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Allosteric Effect of Berberine Chloride on Bovine Serum
Albumin-Cu®" Binding Process

LIU, Xue-Feng* LI, Lei FANG, Yun
(School of Chemical & Material Engineering, Jiangnan University, Wuxi 214122)

Abstract The allosteric effect of berberine chloride (BC), an active component of Traditional Chinese
Medicine, on bovine serum albumin (BSA)-Cu®" binding process has been studied by 'H NMR, circular
dichroism, fluorescence spectroscopy and ultraviolet-visible absorption spectroscopy. Quantitative allosteric
coefficients (Bq, fa and f,) and alosteric efficiency coefficients (yq, ya and y,) were obtained, respectively.
The negative allosteric effect of BC on the BSA intrinsic fluorescence quenching (0<fo<<1) and the posi-
tive allosteric effects of BC on both BSA-Cu?"complex stability and the Cu®*-binding sites (82 >1 and £,>
1) were observed. The degree of the allosteric effects increased with BC concentration increase. The allos-
teric efficiency of BC in the aspect of BSA-Cu*"complex stability was higher than those of BSA fluores-
cence quenching and Cu?'-binding sites. The BSA molecule conformational transition may be the main
cause for the allosteric effect of BC.
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Schemel Molecular structure of berberine chloride and H atom
number
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ER IR/ NEERR (2 5 A IO, A i 1 R 1 (> 98%,
BSA FractionV, L¥gfE3EAY) TREA ), Tris(ZEAIR
#), 2l (L% 17.8 MQecm), CuCly#2H,0 2% HoAhIR
FUFA K 4 Hr4ti. RF-5301PC #1479 Y6 Y6 FE X (Shimadzu 24
), 3715 A — e (H A JASCO 2w, ARX-300 Y
Wb SR AL (i1 BRUKER A 7).
12 LWHZE

PLE AT — 2 JE BC ) Tris-HCI 22 ph i (pH=7.4,
M5 0.15 moledm > NaCl DLZESR: B 155 ) g 5 70
BSA (1.0X10"° molsdm )RV . 17 10 mL BSA #x
MR PN —E R Cu® bR IR A G, B T30
+0.2)5(374+0.1) C/K#HEIE 3 h J5 il 26 R0
T (250 45 5 SCHR[9) AT D). e BC-Tris-HCl %A
300~500 nm [RAMEHBOERE. L 2.0X 10 ° moledm ®
[t BSA-Tris-HCl #3 h FIBcH] BC 5 Cu® il ik
JE L) BC-BSA-CU” ¥, Il HiAF 190~250 nm
1) CD Y1t Ot 4625 SCiik[10, 1] 4 [F]). *H NMR 525
HFERLL DO s I, BL D,O(ZE % 6=4.70)
H AR BC 20 4% H R IS4 Ar .

2 HR5WR

2.1 BC ¥ CUu*" 7 BSA WIEMSE 8T HIR L

BSA 7 T A& SO R SRR L (IR .
RN 2 ) fr LA & YR VE S 690, 7F 340 nm [}
B 5 REES. B BC 1ELERT, Cu?™#8mT LI K
BSA N PESOEMA(E 1, LL 37 C ).
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B 1 37 CIH/ BCF7AE F Cu* X BSA PIRHIG I K
Figure 1 BSA fluorescence quenched by Cu?" in the ab-
sence/presence of BC at 37 C
Casa=1.0X10 °moledm 3%, & Cgc=0, b: Cagc=0.5X 10 °molsdm 3, ¢; Cac
=25X10 ®molsdm ™3 Cc,*/10"° moledm 2 (from 1 to 9) was 0, 0.5, 1.0,
15, 2.0, 25, 3.0, 3.5 and 4.0, respectively

2 BCIKEZE 1.0X 10 ° moledm 3 LL T B, BSA 175
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JeRHE SR Cu MK T P ERE AR, (HIRTE g
A TC I WA (A 1afil b); {HiE, 24 BC WA 1.0X
10 ° moledm 3 LL_LI, BSA 7£ 343 nm Ak Lk iz BC
P40y RS T EIEAE SRR Cu® I RN T
kG, (HH A A B B O (K Le).

1% 1, Stern-Volmer J7 M kb 25256 $ 79 81 Cu® %
BSA UGB K H B (Ksy). BT SCHR[6), & UK
Y ZH fo=Ksv/Ksvo, 1 Ksy, Ksy o2 N 5ANE
BC I Cu® %} BSA TG K % 5 (3 1).

H13E 1 AT L, Koy BT RETHRI A BTG, iR cu®”
5 BSA RIFOLRK R gk 3 A% K1, Hage ik
i #7 B>, BRI 2R T A Al R AR
A O<p<<LWIZAALHK; T p=1 MBI TCARIZON.
F L&A, BC X CUP K BSA PYUTE S i 2
P AR RN (0<Bo<1).

¥ Po SR BC WK (Cor) EKI(K 2), B2
1331 Bo= Aexp(yoCa) THE L 7 FE (7 b A 4R TR 7,
M Cac=0 W A=1). & X yo I KA R R
(dm®emol %), Fi LARAEAS R A AR RR (35 2).

% 2 7%, 24 Cge=0 I, A=l SHEHESE Y&
WK AN KL Po i 1 HIREEBE Coc AT N, BEHA
WK AR ZEIN B Cac FRI3E T 1Y 38, Cu®* ok x4

L1 30°C
0O 37°C

Bq

0.8 L n

Cac/(107 mol-dm™)

B 2 pokifi BCIEEMAEL LR
Figure 2 The relationship between S and the concentration of
BC

K BSA Wil# (£ 1), Xl fig 5 Cu*™ 5 BSA 9 M
FEPR BRI ) ) IR BE 5 r PR BC A7 1M & AR B0 oK.
W Forster JoHR I A0 R B A BRI 57 45 2]
Cu*" 5 BSA % PE R S IR IR I 2 1) ) 25 1) B B r (3% 3).
H1JC BCAEAER, r #/NT 7 nm, £ 8] Cu?" 5 BSA 2 ]
AR AR RE LR, 1R R AR TR K IRAR R R 2
—. 5 A% BC ML, 5 BC fE4E r 9K, Cu? xf
BSA I 9 R K RE T AR IR, IX /& BC X Cu” B K
BSA Pyt % it A FLAT AR R AN 1) BN

R 1 AL BCHAE | Cu* -BSA A& Key il fo
Tablel Thevalueof Kg, and Sq in the absence/presence of BC

Cgc/(moledm3) t/C Ksv X 10*(dm°>smol %) Bo=Ksv/Ksv o
0 30 0.3358+0.0060 (R*=0.9978) 1.000+0.018
37 0.3565+0.0071 (R*=0.9973) 1.000+0.021
055105 30 0.3129+0.0043 (R*=0.9987) 0.932+0.013
37 0.3327+0.0041 (R°=0.9989) 0.933+0.012
LOX 10 30 0.3014+0.0040 (R?=0.9989) 0.898+0.012
37 0.32134-0.0045 (R?=0.9985) 0.901+0.013
15X 10 30 0.2934+0.0036 (R°=0.9989) 0.874+0.011
37 0.3189+0.0050 (R?=0.9983) 0.881+0.014
20X 105 30 0.2862+0.0039 (R?=0.9987) 0.852+0.012
37 0.30730.0045 (R?=0.9986) 0.862+0.013
255105 30 0.2848+0.0038 (R°=0.9987) 0.848+0.011
37 0.3070+0.0086 (R?=0.9945) 0.861+0.024
B2 PEREMYHERE yq
Table2 The value of the quenching allosteric coefficient yq
t/C Equation yo/(dm*emol 1)
30 So=0.98exp(—6581.6Cxc) —6581.6-1041.0
37 So=0.98exp(—5949.2Cx() —5949.2+1080.6
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#3 A/ BCAHE R CU?-BSA R AL ESH ), fig
SRS B (B) R W) B (r)

Table 3 J, E and r of Cu?" -BSA systems in the ab-
sence/presence of BC

Cad/(10 ° moledm™3) /°C  J/(10 *® cm®dm®mol) E/% r/nm

30 0.5215 348 1.85
0 37 0.5308 1.60 2.12
30 7.0414 2.38 3.04
05 37 7.1050 1.23 341
30 7.0185 220 2.08
L5 37 7.0088 1.85 3.18
30 1.0567 1.49 2.40
25 37 1.0148 0.35 3.04

2.2 BCX Cu”'-BSA EAMTEEMM Cu” EA A%
B T ARG AL

T IO LR (K 1), FPO6 R T
I SRS )R ORI 1, 1% 1g Ka=
1g[(S—9/S —nlg [D]abBESci6 Km I E R (K 3). 2
Kb Ka W RIS W B (H ULRIER SY IR e T,
dm’smol ), n by Cu™' 7 BSA 4 LIS & midl, S
T SHr5H1h CU* AT BSA 58 & 4t s &, [DI A
TN CUP* I sk
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BC A /i BSA-CU*" 4 & 1R M 45 A BRI 45 A0 1 40
HILLEAE BC Xt Cu?™ 45 A4 AU BSA-Cu™" &k
S8 PRI 38 AR RN (6 4).

N 24 AT 4, BC ARAE I BSA-CU? 45
Al R IN(AS>0), Gibbs [ HAEFFE(AG<0)[H)
AR TAERR RS, R 470, fa>1H1,>1KH]BC
Xt BSA-Cu*™ & ke e PR Cu?™ 4 A7 s Bl LA 1F
SR RN, i B BC A7 Il BSA-CU? AW fase PE 4
K, HETGAE CuP™ £ MLy r (A7 fik i ) 14, ) B i 85
CU” IR AR Cu®™ B a3 BV vl g sk /).

3K Bl Bkt Cac AEEI(E] 4), KIN Ba Ml Bn 5
Coc Z [HH LMK R, A BILIETTFE. Ky
FERER I 552 SUNAERI R REL ya (dmemol AT p,
(dmsmol 1) 43 5l AW 45 4 5 HORI 45 &7 15 B A A1
FERAE BC Xt BSA-CU?" 45 & AR MR (3%, 45 140 T
% 5.

4 F1F 5 B UL, B Caclk, BSA-CUP' 45
I R A R R R OK i 25 1, RIARY N RE BC
WREESE TG 5, 31X 5 0 KA FEAH AL,

0.5
b
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& e
= 1.5F ;Af/
s 0 30°C
pa 0 37°C
2.0 ' '
45 4.0 35 3.0
1g[D]
0.5
d
p
P2
= -lLof 7
s /f
a e
3 st
P 0 30°C
P e 0 37°C
2.0Z 1 1
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B 3 4/ BCHE N CWP -BSA 4% Ig[D] ~1g[(S— /I K
Figure3 Thelg[D]~Ig[(S—9/S curves of Cu? and BSA system with/without BC
a Cac=0; b. Cgc=0.5X10">moledm 3, c. Cgc=1.5%X10">moledm 3, d. Cgc=2.5X 10"° moledm >
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Table4 Thevalueof 5 and 3, of BSA -Cu?" binding process
Cgc/(10 ° moledm 3) t/°C Ka/(10? dm®smol %) n Pa=KalKno Ba=n/ng
0 30 0.96+0.02 0.85+0.04 1.004+0.020 1.00+0.05
37 1.90+0.02 0.94+0.03 1.004+0.005 1.00+0.03
05 30 153+0.01 0.92+0.02 1.594+0.010 1.08+0.02
’ 37 243+0.01 0.96+0.02 1.284+0.005 1.02+0.02
10 30 2.03+0.01 0.94+0.02 2.11+0.010 1.07+0.02
' 37 3.10+£0.01 0.99+0.02 1.634+0.005 1.06+0.02
15 30 2.68+0.01 0.99+0.02 2.79+0.010 1.16+0.02
' 37 3.26+0.01 1.00+0.02 1.724+0.005 1.06+0.02
20 30 3.04+0.01 1.01+0.02 3.17+£0.010 1.14+0.02
' 37 450+0.01 1.044+0.02 2.37+£0.005 1.11+0.02
o5 30 3.45+0.01 1.024+0.01 3.59+0.010 1.20+0.01
) 37 5.53+0.01 1.07+0.02 2.91+0.005 1.14+0.02
4 1.3
a o b
3t o 12}
& 2f . < Lip e
e 3000 Lo 0 30°C
0 37°C 0 37°C
OO 1 2 3 O'90 i é 3

CBc/(10”° mol-dm™)

CBc/(10™° mol-dm)

Bl 4 Cgc~pa (@)F1 Cac~pn (D) R AL
Figure4 The Cac~pa (8) and Cgc~f (b) curves of BSA-CU?' system

#5 BCX BSA-CU* 44

IOREHINE I AP E S (SN I A
Table5 Thevalueof y, and y, of BSA-Cu?" binding process

t/°C Equation 7a/(10° dmemol %) 74/(10% dm®mol %)
30 Ba=1.05X 10°Cac+1.07 (RR=0.9924) 1.05+0.04 B

37 Bo=0.74X 10°Cac+0.90 (RR=0.9531) 0.74+0.08

30 By=6.72X 10°Cac+1.00 (RR=0.9988) B 6.72+0.12

37 £=5.65X 10°Cac+1.00 (RR=0.9994) 5.65+0.07

PRSI ETL IR P, po 1y ECR L ) 10° 2,
M ya BCRYN 10°~10° &4, #9] BC %t BSA-Cu*
2GRS IE P ) AR A0 2803 W b v HORE 5 D' K RN 45
AR, %] BC JLAEI Al e s B cu®'-
i & A wrtEr, JEH cl B E AR EY
Fese FERE B BCI BESE N My 5. 1 Cu® - i 4 (1 = &
PokesE PEB TR Cu?™ 7 AL AR I Fp b 47 1 ) 4 28
K, IRy HLE B P 25 k)
2.3 AR B ] BEAL FI

A% 3 % (NMIR) 42 A2 — G I 431 ) A B 4 i
) RAGTVE. 431 g5 PR 5% I Ah 2 A 8% 4 (0) 1Y
U % S i o3 1 TR AH B A R AR DR AR
f S AL A1 uk A BE 18, 14 5 05 BC (@), BC-BSA (b)#ll
BC-BSA-CU?" (0)ff1 *H NMR %[, Ll DOtk 210

0=4.70)h Whr XTI 5 fifbir 5 141 T35 6.

5 BC(/& 5a)#fitt, BC-BSA([¥ 5b)fil BC-BSA-Cu**
(B Boyfk & BC % H i 7L A 1k # 5),
XATREAE T HiKME BC HEN BSA RIBI /K 75 5 1 4
BSA I T EL.

BJ2E, MFEZAE T BC % H R4k 22 A0 8 eAe(l
(AS) EILHI AR AR FE . /E BC-BSA Gk &R,
W4 H(B)>H(E)>H(D)>H(F)>H(C)>H(A)>
H(M)>H(L)>H(G)>H(K); 7 BC-BSA-Cu*" =ik &
H, B4 H(B)>H(E)>H(D)>H(C)>H(F)>H(M)>
H(A)>H(L)>H(G)>H(K), &8 H(B), H(E)FI H(D)lt
e BT fEs2 BC 5 BSA sR& S 19401 B, T H(L),
H(G) A H(K)#& 43 & BC 5 BSA 155454 B, EBC
Al fE LURE 52 (4> FHU 36N BSA 43 1IN 6. Bk4t,
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El5 BC (a), BC-BSA (b)f1BC-BSA-CU?" ()/¥*H NMR 1% %]
Figure 5 'H NMR spectrum of BC (a), BC-BSA (b) and
BC-BSA-CU*" (c)

Cec=2.0X10"* moledm 3, molar ratio of n(BC) : n(BSA) (b) : n(Cu®") (c)
was200:1:1

£ 6 BC LA KR (E
Table6 Thevaluesof BC chemical shiftsd and Ao

S(BC)/ §'(BC-BSA)/ A*/ &"(BC-BSA-CUZ) Ad™**/

H i
ppm ppm Hz ppm Hz
A 9407 9.465 17.41 9.501 28.21
B 7979 8.193 64.23 8.226 74.13
C 7.752 7.819 20.11 7.882 39.02
D 7.567 7.686 35.72 7.744 53.12
E 7.008 7.211 60.93 7.246 71.43
F  6.699 6.799 30.01 6.811 33.61
G 5.900 5.943 12.91 5.982 24.61
J 4653 kkk *; _kkk _kkk
K 3948 3.972 7.20 4.007 17.70
L 3.880 3.929 14.71 3971 27.31
M  3.006 3.058 15.61 3.102 28.81

*Ad=(6'"— ) ppm X 300.13 MHz **Ad'= (6" — ) ppm X 300.13 MHz;
***overlapped by D,0, 1 ppm=300.13 MHz.

BC-BSA fll BC-BSA-CU” 1k # AL, BC 5 BSA 454
B PR (Bl 59) 45 4 Y B e 4%, {H 2 BC-BSA-CU? 1k
A% BC % H R T I 8 028 (A0) 315 BC-BSA
TOURRAT TR, U] BC-BSA-Cu? A & BC-BSA
A7 SR A HAE ), X ] figf2 BC X BSA-Cu*™ &5 & id e
HAG A 35 (R R AS L A

MR ik (K] 6)THE 1S 2] BSA 4ty 4R
(& NEM, L7 BCA7AER, BSA 4 FHZ h PURH —
2 45K (a-Helix, S-Sheet, Turn Al Random) & &1 AN
FREEM U, 3EHH BC AR R 200 11 /@ ik BC-BSA &
kT BSA #5281 USELAY . BC-BSA-CU®™ =G
PR &+, BSA 43 1+ a-Helix Al p-Sheet & Fi 4 Cu? -BSA
TICAR BRI AT AT A (Turn) 45 K4 B S 58, 3 Fh )
SR T RERE S EL CuPT BSA 4 T e M LR ik
) (1) 23 1) BB ¢ AR K (3 Q)Y B R A, Mk T4 1 4%
SO KRR BE B R R AR L R M, e 28 31
BC X} BSA-CU? 961 K ik i 52 SR AR My 355 1

60

40 F\

20

6/mdeg

O_

20

-40 1 1 1 1 L
190 200 210 220 230 240 250
Amm

B6 “LHidfit BSA [f CD [&lif
Figure6 CD spectraof BSA in allosteric process
Casa 2.0x10~° molsdm ™2, molar ratio of n(BC) : n(BSA) : n(Cu*") from 1 to
4was05:1:1,0:1:0,25:1:0and25:1: 1, respectively

R7 BSA _JHME RIS
Table 7 The change of a-helix, p-sheet, turn and random cail
content in BSA

] a-Helix/  p-Sheet/  Turn/ Random/
System (molar ratio)

% % % %

Cu*"-BSA (1: 1) 45.4 27.0 0.3 27.3
BC-BSA-Cu**

©05:1:1) 447 26.7 1.2 275
BC-BSA-CU**

(25:1: 1) 453 25.9 1.4 27.4

IEAh, BC ST Ka Fln 52 1E AR R RO ) JE R 1T it 95
BT BSA 7 FHISINEEAS. [Kh BCH#ii A\ BSA 4> 1A,
BSA 73 G A N AR (Lt BC I 1) BSA J il
SER T R AR UM D), L T ERSS U A
% N, O LR E AL IR 7220, S5 Cu® 5 BSA
SIS NS (Ba>1), BSA 4 F I Cu* il 4ty
AT 5 B A BT In(B.> 1).
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