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il 1t Stern-Volmer T HURHAT T 5347, B3 T A CdTe B&F 45 BSA M EAFEEMN AH, AG #
AS', FHT CdTe &F SRR BHF X BSA KKK Z W, FREREY, 3 ehmiinamn
CdTe BF 45 BSA WM EERYABERRIRE, BAXEH Ky (L-Cys) >Ks (TGA) =~ Ksv (GSH) ;3
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Cd* : TeQd™ =3 : 2.5 3 5; CdTe" B H 4% L-Cys : C&*
:TeQi =22 0.8 ¢ 2; CdTe" f H.#% TGA = Cd** =
TeOi =1:1:2; RMEHBERRHEZRIFHAKZ
BLILYE, 8 000 #5/FP .0 3 min, B % FEW B RKH
Hibat. CoY | TeO £, BH 3 K. T8,
ABLKE, WE 3 MR T AWK LR, i
CdTe B FAMEESE KX ROARTEHLRE, B8
KR 1.0X10 5 mol « L7, BT B4, 4 THRES
H.
1.3 BFASBSAEEEARR

Mol 1. 0X 107 mol » L' 49 BSA ¥5¥, 4§ 400 uL BSA
RS BIMAR F MR CdTeS, CdTev, CdTe" BF &
100 oL, HBFWHE T HAMBERER 2X107° ~10X107*
mol » L1, 32660 Ak TR 275~450 nm; &K
K 280 nm,

L4 HREBSHRERLHHME

BA RSk 59 P8 K 9 436 W B4 FIvT LA

BN ERHR, SHAFEK Stern-Volmer FE T
Fy/F= 1+[Q]KSV = 1+Kq1'u[Q]

K9, F, REARERF(CdTe BT AOFEET BSA WK
KA FREABFXMFAET BSAMKILERE. Ko hah&
FER B WD Stern-Volmer R HH) » EHRTEY AR F
SH e K2 TR SRR i 2 A 30 A et i
BER; [QIN CdTe B F AWK, K, APBRAKEXE
BEH, r ARRNAEENREFFHEHHG, BSAK
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He, RIGSAHH8.314 ] » mol K™, T HIBE(F
1K), K #%RETHEEEE, KSREAXHARS
AWKSE. BRAMBATLET T EES. InK/K{
=[1/T\—VT.JAG /R, &G = AH? —TAY

2 HERMTR

2.1 #HRAI CdTe X BSA % XAIKWM

BSA BRNEHRAEH, KA FPRNEAER. BEMA
EREMAREESE TR, YEWERRKN 280 om B,
BSA %5y % B #E{ B 7E 350 nm &b, B 1 A7 298 K, 0.1
mol * L7 pH 7.4 # Tris HCl B@MBE W T, FARIKE (a)
CdTe’, (b)CdTe", (c)CdTe" B F & X 1.0X 107 mol -
L' BSA BRMHICH K AR ()3 M A5 K BSA |
Stern-Volmer 58, BEHE R FAEE KM M(1~11), BSA
B % 5 ik 9 B TR, 25 QDs IR BE AN 1.0 X

107" mol - L' J5 BSA W AMELTR, RY] 3 FHAEMN

EYBWR CdTe B F RS 5 BSA REMEIEA, EW
¥ K BSA MT).
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Fig.1 Effect of CdTe®, CdTe" and CdTe" QD concentration on the fluorescence spectrum of BSA
(8): CdTeS; (b): CdTek; (¢): CdTeT; (d); Stern-Volmer equations of BSA interaction with CdTe QDs(1'; CdTeS; 2'; CdTe*; 3'; CdTeT).
1: 03 2: 0.02; 3; 0.04; 4; 0.08; 5: 0.18; 6, 0.32; 7, 0.64; 8: 1.25; 9: 2.5; 10: 5.0; 11, 10X 1077 mol » L-?
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2.2 #5iR R CdTe & BSA 1 EERARREBRIXN

Sterm Volmer KB FHRNEFZ B K 4. # 3 #
CdTe & F % BSA B3 P8 KB AEFI CdTe BT RKE
craon {E Sterm-Volmer 14, HIRBHERKEH K %
MAERHRE - RE 1.

Table 1 Stern-Volmer equation of BSA interaction with CdTe
QDs 298 K,0.1 mol « L™! pH 7. 4 Tris-HC1 buffer,
cpsa=1.0X107¢ mol - L™*

QDs R AACEYE HXbE
CdTeS Fo/F=0.977 840. 743 2crane] r=0. 993 42
CdTet Fo/F=—0.803 8+4.143 6 crapy ~ 7=0.962 12
CdTeT Fo/F=0.913 140. 914 6cjans) r=0.991 21

L Sterm-Volmer 75 B 5 3 #0457 86 1 i
CdTe BF X BSA BB HEXEHAH 0 0.74X10° L »
mol™! (CdTe®), 4.14X10° L « mol™ (CdTe"), 0.91X10° L

« mol ' (CdTe"); B CdTe" A #EMREF# 2 Stern-Volmer )
A5, A AMEHBRERRA.

HHFR K = Koo 19 3 BEELS YK BSA 9758
BEEEEBINNH 7.4 X102 L+ mol™! » s7' (CdTe®),
4.1X10% L « mol™ » s7}(CdTe*), 9.1X 10" L « mol™! »
s (CdTe"), HAZKTFEYR ST BEEHM K, A
(2.0X10° L » mol™ « s7!), #8 CdTe®, CdTe", CdTe"
Xt BSA W REA ZY BIEHMSERER, o LA K%
BIENBIBRIR.

Table 2 Dynamic quenching constant (Ksv) for
interaction of BSA with CdTe QDs
Ksv (X108 L « mol™!)
306 K
0.673 7
4.743 51
0.944 5

REE

CdTeC
CdTe-
CdTeT

298 K
0. 743 21
4.143 67
0. 914 56

3K
0.680 32
6.420 31
0.941 9%

AREET CdTe®, CdTe", CdTe" Xf BSA 3B K
ShAKRERIME 2 Fim. HEEM 298 K #inal 313 K
W}, % CdTe®-BSA #i CdTe"-BSA #) Kev W%/, JLF
BEH A%, AR BSA-CdTe" ) Kev & B 1R B 1934 10
TR EMMm, M 298 K@ 4. 14X10° L « mol ' #h0n3] 313 K
B9 6.42X10° L » mol™*,

ST RBOGEAR T CdTe BT 25 BSA M
HERKERYIE, B23298K, 0.1mols L' pH 7.4 f
TrissHCI Bk i P, 8 F 55 BSA vk EF 1+ 1(L.0X
107° mol « L") &M T WSS ER. 3 FEHXNBMH
# CdTe #1 BSA A& /MR L3 AE L, CdTe ®F &5 BSA
SR I FE HFE AT BSA-CdTe BF HE S W%
R, BT 220 nm AL SMRURENE T » JL8A BSA #1 CdTe
ZEERTREAY, HABRAAFHEHEETYE, Xt
WEHT 3SHBEFEX BSANRARKIBYHBERKA

.
FROIMESE— SRR R BB CdTe &

F RS BSA f91ERIBLE, B 3 3% BSA(1), CdTeS-BSA(2),
CdTe'-BSA(3) #l CdTe“-BSA(4) Bk R EEZHT M
LI5PkiEA . BSA 7E 1 650 em™ (B4 I #) 1 1 540 cm™
(A D)L HA 2 MR, FohiRA 34 Fkk( 380~
1240 em™),
101 .

cdte’
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Fig.2 UV-Vis spectra of interaction between
CdTe®, CdTe", CdTe™ and BSA
1; Sum of CdTe QDs and BSA; 2; CdTe QDS;
3: BSA-CdTe QDs; 4; BSA
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Fig.3 Infrared spectra of interaction between
CdTe¢, CdTe", CdTe" and BSA
1: BSA; 2: CdTeC-BSA; 3: CdTe'-BSA; 4: CdTeT-BSA

CdTeS-BSA tH#E 2 MRERB (1 590, 1 380 cm™ )3
CdTe“-BSA Hi88 3 Mg Wi (1 590, 1 380, 1 080 cm™);
CdTe™-BSA tH3 4 /M W % (1 650, 1 540, 1 380, 1 080
em™), EERM, B CAT™-BSA b, Hip 2 HBEFAS
BSA HEAEH ML SME R R A B, 7E 1 650 cm ™' ALY

C—0 BB ATRTIAE 1 590 em ™' LLTEBL T HKRIK
¥, CATe™-BSA BRI AMLIRERE [ BRI WM
BB ER R A K, [R5 BSAHILL, HAE 1240 em™ 4L



1042 Kt S5t

F30H

SRR T AE 1 080 em™ AR TY R HT I B e e, WT LA i
CdTe B-F 35 BSA HiR & ¥ B394 IH @ 69 1 K A3 R
B, HEEBT HEy, BERT CdTeBSA BFHE
Y.

BEHBEKE Ksv . KM LSRRGS MR
BHAAI KRB HRAHEH, CdTe 5 BSA 5
YIRS B R UM BHER, UBERX I E, 3
HE5BFARERARELERR, CdTe SBSARRTH
&Y, IRBHEABHNE T AR BEON KW
W,

Table 3 Thermodynamic parameters for interaction
of BSA with CdTe QDs

BFR BE A AH? AS

[QDs] /K /(kJ+mol™) /(k]*mol1)/(J » mol~! « K™})
298 —33.50

CdTeS 306 —34.15 —4.73 112.42
313 —34.95
298 —37.75

CdTe- 306 —39.11 22.32 126. 61
313 —40.79
298 —34.01

CdTeT 306 —35. 00 1.52 114.13
313 —35. 80

2.3 iR A CdTe 55 BSA HE AL EEM

Ross BB ARMELRE R, B4 rHAHEY KRS
FEMITFEAIERBED KT H SEE DERMHAS
SR, MHKERDHARN AH f1 AS AE VIR
Wk, M #E VanderWaals H1ffi AH® fil AS’ Ay, Bk
FANME AH ~0, AS>01%], % 3 % BSA 5 CdTe B F &M
HAERWRAESE. YEEN 298 Ki#n$ 313 K, BSA-
CdTe®, BSA-CdTe", BSA-CdTe" &4 K i & Al & t B
AG BT 0, BB S RMER B REITH; L A5 &

5 %

KF O, HUARMNARMEFBERMMT, HRZEHR
THBEH—ITH A EE, HF BSACITE BFAEEY
H%8 4 AH® /N 0, ifii BSA-CdTe", BSA-CdTe" B F &%
SRR AH KF 0; H4E Ross BEEMERHHE, SiEK
# Vander-Waals J7. #83fE FIXHE RN AH 71 A8 R
R, LR R R 45 F AR PT LS . BSA-CATe® &
FHESDZANERDETENERBARKERT; W
BSA-CdTe" #i BSA-CdTe" B FHRZEMARIERA N EER
BikfER A
2.4 FEHHSHEERVIROER

BSA 5+ F R 3 MHBGHBARNOEES, 1MF
HISEBE 17 B K 9 MESRNY , RIARH CdTe, Cd-
Te", CdTe" B FHMERB AN 3.0 nm, K/AJLFHE,
HEmBmANMNEWIES 250 TGA R 1 %%, L
Cys b 1 3%, 1AVEX, GSH A 3IAMEE, 2185, B
KEAHR X F K GSH>L-Cys>TGA; Mk TGA,
L-Cys, GSH S FHhB A /N4 KR 6.6 nm®, 7.9 nm®,
19.0 nm*, |FAK/MER, BiARBEX, BHSFHE
&, B CdTe" >CdTe >CdTe . #F CdTe & T 4%} BSA
BB K X RN CdTet >CdTe" ~CdTe® fH L FE M.
LCyshIff B F EAMBE, MASFRBERXIMKT
TGA, i&/MF GSH, H it CdTe" Xf BSA M KB E KT
CdTe™ #1 CdTe®, %80T % BSA %R K ERXEAEL
DRFFR/PEE.

3 & #®

ARICRAAHEETT T B A0 CdTe BT RIS
BSA HEERIREN. ZR KM CdTe BT K% BSA ¥t
¥R 5 RE BRI K A S OR50FR/MER. RBFR
FB, FIR CdTe B F 53R B M A ) 7T 24k, Wf AL
¥ (M) R EB AN 0 FRBI R BT R SEYK DT R A
HAER, BRI ERAEDERES.
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Study on the Synchronous Interactions between Different Thiol-Capped
CdTe Quantum Dots and BSA

MA Jinrjie, LIANG Jian-gong, HAN He-you"
State Key Laboratory of Agricultural Microbiology, College of Science, Huazhong Agricultural University, Wuhan 430070,
China

Abstract  The modifier of quantum dots plays an important role in synthesis and nature of quantum dots, however the effect on
the interaction between quantum dots and protein is not very clear until up to now. In the present paper, the interactions of CdTe
quantum dots with bovine serum album (BSA) were studied by spectroscopy methods including ultraviolet-visible absorption
spectrometry (UV-Vis), fluorescence spectrometry (FL) and infrared spectrometry (IR). The CdTe quantum dots were modi-
fied by three different thiol-complex including thioglycolic acid, L-cysteine and glutathione, i e. thioglycolic acid capped CdTe
quantum dots (CdTe"), L-cysteine capped CdTe quantum dots (CdTe") and glutathione capped CdTe quantum dots (CdTe®)
respectively. The quenching constant Ksy and corresponding thermodynamic parameters, such as enthalpy change (AH?), entro-
py change (AS?), Gibbs free energy change (AG?), were calculated according to Stern-Volmer equations. The results showed
that CdTe”, CdTe" and CdTe® all have a strong ability of quenching the fluorescence of bovine serum albumin, and the interac-
tions of the three types of thiol-capped CdTe quantum dots with BSA were static quenching process. The quenching constant of
Ksv(TGA) is similar to Ksy (GSH), which is much less than Ksy (L-Cys). The binding forces of CdTe” and CdTe" with the
BSA were the main contributions from hydrophobic force according to the thermodynamic parameters (AH* >0, AS’>0 and AG’
<C0), while the binding forces of CdTe® with BSA were composed of both hydrogen bonding force and hydrophobic force accord-
ing to the thermodynamic parameters(AH’<0, AS>>0 and AG’<0). It was found that different functional group and molecular
volume size of thiol surface modified reagent played an important role in the interactions between CdTe QDs and BSA.

Keywords CdTe quantum dots; Bovine serum album; Surface modifier; Fluorescence quenching; Thiol-complex
(Received Apr. 8, 2009; accepted Jul 12, 2009)
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