2.1

2.1.1
(tensiometer) K6 Kruss, Germany.
(shaker) — G-10 New Brunswick Scientific
Co. Inc., USA.
(shaker) ~ G-33 New Brunswick Scientific
Co. Inc., USA.
(controlled environment incubator shaker)
G-21 New Brunswick Scientific Co. Inc., USA.
(controlled environment incubator shaker )
R-88 New Brunswick Scientific Co. Inc., USA

(refrigerated centrifuge)  J2-21
Beckman, USA.
(Bench-Top Centrifuge) ~ H-103 N series
Kokusan, Japan.
(spectrophotometer)  Spectronic 21
Bausch & Lomb, USA.
(uv-visible spectrophotometer)  UV-160A
Shimadzu, Japan.
(Iyophilizer)  FD-1 Tokyo Rikakikai
Co., Ltd.., Japan.
(pH meter)  Cyberscan 1000
Eutech Cybernetics, Singapore
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(Millipore membrane)  GS 0.45
Millipore Corporation, USA.
(Multistatic pump)  2-6200, 2-2601 Buchler
Instruments, USA.
(laminar flow) — W-760 Olympus, Japan.
(autoclave)  HA-36 Hirayama
Manufacturing Corporation, Tokyo, Japan.
(vortex mixer)  G-560E Scientific Industries,
Inc., USA.
(hammermill) SKI Retsch GMBH,
West Germany.
( Kjeldatherm) Gerhardt, Germany.
2.12
(Cellulase ) Trichoderma  reesei Novo
Industries, Denmark.
(P -Glucosidase ) Aspergillus niger
Sigma chemical., ST. Louis., USA.
( Bacto- Peptone ) Difco Laboratories, USA.
(yeast extract) Difco Laboratories, USA.
(glucose ) E. Merk, Darmstadt, Germany.
(NH,) 2504 E. Merk, Darmstadt, Germany.
(NH 4CL) E. Merk, Darmstadt, Germany.
(NHANO;j ) E. Merk, Darmstadt, Germany.
(NaNQj ) E. Merk, Darmstact, Germany.

(EDTA) Sigma chemical., ST. Louis,, USA.
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(Acetonitrile ) E. Merk, Darmstadt, Germany.

( Trifluoroacetic acid )

ST. Louis., USA.

( Sodium Potassium Tartrate )

Fluka AG. Buchs, Switzerland.

(Surfactin) Bacillus subtilis

ST. Louis., USA.

2.2

L Bacillus licheniformis F2.2

2. Torulopsis glabrata ATCC 15126
3. Saccharomyces cerevisiae

4

. Torulopsis glabrata
Saccharomyces cerevisiae
Candida albicans
Hansenula anomala

Pichia  kluyveri

Pseudomonas aeruginosa
Bacillus licheniformis F2.2
Bacillus subtilis 3/38
Escherichia coli
Micrococcus luteus

Sigma chemical.,

Sigma chemical.,



Aspergillus ttiger
Fusarium sp.
Pénicillium sp.

Cladosporium sp.

2.3 Bacillus licheniformis F2.2

2. 3.1

Bacillus licheniformis F2 .2
(nutrient agar . 3)

(LB agar . 8)

oil) 20 1
TR

2. 3.2
licheniformis F2.2

Bacillus licheniformis F2. 2

231 (YEPD medium) (
50 . 50 .
200 3
10,000 15 4

(Millipore filter membrane )

48

(crude

30

0.45



4-5

( nutrient broth

(YM medium
250 . 5N .
200 18-20
(PDA medium 4)
106
( - 2)
3 1
100 1 Bacillus licheniformis F2.2
30 12
2.4 ( 2536
50 (mesh)
1% NaOH 15
2 15
10
7.0

24

Haemacytometer
swab
10

80

1% NaOH

80
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2.5
4 ( ' )
24 - 48
150 . 500
40 60
40 200 24
5
(refrigerated centrifuge) 5,000 10
lyophilizer freeze dryer
( ) 28
-10
2. 6
( Detroy étal., 1981)
1 600 .
200 15
Vil 40 1200
1.0
10

Whatman 4 Kjeldahl



2

/

15

2. 8

DNSA |
10

(nitrogen content )

51

Kjeldahl (Stayermark, 1951)

13 . 00 .
( salt mixture) 7 ( (KS04)
(CuS04.5HD) 19:1)
(digester)
50 .
3% ( ! ) 50 .
(NHj ) (HjBO;j ) 4%
) 100 ( . 2)
200
(HCL)
AxBxl4
C
A = HCL ()
B = HCl (M)
C = ()
DNSA  (Bemfeld, 1955)
10 . 10
1)
10
540

0 200
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2.9 (surface tension)

Bacillus licheniformis F2.2
10,000 20

DeNuoy ring method

40

(ring
tensoimeter) K6 Kruss Hamburg, Germany
2. 10 Coll displacement)
Bacillus licheniformis F2.2
15 40
15
10
1
1 il
= 1r2
o= 1

2



2

2

i
Bacillus licheniformis F2.2
24 (defined medium
9) 50 250
rotary shaker 200
30 12
600 0.7
(‘inoculum )
4%
50 250
200 30
12
12
Bacillus licheniformis F2.2
Bacillus  licheniformis  F2. 2
(defined medium . 9) 50
250 30
200 12 !

600

Tensiometer
2.9

53
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Bacillus licheniformis F22
2 131 (pH)
(defined medium)
Bacillus licheniformis F22
(defined medium) 9
4.0-9.0 (
05)
6.5-9.0 ( 0.5) 6.5-8.0 100
8.5-9.0 100
-8 2.10
600
Tensiometer 2.9
2.13.2
Bacillus licheniformis F22
(dlefined medium) (pH)
25-200
2.11

Tensiometer 2.9



2. 133 !

Bacillus licheniformis
(dlefined medium)

F22
2.1

Bacillus licheniformis F2 .2

13 12
2.9
2. 134
80 15
20-45
2.9
2135

licheniformis F2 .2

Bacillus licheniformis. F2 .2

00/ 2.11
2.9

2.11

24

100,150,200,250,

55

Bac



2 14
Bacillus licheniformis F2 .2
2.14.1 (glucose)
(glycerol) (soluble starch)
Bacillus licheniformis F2.2

2% (
1
Tensiometer
2. 14.2
211
( )
2

(dlefined medium)

)
Ik

Bacillus licheniformis F2 2
(clefined medium)

25
14.3
Bacillus licheniformis F2 .2
9

0.5-25 %

56

(sucrose )

211

111

2%
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2 14.4 Bacill
licheniformis F2.2
Bacillus licheniformis F2.2
(defined medium) . 9 2%
(organic
nitrogen) (soybean hydrolysate, SBH)
(inorganic nitrogen )
(NHAS04 (NHANO))
(NHLCI) (NaNOj)
04 % ( / ) 211 1-3
2 145
Bacillus licheniformis F2.2
(defined medium) . 9 2 %
NHANO;
0.05-1 % ( / ) 2.11 24
2 146 :
Bacillus licheniformis F2.2
( FeS04 7THD ) (ZnS04.7HD) b
(MnS04 HD) ) 2.11 24

Tensiometer 2.9



2. 15
2.15.1
24
2. 152
1
10,12 14
2. 153
0
5
2. 154

225, 25, 30

Bacillus licheniformis F2 2

6
4 (vortex) 2
Bacillus licheniformis F2 .2
1 (HCY)
2,468,
4° 12
Bacillus licheniformis F2 .2
4 1-100
10 55, 80 100
(% NaCl)

Bacillus licheniformis F2 .2

58

BNaCl) 0,5 10, 15,175, 20,
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2.15.5 (critical micelle dilution, (CMD) )

0-600

2. 16 HPLC profile
licheniformis F2.2 HPLC

F2.2

25
10000  /
4° 1 -
8.0 LT 4°

Toyopak ODS-S

LC-3A) Reverse phase  Lichrocart-C 8 endcapped
. ID. E.Merk, Darmstact, Germany
10% 90% 0.1%
1
UV detector 230
peak

test) 2.10

Bacillus

10,000

40
15

(R
HPLC (Shimadzu
250 x 4
0-100 %

(Oil displacement
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