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[ Abstract ] Objective: The interaction of zidovudine and zidovudine acetate ester ( AZT-Es) , with bovine
serum albumin (BSA) has been investigated under physiological conditions. The binding constants, binding sites,
binding type and effect of coexisting ions on the binding were studied. Method: The interaction of AZT and AZT-
Es, with bovine serum albumin ( BSA) has been studied by fluorescence quenching, synchronous fluorescence
spectroscopy and ultraviolet spectrophotometry at different temperatures. The Stern-Volmer formula was used to
process the experiment date. The binding constant and number of binding sites were obtained. Result: The
interaction of AZT with BSA is mainly static quenching at temperature range of 289-310 K, while interaction of
AZT-Es with BSA is dominate by the static quenching at lower temperature, and turned to be combination of static

and dynamic quenching at higher temperature. The binding is mainly driven by the hydrophobic interaction for both
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two systems and they bound at a molar ratio of 1: 1. The synchronous spectra showed that with increasing AZT-Es
contents, the conformations of BSA tyrosyl and tryptophan residues were changed, and the hydrophobicity of the
environment around the residues were decreased. The effects of coexisting metal ions on the binding constants of two
systems are negligible. Conclusion: The interaction of AZT and AZT-Es with BSA are different quenching

mechanism at different temperature. The binding is mainly driven by the hydrophobic interaction for both two

systems. The effects of coexisting metal ions on the binding constants of two systems are negligible.

[ Key words |

fluorescence

Fe 2 R (AZT) &5 — Al 2 E | 5z
EHR AR PR 2 W o AZT 3 i BT
5 RNA JE D0 36 5 %, B IR 6 75 XUBE DNA [ JE K
o5 785 2 2 A2 B, WA AR W R T R T Bk
LTI B, (EL 0 i 28 1 S AL 1 25 B 8 g 2% T 1Y
R P At G g A ) R L R R 2 A
A P A AR S O 7 A 3 i b R R
PR YRS I AT R o R 4%l o 25 S O 45U
oIz R Y TR s R R 25 g B S v ) o R
T4, B AR A, 7 1A o 2 B AR 4 1 Al o
FeRE P, X 6 R AIF 1 1 BE A5 15 197 A 08 10 4 TR 0
T WS SR A BOR YT AT 2 R T,
IR — RN 5 2 R, SCIRARGE D AZT iy
S'-OH WRALJG , F 25 Wil vk, A 0 BE S5 T ok
. Solyev ZE & W T — R FIH Y 5'-0 & I 1R Mg
AZT Fi 25, 75 5 K P9 Huh 2 A 5 b i R o -
HIV 5T, 254880 1 % S 8T E o X ATIR 254
TEZ0 H 3 35 o R S BB HIV IS M. 2F 5
(,,,) BRI 0] b AZT S B R IE AZT K = 1%, &
PEFEPE b AZT &1 T A6 45 5 3 T P K
AZT Fij 245 -0 [ BESE R BE 55 2 K (CPZ) , JE B 4h K
9% 1 LA, 5 SR ST A S Bk B 7 (HIV) AR
FI, o 23R o7 3C U 4Rt s B ik e ML
Lewandowska flf 5% 5 5% £ & &2 45 ¥ A 0L 00 BLoAA VB 7E
PO HE P B9 AdAFU 397 50 B 2 196 5T 245, 3T ¢ T B
(HeLa) , [T (KB) , FLAR ( MCF-7) % 3 Flt il 5 40 g
PRIGANMFE I HE " 0 Yiguang Jin 455045 1880 1 A7
h254) (OFZG) %2545 & T PiFl 25 1) ( AZT H1 5-
FU) 76— T B R 58 B4 K B 480K, bR
SRR R RN R e L R NN U 7
EE .

AFFEA BT F I RTR 255 2 K e 5/ -1 gk
Wy, B35 2 58 LR (AZT-Es) ' 5 i 96 % % B
TR AN IS T AZT, AZT-Es 43 5115 BSA f
FHELAE FH 45 B0 08 0K B, 25 45 % B A B 285 45 i 45

. 96 .

bovine serum albumin, zidovudine, acetate ester, fluorescence spectroscopy, synchronous

B AR = S HO e T HAR T AR IR AL, IF IR
LR T AZT-Es X} BSA 4 M52 m . 78Ik
B i S s 2 0 A ol S RO R e (WA MR A
B 3 F 7K P T il 28 BT 5 /N g3 T AE B AR HIAL
il , A ARk eE s SR A S B
1 #E

970CRT RIHE 0436t BE 1 (L g b %5 B 4 AU B
FARRAF) FE R 2R (HA S HEA A, UV-1800 7Y
SHMPEERE T (H A R A A ) ,KQ-5200B AL
WA (R A A A R A ] .

A IMLYE AR A (BSA b st B AE 8 R IRA
A, FERE (AZT, BN KB THBRAF) , 57
L REZMEE (AZT-Es, A, 40 >97% ), =
o TP R G B WY e (Tris ) 349 2k 43 B 40, 52 36 K O —
REBETIK,
2 HEEER
2.1 WA e S DL Tris-HCL 2% pjris
Wi (pH 7.4,0.05 mol-L ™", % 0.1 mol-L~" NaCl 4
FRVA R B T3 ) MR 1.0 x 107" mol - L™
BSA AW ,5.0 x10 ° mol-L ™' AZT-Es AW ,1 g-L~'
Me* " ¥ W (Me*" 43 %)k Ca’', Zn*", Mg2+ ,Cu’t
Pb’ " ELRET) & M. 4 BIME 16,23,30,37 C 4
PEN BRI 296 nm, B2 5% 58 4 20 nm/30 nm,
£ 200 ~400 nmlj g 2 . FIEFZE AA =15 nm
FlAX = 60 14 AZT-Es fil BSA {14 [f] 2 9¢ 6ok i .
EW RN M T 240 ~ 350 nm () BSA ¥ WM
AZT-Es N P95 1R G0 W 58 Ah WO
2.2 GERHE R AL B 2
2.2.1 AZT-Es-BSA AR5 SN
W R R A A b i A R R 7. AR
A 0 TR RN 2% A TR A A R TR ke R X O A W i AR
T, AR B X 5 o A 58 B0 B W M Ve o 1L T
LIFE H, BSA Z57F 278 nm Ab A W it ig , AZT-Es 5
BSA A B AE 5 W Wi B e 3G o, AL R IR 42

AR R PRI 5 L AZT-Es, BSA 1) %



A AW - S5, 55 - 55 2 8 K L RBR S5 A4 LT AR AR B AR T 6 1 24 BT

0.5 .
0.4
03 1
<
0.2
0.1
0'0 T T T T T T
240 260 280 300 320 340
K /nm

E 1 AZT-Es 5 BSA #J%4M R4 S i
L M EE 3 B R (e 4) 2/ X W3 A AR Ak
YR AZT-Es 5 BSA Z[u] ™4 T 25, 55556
TR 45 AH— 2
2.2.2 AZT-Es-BSA WZOUGHE & A A 5O
KA TFHELGM S EARMEAFEE . MK
Y%A 296 nm Bt AZT-Es £F 300 ~ 400 nm [&] TG 5¢
Mo G AL BB RN 2 5 2 B R — A N TE DR 22
VR, NEL T AT AT, AZT-Es F1 J2 H BSA &2 & W) 1E 3L
RICHE TU-F- B A WM, T DLHEBR A 265 — o4 3 18 2%
JEHERINE . hE 2 s, =T, 6 E BSA 1 &,
AW AZT-Es 59 B F, BSA {9 N IR 98 2 A
LA RY B3I, BSA B R & 9 e B 7 & (N
345.7 nm F) 342.9 nm) ,3X JZ W BSA w5 5 A R
MIHOREREE AZT-Es 9MA KA T, WEk
HETARARS . SCERRAE T AZT X BSA kA M
KAEH,BSA #9 K S5 B KA 346 nm [iFifE

9
800

300 320 340 360 380 400

P /mm
1. BSA;2. AZT-Es;3. AZT-Es-BSA ;4. AZT-Es + BSA
B 2 AZT-Es 5 BSA #9735 33kt

2.2.3 FOUHERKHIRERNLR FOUHEKMRME
AL LAy R Bl AR KM ASEK Bl A K E A
Stern-Volmer 2 K 712 .
Fo/F=1+K,[Q]=1+K7,[ Q] (1)
K Fo M 53 5 308 AN AE FAT AR KR g
T I DE G JE K, R B 808 KB K, 8
BT TR [ Q] AIE I B SE 57, T

PR B 56 W B 17 1 i, 7o =10 70T f
DA b et sh 8 Kok B AL B, L Fo/F XF[Q T AE
K, 15 2R IR T /Y Stern-Volmer (5] 3) , K, B3
AERILE L,

8-

74 A A

g - 289K
L: 5 e 296 K
S A 303K
= ; « 310K

24

14

0 T T T T T T

0 02 04 06 0810 1.2

AZT /mmol.L"

8-

74 B

6
z s
2

34

2-

1-

0

0 02 04 06 08 10 12
AZT-Es /mmol . L™

3 AZT-BSA(A)5 AZT-Es-BSA (B) {& % i Stern-Volmer

— B LT, AR R A K R R B T BE Y AR Ak, T LA
P ) By D S Y 0 R O i R o S N S
T BE B T R, T A IR A 5 6 BT R KR
B8 R T R A AR I B T R BN E S
F R M, o 24 TR MOk /N . BT 3 IR 1 T
M1, 1E 289 ~296 K [N, AZT, AZT-Es %t BSA fi 5% K
WK, BPERALES, B TERELZEY
JIT 51 R 1 8 A AR K T AE 296 ~ 310 K P, AZT-Es
X BSA [ 2R K H K b 5 R W T T, BA
AR . AZT %F BSA Y% K 4 B bl % 15 B
Fe Tt Ja AL, U5 AR R F A KRR, KT
R FNKE A ) 4% F 19 S5 KA 0G93 25 K8 BU(EL
H72.0x10" Lomol ™' +s" Wi R4 & X BSA 1 ¥
PG UR ST W77 iy N R € 8 EH PO 1 & R B S
Wle A ) e, 78RR R, AZT-Es %) BSA #9 %% K AE
FHALHI DL S0 K Ry 3, Bl & R B T 38 G
A5 Sk AR PR KRN B A R K 3R R AR A R A
KU AE 289 ~310 K P AZT %} BSA [ 5% K i
2.2.4 S HEBAESGMEBNHE DNy
WS E A A Ko T AT — A R A
R KA N5 R EEENN /N F2Z
(] 42b > — A S IR 2, 3 P A G & AT DU R T Y

. 97 .



5520 4 14 1) rf [ S2 6 7 ) 2 de 7 Vol.20,No. 14
2014 47 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2014

Rt S T pH 7.4 1if 75 345 nm Ak, 2] 4 A~ A i1 T A9 1
le(F, = F)/F = 1gK, + nlg[ 0] (2)  [(F,=F)/F] ~1g[ Q1] Mk, 145145 4% 5 K, F
Rofin WA A BGK, WM A HR AR BRI TR L,

®1 AEBETHAMERNEREH . LEESBURRNESH

&% T/K  Ksv/( x10°L-mol ') n K/(x10°Lemol ™) AG/(KJ-mol™') AH/(KJ-mol™') AS/(J-K~'+mol ')
AZT-Es-BSA 289 4. 006 1. 046 3.784 -19.97 4. 930 85. 56

296 3.526 1.135 3.371 -19.98

303 4.311 1. 165 4.193 -21.01

310 4.676 0. 995 4.335 -21.09
AZT-BSA 289 5.281 1. 156 4. 966 -20. 44 7.710 97. 45

296 5.232 1.186 5.099 -21

303 6.121 1.052 5.789 -21.82

310 5.835 0. 998 6.163 -21.93

i 1 a1, AZT-Es 5 BSA f FI A9 45 4 % 2K
K, Wit i B2 0 T el A s T e, Tl fE 296 K Ze Ay
FEHMG R AT AL . AZT 5 BSA R4 &5 %
BOK, FEm N 2R R AR R P 8 5
MESY M R 1.08 F1 1,09, ATLIF H 1 mol BSA £

T e BI 314 nm 40 F£E] T 327 nm gk, K1 4(B)
4 AX =60 nm B [RIREER 0T A 0 S0 R AR A i Kk
S R A 2178, BN 347 nm £bF ] 360 nm b
LB AZT-Es [l A BSA 14 Wi Fi A4 %2 6] i % 2
TRk T S R e RN €5, 2 R e R T b P T B K

43915 1 mol AZT,1 mol AZT-Es > F44 .

2.3 bR RAE I E 2 5 E R
[F] 14 4 FH 3 T8 43 100 050 55 A EL A D, 4 955 L
AL Sy el ] R K VR 1. AR R RS
PG AE AH FURZE AS IR /N, AT 5254 130
HSEARZMEAFEZEER KR AH>0,AS>0 K

PEREAR , SEKPE G 58 . BSA PN A9 7 /K 25 40 A FIF BC
fi#t , BSA BYZ5F AR 1F AR o

200 { A

— — OO

FLIRAE

100

KM 15 AH <0, AS <0 g SUHE I I 7848 g 5
AH=0,AS >0 Sy 3 "™ 435 B 5 f R ]
JE (46 AH T LU R — % 8 AR LR R e
EBBOTRE, AT LIRS AHLAST Bk /nm

InK = - AH/RT + AS/R (3) 8

AG= -RT InK = AH - TAS (4) 600 B

T WA A S ) AH >0,AS >0, % B 5K £ 7] o '
Ty RS RN EE WS Ty, B AG <0, 47 F TR 2 a0
() 11 % AT, AZT-BSA 55 AZT-Es-BSA 14 5 (1) 4% &
&R H R IETY 201
2.4 AZT-Es-BSA WRILHC4 0T ML & 1 REHS 0
SO A {3 RS IR R R o

QIR RN EIR . XS SR N 45 AR R, v i oe
AN R, LB SR 100:9: 0.5, R b R 22 501 o
T, AT RAIA R 8 T R 98Ok R A AR
FRIEH BT L 24 AX =15 nm B, T A5 R 2B 58Ok
JeiE H R B AR Bk 5L 0 FRAFE 9% )% ; AL = 60 nm
B, B AR [A) 25 9 1 H R 0 2 R ok ik 11 R AIE 9%

8—1 (A) AN=15 nm;Cph, :1.0x10 “mol-L7",
Cozre (10 Pmol-L°"):0,0.61,1.7,2.7,3.7, 4.6,10.5,11.3
8—1 (B)AN =60 nm;Cphg, :1.0 x10 mol L',
Cazrpe (10 Pmol-L""):0, 0.61, 1.7, 2.7,3.7,4.6,8.6,11. 3
E 4 BSA 5 AZT-Es E5HRHREH RN E

2.5 HERDPEEEFNESEHROEE PR

6 I 4(A) AT LLE H, 24 A = 15 nm B,

Viti 5 205 W) I B R B BN, S A BSA 19 96 % ik i A

18, i L2 15 P R A i ) e K R B I R A
.08 .

RN EE SR E XA S AEALS SR,
A BT TR 25 A N YRR S R 25 B T, OF L AT
ARl R JH 25 428 BE R 2 AR . 7R 528 45 4 T (pH



A AW - S5, 55 - 55 2 8 K L RBR S5 A4 LT AR AR B AR T 6 1 24 BT

7.4,298 K) , %%¢ T Ca’" ,Zn*" \Mg’* ,Cu’" ,Pb*" 4%
4 BB X AZT-BSA Fil AZT-Es-BSA 45 4% B 1 5%
Mo , 45 R L% 2,

%2 SBETUHAMGRZES TR (298 K)

K./( x10°L-mol ™) R?
tha AZT AZT-Es AZT AZT-Es
BSA 5.50 4.13 0.995 0.996
BSA-Ca®* 5.99 4.79 0.992 0.992
BSA-Zn** 5.13 4.61 0.996 0.997
BSA-Cu®* 5.85 4.59 0.995 0.995
BSA-Mg?* 5.99 4.39 0.997 0.997
BSA-Ph** 5.44 4.48 0.997 0.997

2 Al LUE W 7R IR T SE 5 BTN 4% 4

J& B F X AZT-BSA 5 AZT-Es-BSA (1454 F2 1Y 5%

MR/, LIS & R B T A S 5 BSA 45 &

B XA BT 25 A s B R AR s

3 #ig

AR SCAE FH PG K AR NI TE T 98 T 52 R

E NI CTREE (AZT-Es) 54 175 F 8 H (BSA) 1y

SEAE RS AL SR B A A R A R B

iAW, BEoR 45 R R W, AZT, AZT-Es ¥ 5

BSA [ kM & Az 45 G L, BB HE K BSA 1 P I 9%

MBI T HE G Y. AZT-BSA F6HF KB

FRASTE K 5 AZT-Es-BSA 22 6 HE K AL IR F ##

A IR R B A R A L R VR A IR A R K AL

PR REBHKME ] 71 b £ 5, DABE/R Ly 1: 145

fro AZT-Es Bl BSA ¥4 5 &k A= W] & 28 fk , 1 2L A7

4 BB TN AZT-BSA 5 AZT-Es-BSA {5 4 % 5%

MR /1N AZT-Es B J& —FIE 8 A & i 5 087 1

Pt HIV 254, 0l g T3 E AR L 2 H HIV

25 PR EA M ERE B .

[ &% 30wk]

[1] De Clercq E. Anti-HIV drugs:25 compounds approved
within 25 years after the discoveryof HIV [ J]. Int
Antimicrob Ag,2009,33(4) :307.

[ 2] KumarV R,Reddy B,Kumar B R,et al. High throughput

LC-MS-MS method for simultaneous determination of

zidovudine, lamivudine and nevirapine in human plasma
[J]. Chromatogr B,2013,921/922.9.

[ 3] Gajbhiya V, Ganesh N, Barva J, et al. Synthesis,
characterization and targeting potential of zidovudine
loaded
(propyleneimine ) dendrimers [ J]. Eur Pharm Sci,
2013,48(4/5) ;:668.

[4] Quevedo M A, Briiion M C. In witro and in wivo

sialic  acid  conjugated-mannosylated  poly

pharmacokinetic characterization of two novel prodrugs of

zidovudine [ J]. Antivir Res,2009,83(2) :103.
[ 5] Turghun Muhammad, Zohre Nur, Piletska E V, et al.

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[19]

Rational design of molecularly imprinted polymer: the
choice of cross-linker [ J]. Analyst, 2012, 137
(11):2623.

Yue Y Y,Chen X G,Qin J,et al. A study of the binding
of C. 1. Direct Yellow 9 to human serum albumin using
optical spectroscopy and molecular modeling [ J]. Dyes
Pigments,2008,79(2) :176.

PR, EAR LS. R R S E A
HAER BT (] St 5563 2 #r, 2009, 29
(1) :236.

Eftimk M, Ghiron C A. Exposure of tryptophanyl residues
in proteins quantitative determination by eluorescence
quenching studies[ J]. Biochemistry,1976,15(3) :672.
SR, BB, P R BT AETS AR LV A R A
HAEM [T]. 43t fk2#,2008,36(8) :1066.

AR, BREE. Sk AR 4h 5 28 M A A B A AT
58 [J]. YR 2224, 2009,25(7) (1342

Ding F,Huang J L,Juan L,et al. A study of the binding
of C. 1. Mordant Red 3 with bovine serum albumin using
fluorescence spectroscopy [ J]. Dyes Pigments, 2009, 82
(1) :65.

Zhang M F, Fu L, Wang J, et al. Spectroscopic and
electrochemical studies on the interaction of an inclusion
complex of B-cyclodextrin/fullerene with bovine serum
albumin in aqueous solution [ J]. Photochem Photobiol
A,2012,228(1) :28.

Green N J B, Pimblott S M, Tachiya M. Generalizations
of the Stern-Volmer Relation[ J]. Phys Chem, 1993 ,97
(1) :196.

ISR, BRI, . BRI AT R 2K
B 5 CYP2B6m fifg i AH EAE I [T]. 43 Fr i3~ 41z,
2011,30(7) :750.

Sandhya B,Hegde A H,Kalanur S,et al. Interaction of
hydrochloride — with albumins ;

triprolidine serum

Thermodynamic and  binding characteristics, and
influence of site probes[ J]. Pharm Biomed Anal,2011,
54(5) .1180.

Maruyama T,Lin C C, Yamasaki K T,et al. Interaction
hydrochloride  with albumins .

of triprolidine serum

Thermodynamic and binding characteristics, and
influence of site probes[ J]. Biochem Pharmacol, 1993,
45(5) :1017.

Ware W R. Oxygen quenchixg of fluorescence in
solution: an experimental study of the diffusion process
[J].Phys Chem,1962,66.455.

W30, R, A Ree S IR S5 4 1M A AR
HAERIM ik se [1]. & MRl 24,2010, 31
(1) .24.

Jayabharathi J, Thanikachalam V,Perumal M V. A study
on the binding interaction between the imidazole

derivative and bovine serum albumin by fluorescence

spectroscopy [ J]. Lumin,2012,132(3) .707.
[TPfEgnE AT ]

.90 .



