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MMMYHOI'MCTOXUMUHYECKHUE METO/bI

IMMYHOrMCTOXUMMNYECKNE METOAbLI — METOABI MUKPOCKOMNYECKOrO
nccnegoBaHua TKaHeun, obecnevnsaromin Hanbonee cneyndguyeckoe
BbISIBNIEHNE B HUX UCKOMbIX BELLECTB U OCHOBaHHbIN HA 06paboTke
CPEe30B MapKMPOBaHHbIMU CrieunduyecKnMmmn aHtuTenamm K
BbISIBISEMOMY BELLLECTBY, KOTOPOE B JaHHOW CUTyaLnn

CNY>XXUT aHTUFEHOM

Cnocobbl
MapKNPOBKMU

o ONEKTPOHHO-
NyopecCLeHTHble
pacuTen bepmeHTH noTHIe

J




AHTUTEena, KOHbLIrMpoBaHHbIE ¢ hIIOOPECLLEHTHON METKON

AHTunTena — KPYynHble rnobynspHble 6enku nnasmsol KpOBMW,
BblAenAowmecs nnazmMmaTmyeCcKnmm KNneTkaMmm MMMYHHOW CUCTEMbI U
npegHasHavYeHHbIe Onis HenTpansaunm KNETOK naTtoreHoB

(6akTepun, rpnboB, MHOMOKJTIETOYHbIX MApPasnuToOB) © BUPYCOB, a TakXe
OeNKoBbIX S00B N HEKOTOPLIX APYrNX Yy>KePOOHbIX BELLECTB

AHTUTEJNA
NEPBUYHDbIE BTOPUYHbIE
[lepBnYHbIE aHTUTENA CBA3bIBAIOTCA BTopuyHble aHTUTENa nomoraroT
HanpPsMyto C aHTUIEHOM obHapy>xnBaTb, COPTUPOBATbL U

o4vnuaTb MHTEPECYOLWLNE aHTUIeHbl NMyTeEM
CBA3bIBAHUNA C NMepBNYHbIM aHTUTEJSIOM



__—®nyopocrop

Bropu4Hoe
aHTUTENo

MNepBuyHoOE
aHTuTeno

AHTUIEH

Cxema Henpsamoro
NMMYHOIMCTOXMMNYECKOro MeToaa.
[lepBUYHbIE aHTUTENA CBA3bIBAOTCSA C
aHTUrEeHOM KCCcegyemMoro opraHn3ma,
a BTOpUYHble aHTUTena, HecyLue
pyOpPECUEHTHYIO METKY
(dbnyopodop), cBA3bIBAOTCA C
NepBUYHbIMU aHTUTENAMMU

https://www.zin.ru/projects/neuromorphology

/methods/immuno.html#



AOOCTOUHCTBA UMMYHOI'MCTOXUMUHECKUX METO4OB

O BbiCOKasi cneynpuyHoCTb K KOHKPETHbIM XUMWYECKMM BeLlecTBaMm WU
onpegeneHne nx TO4YHOW noKanmaauum

 BO3MOXXHOCTb C MOMOLLBLID KOH(OKaNbHOW nasepHon U MyNbTUPOTOHHOW
MUKPOCKOMUX MNpu UCNOoNb30BaHUM (OYyOPECLEHTHLIX KpacuTenen co3gaBaTb
BbICOKOTOYHbIE TPEXMEPHbIE PEKOHCTPYKUMN apXUTEKTOHUKU HEPBHbLIX CETEN
onpeaeneHHon 3PruvyHOCTU, BKOYask Y MENIKUX >XUBOTHLIX BO3MOXXHOCTb
N3y4YEHNSI HEPBHOW CUCTEMbI B LIEIOM Ha UX TOTaNbHbIX NpenapaTax

 BO3MOXXHOCTb COYETaTb BbISIBIEHNE HEPBHbLIX ANIEMEHTOB C MMCTOXUMUYECKNM
OKpaluMBaHMEM MYCKYNaTypbl >XWBOTHOMO C MOMOLLLIO hannongnHa, 4YTo aaeT
BO3MO>XHOCTb AJ151 U3Y4YEHNSA UX NPOCTPAHCTBEHHbIX B3aMOOTHOLLEHN

HEOQOCTATK UMMYHOI'MCTOXUMUYECKUX METO4 OB

d oTcyTCcTBME BO3MOXXHOCTWU BbISBMATE OOLLYIO UNTOAPXUTEKTOHUKY HEPBHOWN
cCuUCTeMbI (BKOHAsA NTOKann3aumio KNETOYHbIX TeN) U ee OTAENbHbIX OTAENOB

d HEBO3MOXXHOCTb BbISIBUTb AETaNlbHO (DOPMY KJIETOK N NX OTPOCTKOB, a TakXe
CBSA3M MeXOy HeEMpoOHaMM pPasHOW 3PruaHOCTU (3a UCKNIOYEHNEM 2—3 BELLECTB
OAHOBPEMEHHO), MOCKONbKY BbISBAAIOTCA TOMbKO MecTa Jlokanum3ayunm B
HENPOHAX onpefeneHHbIX XUMUYECKUX BELLECTB, NOBEPXHOCTHblIE MeEMOPAaHLI
HE MapKMpYOTCs N dopMa KIETOK HE BbISBNSETCS
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Abstract The progression in bioconjugational chemistry
has significantly contributed to the evolution and success
of protein biology. Mainly, antibody chemistry has been a
subject of intensive study owing to the expansion of re-
scarch arcas warranted by using various derivatives of con-
jugated antibodies. Three reactive moicties (amine,
sulfhydryl and carbohydrate) in the antibodies are chiefly
favored for the conjugational purpose. This feature is known
for decades, nevertheless, amine based conjugation is still
the most preferred strategy despite the appreciation the other
two methods receive in conserving the antigen binding
affinity (ABA). No single report has been published, accord-
ing to our knowledge, where these three conjugation strate-
gies were applied to the same fluorophore antibody systems.
In this study, we evaluated conjugation yield, time demand
and cost efficiency of these conjugation procedures. Our
results showed that amine based conjugations was by far
the best technique due to its simplicity, rapidity, case of
operation, higher conjugate yield, cheaper cost and potential
for larger fluorophore/protein labeling ratio without having
much effect in ABA, Furthermore, sulfhydryl labeling clear-
ly excelled in terms of reduced non-specific binding and
mild effect in ABA but was usually complicated by an
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asymmetric antibody reduction due to mercaptocthylamine
while carbohydrate oxidation based strategy performed the
worst during our experiment.

Keywords Fluorophore antibody conjugation - Amine
targeted - Sulfhydryl targeted - Carbohydrate targeted -
Mercaptoethylamine - Sodium periodate

Abbreviations

ABA Antigen binding affinity

CDId  Cluster of Differentiation 1d
DTT Dithiothreitol

ICAM1  Intercellular Adhesion Molecule |
MHC Major histocompatibility complex
MEA Mercaptoethylamine

MWCO  Molecular weight cutoff

NEM N-cthylmaleimide

Introduction

Antibodies were described as magic bullets for their ability
to target specific discase-causing org: and subsequent-
ly such features have helped them to become an integral part
of biological research today. They have remarkable discrim-
inative power even between very similar epitopes; therefore,
they are widely used in the applications related to both basic
and clinical rescarch. Furthermore, antibodies could be pro-
duced virtually against any genie determinants, which
make them ideal probes in cellular rescarch and also a
versatile ool in the arsenal of rescarchers. Target specificity
and the binding affinity are the key characteristics of anti-
body that defines the performance of these molecules [ 1] To
accomplish most of the objectives, antibodics are gencrally
coupled with reporter molecules primanly through the mod-
ifications of antibodies, Immobilized untibodies are used for
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Fluorescence-guided Surgery with a Fluorophore-conjugated Antibody to Carcinoembryonic Antigen
(CEA), that Highlights the Tumor, Improves Surgical Resection and Increases Survival in Orthotopic
Mouse Models of Human Pancreatic Cancer

Cristina A. Metildi MD, Sharmeela Kaushal PhD, Minya Pu MA, Karen A. Messer PhD, George A. Luiken

MD, Abdool R. Moossa MD, Robert M. Hoffman PhD & Michael Bouvet MD, FACS

Annals of Surgical Oncology volume 21, pages1405-1411(2014)_685 Accesses

Abstract

Background

We have developed a method of distinguishing normal tissue from pancreatic cancer in vivo using
fluorophore-conjugated antibody to carcinoembryonic antigen (CEA). The objective of this study was to
evaluate whether fluorescence-guided surgery (FGS) with a fluorophore-conjugated antibody to CEA, to
highlight the tumor, can improve surgical resection and increase disease-free survival (DFS) and overall
survival (OS) in orthotopic mouse models of human pancreatic cancer.

Methods

We established nude-mouse models of human pancreatic cancer with surgical orthotopic implantation of the
human BxPC-3 pancreatic cancer. Orthotopic tumors were allowed to develop for 2 weeks. Mice then
underwent bright-light surgery (BLS) or FGS 24 h after intravenous injection of anti-CEA-Alexa Fluor 488.
Completeness of resection was assessed from postoperative imaging. Mice were followed postoperatively
until premorbid to determine DFS and OS.

Results

Complete resection was achieved in 92 % of mice in the FGS group compared to 45.5 % in the BLS group
(p = 0.001). FGS resulted in a smaller postoperative tumor burden (o = 0.01). Cure rates with FGS compared to
BLS improved from 4.5 to 40 %, respectively (p = 0.01), and 1-year postoperative survival rates increased
from 0 % with BLS to 28 % with FGS (p = 0.01). Median DFS increased from 5 weeks with BLS to 11 weeks
with FGS (p = 0.0003). Median OS increased from 13.5 weeks with BLS to 22 weeks with FGS (p = 0.001).
Conclusions

FGS resulted in greater cure rates and longer DFS and OS using a fluorophore-conjugated anti-CEA antibodly.
FGS has potential to improve the surgical treatment of pancreatic cancer.




dnroopecLeHTHble 6enku

Aequorea victoria GFP — BTOpUYHbIN
3MUTTEP B OMONIOMUHECLIEHTHOM CUCTEME
Meay3bl

Qg

Aequorin GFP

OTKpbITHE: Shimomura et al. (1962)

KnoHupoBaHue: Prasher et al. (1992)

MNepsoe ncnonb3osaHue: Chalfie et al. (1994) and Inouye &Tsuji (1994)
Hobenesckas npemus: 2008 roa

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



CnekTpbl NOrNoweHnsa U NCNyCKaHus
bnyopecueHunn A. victoria GFP
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https://www.youtube.com/watch?v=FiokGqqWFak



3eneHbin hnyopecueHTHbIn 6enok, GFP
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] TeHeTn4eckn KogupyeTcs
d Cam obpasyeT xpomodop

1 He Hy>XpaeTcs B HU3KOMONEKYNAPHbIX KOpakKTopax u cybcTparax



CtpykTtypa AHK
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https://www.youtube.com/watch?v=FiokGqqWFak



[eHeTUnYeCKum Ko

[eHeTu4eckas
nHdopmauuns 3anucaHa ¢
NMOMOLLIbIO YETbIpeX BykB —
HYKNeoTUa0B

TpexOyKkBeHHbIN Kog — Tpu
HyKneotuaa (Tpunner)
KOONPYIOT OAHY
aMUHOKUCNOTY

Kaxxgomy Tpunnety (kpome
CTOMN-KOAOHOB)
COOTBETCTBYET CBOSA
TpaHcnopTtHasa PHK,
cnocobHasg cBA3blBaThb
HY>XHYH aMUHOKUCNOTY

20 amuHOKUCNOT 0bpasyroT
BCce Oenkun opraHnama

C

o B

U C A anticodon AU
6. 6 |G l:J Codorl ll., 6 mRNA 3|
2nd base in codon
Phe | Ser Tyr Cys g "
Phe | Ser T Cys
3 U Leu | Ser STy(')P sTOP | A a
3 Leu | Ser | STOP| Trp G 4
o Leu | Pro His Arg U 4
£ C Leu | Pro His Arg C 5
2 Leu | Pro Gin Arg A o
s Leu |Pro | Gin | Ag | G -4
o lle Thre Asn Ser U g
B A lle The | Asn Ser C
lle The | Lys Arg A
Met | Thr Lys Arg G
Val | Ala | Asp | Gly U
G val | Ala | Asp Gly -
Val | Ala | Glu Gly A
Val | Ala | Glu | Gy | G

https://www.youtube.com/watch?v=FiokGqgWFak



Peanu3auus reHeTuyeckom nHpopmaulmm

https://www.youtube.com/watch?v=FiokGggWFak



CrtpykTtypa GFP
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11 B-cnoeB o6pa3yroT 6O4YOHOK C a-cnupansio B cepeauHe (238 ak). Xpomodop
obpa3syeTcs BHYTpM rnobynbl nyTeM aBTOKaTanuTU4eCKon LMKNU3aumum octoBa
TPeX aMUHOKUCIOT (Serg-Tyrg.-Gly,,)

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie 8 Lukyanov.pdf



ABTOKaTaIMTU4YeCKast UmMKm3auus
XpoMoopa

Xpomodhop obpasyeTcs BHYTPU rnodynbl NyTem
aBTOKaTanUTU4eCKon LUMKnm3aumm octoBsa Tpex
aMUHOKUCNOT (Sergs-Tyrgs-Glys,)
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http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie 8 Lukyanov.pdf



cnonb3oBaHue GFP

AHanun3 akcnpeccuu
reHoB

[pUXU3HEHHOE Me4vyeHune
OpraHM3MoB, TKaHEeWN,
KSTIETOK, KNeTOYHbIX
CTPYKTYp 1 6enkos

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



Obnactun npumeHeHusa GFP

NMpomotop —» GFP

BugHo, rae v Korga BKIK4YaeTcs NPpoOMOTOP; MOXHO
MEeTUTb OpPraHU3Mbl UMK FPyNMbl KNeTokK

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



O6bnactn npumeHenus GFP

NPOMOTOP

LleneBon
» GFP oenok
o S— - o —

MoXHO cneauTb 3a NokKanu3auueun 0ernkoB B XUBbIX
KneTkax

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



O6bnactu npuMeHeHns GFP

curHan
BHYTPUKIIETOYHOM
. GFP nokKanunsaumm

— ur —F —p

MOXHO MEeTUTb KNETOYHbIe CTPYKTYpPbI

JHAONNa3MaTUYeCKUn PeTUKYYM Komnnekc lonbaku

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



MyTaHTbl GFP

Yellow (EYFP, Venus, ...) em 528 nm
Green (EGFP, Emerald, ...) em 508 nm
Cyan (ECFP, Cerulean, ...) em 475 nm
Blue (EBFP) em 448 nm

ma

400 500 600 700
__Wavelength, nm

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie 8 Lukyanov.pdf



cnonb3oBaHue GFP u ero myTtaHTOB

475 Hm

530 Hm

AHanu3 6enok-6enkoBbixX B3aMMoAenCTBUM C
NOMOLLbIO PE30HAHCHOr 0 NepeHoca 3Heprum
®ocrepa (Foster Resonance Energy Transfer,
FRET). Nepepaua aHeprum oT MONEKyNbl AOHOPA K
MOJIeKy/ie aKuenTopa npomMcxoauT nocpeacTsom
ANNONb—AUNOJNIbHOIO B3aUMOAEUCTBUSA.

FRET

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie 8 Lukyanov.pdf



dnyopecueHums B AasibHEKpacHOM obnacTu
CreKkTpa npeanoyTuTenbHee AN Bu3yanusauum
LenbiX opraHn3amMos (whole body imaging)

optical window

water

melanin

/

100 400 700 2000 6000 A (nm)

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie 8 Lukyanov.pdf



KnoHunpoBaHue reHoB GFP-noaobHbIx
6enkoB 13 Kopannosbix nonunos (1999)

KOnun J1abac
- 1933-2008

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



OKpacka Kopannios

HednyopecueHTHas
OKpacKa KopasnnoB Takxe
obycnosneHa GFP-
noaobHbIMU BenkaMu

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



KakK BO3HMKaeT OKpacKa

BeluecTtBo apHeKTUBHO
NOr/oWaeT CpeaHHo
4acCTb CNeKTpa BUAMMOIO
cBeTa.

KoMbuHauusa ocTaBLuerocs
' CUHEro n KpacHoro ceeta

400 500 nm QOO 700 naeTt xapaKTepHym

MaJ/IMHOBYHKO OKpPaAcCKYy.

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014_bioraznoobrazie_8 Lukyanov.pdf



dnyopecueHTHble 6enku: uBeToBoe pa3Hoobpa3ue
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http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



PaclumpeHne BO3MOXHOCTEN: ncnonb3oBaHmne GFP-
noaobHbIX 6enKoB AN MHOMOLBETHONO MEYEHUS

BHYTPUK/IETOYHbIX CTPYKTYP

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



OKpaluMBaHMe YacTen KIETKU C NMOMOLLbIO
Pa3HOLIBETHLIX ()NTyopecLeHTHbIX 6enKkos

®OuoneToBbIN -
MUTOXOHAPUMN

CuHMM -
uMToCKener

KpacHbin - agpo

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



TpaHCreHHasa MblLlb,
3KCrpeccupyroLLas
NanbHEe-KpacHbIN
bnyopecLUeHTHbIN
6enok Katushka B
NoaXenya04HON
xenese (0OCTPOBKU
J1aHreHrapca)

Diéguez-Hurtado et al., 2010

http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



icnonb3oBaHWe yopecLeHTHbIX 6e/KoB
ONS CKPUHWHIA NNeKapCTBEHHbIX MpenapaTos

CrabunsHo-TpaHcheumpoBaHHbie
OnyxoneBble KNeTKu
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http://www.bio.msu.ru/res/DOC405/MFK_2013-2014 bioraznoobrazie_8 Lukyanov.pdf



OcHoBHble 061aCTU NpUMeHeHns (hlyopeCLEHTHbIX
6enkos

Fusion
Structure fission Turnover

Morphology
Movement tracking

mRNA
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imaging
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Motility detection
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and industry
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http://www.bio.msu.ru/res/DOC405/MFK_2013-2014_bioraznoobrazie_8 Lukyanov.pdf



KANbLUWN- N APYTUE NOTEHLWNAI-
HYBCTBUTEJIbHbIE KPACUTEJIUN
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https://els-jbs-prod-cdn.jbs.elsevierhealth.com/cms/attachment/542308/3790944/gr1.jpg



Kanbunn-4yBcTBUTENbHbIE Kpacutenm
MEXAHU3M IENCTBUA KAPAUOTOHUYECKUX CPE/ICTB

BHeKneToyHoe NpoCTPaHCTBO
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CEPAOEYHBbIE MNMUWKO3UObI

MexaHu3m Oeticmeus

Hapywatot paboty Na*/K*-ATdasbl, YTO BEAET K CHMKEHUIO BbIBEAEHUS U3
KneTkn 3Na* u noctynneHus 2K*.

3-3a n3bbITOUYHOro coaepaHnsa MOHOB Na* B KIeTke HapyLlaeTcs paboTa
Na*/Ca**-aHTunopTa, 4YTo BedeT K HakonmneHuno noHoB Ca**B KreTke.
HakonusLunecs B kneTtke MoHbl Ca®* cTUMYNnpyT pUaHOANHOBbLIE
peuenTopbl CIMP 1 akTuBMpYT BbIXoA MoHOB Ca** 13 aeno B LMTonnasmy.
NoHbl Ca’*cBA3biBalOT TPOMOHMH C 1 YyCTPaHSAOT TOPMO3HOE BMUSIEHME
TPOMNOHUH-TPONOMMNO3UHOBOIO KOMIMJ1EKCa Ha B3aMMOLENCTBME aKTUHA U
MWUO3NHa.

B3anmopoencreme akTuHa u MMO3nHa BedET K COKpaLLeHU0 KapanomMmmoumTa.

3qbqbei<mbl

[TonoXuTernbHbI NOHOTPOMHLIN 3QMEKT (HapyweHne paboTbl Na*/K*-
AT®da3sbl)

OTpuuaTenbHbI XPOHOTPOMNHbLIN 3dEKT (akTnBauUms Baryca)

3aTpyagHeHue AV-NpoBOAMMOCTU — OTpuUUaTesSibHbIN 4POMOTPOMNHbLIN 3 deKT
(akTMBaUMA Baryca + npsiMoe yreHTtawLlee aencreme)

[ToBbiLLeHMe aBTOMaTM3Ma BONOKOH [ypknHbe (CHUXeHne KoHueHTpauun K*
B LUMTOMMasme)



NoTteHunan-zaBucumMbie Kpacurtesnum

BbIiCTpble Kpacutenu

Hencteue O6bICTPbIX (Kak Npasuio, CTUPUINUPUONHOBLIE KpacuTenu, Harnpumep
Di-4-ANEPPS, RH 237 w»n pgp.) OCHOBaHO Ha W3MEHEHUN WX 39NEKTPOHHOU
CTPYKTYPbI W, cnegoBaTenbHO, UX NyOpPECLEHTHbIE CBONCTBA U3MEHSAOTCS Mpu
N3MEHEHUN 3neKTpuyeckoro nonda. KMx onTtunyecknm OTKAUK NPOUCXOoanT
OOCTaTO4YHO ObICTPO, 4YTOOblI OBGHAPYXUTb ObICTPble U3MEHEHUA MeMOpaHHOro
noTteHumnana (MUIINCEKYHAObI), NMPOUCXOAALME B BO3OYAUMbLIX KIETKax, B TOM
Yucne B OTAENbHbIX HEMPOHAX, KapanomMuoumnTax unm npu nccnegoBaHnum LEeNoro
Mo3ra.

TeM He MeHee, CTeENEHb U3MEHEHUA MHTEHCUBHOCTU (b/TlyOpeCLEHLNN Y TaKNX
KpacuTenem 4acTto OCTaTOYHO HU3Kasi; 06blYHO NBMEHEHNE NHTEHCUBHOCTU
cocTaBnseT 2-10% OT NCXOQHOro YPOBHS (hiyopecLeHUUN NMpu NSMEHEHNN
TpaHcMembpaHHoro noteHuuana Ha 100 mB. 9To HaknagbIBaeT onpeneneHHble

orpaHmn4eHma Ha nx Ncrojib3oBaHMe.



MepaneHHble KpacuTtenu

[HencteBne mMegneHHbix Kpacutenen (Slow-Response) (K HMM  OTHOCSTCSH
kpacutenu DIOC2, JC-1, JC-9, Oxonol V, Merocyanine 540 n gp.) U3MeHEHUSIX B
NX TpaHCMEeMOpPaHHOM pacnpegeneHns npu runep- wnu pgenonspusauum
MeMOpaHbl, KOTOpPOE  COMPOBOXAATCA  U3MEHEHWEM  WUHTEHCUBHOCTWU
dnyopecueHun. BenunvnHa mMx ONTUYECKOro OTBeTa ropasfo 6orsblue, Yem y
ObICTPOOAENCTBYIOWMX MOTEHUMAN-3aBUCUMbIX Kpacutenem (kak npaswuno,
NMHTEHCUBHOCTb  niyopecueHumMn n3MeHsietTca Ha 1% npu  M3MeHeHUu
TpaHcMmeMmbpaHHoro noteHuuana Ha 1 mB). K MmegneHHbIM noTeHuuan-3aBncuMbIM
KpacutensamMm OTHOCSATCSH KaTUOHHbIE KapbouuaHuHbl U podamMuHbl N aHUOHHbIE
OKCOHOJbl, MNpedHasHadYeHHble ONs  BbIABNEHUST W3MEHEHUM NOTEHUManoB
MeMOpaHbl HEBO3OYOMMbIX KJETOK, BbI3BAHHbLIX W3MEHEHUSIMU ObIXaTeNbHOM
OESATENbHOCTU, MPOHULAEMOCTN WOHHbIX KaHanos, dapMakonormyecKnmm

BO3AENCTBUSMUN 06A3aTeNbHbIM 1 ApyrumMu dakTopamu.



A. Fast-response probe
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B. Slow-response probe
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MexaHn3mMbl encTBUS NOTEHUMaN-3aBUCUMbIX KpacuTternen. beicTpble Kpacutenu (a)
noaBepraroTcsa OENCTBUIO 3NIEKTPUYECKOro Mosiss, oOycrioBnmBaroLEMY U3MEHEHUS
BHYTPUMOJSEKYNAPHOrO  pacnpegeneHna  3apsgoB,  KOTOpble  NpMBOOAT K
COOTBETCTBYHOLLUNM U3MEHEHUSIM B CreKTpasibHOM npodune nim MHTEHCUBHOCTU
doniyopecueHUMn OaHHbIX KpacuTenen (Ha pPUCYHKe npeacTaBneHa W3MeHeHneM
uBeTa).

N3meHeHuss  donyopecueHuun  MearieHHblX  Kpacutenen  (0) cBAA3aHbl  C
nepepacnpegeneHmeMm Mosiekyn Kpacutens depe3d MembOpaHy. [1ocKosbKy
nepemMeLlleHne Mornekyrnbl 4epe3 mMemMbpaHy Oonee OnNUTENbHbIN MPOLECC, YeM
N3MEHEHNE 3NEKTPOHHOW CTPYKTYPbl MOJSIEKYIbI, CKOPOCTb OTBETA TaKUX Kpacuteneu
Ha Oenonapusauvio unm rmnepnongapusaumio HaMHOro HWXe, 4YeM V Kpacuteneu



