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Bacillus globigii contains two site-specific endonucleases, Bgll and Bgi/Il. A
rapid technique for selection of mutants deficient in each of these enzymes was
developed using sensitivity to infection by bacteriophage SP50 as an indication of
the levels of enzyme. Mutants defective in Bgll, BgllIl, and both Bgil and Bg/ll
retained the wild-type modification phenotype. Genetic and biochemical studies
have established that these enzymes are involved in restriction in vivo. Simplified
purification procedures for Bgll and BgIII using these mutants are described.

The study of restriction and modification of
bacteriophage has led to a deeper understanding
of many important biological processes. Specifi-
cally, biochemical studies have resulted in the
discovery and isolation of type I and type II site-
specific endonucleases. The type II nucleases,
which require only Mg?* as a cofactor, were
essential for the development of techniques for
gene cloning and for rapid sequencing of DNA.
In Escherichia coli, genetic studies of restriction
and modification preceded the biochemical iden-
tification of the enzymes involved (19). However,
in Haemophilus influenzae the site-specific en-
donuclease HindII was isolated and the recog-
nition sequence was determined several years
before genetic studies confirmed that this en-
zyme was responsible for restriction in vivo (10,
14). For many other bacterial strains, the isola-
tion of a site-specific endonuclease(s) has been
reported, but evidence for restriction in vivo due
to this enzyme(s) was not provided. The genus
Bacillus is typical in this regard. Although 31
different strains of bacilli have been shown to
contain site-specific endonucleases (13), only in
the cases of Bsul (16) and Bst 1503 (3; N. E.
Welker, personal communication) has the pres-
ence of these enzymes been correlated with re-
striction activity in vivo.

Investigations in our laboratory resulted in
the discovery of two type II site-specific endo-
nucleases in Bacillus globigii (18). The persist-
ent contamination of Bgll by Bglll rendered
purification difficult. Accordingly, techniques
were devised to select mutants that were defi-
cient in either Bgll, BgllIl, or both Bgll and II.
These strains not only greatly facilitated the
purification of the enzymes but also demon-
strated that Bgll and BglII were responsible for
restriction in vivo.

MATERIALS AND METHODS

Media and buffers. Supplemented L broth con-
tained, per liter: tryptone (Difco), 10 g; yeast extract,
5 g; and NaCl, 5 g; neutralized to pH 7.0 with 1 N
NaOH. After autoclaving (121°C for 15 min), MgCl,
was added to a final concentration of 2 mM and
glucose was added to 0.1% (wt/vol).

Supplemented BHI contained 32 g of brain heart
infusion (BHI; Difco) per liter. After autoclaving,
MgCl; was added to a final concentration of 2 mM and
glucose was added to 0.1%.

SLBH medium (H. Boyer, personal communica-
tion) contained, per liter: tryptone, 11 g; yeast extract,
225 g; glycerol, 4 ml; 1 M K:HPO,, 51 ml; and 1 M
KH;PO,, 15.6 ml. Salts were autoclaved and added
separately.

Semisolid-plus-glucose agar was used in the selec-
tion of rifampin-resistant (Rfm’) transformants. This
overlay medium contained, per liter: tryptone, 10 g;
NaCl, 8 g; agar, 6 g. After autoclaving, 12 ml of sterile
50% (wt/vol) glucose was added.

When solid media were required, agar was added to
a final concentration of 1% before autoclaving.

TMM buffer contained 6 mM tris(hydroxy-
methyl)aminomethane-hydrochloride (pH 7.4), 6 mM
MgCl,, and 6 mM 2-mercaptoethanol.

S buffer contained 50 mM potassium phosphate
(pH 7.0), 10 mM 2-mercaptoethanol, 1 mM ethylene-
diaminetetraacetic acid, and 1 mM sodium azide.

C buffer consisted of S buffer containing 10% glyc-
erol.

HTP buffer contained 25 mM potassium phosphate
(pH 7.0), 10 mM 2-mercaptoethanol, 1 mM ethylene-
diaminetetraacetic acid, and 1 mM sodium azide.

D buffer contained 20 mM potassium phosphate
(pH 7.0), 10 mM 2-mercaptoethanol, 200 mM NaCl, 1
mM ethylenediaminetetraacetic acid, and 50% glyc-
erol.

Bacterial strains, viruses, and DNA. The bac-
terial strains used in this study are listed in Table 1.
Bacteriophages SP50 and 822 and the host strain B.
subtilis BR151 (lys-3 metB10 trpC2) were obtained
from B. Reilly. B. subtilis strain RUB300 (lys-3 hisB2
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TABLE 1. Strains of B. globigii

Designation Description Source®

SB512 Wild-type B. globigii; J.Lederberg
produces Bgll and
Bglll

RUBS550 Rifampin resistant Spontaneous
(Rfm"); produces mutant of
Bgll and Bglll SB512

RUB562 Rfm"; produces only EMS treatment
Bglll of RUB550

RUB561 Rfm"; produces only EMS treatment
Bgll of RUB550

RUB560 Rfm"; produces neither =~EMS treatment
Bgll nor Bglll of RUB561

« EMS, Ethyl methane sulfonate.

metB10) was constructed in this laboratory.

Simian virus 40 and adenovirus type 2 DNA were
gifts from R. J. Roberts. Lambda DNA was prepared
as described (18).

Genetic procedures. DNA was isolated from bac-
teriophage by the methods of Foldes and Trautner (6)
and Yehle and Doi (21) for SP50 and 822, respectively.
Bacterial DNA was isolated as described by Yasbin et
al. (20). Cells were grown to competence as described
by Boylan et al. (2) and incubated with either bacterial
DNA (19) or bacteriophage DNA (6) as described
previously. The efficiency of plating of bacteriophage
SP50 was determined essentially as described by Yas-
bin et al. (20), using B. subtilis BR151 or mutants of
B. globigii as hosts and assaying the bacteriophage in
a semisolid agar overlay on tryptose blood agar base
(20). Transfection was assayed in the same medium
(19).

Isolation of mutants deficient in restriction.
Spores of B. globigii RUB550 were treated with 0.5 M
ethyl methane sulfonate (Eastman-Kodak Co.) ac-
cording to the method of Ito and Spizizen (9). Standard
methods of selecting “nibbled” colonies were not suc-
cessful. Therefore, survivors (0.1% of the total popu-
lation) were streaked onto BHI plates, incubated for
24 h at 37°C, and subsequently replicated onto BHI
spread with 10¢ plaque-forming units of SP50 grown
on B. subtilis BR151 (see Fig. 1). Of 1,200 colonies
tested, 60 showed increased lysis on medium contain-
ing bacteriophage SP50. The increased lysis assay is
qualitative and yields many false positives. Generally,
the replicated streak of wild-type clones showed little
or no lysis (less than two plaques per streak), whereas
presumptive mutants had increased lysis (five plaques
to confluent lysis of the streak). The clones (21/60)
that had an increased efficiency of plating by standard
techniques were assayed for nuclease activity. Only
those clones that had qualitative alterations in enzyme
activity were studied further.

Determination of endonuclease activity. Two
general procedures were used for analysis of enzyme
activity. Endonucleases that had been partially puri-
fied by column chromatography were assayed by in-
cubating 2 pl of the column fraction with 2 ug of DNA
in a total volume of 50 ul of 2xX TMM buffer. After 10
min of incubation at 37°C, bromophenol blue, sucrose,
and ethylenediaminetetraacetic acid were added, and
the sample was subjected to electrophoresis on a 1%
agarose gel (5). DNA from bacteriophage A and ¢3T
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was used to assay the activity of Bgll and Bglll,
respectively.

To determine whether mutant strains synthesized
endonucleases, a rapid, crude analysis was devised.
Strains or clones were cultured in 100 ml of supple-
mented L broth to the middle of the exponential phase
of growth. The cells were concentrated by centrifuga-
tion at 10,000 rpm at 4°C for 10 min in a Sorvall GSA
rotor. After suspension in 1.25 ml of C buffer, cells
were disrupted by sonic treatment three times for 10
s (red probe, Bronwill Biosonic III) and centrifuged
for 30 min at 4°C in a Sorvall SP table-top centrifuge.
A 4-pl volume of the crude supernatant was added to
1 pg of plasmid pCD1 DNA in a total volume of 50 ul
of 2x TMM buffer. After 10 min of incubation at 37°C,
the mixture was subjected to electrophoresis as de-
scribed above. pCD1 is a chimeric plasmid consisting
of pMB9 with the thyP3 region of B. subtilis bacterio-
phage ¢3T genome inserted at the EcoRl site (5). This
plasmid contains four sites for Bgll and two sites for
BglIl. Digestion of pCD1 with Bgll, Bglll, or Bgll and
Bglll gives easily distinguishable patterns upon gel
electrophoresis.

Purification of Bgll. (i) Crude extract. The pu-
rification of Bgll and BglII was based on the purifi-
cation procedure of BamHI communicated to us by
H. Boyer. Strain RUB561 was grown in SLBH medium
at 37°C with rapid aeration to late log phase in a New
Brunswick MF114 fermentor. A 50-g sample of cells
was obtained from 12 liters of culture. All subsequent
steps were performed at 4°C. The cells were collected
by centrifugation, washed with 1 liter of 1 M KCl, and
suspended in 100 ml of S buffer. Lysozyme (Worthing-
ton Biochemicals) was added (final concentration, 100
ug/ml), and the mixture was incubated for 15 min on
ice. Acid-washed glass beads (10 g; 0.1-mm diameter)
were added, and the cells were disrupted by sonic
treatment five times for 1 min with the large probe of
a Bronwill Biosonic III Sonifier. The mixture was
centrifuged at 10,000 rpm for 10 min in a Sorvall SS34
rotor. The supernatant was centrifuged for 2 h at
33,000 rpm in a Beckman type 35 rotor to remove
debris.

(ii) Phosphocellulose column chromatogra-
phy. The crude extract was applied to a phosphocel-
lulose column (2.5 by 40 cm bed) that had been equil-
ibrated with S buffer. A flow rate of 1.5 ml/min was
maintained by applying pressure with a peristaltic
pump. The column was then washed with 250 ml of S
buffer and eluted with a 1-liter, 0 to 1.0 M KCl linear
gradient. Fractions of 10 ml were collected and sub-
sequently assayed. Over 95% of the nucleic acid and
protein were voided from the column. The fractions
giving complete digestion of DNA eluted at approxi-
mately 0.4 M KCl. These fractions, which constituted
approximately 50 ml, were pooled.

(iii) Hydroxylapatite chromatography. The
pooled fractions from phosphocellulose chromatogra-
phy were mixed with an equal volume of a solution
containing 10 mM 2-mercaptoethanol, 1 mM ethyl-
enediaminetetraacetic acid, and 1 mM sodium azide.
This mixture was applied to a hydroxylapatite column
(HTP, Bio-Rad; 1.2 by 9.0 cm bed) that had been
equilibrated with HTP buffer. The column was eluted
with a 200-ml gradient of HTP buffer in which potas-
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sium phosphate ranged from 25 to 250 mM, and frac-
tions (4 ml) were assayed. Bgll elutes at 150 to 170
mM potassium phosphate. The fractions giving com-
plete digestion were pooled (12 ml) and dialyzed to
equilibrium against buffer D. This preparation was
stored at —20°C and used without further purification.

Bglll purification. (i) Crude extract. This pro-
cedure was the same as for Bgll except that the
bacterial strain was RUB562 and the S buffer con-
tained 0.1 M KClL.

(ii) Phosphocellulose column chromatogra-
phy. The procedure was the same as for Bgll except
that the column was eluted with an 0.1 to 0.8 M linear
gradient of KCl. Bg/II elutes in a broad peak from 0.3
to 0.5 M KCL

(iii) Hydroxylapatite column chromatogra-
phy. The fractions from the phosphocellulose column
giving complete digestion were pooled (100 ml) and
dialyzed twice for 4 h against 6 liters of HTP buffer.
The pooled fractions were then applied to a hydrox-
ylapatite column and eluted as for Bgll. Bglll elutes
between 75 and 85 mM potassium phosphate. Frac-
tions giving complete digestion were pooled (12 ml)
and dialyzed to equilibrium against D buffer. This
enzyme was stored at —20°C and used without further
purification.
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RESULTS

Isolation of mutants. Endonuclease-defi-
cient mutants were obtained according to the
selection scheme illustrated in Fig. 1. Of 21 mu-
tants that showed increased sensitivity to phage
infection, 5 produced only Bgll. One of these
was designated RUB561. Two produced only

RepLIcA PLATE oNTO
Pates with 108 SPSO
BACILLUS SUBTILIS PHAGE

Determine E.O.P,

SUBCULTURE

1200 CoLoniEs
4

EMS TREATMENT TO
0.1Z survivaL

SPORES OF BACILLUS GLOBIGII

60 COLONIES SHOWED
INCREASED LYSIS

J. BACTERIOL.

Bglll. One of these was designated RUB562. A
second round of mutagenesis using spores of
RUBS561 yielded a strain that had lost both
restriction enzymes. This strain was designated
RUB560. The remaining 13 mutants were ca-
pable of making both Bgll and Bgl/II and were
not characterized further.

Endonuclease from these mutants was iso-
lated according to procedures described in Ma-
terials and Methods. A yield of approximately
15,000 U of Bgll without detectable Bg/Il was
obtained from 50 g of the strain RUB561. Similar
amounts of RUB562 yielded 15,000 U of BgllIl
with no detectable Bgll. We have adopted the
convention that 1 U is the amount of enzyme
required for limit digestion of 1 ug of lambda
DNA after 30 min at 37°C, although other DNAs
may display slightly different kinetics. Figure 2
shows an ethidium bromide agarose gel electro-
phoresis pattern of DNA treated with the puri-
fied enzymes. DNA from simian virus 40, ade-
novirus-2, and lambda are standards demon-
strating the purity of these preparations.

Restriction and modification of bacterio-
phage. Bacteriophage SP50 was propagated on
the three mutant strains RUB560, RUB561, and
RUB562, and also on wild-type B. globigii
(RUB550) and B. subtilis (BR151). Bacterio-
phage from each host were used to determine
the efficiency of plating on the other four strains
as shown in Table 2. These results demonstrate
that both Bgl/l and Bg!II function as restriction

39 COLONIES SHOWED NO
INCREASE IN E.O.P,

21 COLONIES SHOWED
INCReASED E.O.P.

ASSAY NUCLEASE ACTIVITY
IN CRUDE EXTRACTS

14 PRo,Ducs 5 Probuce monucs
Be_n.l AND ]&Il ONLY l&l ONLY BeLIl

FiG. 1. Scheme for the selection of restriction-deficient mutants of B. globigii. EMS, Ethyl methane

sulfonate; E.O.P., efficiency of plating.
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FIG. 2. Agarose gel electrophoresis of DNA cleaved with Bgll and BglII. A 2-ug sample of DNA was used
in each gel slot. The DNAs were digested with 3 U of Bgll, Bglll, or both enzymes for 1 h at 37°C and
fractionated by gel electrophoresis. The center slots in each group of three are the combined digests with Bgll
and BglII.

enzymes in vivo. An analysis of the efficiency of
plating of unmodified bacteriophage on the mu-
tant strains RUB560 (R~ Mi*, Ru~ My*),
RUBS561 (Ri* Mr*, Ru~ Mr*), and RUB562 (R~
M:*, Ru* My*) indicates that the Bgll enzyme
accounts for a 70-fold restriction of SP50 - BR151
and that BglII accounts for a 7-fold restriction
of the bacteriophage.

These three mutant strains of B. globigii re-
tained the modification characteristics of the
wild-type strain. For example, bacteriophage
that had been propagated on the restrictionless
mutant (strain RUB560) formed plaques with
equal efficiency on the strain having both en-
zymes (RUB550), the strain with only Bgll
(RUB561), and the strain with only BgllIl
(RUB562; see Table 2).

To complement these genetic studies, we have
also performed biochemical tests. Linear DNA

from SP50 - B. subtilis BR151 was cleaved only
once by the Bgll enzyme and once by the BglII
enzyme at different sites (see Fig. 2). DNA from
bacteriophage SP50 propagated on any of the B.
globigii strains, including the restrictionless mu-
tant strain RUB560, was not cleaved by either
Bgll or Bglll (data not shown). These findings
correlate well with the genetic data, indicating
that the mutant strains retain the site-specific
modification of the wild-type strain for both
enzymes.

Another bacteriophage of B. subtilis, 22, was
found to form plaques on two strains of B. glo-
bigii, RUB560 and RUB561. Unfortunately, 822
gives variable, nonreproducible results in plaque
assays (8), so the efficiency of plating could not
be determined. However, these qualitative re-
sults were supported by the nuclease digestion
patterns of 822 B. subtilis BR151 DNA (see
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TABLE 2. Efficiency of plating on strains of B.
globigii and B. subtilis

J. BACTERIOL.

TABLE 3. Transfection® with SP50- BR151 DNA
treated in vitro with Bgll and Bglll

Host and relevant restriction-modifica-

tion phenotype®
. . 550 560 561 562
Bacteriophage' Ri* R~ ®R* R
151 M"Y MY MY MY
(Ru* ([Ru~ (Ro~  (Ru*
My Mu") Mu*) MiY)
SP50-BR151 1.0 0.01 28 004 042

SP50-RUB550 0.77 1.0 09 10 11
SP50-RUB560 0.61 1.0 10 10 11
SP50-RUB561 0.67 0.9 1.0 10 1.1
SP50-RUB562 - 058 061 094 0.70 1.0

2 Bacteriophage SP50 propagated on host BR151 is
designated SP50- BR151.

b R(* designates the restriction activity associated
with Bgll; M* designates the corresponding modifying
activity. The same convention (Ru Mu) is used for
BgllI activity.

Fig. 2). This DNA was cleaved more than 50
times by digestion with Bgl/Il, but was not
cleaved at all by digestion with Bgil.

Transfection with SP50 DNA. DNA from
bacteriophage SP50 is highly efficient in trans-
fection of B. subtilis, but SP50 DNA that has
been fragmented by hydrodynamic shear is not
biologically active (7). It was of interest to de-
termine the effect of nuclease treatment on the
infectivity of SP50 DNA, since this DNA is
cleaved once by Bgll or Bglll. When competent
cells of B. subtilis BR151 were mixed with
SP50 - BR151 DNA that was cleaved with Bgll,
BgllIl, or both enzymes, no plaques were ob-
served. However, when a mixture of Bgll-
cleaved DNA and Bglll-cleaved DNA was used,
plaques were formed, as shown in Table 3.

Transfection studies with a number of differ-
ent bacteriophage demonstrated that physically
intact molecules of DNA are required for infec-
tivity. For bacteriophage SP50 this was not so.
A mixture containing Bgll-cleaved SP50 DNA
and BgllII-cleaved SP50 DNA could infect com-
petent cells, albeit with a 50-fold reduction in
plaques compared to the same amount of intact
DNA. Evidently, the overlapping fragments con-
tain a region of homology, allowing them to be
joined by the host cell recombination systems.
This is not surprising in view of earlier work
demonstrating that rec strains of B. subtilis
show a greatly reduced efficiency of transfection
with uncleaved SP50 DNA, and that three mol-
ecules of SP50 DNA are required in the process
of transfection (15).

Transformation with modified and un-
modified chromosomal DNA. Transforma-
tion, unlike transfection, has been shown to be

Donor DNA No. of plaques
Uncleaved DNA ...... ... .. .. ... ... ... 2,000
DNA cleaved with Bgll . ................ 0
DNA cleaved with BglII .. ... ... .. .. .. 0
DNA cleaved with Bgll and BglII . ... ... 0
DNA cleaved with Bgll mixed with an equal
amount of DNA cleaved with Bg/II . . .. 44

2 Performed according to Foldes and Trautner (6).
Each transfection used a total of 3 ug of DNA in a
volume of 0.5 ml of competent cells of B. subtilis
BR151. After 25 min of incubation at 30°C, 1.5 ml of
semisolid medium was added to each sample, and the
entire mixture was transferred rapidly to a petri dish
containing 20 ml of solidified tryptose blood agar base.

unaffected in vivo by restriction endonucleases
in the one case where it has been examined (16).
However, the transforming activity of DNA is
reduced by treatment with site-specific endo-
nucleases (18). Because B. globigii is closely
related to B. subtilis, it is possible to transform
B. subtilis with DNA isolated from this heter-
ologous source (4). Although the efficiency of
transformation was low with DNA from B. glo-
bigii, it was possible to markedly increase the
efficiency of transformation by the foreign gene
simply by integrating it into the genome of B.
subtilis. The foreign DNA, surrounded by a
neighborhood of homologous DNA, is called the
intergenotic DNA. It is possible to compare the
efficiency of transformation of homologous (B.
subtilis), heterologous (B. globigii), and inter-
genotic (B. subtilis transformed by B. globigii
DNA) DNA in B. subtilis and to study the effect
of nucleases on this transformation process. As
indicated in Table 4, transformation to rifampin
resistance by homologous DNA was quite effi-
cient, whereas heterologous DNA transformed
poorly. Intergenotic DNA was markedly more
efficient than heterologous DNA even though
the rfm gene was derived from the foreign
source. Only DNA from B. globigii was resistant
to both endonucleases, suggesting that it was
modified. The foreign gene was subject to re-
striction in the intergenotic configuration be-
cause the host cell, B. subtilis, lacks the enzymes
necessary for modification. Until a competent
strain of B. globigii can be found, it is not
possible to determine whether restriction of
DNA occurs in vivo in this system.

DISCUSSION

B. globigii produces two type II restriction
enzymes, Bgll and BglII (18). BgIII recognizes
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TABLE 4. Transformation with DNA treated in vitro with Bgll and BglII

Enzyme Rfm" transform- l?]el}:'::;"f;? Percent inhibi-
Source of DNA Class of donor treatment ants per ml Rfm'’ transfor- tion b{ endo-
mation nuclease
B. subtilis Homologous None 1.68 x 10° 1.00 NA®
Bgll 4.51 x 10° 0.27 73
Bglll 1.05 x 10° 0.63 37
B. subtilis transformed by B. Intergenotic None 6.1 X 10° 0.36 NA
globigii DNA Bgll 5.0 x 10° 0.003 99
Bglll 3.82 x 10* 0.02 94
B. globigii Heterologous None 1.20 x 10° 0.07 NA
Bgll 1.25 x 10° 0.07 0
Bglll 1.24 x 10° 0.07 0

° Relative frequency of transformation is based on comparing the frequency of transformation with that
obtained with homologous DNA. DNA (10 pl; approximately 3 ug) was treated with either Bgll or BglII (after
phosphocellulose column chromatography) for 45 min at 37°C in TMM buffer. Competent cells (B. subtilis
RUB300, 0.5 ml) were added, and DNA uptake was allowed to proceed for 30 min. Transformation mixtures
were then plated on tryptose blood agar base using a 2-ml semisolid-plus-glucose overlay agar. After 2 h at
37°C, recipients were challenged with 25 pug of rifampin in 2 ml of semisolid-plus-glucose overlay.

5 NA, Not applicable.

the sequence A'‘GATCT, leaving a 5’ tetranu-
cleotide extension, GATC (12; S. Zain and R.
J. Roberts, personal communication). However,
the sequence recognized by Bgll is not known.
In 1976, B. Reilly (personal communication)
found that B. subtilis bacteriophage SP50 would
form plaques on a lawn of B. globigii and, in
addition, SP50 propagated on B. subtilis was
restricted when plated on B. globigii. These
observations formed the rationale for the isola-
tion of restriction-deficient mutants. Strains that
lack one or both of the site-specific nucleases
associated with B. globigii should be more sen-
sitive to bacteriophage infection. By screening
mutagenized clones of B. globigii for sensitivity
to SP50 - B. subtilis strain BR151, we have iso-
lated nuclease-deficient mutants. In all the sin-
gle-step mutants, restriction of infectivity by
bacteriophage has been reduced but not elimi-
nated (the R* phenotype), while the full modi-
fication characteristics of the wild-type strain
are maintained (the M* phenotype). Mutagenic
treatment of one of these R* M* strains resulted
in the isolation of an R~ M* mutant. The results
permit two conclusions: (i) Bgll and BgIII are
restriction enzymes; and (ii) Bg/l and Bg!II ac-
tivities are encoded by separate genes. In addi-
tion, although only a few mutants have been
isolated, we may tentatively conclude that (i)
the restriction enzymes do not share a common
subunit necessary for activity, (ii) the modifica-
tion enzyme(s) of B. globigii is encoded by genes
distinct from the genes encoding the restriction
endonucleases, and (iii) the enzymes responsible
for modification do not share a gene product

that is necessary for their activity in common
with the restriction enzymes.

Mutants that are defective in restriction have
been isolated from a number of other bacterial
restriction-modification systems. Our studies
have revealed that restriction and modification
in B. globigii have features in common with
these systems. For example, 44 different restric-
tion-defective mutants have been isolated in the
RI and RII host specificity systems of E. coli.
All these mutants had the R~ M* phenotype
(22). Different results are obtained with the E.
coli host specificities K, B, P1, IS, and H. Mu-
tants selected solely on the basis of restriction
deficiency are divided equally into two classes.
One class shows the R~ M* phenotype, while
the other shows the R~ M~ phenotype (19).
These data, along with other work, indicate that
the latter modification and restriction enzymes
share a protein subunit. The H. influenzae Ra
host specificity system also show results analo-
gous to the B. globigii system. Single-step re-
striction mutants of H. influenzae Ra show a R*
M* phenotype. R~ M* mutants are obtained
only after a second round of mutagenesis (11).
As in B. globigii, these data are interpreted as
evidence for two separate restriction systems
that do not share a gene product necessary for
activity.

Aside from their usefulness as selection tools
for restriction mutants, these studies revealed
unexpected and anomolous facts concerning the
bacteriophages SP50 and f22. Both of these
virulent phages have genomes consisting of dou-
ble-stranded DNA of molecular weight exceed-



344 DUNCAN, WILSON, AND YOUNG

ing 100 X 10¢ with no detectable levels of meth-
ylated bases (1, 21). SP50 DNA has a molecular
weight of 100 Mdal, yet it is cleaved only once
by either Bgll or BglIl. Based on the assumption
of random nucleotide distribution, one would
expect 30 cleavage sites for Bg/II and even more
sites for the Bgll enzyme. 822 DNA is cleaved
more than 50 times by Bg/II, but not cleaved at
all by Bgll. While these data are consistent with
our genetic studies, the phenomenon is puzzling.
We do not know whether the lack of cleavage is
caused by a deficiency in sites for the enzymes
or by protection by methylation of the DNA or
by protein associated with the DNA.

Many strains of bacteria produce two site-
specific nucleases. Often the two enzymes pos-
sess similar molecular weights and ionic prop-
erties, making their separation difficult.
Whereas impure preparations may be suitable
for physical mapping of nuclease sites, the tech-
niques of gene cloning and DNA sequence anal-
ysis require highly purified enzymes, free of ex-
traneous nucleases. Removal of one enzyme ac-
tivity by mutation may be a generally applicable
way to solve this problem, provided two condi-
tions can be met: (i) there exists a related strain
that lacks the modification characteristics of the
strain of interest; and (ii) a phage can be found
that will propagate on both of the strains.
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