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Detoxification of Endosulfan and Endosulfan Sulfate
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Endosulfan, an endocrine disrupting chemical, is a widely used cyclodiene organochlorine pesticide
worldwide, and it blocks neuronal GABAa-gated chloride channels in mammals and aquatic organisms.
Endosulfan and its metabolites, such as endosulfan sulfate, are persistent in environments and are
considered as toxic chemicals. For bioremediation of endosulfan, in this study, an attempt was made
to isolate an endosulfan and endosulfan sulfate degrading bacterium from endosulfan-polluted
agricultural soil. Through repetitive enrichment and successive subculture using endosulfan or
endosulfan sulfate as the sole carbon source, a bacterium KS-2P was isolated. The KS-2P was
identified as Pseudomonas sp. on the basis of the results of a 16S rDNA sequencing analysis and
MIDI test. The degradation ratios for endosulfan or endosulfan sulfate in minimal medium containing
endosulfan (23.5 ug mL™1) or endosulfan sulfate (21 ug mL~1) were 52% and 71%, respectively. Our
results suggest that Pseudomonas sp. KS-2P has potential as a biocatalyst for endosulfan
bioremediation.
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INTRODUCTION Technical-grade endosulfan is a mixture of two stereoisomers,

o- andp-endosulfan, in a ratio of 7:3. Generally, both isomers
can be degraded by attacking the sulfite group via either
oxidation to form the toxic metabolite endosulfan sulfate or
hydrolysis to form the nontoxic metabolite endosulfan dil (

10, 11). The formation of endosulfan sulfate is only known to
occur through biological transformation, whereas hydrolysis
resulting in endosulfan diol occurs readily at an alkaline pH
(14). Endosulfan diol is a nontoxic metabolite to fish and other
organisms and can be further degraded to nontoxic endosulfan
ether, endosulfan hydroxyether, and endosulfan lactone; thus,

fan is extremely toxic to fish and aquatic organisms and affects productlond of efndosulfan hd'OI V'? h)d/drolly;ss may be an
the central nervous system, kidney, liver, blood chemistry, and iImPortant detoxification pathway of endosulfan (&). N
parathyroid gland and has reproductive, teratogenic, and mu- Incubation of endosulfan with soil under aerobic conditions
tagenic effects4—7). Also, endosulfan has a strong endocrine resulted in the formation of endosulfan sulfate as the major
disrupting activity 8, 9); our group has been focused on the metabolite. Moreover, metabolism studies have shown that the
degradation and detoxification of endosulfan (10—13). toxic metabolite endosulfan sulfate is the major residue detected
in plant and animal tissue after exposut&<{17). Therefore,
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Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,a-hexahydro-
6,9-methano-2,3,4-benzodioxya nthiepin-3,-oxid) is a cyclodiene
insecticide that exhibits a relatively broad spectrum of activity.
This insecticide has been used extensively for over 30 years on
a variety of vegetables, fruits, cereal grains, and cotton as well
as shrubs, trees, vines, and ornamentglg)( Since endosulfan
and its breakdown products are persistent in the environment
with an estimated half-life of 0.7—6 years (1), endosulfan has
been commonly detected in the atmosphere, soils, sediments,
surface, groundwaters, and foodstuffs3). However, endosul-
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oxytoca KE-8 could degrade endosulfan sulfate when the Taple 1. Composition of Cellular Fatty Acid of Pseudomonas sp.
endosulfan sulfate is used as a sole carbon source. KS-2pa
In this study, a potent endosulfan sulfate degrader was isolated

from endosulfan-polluted soils through repetitive enrichment and saturated straight chain %
successive subculture using endosulfan or endosulfan sulfate Ci20 6.43
as the sole carbon source. The biodegradation assay with newly 81410 ?-61
selected bacterium revealed the effectivenesBsgfudomonas Ct 2573
sp. KS-2P as a potential biocatalyst for the bioremediation of Curo tr
endosulfan or endosulfan sulfate. Ciso 122
MATERIALS AND METHODS unsaturated straight chain %
Chemicals and Media.Endosulfan (purity 97.5%) and endosulfan Cuoic 1553
sulfate (purity 99.5%) were purchased from Labor Dr. Ehrenstorfer hvdroxy acids %
Schéfers (Germany). The dichloromethane used in the extraction and yaroxy i
the methanol used in the HPLC analysis were purchased from Junsei Ci10030H 4.84
Co. (Tokyo, Japan). The liquid mineral salt medium (MSM) contained Ci2020H 330
32 mM KH;POy, 10 mM K.HPQy, 12 mM NH:;NOs, 0.8 mM MgSQ, 212:138: 2;2
0.2 mM MnSQ, and 0.035 mM FeSgXJunsei Co. Japan). The MSM 120 :
was sterilized by autoclaving for 15 min at 12€, and the final pH -
was adjusted to 7.4. For the solid medium, a 1.8% (w/v) Bacto agar saturated branched chain %
(Difco, United States) was added to the liquid MSM. The endosulfan iso- C17:0 tr
and endosulfan sulfate were dissolved in methanol at 10 mg iauhd Cizocyclo 8.02
were used in the medium at the appropriate concentration after Cigncyclo w8c tr
sterilization. summed feature 2 tr
Isolation and Culture Conditions. The endosulfan-degrading summed fea:&:gé 2323

bacteria were initially isolated from endosulfan-polluted cultivated soils
in Kyungsan, Kyungpook, Korea, using an enrichment culture in an
MSM containing 10Q«tg mL~* endosulfan. Two grams of soil samples
was put into a 250-mL Erlenmeyer flask containing 20 mL of liquid

@ Values are percentages of total fatty acids. tr, trace amount (<0.5%). Summed
feature 2, Cip0 ALDE; summed feature 3, iso-Ci1 w7¢/Cis¢ iSO 20H fatty acid

MSM with 100ug mL~* of endosulfan and was incubated at“8Dfor methyl ester.
7 days with shaking (120 rpm). After 7 days, 5 mL of culture broth .

. .. . . Pseud ihabit: 1AM 1568T {D84004
from the individual flask culture was reinoculated into a fresh MSM gof - "ooudomonas ovana _'a"s (T )
containing 10Q:g mL~! endosulfan and was further cultured at°gD g5 Feeudomonas cremoricolorata IAM 1541 (AB0SO137)
for 7 days. Then, the culture broth was applied to solid endosulfan SQPseudO'ﬂOnaspuﬂda DSM 2917 (Z76667)

MSM for isolating single colonies. The biodegradation ability of Pseudomonas asplenii LMG 21377 (Z76655)
colonies was tested by streak-plating onto a solidified endosulfan and ol Pseudomonas parafulva AJ 21297 (ABOB0132)
endosulfan sulfate-MSM. The strain named KS-2P, which grew on both

. . Pseud fulva NRIC 01807 (ABOB0136;
the endosulfan-MM and the endosulfan sulfate-MM, was deposited in seucbmonas ¢ )

the Korea Type Culture Collection under accession no. KCTC 10874 &4 Peeudomonas siraminea IAM 1588 (D84023)

BP. Pseudomonas flavescens NCPPB 30637 (U01916}
Identification of Endosulfan and Endosulfan Sulfate Degrader. [ Pseudomonas precogiossicida FPCo51T (AB0DS457)

The bacterial strain KS-2P was characterized using its physiological Pseudomonas sp. KS-2P

and biochemical features, fatty acid profile, and phylogenetic position B pseydomonas monteili CIP 1048831 (AF054458)

on the basis of a 16S rDNA sequence analysis. The phenotypic profile
of strain KS-2P was also investigated in duplicate using BIOLOG GN2

-l_— Pseudomonas alcaligenes LMG 12247 (Z76653)
kits, following the manufacturer’s instruction2Q). The strain KS-2P P

seudomonas stutzeri CCUG 112567 (U26262)

was grown on tryptic soy agar plate (Difco Co., United States) at 30 — Pseudomonas chloritidismutans AW-17 (AY017341)
°C for 24 h, and fatty acid methyl esters were obtained from freshly 82|,y Pseudomonas pseudoaloaiigenes LMG 12257 (Z76665)
grown cultures by saponification, methylation, extraction, and washing ‘T} Pseudomonas oleovorans DSM 10457 (276665)
according to the instructions of the MIDI system (Microbial ID). The 75 )

Pseudomonas mendocina LMG 12237 (Z76664)

fatty acid profiles were then compared with the profiles in the MIDI
MIS library (21). For the sequence analysis, cells were harvested from [~ Fseudomonas chiororaphis DSM 86987 (276656)

a culture grown in an LB medium at 3@ for 3 days, and then the E.coli (JO1695)
isolation of the chromosomal DNA, PCR amplification, and direct 0.1

sequencing of the purified products of strain KS-2P were carried out figyre 1. Phylogenetic tree for strain KS-2P and related organisms on

as dgscribed b,y Yoon et al. (22). the basis of 16S rDNA sequences. The distances were calculated using
Biodegradation of Endosulfan and Endosulfan SulfateThe cells the neighbor-joining method. The numbers at the branch points are

were cultured in liquid MSM containing endosulfan (189 mL™) . .
for 3 days, were collected by centrifugation, and were washed twice in bootstrap values (on the basis of 1000 samplmgs), and only values grgater
than 50% are shown. The GenBank accession numbers are given.

a 0.1 M phosphate buffer (pH 7.0). The washed cells were then o )
inoculated into MSM containing 23,69 mL~ endosulfan or 2g Escherichia coli was used as the outgroup.

mL~* endosulfan sulfate. The cultivations were conducted &G analytical column was Mightysil RP-18 column (Kanto Chemical Co.,
a rotary shaker (120 rpm) for 7 days, while the endosulfan, its Japan), and the mobile phase consisted of 70% acetonitrile (v/v) with
metabolites, culture pH, and biomass were determined at 24-h intervals.a flow rate of 1 mL min®. The column temperature was maintained at
The total culture broth was extracted with twice the volume of 40 °C. Twenty microliters of the final extract was injected, and the
dichloromethane to prevent any extraction errors. After concentration UV absorption at 214 nm was recorde&t8]. The degradation constant
with nitrogen gas, endosulfan and its metabolites in the extract were (k;) was calculated using the following equation on the basis of first-
analyzed by HPLC system comprising an SCL-10A system controller, order kinetics derived from the data from the exponential phase of
LC-10AD pump, and SPD-10A UV detector (Shimadzu, Japan). The degradation, as previously reported (11).
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S= S)e_klt kl — |n[SO/S]/t 0.5 8.0
(@
where & is the initial substrate concentratio§, is the remaining g 041 85
substrate concentration, ands the time in days. After treatment of g
KS-2P, the toxicity of culture broth was evaluated by yeast-based cell & r8o
growth inhibition (spot test). The yeaSaccharomyces cernsiae, was € sl
cultured in YPD (1% yeast extract, 1% polypeptone, 2% glucose) £ 75 &
medium, and the cells were collected and were washed with 0.1 M £ O——o0 0
phosphate buffer (pH 7.0). The cell concentration was adjusted®to 10 § 0.2 4 L 70
cfu mL™* using distilled water. As a control experiment, endosulfan
was added to MSM and was extracted and concentrated, as described+ [ L 65
The extract was added to the 1 mL of yeast suspension and was cultured 0.1 A
at 30°C. After 6 h, the 1Q:L of treated yeast suspension was spotted 25 6.0
on the YPD solid medium. The growth spot of yeast was determined (b) ’
after 24 h cultivation. In case of KS-2P treatment, endosulfan was added —e— Active KS-2P
to MSM and then the KS-2P was inoculated. After 6 days, the culture « 20 \™ o Autoclaved KS-2P
broth was extracted and the growth inhibition activity of extract was €
determined using the same methods. 2
Q
‘fg
RESULTS AND DISCUSSION §
Isolation and Identification of Strain KS-2P. From 20 %
endosulfan-polluted soil samples, different bacteria were iso- 5
lated. On the basis of rapid growth in endosulfan- or endosulfan £
sulfate-MSM, the strain KS-2P was finally selected (results not
shown). The strain KS-2P could degrade 445mL‘endosulfan
0.6 9 ®
= (a) Time (day)
£ 05| 8 30 ¢
2 I () {d)
@ 2.5
o 047 L7 T K1 =0.354 K1=0.027
= e 20 (R=0.839) 1 (R*=0.782)
2 03 %, 7
5 6 3 15
Q [=
O 02 ‘ . o
+ 0.1 1 0.5
25 . 4 »
(0 0.0 — —
\ —*— orendosuifan 01 2 3 45 86 70 1 2 3 4 5 6 7
- 20 A \\ e o B-endosulfan )
£ v N~ sum of o,f-endosulan Time (day)
2 15 9 Figure 3. Biodegradation of endosulfan sulfate by Pseudomonas sp. KS-
B 2P. (a) Cell growth and culture pH in endosulfan sulfate-MSM over 7
‘§ 10 | days. (b) Degradation of endosulfan sulfate and (c) degradation constants
g for endosulfan sulfate in the culture of active KS-2P and (d) autoclaved
9 KS-2P on the basis of first-order kinetics from the data of the exponential
51 phase of degradation.
O
O
0 ' " ' ' ' ' in MSM containing 87.8«g mL~!endosulfan for 7 days; the
0 ! 2 54 5 6 7 8 concentration ofo- and -endosulfan was decreased to 31.3
6 Time (day) and 12.0ug mL™! from 61.9 and 25.%«g mL™1, respectively.
14l © (d) ? The strain KS-2P was gram-negative and was a rod-shaped
120 w4 Zore |t 20500 organism that occurred as a single cell. It was identified using
@ 101 (R=0.998) (R?=0.956) BIOLOG GN microplates and Microlog release 3.5 software.
8 os The strain KS-2P was found to utilize the following substrates
E 06 as carbon and energy sourcesistidine,L-phenylalanine, and
0.4 L-serine, whereas KS-2P did not utilizehreonineL-rhamnose,
0.2 p-mannitol,b-trehalose, erythritol, ano-sorbitol as carbon and
0.0 2 energy sources.

0123 4586 7012345867

Time (day)
Figure 2. Biodegradation of endosulfan by Pseudomonas sp. KS-2P. (a)
Cell growth and culture pH in endosulfan-MSM over 7 days. (b)
Degradation of endosulfan isomers and (c) degradation constants for o.-
and (d) S-endosulfanon on the basis of first-order kinetics from the data
of the exponential phase of degradation.

The cellular fatty acid analysis revealed that the predominant
fatty acids were 16:0, 16¢i7c/15 iso20H, 18:1w7c, 17.0
CYCLO, and 12:0. Other fatty acids present in smaller amounts
were 18:0, 12:1 30H, 14:0, 19:0 CYCL@Bc, and 15:0 Table
1). The almost complete 16S rDNA sequence of the strain KS-
2P was determined following PCR amplification. Phylogenetic
analysis of the 16S rDNA gene sequences revealed a clear
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Figure 4. Toxicity determination of culture broth containing endosulfan
on the basis of yeast-based cell growth inhibition (spot test). The yeast,
Saccahromyces cerevisiae, was mixed with the extract of culture broth
containing toxic endosulfan and its metabolites for 6 h, and then 10 uL
of treated yeast suspension was spotted on the YPD solid medium. The
growth spot of yeast was determined after 24 h cultivation. The toxicity
of endosulfan was measured using medium extract containing different
concentration of endosulfan.

affiliation between strain KS-2P and members of the genus
Pseudomonasyhere the closest sequence similarity (99.29%)
was observed witPseudomonas monteidIP 104883 (Figure

1). Therefore, the strain KS-2P was identified?seudomonas
sp.

Biodegradation of Endosulfan and Endosulfan Sulfate by
Pseudomonasp. KS-2P.Pseudomonasp. KS-2P was culti-
vated in MSM containing endosulfan or endosulfan sulfate as
sole carbon and energy sources. When endosulfan or endosulfal
sulfate was omitted from the medium, no growth was observed
and the pH remained at 7.4. In the endosulfan-MSM, the cell
growth was rapidly increased to 0.44 (OD 550 nm) during 2
days cultivation and was slowly increased. The culture pH was

decreased to 7.0 for 1 day and was maintained without apparent

changes (Figure 2a). The concentration of endosulfan was
continuously decreased to 64y mL~* from 23.5ug mL™!
(Figure 2b); the degradation constants@f ands-endosulfan
were 0.182 and 0.3 day, respectively (Figure 2c, 2d). The
degradation off-endosulfan was active after 2 days cultivation
(Figure 2d). These results suggested that the mechanism
responsible fof-endosulfan degradation may be different from
that of a-endosulfan degradation.

In the endosulfan sulfate-MSM, the cell growth of KS-2P

reached a maximum on 2 days and then slightly decreased

(Figure 3a). However, the pH was maintained at 7.3 without
changes. The concentration of endosulfan sulfate was rapidly
decreased to 9.6g mL~! from 21.5ug mL™! for 1 day and
decreased to 1,29 mL~1 after 7 days (Figure 3b). In the case

of inoculation of autoclaved KS-2P, the concentration of

endosulfan sulfate showed very low decreases; the degradation
constants of active KS-2P treatment and dead KS-2P treatment

were 0.354 and 0.027 day; respectively Figure 3c, 3d. These

results suggested that the strain KS-2P has higher degradation(

activity for endosulfan sulfate than endosulfan, and KS-2P has
advantage of our previously report&d oxytocaKE-8 (11).
Biodegradation and Bio-Detoxification of Endosulfan by
PseudomonaskKS-2P. Our group had reported the toxic
mechanism of endosulfan using a unicellular higher eukaryote,
S. cerevisia€12). Since endosulfan resulted in oxidative stress
in a concentration-dependent manne§ircereisiag treatment
of endosulfan and measurement of yeast viability may be useful
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to determine the toxicity of culture broth containing endosulfan.
Moreover, the spot test used in this study is useful to evaluate
the toxicity of culture broth, which involves the residual
endosulfan and various possible toxic metabolites.

Spot test against 5aM of endosulfan treatment for 6 h
showed that the yeast had minor cell damages, whereas spot
test against KS-2P treated-endosulfan (80) did not show
cell growth inhibition Figure 4a). The severe cell growth
inhibition by 100 uM endosulfan treatment was observed.
However, in spot test against KS-2P treated-endosulfan (100
uM), the cell growth was similar to nontreated contréligure
4b). Our results suggested that theeudomonasp. KS-2P has
potential as a biocatalyst for endosulfan bioremediation.
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