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Table 1 Assignment of the Raman Bands of Cu:Zn;SOD and its Derivative
Cu;Ni:SOD (25°C, Laser Power: 80mW)

. band frequency /cm '
sesignment CusZniSOD™ __ CusZnsSOD CuzNi2S0D
932.0
C-C stretch 961 958. 1 961.9
phe ring mode 1005 1002. 4(s) 1002. 9(s)
phe 1031 1031.0(s) 1029. 5(s)
C-C stretch( trans) 1063
C-C stretch 1071 1074. 8(m)
C-C stretch 1096 1096. 0(w) 1094. 0(w)
C-C stretch( trans) 1126 1127. 0(m) 1133.3(m)
phe 1172 1175.0(m) 1168. 0(w)
amide [ 1246 1247.0(m) 1240. 0(m)
amide I ( &) 1265 1277. 0(m) 1267.0(m)
1280. 3(m)
amide 1286 1292. 1(w) 1293. 0(w)
C-H: twist 1317 1314.2(m) 1315.0(m)
C-H: twist 1341 1339. 1(m) 1348. 0(w)
asp, glu »(COO~)C-H:, C-H; bend 1402 1397. 1(m) 1404. 8(m)
C-H,, C-Hs bend 1451 1448.8(s) 1449.8(s)
amide | 1670 1669. 6(s) 1671. 0(s)

£ 2 Raman BB EENENEA-REN
Table 2 Raman Bands Assigned to the Secondary Structure of the Proteins,
the Conditions are the Same as in Table 1

frequency /cm ™'

enzymes a-helix B-structure random coil
Cu2Zn,SOD 1277.0(m) 1669. 6(s) 1669. 6(s)
1292. 1(w) 1257. 1(m)
Cu:Ni.SOD 1651. 7(m) 1664. 8(s) 1664. 8(s)
1670. 5(s) 1670. 5(s)
1230. 0{m) 1239. 4(m)

1292. 2(w)
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Fob, BBk DAL I a9 4k 3 57 2 B AR % 38 BE o FRAR IR B I R &6 1216 90, SOk o) 4%
th, ZRH o WA E D Raman i E £, KB [ 09&EAF 1655em ™", BElk W 6986 T

EE A
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Fig. 1 Raman spectra of the proteins obtained from water solution, 25°C, laser power: 80mW

a: CuZn,SOD, b: Cu:Ni;SOD
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Crotein [agoPeein = Sebhaao® + foliaao? + fahaso® (1)
Ce 16327 = fuLien™ + folien® + Jrlien® (2)
Co" Leso®™ ™ = falisso® + folwoso® + frlisso™ (3)

1.O= fi + fo + fr (4)
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Fig. 2 Raman spectra of the proteins obtained from D0 solution, 25°C, laser power: 80mW
a: Cu2Zn,SOD, b: Cu;Ni,SOD

B, BT ERFBARSEHERE, BAXH Lo 53 5IRES SOD EABEBRE DO &
B BB T B KK Raman EEE v L EMXRE, (B 2(a, b)), AET R, phe & amide
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Table 3 Revised Standard Relative Intensities (I,*, I? and I,*)"! and those of
SOD for Determination of Conformations Contents in Protein

H,0* D,0*
1240cm -' 1632cm "' 1660cm -
Cu2Zn.SOD 0.704 0.324 0. 68
Cu2Ni>SOD 0.70 0.31 0.77
L* 0. 00 0. 80 0.55
1B 1.20 0.72 0.88
1, 0.60 0.08 0.78

(The spectral height at 1448cm ' is used as the standard, the conditions are the same as in Table 1)

*: solid proteins obtained from water and D;0 solution respectively

BERIPEAFTBERL~4,TUHEHBEAN _REHNEE, SR LE 4,

B3 4 WA, Cu2ZnSOD & 3.0% B9 - $BHE, 45. 1% H9 B- % 51. 9% KT, 5
X- SR G IR G5 K 2 7 A8 ST LD AR 048 s 58+ 4 IR, X 90 Raman BIE TR E
SOD B & 55H, 5 Cu.Zn,SOD 3%, W LIE i Cu:Ni,SOD B 8- ZH & BHX BT XL
& B BATY AV BILWE CuaNi.SOD K95, 25 CuaZn,SOD 15 £ 89 40% , Y8 SOD &
EHRE B SR, TSN, X2 HF7%E SOD F, HENTEMFEESL
R B BHEFREME RN — MR MENEEEE, AL THS, SRR EENNE
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Table 4 Percentages of the Secondary Structure of Cu,Zn.SOD and its Derivative Cu:Ni.SOD(% )

enzymes methods a-helix B-structure random coil
Cu2Zn,SOD this work 3.0 45.1 51.9
Cu2Zn.SOD X-ray'!! 5 45 50
Cu2Zn,SOD FTIR!" 0 51 49
Cu:Ni-SOD this work 8.2 27.17 64.1
$ £ X W

(1] McCord J. M., Fridovich I. J. Biol. Chem., 1969, 244(22), 6409.

[2] Dong A., Huang P., Caughey W.S. Arch. Biochem. Biophys., 1995, 320, 59.

[3] Djinovic K., Gatti G., Coda A., Antolini L., Pelosi G., Desideri A., Falconi M., Marmocchi F., Reottilio G.,
Bolognesi M. J. Mol. Biol., 1992, 225,791.

[4] Tainer J. A., Getzoff E. D., Beem K. M., Richardson J. S., Richardson D.C. J. Mol. Bio., 1982, 60, 181.

[5] Blundell T. L., Johnson L. N. Proteins Crystallography, Academic Press: New York, 1976.

[6] Wiahrich K. NMR of Proteins and Nucleic Acids, John Wiley and Sons: New York, 1986.

[7] Bax A. Ann. Rev. Biochem., 1989, 58, 223.

[8] Yang J. T., Wu C. C., Martinez M. Methods Enzymol, 1986, 130, 208.

[9]) Hennessey J. P. et al Biochemistry, 1981, 20, 1085.

[10]Sun W. Y., Fang J. L. et al Biopolyr;wr, 1997, 42, 297.

[11]Williams R. W. Methods Enzymol, 1986, 130, 208.

[12]Lippert J. L., Tyminski D., Desmeules P.J. J. Am. Chem. Soc., 1976, 98, 7075.

[13]Zhao X., Wang D., Spiro T. G. Inorg. Chem., 1998,37(21), 5414.

[14]Wang D., Zhao X., Vargek M., Spiro T.G. J. Am. Chem. Soc., 2000, 122,2193,

[15])Zhao X., Wang D., Spiro T. G. J. Am. Chem. Soc., 1998, 120, 8517.

[16]Lepork J. R., Amled L. D., Toorrie B. H., Andrews B., Kruuv J. Arch. Biochem. And Biophys., 1985, 241, 243.

[17]Qian W., Luo Q. H., Shen M. C. Bioelectrochem. Bioenerg., 1996, 39, 291,

[18]Ming L. J., Valentine J.S. J. Am. Chem. Soc., 1987, 109, 4426.

[19]Chen M. L, Lord R.C. J. Am. Chem. Soc., 1974, 96,4732,



+ 268 - X H o ¥ % #® %17 %

A Study on the Secondary Structures of Copper-Zinc Superoxide
Dismutase and its Metal-Substituted Derivatives by Raman Spectroscopy

TANG Yin-Yan WANG Zhi-Lin YU Qing GENG Jin-Long LUO Qin-Hui*
( State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

The Raman spectra of copper-zinc superoxide dismutase(Cu:Zn.SOD) and its metal-substituted
derivative Cu2Ni>SOD were measured and the major bands were assigned. The secondary structure
contents of the proteins were obtained quantitatively. The results show that the Cu2Zn.SOD contains
3.0% oa-helix, 45.1% B-structure and 51. 9% random coil, which is in agreement with the results
obtained by the X-ray crystal analysis and FTIR, and the Cu:Ni:SOD contains 8.2% a-helix,
27. 2% B-structure and 64. 1% random coil. It can be concluded that the activity of SOD decreases

with the decreasing of B-structure and increasing of random coil.
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