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isolation procedure. No radioactive sub-
stances other than actinomycins I, IV, and
V were detected.

The high specific activity of the material
should be of value in elucidating the mecha-
nism of action, tissue distribution, and
metabolism of this agent.
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ation to Drs. Emil Frei, Sidney Udenfriend, and
Bernhard Witkop for their help in the initiation of
this study. Thanks are due to New England
Nuclear Corporation for their cooperation in sup-
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quantities, and in discussion of the various techni-
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ated methionine. This investigation was supported
by research grant CA-06926 of the National Cancer
Institute, National Institutes of Health.
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SUMMARY

A streptomycin dependent mutant was
obtained from wild-type (valine-sensitive)
Escherichia coli K12. This mutant (E. cold
DK 12) grew exponentially in minimal
medium containing valine (plus dihydro-
streptomycin). The inhibition by valine of
the acetohydroxy acid synthetase from
both dependent and parent cells was quan-
titatively similar. However, the activity of
the acetohydroxy acid synthetase of DK 12
cells was higher than that of the parent
cells. It was concluded that the insensi-
tivity to valine of E. colt DK 12 was the
result of derepression of (acetohydroxy)

acid synthetase in this mutant, the role of
the antibiotic in dependent cells being that
of a “derepressor.”

Bonner (1) reported that the growth of
a wild-type strain of Escherichia coli K12
was inhibited by vr-valine and that this
inhibition was overcome by L-isoleucine.
Leavitt and Umbarger (2) proposed that
inhibition of the growth of E. colr K12 by
valine was a consequence of the relatively
high sensitivity to inhibition by valine of
the initial condensing enzyme (acetohy-
droxy acid synthetase) of the isoleucine-
leucine-valine pathway. Consequently,
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valine would inhibit the growth of E. coli
K12 by preventing the formation of aceto-
hydroxy butyrate (and thus of isoleucine)
through inhibition of acetohydroxy acid
synthetase. Recently (1965) Temple, Um-
barger, and Magasanik (3) provided fur-
ther experimental evidence to support the
view that valine exerts its inhibitory effect
on the growth of E. coli K12 solely by
preventing the biosynthesis of isoleucine.

Bragg and Polglase (4) and Tirunaray-
anan et al. (5) reported (independently)
that streptomycin-dependent strains of E.
coli excrete the amino acid L-valine during
growth on glucose-salts medium, Strepto-
mycin-dependent E. coli K12 was one of
the strains found to excrete valine (5).
During the course of studies on enzyme ac-
tivities of several strains of E. coli, it was
observed that the acetohydroxy acid syn-
thetase activity of streptomycin-dependent
cells growing with adequate antibiotic was
higher than that of the parent streptomyecin-
sensitive cells (6, 7) or of antibiotic-
depleted, dependent cells (8). Studies on
the relation between dihydrostreptomycin
concentration and enzyme activities in
streptomycin-dependent E. colt indicated
that one of the effects of the antibiotic
appeared to be to derepress acetohydroxy
acid synthetase (7).

It was of interest therefore, to study the
response to L-valine of streptomycin-
dependent E. coli K12.

Organisms and media. A streptomycin-depend-
ent culture of E. coli K12 was isolated by selection
of colonies which appeared after 48 hours’ incuba-
tion of a nutrient agar plate (containing 1000 ug
per milliliter of dihydrostreptomycin) which had
been spread with 2g of cell paste derived from
growth of wild-type K12. The medium employed
for growth and enzyme studies was that of Davis
and Mingioli (9) with 0.4% glucose. For growth
of the streptomycin-dependent K12 culture, this
medium was supplemented with dihydrostrepto-
mycin (1000 ug/ml). The procedure for growth of
cells and for determination of acetohydroxy acid
synthetase was as follows. Of an 18-hr stationary
culture, 100 ml was added to 1 liter of medium
(containing the appropriate additions) in a 2-liter
Erlenmeyer flask. Cultures were grown with
vigorous aeration for 4-5 hr, then chilled by im-
mersion of the flasks in crushed ice. Cells were
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harvested by centrifugation (6000¢g) and washed
once with 0.1 M phosphate buffer, pH 8.0. The
packed cells were then suspended in buffer (0.1 M
phosphate, pH 8.0) at a concentration of 1g of
cells to 15 ml of buffer. This suspension was sub-
jected for 4 min to sonic disruption in a 20 ke
sonic oscillator (Biosonik, Bronwill Scientific Co.,
Rochester, New York). The resulting extracts,
which contained 4.5-5.0 mg per milliliter of pro-
tein (10) were used directly for enzyme assays.

Determination of acetohydrozy acid synthetase.
The method of analysis was developed as a result
of observations on enzyme stability and cofactor
requirements (11, 12). Each tube contained the
following in a total volume of 1.0 ml of 0.1 M
phosphate buffer, pH 8: thiamine pyrophosphate,
45 ug; flavin adenine dinucleotide, sodium salt,
100 ug; magnesium chloride, 0.1 ml of 0.05Mm;
sodium pyruvate, 250 pmoles; bacterial extract,
0.1 ml. For each determination, three tubes were
incubated at 37° for 5, 10, and 15 min, respec-
tively, whereupon the reaction was stopped by the
addition to each tube of 0.1 ml of 50% trichloro-
acetic acid. Tubes were then heated at 60° for
15 min to convert acetolactate to acetoin, which
was then determined by the method of Wester-
feld (13). Specific activities were calculated from
zero order plots and are expressed as micromoles
of acetolactate per hour per milligram of protein.

Wild-type (streptomycin-sensitive) E.
coli K12 (SK-12) grew exponentially on
minimal medium, but growth was linear on
the same medium containing L-valine (58
mg/l) (Fig. 1). Streptomycin-dependent
E. coli K12 (DK-12) grew exponentially on
minimal medium plus dihydrostreptomy-
cin (1000 ug/ml), and the addition of
L-valine (58 mg/l) to this medium had a
negligible effect on growth of this mutant
(Fig. 1).

In Table 1 are recorded the results of
determinations of acetohydroxy acid syn-
thetase in all four preparations. The activ-
ity of this enzyme was elevated in strepto-
mycin-dependent E. coli K12 (DK-12)
above that of the wild-type, or streptomy-
cin-sensitive, K12 (SK-12). No acetohy-
droxy acid synthetase was detectable in
SK-12 cells which had been grown in
medium containing L-valine, whereas there
was only a slight decrease in this enzyme in
DK-12 cells after growth in the presence of
L-valine (Table 1).

The acetohydroxy acid synthetase of
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Fia. 1. Growth of wild-type, streptomycin-

sensitive E. coli K12 (SK-12) and a streptomycin-
dependent mutant (DK-12) on minimal medium
plus valine.

At zero time, 58 mg valine was added per milli-
liter of medium, as indicated. For growth of the
dependent organism (DK-12), dihydrostreptomy-
cin (1.0 mg per ml) was present in the medium.

TaBLE 1
Acetohydrozy acid synthetase activity of Escherichia
coli K12
umoles of aceto-
Additions to  lactate per mg
Culture basal medium protein per hr
SK-12 (wild-type) None 4.9
streptomycin-
sensitive
SK-12 Valine (58 mg/1) Nil
DK-12 (strepto- None 8.0
mycin-depend-
ent
DK-12 Valine (58 mg/1) 7.3

streptomycin-dependent E. colt was found
to be valine sensitive (Table 2). The en-
gyme activities in Table 2 are recorded as
optical density units at 540 mu. The final
column of Table 2 shows that the ratio of
acetohydroxy acid synthetase activities in
dependent versus sensitive cells remained
constant at about 1.39 as the valine con-
centration was increased, indicating that
the valine sensitivity of the enzyme was
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TABLE 2

Inhibition by valine of acelohydrozy acid synthetase

of streptomycin-sensilive (SK-12) and dependent

(DK-12) Escherichia coli K12

Conditions: Each tube contained in a total volume
of 2.0 ml of phosphate buffer (0.1 M pH 8.0): thia-
mine pyrophosphate, 45 ug; flavin adenine dinucleo-
tide, sodium salt, 100 ug; magnesium chloride, 0.1 ml
of 0.05 M; sodium pyruvate, 25 umoles; bacterial
extract 0.1 ml. Reaction time: 10 min at 37°. Acetol-
actate was determined after conversion to acetoin
(Westerfeld, 13).

Spectrophotometer
reading at 540 mu
Valine Ratio
(moles/liter) (DK-12) (SK-12) DK-12:SK-12
3.1 X107 0.812 0.590 1.38
6.2 X 108 0.710 0.503 1.41
1.25 X 104 0.590 0.430 1.37

unaffected by mutation from streptomycin
sensitivity to dependence.

Interest in the inhibition by L-valine of
the growth of E. coli K12 stems from the
importance of this phenomenon to an un-
derstanding of regulation of metabolic
pathways. In a recent study of regulation
of the isoleucine-leucine-valine enzymes in
Escherichia coli K12, Umbarger and
Freundlich (14) concluded that not only is
the acetohydroxy acid synthetase of this
strain more sensitive to valine inhibition
than that of other strains of E. coli, but
this enzyme is “rather uniquely not dere-
pressed when isoleucine is limiting.” These
investigators (14) concluded that resistance
to valine in E. colt K12 could be achieved
by one of two types of mutation: (a) by
mutation leading to the formation of a
resistant enzyme (acetohydroxy acid syn-
thetase) or (b) by a mutation that would
result in derepressed formation of the
isoleucine-leucine-valine enzymes. Resist-
ance to valine by process (b) above would
“include derepression of the sensitive en-
zyme, acetolactate synthetase.”

In the present work, it was observed that
the acetohydroxy acid (acetolactate) syn-
thetase of streptomycin-dependent E. coli
K12 and that of the streptomycin-
sensitive parent organism were equally
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sensitive to valine (Table 2). Thus, resist-
ance to valine by mutation leading to a
resistant enzyme (see (a) above) is ex-
cluded as the explanation of valine resist-
ance in streptomycin-dependent E. colt
K12. Mutation resulting in derepressed en-
zyme formation (see (b) above) appears to
explain the observed results satisfactorily.
Only the first of the isoleucine-leucine-
valine enzymes was determined in this
investigation, and its activity in the strep-
tomycin-dependent mutant was higher
than that of the streptomycin-sensitive
parent culture (Table 1). Presumably, the
enzyme was sufficiently derepressed in
streptomycin-dependent K12 to permit the
observed exponential growth in the pres-
ence of an amount of valine sufficient to
prevent exponential growth of the parent
organism. These results appear to provide
further evidence in support of the mecha-
nism of valine inhibition of K12 proposed
by Temple et al. (3) and by Umbarger and
Freundlich (14).

Our interpretation of the significance of
valine excretion to the phenomenon of
streptomycin dependence has been reported
elsewhere (4, 15). The apparent derepres-
sion of acetohydroxy acid synthetase in a
number of strains of streptomycin-depend-
ent E. coli and the relation between enzyme
derepression and antibiotic concentration
have been described recently (7). These
results taken together with earlier observa-
tions on the requirement for streptomycin
for enzyme induction in dependent E. coli
(16, 17) suggest an action of the antibiotic
at the level of expression of regulatory
genes.

Bacterial cultures were grown by J. Withaar.
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