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Isolation and Characterization of 3,4—Dichloroaniline Degrading Bacteria
from a Sandbank. Young-Mog Kim. Division of Food Science and Biotechnology, Pukyong
National University, Busan 608-737, Korea

Abstract  The compound 3.4-dichloroaniline (DCA) is an aromatic amine used as an intermediate
product in the synthesis of herbicides, azo-dyes and harmaceuticals. It is also a degradation product
of some herbicides (diuron, propanil, and linuron) and of trichlorocarbanilide, a chemical used
as active agent in the cosmetic industry. 3,4-DCA, however, is considered potential pollutants
due to their toxic and recalcitrant properties to humans and other species. A bacterium capable
of growth on 3,4-DCA was isolated by dilution method from 3,4-DCA-containing enrichment
culture. Finally, a strain, YM-14, capable of degrading efficiently 3,4-DCA was isolated from
a sandbank. The isolated strain, YM-14 was identified to be Arthrobacter sp.. Fifty ppm 3,4-DCA
in 1/10 LB media was completely degraded by the growth of Arthrobacter sp. YM-14 for 12
h at 30°C. The isolated strain is capable of growth on 3,4-DCA as sole carbon source and also
able to degrade other chloroaniline compounds. Also, the isolated strain showed high level of
catechol 1,2-dioxygenase activity by 3,4-DCA exposure. The catechol 1,2-dioxygenase was
supposed to be ones of the important factors for 3,4-DCA degradation.
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Escherichia coli DH5a [6]%} Bacillus subtilis RM125
2115 AH&stATH £ ATl A% chloroaniline
3hetE2 Sigmark(F] =)ol A Fdske] ARSI AL,
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n AN 2A, 0T 20 mg (NHi)sMo,0,44H,0,
50 mg H;BOs, 30 mg ZnCl,, 3 mg CoCl»6H,0, 10 mg
(CH;CO0),CuH,0 ¥ 20 mg FeCl,4H,0]S &3
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AH8-% DNA oligonucleotide= Bioneer AH(EH=)ol]
olFste] A s Th PCR HHS-o] AM&3F A nbek
(5‘“ACGGGCGGTGTGTAC-3") % w3 (5-
GCCAGCAGCCGCGGTA-3") primer= Dunbar %
[41¢] =&oll weh Al2bek it PCR W2 T2
Z702 P} 0.5 pl (2.5 U) Taq polymerase,
5 pl Taq polymerase buffer (X10), 1 p¢ ] 10 mM
dNTP, 39 pt¢ dH,0°l 20 pmol®] Z} primer 2 pl <},
25 ng®] +% DNAE FH7hste] & £ F Wk
WG 94TolA 2 3 "AZAFT. o] & 52CellA
2 7t annealing ¥ § 72TColA 282t polymer-
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nim.nih.gov/BLAST/)E &3t A A5t
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Catechol 1,2-dioxygenase &4 =A

Catechol 1,2-dioxygenase &4 Aoki & [1]2] %
Hol| me} Z43F T 100 mM potassium phosphate
buffer(pH 7.4) 1.5 m3} 57 1.3 ml3 10 mM 9]
714 100 w5 A2 EFI A5 FAZ F=
N 100 E H713A cis, cis-muconic acid®] A4 =
< 260 nmol| A S TE Bao A2 Ao
A FAE FEHS HUPe] ¥ x4 2
o] 2H-E et FAE FEHLS 1/10 LB HY
Aol 12 AlZE iRt EAE AR 8L 100 mM
potassium phosphate buffer(pH 7.4)2 A &3l &Y
bufferol AHES g 23 ME  ur]
(Ultrasonics Ltd.; F=)Z 6 3+ 333 3 12,000
x gllA dAEE st & FAEZ FE294E& AHE
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2k Akt 144 A8 d 35S
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+ 34-DCA® &g 3743t HPLCE &
3,4-DCA a8 -& ZAFSH TH(Table 1). A A3,
38719 EEl# T YM-14 #F7F 7 5%
THe 7HA = AoE ZAEA
om w3 Tt BAUO0E 34.DCAS o] &35+
7Fed ZAe® Uiyt olF, T
YM-145 7HA 2L A5 &
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+ AXA I Qo] AolA AMFHT A
ANA Zed dF=2 2F GACAM 27 A T
7o 2 ZAEATE TS, PCRS ©] 83 16S tDNA
F7IAE E4FH QALY A 4 A &
2] YM-14+ Arthrobacter sp. FR3 2] 16S rDNA(ac-
cession no. AM113709)2} 99%, Arthrobacter sp.
AD25(accession no. AY628691)5 2] Arthrobacter <
of &3t dFEH 99%9] S UERIAT
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Table 1. 3,4-dichloroaniline (DCA) remaining ratio in mini-
mal medium by strains isolated from the enrichment culture

. Remaining ratio . Remaining ratio
Strain No. (%)g Strain No. (%)g
52 88.2 BK10-1 99.8
61 91.3 11 101.9
4B1 78.2 12 80.9
S5L2 96.4 14 89.0
44 101.5 16 93.7
34 67.4 17 99.0
4 76.20 18 94.8
3-1 81.30 9 69.3
6 89.2 472 88.2
5L1 54.1 511 64.8
5 78.2 BKo6-1 98.7
10-1 77.6 BK6-2 97.4
4H1 85.0 BK8-1 84.2
4L1 96.1 BK9-1 94.3
5D1 44.1 1 67.1
5D2 64.8 4Gl1 90.2
KB37 68.5 5A1 103.4
YM-14 ND 4K1 97.2
YM-15 82.6 1662 55.1

Cells were grown in 1/10 LB containing 50 ppm 3,4-DCA.
3,4-DCA was determined by HPLC analysis.
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1
61
121
181
241
301
361
421
481
541
601

GTAGCTAACG
AATTGACGGG
ACCTTACCAA
GGTTTACAGG
CAACGAGCGC
GCCGGGGTCA
GGGCTTCACG
ATCCCAAAAA
GTCGCTAGTA
CCGCCCGTCA
GAGGGACGCC

CATTAAGTGC
GGCCCGCACA
GGCTTGACAT
TGGTGCATGG
AACCCTCGTT
ACTCGGAGGA
CATGCTACAA
GCCGGTCTCA
ATCGCAGATC
AGTCACGAAA
GTACGCAAGG

CCCGCCTGGG
AGCGGCGGAG
GGACCGGAAA
TGTCGTCAGC
CTATGTTGCA
AGGTGGGGAC
TGGCCGGTAC
GTTCGGATTG
AGCAACGTTG
GTTGGTAACA

GAGTACGGCC
CATGCGGATT
GACCTGGAAA
TCGTGTCGTG
AGCGGTTCGG
GACGTCAAAT
AAAGGGTTGC
GGGTCTGCAA
CGGTGAATAC
CCCGAAGCCG

TGGGGACCG 629

GCAAGGCTAA
AATTCGATGC
CAGGTGCCCC
AGATGTTGGG
CCGGGGACTC
CATCATGCCC
GATACTGTGA
CTCGACCCCA
GTTCCCGGGC
GTGGTCCTAA

AACTCAAAGG
AACGCGAAGA
GCTTGCGGCC
TTAAGTCCCG
ATAGGAGACT
CTTATGICTT
GGTGGAGCTA
TGAAGTAGGA
CTTGTACACA
CCCTTGTGGG

60
120
180
240
300
360
420
480
540
600

Reference (accession no.)

Identity (%)

Arthrobacter sp. FR3 (AM113709)
Arthrobacter sp. AD25 (AY628691)
Arthrobacter sp. AD12 (AY628690)
Arthrobacter sp. AD3 (AY628689)

99
99
99
99

Fig. 1. 16S rDNA partial sequence (629 bp) and identification of isolated strain YM-14 by homology search based on 16S
rDNA. The PCR was performed as described under Materials and Methods. The sequence data was analyzed via ribosomal

database (http://www.ncbi.nlm.nih.gov/ BLAST).

Arthrobacter sp. YM-14¢] 3,4-DCA¢°] 9 g+
WA

34-DCAS =33+ 1/10 LBHiA oA By #+F
YM-149] A5& ZASE d3= Fig. 29 2o
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& 7 “HH AT 34-DCAY T A7 A&
Al e UERA &tttk o] ¥ 50 ppmel
3,4-DCA EA] stollA &l o A|A &3
Z AR

12

10
08
06
04

OD at 600 nm

02

O.Or
0 3 6 9 12 15 18 21

24 27

Time (h)

Fig. 2. Growth rate of Arthrobacter sp. YM-14 in 1/10 LB
media containing 3,4-dichloroaniline. O-O, control; @-@,
50 ppm; Il-M, 100 ppm; [-[], 200 ppm.

3,4-DCA EA sl A & A5l w2+ pH
s

3,4-DCA =R A1) Arthrobacter sp. YM-142] A5
& A% A &8s ASAHEE Hole
34-DCA % 50 ppme 7|02 vjX] 2] pHE T
slsto] EEld YM-149] ASEE ZASHAT 1710
LB HIA|E pH 5.0°4] pH 9.0 7}4] 1.0 9= pHE

ZAst L5 WHIE EPrr =AHSYT
(Fig. 3). T ASEE pH 6.0~7.59] Tl A 53
F21& Uderilen pH 7.09 204 7HE £&
7 AEEE YA
0.7
0.6 f J—
T 05[]
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Fig. 3. Effect of pH on the growth of Arthrobacter sp. YM-14
in the presence of 50 ppm 3,4-dichloroaniline. Cell growth
was determined by measuring optical density at 600 nm after
12 h incubation at 30°C.



Ba# Arthrobacter sp. YM-149)] ¢]3& 3,4-
DCAS] A A

28-S LB s A oA 12413F Faj ksl o]
Zuj ol 0.1 mE 50 ppme] 34-DCAS 73 1/10
LB HiA] 10 meol] HEste] v FAIERE A AFE
9} 3,4-DCA A A &S HPLCE =43t 1 A3
Arthrobacter sp. YM-14+= o ASE7F S7Fl m
2t §4% 3,4-DCA AAEZAE HEFA oM vl <F
12A17F ¢kell 50 ppm@] 3,4-DCAS A3 B34
o} (Fig. 4). SHATH, ti &7 0.2 AMS3E E. coli DHSa
3} B. subtilis SM22] 73-%-ol|+= 3,4-dichloroaniline A
AEHRE A YeplA itk (A v AA).

dA3leld3A 3gE o] 8 A

1/10 LB w A4l 2, 3, 4-chloroaniline(CA)3} 2,4-, 2,
5-, 3,4-, % 3,5-DCAE 27} 50 ppm 7 1/10 LB
Hi o YM-14 #F5 W Ye o AEE FH 3t
ZHESHE CA B DCA 3IHES dollA 7]<3 dE
%31 HPLCE 43t A3} B
3-CA, 2,5-DCA H 3,5-DCA2] #3l &S YelA
O} 2-CA, 4-CAS} 24-DCAQ] B9+ 7o Baj&
T fle ZoE YUEYT (Fig ).
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Ba)#9] catechol 1,2-dioxygenase &4
HAE] g I FPE T A7IELA

WFEsgEe] 8l A Foll catechol =9 g

o] MEZW thARA Fo] Fag 7129 shuE ¢

1.2
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Fig. 4. Biodegradation of 3,4-dichloroaniline (DCA) by the
growth of Arthrobacter sp. YM-14. Cells were grown in 1/10
LB containing 50 ppm

3,4-DCA. 3,4-DCA was determined by HPLC analysis. O-
O, cell growth;

@®-@, rcmaining ratio of 3,4-DCA.
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Fig. 5. Degredation of chloroanilines by Arthrobacter sp.
YM-14. Cells were grown in 1/10 LB containing 50 ppm
chloroanilines for 3 days at 30°C. Chloroanilines were de-
termined by HPLC analysis. 2-CA, 2-chloroaniline; 3-CA,
3-chloroaniline; 4-CA, 4-chloroaniline; 2,4-DCA, 2.,4-di-
chloroaniline; 2,5-DCA, 2,5-dichloroaniline; 3,4-DCA,
3,4-dichloroaniline; 3,5-DCA, 3,5-dichloroaniline. Data are
the averages of triplicate experiments.

A 2191 xylene, phenol, toluene 2 naphthalene}
2o 7 771381550 catecholZ EHE Fof A
T A GAE A A e A (7,14,
1519 dgtobd@A 3hgt=Eo] catechol® ST
= R1% AT} [12,16,20]. ]2 A A3 H catechol
< O% AlZUelA o DAY aiAEo o)
FH &2 S 2 pyruvate} acetaldehyde®} 72 Krebs 3
2O FAEE sty RaEa ok [11].
Catechol®] &-afl o] #Hqst= A TA Y T 49 cat-
echol 1,2- dioxygenase(ortho-cleavage)2} catechol 2,3-
dioxygenase (meta-cleavage)°ll tg A7+7F 53] &
o] A=A AT [7.8]. ©]°ll 34-DCAS AFH L
Z B3lst= Arthrobacter sp. YM-14 o2 &3 qt
&9 7ITE &4%E SHdA A $8hke
catechol dioxygenase®] &4 & ZAFSFATE 3,4-DCA
o] EAJ3tol| A catechol 2,3-dioxygenased] &4 H3}t
© BEEA] FUATHA FJm A A]). A FE catechol
1,2-dioxygenase 2] 7d-- 3,4-DCA F-3H 7}l A= 4.39
nmol/10 min/mg protein®] &/Jo] 34-DCA A1 74
$-oll= 11.54 nmol/10 min/mg protein® 1 &/Jo] <F
2-3uf o) S7kske A3 #E HAH (Fig. 6). ©]
23t A= catechol 1,2-dioxygenasee] &/do] 3.4-
DCA°ll 93l Fr=dthe AS YeRH, B3 o] 84
7} 3.4-DCA E38fjoll Bosh= T3 47T 8t
Uth= Ag ofu|gith. A, 34-DCA #315H-8-9] 7]
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Fig. 6. Catechol 1,2-dioxygenase activity of Arthrobacter sp.
YM-14. Cells were grown in 1/10 LB for 12 h at 30C in
the absence (-) or presence (+) of 50 ppm 3.4-dichloroaniline
(3,4-DCA). Catechol 1,2-dioxygenase activity was measured
as described under Materials and Methods. Data are the aver-
ages of triplicate experiments.
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