CosaaHue PyHKLUMUOHANbHbLIX
CUNMUKATHBIX HAHOYACTUL, Ha OCHOBE
KOMMNJ1eKCOB JTGHTAHUAOB U
BO3MOXHOCTU UX UCMONb30OBAHUS B
buoaHanuse.

C.B.®epopeHko, A.P.MyctampuHa, A.P. MyxameTwuHa,

K.A. TTetpog, M.E. XunkuH, M.A. lLlectonanos, TT. MaccoH.
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Pa6oTa BbINOMHAETCA B paMKax NMpoekTa

PH& 14-50-00014 no HanpaeneHuto:

CUHAIITUYECKAS XOJIMHACTEPA3A KAK MUIIIEHB
JIJ11 HOBBIX JIEKAPCTBEHHBIX ITPEITAPATOB,
[TPEJJTHASHAYEHHBIX JIJ15 IEYUEHUS 3ABOJIEBAHUN
[HEHTPAJILHOU U ITEPUDGEPUYECKOU HEPBHOU
CUCTEMBI



MOHUTOPUHT 3H3UMATUYECKOrO rnMApOoNU3a
aLeTUNXONUHA B CUHANTUYECKOU LWenu aBngeTtca
BAXHOU 6UOXumudeckon npobnemou, Kotopas
HanpaeneHa Ha onpeaeneHue aKTUBHOCTU
XONUH3CTepasbl B OTBET HA BHELWHUE pasapaxurenu
B YCJIOBUAX €X ViVo.

AChE- aueTmnxonMHscmD

M'maponus aueTunxonuHa

0
e H,G | cH AChE 0 HLG + CH,
H.C o/\/”"CH3 + Ho—>HC—[< _+ Ht 4+ HO/\/N

3 3



Th-TCAS

Y10 661110 CAENAHO HaMU paHee 4

1) BesIcokasa ycrtouumsocTsb, Logp=11

2) WHreHcusHaa pH-3asucuman Tb(III)-

nroOMUHecLeHUus
3) Bpemsa xusHu nopaaka t=0.73 mcek;
4) bonbwon CTOKCOB CABUI;

3) TCAS kak “"aHTeHHa” ana Tb(IIT)-nromuHecueHUUU

i T — e eoor e Ll
450 500 550 600 650

Cnabas
SIFOMUHecLeHUums

BbIcokonrOMUHeCLeHTHbIU
KOMMJS1eKc

Puc.1. 3muccuoHHeie cnektper Tb(III)-
TCAS komnnekca B Boae B otcytcTeue (1)
u B npucytctaue HCl (2-3), %.,=330 Hm



Y10 6bLNO CAENAHO HaMU paHee

SN,

D=35+7 Hm pH-3aBucUMOCTb cnekTpos amuccum Tb-
TCAS ponUpPOBAHHBLIX CUNTUKATHLIX YacTU
_| Tuaponus auetunxonuHa AonMp n
SN
i H,C JZ " *tCH 1.0
* CH - T L J
N\ 3 —>H.C _+ H* + /\/N\ 3 b
H,C 0 N\ cH, + H,0 3 o HO CH, 1 .‘.
0.8 =
Eoo_e-
0.4 4
0.2 4
Hu3kasa NFOMUHecueHUusa 460 480 500 520 5:10 ) 5£'i0 ) 5&0 ) 660
A, nm
BbIicokaa nromuHecLeHumus
PucyHok 2. (a) CnekTpbr amuceuum SN35 (1) n s

npucyTcTeum CH3;COOH (2-5)

Mukhametshina A., Fedorenko S. et al. Biosensors and Bioelectronics 77 (2016) 871-878



Y10 6bLNO CAENAHO HaMU paHee

IPPEKT SH3MMATUYECKOIO TMAOPONN3A ALIETUNXONNMHA HA NFOMUHECLIEHUMWKO Tb(III)-
CNNIMKATHBIX HAHOYACTULL

By . \‘.’
HC S0 NN H,0

H*-induced
Tb(III)-
luminescence
quenching Loul-
UHTEHCUBHOCTU
Tb(III)-
o%
K NFOMUHecLeHLUum
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PucyHok 3. (a) 3asucumoctb I/I; Ang SNz5 OT KOHLEHTPALMU ALIETUNXONUHICTepasbl NpYU NOCTOAHHOW KOHLUeHTpauuu aueTtunxonuHa (0.15

mM ACh);

(b) 3aBucumoctb I/Iyans SNi5 OT KOHLEHTpaUUK aueTunxosnmHa ACh npu NOCTOSHHOW KOHLIEHTpauuu aletunxonuHactepasst 10-8 M AChE,

SN35 =0.05 r nt, NaCl (100 mM).

HauanbHas pH = 8.5, t=5 muH

Biosensors and Bioelectronics 77 (2016) 871-878



CUNMMKATHBIE HAHOYACTUUbBI B BMUOAHATIM3E

AChE- auetunxonuHactepasa
Q H,C AChE 0 H,C
)J\ NLCH:@ — + H+ /\/NLCH3
H,C o N\ “cH + H,0 H3C—4 o H* + HO “cH

3 3

OcHoeHble TpeboBAHUA K TAKUM HAHOCEHCOPAM:

1. CnocobHOCTb C BbICOKOW YyBCTBUTESIbHOCTbHO «OTKIIUKATLCS» Ha HebonblumMe nsmeHeHus
pH (He 6onee 0.1 eauHuu) B ananasoHe 8-6 eauHuu pH;

2. Pasmep He Bbiwe 20 HM;

3. HW3Kag UMTOTOKCUYHOCTD;

4. PyHKUUOHANU3AUUA HAHOCEHCOpOB 6enKom-muleHbro (o.-6yHrapoTOKCUHOM).

Llenb paboter - 1) cMHTe3 HAHOpa3mMepHOro ceHcopa Ans MOHUTOPUHTA
3H3UMATUYECKOTO NTMAPONU3a aLeTUNXONIUHA HenocpeacTBeHHO B
CUHANTUYECKOU LWenu;

2) onpepeneHue LUTOTOKCUYHOCTU U nposepka npumeHumocTu Tb(IIT)
AONUPOBAHHBIX HAHOYACTULL KAK KITeTOMHBIX MApKepoB B
KOH(POKANbHOWU Na3epHOU (PNyopecLEeHTHOU MUKPOCKONUM.




OBbEKTBI MCCNEONOBAHUA

SN,

@ Tb-TCAS

NHz\ | /NHZ

1o
Puc. 4. CxematnuHoe nsobpaxeHne aMUMHOCUSIUKATHBIX HAHOYACTUL,
AONUPOBAHHBLIX komnnekcamm [Tb(TCAS)] (SN,o 1 SN35), U ux poto (TTIM)




doTomUsmnYeckme CBOUCTBA CUNUKATHLIX YacTul SN,

. :,:o | . TTpeumyuiecrea:
1.0 M\
I 5D, —’F N LH e A .
0.9 4 75 : «  Jlerkum cuHTes3;
/ - Xopouwas
MOHOAUCNEpCHOCTb;
CtabunbHas 3eneHas
: S NFoMUHecLeHUMS B
- & 6 TeyeHue HeCKObKUX
"Dy—7Fs MecaLes;
°Dy — 7F4
Hu3sku sbIxoa
[Tb(TCAS)]
KOMMEKCoB U3
00 77— T CUSINKATHOWN MATpULILI
300 350 450 500 550 600 (2_5"/0);
A nm

Puc. 5. Cnektpbr Bo3byxaeHus (1) (1,,=489 HM) u s3muccuu

(Aeos6=330 HM) BOAHOMU Amncnepcum SNy,
Ona SNi5 cnekTpsl amuccum u Bo3byxaeHUa aHANOrUYHBI

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press



ArperaumoHHbIe U (POTOPU3UYECKMEe CBOUCTBA YacTuUL

10

SNpo 1 SN35 8 pasnuUuHbLIX cpeaax |

Tabnuua 1. [aHHbIe meToAa AvHamuyeckoro ceetopaccesaHus ans SN,y u SNig B
PBS n PBS-BCA pacteope (pH=7.4, C.\=0.05 gL, Cpp=0.1 M, Cpop = 1 mm1Y).

Cpenuuii
THAPOAMHAMHUYECKHIt nan ¢, mB PBS - qaochClTHbIﬁ 6YCPeP
auametp, D, am
SN, + ®ochaTublii Oydep 1398 + 281 0.43+0.04 -15+5.0 BCA - 6b1vuii CbIBOpOTO‘-IHbIﬁ
SN, + ®ochaTuslii 6ydep + BCA Ipumepno 787 + 179 ~0.9 ~-3 Cl.anYMVIH
SN, + ®ochaTublii 0ydep 3688 + 154 0.46 +0.03 -11+3
SN, + ®ochaTnblii 6ydep + BCA 2857 £ 72 0.51+0.03 -15+1
0,9 3 B
0,8 NH, g’: PBS NH,
e NH( I JNH 0'7 H,O NH\ I /N H,
; NH.—| .:‘ NH . . [ J
M 05 . M ® 05 \.o
— NH, —
0.3 PBS+BCA 0,3 ©oNW,
0,2 , PBS 0,2 l
0,1 ' | |‘
| A A
/ / |
0,0 1 T | B — '/\I /.\ “ 0,0 . __J : . '
450 500 550 600 650 4!.')0 560 5&0 660 6.“!;0

Wavelength (nm)

Wavelength (nm)

Puc. 6. Cnektpbr amuccum aucnepcun SN,o (A) u SN;5 (B) B Boae (1), 8 PBS (2) v PBS-BCA
pacTeope (3), rae Cqne = 0.05 rnt, Cops=0.1 M, Cgep = 1l npn pH =74,



Kak B3aumonericteyet 6enok (6bI4Mm CbIBOPOTOUHBIU anbbymuH - BCA)
¢ NoBepxHOCTbro YacTul, SN,o U SN35?

SN
w, SNag NH, 35
NH | JNH, NH\ | N,
| @ .
— (2-4) - BCA + M»—{ 382 —w, — (2-4)-BCA+ ., [ %
> ; & —NH,
04 B Ve
NH, NH, N
4 NH, - 4 NH,
-50 4 -50 - NH,
a A 4004
G -100- o -100
-150 4 -1504
- : (1) - BCA (1) - BCA
200 — -200:;.. , :
1 : T L ‘ r r 1 1 v 1 v 717
e o 210 215 2207225 230 235 240 245 250

v ' !U v v l AJ
210 215 220 225 230 235 240 245 250
Wavelength (nm) Wavelength (nm)

Puc.7. Cnektpebr kpyroeoro auxpousma 6CA 0.025 r-nt (1), BCA 0.025 r-n! B npucyTtcTBme YacTuu
SNs B koHueHTpauum 0.01 r-nt (2), BCA 0.025 r-nt u SNs 0.1 r-nt (3), BCA 0.025 rnlu SNs 0.2
|"J’l‘1 (4), (A) - SNzo, (B) - SN35, CPBS 01 M

KO cnektp BCA cooTBeTCcTBYET BTOPUYHOU CTPYKTYpe benka a-cnupans.

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press



LintoTokcmuHocTb Yactul SN,o 1 SN35

Hep—2 - JIUHUA KI1emoK aaeHOKa,OL(UHOMbI copmaHu 4ersrioeeka

100

90 .
80 -
X 70 -
éw 60 A
g%
Z -
D
O 30 - UKso =161£16 pr mn-t ™
20 -
-1 WK, -KOHUEeHTpauns
10 - nccnegyemoro npenapara, npu
—-2 Ay penap p
0 . . ; . . . : : : : . koTopou rmbHeT 50% KneTok.

control 0.15 0.29 0.59 1.17 234 4.69 938 18.75 37.5 75 150
. -1
CSI\'sa "g mL

Puc. 8. XusHecnocobHocTb Hep-2 knetok, uHKybuposaHHbIX ¢ SN,o (1) n SNi5 (2) B
TeyeHue 72 yacos (MTT TecT, 37°C).

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press
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KuHeTuka npoHukHoseHus Yactul SN, 1 SN35 B KneTku nuHum Hep-2 13
(AQHHBLIE NPOTOYHOU LUTOMETPUM)

1| Control
15 min
7| 30 min
1 hours
1| 2 hours
[ 6 hours
24 hours

* Cell count
Cell count

77 / ARAISI// A popg g fmmmplngifoging ——a
10 10° 10° 10 10° 10 102 10° 10* 10° SN35
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Incubation time, h

Puc. 9. KuHeTtuka npoHukHoBeHus SN, U SN35 B KneTku nuHum Hep-2. Muctorpamma (NpoTouHas
LIUTOMETPUA) AeMOHCTPUPYET U3MeHeHUe UHTEHCUBHOCTU JFOMUHECLIeHLUUU KNeTKU nocne UHKybauum
¢ SN,q (1) n SN35 (2) Kak PyHKLUA OT BpemeHuU.

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press



TTpoHUKHOBeHUEe CUNUKATHBIX HaHoYacTUl, SN,y U SNs5 B KNeTku NuHUU
Hep-2 (kOHpOKanbHAs MUKPOCKONUS)

Phase contrast Green fluorescence

Puc. 10. N306paxeHus, nosyyeHHbIe ¢ NOMOLLbHO KOH(POKANbHOU mukpockonuu Hep-2 knetok (A, B, C) u Hep-2

KNeTok, UHKybupoeaHHbIX ¢ SNy, (D, E, F) u SN35 (6, H, I), B TeueHue 12 uacos, rae A, D, 6- qpa3osbIit
KOHTpacT,

B, E, H - pnyopecueHUma 3eneHoro kaHana,
C, F, I - HanoxeHwe pasoBOro KOHTPACTa U pnyopecLieHUUmU 3eneHoro kaHana (i,,=405 Hm)

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press
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15
TTpoHUKHOBeHUEe CUNUKATHBIX HaHoYacTUl, SN,y U SNs5 B KNeTku NuHUU

Hep-2 (TTOM)

Puc. 11. N3o06paxeHus ynbTpaToHKUX cpe3os Hep-2 knetok, UHKybuposaHHbIX ¢ SNy, (A, B)
u SN35 (C, D) (TTpoceeumBarowaa 3nekTpoHHAs MUKpockonua). beno ctpenko nomeuyeHsbr
HQHOYACTULBI, 3aXBAYeHHbIe KNeTOYHOM MeMObpaHOU. KpacHOW 3Be3[O0YKOM  MOMeYeHbI
HAHOYACTULLI B 3HAOCOMAX.

Fedorenko S., Mustafina A. et al. Materials Science and Engineering: C (2017) in press



Takum obpasom,

o6a TMna amuHocunNuKaTHeIX Yactuy SN,o U SN35

1) UMerOT UHTEHCUBHYHO NFOMUHECLIeHUUIO B 3enileHou obnacTtu
CneKTpa;

2) 06pasyroT KpynHbIe arperartbl B 6UMONOrnyeckux XUaKoCcTax;

3) oAHAKO UX arperauusa He nNpenaTcTeyeT NMPOHUKHOBEHUIO
HAGHOYACTUL, B KNETKW;

4) UMerOT HUSKYHO LIUTOTOKCUMHOCTb, COMOCTABUMYHO C " NYCTbIMU"
CUSIUKATHBIMU YACTULIAMM.

16



Moaupukaums NoBepxXHOCTU CUNUKATHOM HGHOYACTULLT a.-6YHrapOTOKCUHOM

AChE- auetunxonuHacTepasa
0 H,G AChE 0 H,C oH
* CH =
He 0 NN+ HO —’chléo‘ T H A Ho/\/N‘cH 3
CH, 3

Tb-TCAS \

ni_f .:
~3700 NH,-rpynn Ha NH, '

CUNTUKATHOW NOBEpPXHOCTU
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Bo3moxHocTU ucnonb3oBaHUa a-6yHrapoTOKCUH-MOANPULIMPOBAHHBIX 18

HAHOYACTUL B SH3IUMATUYECKOM Truaposinise aueTunxosiHa

SNgt M'maponus aueTunxonuHa

H,C

\
+ CH
N 3
N~ CH

H H

Tb-TCAS \

1,0 1.0 SN

0,9
0,84 ' "

0,8

0,6 )
0,7

In,
In,
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0,2 0,54

0,0 ; . Y . , : - ! ' : 0|4 L] l ] I L I 1 l 1 l L l L l ]
456 480 504 528 552 576 600 624 00 05 10 15 20 25 30 35 40
C 10°M

CH3COOoH’

Wavelength (nm)
Puc. 12. 3aBucumoctb (a) UHTeHCUBHOCTU Tb(LLL)-NFOMUHECLEHLUUU CUNUKATHBIX HaHo4acTul,
MOAUPULIMPOBAHHBLIX 6yHrapoTokcuHom (SNgp) u (6) I/I, ana SNgr npu 545 HM OT KOHUeHTpauuu
CH;COOH (Cyyoml M, A,,=330 HM), rae I, u I - wuHTeHcueHocTu Tb(III)-nromuHecueHumn SNp; B
oTcyTtcTeue u npucytcteum CH,COOH.



HALLW TTNAHbBI

1) OnpepeneHuwe KonuyecTea CBA3AGHHOTO .-6YHFrAPOTOKCUHQ;

2) BapbupoBaHue KOHLeHTpaumuu a-6yHrapoToKcUHa, Heo6xXoaMMOro
WU AOCTATOYHOrO AN 3aKpensieHUa B CUHANTUYECKOU Wenu;

3) OnpepeneHue BTOPUYHOM CTPYKTYpbI 6enka - o-6yHrapoTokcuHa
nocre CBA3bIBAHUS C HAHOYACTULEWU;

4) SKcnepumeHTbI HeNoCpeACTBEHHO B CUHANTUYECKOUN Wenu.




bnaroaapHocTu

TTpow. AHTUNUHY U.C., ConosbeBou C.E. 3a npeaocTtasneHHoe
coeauHeHue TCAS,

TTpom. MaccoHy TT., Tletposy K.A.

lllectonanosy M.A. (MHCTUTYT HeOpraHUYeCcKoM Xummm um. A.B.
Hukonaeea, Hosocubupck) u Conosbesour A.O. (HayuHo-
WUCCNefOoBaTeNbCKUMN UHCTUTYT KITMHUYECKOU U 3KCNepUMEeHTarIbHOU
numgonorum , Hosocmbupck) 3a buonoruyeckme nccnenoBaHus



TERBIUM EMISSION
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Puc. 6. Cnektper amuccum aucnepcut SN,o (A) n SNi5 (B) B Bope (1), B8 PBS (2) v PBS-BCA
pacTeope (3), rae Cong = 0.05 rnl, Cops=0.1 M, Cycp = 1 rnl npu pH = 7.4
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CxemaTuyHoe usobpaxeHue arperaumuoHHou mopenu ana SN,o 1 SN;s.



MTT test

/ ! / [N
L
HN—N
Mitochondrial Reductase \
N—pN

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (E,2)-5-(4,5-dimethylthiazol-2-yl)-1,3-diphenylformazan
(MTT) (Formazan)

MUKPOTUTPALMOHHLIN niaHweT nocne MTT-TecTa.
YBenunueHHoe KOMYeCTBO KJ1eTOK BUAHO No
yBenIUYEHUFO UHTEHCUBHOCTU NyprypHOro

OKpawuneaHu4.



https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%82%D0%B8%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BB%D0%B0%D0%BD%D1%88%D0%B5%D1%82
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