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Characteristics of Pseudomonas sp. degrading
2-methyl-4-chlorophenoxyacetic acid
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Abstract: From the soil and river samples, some bacterial strains degrading chlorinated aro-
matic hydrocarbons were isolated and identified. Of the isolates, seven strains of Pseudomonas
sp. harbouring plasmids were selected for their prominent degradative ability to 2-methyl
-4-chlorophenoxyacetic acid. By agarose gel electrophoresis and curing experiment it was found
that the genes for 2-methyl-4-chlorophenoxvacetic acid degradaiton were encoded on the
plasmids in these selected strains. Antibiotic resistance and degradative ability for other herbicid -
es of the strains were tested.
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2, 4-dichlorophenoxyacetate (2, 4-D),
2-methyl-4-chlorophenoxyacetate (MCPA),
2, 4-dichlorophenol (DCP), and 3-chloroben-
zoate (3CB) are widely used herbicides for the

ton, 1981), Genetic and physical map of pJP4
plasmid, one of them stated above, was gener-
ated (Don and Pemberton, 1985), and restric-
tion map of 3CB-degradative plasmid was

past several decades (Sharpee et a/., 1973 :
Dorn et al, 1974), These chlorinated herbi-
cides have become one of the most serious
pollution sources, because they may potentially
cause carcinogenic and teratogenic effects on
human beings and other beneficial live stocks
and they are more persistent and toxic than non
-chlorinated aromatic compounds.

Microbial metabolism of MCPA, 2, 4-D,
DCP, and 3CB were reported (Gaunt and
Evance, 1971; Evance ef al, 1971 ; Hart-
man ef al., 1979), and plasmids were isolated
from Alcaligenes degrading chlorinated herbi-
cides (Fisher ef al, 1978 ; Don and Pember-
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also generated (Chatterjee and Chakrabarty,
1984),

In the present paper we describe on the char-
acteristics of Psewdomonas sp. strains
degrading MCPA, and the reationship between
the degradative ability of MCPA and the plas-
mids harboured in the strains.

MATERIALS AND METHODS

Bacterial strains and plasmids used
Bacterial strains and plasmids used in this
study are shown in Table 1,
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Table 1, Bacterial strains and plasmids used.

Strain/plasmid  Relevant characteristics References
Pseudomonas sp.
KU49, KU199,
KU213, KU368, MCPA* This work
K426, KU559,
K11563
Escherichia coli
C600/RP 4 r m” thi leu thr-/ Barth and
Ap" Te"Km"™ Tra' Grinter (1977)
HB101/pRK290 r m pro lew str’/ Yasuda and
Km™ Taguchi (1983)

Media and growth conditions

Pseudomonas sp. were grown with shaking
at 30°C in L-broth medium (Miller, 1972) or
minimal medium (Whiteside and Alexander,
1963). The promonent MCPA-degradative
strains were selected by measuring the optical
density spectrophotometrically at 600 nm
after 24 hr culture in minimal liquid media
supplemented with MCPA as a sole source of
carbon and energy. For the other herbicides
utility test, the strains were inoculated on
minimal agar media supplemented with 2,
4-D, 3CB, and DCP as a sole source of carbon,
respectively.
Isolation of plasmid DNA

Crude lysates of plasmid DN As were prepar-
ed according ta the method of Hansen and
Olsen (1978). The following steps show
amounts used for a 40-m!/ culture input. Cells
were grown to approximately 2x10% cells per
m/ in L-broth medium and harvested by
centrifugation. The pellet was resuspended in
1.35m/ of 25% sucrose-0,05M Tris(pH 8,
0), and 0,1m/! of lysozyme (10mg/m/ in .
25M Tris, pH8.0) was added. After the mix-
ture was put in an ice-water bath for 5 min,
0.5m/ of Na,EDTA (0,25M, pH8.0) was
added and the tubes were chilled for 5 min
once more in ice water. The addition of 0,5
m/ sodium dodecyl sulfate (20%, wt/vol, in
TE), followed by heat pulse and mixing,
produced a clear viscous solution of lysed cells.
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Immediately 1, 25m/ of NaCl{(5 M) was added
and the tubes were chilled in an ice-water bath
and refregerated (4°C) for 6hr or overnight as
convenient. After centrifugation, to the super-
natant (, 313 volume of PEG 6000 (42% in 10
mM sodium phosphate buffer, pH7.0) was
added and the tubes were refrigerated for over-
night and centrifuged. The pellet was suspended
in TES (20mM Tris-HCl-5mM EDTA-100
mM NaCl, pH S8, 0) buffer.
Response to antibiotics

Ampicillin, tetracyclin, kanamycin, chlor-
amphenicol, streptomycin, and gentamycin
were used. Strains were grown overnight in L
-broth to exponential phase. A portion of such
a culture was plated on L agar media containing
various antibiotics, respectively. The cells
were grown at 30°C for 48hr.
Curing test

Cells were grown at  30°C in L-broth sup-
plemented with various concentration of
mitomycin C for 24-72hr. The cultures were
then diluted and plated on L agar media. Well
-seperated colonies were then replicated to
minimal media supplemented with correspond-
ing carbon source.
Agarose gel electrophoresis

Agarose gel electrophoresis was performed
in a horizontal gel of 0,6% agarose in TAE
buffer composed of 0, 4M Tris, 0, 2M sodium
acetate, 0. 01 M EDTA at 8,0, Gels were run
at 100V for 3hr. Gels were stained in solution
of ethidium bromide (1xg/m!) for 10 min,
rinsed and photographed under UV illumina-
tion.

RESULTS AND DISSCUSSION

Selection and characterization of the MCPA
degrading bacteria

From the soil and river samples collected
mainly in the Gyeong-gi Province, 744 strains
of bacteria degrading chlorinated aromatic
hydrocarbons were isolated and identified. Of
the isolates, seven strains of Pseudomonas Ssp.
harbouring plasmids were selected for their
prominent degradative ability of MCPA.
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Table 2, Patterns of utilization of other herbi-

cides by the MCPA-degradative
strains
Strain MCPA 2,4-D 3CB DCP
KU49 + + + +
K1199 + 1 — —
KU213 + 1 - —
KU366 + -+ T
K1/426 -+ + + +
K559 1 - t +
K563 i } -+

Patterns of utilization of other herbicides and
resistance to various antibiotics of the selected
isolates were shown in Table 2 and Table 3,
respectively. Five strains of Psudomonas  sp.
could utilize 2,4-D, 3CB and DCP as well as
MCPA as a sole source of carbon and energy,
while the other two strains couldn’t utilitize 3
CB and DCP. All MCPA degrading strains
tested were sensitive to gentamycin, while
resistance to various antibiotics of the strains
were varied according to the strains.
Detection of plasmid DNA

All selected strains of Pseudomonas sp.
degrading MCPA (KU49, 199, 212, 365, 426,
559, and 563) contained plasmids. As shown
in Fig.1, one strain of Pseudomonas sp.,
KU366 contained three plasmids (pKU12, 13,

2-methyl-4-chlorophenoxyacetic acid degradation
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Fig.1, Agarose gel electrophoresis of plasmids
isolated from MCPA-degradative
Pserdomonas.

Pseudomonas sp. KU366
Escherchia coli (RP4)
Pseudomonas sp. KU49
Escherichia coli (pRK290)
Pseudomonas sp. KU199
Pseudomonas sp. KU213
Pseudomonas sp. KU559
Pseudomonas sp. KU426
Pseudomonas sp. KU563
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14) and two strains, KU49(pKU1, 2), KU213
{(pKU4, 11), had two plasmids each, while the
other ¢ strains, KU199(pKU3), KU426(pKU
15), KU559(pKU16), and KUS563(pKU17),
had one plasmid.
Curing of cells harbouring plasmids

To clarify the relationships between biode-
gradability of MCPA and their plasmids, cur-
ing tests were accomplished with mitomycin C

Table 3, Resistance of MCPA-degradative strains of various antibiotics.

Antibiotics Ap Te Km Sm Cm Gm
Conc. -
;”1 *:;;:l ' 100 200 400 125 25 50 125 25 50 25 50 1000 50 100 200 25 50 100
K149 + 4+ + 4+ - oo+ 4 + - - - 1 + + -

KUy — — = 4+ £ =+ 4 -+ 4 +

KU213 - = = = =+ o+ + — _ -
K366 -4 + =+ 4 + - - 4 T

K11426 + t i 4 + - - — + 4+ -

K1/559 LA 1 - + - - - 4+ - -+ 4 + - ;

K563 b= + 4+ + - - - + - -+ + - —

Abbr. Ap; ampicillin Tc¢; tetracyclin Km; kanamycin '
Sm; streptomycin Cm; chloramphenicol Gm; gentamycin
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Table 4, Curing of MCPA-degradative strains
by mitomycin C.

Strains Mitomycin  Number of Used Frequency
Ciug/ml)  colonies marker of curing
tested for curing (%)
Pseudomonas sp.
KU49 12.5 800 MCPA 16.5
KU213 5.0 345 MCPA 10.1
K366 40.0 400 MCPA 18.0
KU426 40.0 400 MCPA 11.0
KU559 20.0 400 MCPA 12.0
K563 25.0 400 MCPA 9.3

* KU199 was hard to be cured by treatment
with mitomycin C.

(MC). As can be seen in table 4, sublethal
concentration of KU213 was 5ug MC/m/ and
KU199 could not grow with 0, 1ug Mc/ml.
As the result on curing, of the 7 strains har-
bouring plasmids, 6 strains showed the resis-
tance to mitomycin C and lost the degradative
ability for chlorinated hydrocarbons. Agarose
gel electrophoresis of cured strains were shown
in Fig.2. It was found by frequency of curing
and agarose gel electrophoresis of cured strains
that the loss of biodegrability was not due to the
mutation of genes, but to loss of plasmids en-
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electrophoresis of the plas-

Pseudomonas sp. KU49
cured strain of P. sp. KU49
Pseudomonas sp. KU213
cured strain of P. sp. KU213
Pseudomonas sp. KU366
cured strain of P. sp. KU366
Pseudomonas sp. KU426
cured strain of P. sp. KU426
Psewdomonas sp. KU559
10, cured strain of P. sp. KU559
11, Pseudomonas sp. KU563
12, cured strain of P. sp. KU563
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coding degradative genes. As shown in Fig.2,
the cured strains of KU49, KU213, and KU366
didn’t have any plasmid at all, and therefore it
was not clear that which of the plasmids har-
boured in these strains encoded the degradative
genes,

S¥ozye geel $Roc, of5F 2old 422
s

e 7 wF0 Pseudomonas sps Adaieich, 2-#El
7

ok qreie] Agel a4 gqlslodct, dAEE Aol

Gene, 27, 173-181,

3. Don, R.H. and J.M. Pemberton, 1981,
Properties of six pesticide degradation
plasmid isolated from Alcaligenes par-
adoxus and Alcaligenes eutrvophus. J.
Bacteriol., 145, 681-686,

4. Don, R.H. and J.M. Pemberton, 1985,
Genetic and physical map of the 2, 4-dich-
lorophenoxyacetic acid-degradative plas-



Vol. 24, 1986

mid pJP4. ]. Bacteriol., 161, 466-468.

. Dorn, E., M. Helling, W. Reineke, and H.
J. Knackmuss, 1974, Isolation and char-
acterizations of a 3-chlorobenzoate
degrading Pseudomonad. Arch. Mi-
crobiol., 99, 61-70,

. Evans, W.C., BS.W. Smith, P. Moss and
H.N. Fernley, 1971, Bacterial metabo-
lism of 4-chlorophenoxyacetate. Bio-
chem. J. 122, 509-517,

. Fisher, P.R,, ]J. Appleton and ].M. Pem-
berton, 1978, Isolation and characteriza-
tion of the pesticide-degrading plasmid
pJP1 from Alcaligenes paradoxus. ].
Bacteriol., 135, 798-804,

. Gaunt, J. K. and W. Evans, 1971, Metab-
olism of 4-chloro-2-methyl-phenox-
yacetate by a soil Pseudomonad. Bijo-
chem. J. 122, 533-542,

. Hansen, J.B. and R.H. Olsen, 1978, Iso-
lation of large plasmids and characteriza-
tion of P2 incompatibility group plasmids
pMG1 and pMG5 J. Bacteriol., 135,

10,

11.

12,

13.

14,

2-methyl-4-chlorophenoxyacetic acid degradation 393

227-238.

Hartmann, J., W. Reineke, and H.]J.
Knackmuss, 1979, Metabolism of
3-chloro, 4-chloro, and 3, 5-dichloroben-
zoate by a Pseudomonad. Appl. Environ.
Microbiol., 37, 421-428.

Miller, J.H., 1972, Experiments in molec-
ular genetics. Cold Spring Harbor Labora-
tory.

Sharpee, K.W., J.M. Duxbury, and M.
Alexander, 1973, 2, 4-dichlorophenox-
yacetate metabolism by Awrthrobacter sp.
accumulation of a chlorobutenoclide.
Applied Microbiol., Sept, 445-447.
Whiteside, J.S. and M. Alexander, 1963,
Measurement of microbiological effects of
herbicide. Weeds, 8, 204-213,

Yasuda, S. and T. Taguchi, 1983, Over-
production of Esaherichia coli replication
proteins by the use of runaway-replication
plasmid. /. Bacteriol., 154, 1153-1161.

(Received Nov. 7, 1986)



