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S MiEEEHS Indo-1 HEEAK
KIEHIEET R

aEE m R, BEE
(1. P EBRAGER F R A5 B ML R R A SE 6 %, KB 130022,
2. EPREREF R AR, dbat 100049)

WE DRI HEE 1 (Bovine serum albumin, BSA) 598GHRE Indo-1 8 BT MECLABR, FET Indo-1 #Y
POCHRIE S BSA BT B A R, By T B M EAE AL S B vk, IR PO L IRBE R 5
KA FPREAHE AKX Indo-1 AT BSA FIAH EAEFHIEAT THFGY. SiREM, Indo-1 7€ BSA W3 3 MERfI AL, X 3
AMEFINL S5 BSA TP 212 {7 4 %2 (Trp 212) [ AYEEES 43 3124 2. 93, 2.57 #12. 40 nm; Indo-1 @ id Bk
YEHH#E AT BSA B 3 DKM IE. VSR S5 35 Microlab 500 FR AN HEFERS AN PTI 2 GAL K H]
SEILT YESERR R A B A SR L SR

EEIA A MIEAEN; YOCRE Indo-1; FAALEEG MHEAEN,; PH065E

RESES 0657 XEFRIREE A XEHE  0251-0790(2007)02-0227-07

TG F AR O T EREL WM | G R . DNA FFFII0E | 8% 500 . 43R 5 A K 20 it 9
TR B 8 (AE S SR . W SE R B 4 AR fL R A 5 R 1A - L R AR AR R A K
TRz — > BAHIEEZ T IO 8 A AR A AR A s ), IR T —2e3t
BEARSEAREEROC S B E Y mMEAEARLE TS REREENEARZ —, ERE
B S AEI TR AV TR N(CH:COOK): N(CH:COOK)
Indo-1( Scheme 1) 5 H & & F WA EAEH A BESE C A )t 0—CH:.CH:—0
BTN A 6 4 i 3 1 A& 1 ( Bovine serum albumin, O
BSA) Y Indo-1 MIAHEMEF BTN A WLARIE. KL, A&
TAELL BSA 5 Indo-1 S48 FI BT AL AR AL, 2t
BRI R, R A e Q)

Z NH CH:

DL ASERET T, X6 2 R 5 & A S A COOK

AR EAE FH ELA A SR SR . Scheme 1  Structure of Indo-1
1 KEHSHS

1.1 i F

BSA 5 Indo-1 ¥ H Sigma A A, I TFUKAE HICAFE. B—E R BSA T 10 mL K il 510 4
VR, HERG RS t OO BE RN E , R A I LASRAS TAEWE. Indo-1 MOVEWCT IR FHATECH] , IF Tk
B (A1 B PR AE . AN [ R B 1 9% s Y i 0 i 40 80K 1% 1) HEPES 55 3 2 e i1 1 A, 55 56 FH /K i
Millipore Milli-Q Z245i ik, ZH AR 18. 2 MQ 57 alffi 1. How B Ak 50 1 K 43 b 4k
1.2 SCIg{UEE

PENRFIICHE | WG RZENR I PTL A R OGS SN E , 1AL B A A 5 54
F LA 1.0 em HAE R 4. 0 mL A4 ARG LU P} 22 7= Heto CBN 8-30 BUFRTRANL. 7R DG K 5K
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g5, B Microlab 500 R ANIEFERS FNZ DAL, FH PTL #4419 TIMEBASED A5 W I 2 St 5 i 1)
Ak, TSN 9 GoR EERY E 3l . SERFie sk, WIBOETE H 95 E Varian 23 Bl #Y Cary 500 #4356 6 1
FOERE M 1.0 em, KM 1.4 mL (94755 L A0 LRI &

2 ZR5itE

2.1 BSA #1 Indo-1 BB E/EH

WG (1) WS4 SR, 24 BSA Al Indo-1 Sl AFAERT, Hide R 43531 7€ 280 Al 340 nm
by R ILAFRT, 7E 280 nm B I WG (B G B S CAE T 355 nm A R — AT 0 I 0 5 AH X T
Indo-1 MMRISETE , BT ISig £E 300 ~ 380 nm {1 [B P9 A 04 56 A5 B I 1 B3I, L o R IR A 19 08 67 Py
340 nm # % 355 nm. W] BSA Fl Indo-1 K4 T HEAEH.
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Fig.1 Absorption spectra of differently determined Fig.2 Emission spectra of BSA-Indo-1 as a function of
solutions the concentration of Indo-1
Both concentrations of BSA and Indo-1 are 20 pmol/L.  BSA concentration was 2.0 pmol/L. Indo-1 concentration increased
whether they existed separately or together. The determined  from 0 to 6. 0 pwmol/L, respectively. The measurements were carried
solutions were buffered with 1% HEPES (pH = 7.4).  out at room temperature with an excitation at 284 nm. The solutions’
a. Indo-1; b. BSA-Indo-1; ¢. BSA. acidity was pH =7. 4. The arrows indicate the changes of the signals

as a function of Inod-1 concentration.

BENICIG LI 25 HF W], T8 BSA B2 Indo-1 15 GHE 23 X I7 B AE 75 T & AR 968K, LA
284 nm MK WA, B E S IE K 342 nm b AT BE BE Indo-1 ¥ BE B 38 0 G BEA, TR A A
454 nm WA BT TEGIE R, HIGSRFEZE Indo-1 ¥ BN K (& 2) . Seub o i 3 0 4 & 5
JCE 2 TR A DGR 2 [F] A2 S T2 388 nm A2b) F2 B, 2O B WG RN ZH 43 1 G e fin R i
B, AR A — A S R0 A, LA 335 nm IR BRI T Indo-1 ¢ EETE A BSA
EAACR. Z5REM, BEE BSA BN, FoRE S RKA IR L. IR gRI%
B, 7€ BSA Fl Indo-1 Z 0] % A= T 40 HAE .

WA, B BSA Fl Indo-1 HEAERFTE 362 F1454 nm K Ab A 25 BUH 1Y B Rk 5 k5, Gzt
g R BSA-Indo-1 B G IR RITRA M. I, BFFEIR EEXT — 35 A0 EAE A2 RS, L 362 nm MUK I
K, BEIZE SRR NDOEEER pH 481k
2.2 pH Xf BSA #1 Indo-1 18 E{E IS

ZEEREW, M pH 4.0 ~9.6 B, £ LRSS, BSA MPGIREILT-AE, v ZIATT; T
BSA-Indo-1 f& R HZEIR B IE R T Indo-1 FIAEAERS DGR EE , SO 9% S B n] Ak 2
BSA-Indo-1 E AR MZ . HEET BSA-Indo-1 & FR i K& KA F 454 nm; Indo-1 AR K& 1%
KAE 393 ~475 nm [A128 8, A& N R pK, #2377 1Y Indo-1 BYFR 11k 5 2 BT E X BA R O6RE
PR, AT Al AR S ) B4 TR S PR [R) ) B AR AE ). 7E pH =7.0 ~ 8.0 JEFEI N, Indo-1 AYH K & 4
B A T 393 nm A4y, 5 BSA-Indo-1 A FRIE S 2E. 65 8 FRS R K AET pH (A, #5E
W pH =7. 4 IR R
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2.3 BSA # Indo-1 EIHIFHERFX

S Indo-1 XF BSA ZEGAYF KL, WH5E 7RI BE T BSA B 23R BE Bl Indo-1 ¥ B2 19421k
T&5ML. 383 Stern-Volmer J7 2%

Fo/F =1 + k,Tyc, (1)

TERIFF TR AR 3. EXrh Fy F1F 435

B IAAJETCH] (Indo-1 ) FETER HIDERIRIE ; &, 20
SRR IR T BT R TR 70 BT 18

PR DO CHE A TR 5 e, PRI AV 5 16

BE. X FAEYIR ST, m 0PN 1075 £ 14

AU A3 R EL R RPRA 7, WE ] B AR 1.2

i 275, 290.5 Fi1 310 K 1N Y q figy3i s I'”u_u 08 1.6 24 32 40 48 56
2.681 x 107, 2.892 x 10" Al 3.169 x 10" e(Indo-1)/(umol-L-")

L-mol™' - s S5FFH, JE B & R K Fig.3 Stern-Volmer plots at different temperatures
Glite mﬁ)fﬁ%: kq {Ej@j{ﬂ:%ﬁﬁzﬂz%u X{l’ﬁi%j{ﬁ}’ The BSA concentration is 2. 00 pwmol/L; the concentrations of
?E@Eﬁjﬁ?ﬁﬁ&?—%ﬁ 2.0 x 1010 L - mol—l . S—l Eﬁ( Indo-1 were increased from 0 to 6.00 wmol/L. The measure-
1% S o0 T L ] — A VEPN ments were carried out at temperature 275 (a ), 290.5(b) and
IﬁlnﬁdE"(,)l %Zg%iﬁgﬁ;ﬁ Ej] zf)ZIE ﬂg%ﬂ;)ﬁi = % 310 K(¢) with an excitation at 284 nm, emission at 342 nm.
YRR .
2.4 BSA 0 Indo-1 E#HE/ER /1KY E
WG —HE M EAEH 2R B Indo-1 X BSA 2 CHE K S50 K dg A C AMEIE R Stern-Volmer J5

R

The solutions pH value is 7. 4.

F
Fy EF :f1;\+fAI§ACq (2)
Sth, K, g Stem-Volmer BERFHL, £, WIETG , SIS ATHAT T8 BLF,/ (Fy - F) 3 1/c M
L, AR TR (K, )~ RIREE (£,) Rt K, BOM(FE 1), T K, B BR MR, #
BSA Al Indo-1 [ ZE7EBSHRIATILAEI. ILAh, K, VEREIRRE H9FHES MK

Table 1 Thermodynamic parameters on the interaction between BSA and Indo-1

Temperature/K Ky/(L - mol™") AG®/(kJ « mol ™) AH®/(KJ + mol 1) AS/(J - mol =t - K1)
275.0 9.89 x10° -31.6
290. 5 1.17 x 10° -33.7 6.96 140
310.0 1.40 x 10° -36.5

JH 30K 25 1ML ST AR OB 0 PRIARAE (AR ) JEAS b SR BE AR (L, Okl
AZ(AS™) AT AT A AR (AG) AT il A1 R 0K AT
InK, = - AH'/RT + AS°/R (3)
AG" = AH’ - TAS" (4)
3, Ky A 2R (2) PR S ROV PRSI0 5 A, AR 1 AS”
(ML 1. AG <0 25 BSA Al Indo-1 MUMHE AR — [ & il B, AH® >0 I AS® >0 FH] % Rl it
BOKPERR ARG, ELRHERR TR T O ) 1 b S5 T, RS (AGY) 1%
SRR (ASY) il WK PE PR IR AR B P 8 S OB . A BSA AT 3 ML ILEHI R Site
I, Site I0AISite T, 14525 R 3 R A AR (004 SE S5 R 20 B — AR5 7 LT i A1 i K
PR LR A T3 Be g5 58 N T8 g A 23 1120 0, Indo-1 5 BSA S8 35 5 /K M AH B AR
HEHEA] BSA BB PEZS . M9k, B ARHER AL A 1 A7 7.
BEAb, AH' >0 R BSA il Indo-1 (RUHTLAE N — ARG B, IDIRLIE T8 22 itk — 3 M1 AR,
INHEIETE T F1BES U, IR T8 B I3 k4538 S 3 op T 45 AR — L, BV 95 T BE 1 T
BRI RBUBK, SORBER AT, SRR I 55 A5 R KT, O 242 T e 2
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TS, HC FURE IR L HLA B 54 S KA S 9O = 1. Tk, 5 K, BHEBRKM
M, i BSA F1 Indo-1 [BIFFAEESR DR FAH BEAE T, W 35 (Rl A 85 ) g,
2.5 1Indo-1 7£ BSA FEY{E R S %

FH BSA Xt Indo-1 %P K A SE K R A 98— & o] A VR FHAE A8, & Sr T — N 2 66is kit
SRR o SRR A E O, s Bk v, Kl B anr .

AL AALY BSA 2541 Indo-1 ¥ ; [L'] 85 BSA 455 1) Indo-1 ¥R ; ¢, (e, =[L] +[L']) A
JIFA Indo-1 BRI ;[ P] oK Indo-1 Z5G 1) BSA VKI5 ¢, Ay BSA HYEVEIE; WL 335 nm ML I
KM, 7E 393 nm A2 G5R BE Al KR R

F=k[L] +&'[L'] + k[ P] (5)
APk, kR kY0 525203 B 60 BE AN P ok BEAT SRR TR SRR 2 F T, Indo-1 B3R EE
JEE, BSA B h— A g As B BUINARY BSA JLF-5E 425 Indo-1 £54, FrLALET [ P EAE
N, I HAE Indo-1 AR KA S I R A PRAF RN &, 8k/NT k' k, 50k [ P] R RLZBANTT,

i (5) ATk 5
F=FkL] +k[L] (6)

WIL] =c, - [L' AR (6) 115

F=Fk[L] +kle, - [L]} (7)

L Ak=k-k' X Fy=ke,, Fo H BSA NEAERTNS 2GR EE , Ak TE1EE SCR A5 T i, W
K (7) A2 K

[L'] = (F, - F)/Ak (8)
BSA FI Indo-1 52 14 2 1) VAl 5 B0 ] 3R
K =[L"]/[L][P] (9)
H1 T Indo-1 Zid #AY, HUAERP[PIEM/N, 2k, =[Pl/c,, W[P] =k, c,, FRAZ(9) I LI
Kk, = [L']/[L]e (10)
é\
K, = Kk, = [L']/[L]e, (11)
KL =cp - [L IR (8)FRARK(11) 17
(F, - F)/Ak
K, = (12)

cicp —cp(Fy = F)/Ak
22 PN REN, ER BN K oh—H 4
Table 2 The data used for calculating the value of K [ Ak =4.57 x10" counts/(s - mol™' - L) was

calculated based on ¢, and the intercept in Fig. 4]

¢,/ (mol « L") F/(counts + s~ 1) (Fy-F)/AK [epep —cp(Fy = F) ]/AK 1gK,
0 8.82 x 103 0 0 —
2.0x1077 6. 64 x 10° 4,78 x1077 3.04 x10 71 6.20
4.0x1077 5.10 x10° 8.13 x10°7 4.75x10°1 6.23
6.0x1077 4.25 x10° 1.00 x10 7 6.00 x 1013 6.22
8.0x1077 3.43 x10° 1.18 x107° 6.57x10°1 6.25
1.0x10 "¢ 2.86 x10° 1.30x107¢ 6.96 x10°1 6.27
1.2x10°¢ 2.74 x10° 1.33x10°° 8.04 x10°13 6.22
1.4x10°¢ 2.51 x10° 1.38 x107° 8.67 x10 13 6.20
1.6 x10°¢ 2.01 x10° 1.49 x10°° 8.16 x10~ 1 6.26
1.8 x10°¢ 1.93 x 10° 1.51x107¢ 8.85x10°1 6.23
2.0x10°¢ 1.69 x10° 1.56 x10~° 8.81 x10°13 6.25

B (12) AR

(F, -F)/Ak = K.cicp, — K.cp,(F, - F)/Ak (13)

B (13) Wil RIBRLA(F, - F)K ¢, —c, 1%
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(Fy, = F)™" = (Ake,) ™ + (AkK c,) "¢} (14)
BB e S EARVE 0 S AT R R
N =[L']/¢ (15)
B8 RARK(15)1%
(F, - F) = NAke, (16)

R (16) IRAK(13) 15
N = K¢, - K Ne, (17)
M ERNARTR, PRI SRR T K M e, ¥ E. Bk, X(17) R IEW R R a5 &
BB BN =K ¢, A AT & A R S ECRVE MO 54k, H N =K ¢, RAK(14)1%
(Fy = F)™" = (Ake,) ™" + (AEN) ¢! (18)
PR TESE @ SE 0 25N N, Ak Fil ¢, 3

08
ol HSEA, BN (Fy - F) 78 o) R o —
O KU B4 TRERED, (F, - F) R

e, IIAEIFLMER R, 4 PIHEIEY
BSA X Indo-1 2 Y74 Kt R i ek 1. 430l
PA10° counts/s Fl wmol/L k% S5 B Fil i i
Az, ISR (18) AT YL P I I 5 R .

0.5

(FomF)

0.4

0.3

107% F/(Counts-s™")
=" -

70
360380 400 420

0.2 /am (Fo—F) "=0.10943 +0.06841c, ' (19)
5 p . : " AR E RN y =0.9980.  H 2k il I 5 7t
¢p/(L-umol ) (AR (ARN) ~' HREE (Ake, ) ~ Fl e, IR

Fig.4 Plot of(F, —F) ~" versus c,_, at room temperature JNFTSR Y N =3.07, B Indo-1 75 BSA 145 3
The concentration of Indo-1 was 2. 00 wmol/L and the concen- /I\’ﬂf}zﬁ’f_\‘i ,‘f—i , 5 J]']]_{%E E‘ % El ':F' ﬁ 3 /I\é'j:l: 7{‘/4]
tration of BSA increased from 0 to 0. 60 pmol/L. The fluores- .
cence intensity at 393 nm was measured with an excitation at bﬁ[m E‘J%lﬁ*ﬁ*?& : 2%%%%5}3 ’ J‘X#1+;§“§
335 nm and pH =7.4. As quenched by BSA, the emission P15 A TRV AL A R O 2 2 T ERY.
spectra of Indo-1 were presented as insert. Hlhe, N ERE, ALy kb T
HEFHAEOEAIN = 0/, HERBHE ¢, (4 BSA PRy EERAE ALK #8-5 Indo-1 4555
T Indo-1 AUMREE ) RORERENG e 4 TH R 45 A R AR iR 22, PG, A iUFE D7 VAR5 £ 11 B A
PCARISS & AL, ARCIARVRE ¢ g fH.
WAMEFE BN T — SR B SRR R E O, r e J7 i, (B ENTTHESE BRI A 1 2[R
i, WVERT A KA F 5 /N T IR 22 18] 45 45 07 5B 2 M 1 22— Scatchard £ EIEH M
HA TR B PO B2 RIS A58, T S 9 EETE 2 Ik A SE BURY 5 A ARk A 1 B Y 5
FITC VARG J3E TR] 94 56 FROR T3 38 P PR AL s A g2 =1 (R IO A 2 B 15 PN I 67 s
PR B AR ) LS. AR SCHE G 32 1 BORTSCARAE FH AL S T AR 2 IR SRR IR, Bt A
BT REAAERA 5, iR H 2 — G206, #rl LI E T & H B RBCR Z [ 1 255 6 8. RS A
SCHENT BT 5 SCHR[ 29 T A SEA L, (EEEARFIRAE, JFA A SRR, anZJr k2 it ToOes
BN, HWBOCIEMA L, B EA T R R, VO, 3] R U R R RS A Ok
T, SO TR X — AL AN, 205 TR MR AL B R A e B, e A
A TRz N HIT R
2.6 BSA 0 Indo-1 [EHYZ S HREEEFET (FRET)
FRET 238U A e it WU SR 1K (D) BB B2 AR (A) . B R 5 2 AR 18] A FE 2 ] AR 4 Forster
JER S RE R R R A

~

6
DA _ Ry
- 6 6
D RO +r

f, Fy HF I35 Y AR FAFAE RS AR B DOEREE ; E VBB AR r NEERAS RS %

E=1- (20)

~

=N
dm
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TRIEIPIREES s Ry A5 E =509% AHXT I Y 45 44 5 52 AR (8] A BE 5

R, = 0.211[ K n*®Jr]"® (21)
1E L, & A ZIERARETER R R =T 7= n AN B RS2 R B 7 (8] R 15 3
()2 [RIER ) N, 3R HEUE N 2/3 3 B J(A) TR G IRM & SIS 5 2 AR W ROE 1% R 1 S
PRI .
FFD(/\)eA()\))\“d)\
Ja) ==

- (22)
jo Fy(A)dA
K, Fy () FEAIRTEP ARG A 2 A + AL WIZEREEA; o, (A) WZIRTEP R A bBIEEIRIER
B, HEpf e AL - mol ™'+ em ™' ARIE EIRFER AR H J(A), R, M1 E BfE, PEmsRE r{E.
E5 /Rt T BSA R FH6IES Indo-1 MRS B S 0. ARYE L3025 Rk A 1Y FH S R AL
$9.59 x10% L - mol ™"« em™" « nm*. MA, @, n FIE ZFRIHUE R 0. 118, 1.336 F12/3 . ft Al 4k

Tﬁﬁ(zo)ﬁtﬂ R, BIME N 2. 44 nm. MAh, HSE 30F 114
RS T3 24 Indo-1 A1 BSA 1Y FE /K EL 43 51 25 {12 ~
ML, 20 1R 3 1IN RE R RS BOR N E, = 2 20 110 5
0.249,F, =0.425 f1 E, =0.523. 5 CHk 3 s 108 2
, p s . = 406 =2

(12 JARARL A b B D7 125, MK bR 5C &R AR T * S

o e o - o 104 1L
BSA 1y 212 fi & & R Trp212 (4 f1k) 5 H = , o =
3 ANEEALA L Indo-1 (32 W] (9 1 55 4351 Ky o \ 20000 0.0
r,=2.93, r, =2.57 Ml ry =2.40 nm. X T2 310 330 y 390 430

Alnm
R AL B EE R SN 0 S i LA e = 5T A 1]
R AE RFAAADL, BORSTSA 5 SZ AR IR Fig.5 Fluorescence spectrum of BSA (a) and the absorption
2 7O Al [33] 24 S
ARPEEE TN 2 ~7 nm' ™. G5 R KW ’ JIrsR spectrum of Indo-1(5) at room temperature
1%" E/‘J r ﬁy}jﬁﬁgﬁilf *27 E‘Jﬁ&ﬁﬁﬁ%(ﬁ @Z Ij;J . Both the concentrations of BSA and Indo-1 are 2 pmol/L. All the
A , TE BSA Fl Indo-1 Z[8) &4 T o e R measurements were carried out with solution pH =7.4. The emis-
ﬁ%%i‘%*} sion spectrum was excited at 284 nm.
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Studies on Interaction of Bovine Serum Albumin with Indo-1 by
Fluorescence Spectroscopic Method

BAI Hai-Xin'”, YANG Cheng', YANG Xiu-Rong"*
(1. State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China;
2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The binding-site number was calculated by using fluorescence spectroscopic method with bovine se-
rum albumin(BSA) and Indo-1 as protein and ligand models, respectively. The method for calculating bind-
ing-site number in BSA for Indo-1 was developed based on the relationships between the changes of Indo-1 flu-
orescence intensity and the analytical concentration of BSA. And the interaction of BSA with Indo-1 was inves-
tigated comprehensively by using fluorescence techniques as well as fluorescence resonance energy transfer,
and the thermodynamic parameters were calculated according to the changes of enthalpy on temperature. Three
binding sites in BSA for Indo-1 were revealed, and the distances from Trp212 in BSA to the three binding sites
were 2. 93, 2. 57 and 2. 40 nm, respectively. It was also proved that Indo-1 embedded into the three hydro-
phobic cavities of BSA by hydrophobic association. This paper provided a use for reference on calculating the
binding-site number in protein for ligand and studying their interactions by fluorescence spectroscopic meth-
ods. In fluorescent quenching experiments, fluorescence changes were automatically recorded in real time by
combining Microlab 500 Series Dispenser and PTI fluorescence apparatus.

Keywords Bovine serum albumin; Fluore scence probe Indo-1; Binding-site number; Interaction; Fluores-
cence spectroscopic method
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