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The recA441 mutant of Escherichia coli, which has been thought to have thermoinducible constitutive RecA
protease activity, is known to have two mutations within recA. We show here that the mutation that alters
codon 38 actually confers temperature-independent constitutive protease activity; the second mutation in
recA441, which is at codon 298, appears to be acting as a temperature-sensitive suppressor of the protease
activity.

The recA441 mutant of Escherichia coli, formerly called
tif-1, was first recognized by its property of thermally
dependent induction of prophage lambda (3). Later it was
found to show thermally induced lethal filamentation (7),
which gave rise to the acronym tif. The phenotypic proper-
ties of recA441 are due to constitutive RecA protease
activity at elevated temperatures. It is shown here that this
mutant is anomalous.

In a recent study by E. S. Tessman and P. K. Peterson
(unpublished data), approximately 150 recA (PrtC) mutants
were isolated, in which the phenotypic designation Prtc
denotes constitutive protease recA mutants, i.e., mutants
whose RecA protein is always in the activated protease state
without the usual need for activation by damaged DNA. We
use the term Prtc to denote RecA constitutive protease
activity at any growth temperature, without any implications
of thermal inducibility. Thus, the recA441 mutant is a Prtc
mutant at high temperature. It has recently been reported
that RecA protein may not be a true protease but may merely
enhance autodigestion of its substrate (9). Until this point is
settled we will use the term RecA protease for convenience.
The new PrtC mutants were isolated by mutagenesis of a X

recA cIind phage. The mutant phages were detected by their
blue plaque color upon plating on a ArecA strain that carried
a lac fusion in a RecA-inducible gene. The Prtc phenotype
was measured quantitatively in terms of ,B-galactosidase
specific activity after lysogenization of ArecA dinD: :lac
(EST1515) with each K recA (Prtc) mutant phage. These new
Prtc mutants all differ from the original Prtc mutant, recA441,
in having constitutive protease activity at any growth tem-
perature, whereas recA441 is singular in requiring a shift to
41°C to express its constitutive protease activity (3, 7). In
addition, many of the new Prtc mutants have a constitutive
protease activity that is considerably greater than that of
recA441 as measured by several indices of protease strength
(Tessman and Peterson, unpublished data).
The recA441 mutant has recently been shown by Knight et

al. (8) by peptide analysis of its RecA protein to have two
mutations in the recA gene. In the work of these authors it
was not yet known which of the two mutations in recA441
conferred constitutive protease activity or whether both
mutations contributed to the recA441 phenotype. The aim of
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the present report was to provide answers to these ques-
tions.
We have begun a DNA sequence analysis of a selected

number of the new recA (Prtc) alleles to identify effector-
binding sites in the RecA protein. Initial results with six
mutants show that each is altered in a single amino acid,
namely amino acid 25, 38, 158, or 179, since each has only a
single base-pair change from the wild type (unpublished
data). The entire recA DNA was sequenced for each mutant
and, except for the single base change, the sequence of each
was identical with the sequence previously reported for

r fG A L A
.,1- T

recA~

- ~

s-4

T U C A

recAI211

T G C A

mRNA sequence

recA+ /\so Val Gilu ThrII erAU GUG GAA ACC AUC
164

recA1211 ,,GAU GUGAAA ACC AUCC ..
Asp Val Lys TIhr Ile

38
FIG. 1. Comparison of the portions of DNA-sequencing gels for

recA1211 (Prtc) and recA+ that show the change in base 164 (codon
38) that occurred in the DNA of recA1211. The standard Sanger
dideoxy method was used.
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FIG. 2. Comparison of the RecA constitutive protease activity of
recA441 and recA1211 measured by P-galactosidase specific activity
expressed from the difficult-to-induce SOS gene dinD (6). Twc
recA441 dinD strains, almost completely isogenic except for the
source of their recA441 alleles, were used to ensure that the
quantitative aspects of the recA441 phenotype were reproducible.
One of the recA441 strains (EST1130) was derived by minor
modifications of strain GC3217 recA441 sulAll (2), which is also tWe
parent of the RecA-overproducing recA441 strain used by Knight el
al. (8). Strain EST1130 is a temperature-resistant derivative ol
GW1040 (6), which in turn was derived from GC3217. GW1040
carries recA441 sfiA11 dinD::Mu cts d(Ap lac). Strain EST1515 is
the same as EST1130 but ArecA. A second recA441 strain
(EST1018) is the same as EST1130 except that its recA gene come4s
from X recA441 c1857 (10) which was integrated into the chromo-
some of EST1515. Our recA1211 (PrtC) mutant is a stable lysogen
constructed by lysogenizing EST1515 with A recA1211 clind. Cul-
tures were grown overnight at 30°C in M9 minimal medium (11)
supplemented with 0.5% Casamino Acids (Difco Laboratories,
Detroit, Mich.) and thiamine and then diluted 50-fold in the same
medium and grown until exponential phase, with the optical density
at 600 nm (OD6w) being about 0.10 at time zero. 3-Galactosidase
was measured essentially as described by Miller (11). Symbols: *,
lexA (Def) recA+ (EST1550); X, lexA+ recA+ (EST1450); El,
recA1211; 0, recA441 (EST1130); 0, recA441 (EST1018); A,
recA441 (EST1018) plus adenine (ade) (100 ,ug/ml).

wild-type recA (4, 12) and with that of our parental recA+
gene. One of the recA (Prtc) mutants, recA121J, is particu-
larly relevant to the understanding of recA441 because its
single mutation is G - A at base 164, which changes amino
acid 38 from glutamic acid to lysine (Fig. 1); this is identical
with one of the two mutations in recA441 (5, 8) (the second
mutation changes isoleucine to valine at amino acid 298).
Since the recA441 mutant shares the same base change as
the single mutant recAJ211, it follows that the change in
amino acid 38 must confer a constitutive protease phenotype
on the recA441 strain and that the change in amino acid 298
confers a temperature-sensitive modification of that pheno-

type. An independently isolated PrtC mutant, recA1249, was
also found to have the G . A mutation at base 164, suggesting
that this site may be particularly vulnerable to mutagenesis.
There are clear qualitative differences between the pheno-

types of recA441 and recAJ211. The recA441 strain had no
constitutive expression of dinD at 30°C, whereas the
recA1211 strain showed strong constitutive protease activity
at this temperature (Fig. 2). Comparison of the strains at
41°C (Fig. 3) showed that the recA441 strain had inducible
protease activity, whereas the recAJ211 strain had constitu-
tive protease activity.

Since the double mutant, recA441, differs from the single
mutant, recA1211, by a single mutation that affects amino
acid 298, we conclude that this mutation is a temperature-
sensitive suppressor of the common mutant allele. At low
temperatures the mutation in codon 298 eliminates the
constitutive protease activity conferred by the change in
codon 38; at high temperatures the suppressing activity
disappears and the recA441 strain becomes a constitutive
protease mutant, similar to the single mutant but still show-
ing marked phenotypic differences. The RecA regions
around amino acids 38 and 298 may together form part of a
single effector-binding site. Evidence has been presented
that the N-terminal region of RecA protein is required for
binding of single-stranded DNA (5).

It appears now that thermal activation of the recA441
strain is an exceptional condition produced by the mutation
which changes amino acid 298. This conclusion is further
supported by the fact that when we isolated 50 X recA (PrtC)
mutants by screening for a constitutive protease phenotype
at 40°C, all turned out to have strong constitutive protease
activity at 30°C also. The apparent thermal inducibility of
recA441 is therefore not typical of constitutive protease recA
mutants, which is understandable in view of the occurrence
of the second mutation that suppressed the constitutive
protease activity at low temperature. It should be noted that
at the time the recA441 strain was isolated (3) the available
conditions would not have permitted detection of constitu-
tive protease recA mutants that are active at any growth
temperature. This is because activated RecA protein induces
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FIG. 3. Comparison of the RecA constitutive protease activity of
recA441 and recA1211 at 410C. Cultures were grown at 300C and
then shifted to 41°C at time zero. Procedures were as described in
the legend to Fig. 2. Symbols: *, lexA (Def) recA+ (EST1550); x,

lexA+ recA+ (EST1450); E, recA1211; 0, *, recA441 (EST1130);
A, recA441 (EST1018).
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the sulA and suiC genes, resulting in lethal filamentation (1,
2). For a recA (PrtC) mutant to grow normally it must be
defective in sulA and suiC (1, 2). The strains used here
contained the mutation sulAll (2) and were SuIC-. This
genetic background was not available when the recA441
mutant was isolated, so only conditional PrtC mutants could
have been obtained.

This work was supported by Public Health Service grant AI-17566
from the National Institutes of Health to E.S.T.
We thank Irwin Tessman for his advice, for reading the manu-

script, and for preparing Fig. 1.
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