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Abstract: The interaction between bovine serum albumin (BSA) and cefpiramide sodium ( CPMS)
was investigated at different temperatures. The effect of common metal ions (Mg>*, Zn**, Cu’",
Co’", Fe’*, Ni**) on the BSA-CPMS system was also researched. The results show that CPMS can
quench the intrinsic fluorescence of BSA significantly, and the quenching mechanism is a static
quenching process which follows the Forester spectroscopy energy transfer. The electrostatic force
played an important role on the conjugation reaction between BSA and CPMS. The binding constants
(K,) was in the order of 10*, and the number of binding site (n) in the binary system was approxi-
mately equal to 1. The binding distance (r) was about 2. 60 nm and the primary binding for CPMS
was located at sub-domain Il A of BSA. Synchronous spectra and Circular dichroism( CD) spectra
revealed that the microenvironment and the conformation of BSA were changed during the conjuga-

tion reaction.
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TR, B B 2 T g Wk B, AR IV AR A
(BSA 4 [ =99% , Sigma 2\ 7] ) it il ¥ £ 0. 1
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Fig.1 Chemical structure of cefpiramide sodium
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514 280 nm F1295 nm , FH & SIS B E 340
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IFHRLAY CPMS ¥ WAE R 2 L, il 5% BSA-CPMS
R B OETE, [ 1 mm B ARG, T
293 K F5E 200 ~300 nm K G HE A BSA 5
CPMS YEHIRT/EHY CD i,
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7, 2 24293 K L T BSA-CPMS 1A R
LHMGMOLTE, B & 2 ATAL BEE CPMS WY
KN, 225 nm Ak A8 I AL s W O FE REAIR HL 41 %% 5
nm, B CPMS F1 BSA [A] &AM BEAE L L T
BEW, T3 BSA 1 «-MRHE & ek AR 4 kA
AL, T 275 nm &b R WA 0 AR RE R IG5 B
CPMS 5 BSA Z [ EAER RS T &
HEfR L B CPMS 5 BSA TEFEZSH A2 i &6 I Tic
A, TS BSA AR IOERE R ARk, shas
PER R EE 5y T RS, AN AR 58
JEW ISR, PR AT )25 4E B CPMS %) BSA (1)
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Fig.2 UV absorption spectra of BSA-CPMS system (7 =293

K). ¢(BSA) =1.0 pmol/L, 1 ~11:¢(CPMS) =0,2,
4,6,10,15,20,25,30,50,70 pmol/L.
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nm), ¢(BSA) = 1.0 pmol/L, 1 ~13; ¢(CPMS) =
0,2,4,6,10,15,20,25,30,50,70,100,150 pmol/L,

Fig.3  Fluorescence spectra of BSA-CPMS system (T =293

K,A, =280 nm). ¢(BSA) =1.0 pmol/L, 1 ~13;
¢(CPMS) =0,2,4,6,10,15,20,25,30,50,70,100,
150 pmol/L.

F*1 AEBET BSA 5 CPMS KBRS

Table 1  Quenching reactive parameters of BSA and CPMS at different temperatures
A,./nm T/K Kq/(L-mol_] -s™') K,/(L-mol™") r K/(L+mol™") n r,
293 2.46 x 10" 2.46 x 10* 0.993 3 2.18 x 10* 0.96 0.991 3
303 2.43 x10" 2.43 x10* 0.993 1 2.03 x10* 1.04 0.995 0
280 310 2.16 x 10" 2.16 x 10* 0.997 2 1.95 x 10* 0.92 0.9929
313 2.09 x 10" 2.09 x 10* 0.996 9 1.90 x 10* 0.91 0.991 7
293 8.58 x 10" 8.58 x10° 0.994 0 9.03 x 10° 0.80 0.993 3
303 8.24 x 10" 8.24 x 10° 0.994 5 8.60 x 10° 0.84 0.998 2
2 310 8.23 x 10" 8.23 x10° 0.995 7 8.55 x10° 0.89 0.994 4
313 8.22 x10" 8.22 x10° 0.992 7 8.47 x10° 0.83 0.9925

K, is the quenching rate constant; K, is the binding constant; n is the number of binding site; r, is the linear relative coefficient of Fy/F-[L]; r,

is the linear relative coefficient of lg( Fy — F)/F-lg|{ [D,] —n [B,1(Fy, - F)/F,}.
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5K 8 n (EARAFEIRNN, DL g (F, = F)/F Xf
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A5 n K H, 50 TFR1, HELD AT 5068
Bon (X290 15 K, BEWREEFHE M), B BSA-
CPMS 14 & B %3 7 1 B Wt B T e i B3 A1, 3% 1
CPMS X BSA BYZE I N TSI

PR WA 280 nm 1Y AT [RIEF A& BSA 1Y
Trp A1 Tyr F92G, ORI R 295 nm B HiE
Trp 2, 7E BSA BYBL/K A543 rh , 1T A ( [m] i
A Tyr A Tep) MLA ( HEFH Tyr) f2&/N T
B F LA, Hed 280 nm % 295 nm i
(1) BSA MY IR AR, 7T LA T % Trp A1 Tyr 1
CPMS 5 BSA WZ5 & M 2 55 00, I
Heh SR HARN B ULE 4, mE 4 AT FEROR
KM 280 nm F1 295 nm B, CPMS Xif BSA 4
KA TS, H 280 nm HYFEKFEE KT 295
nm, W 7E CPMS 5 BSA A EAE R H Trp 1
Tyr BN T SR, #ET AT LLAERT, CPMS 5 BSA
AL BB T AR T A,

1.2
=280 nm
1.0r = A 205 nm
i
08 wie.,
LL‘O .I A
= 0.6/ . . X
0.4r
0.2
|

0 26 46 6‘0 Rb 160 1‘20 14‘LO 160
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K4 A, =280,295 nm I, BSA-CPMS fA& Z Y %% K th &
(T=293K), ¢(BSA) =1.0 umol/L, ¢(CPMS) =
0,2,4,6,8,10, 15,20, 25,30, 50, 70, 100, 150
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Fig.4 Quenching curves of BSA-CPMS system at A, =280,
295 nm (T =293 K). ¢(BSA) =1. 0 pmol/L,
¢(CPMS) =0,2,4,6,8,10,15,20,25,30,50,70,
100,150 wmol/L.

3.3 BSA 5 CPMS H{ERAHZER
Y5 & A ER I ZERnT DG 25 5 8

FR N R T2 2800 . TR R KRR, K
RN RS AS AH FAEEH, X T BSA-CPMS A &,
PR 1 AR R K, {8, R ] DR
e 2@
RInK = AS - AH/T, (4)
AG = - RTInK = AH - TAS, (5)
G 2, AG <0 KW N W A & AT,
AH <0,AS >0,% W] BSA 5 CPMS Z Al B4 H 11
FERFEG Y,
x2 HAEBH

Table 2 The thermodynamic parameters

K/ AH/ AS/ AG/

T/ K » o »
(L+mol™) (kJ -mol™) (J-K™) (kJ+mol™")

293 2.18 x10° ~5.24 65.15 ~24.33

303 2.03 x10* -5.24 65.18 -24.99

310 1.95 x 10* -5.24 65.22 -25.46

313 1.90 x 10* -5.24 65.17 -25.64

3.4 BSA 5 CPMS ERESREES
Y& Forster BE & F4 R HLIE, TERE AR5 B
AZAREBE R r HRE BRI 50% B, BT
XN IG SR A PR B Ry MAE R R R E
ZIA IR RN,
E=1-F/F, =R/(R, +1°), (6)
RS =8.78 x I0°°K°®N™], (7)
J = D F(AN)e(A)A'AN/ D> F(A)AX, (8)
b Fy AR 5 00 B Ok AR A R A7 M vk
FEN 1 12O B K B 7 IS iR 5 32
PR 1) BEHL 23 A0 34 2/3 5 N 2 B 3 5
2 BUKFAA I IME 1. 336 ;@ A TCZ AR
TERTBE B AR ZE G & T 7= % B BSA H Trp 119
RN 0. 1185 FHLREIR A9 & SIS
Z R AR B O 15 (8] ) B S R (]S B
I3) s F () WARTER K A A2 ;e (L)
RZRTE A A A EE IR WO R A, Ak B
i JEMRAR () B3 R, i R, ML E
ATLATHSR ro PSS RS T 3R 3, M3 3 AlAlL
r <7 nm, Ui BSA 5 CPMS [A] 7776 35 48 5t fE
R BB L TR E (N, - IR, S
FRREE G FE TEREAR , 456 % 808/ r > R, i3
— A ULHH CPMS XF BSA By PN B 2 )l 1 78 O i 7
HEAHER



1022 K ot

¥R

533 4%

%3 AEEETBSA S CPMS @ EJ.r.R, %
Table 3 Parameters of E, J, r, R, between BSA and CPMS

at different temperatures

T/K  E/% J/(em® «L-mol™") Ry/nm r/nm

293 10.4 1.50 x10°% 1.79 2.56
303 8.33 1.23x10°" 1.73 2.58
310 7.46 1.21 x1071 1.72 2.62
313 7.11 1.21 x10°1 1.72 2.65

R, is the critical distance when E is 50% ; r is the distance between
acceptor and donor; J is the overlap integral between the fluorescence

emission spectrum of donor and the absorption spectrum of the acceptor.
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5 5
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= =
1000 H0.04

500 40.02

0

= ! ! \
260 300 340 380 420
A/nm
K5 BSA BIZOLESHEE (1) Fl CPMS 5SRO
(2) (T=293 K),c(BSA) =c(CPMS) =6.0
pmol/ L,
Fig.5 Fluorescence emission spectra for BSA (1) and UV
absorbance spectra for CPMS (2) (T =293 K),
c¢(BSA) =¢(CPMS) =6.0 pmol/L.

3.5 BSA 5 CPMS 4 & E K XK E R K BiE
M HAYEE A IR B W h R
H—#B8 5 LAGS & RUE AR AE , — 30 43 LA g A R
FIfPTE, BRSPS EE A,
[PD,]
A )
Hrp [ PD, ] RN H 5 254 45 G 381 i i 19 1R
H-2E S0 B, [ P, ] A& SR EE,
e EAHE AP ], T =1
[PD,,} = [Po] _[P['Jy (10)
TEIRIZE R 293 K WA WA 280 nm Y 5&1F T,
DEAFEWE BSA 19 FAE, 2] TAEMZ, 155
LML F =7.1349 +5.58873 x 10"¢(mol/L) ,
MERE r=0.997 13, LMHERENO0.1~5.0
pumol/L, HR4E BSA 5 CPMS 454 J5 1 F {8 B a]
M TAEM AR s EE W E [ P] (CPMS 1E
340 nm ATCHOG KT , T HHE HE EH 5259
HILEG 3 £, 24 BSA 5 CPMS ¥ J il g 1: 10,

1:20.1:30.1:50 B, £ 43514 14. 0% 27. 2% .
44.4% 59.1% ;24 BSA 5 CPMS ¥EE LM 0. 1:1
0.3:1 1: 1B, /435K 14. 0% .10. 4% .19.5% .
LLACAT T, b5 CPMS Wk BE 3G I, BSA 5 CPMS
G563 A T4 &, IS CPMS MW EETE 0. 1 ~
0.5 wmol/Li}, BSA 5 CPMS )45 & X CPMS #Y
WA — € BYHOR 1 5 T Bl E BSA ¥ B2 34,
BSA 5 CPMS W26 R8N, Uil BSA Bk
FETE 1.0 ~10 pmol/L JEEIIF, BSA 5 CPMS Y45
BT BSA MR BETCAHRAE
3.6 BSA-CPMS IR $H 5 HHiE

XA 2061, AX =15 nm U
BREHF Tyr BGIERIE, AL =60 nm [ R
Trp 6 3ERFAE, [ BSA e B I 3 i 1 K
CPMS HHEE 451 WL 6, W& 6 Al %, Bl CPMS
WREHG R, Tyr 1 Trp G K , HAGIEAL
BILIH 3 nm, B CPMS XF BSA B4EHIfd Tyr
F1 Trp FF AN BT (KB PS8 I | /K PERRAR , Ik BE

80
70+
60[
500
400
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20/
10/
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Fla. u.

(0] | | | ™
265 275 285 295 305 315
A/nm

600 )
5001
4001

300r

Fla. u.

200F
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[0 it | 1 I | )
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A/nm

K6 BSA-CPMS A& 2 1 [l 2L 9OEOLIE (T=293 K).
(a) AA =15 nm;(b) AA =60 nm, ¢(BSA) =1.0
pmol/L., 1 ~8. ¢(CPMS) =0,2,6,10,15,20,25,30
pmol/L,

Fig. 6 Synchronous fluorescence spectra of BSA-CPMS system
(T=293 K). (a) AX =15 nm; (b) AA =60 nm.
¢(BSA) =1.0 pmol/L, 1 ~8.:¢(CPMS) =0,2,6,
10,15,20,25,30 pmol/L.
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e AR A T o, 2 (A 45 R AR AR L B
AT %0, 75 CPMS 5 BSA BYAHEAE I Trp #1 Tyr
EINT RN, CPMS 5 BSA HI45 &AL 5 % A T
WA, X—45185 3.2 Wi Argase—20.
3.7 £REBEF* BSA-CPMS 4 ZHI

LB BT 5 BSA i —EMEs GRS, g h
NS RE T 5N PG, BV MAY)
HEARNLE A, BE BSA 5S8R (Mg,
Zn*t Cu*" Fe’* Co’" NP )M EH N 1:1, 5
SN AA IR He B # CPMS, 76 293 K L) 280 nm Ky
WOk KA SRR £ 340 nm AL B2 EAE, Hie A
(3) 115 Mg** Zn®* .Cu** Fe'* Co** \Ni** f#-1E
i BSA-CPMS 145 & # 4, 25 5 70 7 0 1. 88 x
10*,2.35 x 10*,1. 61 x 10*,1. 64 x 10*,1. 79 x
10*,1.36 x 10* L/mol, 5 TG4 )@ &+ f£ 75 i 1)
BSA-CPMS A &R 25 & H % 2. 18 x 10* L/mol Akt
B AT Zn®* fd BSA 5 CPMS 45 & 4E FH i,
Mg** [ Cu’* Fe’"  Co** Ni**" N ff BSA 5 CPMS
25 SVERIEES . Zn® " Ses CPMS R T &
AW, 85 BSA fER, i ZE BSA Fil CPMS 43 F
T B T-4805 7, 45 BSA 5 CPMS By45 & 1F
I8 1 R ] Mg**  Cu’*  Fe’* [ Co’" Ni** 5
BSA Z B AH B AE A8 T 2 se G i 45 51,
NS AN AN 2E R AT RE & E AT MU BSA 1944
ZHUE BSA 5 CPMS 2540551 454 B
FONFAE — o FEEE X i 35 24540 B e ke 3] 8
GZpAE R WHIE K 2501 R R] s N2 a1 Y
Il RIA YT A R0 5 45 A 5 B0 /N S 8025 )
FE L2 P A i BA B ID 406 2, e B[] DY B4 K 25 0 1Y)
I 25 BE B4R 25 A PSR B %o Jet BT s 25 %
G ARIR ST =20,
3.8 BSA-CPMS kRZHIE &k

[ i T L SR A ARG — 2 S5 1y 5 | Y
BB F R, K 7(a) A BSA-
CPMS tHEAE /Y CD 1% &, w1 & ] 0, 78 209
nm 1222 nm A0 BT P 50 BRI R 165
D BSA W o-BRE 45 K 1 FRAIE G, 24 BSA 5
CPMS [ JE A 1: 4, B4 05 7= 56 B ek 55 , I
W] BSA 5 CPMS (A EAEHIfE BSA (1 o- 1R €45
P TS B R4 e AR %, 30T BSA (15
SRS BAR CPMS B ACSEL BSA Bi 7
F14) i WA 5 B /)N | (LTS ARTIAe57 JAS el 2% | 2 B
CPMS B BSA M A5 A — & B2, 2 a-

WRhELER A 5 = ST 18] 7 (b) N AE BSA-
CPMS A Z (¢(BSA): c(CPMS) =1:4)hin A5
BSA HH [7] ¥ B 1 4 )8 85 1 (Mg®" \Zn®"  Cu® |
Fe’* Co®" Ni* ") KRR M CD i, 5 A& &8
BT BSA-CPMS KR CD & E LT A, 4
FHIIMALE BSA 1 o-BRELEHE & i35 0, 3R 4w
BT BSA-CPMS 1R R &4 T1EM, 230 BSA 25tk
KA X —45 5 3.7 W sk e —EL,

44 (a)

6/(°)

(1)BSA
(2)c(BSA):c(CPMS)=1:4
—8F 1

0! 1 I I I
200 220 240 260 280 300
A/nm

2%0 22‘O 24“—0 260 2§‘§0 300
A/nm
17 BSA-CPMS #l BSA-CPMS-M * R R B i &l (T =
293 K), (a) ¢(BSA) =1.0 pmol/L, ¢(CPMS) =
4.0 wmol/L;(b)c(BSA) =¢(M*) =1.0 pmol/L,
c¢(CPMS) =4.0 pmol/L,
Fig. 7  The circular dichroism spectra of BSA-CPMS and
BSA-CPMS-M " system (T'=293 K). (a)c(BSA) =
1.0 pmol/L, ¢ (CPMS) = 4. 0 pmol/L; (b)
¢(BSA) =¢(M*) =1.0 pmol/L, ¢( CPMS) =4.0
pmol/L.

RO S0 A ki T
[¥EE T BSA 5 CPMS [ M HAEH, 454 %
H,CPMS 7 Tl L5 715 BSA 4> F45 5, 45
FHE/NT 7 om, AR RE R LR 45 S
FEAEHT BSA L5 TTA %45 & % 5 4k
BeiRA 55 A EFE R . CPMS AT LIR30 BSA
- SETESE ) T i N R, MR R E A, Cott
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