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We systematically studied site-specific deoxyribonucleases in Bacillus' strains
and detected deoxyribonuclease activities in 20 of 62 strains tested.

Recently, site-specific deoxyribonucleases
(DNases) (endonucleases) that cleave deoxyri-
bonucleic acid (DNA) strands at unique sites
were found in various kinds of microorganisms.
(5, 9; R. J. Roberts, personal communication);
many ofthem are ofthe so-called type II restric-
tion endonuclease (1). In Bacillus species, only
three strains were reported to possess site-spe-
cific DNases; B. subtilis strain R (Endo.R.BsuR)
(2, 3) and B. amyloliquefaciens (B. subtilis)
strain H (Endo.R. BamHI) (12) and strain N
(Endo.R.BamNI and Endo.R.BamNx) (8; T.
Shibata and T. Ando, Biochim. Biophys Acta,
in press). Therefore, we systematically studied
the distribution of site-specific DNases in Bacil-
lus strains.

Cell extracts were prepared as follows. Cells
harvested from 150 ml of a culture grown over-
night at 30°C in Penassay broth (Difco) or from
150 ml of an early stationary-phase culture
grown in CI medium (8) at 37°C were suspended
in 1.5 ml of 20 mM tris(hydroxymethyl)amino-
methane (Tris)-hydrochloride buffer (pH 7.5)
containing 2 mM MgCl2, 0.1 mM ethylenedia-
minetetraacetate (EDTA), and 2 mM 2-mercap-
toethanol. The cells were treated with lysozyme
(0.3 mg/ml) for 30 min at 37°C and then soni-
cally oscillated (ultrasonic disruptor UR200P,
Tomy Seiko Co., Tokyo, Japan) three to six
times at 20 kHz for 15 s in an ice-water bath.
Cell debris was removed by centrifugation at
80,000 x g for 60 min at 3°C (fraction I), and
a streptomycin sulfate supernatant fraction
(fraction II) was prepared (8). Since site-specific
DNases cleave DNA into fragments character-
istic of each enzyme, their activities and speci-
ficities were determined by examining the elec-
trophoretic patterns of treated DNA (6). A 0.3-
,ug sample of each DNA was treated with a cell
extract (fraction I or fraction II, 0.1 to 0.7 mg of
protein) for 50 min at 37°C in 90-Al reaction

mixtures containing 50 mM Tris-hydrochloride
buffer (pH 7.5), 5 mM MgCl2, 0.2 mM EDTA,
and 5 mM 2-mercaptoethanol. The treated
DNAs were extracted with phenol, precipitated
by the addition of cold ethanol, and dissolved
in 25 ul of 50 mM Tris-hydrochloride buffer (pH
7.5) containing 0.2 mM EDTA, 8% sucrose, and
0.01% bromophenol blue. Then, 10-gl samples
were subjected to electrophoresis on a 0.7%
agarose gel slab, with E buffer in the presence
of 0.5 ,ug of ethidium bromide per ml (6), at 110
V for 1.5 to 2 h at room temperature.
We tested 34 strains of B. subtilis, including

almost all of those available from the culture
collection of Institute of Applied Microbiology
(University of Tokyo): 2 strains of B. amyloli-
quefaciens, 5 strains ofB. cereus, 4 strains ofB.
licheniformis, 7 strains of B. megaterium, 2
strains ofB. polymyxa, 7 strains ofB. pumilus,
and 1 strain ofB. sphaericus. Table 1 shows the
strains from which site-specific DNase activi-
ties were detected; Fig. 1 shows the electropho-
retic patterns of various treated DNAs.

It is interesting that the site-specific DNase
of B. subtilis Marburg 168 is apparently not a
restriction enzyme because this enzyme was as
active on DNA from phage 105C 168 (grown
on this strain) as on DNA from phage 4105C * N
(grown on B. amyloliquefaciens N), which is
restricted by B. subtilis 168 in vivo (7) (Fig. 1:
lb and lc).
The DNases from B. amyloliquefaciens

strains F and K and from B. subtilis IAM
1259 have the same specificity as that of
Endo.RBamHI or Endo.RBamNI because; (i)
the electrophoretic patterns of the treated
phage X DNA were identical, (ii) they were
inactive on phage 0105C e 168 DNA (12; Shibata
and Ando, in press), and (iii) they were inactive
on phage X DNA carrying a BamHI-type modi-
fication (Fig. 1: 9a, 9b, 10, lla through llc, 12a,
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TABLE 1. Bacillus strains firom which site-specific DNases were detected

Strain DNasea Originb reference Note No. in Fig.1

B. subtilis
Marburg 168 (GSY

1026)
ATCC 6633
IAM 1076
IAM 1114
IAM 1145
IAM 1192
IAM 1193
IAM 1231
IAM 1247
IAM 1259

B. amyloliquefaciens
F

K

B. cereus
ATCC 14579
Rf sm st
IAM 1229

Bacillus sp.
170

B. megaterium
899
B205-3

B. pumilus
AHU 1387

B. sphaericus
IAM 1286

Endo.BsuM

Endo.R.Bsu6633
Endo.R.BsulO76
Endo.R.Bsulll4
Endo.R.Bsull45
Endo.R.Bsull92
Endo.R.Bsull93
Endo.R.Bsul231
Endo.R.Bsu1247
Endo.R.Bsul259I

Endo.R.BamFI

Endo.R.BamKI

Endo.R.Bcel4579
Endo.R.BceR
Endo.R.Bcel229

Endo.R.Bcel7O

Endo.R.Bme899
Endo.R.Bme2O5

Endo.R.Bpu1387

Endo.R.Bspl286

Hoch et al. (4)

ATCC
IAM
IAM
IAM
IAM
IAM
IAM
IAM
IAM

1

2
7
8

ATCC 14593 6
5
3
4
16
12

Welker and Campbell (11); ATCC 23350
stock of T. Kaneko (this
institute)

Welker and Campbell (11);
stock of T. Kaneko (this
institute)

ATCC

9

11

13
14
17IAM

Sunaga et al. (10)

Institute Pasteur, Paris
Stock of T. Kaneko (this insti-

tute)

AHU; stock of Y. Sasaki

B. cereus 15

20
18

19

IAM 21
a According to the nomenclature of Smith and Nathans (9).
b Abbreviations: ATCC, American Type Culture Collection, Rockville, Md.; IAM, Culture Collection of

Institute of Applied Microbiology, University of Tokyo, Tokyo, Japan; AHU, Culture Collection of the
Faculty of Agriculture, Hokkaido University, Sapporo, Japan.
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FIG. 1. Electrophoretic patterns of phage DNAs treated with site-specific DNase from Bacillus strains.
Phage DNAs were treated with a cell extract (fraction I or fraction II). The treated DNAs were purified and
subjected to electrophoresis through a 0.7% agarose gel slab. P, Untreated Bacillus phage 41i05C DNA; L,
untreated E. coli phage DNA; E, phage A DNA treated with Endo.R.EcoRI. (1) DNAs treated with fraction
II from B. subtilis Marburg 168: a, DNA; b, ¢105C N (grown on B. amyloliquefaciens N) DNA; c,

f105C *168 (grown on B. subtilis Marburg 168) DNA. (2) DNAs treated with fraction I from B. subtilisATCC
6633: a, 4105C *168 DNA; b, DNA; c, Bacillus phage SPP1 *168 DNA; d, SPP1 *R (grown on B. subtilis R)
DNA. (3) DNAs treated with fraction II from B. subtilis IAM 1193: a, (Al05C 168 DNA; b, X DNA; c,
SPP1'-168 DNA; d, SPP1 -R DNA. (4) DNAs treated with fraction II from B. subtilis IAM 1231: a,
4105C *168 DNA; b, DNA; c, SPP1 *168 DNA; d, SPP1 *R DNA. (5) DNAs treated with fraction II from B.
subtilis IAM1192: a, 0105C 168 DNA; b, XDNA; c, SPP1 *168 DNA; d, SPP1 *R DNA. (6) DNAs treated with
fraction I from B. subtilisIAM1145: a, <105C 168 DNA; b, X DNA. (7) DNAs treated with fraction II from B.
subtilis IAM 1076: a, 4105C *168 DNA; b, X DNA; c, SPP1 *168 DNA; d, SPP1 *R DNA. (8) DNAs treated
with fraction II from B. subtilis IAM 1114: a, 4105C*168 DNA; b, X DNA; c, SPP1 *168 DNA; d, SPP1 *R
DNA. (9) DNAs treated with fraction II from B. amyloliquefaciens F: a, X DNA; b, X DNA previously treated
with purified Endo.R.BamNI. (10) X DNA treated with purified Endo.R.BamNI. (11) DNAs treated with
fraction II from B. amyloliquefaciens K: a, 4105C 168 DNA; b, X DNA; c, X DNA previously modified into
type BamHI with cell extract from B. amyloliquefaciens H. (12) DNAs treated with fraction II from B. subtilis
IAM 1259: a, ¢105C *168 DNA; b, X DNA. (13) DNAs treated with fraction I from B. cereus ATCC 14579: a,
4105C *168 DNA; b, X DNA. (14) DNAs treated with fraction II from B. cereus Rfsm st: a, 0105C *168 DNA;
b, X DNA. (15) DNAs treated with fraction II from Bacillus sp. 170: a, /105C -168 DNA; b, X DNA. (16)
DNAs treated with fraction II from B. subtilis IAM 1247: a, c105C *168 DNA; b, X DNA. (17) DNAs treated
with fraction II from B. cereus IAM 1229: a, ci105C *168 DNA; b, X DNA. (18) DNAs treated with fraction II

from B. megaterium B205-3: a, i105C -168 DNA; b, X DNA. (19) DNAs treated with fraction II from B.
pumilus AHU 1387: a, /105C *168 DNA; b, X DNA. (20) DNAs treated with fraction II from B. megaterium
899: a, c105C -168 DNA; b, X DNA. (21) DNAs treated with fraction II from B. sphaericus IAM 1286: a,
/105C *1 68 DNA; b, XDNA.
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12b). All strains ofB. amyloliquefaciens tested
(N, F, K, and H) possess the Endo.R.BamHI-
type enzyme.
The DNases from B. subtilis IAM 1076 and

IAM 1114 exhibited the same specificity (Fig. 1:
7a through 7d, 8a through 8d) and were inactive
on phage SPP1 DNA when itWcarried the BsuR-
type modification (Fig. 1: 7c, 7d, 8c, 8d). The
site-specific DNases from B. subtilis strains
ATCC 6633, IAM 1193, IAM 1231, and IAM 1192
cleaved DNA into comparatively smaill pieces,
as does Endo.R.BsuR (2) (Fig. 1: 2a through 2d,
3a through 3d, 4a through 4d, 5a through 5d),
but they differ from Endo.R.BsuR because the
DNases from strains ATCC 6633, IAM 1193,
IAM 1231, and IAM 1192 are active on phage
SPP1 DNA either with or without the Bsu-
R-type modification (Fig. 1: 2c, 2d, 3c, 3d, 4c,
4d, 5c, 5d).
The DNase from B. subtilis IAM 1247 is the

same as that from Bacillus sp. 170 (which be-
longs to B. cereus [10]), judged from the electro-
phoretic patterns (Fig. 1: 15a, 15b, 16a, 16b).
The Endo.R.BamNx-type endonuclease was
not detected in cell extracts from any of the
strains examined in these studies. Very weak
site-specific DNase activities were detected in
11 other strains of Bacillus. These results indi-
cate that Bacillus strains frequently possess
site-specific DNases and that their specificity
could be a good character for classification of
microorganisms in this genus.
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