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Abstract; Based on photosensitivity and a special affinity on tumor cells and anti-tumor activity for
thionucleoside compounds, 4-thiothymidine was designed and synthesized. The structure was charac-
terized by NMR, UV, MS. The interactions between 4-thiothymidine and human serum albumin
(HSA) were also investigated by the fluorescence spectroscopy. The results show that 4-thiothymi-
dine on HSA has a static fluorescence quenching, the binding constants of 4-thiothymidine and HSA
are 3.46 x10*,3.91 x10*,4.31 x 10* L - mol ™", respectively. The determination of thermodynamic
parameters at different temperatures for 4-thiothymidine and HSA was investigated, the results show
that the main forces of both interactions have typical hydrophobic interaction from thermodynamic
data to determination. In addition, the effect of 4-thiothyminidine on the secondary structure of HSA
was investigated by circular dichroism, the results show that 4-thiothyminidine has no effect on the

secondary structure of HSA.
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1 3]

4B WY 2 — 5 L RE A T AL B,
SRERIAE T 5 M AR AL, (ER B AT 52 AP ik
TR AR 22 31, W0 1 e o 8 A W Mic e
R 270 nm, T8 IR A9 R KER AR LI K 340
nm'" XTSI 4-BRHFESS A B DNA )3
ST UVA YGRS, 4-B 0 5 2000 X Fh o
T AR AR RS A T 1 DNA B 22 1] A 56 58 B S
F1 DNA-FE 10022 ] P 3SR BT, 33 6 o T L) ]
FEER AT T DL & 4-60 M 1 19 2 2 1 R
KA RE AR O R 48 1 — g
TERIBURE 25, U R AE SR B T W] LR YT
i e 0z gt IR I AR R SE R Peter Kann
A — BT R AE B A T B R YT
J5 i——ii %8 51 St/4-1% M 1 ( UVA/Thiothymi-
dine) J7iP! BVHI ] UVA 615 4-57 iy i 1 0 4%
11 (4-thiothymidine ) ¥ P} [7] £ FH > 45 473 3 A= 41
HK DNA,

NI A (HSA) Bl b &R FEE
MEARE A, EHIFRREZ N —fMER R,
GE YR AE BV, W R 2y
Y58 A AR R R R (D Rk, BFSE
2415y T5 HSA Z A EAER A B Tz
WIHE AR Iz iy 53 A B0, % T e B 24
P 25 B A2 A 2 e B R
AR HSA 5P R AMNEEL S PR 25 A
BLEI A Rbe b 252 Rl R S 2% oA &
BREXT ) POtk EME Y S Rk
SFZIAME AR EE LS AR 45
R 25 MR | L HSA B R i b AR K o 1
MARER R 5 Gk 24 SC R AR 45 5 1 7 A 0F
% T 4-GiMa 5 HSA (A EAEFIBLE], ABFSE 4-
Bl X HSA PERERY R MR {7 — 2L SLmtif5 8.,

2.1 UESiLFH

JASCO-UV560 BIEEAM-R] WAMEEETH( HAS) 5
JASCO-FP6500 IS A 6T ( HA) ; JULABO-
F12 AUV A AAE PR 48 (T[], £0.01 °C) ;JAS-
CO-J810 B[R — A 53T ( HAS WP B T )
25 ¥8) 53 BT 8K A4, Jasco Secondary Stucture Estimation
Version 1.00.00) ;PHB4 FRFET( FIFERANEY ) ;

e

FA1004 3§ (PRI ) .

HSA . KBRIR TR FIERE [, Sigma 24 7] H 77,
4R 99% , FL il 1 wmol/ L 14 it &5 VR AE VK 6
R, WERREh 22 MW . W FE R 50 mmol/L, i
1 . Sigma A F = 4N 97% B BB
FIB R prat, S2i HK D IR BB 28008 K
2.2 4-HEEFHEK

A-T i B B S an B 1 R

0
HiC HsC NH
80 S

ON 0 Ac,O/Pyridine (N 0 -
- dloxane
Hoﬁ A(:OAQ
OH OAc
(1) 2)
S S
HiC HiC NH
“ 18\
ACO/\Q CH,OH Hoﬁ
OAc OH
3) 4)

Pl T A-BLHH A 5 B 2
Fig.1 The synthesis route of 4-thiothymidine

2.2.1 3',5-0-—R.TBAMF(2) 895k

TE 100 mL B =HUH T, A (1) (1.89
g, 7. 74 mmol ), H J&/K Mt BE (40. 4 mL, 502
mmol ) & , 7 FL T 0V fit Jo n A g4k i 1) £ 1R
fiF (8.3 mL, 87.8 mmol) , 7E VK &M Fid R X
N, B TLC G, o J5ORE A58 2 2K 5, ZE IR
M FBREBEHR, A CH,CL, K% 10 mL, 78
RSN B BR R, ™ s T CH,LCL,
(250 mL) H, FRIIA MR AT NaHCO, (80 mL), ]
CH,Cl, 10 3 &, & IFA ML, FHTE7K Na,S0,
M LU VAR IR, FH W R E AL AR A6
PR R 37,57-0- 5 £ T 35 i i s e A% 4 (2)
(2.41 g, 9.33 mmol) YLK 95% ,#& 5 (m. p.)
129 ~ 131 °C ( CHR{H 126 ~ 128 C) ",
"H NMR (400 MHz, DMSO-d,):11.39 (br s,
1H, NH), 7.50 (s, 1H, 6-H), 6.18 (t, J= 8.0
Hz, 1H, 1'-H), 5.18 (t, J =4.0 Hz, 1H, 3"-H),
4.25(d, J=4.0 Hz, 2H, 5'-H) , 4.14 (d, J =4 Hz,
1H, 4-H), 2.25 ~2.48 (m, 2H, 2'-H), 2.07 (s,
6H, 2 x —0C =0CH,), 1.80 (s, 3H, —CH,),
2.2.2 3',5'-0-= % L Bt I 4-55 M) R v w2 4 3

(3) #95-m
Ar SR, 37,57 -0- 58, 0 T 35 it JUe s e
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(2) (1.0 g, 3.06 mmol) % T (55 mL, 643 mmol)
ToK ZEHANHH, FImA P,S, (1.02 g, 4.59
mmol ) 1841, 1 4 40 min, J TLC[ V(A k) :
V(ZTRCTER) =1: 1R, B2 W oR J v 9 58 42
Ao RO IR S5 TR BE 10k AR DB, D
ok 295 700, KL o o ik S JE AT A0, R IR N
V(M) : V(LR OHR) =2: 1, 132 E AR
Wk 37,5"-0-— A LB 4-Fi 1T (3) 0.76 ¢,
R K 50. 7% , m. p. 93 ~95 °C ( CHRAE 97
)" '"H NMR (400 MHz, DMSO-d,)8:12. 79
(brs, 1H, NH), 7.36 (s, 1H, 6-H), 6.13 (t,
J=4.0 Hz, 8.0 Hz, 1H, 1’-H), 5.21 (t, J =
4.0 Hz, 1H, 3'-H) , 4.26 (dd, J=4.0 Hz, 2H,
5'-H),4.20 ~4.21 (m, 1H, 4'-H), 2.32 ~2.48
(m, 2H, 2'-H), 2.06 (s, 3H, —OC =O0CH, ),
2.07 (s, 3H, —OC =OCH,), 1.99 (s, 3H,
—CH;) .
2.2.3  4-BR-JARERAZ S (4) 698

3',5'-0-Z A & WE-4-1 M 1 (3) (0.6 g,
1. 74 mmol ) ¥ THu A A 2 < H BA M (114 mL, 3
mmol ) "1, FEE IR N EMNFE 4.5 h, RN E4E
S VB R 2500 REL it R E RS 2 A 4 4 et )
R VZEAREE) VO EE) =9: 1,13 2] 8 @A
Y AR TR (4) 0.32 g, LHE N 71% ,m. p.
116 ~ 118 °C'"*' '"H NMR (400 MHz, DMSO0-d, )
5:12.70 (brs, 1H, NH), 7.89 (s, 1H, 6-H) ,
6.11 (t, J=4.0 Hz, 8.0 Hz, 1H, 1’-H), 5.09
(s, 1H, 5'-OH), 5.26 (s, 1H, 3'-OH), 3. 80
(d, J=4.0 Hz, 1H, 4’-H), 4.25 (s, 1H, 3'-
H),3.59 (dd, J=12 Hz, 24 Hz, 2H, 5'-H ),
2.14 (t, J=4 Hz, 12 Hz, 2H, 2'-H) , 1.97 (s,
3H, —CH,); “"C NMR (DMSO-d,, 100 MHz)
5:190. 07, 147.26, 132.80, 117. 07, 87. 05,
84.08, 69.46, 60.42, 39.50, 16.35; UV-Vis
(CH,0H), A, /nm:337, 249.0; IR (film)/
em™':1 693 (C=0), 1090 (C=S),1 153
(C=S),1 628 (C =C); Exac mass ( ESI-MS)
for C,,H,sN,0,8 [M+H] " found, 259. 075 3;
caled 259.074 7,
2.3 4mMESANEEERN(HSA)NEE

1ER
2.3.1 EINBOK R E B

H 50 mmol/L Ay B 18 £h 22 w75 0 15 1) B ik

FEM 1 wmol/L YA IMLYE 18K (1 ( HSA) ¥, FF
4-f T FH B 1R R % A VI ) R R B S 10
mmol/L [, HEWAE I 2 mL ¥ & H 1
pmol/L B AME A EHBE R T 1 em AR LA
M, PLpH =7.4 BRI ZE WER NS,
FH i 320 5 25 A U I S 5 1 4 - B A
8 3 min, P E 220 ~ 450 nm 194 MR IO
T (487 T I A SR BUNT 50 pl)
2.3.2 REXELE

FHHFE 7 50 mmol/L,pH = 7.4 [OWERRELS2
TR IC B B2 1 wmol /L Y A IMILYE 2R 1
VSR, W A~ B P 8 T2 5 2% o s VAR ) i ok
J51 mmol/L MIVAW., 288 K I, FH A% Wi+l 72 Bt
2.5 mLJE K 1 mmol/L B HSA g4 Wi, In A%
HAE N 1 em BIATEEL IR R HERE AR IR
AT R N 1.0 mmol/L A4 4-55 M 1 15 W
HEATHEETH 2 (R BARFAE 50 wL LA, $2
A FEAER 3 min, L) 280 nm M A I Mk
5 & BB BREE SERE N 5 nm/5 nm, FHHEFE K 500
nm/min, Pk 0. 05 mol/L PR EEZE vhigs R AE N2
FRLIE , 7R 643 66 BE T g 5% 290 ~ 450 nm
TN HSA 2661 L S HSA 7€ 4- i
YERTT B SR8 R, e R A ) Jr 2000 2 298
K #1308 K T 290 ~450 nm 70 [FH P11 HSA 75
IS DL S HSA 7E 4-Bi B 11 1 FH R 1 26k X
Sk,
2.3.3 A&k ik

298 K W, B WA # B 500 wl HSA fif 7
T, IMAZDEAE R 1 mm BRI G LA, F R
BERESHR N AGE B 1Y 1.0 mmol/L () 4-Ki 4
W, EAEH 3 min, 7E CD _LAE 190 ~ 250
nm 70 Bl N A9 8] — 635, 4 B B ) 50 nm/min,
M 2 BF ) R 2 s

3 #R5itik

3.1 4-FRF9E 5 HSA HEERREIMRIE L

XTIy F S E A B A EAEH , 25
WS R —FP T BT R ik . BRI B2 T
DARE™ HE 2RSSO | JH: 32 2 5 PR S R 5%
SR G s

M 2 w50, KU 4-87 1 5, HSA R
SR AN W 5 B A TR, BRI AT DA AP R E
4-B M5 HSA Z A& A THIE AR
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Fig.2 UV-vis absorption spectra of HSA in the presence of

various concentrations of 4-SdT. Curves C ~ G:

n(HSA): n(4-SdT) =1:0,1:20,1:40,1: 60, 1: 80.

3.2 4-FifE S HSA HEERRWRELIE

& 3 2425 °C I HSA-4-SAT & & 58661,
B2 a 183 25 CHF 2 pmol/L Y 4-SdT ¥
T, Mk b ~g 83 n(HSA) :n(4-SdT) =1:2,1:
4,1:6,1:8,1:10,1: 12 ) HSA4-SAT 1K %, MK
3 A LAFE H, 7E LA 280 nm i A K -7 i
HAER R R N B A TCHE ; G 4-0 M H Y
T HSA 5 ' i 5 120 8 R AIC, 2% B 46 i
Reffi HSA MYZENIRK Wi Z RIAFTEAH EAEH .
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Fig.3 Emission spectra of HSA in the presence of various

concentrations of 4-SdT

3.3 WHRHEKRHNE
3.3.1 4-FUAF 5 HSA 695 R w3

YAy 5P Z (WA FAE R 51 2t
5 BE AR B PR R IR K . DA K i 78
W E R B AR FER SRR, BATE KRN
ALK NN DG J - 2Z 18] Alf 48 T B9 6 ) ot 2%
JER S R TR ST R B R BN K,
W B A 2K 50 T ) T e T A O, Bh A

KAFEMTENIrF G50, #R S IE HT
KNG o F Z RIFE RS KA T RS /EH,
A TR KRB CI S G, RS BRSO B
MR BEIR 55 X T AR, R EE T AT
DI ELZSTC &5 W A 1R 1 B, DAL O i A 0 Ch
B B 0 T R R, Bl AR IR IR KR 4y
T 5P B & A F Z R B A EAE 52
B, & Stern-Volmer J7 e

Fo/F =1 +K7,[0] =1+K,[Q], (1)
F RN IMAZY) G HSA WSO Fy R
RIMAZGY) HSA WA DR IE ; K, 3R W
TR G TR AT B 7, RN KFNAAFEFERT 5
ek o F 0¥ R (B RS F 1, 42 10°°
), MEREKFIAFETERIEBL T, HSA 19t F
o= 1.77x10 77 s;[ Q1 IFRKF(BY 4-SAT) 1y
WEE ;K FRA Stern-Volmer 5 K &L, € LN ALY
THRR A S By 7R R R R
(L/mol) , & FE MR A5 3K T i 5 A8 34 48 22 () 1) AH B
T4, Stern-Volmer 72 ULH, DA F/F, XF[ Q]
VR, Ffs BERIRPRED R K, o G 4 B, L
332 nm A& HSA AR 9638 BE 4= A (1) sl
AALEE 3 A LR AT SR AT 4-6 B X HSA 5K
K, .

05- ®288K
0298 K
04- 4308 K
A
=
; 0.3
s
— 0.2}
0.1
! | I I | |
0 2 4 6 8 10 12

[ Q17 (pmol - L)
K4 KRENEET 4-SAT-HSA [ Stern-Volmer £k
Fig.4 Stern-Volmer plots for the quenching of HSA fluores-

cence by 4-SdT-HSA at different temperatures

T B A W R K BB TR B T e T 4
KAEE 4 Tk 1 450K R BEE RN T, 4-
SAT-HSA KR K, s, H S 45 505 H iy
BHASPE IR AT B K, L KT 45 FPR KGN X A= 4
R F BRI B RKHEEK, =2.0%x10° L -
e ST PRI, AT DAHE T 4-6% g EE S O
15 R R R I G RS 2 5 ORI Al 1 5 | A
B AIER

-1
mol
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R1 4-SdT 5 HSA HEERHNS FEREH

Table 1  Stern-Volmer quenchin constants of the 4-SdT-HSA system at different temperatures

REE/K Stern-Volmer 77 & L, K, R
288 (Fy-F)/F=4.214x10*[ Q] -0.02123 4.214 x 10" 4.214 x 10* 0.997 79
298 (Fy—F)/F=4.034 x10*[ Q] -0.00619 4.034 x10"? 4.034 x 10* 0.999 25
308 (Fy - F)/F=3.773 x10*[ Q] +0.00227 3.773 x 10" 3.773 x 10* 0.989 96

3.3.2 HSA 55 4-Bu 3 6948 2 AR A 256 3 Y

HHE Lineweaver-Burk 772" 0.035- :ggg E

(Fy-F)" = F' + K'FQIT, (2) 7 0030

H(F,-F) "X Q] "t Lineweaver-Burk X{{%] —E\TI? 8823: .
B NS T LU R Ik 6 R BT S|
i £ 1) Ak 2% i A I R O T A TR AR, G 0.010"
LR ) B B RT A3 0 SR AN R E T Y 4- 0.005 % ' ‘ ‘ ‘
SAT 5 HSA W45 & B AKX R (% 2) ,H 01 02 10:;-(3)]4 04 05
i G WU A-SAT-HSA Z M A BRIV E s RERE T 4-SAT-HSA §) Lineweaver-Burk H12;[
ERT. Fig.5 Lineweaver-Burk line for the interaction HSA and 4-SdT

K2 4-SAT EMFEEONESEHREXRY
Table 2 The binding constant K of the 4-SdT-HSA system at different temperatures

HE/K Lineweaver-Burk 772 K/(L+mol™") R
288 (Fy—F) ' —Fy'=28.90412 F;'[ Q] ' -0.00103 3.46 x10* 0.999 98
298 (Fy-F) ' —F;' = 25.57338 F;'[Q] ' -8.7001 6 3.91 x 10 0. 999 74
308 (Fy-F) "' =Fg' = 23.19900 Fy'[Q] ~' +0.00144 4.31 x10* 0.996 5

3.3.3 4-BMFL5 HSA Z 19 694 )R 7

AN TR RS A K T2 ORI o
) FE R A AT # s R K AR H]
1o R T2 SRR A A ] 2R Y E . 1060
BFR, QANkE78 (AH) FIZZE (AS) o HIEARSE T AN = 1055
[F) Uk B2 2% 1 T I 435 G R, R R 1 R BE S T A 10.50-
15 ~45 CZ ], P HSA A 28 52 AT fif 45 4 1) [ 1045} -
it , YR E AR AN KB e B AH W] LLEAE B 0,06325 0,06335 0.00545
FRIE Van't Hoff g T

InK = - AH/RT + AS/R, (3)

A R WS E K ot iR T RS AR E 6 AN[FEIREE 4-SAT-HSA £ Van't Hoff £ [&
¥ InK X 1/T 4/'517&—] ( & 6), o 1 4 5t z FIAR BE 7T Fig. 6 Van’t Hoff plot for the interaction of HSA and 4-SdT-
LLVFFE AF A AS (L, JETTHLR 72 e

AG = AH - TAS = - RTInK, (4)  HAEMERETE AC RE, NI £ MR

ATLAV R R 1 RS (AG) . MRAELA B AG <0 P41 4-BLMEE 15 i 1A 78 B = il f 25

A RAREE FOEGHEITR T 4-SdT 5 Smpifes 0 B4, 878 (AH) 18 EAE I

HSA (AR I FBEL, R 3 Fiom. {E(AS) K TEA, 3 W) 4-BEM T 5 i & 1
H13% 3 Al LA 4-B0H -5 S HE BN 2 ) gre ]y s i Bk FE i 7
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R3 4SAT EMFEBEAGRNANZSY 4 4-SdT 5 HSA HEEAE HSA ZRE5H1HHE
Table 3 The related thermodynamic parameters of the 4- Table 4  Secondary structural compositions of HSA deter-
SAT-HSA system at different temperatures mined by 4-SdT spectra
Rz, AG/ AH/ AS/ c(4-8dT)/  o-8RJE/ B-Pr/ B-Fef/ MG/
K (kJ *mol™) (kJ +mol™) (J+ mol™ - K™") (pmol - L71) % % %o %

288 -33.132 0 24.7 34.7 17.8 22.8
298 -34.283 8.11 115.07 0.2 26.7 34.8 14.4 24.0
308 —-35.433 0.4 24.0 37.0 16.0 23.1
0.6 20.1 42.6 17.9 19.4

3.4 Bk

0.8 29.5 31.7 15.0 23.9
) T 2 2 8 5 s me e
HLURS T RE S, HSA 1 A e s me s asa

K HE A B RO, R W AR TR 25 W 7 A
WIS HSA “REH LA SO, Rl T2\ F ezt B7 o 4-tilet S

B T AL O PR 85 HSA HIE AT CD 3581, MR Rl DA 2

I T L S RS A BN B TN 2.0 pmol/L i HFH I % 14

. pmol/L. I, I (5 8 Pl B A VA 5 2 25 1 ( LAk

) LI 4)  A-BUMHE XTI 1 S

| FSE AV A B S5 SR W) 4B T i 1 19

£ 2 T R A e e AL £ 28 T B2

5 ) SR, HSA S —F ] DL 22 4 505 - Mt 25
il kAR AL AR E

260 21‘0 2210 2é0 Zé‘tO 250
A/mm A-BRITE 5 N L 118 1 TR K R T

17 4-5dT 5 HSA ATEARIAY CD ORI, (HSA) =1 sopep Ll — % R BB 454, [
wmol/L, ¢ (4-SdT) =20, 40, 60, 80, 100, 120, @%&TEE%A-%H@%XUL HSA E’J:ﬂ%%}ﬁf‘ﬁi

Fig. 7 lzoi;cilil(j ;Zi/l:m spectra of 4-SAT-HSA. ¢(HSA) = BABERIBCR, R LB AR R
U LR T AL (0 PR 35 | TR R 25 e A 1 5

1 pmol/L, ¢(4-SdT) =20, 40, 60, 80, 100, 120, .
140, 160 wmol/L. FoiER AR AR A-BRGEXT HSA B REEAE

£ £ X #:

[ 1] Pridgeon S W, Heer R, Taylor G A, et al. Thiothymidine combined with UVA as a potential novel therapy for bladder
cancer [ J]. Br. J. Cancer, 2011, 104(12) :1869-1876.

[ 2 ] Gemenetzidis E, Shavorskaya O, Xu Y Z, et al. Topical 4-thiothymidine is a viable photosensitiser for the photodynamic
therapy of skin malignancies [ J/OL]. J. Dermatol. Treatment. [2011-11-10]. http.//informahealthcare. com/toc/jdt/
0/0.

[ 3] Massey A, Xu Y Z, Karran P. Photoactivation of DNA thiobases as a potential novel therapeutic option [J]. Curr. Biol.
2001, 11(14) .1142-1146.

[4] YanY, XuJ G, Chen G Z. Studies on protein conformation in solution by three-dimensional fluorescence spectrometry
[J]. Science in China Series B: Chemistry ( ? B#+% - B), 1997, 27(1) :16-22 (in Chinese).

[ 5] WuQH, Wang DY, Zhou X, et al. Study on the interaction between daidzein and human serum albumin [ J]. Spectrosc.
Spect. Anal. (K55 KENH) | 2009, 19(7) :1911-1914 (in Chinese).



110 K ot X Eibd o34 3%

[ 6 ] Liang J, Fen S L. Interaction between ambroxol hydrochloride and human serum albumin studied by spectroscopic and mo-
lecular modeling methods [ J]. Spectrosc. Spect. Anal. ( #3&5 5 k&5 47), 2011, 31(4) :1020-1024 (in Chinese).

[ 7] LinL, Song SY, Mu X, et al. Spectroscopic study on the interaction of 4-sulfonic calix[4 ]arene with hemoglobin [ J].
J. Anal. Sci. (4 H#H5FF4R), 2007, 23(6) :681-684 (in Chinese).

[ 8 ] Kandagal P B, Ashoka S, Seetharamappa J, et al. Study of the interaction of an anticancer drug with human and bovine
serum albumin ; Spectroscopic approach [J]. J. Pharmaceut. Biomed. Anal. , 2006, 41:393-399.

[ 9 ] Sevilla P, Rivas J] M, Garcia-Blanco F, et al. Identification of the antitumoral drug emodin binding sites in bovine serum
albumin by spectroscopic methods [ J]. Biochim. Biophys. Acta, 2007, 1774(11) ;1359-1369.

[10] Raffaele S, Claudia C, Occhionero F, et al. A new chemical transformation of 4-thiouracil and 6-thioguanine nucleosides
to cytosine and adenosine counterparts [ J]. Tetrahedron. , 1995, 51(12) ;3607-3616.

[11] Scheit K H. Die synthese von 4-thiouridin-5'-diphosphat , 4-thiouridin-5'-triphosphat [ J]. Chemiche Berichte, 1968, 101
(4).1141-1147.

[12] Sara V P, Helene M L, Olivier H, et al. Synthesis and inhibitory activity of thymidine analogues targeting mycobacterium
tuberculosis thymidine monophosphate kinase [ J]. Bioorganic & Medicinal Chemistry, 2011, (19) :7603-7611.

[13] Zheng Y, Chen D J, Wang G K, et al. Studies on the interaction between N-Octyl-B-D-glucopyranoside and bovine serum
albumin [J]. Acta Chim. Sinica (5 %3k ), 2011, 69(6) :633-639 (in Chinese).

[14] Stryer L. Fluorescen energy transfers as a spectroscopic ruler [ J]. Annu. Rev. Biochem. , 1978, 47(3) :819-846.

[15] Brustein E A, Vedenkina N S, Irkova M N. Fluorescence and the location of tryptophan residues in protein molecules
[J]. Photochem. Photobiol. , 1973, 18(4) :263-267.

[16] Hu Y J, Liu Y, Zhang L. X, et al. Studies of interaction between colchicine and bovine serum albumin by fluorescence
quenching method [J]. J. Mol. Struct. , 2005, 750(1/2/3) :174-178.

[17] Xie B, Wan B J, Qin Z H. Interaction between congo red and human serum albumin by fluorescence quenching method
[J]. Chin. J. Spectrosc. Lab. (HHEEIE), 2011, 28(2) :764-769 (in Chinese).

[18] Zhang Q Z. Study of interaction between the nucleobase-modified nucleoside and serum albumin [ D]. Xinxiang: Henan
Normal University, 2008 (in Chinese).

[19] Pei MY, Zheng X F, Cao H Y. Spectroscopic studies on interaction between 3-brom opyruvic acid and human serum albu-

min [J]. Chin. J. Anal. Chem. (% #74L%), 2010, 7(38) :948-952 (in Chinese).



