
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Bacillus subtilis (natto) Plasmid Responsible
for Polyglutamate Production Encoding r-
Glutamyltranspeptidase

Hara, Toshio
Laboratory of Microbial Technology, Department of Food Science & Technology, Faculty of
Agriculture, Kyushu University

Fujio, Yusaku
Laboratory of Microbial Technology, Department of Food Science & Technology, Faculty of
Agriculture, Kyushu University

Ueda, Seinosuke
Laboratory of Microbial Technology, Department of Food Science & Technology, Faculty of
Agriculture, Kyushu University

https://doi.org/10.5109/23815

出版情報：九州大学大学院農学研究院紀要. 30 (2/3), pp.95-105, 1985-12. Kyushu University
バージョン：
権利関係：



J. Fat. Agr., Kyushu Univ., 30 (2 l 3), 95-105 (1985)

Bacifhs subtilis (natto)  Plasmid Responsible
for Polyglutamate Production Encoding

r-Glutamyltranspeptidase

Toshio Hara, Yusaku Fujio and Seinosuke Ueda

Laboratory of Microbial Technology, Department of Food Science &
Technology, Faculty of Agriculture, Kyushu University 46-09,

Fukuoka 812

(Received July 8, 1985)

Gamma-glu tamyl t ranspept idase  (r-GTP)  activity of PGA-producing strains derived
by DNA-mediated transformation was significantly increased compared with that
of protease, cu-amylase, and alkaline phosphatase in the PGA-nonproducing recip-
ient strain, Bacillus subtilis Marburg  168. I t s  enzyme ac t iv i ty  was  def ic ien t  in
the stringy-negative mutants cured with acridine orange. It is possible to deduce
that r-GTP  activity responsible for PGA production may be under the control of
a  spec i f ic  regula tory  gene(s )  as  ex t rachromosomal  e lement . Paren ta l  s t ra ins
were found to possess a plasmid, but PGA-nonproducing derivatives were missing
the plasmid. The molecular weight of the plasmid were estimated to be 5.7 kilo-
base (kb) and restriction endonuclease cleavage site map was constructed. There-
fore, we conclude that the function of the 5.7-kb plasmid detected in B .  s u b t i l i s
(natto)  is concerned with PGA production. This observation suggests that a broad-
er range of functions are associated with plasmid in Baci l lus  species .

INTRODUCTION

Japanese “natto”, produced by steamed soybeans overgrown Bacillus sub-
tilis (natto), is one of the most traditional fermented foods, which probably
would not be acceptable to many Occidental. Even some Japanese do not
find it palatable. However, “natto” is a low-cost and highly nutritious food
in Japan. It consists of polysaccharide (levan-form fructan) and polyglutamate
(PGA). The composition of viscous material is mainly r-PGA containing D-
and L-glutamate in varying proportions (Fujii,  1963).

In our previous papers (Aumayr et al., 1981; Hara, et al., 1982),  we reported
that the genetic trait of high PGA productivity of B. subtilis (natto)  Asahikawa
was transferred by DNA-mediated transformation to B. subtilis Marburg  168
which cannot produce PGA and that the activity of r-glutamyltranspeptidase
(r-GTP) of the representative transformants acquired a high productivity of
stringy substance were 20 times higher than that of the original B. subtilis
Marburg 168, although other enzyme activities such as alanine racemase or
transaminase among the parental strains and its representative transfor-
mants were almost the same. These results suggest the presence of a cor-
relation between PGA production and r-GTP  activity, and of a specific regula-
tory gene(s) that participates in PGA production by B. subtilis (natto).  Re-
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cently,  we reported that the r-GTP  activity of the three representative trans-
formants, 3F1, Fl-9, and M5B4,  was 124, 233, and 147 mu/ml, whereas that of
the donor strains 476, 90, and 157 mu/ml, respectively (Hara and Ueda, 1982).
It is necessary, therefore, to consider whether r-GTP productivity of PGA-
producing derivatives by DNA-mediated transformation is under the control
of the multiplication of a specific regulatory gene(s) encoding U-GTP  or the
secretion of r-GTP  synthesized by such a regulatory gene(s).

To further investigate the regulatory mechanisms of PGA production in
B. subtilis (natto),  we attempted to assay several enzyme activities in the par-
ental strains, its representative PGA-producing transformants, and the PGA-
nonproducing cured strains and to analyze genetic elements concerned with
PGA production. In this communication, we describe the isolation and charac-
terization of a specific extrachromosomal element encoding r-GTP responsi-
ble for PGA production in B. subtdis  (natto).

MATERIALS AND METHODS

Microorganisms
Three strains (Asahikawa, Miura, and Takahashi No. 5) of Bacillus sub-

tilis (natto) isolated from the commercial product, “natto”, were used in this
study. B. subtilis Marburg 168 (tq-) was used as a recipient strain.

Media
The compositions of buillon-yeast extract medium and minimal medium

used for preparation of competent cells were the same as described by Ya-
maguchi et al. (1974). The composition of sucrose-glutamate (SG) medium
used for isolation of transformants was sucrose 5 %, L-glutamic acid mono-
sodium salt 1.5 %, KH,PO,  0.27 %, Na,HP03.12H,0  0.42 %, NaCl  0.05 %,
MgSO,.7H,O  0.05 %, and biotin 0.1 #g/ml, pH 6.4. The medium used for as-
say of enzyme activities consisted of peptone  1.2 %, citric acid 0.2 %, glycer-
ol 2 %, NH&l 0.7 %, K,HPO,  0.05 ,%, MgSO,.7H,O  0.05 %, FeCl,.GH,O  0.004 %,
and biotin 0.1 #g/ml.

Procedure of transformation
Transforming DNA was prepared from exponentially growing cells by the

method of Saito and Miura (1963), and filtered through a Millipore filter
(type HA, pore size 0.3 pm)  to remove spores. Transformation experiments
were performed by the method of Yoshikawa (1970). As a selective marker,
stringiness (Stg) was taken as the length of string made of a toothpick
from the surface of the colonies.

Acridine orange treatment
Acridine orange (AO, 2: 8-bis  Dimethylaminoacridine, Eastman Kodak Co.)

treatment was carried out by the method of Hirota  (1960). A cell density of
about lO*/ml  at logarithmic phase was inoculated to produce a cell density of
about lO’/ml in nutrient medium containing A0 (20pg/ml).  The culture was
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incubated overnight at 37°C with aeration. Diluted cultures were then plated
by spreading on SG agar plates for single colonies which were counted and
tested for PGA productivity.

Assay of r-glutamyltranspeptidase activity

Determination of r-glutamyltranspeptidase  (r-GTP) activity has been de-
scribed previously (Aumayr et al., 1981). One unit of r-GTP activity is defined
as the amount of enzyme which liberates 1,umol of a-naphthylamine  per
min at 37°C.

Isolation of plasmid

Cleared lysate of B. subtilis (natto) was prepared by the sodium dodecyl
sulfate (SDS) -NaCl  method of Guerry et al. (1973) with slight modification.
Overnight cultures grown in nutrient broth were inoculated into 200ml fresh
medium and cultured at 30°C for 4.5 hr with shaking. Cells were harvested
and washed with cold buffer consisting of 0.03M Tris-HCl  (pH 8.0), 0.05 M
NaCl, and 5 mM EDTA (TES buffer). Cells were suspended in 5ml of 25 %
sucrose in TES buffer. A 0.75 ml portion of EDTA (0.25M,  pH 8.0) and 1.5
ml of lysozyme (Sigma Chemical Co., 5 mg/ml in TES buffer containing 25 %
sucrose) were added, and the mixture was incubated for 30 min at 37°C. A
0.75ml amount of Pronase E (5mg/ml  in TES buffer predigested for 1.5 hr
at 37°C) was added, and the suspension was incubated for an additional 30
min at 37°C. Lysis was brought about room temperature by the addition of
0.75 ml of 10 % SDS in TES buffer. NaCl  (0.75 ml, 5M) was added, and the
whole mixture was left overnight at 4°C. The mixture was centrifuged for 30
min at 17,000 rpm and the supernatant fluid was made up to a final volume
of 6.0 ml with 50mM EDTA (pH 8.0). Five g of solid CsCl and 0.1 ml of
ethidium bromide (EtBr)  solution (30 mg/ml in dimethyl  sulfoxide) were add-
ed, and density was adjusted to 1.575g/ml. The mixture was centrifuged
at 38,OOOrpm  for 40 hr at 4°C in a Hitachi 65 Ti rotor. The presence of CCC
DNA was determined by visualization under ultraviolet illumination. When
satelite  bands were detected, they were collected and recentrifuged in CsCI-
EtBr gradients.

Plasmid  DNA was collected from the gradient, extracted with n-buthanol
three times and dialyzed against 10mM  Tris-HCl buffer (pH 8.0) and 1 mM
EDTA (TE buffer). The purified samples were used for analyses with re-
striction endonucleases.

Agarose gel electrophoresis

Plasmid  DNA samples were analyzed by using 1.0 % agarose (Nakarai
Chemicals, Ltd., Kyoto) slab gel according to the method of Sharp et al.
(1973). Electrophoresis was carried out at room temperature with 40 mM
Tris-HCI  (pH 8.1), 20 mM acetic acid, and 2 mM EDTA. All plasmid  DNA
bands were identified by the fluorescence from integrated EtBr  under ultra-
violet irradiation. Plasmid  DNA fragments molecular weights were estimat-
ed using I-Hind111 fragments as standards (Robinson and Landy, 1977).
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Digestion of plasmid  DNA with restriction endonucleases
Restriction endonucleases BarnHI,  HincII,  and Hind111 were purchased from

Takara Brewery Co. Ltd., Kyoto, Japan. The conditions for the reactions
for the cleavage of plasmid  by the various enzymes were the same as those
recommended by Bethesda Research Laboratory.

RESULTS AND DISCUSSION

Transformation of stringiness and tryptophan requirement from B. subtitis
(natto) to B. subtilis

Transfer of phenotypic tryptophan nonrequirement (trp+)  from B. subtilis
(nutto)  to B. subtilis Marburg 168 by DNA-mediated transformation was carried
out. The cell-DNA mixture was spread on agar plates containing 1.5 % L-
glutamate and O.lpg/ml of biotin. When 0. lpg per ml of the transforming
DNA of B. subtdis  (natto)  was employed, the frequency of trp+  in DNA-medi-
ated transformation was lop5 and that of stg+ was 10-l  (Table 1). It was
thought that the double transformation of nutrient requirement and stringiness
might be the result of two independent events. The frequency of the double
transformation of stg+trp+  to the transformation of trp+  were 2 to 7 %.

Table 1. Comparison of transformation frequencies in various bacilli”.

Source of DNAb stg+ trp+ stg+ trp+

Asahikawa
Miura
Takahashi No. 5

1.1 x 10-i 7.5 x 10-S 5.3 x 10-S
1.0 x 10-r 8.5 x 10-s 5.9x 10-e
1.2 x 10-r 2. 7 x lo-” 5.9 x 10-e

* These experiments were carried out as described in MATERIALS AND METHODS.
After DNA was added, pancreatic DNase (Boehr inger  Mannheim GmbH) (lO~g/mI)
was added and the mixture incubated for 60 min at 37°C and then spread on agar
plates containing L-glutamate and biotin.

b DNA concentration was 0.1 ng/ml.

Transfer of high r-GTP activity from B. subtilis (natto) to B. subtilis

The productivity of extracellular enzymes such as protease, ar-amylase,
alkaline phosphatase, and r-GTP  from the parental strains and its representa-
tive transformants obtained PGA productivity are summarized in Table 2. A
significant difference in the productivities of protease  and a-amylase could
not be detected in transformants, but the productivity of alkaline phospha-
tase in the transformants was four times higher than that of the recipient
strain, B. subtilis Marburg  168. However, r-GTP  productivity in PGA-producing
transformants increased to about fifty times higher compared with that in
the recipient strain. Related to the production of cu-amylase  and protease,
genes such as amyR,  tmr, n$rR,  pap, amyB, I%@,  and sacU have been revealed
by various investigators. Among them, amyR  and tmr regulate only cu-amy-
lase production and n@R only neutral protease, while pap,  amyB and, sacU af-
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Table 2. Protease, cu-amylase, alkaline phosphatase, and r-GPT  activity in
the culture fluids of the parental strains and the representative transfor-
mantsa.

Protease ar-Amylase Alkaline

Strain activity activity phosphatase r-GTP

activity activity

(mD/ml> (mu/ml) (mH/ml> (mu/ml>

Asahikawa 346 559 408 476
3Fl 126 35 271 149

Miura 331 417 828 157
M5B4 168 28 229 142

Takahash i No. 5 343 468 1422 90
Fl-9 217 120 367 233

168 149 44 62 6

a Each strain was cultured in the medium described in MATERIALS AND METHODS
at 37°C for 3 days. Cells were removed by centrifugation, and then enzyme activi-
ties were determined.

feet the production of a-amylase,  protease, levan-sucrase, and flagella (Yone-
da and Maruo, 1975; Ayusawa et al., 1975; Steinmetz et al., 1976). The pro-
duction of extracellular soluble alkaline phosphatase should be independently
controlled from the regulation system of extracellular ar-amylase  and pro-
tease (Yamane et al.‘, 1976; Hitotsuyanagi et al., 1978). However, the productiv-
ity of r-GTP in the transformants obtained PGA productivity was increased
to almost equal levels as well as the productivity of protease, cr-amylase, and
alkaline phosphatase was almost similar in the PGA-producing transformants.
Therefore, these results suggest that the synthesis of r-GTP may have rela-
tion to the multiplication of a specific regulatory gene(s) and that r-GTP
productivity into the culture fluid is dependent on the secreting ability of the
recipient strain, B. subtilis Marburg  168.

Biochemical function of plasmid with PGA production
The frequency of PGA-producing transformants was exceptionally high

compared with that observed for a chromosomal marker (trj) used as a con-
trol, suggesting a plasmid-related control of PGA synthesis. To investigate
the participation of plasmid in PGA production, overnight cultures of strains
Asahikawa, Miura, and Takahashi No. 5 were treated with acridine orange
(AO). After treatment AO, PGA-nonproducing colonies appeared with fre-
quencies of 64.2 % in Asahikawa, 9.2 % in Miura, and 22.4 % in Takahashi
No. 5 (Table 3). Untreated colonies showed high PGA productivity. As
shown in Table 4, r-GTP activity of cured strains was decreased. Cleared
lysates of B. subtilis (natto) and cured strains were prepared to clarify the
presence of plasmid-linked PGA production. B. subtilis (natto)  harbored a single
plasmid species (Fig. 1). However, no plasmid DNA was detected in the
stringiness-negative mutants from each strain of &. subtilis (natto)  with A0
as shown in Fig. 1.
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Table 3. Effect of A0 on PGA production.

S t ra in A0 concn No. of colonies Elimination
(fig/ml) tes ted r a t e  (%)”

Asah ikawa 0 120 0
20 120 64. 2

Miura 0 120 0
20 120 9. 2

Takahash i No. 5 0 120 0
20 116 22. 4

a Colonies  def ic ien t  in  the  proper ty  of  PGA product iv i ty .  Overn ight  cu l tures  were
i n o c u l a t e d  i n t o  n u t r i e n t  m e d i u m  (pH 7.6) with or without A0 (20,~g/ml)  and in-
cubated overnight at 37°C. All samples were plated on SG agar plates, and colonies
were tested for their PGA productivity with a toothpick.

Strain

Paren ta l
Asahikawa

Cured
A- 1
A- 2
A-  3
A-  4
A-  5
A-  6
A- 7
A-  8
A- 9
A-10
A-11
A-12
A-13

;I:;
A-16

T a b l e  4 .  Compar ison  be tween s t r inginess  and  r-GTP  activity of the pa-
rental strains and the cured strains.

_ ____.  ~~.
S t r inginess  (cm)a r-GTP  activity (mU/ml)b

600 434

: ;.;
0.5 7: 6
0” 4.6

: :::

0”
2;::

: :::

0”
;:;

: :.: 3:9
0 4. 5

___~__ .._____ -

100 116

1 14. 4

Paren ta l
Miura

Cured
M- 1

Paren ta l
Takahashi No.‘5

Cured
T-  1
T-  2
T-  3
T-  4
T-  5
T-  6

a Stringiness on SG agar plates was measured with a toothpick.
b Cells were cultured in the medium as described in MATERIALS AND METHODS.

After cultivation at 37°C for 3 days, cells were removed centrifugation and then
enzyme activities in the culture fluids were determined.
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Fig. 1. Agarose gel electrophoresis of cleared lysate of B. subtilis (natto)
and cured strains.
Samples (20 ,~l of each DNA preparation) were layered on a 0.7 % agarose
slab gel.  The electrophoresis was carried out at 100 mA for 2 hr. Samples
were as follows: (A) lambda phage DNA cleaved with HinJIII;  (B) uncleav-
ed  lysa te  o f  Asahikawa;  (C)  lysa te  o f  Asahikawa c leaved  wi th  H&II;
(D) uncleaved lysate of an Asahikawa cured strain, A-l; (E) uncleaved ly-
sa te  o f  Miura ;  (F)  lysa te  o f  Miura  c leaved  wi th  H&II;  ( G )  u n c l e a v e d
lysate of a Miura cured derivative, M-l ; (H) uncleaved lysate of Takahashi
No. 5; (I) lysate of Takahashi No. 5 cleaved with H&II;  ( J )  unc leaved
lysate of a Takahashi No. 5 derivative, T-6.

Isolation and characterization of plasmid  responsible for PGA production

The B. subtilis (natto)  strains and its representative transformants were
analyzed by preparing cleared lysates that were subsequently centrifuged in
CsCl-Et&  gradients. Plasmid preparations obtained thus were digested with
three restriction endonucleases BamHI,  HincII, and HindIII, and subjected to
electrophoresis in agarose gels. As shown in Fig. 2, the restriction patterns
of the fragments generated by three enzymes were completely similar.
Furthermore, it is possible to note that the plasmid was found to stable in
the recipient strain, B. subtilis Marburg  168. However, r-GTP productivity of
strain Takahashi No. 5 was very low compared with others, although another
activity of extracellular enzymes such as protease, a-amylase, and alkaline
phosphatase was very high (Table 2). These facts suggest that another
factor(s) might be concerned with the secretion of r-GTP  synthesized by
regulatory gene(s) located on the 5.7-kb  plasmid.  The restriction fragment
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Fig.  2 .  Agarose  ge l  e lec t rophores is  of  plasmid diges ted  by RunzHI  ( a ) ,
HincII  (b), or Hind111 (c).
Plasmid DNA f rom each  s t ra in  was  prepared  by  CsCl-EtBr  grad ien ts .  A,
B .  subtilis  (natto) A s a h i k a w a  ; R, t r a n s f o r m a n t  3Fl ; C, R. subtilis  (natto)
M i u r a ;  D .  t r a n s f o r m a n t  M5BI;  E, H. subtilis  (~zatto)  T a k a h a s h i  N o .  5 ;  F ,
transformant Fl-9; S, phage ,?HindIII  fragments as molecular size markers.

Table 5. Fragments produced on r e s t r i c t i o n  endonuclcase d i g e s t i o n  o f
pUH1.

Enzyme
Fragment  s ize  (kb)”

____~
A B C D

H&II 5. 7
PVUII 5. 7
BamHI 4. 2
EcoRI. 5. 6
Hue111 3. 6
PstI 2. 5
Hind111 3. 5

Molecular w e i g h t s  w e r e  e s t i m a t e d  b y  agarose
fragments of  phage  iDNA  as the standards.

1.5
0. 1
2. 1
2. 0 1. 2
1. 1 0. 7

ge l  e lec t rophores is ,  us ing

0. 4

Hind111

catalog of the plasmid,  pUH1,  is given in Table 5. The restriction endonuclease
cleavage map shown in Fig. 3 is based on the sizes of the restriction frag-
ments obtained from single and double digests.

In attempts to ascertain the distribution of extrachromosomal DNA ele-
ments in bacilli, most of the plasmids  described in spore-forming bacteria such
as B. pumilus  (Lovett, 1973; Lovett and Bramucci, 1975; Lovett and Burdick,
1975),  B. subtilis  (Lovett and Bramucci, 1975; Hegarat and Anagnostopoulos,
1977; Tanaka et al., 1977; Tanaka and Koshikawa, 1977; Bernhard et al., 1978;
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Fig. 3. Restriction endonuclease cleavage site map of pUH1.
The relative distances shown are from average fragment sizes determin-
ed on agarose gels.

Gryczan et al., 1978 ; Uozumi et al., 1980 ; Hara et al., 1983 ; Yoshimura et al.,
1983),  and B. m e g a t e r i u m  (Lovet t  and Burdick,  1975) are cryptic. A few ex-
ceptions exist, such as pPL 10 and pPL 7065,  which determine bacter iocin pro-
d u c t i o n  i n  B. jzwzilus  (Lovett  et  al . , 1 9 7 6 ,  1977),  and pBC7 and pBC16, w h i c h
determine bacteriocin production and tetracycline resis tance,  respect ively,  in
B. cereus (Gryczan et al., 1978). Howeve r ,  t he  ve ry  l im i t ed  i n fo rma t ion  on
plasmids  in Bacil lus species is due, in part, to the fact that none of the plasmids
isolated from strains of B. subtilis determines res is tance to  the more common
antibiot ics .  Therefore,  other  than autonomous repl icat ion,  the precise  func-
tions of the plasmids  in Bac i l lus  s t r a i n s  m i g h t  r e m a i n  u n k n o w n .  T h e r e f o r e ,
the observations described here strongly suggest that a broader range of func-
tions are associated with plasmids  in Bacil lus spec i e s .
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