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1. Introduction 

Comparison of amino acid sequences of soluble 
cytochromes c is a successful approach to unravel 
eukaryotic phylogeny [ 11. For the prokaryotes, the 

same approach has, until now, almost exclusively been 
applied to the cytochromes of some phototrophic 
bacteria, of Paracoccus denitrificans, of some 
Desulfovibrio and Pseudomonas strains and of 
Azotobacter vinelandii [ 11. Cytochromes of aero- 
bically grown chemo-organotrophes have not been 
investigated [l-3]. Because of its peculiar nature, we 

report here on the N-terminal sequence of cytochrome 
c-556 from Agrobacterium tumefaciens, strain Bza. It 
is a soluble protein with mol. wt -12 000. Its purifica- 
tion and properties have been described [4]. In addi- 
tion to our recent findings on the sequence of the 
haem-binding region of the protein [S], we conclude 
that B,a c-556 is a C-terminal haem-bound cytochrome. 

2. Materials and methods 

The preparation of B,ac-556 was electrophoretically 
pure and had a purity index of 1.47 [4]. Amino acid 
analyses were carried out with a Biocal 200 analyser 
after hydrolysis of the native protein with 6 N HCl 
at 105°C in sealed, evacuated ampoules. The N-termi- 

Abbreviations: PTH, phenyl thiohydantoin amino acids; 

B,a c-556, cytochrome c-556 from A. tumefaciens, strain B,a 

nal sequence of the protein was determined in a 
Socosi PS 110 sequencer using the 1 N quadrol pro- 
gramme in [6]. The thiazolinones were converted with 
0.2 ml 1 N HCl at 80°C. After 3 extractions with 
0.7 ml ethylacetate, the PTH-amino acids in the 
organic phase were identified on Kieselgel thin-layer 
plates (Merch 5715, 20 X 20 cm). One-half of the 
aqueous phase was assayed for PTH-arginine [7], the 
other half for PTH-histidine [8], both on paper. Three 
tryptic peptides which cover the N-terminal region of 
the cytochrome were obtained by digestion of 2 pmol 
dehaemed protein. Their sequence was determined by 
manual dansyl-Edman degradation. 

3. Results and discussion 

The amino acid composition of B,a c-556 is in 
table 1. Since -Cys-X-Y-Cys-His- is the haem- 
binding SI:OU~I.~~~- in most cytochromes c (except for 
-Ala-X-Y-Cys-His- in two eukaryotic cytochro- 
mes [ 1 I), the occurrence of 2 cysteines and 1 histidine 
indicates that Bps c-556 is a monohaem cytochrome. 
The mol. wt 12 540 calculated from the presumed 
composition is in good agreement with the value 
obtained by SDS-gel electrophoresis [4]. 

Figure 1 shows the N-terminal sequence of Bza 
c-556. The first 16 residues were identified with the 
native protein in the sequenator. No further residues 
could be identified, probably because of a nearly 
complete cyclisation of Gln-13 to pyrrolidone-car- 
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Table 1 
Amino acid composition ofA. tumefacietts B,a c-556 

..___~_ ~____ 

Amino Residues/m01 protein Nearest 

acid after hydrolysis at integer 
____ 

24 h 96 h 

Asp 9.8 8.6 10 

Thra 9.8 9.2 10 

Sera 2.9 2.9 3 

Glu 12.0 12.4 12 

Pro 4.5 4.5 5 

Gly 13.3 12.9 13 

Ala 20.8 20.9 21 

Val 4.4 4.5 4 

Met 1.8 3.2 3 

Ilc 4.1 4.1 4 

Leu 6.0 5.8 6 

Phe 5.0 4.9 5 

Lys 10.8 12.0 12 
His 0.7 1.1 I 

Are 2.0 2.0 2 

TYJ 0.7 1.0 1 

Cysb 2 2 2 

TIP 1c 
____ 

a Corrected values for decomposition during acid hydrolysis 
b Determined as cysteic acid 
c Estimated from the purity of the native cytochrome 

It is clear from our data that no cysteines or histi- 
dine occur within the 26 N-terminal positions of B,a 
c-556. In most N-terminal haem-bound cytochromes 
(they are grouped under class I according to the clas- 
sification in [2]) the first cysteine of the invariant 
haem-binding sequence Cys --X-Y-Cys--His_ is at 
or before position 14 [ 11. The most remote position 
in eukaryotic cytochromes of class I is at position 25 
(Tetrahymena pyrijkmis [9]), in prokaryotic cyto- 

chromes of the same class it is at position 23 
(ProsthecochZoris aestuarii [ 10,l 11). We therefore 
conclude that B,a c-556 is not an N-terminal haem- 
bound cytochrome. 

boxylic acid; the repetitive yield for the PTH of Glu-8 
and Gly-9 was found to be as high as 95%. Sequence 
information beyond residue 16 could nevertheless be 
obtained by analysing those peptides of a tryptic pro- 
tein digest which fit the N-terminal sequence found 
with the sequenator. The peptides T3e and T3d3 
(fig.l), constitute the region 1 + 12 of the protein. 
T2b3 is the only other tryptic peptide with N-termi- 
nal Glu or Gln (determined as dansyl-Glu). Its subse- 
quent sequence -Ile-Glu--Glyy is identical with the 
last 3 amino acids determined with the sequenator. 
T2b3 is thus the neighbouring peptide of T3d3, cover- 
ing the region 13 4 26. 

Within the range of the presently studied struc- 
tures, the only other alternative is that B,a c-556 is a 
member of class II (A classification [ 21). This class 
contains high- (cytochromes c’) and low-spin cyto- 
chromes with the haem group bound at the C-termi- 
nal part of the polypeptide chain. Our conclusion is 
strengthened by the sequence homology of the haem 
region of B,a c-556 with the C-terminal region of the 
following class 11 cytochromes examined: cytochrome 
c-556 (low-spin) from Rhodupseudomonas palustris; 
the cytochromes c’ from Rps. capsulata, Rps. palustris, 

Chromatium vinosum, Rhodospirillum rubrum from 
one Alcaligenes strain, NCIB 11015 (fig.2b). The 
primary structure of the latter 2 cytochromes c’ are 
the only ones completely elucidated so far. The 

similarity between the haem regions from the latter 
2 proteins and B,a c-556, reported [5], was 35%. As a 
result of the present work, we also aligned the N-ter- 
minal region of the Agrobacterium cytochrome with 
the corresponding region of both cytochromes c’ 
(fig.2a). The similarity is clearly lower than at the 
C-terminus: it is 27% with Rhs. rubrum cytochrome 
c’ and 15% with the Alcaligenes protein; it is also 
27% between the 2 cytochromes c’. Three residues 
seem to be evolutionary invariant: Val-4, Arg-7 and 
Lys-26. All these data support the conclusion that 

I 5 10 15 20 25 
Ala-Gly-Glu-Val-Glu-Lys-Arg-Glu-Gly-Met-Met-Lys-Gln-Ile-Gly-G~y-Ala-Ser-Gly-Ala-Leu-Ala(Asp,Ile,Ser) Lys 
-YG-~-~--~-x---rr---- -77-7) 
aTLIe_ vT3d3- I T2b3 I 
7-h -0 h-77 (-)--.---7--_-7- 

Fig.1. N-terminal amino acid sequence ofA. tumefackns B,a c-556. T3e, T3d3 and T2b3: tryptic peptides. (7) Residues iden- 

tified with the sequenator; (-) residues identified as the dansyl amino acid; (0 -) residues identified as the dansyl derivate of 
the acid but final acid assignment deduced from the mobility of the peptidc; ((---r)) acid or amide which cannot be deduced from 

the mobility alone. 
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I 5 10 15 20 25 

a (1) AgeVEkRegmmkqi ggsMGAlaaisK 

III) AdPAayVEYRkSvLsattnyMkAigitIK 

no c lIU)qfAkPedaVkYRqSaLtImashfGrmtpvvK 

b~~~,,tO~~~~zJJ~~~k 

Fig.2. Comparison of the N-terminus (a) and the C-terminal hacm region (b) ofA. tumefaciens, cytochrome c-556 (I) and the 

cytochromes c’ from Rhs. ruhrum (II) and Alcaligenes NCIB 11015 (III). The one-letter code follows the recommendations in 
[ 141. Capital letters are used when a residue in any one sequence is identical to a residue in another sequence. Boxed residues, 
including the substitution Tyr ++ Phe and Arg * Lys at the C-terminus, are common to the 3 cytochromes. The boxed residues in 
(b) are also common to the 4 other cytochromes of class II mentioned in the text. 

A. turnefaciens B,a c-556 is a class II cytochrome c. [21 
As a point of structural and phylogenetic interest, 

it is remarkable that the first cytochrome c studied 
from an aerobically grown chemo-organotrophe belongs 
to a cytochrome class of which the members, with 
exception of the cytochromes c’ from Azotobacter 

vinelandii [ 121, a halotolerant ‘micrococcus’ [3,13] 

and one strain of Alcaligenes, are found exclusively 
in photosynthetic bacteria. The complete sequence 
determination of B,a c-556 is in progress. 
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