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Abstract An investigation of a virulent Bacillus phage-

K2 (named Bp-K2) isolated from chungkookjang (a fer-

mented soybean foodstuff) was made. Bp-K2 differed in

infectivity against a number of Bacillus subtilis strains

including starter strains of chungkookjang and natto,

being more infectious to Bacillus strains isolated from the

chungkookjang, but much less active against a natto

strain. Bp-K2 is a small DNA phage whose genome size

is about 21 kb. Bp-K2 is a tailed bacteriophage with an

isometric icosahedral head (50 nm long on the lateral

side, 80 nm wide), a long contractile sheath (85–90 nm 9

28 nm), a thin tail fiber (80–85 nm long, 10 nm wide),

and a basal plate (29 nm long, 47 nm wide) with a

number of spikes, but no collar. The details of the

structures of Bp-K2 differ from natto phage /BN100 as

well as other known Bacillus phages such as SPO1-like or

/ 29-like viruses. These data suggest that Bp-K2 would

be a new member of the Myoviridae family of Bacillus

bacteriophages.

Keywords Bacillus phage-K2 (Bp-K2) �
Bacillus subtilis � Chungkookjang � DNA phage �
Isometric icosahedral head � Myoviridae

Introduction

Recently, fermented soybean foodstuffs have drawn great

attention from many people and is considered a well-being,

healthy food. Korean chungkookjang, a traditional fer-

mented soybean foodstuff, is comparable to natto (Japan),

kinema (Nepal), and thuanao (Thailand) [10]. Fermented

soybean food products such as chungkookjang are known to

affect a number of physiological activities such as fibrino-

lytic activity, lowering of blood pressure, prevention of

osteoporosis, etc. [6, 8, 16]. Chungkookjang is usually

manufactured by fermenting steam-cooked soybeans with

Bacillus subtilis for a couple of days [7]. A high-grade

chungkookjang is covered with a copious amount of a sticky

substance whose chemical nature is poly-c–glutamate (c-

PGA). Poly-c–glutamate is known to exert various bioac-

tivities of chungkookjang. Productivity of c-PGA, a meta-

bolic product of Bacillus subtilis, is highly affected by

Bacillus physiology as well as Bacillus phages infecting the

host strains [9]. However, there is almost no information on

the bacteriophage responsible for chungkookjang spoilage,

although there is a report on the presence of the bacterio-

phage of Bacillus subtilis var. 816, which is an industrial

bacterial strain employed in manufacturing soybean paste

associated with poor quality of products [11]. Contrary to the

very meager knowledge about the bacteriophage of B. sub-

tilis (chungkookjang), investigations of Bacillus subtilis

(natto) bacteriophages have been conducted intensively over

the past few decades in Japan [5, 9, 14, 15]. To gain insights

into the Bacillus phages infecting the starter bacterial strain

of chungkookjang fermentation, a virulent bacteriophage

(named Bp-K2) isolated from chungkookjang products was

investigated with respect to infectivity toward a number of B.

subtilis strains, morphology, and its genomic nature,

including genome size and DNA restriction pattern.
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Materials and methods

Bacterial strains and culture medium

Strains of Bacillus subtilis, K1 (laboratory strain), K2, K3,

and K4 isolated from chungkookjang products sold in local

markets (Korea) and J1, an isolate from Japanese natto,

were employed as the host for the Bacillus phage. LB broth

or LB agar containing 5 mM MgSO4 was used in Bacillus

propagation, and LB soft agar containing 0.7% agar and

10 mM MgSO4 were used in overlaying the phage on the

LB agar.

Phage isolation and preparation of high titer phage

stock

A small potion of spoiled chungkookjang (Hankooknatto,

Youngin, Korea) suspended in SM buffer (50 mM Tris-

HCl, 100 mM NaCl, 8 mM MgSO4) was centrifuged

(12,000 rpm, 15 min), and then the supernatant was filtered

through a 0.2-lm Millipore filter. The filtrate was mixed

with Bacillus strain K2 in LB soft agar and overlaid on a

LB plate to check phage infectivity. The bacteriophage was

harvested from confluent plaques by pouring an aliquot of

SM buffer, and then the phage suspension was filtered to

remove bacterial cell debris. The phage stock was stored in

chloroform (0.2%) at 4�C.

Infectivity of Bp-K2 to various Bacillus strains

B. subtilis strains, such as K1 (CBNU laboratory strain),

K2, K3, and K4, isolated from Korean chungkookjang,

and J1 (isolate from Japanese natto) were employed to

check cross infectivity. Each 100 ll of the overnight-

grown cells in LB broth was mixed with 100 ll of the

diluted phage solution (106–107 PFU/ml) in LB soft agar

and overlaid on a LB plate. The plates were incubated at

37�C for 24 h.

Energy filtering transmission electron microscopy

Phage stock fixed on a Formvar-coated EM grid and

strained with 2% phosphotungstic acid (aqueous, pH 7.0)

was viewed with the energy filteringTM (Leo 912AB

Omega, Leo, Oberkochen, Germany) [19]. This work was

carried out at the Korean Basic Science Institute, Chunchun

Branch, Korea.

Bio-TEM (Bio-Transmission electron microscopy)

Phage stock fixed on a Formvar-coated EM grid and

strained with 2% phosphotungstic acid (aqueous, pH 7.0)

was viewed with Bio-TEM (TecnaiTM TEM, FEI Com-

pany, Hillsboro, OR) [19]. This work was carried out at the

Korean Basic Science Institute, Daejon, Korea.

Preparation of nucleic acid from Bacillus phage K2

(=Bp-K2)

Nucleic acid of Bp-K2 was extracted with phenol-chloro-

form isoamyl alcohol (25:24:1). Nucleic acid precipitated

with cold absolute ethanol was suspended in TE buffer

(10 mM Tris-HCl, 1 mM EDTA, pH 8.0) [12].

Treatment of Bp-K2 nucleic acid with nucleases

Ten ll of Bp-K2 nucleic acid (980 ng/ll) was incubated

with either 4 units of DNase I (1 unit/ll) or 40 lg of

RNase A (10 lg/ll) for 1 h at 37�C [12]. Then the products

were resolved on agarose gel (0.8%). The molecular size of

Bp-K2 DNA was estimated with a parallel run of a DNA

size ladder. The appropriate treatment of Bp-K2 DNA with

a number of restriction enzymes, such as HindIII, BamHI,

EcoRV, SacI, SpeI, SmaI, KpnI, XbaI, BclI, and SacII

(10 units each), was carried out according to the suppliers’

suggestions. Restriction enzyme treated-Bp-K2 DNA was

resolved on 1.0% agarose gel [3].

B. subtilis K1 B. subtilis K2 B. subtilis K3 B. subtilis K4 B. subtilis J1
1.2 x 108 1.2 x 108 1.5 x 10 8 1.4 x 108 4 x 107 (PFU/ml)

Fig. 1 Plaque formation of Bp-K2 on various Bacillus subtilis
strains. One hundred ll of an overnight-grown B. subtilis strain in LB

medium and 100 ll of the diluted phage solution (106–107 PFU/ml)

were mixed in LB soft agar and overlaid on a LB plate. The plates

were incubated at 37�C for 24 h. K1: CBNU laboratory strain, K2,

K3, and K4: isolates from Korean chungkookjang, J1: isolate from

Japanese natto

40 J Ind Microbiol Biotechnol (2011) 38:39–42

123



Results and discussion

Infectivity of Bacillus phage K2 isolated from spoiled

chungkookjang for Bacillus subtilis varied from strain to

strain. Bp-K2 was found to be highly active against B.

subtilis starter strains isolated from the Korean chung-

kookjang, but relatively less active against a Japanese natto

strain as shown in Fig. 1. The different infectivity was

rather conceivable since a great variance exists among

Bacillus subtilis strains including Bacillus natto strain and

Bacillus chungkookjang strain [2].

As shown in Fig. 2a, the nucleic acid of Bacillus phage-

K2 treated with DNase I was completely digested, whereas

that treated with RNase A remained as intact. The data

clearly revealed that Bp-K2 is a small DNA phage whose

genome size is about 21 kb. The appropriate treatment of

Bp-K2 DNA with a number of restriction enzymes, such as

HindIII, BamH, XbaI, EcoRV, SacI, etc., resulted in

restriction digest patterns as depicted in Fig. 2b. Bp-K2

DNA seemed to be resistant to a certain kind of restriction

enzymes, i.e., BamH I, Bcl I, XbaI, and SacII.

The morphological study of Bp-K2 revealed an iso-

metric icosahedral head (50 nm long on the lateral side,

80 nm wide), sheath (85–90 nm 9 28 nm), tail fiber

(80–85 nm), and baseplate, but no collar. The natto

research team in Japan determined the heterogeneity of

Bacillus subtilis natto phages present in Japan and classi-

fied into two groups, JNDMP (group I) or ONPA (group

II), based on host ranges and comparative whole-genome

hybridization [15]. JNDMP natto phage, i.e., /BN100,

consisted of a hexagonal head and a long non-flexible tail

with a knob at the tip [14], whereas the ONPA natto phage

consisted of a bigger hexagonal head, a tail with a sheath,

and a base [15]. The morphology of Bp-K2 is quite dis-

tinguishable from that of JNDMP. The general features of

Bp-K2 and ONPA would be somewhat similar, but with a

head diameter of Bp-K2 (80 nm), which is smaller than

that of ONPA (89 nm). Besides, the most significant dif-

ference is in their genome sizes: ca. 21 kb of Bp-K2 and

91 kb of ONPA.

On the basis of electron micrographs (Fig. 3), a sche-

matic diagram of Bp-K2 was depicted as shown in Fig. 4a.

However, an argument would be possible that the tail fibers

seen in Bp-K2 particles might be the naked tail tube that

was revealed by contracting the sheath. Nevertheless, Bp-

K2 seems to be different from other Bacillus phages, i.e.,

SPO1-like viruses (Fig. 4b) or /29-like viruses (Fig. 4c) in

Fig. 2 Agarose gel

electrophoresis of Bp-K2

genomic nucleic acid. a The

products of Bacillus phage K2

nucleic acid treated with either

DNAse or RNAse were resolved

on 0.8% agarose gel.

b Restriction digest patterns of

Bacillus phage K2 DNA after

treatment with restriction

enzymes and followed by

resolution on 1.0% agarose gel

Fig. 3 Electron micrographs of Bacillus phage Bp-K2. A lateral side

and diameter of the head were: ca. 50 9 80 nm. The length and width

of the sheath were: ca. 85–90 9 28 nm. The length and width of the

base plate were: ca. 29 9 47 nm. The length and width of the tail

fiber were: ca. 80–85 9 10 nm
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structure and size [13, 17, 18]. These data suggest that Bp-

K2 would be a smaller phage belonging to the Myoviridae

family (phages with contractile sheath) [1, 4]. Currently,

the Bp-K2 genome sequencing is being undertaken. The

sequence data would provide better understanding of the

molecular structure of Bp-K2.
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