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siderations prompted us to study the effects of the BsuM
R/M system on plasmid transformation in more detail, with
emphasis on target sites for restriction. Such studies may
have implications for shotgun cloning experiments in B.
subtilis, the efficiency of which might be affected by the
M restriction system.

For the purpose of our work, plasmid pHV1401 (Fig. 1),
a derivative of the bifunctional E. coli- B. subtilis plasmid
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Summary. The effects of the restriction system of Bacillus
subtilis strain M on plasmid transformation were studied.
Plasmid pHV1401 DNA prepared from B. subtilis trans-
formed the restriction-proficient M strain 100 times more
efficiently than the DNA prepared from Escherichia coli,
while the two DNA preparations transformed restriction-
deficient derivatives of that strain with similar efficiencies.
This indicates that transformation with pHV1401 is sensi-
tive to the M restriction system. pHV1401 contains three
CTCGAG (XhoI sites). Successive removal of these abol-
ished the effect of restriction. This indicates that the XhoI
sites are the targets for the M restriction system.
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Several restriction/modification (R/M) systems in Bacillus
subtilis have been described (Ikawa et al. 1980; Trautner
et al. 1974; Uozumi et al. 1977). The standard laboratory
B. subtilis strain Marburg 168 (M) carries the BsuM R/M
system (Shibata and Ando 1974). The effect of this system
on plasmid transfl")rmation is not completely clear. A high
interference reported in one instance (Tanaka 1979) was
not confirmed in another (Jentsch 1983). Moreover, study-
ing the transformation efficiency of hybrid plasmids ex-
tracted from Escherichia coli in B. subtilis and their structur-
al stability, Ostroff and pene (1984a, b) suggested that the
168 M strain carried two restriction systems, one weak, cor-
responding to the BsuM R/M system, the other strong,
corresponding to an undetected restriction/modification
system, postulated to be common to many B. subtilis
strains. Another unanswered question concerns the target
sites for BsuM restriction. Although it is known that recog-
nition sequences for the BsuM methylase correspond to
PyTCGAPu (Guha 1985), attempts to demonstrate an ef-
fect of restriction on a plasmid carrying a single XhoI site
(CTCGAG) were unsuccessful (Jentsch 1983). These con-
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Fig. ..Plasmjd pHV1401. Numbers on the jnner sjde represent
djstances jn kb (the EcoRI sjte ofpBR322 bejng chosen as posjtion
0). Numbers on the outer side refer to nucleotjde posjtjons jn Tn5
according to Auerswald et al. (1980); Beck et al. (1982), and Mazo-
djer et al. (1985). Only restriction sites relevant to these studies
are shown. IRL and IRR jndjcate the left and right inverted repeats
ofTn5, respectjvely. The jnactivated or deleted XhoI sites in derjva-
tjves ofpHV1401 are: 2832 jn pHV1403; 5329 jn pHV1406; 2832
and 5329 jn pHV1407; 485,2832 and 5329 in pHV1408

Offprint requests ta: s. Bron

Abbreviatians u.~ed: Apr, resistance to ampicillin; Cmr resistance
to chloramphenicol; R/M, restriction and modification; Tcr, resis-
tance to tetracycline
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Table 1. Bacterial strains and plasmids

Niaudet and Ehrlich (1979)
Ikawa et al. (1980)
Ostroff and pene (1983)

Strains
Bacillus subtilis

HVS49 (SB202) aroB2 hisH2 trpC2 tyrA1 r~m~
1012 leuA8 metB5 rMm~
PSL1 leuA8 arg15 thr5 recE4 rMmM

Plasmidsa

pHV33 7.3 kb; hybrid between pC194 and pBR322; no XhoI sites
pHV1401 13.1 kb; Tn5 inserted into the Tc' gene ofpHV33; 3 XhoI sites
pHV1403 13.1 kb; XhoI site at position 2832 from Tn5 in pHV1401 removed; 2 XhoI sites
pHV1406 10.1 kb; BamHI fragment (3 kb) ofpHV1401 containing XhoI site

at position 5329 deleted; 2 XhoI sites; CTCGAA sequence (position 3676) also removed
10.1 kb; from pHV1406 by removal of XhoI site at position 2832; 1 XhoI site
10.1 kb; from pHV1407 by removal of XhoI site at position 485; 0 XhoI site
13.1 kb; AsuII site from pHV1401 (position 2631) removed; 3 XhoI sites

Tn5 coordinates are according to Auerswald et al. (1980); Beck et al. (1982); Mazodier et al. (1985)

Primrose and Ehrlich (1981)
This paper
This paper
This paper

pHV1407

pHV1408

pHV1434

Table 2. Transformation of restriction-proficient Bacillus subtilis

M competent cells

Table 3. Transformation of Bacillus subtilis M with pHV1401 DNA

Recipient cells Relative restriction ratioa
Transfonnants/l!g DNA

Transforming DNA a

104
.11 x 105

2.5 x 105
1 x 105
1 x 103
1 x 105
1 x 103

pHV33 E

B

BE

pHV1401 E

B

BE

a The ratios of Cmr transformants obtained with DNA extracted

from B. subtilis M to those obtained with DNA extracted from
Escherichia coli are shown. The recipient cells were HVS49 (r+m +),
1012 (r-m +) and PSL1 (r-m -)

a The letters indicate the previous host: B, B. subtjljs; E

Escherjchja colj; BE, B. subtjljs, then E. colj. The recipient cell!
were transformed with O.OO2-0.1I!g/ml of plasmid DNA as de.
scribed by Niaudet and Ehrlich (1979). Transformants were se.
lected on TY agar containing 3 I!g/ml chloramphenicol

recipients (Table 3). Strains 1012, which is rM m~ (Ikawa
et al. 1980), and PSL1, which is rM mM (Ostroff and pene
1983; 1984a, b) were transformed with similar efficiencies
with the pHV1401 DNA prepared from E. coli and B. subti-
lis. The remaining difference (fourfold) could be attributed
to a lower extent of oligomerization of the plasmid DNA
originating from E. coli.

Sequences ofthe PyTCGAPu type are targets for methy-
lation in B. subtilis M (Jentsch 1983; Guha 1985). Five
such sequences are present in pHV1401, all in the Tn5 part.
Three, CTCGAG (positions 485, 2832, and 5329), are re-
cognized by the XhoI nuclease; one, TTCGAA (position
2361), by the AsuIl nuclease, and the remaining sequence,
CTCGAA (position 3676), by the TaqI nuclease. We inves-
tigated whether these sequences are targets for the BsuM
restriction system. To that end, these sequences were succes-
sively inactivated or removed by (partial) cutting with the
respective restriction enzymes and filling in of the 3'-re-
cessed ends with Klenow DNA polymerase (sites at posi-
tions 485,2361, and 2832), or deleting a fragment contain-
ing the sites at positions 3676 and 5329. Plasmids which
contained two (pHV1403 and pHV1406), one (pHV1407),
or no XhoI sites (pHV1408) were obtained. Plasmid DNAs
were extracted from B. subtilis strains carrying the R/M
system M and from E. coli, and were used to transform
B. subtilis restriction-proficient (HVS49) and deficient
(1012) cells. To calculate the restriction coefficients, we first
divided the transforming efficiencies of B. subtilis-derived
DNA by those of the E. coli-derived DNA, both measured
on r+ cells. The ratios obtained, which compound the effect

pHV33 (Primrose and Ehrlich 1981), carrying transposon
Tn5 in the Tcr gene, was used. pHV1401 transformed B.
subtilis competent cells of the BsuM restriction type (strain
HVS49 was used) as efficiently as pHV33 when it was ex-
tracted from B. subtilis, but 100 times less efficiently when
it was extracted from E. coli (Table 2, lines B and E). The
high transforming efficiency of pHV1401 DNA extracted
from B. subtilis was lost after its propagation in E. coli
(Table 2, line BE). In contrast to pHV1401, pHV33 DNA
efficiently transformed B. subtilis competent HVS49, irre-
spective of the host (B. subtilis or E. coli) from which it
was extracted. These results indicate that the BsuM restric-
tion system affects the transforming efficiency of pHV1401
DNA and that the target sites are located in the Tn5 part.
Further support for this interpretation came from the ob-
servation that pHV1401 DNA prepared from either host
(E. coli or B. subtilis) transformed B. subtilis C2 competent
cells with equal efficiency (results not shown). These cells
carry Tn5 in their chromosome (Janniere and Ehrlich 1987),
and it is known that transforming DNA is protected from
restriction by another R/M system (BsuR) by resident ho-
mologous sequences (Bron et al. 1980a, b; Canosi et al.
1981 ).

The difference between the transforming efficiency of
pHV1401 DNA extracted from E. coli or B. subtilis also
vanished when restriction-deficient mutants were used as

This paper
This paper
This paper
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The above results also indicate that the sequence
CTCGAA (position 3676) is not a target for BsuM restric-
tion, since the plasmids pHV1403 and 1406, which both
carry two XhoI sites, were restricted to the same level
(Fig. 2). The first plasmid carries the CTCGAA sequence,
the other does not. The sequence TTCGAA (position 2361)
also appears not to be a target for the BsuM system, since
plasmid pHV1408 which carried it was not restricted
(Fig. 2). This interpretation was supported by the observa-
tion that pHV1434, which lacks the AsuII site, and
pHV1401 which carries it, were restricted to the same level
(resu1ts not shown).

0
-

~
Q:

~
0
-

(.)
-

~
(/)
Lu
Ct

Conclusions

Several observations described here indicate that BsuM re-
stricts plasmid DNA during transformation. First, plasmid
pHV1401 extracted from B. subtilis M transformed that
host 20 times more efficiently than the corresponding DNA
extracted from E. coli. Second, the transforming efficiency
of the DNA prepared from E. coli was equivalent to that
prepared from B. subtilis, if the recipient B. subtilis cells
carried in their chromosome sequences homologous with
the transforming plasmid. Finally, the two DNAs trans-
formed restrictionless mutants of B. subtilis with similar
efficiencies.

CTCGAG sequences, corresponding to XhoI sites, ap-
peared to be the target sites for the BsuM restriction en-
zyme. Therefore, the cloning efficiency of heterologous
DNA containing XhoI sites is expected to be reduced in
B. subtilis M. This prediction was recently tested and shown
to be true (Haima et al. 1987). As a consequence, shotgun
cloning in B. subtilis should preferably be carried out in
restriction-deficient mutants, such as 1012 rMm~ .
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Fig.2. Relative restriction ratios. Plasmids pHV33, pHV1401,
pHV1403, pHV1406, pHV1407 and pHV1408, extracted from Ba-
cillus subtilis and Escherichia coli, were used to transform HVS49
(r~m~) and 1012 (rMm~). The relative restriction ratios were calcu-
lated by dividing the transforming efficiency of B. subtilis -derived
DNA by that of E. coli -derived DNA in r+ cells relative to
r- cells

of restriction and of differential plasmid oligomerization
in the two DNA preparations, were then divided by the
corresponding ratios measured on the r- cells, which ref1ect
the differences in plasmid oligomerization only. The result-
ing restriction coefficients varied from 20 (indicating strong
restriction) for pHV1401 which contains 3 XhoI sites, to
1 (indicating no restriction) for pHV1408 and pHV33,
which do not contain such sites (Fig. 2). This shows that
the sequence CTCGAG is a target site for the restriction
system BsuM. The effect of restriction was marginal on
plasmid pHV1407 carrying only 1 XhoI site (1.4-fold). This
observation may explain the apparent contradiction be-
tween previously reported results:no restriction with a plas-
mid carrying a single XhoI site (Jentsch 1983) and strong
restriction (1000-fold) with another plasmid (Tanaka 1979)
which, we speculate, may carry about 4 or 5 such sites.
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