Sidney R. Kushner
J. Bacteriol. 1974, 120(3):1219.

Updated information and services can be
found at:
http://jb.asm.org/content/120/3/1219
These include:
CONTENT ALERTS

Receive: RSS Feeds, eTOCs, free email
alerts (when new articles cite this article),
more»

Information about commercial reprint orders: http://jb.asm.org/site/misc/reprints.xhtml
To subscribe to to another ASM Journal go to: http://journals.asm.org/site/subscriptions/

Downloaded from http://jb.asm.org/ on March 27, 2012 by SERIALS CONTROL Lane Medical Library

Differential Thermolability of
Exonuclease and
Endonuclease Activities of
the recBC Nuclease
Isolated from
Thermosensitive recB and
recC Mutants

Vol. 120, No. 3

JOURNAL OF BACTERIOLOGY, Dec. 1974, p. 1219-1222
Copyright O 1974 American Society for Microbiology

Printed in U.S.A.

SIDNEY R. KUSHNERI
Department of Biochemistry, Stanford University School of Medicine, Stanford, California 94305

Received for publication 11 July 1974

The recBC nuclease (also called exonuclease V) has been partially purified
from Escherichia coli K-12 strains carrying the thermosensitive recB270,
recC271, and recB270 recC271 mutations. Of the multiple activities associated
with the enzyme, only the adenosine 5'-triphosphate-dependent exonucleolytic
hydrolysis of duplex deoxyribonucleic acid (DNA) is abnormally thermolabile.
The exo- and endonucleolytic degradation of single-stranded DNA is no more
thermosensitive than that catalyzed by the wild-type enzyme. These results
suggest that the defects in genetic recombination, DNA repair, and the
maintenance of cell viability observed in recBC mutants in vivo result primarily
from the specific loss of adenosine 5'-triphosphate-dependent exonuclease active
on duplex DNA.

The enzyme specified by the recB and recC
genes of Escherichia coli K-12 appears to be a
multifunctional nuclease (exonuclease V). It
degrades both single- and double-stranded deoxyribonucleic acid (DNA) exonucleolytically
(5, 15, 19) in an adenosine 5'-triphosphate
(ATP) -dependent reaction. It also catalyzes the
endonucleolytic cleavage specifically of singlestranded DNA circles in a reaction that is
stimulated by, but is not absolutely dependent
upon, ATP (5).
recB and recC mutations also produce a
variety of pleiotrophic effects in vivo. Thus,
recB and recC mutants are defective in their
recombination proficiency, in their ability to
repair damage to DNA, and show significantly
reduced viability (2, 3, 6, 18).
In the previous paper (8) it was demonstrated
that temperature-sensitive recB270 and
recC271 mutants, while impaired in their ability to promote the repair of DNA at 43 C,
showed no defect in recombination proficiency.
However, the double mutant strain (recB270
recC271) was defective in recombination at this
temperature. In further contrast to the single
mutants, the double mutant was abnormally
sensitive to ultraviolet light and mitomycin C
even at 30 C.
To determine whether one or more of the
catalytic activities associated with the recBC
enzyme in vitro specifically relates to any of its

functions deduced from experiments in vivo, we
have examined the thermosensitivity of the
partially purified enzymes derived from temperature sensitive recB270, recB271, and
recB270 recC271 mutants. These studies have
shown that of the multiple activities associated
with the recBC enzyme only the ATP-dependent exonucleolytic cleavage of duplex DNA is
abnormally thermolabile, suggesting that it is
this activity which is most directly involved in
DNA repair, genetic recombination, and in the
maintenance of cell viability.
MATERIALS AND METHODS
Bacteria strains and media. The following strains
were used as sources of the recBC nuclease and are
described in the previous paper (8): AB1157 (wild

type), SK116 (recC271), and SK119 (recB270). The
double mutant enzyme was obtained from SK256, a
strain which also carried mutations in the structural
genes for exonuclease I (sbcB15) (9), and exonuclease
III (xthAl) (14). This strain was constructed by P1
transduction of sbcB15, recB270, and recC271 into
BW9091 (14). Strains were grown with forced aeration
at 30 C in Luria broth (8), harvested in mid-log phase
(5 x 108 cells/ml), washed in a minimal salts buffer
(M56/2) (17), and stored at -20 C until used.
Materials. Reagents were obtained from the following sources: carrier-free [32P]H,PO4, [methyl3Hlthymidine and "Ultra Pure" (NH4)2S04,
Schwarz/Mann; Munktell 410 cellulose, Bio-Rad
Corp.; salmon sperm DNA, Calbiochem; calf thymus
DNA, Sigma Chemical Co.; DE-52, Reeve Angel;
' Present address: Department of Biochemistry, Universty Sephadex G-150, Pharmacia; bovine serum albumin,
Miles; and gelatin, Difco. The gelatin was autoclaved
of Georgia, Athens, Ga. 30602.
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The recBC enzyme was purified as described by
Goldmark and Linn (5) through the DNA-cellulose
chromatography step. The specific activities (exonuclease units per milligram of protein) of the partially
purified enzymes were: wild type, 12,346; recB270,
2,220; recC271, 4,200; and recB270 recC271, 510. All
were absolutely dependent upon added ATP for the
exonucleolytic digestion of DNA and showed approximately five- to 10-fold greater activity on double- than
single-stranded DNA. The very low specific activity of
the enzyme isolated from the double mutant was not
due to the presence of an inhibitor as evidenced by an
experiment in which addition of the recB270 recC271
enzyme to wild-type enzyme produced no significant
inhibition of the wild-type enzyme.
Protein concentrations were determined by the
method of Lowry et al. (11).

RESULTS
Thermosensitivity of the ATP-dependent
exonuclease reaction. The thermosensitivity of
the exonuclease reaction was determined by
measuring the rate of hydrolysis of duplex DNA
at a variety of temperatures. An incubation
period of 10 min was chosen after kinetic
experiments at 30 C indicated that the reaction
was linear during this time. Nucleotide release
at a given temperature was compared to that
observed at 30 C. At pH 9.0, the wild-type
enzyme showed a fourfold higher activity at
43 C than at 30 C (Fig. 1C). As reported by
Tomizawa and Ogawa (16), the recB270 enzyme
was more thermosensitive than the wild-type
enzyme at this pH (Fig. 1C). In contrast, the
recC271 enzyme was only slightly more thermosensitive than the wild-type enzyme. The
double mutant enzyme was more thermosensi(A)
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FIG. 1. Thermosensitivity of ATP-dependent hydrolysis of double-stranded DNA. Incubations were
carried out for 10 min as described. The activity
observed at a given temperature was divided by the
activity observed at 30 C. (A) pH 7; (B) pH 8; (C) pH
90 (-) wild type; (A) recB270; (U) recC271; (V)
recB270 recC271.
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at 20 lb/in2 for 20 min before using. Bacteriophage
M13 was the generous gift of D. S. Ray. E. coli
exonuclease I was isolated by the method of Lehman
and Nussbaum (10).
E. coli B was labeled with 32P in M-70 supplemented media (7) and the DNA was extracted by the
method of Marmur (13). 3H-labeled E. coli DNA was
prepared by the method of Mahler (12); 3H-labeled
M13 DNA was isolated by the procedure of Forsheit
and Ray (4). A homogeneous preparation of closed
single-stranded circles was obtained by incubation of
M13 DNA with exonuclease I, under conditions that
converted about 20% of the DNA to acid-soluble
material. The DNA was then precipitated with 95%
ethanol. The resuspended DNA contained no detectable exonuclease I. Linear M13 DNA was obtained
from an aged preparation which was more than 60%
susceptible to exonuclease I.
DNA-cellulose was prepared by the method of
Alberts (1). The calf thymus DNA (2 mg/ml) was
heated to 100 C for 15 min and chilled rapidly before
binding to the cellulose.
DNA concentrations are expressed in nucleotide
equivalents.
The recBC enzyme was routinely assayed by measuring the ATP-dependent formation of acid-soluble
nucleotides from duplex DNA. Incubation mixtures
(0.3 ml) contained 50 mM tris(hydroxymethane)aminomethane-hydrochloride (pH 8.0), 10 mM
MgCl2, 0.67 mM dithiothreitol, 5 nmol of labeled
DNA, 0.66 mg of gelatin per ml, and enzyme diluted
just before use in the diluent described by Goldmark
and Linn (5). In the fractions obtained before hydroxyapatite chromatography, the reaction mixtures contained 200 AM ATP; in those obtained after this step
33 uM ATP was used. After incubation for 20 min at
30 C the reactions were terminated by adding 0.2 ml
of salmon sperm DNA (2.5 mg/ml) and 0.3 ml of 7%
perchloric acid. After centrifugation, the radioactivity
of the supematant fluid was determined in a tolueneTriton X-100 scintillator. One unit of enzyme is
defined as that amount which releases 1 nmol of
nucleotide in 20 min at 30 C.
In measuring ATP-dependent hydrolysis of singlestranded DNA the same procedure was followed
except that 1 mM ATP, 1.0 mg of gelatin per ml, and
5 nmol of 3H-labeled M13 linear DNA were used.
Incubations were for 10 min.
The reaction mixture for assay of ATP-stimulated
endonucleolytic cleavage of single-stranded DNA contained in 0.15 ml: 50 mM glycylglycine (pH 7.0), 10
mM MgCl2, 0.67 mM dithiothreitol, 1 mg of gelatin
per ml, 0.33 mM ATP, 10 nmol of single-stranded
M13 circles, and enzyme. After incubation for 10 min
at the designated temperature, the mixture was
heated for 5 min at 80 C and chilled; 0.3 ml of a
mixture composed of 67 mM glycine (pH 9.5), 6.7 mM
MgCl2, 1.6 mM 2-mercaptoethanol, and 1 U of
exonuclease I (10) was added to each tube and they
were then incubated for 30 min at 37 C. Acid-soluble
3H was determined as described above. One unit of
enzyme is defined as the amount catalyzing the
conversion of 1 nmol of M13 DNA to a form susceptible to exonuclease I in 10 min.
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recB and recC subunits is altered only in its
FIG. 2. Thermosensitivity of ATP-dependent hy- exonucleolytic attack of duplex DNA. It is
drolysis of single-stranded DNA. Activity was mea- th
sured as described. Incubations were carried out for 10 o the rer possble that the pleiotrophic effects
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repair damage to DNA, decreased viability, and

Jthe

Downloaded from http://jb.asm.org/ on March 27, 2012 by SERIALS CONTROL Lane Medical Library

tive than either of the two single mutants.
4.0
When the same experiments were conducted at
pH 7 and pH 8 (Fig. 1A and B), the mutant
enzymes showed even greater thermosensitivity
than at pH 9.
* 30 _
The thermosensitivity of ATP-dependent
exonucleolytic cleavage of single-stranded DNA °
was determined with M13 linear DNA as sub- >/
strate. Here again, 10-min incubations were >
used, since kinetic experiments at 30 C indi/
cated that the reaction was linear during this < 2.0 time. In contrast to the results obtained with >
/
duplex DNA, the mutant enzymes were not H
significantly different from the wild-type en- >
o
zyme in their thermosensitivity (Fig. 2).
Thermosensitivity of ATP-stimulated en- < I0
donucleolytic cleavage of single-stranded
DNA. Like the exonuclease activity on singlestranded DNA, the ATP-stimulated endonucleolytic cleavage of single-stranded DNA catalyzed by the mutant enzymes was not signifi30
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cantly different in its thermosensitivity from
the wild-type enzyme (Fig. 3).
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FIG. 3. Thermosensitivity of ATP-stimulated enDISCUSSION
donuclease. Activity was assayed as described. The
The recBC enzyme isolated from the recB270 amount of M13 circular DNA made susceptible to
and the recB270 recC271 mutants is abnormally exonuclease I in the absence of ATP was subtracted
from that found in its presence. (a) Wild type; (A)
recB270; (U) recC271; (v) recB270 recC271.
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recombination proficiency, result primarily
from the specific loss in exonuclease activity on
duplex DNA. By inference, then it is this
activity which is most directly involved in these
processes in vivo.
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