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ABSTRACT

Endosulfan and pentachloronitrobenzene (PCNB) are toxic pesticides that were
used to control soil-borne plant diseases but are still detected in soils and
ediblecrops despite its terminated use. In this study we report a new Endosulfan
and PCNB-degrading strains able to grow under ambient aerobic conditions. These
strains could readily utilize Endosulfan and PCNB (100ppm) as a sole carbon
source respectively and showed a distinctive growth in a week or so. Endosulfan
degrader was identified as Klebsiella oxytoca KE-8 and PCNB degrader as
Alcaligenes denitrificans based upon 16S rDNA sequence analysis. In this study a
PCR-DGGE (denaturing gradient gel electrophoresis) system was developed to
specifically monitor endosulfan or PCNB degrader population (Klebsiella oxytoca
KE-8 and Alcaligenes denitrificans). The isolation and characterization of the new
degraders will be useful in facilitating accelerated bioremediation of Endosulfan

and PCNB in the environment and in monitoring the bioremediation processes.

Key words : Endosulfan, PCNB, microcosm, PCR-DGGE, natural organic substrate
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2.1. Endosulfan 2 PCNBE E3g - 384 Ad 2 AE=

3

Endosulfane I &-B g Mo] mao], AA mi ke z7lo] FHE wr}
glaue 2o WAz Ui gx gown A zpddHow wAlelx] =

t}.  Technical-grade Endosulfane Ao]%=  94%74d %9 a-endosulfand} p
-endosulfan©. = T ¥ QlaL, EA B &L T3 Lok LElal, 2%0]/]
Endosulfan alcohol®} 1%¢©]/3¢] Endosulfan ether® /] ¥ T}. Endosulfan sulfate
+ Technical-grade Endosulfan®] RESAMER AE &=, Ao = FEa <t
AEge] o3 Abste]l AazA {F7AllA 2 ET [26]. Endosulfan, a
-endosulfan, B-endosulfan, Endosulfan sulfate®] 32|, 3}8+%4 =722 Endosulfan
o] Ao A FQ23dlt). Endosulfane 6, 7, 8, 9, 10, 10-Hexachloro-1, 5, 5a, 6,
9, 9a-hexahydro-6, 9-methano-2, 4, 3-benzo(e)-dioxathiepin-3-oxide &= %= =] % &
s}sla] © 2 = CoHeClgOsSE A SFL ST} [26]. Technical-grade Endosulfan®] tf-
S olFa A= F 7FA o] A Al a-endosulfan?} B-endosulfan®] 749 &
7ol =¥ 452 Endosulfan sulfate® AFstE 11 2 2LoAe B
-endosulfan®] 7% A3 &+ ¢ <t a-endosulfan®] FEf= A=A vt
[23, 26].



Cl Cl

Cl
Cl
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cl” Cl o—S=0

Fig. 2.1. Chemical structure of Endosulfan [1, 26, 27]

NO,
Cl Cl

Cl Cl
Cl

Fig. 2.2. Structure of PCNB [1, 26, 27]



Table 2.1. Physical and Chemical Properties of Endosulfan [27]

Property

Infomation

Molecular
Color
Physical state
Melting point
Pure
Technical
Boiling point
Density at 20/4C
Density for vapor
Odor
a-Endosulfan
Decomposition products
Organic solvents at 20C
Dichloromethane
Ethanol
Chloroform
Ethanol
Kerosene
Methanol
Xylene
Partition coefficients:
Log Kow
Log Koc

Reactivity

406.95
Cream to brown; mostly beige
Crystalline solid; Waxy solid

106°C
70~100TC
No data
1.735g/md
14

Terpene-like
May have a slight odor of sulfur dioxide

65g/ ¢
65g/ ¢
746g/ ¢
40¢g/ ¢
164g/ ¢
89g/ ¢
388g/ ¢

3.55 and 3.62
3.5
Both isomers are slowly hydrolysed by aqueous

acids and alkalis, with the formation of the diol

and sulfur dioxide
a and pPisomers are rapidly oxidized by

peroxides or pemanganate to endosulfan sulfate
The Bform is slowly converted to the more stable

aform at high temperatures
Both isomers slowly oxidize in air to endosulfan

sulfate
Corrosive to iron




Endosulfan< 1154 Fofo 2 A E3IerE9o] Eds w7l 30~70¢)= o
5

k= W& #-> Holt} Endosulfan®] 49 o2 {83k A

S Hlt} [9, 23, 25]. Endosulfan> S FA AN F&S vA = Aoz o4y
A oed, Ay, 94, VS, FE, AE5E dodH =& H F=U)

A A ] A5 12.6mg/m' FAHFAL] B 34.5mg/m' etk [27].
2.2 Endosulfan 2 PCNB 2 ¢ & 3}

Endosulfan®] 74 -%-, 1954\ Farbwerke Hoechst A.G.ol| &3] w]=foll A A3 A7)
3, “Thiodan"ol & A ¥ Z 5% [1, 23]. Endosulfan 2] &0} H] 2]
& =l Ale 259 4 £HOY UF BEAR FE AMEHY] Wi
of o WE =S 5A o WEE HAEHIE AFES AASY, FHSE, ¥
ZIgAAe 54, o575 vHA W WExsEE 295 ATt Endosulfans =0
A g7 witel AEgeol 5ot AF Ed] FAREH Fo W IAY &+
Bl = weoll F5EY [26]. 71 AaAlFFO R FFAdo]l Hol ARgol
A ¥l PCNB(pentachloronitrobenz

en, quintozene)™ 1930\l 7IEHE kA2 1969 F-H = o] =95 o] FAA
g e EYgATAEA 259 BA AR Bol of&HAT [1]. EYT oA
w4 QbS] wjitoll FAd el ZolA mulel A= 1989 dFH ARgo] T A H

of = wofolth. 2yt AAALE AFAFZA EdelH PCNBH o] 9] of
%]

2.3. Endosulfan ¥ PCNBe A E3|H =



Cl Cl

C 0
] \ [oxidation]
l@ §=0 E— (@ o= S O
C 9]

cl endosulfan ol endosulfate

[hydrolysis]
sulfite —» hacterial growth

cCl
(of l@ CHO
Cl CH, [uxtdatmn]
Cl
putative

endosulfan
monoaldehyde
‘_—-——""' endosulfan

polar product(s) hydroxyether

Fig. 2.3. Proposed metabolic pathway of Endosulfan
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0H
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Cl M|
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Fig. 2.4. Proposed metabolic pathway of PCNB
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Fig. 2.5. Proposed metabolic pathway of PCP [28]
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°FgF 4 Qlth
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s Tx vk E3 DGGEWWH A4 AAMEE mt=s HAo] Hihstal

PCRYFHE-Al GC clampell o] gk m]~wjX] 1831 DNASH Y He FA4 A A

Aol 2839 2™, Bernadette M. Duineveld et al. (2001) 16S tDNAE <
23t DGGEE Aol #&3ko], Chrysanthemume] 2] -%-<] uhgg]o} 3
shd iAol A3t Casamayer et al. (2000)2 16S rRNA®4 3} DGGEE
Abgeto] Tl A At FstE s wE nAE LT el A8t
.53 Sl e @A (200002 FHAAEAA A

o} %3l DGGE
B3} 16S tDNAE ©]&3F PCR A% ¢ DGGE #H €S ArsH]

i
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||
Extraction of nucleic acids

= b
Statistical i - - =
analysis | :
- i b ": e
#T : g
=

s

|
I Sequencing of bands |

I 16S rRNA gene sequences | (l;:;zfl

|
I Phylogenetic analysis |

Fig. 2.6. Flow diagram of PCR-DGGE analysis of microbial communities
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Table 3.1. Physical and chemical properties of soil sample

particle size dist.(%) pH OM. CEC
Texture
Clay Silt Sand (1:5) (%) (me/100g)
SiCL 16.0 56.9 27.1 6.0 2.1 5.7
3.2. A ¢

Endosulfan (95.0% - alpha:beta=7:3), Endosulfan alcohol, Endosulfan sulfate,
Endosulfan lactone, Endosulfan ether, a-Endosulfan, [-Endosulfan, PCNB
(99.0%) 2 A& d A (sorbitan trioleate)™= Aldrich Chemical Company Inc.ol| 4|
Tdstal, Falles AR 98] AFEE ofAlEH A4S Merck (Darmstadt,

Germany)ol A %] 3} t}.

3.3. Endosulfan @ PCNBA E & 7 £

A

4 5o

3l (Enrichment culture), 3 #8]%Y (Spread plate culture)= &35}

Endosulfan®] A EUdo g HAAEL HAqAdeo EYdNZS dF
Endosulfan &3l 75 A3}l o, MSM-AW|A] (Mineral Salts Medium)©l A

HA M FS Foto] AFEAS AA8HATE MSME] 7] A =

NH(NO; 1g/ ¢, KoHPO, 1g/ ¢, MgSO4 0.5g/ ¢, CaCos 0.2g/ £ )31, pH 8.00 &

- 14 -



-

AElo] Adot. A EfFS 28T FEE7] (200rpm)oll Al LA v FL 28T
o 27| wjgstITh 250md FZE e~ 100mle] MSMEIA| S A -
al

Endosulfan 100, 300ppm< %2> T 7452t &gt 47 434S

98]

~5

o

5510 2 4 Endosulfans ¢ ©AYo =2 ©]&3H= Endosulfani™ 3l

B

2 Boatgeh. vkl 100405 1A MSME| Ao 3 A5 (10%, 10°, 10°%)
of me} AZHES S 943} Endosulfanit 3l v & TGS Skl 8
ST PCNBO| A EYS SARE T3 4w B HES dAF
F st & 3hul Y (Enrichment culture), 3 3Hvl ¥ (Spread plate culture)S 53}
PCNBE |5 A3 o, MSM-KH] A (Mineral Salts Medium)ol| 4] <} A
s Fote] AFAddES AAsdd. MSMO 7] ZEiA = 10mM K,HPO,,
10mM (NH4),SOs, 3mM NaH,POs;, ImM MgSO4, 10ml2] chloride-free trace
element stock solution (CaSO4 200mg/ ¢, FeSO4 - 7H,O 200mg/ ¢, MnSOs4 - H,O
20mg/ ¢, NaMoOy + 2H,O 10mg/ ¢, CuSO4 20mg/ ¢, CoSO4 - 7TH,O 10mg/ ¢, H3BO4
Smg/o)aL, pHE= 72% A vk AAMfY 28T 2] GF=7] (200rpm)
ol A A g 28T ] &27]el A uf skt

250me 4hzhEeb~=o] 100mee] MSM¥fA]E A§-9-3L PCNB 100, 300ppm= 3 &
O 7dEe Agafgetdn. 471 HAgE 3~53] R oRA PCNBe -t
d wagow o]gstE PCNBEHTFE Eelatith wide 10002 1A
MSMHEj Aol & A ui<= (10%, 10°, 10%] wie} A~z =3 5 $-7 3} PCNBRE 3|
soto]l ZElEkdth

3.4. Endosulfan @ PCNB B E3 T AAAE

250m0 AZ-E a0l 50, 100mee] MSMHEJA] S x}|$-31 Endosulfan¥} PCNBZ
Z}7F 100ppmes B TS WlgolE ARgste] eFidd dFE ¢ T
(loop) A &3t 28T I&EF27] (200rppm)ell A Aok =75 vl &l
ok owjoko]l AlztEl A HRE S 0D. (525nm)E =S4 AFS FelstuA
Ao oA Ime] ANEE AHAS 70T Bastar o o]4e] A4
ol ol FoA A k= AlFEES Fdete] FEE AFEATE WA F9

Endosulfan % PCNBY F&& -4 ujX|o] F vHjQ ofA|ES 4o 2417 A
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el
il

-

Atk [16].

g

s

5

e 59

PCNB

=i
=

3.5. Endosulfan

o]

rveel

o

N
E

72 PCNB

42

gl

=2 16S rDNA Al

Endosulfan<t = 2]

At 16S

Rt

Az

Ao g H7|A<de] rRNA 23

b %R A ERS e

EVERE
3

Ak

A AN A7 API20ONE, A

rDNA

s

16S IDNAF-HAE 4

ke
T

5

rDNA Al AA

o g} o]  E (alignment)

TxE Fa
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E

3.6. EndosulfanZ 3| 42 78S A3 Aol A=x

FAAENEHE 7H A9 FAAE AFEste 538 FAANGFHEA &

7 Qe FEY 2 EWAY FE(transposon) S O] &3 AWl A9 AlFRe

Aol o 7FA 44 54 el de8 AFEEo $tew, o] AlxH =
1=

2 suicidedelivery A] =¥l ©] &3} transposase”’} E A FE Qo E A3}V

o] A DNAZ At A9y EdAxEer oA ojxd 4 gli, A
2% SARoAZHE EWNAYE FAANAY FHAAE EH o2 ALY
I

Edxy o]l 4A9dd A DNAE 2249 F Ut} [24]. Klebsiella oxytoca
KE-8% MSM-endosulfan LA Aol E.coli S17-1 pir?®} E.coli PRK2013<2 LB
T F 27 30T 37CelA widat
Ak A A e Al TR Ads I F
HAESta o] 200 dEAS LB Al A 2] F ol spottingdt th2 30T
o Al 2-8 AlZFEQt wigsEA T 1% 20mM2] %Al 2H(succinate)2F 50ug/ml 7t

™
of\

LA ¥l A (50pg/m¢ kanamycine - &H)ol]

[
1>

molA Wity FH5o

ulo] Al (kanamycin) S 35 MSMEIA| o] cellS =] 100402 H =351
th o] WX A3t F2YES Endosulfans i3t A= HIAE &7

o] ol AR Fe FRUES Awsigitt [18, 24].

3.7. &

+
=
o2
BN
X
2
X
o

AAF71 & 7} o] 3k

Endosulfan £33 A d

250m¢ AHzpEekssel] 50mee] MSMH| A& %3l Endosulfana} PCNBE 7}2}
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Table 3.2. Design of microcosm experiments

Soil (g Surfactant Growth Endosulfan Klebscaiella
oi

& (sorbitan trioleate ; ppm) substrate (ppm) oxytoca (md)
TR-1 100 300 - 100 5

Plant extract A
TR-2 100 300 100 5
300
Compost
TR-3 100 300 100 5
extract 2500

Control 100 300 - 100 x
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A= F49d 9 Ao 1mFS Aste] 13000rpmol A 531 A2 5k

ar, o] S kY gFEAE MEF Al 13000rpmoll A 3E7 FE
3k & F=49 cello]l 0.15M NaCl¥} 0.1M EDTA, 1% lysozymes Y3l SHT=
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1492R(5'-GGYTACCTTGTTACGACTT-3)E A&3tAtt [2, 16]. PCR W& =7
2 95Tl A 523 271EHEE 3 F 95TollA 45%, 55CelA 30%, 72°Ca
A 30%4 253 wHESta mpx] o= 72T A 1023 HeEsda SZd
SES 1.0% of7tE2 AollA d7]dFste] ERlsttt. PCRF %2 Perkin
ElmerA2] GeneAmp PCR System 24005 A}-83} %t Microcosm2!
o} £FREFFoA FEH DNAQ 16S tDNAS FZ 3 AlZZHE PCRS
AAIE & DGGERAS Fadatsith o] Ao Folxoz F A3}
™ 40bp2] GC clamp’} 3% 341F-GC (5-CCTACGGGAGGCAGCAG) [2, 16]
oF  HAAME, A g At HolHox  FFs= 518R
(5-ATTACCGCGGCTGCTGG)= AF&3stith. PCREHS  MJ  ReserchA}2]
Minicycler & Ab83F%ith PCR WHg T3¢ A4S Tag buffer (10x) 2.5
wl, MgCl, (25mM) 2.540, ANTPmix (40mM) 1.0, 20pmole 341F-GC primer,
20pmole 518R primer, 1.25unit Tag polymerase, 16S rDNA 32 |3 PCR 4t
T 205 H7bskAo 18 v 5old RS FHA43kst7] 91@lA] annealing
228 HA2EHT =2 65TolA Al&stal v cyclerttt 1TCH AA3E=
A5t [2, 16]. PCR HHE 72 95ToA 583 27]dAEE & F 9
5ColA 45%, 55TCollA 30%, 72ColA 3024 253 wk&etal wiAute= 7
2TCAA 1027 At TFE s 1.2% ol7f=2 AddA A7 9%
ato] FQlstith. AHEE Egofadolrte]l= o] A7|= 20emx16cm, A=
ImmA o™ 60% (w/v) EZEFoladolrtel= A (370 : 1 = acrylamide
bisacrylamide), -t-#lote} EZFolrtol= WA A ZF 30~60%7HA F=THlE P
A ZATE 2002] PCR FF b0 2x A 2dto]lE 204l EFAIA 70VE 94]
et A7 GE5S AASEATE 2E oAl CETE HEwlo]Eo] i ]

mg/ ¢ & AF&38HAT
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Fig. 4.1. Temporal change of pH and cell growth during the endosulfan

degradation by Klebsiella oxytoca KE-8. () pH, (@) cell growth
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Fig. 4.2. Time course of endosulfan and endosulfan isomer degradation by
Kiebsiella oxytoca KE-8. (@) total endosulfan, (Hl) a-endosulfan, (A) B

-endosulfan.
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Fig. 4.3. Growth curve of PCNB degrader PCNB-2, which was grown on

MSM containing PCNB (100ppm) as a sole carbons source
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4.2. Endosulfan & PCNBE & 7o XA 3

ol

PCNB#-3l1 o] 54 & 918ko] 16S tDNA 34 A4S ARg3he] 24
I 2E 440 YERA A o] AA" V1ML Jes 71271, A
HE EAANTE 98.43% AlEElE]lE YERH  Alcaligenes denitrificans ATCC
IS173T2 AU ©o] 4 A¥e] SIS fled aamss 127 93

API NE 20 AlgS 3tal ZF g4 fish wkSA 35 gHolE 420 AWAal %

rol
iy,

a9 4

Aol vty afdaAgel AyE 134 7} B (Gram-negative)
s A sEdTE AATA cbetistale] Amel mEw o 16S
rDNA H-i 714 E 4 Endosulfanit 3l & 543 A3} Klebsiella oxytoca

ATCC 13182"¢} 94714 FALE7} 98.43%7F H&= Ao = vpepyttt,

_25_



CGGGATGCCTTACACATGCAAGTCGAACGGCAGCACGGACTTCGG
TCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGC
CCAGTAGCGGGGGATAACTACGCGAAAGCGTAGCTAATACCGCA
TACGCCCTACGGGGGAAAGCAGGGGATCGCAAGACCTTGCACTAT
TGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAACGGCTC
ACCAAGGCGACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATTTTGGACAATGGGGGAAACCCTGATCCAGCCATCCCG
CGTGTGCGATGAANGCCTTCGGGTTGTAAAGCACTTTTGGCAGGA
AAGAAACGTCATGGGCTAATACCCCGTGAAACTGACGGTACCTGC
AGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCG
CAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTT
GGAACTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAGG
TGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAA
CACCGATGGCGAAGGCACCTCCTGGGATAACACTGACGCT

Fig. 4.4. 16S rDNA partial sequencing of Klebsiella oxytoca KE-8
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Table 4.1. 16S rDNA sequence (712 bp) similarity of the strain PCNB-2 to

those of various type of cultures

Strain Accession No % Similarity
Alcaligenes denitrificans ATCC 151737 M22509 98.43
Bordetella hinzii LMG 13501" AF177667 96.90
Bordetella bronchiseptica ATCC 19395" 004948 96.88
Bordetella trematum DSM 11334" AJ277798 96.47
Alcaligenes defragrans 65Phen AJ005450 93.50
Alcaligenes faecalis ATCC 8750 ! M22508 92.11
Alcaligenes latus 1AM 12599 D88007 86.40
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Table 4.2. Physiological characteristics of the strain PCNB-2 based upon API
NE 20 test

Characteristics Reactions of PCNB-2

Reduction of nitrates to nitrites -
Tryptophan assimilation -
Arginine dihydrolase -
Urease -
Gelatine Hydrolysis -
Glucose assimilation -
Acidification from

Arabinose -

Glucose -

Mannitol -

N-acetyl-glucosamine -

Maltose +
Gluconate +
Caprate +
Adipate +
Malate -
Citrate +
Phenyl-acetate +
Cytochrome +
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Table 4.3. Profile of cellular fatty acids of the strain PCNB-2 based upon
MIDI Method'

Fatty acid profile Strain PCNB-2
C12:0 20H 2.00
C14:0 4.89
Cl16:1 Iso 1/14:0 30H 7.48
C16:1 w7c/15 Iso 20H 25.55
C16:0 34.12
C17:0 CYCLO 11.82
C18:1 w7c 8.01
C18:0 1.79

Alcaligenes xylosoxydans

Identification o
(0.714; similarity)

! Analyzed by using Hewlet-Packard model 6890A gas chromatograph and MIDI
Aerobe method, Chem Station V. 4.02.
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Fig. 4.5. SEM micrograph of the PCNB degrader PCNB-2
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Fig. 4.6. Effect of natural organic substrates on the growth of Klebsiella
oxytoca KE-8. E endosulfan + plant extract A, A endosulfan + compost

extract, 4 endosulfan
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Fig. 4.7. Viable count of Klebsiella oxytoca KE-8 population in the soil
microcosm undergoing endosulfan degradation. Control (soil 100g+Endosuflan
100ppm), TR-1 (control+Klebsiella oxytoca KE-8), TR-2 (TR-1+plant extract
A), TR-3 (TR-1+compost extract)
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Fig 4.8. Endosulfan degradation by Klebsiella oxytoca KE-8 in the soil
microcosm treated with natural substrates. Decreased residual Endosulfan
concentration may indicate its degration facilitated by the added substrate.
Control(soil 100g+Endosuflan 100ppm), TR-1 (control+Kliebsiella oxytoca KE-8),
TR-2 (TR-1+plant extract A), TR-3 (TR-1+compost extract)
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Endosulfan remaining (%)

Fig 4.9. Percentage of Endosulfan remaining in the soil microcosm undergoing
Endosulfan degradation by Klebsiella oxytoca KE-8. Control (Soil
100g+Endosuflan 100ppm), TR-1 (control+Klebsiella oxytoca KE-8), TR-2

(TR-1+plant extract A), TR-3 (TR-1+compost extract)
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Fig. 4.10. Direct DNA extraction from soil microcosm undergoing endosulfan
degradation

Lane 1 ; 1Kb maker

Lane 2 ; DNA extracted from microcosm TR-1 sample

Lane 3 ; DNA extracted from microcosm TR-2 sample

Lane 4 ; DNA extracted from microcosm TR-3 sample

Lane 5 ; DNA extracted from Klebsiella oxytoca KE-8 (pure culture)
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Fig. 4.11. 16S rDNA amplification from V3 region of DNA extracted from
soil microcosms and pure cultures using primers 341F (40bp GC-clamp) and

S518R.

Lane 1 ; 100bp maker

Lane 2 ; amplified DNA from microcosm TR-1
Lane 3 ; amplified DNA from microcosm TR-2
Lane 4 ; amplified DNA from microcosm TR-3

Lane 5 ; amplified DNA from pure culture
PCR (Klebsiella oxytoca KE-8)

Lane 6 ; amplified DNA from pure culture
PCR (Alcaligenes denitrificans PCNB-2)
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Fig. 4.12. PCR-DGGE analysis of V3 region of the 16S rDNA from soil

samples and pure cultures

Lane 1 ; DNA from pure culture (Klebsiella oxytoca KE-8)
Lane 2 ; DNA extracted from soil microcosm TR-3
(compost extract added)
Lane 3 ; DNA extracted from soil microcosm TR-2
(plant extract A added)
Lane 4 ; DNA extracted from soil microcosm TR-1
(No addition of natural substrate)
Lane 5 ; DNA from culture (4lcaligenes denitrificans PCNB-2)

Lane 6 ; DNA from pure culture (Klebsiella oxytoca KE-8)
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Band 1

341F
TGAAGAAGGCCTTCGGGTTGAAAGTACTTTCAGCGGGGAGGAAGGGAGTAA
GGTTAATAACCTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGCTAACTCC
GTGCCAGCAGCAGCCGCGGTAATA

518R
GGCAAGGTTATTAACCTTACTCCCTTCCTCCCCGCTGAAAGTACTTTACAACC
CGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGT
GCAATATTCCCCACTGCTGCCTCCCGTAGGA

Band 2

341F
CNGNGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGA
AGGGAGTAAGGTTAATAACCTTGCTCATTGACGTTACCCGCAGAAGAAGCAC
CGGCTAACTCCGTGCCAGCAGCAGCCGCGGTAATAA

518R
AGGNAAGGTTATTAACCTTACTCCCTTCCTCCCCGCTGAAAGTACTTTACAAC
CCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTG
TGCAATATTCCCCACTGCTGCCTCCCGTAGGA

Fig. 4.13. Sequence identification of DGGE bands amplified from total DNA

in soil microcosms undergoing endosulfan degradation

Band 3
341F
NGCTNGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGG
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AAGGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCA
CCGGCTAACTCCGTGCCAGCAGCAGCCGCGGTAATA

518R
GATNGCAAGGTTATTAACCTTATCGCCTTCCTCCCCGCTGAAAGTACTTTACA
ACCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCAT
TGTGCAATATTCCCCACTGCTGCCTCCCGTAGGA

Fig. 4.13. Sequence identification of DGGE bands amplified from total DNA

in soil microcosms undergoing endosulfan degradation (continued)

- 42 -



2 AFoNAE FIIELA S I 7 Ade AEY EYAdAY 3
715S  H7bg o 24 Endosulfan}

[e)
o
PCNBSY #aZ o] offl 4F< A & Qv @ 2P FPstel o
o

1. 2 AFNA= PCNBESN T2 Alcaligenes denitrificans PCNB-2E E<F
AA w5

2. #<& /4¢¥E Endosulfanit3dll 7t =21 Klebsiella oxytoca KE-82} PCNB<Z 3l i 7

Q1 Alcaligenes denitrificans PCNB-2E& ©]&3lo AZAdS HAAgt 4y}

e
e
o
>,
ofo
o

Endosulfan®} PCNBA o] <A 7] 2 <l plant extract A % EFH|F

A e A5 ansh deg.
3. Endosulfan®] #3177} o]Fo]x= ESF Microcosm o] Qlojx =7 =

E<% DNAZHEH PCR-DGGE¥A S A% & DGGE WHge] W= 5y 24

DNAZ #5% ¥ 97149S Fadozy nyzedte 249% % &

_43_



—

e 1996, FokEE

THE. 2002, AtA AL PCBs Atal FHxlo glojA HAH =714 2 A
daigae] g, FerAret =, el ol o,

Allison E. McCaig, L. anne Glover, and James I. Prosser. 2001. Numerical
Analysis of Grassland Bacterial Community Structure under Different Land
Management Regimens by Using 16S Ribosomal DNA Sequence Data and
Denaturing Fradient Gel Electrophoresis Banding Patterns. Appl and Environ.
Microbiol. 67(10): 4554-4559.

Ana M. Soto, Kerrie L. Chung, and Carlos Sonnenschein 1994. The Pesticides
Endosulfan, Toxaphene, and Dieldrin Have Estrogenic Effects on Human
Estrogen-Sensitive Cells. Environmental Health Perspective 102: 380-383.
Bernadette M. Duineveld. George A. Kowalchuk, Anneke Keijzer, Jan Dirk van
Elsas and Johannes A. van Veen. 2000. Analysis of Bacterial Communities in
the Rhizosphere of Chrysanthemum via Denaturing Gradient Gel Electrophoresis
of PCR-Amplified 16S rRNA as Well as DNA Fragments Coding for 16S
rRNA. Appl and Envir. Microbiol. 67(1) 172-178

Butler TA, Sikora LJ, Steinhilber PM, Douglass LW. 2001. Compost age and
sample storage effects on maturity indicators of biosolids compost. J Environ
Qual. 30(6): 2141-2148.

CM.J. van Zeijl, EHM. van de Kamp, P.H. Pent, G.C.M. Selten, B.Hauer,
RFM. van Gorcom, C.AM.JJ. van den Hondel. 1998. An improved
colony-PCR method for filamentous fungi for amplification of PCR-fragments
of several kilobases. Journal of Biotechnology 59: 221-224.

Daesik Park, Steven C. Hempleman, and Catherine R. Propper 2001.

Endosulfan Exposure Disrupts Pheromonal Systems in the Red-Spotted Newt: A

- 44 -



Mechanism for Subtle Effects of Environmental chemicals. Environmental
Health Perspective 109: 669-673.

10. FC Michel Jr, CA Reddy and LJ Forney. 1995. Microbial degradation and
humification of the lawn care pesticide 2, 4-dichlorophenoxyacetic acid during
the composting of yard trimmings. Appl. Envir. Microbiol. 61: 2566-2571.

11. George A. Kowalchuk, Zinaida S. Naoumenko, Piet J. L. Derikx. Andreas
Felske, John R. Stephen, and Irina A. Arkhipchenko. 1999. Molecular Analysis
of Ammonia-Qxidizing Bacteria of the B-Subdivision of the Class Protebacteria
in Compost and Composted Macterials. Appl. Envir. Microbiol. 65: 396-403.

12. Gi-Seok Kwon, Jang-Eok Kim, Taek-Kyum Kim, Ho-yong Sohn, Sung-cheol
Koh, Kee-Sun Shin, Dong-Geol Kim. 2002. Klebsiella pneumoniae KE-1
degrades endosulfan without formation of the toxic metabolite, endosulfan
sulfate. FEMS Microbiology Letters. 215: 255-259.

13. Heesche-Wagner K, Schwarz T, Kaufmann M. 1999. Phenol degradation by an
enterrobacterium: a klebsiella strain carries a TOL-like plasmid and a gene
encording novel phenol hydroxylase. Can J Microciol. 45(2):162-171.

14. Hsu JH, Lo SL. 2001. Effect of composting on characterization and leaching
of copper, manganese, and zinc from swine manure. Environ Pollut.
114(1):119-127

15. Huang GF, Fang M, Wu QT, Zhou LX, Liao XD, Wong JWC. 2001.
Co-Composting of Pig manure with leaves. Environ Technol. 22(10):
1203-1212.

16. Jessica R. Hanson, Corinne E. Ackerman, and Kate M. Scow. 1999.
Biodegradation of Methyl tert-Butyl Ether by a Bacterial Pure Culture. Appl.
Envir. Microbiol. 65: 4788-4792.

17. John H. Paul. 2001. MARINE MICROBIOLOGY. METHODS IN
MICROBIOLOGY.

18. KAARE M. NIELSEN, JAN D. VAN ELSAS AND KORNELIA SMALLA.
2000. Transformation of Acinetobacter sp. Strain BD413 (pFG4Anpt IT) with

Transgenic Plant DNA in Soil Microcosms and Effect of Kanamycin on

_45_



Selection of Transformants. Appl. Envir. Microbiol. 66: 1237-1242.

19. LaMontagne MG, Michel FC, Holden PA, REddy CA. 2002. Evaluation of
extraction and purification methods for obtainin PCR-amplifiable DNA from
compost for microbial community analysis. 49(3): 255-64.

20. lbekwe AM, Papiernik SK, Gan J, Yates SR, Crowley DE, Yang CH. 2001.
Microcosm  enrichment of  1,3-dichloropropene-degrading so  microbial
communities in a compost-amended soil. J Appl Microbiol. 91(4): 668-676.

21. MM Laine and KS Jorgensen. 1996 Straw Compost and Bioremediated Soil as
Inocula for the Bioremediation of Chlorophenol-Contaminated Soil. Appl. Envir.
Microbiol. 62: 1607-1513.

22. Rhee SK, JeonCO, Bae JW, Kim K, Song JJ, Kim JJ, Lee SG, Kim HI,
Hong SP, Choi YH, Kim SM,, Sung MH 2002. Characterization of
Symobibacterium toebii, an obligate commensal thermophile isolated from
compost. Extremophiles 6(1): 57-64.

23. Tara D. Sutherland, Irene Horne, Michael J. Lacey, Rebecca L. Harcourt,
Robyn J. Russell, and John G. Oakeshott. 2000. Enrichment of an
Endosulfan-Degrading Mixed Bacterial Culture. Appl. Envir. Microbiol.  66:
2822-2828.

24. VICTOR DE LORENZO, MARTA HERRERO, UTE JAKUBZIK, AND
KENNETH N. TIMMIS. 1990. mINI-Tn 5 Transposon Derivatives for Insertion
Mutagenesis Promoter Probing, and Chromosomal Insertion of Cloned DNA in
Gram-Negative Eubacteria. Journal of Bacteriology. 172: 6568-6572.

25. Yuquan Lu, Kanehisa Morimoto, Tatsuya Takeshita, Toru Takeuchi, and
Takeshi Saito 2000. Genotoxic Effects of a-Endosulfan and B-Endosulfan on
human HepG2 Cells. 108:559-561.

26. http://www.epa.gov/. 7| EPA (U.S. Environmental Protection Agency)

27. http://www.hhs.gov/ United States Department of Health Human Servi ces

28. http://umbbd.ahc.umn.edu/ The University of Minnesota Biocatalysis/Bio

degradation Database

_46_



	목 차
	List of Tables
	List of Figures
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 문헌연구
	2.1 Endosulfan 및 PCNB의 물리·화학적 성질 및 생물독성
	2.2 Endosulfan 및 PCNB 오염현황
	2.3 Endosulfan 및 PCNB의 생분해경로
	2.4 천연유기물 첨가에 따른 난분해성 유기화합물의 분해 촉진
	2.5 PCR- DGGE기법에 의한 미생물의 군집분석

	Ⅲ. 실험
	3.1 시험토양의 채취
	3.2 시약
	3.3 Endosulfan 및 PCNB생분해균의 분리
	3.4 Endosulfan 및 PCNB 생분해균주의 성장실험
	3.5 Endosulfan 및 PCNB 분해균주의 동정
	3.6 Endosulfan 분해경로 규명을 위한 돌연변이균 제조
	3.7. 순수배양조건에서의 천연유기물첨가에 의한 Endosulfan 분해촉진 시험
	3.8 토양에서 천연유기물첨가에 의한 Endosulfan 분해촉진 시험
	3.9 PCR- DGGE 기법에 의한 분해미생물의 추적

	Ⅳ. 결과 및 고찰
	4.1. Endosulfan 및 PCNB분해균의 분리 및 성장조사
	4.2. Endosulfan 및 PCNB분해균의 동정결과
	4.3. Tn 5 mutagenesis결과
	4.4 천연유기물 첨가 순수배양조건에서의 Endosulfan 및 PCNB분해균의 성장
	4.5. 천연유기물 첨가 토양에서의 Endosulfan분해균의 성장 조사 및 Endosulfan 분해효과

	Ⅴ. 결론
	Ⅵ. 참고문헌

