20124 £557% 5 108): 805~ 812

Y (rPIEREE ) Al

a3 b
.

www.scichina.com csb.scichina.com

SCIENCE CHINA PRESS

6- AN 55 N I ivs 1 N AH LA B s B e

, 577 2 D @
KREBAT, 5T,

O MR R A2 SRR R, B9 453007;
@ BB E AR BE, 115 461000
* B R A, E-mail: fenglingcui @hotmail.com

2011-07-08 Wik, 2011-11-09 4252

g, gAY, IEN"

5K A SR B2 FE 4 (30970696) 1 R 44 = AR A1 3 A BA 32 353140 (2012IRTSTHNO06) %% By

Y EEMNAEELET, SAXAELER2FRHEFTERARTREMED 6-AF%
(6-CP)5 A fnig & & & (HSA) W AE EAE . 4Rk ¥, 6-CP &t HSA WIRT Loy XK KA
HRE AN FHEIRER, AR N F5HHE 6-CP 5§ HSA Z M FAA#ImuiEE ),
A F L RMAE I T A KIE R A, ZER B R T 6-CP Xt HSA 44
SZEE, HUREAAEEN FHRAHTES LS. A, M 6CP AT

Keiiktin]

6- 4. " % (6-CP)
AL B & A (HSA)
SRR

aF A8

A EAE A

War, BRAEERKBESFRALELMNETEDHEFTNEAREGE. ERELBRLAH
T, At 11 % G ERIAT AT E, BRARKLZE 0511 mg/L, AR ERZE A 0.324%.

38 W7 kAL B EEAT T A B R R

WENS T AR Y — P B R PR 2y R LA TR RN
TH9 2, 6 5 8 i1 b5 | AFLLE U EE B A A A2
Yy BAT GO | DU R 0L A5 B AR R e I,
P, WG 2 s AR i H oA o2 Y. 6- SIS
(6-CP) /2 BRI 287 i By R B R, B AEIR A RESE T AR
PR H R, TELS24T5 10, L 6-CP W Ry J LA
HATAY, RI TR PO REE D, AT TR
N2V R . RINTEAPLEOR, B2, K2y
SR AT 2 E 2R, 6-CP (IS5 Al 1 s,

ML AR (HSA) 2 ML A B 2R
YA NG, i R A AF RIS, PR R

o]

NT | N

I

k*N N/J
H

Bl 6-RERSFHSH

RO A 25 FAE D). R, BP0y TS5 HSA Z
[ A AR AR, A3 Bh T B 25 7 AR N Rz 5 L 43
A AR L, HSA 5 N IE X AMNEMEL AP S &
PLHIXT F ARk | i | 2522 i R s 24 HoAg 2
)7 B

H A7 IS ARG A R R 2454 L sh 128 K
ER B 45 T AMITE)T 2 601, gtk &
HREE R BEEEEL . Mk R AT
EL R 38 T B IR AT AR W A0 B 1A A A g R
ARSI ] = AP ETEE S T 6-CP Xt HSA M4 1)
R, 8550 TXEINEMIR T 6-CP 5 HSA I/EA
FiZA, IR T B Z MM AR, w9 Lt
T T EMTAE RS . %5 T AEXHF 5T 24548 8) ) 2%
DA VAR O A FH R 1Y) 25 90 43 1 [ i s A se T F 45 2
H—ES% e RERY, v 20 s S
HCZG 2007 T A6 G R PR AR EE e AL, JF AR N2
I B2 BT 5 LR | B HL I A PR 5T S5 Tl A Y
S E "

FIC5IAMA: Geng S G, Yun Y R, Jiang X Y, et al. 6-Chloropurine interactions with human serum albumin and its application analysis (in Chinese). Chin
Sci Bull (Chin Ver), 2012, 57: 805-812, doi: 10.1360/972011-1341




a4 % B & 2012448 574 F10H

1 g

(1) AXESFRH.  TU-1810 £E4ha] ARG
AR AT AR A R TR |]), BS-110S 7
TR AL FE 2 R RF-A BRA 7)), FP-6500 %)
SEN BT (H AR A A, 4 BE AR i E A
DC-0515( b fEF- Bl 2 A PR/ F]), PFS-80 HUGH
FETF(CEW R B {ES)), CARY Eclipse %6t
BEH G E L HLZ A ).

L 18 FI(HSA, 22 A4 TR B A7 PR 2
") 2.0 x 107 mol/L /KW, HAFT 1~4CokAHi;
6-F = (6-CP) 1.0 x 107 mol/L /KW ; pH 7.4 1y
Tris-HC1 (Tris A = ¥ F 3 &0 3 F 08 ) 2% s i 0.5
mol/L i NaCl /KW, S5 F iR Z& 18K, i AR
PR 5y b 4.

(i) SEm k. HORMGE 1) HSA 1 6-CP ¥
W, 1.5 mL ) NaCl /K¥% ¥, 3.0 mL Tris-HCI 2& #iA i
IIAZ] 10 mL T, HEOKER 225, 775
1 em A MO TE A = 280 nm BFFAHi & R7E
290~450 nm 78 Bl N 9286 & B 6T, Pt A BRI
REEETEE YN 5 nm, 7EAA = 30 nm AR R
200 E 1. A FXHEH HSA SRS A YR
SR 4 A5 S IR T Brookhaven R4 F 5 SUIE % (Y i
1h9z). 6-CP 5 HSA 1 1E A AL 43+ B LB
Syby1 6.9.1 F' iy FlexX ek 5. FExtfid f vh 45
MMEEW 7 30 ME%, WRIEL G WTETE RO T
AT AR A Re R, R 6-CP 7RG
SRR BRAY 45 AR
2 RS
2.1 EeHETIG AR R

J FRIAET I S5, RATHELT pH. BT
FE AT . 2580 B LA By AT 9 S5 B 1 5 0.
IR as LM, LR A MY pH 74 1
Tris-HCl ZZ #h¥ 3.0 mL; 25 F58F J& 0.075 mol/L;
hn A} HSA— 6-CP—NaCl— Tris-HCl; 6-CP [ %
FEHEE ] 1.0 x 107 mol/L; 75 345 i 78U M
WIIETE, EE AL =30 nm.

2.2 PORICUEFHIE
HSA 2RI TR . B IR FR TN &R
FRIL, DR IRTN ZR By r= s ARG, T s & R B 98 G TE
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BB T A BT 3 | R I e B A TR LT 5 R
K, FrLL HSA Y RE A 2806 3 2ok [ & ik L")
YN FYIERE HSA 454 AT, %R 5k SRR
BERY MO S 20 HSA Y [ 5865 B th 2 A= AR fp 2,

gE LR, fE pH 7.4 i Tris-HC1 /1, ffi% 6-CP
B3I, HSA BYZEG5E B #k /(& 2), 38 6-CP
PR T HSA MREA 5, X T ReE KA 6-CP
5 HSA K& THEAERH, 52w T 62 1R 55 M R
B, dET S50 HSA [ 96650 B s

2.3 BERHLAE

295 HSA M EAEHMBE KIS H Stern-
Volmer 77 3k ff 3],
F/F =1+ KolQ] = 1 + K, [0, (1)
A Fo Ml F 53878 6-CP JINAHIE HSA 17858
£, t0 SAELE 6-CP B TIPS 754, Ko N
Stern-Volmer ¥ K5, Ky J& EW KI5 HIVEKH
0, (01378 6-CP kL. 23l sE 293, 301 A1 310 K
AR PEEIREE, UL Fy/F XHQWERITE3]— 4 4k
(F 3), I HZRMARRATRS K VA K (1), 250 %
W, K, B R FE T m A, 9025 0E R 6-CP X HSA
HIRE R IR IR R, Ky (YK TR FINF A=K
A3 TR B R R IGH K 2.0 x 10" L/(mol )", FRK
WA KRR R FR S TR K.

2.4 B EEMEEANLN

Scatchard J7 P2 5 B KRB 45 &0 B SE &
PEEL TR

140 -

120

THBE (au

300 350 400 450
K (hm)
B 2 6-CP X HSA By38 ) KA

T=293 K, 1~6: Ce.cp = 1.0 x 10 mol/L, Cysa = 0, 4.0 x 107, 8.0 x 107,
12 %107, 16 x 107, 20 x 10”7 mol/L



F 1 6-CP X HSA MR EIE K EREE

T (K) Stern-Volmer J5 2 K., (10° L/mol) K, (10" L /(mol s)) R
293 Y=1.01+9.53x 10’ [Q] 9.53 9.53 0.9994
301 Y=1.00 + 8.49 x 10° [Q] 8.49 8.49 0.9999
310 Y=0.99 +7.12 x 10° [Q] 7.12 7.12 0.9997
9500
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8500
_ 8000
Q 4
= 7500
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6500
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5000 -— . : . : : |
1.05 : . : . : ; . 005 010 015 020 025 030 0.35
0.1 0.2 0.3 0.4 0.5 x10* r(au.)
[Q] (mol/L)
- - ) Q
B3 6-CP Xt HSA By Stern-Volmer Hi£ B4 fk% 6-CP-HSA i) Scatchard i 2
r/Df=nK — rK, ) 100 - 10.07
HLrh DR WE B IOV, n G5 A LR KRB B 0. {008
W r FORNEEERE AR A YR EERE. 5 {005 _
rIDe X r VEEL (] 4), ATSRASEE G A 50 n FNSS &8 5L @60- 0.04 S
1
Jusil N
K& 2). ﬁ 40 10.03 é
2.5 A ” 10.02
R 40.01
HSA A B8 0726, H HSA 266 6-CP
0 0.00

WO AR KM ES, WK 5 s, 1R
Forster! ' G B HL3E, AN 6-CP 5 HSA Y45 A
B/NT 7 nm, B R AR ST RE 2. 6-CP IO
5 HSA M9 9E0G1E 1 8 S A0 v i R k15
J=SF(A) DA AMEF(A) AL, (3)
K F()/2 HSA TEWE K AL 5, o(A)h 6-CP
FEPE A AL 1 BE IR WO R 8K, J o TS TH .
ARG A
RS =88x 102 K> N*aJ, 4)
E = 1-FIFy = R’I(R,® + 1), (5)
Ko N AT AR, K RN A [ R,

3(')0 3l20 32‘-0 3é0 3530 4(l)0 4I20 4:10
K (nm)
Bl 5 6-CPHIRMOEIES HSA MRttt EER

(a) HSA [958R 16354 x 107 mol/L); (b) 6-CP [ i
(4 x 107 mol/L)

Ro & RE R FERL RN 50% I 1 FLEE B, o411
D itz S

MR 7 2 Q)KL H AT Sy, ESM
LT 4 0.599 x 107 cm® L/mol, @=0.118, kK> =2/3, N
= 1.336""7. B SeEUEARA TR @RS, kg

#2 1KZ 6-CP-HSA A EHEMELS AL EEK

T (K) Scatchard 77 % K (L/mol) n R
293 Y=1.06x%10*-1.24 x 10" r 1.24 x 10* 0.86 0.9982
301 Y=0.83x10*-0.79 x 10* r 0.79 x 10* 1.06 0.9963
310 Y=0.66x 10"~ 0.53 x 10* r 0.53 x 10* 1.24 0.9932
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HSA M4EESEEE R 4.90 nm, ZEH/NTF 7 nm, B
6-CP 5 HSA Z [a)fF1EfE R 4.

2.6 fEHIRM

SRS TRIER D EEAEBRAER T A
S BRI Jy RE pE A SRS IR Y R AR
i 7 ) AR A AN SR ) 0 B i, IR A AH FNAS # AT L
i I TR R AR 1,
InK = ~AH/RT + AS/R, (6)
KA R N B85 & W5 RIESIRHE S Ll Ink X
UT FEEITS—HZE, 2R AU ARk n] ok A5 AR
AS FUGASAH, AS FIAH E A (T), BIATLL
KIFAGGE 3).

%3 {KZ 6-CP-HSA BN 25K

AG AH AS
ez T(K) (kJ/mol) (kJ/mol) (kJ/mol)
293 -22.92
6-CP-HSA 301 -22.52 -37.72 -50.50
310 —22.06
700 4
600 -
3
< &
et 400
g
" 200
i 500
.. 350 S
%?33’ 300 0 ~200
. m
‘%m,bj 220 st OO

FHEE (a.u.)

AG = AH-TAS = -RTInK. (7

MWF 3 WA HEAG<0, BN H &,

AS<0, AH<0, Uil 6-CP 5 HSA 45 & i B 2 45 0K

it AR [FRHBER T 6-CP 5 HSA AR EAE i) 3=
FAE R S Ay e Y,

2.7 6-CP %} HSA K415

=Y ERAIPE Lloyd 518k, FIRBFIEE AR
SR, BRI A L N R B K, R & gt
b2 ol < S L AT I O O Y 2 o S o N BT S e
122, S2E515 %) HSA Ml 6-CP-HSA 1K & 1) =458
Heik (&l 6), FFAFE] T AN A S LR IE (7).

ST T R R, KR 6
oL L i) B A O G, XTI 7 HP R I SR
BB, FHESE dem= Aex (AL =0); T3 —F 2K 6 HIE
s IE v, JEDOGIEREAE, X T 7 Al
BT A 5 B “HR B0 X (Lem™ Aexs AA>0). ZEGIE 1
B K A 288 nm, T HSA H (7 4 52 A s 24 PR 4%

@

=1

=]
|

.

o

S
1

[

(=1

(=]
1

o
|

o, 350
a%éts;%m 220
() 220

300 2
gy O
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E 3004
W
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B 7 HSA (a)fll 6-CP-HSA (O =4 %L BHRE
Cuisa = 8 X 107 mol/L; Ce.cp = 2 x 107 mol/L
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B 5 2 A ) m-n BT BRE S A 1Y), FE B R 12
0 2 IR R % 220 R 6 2 1 0 LT RRAIE s 9 % 2 i
KFE 229 nm, JZH HSA 53 FZ ik C=0 #nY p—~
p*HFEIE TGS, EZH /R HSA 4+ T IREES5 1
B 2 Y G T R AE, 06 A9 (57 B RN o 55 2 1 A 4
LR S ' T, Tk 1 55Ok 2 AT
AEBR(F, Aex Aem) 73 T J2: 244.9, 288/340; 53.4, 229/337.
A 6-CP J&, 96 1 BIETHARFR(F, AedAem) e
205.6, 283/336, Gl 2 &4 T ARSR PR, WK
TR, 260 1 R K EFIEKH 340 nm 2
336 nm, WL T 39.3 nm, £MIMA 6-CP fii
HSA H Y 1 22 R A 66 20 R P A () A B B /K PR T
WebEDRss; 2tig 2 KA TR K, B 6-CP
HBIIASE HSA By g4ty kA 72484k, @ X
APECIER M, 28] 6-CP 43T 5 HSA BY45& H0r
Al BEAL T2 L MR AR IL T AL s K B, IE & 6-CP 43
T HMA R T BRI AR R e 2E, S E0T
HSA H% 1481k,

2.8 SR PiEME

HEIEA RN I 5 AR N DR 43l AR e HSA
[ site T F1 site 124, S T %%8 6-CP 5 HSA W54
i E, HREA My L. m
6-CP-HSA 1K Z Him A AR5 A AR % 2F, 8 AR
6-CP 5 HSA 1M 1 5¢ 6 am B Al A S0 K AR fk ke i
FE 6-CP 5 HSA 1E R SS A E.

TE s S, 6-CP WA 21 2 4 4[] vk i
1) HSA FIALE RiC 245 ) (He 14 T & 25 BT W
TESAREAS R (K 8), fe k&S i 340 nm
ZIF5 % 350 nm, JfHBEKMERR. i 6-CP 1M
A, HSA W55 BB Wk, kAR, RHA
SR ML BB K PR SR, A RTEIR A T HSA
IS, TESHMIEISERH (B 9), HSA 1Y &5
WAL 27284k, XFHLE 9 Fi 10, fInA A% 25
) 6-CP-HSA & R i e KR SHIE I | 965 B i ek AR
Fl 6-CP-HSA 1K R FA F—B, VM EIT A
i 6-CP 5 HSA fI45 A0 E. L4 R, 6-CP 5
HSA 45 &0 B TE site T FfT.

2.9

6-CP 5 HSA M EAEH B9 FXHEE R anE 11 k.
W8 26 1 ) AR S5/ 22 B HSA 17 3 AN IXER( T,

300 330 360 390 420 450
# (nm)

B8 4EiE4% 6-CP-HSA 1R &K%
T =298 K, Aoy = 290 nm, 1~6: C 6= Cysa= 4 x 107 mol/L;
Cocp=0,1x107,2x107°,3x 10,4 x 107, 5 x 10° mol/L
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80+

300 330 360 390 420 450
F A (nm)

B9 &I 6-CP-HSA 1K R B8 M

T =298 K, Aoy = 290 nm, 1~6: C giss= Cusa= 4 x 107 mol/L;

Cocr=0,1%x107,2%x10°,3%x107,4x 107, 5 x 10° mol/L

110~
100
90
80
S 704
2™
B 0
® 504 /i
X 40 4
30/

300 330 360 390 420 450
F (nm)
E 10 6-CP Xt HSA Hy5%3e3% K E

T=298 K, Adex = 290 nm, 1~6: Cysa =4 x 10”7 mol/L;
Cocp=0,1x107,2%x107 3x107,4 x 10,5 x 107 mol/L
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El 11 6-CP 5 HSA M E/EH ER
SRR A KRR AL, BRI 6-CP Bl & LM 45H), Lt At

I, M): T (FFEMRIER 1-195) I (5 I R ok I
196-383) AT (EFEBRAR I 384-585), F— A X dify
2 A I(A F B KZEZ Y5 T 5 HSA
VER B TS T A, A J& K g,
St site T A site T2, 4nf&l 11 frzs, 7630 X 3
TA WA —A KI5 KO B K B /5% 34
Ala291, Leu238, His242, Lys199, Trp214, Arg218, H:
W Trp214 J&ME—FFFE B K S o 1 (B SRR 5L ), XA~
N ERRSIFZ MR,

e R 6-CP 5 HSA WIVE I B AE site
I (HDIT AT, ARHER 11 s LA 6-CP 5
HSA 1E 147 857K 8]  fE 7 R OF i & Y
BRAE Arg222, Lys199), 5222805 kA
HAEH R AR S AR T M G —. o X
AR FIAG B K/ H-15.20 kI/mol, 55256 FF 15 %50{H
—22.92 kJ/mol H—E 200, FIRERE M T LK E1E%
WA P IEATRY, 1431 X 448 A2 HSA A9 X fi
S RS

3 AR E AR S R

3.1 WSO

TERAESLE AT, BE 6-CP RYMREE, By
INHSA BJHIE, 2EAT [ 2EEiE 4 (K 12). K
12 AT LA, 260 B2 HSA Bk BE7E — 7E B3
il S B AR R R SRt Sr TR 6-CP oA
oy T HRER, 18 TR P66 I RE A= W ke dh S
Jo BT
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450
400 -
350 4
':_,:" 300+

~—3

&
1 250 1

240 260 280 300 320
i (nm)

Bl 12 RETBREFTERRABMESREELIL
Co.cp = 1.0x10° mol/L; 1~16: Cysa =0, 0.2 x 107, 0.4 x 107, 0.6 x 107,
0.8%x10°,1.0x107,1.2%x107,1.4%x 107, 1.6 x 107, 1.8 x 107, 2.0 x
107°,22x 107,24 % 107,26 x 10°,2.8 x 107, 3.0 x 10 mol/L

3.2 MIJRE. PR & RN S

ARSI AT, 7 1.38~276.00 mg/L Ak
BEJE A, AR AR 0 Ak B 5 RD 2P e e B i 2
PEEIE )TN Ise = 23.35 + 1.31 x 107 Cysa (mol/L)
(HSA W4r FH:H 69000 g/mol), &1k AHXE R %N
0.9992. R4 TUPAC My X, XF 11 25 AT
AT GE, SRAFAIXSbRE 258 0.324%, it FR-A
0.511 mg/L.

3.3 FESIE ARl 9205

Xeb N ML TR (R 101 T U 98 A 24 A% B e ) A e 80 A
P AT SEATIN G, R T IR B S2 56, A5G 2
WrE4.
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F4 EYHRERPEERSEHNE

BEsh FRMENASE (mg/L) W (mg/L) IR (%) HXTRRHE G2
RSD (%)
0 50.6 - 0.4
s 27.6 77.4 97.1 0.4
: 55.2 105.0 98.6 0.4
82.8 131.5 97.7 0.5
0 13.9 - 3.6
- 27.6 41.0 101 12
M 55.2 68.0 98.0 0.8
82.8 95.1 98.1 0.1
5 XEVEBEMW
BL ey THefsR HXHRZE (%) IAFY T THefs® FHXHRZE (%)
COs* 1 43 PO,* 28 -5.0
Ca* 36 49 Noks 31 4.8
Zn* 1 -5.0 TER 29 4.8
Mg* 2 47 Gk 145 4.6
NH,* 143 4.7 X EENE 58 4.0
3.4 JAFPRIT H BB T FEUKAER T, RSB FRASE K,

TERYSEMR, AHRNRZEERITELSDZ . SIE R IR 5.

4

i = 4E9O O RERTSY T 6-CP X HSA 425,
FHE S 5200 A0 T X BE U0 IE T B THY 45 & 07 BLAE site
TEDNITA Bffr. 7edb3Emt b, #5727 6-CP N4y
THE, iz B [ 2 286 6 3 2k 43 b i 2
AR A R R A R O . R A P
RIS OCTEEE B FRHEEEERT 6-CP 5 3. REUS S, nIH T . IRRZH . Bk

TERAEZATT, HE T — LA 7 W) 5Ol & (1

a5k

HSA BOMEAEM, WM TEMZ EER T EZh 5%

Bt ROE OV AT R R AR PR H R

5% 3k

AN AW

~
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6-Chloropurine interactions with human serum albumin and its
application analysis

GENG ShaoGuang', YUN YanRu?, JIANG XiaoYing', CUI FengLing' & GUO HaiMing'

'School of Chemistry and Environmental Science, Henan Normal University, Xinxiang 453007, China;
*Xuchang Vocational and Technical College, Xuchang 461000, China

The binding of 6-chloropurine (6-CP) with human serum albumin (HSA) was investigated by fluorescence spectroscopy and molecular
modeling under simulated physiological conditions, which results showed that 6-CP formed a complex with HSA and strongly
quenched the intrinsic fluorescence of HSA through static quenching. The change in enthalpy (AH) and entropy (AS) were calculated
by the van’t Hoff equation. These data suggested that there were hydrogen bonds and van der Waals forces between 6-CP and HSA.
These results agreed with those obtained by molecular modeling, which also showed hydrophobic interactions between HSA and 6-CP.
The effect of 6-CP on the conformation of HSA was analyzed by three-dimensional fluorescence spectroscopy, and Warfarin and
Ibuprofen were used as molecular probes to investigate the interaction sites of 6-CP and HSA. Under the optimum conditions, based on
that the synchronous fluorescence intensity (Isg) of the system was in direct proportion to the concentration of protein, the method of
determining the protein used 6-CP as a fluorescence probe was applied with the detection limit 0.511 mg/L. And the amount of the
proteins in human serum and saliva samples were detected and the recovery was 97.1%~101%. This method is simple, rapid, high
sensitivity and could be used in biochemistry, clinical diagnosis or quality inspection.

6-chlorine purine, human serum albumin, three-dimensional fluorescence spectrum, molecular modeling, interaction

doi: 10.1360/972011-1341

812



