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SUMMARY

Exonuclease V (recBC DNase) 1s inactivated in E.coli between
4 and 7 min after infection by T7. This process requires pro-
tein sythesis. The inactivation does not occur when T7 is de-
ficient for its RNA polymerase and thus does not express the
genes involved in DNA replication and phage maturation. Some
implications of this new function of T7 are discussed with re-
spect to the processes of infection and DNA replication.

INTRODUCTION

The destruction of the biological activity of linear double-
stranded DNA entering cells of E.coli has been attributed to
the action of the ATP-dependent exonuclease V hereafter called
exo V (recB recC-DNase; 1, 2, 3) by two lines of experiments.
First, transfection of spheroplasts by various phage DNA was
found to be about 100 fold more effective in strains lacking
exo V, as observed with T4 DNA (4), inverted A DNA (5) and T7
DNA (Wackernagel and Sriprakash, unpublished results). Second,
experiments on the genetic transformation of E.coli were only
successful with strains which were defective for exo V but had
regained recombination-proficiency by secondary mutations (6,
7).

By contrast, the DNA of phage T7 has been shown to replicate
as a linear duplex at least until after the first round of re-
plication (8, 9) in normal, i.e. exoV' strains of E.coli. Such an
intermediate would be a good substrate for the deleterious ac-

tivity of exo V. Consequently, one might predict a protective

function coded for by the T7 genome that antagonizes exo V
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activity after infection. This paper reports the observation
that in cells infected by T7 the activity of exo V decreases

rapidly by a process that requires protein sythesis.

MATERIALS AND METHODS

Bacterial and phage strains. Exo V+ strains of E.coli K12

were AB1157, W3550 (su~) and C600 (sut) (10). JC7620 recB21
recC22 was an exoV~ strain (11). T7 wildtype, T7 am 94 (12) and
the deletion mutant T7 H3 (13) were generocusly provided by

Drs. W. Riger, P. Herrlich and W.C. Summers, resp.

Preparations of extracts from infected cells. A modification

of the procedure developed by Godson and Sinsheimer (14) was
used. Cells were aerated at 30° to a density of about 2-108/m1
in TBY-medium (1% tryptone, 0.5% yeast-extract, U.5% NaCl).
Phages were added at a multiplicity of about 10 and incubation
continued. At various times samples of 15ml were withdrawn and
quickly chilled in ice. Na-azide was added toc a final concen-
tration of 0.02M. The cells were washed in an ice cold solu-
tion of 0.85% NaCl and resuspended in 0.18ml of a solution con-
taining 0.01M Tris-HC1, pH 8.0, 0.05M Na-azide and 20% sucrose.
The mixture was placed on ice and 0.01ml of lysozyme (1mg/ml in
0.01M Tris-HC1l, pH 8.0) and 0.005ml Naz-EDTA (0.1M) were added.
Two min later 0.185ml of 0.1M MgSO; and 0.075ml of 5% Brij-58
in 0.01M Tris-HCl, pE 8.0, were added. The suspension was incu-
bated for 5 min at 370 followed by 1 h at 4°. After centrifuga-
tion for 10 min at 15000g the supernatant was collected and
stored in ice until assay of enzyme. Protein concentrations in
the extracts were determined by the method of Lowry et al. (15).
Exo V assay. The procedure used was adapted from that
described by Barbour and Clark (3). The substrate was JH thy-
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midine labeled DNA from phage P22 with a specific activity of
3.9-106 cpm[pM nucleotide. The reaction mixture contained in a
total volume of 0.5ml 5 umoles Tris-HC1l, pH 8.0, 0.1 umoles ATP,
10 nmoles JH-DNA and 0.04ml of cell extract. The mixture was
incubated for 30 min at 379, then chilled in ice followed by
the addition of 0.5ml of 10% trichloracetic acid and 0.2ml of
carrier DNA (2.5mg/ml). After 10 min on ice precipitated nucleic
acids were sedimented for 10 min at 12000g and the radioacti-
vity in the supernatant was determined in a Packard scintilla-
tion counter. The scintillation mixtur: consisted of toluene
containing 36% Triton X-100 and 3.2g PPO plus 64mg POPOP per
1000ml. A parallel assay was performed in which ATP was omitted
from the reaction mixture. The difference in the amount of acid
soluble radiocactivity produced in the two assays was the basis
for the calculation of exo V activity. One unit of enzyme pro-
duces 1 nmole of 5% TCA soluble nucleotides at 37° in 30 min.
Specific activities are given as units of activity per mg of

protein.

RESULTS

Exo V possesses four enzymatic activities (16, 17). We mea-
sured only one of them, namely the ATP-dependent exonuclease
activity on duplex DNA as an assay for the presence of exo V
in crude cell extracts. This activity decreased sharply 4 min
after infection of E.coli wildtype cells by phage T7 and was
undetectable 3 min later (Fig. 1). Simultaneously with the de-
crease of exo V activity there appeared ATP-independent DNase
activity which can be attributed to T7-specific enzymes, such
as the gene 6-exonuclease (18) and the exonuclease associated

with the gene 5-DNA polymerase (19, 18). This ATP independent
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DNase Activity {Units/mg)
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Fig. 1 The inactivation of exo V in T7 infected E.coli. Cells
of strain AB1157 were infected at 300 by phage T7 wild-
type and DNase activities were determined at the times
indicated with linear duplex DNA as a substrate. The
procedures are described in Materials and Methods.

O ATP-independent DNase (a); @ ATP-independent DNase
plus exo V (b); X exo V (b-a)

DNase activity was also observed in T7 infected cells of E.coli
recB~C~ (JC7620), which lack exo V (11). When wildtype cells
were infected in the presence of chloramphenicol the level of
exo V remained constant for at least 16 min (Fig. 2a). This in-
dicates that exo V activity is stable as long as protein syn-
thesis is inhibited in the infected cells. As expected, also
no T7 DNases were produced under these conditibns. We conclude
that a T7 specific protein which we will call g -protein is in-
volved in the inhibition of exo V.

Because of the linearity of T7 DNA a protection against
exo V might be required immediately after phage infection.
Therefore it was expected that the gene for g-protein was among
the early genes (coding for the class I proteins) transcribed
by E.coli RNA polymerase (20). Among these early functions the
protein kinase (21) appeared to be a likely candidate, but nor-

mal inactivation of exo V was observed with a H3 deletion mu-
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tant of T7 (13) which is defective for protein kinase (21).
However, no activation of exo V occured after infection of a
su~ strain (W3550) by a gene 1-amber mutant of T7 (Fig. 2b).
Gene 1 codes for the T7 RNA polymerase (a class I protein)
which is required for the transcription of genes 1.7 to 19.
From these genes the class II and III proteins are synthesized
with a small time lag relative to the class I proteins (20).
Thus the ¢ -protein is not among the very first proteins syn-
thesized in the process of T7 development. This conclusion will
be discussed below in more detail. In preliminary experiments
inactivation of exo V was observed with amber mutants of T7 in

genes 2, 3, 4, and 6 (20).

DISCUSSION
Although as yet the T7 gene responsible for the inactiva-
tion of exo V has not been identified its function might be a
stringent requirement for the unimpaired replication of T7 DNA,

since the intermediates of replication which are linear DNA

[+
o

%)

o
a
o

DNase Activity {Units/mg)
&
o
‘ §

?
g

0 4 8 12 0 4 8 12 16
Time after Infection (min}

Fig. 2 a) Exo V activity in E.coli infected by T7 in the pre-
sence of chloramphenicol. Cells of strain AB1157
were infected by T7 wildtype. Chloramphenicol
(100 ug/ml) was added 5 min prior to infection.

b) Exo V activity in E.coli W3550 (su~) infected with
77 am 28 (gene 1 mutant). -
For symbols and other details see legend to Fig. 1.
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structures at early (8, 9) and presumably late stages of re-
plication (22) would be sensitive to the destructive action of
exo V. This notion is supperted by the observation that the in-
activation of exo V is complete before the start of DNA repli-
cation which occurs about 10 min after infection at 30° (20).

A similar function as reported here for T7 has recently been
found in phage A . The gamma-protein specified by the gam gene
(23) has been identified as the direct inhibitor of exo V (24,
25). The role of the gamma protein might be the protection of
late intermediates in A replication which might involve linear
structures (26). Inactivation of exo V after infection by
phage T4 has also been reportéd (27).

What is the reason for the extensive inactivation of T7 DNA
by exo V after transfection of spheroplasts as compared with
the stability of T7 DNA after normal infection? From several
possible explanations we will present two: (i) After normal in-
fection both ends of the DNA duplex are temporaryly protected
by association with some cellular component, e.g. a membrane
constituent. The release is caused by replication when exo V
is already inactivated. (ii) The infecting DNA enters an cellu-
lar compartment free of exo V where it stays during the early
stages of intracellular phage development. In transfection the
DNA presumably enters the cell at a site different from the
point predetermined by the phage receptor and thereby fails
mostly to establish its exo V-protected state before attack by
the enzyme.

Since the inhibition of exo V requires protein synthesis we
have postulated the involvement of a T7 specified protein in
this process, the g-protein. In an in vitro assay with crude

cell extracts the heat stability of the inhibitor has been de-
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termined (manuscript in prep.). The results provided evidence
for the protein character of the inhibitor., Its purification
is in progress. The in vitro properties of this protein will
show whether it isg the direct inhibitor of exo V. To answer

the question whether the inhibitor and eg-protein are identi-
cal will require the identification of the inhibitor as a T7

specified protein.
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