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The tyrB gene from Escherichia coli K-12 was cloned and sequenced, and the transcriptional start point of
tyrB was determined by primer extension. By using a fusion plasmid in which the lacZ structural gene is
transcribed from the tyrB promoter, it was shown that the expression of tyrB is controlled at the transcriptional
level by the TyrR protein, with tyrosine as corepressor. The fusion plasmid was used to isolate mutants in which
the repression of tyrB had been abolished. The tyrB promoter-operator region of these mutants was sequenced,
and the tyrB operator was identified. A comparison between the tyrB operator and those of the other genes
belonging to the tyrR regulon is presented.

The last reaction in the phenylalanine and tyrosine bio-
synthetic pathways involves the transamination of the keto
acids phenylpyruvate and 4-hydroxyphenylpyruvate, re-
spectively. The key enzyme for carrying out this reaction is
an aminotransferase coded for by the tyrB gene (10). An-
other aminotransferase coded for by the very closely related
aspC gene can also carry out these reactions, although it has
a lower affinity for these substrates and seems to be primar-
ily involved in the formation of aspartate (10). A third
aminotransferase encoded by the unrelated ilvE gene has
some limited ability to synthesize phenylalanine but is pri-
marily involved in the synthesis of the branched-chain amino
acids (10).
The expression of the tyrB gene has been shown to be

repressed by tyrosine in cells with but not without a func-
tional TyrR repressor (24, 26). The tyrB gene is, therefore, a
part of the tyrR regulon. Eight separate transcription units
are controlled by the TyrR protein, and the operator se-
quences controlling six of these have been described (3, 5-7,
13, 14).

Recently, two papers have been published reporting the
nucleotide sequence of the tyrB gene (8, 17). In this study we
identified the operator locus of the tyrB gene and determined
the start point of transcription.

MATERIALS AND METHODS

Bacterial strains and plasmids. The bacterial strains used in
this study were all derivatives of Escherichia coli K-12.
Their relevant genotypes are shown in Table 1. The plasmids
used are shown in Table 2.
Media and chemicals. The minimal medium used was

prepared from the 56/2 buffer described by Monod et al. (20).
When tyrosine was added to the medium, it was added at a
concentration of 10-3 M.
The chemicals used were all obtained commercially and

not purified further. Trimethoprim and ampicillin were used
in minimal medium at final concentrations of 10 and 50
,ug/ml, respectively. 5-Bromo-4-chloro-3-indolyl-p-D-galac-
topyranoside (X-Gal) was used at a final concentration of 25
jxg/ml. [cz-35S]dATP (1,200 Ci/mmol; 7.9 mCi/ml) used in
DNA sequencing and primer extension was obtained from
Amersham.

* Corresponding author.

,B-Galactosidase assay. f3-Galactosidase activity was as-
sayed as described by Miller (19).
Aromatic amino acid aminotransferase assay. The aromatic

amino acid aminotransferase was assayed by the method
described previously by Wallace and Pittard (26), except that
specific activities are expressed in international units (1
gmol of product formed per min per mg of protein at 37°C).
Recombinant DNA techniques. Standard recombinant

DNA procedures were used essentially as described by
Maniatis et al. (18). DNA fragments to be sequenced were
cloned in both orientations in M13tgl30 and M13tgl31
vectors (15), and deletions were generated by using exonu-
clease III (12). Nucleotide sequences were determined by
the chain termination method described by Sanger et al. (23).
Primer extension technique. The 5' end of the in vivo

transcripts was determined by the primer extension tech-
nique as described by Hudson and Davidson (13).
Sodium bisulfite mutagenesis. In vitro mutagenesis with

sodium bisulfite was based on the method of Peden and
Nathans (22). Treatment was with 0.9 M sodium bisulfite for
20 min.

RESULTS
Cloning the tyrB gene. Gelfand and Steinberg (10) have

previously described a strain, DG30, which, as a result of
mutations in tyrB, aspC, and ilvE, is defective in all aromatic
aminotransferase activity. However, this strain is not readily
transformed, and so a new strain (JP4287) was constructed
which carries the same tyrB, aspC, and ilvE mutations but
was readily transformed with plasmid DNA (data not
shown).
A number of plasmids in the Clark and Carbon collection

have been previously listed as carrying the tyrB" gene (21).
We obtained three of these plasmids (pLC28-33, pLC33-42,
and pLC44-14) from the E. coli Genetic Stock Center, Yale
University, New Haven, Conn. Plasmid DNA was prepared
and was used to transform JP4287. Of the three plasmids
used, only pLC28-33 converted JP4287 to a TyrB+ pheno-
type. The tyrB gene was then subcloned from pLC28-33 on a
1.7-kilobase (kb) HindIII-BamHI fragment to form plasmid
pMU1484.

This plasmid was introduced into three strains which
differed in their tyrR genotype. JP4443 has the mutant tyrR
allele tyrR366, JP4441 is a normal haploid tyrR+, and JP4442
carries many copies of the tyrR+ gene on the multicopy
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TABLE 1. E. coli strains used in this study
Strain Characteristic(s)a Source or reference

DG30 tyrB507 i1vE12 aspC13 thi-J argE3 D. H. Gelfand (10)
proA2 hisG4 hsdSJ4 hppT29
lacYJ gaIK2 ara-J4 xyl-5 mtl-l
rpsL31 tsx-33 X- supE44
recB21 recC22 sbcB15

JP4279 thi-J aroB351 thr-J rpoB312 This laboratory
supE44 gal-351 lacYl rpsL744

JP4287 JP4279 aroB+ tyrB507 ilvE12 A series of steps
aspC12 argE3 involving DG30

and JP4279. This
laboratory.

JP4431 JP4287 tyrR366 By P1 kc transduction
and by the method
of Bochner et al.
(2)

JP3561 thr-l leu-I AlacZM15 P. Kasian (14)
A(aroL478::TnlO)606 supE44
fhuA2 gyrA379

JP4822 JP3561 tyrR366 By P1 kc transduction
and by the method
of Bochner et al.
(2)

JP4441 JP4287(pMU1484) By transformation
JP4442 JP4441(pMU400) By transformation
JP4443 JP4431(pMU1484) By transformation
JP4453 JP3561(pMU1490) By transformation
JP4454 JP4453(pMU360) By transformation
JP4455 JP4822(pMU1490) By transformation
JP4456 JP3561(pMU360) By transformation
JP6528 JP4456(pMU1491) By transformation
JP6529 JP4456(pMU1492) By transformation
JP6530 JP4456(pMU1493) By transformation
JP6531 JP4456(pMU1494) By transformation

a The genetic nomenclature is that described by Bachmann (1). zci-2::TnIO
describes the position of the transposon insertion in accordance with the
nomenclature of Kleckner et al. (16). Allele numbers are given when known.

plasmid pMU400. These strains were grown in the presence
and absence of tyrosine and assayed for their aminotransfer-
ase activity with tyrosine as the substrate.
The results (Table 3) confirm that pMU1484 contains a

gene (tyrB) which codes for an aminotransferase active in the
interconversion of 4-hydroxyphenylpyruvate and tyrosine
whose synthesis is repressed by the TyrR protein and
tyrosine. The results also show that increasing the number of
tyrR+ gene copies in the cell further increases the extent of
tyrB repression. By using exonuclease Bal 31, a 1.4-kb
fragment was obtained which showed the sanme regulated
expression of tyrB (data not shown). The entire sequence of
this 1.4-kb fragment was then determined by the dideoxy
method of Sanger et al. as described in Materials and
Methods.
While this work was being completed, the entire tyrB

sequence was reported by Kuramitsu et al. (17). Since then,
a second report of the tyrB sequence has also appeared (8).
Our sequence, which is in agreement with the sequences in
these reports, is not presented but was used to subclone the
tyrB promoter and operator region.

Subploning the tyrB promoter-operator region. Inspection
of the sequence at the amino terminus and upstream of the
tyrB structural gene revealed possible promoter-operator
sites. These were present on a 251-base-pair (bp) fragment
that had been prepared by exonuclease III digestion as part
of the strategy of sequencing the gene. This fragment, the
sequence of which is shown in Fig. 1, was cloned from

TABLE 2. Plasmids used in this study

Plasmid Characteristic(s)' Source or reference

pMU530 Tpr pREG151 replicon P. Kasian (14)
(pREG151 is a mini R388
replicon)

pMU1484 pMU530 with a 1.7-kb This study
BamHI-HindIII tyrB+ frag-
ment

pMU400 Apr tyrR+ ColEl replicon E. Cornish (5)
pMU575 Promoter cloning vector This study

based on pMU530
pMU1490 A pMU575 derivative with a This study

251-bp BamHI-SmaI frag-
ment carrying tyrB regula-
tory region

mpMU27 M13tgl31 with an insert com- This study
prising the tyrB regulatory
region

pMU1491 pMU1490 derivative carrying This study
tyrB promoter mutation

pM,U1492 pMU1490 derivative carrying This study
tyrB promoter mutation

pMU1493 pMU1490 derivative carrying This study
tyrB operator mutation

pMU1494 pMU1490 derivative carrying This study
tyrB operator mutation

pLC28-33 tyrB+ ColEl replicon F. Neidhardt et al. (21)
pMU360 Apr tyrR+ ColEl replicon E. Cornish (5)

a Apr, Ampicillin resistance; Tpr, trimethoprim resistance.

mpMU27 into the BamHI and SmaI sites of the promoter
cloning vector pMU575.

Plasmid pMU575 (Fig. 2; A. Wright, unpublished data)
was constructed by using the pREG151 replicon. It is a

galK'-lacZ' YA' fusion vector in which the amino terminus of
the galK gene, containing all the translational start signals
but no promoters, is fused in phase with the eighth codon of
the lacZ gene. This plasmid has termination codons present
in all three reading frames between the polylinker region and
the start of the galK gene, so that the translation of the lacZ
message should be independent of any translation events
initiated within the inserted fragment. In addition, a tran-
scription termination signal has been inserted upstream of
the polylinker site of pMU575 to eliminate readthrough
transcription from upstream promoters into the lacZ gene.
The new plasmid (pMU1490) was transformed into the

various tyrR and tyrR+ strains as before, and after purifica-
tion the transformnants were grown in the presence and

TABLE 3. Aromatic amnino acid aminotransferase activities in
strains containing pMU1484 and different copy numbers of the

tyrR+ gene
Sp act (mU) of aromatic

amino acid
Strain Description Copy no. of aminotransferase" from

tyrR+ gene cells grown inb:
MM MM + Tyr

JP4443 JP4431(pMU1484) 0 38 34
JP4441 JP4287(pMU1484) 1 17 4
JP4442 JP4287(pMU1484, Multicopy 12 2.5

pMU400)

'The aromatic amino acid aminotransferase activity was measured by
estimating the conversion of tyrosine to 4-hydroxyphenylpyruvate.

b MM, Minimal medium; MM + Tyr, minimal medium supplemented with
10-3 M tyrosine.
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20 40 60 T T
GGGCGGATGTACGTTTGTCATGAGTCTCACTCTGTTGCTAATTGCCGTTCGCTCCTGAACATCCACTCGATCT

-35

A 80 A 100 A 120 140
TCGCCTTCTTCCGGTTTATTGTGTTTTAACCACCTGCCCGTAAACCTGGAGMCCAT CGTGTTTCAAAAAG

-10 rbs MetPheGlnLysVal

c a)

T 160 180 200
TTGACGC TACGCTGGCGACCCGATTCTTACGCTTATGGAGCGTTTTAAAGAAGACCCTCGCAGCGACAAAGT

AspAlaTyrAloGlyAsoProI leLeuThrLeuMetGluArgPheLysGluAspProArgSerAspLysVal

220 240 251
GAATTTAAGTATCGGTCTGTACTACAACGAAG

AsnLeuSerl I eGlyLeuTyrTyrAsnGl u

FIG. 1. Nucleotide sequence of antisense strand of the tyrB
regulatory region. The Shine-Dalgarno box is labeled (rbs) and
underlined (8). The tyrB transcription start site, determined by
primer extension, is marked with an asterisk and an arrow, and the
putative -35 and -10 regions are underlined. The Hindll restriction
site on the sequence used to prepare the probe for primer extension
is indicated. The double TYR R boxes are boxed. The base changes
in the mutant plasmids are as follows: pMU1491, C-to-T substitu-
tions at positions 66 and 68; pMU1492, G-to-A substitution at
position 94; pMU1493, C-to-T substitution at position 151;
pMU1494, G-to-A substitutions at positions 76 and 113.

absence of tyrosine and assayed for 3-galactosidase. Strains
with pMU1490 synthesized 3-galactosidase, and the synthe-
sis was repressed when tyrR+ cells were grown in the
presence of tyrosine (Table 4). The failure to observe repres-
sion in tyrR cells and the enhanced repression in a multicopy
tyrR' strain confirm that this 251-bp fragment contains the
tyrB promoter-operator sequence.

Determination of the site of transcription initiation within
the tyrB promoter region. The primer extension technique
described by Hudson and Davidson (13) was used to deter-
mine the 5' endpoint of the tyrB transcript, which presum-
ably represents the transcription start point of the tyrB
message. A 150-base Hindll single-stranded DNA primer
was generated from the M13tgl31 derivative (mpMU27)
which carries the 251-bp tyrB regulatory region. In this
instance, single-stranded mpMU27 was first annealed with
the conventional 17-base M13 sequencing primer. [ot-
35SjdATP was used as a label, and after de novo synthesis,
the enzyme Hindll, which cuts the DNA at position 148 (Fig.
1), was used for digestion. The HindII site lies in the coding
region of the gene and must therefore be downstream from
the transcription start point. After digestion, the DNA was
denatured at 100°C and the single strands were separated on
a 6% sequencing gel. The single strand comprising the
sequence from bases 148 to 251 and corresponding to the
sense strand of the sequence represented in Fig. 1 with the
addition of the M13 sequencing primer on the 5' (base 251)
end was prepared and used as a single-stranded primer.
After hybridization to mRNA from a strain carrying
pMU1490 grown under conditions which derepress tyrB, the
primer was extended with reverse transcriptase. The prod-
uct of extension was electrophoresed next to the sequencing
reactions of the identical clone used to generate the primer.
The results of the primer extension (Fig. 3) demonstrate that
the start point of transcription is at position 102 of the

vi u4 m= CZ

CA ci a CZ .4 .

terminator

co

stop codons

0

'-A

FIG. 2. Physical map of promoter cloning vector pMU575. De-
tails are given in the text.

sequence shown in Fig. 1. An examination of the sequence
upstream from the start point revealed a possible promoter
whose -10 and -35 regions are underlined in Fig. 1.

Localized mutagenesis of the tyrB promoter-operator region
and characterization of the mutant plasmids. Plasmids
pMU575 and pMU1490 differ only by the 251-bp insert
present in pMU1490. Since this insert contains the promoter-
operator region, these two plasmids can readily be used
together to create the appropriate single-stranded target for
sodium bisulfite mutagenesis (22).

Plasmid pMU575 was digested with SmaI and BamHI, and
pMU1490 was digested with XhoI. Both digests were then
denatured, mixed, and reannealed. The resultant hetero-
duplexes contained the 251-base insert as a single-stranded
region. The heteroduplexes were mutagenized with sodium
bisulfite as described in Materials and Methods, and the gap
was filled in in vitro with Klenow fragment and deoxynucle-
oside triphosphates. Plasmid DNA was then transformed
into a strain (JP4456) which carries the multicopy tyrR'
plasmid pMU360, and transformants were plated onto min-
imal medium supplemented with X-Gal and tyrosine. On this

TABLE 4. Repression of ,3-galactosidase in strains carrying the
tyrB-lacZ fusion plasmid

j3-Galactosidase activity'
Strain Description Copy no. of of cells grown in":StrainDescription yrR' gene

MM MM + Tyr

JP4455 JP4822(pMU1490) 0 508 451
JP4453 JP3561(pMU1490) 1 338 131
JP4454 JP3561(pMU1490, Multicopy 156 34

pMU360)
The units of ,B-galactosidase specific activity are those defined by Miller

(19).
b Abbreviations are defined in Table 3, footnote b.
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TABLE 5. Expression of ,-galactosidase from wild-type and
mutant tyrB-lacZ fusions

,-Galactosidase activity
Strain Description of cells grown in':

MM MM + Tyr

JP4454b JP3561(pMU1490, pMU360) 156 34
JP6528 JP3561(pMU1491, pMU360) 1,594 916
JP6529 JP3561(pMU1492, pMU360) 1,222 894
JP6530 JP3561(pMU1493, pMU360) 354 313
JP6531 JP3561(pMU1494, pMU360) 356 334

a Abbreviations are defined in Table 3, footnote b.
b Data for JP4454 are repeated from Table 4.

hand, synthesized P3-galactosidase at levels three times
higher than those observed in JP4455, and the addition of
tyrosine to the medium still caused repression, althQugh
significantly less than that observed with the wild type.
The DNA fragment carrying the tyrB promoter-operator

region was cloned from each of the mutant plasmids into
M13tgl3O and M13tgl31 and sequenced. The base changes in
these four mutants are shown in Fig, 1. In Fig. 1 we boxed a
sequence which resembles the double TYR R boxes previ-
ously reported for other genes of the tyrR regulon whose
expression is controlled by tyrosine. Although the agree-
ment with the TYR R box consensus sequence is not strong,
the hypothesis is validated by the finding that both mutants
in which repression was abolished (pMU1493 and pMU1494)
have base changes affecting G C pairs in these putative
TYR R boxes. Plasmid pMU1494 has a second base change
at position 76 whose effect, if any, is unknown. The double
TYR R boxes in aroF, aroL, aroP, tyrP, and tyrlB and the
base changes that have been identified in operator constitu-
tive mutants are shown in Fig. 4.
The base substitutions in the two mutant plasmids

(pMU1491 and pMU1492) which showed levels of ,3-

FIG. 3. Determination of the start site of tyrB transcription by
primer extension. A 150-bp Hindll 35S-labeled probe was used as the
primer (band P), and the product of extension (band E) using this
primer corresponded to the circled T residue in the sequencing
ladder of the sense strand of the tvrB regulatory region. Lane 1,
Probe extended when annealed to RNA from a strain carrying
pMU1490; lane 2, probe extended in the absence of RNA. The other
lanes show the products of the dideoxynucleotide sequencing reac-
tions obtained when the identical M13tgl31 clone used to generate
the primer was sequenced.

medium, derepressed mutants produce colonies that are a
significantly deeper blue than the pale blue colonies of the
wild-type strain. This difference is maximized by the pres-
ence of pMU360 in the recipient strain. A number of deep
blue colonies were chosen for further study. To confirm that
the altered phenotype was caused by mutation in the
pMU1490 derivatives, these plasmids were, in each in-
stance, separated from pMU360, transformed again into
JP4456, and assayed for 3-galactosidase. The f3-galactos-
idase activities of four of these transformed strains are
shown in Table 5. All four strains showed greatly enhanced
,B-galactosidase activity in both minimal medium and mini-
mal medium supplemented with tyrosine. Strains carrying
plasmid pMU1493 or pMU1494 were not repressed at all by
tyrosine and synthesized 3-galactosidase at levels slightly
less than that observed in the tyrR mutant JP4455 (Table 4).
Strains with plasmid pMU1491 or pMU1492, on the other
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FIG. 4. Comparison of the double TYR R boxes of aroF-tyrA,
tyrP, aroL-aroM, aroP, and tyrB (3, 4, 7, 9, 14). The consensus
sequence for the TYR R box (3) is shown; capital letters indicate
bases found in at least 9 of the 12 previously reported TYR R boxes,
whereas lowercase letters denote those common to at least 6 boxes.
Nucleotide changes in various operator constitutive mutants are
marked. The nucleotides that match the consensus sequences are
shown in boldface type. Both aroF-tyrA and aroL-aroM have an
additional box at a distance of 30 and 31 bases, respectively, from
the double boxes.
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galactosidase in excess of those observed in a tyrR motant
are found in the -10 and -35 regions of the postulated tyrB
promoter. In both instances the base changes increased
homology with the promoter consensus sequence (11).

DISCUSSION

The identification of the operator site for the tyrB gene
brings to seven the number of transcription units of the tyrR
regulon whose operator loci have been sequenced (3-7, 9,
13, 14). Only mtr remains to be analyzed. Base changes
resulting in a loss of operator function have been studied for
aroF (4, 9), tyrP (14), aroP (3), aroG (N. Bassegio and B. E.
Davidson, unpublished results), aroL (A. Wright and J.
Pittard, unpublished results), and tyrB (this study). These
results have allowed us to identify a family of sequences
which are all closely related to the consensus sequence
agTGTAAat---t-TTtACa-a. These sequences have been
termed TYR R boxes. All of the operator mutations involv-
ing simple base substitutions fall within the TYR R boxes.
Most of these affect the G C and C G pairs that are
invariably found 14 bases apart in the left and right arms of
the TYR R boxes. The two genes of the regulon whose
expression is not controlled by tyrosine, aroG and tyrR,
contain a single TYR R box adjacent or overlapping the -35
region of the promoter (5, 6). Both of these boxes are highly
symmetrical and show a close agreement with the consensus
sequence. On the other hand, the transcription units whose
expression is controlled by tyrosine, aroF, aroL, tyrP, and
aroP, have all been shown to contain at least two TYR R
boxes and consistently exhibit double boxes separated by a
single A T base pair (3, 4, 7, 9, 14). In tyrB the same
arrangement is conserved, although in this instance a G C
base pair intervenes between the two boxes (Fig. 4). In
general, both the symmetry and the agreement with the
consensus sequence are weaker in the TYR R boxes occur-
ring in pairs. In aroF and tyrP the double boxes overlap the
-35 regions, in aroL they overlap the -10 region, and in
aroP they are situated 40 or so bases downstream from the
-10 sequence. In tyrB, as reported above, the TYR R boxes
are adjacent to the -10 region and overlap the ribosome-
binding site sequence and the beginning of the structural
gene.
The mutations which affect the TyrR-mediated repression

of tyrB occur in one or the other of the palindromic G. C
pairs which have been found to be altered in other operator
mutants of the tyrR regulon (Fig. 4). Two of the mutants
selected for their enhanced P-galactosidase expression but
which still showed some repression have base changes that
alter either the -10 or -35 sequence of the promoter. In
both instances, the new sequences show a closer homology
with the ideal consensus sequence (11). The diminished
repression in these mutants would seem to result from an
increased affinity between the RNA polymerase and the
promoter rather than a change in the affinity between repres-
sor and operator. This will have to be confirmed by in vitro
studies.

In comparison with the aroF-tyrA operon, which codes for
the tyrosine-repressible enzymes of the first reaction of the
common pathway and of the terminal pathway, tyrB is
relatively insensitive to repression. When cells are grown in
minimal medium, the endogenous tyrosine pool results in
about a 90% repression of aroF-tyrA (25) but 0 to 40%
repression of tyrB. Overall, the TYR R boxes of tyrB show a
weaker homology with the TYR R consensus sequence than
do the aroF boxes (Fig. 4), and this may be the explanation

(a)

tyrB G

* ***** * ***** * ** ** ****

aspC CII s__

(b)

tyrB CCXGJ IX GAAGAAMC G O IA AAGT1G0C

* **** ** * * *** * ****** *** ** ****

aspC lUlT AAhTCA=i G CA1UITMGAL ACATEALXXJ2
(T deleted)
FIG. 5. (a) Comparison of the operator sequence of tyrB and the

corresponding region of aspC (8). The nucleotides common in both
sequences are marked with asterisks, and the translational start
codons are underlined. Both sequences represent transcribed re-
gions. For tyrB, the transcriptional start point is 8 bp upstream of the
sequence shown, and for aspC, transcription probably commences 9
or 10 bp upstream (8). (b) T residue marked with an arrow in panel
a has been deleted from the aspC sequence to align the left-hand
boxes. This increases homology overall and reestablishes the re-
quired spacing between the boxes. The nucleotides which match the
consensus sequence (Fig. 4) are in boldface type.

for the difference. Furthermore, a consideration of dere-
pressed levels of the enzyme coded for by aroF-tyrA and
tyrB suggests that if tyrB expression was 90% repressed in
minimal medium, this reaction would become rate limiting in
tyrosine biosynthesis. It is tempting to argue that in this
instance, the relative strength of the tyrB promoter may have
selected for a relatively inefficient operator or vice versa.
Fotheringham et al. (8) have reported the complete nucle-

otide sequence of both the tyrB and aspC genes. The
sequences show an overall DNA homology of 51%. The
investigators note, however, that the DNA encoded
nonconserved regions of the proteins have undergone con-
siderable evolutionary change. Since tyrB, but not aspC, is
controlled by the TyrR protein, it was of interest to compare
the nucleotide sequences of these two genes in the regions of
the TYR R boxes.

In Fig. 5 the tyrB and aspC sequences have been aligned
so that the translation start codons for the two enzymes
coincide. The right-hand TYR R box of tyrB also codes for
the first seven amino acids of the tyrB-encoded aminotrans-
ferase. Perhaps for this reason sequence homology between
tyrB and aspC remains high (15 of 22 bases) in this region.
On first inspection, however, sequence homology seems to
fall to a much lower level (6 of 22 bases) in the region of the
left-hand box. When the aspC sequence was examined for
the presence of TYR R boxes, the following observations
were made. The sequence corresponding to the right-hand
TYR R box has 6 of 17 bases of the TYR R consensus
sequence, two less than the corresponding region in tyrB.
The upstream sequence also contains a recognizable TYR R
box, but in aspC two bases rather than one separate the two
boxes. By deleting a thymine nucleotide (Fig. 5), overall
homology between the two sequences is restored and the
double TYR R box appears in aspC with the same spacing as
in other genes of the regulon.
The observation that aspC is not controlled by the TyrR

protein suggests that neither the sequence of the single
right-hand box nor that of the single left-hand box is sufficient-
for control. Similarly, tyrB mutants which have only one box
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intact are no longer controlled by the TyrR protein. Whether
a deletion of a single thymine nucleotide (Fig. 5) would result
in aspC coming under TyrR-mediated control or whether it
would require other base changes within the TYR R box
region has yet to be tested. The marked similarity between
the two genes does, however, pose the possibility that the
TYR R boxes evolved to control tyrB before aspC was
produced by duplication and that since that event an aspC
control that was inappropriate was discarded.

Finally, recent studies of the regulation of tyrP have
shown that if the number of bases between the TYR R boxes
is changed from one to three, tyrosine repression is abol-
ished (A. Wright, unpublished results).
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