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1.1 Y% 55

%% . Jasco FP-6500 B %¢ Y6654 CH 4) 5
Jasco J-810 B[R] — & 635X ( H A ; Jasco V-560
A1) L 43 6 63 AL CH A8 5 Julabo F-12 #Y
il V3 RN ARG PR 2 (T D).

R WL B H W A 26 [E Sigma A A, RS
& D44K ,D60K . K56D H F # = i i PCR & s
RAFARAT. A B A A & R R 5 < 1070
mol « L' M8 W, JF & T 4 CORAF, NE L E
I )3 5 BT B9 ¥ W CuCl, (43 B 4l e i A
1X10° mol « L' fifi 8 W ; Z& w5 Wy PB 22 o
W e FE K 0. 05 mol « L', pH 7. 40 B il 3 77 B
FHIK S 8 K.
1.2 285k

(DG 1 I

B 2.0 mL 5X10° mol « L '#) Mb(K56D)
VWT 10 mm A @A, H 5 pL Sl dF
WZBEEIMALE CaCIDIEW (BERL pL, Bl &
WEUNF 10 p1),298 K F AR 3 min, 3 & K
9 280 nm, it 5 290~400 nm %G K FOGIE,
FELL AA=20 nm Al AA=80 nm 3575 [A £ % ot
BRI 303 K Al 310 K A5G0 1% Fil [A] 26
5 . T e B W) Y A% 1R e B A R
Mb(D44K) Fl Mb(D60K).

(2) 22 AR W' % 1) )

D5 A b iR AT 298 K.

(3) B 0 S35 1 )

D5k L BHO K 200~250 nm., 53 50
nm * min LW EFTE] 2 s, B @G 1 mm., Bk
2895 1 nm, 454 Bt 3 K.
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TP ARLEW KB KZ A ——F1%,
LA Mb(K56D) 5 CuCI1)1E F % & Sk 51 i 15
Uk, A S BT A B 1R REAE TR 050 24 7E 280 nm
BT . B2 A BT v D5 A R R R 1Y O A R
wn’ BRAESIEM. B 1§ Mb(K56D) Y454 i

S EEBE CuC D Jm AT (0 184 Jon i 384 5, L9 4 s B
WA XA CuCll)H) 5 Mb(KS6D)/EH & fifi 25
F3 T K & PN 8 55 2% B0 I 7K 35 P O 37 0 8 1 Ok
{4 A AP B R A R R o BR AT iR Y
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Fig.1 UV absorption spectra of Mb(K56D) with
CuClD)
(¢(Mb(K56D)) = 5X 10 °* mol« L")

different concentrations of
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Fig.2  Fluorescence spectra of Mb(K56D) with different
concentrations of CuCIl) (¢(Mb(K56D)) = 5 X
10 mol « L")
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A R 2 K W A T 323 nm. AR S5 R
FI G B 20K, W R L R R A8 J5
HEHNEBE K XA, X — 25 /A TREEKE
&8 B A EAE . 5 S AN IO IS A R — B
Bt a8 CaCll) 5L E A & A= 808 1Y A 5.
YER. S8 1k B3 FpoRE B AR LB AR SO R
() T AE.

2.2.1 AeBHERIE EAHEE 7T CUT,
LET 2 1 REAR A A% b DR K SR 25 /. AR S 30 15 iR
3 AN RN BE B ZEAN RN X Cu (D) 5 LA
F B 5 78 (AORH B AR B R . BT SR B X 3 AN iR
B —A IR (298 KL R 25 C), — A~ 24 HE
JE(310 K, B 37 C) ., 53 — A& 75 % il A B
JE v ] 4 — N REE (303 KO L T 3R T4 43 L B HE 2%
AR/, W ER B A B EEENEEE T
CuCll) 5 WL2r 8 | K 58 748 ik 2 Ta) 1 1T i 22 46 B
A 3K — U R S0 LA 52 ¢ v U RE X BT 5 A 1Y
ST 3 AT B A AR b L BE T 5 T B 6T U
KA H AR A2 BLEE. AR P8 Stern-Volmer' '
BGUAOOER,LWLE 3.5 K MK, 3l 7% 1
.

Fy/F =1+ K,tc(Q) = 1+ K,c(Q (1)
K Fo A F 43 512 A& I F AR K F Q) i}
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Fig.3 Stern-Volmer plot of Mb(K56D) with

CuCIl) at different temperatures
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Tab.1 The bimolecular quenching constant (K,), the

dynamic quenching constant (K, ) and the

binding constant (K,) at different temperatures

T/K Ky/(L+mol™! +s™1) Ko/(L*mol™") K,/(L=*mol™"

298 2.64X10' 2.64X10" 3.10X 10"
303 2.37X10" 2.37X10* 2.92X10*
310 2.00X10'2 2.00X10* 2.57X10*

WA CuC )5 Mb(K56D) 2 [a] & 8 A 7K
AR M Lineweaver-Burk X2 % J7 #2015 .
(Fo—F)'"=F'+K,«F'c'"(Q (2
RIEX 2O ERL WE 4,k CuCllH 5
Mb(K56D) A1 B.4E JI ) 45 & % 8 K., %) T % 1
hOZ R KRR EBRMKBEART CuCll) 5
Mb(K56D) &5 & IE i & 9. #f — LIk W] — % 1k
P T i 25 52 5 W 1) i S K

9
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Fig. 4 Lineweaver-Burk plot of Mb(K56D) with

Cu(ll) at different temperatures
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Fig. 5 Double-lg plot of Mb(K56D) with CuCll) at

different temperatures
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Burk WETHA 456 080 K, 7280 9 B AR AR
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M 1. FEH Mb(K56D) 5 Cu D) R EEE AW
SELAHERE 15 1 B L BTE R

% 2 Mb(K56D) 5 CuCll) A0 T AE A th 4 & %
B EEMLEBREIBAF5H
Tab.2 The binding constants, the numbers of the

binding sites and thermodynamic parameters

for the binding of Cu(ll) to Mb(K56D)

T/K % FZE n K/(L*mol ') AG/(k] * mol 1)

298 0.996 0.8517  0.57X10* —25. 641
303 0.998 0.8431  0.46X 10" —25. 868
310 0.996  0.8410  0.39X10' —26.185
2.3 R HE
AW A /Ny T G R S AR A

YRS FICE G W, X S0 R G A 46 S8 i K
FHEAE R Fr L 5| ) R A ) 55 RIS RE AE AH
U AE AS BT 5 8UE T I i S 8
BV AR et
In K, =— AH/RT + AS/R 4
AG = AH — TAS 5
I Lh In K, X 1/T FER & ks AR
AH(—12.126 kJ » mol ') fI A AE AS (45. 353
K D RN GHITA 3 MRETH
AG, W 2. AH<<0,AG<<0,$tH CuCll) 5
Mb(K56D) #AHEAE HI & — A A & 1 & B 5

J + mol™!

AH<C0,AS>>0, A | Wi B AE H 102 CuC D 5
Mb(K56D)JE i & A 4 (1 2 222 55 97 7R iR R
298 K BF, AG WA 52. 7% B STk ok B T B 22
AS, I 5 7K A 2 e 28 S BT 261
YEH 7.
2.4 HEBPRENIFE

RT3 CuC )5 Mb(K56D)E J§
FAE AN DL AR &7 B 0 M R
HIEWHSEAYNIEE. sk A it e
HAMARE AT e LR PIR. B 2 PR POk
JEREB A KA AR L U I 3 (4 A B AR R AR
Srnet . AR O B B B A 43T N R4 )
e WA, R R Z RTE E &Y o F N
M RE 5 AN CE G W Sk 43 1 18] 1Y) g it 5%
Bl A HT A, Mb(K56D) 5 CuC 1l Z [
14 RE Tt e B 2 01 N Y AR A G B LR S

& 6 H iR A [ Mk B R B9 Mb (K56D) %
JEREA CuC 1D UG, ST B — 4 i i
MR . K* VN R @ 43 )] ¥ SCHREUE S 2/3,
1.336 F1 0. 118, % M Forster JE 4 5 A 1 4 7%
WA B A S Z R Ay T 2 R S5 A R R
r=2.86 nm, X —8HE/NF 7 am. 5 E5 5 TN
eI, N, Mb(K56D) 5 CuC 1) I i
NTNEEY. KRR S Z K CuCll),
fli 15 Mb(K56D) (56 & A1 K.
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Fig. 6  Overlap of the fluorescence spectra of Mb(K56D)
(a) and the absorption spectra of CuCI[) (b)
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Fig. 7 Synchronous fluorescence

interaction between Mb(K56D) and CuCll)
(¢(Mb(K56D)) = 5X 10 mol« L")
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3.CuClD 5 4 FhLLL & A B, BB 2 07 T
FIA TR, B a2 A 5 5 45 B IE B A5 AR e . K]
SEM 2 TARRR S AR R 298 K R .4 FlLLL
HEEY CaCll) g5 & 1 aE 1T i Mb(WT) <<
Mb(D60K)<<Mb (K56D) < Mb (D44K) , iX 1%
RUEZIEEAES TS Cal D) RAMEM K —
TCE AW S G R T B ok, o A G R HE
8 Mb(WT) << Mb (K56D) << Mb (D60K) <<
Mb(DA4K) . TEA A5 A BB N, B <<7 nm.,
Y O N e LR B RS A N e = i
NEREE S Rl R L RAR: A & B T = 9 N
ZJE, R EE AR R TS SRR
FHEGEMEAY. EMAEAE CuClDH 4G
B, AR ) w5 i AE R s K M A2 2
AL H i K AE X T AN 18] 8 ) 5Tk /N AN [,
M2 WAL A R R Asp B0 Lys Z
Jei o X B B B SE ARG R R T e AR T — 2
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Tab. 3 The comparison of experimental data of interaction between Mbs and Cu(I[ ) (298 K)
maken mjjf . _Iz(irl) no r/nm Zi4d1 AS/(Jemol e K1Y AH/(K] « mol 1) {;’ff/
Mb(WT)  4.16X 10! 6.07X10% 0.959 6 2.56 e A KRS 33.77 —11. 60 2.2
Mb(D44K)  7.84X10'? 8.69X10" 0.9614 3.11 e AERKIER N 54. 23 —12.04 4.4
Mb(D60OK)  1.10X 102 1.50X10*  0.9526 2.96 HHLMBFAKIEH N 26.43 —14.03 3.0
Mb(K56D)  2.64X10'2  3.10X10* 0.8517 2.86 HFHAMFAKLHN 45. 35 —12.13 4.5
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Abstract: The interaction between Cu( [l ) and the mutant proteins (D44K, D60K and K56D) which
are attained by PCR site-directed mutagenesis is investigated by multi-spectroscopic techniques. The
results show that the fluorescence of all the Mbs is quenched regularly with the addition of CuCIl).
The quenching belongs to the static fluorescence quenching. But the binding constants, the numbers
of the binding sites, the thermodynamic parameters, the binding distance and three-dimensional
conformation of mutants are different from wild type. At the same temperature, the sequence for
binding strength is Mb(WT)<<Mb(D60K)<Mb(K56D) < Mb(D44K), the electrostatic interaction
and hydrophobic power play dominating roles in the course of binding. The binding distance sequence
is Mb(WT)<<Mb(K56D)<<Mb(D60K)<<Mb(D44K). The effects of Cu(Il ) on conformation of Mb
and mutants are further analyzed by multi-spectroscopic techniques. The experimental results indicate
that the mutants of Mb become easier to interact with Cu( Il ), and a-helix content of the mutants
decreases more after interaction with Cu( Il ). In all, mutation in surface-charged residue Asp44,

Asp60 and Lys56 has an effect on the conformation and function of myoglobin.
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