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The recombination-dependent loss of a duplicated portion of the Escherichia
coli chromosome is five- to tenfold greater in strains containing streptomycin
resistance (strA) mutations than in the strA+ parental strain. Streptomycin (500
,ug/ml) partially reverses the increase. These results suggest an interaction
between strA mutations and recombination.

Mutants of Escherichia coli that are resistant
to a high concentration (500 ,ug/ml) of strep-
tomycin contain an altered 30S ribosomal pro-
tein that is specified by the strA gene (4, 16).
This protein, S12, is believed to participate in
the ribosomal selection of aminoacyl transfer
ribonucleic acids during translation (8) and
perhaps in the initiation of translation (13).
Recently, Chakrabarti and Gorini (5, 6) found
that strA mutations enhance transcription of
the bacteriophage T7 genome in male strains of
E. coli and that certain rifampin-resistant (rif)
mutations reduce or abolish this transcription.
These findings suggest a possible interaction
between ribonucleic acid polymerase and the
S12 protein. In the present studies, we have
found a correlation between mutations in the
strA locus and the recombination (recA)-
dependent loss of duplicated chromosomal ma-
terial.

Strain RM106 of E. coli K-12 (W3110) con-
tains two strongly polar mutations (E9829amber
and E9851ochre) in the operator-proximal gene
(trpE) of the trp operon. Due to the polar
mutations growth of strain RM106 is inhibited
by a high concentration (30 ,ug/ml) of anthranilic
acid (21), although the tryptophan growth
requirement of this strain may be satisfied by a
low concentration (2 ,g/ml) of anthranilic acid
or indole. Among mutants of strain RM106
selected for relief of polarity (resistance to 30,g
of anthranilic acid per ml), one strain (RM213)
was isolated that contains a duplication of the
operator-distal portion of the trp operon. Conju-
gation experiments with an Hfr derivative of
strain RM213 indicate that the duplicated re-
gion, designated (trpDCBA), is an integral
part of the bacterial chromosome and that it is
located close to the normal site of the trp
operon; however, (trpDCBA) and the trp operon
are not co-transducible during bacteriophage

P1-mediated transduction but are transferred
separately at approximately equal frequencies
(Simonian and Mosteller, unpublished observa-
tions). Comparison of the levels of trp operon
enzymes in derepressed and repressed cultures
of strain RM213, the parental strain RM106,
and a segregant strain MS279 which has lost
(trpDCBA) indicates that (trpDCBA) is proba-
bly linked to a transcription promoter which is
not subject to tryptophan repression (Table 1).
The duplicated region in strain RM213 is lost

spontaneously by a recombination (recA)-
dependent process (Table 2) at a frequency
characteristic of genetic duplications in prokar-
yotes (1, 3, 7, 10-12). Stationary-phase, L-
broth cultures of strain RM213 contain a
fairly constant fraction (3%) of anthranilic acid-
sensitive segregants that have lost (trpDCBA).
While studying the loss of (trpDCBA) in several
derivatives of strain RM213, we observed that a
streptomycin-resistant strain, MS330 (strA in-
troduced by transduction), exhibited a sixfold
greater loss of (trpDCBA) than strain RM213
(Table 2). To determine whether this was a
general effect of strA mutations, we also tested
the loss of (trpDCBA) in seven independently
isolated strA mutants of strain RM213. All
seven isolates exhibited a similar increase (five-
to tenfold) in the loss of (trpDCBA) (Table 2).
All segregants from the eight strA strains re-
mained streptomycin resistant. Since strepto-
mycin is known to reverse completely or par-
tially the phenotypic expression of strA muta-
tions under some conditions (2, 4, 9, 14, 17, 18),
we also tested the loss of (trpDCBA) in cultures
containing streptomycin. The results indicate
that streptomycin decreases the loss of (trp-
DCBA) in strA mutants, but not to the level
observed in the streptomycin-sensitive strain
RM213 (Table 2).
One possible trivial explanation of our find-
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TABLE 1. Effect of (trpDCBA) on levels of trp operon enzymes

PRTase (units/mg)' TSase a (units/mg)b
Strain no. Genotypea

Derepressed Repressed Derepressed Repressed

RM106 (parent) trpE9829 trpE9851 0.07 <0.01 1.58 0.50
RM213 trpE9829trpE9851 (trpDCBA) 0.20 0.21 5.41 4.12
MS279 (segregant) trpE9829trpE9851 0.06 <0.01 2.12 0.75
RM3 trpE5972 2.74 <0.01 18.32 0.51

a All strains are derivatives of E. coli K-12 (W3110). trpE9829 trpE9851 and (trpDCBA) are explained in the
text. Strain MS279 is an anthranilic acid-sensitive segregant obtained from strain RM213 (Table 2). Data for
strain RM3, which contains the nonpolar trpE5972 mutation, are included for comparison.

b Phosphoribosyl transferase (PRTase) and tryptophan synthetase a polypeptide (TSase a) were determined
in sonified cell extracts as described previously (15). PRTase and TSase a activities are specified by the trpD
and trpA genes, respectively. Derepressed cultures were grown to stationary phase (4 x 106 cells/ml) in
minimal-salts medium (20) supplemented with 0.4% glucose and 1.2 ,ug of indole per ml. Repressed cultures
were harvested in logarithmic phase (4 x 101 cells/ml) in mimimal-salts medium supplemented with 0.4%
glucose and 40 Ag of L-tryptophan per ml.

TABLE 2. Loss of (trpDCBA) in strain RM213 and its streptomycin-resistant derivatives

Segregation frequency"

a L-broth medium ~~~L-broth mediumStrain no. Relevant genotypea L-broth medium + streptomycin
No. of col- % No. of col- %
onies tested Segregants onies tested Segregants

RM213 (trpDCBA) 916 3.5
MS401 (trpDCBA) strAl recAl 805 0
MS330 (trpDCBA) strAl 1,090 18 747 10

MS330-1 (trpDCBA) strA2 180 32 309 17

MS330-2 (trpDCBA) strA3 247 19 133 10

MS330-3 (trpDCBA) strA4 135 18 311 10

MS330-4 (trpDCBA) strA5 90 28 134 8

MS330-5 (trpDCBA) strA6 138 25 154 14

MS330-6 (trpDCBA) strA7 184 14 135 4

MS330-7 (trpDCBA) strA8 154 27 81 10

a All strains are derivatives of E. coli K-12 (W3110) trpE9829 trpE9851. (trpDCBA) is explained in the text.
The recAl allele was introduced by conjugation with Hfr KL16-99. The strAl allele was introduced by
P1-mediated transduction, and all other strA strains were isolated from independent clones of RM213 on
L-broth agar medium containing 500 Mg of streptomycin sulfate per ml.

" Five-milliliter cultures started from single-colony isolates of each strain were grown to stationary phase at
37 C in L-broth medium (10 g of tryptone [Difco]per liter, 5 g of yeast extract per liter, 5 g of NaCl per liter, 1 g
of glucose per liter) with or without 500 ug of streptomycin sulfate per ml. Portions of each culture were spread
on minimal-agar medium (20) containing 20 Mg of indole per ml and incubated at 37 C for 48 h. The resulting
colonies were tested for loss of (trpDCBA) by replica plating onto minimal-agar medium containing 30 Mg of
anthranilic acid per ml.

ings could be that streptomycin-resistant segre-
gants grow better than streptomycin-sensitive
segregants relative to their respective
(trpDCBA)-containing parents and thus accu-
mulate to a greater extent in L-broth cultures.
However, we have found that each of the

segregants tested grows at the same rate as its
respective parent (Table 3) and attains approxi-
mately the same final cell density (3 x 109 to 4
x 109 cells/ml) when grown in L-broth medium.
We conclude that the increased loss of
(trpDCBA) in strA strains is not due to large
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TABLE 3. Growth rates of (trpDCBA)-containing
strains and their segregants in L-broth medium

Growth rates (doublings/h)"

Bacterial strains (trpDCBA)- Anthranilic
containing acid-sensitive

strains segregants

Streptomycin sensitive
RM213 2.3 2.4

Streptomycin resistant
MS330 2.2 2.2
MS330-1 2.0 2.1
MS330-2 2.1 NTb
MS330-3 2.1 2.0
MS330-4 1.9 2.1
MS330-5 2.0 2.1
MS330-6 2.1 NTb
MS330-7 2.1 2.1

a Growth rates of (trpDCBA)-containing strains
and their respective segregants were determined by
absorbance at 600 nm in L-broth at 37 C.
bNT, Not tested.

differences in growth rates or survival. It is not
likely that there is a direct interaction between
the strA gene and (trpDCBA) or between the
strA and recA genes (or recB or recC), since
these genetic loci are known to be widely
separated on the E. coli chromosome (19; Si-
monian and Mosteller, unpublished observa-
tions). A more plausible explanation is that the
recombination process is affected by transla-
tional restriction resulting from the strA muta-
tions. This idea is supported by the fact that
streptomycin, which is known to relieve restric-
tion by strA mutations (2, 4, 9, 14, 17, 18),
partially reverses the increased loss of the
duplication. For example, altered synthesis of a
protein involved in replication or repair of
deoxyribonucleic acid may affect the extent of
exposed single-stranded regions in the chromo-
some and thereby enhance the frequency of
recombination. Alternatively, the mutant form
of the S12 protein, which is known to interact
with ribonucleic acids during translation, may
affect recombination directly by binding to
deoxyribonucleic acid. Further experiments are
in progress to investigate these possibilities.

We are grateful to Linda Benjamin for typing the manu-
script with her usual efficiency.
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