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The abilities of 14 tryptophan analogs to repress the tryptophan (tip) operon
have been studied in Escherichia coli cells derepressed by incubation with 0.25
mM indole-3-propionic acid (IPA). tip operon expression was monitored by
measuring the specific activities of anthranilate synthase (EC 4.1.3.27) and the
tryptophan synthase (EC 4.2.1.20) , subunit. Analogs characterized by modifi-
cation or removal of the a-amino group or the a-carboxyl group did not repress
the tip operon. The only analogs among this group that appeared to interact with
the tip aporepressor were IPA, which derepressed the tip operon, and D-trypto-
phan. Analogs with modifications of the indole ring repressed the tip operon to
various degrees. 7-Methyl-tryptophan inhibited anthranilate synthase activity
and consequently derepressed the tip operon. Additionally, 7-methyltryptophan
prevented IPA-mediated derepression but, unlike tryptophan, did so in a non-
coordinate manner, with the later enzymes of the operon being relatively more
repressed than the early enzymes. The effect of 7-methyltryptophan on IPA-
mediated derepression was likely not due to the interaction of IPA with the
allosteric site of anthranilate synthase, even though feedback-resistant mutants
of anthranilate synthase were partially resistant to derepression by IPA. The
effect of 7-methyltryptophan on derepression by IPA was probably due to the
effect of the analog-aporepressor complex on trp operon expression.

The efficiency ofregulation oftryptophan bio-
synthesis in Escherichia coli resides in the abil-
ity of tryptophan to interact at three different
controlling sites. Negative control oftryptophan
(trp) operon mRNA synthesis is mediated by
the interaction of tryptophan and the tipR gene
product, the aporepressor (10, 15, 20). Trypto-
phan or a metabolic derivative of tryptophan
modulates the fiequency ofelongation ofmRNA
throigh the attenuator region (3, 12). In addi-
tion, tryptophan functions as an allosteric inhib-
itor of anthranilate synthase, the first enzyme in
the tryptophan biosynthetic pathway (2).

Structural analogs of L-tryptophan have had
an important role in the development of our
current knowledge of the mechanisms by which
tryptophan regulates its own biosynthesis. Stud-
ies with tryptophan analogs have demonstrated
that repression control of tip operon mRNA
synthesis, both in vivo and in vitro, requires the
formation of a functional repressor by the inter-
action of the aporepressor and L-tryptophan or
certain analogs, such as 6-methyltryptophan (5,

t Present Address: Department of Cell Biology, Baylor
College of Medicine, Houston, TX 77030.

10, 14, 15, 18). These studies precluded the in-
volvement of tryptophanyl-tRNA in repression
control, although similar studies have indicated
that tryptophanyl-tRNA may be involved in the
control of tip mRNA elongation through the
attenuator site (12). Experiments with 7-methyl-
tryptophan (7-MT) have demonstrated that this
analog affects tip operon expression as a result
of its interaction with the first enzyme in the
tryptophan biosynthetic pathway (8).
The aim of the studies described in this report

was to evaluate tryptophan analogs for their
ability to repress the in vivo synthesis of the
tipE and tipB gene products, anthranilate syn-
thase and the ,B subunit of tryptophan synthase,
respectively. Therefore these experiments re-
quired a system in which repression of tip op-
eron expression by tryptophan analogs could be
reliably quantitated.

Repression of tip operon expression in E. coli
cells growing in minimal medium is slight, be-
cause the tip operon is partially repressed under
these conditions. However, treatment of cells
with indole-3-propionic acid (IPA) causes rapid
and coordinate derepression of the trp operon
that is prevented by L-tryptophan (1, 11, 13). In
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vitro studies have shown that derepression of
trp operon expression by IPA was due to a direct
effect ofIPA on the trp aporepressor (17). There-
fore, IPA apparently decreases the level of func-
tional tip repressor in cells, causing derepression
of the trp operon. Consequently, the abilities of
tryptophan analogs to repress the trp operon
can be evaluated by determining, relative to L-
typtophan, each analog's ability to prevent
IPA-mediated derepression. The effects of var-
ious modifications in tryptophan structure upon
the ability of L-tryptophan to repress tip operon
expression are described. In addition, the rela-
tionship of repression control of tip operon
expression and allosteric control of anthranilate
synthase by tryptophan analogs is discussed.

(This paper was taken in part from a thesis
submitted to Marquette University, Milwaukee,
Wis., by R. J. P. in partial fulfillment of the
requirements for the Ph.D. degree.)

MATERIALS AND METHODS
Bacterial strains. The strains of E. coli K-12 used

in this study were derived from either W3110 tna or
W1485 tna, which were isolated in this laboratory and
lack detectable tryptophanase activity. Mutants de-
scribed in this study were isolated after UV mutagen-
esis. The anthrnilate synthase activities of the thpE44
tna and tipE45 tna mutants were resistant to inhibi-
tion by L-tryptophan. aroG13 tna was characterized
by its resistance to growth inhibition by 3-methylan-
thranilic acid and has 7-phospho-2-keto-3-deoxy-D-ar-
abinoheptonate D-erythrose-4-phosphate-lyase (py-
ruvate-phosphorylating) (DAHP synthase) (EC
4.1.2.15) activity which is resistant to allosteric inhi-
bition by phenylalanine (8).

Culture conditions. Cultures of E. coli strains
were routinely grown at 37°C with vigorous aeration
on a rotary shaker in the minim medium of Vogel
and Bonner (19) supplemented with 0.2% (wt/vol)
glucose as a carbon source. Cells from an overnight
late log- or early stationary-phase culture were re-
covered by centrifugation at 5,000 x g for 15 min
(400), suspended in the same volume of cold sline
(0.9% NaCl), and centrdfuged again. The cells were
resuspended in 0.1 volume of fresh medium and used
to inoculate fresh medium (37°C) to an initial density
of 108 cells per ml. Cultures were incubated until the
density reached 4 x 108 to 5 x 108 cells per ml.
Supplements, as specified in Results, were then added
to each culture, and incubation was continued for 45
min. Culture flasks were chilled in an ice bath for 5
min, and then the contents were transferred to chilled
centrifuge tubes. Cells were recovered by centrifuga-
tion and washed with an equal volume, followed by
0.1 volume, of cold saline.

Preparation of cell extracts. Cell extracts were
prepared by suspending the washed cells in 2 ml of
cold homogenization buffer per g (wet weight) of cells.
Homogenization buffer, pH 7.0, contained 0.1 M
KH2PO4-K2HP04, 1 mM 2-mercaptoethanol, and 1
mM ethylendaminetetraacetic acid. Cells were dis-

rupted by intermittent sonic oscillation for 2 min. Cell
debris was removed by centrifugation at 20,000 x g for
45 min at 4°C. The cell extracts were stored at -15°C
until assayed.
Enzyme assays. Anthranilate synthase (choris-

mate pyruvate-lyase [amino-accepting], EC 4.1.3.27)
was assayed by the method of Held and Smith (8).
Assays for anthranilate phosphoribosytransferase [N-
(5'-phosphoribosyl)-anthranilate:pyrophosphate
phosphoribosyltransferase, EC 2.4.2.18] and indole-3-
glycerol-phosphate synthase [l-(2'-carboxyphenyl-
amino)-l-deoxyribulose-5-phosphate carboxy-lyase
(cyclizing), EC 4.1.1.48] activities were performed ac-
cording to the methods of Creighton and Yanofsky
(4). Tryptophan synthase, a and , subunits, (L-serine
hydro-lyase (adding indole-glycerol-phosphate), EC
4.2.1.20) was assayed by the procedures of Smith and
Yanofsky (16).
One enzyme unit was defined as the amount of

enzyme that catalyzed the production of one pmole of
product or the consumption of one ismole of substrate
in 1 min at 37°C. Specific activity is given in enzyme
units per milliam of protein. Protein was determined
by the method of Lowry et al. (9).

Relative repression was calculated by comparing
the level of a particular trp operon gene product
synthesized in the presence of an analog and IPA to
the level of that gene product synthesized in the
presence of L-tryptophan and IPA by the formula:

[(SA [IPA] - SA [IPA + analog])/(SA [IPA] - SA
[IPA + L-tryptophan])] x 100 = relative repression
(percent),

where SA [IPA] was the enzyme specific activity from
cells treated with 0.25 mM IPA, SA [IPA + analog]
was the enzyme specific activity from cells treated
with 0.25 mM IPA and the designated concentration
of analog, and SA [IPA + L-tryptophan] was the
enzyme specific activity from cells treated with 0.25
mM IPA plus L-tryptophan at the same concentration
as indicated for the analog.
Chemicals Chorismic acid was prepared by the

method of Gibson (6). N-Acetyl-L-, 4-methyl-DL-, 6-
methyl-DL-, and 7-aza-DL-tryptophan were purchased
from Cyclo Chemical Co., Los Angeles, Calif. Trypt-
amine hydrochloride, 5-fluorotryptophan, and 6-fluo-
rotryptophan were acquired from Aldrich Chemical
Co., Milwaukee, Wis. Sigma Chemical Co., St. Louis,
Mo., supplied 5-hydroxy-DL-tryptophan, 7-methyl-
DL-tryptophan, and DL-tryptophan butyl ester hydro-
chloride. IPA was purchased from Eastman Organic
Chemical Div., Eastman Kodak Co., Rochester, N. Y.
L-Tryptophan, D-tryptophan, DL-tryptophan, L-tryp-
tophan methyl ester hydrochlonde, L-tryptophan
ethyl ester hydrochloride, and 5-methyl-DL-trypto-
phan were acquired from Schwarz/Mann, Orangeburg,
N. Y. All analogs were freshly prepared in neutralized
minimal medium except for IPA, which was prepared
in ethyl alcohol. The final alcohol concentration in cell
cultures did not exceed 3% (vol/vol). All other chem-
icals were commercially available.

All tryptophan analogs were examined by paper
chromatography in an n-butyl alcohol-acetic
acid-water (90:10:20) solvent system. The chromato-
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grams were sprayed with solutions of ninhydrin or p-

dimethylaminobenzaldehyde. The only analog, except
for D-tryptophan, that contained detectable amounts
of a substance that had the same Rf as tryptophan was
DL-tryptophan butyl ester.

RESULTS

The tryptophan analog IPA derepresses tip
operon expression at the level of transcription
and translation in vivo (1, 11, 13). IPA dere-
presses the trp operon because it apparently
competes with L-tryptophan for binding to the
aporepressor (11, 15). Based upon these obser-
vations, the abilities of tryptophan analogs to
repress tip operon expression were determined
by comparing the level of trp operon expression
observed in the presence of an analog and IPA
to the level of tip operon expression observed in
the presence of L-tryptophan and IPA.

Concentrations of IPA in excess of 0.1 mM
caused significant increases in the specific activ-
ities of anthranilate synthase and the trypto-
phan synthase ,8 subunit (Fig. 1). The activities
of anthranilate synthase and the tryptophan
synthase ,8 subunit were significantly greater (P
<0.05) in cells treated with 0.25 mM IPA than
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FIG. 1. Concentration dependence of IPA de.

repression of the trp operon. The specific activities of

anthranilate syntha-se (0) and the tryptophan syn-

thase subunit (0) were determined in extracts fr-om
cultures incubated with the designated concentra-

tions of IPA for 45min

in untreated cells assayed in 22 independent
experiments. From these latter measurements,
the specific activities (mean ± standard error) of
anthranilate synthase and the tryptophan syn-
thase ,f subunit were 0.00783 ± 0.00073 and 0.035
± 0.0025, respectively, in IPA-treated cultures,
as compared with 0.00132 ± 0.00051 and 0.0066
± 0.0022, respectively, in control cultures with-
out IPA. IPA also inhibited cell growth under
the same conditions (data not shown).
L-Tryptophan repression of trp operon expres-

sion was analyzed by incubating cells with 0.25
mM IPA and various amounts of L-tryptophan.
L-Tryptophan repression was concentration de-
pendent (Fig. 2). Maximal and one-half-maximal
repression were observed at approximately 12
and 5 ,uM L-tryptophan, respectively.
Based upon the results presented in Fig. 1 and

2, the ability of tryptophan analogs to repress
tip operon expression was evaluated by deter-
mining the effect of an analog, at concentrations
of 0.025 and 0.25 mM, upon derepression by 0.25
mM IPA. Analog concentrations of 0.025 and
0.25 mM were used, since L-tryptophan caused
maximal repression over this range.
Table 1 illustrates the method used to analyze

the abilities of tryptophan analogs to repress tip
operon expression, and the results are controls
for analogs that were racemic mixtures. DL-
Tryptophan repressed synthesis of anthranilate
synthase and the tryptophan synthase /B subunit
to the same extent as L-tryptophan at either
concentration; i.e., the relative repression was
approximately 100%. Therefore, the D isomer of
tryptophan did not significantly reduce the abil-
ity of 12.5 ,uM L-tryptophan to repress tip operon
expression.
The same method was used to evaluate the

abilities of 14 tryptophan analogs to repress tip
operon expression. The results are presented in
su1mmary form in Table 2. Control cultures con-
taining only 0.25 mM analog were also routinely
assayed. Only 7-MT derepressed the tip operon
in control cultures containing 0.25 mM analog
alone.
The tryptophan analogs 4-methyl-, 5-

methyl-, 5-fluoro-, 6-methyl-, and 6-fluorotryp-
tophan repressed enzyme synthesis to the same
extent as L-tryptophan, and therefore these an-
alogs may form a functional complex with the
aporepressor. In- addition, at concentrations of
0.01 and 0.005 mM, 6-methyltryptophan re-
pressed enzyme synthesis to the same extents as
equlivalent concentrations of L-typtophan (data
not shown).
D-Typtophan, 7-azatryptophan, and 5-hy-

droxytryptophan only partially repressed tip op-
eron expression (Table 2). The degree of repres-
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FIG. 2. Effect ofL-tryptophan concentration on repression ofthe thp operon. W3110 tna was incubated with
0.25mMIPA and various concentrations ofL-trytophan. The specific activities ofanthranilate synthase and
the tryptophan 8ynthase , subunit were determined. Thepercent repression, mean ± standard error fx ± SE)
from two independent experiments, was calculted as described in the text.

TABLE 1. DL-Tryptophan prevention ofIPA derepres8iona

Concn (mM) synthas Tryptophan synthase ,8 sub-

IPA L-Trypto- DL-Trypto- Spact (EUb/ Relative Sp act (EU/ Relative
phan phan mg) rero mg) Msr"o

0.00142 0.0087
0.25 0.0098 0.0446
0.25 0.025 0.00098 0.0066
0.25 0.025 0.00116 98 0.0073 98
0.25 0.25 0.00111 0.0066
0.25 0.25 0.00130 98 0.0069 99

Conditions for cell culture and enzyme aasays are described in the text. Relative repression was calculated
as described in the text.

b EU, Enzyme units.

sion by 5-hydroxytryptophan was a function of
the analog concentration. However, the degree
of repression by D-tryptophan and 7-azatrypto-
phan was not a function of the analog concen-
tration (Table 2).
The analog 7-methyltryptophan (7-MT) is not

readily clasfied with regard, to its ability to
repress tip operon expresion, because repres-
sion ofanthranilate synthase and the tryptophan
synthase fi subunit was not coordinate with the
latter enzyme being repressed to a greater extent
(Table 2). Noncoordinate repression was also
observed with 0.05 mM 7-MT (data not shown).
N-Acetyltryptophan and tryptanine did not

signiicantly repress the tip operon, even at 0.25

mM (Table 2). The methyL ethyl, and butyl
esters of tryptophan also did not repress the t*p
operon at 0.025 mM, but maximal represson
was observed at 0.25 mM (Table 2). The possi-
bility that repression at the higher concentration
of the esters was due to production of typto-
phan, as a resut of removal of the ester group,
was analyzed by determining the effect of the
esters on the growth of a starved tryptophan
auxotroph, W3110 tna tipA. The ester-substi-
tuted analogs supported growth of the trypto-
phan auxotroph under conditions similar to the
repression studies, indicating that the esters
were hydrolyzed (data not shown).
The possibility that noncoordinate repression
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by 7-MT was due to an effect of 7-MT upon

either the synthesis or the activity of anthrani-
late synthase or the tryptophan synthase ,B sub-
unit was evaluated by determining the effect of
7-MT on IPA-mediated derepression of all tip

operon enzymes. The results (Table 3) indicated
that 7-MT repressed synthesis of indoleglycerol-
phosphate synthase and both the and the a

subunits of tryptophan synthase to the same

degree. Synthesis of anthranilate phosphoribo-
syltransferase was repressed to a lesser degree
than the tryptophan synthase 8 subunit but

more than anthranilate synthase. Also, these
results show that 7-MT alone slightly dere-
pressed anthranilate synthase, whereas synthe-
sis of the tryptophan synthase ,8 and a subunits
was not derepressed. Noncoordinate derepres-
sion of trp operator proximal and distal gene
products by 7-MT has been observed previously
(8). Therefore, the low relative repression of
anthranilate synthase compared with the tryp-
tophan synthase 8 and a subunits may be due
to derepression of anthranilate synthase by 7-
MT.

TABLE 2. Summary of analog repres8ion studie8
Relative repression (%)G

0.025 mM analog 0.25 mM analog
Analog

Anthranilate Tryptophan Anthranilate Tryptophan
synthase synthase, sub- synthase synthasef sub-

unit ~~~~~~~~unit
4-Methyl-DL-tryptophan 95 95 96 96
5-Methyl-DL-tryptophan 93 97 94 96
5-Fluorotryptophan 89 95 97 100
6-Methyl-DL-tryptophan 97 93 93 92
6-Fluorotryptophan 99 99 99 97
D_Tryptophafb 25± 5 21 ± 5 24± 8 28 ± 14
7-Aza-DL-tryptophan 43 41 47 41
5-Hydroxy-DL-tryptophan 19 29 54 63
7-Methyl-DL-tryptophanc 43 ± 3 85± 3 65± 8 88± 2
N-Acetyl-L-tryptophan 13 8 1 4
Tryptamine 10 0 7 0
L-Tryptophan methyl esterd 25 8 100 100
L-Tryptophan ethyl esterd 24 11 100 100
DL-TryptOphan butyl esterd 0 0 100 100

° Relative repression of anthranilate synthase and the tryptophan synthase /B subunit was calculated by the
equation described in the text.

b Mean + standard error of three independent experiments.
'Mean ± standard error of five independent experiments.
d Repression observed was probably due to hydrolysis and liberation of tryptophan during the incubation

period (see text).

TABLE 3. Effect of 7-MT on IPA depression of tip operon enzymes'

'Anthranilate Indole-3- Tryptophan synthase
Anthralate phosphoribosyl glycerol-

Co)synthase transferase ppsphate ,8subunit a subunit

SP Rel. SP Rel. SP Rel. Sp Rel. Sp Rel.
IPA L-trypto- 7-MT act rep act act act act Repphan (EU/ (EU/ P- (EU/ 'P- (EU! P (EU!

mg) M mg) M mg) M mg) M mg)
_C _ - 0.00141 0.00112 0.00132 0.0095 0.0131
- - 0.25 0.00184 NDd ND 0.0064 0.0131
0.25 - - 0.00738 0.00394 0.00638 0.0345 0.0459
0.25 0.025 - 0.00107 0.00102 0.00155 0.0075 0.0114
0.25 - 0.025 0.00501 38 0.00223 58 0.00206 82 0.0126 82 0.0202 75
0.25 - 0.25 0.00414 52 0.00206 64 0.00181 87 0.0109 88 0.0173 83

a The conditions for cell culture and detennination of the specific activity, as well as the relative repression (Rel. rep.), of
indicated enzymes are descibed in the text.

EU, Enzyme units.
c

, None.
d ND, Not determined.
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Mutants with a feedback-resistant DAHP
synthase or with a feedback-reistant anthrani-
late synthase are not derepressed by 7-MT (8).
The ability of IPA to derepress the tip operon
enzymes was tested with both types offeedback-
resistant mutants. An aroG strain, with a feed-
back-resistant DAHP synthase, required ap-
proximately 10 times the concentration of IPA
to achieve the same relative level ofderepression
seen with 0.25 mM IPA in W3110 tna (Fig. 3).
Although not shown in Fig. 3, enzyme activities
for two anthranilate synthase feedback-resistant
strains, tipE44 tna and trpE45 tna, closely ap-
proximated the values on the lower curve, for
the aroG strain. The increase in IPA concentra-
tion required for derepression may be due to an
increase in endogenous tryptophan in feedback-
resistant mutants, since from Table 4 it is ap-
parent that IPA did not inhibit anthranilate
synthase activity under conditions in which L-
tryptophan and 7-MT were strong inhibitors. In
addition, IPA did not affect L-tryptophan inhi-
bition of enzyme activity.

DISCUSSION
Direct measurement of the interaction be-

tween the tipR gene product, the aporepressor,
and L-tryptophan has been difficult, because
efforts to purify the aporepressor have met with
only partial success (15, 18, 20). Consequently,
analysis of the interaction of tryptophan and
tryptophan analogs with the aporepressor has
been inferred from measurements of tip operon

9-

_

I

U 5

O lo 20
I PA (mM)

FIG. 3. IPA derepression in wild-type and aroG
strains. The specific activities of the typtophan syn-
thetase a (circks) and,B (squares) subunits were mea-
sured in extracts of cultures incubated in the desig-
nated concentrations of IPA for 45 min. The re-
sponses of E. coli W3110 strains tna (open symbols)
and aroG13 tna (closed symbols) were compared.

TABLE 4. Effect of 7-MT and IPA on anthranilate
thase activity

Analog L-Tryptophan InhibitionAnalog concn cnn(M(mM) conca (mM) (%)

0.01 24
0.02 37
0.10 87
1.0 100

7-MT 0.01 14
0.033 42
0.10 84

IPA 0.10 0
1.0 0
0.10 0.01 25
0.20 0.01 30
0.01 0.02 40
0.02 0.02 41
0.10 0.02 35

Dialyzed crude extract of W3110 tna was used as
a source of the enzyme. Assay reaction mixtures con-
tained 0.05 mM chorismic acid.

expression (5, 10, 14, 17). However, the effect of
a tryptophan analog on trp operon expression is
dependent not only upon the interaction of the
analog with the tip aporepressor but also upon
the interaction of the analog-aporepressor com-
plex with the tip operator locus. Therefore, the
inability of certain analogs to repress tip operon
expression to the same degree as L-tryptophan
may be a result of the properties of the analog-
aporepressor complex.

In the studies described in this report, the
abilities of tryptophan analogs to interact with
the tip aporepressor and to form functional com-
plexes have been analyzed by comparing each
analog to L-tryptophan for its ability to prevent
IPA-mediated derepression of the tip operon.
Derepremsion by IPA was concentration depend-
ent (Fig. 1 and 3) and was prevented by L-
tryptophan in a concentration-dependent man-
ner (Fig. 2). Therefore, the a-amino group of L-
tryptophan is probably required for the analog-
aporepressor complex to interact with the tip
operator locus. In addition, the aporepressor
apparently may have less affinity for IPA than
for L-tryptophan, because 15 AM L-tryptophan
completely prevented derepression by 250 yM
IPA. The reduction in the level of trp operon
enzymes by high concentrations of IPA (Fig. 3)
was due to a reduction in the rate of translation
of tipmRNA and not to repression of tipmRNA
synthesis (unpublished data).
Among the analogs that apparently did not

interact with the aporepressor, because they had
no significant effect on the IPA-mediated de-
repression, were tryptanine, N-acetyltrypto-
phan, and the methyl, ethyl, and butyl esters of

J. BACTERIOL.
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tryptophan (Table 2). Therefore, removal or
substitution of the a-carboxyl group and substi-
tution of the a-amino group significantly re-
duced the ability of L-tryptophan to form a
functional complex with the aporepressor.

Other analogs, such as 4-methyl-, 5-methyl-,
5-fluoro-, 6-methyl-, and 6-fluorotryptophan,
prevented IPA-mediated derepression (Table 2),
suggesting that they increased the concentration
of functional repressor. Similar observations
with certain of these analogs have been previ-
ously reported (5, 10, 14, 17, 20). Partial repres-
sion of trp operon expression was observed with
D-tryptophan, 7-aza- and 5-hydroxytryptophan,
and 7-MT. Repression by 7-aza- or D-tryptophan
was not concentration dependent. Thus, these
analogs may form only a partially active complex
with the aporepressor. Concentration-independ-
ent repression by D-tryptophan may be due to
the enzymatic conversion of D-tryptophan to L-
tryptophan in cells (7). The possibility that
repression by other analogs may be due to me-
tabolism cannot be ruled out. The observation
that methyl- or fluoro-group substitutions at C-
5 had little or no effect on repression, whereas
either a methyl-group substitution at C-7 or a
hydroxyl-group substitution at C-5 reduced the
level of repression, could reflect the interaction
of these sites on L-tryptophan with the apore-
pressor or their role in determining a particular
conformation of the repressor.
These studies predict that some purification

of the trp aporepressor could be achieved by
affinity chromatography, using tryptophan cou-
pled to the support matrix through the indole
ring. Efforts to purify the tip aporepressor by
affinity chromatography in this laboratory have
not been successful. However, the low affinity of
the repressor for the tip operator locus appar-
ently precluded detection of the aporepressor by
the DNA binding methods that were used for
assay.
The effect of 7-MT on IPA-mediated de-

repression was unique, because repression was
noncoordinate (Tables 2 and 3). Noncoordinate
repression may be due, at least in part, to the
fact that 7-MT caused noncoordinate derepres-
sion of the trp operon (Table 3) (8). Under our
assay conditions, the level of repression was
dependent upon the concentrations of IPA, of
the analog, and of endogenous tryptophan. Con-
sequently, the level of tip operon expression may
be affected by the decrease in endogenous tryp-
tophan due to feedback inhibition of anthrani-
late synthase activity by 7-MT. The conclusion
that 7-MT partially repressed tip operon expres-
sion by interacting with the aporepressor while
it noncoordinately derepressed the tip operon

by limitation of endogenous tryptophan is not
contradictory, because 7-MT was a weaker co-
repressor than L-tryptophan.

It was of interest that feedback-resistant mu-
tants of anthranilate synthase and DAHP syn-
thase, which were resistant to derepression by
7-MT (8), required higher concentrations ofIPA
to derepress the tip operon than did wild-type
strains (Fig. 3). This observation, in itself, might
imply that the feedback site of anthranilate syn-
thase has a role in IPA-mediated derepression
of the tip operon, as has been observed with 7-
MT (8). However, the evidence presented in
Table 4 indicates that IPA neither inhibited
anthranilate synthase activity nor interacted
with the feedback site. Since IPA apparently
does not interact with the allosteric site of an-
thranilate synthase, the concentration depend-
ence of IPA derepression in feedback-resistant
mutants may be due to an increase in the con-
centration of intracellular tryptophan in these
mutants. Tryptophan operon enzymes are re-
pressed to a greater extent in feedback-resistant
mutants grown in minimal medium than are
their parent strains (data not shown) (8), and
higher levels of tryptophan have been observed
in the culture medium from feedback-resistant
mutants than in that from their parent strain
(8). Therefore, these observations indicate that
the intracellular level of tryptophan is probably
higher in feedback-resistant mutants than in
wild-type strains and again point out the impor-
tance of the general aromatic pathway and the
regulatory status of anthranilate synthase on the
control of trp operon expression (8).

ACKNOWLEDGMENTS
This research was supported by grants from the National

Institute of General Medical Sciences, Public Health Service
(GM 18494), and from the National Foundation-March of
Dimes.

LITERATURE CITED
1. Baker, R. F., and C. Yanofsky. 1968. The periodicity of

RNA polymerase initiations: a new regulatory feature
of transcription. Proc. Natl. Acad. Sci. U.S.A. 60:
313-320.

2. Baker, T. I., and I. P. Crawford. 1966. Anthranilate
synthetase. Partial purification and some kinetic studies
on the enzyme from Escherichia coli. J. Biol. Chem.
241:5577-5584.

3. Bertrand, K., and C. Yanofsky. 1976. Regulation of
transcription termination in the leader region of the
tryptophan operon of Escherichia coli involves trypto-
phan or its metabolic product. J. Mol. Biol. 103:
339-349.

4. Creighton, T. E., and C. Yanofsky. 1970. Chorismate
to tryptophan. Methods Enzymol. 17:365-381.

5. Doolittle, W. F., and C. Yanofsky. 1968. Mutants of
Escherichia coli with an altered tryptophanyl-transfer
ribonucleic acid synthetase. J. Bacteriol. 95:1283-1294.

6. Gibson, F. 1970. Preparation of chorismic acid. Methods
Enzymol. 17:362-364.

VOL. 136, 1978



226 PAULEY, FREDRICKS, AND SMITH

7. Hadar, R., A. Slonim, and J. Kuhn. 1976. Role of D-
tryptophan oxidaseinD-tryptophan utilization byEch-
erichia coli. J. Bacteriol. 125:1096-1104.

8. Held, W. A, and 0. H. Smith. 1970. Mecanism of 3-
methylanthranilic acid derepression of the tryptophan
operon of Ewcherichia coli. J. Bacteriol. 101:209-217.

9. Lowry, 0. H., N. J. Rosebrough, A. L Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem 193:265-275.

10. McGeoch, D., J. MoGeOCh, and D. Mores. 1973. Syn-
thesi of tryptophan operon RNA in a cell-free system.
Nature (London) New Biol. 245:137-140.

11. Morse, D. E, R. F. Baker, and C. Yanofsky. 1968.
Translation of the tryptophan messenger RNA ofEach-
erichia col. Proc. Natl. Acad. Sci. U.SA. 6:1428-1435.

12. Morse, D. E., and A. N. C. Morse. 1976. Dual control of
the tryptophan operon mediated by both tryptophanyl-
tRNA synthetase and the repressor. J. Mol. Biol.
103:209-226.

13. Morse, D. E., R. D. Mosteler, and C. Yanoy. 1969.
Dynamics of synthesis, translation and degradation of
tip operon me er RNA. Cold Spring Harbor Symp.
Quant. Biol. 34:725-739.

14. Mosteler, R. D., and C. Yanofeky. 1971. Evidence that
tryptophanyl transfer ribonucleic acid is not the core-

presor of the tryptophan operon ofEscherichia col. J.
BacterioL 106:268-275.

15. Rose, J. K., C. L Squires, C. Yanofsky, H. L Yang,
and G. Zubay. 1973. Regulation of in vitro transcip-
tion of the tryptophan operon by purified RNA polym-
erase in the presence of partialy purified repress and
tryptophan. Nature (London) New BioL 245:133-137.

16. Smith, 0. H., and C. Yanofsky. 1962. Enzymes involved
in the biosynthesis of tryptophan. Methods Enzymol.
5:794806.

17. SquIres, C. L, F. D. Lee, and C. Yanosy. 1975.
Interaction of the t*p repressor and RNA polymerase
with the tip operon. J. Mol. Biol. 92:93-111.

18. Squire, C. L, J. K. Rose, C. Yanofsky, H. L Yang,
and G. Zubay. 1973. Tryptophanyl-tRNA and trypto-
phanyl-tRNA synthetase are not required for in vito
represion of the tryptophan operon. Nature (London)
New Biol. 245:131-133.

19. Vogel,H J., and D. A. Bonner. 1966. Acetylo iinase
of Ewcherichia colb partal purfication and some prop-
erties. J. BioL Chem. 218:97-106.

20. Zubay, G., D. E. Mors, W. J. Sdbrenk, and J. H.

Miller. 1972. Detection and isolation of the repressor
protein for the tryptophan operon of Echerichia coli
Proc. Natl. Acad. Sci U.SA. 69:1100-1103.

J. BACTFRUOL.


	Marquette University
	e-Publications@Marquette
	10-1-1978

	Effect of Tryptophan Analogs on Derepression of the Escherichia coli Tryptophan Operon by Indole-3-Propionic Acid
	Robert J. Pauley
	Walter W. Fredricks
	Oliver H. Smith

	tmp.1433262587.pdf.catdn

