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The partial sequences of the first 40 residues of indoleglycerol phosphate

synthetase of Escherichia coli and Salmonella typhimurium were determined,
and three amino acid differences were observed among the 38 residues compared.

In Escherichia coli and Salmonella typhimu-
rium the genetic information for the tryptophan
biosynthetic enzymes is organized, transcribed,
and translated in an identical or very similar
fashion (1, 4, 23, 24). Evolutionary divergence of
the tryptophan operons of these two bacterial
species has been assessed by examination of
nucleotide sequence homology and amino acid
sequence variation (5, 13). The primary struc-
ture of the tryptophan synthetase a chains (9,
15, 16) and the amino-terminal sequences of
anthranilate synthetase components I and II
(14) have been compared. The peptide patterns
of the phosphoribosyl anthranilate isomerase-
indoleglycerol phosphate synthetases of the two
species have also been compared (17). Genetic
and biochemical studies have indicated that the
amino-terminal half of this bifunctional poly-
peptide chain is primarily responsible for the
synthetase reaction whereas the carboxyl-termi-
nal half is principally concerned with the isom-
erase reaction (2, 17, 20, 24). In some bacterial
species these activities reside in separate poly-
peptide chains (7, 12, 19, 22). In this paper we
compare the amino-terminal 40 residues of the
indoleglycerol phosphate synthetases of E. coli
and S. typhimurium.

(i) E. coli strain trpA2/F'colVB trpA2 and S.
typhimurium auxotroph trpD13 (E. coli nomen-
clature) were used in this investigation.

(ii) Protein purification. The phosphoribo-
syl anthranilate isomerase-indoleglycerol phos-
phate synthetase of E. coli and S. typhimurium
were purified essentially as described (2). The
protein samples were oxidized with performic
acid (11) or substituted by treatment with
4-vinyl-pyridine (8).
Edman degradations with the purified indole-

glycer:. phosphate synthetase were performed
automa'tically with a Beckman sequencer (6).
Phenylthiohydantoin-amino acids were identi-

I Present address: Department of Microbiology, Mount
Sinai School of Medicine, New York, N.Y. 10029.

fied by gas-liquid chromatography (18) and/or
amino acid analysis after hydrolysis of phenyl-
thiohydantoin-derivatives with HCl or HI (21).
The procedures used are described in detail
elsewhere (10, 14).
We are indebted to the Reilly 'T'ar Company

for the gift of 4-vinyl-pyridine.
The amino acid sequence of the first 40

residues of indoleglycerol phosphate synthetase
of E. coli was deduced from six runs on the
Beckman sequencer, and the results obtained
are summarized in Table 1. It should be noted
that the residues at positions 23, 33, and 38 were
identified with some uncertainty. The Gln at 23
follows Gln at 21 and at 22 and although there
was very little step overlap in our sequencer
runs, it is difficult to be absolutely certain of
this assignment. Similarly the relatively high
background for Val and Ala at the late cycles
makes the assignments of Val at 33 and Ala at
38 somewhat questionable, although probable.

Thirty-eight of the first 40 residues of the
indoleglycerol phosphate synthetase of S. typhi-
murium were identified in three runs on the
Beckman sequencer. The residue at position 23
was identified with some uncertainty and no
assignment could be made at position 33 or 37.
The amino-terminal sequences of the first 40

residues of the indoleglycerol phosphate synthe-
tases of E. coli and S. typhimurium are com-
pared in Fig. 1. It is apparent that the partial
sequences of the indoleglycerol phosphate syn-
thetase of these two bacterial species are homol-
ogous, and, in fact, the sequences of the first 30
residues are identical. The extent of divergence
of the amino-terminal sequences of indole-
glycerol phosphate synthetase between these
two bacterial species is analyzed in Table 2. For
comparison the sequence divergence of anthra-
nilate synthetase components I and II (14) and
tryptophan synthetase a chains of the same
bacterial species are also presented (9, 16).
Among the 38 residues of indoleglycerol phos-
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TABLE 1. Sequential degradation of indoleglycerol phosphate synthetase of E. coli and S. typhimurium

E. coli S. typhimurium

Stepa Deduced SP 400 CFCb 121c Deduced SP 400 121c
no. residue -S HCI Hi residue - S Hi

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Metd
Gln
Thr
Val
Leu
Ala
Lys
Ile
Val
Ala
Asp
Lys
Ala
Ile
Trp
Val
Glu
Ala
Arg
Lys
Gln
Gln
Gln?
Pro
Leu
Ala
Ser
Phe
Gln
Asn
Glu
Val
Val?
Pro
Val
Asn
Arg
Ala?
Phe
Tyr

M

PTd
V
LId
A

LI
V
A

A
LI
w
V

A

PT
LI
A
S
F

V
V?
PT
V

A?
F
y

M
Q
T
V
L
A
K
I
V
A
D
K
A
I
w
V
E
A

K
Q
Q
Q?d
P
L
A
S
F
Q
N
E
V
V?
P
V
N

A?
F
Y

L

I

L

A
K

D
K

R
K
E
E
E?

A

F
E
D
E
V
V?
p
V
D
R
A?
F
y

E
E
E?
P
L
A
Sd

F
E
D
E
V
V?
P
V
D
R
A?
F

IY

Met
Gln
Thr
Val
Leu
Ala
Lys
Ile
Val
Ala
Asp
Lys
Ala
Ile
Trp
Val
Glu
Ala
Arg
Lys
Gln
Gln
Gln?
Pro
Leu
Ala
Ser
Phe
Gln
Asn
Glu
Gly
9

Pro
Val
Thr
9

Gly
Phe
Tyr

M

PT
V
LI
A

LI
V
A

A
LI
w
V

A

PT
LI
A
S
F

G
I?
PT
V
PT
I?
G
F
y

M
Q
T
V
L
A
K
I
V
A
D
K
A
I
w
V
E
A

K
Q
Q
Q?
P
L
A
S
F
Q
N
E
G
?
P
V
T
I?
G
F
Y

R
K
E
E

p
L
A
Sd
F
E
D
E
G
9

p
V
Td
I?
G
F
y

Average repetitive yield based on the stable amino acids was between 96 and 98%.
bOnly phenylthiohydantoin-amino acids extracted with ethyl acetate after conversion were analyzed on

columns of SP400 and CFC in gas-liquid chromatography. +S, Silylated derivatives; -S, unsilylated
derivatives.

c Amino acid analysis after hydrolysis of phenylthiohydantoin-amino acids with 5.7 N HCI or 56% HI.
,'Single and three-letter abbreviations are those of Dayhoff (3). -, No phenylthiohydanoin (PTH)-amino

acids detected. LI, PTH-amino acids of leucine and isoleucine cannot be differentiated unambiguously; PT,
PTH-amino acids of proline and threonine cannot be differentiated unambiguously. S and T, Identified as
alanine and a-amino butyric acid after HI hydrolysis. ?, Uncertainty in identification.

phate synthetase compared three amino acid divergence as was observed with the respective
differences are observed, all of which can be anthranilate synthetase component II, and both
explained by single base changes. It is evident indoleglycerol phosphate synthetase and an-
that the indoleglycerol phosphate synthetase thranilate synthetase component II show some-
sequences compared indicate the same extent of what less variation than observed with anthra-
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5 10 15 20
E. coli Met-Gln-Thr-Val-Leu-Ala-Lys-Ile-Val-Ala-Asp-Lys-Ala-Ile-Trp-Val-Glu-Ala-Arg-Lys-
S. typhimurium -

25 30 35 40
E. coli Gln-Gln-Gln*-Pro-Leu-Ala-Ser-Phe-Gln-Asn-Glu-Val-Val*-Pro-Val-Asn-Arg-Ala*-Phe-Tyr-
S. typhimurium * - - -- - - - -Gly ? - -Thr ? Gly - -

FIG. 1. The amino-terminal sequences of indoleglycerol phosphate synthetase of E. coli and S. typhimurium.
*, Identification not certain; ?, no positive identification.

TABLE 2. Presumed minimum base differences in the genetic regions specifying the initial portions of
anthranilate synthetase components I and II and indoleglycerol phosphate synthetase and the entire

tryptophan synthetase a chains of E. coli and S. typhimiriuma

Determinants ASase ASase InGPase TSase
component I component II a chain

No. of residues compared ........... 25 51 38 268
No. of residue differences ........... 4 (16.0%) 3 (5.9%) 3 (7.9%) 44 (16.4%)
AA differences explicable by:

Single base change ............... 4 2 3 43
Double base change ........0...... 1 0 1

Minimum base differences ......... 4 (5.3%) 4 (2.6%) 3 (2.6%) 45 (6.3%)

a ASase, Anthranilate synthetase; InGPase, indoleglycerol phosphate synthetase; TSase, tryptophan
synthetase; AA, amino acid.

nilate synthetase component I and the trypto-
phan synthetase a chains. This result suggests
that genes specifying polypeptides concerned
with different reactions in the tryptophan bio-
synthetic pathway may have diverged to differ-
ent extents; however, it should be noted that to
date only the amino-terminal segments of three
of the four polypeptides have been compared. It
is possible that the positions of amino acid
differences are not randomly distributed
throughout all of these polypeptides. In this
regard, in the tryptophan synthetase a chain of
the two species, the positions of differences are
distributed equally throughout the polypeptide,
with the exception of the carboxyl-terminal
region. It may be significant that the two trp
operon polypeptides which we find to have
diverged the least are bifunctional in both E.
coli and S. typhimurium and are each repre-
sented in some bacterial species by two separate
polypeptide chains.

We are greatly indebted to Susan Stasiowski for technical
assistance.

These studies were supported by National Science Foun-
dation grant GB-36967X and United States Public Health
Service grant GM-09738 from the National Institute of
General Medical Sciences. C.Y. is a Career Investigator of the
American Heart Association.
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