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Introduction

B-Amylase (0-1,4-D-glucanmaltohydrolase EC 3.2.1.2),
1)

which was first named by Kuhn, "attacks g-1,4-glucosidic
linkages and liberates B-maltose successively from the non-
reducing ends of starch, glycogen and maltooligosaccharides.
Ball et gl.z)first crystallized sweet potato B-amylase. Then,

barley,B);S)wheat,é)’7)

and soybeanB)B-amylases were crystal-
lized or purified and their physicochemical properties were
studied. Each isoelectric point of those B-amylases was

observed in acidic side and their molecular weights were

estimated to be 197,000 (sweet potato, tetramer)?)’lo)
57,200 (barley)>) 64,200 (wheat) 1)712)and 61,700 (soybean)®’

respectively. The amino acid compositions were also determined.
Five‘sulfhydryl residues were found in a molecule of most

plant B-amylases?)’s)’13)-16)some of which were thought to be
.essential for catalytic activity because of its inhibition

by sulfhydryl reagents like pCMB.

3)

Thoma et El'l pointed out that the SH groups which were
modified by iodoacetamide, were located on a surface of the
molecule of sweet potato famylase,and weren't related essentially
to catalytic activity. Some SH groups of soybean B-amylase

reacted with DTNB under the conventional conditions, but the

others could not react without the addition of KCl at high



ionic strength or denaturing the enzyme by guanidine hydro-

chloride%4) The latter sluggish SH groups were seemed to

play an essential role to exhibit enzyme activity.

On the other hand, we have very few knowledge on the properties

7)

of bacterial B-amylases. Robyt et El} reported that the amylase

8)

from B.polymyxa selected by Tilden et El% liberated mainly

B-maltose but that the catalytic mechanism of the amylase

seemed to be different from those of not only plant B-amylases

19),20)

but also a-amylases. Recently Okada et al. identified an

extracellular enzyme from B.megaterium strain No 72 as RB-amylase

by measuring the change of optical rotation and using the

1) 22),23)

oligosaccharide map method? Independently, Fogarty et al.

separated B-amylase from the culture filtrates of B.polymyxa

containing a debranching enzyme, and found the same mechanism

of action to substrates as those of plant B-amylases.

Shinke et al?4)also isolated the R-amylase producing bacterium

o 25)

"(B.cereus BQ 10). Then, Marshal pointed out that the amylase

from B.polymyxa acted on the substrates as equally as BR-amylases

from higher plants. Consequently, it was accepted in general

that some kinds of bacteria, such as B.polymyxa, B.megaterium

and B.cereus could produce R-amylases.

However, the amounts of B-amylases produced by these bacteria
were much less than those from soybean or other plant sources,
and such a poor productivity was thought to be unable to meet

industrial demands.



On the other hand, the physico-chemical properties of
bacterial B-amylases have not been clear. Their molecular

weights were reported differently even in the Bacillus

groups, for example, 3.5x104—3.8x104(B.megaterium),19)’26)

3.5x10415,000 (B.cereUS),27)’28)4.4x104(8.polymyxa No72)29)

’

5.9x104(B.polymyxa)?O)

Shinke et El?l)attempted the experiments for increasing the
extracellular amounts of bacterial B-amylase, and obtained by
UV-irradiation the mutant which could produce about 25 times
as much B-amylase as that of B.cereus BQl0 and named it
B.cereus BQl0-Sl. Their attempt to examine the relation
between spore formation and the B-amylase productivity resulted
in selection of rifampin-resistant, asporogenous mutants by
NTG (N-methyl-N-nitro-N-nitrosoquanidine) treatment.BZ)
Among them, a mutant which could produce about 7 times as
much B-amylase as that of B.cereus BQl10-S1 was found, and

27)

‘named B.cereus BQ10-S1 Spol. But this mutant was not enough

for industrial use because the fB-amylase activity was decreased
rapidly after reaching the maximum activity during the

stationary phase.

The author_gE il' succeeded in selection of a mutant (B.cereus
BQ10-S1 Spoll) which could secret higher amounts of B-amylase

(4 times those of B.cereus BQ10-S1) and keep its activity even

in the later stationary phase?B) which will be described in

Chapter I.



Then, the author tried to.purify the B-amylases from
B.cereus BQ10-S51 and its mutants up to a homogeneous state on
disc electrophoresis and analytical ultracentrifugation,
which will be described in Chapter II. The molecular weights
of the B-amylases were calculated by various methods. The amino
acid compositions and the number of cysteine residue in the
molecule were determined?Q)
In Chapter II and III enzymological properties of the B-amylase
will be compared with those of plant or other bacterial
B-amylases already reported. Moreover, it is known that
Taka-amylase or a-amylases from some bacteria contain some

amounts of sugars in the molecule,BS)-Bs)

there is no information
on B-amylases. So the detection of sugar in bacterial B-amylases
was attempted, which will be described in .Chapter III,

On the other hand, the author prepared a rabbit anti-bacterial
B-amylase serum, which will be written in detail in Chapter IV.

The S?amylase from B.cereus BQ10-51 SpoIl will be also compared
with others immunologically by using its antiserum.

The mutant capable of secreting large amount of B-amylase
(B.cereus BQ10-S1 Spoll) seemed to be a good bacterium for
researching a mechanism of protein secretion in Bacillus
groups. In the case of a-amylase from B.subtilis, its membrane

bound form seemed to be its precursor?g)’uo) But its properties




or differences of molecular weight between extracellular
o-amylase and its precursor are not clear.

Furthermore, an attempt to detect a precursor protein in the
cell-free protein synthesis system from E.coli was not

successful%l)’qz)

Though it was not on bacterial amylase, Okita et alﬁaéucceeded

— —

in detection of an a-amylase precursor produced by wheat
aleurone cells which seemed to have a signal peptide.
Lampen et 3164)’45)studied the processing of penicillinase

from B.licheniformis 794/C and determined the amino acid

compositions of its signal peptide, which sustained the signal
hypothesis by Blobel?é)’47) Thereafter, many papers on

the processing of bacterial protein were reported. However,
there is no information on bacterial B-amylase.

The author tried to detect an intracellular precursor of
exo-B-amylase using the Western-Blotting method. Furthermore
‘RNA fraction extracted from B.cereus BQl10-S1 SpolI was trans-
lated by incubation with polysome solutions prepared from
E.coli K-12. Incorporation of radioactivity to the immuno-
precipitates of cell-free synthesized proteins with anti-
B-amylase serum was measured and immuno-reactive proteins was

identified on SDS-electrophoresis. The mechanism of B-amylase

secretion in B.cereus BEQl10-S1 Spoll is discussed in Chapter V.



Chapter I. Selection of a Mutant Capable of Producing
Larger Amounts of B8-Amylase.

In this Chapter, the author deals with selection of
mutants capable of secreting larger amounts of B-amylase and
its ability of protein secretion.

Materials and Methods.

Microorganisms and culture methods  B.cereus EQl10-Sl1 was used

for the experiments for improving B-amylase productivity.

The microorganism was cultured in a Polypepton medium consisting
of 3% Polypepton (Daigo Nutritive Chemical, Ltd.), 0.5% KCl

and 0.5% NaCl (pH 7.2) at 30°C for 22 hr in a 500ml shaking

flask with shaking at 140 reciprocation per min, The cell growth
was measured by turbidity at 660nm.

Isolation of rifampin-resistant, asporogenous mutants

B.cereus BQl0-S]1 was cultured in Schaeffer's medium and the
spores formed were collected by the method of Sacks and

8)

Alderto# and stirred at 4°C in the suspension of 3.5x1095pores

per ml. The spore suspension (0.Iml) was plated on a Polypepton
agar plate containing 5ug/ml of rifampin (Calbiochem-

Behring Corp.), to which UV light was irradiated with "National"
germicidal lamp (10 watt) at a distance of 50cm for 60 to 80
sec. The UV-irradiated plates were incubated at 30°¢C overnight.

Each isolate from the colonies (5 to 10 colonies per plate)



was again plated on the Polypepton agar plate and incubated
at 30°c overnight. From rifampin-resistant colonies appearing
on the plates, rather thin and transparent colonies were
picked up as probable asporogenoys mutants. Asporogenicity

of the isolated strains was confirmed by microscopic observa-
tion and sporulation tests in Schaeffer's medium.

Enzyme assays 1) B-Amylase activity. B-Amylase activity

9)

was measured by Bernfeld method4 with 3,5-dinitrosalicylic
acid reagent and expressed as mg maltose produced by one ml

of culture broth at 4QOC for 60 min. ii) Protease activity.
Protease activity in the culture broth was measured with casein
as substrate and expressed as ug of tyrosine N formed per ml
50)

of culture broth at 35°C for one min.

Measurement of protein content Protein content was measured

as follow; each 10ml of culture broth during incubatidn was
taken at regular intervals, to which 10ml of 10% trichloro-
"acetic acid (TCA) was added. The precipitates formed were
collected by centrifugation at 20,000xg for 20 min and

subjected to protein measurement by Lowry's method?l)



Results

Isolation of rifampin-resistant, asporogenous mutants

From the rifampin-resistant colonies, 100 strains were
isolated and tentatively designated as R-1 to R-100. The
germination rate of the spores was 45.4% and, based on eight
colonies per Polypepton agar plate in average, the rate of

6%. The examination of

mutation was calculated to be 5.03x10"
R-amylase productivity, as seen in Table I, showed that only
the R-59 strain was capable of producing about four times as
much B-amylase as the parent strain under the same culture
conditions, and that the other strains produced less B-amylase
than the parent strain (BQ10-Sl1), including the R-62 strain
with no B-amylase productivity. Furthermore, the B-amylase
produced by the R-59 strain was found to be more stable in the
culture broth than that by BQ10-S1 Spol. Therefore, the R-59

strain was selected as a promising mutant for fermentative

B-amylase production and named Bacillus cereus BQl0-S1 Spoll.

B-Amylase production by BQl10-S1 Spoll

The time course of B-amylase production by BQ10-S1 SpolIl was
pursued with the Polypepton medium. As shown in Fig.l, the
B-amylase activity reached the maximum value (1100 units/ml)
on 21 hr incubation in this condition and didn't show such

a rapid decrease as in the case of BQl0-Sl1 SpoI.27)



The extracellular protease activity (13ug tyrosine N/ml)

on 21 hr incubation was also higher than that (4ug tyrosine
N/ml) of its parent (BQl0-Sl1). (Fig. 2.)

As also shown in Fig.l, the increase in TCA-insoluble protein
contents corresponded to that in B-amylase in the culture,

B-Amylase production by feeding the Polypepton medium

As another attempt to increase f-amylase production,

each 5ml of the Polypepton medium was added at regular intervals
after taking out each 5ml cf the cuvlture broth in the logarithmic
grcwth held constant up to 35 hr incukation and reached the
maximum value (33.6), which was about two times as high as

that with no feeding, leveling off after 40 hr incubation.

After the longer period of f-amylase production the activity
reached the maximum value (3240 units/ml) on 30 hr incubation

which, thereafter, did not decrease for more than 10 hr (Fig.3).



Discussion
An attempt to isolate more industrially promising B-amylase

33) 1his

producers resulted in selection of BQl10-S1 Spoll.
mutant could produce not only about 4 times as much B-amylase
as its parent (BQl10-Sl1), but also more amounts of protease.

To examine the effect of protease activity on extracellular
B-amylase from B.cereus BQl0-S1 Spoll, the enzyme was incubated

in the phosphate buffer (pH 7.0) and in the Polypepton medium

with or without neutral protease from B.subtilis. The R-amylase

was remarkably inactivated only in the presence of the protease.
However, the B-amylase was not inactivated when it was incubated
in the same conditions with the crude protease from B.cereus
BQ10-S1 Spoll, suggesting that the fB-amylase in the culture broth

seemed to be protected from the attack of the protease.

It was reported that tunycamycin resistant-, or D-cycloserine

resistant-mutant of B.subtilis could prodube more amounts of

a-amylase than those of their parént?z)’SB)But the higher

B-amylase productivity of rifampin-resistant, asporogenous
mutants was first shown by our laboratory?7)’33) However, the
relation between its higher productivity and resistance to
rifampin was not clear. The difference of the TCA-insoluble
protein contents between BQ10-S1 Spoll and its parent might
correspond to the increased amounts of secreted B-amylase.

More details are described in Chapter IV where the determination
of extracellular gp-amylase was made by using anti-B-amylase

serum. This mutant could secret more amounts of not only

B-amylase but also other extracellular proteins.

-10-



Table I. B-Amylase Productivity of Rifampin-resistant,Asporogenous

Mutants from B.cereus BQ10-S1.

Strain isolated

R-8

R-32
R-58
R-59
R-62
R-77

Cell growth
(O.D.at 660nm)

12.0
10.3

9.4
12.2

7.3
11.0

g-Amylase activity

(unit /ml)

220
156
72
1368
0
232

The strains isolated were cultured in the Polypepton medium at 30°C

for 22 hrs and the culture filtrates were subjectéd to Bramylase

measurement. The cell growth and the enzyme activity in the case of
B.cereus BQ10-S1 were 11.6 and 318.

-11-
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Fig. 1. Time Course of B-Amylase Production by B.cereus BQ10-S1

SpoII and 1ts Extracellular Protein Content.
The culture was performed with‘the Polypepton medium at 30°c.
Each enzyme activity, cell growth and extracellular protein
content were measured as described in Materials and Methods.
<>---<> cell growth of B.cereus BQ10-S1 SpoIl
B—amylase activity of BQ10-S1 SpoII

I

o—0 protein content of BQ10-S1 SpoIll
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Fig. 2. Time Course of Protease Production by B.cereus BQ10~S1
SpoII and B.cereus BQ10-S1.
The culture was performed with the Polypepton medium at 30%¢c.
- Protease activity was measured with casein as substrate and
expressed as ug of tyrosine N formed per ml of culture broth.
O—O protease activity of BQ10-S1 SpoII
@ —@ rrotease activity of BQ10-S1
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The culture was carried out with the Polypepton medium at 30°c.
At each incubation time shown by the arrow 5 ml of the incubation
mixture was taken and 5 ml of the Polypepton medium was newly
added.
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Chapter II. Purification and Some Properties of the B-Amylase
from B. cereus BQ10-S1 Spo II.

Purification procedure of fi-amylases from B,cereus BQ10-S1
and B.cereus BQ10-S1 SpoIl and homogeneity tests of them on
electrophoresis or analytical ultracentrifugation are mainly
described in this Chapter. Some enzymatic properties are

also described.

Materials and Methods

Microorganisms and culture methods

B.cereus BQl10-S1, B.cereus BQ10-S1 Spol, and B.cereus BQl0O-
S1 Spoll were used for B-amylase production. The microorganisms
were cultured in the Polypepton medium under the same conditions
mentioned in Chapter I. The cells were removed by centrifugation
and the supernatant was used for purification of B-amylase.

Purification procedure

Ammonium sulfate was added to the above supernatant to 60%
saturation. After standing for 24 hr the precipitates were
harvested by centrifugation, then dissolved in 50mM acetate
buffer (pH 5.0) and the insoluble materials were removed by
centrifugation. The supernatant obtained was loaded on a
Sephadex G-100 column and eluted with the same buffer.

The B-amylase fractions were further loaded on a CM-Sephadex C-50
column equilibrated with the same buffer (pH 5.0). Gradient

elution was performed with increasing NaCl concentration.

-15-



The B-amylase fractions were dialyzed against deionized water.
The enzyme thus purified was lyophilized and used for subsequent
experiments.

Homogeneity test

Homogeneity of the purified enzyme was tested by polyacrylamide

gel electrophoresis (PAGE) and ultracentrifugation. PAGE was
, 4)

performed by Davis' method5 using 7% gel at pH 9.5.
Centrifugal analysis was performed with a Beckman-Spinco
centrifuge (Model E type)at 52,000rpm at 20°C. SDS-PAGE was
5)

performed by Osborn's method5 using 10% polyacrylamide disc
gel.

Effects of pCMB and DTNB on B-amylase activity

The B-amylase solution (50mM phosphate buffer, pH 7.2) from
B.cereus BQ10-S1 SpolI was incubated with pCMB and DTNB at
various concentrations at 30°C for 20 min. Then, the remaining
activity was measured at 40°C for 3 min.

Degradation of raw starch by the B-amylase

Each 200mg of sweet potato, potato, corn, and wheat starches

was suspended in 20ml of 50mM phosphate buffer (pH 7.2)
containing 36 units of the B-amylase activity and incubated at
40°C for 6, 10, 20 hr. The reaction mixture was centrifuged at
3,000xg for 10 min and the precipitates were removed, the amounts
of reducing sugars in the supernatant was measured according

to Somogyi-Nelson method.56)

-16-



Results

As shown in Fig. &4 the g-amylase fractions (Fract. Nos. 35-45)
from Sephadex G-100 were loaded on a CM-Sephadex C-50 column
and eluted with a linear‘NaCl gradient at 22°C as shown in
Fig. 5. g-Amylase obtained was lyophilized and used for subsequent
experiments. A summary of the enzyme purification is shown in
Table II, from which it is clear that the enzyme was purified about
86 fold. Fig. 6 shows disc gel electrophoresis of the purified
enzyme. The g-amylase from BQl0-Sl1 was also found to be
electrophoretically identical to the enzyme from BQ10-S1 Spoll.

As shown in Fig. 7, the purified enzyme was sedimented as a
single symmetric peak on centrifugation. Based on the partial
specific volume of 0.74 from the amino acid composition, the
sedimentation coefficient was calculated to be 4.8 SZO,w‘

The results of SDS-PAGE of the g-amylases from BQl10-S1 and
BQ10-S1 SpoII-are shown in Fig. 8, suggesting that both enzymes
are identical, each showing a single bénd on the gel and no
subunit structure. The optimum pH and temperature of the purified
enzyme from BQl0-51 were almost the same with those of BQ1l0-

S1 SpolIl, about 7.0 and 40°C, respectively (Fig. 9). The Km value
for soluble starch was about 0.4% (Fig.10). The p-amylase
activity was inhibited by pCMB, but not by DTNB (Fig.l1l).

The g-amylase from B.cereus BQl0-S1 Spoll could attack wheat and
corn starches. The degradation rates of them were calculated to

be 5% and 2%,respectively (Fig.l2).

-17-



Discussion
The B-amylases from B.cereus BQl0-S1 and BQ10-S1 Spol were
purified in the same way as that from BQ10-S1 SpoII. Not only
the optimum pH and temperature of these enzymes, but also
the degrees of migration in polyacrylamide'gel were equal.
The purified enzyme was remarkably inhibited by pCMB.
This was in agreement with the cases of other bacterial B-amylases

0) 9)

from B.megaterium2 andp.polymyxa.2 But the enzyme activity

was not inhibited by DTNB. These results will be discussed

in the next Chapter.

It is known that the B-amylases from higher plants can hardly
7)

attack raw starch.5 The author examined whether or not the
B-amylase from B.cereus BQl0-S1 SpolI could attack raw starch.
The degradation rates of wheat and corn starches were calculated
to be 5% and 2%,respectively, though they were much lower than
those in the cases of a-amylase or glucoamylase I. But the
‘'sweet potato starch could hardiy be attacked by this B-amylase.
Therefore, degradation rates of various raw starches by the
R-amylase seem to be varied. Even though the degradation rate
of raw starch by barley B-amylase or soybean B-amylase was
lower than that by the B-amylase from BQl0-S1 Spoll, they were
found to attack raw starches. Sweet potato B-amylase could not
attack raw starch. Since crude plant-B-amylase preparations

were used in these cases, more detailed experiments should be

needed.

~-18-
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Fig. 4.

Gel Filtration of B-Amylase Fraction on
Sephadex G-100.

The R-amylase fraction obtained by salting out with
ammonium sulfate was loaded on a Sephadex G-100 column

(4x55cm) equilibrated with 50mM acetate buffer (pH 5.0)
and eluted with the same buffer.

- ~-- protein O—0 B-amylase activity
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Fig. 5. Chromatography of B-Amylase Fraction on CM-Sephadex C-50.
The B-amylase fraction obtained by gel filtration was loaded on
a CM-Sephadex C-50 column (3x30cm) and eluted with a linear NaCl
gradient (0 to 0.3 M) in 50mM acetate buffer (pH 5.0).

—--protein, (QO— B-amylase activity, —NaCl concentration
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A B Cc

Fig. 6. Polyacrylamide Gel Electrophoresis off-Amylases.
Each purified B-amylase (about 50ug) was run on 7.5%
polyacrylamide gel at pH 8.9. Each gel was stained with
Amide Black 10B. A: B-amylase from BQ10-S1
B: B-amylase from BQ10-S1 SpoII C: mixture of A and B
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A

Fig. 7. Schlieren Patterns of B-Amylase on Analytical
Centrifugation.
The B-amylase solution contained 0.1 M NaCl and 25mM
phosphate buffer (pH 7.0) and the protein concentration

was about 5.0mg/ml. The Schlieren patterns were photographed
at a bar angle of 65°.

A: Taken at 20 min after reaching 52,000 rpm.
B: Taken at 28 min after reaching 52,000 rpm.

The sedimentation coefficient was calculated to be 4.8820
I

-23_



Fig. 8. SDS-polyacrylamide Gel Electrophoresis of
B-Amylases.
Gel electrophresis was performed by Osborn's method
using 10% acrylamide gel.
A: B-amylase from BQ10-S1
B: B-amylase froﬁ BQ10-S1 SpolI

24



100] 100]
5% £
5T D
o -~
£ >
< D
19 .
0]
35(# 59
' 0
b >
3 7
2 ©
-t
Q
(24
b ] o J— .l A 1 1 1
0 6 7 8 9 0 30 40 50 60 70
PH Temperature (©C)

Fig. 9. Effects of pH and Temperature on B-Amylases from BQ10-S1,
BQ10-S1 Spol and BQ10-S1 SpolI.
The reactions were performed for 3min at various pH's at 40°
and at various temperatures at pH 7.0, respectively.
@®—® B-amylase from BQ10-S1, O—O g-amylase from BQ10-S1 SpoI,
B-amylase from BQ10-S1 SpoII.
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Fig.1C0. Lineweaver-Burk Plot for B-Amylase.
The reactions were performed for 3 min at various
concentrations of soluble starch in 50mM phosphate

%
buffer (pH 7.0) with 30 units/mf gf B-amylase.
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Fig.12. Degradation of Raw Starch by BR-Amylase from
B.cereus BQ10-S1 SpoIlI.

Each 200mg of various raw starches was suspended in
20ml of phosphate buffer (pH 7.2) containing the
B—amylase (36units) and incubated at 40°c. after
centrifugation(3,000xg , 10min}, the amount of
reduced sugars of its supernatant was measured by

Somogyi~-Nelson method.
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Chapter III. Physicochemical Properties of the B-Amylase
from B, cereus BQ10-S1 Spo II.

The measurement of molecular weight of the gamylase and the
determination of amino acid composition are described in this
Chapter. The physico-chemical properties of bacterial Ramylase
will be compared with those of plant-B—amylases.'The author

also deals with detection of sugars in the g-amylase molecule.

Materials and Methods

Calculation of molecular weight.

The molecular weight of the purified Bamylase was measured

by sedimentation equilibrium, gel filtration, SDS-PAGE and amino
acid analysis. i) Sedimentation equilibrium.A Beckman-Spinco
centrifuge (Model E type) was used at 12,000rpm. It tooks 20 hr
to reach the equilibrium and fhe initial concentration was
determined using a synthetic boundary cell and Rayleigh's inter-
ference system. 1ii) Gel filtration. The standard proteins and
g-amylase were denatured in 6M guanidine HCl and 0.lM 2-mercapto-
ethanol (2-ME) solution and then carboxymethylatedwith monoiodo-
acetate. The denatured proteins were loaded on a Sephacryl $-200
column equilibrated with 6M guanidine HCl and eluted with the same
solution. iii) SDS-PAGE. SDS-PAGE was performed by Osborn's

methodss)

using slab gel (7.5%-15% acrylamide gradient gel).

iv) Amind acids analysis. Amino acid analysis was performed with
a Hitachi 034 analyzer after hydrolysis of B-amylase with 6N HCl
at 110°C for 24, 48, and 72 hr, respectively. Cysteine residues

were determined by performic acid oxidation and tryptophan
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residues by using thioglycollate as antioxidant.

Determination of sulfhydryl groups

Sulfhydryl groups of g-amylase were determined with DTNB and

pCMB, by Elluman'sSQAd Riordan's methods.sg)

The reaction with
DTNB was performed in the presence of 0.2% SDS.

Determination of isoelectric point

Isoelectric focusing on a slab polyacrylamide gel was performed
with an Atto isoelectric focusing apparatus (S$J-1071) with 5%
acrylamide gel containing 2% Ampholite (pH 3.5-10) (LKB Laboratory)
Fifteen y1 of the enzyme solution was charged to the slab gel
and isoelectric focusing was carried out at a constant current
of 5mM. For staining of gel 0.2% Coomassie Brilliant Blue R
(Shigma Chemical Co.) was used.

Detection of sugars in the g-amylase moleculeéo)

Electrophoresis of the purified g-amylase was performed on
acrylamide sldab gel(7.5%-15% gradient gel) and then the gel was
soaked in 40% methanol and 7% acetic ac¢id solution in order to
remove SDS and fix the protein. Next it was incubated in 1%
periodic acid and 7% acetic acid for 1 hr under the dark condition
and washed with 7% acetic acid. The glycoprotein in the gel was

stained with Schiff's reagent in the dark.

Results

The molecular weight was calculated to be approximately 6.2x104
by gel filtration on Sephacryl $-200 in the presence of éM
guanidine HCl1 (Fig.13), and 6.0x104by SDS-PAGE (Fig.l4). It was

also estimated to be 6.3x104 by sedimentation equilibrium.
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Fig.1l5 shows the linear relationship between log(fringe displacemént)
and (radius)z. Table III shows the amino acid compositions of
p-amylases from BQ10-S1, BQl0-S1 Spol and BQl10-S1 SpoIl based on
one cysteine group per molecule from the results of performic acid
oxidation. Each molecular weight calculated from the amino acid
composition was 5.5x104.

As shown in Table IV, the enzyme could only react with DTNB in the
presence of 0.2% SDS. Based on the molecular weight of 6.0x104,
only one sulfhydryl group was deterhined by both methods.

The ispelectrié point of the purified enzyme was determined to be
8.3 and those of the B-amylases from BQ10-S1 abd BQ10-S1 Spol were
identical with it. | | |

Since the gel was stained by Schiff's reagent, it was clear that

carbohydrates associated in the B-amylase molecule (Fig.l16).

Discussion

"The molecular weights of bacterial B-amylases so far reported

seem to be lower than those of plant B-amylases%9)’ 27)-29)

We previously found the molecular weight of B-amylases to be about
3.6)‘(101+ by gel filtration on a Sephadex column equilibrated with
60mM phosphate buffer (pH 7.0)%7) We did not question the results

until a sedimentation coefficient of 4.8520 whas obtained and the

’
molecular weight by SDS-PAGE turned out to be 6.0x104. So we
reexamined the molecular weights of B-amylases from BQ10-Sl, BQlO-
S1 Spol and BQ10-S1 Spoll by gel filtration at high ionic strength
and obtained a higher value of 4.4x104 in each case. The enzymes

denatured with 6M quanidine HCl and 0.1M 2-ME were further subjected

to gel filtration with standard proteins and the molecular weights
-31-



were about 6.2x104. These results suggest that molecular
weight of bacterial B-amylases in the native state may not

be correctly determined by gel filtration. Andrew561)and
Wildingsz)also pointed out the same problem in estimating
molecular weights of enzyme capable of reacting with carbo-
hydrates. Taking into account’the results obtained above,

it can be concluded that the molecular weight of the purified
enzyme from BQLO-S1 SpoIl is about 6.0x10% 3*)(Table v).

This value is very close to those of g-amylase from higher

plants like soybean,s)wheat,ll)’lz)sorghum malt63)and barley.s)

Isoelectric point of the B-amylase from B.cereus BQ10-S1 Spoll
was not in acidic side like plant-g-amylases, but was 8.3 (TableVI).

The molecular weights of the B-amylases from B.megaterium strain

No 32 and B.polymyxa No 72, which were kindly given by Dr. Okada

and Dr. Murao, were measured on SDS-PAGE and calculated to be
about 6.OxlO4 and 6.7x104, respectively.

“Sugars were also detected in these B-amylases. This is the
first finding in bacterial R-amylase.

The relationship between sulfhydryl group and B-amylase activity
has so far been discussed. In plant-f-amylase molecules five
cysteine residues were found, but in the case of B.cereus BQl0-
S1 SpolIl, only one cysteine residue was determined (Table VII).

This sulfhydryl group essential for the activity did not seem
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to locate on the surface of the molecule because of the less
reactivity with DTNB, which was in agreement with the case of
plant—B—amylases}B)’lu)
Some comparative experiments on the g-amylases from BQ10-S1,
BQ10-S1 Spol and BQ10-S1 Spoll were performed and the results
obtained have shown that all the enzymes are identical (Table III
and Fig.6,8,11). Therefore, the high pg-amylase production by
BQ10-S1 Spoll as in the case of BQl0-S1 Spol, may be ascribable

to a quantitdtive increase in the same enzyme protein as that of

BQ10-S1.
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' Fig.13. Estimation of Molecular Weights of g-Amylases by
Gel Filtration on Sephacryl S-200.

B-Amylases from BQ10-S1, BQ10-S1 Spol and BQ10-S1 SpoIl

and standard proteins were denatured with 6M guanidine HC1
and 0.1M 2-ME and carboxymethylated with monoiodoacetate.
The denatured proteins were loaded on a Sephacryl S-200
column (2x50cm) equilibrated with 6M guanidine HCl and
eluted with 6M guanidine HCl at 22%%.

1: chymotrypsinogen (25,000) 2: ovalbumin (45,000)

3: bovine serum albumin (67,000)

@: B-amylases from BQ10-S1, BQ10-S1 SpoI and BQ10-S1 Spoll

(estimated to be 62,000)
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Fig.14. Estimation of Molecular Weights of R-Amylases by SDS-PAGE.

Marker proteins (Pharmacia Fine Chemicals) and B-Amylases from
BQ10-S1, BQ10-S1 Spol and BQ10-S1 SpolIl were denatured with 1% SDS
and 1% 2-ME at 100°C for 3 min and run on 7.5-15% gradient polyacryl-
amide gel(slab gel). 1: phosphorylase b (94,000).

2: bovine serum albumin (67,000) 3: ovalbumin (43,000)

4: carbonic anhydrase (30,000) 5: trypsin inhibitor (20,000) .

6: o-lactalbumin (14,400) @: B—amylases from BQ10-S1, BQ10-S1 Spol
and BQ10-S1 SpoII (estimated to be 60,000)
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Fig.15. The Linear Relationship between (Radium : r)z
and log10(Fringe Displacement : fr) on Analytical

Ultracentrifugation.

Ultracentrifugation was carried out as described in Methods.
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Table II1. Amino Acid Compositions of g-Amylases from
BQ10-S1, BQ10-S1 Spol and BQ10-S1 Spoll.

Amino acid Number of residues estimated by extrapolation

BQ10-S1 Spol Spoll
Lysine 43 42 42
Histidine 7 7 7
Arginine 11 11 11
Aspartic acid 61 62 60
Threonine 32 32 32
Serine 29 30 29
Glutamic acid 45 45 45
Proline 24 24 24
Glycine 41 41 41
Alanine 35 35 35
:Cystine 1 1 1
Valine 24 24 24
Methionine 11 10 12
Isoleucine 20 20 20
Leucine 36 36 36
Tyrosine 30 30 30
Phenylalanine 21 21 21
Tryprophan 16 16 16
Total 487 487 486

* Estimated by the performic acid oxidation method, Elluman's method
and Riordan's method.

** Thioglycollate was used as antjoxidant.
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Table IV. Determination of Sulfhydryl Groups of g-Amylase from

B.cereus BQ10-S1 Spoll.

Method Conditions Number of SH group
detected
Amino acid After performic
. . c 0.92
analysis acid oxidation
DTNB In 0.1 M Tris-HCI1 0
buffer (pH 8.0)
DTNB INO0.1 M Tris-HC1
buffer (pH 8.0) 0.92

in presence of SDS

pCMB In 0.1 M phosphate

buffer (pH 7.0) 0.88

The amino acid analysis was carried out after performic acid oxidation
of the enzyme protein. Determination by Elluman's method in the presence
of 0.2% SDS and by Riordan's method was based on the molecular weight of

6.0x104of the enzyme.

_38-



xe
vcﬂmm

juBpIxorjue sv a)8[[0oA[301 ], :AaL

xe
voamw

S.QNw 8°¥

0TX0°9
B T
0TXZ°'9

_—
voﬂwm

UOI}BPXO PIOB dlwIojaad :S£D Z/1

10BN WI°0
(0° 4 Hd)a9zynq aivydsoyd puweg

wdageo ‘o1 a0 wdageo“zs

HIN-2 %1 pus SdS %1
21B]S paanjeua(qg

qN-Z Pue [DH aulpiuend Kg
9je}s paanjsua(q

(0L Hd)asyyng ayeydsoyd w9

2}8]S 9ATIBN

1azA[euy proy uorysodwod
outwy Iyoeiry plos outwy

adA} H 1opol

g wnrrqimba
oouldG-uBwORE UOI}BIUBWIPAS
d9Vd-8dsS stsaxoydoa}oary

00%-S [Aaoeydag

v uoneaIIly [0H
001-D xapeydag

*SpPOYId snolaep Aq asejAuy-8 jo 3y3rop Je[nosd[ol Jo UOI}BWIIEY ‘A d[qe]

-39.



*( 93818 9AIBU )UONIBIIIJ 1898 AQ pojuwl}sd WSdrem avmoajow o ( )

6S5°8 ‘G€°8 1°6 £°8 jurod o1a309[908]
8°Vp “ cwm
(ADVd-SAS)000°2L9 (IDVJ-SAS)000°09
(000 °%¥) (000°8€-000°9¢) (000°s+000°s€) 000°09 Jy3rem IB[NOS[OW

wnrrajyedauw -’ g SOPIOOAW IBA SNaJdad’ g m:omw 1S-01dg snaJeo ' g

amwiabom.m (02 (61 (82 (¥
8% 8°G-8'% 6°6-G9°¥ G8°¢ 25°¢ jurod OL1309[90S]
3u
068 8G " vz A7 L9°¥ 0S¥ 02g
000°L6T 002 ‘99 006 ‘GG 002 LS 00L°T9 00G‘LS  IY31oM JB[NOSION
o ooM £ :
18104 199M8 ¢ ([ IEOUM Swssz?om POIBW  AOLIBE ueaqiog @i ueaqhog

*soselAWY-¢ snolrea jo senaedoad [BolwayoodIsAd *JA e[qeBl

-40-



a8y S6v P6% L6¥ LTI LbE sonpIsad [8)o],

91 ¢1 ¢1 el ¢l ¥'6 01 usydojdAa g
12 1¢ 12 1% @¢ 1 44 LT aurus[BlAUay g
0¢ 6¢ 9¢ S¢ 0¢f L°ve LT aursaxfi L,
9¢ 9% S¥ 9% 29 8°8¢ 62 auronary
02 9¢ 9% 9% 1€ €761 81 2UIONI[OS]
(A 6 ¢ 6 6 006Gt A QUIUOIYIo|
24 ¢ 1€ 1€ 8¢ 6°vE G¢ SUIBA
1 S g g 4 vy S auIsAnt
Ge ge ¢¢ € ¢V 81V 0€ autuelv
187 o 6¢ O0F €S L 8% 1€ auIdALD
ve 0¢ 0¢ 0& OF 0°¢¢ €2 autfoad
17 06 29 19 0L G'19 ve proe drweinid
60 L v¢ LE €€ 8°1¢ A aurIag
r4H LT LT 8T €% 9°91 ¢l auruoadJay J,
09 79 €9 €9 €8 PLS 8v proe onaedsy
11 6T 61 8T 0% 1°v¢ 6T ouruIsay
L IT 01 11 Al L1 L QUIPIISIH
v 1¢ 08 6% ¢t v'61 )4 ouISAn]
- 9 ¥ (A
Qm:omm 1S-01bdY snoaaso' g GH:mmn%om Scmwn%om G%wimm Amﬂoumaoa joamg

-sasB[AwY - § snorre) josuoriisodwo) proy oulwy jo uostaedwo)d °IIA 9[dBL

41 -



e 6

v ] N 1

Fig.16. Detection of Sugars in the (Amylase Molecule

Purified from the Culture of B.cereus BQ10-S1 Spoll.
Each 10yg, 20yg of the purified BR-amylase and marker proteins
(Pharmacia, Firne Chemicalsj} were dissolved in 1% SDS and 2-ME
solution and placed in boiling water for 3 min.
They were run on 7.5-15% polyacrylamide gradient gel (slab).
Marker proteins and purified g-amylase (lane I,II) were stained
by Coomassie Brilliant Blue R (Shigma Chemical Co.). Others
(larne III,1IV) were stained in the gel by Schiff's reagent as
described in Methods.
lane I: 1. 94,000 2. 67,000 3. 43,000 4. 30,000 5. 20,100

6.14,400
lane II, III, iV: purified p-amylase (20yg, 20yg9, and 10,9)
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Chapter IV. Immunological Studies for Bacterial B-Amylases,

The author deals with the immuno-reaction of wvarious

B-amylases against the anti-B-amylase serum of the B-amylase

from B.cereus BQl10-S1 Spoll. Measurement of the amounts of
extracellular B-amylase by using the anti-B-amylase serum is also

described.

Materials and Methods

B-Amylases sources

We used the purified B-amylases from B.cereus BQ10-S1 and

its mutant (B.cereus BQ10-S1 Spoll) for the following experiments.

20)

B.megaterium strain No 32, which was early reported as

B-amylase-producing bacteria, was kindly given by Dr. Okada
(0Osaka Municipal Technical Reserch Institute.). The extra-

~cellular B-amylase from the bacterium was purified according to

0) 29)

his report.2 The purified B-amylase from B.polymyxa No 72

was kindly supplijed by Professor Murao (University of Osaka
Prefecture). The purified B-amylases from barley (Sigma Co, Ltd),
sweet potato (Seikagaku Kogyo Co, Ltd) and soybean (Wako Chemical
Co, Ltd) were obtained commercially.

Preparation of anti-RB-amylase serum and immunotitration

B-Amylase solution (0.5ml) was mixed with an equal volume of

Adjuvant Freund (Nakarai Chemical. Co, Ltd) and injected into
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rabbit derm five times at a week interval.(8mg of R-amylase was
injected totally). Various volumes of anti-B-amylase serum

were added to the B-amylase solution (36ug). After the reaction
at 35°C for 30 min, the immunoprecipitates were removed by
centrifugation and the B-amylase activity of the supernatants
was measured by Bernfelds method . The protein contents of the
antiserum were measured by Lowry's method.

Determination of the amounts of the secreted RB-amylase

Each volume of anti-g-amylase serum was added onto the solution
of B-amylase (36ug), until the immunoprecipitate gave constant
value. The relation between amounts of antigen and immuno-

4)

precipitate was represented according to Heidelberger,6 from
which unknown amounts of extracellular B-amylase were estimated.

Immunological comparison of various R-amylases

Immunological comparison of B-amylase from B.cereus BQl0-S1 Spoll
with other B-amylases was performed by Micro-Ouchterlony

method. 6>

Results
As shown in Fig.17, the activity of the purified B-amylase
decreased together with added volumes of the antiserum increased,
confirming that the anti-g-amylase IgG was formed.
Fig.18 depicts an experiment in which antiserum prepared to
B.cereus BQl0-S1 Spoll R-amylase was allowed to react in
Ouchterlony double-diffusion plate with parent, BQ10-S1 Spol

and BQ10-S1 Spoll. It was shown that complete fusion of the

.



precipitin bands from the three antigen-antibody complexes
occurred, confirming that g-amylase obtained from three species
is identical. Spur formation was indicated in precipitin bands
of B—amylase from B.cereus BQl0-S1 Spoll and that from

B.megaterium strain No 32 (Fig.l1l9).

But immuno-reaction didn't occur with the R-amylase from
B.polymyxa No 72 and soybean-pB-amylase (Fig.20), as in the case of
other higher plant B-amylases (data not shown).

The amounts of extracellular TCA-insoluble materials were measured
to be about 75ug/ml for BQ10-S1 and 300ug/ml for BQ10-S1 SpoIll
respectively. On the other hand, those of extracellular g-amylases
from BQ10-S1 and BQ10-S1 Spoll were measured to be 25ug/ml and

95ug/ml, respectively (Fig.21, Table VIII).

Discussion
The author prepared an antiserum to the B-amylase from B.cereus
‘BQ10-S1 SpoIl and carried out the immunological study on
Bfamylases by Micro-Ouchterlony method. The similar immuno-
logical experiment has been carried out on g-amylases from

6)

_Bacillus.6 ao-Amylase from B.subtilis Marburg cross-reacted with

anti-p-amylase serum against that from B.subtilis var, amylo-

saccharicus but did not react with G-amylase from B.amylo-

liquefaciens.

On the other hand, it is interesting in the case of Himalaya
Barley that the isozymes of o-amylase produced in aleurone layers

were immunologically different.67)
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B-Amylases of B.cereus BQl0-S1 SpolIl and B.megaterium strain

No 32 were found to maintain similar conformation which
determined the antigen-antibody reaction, suggesting a similar
genetic evolution. The molecular weights of these B-amylases
were also calculated to be equal on SDS-PAGE. Contrariwise, the

B-amylases from B.polymyxa No 72 and higher plants did not

react with the antiserum.

The amounts of extracellular protein were estimated to be
75ug/ml for BQ10-S1 and 300ug/ml for BQl10-S1 Spoll, and the
amounts of extracellular B-amylases were also to be 25ug/ml
and 95ug/ml, respectively. These results show that this mutant
is capable of secreting more amount of B-amylase and also of
other extracellular proteins. It is concluded,therefore, that
the increased amounts (about 4 times) of secreted B-amylase
of B.cereus BQ10-S1 SpolIl result in the higher B-amylase activity

(4 times) than that of its parent strain (B.cereus BQ10-S1).
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Fig.17. Immunotitration Pattern of B-Amylase by 1ts

Rabbit Antiserum.
Various volumes of anti-B-amylase serum were added to
the B-amylase (36ug) dissolved in 50mM phosphate buffer
(pH 7.2) and the mixture was incubated at 35°C for 3 min.
The formed immunoprecipitates were removed by centrifugation
(3,000X9 , 5 min). The B-amylase activity of the supernatant
was measured. The protein content of the antiserum was

measured by Lowry's method.
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Fig.18. Immunological Comparison of R-Amylases from B.cereus
BQ10-S1, BQ10-S1 Spol and BQ10-S1 SpoIl.
AS: Antiserum against R-amylase from B.cereus BQ10-S1 Spoll
was added. Pa: B-Amylase from BQ10-S1 was added.
I: B-Amylase from BQ10-S1 Spol was added.

II: B~Amylase from BQ10-S1 SpoIl was added.

Fig.19. Immunological Comparison of B-Amylase from B.cereus

BQ10-S1 SpoII with that from B.megaterium strain No 32.

AS: Antiserum against B-amylase from B.cereus BQ10-S1 SpoII
was added. C: R-Amylase from B.cereus BQ10-S1 SpolI was added.

M: B-Amylase from B.megaterium strain No 32 was added.
48




Fig.20. Immunological Comparison of Various B-Amylases.

AS:

Po:

Pl:

Antiserum against R-amylase from B.cereus BQ10-S1 SpoIl
was added.
g-Amylase from B.cereus BQ10-S1 SpoII was added.

B-Amylase from B.megaterium strain No 32 was added.

B-Amylase from B.polymyxa No 72 was added.

p-Amylase from soybean was added.
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Fig.21. The Quantitative Changes of Immunoprecipitates.
Each volume of anti-f-amylase serum was added to 50mM
phosphate buffer containing 32.5ug of B-amylase.
These mixtures were incubated at 35°C and centrifuged

(3,000xg , 5 min). Protein contents of immunoprecipitates

were measured by Lowrys method.

-50-



Table VIII. Determination of Extracellular B~Amylases from B.cereus

BQ10-S1 and B.cereus BQ10-S1 Spoll.

TCA-insoluble protein Extracellular 8 -amylase

BQ10-S1 Tug/ml 25ug/ml

BQ10-S1 Spoll 3001 g/mi 95ug /ml
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Chapter V. Studies on Mechanism of B-Amylase Secretion.

In this Chapter, the author describes the identification of

the extracellular and intracellular proteins which reacted
immunologically with the anti-B-amylase serum, and the detection
of a protein translated from B-amylase mRNA from B.cereus BQ10O-

$1 Spoll in a cell-free system.

Materials and Methods.

Preparation of extracellular, and intracellular immuno-

precipitates

Extracellular: To the culture filtrate of B.cereus BQ10-S1 Spoll,
0.5m1 of the unsensed rabbit serum was added in order to avoid
the ﬁon-specific reactions. After centrifugation, equal volumes
of 0.2% SDS and the anti-B-amylase serum (0.2ml) were added to
~the supernatant and incubated for 30 min at 35°C. Then the immuno-
precipitates formed were harvested by centrifugation (3,000xgq,

10 min) and washed three times with 0.0lM sodium phosphate buffer
(pH 7.0) containing 0.9% NaCl, 0.1mM EDTA and 0.01% SDS.68)
Intracellular: The harvested cells were washed four times with
a saline solution and sonicated. The cell;homogenate was centri-
fuged (20,000xg, 15 min) and the supernatant was then centrifuged
(100,000xg, lhr). The supernatant was treated in the same manner

as extracellular immunoprecipitation.

-52-



Determination of secreting phase of R-amylase
14

C-Amino acid mixture (protein hydrblysates, 10uCi) was. .
added to the culture of B.cereus BQ10-S1 SpoIl during shaking
culture at several-hour interval after inoculation, and the
culture was continued for 2 hr. The extracellular and intra-
cellular immunoprecipitates were prepared from the culture

as described above and the incorporated radioactivities to them
were measured by liquid scintillation counter(Aloka LSC-903).

Identification of the immunoprecipitates by Western-Blotting
69),70)

method
The purified B-amylase and the immunoprecipitates of culture
broth(cells and medium) were migrated in polyacrylamide gel
containing SDS (sldb gel) by SDS-PAGE. These proteins in the
gel were transferred to a nitrocellulose sheet (Toyoroshi Co Ltd,
T 2) by electrophoresis (40 V, 2hr, at 0°C). The sheet was
soaked in 3% bovine serum albumin solution containing 0.1% NaCl
“for 30 min at room temperature, and incubated with the anti-
B-amylase serum for 30 min at room temperature. It was washed
three times with 10mM phosphate buffer (pH 7.0) containing
137mM NaCl, 2.7mM HCl, 8mM NaZHPOA, >

The sheet was incubated with fluorescein-conjugated goat

and 2mM KH POQ.

anti-rabbit IgG (Cappel Laboratories) containing 3% bovine serum

albumin, and washed with the phosphate buffer. The target protein

was detected on the sheet by UV-irradiation.
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Preparation of RNA fractions from B.cereus BQl0-S1 Spoll

The cells of B.cereus BQ1l0-S1 Spoll were harvested from the
culture in the middle logarithmic phase, and washed with a saline
solution. The cells (8g wet weight) were ground in a mortar
precooled at -20%C with the equal weight of alumina and 2ml

of Buffer I consisted of 0.01M NaPB pH 7.4, 0.01M MgCl,,0.01M NaCl,

29

0.01M NaN 1% SDS, 0.1%diethylpyrocarbonate for 4 min, followed by

3’
the addition of 5ml of Buffer I and an equal volume of water-

1)

saturated m-cresol.7 The mixture was centrifuged (20,000xg,15 min)

and the supernatant was mixed with an equal volume of water-saturated
phenol and centrifuged (20,000xg, 15 min). NaCl (final concentration

to 0.1M) and 2 volumes of ethanol were added to the supernatant

and stored at -20°C for several hours. The RNA fraction was

collected by centrifugation and stored at -70°C.

Preparation of S-30 and S-100 fractions from E.coli K-12

Frozen cells of E.coli K-12 (5g) were ground in a mortar with

"2 amounts of alumina for 2 min and then DNase (Worthington) was
added (3ug/ml), and ground again for about 5 min. The cell
homogenate was mixed with 2 volumes of Buffer A 71) (10mM Tris-

HC1 pH 7.8, 60mM NHqu, 10mM Mg-Acetate, 6mM 2-ME, 3.45mM PMSF,
0.2mM DFP) and centrifuged (3,000xg, 20 min). The supernatant was
centrifuged once more (30,000xg, 30 min). A part of the supernatant
was dialyzed against 500 volumes of Buffer A and stored at -70°C

(S-30 fraction). The other part was ultracentrifuged(100,000xg,3 hr)

and the supernatant was stored at -70°¢ (5-100 fraction).
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Reaction mixture for cell-free protein synthesis

5-30 fraction (0.1lml) preincubated at 35°C for 7 min was mixed
with O0.1ml of 50mM Tris-HCl buffer (pH 7.8) containing 60mM NHQCl,
10mM Mg-acetate, 1ImM dithiothreitol, 1lmM ATP, 0.2mM GTP, 5mM phospho-
enolpyruvate, 30ug/ml of pyruvate kinase, 2uCi/ml of 3H-leucine
and other nineteen kinds of amino acids Which composed a protein.
Then $-100 fraction (0.05ml) and RNA fraction were mixed and
incubated at 37°C for 20 min.

Preparation of immunoprecipitates from synthesized proteins and

its identification by SDS-PAGE

The unsensed rabbit serum (0.1lml) was added to in vitro B-amylase
synthetic system, as described above and centrifuged (3,000xg,

5 min). To the supernatant, the anti-B-amylase serum (0.1lml) was
added and incubated at 35°C. After 10 min the anti-rabbit IgG
(Cappel Laboratories) was added (50mg) and coprecipitated by
incubating for 10 min at 35°C. The precipitate obtained by
centrifugation of antigen-antibody reaction mixture was washed &
times with the 0.0lM sodium phosphate buffer (pH 7.0) containing
0.9% NaCl, O.1lmM EDTA and 0.01% SDS. The immunoprecipitate
obtained was dissolved in the solution containing 1% SDS and 1% 2-ME,
and migrated in polyacrylamide gel on SDS-PAGE. After electro-
phoresis, the dried gel was cut at 2.5mm interval and each slice
was dissolved in 0.5ml H202. The radioactivity in each slice was

measured by a liquid scintillation counter.
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Results

The radioactivity incorporated to both extracellular and intra-
cellular B-amylase immunoprecipitin showed the highest level during
6-8 hr after inoculum under the conditions tested. These results
show that B-amylase is mainly secreted during the period from
the middle to the late logarithmic phase (Fig.22).

A single protein band with molecular weight corresponding to
the purified B-amylase was detected to react with fluorescein-
conjugated goat anti-rabbit IgG on the nitrocellulose sheet
transferred by Western-Blotting method from SDS-sldb gel electro-
gram of the extracellular immunoprecipitates.

However, two proteins, one of which molecular weightswas calculated
to be 6.0x104and the other to be 11—12x104, were detected in intra-
cellular immunoprecipitates (Fig.23).

The radioactivity of 3H-leucine was also detected in the TCA-
insoluble fraction and immunoprecipitates of a protein synthesized
lby in vitro protein synthetic system with B.cereus BQ10-S1 Spoll
RNA fraction. These results suggest that mRNA from the bacterium
was actively translated (Table IX). The radioactivity was also
detected ina protein fraction, of which molecular weight was
estimated to be 10-11x104, only when RNA fraction from B.cereus
BQ10-S1 SpoII was added (Fig.25). SDS-PAGE of the immunoprecipitate
of extracellular fraction revealed that a single peak of radio-

activity corresponded to the B-amylase protein (Fig.24).
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In immunoprecipitate of intracellular fraction, two peaks

of radioactivity were observed; one of them seemed to
correspond to that of B-amylase, and the other to a protein
fraction with almost the same molecular weight as one obtained

from in vitro synthesized proteins.

Discussion

The author attempted to elucidate the mechanism of B-amylase
secretion in B.cereus BQ10-S1 Spoll. Though the bacteria
capable of secreting B-amylase were already reported, there was
no information on the mechanism of secretion.

As mentioned in Introduction, the mechanism of secretion of
a¢-amylase from Bacillus has not been understood completely.39)’40)
The author evidenced the occurrence of an intracellular B-amylase
precursor by the application of the Western-Blotting method.69)’70)
The purified B-amylase was found ina single band on the position
corresponding to that of the protein of which molecular weight
was estimated to be 6.OxlO4 by using the Western-Blotting method,
supporting immunologically the purity of B-amylase.
Immunoprecipitates of the intracellular fractions gave two
antigen-antibody reactive bands; one of them was equal to the
R-amylase, and the other had a molecular weight of 11-12x104.
The latter protein band was also detected on the nitrocellulose

sheet, even if SDS-PAGE was carried out after the intracellular

fractions weretreated at 100°C for 10 min by the solution
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containing 1% SDS, 2-ME, and 8M urea, in which was completely
dissociated a protein. These suggest that the protein (11-12x104)
is not a dimer of the g-amylase (6.Ox104). But, these proteins
were not detected if the nitrocellulose sheet was incubated

with the unsensed rabbit serum in place of the anti-g-amylase
serum. From these results it seems that the protein (ll—lelOu)
is reactive immunologically with the anti-g-amylase serum and
that it might be a precursor-like protein of the B-amylase.

These results were supported by the evidence that when B.cereus
mRNA was incubated with in vitro protein synthetic system of
E.coli K-12, a protein with molecular weight of lO—llx104 which
was reactive to anti-p-amylase serum was detected, indicating that
g-amylase is translated as proprotein with the molecular weight of
lO-llxqu.

However, whether or not the precursor might contain a signal
peptide was not clear. Rational explanation on the fact that the

"detected precursor from intracellular immunoprecipitates (by Western-
Blotting method) was not exactly the same molecular weight as
that from the cell-free synthesized protein could not be derived.

The three species of the membrane bound g-amylase of B.subtilis

Marburg were separated by gel filtration, and these components
seemed to be precursorsvof the extracellular a-amylasgonw. 5.5x104).
But it was not clear whether they were composed of a single
polypeptide or bounded with other membrane proteins.

How a g-amylase precursor of B.cereus BQl0-S1 Spoll changes to its

extracellular form in the secreting process is not clear.
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C-Amino acids ( protein hydrolysates, 10uCi ) were added to the

culture of B.cereus BQ10-S1 Spoll during shaking culture at

several-hour interval after inoculation (4), and the culture was

continued for 2 more hours. The extracellular and intracellular

immunoprecipitates were prepared as described in Materials and

Methods. The incorporation of the radioactivity ( 14C—Amino acids )

to them was measured by liquid scintillation counter.
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Fig.23. Determination of Extracellular and Intra-
cellular Immunoprecipitates on Nitrocellulose
Sheet by Western-Brotting method.
Purified B-amylase and extracellular and intracellular
immunoprecipitates were run on 7.5-15% polyacrylamide
gel ( slab gel ) and then the proteins in the gel were trans-
ferred to the nitrocellulose sheet. The photograph was taken
under UV-irradiation to the sheet.
P: Purified B-amylase ( 5ug ).

Extraceilular immunoprecipitates: E1(30ug), EZ(SOUg)

E;(701g) , E4 (100pg). Intracellular: Iq: (30pg), I,(50u9)

13(70ug), 14(80ug), 15(100ug)'
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Table IX. Protein-synthesizing Activity in Cell-free Systems Prepared

from E.coli K-12.

3m -leucine incorporated(gqpm)
TCA-insoluble 3780
mRNA Immunoprecipitates 400
TCA-insoluble 9050
tmRNA Immunoprecipitates 1050

-61-~



E 9.4 6.7 6.0 4.4 Mw (x10°%
T 1 T e | Y v
N |
o 3
%

2 -

1 k

Q- —0—@— — o—————=C
0 5 10 15 20

Gel Slice Number
Fig.24. Incorporation of 14C—Amino Acids to Extra- and Intra-
cellular Immunoprecipitates.
14C—Amino acids (protein hydrolysates, 10uCi) were added to

the culture of B.cereus BQ10-S1 SpoIl during shaking culture
at 6 hr after inoculation, and the culture was continued for
2 hr. Then the extracellular and intracellular immunoc-
precipitates were prepared. They were run on polyacrylamide
gel ( 7.5-15% slab gel ). The gel was cut in slices at 2.5mm
interval and radicactivity of each of them was measured by

liquid scintillation counter.

extracellular.

O—Q: intracellular. o—9:
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Fig.25. Incorporation of 3H—Leucine to Immunoprecipitates
of the Synthesized Proteins in Cell-free System.

RNA fractions extracted from B.cereus BQ10-S1 SpolIl were
translated in cell-free mixture prepared from E.coli K-12,
as described in Methods. The immunoprecipitates, which were
harvested from the mixture as also described in Methods,
run on polyacrylamide gel ( 7.5-15% slab gel ). The gel was
cut in slices at 2.5mm interval. The radioactivity of each

Of them was measured by liquid scCintillation counter.

O—O : RNA from B.cereus was added.
@ @ : RNA from B.cereus was not added.
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Summary

A rifampin-resistant, asporogenous mutant, Bacillus cereus

BQ10-S1 SpolIl was newly isolated from Bacillus cereus BQ10-S1.

The amounts of secreted g-amylase and proteins from the mutant
were estimated to be about 95;,q/ml and 300,g/ml, respectively.

This mutant had the ability to secret about 4 times as much
g-amylase as extracellular proteins. The activity of extracellular
protease was also estimated to be 4 times higher than that of its
parent strain (BQ10-Sl1).

g-Amylase produced by B.cereus BQl10-S1 SpolIl was purified
homogeneously by salting out with ammonium sulfate, and column
chromatography on Sephadex G-100 and CM-Sephadex C-50.

The purified enzyme was homogeneous on disc electrophoresis and
ultracentrifugation. Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) of the enzyme showed a single band,
suggesting no subunit structure. The sedimentation coefficient
was 4'8520,w and the molecular weight was estimated to be 6.OxlOL'L
by SDS-PAGE, 6.2xlOL’L by gel filtration in the presence of 6éM
guanidine HC1, 6.25x104 by sedimentation equilibrium and 5.5x104
by amino acid analysis. The optimum pH and temperature were
about 7.0 and QOOC,respeCtively. The Km value for soluble starch
was 0.4%. The degradation rate of raw starch of wheat and corn was

calculated to be 5% and 2%, respectively.The activity was remarkably

inhibited by 5x10_9M pCMB but not by DTNB at the same concentration.
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The enzyme could react with DTNB only in the presence of denaturant
(0.2% SDS). Only one sulfhydryl residue was detected by amino
acid analysis, by Elluman's and Riordan's methods.

It was found that the preparations of bacterial RB-amylases
associated carbohydrates in their molecules. The isoelectric point
of the enzyme was 8.3. The B-amylases from B.cereus BQl0-S1 and
B.cereus BQ10-S1 Spol were also homogeneously purified by the
same method as B.cereus BQ1l0-S1 SpolIl. The enzymes from them
had the same amino acid composition and reacted to the anti-
B-amylase serum equally. The each line of immunoprecipitin of them
was fused each other. Spur was formed on Ouchterlony plate between
the line of immunoprecipitin of B-amylase from B.cereus BQ10-S1 Spoll

and that from B.megaterium strain No 32 against the anti-B-amylase

serum. However, immuno-reaction did not occur with the B-amylase

from B.polymyxa No 72 and the higher plant R-amylases.

The B-amylase of B.cereus BQl10-S1 SpoIl was mainly secreted from
middle logarithmic phase to late one.

A single protein band equal to the purified B-amylase was detected

on the nitrocellulose sheet transferred by Western-Blotting after
SDS-PAGE of immunoprecipitate with the extracellular fraction.
However, two proteins, one of which molecular weights was
calculated to be 6.OxlO4 and the other to be ll-12x104, were
detected from the immunoprecipitate with intracellular fraction

on the nitrocellulose sheet.
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The incorporation of radioactivity of 3H—leucine was detected
both in TCA-insoluble fraction and immunoprecipitates from
in vitro synthesized protein. The activity of in vitro protein
synthesis increased when RNA fraction from B.cereus BQ10-5S1 Spoll
was added. Radioactivity was detected in a protein, of which
molecular weight was .estimated to be lO—llxqu, only when RNA
fraction from B.cereus BQl0-S1 Spoll was added. The protein of

higher molecular weight seemed to be a precursor -like protein

of the B-amylase of B.cereus BQ10-S1 Spoll.
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