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Both spontaneous and NTG-induced mutants of Escherichia coli 594 insensitive to the lethal action of A P gene were
isolated and called rp/ {resistant to P /ethality). These mutants were of two types, showing different phenotypes. On
type | rp/ mutants, Acl™ and Aviv3 did not plate, while Avir, Acl~ ¢17, Aimm434, and Aimm21 did; plasmid pMR45
carrying the AP gene could not complement Aimm21P~ phage in type | mutants. On the other hand, the type Il rp/
mutants support the growth of all the above phages including Acl~. Neither type of rp/ mutation affects growth of the

bacteria. © 1991 Academic Press, Inc.

In a preceding paper, we showed that elevated lev-
els of functional product of bacteriophage A replication
gene P are lethal to Escherichia coli even in the ab-
sence of DNA replication from the phage origin (7). To
understand the mechanism of this lethal interaction of
the P gene product with its host, we isolated E. coli
mutants resistant to A P lethality.

Both spontaneous and chemically induced mutants
of E. coli 594 were isolated as described in Table 1.
Acl™ could not plate on all the spontaneous mutants
while the mutants isolated from a mutagenized culture
contained this type (l) and also a second type {Il) on
which Acl™ could plate. Both these types were called
rpl mutants (rp/ = resistant to A P fethality). One, rp/-1,
from the former set and three, rp/-7, rpl-8, and rpl-9,
from the latter set were challenged with A P-carrying
plasmid pMR45 which could provide a lethal level of P
in wild-type 594. The results presented in Table 1
clearly show that all the mutants tested could survive
transformation with this plasmid.

In Table 2 we present data on the plating efficiencies
of different A phages. The results indicate that ro/-1
and rp/-7 represent type | mutants on which Acl™ did
not plate at all (e.0.p. less than 1078) while Avir and
Xcl~e17 plated with efficiencies of 0.9 and 1.0 and 0.25
and 0.34, respectively, producing smaller plaques rela-
tive to those on 594. Av1v3, having constitutive muta-
tions only in oR, plated on both the type | rp/ bacteria
and 594(\*) with the same low efficiency of 1075. The
mutants rp/-8 and rp/-9 represent type i, on which Acl™
plated with efficiencies of 0.24 and 0.34, and Avir,
Av1v3, and Acl=c17 plated with efficiencies ranging
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from 0.4 to 1.0, producing plaques having sizes compa-
rable to those on 594. Aimm434 and Nimm21 phages
plated on both the type | and the type |l mutants with
100% efficiency. The average burst sizes of Acl™ in
594, rpl-1, rpl-7, and rp/-8, determined under identical
conditions, were 172, 1.5, 2.1, and, 85.7 respectively.
These results support the plating data of Acl™ phage on
the mutants (Table 2).

TABLE 1

SURVIVAL OF 594, 594(X™), AND rp/ MUTANTS AFTER TRANSFORMATION
WITH A P PLAsMID pMR45

Transformation efficiency

Bacteria? (No. of transformants/ug DNA)
594 <10

534(x%) 6.37 X 10*

rol-1 4.00 X 10*

rol-7 5.37 X 10*

rol-8 5.76 X 10*

rol-9 6.05 X 10*

¢ The spontaneously occurring rp/ mutants of £. coli were isolated
by transforming 594 with around 0.5 ug of plasmid pMR45 DNA by
the procedure described (7} and selecting the survivors on ampicillin
plates after 20 hr at 32° (the plasmid pMR45 carries the P gene of X,
and the wild-type bacteria transformed with this plasmid do not sur-
vive). The A P-resistant host mutants were also isolated by mutagen-
izing with A'-methyl-N'-nitro-N-nitrosoguanidine by the procedure of
Miller (2). The mutagenized bacteria at around 1% survival were
grown in Luria broth to saturation at 32°. These bacteria were then
transformed with pMR45 using around 40 ng DNA by the procedure
described (7). The transformants surviving on ampicillin plates were
picked. Around six healthy colonies from each of the above two sets
were purified. Plasmids were cured from them by growing in broth in
the absence of ampicillin for 3—-4 days at 32°. These were plated in
the absence of the drug and the plasmid-cured bacteria were iso-
lated by selecting the ampicillin-sensitive colonies by replica plating.
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TABLE 2

EFFICIENCIES OF PLATING OF DIFFERENT A AND ITS HETEROIMMUNE DERIVATIVES ON 594, 594(\*), AND DIFFERENT rpf MUTANTS?

EOP on®

Phage® 594 594(\*) o1 o7 /-8 09
Acl™ 1.00 <1078 <1078 <1078 0.24 0.34
Avir 1.00 1.00 0.90¢ 1.00¢ 1.06 0.95
Av1v3 1.00 107° 107° 107° 0.40 0.50
Acl=ct17 1.00 0.757 0.259 0.44° 0.98 1.02
Nmm434 1.00 1.09 1.04 0.97 0.96 0.90
ANmm21 1.00 0.90 1.05 1.10 1.02 0.98

@ Bacteria were grown in TBM (Ref. (3)) to Aggo of 1.00, and the phages were assayed at suitable dilutions.
5 \el™, Avir, Av1v3, Nmm434, and Aimm21 were obtained from Dr. M. Lieb, and Acl~¢17 was from Dr. S, Adhya.

¢ EOP on all other bacteria were determined relative to 594.

? Plagues of Avir were relatively smaller while those of Acl™ ¢17 were very tiny on rpl-1 and rp/-7.

From the plating data of X and its heteroimmune de-
rivatives, one can speculate on the mechanisms of re-
sistance to AP lethality due to the two types of rp/ mu-
tations. Type | mutations, rp/-1 and rpl-7, affected the
growth of wild-type X but not that of Avir. This suggests
that inhibition is imposed on the expression of genes
from pR of wild-type X by the type | rp/ mutation which
could not be seen with Avir because the latter has con-
stitutive mutations in oR (and ol). Also, in the case of
Aci—c17, the ¢17 mutation, which creates a new right-
ward promoter by a 9-bp duplication around the pre
site between the C-terminus of cro and N-terminus of
cll, helps expression of the downstream genes even
when the oRpR is blocked by repressor (4-6). So, Acl™
¢17 could grow even when the expression of genes
from pRis inhibited by type | rp/ mutation. These results
suggest that the inhibition of expression of P in type |
rp/ host is specific for the wild-type oR but not for oR
having constitutive mutations.

The fact that Avir but not Av1v3 plate on type | rp/
mutants suggests that either the expression from wild-
type oLpl is also inhibited in these bacteria or the mu-
tant protein does not show such inhibition but the con-
stitutive expression of cro to a higher level due to v1v3
mutations in oR leads to quick blockage of wild type
oLplL, and so, the growth of the latter phage is inhib-
ited.

The type Il ro/ mutants allow the growth of Acl™ (Ta-
ble 2). This suggests that the expression from both pR
and pL of wild-type X is not suboptimal with respect to
A DNA replication in this mutant host. So, the resis-
tance to A P gene lethality by type Il mutants may be
due to a mechanism in which the P protein fails to
interact with a mutated target component of the host.
Since wild-type A could grow in a type Il mutant, and all
three types of groP mutant E. coli (7-9) are equally
susceptible to killing by P (7), it may be assumed that
the lethal action of this replication protein of A is not

dependent on its interaction with any of the known
host functions that are involved in A DNA replication
(10-12).

It was further observed that 594 and both types of rp/
mutant grew with identical rates in nutrient broth as
well as in minimal medium at either 32° or 42°, and the
cell sizes of all the mutants were also comparable with
that of 594 (data not shown). These results suggest
that the rp/ mutations do not affect an essential gene of
the host.
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