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ABSTRACT

Soil samples from 5 of 12 agricultural fields in Songkhla Province were found to
contain Y-hexachlorocyclohexane (Y-HCH) residual in the range of 0.03 - 0.45 ng/g soil dry
weight. From these 12 soil samples, 35 bacterial strains were isolated on mineral salt yeast extract
medium supplemented with increasing concentrations of Y-HCH from 20 to 200 ppm (mg/1). All
35 soil isolates were shown to degrade Y-HCH between 7.97 to 77.98% within 96 hours from the
initial concentration of 200 ppm. The 12 bacterial consortia also showed the ability to degrade
between 42.2 to 97.6% Y-HCH in 96 hours with bacterial consortium-9 achieving the highest Y-
HCH degradation of 97.6% in 96 hours.

Bacterial consortium-9, which consisted of isolates GH9-1, GH9-2, GH9-3 and
GH9-4, were chosen for the study of Y-HCH degradation by mixed culture. Each isolate was able
to degrade 73.3, 53.3, 51.6 and 33.6% of Y-HCH in 96 hours, respectively. Mixed culture [1:1
ratio (v:v)] between GH9-1 and GH9-3 [Mix(1+3)] achieved the highest Y-HCH degradation at
85.6% in 96 hours. While Mixed culture between GH9-1 and GH9-2 [Mix(1+2)], GH9-1 and
GH9-4 [Mix(1+4)], GH9-2 and GH9-3 [Mix(2+3)], GH9-2 and GH9-4 [Mix(2+4)], GH9-3 and
GH9-4 [Mix(3+4)] were observed to degrade 70, 63, 57.8, 44 and 41.2% of Y-HCH in 96 hours.
The exclusion of isolates GH9-1, GH9-2, GH9-3 or GH9-4 from the cultivation medium resulted
in the Y-HCH degradation of 47.2, 73.8, 44.5 and 73.4% in 96 hours, respectively. Finally, mixed
culture of all four isolates was shown to degrade only 71.1% of 'Y-HCH in 96 hours.

Based on their 16S rDNA sequences analyses, bacterial isolates GH9-1, GH9-2,

GH9-3 and GH9-4 were shown to have similarities or were closely related to Pseudomonas
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putida (99% identity), Burkholderia sp. (98% identity), Flexibacter sp. (98% identity) and

Burkholderia vietnamiensis (91% identity).
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Table 1. Physical Properties of gamma-HCH.

Physical Property
Appearance colorless crystal
Molecular Weight 290.85
Water Solubility 25°C (ppm) 7.90
Melting Point ("C) 112-113
Adsorption Coefficient 1100
Vapor pressure (mm. Hg at 20°C) 94x10°
Heat of combustion (Kcal/mol) 662.32
Refractive index (n,") 1.644 +0.002
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Table 3. 7-HCH residues in human fat in different countries.

Country Year (BE) Number of sample Y- HCH (mg/1)
USA 2504 - 2507 399 0.57

England 2504 - 2507 165 0.42
France 2504 10 1.19
India 2507 35 1.43
China 2523 -2524 217 19.7
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Table 4. Persistency of organochlorine pesticide in soil.

Organochlorine pesticide Degradation of pesticide at 95% in soil (year)
DDT 4-30
Dieldrin 5-25
Y-HCH 3-10
Chlordane 3-5
Heptachlor 3-5
Aldrin 1-6

NW1: AN WHBANANAU (2545)
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Table 5. Acute toxicity (LDy,) of pesticides.

Pesticide LD,, (mg/kg) Acute Toxicity Index (100 x 1/LD50)
Y-HCH (Lindane) 88 1.14
DDT 113 0.88
Diphenylamine (DPA) 300 0.33
1-Naphthol 300 0.33
24-D 375 0.27
Atrazine 2000 0.05
Malathion 2100 0.5

111 : Brooks (1974b)
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Table 6. Primers used during PCR and DNA sequencing of 16S rDNA.

Primer name Sequence (5'-3") Tm (°C)

27F AGAGTTTGATCCTGGCTCAG 60.4

1492R ACGGCTACCTTGTTACGACTT 60.6
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Table 7. Texture, Y-HCH and p,p’-DDT concentration of soil samples.

Y-HCH concentration p,p,-DDT concentration Soil
Area
(ng/g soil dry wt)® (ng/g soil dry wt)"” texture”
Area 1 Cabbage Field 0.0[! 0.19 loam
Area 2 Broccoli Field ND 0.80 loam
Area | Broccoli Field ND 0.52 loam
Area 4 Sediment from
0.45 1.81 silty clay
irrigation ditch
Area 5 Water Spinach Field 0.08 0.4 loam
Area 6 Broccoli Field ND 0.84 loam
Area 7 Chilli Field ND 6.27 loam
Area 8 Yu Choy Field ND 0.95 loam
Area 9 Chinese Parsley Field 0.17 0.24 loam
Area 10 Broccoli Field ND 9.84 laterite
Area 11 Chinese
0.22 0.62 loam
Kale/Broccoli Field
Area 12 Lettuce Field ND 0.79 laterite

Note: (a) ND (Non detectable; Limit of quantification = 0.01 ng/g)
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A131971 8 ﬁmgm?mwammﬁﬁﬂﬁﬁ’mwﬂ"lﬁ'mﬂ 12 ﬂzjm%ya iferdeauuenng MSYM i
S UATUNUN-O BT 200 daulududIu (MSYM+HCH,,,)
Table 8. Morphological characteristics of bacterial isolates from 12 consortia grown on
MSYM supplemented with 200 ppm HCH (MSYM+HCH,,,).
Gram
Isolate Colony morphology o Cell shape
staining

1/1 White, large circular, opaque, convex, slime negative Rod
12 Off-White, small circular, smooth edge negative Rod
/L] Orange, small circular, convex negative Rod
2/1 White, large circular, opaque, convex, slime negative Rod
2/2 Orange, circular, convex negative Rod
2/ ] Yellowish, circular, translucent, smooth edge negative Rod
L/ White, large circular, opaque, smooth edge, convex, slime negative Rod
(2 Orange, circular, convex negative Rod
(/] White, small circular, translucent, smooth edge negative Rod
4/1 White, large circular, opaque, smooth edge, convex, slime negative Rod
4/2 Off-White, small circular, smooth edge, flat, slime negative Rod
4/[] Yellowish, small circular, translucent, smooth edge, convex negative Rod
5/1 White, large circular, translucent, smooth edge, convex, slime  negative Rod
5/2 Off-White, small circular, smooth edge, flat negative Rod
5/ Orange, small circular, convex negative Rod
5/4 White, circular, translucent, smooth edge, flat negative Rod
6/1 White, large circular, opaque, smooth edge, convex, slime negative Rod
6/2 White, small circular, translucent, smooth edge, flat negative Rod
6/l ] Orange, small circular, convex negative Rod
7/1 White, circular, opaque, smooth edge, convex, slime negative Rod
7/2 White, small circular, translucent, convex, slime negative Rod
7/1] Orange, small circular, smooth edge, convex negative Rod
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AN S (910)

Table 8. (Continued)

Gram
Isolate Colony morphology o Cell shape
staining
8/1 White, large circular, opaque, smooth edge, convex, slime negative Rod
8/2 White, small circular, translucent, flat negative Rod
8/ Off-White, circular, smooth edge, convex negative Rod
9/1 White, circular, convex, opaque, slime negative Rod
9/2 Yellow, circular, smooth-edge, convex negative Rod
9/L]  White, large circular, rough-edge, opaque negative Rod
9/4 Orange, small circular, translucent negative Rod
10/1 Yellow, small circular, smooth-edge, convex negative Rod
10/2 White, small circular, opaque, smooth edge, flat negative Rod
11/1 White, small circular, opaque, flat negative Rod
11/2 Off-White, circular, smooth edge negative Rod
12/1 White, small circular, opaque, smooth edge, flat negative Rod
12/2 Yellow, small circular, smooth-edge, convex negative Rod
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Y-HCH degradation profiles by individual bacterial isolate grown in MSYM+HCH,,,

and incubated at EOC, 150 rpm for 96 hours. (A - F : Isolates 1/1 - 12/2)
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M3l o Zosazmiadosaaismsunuin-esdiorlantouuaiidomne memealuoims
MSYM+HCH,,, figagil [0 esrtuzaiod ve1150 sousemit ifluiar 96
F1T4
Table 9. Level of 7Y-HCH degradation by individual bacterial isolate grown in
MSYM+HCH,,, and incubated at d°C, 150 rpm for 96 hours.
Isolates 'Y-HCH disappearance (%)
Control (No bacteria) 9.0
1/1 62.5]
1/2 274
1/L] 4172
Consortium 1 85.78
2/1 1192
2/2 25.09
2/ 20.86
Consortium 2 75.01
A [0.24
2 16.1]
] 56.17
Consortium || 52.69
4/1 7.97
4/2 49.
4/ 28.16
Consortium 4 65.65
5/1 14.46
5/2 52.40
5/1] 18.25
5/4 (3.7
Consortium 5 79.6]
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Table 9. (Continued)

Isolates Y-HCH,,, disappearance (%)
6/1 77.98
6/2 75.07
6/l (2.1
Consortium 6 76.18
71 54.40
72 21.84
7/L] [2.12
Consortium 7 78.22
8/1 2090
8/2 2082
8/L] 14.82
Consortium 8 400
9/1 7095
9/2 56.66
o/l 52.00
9/4 40.74
Consortium 9 98.40
10/1 5072
10/2 65.70
Consortium 10 7081
11/1 5050
11/2 25.64
Consortium 11 69.94
12/1 16.90
12/2 2.
Consortium 12 52.45
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Y-HCH degradation profile by bacterial consortium grown in MSYM+HCH,, and
incubated at EOC, 150 rpm for 96 hours. (A : Consortium 1 - 6; B : Consortium 7 -

12)
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Table 10.  Morphological features and biochemical characteristics of the isolated bacteria.
Morphological and Isolates
biochemical characteristics 1/1 172 v on 2/2 2/L1 A ) ]
Gram staining - - - - - - - - -
Cell shape Rod Rod Rod Rod Rod Rod Rod Rod Rod
Motility + + + + + + + + +
Catalase test + + + + + + + + +
Oxidase test + + + + + + + + +
Methyl red test - - + - + - - - -
Voges-Proskauer (VP) test - - + - - - + - -
Indole test - - - + - - - - -
Citrate utilization + - - + - - + - -
Oxidation /Fermentation O/F O/F O o O/F  O/F - O/F  O/F
Acid production from
Carbohydrates utilization:
Lactose + + + + + + + - +
Glucose + + + + + - + + +
Sucrose + + + + + + + - +

+ Positive test

- Negative test



A13519N 10 (919)
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Table 10.  (Continued)
Morphological and Isolates
biochemical characteristics 4/1 4/2 41 sn 512 s/l 54 6/1 6/2
Gram staining - - - - - - - - -
Cell shape Rod Rod Rod Rod Rod Rod Rod Rod Rod
Motility - - + - - + + _ _
Catalase test - + + + + + + + +
Oxidase test - + + + + + + + +
Methyl red test - - - - - - - - -
Voges-Proskauer (VP) test + - - - + - - - -
Indole test - - - - - - - - -
Citrate utilization + + + + + - + + -
Oxidation /Fermentation O 0] F O/F F O/F  O/F 0] O/F
Acid production from
Carbohydrates utilization:
Lactose - - + + - + + + +
Glucose - - - + - - + - +
Sucrose - - - + - - + + +

+ Positive test

- Negative test



A1 19N 10 (919)

Table 10. (Continued)
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Morphological and Isolates
biochemical characteristics ~ ¢/[] 771 72 7] &1 82 &[] GH9-1 GH9-2
Gram staining - - - - - - - - -
Cell shape Rod Rod Rod Rod Rod Rod Rod Rod Rod
Motility - + - + - - - + +
Catalase test + + + + + + + + +
Oxidase test + + + + + + + + +
Methyl red test + - - + - + - - +
Voges-Proskauer (VP) test - - - + - - + - -
Indole test - - - + - - - - -
Citrate utilization + - + - - + + + +
Oxidation /Fermentation 0] F O/F 0] @) o F O/F o
Acid production from
Carbohydrates utilization:
Lactose + + + + + + - + +
Glucose + - - + + + - + +
Sucrose + - + + + + - + +

+ Positive test

- Negative test
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Table 10.  (Continued)
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Morphological and Isolates
biochemical characteristics GH9-L] GH9-4 10/1 102 11/1 112 12/1 122
Gram staining - - - - - - - -
Cell shape Rod Rod Rod Rod Rod Rod Rod Rod
Motility + + + + - - - -
Catalase test + + + + + + + +
Oxidase test + - - + - + + +
Methyl red test - - - - - - - -
Voges-Proskauer (VP) test - - - - - - - -
Indole test - - - - - - - -
Citrate utilization + - - + - + - +
Oxidation /Fermentation 0] O O/F O OF O/F O/F OFF
Acid production from
Carbohydrates utilization:
Lactose + - + - - + + +
Glucose + - + + - - - +
Sucrose + - + - 4 + + -

+ Positive test

- Negative test
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M3 11 mMsswunanaveudouvniiisendanen lanudnyaznedugiuineiuay
AaAUIANINTUAL
Table 11.  Genus of bacterial isolates as defined by their colony and cell morphologies and
biochemical characteristics.
Bacterial genus Isolate
11, 1/2,2/1, 212, 2/L114, L, UL 40572, 5710504, 6/1, 672,
Pseudomonas 711, 7/L,18/1, 8/2, 8/L,] GHY-1, GHY-2, GHY-L,]
10/1, 10/2, 11/1, 11/2, 12/1, 12/2
Serratia 4/1, GH9-4
Proteus 4/2, 5/1, 6/ D7/2
Lane
—>» 1500 kb
—* 1000 kb
amii 19 nadidnlasviFaves PCR AdupveuFouuafizoninnguited 9 Tavldlns
LllE]{ 27F 1ag 1492R (1497 1, 8: DNA marker, 197 2: GH9-1, 1191 DGH9-2, 1o 4:
GH9-L, 11197 5: GH9-4, 1107 6: negative control LAZLNI 7: positive control)
Figure 19. Gel electrophoresis of PCR product from bacterial isolates of consortium-9 amplified

with primers 27F and 1492R. (Lane 1, 8: DNA marker, Lane 2: GH9-1, Lane ]
GH9-2, Lane 4: GH9—D Lane 5: GH9-4, Lane 6: negative control and Lane 7:

positive control)



72

GH![-[

Burkholderia vietnamiensis (AY741147)

Pseudomonas monteilii (| U40088)

171
GH![-2

421

Burkholderia sp. (AM747628)

— 116
Ralstonia sp. (DQ785822)

14

GH!-3

816

Flexibacter sp. (AY2 '8[1l5)

Ralstonia solanacearum (DQ924952)

225

GH![-1

580

Pseudomonas putida ([U4Ldos7)

~ a = . & A A = A o
NN 20 "lmmmuﬂﬂm (Phylogenetic tree) UDAUFDLUANITY GHI-1 D3 GH9-4 NAALLEN
1 Lﬂy A A d’
NNNQUIFBUUANLIYN 9

Figure 20. Phylogenetic tree of bacterial isolates GH9-1 to GH9-4 from bacterial consortium-9.
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Table 12.  'Y-HCH degrading bacteria as reported in various studies.

70

Initial Y-HCH

Y-HCH degradation

Bacteria strains References
concentration (ppm) (%)
Burkholderia, 25 95% in 1 days Murthy and
Flavobacterium, Manonmani
Pseudomonas spp. (2007)
P. aeruginosa ITRC-5 180 95% in 4 days Kumar et al.
(2006)
Sphingobacterium 120 8% in [Hays Pesce and
spiritivorum, Ochrobactrum Wunderlin (2004)
anthropi, Bosea thiooxidans
and S. paucimobilis
Pseudomonas sp. 5 100% in 10 - 20 Sahu et al. (1992)
days
P. putida GH9-1, 200 85% in 4 days This study

Burkholderia sp. GH9-2,
Flexibacter sp. GH9- [and
Burkholderia sp. GH9-4
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1. Minimal salt — yeast extract medium (MSYM) (é’fﬂuﬂmmn Pesce and Wunderlin, 2004)

NH,NO, 025 N3N
K,HPO, 0.675 N3V
Ca(NO,), 0.1 3w
MgSO,+7H,0 02 N3V
NaHPO, 0.5 N3V
Na,HPO, 545 A3V
vaaana 0.1 N3N

MIATUN Stock ATUANNI-BYBIDY: FITTUANN-OFFHOY 0.25 n5U azareluaisazarvoy

F1auTu1as 50 Taaans (@NUTUTY 5,000 duludrudin) nsewrubonseriia luasy

~

H Y
A urugudnaegniy 0.22 Tulaswas Naiusegungid 121 esmuaaidod 15 u1i

Q

Y v
ey lue1mins MsyM 17 ldanududuaundeanis

2. Nutrient @ar

Beef extract 3.0 n3u
Peptone 5.0 n3u
Agar 150 N3

3. Nutrient broth

ag =) 1 = o 9 1 a9
FATUAZITNTATINFURYINUUD 2 Lmllmﬂugu (agar)
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1. MInaaauinItag (Catalase test)
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1. myazaelalasnunleseon lodanududuiosay 3
4
2. nszandlaq

oA R
3. WNIYLYD
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g di‘ . oA A < o
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2. Mmsnaaeveandiaa (| kidase test)
d =
ginsaisazasnil
1. NILAIHNITOI
2. @158¥@18 tetramethyl-p-phenylenediamine HCl ANNduTuT08az 0.5
2 A4 A
3. UL
1. TMNN5LAENTOINDUABAITALAY tetramethyl-p-phenylenediamine HCI 7713
wutudosaz 0.5
< v Y ]
2. dduaayemsIalatioonumaaey Tagainlalad lUuuunszay
a d
MIAUNITH
a A 9 a ~
wavIn tnaauIaINnely 10 Ju1n
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3. MIinaaey MR (Methyl red test)
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Qﬂﬂiﬂ!!!ﬁ%ﬁ]i!ﬂu

a '
NIFIUNIITH

91113410 MR-VP

methyl red

a g

Y Y [
@eu¥e luermismal MR-VP tuigavgiilunar 5 Tu

QU

d'd dy a an
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4. MInaaoav VP (Voges-Proskauer (VP) test)
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2.

MINAIIZH

9111310 MR-VP
Y 9 9
1902018 naphthol ANMWVNUYUTDYAL 5
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5. mInaaaudulaa (Indole test)

< a
Qﬂﬂiiﬁl!ﬂ%ﬁ]i!ﬂu

1.

2.

811131107 Tryptone

a1902018 Kovacs’ reagent
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6. MINAABUMSIIFFINTA (Citrate utilization test)
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9. msmaaums%ﬁw“’lmmﬂ (Nitrate reduction test)
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1. Nutrient agar

Beef extract 3.0 NI
Peptone 5.0 bty
Agar 15.0 N3N

2. Motility test medium

Tryptone 10.0 NN
Sodium chloride 5.0 n3U
Agar 5.0 N3N



. Hugh and Leifson’s O-F medium (pH 7.1)

Peptone
K,HPO,
NaCl
Agar

Bromthymol blue 0.2%

. Nitrate broth

Beef extract

Peptone

Potassium nitrate

. Nutrient gelatin medium
Beef extract

Peptone

Gelatin

. Tryptone broth

Tryptone

. MR-VP medium

Buffered Peptone
Dipotassium phosphate
Dextrose

pH 6.9 1 25 pemuaidoa
Simmons’ citrate agar
MnSO,

(NH,)H,PO,

K,HPO,

NaCl

Sodium citrate
Bromthymol blue

Agar

pH 6.8

2.0
0.3
5.0
3.0

15.0

3.0
5.0
1.0

3.0
5.0
120.0

10

7.0
5.0

5.0

0.2
1.0
1.0
5.0
2.0
0.08
15.0
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9. Starch agar
Beef extract
Peptone
Potato starch

Agar

10. Fermentation Carbohydrate medium

Beef extract
Peptone
"leW]'la
(nglna uanlaa 9 lnse)
Bromthymol blue 1.6%

pH 6.8-7.0

3.0

5.0

10.0
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3. msazangnaaov luasa (Nitrate test solution)

q1302078 A:
Sulfanilic acid
5 N acetic acid

4. Voges-Pros Laluer test solution
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Alpha naphthol
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a139¢a1Y B:
KOH
g 4
HInau
Bromthymol blue 1.6%
Bromthymol blue

Ethyl alcohol

20
100

1.6
100
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d‘ a = 1 Y 1 1 A A
AN 22 USINUEITUANN-DTFIOY (muclumumu) MNN1SEosaaIn laauuaise

v Y I 9
992910 12 nguiTe 1Ho1de911u01%15 MSYM+HCH,,, fiquuni 30 04en

200

= l 1 A G o
raed e 150 souaou Wual 96 ¥ 1ug

Table 22.  Y-HCH concentration (ppm) from individual isolate from all consortia degraded

during grown in MSYM+HCH,,,, and incubated at 30°C, 150 rpm for 96 hours.

200

Isolate 0 hr 24 hr 48 hr 72 hr 96 hr
1/1 186.46 127.68 120.02 92.43 69.86
1/2 186.46 171.30 151.94 144.56 135.32
1/3 186.46 150.08 135.80 102.86 104.93
2/1 186.46 121.60 112.23 98.00 123.22
2/2 186.46 144.97 139.27 116.76 139.67
2/3 186.46 165.58 153.25 143.61 147.57
3/1 186.46 168.75 164.09 122.21 130.07
372 186.46 164.12 164.38 121.65 156.39
373 186.46 139.45 136.80 109.50 81.72
4/1 186.46 171.12 173.73 178.05 171.59
4/2 186.46 173.23 113.99 130.29 94.50
4/3 186.46 185.34 143.46 134.12 133.96
5/1 186.46 172.74 155.92 145.52 159.50
5/2 186.46 187.66 145.68 127.74 88.75
5/3 186.46 191.02 158.62 162.04 152.43
5/4 186.46 152.16 125.88 121.39 120.50
6/1 186.46 169.48 105.96 58.55 41.06
6/2 186.46 161.10 146.68 78.78 46.48
6/3 186.46 174.50 149.43 141.97 117.22
7/1 186.46 123.57 116.48 113.28 85.02
7/2 186.46 131.14 124.14 135.89 145.74
7/3 186.46 176.14 103.60 114.88 126.56
8/1 186.46 186.09 151.23 158.49 141.84
8/2 186.46 164.10 145.35 142.05 142.05

8/3 186.46 182.53 155.19 165.98 158.83




ﬂTiN‘ﬁ 22
Table 22.  (Continued)
Isolate 0 hr 24 hr 48 hr 72 hr 96 hr

9/1 186.46 120.46 121.02 95.74 48.58
9/2 186.46 144.88 109.50 90.96 80.81
9/3 186.46 164.09 143.46 155.99 89.50
9/4 186.46 176.24 169.03 122.06 110.50
10/1 186.46 204.64 183.71 113.41 86.30
10/2 186.46 190.95 200.83 109.51 63.94
11/1 186.46 187.82 105.93 79.71 86.70
11/2 186.46 133.33 131.89 125.81 138.65
12/1 186.46 153.64 140.67 69.65 154.95
12/2 186.46 194.08 168.57 126.50 126.19
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Figure 21.

Standard curve of Y-HCH from GC-LECD.
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Figure 22. Chromatogram and result from GC-JLECD.

MWA 23 11393 GC-LLECD Hewlett-Paclard 1 6890

Figure 23. GC-ULECD Hewlett-Pac Ldrd model 6890.
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TTTGCAGAGATACACAGACGAGCTAGCAGTACCTGCCATCTGGGGGCATAGACTACTCAGAT
AACACATCTAGCGTAGGCTACTTCTTCAGATACTGGCACGGTCAGCAAGATACCTCGGAATA
GCCTGTCGCTAGAACAGTTCATCAGTACGCATTGCCCGCTATGGATGTGACGTATCAGCTCG
ACCAAGAGTTCTGATATCTGCCTGTGGCTGCTGTCTCCCGTAAGAGAGGTATCCGTAGCTGT
TTCCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCGAC
AGAATAAGCACCGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAA
TCGGAATTACTGGGCGTAAAGCGCGCGTAGGTIGGTTITGTTAAGTTGGATGTGAAAGCCCCGG
GCTCAACCTGGGAACTGCATCCAAAACTGGCAAGCTAGAGTACGGTAGAGGGTGGTGCATTT
TATGGTGCAAGCGGTTTTTGGAATGATAGGCTTACTAAGAGGAGCCGTACCGGTTGTTAATG
AAGCGATAACAATATGGCAAAGGCATCGAAATATGGAAAGGTGCACTGGAGTACCGGATGTT
GGAGGTGGTACTTTTTTACGACAGGGATAAACTGAGGGGTTGTTACCAAAAGGAATAAAGAG
GTGCACTTACCTAGTATAAAATAATTTGGTAGAAATTGTTGTCAGTGGGTCTGGGCCTAAAA
GAATATGCAGAGGAAAAAACTTGGAAAATGCCTTCCCGGAGAATTGGTAAATTTTTGG

AMNN 24 AEUE 16S rDNA Y9350 GHI-1

Figure 24. 16S rDNA base sequences of isolated bacteria GH9-1

GGGCAGCGCAGCTTACCTGCAGTCGACGGCAGCACGGGTGCTTGCACCTGGTGGCGAGTGGC
GAACGGGTGAGTAATACATCGGAACATGTCCTGTAGTGGGGGATAGCCCGGCGAAAGCCGGA
TTAATACCGCATACGATCCACGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCTATAGGGTT
GGCCGATGGCTGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCAGTAGCTG
GTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGTGTGAAGAAG
GCCTTCGGGTTGTAAAGCACTTTTGTCCGGAAAGAAATCCTTGGCCCTAATATGGCCGGGGG
ATGACGGTACCGGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTGCTAAGACCGA
TGTGAAATCCCCGGGCTCAACCTGGGAACTCCATTGGGGACTGAGCAGCCTAGAGTAGGGCA
GAGGGGAGAAGAATTCCACGCGTACCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGG
CGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGGTGGGGGATTCATTTCC
TTAGTAACGTAGACTAAACCCGTGAAGTTTGACCCCCTGGGGAGTACGGTCGCAAGATTAAA
ACTCAAAGGAATTGTCGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTTGATGCAAC
GCGAAAAACCTTACCTACCCTTGACATGGTCGGAATCCTGAAGAGATTCGGGAGTTCTCGAA
AGAGAACCGGCGCACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA
AGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGGTACGCAAGAGCACTCTAAGGAGACTG
CCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTICATGGCCCTTATGGGTAGGG
CTTCACACGTCATACAATGGTCGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCC
AGAAAACCGATCGTAGTCCGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTA
GTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGG

AMNN 25 S@uE 16S rDNA U040 GHI-2

Figure 25. 16S rDNA base sequences of isolated bacteria GH9-2



108

GGCAGCGCAGGCTATAATGCAGTCGAGGGGCAGCATGGGTAGCAATACCTGATGGCGACCGGCAAACGG
GTGCGGAACACGTACGCAACCTTCCTTCAAGCGGGGAATAGCCCAGAGAAATTTGGATTAATACCCCAT
AGGAATGTAGTCTCGCATGAGACAGCATTTAAAGATTTATCACTTGAAGATGGGCGTGCGTCTGATTAG
GTAGTTGGTGAGGTAACGGCTCACCAAGCCGACGATCAGTAACTGGCGTGAGAGCGCGACCAGTCACAC
GGGCACTGAGACACGGGCCCGACTCCTACGGGAGGCAGCAGTAAGGAATATTGGTCAATGGACGCAAGT
CTGAACCAGCCATGCCGCGTGGAGGATGAAGGCCCTCTGGGTTGTAAACTTCTTTTATCTGGGACGAAA
CACTTCTTATCTAAGGAGCTTGACGGTACCAGATGAATAAGCACCGGCTAACTCCGTGCCAGCAGCCGC
GGTAATACGGAGGGTGCAAGCGTTATCCGGATTCACTGGGTTTAAAGGGTGCGTAGGCGGACTTGTAAG
TCCGTGGTGAAATCTCCGAGCTTAACTCGGAAACTGCCATGGATACTATAAGTCTTGAATGTTIGTGGAG
GTTAGCGGAATAGTTCATGTAGCGGTGAAATGCTTAGATATGACCTAGAACACCAATTGCGAAGGCAGC
TGGCTACACAATAATTGACGCTGAGGCACGAAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGT
CCACGCCCTAAACGATGATTACTCGACATTTGCGATATATTGTAAGTGTCTGAGCGAAAGCATTAAGTA
ATCCACCTGGGAAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGTCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCTGGGCTAGAATGCAATTTGACCGGTCCTG
AAAGGGATTTTTGTAGCAATACACAGATTGTAAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGG
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCACTAGTTGCCAGCACGTAATGGTGGGAACTCT
AGTGAAACTGCCGTCGTAAGACGCGAGGAAGGAGGGGATGATGTCAAGTCATCATGGCCTTTATGCCCA
GGGCTACACACGTGCTACAATGGTAGAGACAAAGGGCTGCTACCTGGTAACAGGCTGCTAATCTCAAAA
ACTCTATCTCAGTTCGGATTGAGGTCTGCAACTCGACCTCATGAAGCTGGAATCGCTAGTAATCGTATA
TCAGCAATGATACGGTGAATACGTTCCCGGACCTTGTACACACCGCCCGTCAAGCCATGAAAGCCGGGG
GGACCTAAGTCGGAACCGCAAGAGCCGCCAGGTAACCGATCC
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Figure 26. 16S rDNA base sequences of isolated bacteria GH9-3

CCCGGCGCGCCTACATGCAGTCGACGCCGCCAGGGTAGCCTGCCCTCGGTGGAGAGTGGCGAACCTTTC
AAAGTACTTCTGAANATGTCCCGTGGTGGCGTATCCTCTTGCCAAAGCCTGGATTATCTACCGCATACA
ATTCTCGGATGAAAGCCGGCGACCTTCGGGCCTCCTGCTATATGGTTGGACGACGCGCTGATTAGCTCA
ATCCTGGGGTAAACGCCTACCATGGCCACCATCACTAGCTGGTCTGAGCAGGACCACCCTCCTCCCTIGG
GACTGAGACACGGCCCATACTCCTACGGGAGGCAGCATTGTCCAACTTTGCACCATGGGCGAAAGCCTG
ACCCAGCAATGCCGCCTIGTGTCAACAATGCCTTCAGGTTGTAAAGCACTTTTGTCCGCCCCGAAATCCT
TGGTCCTAACATGCCCGGGGGATGACGGTACCCTAACAATAATCACCATGCTAACTACGTGCCACCAGC
CTCGGTAATACTTAAGGTGCAAGCGTTAATCCCAATTACCGGCCGCAAAGCGTGCGCAGGCGGTTTGCT
AATACCGATGTGAAATCCCCGGGCTCAATCCGAGGGAACTGCATTGATGACTGGCAGGCTAGAGATATG
CCACAGGGGCGTAGAATTCCACCTGTACCAGTGAAATGCCTAAAGATGTGGAGGAATACCGATGGCGAA
AGCAGCACCCTGGGCCAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGGATTTCATTTCCTTTAGTAACGTAACTAAC
GCCGTAAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGC
ACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGGTCGG
AATCCTGAAGAGATTCGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGTCGTCAGCT
CGTIGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCTACGCAAGAGC
ACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTAT
GGGTAGGGCTTCACACGTCATACAATGGTCGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCC
CAGAAAACCGATCGTAGTCCGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATC
GCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCAGTGGGAGT
GGGTTTTACCAGAAGTGGCTAGTCTAACCGCAAGGAGGANCGTCCCACGGTAGATCAGCGCGGG
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Figure 27. 16S rDNA base sequences of isolated bacteria GH9-4
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