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Isolation of endosulfan degrading bacteria and their degradation characteristics
Jae-Ho Shin, Yunyoung Kwak, *Won-Chan Kim, Jai-Hyun So, Hyun-Soo Shin, Jong-Woo Park, Tae-Hwa Kim,
Jang-Eok Kim, and In-Koo Rhee (School of Applied Biosciences, Kyungpook National University, Daegu 702-701,

Korea)

ABSTRACT: A bacterium, which was named to be Bacillus sp. E64-2, capable of degrading endosulfan
was isolated from the environmental sample using enrichment culture technique. The Bacillus sp. E64-2 was
able to degrade 99% of 10 mg/L endosulfan in the culture media within 7 days at 30°C. Endosulfan diol
was the only intermediate by the endosulfan degrading bacterial culture and the pH value of the culture
media was significantly increased to pH 8.4 from pH 7.0 after 7 days of incubation. When the endosulfan
and the crude extract of the strain were incubated, endosulfan diol was a major metabolite. Both the
enzymatic reaction and the pH-increasing effect contribute to the degradation of endosulfan by the bacterial

culture.
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Fig. 1. Endosulfan and its suggested degradation pathway.
A, chemical structures of endosulfan, endosulfan isomers,
endosulfan sulfate, endosulfan diol and endosulfan ether;
B, putative enzymatic degradation pathway of endosulfan.
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EF612336 Bacillus sp. 0S-04
AY 124766 Bacillus sp. FP1/2002

EU236738 Bacillus cereus Z7

DQ286332 Bacillus thuringiensis

AY651924 Bacillus cereus Y1

DQ286303 Bacillus thuringiensis
DQ286357 Bacillus thuringiensis

DQ286305 Bacillus thuringiensis

DQ286322 Bacillus thuringiensis

EF488087 Bacillus cereus QD232

AM747222 Bacillus thuringiensis IEBC T04

AF290547 Bacillus cereus ATCC14579

AY853168 Bacillus sp. 4
EU368773 Bacillus sp. By187(B) Ydz-hh
AM747223 Bacillus thuringiensis IEBC T12
AJ577291 Bacillus cereus F 528/94

AF290549 Bacillus thuringiensis ATCC3367

EF537013 Bacillus thuringiensis Bt

AF290550 Bacillus cereus ATCC43881

EU414475 Bacillus thuringiensis KR19-22

A
0.0001

Strain E64-2

Fig. 2. Phylogenetic tree by 16S rDNA analysis of strain E64-2. The GeneBank accession numbers are shown before the
strain names. The scale bar indicates 0.0001 change per nucleotide substitutions per site.

52 Agto] mjgEo] 71zl 2] @A A-gel oJsk AR
robr 7] l8te] 10 mg/Lel endosulfan®] 3+¥ 1/10
LB wix|ellx 242} 199} 3%, 747 vkl E6d-29] vkl
50 miell X3 #AHE dFtskal PBS buffer(0.8%
NaCl, 0.2% KCl, 1.44% Na,HPOy, 0.48% KH.PO,, pH
7.0)% 23] AFsto] wiA] ds A eleh wieF AERRS B3k
ok Ropzl wiF A3 5 mle] PBS buffere] #Eete] &
=0 3R $ diEeste] B84 AES AAE F A
< endosulfan 3 AP Hgt 2asHoZ ARSI

F4ol 23t endosulfan®] #&f AL HEl#S 1/10
LB #i#]¢lA] 10 mg/L endosulfan®® 1-747t fri=ste]
AEAZ dAZ gfste] 2EANS TE o]d 7] dojn

Za49l endosulfans FHFEEE 10 mg/Lo] ==

o

71ste] 30°C ol 2441%F St HES-3t GCR HESAE
F5t0] Fesich

Endosulfan 2ol 0|42 S8

A endosulfan #-8f WABEES Choi 59 WS
S EARIESQ) Wl o R FAEISitt nlAEEYE 4
A DNAS #2]§ - o5 9% ¥ PCRE 16s ribosomal
DNAE S%3i3ltk o] W PCR primerZ& 27F(5-AGAG
TTTGATCCIGGCTCAG3) 8} 1492R(5-GTTACCITGTTA
CGACTT-3)& AH3iitt. $%% DNAL cloningato]
A7 LS #48H F Ribosomal Database Project site(http://
rdp.cme.msu.edu/indexjsp)$} MEGA4 program= ©|
S5 AR vatAS Fate] s TSIk




F71927 5°F endosulfans wallatE WA= T8 9 w3 54 295

Zq} 9l p&t
ZIAHHU| 2|8t endosulfan2]| alf

AAlaokol] AMEE 182742 A& = 13} @ 23} FHAujek
Mo A 2] o] ElE A 14478090t} 72 A5
N+ A2 ujFA 9 endosulfan 55 GC=Z 4% 4
T} 7= APt 40%014 100% FFO% endosulfan

o]F2 GC ¥l A7 FH 3l 2HEE endosulfan
sulfate, diol, ether 5 717} 714)+= Aok Ag1E7
B35k 24 1447 9] A5ZFo)A endosulfan sulfate
2 23| AEE 7= 2871 ¥ 257, endosulfan diolS
BAER 7R AlRZE 143013 YA Al
endosulfan®] 7 Q1oL 23} AbEo] WHAEX] okkAL
AL 9 ether7t Y- A oM olefdt 5 AEE
AFH g A PHE A9 FUA HEpFo R R 7} X|Yolut §
79 & v|yE £¥o] wle} endosulfan F3 AT U=

A vehks Aoz Azl

Endosulfan sulfateE SMsIx| 2= Soll0|ME2| 22|

Bk AFd= endosulfans &=z AAl 7
FEH7} oAt A4 FEaE WAE ek o
u] A& og EafjPr= Bl YA BajEert =g
wajecka dxjgk 23155491 endosulfany} B3 54
< 7%= endosulfan sulfate’} HEAHER TfeF AAH
t}'"Y Endosulfan sulfate™= 33t 548 71 ZAow 1
153 glomY Wb endosulfan ether$l endosulfan
alcohol& 54J0] 719] fl= Aoz Buggtt? =4o] gl
i endosulfan sulfate= =%l A 713 Fsk=d] o]
+ 7% endosulfan®] #8113 Fof 3l chloline group
] @9d43K(dechlorination) 7} 2 dojubA] 7] wiEel 2
o Buwy Yok web & dFo|AE endosulfan
| 5FHME endosulfan sulfater FAA7|A] U= A
7H A= Eelel FHe ol sl AEel
=357 waat selvh

Endosulfan #ell8-40] ER1E A5 F F2 diols 373
&t 15 sulfates F95HA 4okom tiF-E9] endosulfan
S A7 AR YEith o5 1489 diol A4 A=
of thato] oAl & ¥ U HHE W51} endosulfan 4

rl

o Y o
l‘-?il ﬂllo HE

22| n|[M=0] 2§t endosulfan?| &l A

W #F59] endosulfan w3EYS A8 S5k
¥ 10 T #FE A 9 PRelA Ash upel ol
0 mg/L2] endosulfan©] 3% 1/10 LB il F&at

Ju=t

o] 30°C el 71t Hlofst ¥ endosulfan®] 3 EE AL
Stk Table 1614 ¥i= wke} Zo] Ak 10 F2] = vy
E5oA endosulfan©] &=L diolo] A=) ©] Foll
A E64-2 T diol®] AAFo] Wil FAl9] endosulfan
AT 714 o] #FE HEA O F endosulfan Fa HFE
kst

A 3t E6d-2E 57k flste] 18eAs A
A}t 15 Je) e ® g HIch B FAAR] 58S
flate] o] 19] 16s rDNA sequenceE cloningsto] §17]x
A AAst AFEAS st A B2l B64-2F Bacillus
thuringiensis\t Bacillus cereus9t 99% ©’3e] ZA¥AE
7HAL Qe o ® UeRdtFig. 2]. 7 T4 vAEES A
Az AR oo BRI & L ZAdA ] Q)
o B FollA &3] WHE Qitk FeE o o]
ool AR FFEA A EFAEE FE EEEge
= endosulfan?] #3E H& o7 Bk AHLEUS
AEEOIY Aol A §ls Zo® Btk

Fig. 3<% w2¥ Bacillus sp. E64-25 10 mg/Le]
endosulfan©] 71 1/10 LB viA|elA ASAIZ|H 1 5
274 E1¢l endosulfan 8 EAS S Zlolok et
Bacillus sp. B64-2> WiF A2 5= 2z S48 AldteiglaL
Qr5271E AUEA A4S F3Es o fRaeilovt
endosulfan®] #alli= AlGEE 0% UEpth s 3Y
T 31%, 59 F 62%] endosulfan®] FAE= 2O L
whor vk 79 Folli= alpha Y beta FE|2] endosulfan®]
s] FeE Ak ojwf 23} AHEEE 5 mg/L o3
endosulfan diol? 7Z 53tk

=

AN

)

o w

o

3

OME 20 2I8t endosulfan?| ol kAf
Table 249} 7o) #F E64-22] endosulfan = 1Y

Table 1. Degradation products of endosulfan by the
isolated strains.

Endosulfan (mg L")

alpha beta ether diol

E61-1 1.52 0.94 0.44 342 0.00
E612 1.77 1.26 0.95 2.04 0.00
E61-3 2.49 1.43 0.90 1.56 0.00
E64-1 1.81 1.26 0.80 1.23 0.00
E64-2 0.93 0.98 0.39 433 0.00
E167-1 0.95 0.94 0.87 3.33 0.00
El67-2 238 1.38 0.83 1.34 0.00
E1731 1.65 1.20 0.75 1.53 0.00
E1732 261 1.45 0.77 0.79 0.00
E173-3 221 1.35 0.75 1.10 0.00
Control  3.54 1.86 0.00 0.00 0.00

Strain
sulfate
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Table 2. Transformation of endosulfan to endosulfan
diol by the crude enzyme of Bacillus sp. E64-2

Culture time’ Endosulfan (mg L")"
(day) alpha  beta  ether diol sulfate
0 3.38 1.81 0.00  0.00 0.00
1 2.86 190 000 0.0 0.00
3 2.99 173 000 014  0.00
7 3.12 1.84 0.00 0.38 0.00

" Strain was cultured in 1/10 LB media with 10 mg L"
of endosulfan.

" 10 mg L' of endosulfan was incubated with the cell
extract of strain E64-2 in PSB buffer, pH 7.0 at 30C
for 24 h before GC analysis.
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Fig. 3. Growth of endosulfan degrading strain E64-2,
degrading rate of endosulfan and variation of pH. Cell
was grown in the 1/10 LB contraining 10 mg/ L of
endosulfan at 30C. O-O, cell growth; @@, % of
remaining endosulfan. [1-[], pH of culture medium.

Table 3. Effect of pH on endosulfan transformation

Endosulfan (mg LY

pH :
alpha beta  ether + diol sulfate
Control”  72.8 27.2 0.0 0.0
3.0 75.6 244 0.0 0.0
4.0 73.3 26.7 0.0 0.0
5.0 74.6 254 0.0 0.0
6.0 72.0 28.0 0.0 0.0
7.0 73.8 26.2 0.0 0.0
8.0 55.6 31 413 0.0
8.5 474 1.8 50.8 0.0
9.0 29.2 2.6 68.3 0.0

" 100 mg L' of endosulfan was incubated for 24 h at
_each pH and 30C.
100 mg L of endosulfan in pH 7.0 without incubation.
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