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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

CTBOpEHHSI cy4acHOi HAaHOOiOMeIMYHOI TeXHOJIOTII [71s1 peecTpallii eJ1eKTPUYHOI aKTUBHOCTI 30YIJIMBUX KJIITUH

opraHisMy 3ad OOIMTOMOTI'0OI0 KBAHTOBUX TOYOK

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of nanobiomedical technology for recording of cell electrical activity by means of quantal dots.

Pedepar yKpaiHCBKOIO:

Y maHiit HayKOBO-AOCJIiIHIN pOOOTi IPOMOHYETHCSI HOBUI METOJ, peeCTpallii eJIEKTPUYHOI MepeXeBOi aKTUBHOCTI
30YyJIMBUX KJIITUH OpPraHi3amMy 3a JOIIOMOIOI0 HalliBIPOBiTHUKOBUX KBaHTOBUX TOUOK (KT). BukoHaHHS 11bOro
3aBJaHHs BUMarae 0JJHO4aCHOrO BUMipIOBaHHs €J1eKTPOdi3ioIoriyHux Ta (pJIyopeCLieHTHUX CUTHAIIB Bifl S)KUBUX
(PYHKIIOHYIOUMX KJIITHH 3 BUCOKOIO YaCOBOIO PO3JiNbHOIO 3IaTHICTIO. Y XOJli BUKOHAHHS IIPOEKTY MU CYyMiCHO
TeCTyBaJIu Halle eseKTpodiziosioriyuHe o6aHaHHS Ta 06IafHaHHS A1 HUPPOBOi (ryopecLeHTHOI MIKpOCKOIIii
D711 OLLiHKU 4aCOBOi PO3[iJIbHOI 30aTHOCTI 3alIPOIIOHOBAHOIO METOY. [IJIs1 IbOTO MU €KCIIPECYBAJIN Y HEMPOHAX
(pnyopeclLieHTHi 6i7IKY, 1[0 3MiHIOIOTh (QJIyOpECLIEHIIiI0 Y IIIa3MaTUYHINl MeMOpaHi y 3a71€XXHOCTI Bifi piBHA
MeMOpaHHOrO IOTEHIialy Ta HAaIpaloBaju IporpaMHe 3abesneyeHHs], o MOsKe BizyasisyBaTH Lii 3MiHU, 11O
aHaJIoriyHi 40 po3paxoBaHux 3MiH guyopecuenuii KT. Mu Takox BifipaloBaay BUKOPUCTAHHS MeToiB ¢ikcarii
IIOTEHIIjajly Ta CTPYMY [J1s1 BUKJIMKAHHSI KOHTPOJIbOBAHUX 3MiH MEMOPaHHOTO NTOTEHLialy HEMPOHiB. 3aly4eHHs,
IEPLIOro METOY AO3BOJIMIJIO HAM JOCIIIUTU 3aJIeXXHICTh iryopecueHLii ¢payopecLleHTHUX OiKiB y I1a3MaTUYHO]
MeMOpaHU HePOHIB Bif piBHS MeMOPaHHOTO [TOTEHLiaJy Ta KiJIbKiCHO OLIHUTH iX KOHLIEHTPALi0 Y )KUBUX
(dyHKLiOHYIOUMX HelIpoHax rinokamny. Hauri nogansiii gociykKeHHs JOBEJH, 1110 KOMEPLiHO OCTYIHI KBAaHTOBI
TOYKU MOXYTb BOYZOBYBAaTUCS B IJIa3MaTUYHY MEMOPaHY >KUBUX HOPMaJIbHO (PYHKIIOHYIOUMX HEMPOHIB i
nepebyBaTy TaM Ha IIPOTSI3i Yacy HEOOXiZHOTO /1Ji IPOBEE€HHS BUMIPIOBaHb MEMOPAHHOTO MOTEHLIIaTYy.
[IpoBeneHuit aHai3 MigTBEPAKYE, IO MOTEHIiaI-3aJIe>KHICTh Ta ICKPaBiCTh KOMEPLIMHO JOCTYITHUX KBAHTOBUX
TOYOK J03BOJIsIE IPOBOIUTH (IIYyOPECLIEHTHY PEECTPALLil0 €/1IeKTPUYHOI aKTUBHOCTI >XUBUX HOPMAaJIbHO
(yHKLIOHYIOUMX KIiTHH. HOBa 6i0CceHCOpHa HaHOCKCTEMA Ha KBAHTOBUX TOUKAX y KOMOiHaILil i3 061agHaHHAM 17151
dyopecreHTHOI MiKpOCKOIIii, 1[0 6a3yeTbcst Ha mBUAKUX [13C MaTpulsix 3 BUCOKOIO PO3AiJIbHOIO 30aTHICTIO a0
KOH(QOKaJIbHUX Ta 6araTOKBAaHTOBUX MIKPOCKOIIaX 3MOXe BUKOPUCTOBYBATHUCS [J151 KiJIbKICHUX, MIBUAKUX Ta

[IPOCTOPOBO PO3TiMbHUX BUMIPiB MEMOPAHHUX IT

Pedepar aHIJIiHCBKOIO:

This research paper proposes a new method for recording the electrical network activity of excitatory cells of an
organism using semiconductor quantum dots (QD). This task requires the simultaneous measurement of
electrophysiological and fluorescence signals from live functioning cells with high temporal resolution. In the
course of the project, we have jointly tested our electrophysiological and digital fluorescence microscopy
equipment to evaluate the temporal resolution of the proposed method. For this purpose, we expressed in neurons
fluorescence proteins that change the fluorescence in the plasma membrane depending on the level of the
membrane potential and have developed software that can visualize these changes, which is similar to the
calculated changes in the fluorescence of QD. We have also refined the use of potential and current fixation
techniques to induce controlled changes in the membrane potential of neurons. The involvement of the first
method allowed us to investigate the dependence of fluorescence of fluorescence proteins in the plasma
membrane of neurons on the level of membrane potential and to quantify their concentration in living functioning
neurons of the hippocampus. Our further studies have shown that commercially available quantum dots can be
embedded in the plasma membrane of living normally functioning neurons and remain there for the time
necessary to carry out membrane potential measurements. The analysis confirms that the potential dependence
and brightness of commercially available quantum dots allows for fluorescence registration of the electrical



activity of living normally functioning cells. The new quantum dot biosensor nanosystem, in combination with
fluorescence microscopy equipment based on high-resolution fast CCDs, or confocal and multi-quantum
microscopes, can be used for quantitative, fast, and spatially resolving measurements of potential cells.
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