CUHTETUYECKMUX ONIMTOHYKITE0TUAOB,
CMOCOBHbIX CBA3bIBATLCS C Mccneayemon ogHouenodeyHon JHK ¢ hopmmupoBaHnem TaHOEMHbIX- KOMMIEKCOB.

[MpenmyLLiecTBO NPOCTOro TAHAEMHOr0 KoMrnekca (a) —

60ree Bbicokas a(PEKTUBHOCTb CBA3bIBAHUSA OTAENbHbIX

ONrOHYKIeOTUAOB-30HA0B 3a CHET KOOMEPaTUBHbIX B3aNMOAEVCTBIUIA, BO3HUKAIOLLIMX MPW Nocafke TakMx 30HO0B
Ha cocefHux yqactkax OHK-muLeHu.
CLunTbIi TaHAEMHBIN 30HA (6) 6narofgaps BCTaBkam pasnmnyHon Npupoabl, KOBaNeHTHO COeAMHSOLLNM
ONIUTOHYKIBOTUAHbIE 6/10KM, 06/1afiaeT TakKUMM CBOMCTBaMMU, KaK CMOCOBGHOCTb K KOMMIIEKCO06pasoBaHuio,
YCTONYMBOCTH/HYBCTBUTENBHOCT K OeiCTBUI0 (DEPMEHTOB. Paspabotka XE®M CO PAH

I/Iccne,qye-Mbm parmeHT

X

- 30H[1bl KOM/IEMEHTAPHO
CBﬂ3bIBalOTCFI o) }J,HK

OTMbIBKA — ™

yaaneHue \\
ncenegyemon OHK \

Kpacutens 488

DEPMEHT

. Penoprepwas rpynna

=1 [IHK-MuLIeHb

v

JlnrnpoBaHue — cLumMBaHue 30H40B
¢ nomoubto AHK-nurass!

i
| DepmeHTaTMBHOE
i OKpalLBaHue

MeToa BbICOKOTOYHOrO aHanmMaa reHeTU4ecKoro
mMaTepuasia OCHOBaH Ha (PepMeHTaTMBHOM NIMFMPOBaHUM
MPOCTOro TAHAEMHOrO KOMIJIeKca, 06pasyoLLerocs
npu gobasneHun K nccnegyemon AHK Ha6opa pasHbix
OJINTOHYKIEOTNLOB-30HAOB.

JlnrvpoBaHue (CLuMBaHVe ¢ MOMOLLIbIO (pepMeHTa
OHK-nurasbl) Tpex KOPOTKNX 30HLAOB

(0BWH N3 HUX <APULLINT» K TBEPAOTENIbHOMY HOCUTESIO,
a [Opyroi HeCeT PEMOPTEPHYIO rpymnny) NPOUCXOaUT
TOJIbKO Ha MOJIHOCTBI0 KOMMIEMEHTAPHOM y4acTKe
uenu nccnegyemon OHK. OcHoBbIBasiCb Ha CTPOEHUN
KOHKPETHOr 0 30HAa, NPYCOeOUHMBLLErOCS

K nccnegyemomy y4actky IHK, MOXHO BbISBUTb
TOoYeYHble MyTauun — nocnegopatensHoctn JHK,
oTnMHaroLLeca Apyr ot apyra nvilb OfHUM
HYK1€OTUOOM.

Buayanusauus pesynsrtatoB aHanusa gocturaetcs

C MOMOLLIbIO OKpaLLMBaHWA NMPOOYKTOB (hepMeHTaTUBHBIX
peakuun. 3To Ucko4aeT HE06X0AMMOCTb
MCrOSb30BaHNs [OPOrOCTOSALLEN TEXHMKN

NS perucTpauum pesynstatoB aHanmsa.

Paspabotka UXBOM CO PAH

®8000®®®I®C
@0@@*@@@0‘*0@0

Hocutenb okpacuncs nuib B Tex Npobupkax, rae npousoLuno
KOMMNNeMeHTapHoe CBA3bIBaHWe uccnegyemoii JHK
C KOHKPETHbIM Ha60pOM MOMNEKY-30HA0B

HAYKA 13 nepBbIx pyk 2024 « No 3/4(101)
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Mpumep pesynbTaToB reHOTUNUPO-
BaHusa Bupyca renatuta C ¢ nomo-
LLbio 6MoYMna, MO3BOJIAIOLLIErO YCTa-
HOBUTb MPUHAANEXHOCTb BUPYCOB
N3 KIMHMYECKNX Npo6 K OfHOMY

M3 LLIECTN AMArHOCTUYECKMN
3Ha4YMMbIX Cy6TUMNOB BUpyca:

1a, 1b, 2a, 2b, 3a, 3b.

Buouunn nsrotoeneH B BUOe
KanpoHOBbLIX MOJIOCOK — «CTPUMOB»,
HecyLLmMX Habop cneumduyHbIX Tun 3b
ONIUrOHYKIEOTUAHbIX 30HAO0B.

OH No3BonsieT NPoBECTM K+
napansienbHbl aHanua cpasy K2+
HECKOJbKMX y4acTKOB B 06pasue
OHK Bupyca. CpaBHUB C LIa610HOM
n3o06paxeHue, Nony4eHHoe nocrne
nposiBNeHMs 6Mo4mnna, MoXXHO
KnaccuguumpoBaTtb BUPYC, YTO AaeT
BO3MOXHOCTb ONPEAENnUTb CTEMNEHb
€ro onacHOCTW OJia naLueHTa.

K1+ — KOHTPOJIb CUCTEMbBI MEYEHUS
30HA0B, K2+ — KOHTPOJIb CUCTEMbI
BbISIBIIEHUS] METKM.

®oro E. MutpueHko

(MXBDOM CO PAH)

BbisineHne HCV
Tun 1ab

Tun 1amn 2a
Tun 1b

Tun 2a

Tun 2b

Tun 3a

Kpome Toro, ¢ moMOIbI0 9TUX TECT-CUCTEM MOKHO
BBISIBUTH U [pyrue Jiokanbhbie Hapymenus: B JJHK-moc-
JIeJI0OBATENBHOCTSX, Takue Kak moteps cermenta [JHK,
OJINTOHYKJIEOTHU/THBIE 3aMEHBI U T.TI.

Ei1re omHO 1ieperieK TMBHOE HATIPABJIEHUE UCIIOTb30BAHUS
MareprasioB 13 apceHasa GHOHAHOTEXHOJIOTHN B MEMIIHH-
CKOM TMAaTHOCTUKY — CO3/[aH¥Ie HOBBIX TUTTOB HAHO30H/[OB
IS COBPEMEHHBIX METO/IOB KOJMYECTBEHHOTO aHAINU3a
JHK, takux xax meton <IIIP B peasbnom BpemeHn»
(Real-time PCR). DTOT METO UCIIOJIb3YETCS VIS IETEKIMN
U OTHOBPEMEHHOTO OIIPE/IeIEHUs] KOJTMYECTBA MOJIEKYJI
JTHK-murern B o6pasiie.

TpaHcnopT ars AekapcTBa

Baskneiiniag npobjeMa B KAMHUYECKON HMPAKTUKE —
ajipecHas J0CTaBKa B KJETKU-MUIIEHU OGUOJTOTHYECKH
AKTUBHBIX MAKPOMOJIEKYJI, TAKUX KaK «TepameBTHYCCKIe
reHbl» . UToOBI PENTUTh e, HeOOXOIMMO 06ECTIEUNTD 3all[H-
Ty THUX IIPENAPATOB BO BPEMs TPAHCIIOPTA U KOHI[EHTPU-
poBaHUe UX B OTIPeIeIEHHBIX KJIEeTKAX.

2024 « N 3/4(101) HAYKA 13 nepBbIx pyk
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lWa6noH  Ctpmn
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Tun1b  Tun 2b Tun3a Tun 3b

0000000
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'LLIa6n0H Ctpun

La6non  Crpun

Pa3pa6orannbie B UXB®M CO PAH cnoco6bl ananu3a ctpyktypbl [IHK ¢ uec-
noJib30BaHNEM COCTABHbIX ONIMrOHYKNEOTUAHbIX KOHCTPYKUMIi B Ka4yecTse
cneunchmyecknx 30HAO0B NPU3HaHbI NaTeHTHOcNoco6HbIMU. Ha nx ocHoBe yxe
pa3pa6oTaHbl TECT-CMCTEMbI [Nl BbIIBNEHUS NONMMOpPGM3Ma B PasnnYHbIX
nokycax Y-XxpomMocoMbl YeNoBeKa, TOUEeYHOW MyTauumn B reHe (heHunanaHnHru-
APOKCUNA3bl, a TAKXKE AJA reHOTUNMPOBAHUA Pa3sINUHbIX BUPYCOB

OmHO 13 OCHOBHBIX TPETSATCTBUH IS NCTIOTH30BAHI
[IpernapaToB Ha OCHOBE HYKJIEMHOBBIX KUCJIOT — HU3Kast (-
(hbeKTUBHOCTD UX TPOHUKHOBEHUS BHYTPD KJIETOK, MPAHC-
pexuyuu. Tipobiema TpaHcheKIUU 0OYCTOBIEHA TEM, UTO
MJIEKOITUTAOIINE O6TaIatoT PSIIOM MEXaHU3MOB, TIPEIIsT-
CTBYIOIIUX TPOHUKHOBEHUIO B HUX UY;KEPOITHBIX MOJIEKY T
JITHK u PHK — renernueckoro matepuajia moTeHITHATBHO
60JIE3HETBOPHBIX areHTOB (BUPYCOB, GaKTEpPHii 1 T.11.)

B1o6aBok caMuM KJieTKaM TPYHO 3aXBaThIBATH HYKJICH-
HOBBIE KHUCJIOTHI, HAXO/STIIECS B CBOOOTHOM («PasmeToM»,
KaK TOBOPST CIEIUAICThI) COCTOSTHUU, U3-32 HAJTMYUS
€BOEOOPAZHOT0 AJIEKTPOCTATIHYECKOTO Oapbepa. J[eJio B ToM,
9TO KJIETOUHass MeMOpaHa u caxapodocdaTHbIil 0CTOB
MOJIEKYJI HYKJIEMHOBBIX KUCJIOT 00JIAal0T OIHOMMEHHBIM —
OTPUIATEIbHBIM — 3aPSIZIOM, BCJIEICTBUE YETO MEK/TY HUMU
BO3HUKAET 3JIEKTPOCTATUIECKOE OTTATKUBAHNE.

Tpancmopt B KJIETKY NMPOTSI)KEHHBIX HYKJEMHOBBIX
KUCJIOT OCJIOAKHSETCS €Ile U UX OTHOCUTEILHO OOJBUINM
pasMepoM, KeCTKOI MTPOCTPAHCTBEHHON CTPYKTYPOI 1 He-
BBICOKOI MOABUKHOCTBIO B GUOJIOTHYECKUX SKUIKOCTSIX
1 IUTOTLIa3Me KJIETOK.

konuporaHue NHK
Bupyca renatuta G 18
He NpoucXoanT

SEEEL05 515 S=20REP 5 S () LD SR () SR ORI ()
Homep uukna nonumepasHoii LIgNHOiA peakLium

OTHOCUTENbHbIE eAEHNULbI (OYOPECLEHLN

«3pUMbIN» pe3ynsTaT reHoTMNUMPoBaHusa obpasua
Bupyca renatuta C (BI'C) c nomoLupio meToga

«[1LIP B pearnbHOM BpeMeHW», NOsy4YeHHbIN

npv ncnosb3oBaHun BI'C-1a-cnewuundmyHoro
TagMan-3oHga u cparmeHToB HK, cooTBETCTBYIOLLIMX
reHotunam BIC 1a n 1b.

PocTt conyopecueHLmn, oTpaxaroLLmi CTENEHb
paspyLweHuns OHK-nonumepason 3oHga

Ha komnnemeHTapHon [OHK-matpuvue, ceuageTenscTByeT
0 MpoLiecce KOMMpoBaHUS KOHKPETHOW MULLEHWN. 30HAbI
cosgaHbl B UXBPM CO PAH Ha ocHOBe KOHblOraToB
OJIUrOHYKNEOTAOB C Mano60opo3[0HHbIM IUraHAoM

CripaBa — npumep yKnagkm Mano60opo3go4Horo
nuranga B marsnou 6oposake gsonHon cnupanu OQHK

3PUMBIE PA3NIN4UA

Ha ocHOBe 0NNUIroHYKNEOTUAHbIX 30H0B Pa3paboTaH TOYHbIA
1 BbICOKO3(h(heKTUBHbIN MeToq «[TLIP B peanbHOM BpeMeHu»
(Real-Time PCR), no3sonsiolnii He TONbKO AETEKTUPOBATDL
[HK-muLLeHb, HO 1 0NpeaensTh TOYHOE KONNYECTBO MOMEKYN
37O MULLIEHMN.

CyTb 00bIYHON NofiMmMepasHoit uenHon peakunm (MLUP)
COCTOMUT B TOM, YTO HA OCHOBE HYKJIEOTMHOM NOCnef0Ba-
TenbHOCTU NepanyHON HK-MaTpuLbl ¢ NOMOLLbIO hepMeHTa
OHK-nonumepassbl cuHtesupytotes uenn OHK, cnyxauine
maTpuLamu B crieflytoLLiem LnKne KonuposaHus. B pesynbTare
MOXHO MOJTy4UTb HEOrPAHUYEHHOE YUCIIO KOMWIA NepBUYHON
OHK. MeTopg «[LUP B peanbHOM BpeMeHW» OTNUYAETCS TEM,
4TO0 MO3BONAET onpenenats kKonuyectso OHK no mepe ee
HaKOMNeHNs B peakunim.

Hanbosee nepcneKkTMBHbLIM ABASETCA NOAX0[, OCHOBAHHbIN HA
ucnonb3osaHui TagMan-3oH408. OHU NpeAcTaBNAOT cO60M
ONUIOHYKNEOTUAbl ¢ ONYOPECLEHTHO! METKON Ha OIHOM
KOHLE 1 «TyLuUTeNIeM» (DNYOPECLEHLUN — Ha APYroM, KOTOPbII

NOTrNOLLAeT U3Ny4eHIe 0T PIyOPECLIEHTHON METKK, eNas ero
HEe3aMeTHbIM [/l CUCTEM [ETEKLMN.

OHK-nonumepasa o6nagaer cnoco6HOCTbI pa3pyllaThb
(bparmeHTbI ABYXLIENOYEYHOI CTPYKTYPbI, BCTPEYAOLLMECS el
Mo X04y CWUHTe3a BTOPOIA Lieny Ha MaTpuLLe OAHOLIEN0YEe4HOIA
OHK. Ta xe y4actb nocturaet n TagMan-30HAbl, KOTOpble
KOMMEMEHTAPHO NPUCOEOUHAOTCS K ONpeeneHHOMY y4acTKy
OHK-muweHn. B pesynbtate paspylleHus 3oHAa doiyopec-
LleHTHA MeTKa OTAEeNseTcs OT TYLWUTENs, 4To NpUBOAMT
K MOSIBMIEHIIO PErMCTpUpYemMon dhnyopecueHLnn.
HenoctaTkom MeToAa SIBASETCS ero HU3Kast HyBCTBUTENIbHOCTb
Ans pacnosHaeaHug [OHK-muwieHen, otnuyarowmuxcs apyr
0T [ipyra BCero OJHOM 3aMeHON HykneoTuaa. [ns pelieHus
3TOM NPOGIIEMbI B IA00PaTOPUI MeANLUHCKOR Xumuu MXBOM
CO PAH npeanoXeHo ncnonb3oBaTh B Ka4eCcTBe 30HA0B
KOHbBOraTbl KOPOTKNX 0NIMr0e30KCMPUOOHYKNEeOTUI0B C Ma-
No60PO3A0YHBIMU IUraHAAMU — CUHTETUHECKUMU MOJEKY-
namu, NPOYHO CBA3bIBAIOLLMMUCS C ABONHOM cnmpanbto [OHK
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PenopTepHas ssa®
rpynna

Jluranp
- K KJETOYHbIM .
peuenTopa

 TIEKAPCTBEHHAS
MOMEKYJIA

MeTozb! TpaHCHEKITIH TOCTOSTHHO COBEPIIEHCTBYIOTCS
Ha MPOTSLKEHNH yike Gosiee Tpex mecsituietnit. Han6o-
Jiee COBpeMeHHbIe U3 HUX OCHOBAHbI HA UCIIOJH30BAHUN
XUTPOYMHBIX KOHCTPYKITHI Ha OCHOBE HAHOKOMILIEKCOB
HYKJIEMHOBBIX KMCJIOT U X KOHBIOTATOB C OPraHMYECKITMHU
JIMTAHIAMU WJIA HAHOYACTUIIAMU.

HexkoTopsie BcTpeyatommecs B MPUPOE MOJEKYITBI
PHK o6nagaior csoiictBoM (OpMUPOBATH KOMIIAKTHbIE
MOJIEKYIpHble KoMILeKcenl. Cpean HUX 029 — KopoTKas
(117 muykmeoruzos) PHK Gakrepuodara, yuaacTyionas
B ymakoske ero /IHK-renoma B 6eK0BYy10 000JI0UKY.
Ha ocnose artoit PHK ckoncTpympoBanbl HaHOYACTUIILI
TaK HasbIBaeMoil «ymakoBouHoii» pRNA (packing RNA).
Brarogapst o6pazoBaHiio BOJOPOIHBIX CBSI3EH MEKILY
OTJEJIBHBIMY JIOMEHAMHU OHA MOJKET MyTeM caMOCOOPKU
06pa30BbHIBATD INMEPHI, TPUMEPDI 1 TEKCAMEPDI pasMepamMu
10 10-30 um (Shu, Huang et al, 2003; Khaled, Guo, Li
et al., 2005).

Takne xommiekcsl pRNA coy:kaT B KagecTBe yIaKo-
BBIBAIOIIEr0 KApKaca /It «TePareBTUYCCKUX»> MOJIEKYJT
HYKJIEMHOBBIX KUCJIOT. VIX yrmaeTcs erie OMOTHUTETHHO
«(hYHKITMOHATN3UPOBATh», KAK TOBOPSIT GHOJIOTH, — Ty TEM
MIPUCOEINHEHUS PA3IMYHBIX (DYHKITHOHAIBHBIX TPYIIITHPO-
BOK 3a/1aTh aJIpeC IOCTaBKU U KJIeTOYHOEe Ha3HaueHUe. ITO
MOTYT GBITH TAK Ha3bIBAEMbIE PENOPMEPHbLE ZPYNNbL, TIO3BO-
JISIONINE KOHTPOJIUPOBATH 3(DMEKTUBHOCTH TPAHCDEKITHI;
reH-HalpaBJIeHHbIe MOJIeKYJIbl (prubo3umbt, Masbie siPHK),
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JHA0COMONUTINYECKNIA
areHT

TpexmepHasi MOfeNb-cxema
rMNoTETUYECKOWN
NOIMAYHKLMOHATEHON
HaHo4YacTULbl — rekcamepa
monekynsl PHK, HecyLen
pasnu4Hble yHKLMOHANbHbIE
rpynmbl, KOTOpble o6ecrneynBatoT
afpeCcHyIo [OCTaBKY KOHCTPYKLMM
B KNETKWU-MULLEHW; CUTHANN3NPYIOT
0 JOoCTaBKe areHTa no agpecy;
onpenensitoT BHYTPUKNETOUHYHO
J1I0KanM3aumio KOHCTPYKLUN;
BO3ENCTBYIOT Ha nepepavy
reHeTn4ecKom nHdopmaumm

1 gpyrme 6UoXMmMm4eckue npoLecchbl
B KNeTKax.

Mo: (Khaled, Guo et al., 2005)

HapYIIAIoIINe BBITOJHEHHE OTPe/IeIeHHBIX TCHETHIeCKIX
KJIETOYHBIX [TPOrPAMM; JIUTAH/bI KJIETOUHBIX PEIENITOPOB
U MeMOPAHHBIX OEJIKOB, OIPEIEISIONNe aiPeCOBAHHbIIT
3aXBaT HAHOKOHCTPYKIINN KJIETKAMHU-MUTITCHIMM.

[Tpumepom Takoil azpecyionieil TPyIIUPOBKU MOXKET
CIY’KUTDb BCEM M3BECTHBIN ¢onam (oameBas KNCI0TA,
suTamMui By). Perentopsr k Hemy o6bIYHO OTCYTCTBYIOT
Ha MMOBEPXHOCTU HOPMATbHBIX AUDGDEePEeHIINPOBAHHBIX
TKAHEBBIX KJIETOK, HO BO MHOJKECTBE ITPUCYTCTBYIOT Ha 110~
BEPXHOCTHU KJIETOK PAas3JNIHBIX OmyXoJieli. B pesysbrate
ocTaToK (oJiaTa, IPUCOEANHEHHBIN K HAHOKOHCTPYKIIUH,
JIOJKEH 00ECTIETNTh ee TOCTABKY TPENMYTIECTBEHHO B pa-
KOBBIE KJIETKH.

IKCIEPUMEHTBI 110 I0CTaBKe TOA00HBIX pRNA-KOMILIEK-
COB, HECYIUX OUOTOTHYECKN AaKTUBHBIN OJTUTOHYKICOTH]T
(pubosum nau unrepdepupyiontyio siPHK), mokasanu,
4TO OHU 3(PHEKTUBHO MMPOHUKAIOT B OMYXOJIEBBIE KIETKH,
umerotue (HhoJIATHbIE PELEIITOPBI, T/IE U IIOAABJIAIOT paboTy
reHOB-MUIIIECHE.

[Tockonbky pRNA-Mosekyia criocob6Ha 06pasoBbIBaTh
reKcaMepHbIe KOMILJIEKCHI, TO MOJKHO YBEJIUYNTD ee (hyHK-
IIMOHATBHOCTD TTYTEM TPUCOCINHEHN K Hel 0 TecTn
pasIMuHbIX CyObeANHUIL. B pesyibrare celeKTUBHOCTD
1 3G PEeKTUBHOCTD TEPANEBTUYECKON HAHOKOHCTPYKIINHI
MOTYT 3HAUYNTEIBHO BO3PACTH.

Camoc6opka HanodacTuil Ha ocHoBe pRNA apisgercsa
KOHTPOJUPYEMBIM IPOIIECCOM, YTO JaeT BO3MOXKHOCTH

MpvMep NepcneKTUBHbIX MaTepuanos Ans co3haHns MUKPO- U HAaHOKaHalbHbIX MeMOpaH At GUOTEXHONOrMYECKMX
uenen, paspaboTtaHHbix B IHcTutyTe chmamkm nonynpoBogHukoB CO PAH. CkaHupyroLymii 971eKTPOHHbIN MUKPOCKOIT.
Pesynetartsl npegoctasniensl K. .-M.H C.U. PomaroBsiv (LUKl CO PAH «HaHocTpyKTypbi», HoBOCMOMPCK)

OTIPe/IeSIATh NX pa3Mep Iy TeM MaHWITY TSI CO CTPYKTYP-
HbIMK JloMeHaMu. [lumepsl u TpuMepbl pPRNA o6pasytor
vactuiibl pazmepom 20-40 um. ITogoGHbBIE CTPYKTYPbI
JOCTATOYHO KPYITHBI, YTOOBI MCKIOUUTH UX OBICTPOE
BbIBE/IEHUE U3 ITUPKYJIUPYIONIEH KPOBH, HO MIPH 3TOM HE
JocturaioT kputndeckoro (6osiee 100 Hm) pazmepa, Korjaa
MTPOHUKHOBEHIE KOMTIJIEKCOB B KJIETKH 3aTPYTHSAETCS.

XO/\eCTepI/I HOBbIM MOCbIAbHbIN

JIpyroii moaxoa K penieHuto mpobaeMbl T0CTaBKU Te-
paIreBTUYECKUX HYKJIEOTUIHBIX MOCJIEI0BATEIbHOCTEN
B KJIETKY COCTOWT B MTOBBINIIEHNN 3((PEKTUBHOCTH UX ecTe-
CTBEHHOTO TPAHCIIOPTA YEPE3 KIETOUHYIO MeMOPaHy. ITOT
IO/IX0/T OCHOBaH Ha (POPMHUPOBAHNY PA3TMUHBIX CYTIPAMO-
JIEKYJISIPHBIX CTPYKTYD.

B uwacTHOCTH, TIPOTSIKEHHbIE OJIUTOHYKJIEOTH/IHbIE Ha-
HokoMILIeKChl, co3zannble B IXBOM COPAH, aktusnee
MTPOHUKAIOT B KJIETKH PA3HOTO TKAHEBOTO MTPONCXOKICHUS
13-3a CBOETO MOBBIIIEHHOTO CPOICTBA K (DOCHOTUTTUITHBIM
MeMOpaHaM KJIETOK.

ITH HAHOKOHCTPYKITMH MPEACTABISIOT Co60# KOHKa-
TaMepHbIe KOMILJIEKCHI, T.€. JJIMHHbIE [BYIEIOYeUHbIE
mosiekysibl JIHK ¢ mepekpbIBaiomuMmcs: KoMIjieMeHTap-
HBIMHU HYKJICOTUIHBIMH TIOCTenoBaTebHOCTIMU. OmHA
U3 1eneii mpeacTasisier coboil OMONIOrMIECKH aKTUBHYO
MOJIEKYJTY, KOTOPYTO HAJI0 IOCTABUTD B KJIETKY (a/pecHast

MOJIeKYJa); Apyras Ienb — MOJIEKYJIY-TPaHCIOpTep
(Gusachenko et al., 2008).

B xadectBe (hyHKIMOHANIBHON TPYNIUPOBKHU B COCTaB
OJIUTOHYKJICOTH/IOB-TPAHCTIOPTEPOB BBOAAT JTUTTOMDIIILHBIH
OCTaTOK XOJIECTEPHHA, KOTOPbIiT CIIOCOOCTBYET TPAHCIIOPTY
KOHCTPYKITHH B KJIETKY Oaroiapst cpoacTBy ¢ docdou-
MUAHOM KJIeToYHOi MemOpanoit. HysKHO OTMETHUTD, 4TO
(yHKIIMOHA/IbHBIE TPYIIITUPOBKHU IIPU 3TOM TPUCOEIUHSIOT
K TPAHCIIOPTEPY, a He K TePANeBTUYECKOH MOJIEeKyJIe, YTO
MO3BOJISTIET COXPAHUTH BBICOKYIO GUOJOTHUECKYIO aKTHB-
HOCTb MOCJICIHEH.

Mpobnema agpecHoii AOCTAaBKM NeKapcTBa K opraHam-
M KNeTKam-MULIEHAM — OflHa W3 LieHTpanbHbIX B COBpe-
MEHHOil MmeaguuuHe. bUOHAHOTEXHONOrM CO3Aal0T HA 0CHOBE
HYKNEWHOBbIX KMCNOT KOHCTPYKUMM, CNOCOGHbIE HECTH
cpa3y HecKonbKo (hyHKUUOHANbLHBLIX rpynn, 6naropaps
KOTOPbIM OHM YCMELIHO NPeoaoneBarwT 6apbepbl HA NyTH
TpaHcnopTa 6MoNornYecKn aKTUBHbIX MONEKY
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A\

b1onornyeckn akTuBHbIi
OMNUTOHYKNEoTUa

®nyopecLeHTHas
MeTKa

Jlunodpuneras rpynna

OnuroHyKneoTua-TpaHenopTep

A ks

\ NlunochunbHas rpynna. -

ﬂHﬁ,JJ,OCTaBKI/I B KneTKy
TepaI'IeBTVIHeCKI/IX cpopM

: neman u,enb KoMmrieKca — * -
e 6monormqecxm AKTUBHBIN -
+ ONArOHYKIIEOTU L, KOTOPbIA -
Heo6XxonMo JOCTaBUTbL BHYTPb .
KNeTKM; NOCNENoBaTeflbHOCTh
" BTOPOV Lieny (TpaHcnopTepa)

- KoMmnemMeHTapHa
o ¥ aHTUNapannenkHa Nepeow.

g HeMOﬂVICbI/IIJ,I/IpOBaHHbIVI
KOHKaTemep; i

6— KoHKaTemep, cofepXaLLiuii

Ha PasHbIX Liensix PenopTEPHYIO
cbnyopecueHTHyro rpynny, aws
s nunodpmanble xoneCTepmHOBbre

Ira cucrema A0CTaBKU ObljIa UCIIBITaHA B 9KCIIEPUMEH-
Tax IO TPAHCIOPTY TaK HA3bIBAEMOTO AHMUCMbLCI08020
0UZOHYKIeOMUda, KOTOPBIil BbI3BIBAET BBIKJIIOYEHUE
reHa, KOJAUPYIOIIEro 3eJIeHblil (hJryopeciupyomuil 6eIokK.
B kieTkax, MOCTOSTHHO CHHTE3UPYIOMINX ATOT OEI0K U 00-
JIaAIoX O1arofapst aTOMy 3eJeHON (aryopecieHnmei,
TaKOI HAHOKOMIIJIEKC BBI3bIBAJI CHIKEHUE (DITyOpeCIeHITNH
710 30 %. ITO CBUIETEJILCTBYET O TOM, YTO AaHTHCMBICJIOBOI
OJINTOHYKJIEOTHUJ TIPOHUK B KJIETKU U CIIeNn(pUIecKy Mo-
JaBusl PaboOTy TeHa, KOAMPYIOIEro (hryopeciupyromiii
6eJIOK.

Koonepaums u uHTErpauua cneynanucToB U NPOEKTOB —
3anor ycnexa coBpeMeHHbIX GMOHAHOTEXHONOrNYECKMUX
MccneaoBaHuii. 3T NPUHLKUNbI YCMEWHO peanu3yloTes
B Cuébupckom otaenenum PAH
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erojis GOJIBIIMHCTBO Pa3paboTOK B 001acTh O1OHA-

HOTEXHOJIOTUU PEIN3yeTCs B PAMKAX MEXKIUCIU-

IJIMHAPHBIX MPOEKTOB. {151 TOTO, 4TOGBI 10OUTHCS

ycrexa, TpUHIUITHATHFHO HEOOXOIUMO TECHOE
COTPYZHUYECTBO UCCJIEIOBATEIBCKUX OPTaHU3AIUUI Pa3-
JIMYHOTO TIPODUIIS.

B cBsA3u ¢ aTM HEsb3s1 HE OTMETUTDH COBMECTHBIE Pas-
paboTKKM HOBOCHOMPCKUX OMOXMMUKOB U CIHEIUATNCTOB
n3 Uncturyra ¢pusuku noaynposogankos CO PAH,
B PACIIOPSKEHUH KOTOPBIX IMEIOTCS YHUKAIbHBIE MIKPO-
1 HAHOTIOPUCTBIE MeMOPaHbI HA OCHOBE KPEMHUS. ITH Ma-
TEPUAJBI ABJISIIOTCS TTePCIEKTUBHBIMY TJIATHOPMAMU KaK
ISt pa3pabOTKH COBPEMEHHBIX GHOCEHCOPHBIX YCTPOICTB
unposezienns [{HK-muarnoctnyecknx uccseioBaHui, Tak
11 1151 Y IBTPACEIeKTHBHOTO BBIIEJICHIS KJICTOK-MHUIICHEH.

[ pyruM MeXIUCIUTIIMHAPHBIM TTPOEKTOM SBJISETCS
paspaboTka MUKPO- U HaHOMIIIOUAHBIX YCTPONCTB st
amrinukamuy (YMHOXKEHUS) W aHAJIN3a HYKIEMHOBBIX
KHUCJIOT, KOTOPasi TIPOBOJIUTCS COBMECTHO CO CITEI[HATH-
cramu WMucruryra katanuza CO PAH.

flnpa KneTok

KoHTpOnb

dryopecueHuus

MHKy6aLLI/1H C KOHKateMepHbIM KOMMJ1EKCOM

Kpome TorOo, psiji MHCTUTYTOB
Cubupckoro orpenenus, pabora-
ouux obsacTsax xuMun, HU3UKKU
u jaxe nerporpaduu, TOTOBBI Mpe-
JIOCTABUTD I€HHDIE JIJIsI PA3BUTUS
OGUOHAHOTEXHOJIOTMU OOBEKThI: HAHO-
nopoinku (HaHocgepbl, HAHOTPYOKH,
KBAHTOBbIE TOYKHU ) U HAHOKAHAJIbHBIE
MaTepuabl.

Bo03MOKHOCTB TAKOTO COTPY/IHU-
yecTBa B 06J1aCTH MATEPUATIOB 1 TEX-
HOJIOTUI B PAMKaX MHTETPAITHOHHBIX
mpoekToB CUOUPCKOTO OT/eNeHNs
PAH orkpbiBaer 1mepcrekTuBy co3-
JIAHUST Y HAC BBICOKOTEXHOJIOTHYHBIX
HHTENNEKTYaTbHBIX OMOCEHCOPOB
U «yMHBIX» JIEKAPCTBEHHBIX TTpeTia-
paroB, KOTOpbie OYAYT ONPEAEATH
JIUTIO MEAUIIUHBI U OMOTEXHOTIOTHI
3aBTPAIITHETO JIHSI.

[MpoLecc NPOHMKHOBEHMSA B KNETKU-MULLIEHN
pasfnyHbIX KOHKaTEMEPHbIX KOMMIEKCOB, HECYLLINX
OOMHaKOBbIN TEPANEBTUYECKUIA ONIMIFOHYKIIEOTU,
MOXXHO BM3yasibHO OTCeauTb 6narogaps
dNyopecLEeHTHON MEeTKe, BXoOsLLEeN

B €ro coctaB (3eneHoe cBeveHue). BugHo, 4to
Hanmyme NMNogUIbHbIX XONECTEPUHOBLIX FPYMM

B COCTaBe KOMMJIECKa CMOCOOCTBYET Ero TpaHCMopTy
B KNETKN

e I/IHKy6aLI,I/IF| Cc HeMO)J,I/I(*)I/IU,VIpOBaHHbIM
KOHKaTeMepHbIM KOMMJIEKCOM;

6 — VHKY6auus C XOnecTepuH-MoanuLMpoBaHHbIM
KOHKaTteMepHbIM KOMIIEKCOM B Te4eHne 3 4acoB:
KOMMJIEChl HaKanIMBatTCA B LUTOMNNA3Me KIEeTOK;

B — VIHKY6auus ¢ X0NecTepuH-MoandULMPOBaHHbIM
KOHKaTeMepHbIM KOMMIIEKCOM B TedeHve 17 4acos:
TepaneBTUYECKUA OIMIOHYKIEeoTUL NPOHMK

13 LuMTOoNNa3mbl B Aapa KneTok;

£ VIHKy6aLU/Iﬂ C KOHKaTeMepHbIM KOMIMJIEKCOM,
HeCyLMM TOJIbKO OMH OCTaTOK XoJieCTepuHa

doTorpachuv MUKporpenapaToB S4ep KAETOK JINHUN
293, okpaLueHbix Hoechst33258 (cuHee cae4eHne),
COBMeELLEeHbI ¢ (hoTorpausamMu pacripegeneHusi

KOHKateMepHbIX KOMIMIEKCOB, M01y4E€HHbIMU
C MOMOLLbIO (hJ1YOPECLEHTHOU MUKPOCKOMUM
(3eneHoe cBe4veHue).

®oto O. lycayeHko (MXBEDM CO PAH)
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