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SUMMARY

Wild type strains of Haemophilus influenzae Rd consist of
two phenotypic classes of bacteria which differ in their abilities
to restrict and modify phage HP1. Each of these classes r_ m§
and rE mY is unstable and segregates several percent_ofnbacger a
alt

of th ernative phenotypg. In addition stab1$ r gg bacteria
t
£

occur spontaneously in r; cultu£e5+and an rB my th was
isolated after mutagenes?s an rp my strain.
INTRODUCTION

Each of the serological types of H. influenzae Ra, Rb, R&, Re
and Rf carries at least one restriction and modification system
(3) which can be detected using the Haemophilus phages HPl, HPlcl
and S2. A restriction endonuclease isolated from strain R4
degrades foreign DNA (including T7, P22 and B. subtilis DNA) but
has no detectable activity against homologous DNA (5). This
enzyme recognises a sequence of six nucleotide pairs with
characteristic twofold rotational symmetry (2). In this report
we describe some preliminary observations on the genetic analysis
of the determinants for restriction and modification in

H. influenzae Rd.

RESULTS AND DISCUSSION

The wild type strain of H. influenzae Rd used initially in
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these experiments was obtained from R. M. Herriott and another
strain Rd200 was obtained from J. Stuy. It was assumed that
these strains were phenotypically rt ' and our object was to
isolate restriction-deficient mutants following N-methyl-N-
nitro-N-nitrosoguanidine (NTG) mutagenesis. However, instead of
isolating restriction-deficient mutants we obtained mutants which
restricted Haemophilus phages previously grown on the wild type

strains (Table 1). Single cycle phage infection experiments

TABLE 1 .

The efficiency of plating of phage HPic1

on strains of H. influenzae Rd

L Host strain
Phage 3 5 1
Rd (Herriott) Rd (Stuy) Rd 123
HP1c1.Rd (Herriott} 1.0 1.0 2 x 1072
HPic1.Rd (Stuy) 0.8 1.0 2 x 10°2
HPic1.Rd 123 1.0 1.0 1.0
HP1c1.Rd 123.Rd (Stuy) 0.8 1.0 2 x 1072

1. Rd 123 an r¥ m¥* mutant isolated from Rd (Stuy).
2. Rd (Stuy) s%raln Rd 200 (ref. 6)3 phenotype r> m>.

3. Rd (Herriott) strain Rd from R. M. Herriott; phenotype

rr mphe
L. PBages HP1 and S2 gave similar results.

confirmed that strain Rd200 displays an r m phenotype and the

+

mutants e.g. Rd 123 display an r mt phenotype (Table 2). These

* m* derivatives of strain Rd plaque phage

results show that r
HP1cl.Rd200 with an efficiency of 2 x 10~2 and that virtually
all of the phage is host-modified after one cycle of growth.
However, the fraction of progeny phage able to plagque on R4 123

rtmt following infection of R4 200 r~ m with phage HPlcl.Rd 123

was unexpectedly high (6%). This system of restriction and
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TABLE 2
Growth of HP1c1.0 and HP1c1.D in H. influenzae

Rd rB mB and Rd r‘l; my strains*

Growth of HP1c1.0 in Growth of HPici.D in

R - m* R - m + m¥
d r mD RgrDmD RgrDmD RgrDmD

D
. 8 8 8 8
Number of bacteria per ml. 1.5 x 10 1.1 x 10 1.5 x 10 1.3 x 10
6 6 6 6
Number of phage per ml, 5.2 x 10 5.2 x 10 7.7 x 10 7.7 x 10
Multiplicity of infection 0,04 0,04 0.05 0,05
Adsorption 83% 77% 50% 48%
- - 6 5 6 6
Number of infective Rd rp mpy 1.5 x 104 1x 104 b x 106 3.8 x 10
centres/ml. on: Rd rl; m]; 5.5 x 10 4 x 10 2 x 10 3.8 x 106
Transmission coefficient 0.4 0,02 1.0 1.0
o« e 8 6 8 8
Progeny phage Rd rp my 1.0 x 10 6 x 10 k.3 x 10 2.1 x 10
per ml, on: 6
Rd r} mp 5 x 10° 3 x 10 2.5 x 107 2.1 x 10°
Average burst size 66 75 100 60
Fraction of HP1c1.D
- 0.5% 50% 6% 100%

among progeny

* Rd r; ml'; was Rd 123 an rB m; mutant isolated from

Rd (Stuy); Rd rj mf was strain Rd 200 from J. Stuy.

D

modification is designated D in conformity with the nomenclature
of Arber and Linn (1969).  The phenotype of Rd 200 is thus rj my
and the mutants rB m;. Phage grown on rB mB strains is
designated HPlcl.0 and when grown on rg mg is designated HPlcl.D.

The number of rB m£ mutants (15-20% of all tested colonies)
isolated from mutagenised cultures of R4 200 was unexpectedly
high. In addition, a similar high proportion of mutants (rg m;)
was observed following treatment of strain R4 123 rg mg with NTG.
It became obvious that mutagenic treatment was unnecessary and

that strains with the alternative host specificity phenotype

could be obtained spontaneously with high frequercy.
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To obtain information about the spontaneous instability of
the restriction and modification phenotypes of these strains
several hundred colonies of Rd 200 and Rd 123 were screened for
their host specificity phenotypes with phage HPlcl. Cultures
of Rd 200 yield about 5 to 10% of colonies with an rj mf
phenotype while cultures of Rd 123 yield about 2-6% of colonies
which are rB mB. Further, rB m£ strains obtained from rB mB

cultures and r — strains obtained from rB mg cultures display

p ™p
the same degree of instability of genetic expression.

These results explain the unexpectedly high fraction of
phage, obtained following infection of R4 200 rB mB with HPlcl.D,
which was able to plaque on Rd 123 rE mg. This fraction (6%)
corresponds to the fraction of rE mg bacteria present in an
rB mB culture. On the other hand, since rB mB cultures contain
a high frequency of rB m; bacteria, phage stocks, prepared on
such cultures, will contain a high frequency of host modified
phage particles and the e.o.p. of such a stock on rB mg
indicator bacteria will reflect their presence. Thus it might
be anticipated that HPlcl prepared on a quite different strain
of H. influenzae would plaque on Rd 123 rg mg indicator bacteria
with a much lower frequency and this has been confirmed (3).

The e.o.p. on Rd 123 rB m; obtained for phage HPlcl previously
grown on H. influenzae Rd strains is thus a measure of the

fraction of rB mg bacteria present in the culture. In Table 3 we
list various H. influenzae Rd strains obtained from different
laboratories together with their restriction and modification
phenotypes and an estimate of the percent of the alternative
phenotype found. It is clear that some Rd strains are essentially

D mB and some are mixtures in almost equal numbers

of both phenotypes. It is interesting to note that the strain

+ _+
rD mp, others r
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TABLE 3

The restriction and modification phenotypes

of H. influenzae Rd strains obtained from different sources

Strain and
source
Rd 200 (Stuy)

Rd 123 (isolated
from Rd 200)

Rd (Herriott)
Rd (Setlow)

Rd (Smith)

Rd (Leidy)

1

Rd 221 (Stuy)

2

Rd S-19 (Goodgal)

BQQC Rd (Herriott)

Modification

Restriction. e000p. phage % minority
e.;;g; ghage HP1c1l.strain on: FPhenotype phenotype
Ce - - + e
S B
-l - + b
1.0 1.0 2 x 10 ry 5-10% rp mp
-2 + ¥ =
2 x 10 1.0 1.0 r} mb 5% rp oop
@l - ¥ m¥
0.8 1.0 3 x 10 ry ng 15%  rp mp
2 x 10 1.0 1.0 rf o W xp o
1 ¢+ 4 + ot
1 x 10 1.0 0.5 rD mD 50% r‘D mD
. 20% p "
. * - R
2 x 10 1.0 1.0 24 mB 5% s ™
-l -
- 1.0 5 x 10 ™ ™ -
2
- 1.0 5 x 10" ro mB -
2
& -
- 1.0 3 x 10 xp o

1. Rd 221 {Stuy) is lysogenic for phage HP1
2. Rd Se19 (Goodgal) is lysogenic for phage 82
3. RAC Rd (Herriott) is lysogenic for phage HPici.

4. Isolated clones of r¥ m¥ behave like Rd 123

clones of

5o About 90%

resistant

95% 3 nt

isolated
r° mB behave like Rd 200,

o? colonies in the original isolate were

to HP1c1 and S23 sensitive colonies contain

and 5% rp mp bacteriao.

obtained from Dr.

nuclease has been

50% ry mye.

H. 0. Smith from which a restriction endo-

isolated (5) was approximately 50% rB mg and

Host-controlled restriction and mcdification in H. influenzae

R& was first described several years ago (4).

These authors

noted that bacteriophage grown on certain UV sensitive mutants

was restricted by wild type Rd strains, whereas phage grown on

the wild type strain was not restricted by these mutants. The
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same authors also noticed the very high frequency of host-
modification mutants isolated following the treatment of wild
type R4 with NTG.

Following treatment of Rd 123 with NTG we isolated a
mutant, R4 441, with the phenotype rB m$ in addition to the
usual high frequency of rB mB derivatives. It seemed likely
from previous experience (3) that this mutant carried a mutation
in one of the host specificity genes and it was of interest
therefore to examine the stability of this new phenotype. Clonal
analysis, as carried out previously, revealed that cultures of
Rd 441 rB m£ yielded about 5% of colonies with the rj mB pheno-
type. One of these rB mB derivatives (Rd 441-15) was equally
unstable and on cloning yielded about 5% of colonies which, like
the parent strain Rd 441, were rB mg. No rg mg colonies were
obtained among several hundred colonies of R4 441 rB mg and
RdA 441-15 rB mB screened. It is most probable therefore that
strain Rd 441 rB m; carries a mutant hsr gene (1) and that this
mutant phenotype is subject to the same instability of expression
as the wild type rg m; strains.

During clonal analysis of Rd 200 and Rd 123 another class
of mutants was obtained. These mutants were isolated only from
R4 123. They do not restrict phage HPlcl and phage stocks
prepared on them plague on Rd 123 with an efficiency of 1 x 10_3.
This is taken to mean that such phage stocks contain less than
1 in 1000 phage particles carrying the D-type modification and
therefore that this class of rB mB mutants is stable. Analysis
of several hundred colonies isolated from such a mutant failed
to reveal any which were rg mg.

The instability of the restriction and modification pheno-

types of these derivatives of H. influenzae Rd can be summarised

as follows:

Liad
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R4 20? ry.Mp R4 441-15/;D my
Spontaneous Spontaneous
5-10% 2-6% 5% l 5% :
NTG
+ _+ -+
__._______> -
R4 123|rD my R4 441 ry my
Spontaneous
Rd rp m, (stable)
The fact that rB m; cultures contain a high frequency of

rB mB cells as well as rB mB (stable) bacteria makes it impossible
to identify rB mB mutants that might arise as a result of mutation
in a host specificity gene common to restriction and modification
().

It has not escaped our attention that these results are
consistent with the notion that in H. influenzae Rd host speci-
ficity genes may be carried on a plasmid and experiments are in
progress to test this hypothesis.

We do not know whether the restriction studied here in
strain Rd is due to the restriction endonuclease previously
described (4). The instability of the restriction and modi-
fication phenotypes of H. influenzae Rd strains, and in particular
our observation that strains of Rd provided by H. O. Smith
contained 50% of r5 m; bacteria renders this important point

obscure. What is required is a comparison of the restriction

endonuclease activity of Rd rg mB

and R4 ry

mB (stable) strains.

Acknowledgements. We wish to acknowledge the collaboration

of Mr. R. B. Griffith in some of these experiments and the
excellent technical assistance of Sue Johnson. One of us (A.P.)
is grateful to the European Molecular Biology Organization for
the grant of a long-term fellowship. We also wish to thank

R. M. Herriott, J. Stuy, Grace Leidy, H. O. Smith, R. W. Bendler

1616




A/ T

Vol. 46, No. 4, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

and J. K. Setlow for generously supplying the strains and phages

used in this work.

REFERENCES

Arber, W. and Linn, S. (1969) Ann. Rev. Biochem. 38,
467-500.

Kelly, T. J. and Smith, H. 0. (1970) J. mol. Biol. 51,
393-409.

Piekarowicz, A., and Glover, S. W. (1972) Mol. gen. Genet.
(In Press)

Setlow, J. K., Randolph, M. L., Boling, M. E., Mattingly, A.,
Price, G., and Gordon, M. P. (1968) Cold Spr. Harb.

Symp. Quant. Biol. 33, 209-218.

Smith, H. O. and Wilcox, K. W. (1970) J. mol. Biol. 57,
379-391.

Stuy, J. (1968) Biochem. Biophys. Res. Comm. 33, 682-687.

1617




