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Interaction Between Three Cobalt(I) Glycollates and Bovine Serum Albumin
Studied by Fluorescence Spectrum
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Abstract: Three neutral complexes of cobalt(Il) glycollates had been synthesized in the solution, in which cis-
[Co,(Hely)s(2,2"-bpy),] (3) (Hgly=glycolic acid, 2, 2"-bpy=2,2"-bipyridine) was characterized by X-ray structural
analysis. It crystallized in the triclinic system, space group P2//c, a=1.003 7 (3) nm, 6=2.022 6 (5) nm, ¢=1.660 1(4)
nm, B=119.942(13)°,V=2.920 3 (13) nm’. The interaction between bovine serum albumin (BSA) and complexes 1~3
had been investigated with fluorescence spectra at room temperature respectively. The fluorescence quenching was
shown as static quenching for 2 and 3 based on fluorescence spectra at the different temperatures. The binding
constants, binding sites and thermodynamic functions were calculated. The interaction sites and binding force of BSA
with complexes 2 and 3 were proposed. These results showed that when the complexes containing phenanthroline and
2,2" -bipyridine interacted with BSA respectively, the ligands of 1,10-phenanthroline and the 2,2"-bipyridine both

perturbed the microenvironment close to tryptophan residues of BSA, but the effects were different.
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PAER, BEE 7> TR AR AL R
AR NANTNAIIZ O N R R o TR R EZ
AR B G @ B 7 50N TS WA AR Y AR N Y
WAEYIItE, YR T | AR E R
55T e SRS T I 1A R 1 P R O
W RE AR, RS2 NIRRT S A A,
B E A7 5 IE A A e, PR a5 AR
TS I FE E AR EAE, T 235 7K 4
ARy 55 BAT A= s MR RGN o3 8] A AH ELAE H
FRAE , B0 — AR 1 BR A O 7 SRS, 7 i SC
o FRATTE 2 A S AMETE LD DO
RIS T — 290 6 FUBLRE & 5 7 1L 7% 11 26 11 (BSA=
Bovine Serum Albumin) #AH B AE RO ARSCE &
B3 DAEE5H LS ) [Co(Hgly),(H,0),](1),[Co
(Hgly)s(phen)] - 2H,0(2) H1 cis-[Coa(Hgly)a(2,2" -bpy).](3)
(Hgly=glycolic acid, phen=1,10-phenanthroline , 2,2'-
bpy=2,2'-bipyridine) , F JH ¢ 6615 12 F1 4 A%
AT T EN S A HE A EAE RS,
IRV A W vh S A 1 22 S PE X E AT A IS LR
FIAH AR I A s ma e ik 2%

1 SLIEES

1.1 {EEAnIKF

CEERR (fh 24l il Sk i a B Ak T A1 BRZA A,
SACEL (Gt at il Sk T P B A T A R FD A i
T R (o0 B 20 1] 24 4 A Ak 2 3 A B ) 5 48
FENE Wk (AT 4l il Sk i Ve P Ak T A BRA R, 2,27 -
KR IE (53 B 28, 0 3k v e B AL T A7 FR A &

LIS TE Nicolet FT-IR360 21 4M 6 1% {0
K LS5 2 7E Bruker Apex CCD & A7 4%
LSER; BB IERE BN E 7E RF-540 5504006
JEIE S,
1.2 EWHE
1.2.1 BB Y[Co(Hgly)y(H,0),](1) & B

R 8 SCAkU20K: 10.0 mmol CoCl, -6H,0 % T 20
ml ZEIEK P, BiFEEELEM, MEBR (1)
20.0 mmol ZEEFRY T 10 mL W/KIEW T, JFHEA
AL BT TR pH HZH 7.0, 1R (2) %
WERMAF W (D) B 0.5 h 5, TEIR T # B4
KT LD G 775 66.2%, X iZ IR AT T
RO BLLAFRAE W 5E {E (%): C,19.7; H,4.1. FEip

i (%): C,19.6; H,4.1. IR (KBr,cm™): 986,(CO0)
1 592,; v(COO) 1 428,,1 403,, v,(Co-0) 769,,,680,,,
559,

1.2.2  BLA W[ Co(Hgly)y(phen)]- 2H,0(2) 1 5 ik,

R4 SCHRI. 8% 10.0 mmol CoCl, -6H,0 1 10.0
mmol 1,10-phen ¥ T° 20 mL ZZ/KH | fidk 2584
B A3 RIS W (1) 20.0 mmol SRS T 10 mL
BRI, IF A S A R T Y pH E 2 R
7.0, W Q2); HE W) MABE R () 1+ 0.5 h
&, TERTH#ELOS AR &SIE, 7% 43.0%,
X AR HEAT TC 2R 73BT I LT AR FRAE I 2 {E (%): C,
45.4; H,4.2; N,6.9. #it{H (%): C,45.2; H,4.2; N,
6.6. IR (KBr,cm™): ,(COO) 1 602,; »(COO) 1 423,
1 403,; 8,4.,(C-H) 851 v(Co-0) 723,,,691,,524,; v(Co
-N) 610,.

1.2.3  BLEY) cis-[CoxHgly)y(2,2-bpy),|(3) i & AL

4 10.0 mmol CoCl, -6H,0 Fl 10.0 mmol 2.2’ -
bpy % T 20 mL ZE1RK o BidE 2 58 Ul 15 2105
W (1); %5 20.0 mmol LEERRYE T 10 mL BIZK W
IS SR TR pH HZ 8 7.0, REW
Q); B MmABER O 05 h 5, TEIR
TERFEBOR T IR A R 399, X IZ s iR
TTICZR A3 AT S LLANRAE | 5 E (%): C, 46.6; H, 4.2;
N, 7.9. BBl (%): C, 46.0; H, 3.8; N, 7.7. IR (KBr,
em™): v,(CO0) 1 571,; »(COO0) 1 443, 1 400,; 8,,,(C-H)
768.; v(Co-0) 738,, 707,, 555,; v(Co-N) 590,.

1.2.4 FEAY 1~3 5 BSA MHEAEH Y ZEM &

FH Tris-HCI 2% v i W (pH=6.8) IiC ] W & 1.0
10™*mol - L' # BSA ¥, 2R )5 T — & 51 10.00mL %
‘IR TMA 1.00mL BSA W, FE40 0 Im AR R A
LA 1~3 W, 2, LA =280 nm Rk %
K, 12 5% 300~400 nm {8 09600 K 5% &
G %5 W4 B F 25.0,30.0,35.0 F140.0 C T Sz B
5 min f5, LA A=280 nm N AP A, id 5% 300~
400 nm {1 F Y 5OEO6E I E =R S Y 2
13 5 BSA M HAEHBAE AA=15 nm F1 AA=60 nm
SICI P Sleb R
1.2.5 FLAY 2 A1 35 BSA HHEAREH Y LM &

F pH {4 6.8 19 Tris-HC1 22 7 Wi e il W Ji2
7 1.0x10* mol - L™ BSA ik, 285 T— %% 10.00
mlL Z T A — 2 R BC S Y 2 T3 %
W, P53 I AR [ R B Tris-HCL 2% #h i W (pH=
6.8), A&, HHHFEISEERENRSY 2 f 3 S
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LE , I 5E 200~400 nm U FBl ) 42 461
2 #ERE5F

21 BEWIMEHNT

PEHL 0.56 mmx0.33 mmx0.15 mm K/ 8
it Bruker SMART APEX II CCD H i it 54 4%
WCAERT I EE | FEIRE 293(2) K FH & A B a
L1 Mo 5F 2 AE S A ST 4 3, DAAR 4 3 O 7R
1.74° <0 <28.37°3 B 9 L Ui 4 13 899 A~ 17 4 £
i, bl 7 A3 G 5092 1N (R,,=0.0496) , 1>2(1)
F AT UL A 2 5 092 AN IFFH TASHMEIE, Mik4s
¥ I SAINT (Bruker 2007) 1 SHELXL (Sheldrick
2008) K F A AT 45 6 i BT FBCE RS &, R A
SADBAS X T A 22 50 WU R B ATARLE , R B A%
% ,ﬁ?ﬁﬁ%%{ﬁ Fourier & m%, , ¥ B &AL AR F .
0 FWEJETFIEL2ZME Fourier &SR], T IER
JE - 19 A o B A% ) S e G PR D 4 R B de /N
Pk AT I & B 2= T R=0.072 7, BLAY 3
MR~ AN & 1 At H A4S #4 Bdie A

SRR B an gk 1 RNk 2 FR

Bl &4 3 W45 H i -[Co (Hgly), (2,2-bpy)] K-
[Co(Hgly)y(2,2"-bpy) |4 1., A6 5 7430 5 2,2 -3k
MEBE 2 1) 2 DN EE T 2 A CEERR T LR R
FLRER e 5T IR A B, DA AL AL i %\ T
REEH . Hd N(1),0(2),0(5),06) 5 Co*(1) M N(4),
0(9),0(11),0(12)5 Co*(2)43 HIL T 45 A /\ T 1A /Y 25
EOFIE b NR)F 0(3) K N3)F O(8) 43 Al T ix
2 NN ERLE P 4 A AL E B, N©2)-
Co**(1)-0 (3) 5 N (3)-Co**(2)-0 (8) M — i £ 43 5
9 170.21(16)°F1 164.40(17) °, ZELA Y, Co-0O F1
Co-N MY HEK 43 HI7E 0.202 7 (4)~0.210 4 (4)nm Fl
0.209 7(4)~0.210 7(4) nm W H N, [FEIZE 5
1 25 K4 5 1R 5 TE B 0 [ Ziny(Hlact)y(phen), | “F I & 4
[Cuy(Hlact)y(2,2-bpy),] - HLOU FEAE SEAAH L
22 BREWI3 54 NEFEAEAHEERNR

FRAE

[i] 7 2R 1M HAE E A EZ M 10.0 wmol - L A
A5 E AW BB A Y 1~3 IR, JFLL A=

B LA W (3)R AR 2 L (1 Bk L3RR 309%)

Perspective view of the molecular structure for complex 3 with 30% probability ellipsoid

Fig.1

Table 1 Crystal data and structural refinements for complex 3

Empirical formula C,H4N,O¢Co Space group P2/c

Formula weight 365.2 Formula units / unit cell 8

Temperature / °C 23 D./ (g-em™) 1.661

Crystal color Brown F(000) 1 496

Crystal system Monoclinic Diffractometer /radiation ~ Bruker Apex CCD /Mo Ko (A=0.071 07 nm)
Cell constants: Reflections collected / unique 13 899 /5 092
a/ nm 1.003 7(3) R 0.049 6

b/ nm 2.022 6(5) Data / restraints / parameters 5092/0/415
¢/ nm 1.660 1(4) 0 range / (°) 1.74 1o 28.37
B/ 119.942(13) Ry, wR, [I520(1)] 0.072 7, 0.146 7
V/nm? 2.920 3(13)
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Table 2 Selected Bond Distances (nm) and Selected Bond Angles (°) for complex 3

Co(1)-0(2) 0.203 4(4) Co(2)-0(8)
Co(2)-0(9) 0.210 8(4) Co(1)-0(5)
Co(1)-0(6) 0.210 4(4) Co(2)-0(12)
Co(2)-N(3) 0.210 7(4) Co(1)-N(2)

0(2)-Co(1)-0(3) 77.63(14) 0(3)-Co(1)-N(2)
0(5)-Co(1)-0(6) 77.72(13) 0(2)-Co(1)-0(6)
0(2)-Co(1)-N(1) 96.43(16) 0(5)-Co(1)-N(2)
0(6)-Co(1)-N(1) 162.18(15) 0(3)-Co(1)-0(5)
0(3)-Co(1)-0(6) 93.13(15) N(1)-Co(1)-N(2)
0(8)-Co(2)-0(9) 78.32(15) 0(9)-Co(2)-N(4)
0(11)-Co(2)-0(12) 78.48(13) 0(8)-Co(2)-0(12)
0(8)-Co(2)-N(3) 164.40(17) 0(11)-Co(2)-N(4)
0(12)-Co(2)-N(3) 102.80(15) 0(9)-Co(2)-0(11)
0(9)-Co(2)-0(12) 167.88(15) N(3)-Co(2)-N(4)

0.203 3(4) Co(1)-0(3) 0.209 7(4)
0.205 0(4) Co(2)-0(11) 0.202 7(4)
0.210 4(3) Co(1)-N(1) 0.209 7(4)
0.210 4(7) Co(2)-N(4) 0.210 0(4)
170.21(16) 0(2)-Co(1)-0(5) 169.13(16)
98.32(15) 0(5)-Co(1)-N(1) 89.43(15)
96.84(15) 0(2)-Co(1)-N(2) 93.4(2)

92.39(15) 0(6)-Co(1)-N(2) 92.00(16)
77.1517) 0(3)-Co(1)-N(1) 99.78(16)
97.58(16) 0(8)-Co(2)-0(11) 100.44(17)
90.48(14) 0(11)-Co(2)-N(3) 90.34(17)
158.67(17) 0(8)-Co(2)-N(4) 96.17(19)
98.81(14) 0(12)-Co(2)-N(4) 88.15(15)
76.38(18) 0(9)-Co(2)-N(3) 88.97(15)

280 nm FY I A UK 2 &% BSA ¥ ) BSA ST
E IR AW, AR5 2 5HE KR 300~400 nm
WGBTS, LA A 5 G () I e 45 A 5]
2 s,
LKA 280 nm B, BEAW 1~3 7F 300~
400 nm L FE N TCHEE K, T BSA H T H A &1y
00 TR 4736 T 2 T 5 R T 7 A PN TR e e Rt
[ BSA Bk BEANAS | 43 AR U A [ i B2 4 i
G 1~3; Bl B A Y0V B i 2 B A 2
3 X BSA 7E A=350 nm B3 A998 5 A S5 06 5 B A W)
ST AE R ECE Y 1% BSA 192865 AT I i
MR Has R E 2 s RS 45 w2 %
MGy 2 A 3 5 BSA KA T —ERED
MEAEH, MBS 1S BSA KEMEAEN,
P 3 PN S ) I G5 A e L, RIBS 2565 R IE 1Y
AH G SCHRE 122 )2 e B X S S i A W L U

5 6001 A
<& =
2 = 3 600
/ N\ g
2 /4 g \ z
g 400 / \ z
E 4 8
5 / \\ £ a0
= o
3 g
g N 8 200
g 200 \ g
2% ]
=)
T T O +
300 350 400 B

4 I8 B BOR B A N ARRIT AR T LB
R HA 5 o P 4 8 B F IO R | (kak
RIESFHEN] | HIZEC S WA IR AT AT RETC 15 45 26 11 o
AHEAEH], BIECE Y hid i 4w B 7 =2 & HA B
AEFAYRAE , IFA A B R 5 8 A B EAE
MM FEERER,; SISy Lk S a)s
BRI B S W 2 [RGB AT BE 25 52 e 2%
YRGS SEA T TR, Bz &Y
o A SR I K A A S8 S g bk kg 2,27 Ik it g
B, JLAR AR 5 8 R AR A AR 32 B I R AT g
P A B B sK =, NTRER 5 i& %
B K B BC AR FH G A AR B AT A EAE
23 BEY2MIXNGNEEEBNRALEREA

X H 57

MR Stern-Volmer 75 8 132, Fy/F=1+k roco=1+
koco; 23 BSA SECEY) 2 F1 3 IR GAK RTEAR

Fluorescence intensity / a.u.

A /nm

360 400 v 320 360 400
A/nm A/nm

A: 1; B: 2; C: 3. from a to g, ¢/(mol-L7): 0, 20.0, 40.0, 60.0, 80.0, 100.0, 120.0, respectively
P2 ASTF R BE I BE S 0 1~3 X BSA W W9 't D 3i I 22 1149 5 i

Fig.2 Effect for fluorescence spectra of BSA by different concentration of complexes 1~3
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0.6 1
5; g = 298K
: e T
v 313K
sy — 208K
024 E7 ===~303 K|
i 308K|
-~ -313K|
: : - - : 0.0 £ ; : - :
20 60 100 20 60 100
¢/ (umol-L") ¢/ (umol-L™)
A: complex 2, B: complex 3
Kl 3 BSA S5HCE YA R BEE Y Stern-Volmer 114
Fig.3 Stern-Volmer curves of complexes and BSA at different temperatures
*3 BEYWE BSA EAREIRER Stern-Volmer & H 1E AL K%
Table 3 k,, and n of complexes and BSA at different temperatures
Complex T/K k. (L-mol™) ky ! (L-mol™-s™) K / (L-mol™) n
2 298 1.20x10* 1.20x10™ 1.24x10* 1.01
303 1.14x10* 1.14x10" 8.1x10° 0.97
308 1.07x10* 1.07x10" 6.8x10° 0.95
313 1.03x10* 1.04x10" 5.0x10° 0.92
3 298 7.6x10° 7.6x10" 9.3x10° 1.03
303 7.0x10° 7.0x10" 3.7x10° 0.93
308 6.8x10° 6.8x10" 1.6x10° 0.83
313 6.7x10° 6.7x10" 1.4x10° 0.78

[F] 3 3 B 256 O 2% 3 3 350 nm A A RH X 5 B
N F, LA(F IF=1)%F B A AR B BS54 2 F 3 Y ik
B cq YERE, A5 24 L% F & H A Stern-Volmer 2K
Mgk g R aniEl 3 frs ;i Stern-Volmer J5 F22K 15
PRI 2 H RN 3R 3 B

o & 3 AT LAE Hh 7EAS R BE i 59 2-BSA
A FIBA Y 3-BSA 1K R 1 Stern-Volmer M 28 FA
A A RN F N H B IR R T
Stern-Volmer & B& Wid /N | iZ G425 K WL S8
2 F 3 T A LT AR A 2O R 7 R R #R S
HER ; Fih T4 FEHR TGN A R 43 1 d K sl
BPEKF RN 2.00x10"° Lomol ™+ LA 2
FI 3 X BSA M9 MK W 8 K, 19-F 218 530 R
1.11x10™ L-mol™"-s™ 1 7.0x10" L-mol™+ s, &K
TRy [ e KRB ASHE R E, AR — i
W BC &9 2 F 3 B 5 4 s B 8 FE R
RIS A YA EAE IR,
24 FBSBERESWEEYS BSA WHEEER

TERSPOR R D B 57 K5 531
R 25 6 H BT AR 5 't 5 B 5 3 ORI B 7 O &R R

o WREATKRSTAH o AHIRIE B A B ST 125
HE A

%ﬁf

Horr By R AT KR B G 2 5 BE 5 F oA
ATERF G DGR K R DGR KT B 45
HHL, co AP HR BEE24 ORI EE R BSA 5
Bt & 2 F1 3 HTR A 1R FR 1 58 % & 6 i £k 1
350 nm &b Ry Ko FARA B3, 1538 1g(FyF-1)5
lgeo IR IEN(E 4), B 4 50 505K 2R RNEE T
MIBC A 2 1 3 5 BSA WIS &% 8K DL S &0
RAEn(ER 3).

XTEAR A EYEAEVE ST S
BSA HHELAE 1 SCHk LA — SE o0 {8 58 o 0
XiF B A A0 E g ek K 2,27 Bk i uE FC AR R A Y S
BSA AHEAE R, AR 3 A 33X 95 G A4 1 L A
5 BSA M EAEH B AR R 2T AHE AR A
fi3H A SCE RS ) 2 F 3 5 BSA M EAEH]
MIBFSE 25 R BT . LA v 43 0] & A7 S8 I ik S
2.2/ BRI WE B AR | Z LA YR RE S BSA A H 1R

= lgK+nlgeq
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lg(Fy/F-1)

lg(Fy/F-1)

A: complex 2, B: complex 3
B4 RN A5 BSA 19 la(FyF—1)-lge, 1% R 112
Fig.4 Double-logarithm plot for the quenching of BSA by complex at four different temperatures

M AREANTS BSA MHEAEMIFERE AW )G, %2R
GO R E M PSR (3R 3) (R X T & A 2,27 -3k
M E AR ) T 5 0 T 5, 24 00 B T v e, X 5 A 48
JE 0 ok P 44 1 BE A5 90 5 BSA BT TE I & A 1 1 R
FE T IR 52 e B S /0N | HL D PR AT B R Ay 408 S bk
P A Lt 2,2 -J Nt B T 1A LA O i 1 A K 2 | AT 5
5 BSA A EAE B BAT SR Y 8 AR T 1 4
X,
25 FEEYS BSA BMIERAEBENHH

A LN F R B S A R o+ 2 R 22
LA AR e TR T WS ) T IE
AT AR, X857 B W 1E H 178 & AR M
HAEREE, RNHTE AR R AT S8 s kA —
FE R B ARk R RT DA S 0 S AR R R T 2 S
B AR Ak F B /N oy 5 R 1 T o 2 T Y 32 8
YEHI 12 RIRe 3% 4 1% AH AS LK AG W3 HAE

seor i IR 3 AN Or R R TS (e AH B
D

AH
InK = - I%T"' +C
AG = —-RTInK
AG = AH-TAS

Ross?5 Mohammed ™45 AR & K & 1) 52 56 2% 5
RGBT E R T 5/ FEE G I )
SR B ASSO BT RE S B K AR HLVE I 7 AS<O
A RE A S RIEAEAE T AH>0, AS>0 oA B (15 7K
YEH 71, AH=~0 508/, AS>0 R i /B 1 AH<O
AS<O Ry S5 FIEAEAE Ty

MK 4 F g b ] LA BCAY) 2 13 5 BSA
FIIAE I AR89 AH I AS BI/NTE %45 9
A U W 3 AN TC A 0 5 BSA T) AH AR s g o 22
VB & g Ry B ae g

x4 BEEW2F 35 BSABEERANRNZSHNITE

Table 4 Thermodynamic parameters of BSA with complexes 2 and 3

complex AH / (kJ-mol™) AS / (J-mol™-K™) AG / (kJ-mol™)
2 432 —67.1 -42.6
3 96.3 -249 -94.2

2.6 EAEYS BSA WHEEERNRBSRARILES T

[#5] 7 U R A FN R SRR R T R AN TR D 4 4
POk FUR ST 25 nT A R A 561, XREIE T
BT A G AR AR A BT TR R Y SO
FoRA T AR BRI DL — B it o iR ok
i SR 1 () 25 ORI A2 |, AT LRI €0 22 R s 2
172 114 ¥ 52 58] L A 5 0 5 & A el s /] s A 6
53504 298 K,A =15 nm 5 AA=60 nm B} | Bl &9 2
A1 3 5 BSA HHEAE FH B[] 25 98 6 Ao il 22 4%

mE s FME 6 B, 4350 FE BSA B R
10.0 pmol - L™ AZE B8 NI 54 2 A 3 VR
PR ZAE 290 nm BT ) [R] 25 5 5t 5 1% 58 1 49 34 W e
ik, [FIEF BSA 78 AA=15 nm MR A28 66 | H
NI KR S KA A 2 1 A8 4 L AE Ad=60
nm {9 [F] 25 5060 i LSO B KR S K i AR 1k
HA B ASTE RD L B A9 2 fl BSA 1958 % e K& St
WK R —ERENLOR MBS Y 3 BSA Y2
Ml R ARG KA — B PR RS %L as R
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Fluorescence intensity / a.u.

260 280 300
A/nm

Fluorescence intensity / a.u.

A: AA=15 nm; B: AA=60 nm; from a to e, ¢, / (umol-L™): 0, 20.0, 40.0, 60.0, 80.0, respectively

K5 FAY 25 BSA HILARRTE B R 25 98t 1
Fig.5 SFS of complex 2 and BSA

Fluorescence intensity / a.u.

Fluorescence intensity / a.u.

A: AA=15 nm; B:AA=60 nm; from a to f, ¢; / (pmol - L): 0, 20.0, 40.0, 60.0, 80.0, 100.0, respectively
K6 HA 35 BSA HHEAE B [E 250615
Fig.6  SFS of complex 3 and BSA

W5 2 B . 24 43 500 5 A AR SE I ORI 2,2 -6 il B i 44
ML A 95 BSA MR AR, EfT#8RES BSA A H
YERT, H 3209/ 0 #02 SV Fa i a2 ) (]
Xof 2 11 0T T e SR T ) G L ] L B 1 5 e A
ENGLSR
28 BAW2FMISENFAZEAHEEMEANE
SMRAE
PREFEC A 2 R0 3 MR EEANAE | 4 B AR

Absorbance

260 280 300 320

A/nm

W HE B BSA VTR, [ s LA [k B 9 T A 90 T R
S, 430 E WK A 200~400 nm 1948 S IO
i H SR 7 fiR

PRIFECG ) 2 F1 3 MR BEANAR | 24 BSA [V BE
BRIy RSN E 7 B, EATTHE
270 nm BT A9 IR 6 BE AR B ) s JE R K i i
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