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Binding interactions between rhaponticin and bovine serum

albumin with mediation of metal ions
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Abstract: The interaction between rhaponticin  (RT) and bovine serum albumin (BSA) was studied using fluo-
rescence spectroscopy and absorbance spectra. Based on different theoretical models of fluorescence quench-
ing, the binding constant (K) and binding sites (n) of the interactions were determined with the effects of metal
ions on the interactions considered. The binding distance (r) and energy-transfer efficiency (£) between RT/
RT-Co (II )/RT-Ni (I ) and BSA were also obtained using the Férster theory of non-radiation energy transfer.
Results showed that RT bound BSA by forming a stable complex and the micro-conformation of BSA changed
greatly due to a hydrophobic change in the chemical environment of the fluorescence chromophores within the
relevant subdomains of BSA. Therefore, metal ions Co( Il ) and Ni( Il ) could compete with RT-BSA interac-
tions, thereby shortening the binding distance between RT and BSA; however, to precisely quantify the hy-
drophobic effect and micro-conformational changes of drugs on proteins, we suggest a new formula defining the
entention degree E,. [Ch, 8 fig. 3 tab. 31 ref.]
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A B wEA P IIRE R Y KA, LT 2 (bovine serum albumin, SA)J& A FIsh ¥ 1fi 3%
e ERFEEMNEAR, EEAMESEZ N, ffRiKEsk, NMrFEESEH. nEa&EaT51F
ZeRE TS, WRNY . IR, . RS RSN REEY g A E e S A E AR
S, BAGTREBUN, WK, RUEMERE, 5AFICEBAEMEN RS, B =ik
Fro B, M AR FURIRSE S T B R . AR ae L AR L I R s L A S 4
J7 T PR B (T, AR R RN R B S LY, R KRBT (thaponticin, RT) 43+ 8 CyH,0,,
i 20 0 3-F8-5-[ (1""E)-2""-(3'-Fe k-4 - S S ORI ) 0 5 R JK-B-D- A MY, 9 R LG,
J& T, S&—F) A T 2B Polygonaceae FH 9 o i 2536 M gy, A BUR, HMOEMIEIR, B
WA, KEwE, o, sl 8O, WA PUA RN RS, Puiie Myt s S ENY, SEE
T Z A Al B A . WFIE A B0 . Bl 0 b i 2048 1 Y B B2 R 4, R 4EA R By,
AR ST, PUAREEZ 8k 2 B BT DGR 03 i3 F1 8 s 26 8 SR, O] 5 i b
) L-2H R o- B ERE HARSG G o AR T & &8 5 F R 252 i 21 RT 5 BSA A EAER], B
e, WF5E 4R B 778 RT-BSA 45 G fe b Bk i S AL I8 A S 2Ry Se b LB, BT, &R e
T CID) AR (D AAET, BREH 54 07 H & H (BSA) Z 18] A A L AEHIWFFE i R W SCHRHIE .

1 L3

1.1 EEFK

F-4500 % 2¢ 66 B+ (Hitachi, H A ); UV-2450 %18 4h-0] UL 4356 % B i1 (Shimadzu, H A ); ZD-2
UG %R (g SRS, hE) .,

+REA (RT, =99 %, B FRBELGREABRAR); Sl AHEA(BSA, =98 %), —FHFH i
FAENBE(Tris, GR)BIMG A LIGELEY TRAF,; IR, MIRE . MRS el 5Lk
FHK A7 28 18 2 8 /K . el 0.1 mol- L, pH 7.43 = ¥ I 3 4 3 H - S 1k & (Tris-HCI) 2% #h i Wi
(% 0.10 mol - L' S AL AN AEFF B 7o T ), HUILZE vh i B ] 1.0 x 107° mol - L' BSA } 1.0 x 107 mol - L™ RT,
RT-%4 (1) (BEREE = 1: 1), RT-8R(I) (BE/REL = 1 DR,
1.2 XWHZE

BSA-RT IAWA R, BSA-4J& B 1 (M> = Co*, Ni**)-RT ¥ WK £ 99 61 & . B 2.5 mL
BSA AW T 1 em APEH AN, ZRIMA 1.0 x 107 mol - L'RT/RT-%4 ( I )/RT-42 ( 1 ) IF W k4798 i 1
(T E 7 BIMR T <200 L), PAGEOh Mo eas (RS IE . DN i 2 9 5 0k B 88 58 35 0 2.5 nm,
A 1200 nmemin™, &K R 282 nm, iR T2 250 ~ 500 nm & GG, G0 58 5 R RO
K Ab i 5 B

RT WA R, RT-M>A WA Z 0 /OB M . e 5\ A Y M2 11 RTIFR .
RT-4 (11 )% W Ko RT-48 (11 ) ¥ W i) W I e i

725 2 T < 4390 [ 2 K S SR I 258 AN = 60 nm J2 AN = 15 nm, I BSA-RT
TR Z, BSA-GE (D) -RT IEWAMA ZR & BSA- 8 (11)-RT WM & 19 [R5 563

2 #XR 538

21 RT, RT-8( Il ) RT-82( Il )Xt BSA I35t B R 3

K1 REEREAETEE N 1.0 x 10° mol - L B, K R B9 & 5 EIERE RT/RT-M> 4 & 1 A2 AL 1A

WP LTI, % SRR T RIVRT-MRH SR B, BSA G99 6007 ALK, B RT 5 BSA
HH A PG 92 Y608 K 2 S0 3 B 2 T 9 2075 (21 mm) . K % SHIRLTRS M RT, RT-46 (11 ) FRT-
B CIL ) Byt BSA 843 X T 4 1 e 0 5 P e A, 0 2 BRI YK P R PR, RO o 2
7 BSA K 4rF I HBHY T B 6 PRI SR8 TR PR o o0 ML L A5 1 BSA 55 M I £
JHBITIEHE AT LA e S B T8 T AR (T ) BSA 43 T34 SRR AR, A2 F A (1T
PRAEMARTHE (L) ; E5 RT 73781 BSA B9SEKBNAR L, RT-M>XF BSA 73T B ZEEH KA LA RT 43
FAEM N R, 4R BT A D) AT )% BSA 48 12 JH 05 S K S o 28 A7 %5 e 2
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Figure 1  Fluorescence quenching of BSA in the presence of various concentrations of RT(A), RT-Co(Il )(B) and RT-Ni( Il )(C)
Crmroreni( L) (X 10° mol-L), 1t016:0, 0.40, 0.80, 1.00, 120, 1.60, 2.04,

pH =740, A, =282nm, cpy=1.0 % 10° mol-L7,

248, 2.88, 3.32, 420, 4.60, 5.04, 548, 592, 6.36; the up-right diagram is the fluorescence quenching of BSA in the presence of
Co(Il) and Ni(1I).

UL CID) AR (1) A S 82 BSA R FEBR %, WE T WrfIESE, RT-4 (1), RT-
(I1)F0 RT X} BSA 43 W9 6 RAE A& A AR, Uil 4 )8 &5 74 (10 )/8 (11 )X RT 43+ 5 BSA 73+

s

Zhn|

HAEH ., B2 R RT/RT-M*K Z 1052 Y6 GiE &

REAFAE Sl AR T . TR, ARBFSERt— 2B T el B 746 (I0)/88 (11X RT 201 194
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Figure 2 Fluorescence quenching of various concentrations of RT(A), RT-Co( Il )(B) and RT-Ni( Il )(C)

pH =740, A.=282 nm, cpy =1.0 x 107 mol- L, ¢cRT/RT-Co( Il )/RT-Ni( Il )(x 10° mol-L™"), 1to 16 : 0, 0.40, 0.80, 1.00, 1.20,
1.60, 2.04, 248, 2.88, 3.32, 4.20, 4.60, 5.04, 548, 592, 6.36.

& 2 AT 0. RT 20 77 282 nm & B K T, 78 408 nm 4k BLOEOE e K& G4, JF HFi#& RT 4
R BE 3G g A s RT-85 I ) A0 RT- 82 (1) M98 iR K S it 3R IR R IRl R e 35 (HOR 4N (11 ) i
BRI ) BIAFAE AR W)k B R RT B SR R 266 & BF 6 Lo RT 40 1 B 00 A7 78 i 1) e R 266 & B I ms A R I, 1t
WIES CI0)/ 88 ()X RT 8920 7268 BN RAER . BT RT/RT-M*-BSA 1K & 9756 3 2 & 1 BSA
DUk I H e R & ST LE 342 nm BT, 5 RT M FOOLR KA SIEILFRAES, L, a4
JEE T4 (I (D) B RT (943 F 26X RT/RT-M>-BSA 1K & 1756 60 Mr i A T3,

YNNI aok R3804 B SR K MFREIE K, Horh, 28 KL FEFF A Stern-Volmer J7 2", S
7€ RT, RT-%5(I1)F1 RT- 82 (11 )X} BSA 90 K HLEI, & 564% Stern-Volmer J7 AL IR FiR A F .

Fo/F=1+K7[D]=1+Ky[D], (1)
() K AR FRERGE R BREE L, Lomol™ s 7o AP KFIANELERT AW R F WP B F4r, s;
[ D RFERFN (2595 F )R HE , mol-L7'; K M Stern-Volmer 7 K H# 50, Lemol™, B X4 FHE K F
H RO THE I G FE R F R K, = Kav/o) 5 W00 T 5828 B R BB H R

i sZaG M AS RT, RT-44 (1) A RT-22 ( 11 )55 BSA #H B AE FH /Y9 Y661 B8 3% Stern-Volmer 5 2 40 ¥
AR 3, I IGRIE A ) R o T 320 iy 7o = 107 s, U] fl 5256 45046 7T L) i Stern-Volmer
5 FE A BSA-RT, BSA-# (11 )-RT A1 BSA-# (I1)-RT IR R KHH Ky, Ko THEEERIITH L,
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1 RT, RT-Co(ll)fA RT-Ni(ll )5 BSA HHEERKE XS
Table 1  Quenching constants of RT, RT-Co(Il ) and RT- Ni( Il ) to BSA

W K., /(10* L-mol™) K,/(Lemol™s™) R
BSA-RT 10.60 1.06 x 10° 0.982 1
BSA-#(11)-RT 9.90 9.90 x 10° 0.978 7
BSA-#(1)-RT 9.75 9.75 x 10” 0.983 2

HAT, AWK F 50N T4 BAE R ZOERKALRIOE 5, 5 2 5 vk A1 e 58 8 K HL
il T 7 R 3 e RO A AR R st A 3R 5 R RN AR R A3 e R B FR R K R ROk
V) B2 7 2 I AL 7 g — b 53k S 3 ok 72 ek 52 6 ke T B M T 0 R ML T AR S =
HARSZEG S50, AWF 5T R A IA) 322 L 35 2 FU W RT/RT-%5 (10 )/RT-82 (11 )55 BSA A0 HAE FH B9 67 K HLH

M 3 45EF 145 RnTM. fER R ETE BN, RT, RTH(ID)F RT-# (1D )X BSA 2¢ Y62 K (1 Stern-
Volmer M £ # A RIFMLPE X R, IEFHSHE KB R Z — ARSI RFR A RU5>FHE K ol 72 5 55 5L
T8 KT ZE RN A= K 43 e KA BRI 4 438 K 1) 328 40 2.0 x 10" Lemol™ s, X BEH] RT, RT-#k
(ID) A RT-2 (11 )X BSA BRI H TRERE S | i sh 8 K, M F LW T 172G m) i
BHEK,

22 HAFHREAMAHENE
24549 5 B 1 5T 22 R) A B AR — SR FH 7 A5 45 A BT A Ak 217
V =nK[D]/(1+K[D]), (2)
KQ)H: v WFEHEEEH, WEREREARD T4 S48 FRYRE, mol; K NEEE&HE, L
mol™; n AE AN SE, M —NEARS FRRE G AW THEE ; [D] AW 2% 0y sk &
mol - L7,

X E IR SRR, B RTOCAC R E F A, AT,

Ky /F=[P]/[P], (3)

WG v e XL, g,

v=([D,J=-[D)/[P] = n([P,]-[P))/LP]-n(Fo=F)/F=n A F/F,, 4)
L) (4) 1, [DIR[P 5 R R T2 5 E AT BIRE, FAEF, 55 &R INAFAE AN T2
Yyt & H B O ER EE  MRAEC(3) I (4) BSR4 3
2AF/Fy =1 + 1K,[P] + [D]n[P] - V(1 + UK,[P] + [D,]n[P])* - 4[D,]/In[P] , (5)
D3 5 A 20 (5) AR LML G PR IUES & ROV AR RIEE G S50, BT RS 8u, #X(5) % 2A Rk XD,/
[(PIEATIIE S BB A Bh 2R (B 4), dEmiiHERA RT, RT-#5 (11 ) A0 RT-22 (11 ) 5 BSA M4 & H B K,
SO n, BRITE 2,

P 1.8
| BSA-RT(o) 1.6
BSA-Coi 11 ){o) 4l
n 4 BSA-NI(II)(2) § :
B t2r BSA-RTG@)
Lol =~ 1.0 : BSA-Co(Il)-RT(o)
0.8 BSA-Ni(I[)-RT(2)
olLe ) ! I | I I 0.6 N ! I ! ! I J
10 20 30 40 50 060 1 2 3 4 5 6 7
[2]%10 "molL ' [D)/[P])/(mol L™
B3 RT, RT-Co(Il )#= RT-Ni( Il )*} BSA &5t M4 RT, RT-4 (I )#= RT-4& (1 )*F BSA
# R Stern-Volmer B RAZAIEH
Figure 3 Stern-Volmer plot for the fluorescence quenching of BSA Figure 4 Non-linear fitting curve for the fluorescence quenching
by RT, RT-Co(Il') and RT-Ni( 1l ) of BSA by RT, RT-Co( Il ) and RT-Ni( Il )

pH =740, N, =282 nm, cpy = 1.0 x 10~ mol- L.
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BEAL, A HCEEAS TR BRI AR B S 5 & I B S RO T B A5 A S 7], AR SO 45 & % BN SR B i R A T
Lineweaver-Burk X255 )5 F2 HE A7 04 (1819,
(Fo-F)-1=FK+K'K'[D]", (6)
K(6)h, Fy AARMZGY /Ny TR IE , FRIMAZ /Iy TSR [DIIMAZ Y /Ny
TR, K ASEHE B 6)XME(F - F)? - [D]7 WA K (18 5), #EmsRTE BSA-RT, BSA-# (11 )-
RT A1 BSA-Ni( I )-RT /& R 0945 G [ i 240, MR E5 R —IF9 T3k 2,

*z2 RT, RT-# (Il )# RT-2 (Il )5 BSA REHNEESH
Table 2 Binding parameters of RT, RT-Co( Il ) and RT-Ni( I ) to BSA

bl KY/(L+mol™) K?/(L-mol™) n® RV R?
BSA-RT 6.66 x 10° 7.97 x 10* 3.98 0.998 2 0.987 5
BSA-4 (11 )-RT 5.96 x 10° 241 x 10° 4.84 0.979 8 0.999 0
BSA-# (1 )-RT 6.12 x 10° 3.02 x 10* 4.33 0.979 9 0.998 6

BLET: OMRIER (55, O (6) 5.

SR 25 AT BL A 1 R O 2 L 25 4 o BB 3 0-0201" BSA-Co(11)-RT(e)
_0.016 - BSA-Ni(I1)-RT(a

B, BLWIRT 0¥ . RT-EH (1)1 # RT-4 (1) < 0012

T4 BSA R T BAE IO A0, W00 < 0.008) s

52T BSA USSR LR e S = 0.004 L

i, SMFT ISR, TR, O&)E e AR NS TR

BTN REMAT, BSA-RT-M*{K & #9454 5Uh 1/[D]*X 10 °L -mol ™"
T BSA-RT W45 & H %, WME)EE 75 RT 701
ATRESE 45 BSA o TINS5 N, % 5e 4 X b Al
Ay B BT 24 BSA 1R G 1E BSA 53 15 Figure 5 Lineweaver-Burk plot for the fluorescence quenching of
FI R0 T2, @R[ 4 B F-4r S % RT-BSA Br 1y KT KT Ty o RENiCT
455 ROV I SE e R RE AN ], H A G BOR/ MUY Ky
Kisarr= Kpsanicnmr— Kpsasi (1110 AN, BSA-%E(ID)-RT AR R 485G 07 S8 BSA-8 (I1)-RT IR R L5 &1
BB R BSA-RT R R L5 G0 42 0.86 F110.35, Wil & T4 (1), B (11)5 RT 4»F 1l 48
SEqrE BSA o FINES G RN, MM mEBL, a8 EE T (L), B I)XF BSA 20 736 &5
MDECHERAER], AT 4fEllr, &5 (1), BR(I)[E RT 3245 BSA MZ5& /i, & (1), &)
A2 FHRT 5 BSA WUAHEAE IR, s & W 8L/ Bl TE (D), B CIDDX BSA 70 71956
PERAE I /NT RT XF BSA 737 WDKK, AIRESE &5 BSA 70 THIAE (IL), B() & T8z
TR BSA 454 RT W20 580, SOESS & W B0/ N TRy, g5 S0 80 2 0 RSS2 0 A F AL s 45
B HEARIFD Lineweaver-Burk XU EU 7 F2 AN BE 25 & R N AOYGIE R , SRR —2pygs B, Uil T 4558 4
Pri (5B, BE— D00k T & J8 2 7 A HETE RT 5 BSA (456 R e 5a 4+ 1E JH iy e .
2.3 RT, RT-# (Il )M RT-$2(Il ) E BSAWMESES

i i Foster JE 40 5 58 12 Fe A AL -2 0T ISR S 48 G 43 - 2 1 5 43 1) 19 R 2t 2 B R B e K50 4y
THEARG T YOCR FREEMZ G IE R PRI, 26 R FHA R AR KAK Z 18] 1Y g & 55 B 3008
E MM Z A B r Ml A RE S B E S Ry AHOK

B5 RT, 4 (I)-RT A4 (11 )-RT 55 BSA #8 &
A€ 49 Lineweaver-Burk 48] # 7 42 A

E:Roﬁ/(R()ﬁ'i‘rﬁ)o (7)
L (D, ENBERFERACE, Ry NAEREBBOR E = 50%0F (il 5L A8 FE e
Ry = 8.8 x 105K*N*dJ, (8)

(&) K MRS EH R T, N AN RAITHIEE, @ WIRIENCE FRCR, J A RE(ER )L
K AEIE 5 2 K (259 WO IS B B9 6T &L, em®sLemol ™,
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J:]:ﬂxmumwmd:nxon (9)
RO FOA) NI AEP R A AL DEETRE | e (A) 2L A AL B SR U £ %L, L-mol™-

CIII]O
AR CR E 4% (10) # A .

E = 1-F/F,, (10)
) ITEHIEE ST o (R 3) . EARTIZM T, B ZS B BTk 95 45 6 90 45 10 B AL 43 A
B, W) K? = 2/3%2)) ST RCERIRE AR AR EM @ = 0.118"73) 47 5 $5 £k (1.33) Fr A HLY
(139 WA N = 1.36™, KLU L&A (]), A1 BSA ilE A AE=IEE Ry, HIxX (10) K158
HRACR E, dhmit R A E %5 (7)2K H BSA 4375 RT, RT- (1) RT-4 (11 )4 FZ & (r),
FH I g i 5 B S5 T3 3,

®3 RT, RT-# ()M RT-$& (Il ) E BSAREEHSH

Table 3  Energy transfer parameters between quenchers and BSA

a3 J/(em?+ L-mol™) Ry/nm E r/nm
BSA-RT 1.46 x 107 2.61 0.394 9 2.81
BSA-%i (I )-RT 1.15 x 10 2.51 0.317 4 2.85
BSA-# (I )-RT 1.19 x 10™ 2.53 0.307 1 2.89

B, N =136, ®=0.118, K*=2/3,

30 0L. RT/RT-%5 (11 )/RT-4 (11 )5 BSA 4 FH4 G &Y /NT 7 om, FH RT/RT-85 (11 )/
RT-#2 (11 )5 BSA 23 FZ [ A] LR A AR fR S Ae it 4 % o &6 (1) FER (D) B9 Al BSA-RT 1945 & 1 2 45
SIHER T 0.04 nm 1 0.08 nm, UL E&JEE A SAEMMETR RT 4075 BSA 70 FINAS G L T 281k,
2.4 RT, RT-# (1l )# RT- $2( Il )3 BSA &K=
241 RFREEE FEAFEEIOCERED, AL = 15 nm B8 B E R IR L 0 5O R E, AL =
60 nm {7 {0 2 R % S (1 S e S AR o B T v A R A S 11 die R ke DK S L Ak B 1 B M A
K, 0 H B KR S AR Y 7S A R R A SR B A AR R R VR B, T TS K RT/RT-4
(ID)/RT- 88 (1) pydk g, wI45 3] BSA B [FE 20000 (B 6) . MIEL 6 AT UL . BSA B2 3 2 iy (A 2 iR
Jr ok, B PR IGRR BE RGO, AL = 60 nm 19 [A] 25 9O GIE R R A S S L A 08 (97 4 nm), AA
= 15 nm W [0 90O e KL IR EEA B Ak, BEIWIASE S 2504 7, RT, RT-%5 (1) A RT-#2 (1)
I AT BSA 0 1% 5t I Jo] L A s XA 52 7= A= 52w, il RT 43 8% A (502202 5% 56 T 7E BSA K40 F I 1
DX 5 T O BCAR T 6 SR B R S B A S XA 2, AR IR (0 A R AR EE R I, B X B K AR R RS,
a3 (0 B8 TR e B T O P R T ARV R R BE v, el s £ B R 4% i ) L A B /K MR AR, I8l 6 BSA 5
M>AH B AR F Y [ 28 5 6eig vl LUE (G EAIED) . @@ e 766 (10 AEL (I XSBSA 3 Y (5 22 1 1 i
RIRTEHE A VO A IS E K AE T, B5 BSA-RT 1A R Hr 958 KW M e, BSA-RT-M>{A £ BSA /3
TFIZENHERASLL RT s FAE R 32, [WIRT, 408 B F (M>) %) BSA 0 82 2 Fil i 52 2 5% S [7) 28 5 i K
() fe K& G A AN R, Ui RT/M> X BSA B XA 22 1 52 i J2& LA RT 43T A9 52 £, 2 %0 BSA
T 585 MNEEMRAN, H.OIEERE ] LI i3 A 45 F 48 ( h N-35 I 16 K M domain [, domain
L F1 domainlll ), X L& 254 355 32 22 o-BRTE S 1] AT IR A, B9 A 38 30 ARE 1A X 1Y 2 A B 7K 1 25 s
15 (subdomain A F1 subdomain B)JE M, 7r 7 A 2 >0 &R HTrp134 Fl Trp212 {2, Trpl34 4T 1B
Wk, BEIXIREEST BSA 43 F R, A TFEAKABE R, Trp212 4T A Wi, BIXIRA T BSA 4 F NHE,
IR K E T, Trp212 20 1 A F A Bk FE R FIE L, sk ETESS G 25 Bl 17 £ %
FEHIE k2040 Hr RT/RT-M*43 ¥ 45 & BSA AEHITR AL 94500, 73t R #Eie . RT Z» FARFTREh T o
KAVEF A BSA K501 Trp212 5% 3 7 78 (0 5 7K 1 I 25 #4 38k TTA 0 I 408 1 €0 2 1R 4% 356 J) 1A A IX Ay
G, A4S IREE (0 feh Jre AR BE 3 m, 32 ] L ) i K P AT
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B 6 RT-BSA(A), RT-%4 (Il )-BSA(B)#= RT-4& (I )-BSA(C) % % #9 ) F % K b #
Figure 6 Effect of RT-BSA(A), RT-Co( Il )-BSA(B) and RT-Ni( Il )-BSA(C) on the synchronous fluorescence spectra of BSA
a:AX =60 nm, b: AX =15 nm; ¢y = 1.0 X 10° mol-L™'; cpe( x 10° mol-L7'), 110 16 : 0, 0.40, 0.80, 1.00, 1.20, 1.60, 2.04,
2.48, 2.88, 3.32, 4.20, 4.60, 5.04, 548, 592, 6.36.
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Figure 7 Relationship between extension degree and the

concentration of RT/RT-M*
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Figure 8 Binding trend curve of BSA in the presence of various concentration of RT, RT-Co( Il ) and RT-Ni( Il )
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