« 1270 ¢ ¢ %% Chinese Traditional and Herbal Drugs 35 45% 25 98] 20144E5 A

. I 55K
AR A ILE B B R SIS

3B, g, LA
WA B2, WHL %2 311300

H E:. BM WRIMSE AR (serum albumin, SA) 55 FANS TS (echinacoside, ECH) M F1ERMLE. Ak 4
FMF, LN Y SR ARG S SHL T REMRE ECH 5415 A8 1 (bovine serum albumin, BSA) 454
TR, AL SA 45alHl. SR WEMNAY S BSA &6 8RR, Y5 E QRN EAER ) R RS EAeE
77, HAGKIEMTT. JGikLkR M ECH 5 BSA MAHEAE S GI M, 4iamERa, ECH 5 BSA 7 FN4i&
BEES () RN, WHIRATHEEHEBYI% . ECH X BSA (K& M X My S = A= 5%m, il 45 & Or 3 Mg K vk & AR eds
I HT I EANEAF tH ECH 55 BSA [ AW G IUZS IARIE N “ 2457 #880. BSA 5 ECH Ml TAEH #1548 % ECH 5 BSA
Z I LAV A AR ) R A TR . 2 mik e BIERH T BSA 5 ECH Ml B /E R A T M E AW 4ig
Sk SEg 5B 58, nIIFST ECH 5 BSA AHEAEANLEIRE— 2 S% .

KA AR MG AR SR TR PRk E R

PENES: R XEKFRERD: A XERS: 0253 -2670(2014)09 - 1270 - 08

DOI: 10.7501/j.issn.0253-2670.2014.09.014

Binding mechanism between bovine serum albumin and echinacoside

GUO Ming, XU Jian-ting, FAN Wen-xiang
School of Science, Zhejiang Agriculture and Forestry University, Lin’an 311300, China

Abstract: Objective To explore the binding mechanism between echinacoside (ECH) and serum albumin (SA). Methods The
binding parameters were detected by spectrum experiment under physiological conditions, and the molecular modeling techniques had
been used to investigate the binding mechanism between ECH and bovine serum albumin (BSA). Results Molecular docking
revealed that ECH binded to BSA mainly by hydrogen bonds and van der Waals forces, and there was a hydrophobic interaction. The
results from spectroscopy indicated that the drug could bind with BSA to form static complex with significantly strong bond. The value
of binding distances () was low, which indicated the occurrence of energy transfer. ECH affected the conformation of micro-domain
and changed the hydrophobicity of the binding domain. The fluorescence phase diagram revealed that the changes on the
conformational pattern of proteins had been affected by drug conformed to the “all-or-none” pattern. According to the obtained
thermodynamic parameters, it also showed that the main interactional force of ECH binding with BSA was hydrogen bonds and van der
Waals forces. The fluorescence polarization proved quantitatively that ECH-BSA generated a non-covalent complex. Conclusion The
experimental results agree with computer molecular modeling, which provides helpful reference for the interaction mechanism of ECH
binding with BSA.
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SA R hEEFEENEAR, BAMEN
VAR RSN 2580y T8 A B ER). SA
FEX > F RN, WETEROR. REtiar. 5
Bo AR FATBCUF (R At thi s oy, 4Rat, ol
K%, HIL =AM O NI, H1ER
25 8 A TS AR AR FAE S P R A1
ANFE BT SA 15> T 45k Thiefs 20, AL
A A (human serum albumin, HSA) 528 IfiLid
HiEH (bovine serum albumin, BSA) & LG
YIF AL, BSA M HSA S25¥iiAH HAEH B
JLPEREAE, T BSA M BEZ 1, Bk, BSA JEEIAL
(RS2 11 54 1 BSAYOUR i 582 AN bk ik
YR PR B 0T, LA Z5 A i 3 AN
i FEANGERII R 2 N S5 AR Sk LI AR X 1 X
TERRI AT 4589, JLF BT (R K M s SRR R 5L 48 7
AT R 1R P SRR s 3 AN ZK I - HSA 2 i 585 A
R B SR 5, 1 3 ML S M
B (I~TID: S5 F3k T (FRIE 1~195), giklk 11 (5%
B 196~383), ZEFSE I (BRAE 384~585), HF4
SERI AL 2 A 25/ I3, (A F B,
6 MIABERIEAE— L, TE A BRI AL 5> 7, HSA
STHEH 18 MHEIREME, M aERikst
(Trp214) f7 T 454048 TI-A. 15 HSA AN[HZ,
BSA k2% HSA Z LR 7511 116 7 F1 585 A bk,
PLAe BSA 75 134 47 f 213 f745 1 MOEIRIRIE .
BSA 5 HSA $#JHEA) Z N HME, i ER%&
PE R 2595 BSA BIAHTAE, T LASRAS 29 25734
AR RN 2545 G HLE], A B T4 HSA-
LS HURIRR N TR 2% .

KSEIFE T WL L & 0 FRUE AR T
PRy ECH 5 BSA WM H AR, MIRAFHIE
TR E T eI A RN AL )
YRR E R SR, o1 KF B DR ECH
FBSA AHEAE I HIHLE], HEi A 4381 ECH 12554
ERPLEIE A%

1 KEES
1.1 RXFI S5

BSA TR/ H=98%) —F4 LG KL I 5¢ (Tris,
GR), LilgteEEY T AT, ECH U N 4=
98%), IR AEDHARA R w] s HAb IR 7
Mrali, S /K A ik 2508 25 B 17K o B4 0.1
mol/L pH 7.4 [{J Tris-HCI ZE57 (N E 0.10 mol/L

NaCl 4ERF 27505, FHIZE v i ic v &4 10.0
umol/L BSA I 4 1.0 mmol/L ECH " £V o

7ZD—2 TURSEIRIE T, LI RXAS) s F—
4500 56T, HAS Hitachi A#]; UV—2450
RUEAR- 0] WA O EETE, A Shimadzu 22w SGI
02 THEHNLEE T A0, DOCK %At (4.02 FiiA).
1.2 oFHEH

FIFH SGI 02 TAE¥k ) DOCK 4.02 F& /77
Y5 E AT EAE B, 34T TR
ZARE A BSA AL fKIE T PDB 2 5 fn 4
A, wiY 4F5S. ChemDraw % ECH 14 1
E Ky, Fe T 0 T 1% MM2 1134k )G A A Ganssian
AT AR AR LS > A, Ay AR B
IS8 ] AutoDock Toolkit (ADT) HEAT 524K 54
IPLACAE I o 531 S BB A B AR AN [FJ R ) JEA T
SEAL, LI FHRe s B A VI s, BN A S
SRS A5, BEMHIIA BSA i bR AL,
1.3 SKWAHE
1.3.1 BSA 5 ECH #5861 &2 ECH %)
WG E  BE 2.5 mL BSA T 1 cm ()41 5%
Feta gy, Tl g2z oA 1.0 mmol/L ECH %¥
WOHAT DN E - G R B IAFI<100 pl), 2t
WROIAT 96 IR AE, M58 I 96 R S UR BrsE
B BEYIN 2.5 nm, PEEKF I 1200 nm/min, [E & A
P 282 nm, FIE FLH] 250~900 nm (1)K 51
eIV AR I K RN R S e 2 TR it K 2
(AL 539120 15, 60 nm )RR R B [R50
ek RGOS TEREA |, 43 240 nm/min,
Tris-HCl ZiP il A T 6 IR IE
132 POt IENE By 282
nm, 56 LA E ARG FE S, 43 ARSI 5 1 T
BRI (yy) FIZKP R 3 (vn)s FFEAK
P GRS 1 T e 9 9 e (Ul )
MK 3 (an)s =i F 23] 250~900 nm
[R5 ARG iE . F2HL 2.5 mL Tris-HCl 22 T
1 em AEELCEIA, FEEdEAEZRMA 1.0 mmol/L
ECH ¥, 1K 0 10.0 pmol/L, 52 500~190
nm ELAMNEPOEIE, F13 60 nmy/min F4, Begk e
2.5nm, ZEMPEEIE 3ELR .
2 H#R5ITE
2.1 HFEUAR

SRR A ECH 5 BSA M HAEH 454
MR, 4977 & BSA 1) Sudlow’s sites . sites
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™, 6 AMRITIRSE &7 54 % triethylene glycol 244
SE 5 ST ECH 23 TR IR 3 A 43 1
X4z ECH 5 BSA M4h &R LA 1.

K 1 v W, ECH 7rF45i &1 BSA MR
PEO4S 4. ECH 20 1FF BSA BREFRILIE (Tyr149
A1 Tyr155) FIZENZ IR (Pheld®) 1RIT, XfRBET
ECH %K BSA WiEZCIE . [FINF, ECH 7015
BSA #iG ki, ECH 4r1H B ¥ 5 C Hxz
MR 75 Glul52 RAESBAEAEA, C 3 L
IR T Arglo4 RAESEANEAE-; 55—
JiTl, ECH FEILMN&557E BSA WiMEA7 fidk, FL4h

SIS B 3 Leul53. Leul97. Leu2l8.
Leu237. Leu259. Alal50. Alal93. Ala216. Ala260.
Ala290. Ala341. Phel48. Vall88. Val240. Val292.
Val342. 11e289. Prol51. Pro338. Prod46 L5k
FETE g K X3, HH 23 AU 46 A T n S b Al
R FEAEN, A SEARS TEaENE
LR Ty, (RIS AT KA AL .

M2 TR SE AT 40, ECH 5 BSA 384k
R A RTa ATy, Heq sk AE I AELE,
HEE ECH 5 BSA WSS HLEIAES 75, Hd
e SIS — 2P SE 4 TR A B o

SUBZRIE A 1.00 nm (5%3E, BSA SFCARSHRIREEBINETR, R L @A, 200 R ACREC MM 3 T2 9] (R 5
only residues around 1.00 nm of the ligand are displayed. The residues of BSA and the ligand structure are represented using stick model,
there into red sticks represented oxygen. The hydrogen bond between the ligand and the protein is represented using red dashed line

1 ECH 5 BSA HE/ERBIS FIHEE (A) RFKREE (B)
Fig.1 Molecular docking mode (A) and hydrophobic surface map (B) of interation between ECH and BSA

2.2 BSA 5 ECHHE{EARAALIERLES R

Kl 2 24 BSA. ECH J 3 LASEY I () i A4k
RINTOEEHE, 76282 nm BURIEK N, BSA BAK
SR 342 nm, 17 1 ECH-BSA 1A R 52661 nl A
Fill, 2L BSA [R5 (F) K, &
W25 5 BSA [RIfFEEAEAER, RAET ReEFERH.

Kl 3 & ECH-BSA I8 AMR e 2%, wl DA ER
BSA 44l 2k % BSA-ECH 25 BEJRIB- 51 5
ECH 2z JLF e ®E S, R ECH BIINAIA
fiff BSA [IRAMLICR A, [P 2wl i,
ECH 7 282 nm UK P K % 342 nm R N &
W, BRI, AN RS P SRR .

Bl 4 4 BSA 586 R4 itk ECH ¥ 5 17201
SHTIE 4 AT, a gk BSA [—2 Uk, MK
AT LUE HBE YN, a WEZRBIREAG; b 0&
RV RGOS s ¢ W6k BSA I 25 45i7%
JEUE . FEIE BSA WREEMISAE N, B VAR FR T
IR LG R, BSA M50 A A BRI,
XK WIZ5P0F BSA A HEKAEH] 5 IR R 5 I fr
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Fig. 2 Fluorescence emission spectra of BSA-ECH

solution system
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Fig.3 UV absorption difference spectrum of ECH-BSA
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Fig. 4 Fluorescence quenching spectra of BSA
interacting with ECH

BRI Ta, 25 CHABA 15 nm, 37 CHH
8 nm, Uil ECH Ml BSA #fisLA7 EAH EAEH, ECH
FEK T BSA 2 BRI IE I N IEZOE, i BSA 47
T ECH AHF AR P Z LR IE X FREE &
E—E k.

A 29005 FAH EAE F 5 O F
WO SR GINERK, BRI LG
Stern-Volmer J5f. FAPE KR KA S5 CAKR
TAEEES I AR EEY), SR %
Ko HEal LSRG 53 8. 1 26%  Stern-Volmer™
Jite [Fo/F=1+Kw[D]=1+Ksy[D], X Ky X
TR FER R 10 A KFIAAEENAY)
KIF T HIVEI9O6 5 6 s [DIAFE K ECH 1K ;

Ksy A4 Stern-Volmer #FKH 4, RIXUy 1R KL 7
HORE R Wy THER I FEH A H K= Ksv/n)
L TR RE RN LR ] A8 LR R. |
SIS ECH 5 BSA AH AR FH 2661 HE
}% Stern-Volmer /7 FEAb ¥ 0] 151 5.

HIF I RERFUIN AR T 00 0 4 1075 s Hike:
21O ) ey Sz Kot T LA Stern-Volmer 75 FE i
SFEANRIELE T ECH-BSA AHELAE F R K H 4 Ky~
Ky WWHERVITE 1,

357
///
3.0 // -
ayd
- o
S e '
2.0 /{/,/ 310K
/////
1.5} / ‘
/’//
1.0r~
0 15 30 45

[D]/ (umol-L™")

5 ECH *f BSA TR A Stern-Volmer
Fig. 5 Stern-Volmer curves of BSA fluorescence

quenching by ECH

%1 BSA 5 ECH #HEERAMERSH
Table 1 Quenching constants of ECH binding with BSA

T/K  Ksy/(L'mol)  Ki/(L'mols™) R
298 5.996 5% 10* 5.996 5% 10" 0.993 3
310 4.8120x10* 4.8120x10" 0.995 0

H AT, 2B K5 1 53 /N o~ A T i 5%
SRR MUBIRE ST, 3 2 ol 40 5 98 e 3 K ML
il T 7 72 LA R G316 i 4
RIS A=) Ky T B R BECAE FE  2K30 %  H
(2.0X10" L-mol s~ R Bz Il 7 e KM LA
Ty Pl e o AR a5 5 B B 9 O i KL
HIM2, H e 1 5B AT 4N, ECH X BSA 985654 K ()
Stern-Volmer M R A4FIZ LR, K (KT
2.0X10" L/(mol-s), ¥i W] ECH % BSA ¥4 K FE i
TR T ZE WL RS K. ok, R
[ T A ECH X BSA 9¢ Y6 K (1) Stern-Volmer
KK 5>, B S L, ek R EETa A,
AR T, R B R AR, D
JE 7 ECH X BSA FE K HLHIA S S K. itk 2
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AR Ui E ECH 5 BSA [R12¢ SR K ML
AT K

2.3 ECH 5 BSA HHE{EARMEEE
ENRE (n)

296 205 20 H1 75 3 ECH 5 BSA A HAF Y
BATOCHERBUE, 1258653 98 o e - K
FIUE o R AF 45 & S B0 E g i 54 P
lg[(Fo—F)/F]=1gK+nlg[DJ, b Fo 5 F 73 50H
FERFNIMNT G265 F AR R, K 2456
5, noegia st BN ECH ¥ AR IE
ANT ISR, n) DLE FER F KRR S
W [D] %% [DJ. LA Ig[D] Xt 1g[(Fo—F)/F) 1E
ROHE (K 6), K3 KA nff, 4585713 2.

(K k&

04l Cesa=10.0 pmol-L™! /
Cecn=10.0 pmol-L™" v

0.2} pH7.40

Aex =282 nm

-1.0
-5.6 5.2 —4.8 —4.4
Ig[D]
6 ECH-BSA ARRAT L MEIUEE

Fig. 6 Fluorescence change linear fitting results
of ECH-BSA system

%2 BSA 5 ECHWZESH
Table 2 Binding parameters of ECH and BSA binding

T/K K/ (L-mol™) n BT R SD WE
298 9.954 5X 10° 1.28 Y=5.9980+1.2775X 09928  0.0602  P<<0.000 1
310 1.203 0X 10° 1.10 Y=5.0803+1.0951X 09988  0.0214  P<0.0001

& 6 4544 2 W[ W, ECH 5 BSA X [AlfFAE4:
HIRERSRA AR, ECH 5 BSA f74E 1 MNgis
A7, YW ECH 4> 15 BSA B T BAa g E 4.
2.4 ECH 5 BSA t#E/ERA A BINE

00 T 5 AEYR S T IAH AR R ) 2R A 45
SUHE. Yoy, W), BUKAEAEM, fE—
SEWLEEE P, AR AR ISR D) AH WK AL
WIRT CAVHSEEAR AR A 22 280 i3RI % A
MR RTSCR I K, Sk43 ECH 55 BSA 454 R
AP % 8

AG=AH—TXAS

AG=-RT InK

In(K»/Ky)=(AH/R) X (1/T;— 1/T»)

KA AG. AH J AS HHIT3 3. 2955
15 IR 231 A L o AR 8 25490 - 22 0 K 43 1 IR AH
HAERREAE, 2995 T BAE R 2RI ]
HH 2 R A Y AS >0 I Sk K R LA P s
AS<O W REBERTEIELET); AH>0, AS>0 I
BRI KAVE ] 11 AH<O0, AS<<O I A E RIS
ey, R 3 MR, ECH 5 BSA MAHE
YR B N ARGy .

2.5 ECH 3 BSA A AR GEEHBSENE

I Forster R4S e R HLEHIT oy sk

FEKFN o F-EE Ao T e B RE (B) &

%3 ECH 5 BSA 71 %5%
Table 3 Thermodynamic parameters of ECH

binding with BSA
AH/ AS/ AG/
T/K -1 -1 1 -1
(kJymol )  (J'mol "K) (kJ-mol ")
298 —162.13 —404.77 —36.65
310 —41.50

PER AN 5 Ty 5 T 90 R Bl ik 11 45 5 R 15
(r)o PEILBRIG, GG IARFIZ I KK 8] E
FIPE Z T r Sl P RE IR (Ryy E=50%
IR SR B ) AH G

E=R /(RS +7°)

RP=8.8X 10 2K*N *dJ
K> DR A T K NI BRI SRR, @ WA
DTG TR, JARA TG 6% 5 2
WOETE ) (GRS S A A

J= [ Fyea‘dr ][ Fada

FO) R (TS TAEMA: 2 I FEBRE s o) 2VAEN K
RV ES
E MATLIARIE A X E=1—F/Fy 5.
HERAGI) UV 3% K& E RS, I
K7, A7 a7 0L, BSA (%56 K $H% 5 ECH 114K
AMRCRER AT FE S . AR Forster ¥R M-1H K
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7 BSA BRI &EGHE (a) 5 ECH BYZESMNRULE (b)
HEEE

Fig. 7 Overlap between fluorescence emission spectra of
BSA (a) and UV absorption spectra of ECH (b)

IEfRS B AR B Ut REA S 2 et L i
SET, BRESTE 7 nm YU AR, BRECR IHEREAA ST
¥ HIEAZRe A1 R A E RN fe B A IS . W
FRALREAR AN 2, PRI TG R G 5 2 fg
RIS LI E S, FEULRRATOHK, I
F AT AR A2 e iAoy TR L R AR > T I 45 B FE

ARSI iR A THA H BSA-ECH 454
IR & A J=1.43X 107" cm®L/mol, K43
E=0.310 fEARLIGSATTT, BUHAL A A K124
P L5 B AR (P38, B K2=2/3, %
TGRS RAREE ©=0.118, HTi+a% N=
1.336, ¥LLESEARANAI, F133] BSA ] Ry=
2.62 nm, r.42.99 nm. »<<7 nm, B} BSA {23t
fR5%IE S ECH M &/ 7 nm, fF&IENHEE
R, AAEMRIREE R RE s DU AR U
% ECH, 5l BSA I5EHE K.
2.6 ECH X} BSA #& I8

AR R 56T, AA=15 nm B~
IRTEIL DN CIERFE, AA=60 nm B RO R
BRIEI PGSR E . B U SRR R M B K
RO H P PRSI AT G, W th B R RS
WA AR AR AT I i 1 SR B A2 4k o [ 5E BSA
B, WG ECH W%, W152] BSA-ECH 1£ & 1)
[F2D 9t (B 8).

800 A AA=15nm

1
cool / \ Cpsa=10.0 pmol-L™"
= 400f l /é

S

N
\

P 1~8: Coen 42510 0

I~ \ 4. 8. 10, 16. 24,

), \\ L 32, 40pmol Lt
/A\\§\\

20 Sy/'\\\&}\x\

4 =
0 280 300

320

S

oF
26

B
7 000 ! /\

AL=60 nm

6 000F / \

5 000( / ;\\

40001 ' //%A\\\\\
= 3000} //%/:\ \

2000} /%/ TN \\

1000 ‘% g \\\

. // A\
240 260 280 300 320
A/ nm

8 BSA-ECH {ARMRE A 1E
Fig. 8 Synchronous fluorescence spectra
of BSA- ECH system

M 8 FT UL, BSA [)%% 5 32 2 i 4 5 1R T o ik
B 29 IR BE ISR, TS 2 R ke i 1) B K R S
FEARRFEAZ (K 8-A); K 8-B /R, AA=60 nm
I, (S PR IR IE IR I R R I L T AR S i R I
%, Ui ECH 5 BSA MAHH 54, 53 BSA M1
SR AEA, S E] BSA 4T (A IR FR L BT AL I
TR, A I 0 2 R ke 22 P A R R B AR PR DS
A R K S IR AL T30 7 B4 IRES, kA

Hahn.
2.7 BSA-ECH Z&~MN T BSA #&AST I
=AU

H TR0 TR ECH 5 BSA 454 X N Xt BSA
MG RTS8 1AL, R 2 kAR 1k
— T o DEOCHHENE AR RS A 4y Fl Ay R e
A FEA R SEEG 4 F T 9O E 1(A) A1 I(A,) (1)
AL AR B B SR EE R OGRS —
BT BEVERT, IMAE/ECL FRR: I()=a+b (),
a=LD)L()[L(A) —h(A)] / [L() —hH()], b=
[L(2) —hi(A)] ] [B(A2) —1i(A2)]

FRARRK I =a+b I0) RN AL, NWFRIR
AN () R RS R IT  EfFA “ ZAR
W7 RZAAARZN:, RIEO MRS
AR AP B %R AR N A& Ek
ZA4HZ, Hihd S HEAR MR A “eaih”
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(PR AR R, RS “ 2/
A PA Iy — aes AT B Y. 25 S e HEAA
9 Ay AR S E A A HH AR R G AH . AT 9 1T
PLA H, ECH 5 BSA 454 KON RO G B 241,
Uil ECH 5 BSA RAEFEIAN 45 GAEHII, BSA
GRS BITEBEA S FARERE, 2—4 “ =&
L XiLH
3 000: y=708.724 5+1.091 66 x

45000 R=0.99531, N=8 e
[ SD=106.765 06 P
- M5 C

4000 p<0.000 1 .

2 3500

3 000

2 500¢

2 000}
L '4.,’

1500

1000 2000 3 000 4000

I3

4500 y=646.31194+1.087 44 x e
R=0.999 58, N=8 ’//’ 37 C
4000k SD=27.58726 'y
P<<0.0001 ~

3500} o

Lygs
\

3000} -

2 500 S

20000 &

1000 2000 3000 4000

I3

9 ECH-BSA KRR AEE
Fig. 9 Fluorescence phase diagram of ECH-BSA system

2.8 RikRRAEEESHTECH 5 BSAMEEERA

P ¢ H 1 s e (1) 5 A oy T AEBOR B K
R AA IR E S o i H 9 1% n]
PIE (P HE R () KER, PRy T
KB P=(Iw—Glw)/(Iyw+Glw), Hh G Wk
EWT (G=Ln/luw), T r WHHEWEF: r=Uyw—
Glyn)/(Iyy+2Glyy), HH G Lyvs ins v~ Iy
M X5 PEAX AR [ BSA WA,
AR LR ECH i, WU mdie 5% 6 Eicdhs 44 20 X
WA BWBIARI P For i, 45RE 4.

#z 4 ECH-BSA FRXHRIRSE

Table 4 Fluorescence polarization parameters
of ECH-BSA systems

%?\ ]VV ]VH IHV IHH G P r

BSA 4479 337.4 278.0 256.1 1.0855 0.100 3 0.069 2
ECH-BSA 302.0 232.6 198.9 191.2 1.0403 0.1104 0.076 4

PRI P I r 5 9R IR e 513 B s L
PEICARTEAN, BB, I P r N
4 BT W, TR O R 5y 1 BSA B3l
R, MLV E, P & or BN, 1 BSA L
ECH KA HAEH G, BSA 1 P K r ¥E# &, it
B2 5 B 1 0 Z IRAEAE o T E R D0, TR
BEWMETRIMEIRLKR, i), T
JEANG, PRRMFEEEARK, BRI 9¢ Gl & bl 2 A
Ko LI € BUE T BSA 5 ECH K4HH HAE
M, AR T AR EZ S,

29 HFEMEXLRERNTEEDH

FRPEC IS 45 5, ECH wf (o & FRL I L R &
FRR S FTAE X A3k BSA 2 18] AT W 5 R AH B
ER o RRHEZ R BoR, fEfRsr 7 FH 1.00 nm
PTG WAFTES 2 MRSk, AR (LR
BRAEo TR R G IR G AR . R
PGS ECH 5 BSA M4 GEEEA 2.99
nm, % ECH-BSA J& [ 2.90 nm & L@k 1
WG RIA T NAAAE 2 MO IRIREE Trpl34
A Trp213, BEIRUFHLARRE ECH %K BSA W7
IS . ¥ ECH-BSA J& [ 2.90 nm [ FEIREHE
Wi E Rtk G A ECH-BSA
RR G5 KAREAE 1), 453 0L 10,

10 ECH 5 BSA tHE{EARS FXEE
Fig. 10 Interaction mode between ECH and BSA

f I 10 A7 )L, ECH 4#i A\ BSA FITAE 45 K7tk
R, 250 E NAE I A7 A 4l R AT B A X
AR, T BSA 43 7 1A TRk e
BARIIA L < B407 AR, 290 TR AT 1
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