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T7 phage resists Escherichia coli B host-controlled modification and restriction
in vivo, but its DNA carries roughly five sites which are susceptible to the
purified enzymes.

When DNA is replicated in Escherichia coli B
it is normally "modified" through the methyla-
tion of specific sites, thus rendering it resistant
both to the B-restriction endonuclease in vivo
or in vitro and to further methylation by the
B-modification enzyme in vitro (1, 2, 7). We
report here that phage T7 DNA, while neither
restricted nor modified in vivo, is a substrate for
both activities in vitro.

Bacterial and phage strains are as reported
previously (7), except for E. coli B/1 and CW-6.
(E. coli B/1 is a B strain made resistant to phage
Ti obtained from M. Chamberlin; E. coli CW-6
is a derivative of B/r into which the K-12 hsp
loci were introduced by conjugation in the
laboratory of H. Boyer and D. Roulland-Dus-
soix, and which was made his-thy- by C.
Ward.) T7 DNA was prepared by phenol extrac-
tion, and fd replicative form DNA (RF) was pre-
pared as previously described (7).
T7 DNA grown in hosts carrying either the B

or K hsp loci is a substrate for purified B-re-
striction endonuclease, being degraded to frag-
ments with an average size of 5.4 x 106 daltons
(Fig. 1). The degradation is dependent upon the
presence in the reaction mixture of S-adenosyl-
methionine and ATP. In addition, the B-
modification methylase imparts roughly eight
methyl groups to either type of DNA molecule
(Table 1). The average size of the restricted
DNA and the number of methyl groups trans-
ferred (corrected for the level of incomplete
methylation observed with the fd RF) imply
that the T7 DNA has roughly five specificity
sites.
These results demonstrate that E. coli B/1

does not modify the T7 DNA. However, a
partially purified extract from E. coli B/1, but
not one from CW-6, contains B-modification
activity, since it can protect fd RF from restric-

tion by E. coli B spheroplasts (Table 2). The B/1
extract, but not the CW-6 extract, also contains
restriction enzyme, as evidenced by an activity
dependent on S-adenosylmethionine (a cofactor
unique to the restriction endonuclease (2)) that
converts fd RF to a linear form which is subse-
quently hydrolyzed by exonuclease in the ex-
tract (Fig. 2). However, as evidenced by the
efficiency of plating of T7 on B/1 versus that on
CW-6, there is no in vivo restriction of phage T7
by E. coli B/1 (Table 3), confirming an earlier
report (3).

Several other phage are not subject to host-
controlled modification and restriction in E. coli

TABLE 1. Methylation of T7 and fd RF DNAa

Estimated
Methyl methyl
groups groups Estimated

DNA substrate" incorpo- incorpo- no. of
rated rated sitesc
(pmol) per DNA

moleculec

fd RF B, 1.5 nmol <0.01 0
fd RF .0, 1.5 nmol 0.35 3.1 2
T7 B/1, 2.9 nmol 0.28 7.5 4-5
T7 CW-6, 1.7 nmol 0.18 8.1 4-5

a Reactions were for 150 min with 0.75 jig of pure
B-modification enzyme (an excess) and S-adenosyl-
[methyl-PH]methionine (9,300 counts per min per
pmol) as previously described (7).

b RF B and RF 0 refer to RF isolated from a
B-modifying and a nonmodifying host, respectively.
Similarly, T7 B/1 and T7 CW-6 were grown on E. coli
B/1 and CW-6.

c The number of nucleotides assumed for T7 DNA
and fd RF were 76,400 (4) and 13,200 (8), respectively.
We assume that each site can accept 2 methyl groups
(1), although the in vitro reaction generally shows
incorporation of roughly 1.5 to 1.7 per site (7).
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FIG. 1. Restriction of T7DNA in vitro. T7 [32PJDNA (1.6 nmol, 1,830 counts per min per nmol) grown on E.
coli B/l, and T7 [3H]DNA (1.5 nmol, 11,200 counts per min per nmol) grown on E. coli CW-6 were incubated
together in 140 uliters for 15 min at 37 C with 4 units of purified restriction enzyme as previously described (2).
The DNA was then centrifuged through 5 to 20% sucrose gradients (5.2 ml) for 125 min at 65,000 rpm in the
Spinco SW65L rotor, and collected and counted as described previously (2). The arrow shows the position of fd
RF after being converted to a linear form by the restriction enzyme. Assuming that the molecular weight of T7
DNA and the RF are 25.2 x 106 (4), and 4.4 x 10" (8), respectively, the average molecular weight of the
restricted T7 DNA was calculated (4) to be 5.4 4 0.6 x 10".

B (3). Phage T2, T4, and T6 are resistant,
presumably because their DNA contains hy-
droxymethylcytosine, and T3 is resistant be-
cause an enzyme is induced which cleaves
S-adenosylmethionine (5). However, T7 DNA
does not contain hydroxymethylcytosine and

the phage does not induce an S-adenosylmeth-
ionine-cleaving enzyme. Indeed, its DNA con-
tains methylated nucleotides (5). Other nonre-
stricted phages, such as XX-174, do not possess
E. coli B recognition sites. However, the results
presented here demonstrate that T7 DNA does
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FIG. 2. Assays for restriction enzyme with fd RF- 0. RF (1.6 nmol, 8,670 counts per min per nmol) from

strain fd 101 (a mutant containing 1 site for B-restriction) was incubated in 70 Mliters with 225 gg of dialyzed
ammonium sulfate fraction and S-adenosylmethionine (S-AM), as indicated, under conditions previously
described (2). The DNA was then centrifuged through 5 to 20% sucrose gradients (5.2 ml) for 4.5 h at 50,000 rpm
in the Spinco SW50.1 rotor. RFI is a covalently-closed duplex circular molecule and RFII is a duplex circular
molecule with one or more single strand breaks.
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TABLE 2. Assays for modification enzyme with fd
RF.Oa

PFU/OD..O DNA x
10-5

Infectiv- Infec- Normal- FractionEnzyme ity on B tivity ized of sites
ity onB. on non- ratioc modifiedcrestrictig restricting

plastssperor-plasts

None 1.6 9.1 0.09 0
B/i extract

50jug pro- 1.9 6.4 0.15 0.08
tein

100lg 2.8 4.6 0.31 0.24
CW-6 extract

80sug pro- 1.2 5.5 0.11 (0.02)
tein

160ug 1.3 7.4 0.09 0.00
Pure enzyme

0.75 /g pro- 6.1 10.8 0.29 0.22
tein

a Assays (70 uliters) were performed as previously de-
scribed (6) with dialyzed ammonium sulfate fractions or
purified enzyme (7) as indicated, except that 14 uM S-
adenosylmethionine and 0.5 mM dithiothreitol (in place of
mercaptoethanol) were present.

b OD,.., optical density at 260 nm.
c The ratio is normalized for the relative competence of the

two spheroplast preparations (1.95) as determined with
B-modified RF. As modification increases, the ratio increases
proportionately from 0.09 to 1.0. The fraction of sites modi-
fied is estimated by dividing the increase of this ratio by 0.91.

TABLE 3. Efficiency of plating of T7 IYsates

Host

T7 B/1

T7 .CW-6

PFU/ml x 10-'1

B/1 CW-6

2.06 2.02

2.75 2.98

possess sites that are acted upon by both the
modification and restriction enzymes of E. coli
B. Thus, the mechanism by which T7 escapes
the action of these enzymes in vivo remains
unknown; in fact, two unrelated mechanisms
may be involved, since the restriction enzyme
acts shortly after infection, whereas the modifi-
cation enzyme acts during DNA replication (1).

We thank Miriam Golomb for providing the T7 ["2P]DNA.
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