L. (shaker) G-10 New Brunswick Scientific Co.Inc.,

A
2. (shaker) G-35 New Brunswick Scientific Co.Inc.,U.S.A.
3. (shaker) Innova 2100 New Brunswick Scientific Co.Inc.
W.S.A.
4. (controlled environmentincubator shaker)
R-88 New Brunswick Scientific Co. Inc, U.S.A.
5. (centrifuge)

(centrikon T42k refrigerator)

Nalge Nunc International, U.S.A.

(bench-top centrifuge) HN-S
DAMONI/IEC, Japan.

(microcentrifuge) KM-15200
Kubota, Japan.
6. (spectrophotom eter) Spectronic 21
Bausch & Lomb, U.S.A.
7. (UVIVis spectrophotometer) PR-1
Shimadzu., Japan.
8. (millipore membrane) GF/A pore size 0.45
M illipore Corporation, USA.

9. (pH meter) Cyberscan 1000
Eutechcyberscan, Singapore.
10. (freeze diyer) FD-1 Eyela, Japan.
11. microtip (ultrasonicator) -385

Heat System Ultrasonics, U.S.A.
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12. laminar flow BV-124 International Scientific Supply,
Thailand.

13. (vortex mixer) VSM -3 Shelton scientific, . .A.

14. CH-CO1-764604 Olympus, Japan.

15. (autoclave) §$S§-35 Tomy Seiko

Co.Ltd.,Tokyo, Japan.
16. L2200p A200s Sartorius, USA.
17. (deep freeze) -20°¢ FO0535 Sanyo

Electric. Co., Ltd., Japan.

18. I'(gaschromatography) model GC-9A splitless mode-Flame
lonization Detector (FID) Shimadzu Corporation, Japan.
19. Integrator model C-R3A Shimadzu Corporation, Japan.
20. capillary column modelJ& w DB-5 (

0.53 , 30 ) J& W Scientific Incorporated,
U.S.A.
21. (Vacuum rotary evaporator) Eyela,
Japan.
22. (texsiometer) K6 Kruss,Germany.
23. 2301 LKB, Sweden.
24,
25. PCR 2400 Perkin-Elmer, U.S.A.
Pyrobest
Primer Bioservice Unit5Thailand

GenClean K it,BiolOI, U.S.A.

(Ammonium nitrate) NH4N 0 3 E.Merck, Germany.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27,

28.

29,

30.

(Bacto-Peptone) Difco
(Calcium chloride) CaCL]j

(Chloroform) CHCL, E. M

42

Laboratories, USA.
E.Merck, Germany.

erck, Germany.

(Dipotassium hydrogen phosphate) K2H P04

E.Merck, Germany.

(ethanol) E.Merck, Germany

(Glycerol) C3H80 3 E.Merck, Germany.

(Glucose) E. Merck, Germany.

(Helium) (99.99% )He TIG . Thailand.

(Hydrochloric acid) HCI
(Hydrogen) (99.99% )H2
(Iron (111) chloride) FeCI3

(Magnesium sulfate) M gS04

E.Merck, Germany.
TIG., Thailand.
Fluka chemical, Switzerland.

E. Merck, Germany.

(methanol) E.Merck, Germany.

(Nitrogen) (99.99% ) N2

(nutrientbroth)

TIG., Thailand.

Difco Laboratories, USA.

(Potassium dihydrogen phosphate) KH2P0 4

E.Merck, Germany.
(Potassium nitrate) KN O |
(Sodium chloride) NaCl

(Sodium hydroxide) NaOH

E.Merck, Germany.
E.Merck, Germany.

E.Merck, Germany.

(Sodium sulphate anhydrous) Na2 04 E.Merck, Germany.

Tapis (Tapis crude oil) Bangchak oil refinery,Thailand.

(1-Eicosene) C 20H 40 Sigma, U.S.A.
(n-Hexane) C6H 14 Sigma, U.S.A.
(n-Dodecane) C12H 26 Sigma, U.S.A.

(n-Pentadecane) C 15H 3

‘ (n-Hexadecane) C 16H 34

Sigma, U.S.A.

Sigma, U.S.A.



3L,

32.

33.

34.

(n-Octadecane) ClgH 38 Sigma, U.S.A.

(2,6,10,14-Tetramethylpentadecane) (Pristane) € 19H 40

(n-Tetradecane) € 14H 30 Sigma, U.S.A.

(Phenanthrene) C 14H 10 Sigma, U.S.A.

Sigma,
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8
1.1
BH 50 0.5 ( )
1- (1-Eicosane)
1 ( Iv) 1
internal standard(IS) separating funnel
80 . 2
20
20 W hatman No.40
160 mmHyg 35°
10
GF/A -20°
1.2 Capillary Gas
Chromatography
11 2
Shimadzu GC-9A splitless mode Flame lonization Detector (FID)
Shimadzu C-R3A Integrator
capillary column J&w DB-5 , 0.53
30 Injector detector 300
° 50° 5
300° 3°



( fh 300°
carrier gas
make up gas
1.3

(Viable Cell
, , 200

VoV o]t

003 7

Viable Cell Count =

(CFU/mL)

45

35 (He)
(flow controller) 60 kPa
FID 0.5 0.6 kg/cm
30
600
Count)
600
BH 0.5
24
. 80 3
J 4 ' 4
600
10
(Viable Cell Count)
1 71. A A
) 30 °
(Plate) 30-300
X



1.4 !

Mueller

(Peak)

(Solvent

(Internal Standard)

Deviation 5

Deviation

(Peak)

hexane)

Deviation

(Internal Standard)

(Impurity)

Retention time

- RT

RT

100

X 100

-3

46

2
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RT = Relative retention time
= (Retention 16 I - Retention 16
)
2. I
2.1
(Sludge)
11 1
4 " (Braddock ,
1995) (Enrichmentculture)
3.1

1 Al
A2
2 B!l
B2
B3
3 Cl
€2
4 D!l
D2
5 El

E2
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2.2 0%
Enrichment
culture 1 1
Bushnell Haas Broth ( BH broth) 100
( ) 250 . 1.0 ' (crude oil) (
) rotary shaker 200 (32 £2 ° )
( Kiyohara 51982 ) 7
A 3
2.3
culture BH broth
(spread) BH agar 0.5 ( )
(32 2 ° ) (Mueller 51992)
(Mixed culture) ' , BH broth
29 BH
50 0.5 2.2
600 24
2.4
29
2.3
(natural selection) BH broth
(mixed culture)

(Venkateswaran , 1995)
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1 1
BH broth 1 30
200 600
early stationary 1
| 2 1
BH broth 1
early stationary
[
30°
( )
3. B3-1 C1-2 D2-1
B3-1 C1-2 D2-1
(cultural characteristics)

(morphological characteristics)

(physiological and biochemical characteristics)

Bacteriology- ' 9 (Holt

16S RN A

3.1

B3-1 0-2

3.1.1

Bergey * ManualofDeterminative
,1994)

B3-1

D2-1 (

(streak)
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3.2

3.2.2 ( )

3.2.3 - (parasporal crystal) (

3.2.4 (stab inoculation)

(Semi- solid media , ) 30°

24

3.2.5 (Endospore staining)

5 (NA slant) 7
Ziehl carbol
fuchsin
10 Negative stain Nigrosin

1000

3.2.6 1 (Capsule staining)

3.2.7 acid - fast (Nutrient

broth | ) 2-3

Ziehl Nelson's carbol fuchsin



ol

l acid alcohol methylene blue 5-10
]
acid-fast non acid-fast
3.2.8 Poly-p-hydroxybutyrate
Sudan black B
10-15
Sudan black B Safranin 0 15
3.3
f (Nutrient agar) 24
3.3.1 (carbohydrate
metabolism) phenol red agar base ( )
1
Fermentation broth 3
31° 24
3.3.2 (Starch hydrolysis)
( ) 2-3
( )
3.3.3 (Lipid metabolism)
BH agar 1

neutral red (32 £2° ) 24



3.3.4
$ ( )
3.3.5
31 24
33.6 (Voges-Proskauer test)
MR-VP ( ) 2-3
( )
10
(32 £2° )
3.4 «
341
( ) 5 . Eppendorf 10000
Supernatant TAE ( )
Lysozyme 2 g 10 SDS 30
Proteinase K 3 31 °
5M 100

CTABINaCI 80 65°

52

gelatin deep
2-3
2-3
24
LB broth
2
567
20 A
1
10
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/ 8000 ,

(Isopropanol)

0.6 70
TAE 100
3.4.2 © © © &
1.0% TAE ( )
(comb)
(tracking dye 5 ) 15
100
2.5 : 5-10
HitidlU (A .o v a/Hindll)
3.4.3 0 ! 16S RN A
0.4 -1.0
20 10.3
2 dNTP 1.6 forward primer reverse primer
2 4 Pyrobest 5

3.1



. 96 °
. 96 ° 1
. 96 ° 30
. 50 ° 30 - 30 cycles
. 60 ° 1
. 4 ° 7
. 4 o
3.1
M pH 5.2 2 95
50 10
15,000 , 20 70%
template suppression reagent 25
95°¢c 2 1
ABI Prism ™
(Perkin-Elmer . .A.) ClustalX Genedoc
3.5 ! 16S rRNA (
Bioservice unit)
16S rRNA
(primers) 16S rRNA

Bacillus circulons X60613 Bacillus cereus AF206326 Bacillus thuringiemis AF160221
Gen Bank
Bacillus
B3-1 (Template)

16S RNA B3-1
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Meade (1984) 3.4.1

100 dNTP mixture , Pyrobest

forword primerBsp. 0816 (5'-GATACC CTG GTA GTC CACGC -3")

reverse primerBsp. 1510 (5-TTC ACC GCG GCA TGC TGA TC -3") primer

3.2
3.2 PCR
( )

51.5

10 X PCR 10
dNTP (ANTP mixture) 8

Primerl (forward) 2 10
Primer2 (reverse) 2 10
Pyrobest (5 / ) 0.5
Template 10

3.2



¢ Predenature

+ Denature

« Annealing

+ Extention

¢« Cool

3.2

4.1

16STRNA

3ne

96 °
94 °
55 °
72°

4 [

dioxy

96 °

30

30

500

16S rRNA

(Nakamura

genase activity

Harayama

30 Cycles

(GeneClean Kit)
Bioservice unit

BLAST

, 1996 )

aromatic ring cleavage enzyme

48-72

(1989)

(tryptophan medium

56



4.1.2

(surface tension)

(Blue pigment)

dioxygenase
tryptophanase tryptophan
dioxygenase indigo
3.3
#
Morikawa (1993)

tryptophanase

indole

(biosurfactant)

5/



24 . '

20

(Morikawa ,1993)

(Jain ,1991)

8,000 20

(Ring tensiometer K6 ,Kruss,Geriiiany)

4,2

4.2.1 (Inoculum)

(Nutrient agar)

(Nutrient agar slant)

BH broth ( ) 50 . 05

250
(32:2 ° ) 24

600

4.2.2

42.1 2

BH broth 50 . 0.5

(0D g00)

200

24

1-7

1-2

58



250

4.2.3

600

4.2.4

50

200

(0D g00)

(Nakamura

0-7

200
Vv,V
(nutrientagar slant) 24
(32 £2°
1-2
BH broth 50
, 1996)
(32 + 2°C)

(gas chromatography)

1.4 «

10

250

24

200

600

24

1

(viable cell count)
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431

43.2

0.5

1X 108 CFU/
)

b »
, 1979)

42.2

60

©
© ©
4.2.1
50 . 0.5
250
200 0-7
5,7 1
(Viable cell count)
© ©
BH broth
421 (
( BH broth 05
43.1
0 (Dibble
42.1 BH broth
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4.0 0.1

52

20 30 40

54

Rocha

hroth 0.5

8.0 0.1

4.2.2

4.2.2

(1997)

7.0
?
7.0
421
100,200 250
BH broth
4.2.4

(biosurfactant)

53

61

( biosurfactant )

(biosurfactant)

BH
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51,5.2,5.3
421

54
0,1,3,5

I

62
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