49 10 2000 10 Vol.49 No. 10 October 2000
1000-3290 2000 49 10 1982-06 ACTA PHYSICA SINICA ©2000 Chin. Phys. Soc.

100080
2000 3 24

streptavidin 001

0.30 nm 0.25 nm
0.30nm  0.25 nm . 0.30
nm 0.25 nm
PACC 6043 6407
1 W H =sin tAAH? + %nCSA3H4
1968 1 - exp —%NZA2D2H4 . 2
C,
T4 tail of bacteriophage T4 D
3.5 nm.
Af 1
0.30 nm Henderson
45
X
Thon
6
2 .
3
Ir Qor
78
I r =1+4200 r 7' W H 1 914
c=n AU A U
A
W H C,

19634020



10

1983

16 17

300—600 nm
spot-scan
18 .
17
0.60 nm 0.35nm > "
0.30 nm.
0.26 nm " 0.25 nm 2 .
12 13 21—23
2
2.1
1
T H F H
TH =8 H +2¢F HW H 3
o H
3
T H
FH =5 % 4

Ad

4
F, H F, H F H
F, H Fi H
F,H F, H
DIIF, H |2
/Q:H—z 5
DI F, H |
H
F, H
F, H =kF, H 6
F, H .
F, H
15
Sayre 24
15
Af
2 W H . W H 4
FI'H. Z.
DUV E 1= Fl
R:
DUIF, |
F;
F.
2.2
X
SAPI 2

26



1984 49
Hull Irwin 27 SAPI 0.25 nm
0.30nm  0.25nm
3.2
2 a 460 nm
21 .
2 460 nm . 2Db
410 nm 460 nm
dif ¢ = ZF H ¢ H -
H
~¢ H, >FH. 8 460 nm.
H
dif ¢
I Afoe Af o
10
10 410 nm

mygexp 1@ H large average

N
= Z myexp i H ., ; N 9
i=0
N my j ]
o H
3
3.1
X 829
20
001 Cmm . 1 a b
001 0.30nm 0.25
nm. a=8.23mm 6=8.23nm ¢
=5.00nm. 1lc d 30
410 nm 460 nm
UC, D 400 kV 4.1mm 3.8
nm 0.30 nm.
0.25 nm F ht0 .0.30 nm

420 nm 430 nm 440 nm 450 nm 460 nm 470 nm
480 nm 490 nm 500 nm.

AAf.tW()
Af e =430 nm
2.5 nm
0.5 nm.
R()ne R two

7 R R two ROHC

. le 410 nm
460 nm
1 R

Image number  Af e Af one Af o R Ry

1 410.0 411.0 409.5 0.388 0.279

2 420.0 420.5 420.0 0.409 0.275

3 430.0 432.5 429.5 0.418 0.276

4 440.0 444 .0 440.0 0.437 0.269

5 450.0 443.5 450.0 0.405 0.273

6 460.0 457.0 459.5 0.393 0.287

7 470.0 471.0 470.0 0.398 0.278

8 480.0 482.0 479.5 0.423 0.278

9 490.0 491.5 490.0 0.415 0.275

10 500.0 503.0 500.0 0.416 0.279

Af e Afone Rone
R Afwo  Riwo
R nm .

1 Ad 50 nm. 2



10

1985

001
1c¢

1d

410 nm

- §§:f—¥%§@w

.

gw«m

001

0.30 nm
460 nm
0.30 nm

001
001
0.25 nm

0.25


Absent Image
File: 0


1986 49
2 Ad
0. 30
(a) Two images Found defocus value
0.24 : : Ad ) )
Afi, Af, Afia Afra
018 450.0 460.0 100 450.0 460.0
s 450.0 470.0 200 450.0 470.0
;9 0.12 450.0 480.0 300 449.5 479.5
' 450.0 490.0 400 450.0 490.0
450.0 500.0 500 450.0 500.0
0. 06 . .
N A.7(11 A.fZ[
0. 00 Afta Af2a
42 44 46 48 a0
KARAE / 10nm 0.30 nm  0.25 nm SAPI
888
0. 60 1 (b)
C
0. 45 8
2
& 0.30
31% . 1 f
0.15
0.25 nm
0. 00 ﬂ 1b
41 42 43 44 45 46 47 48 49 50 51
KEEAE / 10nm
4
1.6 x10° 1 (©
1. 2%x10° 1
2 g 0x10*
4,0%10*
100
0.0 . . .
0 20 30 40
ARtz
2 a 460 nm
b lc 1d
c 888 7
888
2
0.5 nm.
Ad
3.3
0.25 nm
0.35.
313 85



10 1987

1 D.J.DeRosier A.Klug Nature 217 1968 130. 17 P.N.T.Unwin R.Henderson J.Mol. Biol. 94 1975 425.

2 F.H.Li et al. Physics 26 1997 515 in Chinese 18  P.Bullough R.Henderson Ultramicroscopy 21 1987 223.
26 1997 515 . 19  S.B.Hayward R. M. Glaeser Electron Microscopy at Molecular

3 J.M. Cowley Diffraction Physics 2nd Ed. Amsterdam North- Dimensions edited by W. Baumeister W. Vogell Springer-Ver-
Holland 1981 p.287. lag Berlin 1980 .

4 R. Henderson J. M. Baldwin K. H. Downing J. Lepault F. 20 A.].Avila-Saker W.Chiu Biophys J. 70 1996 57.

Zemlin Ultramicroscopy 19 1986 147. 21 H.F.Fan Z.Y.Zhong C.D.Zheng F.H.Li Acta Cryst. A4l

5 R.Henderson J. M. Baldwin J. A. Ceska F. Zemlin E. Beck- 1985 163.
mann K. H. Downing J. Mol . Biol. 213 1990 899. 22 H.F.Fan S.B. Xiang F. H. Li Q. Pan N. Uyeda Y. Fu-
F.Thon Z. Naturforsch 21a 1966 476. jiyoshi Ultramicroscopy 36 1991 361.

F.H. Li Proc. XIIIth Int Cong. Electron Microsc. 1994 23 J.J.Hu F.H.Li H.F.Fan Ultramicroscopy 41 1992 387.
481. 24 D.Sayre Acta Cryst. 5 1952 60.

8 F.H.Li Microscopy Research and Technique 40 1998 86. 25 H.F.Fan J.X. Yao C.D.Zheng Y.X.Gu J.Z. Qian SAPI-
F.H. Li H. F. Fan Acda Physica Sinica 28 1979 276 in 91 A Computer Program for Automatic Solution of Crystal
Chinese 28 1979 276 . Structures from X-ray Diffraction DATA Institute of Physics

10 Z.Q.Fu D.X.Huang F.H. Li J. Q. Li Z. X. Zhao T.Z. Chinese Academy of Sciences Beijing China 1991 .

Cheng H.F.Fan Ultramicroscopy 54 1994 229. 26 J.X.Yao Acta Cryst. A37 1981 642.

11 B.Lu F.H.Li Z.H. Wan H. F. Fan Z. Q. Mao Utramicro- 27 Y.D. Liu Y. X. Gu C.D. Zheng Q. Hao H. F. Fan Acta
scopy 70 1997 13. Cryst. D55 1999 846.

12 H.Jiang F.H.Li Z.Q.Mao Micron 46 1999 375. 28  P.C.Weber D. H. Ohlendorf J.]J. Wendoloski F.R. Salemme

13 J.Liu F.H.Li Z.H. Wan H.F.Fan X.]J. Wu T. Tamura K. Science 243 1989 85.

Tanabe Materials Transactions JIM 39 1998  920. 29  W.A. Hendrickson A. Pdhler J. L. Smith Y. Satow E. A.

14  F.H.Li J.of Microscopy 190 1997 249. Merritt R. P. Phizackerley Proc. Natl. Acad. Sci. USA 86

15 F.S.Han H.F.Fan F.H.Li Acta Cryst. A42 1986 353. 1989  2190.

16  H.P.Erickson A.Klug Phil. Trans. Roy Soc. London B261 30 J.M.Cowley A.F.Moodie Acta Cryst. 10 1957 609.

1970 105.

APPLICATION OF DIRECT METHOD TO ELECTRON CRYSTALLOGRAPHIC

YANG SHI-XIN

L1 FANGHUA LU YU-DONG GU YUAN-XIN

IMAGE PROCESSING FOR TWO-DIMENSIONAL PROTEIN CRYSTALS "

FaN HAL-FU

Institute of Physics & Center for Condensed Matter Physics Chinese Academy of
100080 China
Received 24 March 2000

Sciences Beijing

ABSTRACT

The direct method was applied to the image processing for 001

simulated high-resolution electron microscope im-

ages of protein streptavidin. The image deconvolution was carried out for two images of different defocus values such that

the structural information loss due to the zero crosses of contrast transfer function could be compensated. It is shown that

the determined defocus values based on two images combined are closer to the true ones than those based on a single im-

age. The phase extension was also carried out for this protein. The initial structure factors were calculated from the theo-

retical structure model with the phases of 0. 30 nm resolution and amplitudes of 0. 25 nm resolution. Both the deconvolut-

ed image of 0.30 nm resolution and projected crystal structure of 0.25 nm resolution obtained are in agreement with the

projected potential distribution maps of theoretical structure model.

Keywords high-resolution electron microscopy direct method image processing
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