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Summary: Atomic coordinates and backbone torsion angles are tabulated for
ferricytochrome S, of Rhodospirillum rubrum,

The three~-dimensional structure of ferricytochrome <, of the photosyn-

thetic bacterium Rhodospirillum rubrum has been described in a previous

publication (1), This protein, of MW = 12,480, functions as the electron
donor to bacteriochlorophyll in the cyclic photophosphorylating electron
transport chain of the bacterium, and is of interest because of its sequen-
tial and structural similarity with eucaryotic mitochondrial cytochrome <
(2-4),

Cytochrome S, is composed of a single polypeptide chain of 112 amino
acid residues and contains a single protoheme IX covalently bonded to the
polypeptide chain through thiocether linkages formed between the heme vinyl
side chains and cysteine residues 14 and 17. The heme iron is coordinated
to the Ne2 nitrogen atom of histidine 18 and the S§ sulfur atom of methionine
91 in the fifth and sixth positions, respectively. The heme group is planar,
as expected for a low-spin ferriheme coordinate complex (5). The S8 sulfur
atom of methionine 91 appears, however, to be slightly displaced (about
0.3 R) from its expected axial position in a regular octahedral iron complex
{ref. 1, Fig. 5).

Coordinates of cytochrome ¢, were initially measured by means of an
automated coordinate measuring device (6) on a model built in a Richards

optical comparator (7) from a 2 R multiple~-isomorphous-replacement phased

map. These initial coordinates were subsequently refined by techniques which

will be described in detail in a communication currently in preparation (8).

Copyright © 1973 by Academic Press, Inc. 47
All rights of reproduction in any form reserved.



Vol. 54,No. 1, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table I

X y 2z X 'y z X X y z

6LU 1 X 6.0 4.4 26.5 C¥S 17 CB  2L.& ZI.w 23.9 LIEU 32 CD2 13.7 2011 21.9  TYR 46 CEY 17.4 28.9 32.3
1¢x S.4 3.1 26.° 7 s 23.2 71.5 23.9 32 ¢ 9.6 19.9 2.5 46 CZ  18.0 28.7 1.1

1¢8 4.0 3.0 25.9 17 ¢ 19.1 22,0 25.2 2o 9.7 18,7 22.6 46 OB  19.3 28.2 2.1t

1co 3.7 4.2 24.9 170 16.7 23.7 25.0 PHE 33 ¥ 6.5 2C.6 23,0 46 CE2 17.u 28.9 19.8

1 CD 3.7 3.8 23.u  HIS M N 1E.4 20.9 25.4 13 cA 7.4 15,9 23.6 46 CD2 6.1 29.4 19.8

1 0BT 6.7 3.3 22.9 18 €A 1€.9 23.0 25.% 33 cs 7.2 2C.4 25,0 46 C 15,6 32.5 2001

1082 2.7 6.2 22.9 16 CB 16,6 20,7 4.3 1ce6 5.8 2.7 25.6 46 0 14.0 33,0 19,2

1¢ 6.3 .2 25.6 18 C6 1.0 26.5 2.9 31601 5.7 15.7 26,6 ALA 4T W 15.9 32.5 20.2

10 €.6 2.5 24.¢ 18 8D 16,6 21,5 72.1 33 CE1 Wb 1S, 77,2 47 CcA 1607 13,2 19.2

GLY  z X 6.8 1.1 26.2 18 CE! V1.4 21,6 21.0 33cz 3.3 15.8 26.8 47 CB 18.0 33.8 19.8
FRY 7.6 .1 25.% 18 NE2  1€.2 2C.4 21.1 33 CE2 1.5 2C.9 26.0 4l ¢ 17.3 32,2 18.1

2¢ 8.2 .8 2u.1] 18 CD2 16,0 19.8 22.3 33 CL2 4,8 21.0 25.3 47 0 18.4 31.8 18.2

20 9.4 .8 24.0 18 C 1€.2 2C.6 26.7 nc 6.5 20.5 72.S TYR 4B ¥ 16.4 31,9 17.2

ASP 3N 7.3 1.2 21.¢ 9 0 1€.E 2C.1 27.¢ o 6.6 21.6 22.1 48 CA 16.8 3C.9 16.2
3ca 7.8 2.0 2.2 THR 19 N 14,9 20.8 26.€ GLY 34 N 5.6 19.6 72.0 48 €8 15.5 30.5 15.4

1ce 6.5 2.3 21.3 19 CA 1u.) 20,4 27,8 34 Ca 4.7 20,0 20,9 48 CG 14,7 29.4 16,1

ice 6.6 1.4 20.1 19 € 13.9 21.6 28.7 W c 5.5 2€.5 19.7 48 CD1  14.6 28.) 15.%

3001 6.1 .3 20.0 190G 12,7 22.3 28.2 0 5.1 21,5 19,0 ue CE1 13.8 27.1 16.2

Jopz 7.0 2.0 19.1 19 €G2 5.9 22.5 2B.€ VAL 35 N €.6 15,8 19,0 48 CZ  13.) 27.4 1723

3¢ 8.5 3.3 22.¢ 9 12,8 19.9 7.0 35 Ca 7.5 2€.2 W.) w8 OH  12.4 26,4 17.9

3o 9.7 3.4 22.3 9 o 12.€ 20.4 25.9 35 CB 2.9 2¢.1 18.7 48 CE2 13.2 28.7 17.9

ALA 4 N 7.8 4.3 22.9 PHE 20 N 12.1 19.0 27.°¢ 35 €61V 9.u e.8 19.3 48 CD2 16.0 29,7 17.1
4 Cca 8.4 5.6 23.2 20 CA 10.9 18.4 6.9 35 €62 9.9 20.6 17.6 u8 ¢ 17.8 31,5 15.2

4 CB 7.2 6.6 215 i€ CB 1.1 7.0 26.° 3 c 7.3 15.) n.e 48 o 18.2 22.6 15.3

a“c 9.3 5.5 24.4 20 €6 12.2 16.7 75.% 50 3.5 19.7 15.9 SER 49 N 18.2 20.6 1w}

uo 10.0 6.5 24.8 20 COT 13.S 16.5 26.0  PHE 36 X €.9 18,1 17.) 49 CA 19.2 31,1 131

ALA SN 9.2 4.3 25.0 20 CE1 14,6 16,2 25.1 36 CA €.7 17,1 16,2 49 CB 20,3 3C.C 131
S CA 10,1 4.1 26.2 20 CZ 1.3 16,1 23.8 3 ca S.4 16.3 16.5 43 06 21.1 29.9 14.3

5 cB 9.8 i.7 26.8 20 cr2 13,1 16.2 23.3 36 C6 5.3 15,1 15,6 W9 ¢ 18.5 31,3 12.0

s C 11,5 4.2 25.9 20 CD2 12.0 16.6 Ju.2 6 €D1 6.3 16,2 154 49 a 127 38,5 1.5

5 Q 12,3 4.9 26.% ¢ ¢ 9.7 18.6 27.7 36 CEY 6.3 13.1 14.6 GLU 50 N 18.8 32.5 11.4

ALA 6N 11.9 3.5 24.9 00 £.6 18.1 27.5 16 C2 S.1 12,7 14,1 S0 Ch 18.2 12.8 10.1
6 CA 1303 3.6 2604 AS 2l N 9.9 19.4 28.8 36 CE2 4.0 13.5 t4.3 50 CB 19.2 33.5 9.1

6 CB 135 z.4 23.3 21 €A B.E 19.6 29.7 36 €02 4.1 6.7 15.1 S0 €6 18.8 33.6 7.1

6 C 13.7 4.8 21,8 21 ¢cB 9.4 19.7 N.2 36 C 6.5 17.9 14,9 50 €D 19.4 14,9 6.9

60 Th.8 5.1 23.€ 21 €6 10,4 18,7 314 3% 0 7.5 18,1 1.1 S0 0BV 19.6 35.9 7.4

GLY 7 W 12.6 5.6 23.% Z10D1 11,5 18.7 31.1  GLU J7 N 5.3 18.2 4.6 50 0E2 19.6 4.5 5.7
7Ch 12.8 6.9 22.9 21002 10.C 17.8 32.1 37 ci 4.9 18.9 13.) 5C C 17.6 31,6 9.4

7c 13.4 7.8 23.9 21 ¢ 2.1 21.0 79.3 37 cp 3.7 18,4 12.6 50 0 16.5 3.5 9.0

70 14.3 6.7 23.€ 210 8.6 22.0 29.% 37 ¢c6 3.7 6.9 12.3  SER S1 N 18.5 30.6 9.2

GLU 8 N 12.9 7.7 251 GLN 27 W €.9 20.8 28.7 37 b 2.6 16,0 120 51 CA 18.1 29.4 8.5
B CA 13,4 8.6 26.2 27 CA €.2 22.0 28,13 37 021 1,6 16.5 V3.4 51CB  19.3 28.7 7.9

8 C3 2% £,6 27.4 22 €3 4.8 21.5 7B.0 37 0F2 3.0 I%.8 12.9 5106 20.5 28,7 8.8

8 C6  11.7 9.6 27.% 27 €6 3.8 22.7 28.0 7 c 4.7 20,4 13,6 s1c 17.5 28,64 9.5

8 CD  10.2 9.3 26.3 2z cp 2.3 22.3 21.9 7 o 3.5 20.9 136 510 18.0 27.3 9.8

8 0E1 9.7 8.2 26.1 22 OE1 1.9 21.4 2B.7 ASN 38 N 5.7 2.1 1.9 TYR 52N 1€.3 24.8 10.0

B 0E2 9.9 10.3 25.7 22 ¥B2 1.6 22.8 27.0 38 Ch .6 22,6 34.2 S2 CA 15.6 28.0 1.0

8 C 14.8 B.3} 26.} 22 ¢ €.2 23.2 29.2 8 cs £.0 22.9 15.6 52 CB 16.3 28.0 12.1

80 15.5 9.2 27.2 2: 0 5.6 23.1 3.1 8 ce 5.6 26,7 6.1 5226  17.1 26.8 13.6

tYs 9N 15.1 7.0 26.7 GLY 23 % 6.9 20.2 78.8 8 0Dl 5.7 28.8 17.1 52 CD1 1€.4 25.6 13.0
9 CL 16 6.5 27.2 23 CA 7.0 25.4 29.6 B ND2 4.3 26,7 15.3 52 CBY 17.2 24.6 133

9 CB  16.6 5.C 26.9 23¢ €.4 25.5 30.1 3B c 6.6 23.2 13.2 52 CZ  18.5 24.5 11.3

9 CG 16,6 4.2 28.2 210 €.9 26.5 19.7 28 0 7.4 22.5 1.5 52 OF  18.1 23.4 1.6

9 €D 15,3 4.5 29.0  GLY 4N 9.1 24.4 29.9 THR 39 N 6.5 24.5 11,1 52 CE2 19,2 25.6 1.9

9 Ce  15.7 4.7 30.¢ U CA 10,5 24.3 0.4 39 CA 7.6025.3 1201 52 CD2  18.5 26.8 12.6

9 NZ 14.7 4.C 1.4 uc 1.4 25,5 29.8 39 c8 7.2 26.8 12,4 52 ¢C 16,2 28.6 10.9

9 C 1.6 7.4 2603 ino 10.5 26.z 28.9 39 061 S.7 26.9 12.6 s20 13.2 26.0 10.7

9 0 18.2 B.126.9 ALA 35 N 12,5 25.7 30.% 39 €62 1.6 27.6 11.2 THR 53 N 14,2 3C.C 10.9

VAL 10 X 171 7.4 25,0 25 CA 13,4 26.8 0.1 9 c 8.8 24.9 12.3 s3ca 12.9 3C.7 10.9
1M Ca 18.0 8.1 241 25 CB 14.6 26.8 31.0 390 9.2 24.0 132 $3 CB 131 32.0 11.8

10 CB 17.6 7.8 22.6 isc 13.9 26.4 28.7 ALA 40 R 9.7 25.4 1.5 53 061 12.7 33.C 10.9

10 CG1 16,8 7.z 21.8 25 0 12,6 25,4 28,1 60 CA 11,1 25,1 11,6 53 CG2 14,5 32,1 12.3

10 CG2 16,4 7.0 22.€  ASN 26 N 1W.€ 27,3 2801 40 CB 11.8 25.6 10.3 s3c 12,6 31,1 9.4

0 C 17,9 9.7 24.3 i6 Ch 15,3 27.1 26.8 up ¢ 1.7 25.9 12,7 53 0 12,4 32.3 9.2

00 18.9 1C.4 0.2 26 CB 15.3 28.4 26.0 [T] 12.7 25.5 13,3 GLU Su N 12.5 30.2 8.6

SER 11N 16.6 10.1 24,6 26 CG Y40 28.6 25.3  ALA %1 ¥ 3.1 27,9 13,0 So Ch 12,2 304 7.2
11 ¢k 16.% 11,5 24.8 26 oIy 13.1 27.8 25.2 41Ca 11,6 27.9 .1 Su CB 13.1 30.1 6.2
11¢8 4.9 11.8 25.2 6 NP2 13.7 29.9 269 4tce 1.8 29.4 13.7 S4 CG  14.8 3C.) 6.8
1106 I4.8 12.7 26.13 6 c 16.8 26.6 26.9 arc 1.5 27.8 15.2 S4 CO 15.7 31,1 5.8

ne 17.3 12.1 25.9 2% 0 17.0 25,4 26.6 10 9,9 28,7 15,7 S4 OB1 15,4 32,0 S.9

1o 17.5 13,3 25.9  1¥s 7 K 13.6 27.4 27.4  HIS 42 X 16.3 26.5 15.% 5S4 OB2 1€.8 36.5 5.8

LYs 1z K 17.8 11,2 26.7 27 CA 19,0 27.1 27.6 42 Ca 9.4 26.2 16.7 sS4 ¢ 10.9% 29.5 6.9
12 €A 18,7 11.6 27.8 27 ¢h 19.2 26.0 28.7 42 CB10.0 25.1 17.7 54 0 10.0 29.9 6.2

12 C8 19.2 1C.4 28.€ 27 €6 18.0 25.9 29.6 %2 co 9.1 24.5 1B.6 MET 55 N 1.0 28,4 7.%

12 €6 18.6 1C.2 29.9 760 17.¢ 204 P 42 ND1 9.5 13.9 19.8 55 CA 9.9 27.% 7.3

12 €D 8.3 8.8 0.2 7 CE 18,8 23,5 9.3 42 CEY 8.5 23.3 20,3 55 cB 9.5 26.8 8.7

12 CE 16.9 8.5 30.¢€ 27 W2 19.1 27.3 3041 42 NE2 7.4 23.6 19.6 55 CG 8.8 27,8 9.6

12 2 16,8 7.7 31.4 7 ¢ 19.7 26.4 26.4 42 €02 7.8 24.3 18.5 55 SD 9.9 29.2 9.9

12¢ 19.8 7.4 27.1 27 0 19.4 25.3 26.0 u1 cC 8.8 27.5 17.4 55 CE 9.0 29.9 11.3

120 20.3 13.5 27.6 VAL 28 ¥ 20,6 27.2 25.7 42 0 8.3 28.4 16,7 55 ¢ 8.6 28.C 6.7

LrYs 1 20,2 12.0 26.0 28 CA 21,3 26.7 .S LIS 43 N 8.9 27.5 18.7 55 0 7.7 27.3 6.2
13 CA 21.3 12.6 25.2 28 CB 22.0 25.4 24.8 43 ca B.4 28.6 19.5 LYS 56 W 8.6 29.3 6.7
13CB 218 11.8 24.1 28 CG1 23.C 25.0 23.8 43 CB 8.4 28.3 20.9 56 Ci 7.4 3.0 6.1

13 ce 22.6 1C.6 24,5 28 €62 22.5 25.4 26.2 43 C6 8.9 26.9 1.3 56 CB 7.6 31,5 6.5

13 ¢p 23,1 9.8 23.3 8 c 20,2 26.6 23.4 [N 8.4 26.5 22.7 56 CG 8.7 32.1 6.8
13Ce 22.2 8.6 23.0 20 0 19.9 27.5 22.7 a3 ce 7.7 25.1 i2.6 56 CD 8.7 33,1 1.9

13 Nz 22,3 7.6 24.2  GLY 9N 19.6 25.0 23,4 43 NZ 6.2 25.4 2.3 56 CE 10.0 33.9 8.1

1B 21.0 W.0 24.6 79 €3 1R.6 25.1 22.4 ulc 9.1 29.9 9.4 56 NZ 9.8 34.9 9.1

1o 21.9 18,5 23.9 29 ¢ 17,1 25.3 22.9 430 1.4 3C.0 15,4 56 C 7.6 29.9 u.6

crs W 19.8 4.5 24.8 29 0 1€.9 25.2 24,1  ASP 44 N 8.4 31.0 9.2 56 0 6.7 29.6 1.8
1% Ca  19.5 15.8 24.2  PRC 30 N 1€.2 25.5 2.0 a6 ca 8.9 32.3 19.3  AA ST ¥ 6.8 30.2 u.1

W Ce 18,0 15.5 24.2 30 CA 14.E 25.6 22.3 uu CcB 7.9 33,3 18.8 57 Ch 9.1 30.1 2.7

W OSG 17.4 8.5 22.7 30 €8 14,1 25.8 21.0 us €6 6.5 32.7 18.6 57 CB 10.4 30.9 2.2

W 19.3 16.9 25.3 30 €5 15.2 25.8 19.9 uu op1 6.3 32.0 17,8 s7 ¢ 9.5 28.6 2.7

%o 19.9 1801 15.0 30 Cc 16,3 25.0 20.€ 44 0D2 5.8 32.8 19.5 s7 0 10.8 28,7 1.2

LEs 15 K 16.9 16.5 26.5 30 ¢ 14,3 26,3 22.9 4uC 9.6 33.1 0.4 LIS SB N 8.6 27.9 2.1
15 cA 18.7 17.5 27.§6 30 0 4.8 23.2 72.6 4 0 9.7 3u.6 20.4 58 CA 8.8 26,4 2.1

15 €8 17,9 16.8 28.7 AsX 31 ¥ 13,1 26,4 23.6 ASN 45 N 10,0 32,4 21.4 58 CB  10.2 26, 2.4

15 €6 18,2 15.3 29.0 31 Ca 12,5 23.2 24.2 45 €k 10.6 33,0 72.6 $8 €6 11.2 27.C 1.8

15 CDY 19.6 15.2-29.8 ITCE 11,9 23,6 25.6 4s cB 9.9 37.5 119 58 CD  12.6 26.2 1.7

15 ¢€p2 17.2 14,8 30.0 11.C6 10,7 20,5 25.4 45 €6 10.2 31,1 28.2 58 CE 13.1 26,4 .}

15 ¢ 20.1 17.9 28.0 31001 10.f 25.7 35.3 45 0D1  10.8 3C.6 25.1 58 NZ  14.4 25.6 .1

5 0 20.9 17,0 28.% 31 NC2 9.5 23.9 25.2 45 ¥D2 9.6 1C.2 21.) S8 C 7.8 25,7 1.0

ALA 16 N 20,4 19,1 27,7 3¢ 11,5 2207 23.2 45 C 12.1 32.6 22.6 S8 o 7.2 28.7 2.7
1% Ca 21.8 19.6 28,0 3t o 10,6 23.4 22.8 4% o 12.8 32.7 23.6 GLY 59 W% 7.8 26.2 4.3

16 CB 23.0 18.9 27.%  lED 1: 1.6 21.4 22.9 TIR U6 N 12.5 32.2 L4 59 CA 6.9 25.6 5.3

%6 ¢ 21.6 2C.9 27.2 37 ca 10.7 2¢.8 21.9 46 CA 13.9 31T 21.3 59 ¢ 7.6 24.5 6.1

6 0 22,1 22.0 27.% 3268 11,4 19,9 20,9 46 CB  14.0 3C.2 21.0 59 0 7.0 23.9 6.9

cYs 17w 20.9 20.7 26.1 ZC6 12.6 19,1 21,4 [T 15.4 29.6 21.0 LEY 60 W 8.9 2u.u S.B
17 €h 2006 21.8 25.1 32 COY 13.2 18.3 20.1 46 €DV 16.0 29.4 22.) 60 CA 9.7 23.3 6.4
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Table I (continued)

X z X y z X y 2 X y z

LEU 60 CB 1.1 23.9 6.8 ASH 73 0D1 26.8 15.3 8.2 ALA 87 C 24,7 27.9 7.4 GLU 1C0 OE1 15.9 10,2 13.2

60 CG 12.2 22,9 7.0 73 ND2 26.4 17.3 9.0 87 o 25.6 27.2 1.1 100 OE2 17.1 10.2 11.4

60 CD1 12,0 22.2 8.4 73 ¢C 23.0 17.1 161 LYs 88 ¥ 24.5 28.4 8.7 100 ¢ 16.0 7.9 15.2

60 CD2 12,2 21.8 5.9 730 22.2 17.5 9.1 88 CA  25.5 26.0 9.8 1C0 0 15.2 8.6 15,7

60 C 6.8 23.0 7.6 PRO T4 N 23.0 17.8 11,2 88 CB 2644 29.1 10,0 ILE 101 ¥ 15.7 6.7 1u.6

60 o 8.4 23.8 8.4 74 CA 22.2 19.0 1.5 88 CG 25.9 30.3 10.9 11 Ca 1.3 6.2 4.6

THR 61 N 8.6 21.7 7.8 74 CB 21.9 18.9 12.9 88 Cp 26.9 30,7 11.9 101 CB 14.3 4.8 14.1

61 Ch 7.8 21.2 8.9 74 C6 23.3 18.u 13,5 88 CE 26.3 31.8 12.8 101 €61 15.5 4.3 13.3

61 CB 6.3 21.1 8.4 74 CD 26,6 18,1 12,2 88 NZ 25.1 31.3 1.5 10162 12.9 4.8 13.3

61 0G1 5.6 21.8 9.4 T4 C 22.4 20.1 10,4 88 C 20.6 27.7 11,0 101 Cp1 15.2 3.5 12.0

61 CG2 5.8 19.7 8.3 T4 0 21.4 2¢.6 9.9 88 o 23.7 28.5 11.4 01 C 13.6 6.3 15.9

61C 8.4 19,8 9.3 Lys 7S N 23.6 2.4 10.1 SER B9 N 24.7 26.5 11.% €1 0 12.4 6.7 16.0

610 8.9 19.0 8.5 75 Ch 23.9 21,4 9.1 8% Ca 24,0 26.1 12,7 GLU 102 W 4.3 5.9 16.9

TRP 62 N 8.4 19.5 10.6 75 CB 25.4 21,7 9.1 89 Cp 23.0 25.0 12.3 102 CA 13.8 5.9 18,3

62 CA 8.9 18.3 1.1 15 C6 26.1 20.8 9.8 49 06 22,9 24.0 134 1€2 cp W, 7 5.219.3

€2 ca 9.4 18.5 12.6 7% CD 217 21.12 10.1 89 C 24.8 25.7 11.9 162 co 14,1 4.3 26.4

62 €6 10.4 19,7 12.8 75 <k 2708 22,1 14,4 8% o 25.9 25.1 1.7 102 oo 4.4 2.8 20.2

62 €CPY 0.3 20.9 13.0 75 NZ 26,5 21.9 12.2 11s 90 ¥ 24.3 25.9 15,1 1C2 oB1 15,5 2,3 20.3

62 NE1 11,3 21t.7 13.4 7% C 23.5 2.0 .Y 90 CA 25.0 25,5 16.) 102 OE2 13.3 2.2 20.0

62 CB2 92.2 21.0 12.8 75 0 23.3 2.8 6.8 90 C8 25.0 26,7 17.3 102 ¢ 13,4 7.2 8.9

62 CZ2 13.5 21.5 12.6 ALY 76 N 23.3 19,7 7.6 90 CG 25.7 27.% 6.8 102 0 12,3 7.4 19,5

62 CH2 14.3 2C.6 12.0 76 C» 22.82 19.1 6.2 96 CD 24,9 29.2 17.2 ASN 1C3 14.3 8.2 18.7

62 C23 13.8 1%.4 11.5 76 CB 23.4 17,7 6.0 90 ce 23.4 29.0 V7.2 1C3 €A 14,0 9.5 19.3

62 CE1 12.5 18.9% 11,7 76 C 21.3 19,0 6.4 90 RZ 22.7 3C.2 11.5 1C3 cB 15.3 10.4 19.0

62 CD2  11.7 19.8 12.4 76 © 20.8 18.2 7.2 90 C 20,5 24.4 V7.1 1¢) c6 16.4 10.1 19.9

62 C 8.0 17.0 11.1 PHE 77 N 20.6 19.7 S.% 90 o 24,0 24.5 18.3 1C3 oDl 16,4 9.2 20.7

62 0 7.5 6.6 12.2 77 Ca 19.1 19.7 5.5 MET 91 N 24.7 23.2 16,6 103 ND2 17.6 10.9 19.6

THR 63 R 7.7 16.5 10.0 77 CB 1€.7 18.8 6.7 91 Ca 24,3 21.9 17.3 13 ¢ 12.8 10.1 19.6

61 Ca 6,8 15,4 9,8 77 €6 17.3 19.2 1.3 91 Cce 22.8 21.7 1.0 1C3 0 11,8 10.5 19.4

€3 CB 6.5 15.2 8.1 77 cp1 17.2 20.4 7.9 91 CG 22.4 20,2 17.4 VAL 04 N 12.7 10.1 17.3

63 0G1 7.8 WW.9 7.7 77 CE1 1€.0 2C.8 B.S 91 sSD 20.6 20.0 17,4 104 Ca 11.6 10.6 16.6

63 CG2 5.9 16.4 1.7 77 €2 4.9 20.0 8.3 91 ce 20.6 18,2 17.2 1Cu CB 11,7 10.4 15.1

63 C Tk 1.0 10,4 77 CB2 15.¢ 18.9 7.6 91 ¢ 25.1 20.8 16.8 104 CG1  10.4 1€.7 14.3

630 6.7 13.0 0.4 77 €02 16,2 18,4 7.1 910 26.3 20.8 16.9 104 €62 13.0 11.¢ 4.6

GLU 64 N B.6 t.1 10.9 77 ¢ 1€.9 241.2 5.7 THR 92 N 24.4 19.8 16.1 104 C 10.3 1C.C 7.1

64 CA 9.2 12.9 1.4 77 0 17.9 21,7 5.2 92 ¢ 25.1 18.6 15.6 1Cs o 9.2 1C€.7 17.2

64 Ca 8.2 1.8 1.7 VAL 78 X 19.9 21,9 6.2 92 CcB 26,4 19,1 15,0 ILE 105 W 10.3 8,8 17,5

64 CG 8.8 10.4 12,1 78 CA 19.€ 23.3 6.4 92 061 27.% 18,7 15.9 105 ca 9.1 8.1 18.¢

84 CB 7.8 9.2 11.8 76 C8 20.4 23.7 7.7 92 €62 26.5 2C.6 14.8 105 ¢p 9.3 6.5 18.Q

8% QE1 7.1 9.2 109 78 C61 21.1 25.1 1.7 %2 ¢C 25.3 17.6 16.7 103 €41 8.7 5.8 16.8

64 OB2 B.O 9.3 12.6 78 €62 19.5 23.6 8.9 920 25.2 17.9 1.9 105 €62 8.8 6.2 Y.u

64 C 10.3 12.4 10.5 78 C 20.5 24.0 5.2 PHE 93 N 25,6 16,4 18.3 1¢S5 Cco1 9.1 6.3 15.4

64 O 1.4 11,3 10,9 78 0 20.9 25.2 5.) 93 Ch 25.8 15.3 17.2 105 ¢ 8.8 8.6 15.4

AL BS N 9.9 12.4 9.2 LEU 79 ¥ 20.6 23.3 4.1 93 c8 25.5 15.8 18.6 105 0 7.6 8.5 13.8

65 Ca 10.9 11.9 8.1 79 Ca 21.2 23.8 2.9 93 c6 26.3 15.2 19.3 ALA 106 N 9.8 9.¢ 20.0

65 CB 10.1 11.7 6.8 79 ¢B 22.6 23.3 2.8 93 Ccb1 23,1 15.9 19.3 1C6 CA 9.7 9.5 21.4

65 C 1.9 13.0 7.9 79 C6 23.6 23.6 3.9 93 CBY 22.0 15.5 19.9% 16 CB 11.0 10.2 1.9

65 0 13.0 12.8 1.5 79 CDY 24,3 22.4 4.4 93 cz 21.9 W.2 0.4 106 € 8.6 10.6 21.%

ASH 66 B Y.4 w.2 8.2 79 €CD2 24.6 28.6 3.3 93 CB2 23.0 13,5 20.4 1C6 0 7.4 10.3 21.6

66 CA 12,3 15.4 B.1 79 € 20.1 23.2 2.0 93 Ccp2 24.3 1.C 19.8 TYR 107 N 9.1 11,9 21,4

66 CB 1.4 16,7 7.8 7% 0 19.5 23.9 1.1 93 ¢ 24,8 14,2 16.7 1C7 ca 8.1 13,0 21.5%

66 CG 1.6 17.2 6.4 GLU BC W 19.9 21.9 2.2 93 0 23.6 MW.2 17.2 107 CB 8.9 18.3 21,5

66 OD1  12.% 16.9 5.6 80 CA 6.9 21,2 1.3 LYS 94 N 25.2 13.4 15.8 1€7 ¢c6 10.1 4.4 20,5

66 ND2 10.5 18.0 6.0 80 CB 16.7 19.7 1.8 94 CA 24,4 12,4 15.2 107 ¢p1 9.7 14.3 19.1

66 C 13.2 15.6 9.3 B0 C6 19.7 18.7 1.3 94 CB 25.1 11.5 14,13 107 CEY  10.7 14.4 18,1

66 0 1.3 16.2 9.2 8¢ Cp 19.2 17.2 1.3 94 C6 26.6 11,2 14,7 107 c2 12.0 4.4 18.5

LEU 67 N 12.8 15.1 10,4 80 01 1E.4 16.8 .5 94 CD 27.5 12.4 14,4 107 OH 13.0 1.4 17,5

67 Ca 13.6 15.2 11,6 80 OE2 19.8 16.6 2.2 94 CE 28.9 12.0 147 167 CE2 12,4 14,4 19.8

67 CB 12.7 14.8 12.8 B0 C 17.6 22,0 .S 94 §Z 29,3 12,5 16.0 107 CD2 1.4 14.4 20.8

67 CG .2 1.9 12.7 80 o 1.2 22.7 .6 94 C 23.6 11,1 15,9 17 ¢ 7.2 13.1 20.3

67 CbY 10,5 15.1 14.0 LYs @t w 17.€ 21,9 2.7 %4 0 23.0 11,6 17.0 107 o0 6.0 13.4 20,4

€2 CD2 10.8 16.0 1.7 8t Cck 15.8 22,6 3.0 10 95 W 23.5 1¢,1 5.4 tee 1C8 o 7.7 12.7 19.1

67 C .8 14.2 11.% 81 CB 15.0 218 k.0 35 C2 22.7 3.0 15.% 1¢8 CA 6.% 12.7 17.9

67 O 15.9 .5 11,9 81 CG 15.2 20.4 W 95 CB 21,4 $.5 16.5 108 CB 7.4 11.7 16.9

ALM 6B 1.5 13.110.9 81 cCt 0.2 8.7 33 95 €6 21.4 1C.5 7.6 18 c¢ 6.8 10.3 16.9

68 Ch 15.6 12.0 10.8 B1 CE 1%.5 18,2 3.2 95 Cp1  20.0 1.9 1B.1 108 cp1 7.8 9.3 17.4

68 CB 15.0 10.8 10.0 Bl Mz 13,3 M. 3.0 95 €2 22.2 1.0 18.8 108 €p2 5.6 10.3 17.7

68 C 16.7 12.6 9.9 81 ¢ 16.C 2601 38 95 C 22.% 7.9 15.0 108 ¢ 5.4 12,4 18.1

68 O 17.9 12.3 10.2 810 15.5 24,5 4.6 95 0 21.7 8.1 .0 108 o 4.6 12.5 12.2

ALA B9 N 16.3 13,3 8.9 sen 8z N V6.8 24.9 2.7 THR 96 N 23.0 6.7 15.2 LYS 1(3 N 5.1 12,1 9.4

69 Ca 17.3 13.9 7.9 BZ CA 17.0 26.3 3.1 96 CA 22.9 5.6 1.4 1¢9 Ca 3.7 11.8 19.8

69 CB 16.6 14,6 6.8 82 CB 17,8 26,3 &4 96 CB 23.7 4.k 14,9 109 CB 3.3 10.4 13.)3

69 C 18.1 Ww.9 8.7 87 0G 18.7 27.4 4.4 96 061 23.6 4.5 16.4 109 €5 2.1 9.8 20.0

69 0 19.3 15.1 8.6 B2 C 13.8 26.9 2.0 96 CG62 25.2 4,6 V4.6 109 ¢p 2.1 8.3 20.0

TIR TON 17.3 15.7 9.5 B2 O 1e.1 26,13 -9 9% ¢ 21.4 5.2 14.3 109 CE .8 7.8 19.3

70 CA 18,0 16,8 10.2 GLY &3 W 1€.C 28,2 2.1 96 0 20.6 5.7 15.1 109 N2 «7 6.3 19,4

70 cB 16.9 17.5 1.0 Bl Ca 18.7 29.0 1.1 11s 97 N 21.0 &.4 133 109 € 3.4 11,9 21.3

70 C6 17.4 8.6 12.0 8l ¢C 20.2 28.8 1.4 97 CA 19.6 3.9 13,2 109 o 2.2 12.2 21.6

70 CD1 18,0 19.7 11.% 8310 21.1 29,4 .8 97 c8 19.6 2.6 12.4 THR 110 ® 4.4 11,6 22.1

70 €21 18.6 20.7 12,95 Ase BA X 20.5 28,0 2.% 97 €6 20,1 2,7 1.0 110 CA 4,2 11,7 23.9

70 C2 18.6 2C.4 13.8 B4 CN 21,8 27.7 2.9 97 CD 20.1 4.1 10,4 110 CB 5.2 10.7 24.2

70 OB 19.1 21,3 14.7 84 CB 22.3 26.4 2.4 97 CE 9.4 4.2 9.1 110 061 6.4 11.5 28,0

70 ce2 17.9 19.3 4.3 84 CG 22.6 26.4 .9 97 HT 18.7 5.6 8.9 110 CG2 5.3 9.4 23.¢%

70 €D2 17.4 18.3 13.4 84 001 22.6 27.4 «2 97 ¢ 18.8 3.7 14,8 110 € 4.3 13.1 239

79 C 19.0 16.3 11,1 84 ©D2 23.0 25.4 -l 97 G 17.6 4.1 1404 11¢ o 3.5 13.7 347

00 28,1 8.8 11.3 -8+ 22.8 28.8 2.4 iSP 98 X 19.4 3,0 15.4 1BY 111 N 5.3 13.8 23.%

VAL 71 A 16.8 5.1 1.8 84 ¢ 23.6 28,6 1.5 98 Ca 18.6 2.7 16.6 111 ¢Ca 5.6 15,2 23.7

TV CA 19.7 4,5 12.7 PRC B85 § 22.5 3C.0 2.9 98 Ccp 1%.6 2.0 V7.6 111 C8 7.1 15.5 23, ¢

T1CB 19.1 33.27 13.3 85 ca 23.4 31,2 2.4 98 C6 19.0 2.0 19.0 11t CG 7.9 15.4 2u.8

71 CeY 20.2 12.1 1.8 BS cB 22.6 32.% 3.0 98 ©oD1 18.6 .9 19.5 111 ¢ 7.2 14.6 25.9

73 C62 18.3 13.5 14,5 85 C6 21.5 31,9 4.0 98 0D2 18.% 3.0 19.6 111 C€D2 9.2 .6 24,8

7c 21,0 8.2 1.9 85 Cp 21.4 38,4 3,6 9% C 8.1 4.0 170 mic 4.7 15.9 22.6

770 21.7 15.1 t1.4 a5 c 2u. € 31,0 3.0 98 o 16.9 4.3 16.9 110 5.1 16,37 21.5

LIS 72N 21.4 13,0 1.9 85 o 25.6 31.9 3.0 ASP 93 N 18.9 4.8 1.7 LYs 112 N .4 1601 23,0

72 Ch 22,7 12.6 1.3 11 BE ¥ 25.0 29.T 3.4 99 CA 18.5 6.1 1B.2 112 ca 2.5 16.8 22.1

72 CB 22.4 1.9 9.9 86 CA 26.3 29.4 4.0 99 cp  19.7 7.0 18.6 112 ca 2.3 16.0 20.8

72 CG 2%1.5 10.6 10.0 86 CB 27.3 30.6 4.0 99 CG 20.5 6.3 19.6 112 C6 3.3 16.5 19.7

72 CD  22.2 9.5 9.2 86 C6  26.2 30.6 5.2 99 op1 20.3 5.2 20.1 112 €D 2.9 18.0 19.3

72 cE 21,5 8.2 9.5 86 Cp 28,7 32.0 5.°% 99 0D2 21.5 6.9 20.0 112 ce 1.6 18.C 18,4

7292 22.5 7.1 9.8 86 C¥ 28.7 32.31 7.0 99 ¢ 17.6 6.9 17.3 112 N2 1.2 16.6 18.0

72 C 23,5 13.8 11.1 86 w2 29.1 33,7 1.3 99 o 16.4 7.1 11.5 112 C 1.2 16.8 22.9

110 24.6 13.9 11,7 86 C 25.7 289 5.1 GIO 100 W 18.2 7.4 16.2 120 1.1 16.8 28,1

asw 730 23.1 4.7 10.2 86 0 26.4 28.6 6.3 100 CA 17.5 8.2 15.2 112 02 -1 1629 22,1
71 Ch 23.9 15.9 10.0 ALd B7 N 2.4 28.8 5.3 100 CB 18.1 6.0 ti.8
71€8  24.5 15.8 6.5 87 CA 23.6 20.4 6.4 100 €6 17.1 8,2 12.6
73 c6 26.0 16.1 8.6 87 CB 22.8 27.2 6.1 100 CD 16.6 9.7 12.4
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Table I (continued)

X Yy z X Yy z X vy z X Vv z
HENE EE 19.0 20.3 19.% HENE 2C1 21,1 18.8 21.1 HEME 3cH 21.8 25.7 19.4 HENE 42z 15.6 21.6 17.2
H1 18,4 1E.4 19.8 €2 22.4 15.0 231.8 ICI 19,6 24,4 8.4 4CH 14,0 19.7 16,9
1€ 17.3 17.8 19.4 2cn 23,1 18.0 2.5 3k 19,2 25.7 17.7 4c3 15.3 20.31 17,4
12 17.3 16.4 19.9 2C3 2.8 2€.3 1% 3¢8 20,3 26.C 16.6 ach 14,9 22.6 16,4
1N 16,2 154 19.€ cH 20.0 26.9 32.0 cc 19.9 27.4 6.4 4CB  13.8 22.3 16.6
1IC3 18.4 16.2 20.¢ 2CB  24.7 2€.0 22,0 301 19.8 28.1 17.6 4cc  13.0 23.6 15.8
1ICA 18.8 14.9 21.2 2Cu 21.7 20.9 0.8 302 20.8 28.1 5.5 401 12.5 24.7 16,3
1B 19.3 13.8 20.5 205 21.7 22.7 20.3 C4 18.9 23.2 8.4 402 11.8 23.C 1.9
€y 19,1 17.4 20.° LE] 19.6 22.2 191 35 17.6 23.0 17.8 4C4 16.3 19.7 18.2
1S 20.4 17.6 211 3C1  20.7 22.8 19.6 N& 17.3 2¢.6 1B. 4 4CS5 16.3 1B.4 18.6
N2 20,7 2C.0 20.¢ 3C2 20.8 28.% 19.1 4cy 16,9 21,8 17.8
Table II
oy ¢ v ® o ¥ ® W
Gl 1 0 125 GLY 28 -5 164 ALL 47 -98 78 R0 =57 -u2 FEE 93 126 @7
GLY 2 16 -53 ALL 25 -89 179 TIR 48 -65 177 var 7 -58 -122 LIS 94 ~52 -1ug
ASP 3 ~-70 -72 ASN 26 ~-1(C -68 SER 49 -104 131 LYs 72 9 -67 LBy 95 164 15
ALA 4 68 =7 Lrs 27 50 109 GLY 50 -20 -S54 Ak 73 =130 97 THR 96 -60 166
ALA 5 -63 -5 vAL 28 66 -89 SR 51 -84 65 PRO T4 =54 -49 LYs 97 -38 -4
ALA 3 -69 -15 GLY 29 -1IpC 18 TIR 52 -1€3 -4 1rs 75 ~66 =19 ASP 93 -51 -3
GLY 7 -Nn -40 PRO 30 -67 160 THR 53 -90 55 ALA 76 -97 17 ASP 99 -4y -T2
GLu 8 -7% -31 ASN 31 -92 126 GLE 54 -124 -36 PR 77 128 -26 GLU 100 -25 -36
s 9 -S6 -S54 120 32 -101 82 WET S5 -13 -1 AL 78 -4 22 ILE 101 -S5O -4y
VAL 1 -62 -u0 PEE 33 -119 136 LIS 56 -76 -45 LEU 79 -137 -52 GLU 102 -66 -u5
seR 11 ~<3 -23 GLY 34 59 49 ALA 57 -88 106 Gly 80 -53 -Nn ASK 1023 -59 =56
1ys 12 -S3  -u0 VAL 35 -102 -27 LIS S8 108 -6 LIS 81 -88 54 VAL 104 -50 ~-38
11s 13 ~69 L] PHE 36 -2C -90 GLY 59 87 6 SER 82 -173 178 ILE 105 -1 -7
cIs 14 -113 -29 GLD 37 -1c3 70 LEU 60 =16 130 GlY 83 -89 3 ALA 106 =55 -93
LEU 15 -T4 114 ASN 38 -121 169 THR 61 -187 45 aSP B4 0 &6 TIR 107 -67 -38
ALA 16 162 -13 16 239 -u9 178 TRF 62 ~86 72 PRO 85 -69 16 L20 108 - -4
cIs 17 ~117 -3 ALY 40 =79 -28 THR 63 -68 -2 LYS 86 123 8 LYS 109 -162 -30
HIS B -120 176 ALA 43 -107 £5 SLU 6 104 -39 ALA 87 -6 133 TER 110 - 83 -6
THR 19 ~1ué 150 RIS 42 -8 -128 ALA 65 -81 ~-25 LYS EB =138 126 LZD 111 - 86 BB
PEZ 20 -0 W LIS 43 -9 138 ASK §6 -8 -25 SER B9 -126 148 LIs 112 179 ?
AsP 21 -93 105 ASP 44 -78 20 LIc &7 -7 -40 LYs 90 -106 k14
GLM 22 ~41 110 ASN WS -110 18 ALA 68 -0 -4 aET 91 -156 -117
GLY 23 10 -1 TIR 46 -124 158 ALA 69  -68 -4l THR 92 8y 163

The coordinates listed here derive from an intermediate stage of the crys-
tallographic refinement including all 904 atoms of the protein molecule plus
120 water molecules (not listed). These coordinates (Table i) have been
fitted to standard groups by a version of R, Diamond's model building pro-

gram (9), and yield a structure with a crystallographic R factor

511, |17 1]

zlrol
The coordinates in Table I are given in Xngstrom units in a right-
handed Cartesian system for convenience in model building. They may be con-
verted to orthorhombic fractional crystallographic coordinates by the
following transformation:

(310X + 6214)10~"

Xcryst :
-y
Yepyst = (268Y + 4781)10
z = (1182 + 1972)107"
cryst

where X, Y, and Z are the Cartesian coordinates given in Table I, Cytochrome
o
<, crystallized in space group P212121 with a = 32,3, b = 37.4, and ¢ = 84,6 A,

Table II gives the interpeptide dihedral angles, ¢ and ¥, according to
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Fig. 1.

Fig. 2.
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the IUPAC-IUB convention (10). Fig, 1 shows the convention for labeling

atoms of the protoheme IX ring, Fig, 2 is a stereo drawing of the <, mole-

cule showing a-carbon positions, heme ligands, and aromatic residues.
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