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SUMMARY

We have cloned the genes coding for the two subunits (HsdM and HsdS) of the type-I DNA methyltransferase (MTase),
M:EcoR124, into the specially constructed expression vector, pJ119. These subunits have been synthesized together as an
intact MTase. We have also cloned the individual subunit-encoding genes under the control of the T7 gene /0 promoter
or the JacUVS5 promoter. High levels of expression have been obtained in all cases. While HsdM was found to be solu-
ble, HsdS was insoluble. However, in the presence of the co-produced HsdM subunit, HsdS was found in the soluble fraction
as part of an active MTase. We have partially purified the cloned multi-subunit enzyme and shown that it is capable of

DNA methylation both in vivo and in vitro.

INTRODUCTION _

Type-I restriction endonucleases (ENases) consist of
three subunits encoded by the genes hsdR, hsdM and hsdS.
The hsdS gene product is responsible for DNA specificity
and together with the 4sdM gene product is sufficient for
modification (methylation) of the DNA recognition se-
quence (Boyer and Roulland-Dussoix, 1969; Glover and
Colson, 1969; Hubacek and Glover, 1970); AsdR is re-
quired for ENase activity. The ENase requires ATP, SAM
and Mg®* as co-factors, while the MTase requires only
SAM and Mg?*. Evidence has been presented to support
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Abbreviations: aa, amino acid(s); Ap, ampicillin; bp, base pair(s); CIAP,
calf intestinal alkaline phosphatase; cpm, counts/min; DTT, dithiothrei-
tol; ENase, restriction endonuclease; e.o.p., efficiency of plating; f1 IG,
bacteriophage f1 intergenic region (ss DNA origin); HsdM and HsdsS,
subunits of M- EcoR124; IPTG, isopropyl S-D-thiogalactopyranoside; kb,

the hypothesis that the HsdS protein has two domains
responsible for DNA recognition, separated by a spacer
region (Gann et al., 1987; Fuller-Pace and Murray, 1986;
Price et al.;, 1989).

The EcoR124 R-M system is of particular interest in that
an alternative DNA specificity (EcoR124/3) has been iden-
tified (Glover and Firman, 1982) which differs from the
EcoR124 DNA specificity by the presence of an extra non-
specific nt:

EcoR124:  5'-GAANNNNNNRTCG (or GAANRTCG)
EcoR124/3: 5’—~GAANNNNNNNRTCG (or GAAN,RTCG)

kilobase(s) or 1000 bp; MTase (M+), DNA methyltransferase; Mod * (4),
modification by M:EcoR124; Mod * (3), modification by M-EcoR124/3;
nt, nucleotide(s); oligo, oligodeoxyribonucleotide; PAGE, polyacrylamide-
gel electrophoresis; PMSF, phenylmethylsulfonyl fluoride; Res*(4), re-
striction by EcoR124; Res™*(3), restriction by EcoR124/3; RBS, ribo-
some-binding site(s); R-M, restriction and modification; rpm, revolutions/
min; SAM, S-adenosyl methionine; SDS, sodium dodecyl sulfate; ss,
single strand(ed); Avir, virulent mutant of bacteriophage A; XGal,
5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside; [ ], denotes plasmid-
carrier state.
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EcoR124 and its variant form EcoR124/3 have been cloned
producing the recombinant plasmids pCP1005 and
pUNG31, respectively, their transcripts mapped, the genes
sequenced and low levels of the ENase have been purified
(Firman et al., 1983; 1985; Glover et al., 1983; Price et al.,
1987; 1989). These data show that they are members of a
new sub-class of type-I R-M systems, type-IC. The only
difference between EcoR124 and EcoR124/3 lies within
their hsdS genes. The EcoR124/3 hsdS gene has an extra
copy of a 12-bp repeat within the predicted spacer region
(repeated twice in EcoR124 and three times in EcoR124/3)
(Price et al., 1989).

The EcoR124 ENase has not been purified at sufficiently
high levels for detailed in vitro studies of this enzyme. Stud-
ies to date on the intact M-EcoR124 MTase have been
limited to expression from the natural promoter (Gubler
and Bickle, 1991), and there have been no studies on the
individual subunits. Qur primary aim was to express and
isolate large quantities of the HsdS protein capable of DNA
binding. It was also required that this high-level expression
system would allow us to carry out site-directed mutagen-
esis of the AsdS gene to locate the DNA-binding domains
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of the protein. In addition we wished to purify the MTase
for enzymological studies, and the HsdM subunit for sub-
sequent investigation of its interaction with the HsdS sub-
unit in vitro. We report here the successful over-expression
of these proteins.

RESULTS AND DISCUSSION

(a) High-level expression of ksdM

The hsdM gene of EcoR124 was sub-cloned from
pCP1005 (Firman et al., 1985), where it is expressed from
the low-level natural promoter, into the expression vector
pUCI118 (Vieira and Messing, 1987) following digestion of
pCP1005 with Hinfl (Fig. 1). This produced the recombi-
nant plasmid pUMI20. The hsdM gene is expressed from
the Jac promoter but uses its own RBS. Following IPTG
induction of Escherichia coli M 109 (Yanisch-Perron et al.,
1985) containing this plasmid, large quantities of a protein
corresponding in size to the HsdM subunit (58 kDa;
517 aa) were present within the soluble fraction of the bac-
terial lysate (Fig. 2). Although IPTG induction increased
the levels of HsdM expressed, substantial levels of this
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Fig. 1. Sub-cloning strategies for the EcoR124 hsdM and hsdS genes. (a) The plasmid pCP1005 (Firman et al., 1985) was digested with Hinfl. The ss
ends were removed by digestion with mung bean nuclease. The 1780-bp Hinfl fragment carrying hsdM was purified from a low-melting-point agarose gel
(Maniatis et al., 1982) and inserted into pUC118 (Vieira and Messing, 1987) which had been digested with Smal and treated with CIAP to prevent re-
ligation of the vector. Plasmid pUMI20 was isolated from a white colony on IPTG/XGal/Ap plates (Maniatis et al., 1982) following transformation of
E. coli JM109 (Yanisch-Perron et al., 1985). (b) Plasmid pCP1005 DNA was digested with Aval followed by treatment with mung bean nuclease to re-
move the ss ends. The 2108-bp fragment containing the 4sdS gene was purified from a low-melting-point agarose gel (Maniatis et al., 1982) and inserted
into pTZ19R (Pharmacia; Mead et al., 1986) which had been digested with Smal and treated with CIAP to prevent vector re-ligation. Plasmid pT$491

was isolated as described for pUMI20.



Fig. 2. 0.1% SDS-12.5% PAGE of JM109[pUMI20] lysates showing
high-level synthesis of HsdM. Synthesis was induced with 1 mM IPTG
followed by growth for a minimum of 7-8 h. Cells were lysed by sonica-
tion in 25%, sucrose/50 mM Tris-HCl pH 8.0/5 mM EDTA/3 mM DTT/
1 mM benzamidine/0.1 mM PMSF. Soluble fraction was obtained fol-
lowing centrifugation for 30 min at 18000 rpm in a Sorvall SS34 rotor.
The pellet was resuspended to the original volume prior to loading. Ali-
quots (1.7 ul) of whole cell, pellet fraction or soluble fraction were loaded.
Lanes: 1, protein size markers; 2, whole cell (induced); 3, whole cell
(uninduced); 4, pellet fraction (induced); 5, soluble fraction (induced).

protein were found even in the absence of induction, indi-
cating leakage of the Jac promoter in this system. The yield
of the protein was approx. 10 ug/ml of bacterial culture
{(based on the estimation of the concentration of protein in
the bands upon the SDS-PAGE when compared to stan-
dards of known concentration).

TABLE 1
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(b) High-level expression of hsdS :

The hsdS gene of EcoR124 was sub-cloned from
pCP1005 into pTZ19R (Mead et al., 1985) (Fig. 1) to give
pTS491. The internal Ndel site of hsdS was removed by
site-directed mutagenesis, avoiding any changes in the aa
sequence of the protein. An Ndel site was then introduced
into AsdS by a 3-bp insertion immediately upstream from
the start codon of the gene (Fig. 3). The gene was then
cloned into pJ119 following Ndel + BamHI digestion, giv-
ing a precise fusion of the hsdS coding sequence to the
pJ119 expression signals. The resulting plasmid pJS491
gavé rise to high yields of a protein corresponding in size
to the HsdS subunit (46 kDa; 406 aa). The yield of protein
as judged by PAGE was 10 ug/ml of bacterial culture fol-
lowing IPTG induction of E. coli IM109(DE3) containing
the plasmid. However, the protein was found only in the
insoluble fraction of the E. coli lysate (Fig. 4). Expression
of hsdS was highly controllable by induction and was fully
induced 5 h after addition of IPTG (data not shown).

To confirm that the ss DNA produced by pJ119 was the
coding strand (as read from the T7 pfomoter) ss DNA
was isolated following KO7 induction (a derivative of
M13 used as a helper phage; Dente et al., 1983) of E. coli
JM109(DE3)[pJS491]. This DNA was then sequenced
with two different primers complementary to the coding
strand of AsdS. Since the correct sequence is present this
confirmed that the ss DNA produced was indeed the cod-
ing strand of the AsdS gene (data not shown).

In an attempt to obtain soluble protein, we have ex-
pressed hsdS from a number of different promoters in a
number of different hosts and at a variety of temperatures
(Kane and Hartley, 1988). Expression from either the Py,
promoter or the T7 promoter always resulted in the HsdS
subunit being present in the insoluble fraction of the bac-
terial lysate (data not shown). We believe this may be an
intrinsic property of the HsdS protein although such at-
tempts to prevent insolubility are never totally exhaustive

In vivo methylation of bacteriophage A by the over-produced M-EcoR124, independent of IPTG induction

Induction® Modified phage® ¢.0.p. of bacteriophage A°

C600 JM109(DE3)[pJS4M ] C600[pCP1005]
Un-induced Avir.C600 1.0 1.0 104
Un-induced : Avir.C600[pJS4M ] 1.0 1.0 1.0
IPTG induced Avir.C600 1.0 1.0 104
IPTG induced Avir.C600[pJS4M ] 1.0 1.0 : 1.0

* For IPTG induction lawns of bacteria were grown in the presence of 1 mM IPTG.
° Phage A plaques modified against each indicated restriction system were isolated from bacterial lawns and cycled twice on the same bacteria to pro-

duce working stocks of the modified bacteriophage.

¢ The e.o.p. of bacteriophage /. was obtained as the ratio of the titre on the test culture to that on C600.
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Fig. 3. Construction of pJS491 giving high-level synthesis of HsdS. (a) The modified pTS491, produced by site-directed mutagenesis, was digested with
Ndel + BamHI. The approx. 1600-bp Ndel-BamHI fragment was purified as previously described (Fig. 1) and cloned between the Ndel and BamHI sites
of pJ119. Recombinants were identified by size-screening plasmid DNA isolated from 50 colonics following transformation of E. coli JM109(DE3).
(b) Plasmid pJ119 was constructed by inserting the Bg/II-EcoRI fragment of pET3a (Rosenberg et al., 1987) between the BamHI and EcoRI sites of
pUC119 (Vieira and Messing, 1987). ss DNA was isolated as described by Amersham International plc in the mutagenesis kit (RPN1523). Site-directed
mutagenesis was as described by Eckstein and Nakamaye (1986). IM109(DE3) was obtained from Promega (Madison, WI).

and we cannot rule out the possibility that conditions are
found where HsdS is in fact produced as a soluble protein.

(c) High-level production of M-EcoR124

Due to the insolubility of HsdS it was not possible to
demonstrate DNA binding for the subunit. To overcome
this problem we attempted high-level co-expression of AsdS
and hisdM to produce an active MTase. Fig. 5 describes the
sub-cloning of AsdM from pUMI20 into pJ S491 to give the
co-expression system pJS4M. The hsdM gene is in fact
expressed from two T7 gene 10 promoters, one of which is
the promoter expressing AsdS. This ensured that there
would be an excess of HsdM to solubilise HsdS.

Fig. 4. 0.1% SDS-12.5% PAGE of bacterial lysates showing high-level
synthesis of HsdS in the insoluble fraction. Induction was with 0.4 mM
IPTG for 4 h. Soluble, pellet and whole-cell fractions were obtained as
described in Fig. 2. All the plasmids were in E. coli IM109(DE3) (=JMD)
(from Promega, Madison, WI). The sizes of the protein bands were de-
termined using markers as in Fig. 2. Lanes: 1, pellet fraction of induced
JMD[pJS491] (Fig. 3); 2, soluble fraction of IMD[pJS491] (induced); 3,
whole-cell extract of JMD{pJS491] (induced); 4, uninduced JMD-
[pJS491]; S, whole-cell extract of IMD[pJ119] (Fig. 3) (uninduced).






