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In the course of sequencing the aroK gene, a number of errors were found in the published sequence. The
corrected sequence alters the length of the aroK coding region such that the AroK and AroL proteins are now
of comparable length and the homology between them extends the entire length of the two enzymes.

Escherichia coli synthesizes two shikimate kinase enzymes
whose structures are encoded by the genes aroL for shikimate
kinase II (3, 5) and aroK for shikimate kinase I (11). The
aroL-encoded enzyme has a Km of about 200 mM for shikimate
and appears to play a major role in the biosynthesis of the
aromatic amino acids. Expression of the aroL gene is con-
trolled by both the TyrR and TrpR proteins and the amino
acids tyrosine and tryptophan as cofactors (3, 5, 6, 8). The roles
of aroK and shikimate kinase I are less clear. Expression of the
gene appears to be constitutive, and the enzyme has a much
lower affinity for shikimate, with a reported Km of greater than
20 mM (4). The aroK gene was identified on the basis of the
amino acid sequence homology between its putative product
and the aroL-encoded protein. Its identity was confirmed by
the construction of double mutants (aroK aroL) which were
shown to be aromatic amino acid auxotrophs (11). The se-
quence of aroK published by Løbner-Olesen and Marinus (11)
described a protein of either 139 or 144 amino acids, depend-
ing on the start point of translation, and showing 34% homol-
ogy with the AroL protein over a limited sequence of 97 amino
acids. The published sequence for the aroL-encoded protein
describes a protein of 174 amino acids (2).
During some studies of a putative aroK mutant (JP1084), we

had occasion to sequence the aroK gene in this strain and in a
related aroK1 strain (JP7615). We discovered a number of
errors in the published sequence of the aroK region (10, 11, 13)
which, when corrected, alter the length of the aroK coding
region to 173 amino acids and extend the homology between
the two shikimate kinase enzymes to their entire length. Since
we observed no differences in the aroK sequences from JP7615
and JP1084, we conclude that JP1084 is not mutated in aroK
and probably carries a mutation in aroB which is in the same
transcriptional unit as aroK (10).
Cloning and sequencing aroK. Chromosomal DNA was ob-

tained from strains JP7615 and JP1084 by the method of
Slauch and Silhavy (21) and used as the DNA template in
PCRs. The DNA sequence of Løbner-Olesen et al. (10) was
used to design oligonucleotides flanking the aroK coding se-
quence. The forward primer used in these reactions corre-
sponded to nucleotides (nt) 1443 to 1460 and contained an
EcoRI linker at the 59 end. The reverse primer corresponded
to nt 2275 to 2257 and contained a BamHI linker at the 59 end.
The DNA fragments were cloned into M13 vectors, and both
strands were sequenced from three independent clones (20).
Compressions were resolved by replacing dGTP with dITP in
the sequencing reactions by the method of Mills and Kramer

(15). When the sequence analysis indicated that the aroK read-
ing frame extended further than reported by Løbner-Olesen
and Marinus (11), a second reverse primer corresponding to nt
2511 to 2493, again with a BamHI linker at the 59 end, was used
to clone and sequence a longer fragment. (Note that nt 2003 to
2520 corresponds to nt 9 to 523 of the published aroB sequence
of Millar and Coggins [13]).
A number of differences between our sequence and the

published aroK sequence were found (Fig. 1). A critical error
occurred downstream of the putative translational start codon
of the published sequence. The sequence starting at nt 1812
should be changed from TGC CGG GCC T to TGC GGC
GCT. This change results in a frameshift which introduces a
stop codon two codons further on, making it impossible for
either of the reported ATG codons (nt 1792 to 1794 and 1807
to 1809) to function as the translational start of aroK. The
sequencing gels for this region are shown in Fig. 2. In addition,
an extra T was identified at nt 1500, an extra G was identified
at nt 2167, an extra T was identified at nt 2222, and an extra C
was identified at nt 2294. Analysis of the corrected sequence
revealed a putative open reading frame extending from nt 1659
to 2393, just 56 nt before the translational start site of aroB.
Identifying the translational start site. To determine the

translational start site for aroK, we first constructed an aroK-
lacZ translational fusion and then used oligonucleotide site-
directed mutagenesis to localize the actual site. PCR was used
to generate a suitable fragment. The forward primer was that
used previously, while the reverse primer corresponded to nt
1966 to 1947 and contained a BamHI linker at its 59 end. The
fragment generated by PCR was cloned into an M13 vector,
and its sequence was checked for any misincorporated nucle-
otides. The translational fusion was constructed by inserting
the EcoRI-BamHI aroK fragment into EcoRI-and-BamHI-
cleaved pMU2386 (8, 18). In this plasmid, pMU3258, aroK is
fused in phase with codon 8 of lacZ so that b-galactosidase
activity is dependent on transcription and translation from
aroK.
The translational start site would be expected to lie up-

stream of the conserved site A of the putative ATP-binding
sequence (Fig. 3). To approximately localize the start position
in this upstream sequence, a stop codon was introduced at nt
1791 to 1793 (TAT to TAA) by site-directed mutagenesis (us-
ing a commercially available kit from United States Biochem-
ical Corp.). The sequence was verified, and the fragment was
inserted into pMU2386 to give plasmid pMU3259. The b-ga-
lactosidase activity expressed from this fusion is the same as
that from the wild-type fusion (Table 1). This result indicated
that the translational start was downstream of nt 1793.
The most likely site was considered to be the ATG codon at* Corresponding author.
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nt 1875 to 1877. This codon is preceded by a possible Shine-
Dalgarno sequence, TtAGtAGt, which coincides with five of
the eight possible bases of the consensus sequence (TAAGG
AGG) of Rinquist et al. (19). In order to test the role of this
ATG codon, site-directed mutagenesis was used to change it to
ACG, a codon not known to act as an initiation codon, and the
effect of this mutation was tested in the lacZ translational
fusion. The effect of this mutation in plasmid pMU3260 (Table
1) was to reduce b-galactosidase levels more than 1,000-fold,
supporting the hypothesis that this ATG is the initiation codon.
The aroK gene is the first gene in a transcription unit includ-

ing aroB, an unidentified reading frame and the dam gene (10).
Insertional mutations in aroK such as aroK::Camr, in addition
to destroying aroK activity also have a polarity effect on aroB
expression (11). Since aroB encodes the second enzyme in the

common pathway of aromatic amino acid biosynthesis, such
effects could confuse nutritional tests for an AroK phenotype.
The tests were therefore carried out with strains carrying the
aroB351 mutation. The tests measured growth on minimal
medium (16) supplemented with shikimic acid, phenylalanine,
and tyrosine. On this medium, an aroB aroL aroK1 strain will
grow whereas an aroB aroL aroK strain will not.
Plasmid pMU3251 is derived from a low-copy-number clon-

ing vector. It carries a DNA fragment which extends 48 bp
beyond the putative stop codon of the Løbner-Olesen et al.
(11) sequence but is 121 bp short of the putative stop codon for
the corrected sequence. Plasmid pMU3255 was similarly de-
rived and carries a DNA fragment which extends 115 bp be-
yond the putative stop codon for the corrected sequence.
These plasmids were introduced into the strain JP7837
(aroB351 aroL478::Tn10 aroK17::Camr), and the resulting
strains were tested for their growth on minimal medium as
described above. Only the strain carrying the large aroK frag-
ment on pMU3255 was able to grow on minimal medium
supplemented with shikimic acid, phenylalanine, and tyrosine.
These results provide further confirmation that the extended
sequence is correct.
A comparison of the amino acid sequences of AroL and

AroK. The amino acid sequence predicted from the corrected
aroK sequence corresponds to a protein of 173 amino acids
with a calculated molecular mass of 19,526 Da. This value is in
agreement with the value of Ely and Pittard of 20,000 Da (5).
The AroL protein is 173 amino acids (or 174, if one counts the
first methionine which is apparently removed after translation)
(4). The alignment of the two proteins is shown in Fig. 3, where
it can be seen that they share 30% identity over their entire
length. The putative site A of the ATP-binding site is under-
lined in both proteins and shows good agreement with the
general consensus sequence described by Walker et al. (22).
Some proteins which bind and hydrolyze ATP have a second
conserved site (site B) about 90 (22) or 120 (17) amino acids

FIG. 1. The nucleotide sequence of the aroK gene and the predicted amino
acid sequence. The possible start sites (f) and the stop site predicted previously
(11) (s) are indicated. The putative ribosome-binding site is underlined twice.
The sites of corrections to the nucleotide sequence (p) are indicated. The sites of
introduced mutations are shown in bold type.

FIG. 2. Autoradiographs of sequencing gels showing antisense and sense
strands for the region covering nt 1813 to 1821.

FIG. 3. Alignment of the AroK and AroL proteins. The protein sequences
were aligned with the FASTA programs of Lipman and Pearson (9). The puta-
tive site A of the ATP-binding site is underlined in both proteins.

TABLE 1. Effects of mutations on b-galactosidase activity
of aroK-lacZ translational fusions in strain JP8042

Plasmid Mutation in
aroK-lacZ fusion

b-Galactosidase
activitya

pMU3258 None 2,089
pMU3259 TAT (1793)3TAA 2,066
pMU3260 ATG (1876)3ACG 1.5

a b-Galactosidase activities were measured by the method of Miller (14). Each
value is the average of at least three independent assays. Strain JP8042 has the
genotype D(argF-lac)U169 tsx recA56 tyrR366 srl IN(rrnD-rrnE)1.
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further toward the carboxyl end of the protein. The major
characteristic of this site is a string of four hydrophobic resi-
dues followed by an aspartate and preceded eight residues
earlier by an arginine. Shikimate kinase II, the aroL-encoded
protein, has the sequence R--------HIIID which is some 131
residues downstream of site A. No corresponding sequence is
found in shikimate kinase I, the aroK-encoded protein. If this
sequence is important for ATP hydrolysis, its absence in shiki-
mate kinase I may contribute to its weaker activity as a shiki-
mate kinase, in addition to its much lower affinity for shikimate
(4). When the aroL- and aroK-encoded sequences were ana-
lyzed for the presence of an a-helix and b-sheet by the method
of Chou and Fasman (1) and for hydrophobicity by the method
of Kyte and Doolittle (7), they showed little structural similar-
ity (data not shown). Their similar size and the 30% homology,
on the other hand, suggest a common origin. The only pheno-
typic change detected in aroKmutants is that in the presence of
an aroL mutation, the double mutant behaves as an aromatic
amino acid auxotroph. Although it is still possible that aroK
encodes a protein whose major function is unrelated to the
biosynthesis of the aromatic amino acids, in the light of current
evidence, it seems more likely that it is a gene coding for
shikimate kinase whose importance to the organism has been
displaced by the more catalytically active and finely regulated
gene aroL. Although the DNA sequences upstream of the
coding sequences of both genes show 40% homology, the three
TyrR box sequences of aroL are disrupted or nonfunctional in
aroK (data not shown).

ADDENDUM

During the course of this work, Martin et al. (12) reported
on a homologous region of the chromosome in Pseudomonas
aeruginosa and sequenced part of this organism’s aroK gene.
From these studies and an analysis of the published E. coli
sequences for aroK and aroL, Mattick (12a) suggested the
possibility of a number of frameshift errors in the published
aroK sequence, which in fact corresponded to those identified
during the course of this work.

The work described in this paper was supported by the Australian
Research Council.
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