
EP 0 337 009 B1 Description BACKGROUND OF THE INVENTION 5  Field  of the
Invention: This invention relates to a mutant which is resistant to a cell
membrane synthesis inhibitor, and, more particularly, to a cell membrane
synthesis inhibitor-resistant mutant of an extracellular enzyme-producing
microorganism belonging to genus Bacillus, such as cellulase-, protease-,
or amylase-producing microor- 10  ganism belonging to genus Bacillus. The
invention also relates to a process for preparing such a mutant.
Description of the Background: Cellulase is realized as a group of
complicated enzymes catalyzing enzymatic reactions decomposing 15 cellulose
into glucose, cellobiose, or even into a cello-oligosaccharide. Depending
on the functions, it encompasses enzymes such as [err] cellulase (CMC-ase
or endo-B -1,4-glucanase), [err] cellulose (cel- lobiohydrolase or exo-B
-1,4-glucanase), and B -glucosidase (cellobiose B -1,4-glucosidase), and
the like. Conventionally, studies on cellulase have been directed, for the
most part, to the effective utilization of biomass resources. For this
reason major supply sources of cellulase have been fungis belonging to
genera 20  such as Trichoderma, Aspergillus, Acremonium, Humichola, and the
like. Recent development of a new application of cellulase as an additive
to detergents for washing clothes is requiring supply of alkaline cellulase
having a better stability and exhibiting maximum activity at a pH of
alkaline side at which cloth washing is performed with a better efficiency.
There have been known several processes for producing  alkaline cellulase.
Until recently, such 25  processes have been typified by.a process for
collecting cellulase A from a culture broth of an alkalophilic
microorganism belonging to genus Bacillus (Japanese Patent Laid-open No.
28515/1985), a process for producing alkaline cellulase 301-A through
culturing of a microorganism belonging to genus of Cel- lulomonas (Japanese
Patent Laid-open No. 224686/1983), a process for obtaining carboxymethyl
cellulase through culturing of an alkalophilic strain, Bacillus sp. no.
1139 [Fukumori F., Kudo T., and Horikoshi K.; J. 30  Gen. Microbiol., 131,
3339 (1985)] a process for producing alkaline cellulase with the use of a
microorgan- ism belonging to Streptomyces (Japanese Patent Laid-open No.
19483/1986). Microorganism used In these processes had only a  low alkaline
cellulase productivity and thus the processes have not been suitable for
industrial  application. In  view of this situation the present inventors
have undertaken extensive studies in order to obtain a 35  microorganism
having a better alkaline cellulase productivity. As a result, inventors
have previously discovered several novel microorganisms having superior
alkaline cellulase producing capability, including Bacillus sp. KSM-635
(FERM 8872), and  filed patent applications on these microorganisms
(Japanese Patent Application No. 257775/1986 and others). Formulating
protease into detergents have long been practiced Earlier practice was to
formulate into 40  detergents protease having an optimum pH close to the
neutral region such as papain, pancreas trypsin, or the like. Like
cellulase, however,protease having an optimum pH In an alkaline side and
stable in surface active agents have been desired for the detergent use.
Development of such protease has been undertaken. Tpical alkaline proteases
used for detergent purpose are alkalase, savinase, esperase (manufactured
by Novo Industries Co.), maxatase (produced by Gist Brocades Co.), and the
like. The optimum reaction 45  temperature for these enzymes  is in the
neighborhood of 60 C..and is in conformity with the washing pratice of some
region, for example, European countries and U.S.A. However, in other
regions where washing is performed near room temperature, supply of
protease are desired which has a strong activity at a temperature lower
than that at which conventional protease are active. Furthermore, because
of common knowledge that a protease with a superior capability of decompos-
50  ing insoluble proteins such as keratin can contribute to detergency
[Minagawa M.; Sensho-shi (J. Jpn. Res. Assn. Text. End-Uses, 26, 322
(1985)], the desire has existed for a protease having a superior insoluble
protein decomposing capability. The present inventors have carried out
extensive studies in order to obtain an alkaline protease having
keratin-decomposing capability, and  a lower  optimum temperature, i.e,
exhibiting high activity at a low 



55  temperature, and  discovered a group of microorganisms, including
Bacillus sp. KSM-2001 (FERM P-9449), satisfying these requirements. The
inventors previously filed a patent application (Japanese Patent Applica-
tion No  261487/1987) based on  these findings 3    EP 0 337 009 B1
Attention has been given also to amylase capable of hydrolyzing starch as a
component of detergents, since starch are abunduntly contained in the dirt
of foods and the like. Examples of known amylases are neutral amylase
produced,  for example, by Bacillus amyloliquefaciens [N.E. Welker and L.
L. Campbell; J. Bacteriol, 94, 1124, (1967)], heat resistant amylase
produced, for example, by Bacillus licheniformis - 5  (Japanese Patent
Laid-open No. 37094/1986), alkaline amylase produced, for example, by
Bacillus ohbensis (Japanese  Patent Publication No. 31949/1977), and the
like. Development of the above-mentioned new microorganisms has made it
possible to produce extracel- lular enzymes for practical application. For
the purpose of industrial production, however, a need has continul to exist
for the further development of extracellular enzyme-producing
microorganisms other than 10 those  mentioned above, as well as improvement
in productivity of extracellular enzyme by microorganisms. The production
of extracellular a-Amylase in Bacillus subtilis has been studied by
Hitotsyanagi, K. et al, (1979)Agric. Biol. Chem. 43(11) pp-2343-2349. The
document discloses  mutants resistant to D-cycloserine and 'arnpicillin'
strains. In  this situation the inventors have undertaken continued studies
for the improvement of productivity of 15 extracellular enzymes, especially
by means of mutation, and found that a remarkable productivity improve-
ment  was attained by providing extracellular enzyme-producing
microorganisms belonging to genus Bacillus with resistance to antibiotics
cell membrane synthesis inhibitors. This finding has led to the completion
of this invention. 20  SUMMARY OF THE INVENTION Accordingly, an object of
this invention is to provide a cell membrane synthesis inhibitor-resistant
mutant of an extracellular enzyme-producing microorganism belonging to
genus Bacillus, as defined in claim  1 25    . Another object of this
invention is to provide a process for producing a cell membrane synthesis
inhibitor resistant mutant of an extracellular enzyme-producing
microrganism belonging to genus Bacillus as defined in claim 1, comprising:
subjecting an extracellular enzyme-producing mixroorganism belonging to
genus Bacillus to a mutation treatment, and culturing said microorganism in
a culture medium containing vancomycin or ristocetin as a 30  cell membrane
synthesis inhibitor. DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS A cell membrane synthesis inhibitor used in this invention is
defined as a substance inhibiting the lipid 35  cycle involved  in the cell
membrane synthesis in a microorganism. Following antibiotics are given as
examples of such substances: Vancomycin, Ristocetin: These substances
inhibit the polymerization reaction of undecaprenol-PP-
MurNac(-GlcNAc)-peptide, a lipid  intermediate, to produce a linear
glycopeptide [Anderson, J. S. et al, Prop, Natl. Acad. Sci. U.S.A., 53, 881
(1965); Lugtenberg, E. J. J. et al, J. Bacteriol., 108, 20 (1971)1. 40
The cell membrane synthesis inhibitor-resistant mutant of an
enzyme-producing microorganism belong- ing to  genus of Bacillus of this
invention (such mutant being hereinafter referred to as
"Inhibitor-resistant mutant") can be produced by inducing mutation in an
extracellular  enzyme-producing microorganism belonging to genus Bacillus
(hereinafter referred to as "parent strain") through conventional method
such as reaction of a mutagenic agent on the parent strain or irradiation
of UV rays or radioactive rays, culturing the 45  mutant thus produced in a
culture medium containing cell membrane synthesis inhibitor vancomycin or
ristoctin, at a high concentration, and collecting cells which are
resistant to the cell membrane synthesis 



inhibitor. Any  microorganisms belonging to genus Bacillus and  possessing
extracellular enzyme-producing capability can be used as a parent strain.
Preferable parent strains are cellulase-, protease-, or amylase- 50
producing microorganisms, and specifically include, as cellulase-producing
parent strains, Bacillus sp. KSM- 635 (Japanese Patent Application No.
257775/1986), Bacillus sp. KSM-425 (Japanese Patent Application No.
283742/1986), Bacillus sp. KSM-521 (Japanese Patent Application No.
57644/1987), and Bacillus sp. KSM-580 (Japanese Patent Application No.
68597/1987), all previously discovered by the present inventors in  the
soils in Haga-gun, Tochigi-ken, Japan; as protease-producing parent
strains, Bacillus sp. KSM-2001, 55  Bacillus sp.KSM-2002, Bacillus sp.
KSM-2003, and Bacillus sp. KSM-2005, all of which were discovered by the
present inventiors in the soils in Haga-gun, Tochigi-ken, Japan and filed
for patent (Japanese Patent Application No. 261487/1987); and as
amylase-producing microorganisms, Bacillus amyloliquefaciens KSM- 21 (ATCC
23844), Bacillus amyloliquefaciens KSM-22 (ATCC 23845), and Bacillus
licheniformis KSM-23 4    EP 0 337 009 B1 (ATCC 27811) Given as examples of
chemicals inducing mutation are bases or base-like substances, including 5-
bromouracil, bromodeoxyuridine, and the like, acridine, nitrous acid,
hydroxylamines, alkylating reagents such  as ethylmathane sulfonate (EMS),
N-methyl-N-nitrosoguanidinie (NTG), mustard gas, and the like. 5  Ionizing
radiation and ultraviolet radiation are given as examples of radiation. The
term "inhibitor-resistant" as used in this invention means the state of a
microorganism capable of growing in the conditions where a cell membrane
synthesis inhibitor is present at a concentration of at least the  minimum
inhibitory concentration (MIC) of the parent strain. Therefore, in order to
select inhibitor- resistant strains among from mutants, MIC of the parent
strain is first measured, a mutant is cultured in a 10  medium containing
the cell membrane synthesis  inhibitor  of a concehtration above the MIC,
and cells forming colony is collected. Typical examples of
inhibitor-resistant strains of cellulase-producing microorganisms are
vancomycin- resistant Bacillus sp. KSM-635 and ristocetin-resistant
Bacillus sp. KSM-635, both having been induced from' Bacillus sp. KSM-635
as the parent strain. Mycological characteristics of these two
antibiotic-resistant 15  strains are now discussed. (1) Observation under
microscope Cells are gram-positive rods of a size of 0.5 - 1.2 am x 1.5 -
4.0 um, with an endospore (0.7 - 1.2 am x 20  1.0- 2.0 um) forming at one
of their ends. They have flagella and are motile. (2)Growth in various
culture media Cells grow in  a. pH range  of  8 to 11  Growth  is most
proliferous in a medium to which  0.5 to 1.0% of 25 sodium carbonate
([err]) is added.The mycological characteristics of the cells described
bellow are those in the presence of 1.0% by weight of [err] (a) Nutrient
agar plate Colony has a circular shape, with it surface being flat. The
color of the colony is white - yellow, semi- transparent, and glossy 30
(b) Nutrient broth Cells can grow and the broth  become turbid. Cells do
not grow in a neutral pH. Cells can grow. in nutrient broth containing 7%
NaCI. (d) Nutrient agar containing gelatin Cells do not grow. 35    (e)
Litmus milk medium Milk is not coagulated Peptonization; negative 



(3) Physiological characteristics 40 (a) Nitric acid, reduced to nitrite:
positive Denitrification: negative (b) MR test: undeterminable VP test:
positive 45   (c)  Do not produce indole (d) Production of hydrogen
sulfide: negative (e) Do not hydrolyze or utilize starch (f) Utilize citric
acid . (g) Utilize nitric acid and nitrous acid. Utilize ammonium chloride
only slightly, but utilize ammonium 50    phosphate efficiently. (h)Turn
light yellow, but are not fluorescent on King B agar plate (i) Urease:
negative (j) Oxidase: unclear Catalase: positive 55   (I)Growth
temperature: [err], Optimum growth temperature: [err] (m) Growth pH range:
8- 11 Optimum pH range 95  10.2    EP 0 337 009 B1 (n) Behaivior on oxygen:
aerobic (o) Sugar  utilization Utilize D-ribose, L-arabinose, D-xylose,
D-glucose, D-mannose, D-fructose, maltose, sucrose, trehalose, D-mannitol,
inositol, and  glycerol, and do not utilize D-galactose, lactose,
D-sorbitol, starch, 5     dextrin, and raffinose. (p)Hydrolysis of casein
and gelatin:  negative (q) Require biotin (or desthiobiotin) for the
growth The  above-mentioned characteristics of  inhibitor-resistant mutant
strains, Bacillus sp. KSM-635v and Bacillus sp. KSM-635, are the same as
those of the parent strain, Bacillus sp. KSM-635. However, different 10
from  the  parent strain these two inhibitor-resistant mutants can grow in
the presence of vancomycin or ristocetin, and possess alkaline
cellulase-producing capability 2 to 4 times greater than the parent strain.
Based on the above-mentioned similarity of the inhibitor-resistant mutants
to the parent strain, the mutants are judged as belonging to the same group
as the parent strain, an alkalophilic Bacillus, which was defined by
Horikoshl and Akiba  as the Bacillus "growing in an alkaline medium of the
pH of at least 8 but 15 not below pH 8 [Alkalophilic Microorganisms, Japan
Scientific Society Press (Tokyo), 1982]. Typical examples of
inhibitor-resistant strains of protease-producing microorganisms are
vancomycin- resistant Bacillus sp. KSM-2002v and ristocetin-resistant
Bacillus sp. KSM-2002r, both having been induced from Bacillus sp. KSM-2002
as the parent strain. Mycological characteristics of these two
inhibitor-resistant strains are as follows: 20 (1) Observation under
microscope Cells are gram-positive rods of a size of 0.5 - 0.8 um x 1.5 -
3.0 um, with a circular or oval endospore (0.4 0.8um x 0.4 -0.8 um) forming
at central-subterminal of the cell. They have peripheral flagella and 25
are motile. (2) Growth in various culture media (a-i) Nutrient agar plate 



30       Cells form circular, convex, or smooth wave-like colonies with a
diameter of 1.0 to 5.0 mm. The colony has a dewdrop shape with a smooth,
fatty, semi-transparent surface colored pale yellow - milky white (a-ii)
Nutrient agar slant Grow only weakly forming a band in a broth at pH 7.0,
Colony is milky white and semi-transparent. 35    The band-like growth
expands at pH 10.0. (b) Nutrient broth Cells can slightly grow-at pH 7.0
without forming cell membrane. (c) Cells can grow in the presence of. a 10%
sodium chloride. (d) Stab culturing in nutrient agar 40    ..  Liquefy
gelatin at pH 7.0. (e) Litmus milk medium Slightly grow. Milk coagulation
and litmus discoloration are not observed. (3) Physiological
characteristics 45 (a) Nitric acid reduced to nitrite: negative
Denitrification reaction: negative (b) MR test: negative    VP test:
negative (c) Do not produce indole (d) Production of hydrogen sulfide:
negative 50    (e) Hydrolysis of starch: negative (f) Utilization of citric
acid: negative (in Christensen-Simons medium) (g) Utilization of nitric
acid and ammonium sulfate: negative (h) Do not produce pigment. (i)
Uraease: negative 55    (j) Oxidase: positive (k) Catalase: positive (i)
Growth temperature: [err] growth is good at [err]. (m) Growth pH range 6.0
- 11.0    EP 0 337 009 B1 (n) Grow in either aerobic or anaerobic
conditions. (o)  Sugar utilization Utilize L-arabinose, D-xyse,
D-glucose, D-fructose, D-galactose, maltose, lactose, D-sorbitol, D-
mannitol, and starch, and not utilize D-mannose, sucrose, trehalose,
inositol, and glycerol. 5    (p) Production of acids and gases from sugars
Both inhibitor-resistant strains do not produce acids and gases from
following sugars. L-arabinose, D-xylose, D-glucose, D-mannose, D-fructose,
D-galactose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol,
inositol, glycerol, and starch. The above-mentioned characteristics of
inhibitor-resistant mutant strains, Bacillus sp. KSM-2002v and 10
Bacillus sp. KSM-2002r, are the  same as those of the parent strain,
Bacillus sp. KSM-2002. However, different from the parent strain these two
inhibitor-resistant mutants can grow in the presence of van- comycin or
ristocetin at a concentration above MIC, and possess alkaline
protease-producing capability 2 to 3 times greater than the parent strain.
Further, given as typical examples of inhibitor-resistant strains of
amylase-producing microorganisms 15  are  vancomycin-resistant  Bacillus
amyloliquefaciens  KSM-22v  and  ristocetin-resistant  Bacillus
amyloliquefaciens  KSM-22r, both  having  been  induced  from  a  known
microorganism, Bacillus amyloliquefaciens KSM-22 [ATCC 23845; N. E. Welker
and L. L. Campbell, J. Bacterlol., 94, 1124 (1967)], as the parent strain.
These inhibitor-resistant mutant strains have the same mycological
characteristics as 



the parent strain, Bacillus amyloliquefaciens KSM-22. However, different
from the parent strain the inhibitor- 20 resistant mutants can grow in the
presence. of vancomycin or ristocetin, and possess amylase-producing
capability 1.3 to 4 times greater than the parent strain. Culturing of the
inhibitor-resistant mutant of this invention may be carried out by
inoculating the cells into a normal  liquid medium and culturing the cells
according to a conventional aerobic culture method. Inclusion of a suitable
amount of carbon and nitrogen sources which the microorganism can utilize
in the 25  medium is desirable. There are no specific limitations as to the
carbon and nitrogen sources. Given as examples  of carbon  sources are
fibrous substances such as chaff, hull, filter paper, general paper,
sawdust; molasses, invert. sugar, CMC, Avicel, cellulose powder, xylan,
pectin, soluble starch, and the like. In addition, other utilizable carbon
sources are included, such as ribose, arabinose, xylose, glucose, mannose,
fructose, galactose, lactose, maltose, sucrose, trehalose, sorbitol,
mannitol, inositol, glycerol, as well as 30  organic acid such as citric
acid, acitic acid, and the like. Enumerated as nitrogen sources are
inorganic nitragen-containing, compounds such as ammonium nitrate, ammonium
sulfate, ammonium chloride, ammo- nium  phosphate, sodium nitrate, and the
like; corn gluten meal, soybean flour, soybean meal, corn steep
liquor,casamine acid, yeast extract, pharma media, sardine meal, meat
extract, peptone, hypro, ajipower, corn-soyabean meal, coffee meal, cotton
seed meal, cultivator, amiflex, ajipron, zest, ajix, and the like. In 35
addition to these carbon and nitrogen sources, phosphoric acid, salts of
metal such as [err] [err] and  the like, as  required, other
micro-nutritious organic or inorganic substances can be added into the
culture medium. Enzymes such as cellulase, protease, amylase produced by
the inhibitor-resistant mutant outside the cells  can be collected and
purified by  a conventional method. The culture liquid containing such an
enzyme 40  can   be used as  is  as an enzyme  source. Such an enzyme
liquid may be obtained by separating cells from the culture broth  by means
of centrifugation, filtration, or the like, and by precipitating proteins
by a conventional method, including salting out,  isoelectric
precipitation, precipitation from solvent, or the like, from the cells or
the culture liquid filtrate, or by condensing said filtrate by means of
ultrafiltration. Desalting can be performed by a conventional method,.
including dialysis, gel filtration, or the like. Although it is 45
possible to  use the enzyme liquid thus obtained as is, they can be served
for use after purifying by means of  a suitable combination of
hydroxyrapatite chromatography, ion-exchange chromatography such as DEAE-
Sepnadex or DEAE-cellulose, molecular sieving gel chromatography, and the
like. Since the inhibitor-resistant mutants of this invention have
extracellular enzyme-producing capability of 2 to 4  times of the parent
strains, they can be advantageously used for the industrial production of
50  cellulase, protease, amylase, and the like. Other features of the
invention will become apparent in the course of the following description
of the exemplary embodiments which are given for illustration of the
invention and are not intended to be limiting thereof. 55  EXAMPLES In the
examples below enzymatic activites were measured according to the following
method.    EP 0  337 009 B1 (1) CMC-ase  activity To the solution comprised
of 0.2 ml of 25% CMC, 0.1 ml of 0.5 M glycine buffer (pH 9.0), and 0.1 ml
of deioniized water was added 0.1 ml of enzyme  solution diluted to an
appropriate concentration, and the 5  mixture was reacted for 20 minutes at
[err]. After the reaction , reducing sugar was quantitatively analyzed by
3,5-dinitrosalicylic acid (DNS)  method. Specifically, in order to
determine the amount of produced reddcing sugar 1 ml of DNS reagent was
added to 0.5 ml of reaction liquid, and mixture was caused to color  by
heating at [err] for 5 minutes. After cooling, the  colored mixture was
diluted with 4.5 ml of deiornized water and subjected to colorimetric
quantitative analysis at 535 nm. 10    One (1) unit of enzyme titer is
defined as the amount of  the enzyme producing reducing sugar 



corresponding to 1 umol of glucose per minute. Fermentation productivity is
expressed by the enzyme unit per 1 liter of the culture liquid. (2)
Protease activity 15 Following the method proposed by Anson [Anson, M. L.,
J. Ger. Physiol., 22, 79 (1938)] bovine serum hemoglobin was denatured by
urea, and adjusted to pH 10.5 with sodium hydroxide. Into 0.5 ml of this
substrate solution (2.2% as hemoglobin) 0.1 ml [1.0 x [err]A.U (A.U.: Anson
Unit)] of an enzyme solution was added, and mixture was reacted at [err]
for 10 minutes, upon which 1.0 ml of 4.9% 20  trichloraacetic acid  was
added to terminate the reaction. After termination of the reaction, the
reaction mixture  was centrifuged at 3,000 rpm for 10 minutes.
Proteolysates contained in the supernatant was quantitatively analyzed by
Folin-Lowry method [0. H. Lowry et al; J. Biol. Chem., 193, 265 (1951)]. 1
A.U. is defined as  the amount of enzyme releasing 1 mmol of tyrosine in 1
minutes under the above reaction conditions. 25 (3) Amylase activity To the
solution comprised of 0.4 ml of 1.25% soluble starch,  0.025 ml of 1 M
Tris-HCI buffer (pH 7.0), 0.05 ml of 0.2 M calcium chloride, and 0.425 ml
of deionozed water was added 0.1 ml of an enzyme 30  solution diluted to an
appropriate concentration, and the mixture was reacted for 5 minutes at 30
C. After the reaction, reducing sugar was quantitatively analyzed by
3,5-dinitrosalicylic acid (DNS) method. Specifi- cally in order to
determine the amount of produced reducing sugar 1 ml of DNS reagent was
added to 1 ml of the  reaction liquid, and the mixture was caused to color
by heating at [err] for 5 minutes. After cooling, the colored mixture was
diluted with 4 ml of deionized water and subjected to calorimetric
quantitative 35  analysis at  535 nm. One  (1) unit of enzyme titer is
defined as the amount of the enzyme producing reducing sugar corresponding
to 1 umol of maltose per minute. Reference Example 1 40 Bacillus sp.
KSM-635 (FERM P-8872) was spread on the medium A described below, each
medium containing vancomycin at a concentration shown in Table 1 below, to
determine minimum inhibitory concentration (MIC).The media A containing
vancomycin to which Bacillus sp. KSM-635 (FERM P-8872) was  spread was left
for 3 days at [er], and the cell growth conditions on the medium surface
was 45 observved by naked eyes. The results are shown in Table 1. Medium A:
Sucrose                  2% so                        Mixed amino acid
solution   6% [err]                  0.1 % Tris-HCI buffer          0.1 M
(Final conc. pH 8) Bacto agar-agar         2.0% Vancomycin
Concentration in Table 1    EP 0 337 009 B1 TABLE 1 Concentration of
vancomycin   Cell growth on medium surface 5                            0
(Control)                    + + + 0.1                            ++ 0.2
0.3 y As evident from the table MIC of vancomycin for Bacillus sp. KSM-635
was about 0.2 y . 



Reference Example 2 Bacillus sp. KSM-635 (FERM P-8872) was spread on the
medium B described below, each medium containing ristocetin at a prescribed
concentration, to determine minimum inhibitory concentration (MIC) of 20
the, antibiotic. As a result, the MIC of ristocetin for Bacillus sp.
KSM-635 (FERM P-8872) was found to be about 0.1 y. Medium B: Sucrose
2% Mixed amino acid solution   6% [err]                   0.1% Tris-HCI
buffer           0.1 M (Final conc. pH 8) Bacto agar-agar          2.0%
Ristocetin               Suitable concentration 30 Example 1 35
Bacillus sp. KSM-635 (FERM P-8872) was inoculated into the liquid medium C
and cultured at 30 C for 20 hours. EMS was added to the culture broth to a
concentration of 0.5 to 3% (normally 1%) and the broth was left for 20
minutes at [err]. Then, a 3% treated cultured liquid was Inoculated into
the liquid medium and  the culturing was continued at [err] overnight. The
culture liquid was was spread on medium A containing not less than 0.2 y of
vancomycin and 40  cultured at [err] for 2 days. Colonies  grown on the
surface of the medium were collected. The above culturing procedure was
repeated 5 times to obtain 18 vancomycin-resistant strains. . Each of these
vancomycin-resistant strains was inoculated into 100 ml of liquid medium D
and cultured at [err]  for 3 days. The alkaline cellulase activity was
determined on each broth. As a result, the production of
vancomycin-resistant strains with a high alkaline cellulase activity as
shown in Table 2 was confirmed. 45 The strain having the highest titer (No.
3215) was named Bacillus sp. KSM-635v. The strain was deposited with
Fermentation Research Institute, Agency of Industrial Science and
Technology (FERM P-9084). Medium C: so
Meat extract   1% Yeast extract  0.5% NaCI          0.5% Glucose       2.0%
[err]        1.0% [err]        0.75% 9    EP 0 337 009 B1 Medium D: Sugar
2% Mixed amino acid solution   6% Yeast extract            0.2% [err]
0.5% TABLE 2 10 Mutant No.                               Vancomycin
Resistance Acquired   Alkaline Cellulase Production (unit/i) 3215
1.0 y                                       16,300 3422
1.0                     14,200 3424
0.5 y                   9,500 



3681                                                 0.5 y
11,230 3691                                                 0.5 y
14,100 3693                                                 0.5 y
10,990 20 Bacillus sp. KSM-635 (Parent strain: Control)        0.2 y
4,280 25  Example 2 Bacillus sp. KSM-635 (FERM P-8872) was inoculated into
the liquid medium C and cultured at [err] for 20 hours. EMS was added to
the culture broth to a concentration of 0.5 to 3% (normally 1%) and the
broth was left for 20 minutes at 30 C. Then, a 3% treated cultured liquid
was inoculated Into the liquid medium and  the culturing was continued
under shaking at [err] overnight. 30 The culture liquid was was spread on
medium B containing not less than 0.1 y of ristocetin and cultured at [err]
for 2 days. Colonies grown on the surface of the medium were collected. The
above culturing procedure was repeated 5 times to obtain 14
ristocetin-resistant strains. -Each-of these ristocetin-resistant strains
was inoculated into  100 ml of liquid medium D and cultured at [err] for 3
days. The alkaline cellulase titer was determined on each broth. As a
result, the production of ristocetin-resistant strains with a high alkaline
cellulase titer as shown in Table 3 was confirmed. The strain haviing the
highest titer (No. 4021) was named Bacillus sp. KSM-635r. The strain was
deposited with Fermentation Research Institute, Agency of Industrial
Science and Technology (FERM P-9085). 40 45 50 .    EP 0 337 009 B1 TABLE 2
5           . TABLE  2 Alkaline Cellulase Mutant No.           Ristocetin
Resistance               Production  (unit/l) 4021
1.5  y                                20,050 10 4.033
1.5 y                                   15,600 4091
1.0   y                              18,200 15    4180
16,800 Bacillus  sp.                   0.1  y
4,590 KSM-635 (Parent  strains Control) 20 Example 3 25 Bacillus sp.
KSM-635v, (FERM P-9084) was cultured in a medium (30 ml in a 500 ml
Sakaguchi flask), containing 2% of sucrose, 12% of amino acid mixture,
0.05% yeast extract, 0.1% of [err] and 0.5% of [err], under shaking at 30 C
for 3 days. The amount of alkaline cellulase produced was measured to
obtain the results of 21,520 unit/liter. 30 Example 4 The amount of
alkaline cellulase production by Bacillus sp. KSM-635r (FERM P-9085) was
measured following the manner as described in Example 3. The results
obtained was 20,290 unit/liter. 



35 Reference Example 3 * '  Bacillus sp. KSM-2002. (FERM P-9450). was
spread on the. media  E described below, each medium containing vancomycin
or ristocetin at  a concentration shown in Table 4 below, to determine
minimum 40 inhibitory. concentration (MIC) of vancomycin or ristocetin. The
medium E containing vancomycin or ristocetin to. which Bacillus .sp
KSM-2002 was spread and was left for 3 days at [err], and than the cell
growth conditions on the medium surface  was observed by naked eyes. The
results are shown in Table 4. Medium E: 45 Bacto tryptone               .
1.5% Bacto soytone                     0.5% NaCI       .
0.5% Bacto agar-agar                  2.0% 50
Vancomycin or Ristocetin   Concentration in Table 4 (pH 7.0) 55 .    . EP 0
337 009 B1 TABLE 4 Concentration of vancomycin   Cell growth on
Concentration of ristocetin  Cell growth on medium surface
medium surface 0 (Control)              + + +               0 (Control)
+ + + 0.008y                         + +                0.008y
+ + 0.01 y                                            +
+ 0.02                          0.02 y
+ 10             0.03                                           0.03 y
0.04                                           0.04 y 0.05 y
.               0.05 y 0.1 y                          .                0.1
y 15     As  evident from the table, vancomycin and ristocetin MIC for
Bacillus sp. KSM-2002 were about 0.02y and 0.03y , respectively. Example 5
20 Bacillus sp. KSM-2002 (FERM P-9450) was inoculated into the liquid
medium F and cultured at [err] for 18 hours. NTG was added to the culture
broth to the concentration of 30 to 100 y , and the broth was left for 30 -
60 minutes at [err]. Then, a 1% treated culture liquid was inoculated into
the liquid medium and the culturing was continued at [err] overnight. The
culture liquid was spread on medium E containing not less than 0.02 y of
vancomycin or not less than  0.03 y of ristocetin and cultured at 30 C. for
3 days. Colonies grown on the surface of the medium were collected. The
above culturing procedure was repeated 5 times to obtain 7
vancomycin-resistant strains and 4 ristocetin-resistant strains. Each of
these strains was inoculated into 5 ml of liquid medium G in a test tube
and cultured at 30 C for 3 days. The alkaline protease titer was determined
on each broth. As a result, high titer strains as shown 30 in Table 5 were
obtained. Among these, a vancomycin-resistant strain having the highest
titer (No. 2016) and a ristocetin-resistant strain having the highest titer
(No. 2014) were named Bacillus sp. KSM-2002v and 



Bacillus sp. KSM-2002r. The strains were deposited with Fermentation
Research Institute, Agency of Industrial Science and Technology as FERM
P-9939 and FERM P-9938, respectively. 35 Medium F: Bacto tryptone   . 1.5%
Bacto sottone    0.5% NaCI            0.5% 40 (pH 7.0) 45
Medium G: Glucose        0.2% Wool keratin    0.5% Yeast extract   0.05%.
[err]          0.1% [err]          0.02%. [err]                 0.4% (pH
9.0) 55    EP 0 337 009 B1 TABLE 5 Mutant No.  Vancomycin  Alkaline
Mutant No.      Ristocetin Alkaline protease Resistance  protease
Resistance    Production Production 2003                   0.05  Y   2.23
A.U/l 2012                 0.05 y     1.45 A.U/l 2016                  0.05
y   2.78 A.U/l 2013                0.05 y     1.86 A.U./I 2006          .
0.06 y   .43 A.U./l 2014                  0.05y      2.53 A.U./l 10
Bacillus sp. KSM-2002    0.02 y   0.71 A.U/l Bacillus sp. KSM-2002   0.03 y
0.71 A.U./I (Parent strain: Control)                  (Parent strain:
Control) 15  Reference Example 5 Bacillus amyloliquefaciens KSM (ATCC
23845) was spread on the medium E, each medium containing vancomycin or
ristocetin at a prescribed concentration, to determine minimum inhibitory
concentration (MIC) of vancomycin or ristocetin in the same manner as in
Reference Example 3. The results are shown in Table 20  6. TABLE 6
Concentration of vancomycin  Cell growth on    Concentration of ristocetin
Cell growth on medium surface                          medium surface 0
(Control)              + + +              0 (Control)             + + +
0.09y                                       0.7  y 0.1 y
+ +               0.8 y                     + 30            0.2   y
+                0.9   y                      0.3 y
1.0 y 1.3  y 0.5 y                                      1.5 y 1.0 y 35
Example 6 Bacillus amyloliouefaciens KSM-22 (ATCC 23845) was inoculated
into the liquid medium F and cultured 



at [err] for 16 hours. NTG was added  to the culture broth to a
concentration of 30 to 100 y and the broth was Teft for 30 -60 minutes at
[err].Then, a 1% treated culture liquid was inoculated Into the liquid
medium and the culturing was continued at [err] overnight. The culture
liquid was spread on medium E containing not less than 0.3 y of vancomycin
or 0.9 y of ristocetin and cultured at 30 C for 3 days. Colonies grown on
the surface of the medium were collected. The above culturing procedure was
repeated 5 times to obtain 5 vancomycin-resistant strains and 4
ristocetin-resistant strains. Each of these strains was inoculated into 5
ml of liquid medium F and cultured at [err] for 2 days. The amylase titer
was- determined on each broth. As a result, high titer strains as shown in
Table 7 were obtained. Among these, a vancomycin-resistant strain having
the  highest titer (No. 4591) and a ristocetin- resistant strain having the
highest titer (No. 4551) were named: Bacillus amyloliquefaciens KSM-22, and
Bacllus amyloliquefaciens KSM-22r. The strains were deposited with
Fermentation Research Institute, Agency of Industrial Science and
Technology as FERM P-9937 and FERM P-9936, respectively. 55  . 13    EP 0
337 009 B1 TABLE 7 Mutant No.     Vancomycin Amylase           Mutant No.
Ristocetin   Amylase Resistance  Production
Resistance  Production 4504                    0.5 y     20900 unit/l 4551
2.0 y    49400 unit/I 4591                     0.5y   46900 unit/l 4554
2.0 y    13050 unit/l Bacillus                0.3 y   10700 unit/I Bacillus
0.9      10700 unit/l armyloliquefaciens
amyloliquefaciens 10   KSM-22 (ATCC 23845)                           KSM-22
(ATCC 23845) (Parent strain: Control)                      (Parent strain:
Control) Obviously, numerous modifications and variations of the present
invention are possible in light of the 15  abovve  teachings. 20 25 30 35
40 45 50 14    EP 0 337 009 B1 _     ,,    0    oo C     11   U-     -
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1. A cell membrane synthesis inhibitor-resistant mutant of an-
extra-cellular enzyme-producing microorgan- ism belonging to the genus
Bacillus, said mutant being resistant to vancomycin or ristocetin as a 15
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V   I -acoa 5-    II 11        0- S    -11  -   _    011 ii 1     5-t   S..
n CDin1   in%   OD .. | .-                   O 64-..JI   0
. a-    a ...  11   .s0   co   IC) 'J            M     e      M OJOI     4D
CD    qo-   LI    M        M     M 4q               'U        ^-       -
-     - 10                   Oe . t
i o    0     0 r E  0     1    L0    oL   '-J    z&    zL   Uz         z If
I, I' ,. 15                                       0_    tl          -
O             - i 5-       0  II 4  t       II   Ln    MD    0.    co   r-
on O      u1   0o                   ~     o oi    o o U)    II    ~   os
oa 4.)    1      I     I      I     I      I     S    C C3 C14L      L
C      N     L    CL    CL a,    i 1       1i           , L    .
i     1 So   11~ ~ ~ ~ ~ ~ ~~~~c '        LL  ii   Li.. S  1 o
H1 40 ~ ~ ~ ~ ~ ~ 0 :                  ~ ~~o ,, 25
*~~~~~~~~~~~~~~~~~~~~~~~~C                                         CDP 1 o
ii~~~~~~o     P     Cj C1        1 E  -    II o       w      u1 30   2  = :
1 os o;N)    4.                          W- a 1   i  he    22   o4    b  0
Z U       V'   It   Cfi   cz    ff              (V z 30~~~ 4
:3   ,,'    o    ,,   ,0       0      0     0      0 U)      0     ii
aa                        I U)     '-Z          0. lio.
a - ~   ~     ~     5 V       f~f .,  1 claims ~    ~      ~       LAa~ .C
43Ls~.n   Z  .-~                 Z   Z   E .~.0               L.  ,i
L...  La.   L.   L..  Li. 



I! -- II          *X tw 4                                       s 11
fi0  0             ff i i 0.         . .I 4.)  I
O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .I .~~~ ... II. C~~alms
{: --: II 00...                             .... ..... ~   ~        ~
CI -      n :n        0      50                 0 ismbeoningtoth   genus
1     inis   s id mutnt bing reistnt to vacmcn rrsoctna .15    EP 0 337 009
B1 substance inhibiting the lipid cycle involved in the cell membrane
synthesis in a microorganism. 2. A process for producing a cell membrane
synthesis inhibitor-resistant mutant as defined in Claim 1 comprising:
subjecting an extracellular enzyme-producing microorganism belonging to
genus Bacillus 5      to a mutation treatment, and culturing said
microorganism in a culture medium containing vancomycin or ristocetin as a
cell membrane synthesis inhibitor. Claim for the following Contracting
State: ES 10  1. A  process for producing a cell membrane synthesis
inhibitor-resistant mutant of an extra-cellular enzyme-producing
microorganism  belonging to the genus Bacillus,  said mutant being
resistant to vancomycin or ristocetin as a substance inhibiting the lipid
cycle involved in the cell membrane -synthesis In a microorganism, said
process being characterized by subjecting an extracellular enzyme-
producing micborganism belonging to genus Bacillus to a mutation treatment,
and culturing said 15     microorganism in a culture medium containing
vancomycin or ristocetin as a cell membrane synthesis inhibitor, and
collecting cells which are resistant to the cell membrane synthesis
inhibitor. PatentansprUche PatentansprUche fUr folgenden Vertragsstaaten:
CH, DE, FR, GB, IT, LI, NL, SE 20 1. Eine gegen den
Zellmembransynthese-Inhibitor resistente Mutante eines ein extrazellulares
Enzym erzeugenden Mikroorganismus der Gattung Bacillus, wobel die Mutante
resistent ist gagenlber Vanco- rpycin oder Ristocetin als eine Substanz,
welche den Lipidzyklus inhibiert, der bel der Zellmembransyn- these in
einem Mikroorganismus involviert ist. 25
, - 2. Verfahren zur Erzeugung einer.gegen den
Zelimembransynthese-inhibitor resistenten Mutante, wie in ienspruch 1
definiert, umfassend: purchfUhrung einer Mutationsbehandlung bei elnem
extrazellulares ffnzym erzeugenden Mikroorganismus der.Gattung Bacillus und
KuItivierung des Mikroorganismus in einem Kulturmedium, welches Vancomycin
oder Ristocetin als einen Zellmembransynthese-inhlbitor 30 eothalt.
Patentgnspruch fUr folgenden Vertragsstaat: ES 1. yerfahren zur Erzeugung
einer gogen den Zellmembransynthese-Inhibitor resistenten Mutante, wobel 35
-     Mutante resistent ist gegenaber Vancomycin oder Ristocetin als eine
Substanz, welche den p.4pij4zyklus intiert, der- bei der.
Zllmemrbransynthese In elnem MikrQorganIsmus Involvlert Ist, wobel das
Verfahren gekennzeichnet ist durch DurchfUhrung einer Mutationsbehandlung
bei elnem extrazellu- agres Enzym erzeugenden.Mikroprganismus der Gattung
Bacillus und. Kultivierung des Mikroorganismus in einem Kulturmedium,
welches Vancomycin oder Ristocetin als einen Zellmembransynthese-inhibitor
40  .,ithalt, und Sammlung von Zellen, welche gegenaber dem
Zellmembransynthese-inhibitor resistent 



Revendications     Is Revendlcations pour les Etats contractants sulvants:
CH, DE, FR,. GB, IT, LI, NL, SE 45 1. Miutant resistant & un inhibiteur do
synthese de la membrane cellulaire issu d'un micro-organisme producteur
d'enzyme extracellulaire et appartenant au genre Bacillus, ledit mutant
etant resistant a la vancbmycine ou a la ristoc~tine A titre de substance
inhibant le cycle lipidique impliqu6 dans la qynihoe de la membrane
cellulaire chezu.n micro-organisme. 50 2. Proc6de de production d'un mutant
resistant a un inhibiteur de .synthese de la membrane cellulaire tel
queddfini dans la revendication 1 comprenant: les etapes consistant a
soumettre un micro-organisme producteur d'enzyme extracellulaire et
appartenant au genre Bacillus a un traitement de mutation et la . dttre
dudit .micro-organisme. dans .un milieu de culture contenant de la
vancomycine ou de la 55     ristocetine a titre d'inhibiteur de synthbse de
la membrane cellulaire. 1 6 ..;....-..,.-. ;:, , 8. ,-    EP 337009B!
111111  1I J  1!3 0 Revendication pour l'Etat contractant sulvant: ES I. 1.
Proc6d6 de production d'un mutant r6sistant a un inhibiteur de synthbse de
la membrane cellulaire issu *   d'un micro-organisme producteur d'enzyme
extracellulaire et appartenant au genre Bacillus, ledit 5    . ;mutant
etant r~sistant a la vancomycine ou a la ristoctine A titre de substance
capable d'inhiber le 7 cycle lipidique implique dans la synthbse de la
membrane cellulaire chez un micro-organisme, ledit proc6d6 etant
caract6rise en ce que l'on soumet un micro-organisme producteur d'enzyme
extracellu- .aire et appartenant au genre Bacillus t  un traitement de
mutation, cultive ledit micro-organisme dans run milieu de culture
contenant de la vancomycine ou de la ristoc6tine a titre de substance
capable 10   b Ahin-hiber la synthbse de la menbrane cellulaire, et
recuellke les cellules rdsistantes   l'inhlblteur de synthtse de la
membrane cellulaire. 20 I,, 25     . .30 35    1 40 45 20 17    


