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Abstract ; In this paper, a kind of fluorescence resonance energy transfer( FRET) system based on near infra-
red InP/ZnS Quantum Dots and fluorescence dye Cy7 was constructed, and the conversion efficiencies of

FRET system at different pH values and different concentrations were measured. Experimental results indicated
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that when the concentration of quanium dots remained constant, the conversion efficiency of the system in-

creased with the increasing of the concentration of dye. When the concentration ratio of InP/ZnS and Cy7 was

1:250, the conversion efficiency was 68% . The results of cell test showed that the FRET system had a high

sensitivity to pH value, and the detection accuracy of pH value for cell microenvironment was 0. 1, which

could be used as a sensitive FRET probe for biological microenvironment detection.
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of InP/ZnS quantum dots and Cy7 fluorescent
dyes
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Fig.3 FRET system when the InP / ZnS quantum dot concentration is changed. (a)Fluorescence spectra (b) FRET con-

version efficiency

() B, DR A5 1 AN U CyT GeRHE
W, 34 FRET (R R 19 L1 S an 18] 4 s
MIEN 4 Ca) AT LA i, B Cy7 Jehik 52 3%
I S PO B B 9ol A (L),
THRARE T UL Cy7 JeRla POt IIRRE R T2
RER A 4(b) FroR o AT 4(b) dral DU Y B

L SR BE (3G 0, FRET 14 2 g i s B A R %
WK {22 QDs: Cy7 /T 1:250 J5 , %63k
RERHFE B ACRIR BB R, I 24 CyT Gekhuk i
INEN—E R BE I, 5 i J] ] 8 1) 52 (A e et
THEEH B A



78 o DA

1%

QDs:Cy7
400f — 10
m— 110

i — 1:50
L — 1:80

300 — 1:130

L — 1:160

/ 1:200

200 — 1:250

— 1:300

PL intensity/a.u.

100

650 700 750 800 850
Wavelength/nm

(@)

o 60 \
2 50
5 e
% 40 /-/'
= 301 /
m
& 20t
10t
0

1:10 1:50 1:80 1:1301:160 1:200 1:250 1:300
QDs:Cy7
(b)

K4 s Cy7 WeBEmT Y FRET (AR (a) 9015 (b) AR FRET F45iR

Fig.4 FRET system when the Cy7 concentration is changed. (a)Fluorescence spectra (b) FRET conversion efficiency

3.3 pH {&X} FRET {& Z #8200

e s iR, ¥ Cy7 JlHRT InP/ZnS & - 5
Sy HISAE pH (E2h 4.7 10 12 (1 L BTk ik 1y
P RIMNIR . KL S (a) AT LUE Y, B &
W pH {E M\ 4 T+ 2 12, 35 LR i 98 o B 1%
AR RO, W] DL B YR AR B X pH (AN
& (HMNE 5 (b) v LI F 1, b & % W pH {H

120
I 1 — pH=4
1. gm 2 =
5 100 4 2 — pH=7
s L 3 = pH=10
2 80f 4 —— pH=12
é L
£ 60
& L
=¥
o 40
£ L
< 20
) ol P SRR O iis o e
70 750 800 850 900
Wavelength/nm
(€]

AAE 1 R DO G5 A I A2 A, S R
FAFN T R POCIRIE B 55 , R N R
BN W3] T R SRR Y
FRSC 25 8 W00 Bl P I, e S A R
OH ™, REME A BRIE AR 7, (H o i ) pH {E [ A
SRR T RO

350
3001
250 F
200F
150F
100

Relative PL intensity/a.u.

SO0F

650 700 750 800 850
Wavelength/nm

(b)

K5 Cy7(a)Fl InP/ZnS 1 51 (b) fEAR] pH (B F Y26 EIE ]
Fig.5 Fluorescence spectra of Cy7(a) and InP/ZnS quantum dots(b) in different pH solutions

T 2 X pHLE Y R B 2 e 3 A
15 FRET {£ & (InP/ZnS-Cy7) ) pH {H, o iEi% {4
Z %t pH ELASURAE o 8 40 MR i) 1 2 B
pH R B O, DAL, AR SCHUVRL T 1 A5 R A 1Y)
FRET fR 2 %) pH {H A USSR AR pH {EZ%
) M N , e 8 I T AT M A PR A N, S B
JEAE 2B, AnlE S PR, Bk T pH (E YL

SIECAE (pH =6.7 ~ 9. 1) XA R B2t B Y 52
Wi, FE—E VL N, pH R, R A2k
JEZ W diss , S B W A, SR A R R Wik
Z LMD pH EBUREUEYIRET
3.4 FRET f{& 2 Xt & # f3m 42 4 il ) Bz R

N Y BAE InP/ZnS-Cy7 (R Z ALY N A AT AT
i, B SER A MTT e 34735 %0 1 2 10 40 e 7 4



51 S, 55 TR 20AME - s DO R B S R A W B S 79
5251 — pH=6.7 I Control I InP/ZnS-Cy7

I — pH=7.0

450 — pH=7.3

5 I — pH=7.6
0P i S
2 300 — SH:8:4 E'
= ol — e
£ 20 I >
& 150 2
@]

TSEZ

0 I I L -
650 700 750 800 850 900
Wavelength/nm

K6 FRET (AR 1EAIR pH {EH IO A
Fig.6  Fluorescence spectra of FRET system in differ-

ent pH solutions

AT, BRI BT

FIH 96 fLk $5 5% MCF-7 ZL, Ji 9 40 g, FRET
IR R F FRUREEBR R 4 21,0, 5 10 25 nmol/mL
VA, L o BN A RV B B 1 DUAE i, 850
JEET CO B3R (37 °C) TR 24 h, B R4 i
AR AR AR . 24 b BUE SR
FESL I 96 FLAR, 17 &L IA S pweg/mL Y
MTT W 20 wL, 8857 J5 FE85 5% 4 h 1 40 10 26
RL AT 8 35 0 R M0 U B MTT 348 Ji7 o 7K AN
PERYWE 2L 045 P Bk, AL B2 s A
150 WL %) — F BB ( DMSO, iy T+ Sigma) , #1| H]
P FR AR 495 nm 20X AT, 75 32 40 M 15 P
Bl W& 7 BiR,24 h )5, B4 InP/ZnS-Cy7 {4k
FUREE BG40 T PR B AR AT T AT RS A 2
HTE RSB AE 60% UL I, BA R AP E Y3 s
P, AT DA TAR DG B A= WD B9 RN o

R T UERZAR 3 AT LM R R X A= 1
ISR A TR, A6 T 2 > o7 FH 988 i 1) 392 W
T . AT A 8 1) LL AP S EIRE XA
[F) A A RO B R AT T RN, 4 530 R FH v B 5
H:(DMEM) .50% % & 1Y B s 41 i ( RAW 264. 7)
T 48 h S ) E A A 0 2 LA S0 %
£ MCF-7 ZLRR s 40 i 15 5% 48 h J5 i & A AR
T2 %) 240 B AR A ARG I, 03 T AR 7 e
HeiganE 8 Fran. W LAB A B SREF SO LRE
2B N BER R R 1 AR A 7 A B R AR A i
5¥E1s pH 145 ( MN,MACHEREY-NAGEL, {5 )

0
0.25 nmol 0.5 nmol 1 nmol 2 nmol 4 nmol
InP/ZnS-Cy7 concentration/mL

K7 FRET {47 0040 i 24 ik
Fig. 7  Relative cell viability of MCF-7 breast cancer
cell treated with FRET system

FUXT, 1% FRET 14206 40 M flcbh 58 pH ARG B2
ALIKE] 0. 1, 7EFLIE AR SMB B9 FRET R 1
PR 5

| — DMEM 3

5 e Raw 264.7 £ 280 PHSEN pH-s.4
S, = MCF-7 2
& 10r
= 160 PHTTS
g 300F DMEM Raw 264.7 MCF-7
= 200}
[}
=
= 100f
Q
I~

0

650 700 750 800 850 900 950
Wavelength/nm

8 FRET {4 F 0 AN A 4 R 5 el
Fig. 8  Detection result of different cell microenviron-

ment by FRET system

BT R RENTOLESRE T
FRET (R BR 1 6848 5 3R 40 i i) pH {E SR E
Rl o, 3 BE A% 52 BUR A0 (Y P ehRic. 1819 2
7~ T FRET K £ X MCF-7 ZLJ5 8 40 i i) B 1% 52
5o MBHIZ NG AT L H 6 BR 2 RS 56 2H 20 A
RORZS R AT, e SRR, AN Z0IE , 3
A R BRAN T S AE AL , SRR BE AT R 175 20, 15
W% FRET R RBEVESUR . 8 B2 OL R n] LA
A A AL, LR A N B AR BT
FRET (£ R IR VOLME S IEW % FRET {A& £ 0]
YRR TOCTRE R ZURIEEA T 9O EAR I o



80 o DA

1%

Overlay

50um

Control

FA-InP/ZnS-Cy7

Transmission

Fluorescent

50um

K9 FRET {AF X} MCF-7 L 4 ML A9 9O EhRiC
Fig.9  Fluorescently label in MCF-7 breast cancer cells by FRET system

4 % B

AR L1 4N InP/ZnS 5 F 55 5 T 21 4h
Cy7 Yekl#y @ FRET (K &, 8 iof 028 1k &R v 7
S CyT kb X FRET & R 56 RS 50 R 1 5
AT T tr. e, B9t 1T ANIE pH (%
ot FRET (R R 5200, 455 BoR Cy7 JerbA B
%t pH {H I AR, FRET & 2 %F pH i i Uk

SE k-

ERPR TR O pH B BUEE , S pH {H

Ab1E T ~10 I, FRET AR BA %G 19 FRET 568
RO MRS SRR, FRET R 4T 102615

5 B 240 M S BOR Bl RE 1472 A T 7 A ] R A2 A
AT A A X AR M R I . RIS 2L
AR AN P A FRET (AR B e 2 e (5 5 n]
AR T ML B A%, SC B T FRET KR 9 XUEE
k.

(1]

P RALIRE TSR RO R LA E AP ag 2R [D]. iR PR ,2010.
HU SH. Sudy on fluorescence resonance energy transfer system and its application in homogeneous immunoassay[ D].

WuHan : Huazhong University of Science and Technology,2010. (in Chinese)

Beijing : Science Press,

Forster resonance energy transfer properties of a new type of near-infrared excita-

RSC Adv. ,2016,6:55568-

Four-photon-excited fluorescence resonance energy transfer in an aqueous system

Optics Express,2016,24(17) :19627-19637.

[2] FORSTER T. Intermolecular energy migration and fluorescence[ J]. Ann. Physics,1948,2.55-75.
[3] B RAEFBHARALAESTADF TR M]. IO R L, 1979.
GUO Y J. Fluorescence Experimental Techniques and Their Applications in Molecular Biology[ M].
1979. (in Chinese)
[4] LAKOWICZ J R. Energy Transfer:In Principles of Fluorescence Spectroscopy[ M]. New York ; Plenum Press,1983.
[5] CLEGG R. Fluorescence Imaging Spectroscopy and Microscopy[ M]. NewYork; Wiley,1996.
[6] ANGELIS D A D. Fluorescence Resonance Energy Transfer Fret[ M]. Encyclopedia of Medical Genomics and Proteomics.
2004 :1420.
[7] FENG Y SH,LIU L W,HU S Y, et al. .
tion PDT photosensitizer: CulnS,/ZnS quantum dots-5-aminolevulinic acid conjugates [ J].
55576.
[8] FENG Y SH,LIU L. W,HU S Y, et al. .
from ZnSe:Mn/ZnS quantum dots to hypocrellin A[J].
[9] KIKUCHI K,TAKAKUSA H,NAGANO T. Recent advances in the design of small molecule-based FRET sensors for cell
biology[ J]. Trends in Analytical Chemistry,2004,23(6) ;407-415.
[10] JANSSEN A, BEERLING E,MEDEMA R, et al..

Intravital FRET imaging of tumor cell viability and mitosis during

chemotherapy[ J]. PLoS One,2013,8(5) :e64029.



&1 ESBL, %  FE T IR LA ME T R PO LR RE R A MR A T S 81

(1]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

YUAN L,LIN W,ZHENG K,et al.. FRET-based small-molecule fluorescent probes : rational design and bioimaging ap-
plications[ J]. Accounts of Chemical Research,2013,46(7) ;1462-1473.

TAO H L,LIAO X F,et al.. Determination of trace Hg** ions based on the fluorescence resonance energy transfer be-
tween fluorescent brightener and CdTe quantum dots[ J]. Journal of Luminescence ,2014,146 . 376-381.

JIANG G F,TANG Y. A novel two-photon fluorescent probe for hydrogen sulfide in living cells using an acedan-NBD a-
mine dyad based on FRET process with high selectivity and sensitivity[ J ]. New Journal of Chemistry,2017,41(14) .
6769-6774.

WANG Y,SI B,LU S,et al.. Near-infrared excitation of CdTe quantum dots based on fluorescence resonance energy
transfer and their use as fluorescent sensors|[ J|. Sensors & Actuators B Chemical ,2017 ,246 :127-135.

A 5K 3T 5 ATHLTEHLAL 2 9K B0 F B B ]  63 2015,8(4) 1651666,
ZHANG X X,LI B,ZHANG L M, et al.. Sensing application and mechanism of organic-inorganic nanocomposites[ J ].
Chinese Optics ,2015,8(4) :651-666. (in Chinese)

BB BT IS Ca B FHY] B HTOCIEIRRE R B EIR (1], 46 34,2017 ,38(8) £1028-1032,
ZHATY G,CHU X Y,XU M Z,et al.. Properties of fluorescence resonance energy transfer of ZnS; Cu-rthodamine B[ J].
Chinese Journal of Luminescence ,2017 ,38(8) :1028-1032. (in Chinese)

TR, FRR A, I, . Mn $B32% ZnSe T RUBIR A EHERIISE ], F B L5 ,2015,8(5) :806-813.

YUAN X,ZHENG J J,LI H B, et al.. Temperature-dependent photoluminescence properties of Mn-doped ZnSe quantum
dots[ J]. Chinese Optics,2015,8(5) :806-813. (in Chinese)

E M, B, E A, T BAUREE AR ST AR B A Y R A S A& [T ] F Bk ,2013,6
(5) :743-749.

WANG Y SH,ZHOU Y,WANG J N, et al.. Controlled synthesis and cell imaging of gold nanorod-silica core-shell nanop-
articles[ J]. Chinese Optics,2013 6(5) :743-749. (in Chinese)

RNHRAT AP 2R 3G, B A, . Zn0/ZnS #-E BT R AOG TR [ T] . £ 5 4R ,2015,36(2) :249-255.

LIU SH Y,ZHONG J Z,MENG X Q,et al.. Two-photon absorption in ZnO/ZnS core-shell quantum dots[ J]. Chinese
Journal of Luminescence ,2015,36(2) :249-255.

x| & KA P FRET 4 2 693t B E 2/ RAF e g7 ey AL A[D]. mat: ma Tl R,
2016.

LIU H L. Design of FRET system in nanomaterials and its potential application in single/two photon photodynamic thera-
py[ D]. Nanjing: Nanjing University of Technology,2016. (in Chinese)

[21] REMEDIOS C G,MOENS P D. Fluorescence resonance energy transfer spectroscopy is a reliable “ruler” for measuring
structural changes in proteins-dispelling the problem of the unknown orientation factor[ J|. Journal of Structural Biology,
1995,115(2) :175-185.

[22] LIU L. Quantum dots:the new development of FRET[ J]. Progress in Chemistry,2006,18(2) :337-343.

[23] STEYER L,HAUGLANG R P. Energy transfer:a spectroscopic ruler[ J]. Proceedings of the National Academy of Sci-
ences of the United States of America ,1967,58(2) :719.

EEEIT:

BB (1993—) , 5, WSSl ARl N, Pt (1977—) , &, H MK EFEN,
» WA, EENBEGKE T4 B2, 1A R 0,2006 4R T Hh [E 27 B

- AW T 7 T B BESE o E-mail . jin-

grui_xiu@ outlook. com

KA B R 3 U S5 W BB 5 7 3
S iy, S0 KO L 3 fiE
B R 4 S bR 0 4 A
| R GRS TR, A AR
WIAR B AL ) TR o E-mail ; jh-
li_cust@ 163. com




82 o DA 511 %

XUMH (1980—) , &, )" AR I, 1l
+, BB, 1L 2R W, 2009 42013
T RF IR B RS+
L2E N, BN F GO R A
5 ARG E R AR AR ) R K
L T7 T B AF 98 . E-mail ; llw _cust @
163. com

(¥ ® X% )1Efs =

(R EDEa) WA T, A4 JTA ; TS ISSN 2095-1531/CN 22-1400/04 5 [ N AMATF AT, B8 & AQ
2 [E 4 12-140, [@4h BM6782,,

* 2% Scopus Bl IE * o E R
* LR EBRI TS ) xR EBHECC AT

* L) X hELERAaR

* BECEEREID X igﬁg%?ﬁ
* MBI * BT AR
* RE TR (ED) B * P E R TR

* [ ESCIARE xR

EFEER DL F RO FROEHE T DG AR OEEOR 5 R Dt Rk
e E S T RS ZERDE Y D # A 5N 23k T shas o SR RS Hey SR = A4
FARB A 0T H R R AR R IR S5

RWER AR ELR S LRSI S0 OFFE AT I, B SR A I A BR
et s A BB R0R, BEAE SR HiT Se Rt 7K P B B BePEAIE S 151 41 5 X6 24 iy 2 A U ) F 5 R R I ) A
(8 R 5 DL ZR B A E N ANE s BOR DT TS BLR A S S A AR A R H i £ M8 3

WD BR A7 o

FAE AL T E R

FIPEANL rp E R B AR G EAE B LS Y BT 5T

PRI ERA WO W) SR A P 2 i R S g =

iR 0 R P D) R

AR P AE ; http ;. // chineseoptics. net. cn

IR A4 il chineseoptics@ ciomp. ac. cn; zggxen@ 126. com

I 2 H1 1% :0431-86176852 ; 0431-84627061 & H..0431-84627061
i R Mk A T AR e I OK ¢ 3888 5 (130033 )



