41 | I !

411 ! T

(Braddock 51995 ; Williams 51998)

11

(Enrichment Technique) (Venkateswaran Harayama , 1995)

[ 29 (primary screening) 4.1



4.1

Al

A2

B1

B2

B3

Cl

C2

Al-

Al-

A2-

A2-

A2-

A2-

B1-

B1l-

B1l-

B2-

B3-

B3-

B3-

B3-

B3-

B3-

Cl-

Cl-

C2-

64



41(,)
4 D1
D2
5 El
E2
41.2
I«
0.5
BH

1997)

\4

«

0.5

411 29

4.2

BH

(Dagher

D1-

D1-

D2-

D2-

D2-

El-

El-

E2-

E2-

E2-

65

50



4.2

Al-l
Al-2
A2-1
A2-2
A2-3
A2-4
B1-1
BI-2
B1-3
B2-1
B3-1
B3-2
B3-3
B3-4
B3-5
B3-6

30°

0.313
0.188
0.515
0.067
0.165
0.126
0.315
0.297
0.065
0.140
1455
0.117
0.129
0.088
0.021
0104

(D)

42

BH

Cl1
Cl-2
C2-1
D1-1
D1-2
D2-1
D2-2
D2-3
El-1
El-2
E2-1
E2-2
E2-3

0.5

0.080
1.396
0.217
0.718
1128
2.334
0.289
1053
0.514
0.066
0.361
0.742
0.266

Tapis

(ODg)

66

200



42

29
(natural selection)
(mixed culture)
2.4

(Venkateswaran Harayama , 1995)

30%

(Ijah 5 199s)
D2-1

BH

B3-1 , Cl1-2



. "B31
"C12
T X |
B31
------- C12
----- D21
L 5 B 24 A
()
4.1 (Viable Cell Count)
BH 0.5

7.0 30° 200

68



43

B3-1

(1984)

43

69

B3-I Cl-2 D21
B3-1
1 42
43 44
Bergey’'s manual of systematic bacteriology Sneath
Bacillus sp.

B3-1

X 1-2 X4



4.4

B3-1

B3-1 B.circulons*
(catalase test) + +
Voges-Proskauer

(D - glucose) + +
(D - mannitol)

(D - Xylose) + +

(L - arabinose) + +

no gas no gas

+ +

+ +
(Indole production)

Bergey * Manual of Systematics Bacteriology (Holt
Sneath, 1984)

1994

10



n

42 . B3
( 1000 )

C1-2
(Filiform)

4.3
C1-2
4.5 4.6
4.5 4.6
Bergey's manual of  systematic
bacteriology Sneath (1984)

Pseudomonas .



4.5

4.6

(catalase test)

(Fluorescentpigment)

(Filiform)

2.3

C1-2

Ps. Alcaligenes*
+

[



4.3

( 1000

(Lactophenol)

Bergey * Manual of Systematics Bacteriology (Holt

Sneath, 1984)

)

D2-1

(Budding)

4.7

1994 ;

3



4.4

4.7

D2-1

Barnett

400

Barnett Pankhurst (1974)

Yarrowia sp.

D2-1

2.5 X4.0

ascospore, hat-shape

Pankhurst (1974)

D2-1

Lodder (1972)

Yarrowia sp. «

(2-4.5 4-22)

ascospore, hat-shape

Lodder (1972)

4

D2-1



Bacillus sp.
Bacillus circulons
System atics Bacteriology (Holt
B3-1

Bacillus thuringiensis

6

Bergey Manual of
, 1994 : Sneath 3 1984) ]

Bacillus circulons Bacillus cereus

4.8
16S TRNA
(primers) ] 16S RN A Bacillus sp.
Bergey Manual of
System atics Bacteriology (Sneath 31984 ; Holt 31994) GenBank
Bacillus sp.
16S rRNA (Conserve sequence)
(Hypervariable regions)
165 RN A Bacillus sp. 800-1350 45
165 RNA Bacillus sp.
B3-1 ( 4.5)

Bacillus thuringiensis

4.1

Bacillus sp. B3-1



4.8

Voges-Proskauer Test

(VP Test)

Parasporal crystals

Holt

76

B3-1  B.circulans*  B.cereiis*  B.thuringisnsis*

- + D
¥ + ¥ ¥
¥ + . -
; ¥ .
' ¥

n

Bergey * ManualofSystematics Bacteriology (Sneath 51984 ;

. 1994)

18-89%
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T
T

"

45
165 RN A Bacillus sp.
45
165 RN A 4
1
B3-1
4.6

Bacillus sp. B3-1

4.5

B3-1

540

&

16S RN A Bacillus sp.
ClustaiX
165 rRNA Bacillus sp.
marker
165 RN A
165 RN A Bacillus sp.



46

41

safranin 0

16SITRNA

Bacillus thuringiensis

Bacillus sp.

Bacillus sp. B3-1

1000

80

B3-1

Bacillussp. 83-1
Bacillus thuringiensis

amido black



RN A Bacillus sp. B3-1

BACL6SRRD

Bacillus circulons

44 »

8l

165 rRNA Bacillus sp.
165 rRNA Bacillus sp.
Blast alignment 165
165 RN A Bacillus circulons
(%homology) 91%
165 rRN A

Bacillus sp.

! Bacillus sp. B3-1

Pseudomonas sp. Cl-2  Yarrowia sp. D2-1

44.1 dioxygenase activity Ensley (1983)

dioxygenase activity

(Ensley 51983 ; Harayam a . 1989)

(blue pigment)
indigo

dioxygenase

Yarrowia sp.o 2-I
48-72
sp.D2-I
dioxygenase
1989)

dioxygenase

(clear zone) indole

tryptophanase tryptophan indole

1

Bacillus sp.s3-1 . Pseudomonas sp.ci-2

37°
Yarrowia
Yarrowia sp.n 2-1
tryptophanase (Harayama
tryptophanase tryptophan indole
indole indigo

Bacillus sp.B3-1 Pseudomonas sp. c1-2



indole

dioxygenase

442
sp. B3-1 Pseudomonas sp. C1-2

24

4.1.2

35 mN/m

tryptophanase
indigo

indole

Yarrowia sp. D2-1

Ymrowia sp. p2-1
Bacillus sp. B3-1

40-45 mN/m

tryptophan
tryptophanase

indigo

BH

BH

Pseudomonas sp. ¢ 1-2

4.8

82

#0 I«

0.5



48

mN/m/

D2-1

15 18 21

4.8

83

Bacillus sp.B3-1

Pseudomonas
sp.C1-2
Yarrowia SP-D2-1

24 27

24

Yarrowia sp.o 2-1

1.67 mN/m/

Pseudomonas sp. ¢ 1-2 0.67

9

Pseudomonas sp. ¢ 1-2

15 mN/m/ 24

5mN/m/24

9

Yarrowia sp.
Yarrowia sp. p2-1
Pseudomonas sp. c1-2



84

(Deziel
1996 ; Jain 11991)
(Babu , 1994)
Bacillus sp. B3-1 4.5
mN/W 24
Yeerowia sp. p2-1
(Cooper 51986)
35 mN/m
(45
mN/m) (suspension)
4.5 Tapis Bacillus sp. B3-1
Pseudomonassp. Cl-2  Yarrowia sp. D2-1
Tapis
BH
(suspension)
Rosenberg

Rosenberg (1985)

stationary phase ].



1.0

45.1
B3-1
Bacillus sp. B3-1
Bacillus sp. B3-1
1 15 x 106CFUU .
!
65
5 50 4
49
Bacillus sp. B3-1
1
65 53 45

85

Bacillus sp.
BH0 . 05
200 30°
49
35 x 108CFUM .
18 x 106CFU/
1
3



4.9

BH

Bacillus sp. 83-1

0.5

86

Bacillus sp.



87

452 ! A Lo
! 1 Bacillussp. B3-1
451
Bacillus sp. B3-
6-7 0.007 M KHP04
( 49 )

6.5 x 107 CFU/
35 x 109 CFU/
, - 49
Bacillus sp. B3-1
30

45

4.9



Bacillus sp. B3-1 4.23

Bacillus sp. B3-1 C11-C27
15

CIO
C11-C27
453
C1-2
452

Pseudomonas  sp.Cl-2
Bacill7us j) 973]1 n  Pseudomonas sp. C1-2n

X A X ,
1.0 X 10* CFU/

2.0 X109CFU/ . 7
100 63
20
6.5 - 7.0
7 ( 4.10) Bacillus sp. 3-1
7 30
Pseudomonas . ¢ 1-2 1.23
Pseudomonas Sp. c1-2 Cl1-C27

Cll C27

2.1 X 108 CFU/

88

C28

Pseudomonas sp.

45.2

1
J
4.10

1

6.5

Bacillus sp. s3-1

62.5



Bacillus sp. B3-1

C11-C27

Bacillus sp. 83-1

cl1o

89

C28



BH

0.5

0

Pseudomonas sp. ¢ 1-2



a

454 Yarrowia
D2-1
452
452
Yarrowia sp. D2-1 Bacillus sp. B3-1
Pseudomonas sp. c1-2 Yarrowia sp. p2-1 late log phase
1 : 2.1 X 109CFU/ . 3
7.8 X 109CFU/ . 1
Bacillus sp. B3-1 Pseudomonas sp. c1-2 6.5 X 10% CFU/
2.1 X 10* CFU/ . Yarrowia sp. D2-1
2
1
51.5
Bacillus sp. B3-1 Pseudomonas sp. c1-2 65 63
7 18

Bacillussp. B3-1 Pseudomonas

sp. C1-2 30 20

50
C11-C19
Bacillus sp. 3-1 Pseudomonas sp. c1-2
Cl1-C16

65- 7.0 4.11



411

BH

0.5

()
Yarrowia SP-D2-1

(%)

Yarrowia sp. p2-1

%2



93

3
(Atlas , 1995)
Tapis
Tapis Retention time
4.6 Tapis
(Capillary Gas Chromatography)
4.12
160 (peaks)
( 1) (alkane saturated
hydrocarbon) Rt(retention time)
(£6) Dotriaconetane (C 32 4.13
Tapis P
P10 retention time - (- Decane)
P28 retention time - ( - octacosane)

4.10 (Total Hydrocarbons)



Tapis
60 u P
Bt 0 v "
« M
4.13 !

<C«-C»)

°s

£
. «f%){l
J—

«

TV

13 «l .

11La

9%



4.9 Retention time

Tapis

P10
P11
P12
P13
P14
P15
P16
P17
P18

P19

P20
P21
P22
P23
P24
P25
P26
P27

P28

Tapis

Retention time (

t

0.8224+0.006

6.933 £ 0.025

11.551+0.027

16.522£0.020

21.395+0.014

26.044+0.007

30.439+0.009

34.594+0.019

38.540+0.019

42.270£0.023

45.824+0.032

48.988+0.035

49.195+0.028

52.445+0.033

55.541 + 0.044

58.503+0.037

61.338+0.036

64.076 £0.038

66.693 +0.041

69.218+0.048

71661 £ 0.046

)

95



4.10 Retention time

Tapis

C6 ( - Hexane)

C9(n-Nonane)
ClO (n-Decane)
CIl( -Undecane)
Cl2 (n-Dodecane)
C14 ( - Tetradecane)
C16( - Hexadecane)
C18( - Octadecane)

C20 ( - Eicosene)

C24 ( - Tetracosane)
C28 ( - Octacosane)

C32( - Dotriacontane)

C13- €2
retention time 26.044 + 0.007
Tapis

retention time

(Internal Standard)

0.035

%

Retention time ( )
£ )
0.803£0.004
3.940£0.019
7.967£0.028
12.967+£0.014
13.107+0.020
27.733 + 0.007
36.313+0.028
44.000+0.033
50.970£0.026
63.173 + 0.041
73.567+0.048

8§2.537£0.037

€1
1.51
0.006 retention time
(1 - Eicosene) 48.988 =



97

4.7 (Abiotic loss) ! 0.5 Tapis
(control)
0.5 Tapis
50 . BH broth 30° 200
0, 1,3 ,5 7
Tapis 4.11
retention time P9 - P12

retention time

414
4.11
0.5 Tapis
() ( )
0 100
1 73.17+¢9.01
3 71.07+8.60
5 67.84 + 6.80

66.65 + 7.90



Tapis!

200

BH

30°

%



48

1 (Jobson

51998 ; 1jan, 1999)

412

4,12 Retention time

(1- )
(C 1H 30)
(€ 19H 40)
(€ 1H 1)
(1- )

99

Tapis
(capillary gas chromatography)

Vv
,1972;Nakamura ,1996;April
1.1 11
Rt (Retention time)
Retention time ( )
t )

26.819+0.075

39.695£0.099

41.272+0.031

49699 + 0.085



4.15

(- tetradecare)
nsfunt

IS

(pnstane)

%he tinrent

rhum  (phenanthrene)



4.9
Bacillus sp, B3-1 Pseudomonas sp. Cl-2

Yarrowia sp. Dp2-1

Tapis
Yarrowiasp.D2-1  *

Bacillus sp. 83-1 , Pseudomonas sp. c1-2

Tapis

BH 50

4 A

Bacillus sp. 83-1  Pseudomonassp. ¢ 1-2 Yarrowia sp. p2-1

0 13 5

1

*



49.1 «
0 2 4 6
()
1 - - Bacillus sp.83-1
a ' Pseudomonas sp.C1-2 —*— Yarrowia SP-D2-1
4.16

B3-1  Pseudomonas sp. c1-2 Yarrowia sp. p2-1

Bacillus sp.



Bacillus sp.B3-1 ..a - Pseudomonassp.C1-2

—*— Yarrowia SP-D2-1

417 Bacillus sp. 83-1  Pseudomonas sp. c1-2
Yarrowia sp. p2-1



104

Pseudomonas sp.c 1-2 Yarrowia sp.p 2-1

Bacillus
sp. B3-1 Pseudomonas sp. c1-2 Yarrowia sp.
D2-1

B H
Pseudomonas sp. c1-2 95 X 105 CFU/ . 3.7 X 10%
CFUI . 3
100 20 3
Yarrowia sp. p2-1 8.5 X 105CFU/
11 X 108 CFU/ . 3
100 35 3
Bacillus sp. B3-1 -
4.16
Bacillus sp. B3-1
Bacillus sp. 83-1
Bacillus sp.
B3-1 6.5 X 105CFU/
1.1 X 107CFUI . 3
100 85 3
7

Bacillussp. 8 3-1, Pseudomonassp. c 1-2 Yarrowia

sp.D2-1 80,11.5 26.8



4.9.2

4.18

sp. C -2

Pseudomonas sp.Cl-2

Yarrowia sp. p2-1

105

()

- - * - Bacillus SP-B3-1

— Yanowia SP-D2-1

Bacillus sp. 83-1  Pseudomonas



4.19

Yarrowia sp. o 2-1

- Bacillus SP-B3-1

Yarrowia sp.D2-1

Pseudomonas sp.CL-2

Bacillus sp. 83-1

Pseudomonas sp. c -2

106



107

Bacillus sp. B3-1
Pseudomonas sp. ¢ 1-2 Yarrowia sp. p2-1
Bacillus sp. B3-1
7.5 X 105CFU . 1.5 X 108 CFU/ . 1
100
80 1 41 3

Bacillus sp. 83-1

Yarrowia sp. D2-1
Bacillus sp. B3-1

Yarrowia sp. p2-1 100 91 71
69 68.9 7
1.8 X 106 CFU/ . 1.1 X
107CFUT . 1 3.4 X 107TCFU/ . 3
(branched alkane) (W alwer Colwell 51974)

Pseudomonas sp. ¢ 1-2
Pseudomonas sp. ¢ -2

1.0 X 106 CFU/

33 X 106CFU/ . 1 11 X 107CFU/ . 3

Pseudomonas sp. ¢ 1-2 80.5
7 Pseudomonas sp. c1-2



4.9.3

4.20

Pseudomonas sp. Cl-2

Yarrowia sp. D2-1

108

Bacillus sp. B3l



421

Bacillus SP-B3-1
—+— Yarrowia SP-D2-1

Yarrowia sp. D2-1 41

()

Pseudomonas sp.CI-2

Bacillus sp. B3-1  Pseudomonas sp. Cl-2

109



110

Yarrowia sp. 0 2-1 y
4.20

Yarrowia sp. D2-1

oo 4 ; ] . 401
Yarrowiasp.o 2-1 1 1.4 X 106 CFU/
3.8 X 107CFU/ . 3.2 X108 CFU/ . 3
I Yarrowia sp. p2-1
Harayama (1989)

dioxygenase activity
Yarrowia sp. 02-1
Bacillus sp. 83-1
Bacilus sp. B3-1

I 195 Bacillus sp. 83-1
1 8.2 X 105 CFU/ . 6.8 X L07CFmi .
3 1.0 X 108CFU/ . 1

Bacillus sp. B3-1

4.20
1 Bacillus sp. B3-1
dioxygense tryptophanase tryptophan indole
Pseudomonas sp. ¢1-2
4.20
Pseudomonas sp. c1-2 60.8
Pseudomonas sp. c1-2
Pseudomonas sp. c1-2
10 X 106 CFUI . 33X 106crur . 1
9.0 X 106CFU/ . 3
7 Pseudomonassp. c1-2

100 80 65 62 60.8



4.13

Pseudomonassp. ¢ I-2 Yarrowiasp. p2-1

Bacillus sp.
B3-1
1. +
2. dioxygenase activity
3.
7
( )
20
66.4
80.5

Pseudomonas sp.

C1-2

Bacillus sp. B83-1

Yarrowia sp.
D2-1

+4

73.18
31.06
90

82
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4.10 ! I«

(microbial population)

? 3
Nakamura (1996) Alislabie (1998) Korda (1997)
3
1
7.0 X109CFU/ . 2.2 X1010CFU/ . 3
7 45 X 1010CFU/ . 3
1 100 31.5
4.22 3
65 63 51.5
, r, M | 0 1] -V
1 3
1
4.22
22 3 17 5 15.5
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J

4.22

, Bacillus sp. B3-1 Pseudomonas sp. Cl-2 Yarrowia sp. D2-1
BH 05 '



114

414 Bacillus sp.
B3-1 Pseudomonassp. c1-2 Yarrowiasp. p2-1 3
200 30°

() . . '

Bacillussp.  Pseudomonas  Yarrowia sp. 3

B3-1 sp. C -2 D2-1
0 100 100 100 100 100
1 73.2 65.3 65.1 51.5 31.5
3 71.1 45.7 40.6 32.0 22.4
5 67.8 35.3 25.8 20.6 17.0
7 66.7 30.0 20.5 18.5 15.5
1
[ 31.5
Yarrowia sp. p2-1 51.5

Bacillus sp. 83-1 Pseudomonas sp. ¢ 1-2
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15.5 C11-C20
ntermediate tias |
I diated Ati 1981

12.5

C21-C27



0

5

A IGIRMIER it M

% ?

71

bacilus sp. B3-t

Vaf-retri#  jp. D2-1

Mixed! culture.

B H

116
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411
4111 -
Lo 452
45.2
4.0 57.0 8.0 135 7
8.0
7.0 8.0
8.0 46 X L00CFU/ 1.75 X 1010CFU/
7.0 - 4.0
3.3 X 108CFU/ . 4.24
8.0
11.43
4.0 7.0 25.7 15.1



118

4.24
BH 0.5

200 30°



— (=

200

BH

119

0.5

30°



4112

20 °-25 °

1

7

4.26

1.65 X 10I0CFU/W

Yarrowia sp. p2-1

(Lodder, 1972)

30°

1

40 °

40 °

11.43

100

20-40 °

20 ° 30

X 10I0CFU /U

o

4.5.2

5.3 X 10I0CFU /U

40

o

3.25 X 109CFU/

20

4.26

27.51

120

20-40 °

4.5 X 1010CFU /W

1 1.4 X 101CFU/
20 °
30 ° 100
18.1
30 " 28.2
4.16



8.0

B H

0.5

20

40

10

200

30

121



122

40

4.21 A
B H 0.5

8.0 200



4113

135 7

100,200 250

X 1010CFU/

250

200

X 101CFUM

417

4.5.2

34.6

250

123

4.5.2
, ! :
100,200 250
1
65X 10°CFmi ., 1.75 X100 CFU/ . 2.25
4.28)
27.51 26.0
200
5.3 X 10I°CFU /U
9.8
10.2 ( 4.29)
2 1 ,
100 3.2
22.4



250

8.0

BH

20°

0.5

200

124



250

8.0

BH

20°

0.5

125



126

4.11.4 I
( biosurfactant)

45.2

452

(biosurfactant)

Acinetobacter calcoaceticus TISTR 360

(Rocha . 1997)
o 1.1 1,2 1 4 1
135 7 4.32 17
11 2.1 41
1
41 32x 1010CFmj .
2.1 11 2.9 x 10bCFUW . 335x 10,0CFUNU .
431
2.1 41 1
11 1
218 205 11 20.8
1:1,2:1 4:1
0.1 3 0.1
1121 41 I
9598
1
2.1 3
(Deziel

1996 ; sain . 1991 ; Rocha 51998 ; Rosenburg ,1981)



— = 0:1
A 2:1

4.30
BH 0.5

8.0 20°

250

1:1

4:1

127



4.31

0:1

2:1

8.0

BH

20°

0.5

1:1

4:1

128

250



4115

250

2.9 X 10° CFU/

30°

)

(ljah

2:1

«

«

(Optimun conditions) «

(

8.0

(stationary phase)

200

1998 ; Mueller 51992)

1.0 X 106CFU/

5

9.6

7.0 X 100CFU/U .

10.0

129

20°

1.0 X 10* CFU/

1
7.0
2.8 X 1010CFU/
1
15.5
10.0
9.7
(432
9.7



4.19 (
8.0 20° 250
0 1 3
* 100 31.5 22.4
100 21.8 10.0
maa *
30° 200

ljah (1998) Mueller

2:1)

(%)
5 7
17.0 155
9.7 9.6

7.0
(1992)
3

130

9.6



8.0

20°

250

2:1)

131
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