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ABSTRACT: Three strains of bacteria utilizing salicylate, KU801(pKUS5, pKUs), KUsg03
(pPKUs, pKU9), and KUB06(pKU7, pKU10), were selected from the isolates and identified as
Pseudomonas putida. By agarose gel electrophoresis, it was found that the strains had
two plasmids each. All three strains were resistant to antibiotics such as ampicillin, tetracy-
clin, and chloramphenicol, and did not utilize other aromatic and aliphatic hydrocarbons
examined except salicylate. The plasmids(pKU5, pKUs§, and pKU7)
weight were cured by treatment with mitomycin C and frequencies of curing were 0,4%,
1.67%, and 0.75%, respectively. Cured strains did not degrade salicylate and still had anti-
biotic resistances, which were identical with wild strains. The genes for salicylate degradation
were proved to be encoded on their plasmids. The molecular weights of pKU 5 and pKU §
were estimated as 103.5 Md, and that of pKU 7 as 101 Md. The new SAL plasmids, pKU 5,
PKU 6, and pKU 7 were transferred to P. putida and P. aeruginosa, but not to E. coli.
KEY WORDS [0 SAL plasmid; Pseudomonas putida.

of larger molecular

Many synthetic chemicals are added to our
environment in the form of herbicides, pesti-
cides and industrial effluents, and the problem
of counteracting or neutralizing these wastes is
becoming urgent. Soil microorganisms, partic-
ularly those belonging to the genus
Pseudomonas, are able to transform or utilize a
wide range of natural and synthetic organic
compounds(Stanier ef al., 1966). Recent
works have indicated that, in certain strain,
the genes responsible for the degradative func-
tions are carried not on the chromosome but are
borne on plasmids. Thus the nutritional versa-
tility can be achieved by the occurrence of

broadly transmissible plasmids(Benson and
Shapiro,1978) . Conjugative extrachromosomal
elements conferring metabolic specificity for
the degradation of salicylic acid (SAL). naph-
thalene (NAH), and xylene and toluene (TOL)
have been isolated and studied (Chakrabarty,
1972, Dunn and Gunsalus, 1973 ; Worsey and
Williams, 1975). Nonconjugative degradative
plasmids have been also described, including
one specific for toluene and xylene(XYL;
Friello ef «l., 1976).

In this report, we describe on the properties
of new SAL plasmids isolated
Pseudomonnas putida.
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MATERIALS AND METHODS

Bacterial strains and plasmids

Bacterial strains and plasmids used in this
study are listed in Table 1,
Media and culture conditions

The medium L broth (Miller, 1972) was
used as a complete medium, and M9 (Maniatis
el al, 1982) was used as a minimal medium.
For growth of Pseudomonas strains utilizing
salicylate as a sole source of carbon, the M9
medium containing 10mM sodium salicylate
instead of glucose(M9-Sal) was used. Incuba-
tions were carried out at 30C for P. putida
and at 37C for P. aeruginosa and E. coli.
For the carbon source utility test, cells were
inoculated into M9 medium containing each
aromatic hydrocarbon instead of glucose and
incubated for one week at 30°C as previously
(Kim and Lee, 1984), Used carbon sources

Table 1, Bacterial strains and their characteristics
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were salicylate, toluene, xylene, benzene,
cyclohexane, naphthalene, camphor, octane,
and catechol.
Isolation and identification of bacterial
strains

Sampling was done from February to June in
1985. Soil samples of stream and industrial
waste were taken from the areas thought to
have been polluted in Seoul and its surburbs.
The enrichment and isolation of bacterial
strains utilizing salicylate as a sole source of
carbon were carried out as described previously
(Kim and Lee, 1984). The species of selected
three strains having plasmids among isolates
were identified. Identification test was carried
out by the method of Palleroni(1984)
Isolation of plasmid DN A

Crude lysates of plasmid DNAs were pre-
pared according to the method of Nakazawa
el al. (1980), Cells were grown overnight in

Strain/Plasmid

Relevant characteristics

Source or Reference

Pseudomonas putida
KU801 (pKUSG, pKUI8)
KU803 (pKtl6, pK1J9)

wild 1vpe/pKUS (Sal)
wild tvpe/pKU6 (Sal*)

This work
This work

K806 (pKU7, pKU10)
TN1032

TN1307

TN1126

TN1126 (RSF1010)

Pseudomonas aeruginosa
PAO303 (pMGI)
PAO303 (Rms148)
PAO2003
PAOS (R18)

KU815 (R18, pKll6, pK119)

Pseudomonus sp
KUI80N2, KUI804, K1I805
K107, K1/808

Escherichia coli
HB101
HB101 (pRK290)
CHONRP4)

wild 1vpe/pKU7 (Sal ™)
trp”~ leu benl Str”

trp leu benl Sir” recA
mel  trp~

met~ irp /RSF1010 (Sm™)

arg /pMG1{Sm")

arg /Rms148 (Sm")

arg” recA

met  ilv Str”/R18KmT")
/R18 (Km”) pKU6(Sal*)

wild type (Sal*)

r m pro leu Str"recA

/pPRK290 (Te™;
/RP4(Ap”™ Tc” Km")

This work

Nakazawa and Yokota (1977)
Nakazawa and Yokota (1977)
Nakazawa and Yokota (1977)

Transformation of TN1126
with RSF1010

Hansen and Olsen {1978}

Sagai el al. (1975)

Olsen et al. (1982)

Issac and Hollowav (1968)
Conjugation of PAO8 with KU803

This work

Hamer et al. (1976)

Corbin et al, (1982)
Barth and Grinter (1977)
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L broth. Harvested cells were treated with
lysozyme (1Img/m!) in 25% Sucrose-50 mM
Tris-HCl{pH 8.0) for 5 min at 0°C, foll-
owed by incubation for another 5 min in the
presence of 6,25 mM EDTA. The cells then
the presence of 6,25 mM EDTA. The cells
then treated with 0,5% Briji 58-0.2% sodium
deoxycholate-62, 5mM EDTA in 50mM Tris
-HCl(pH 8.0) for 10 min at 0%, and
centrifuged at 30, 000xg for 20 min at 2C.
Plasmid DN A contained in the supernatant was
precipitated with 10% polyethylene glycol in
the presence of (,5M NaCl. The precipitate
was collected by centrifugation and dissolved in
50 mM Tris-HCl-5mM EDTA-5mM NaCl(pH
8.0) and then subjected to electrophoresis.
Agarose gel electrophoresis

Agarose gel electrophoresis was performed
in a vertical slab gel of 0,7% agarose in
TAE buffer composed of 0.4 M Tris, 0,2 M
sodium acetate and 0,01 M EDTA at pH 8,
0, Gels were run at 120V for 2 hr. Gels
were stained in a solution of ethidium bromide
(lug/ml) for 20 min, rinsed and photogra-
phed under UV illumination.
Antibiotics resistance test

For the determination of resistance to vari-
ous antibiotics, bacterial suspensions were
plated on L agar containing different concen-
trations of various antibiotics respectively and
incubated for 48 hr at 30°C,
Curing with mitomycin C

The method of Rheinwald ef al. (1973)
was used as follows. Cells were inoculated into
5m! of L broth. After overnight growth 0,1
m/ of the culture (10* to 10°) were inoculat-
ed into 5m! of L broth containing mitomy-
cin C and incubated with shaking for 48 hr.
The culture was then diluted and plated on L
agar. Colonies were then replica-plated to
another L agar plate and also M9-Sal agar
plate.
Bacterial conjugation

Transfer frequency was determined by ma-
ting on membrane filters as described by De
Graaf et al (1973). Exponentially growing
donors were mixed with an equal volume of
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recipient culture in the exponential phase. The
mixture was filtered on a membrane filter (0,
2um pore size, 25 mm diameter Gelman Sci-
ence, INC). Membrane was placed on the sur-
face of a freshly prepared Penassay broth agar
plate and incubated for 5hr at 30°C or
37°C. Bacteria were then suspended in 1 m/
of saline, and 0,1 m/ samples of suitable
dilutions were spread on the selective medium.
Conjugation frequency was determined after
the titration of donor cells on L agar plates.
When P. aeruginosa PAO strains were used
as recipients, recipient cells were heated prior
to mating for 10 min at 50°C (Curtiss I,
1981).

RESULTS AND DISCUSSION

Isolation and identification of bacterial
strains

Eighty-six bacteria strains utilizing
salicylate as a sole source of carbon were iso-
lated. Three strains, KU801, KU803, and
KU806, which contained plasmids respective-
ly, were selected among them (Fig.1). From
the morphological, physiological, and bio-
chemical characteristics of the strains, they
were identified as Pseudomonas putida
respectively.
Carbon source utility

Selected strains, KU801, KU803, and
KU806, were utilized salicylate and catechol
as a sole source of carbon. Toluene, xylene,
benzene, cvclohexane, naphthalene, camphor,
and octane were not utilized by the selected
strains.
Resistance to antibiotics

The resistances of the selected strains to
different concentration of various antibiotics
tested were very similar. All the three strains
had resistance to 1600 xg/m/ of chloram-
phenicol, 800 «g/m! of ampicillin, 50 g/l of
tetracyclin, but were sensitive to more than
25ug/ml of gentamycin, streptomycin, and
kanamycin respectively.
Curing of cells harbouring SAL plasmid

When K1J801, KU803, and KUB06 were



12 Kim, Lim and Lee

B — Plasmid

—chromosome

1 2 3 4 5 6 7 8
Fig.1, Agarose gel electrophoresis of plasmids
isolated from Pseudomonas strains.

1. P putida KUS01
2. Pseudomonas sp. KU8(2
3. P. putida KUS03
4, Pseudomonas sp. KUB)4
5. Pseudomonas sp. KU805
6. P. putida KUR06
7. Pseudomonas sp. KUS07
8. Pseudomonas sp. KUS0S

*'Ihe DNA bands between chromosome
and small plasmid in lane 1, 3, and 6
are oc form of small plasmid.

treated with various concentration of
mitomycin C, no growth appeared with 17,5
pg/mi 12, 5pg/mi, and 20ug/ml respective-
ly and thus 154g/m/, 10ug/ml and 17.5ug/
m/ were considered as sublethal concentra-
tion in KU801, KU803, and KU806, respec-
tively. Loss of the ability to grow on salicylate
at these mitomycin C concentration was varied
from 0, 40% to 1.67% of total viable colonies
(Table 2), Agarose gel electrophoresis of the
cured strains (Fig.2) also indicates that the in-
ability to utilize salicvlate is due to the loss of

Table 2, Curing frequency of the selected
Pseudomonas putida strains by

mitomycin C
Concentration No. of Used Frequency
Strains  of mitomycin  colonies marker of curing
Clug/ml) tested for curing (%)
KU801 15 500 Salicylate 0. 40
KU803 10 900 Salicylate 1. 67
KU806 17.5 936 Salicylate 0. 75
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——Plasmid

B B— Chromosome

.— Plasmid

1 2 3 4 5 6

Fig.2, Agarose ge! electrophoresis ot the cured

strains

1. P. putida KUsg(1

2. P. putida KU811(Cured strain of
KU801)

3. P. putida KU803

4. P. putida KU813(Cured strain of
KU803)

3. P putida KU8S06

6. P. putida KUS816(Cured strain of
KU806)

plasmid-borne genes which involves in
salicylate degradation. Plasmids of the small
molecular weight still exist in the cured strains
and antibiotic resistances of cured strains are
identical with those of the native strains. It was
suggested that the samll plasmids were nothing
to do with salicylate degradation, but with
antibiotic resistance.
Conjugative transfer of the ability of
salicylate degradation

The fact that the ability of salicylate de-
gradation is plasmid-borne is also inferred
from the data in Table 3, SAL plasmids can
be transferred at a frequency of 10°° to 10~
into P. putida and 10°° to 107" into P.
aeruginosa. It has been reported that SAL
plasmid undergoes restriction when P. aer-
uginosa PAO strains is grown at 30°C or 37C
(Chakrabarty, 1972 ; Kanemitsu, 1980).
However, when P. aeruginosa PAO strains
were heated and then used as recipients(in
Methods), transfer of SAL plasmid occred
without restriction. The SAL plasmid in P.
aeruginosa KU815, conjugant formed by mat-
ing PAO8 as a recipient with KU803 as a
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Table 3, Conjugative transfer of the ability of salicylate degradation to various strains

Donor Recipient

Selected marker** Frequency of transfer*

P.putida TNI1032
K801 P.putida TN1307
P.aeruginosa PAO2003
P.acruginosa PAOR
E. coli HBIN1
P. putida P. putida TN1032
K11803 P.putida TN1307
P. aeruginosa PAO2003
P.aeruginosa PAOS
E. coli HB101
P. putida P. putida TN1032
KI1I1806 P.putida TN1307
P. aeruginosa PAQ2003

P.putida

P. aeruginosa PAOS
E. coli HB101
P.aeruginosa P.putida TN1307
KUB15

trp. lew, Sm. Sal 4.0x10°
trp. lew, Sm. Sal 3.0x10°°
arg, Sm, Sal 1.8x10
met, ilv, Sm. Sal 1.O=<10"*®

pro, len, Sm Sal 0

trp. lew, Sm, Sal 2.0<10"°
trp, leu, Sm, Sal 3.0%10°7
arg, Sm., Saf 5.0x10°7
met, ile, Sm. Sal 1L6x107¢
pro, leu, Sm. Sal 0

trp, leu, Sm, Sal 2.0x10°*
trp, leu, Sm, Sal 1.0=<10 ¢
arg, Sm, Sal 9.0x10""®
met, ilv, Sm. Sal 2.0x10°°
pro, leu, Sm, Sal 0

trp, leu, Sal 4.1x10°7

* Frequency of transfer: number of conjugants/number of donors

** The media used were M9 minimal media.

donor, could be transferred at a frequency of
4,1x1077 back into P. putida. These results
indicated that SAL plasmids which isolated in
this study are not restricted in P. aeruginosa
PAO strain.

Agarose gel electrophoresis of the conjugant
strains (Fig.3) showes that both of the plas-
mids in donor cells were transferred to the
recipient cells. This seems to be a result that
transmissible SAL plasmid provides the trans-
fer to nontransmissible small plasmid (Freifel-
der, 1983). When SAL plasmid was transfer-
red to FE. coli, conjugants were not obtained.
However, it is not clear whether the transmissi-
ble plasmids is not transferred to the members
of other genera(Chakrabarty, 1972, Cha-
krabarty, 1976, or in enteric bacteria were
not expressed the genes for hydrocarbon oxida-
tion (Farrell and Chakrabarty, 1979),
Determination of molecular weight of plas-
mid DNA

The molecular weight of the plasmids was
determined using covalently closed circular

-—Plasmid

-—Chromosome

—— Plasmid

i 2 3 4 5 6 7

Fig.3. Agarcse gel electrophoresis of the con-

jugan'’s,

1. P putida KU801 (donor)

2. P putida KUS812 (conjugant of TN1307
with KU801)

3. P putida KU803 (donor)

4, P putida KUS814 (conjugant of TN1307
with KUg03)

5. P. putida KU806 (donor)

6. P. putida KU817 (conjugant of TN1307
with KUR06)

7. P. putida TN1307 (recipient)
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Log of Molecular Weight

Fig.4, Molecular weight of plasmids.
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= pPKU5  pKU6{103. 5 Md)
- pKU7(101, 0 Md)
Y Rms 148 (95 Md)

-t RP4 (38 Md)

-» pPRK290(13 Md)

a pKU10
(6, 2 Md)

A Aot

-

pKUS, pKU9 (6.3 Md)

1, 4 0,8
Log of Relative Mobility

L. pRK290 2. Rmsl148 3, pKU5, pKUS8 4, pKUs, pKUg 5. pKU7, pKU10 6, RP4

forms of pRK290(13 Md), RP4(38 Md), Rms
148(95Md) as standard size markers (Fig.4),
The SAL plasmids of KU801, KU803, and
KUB06 were named pKU5, pKU§, and
pKU7, and their samll plasmids, pKUS,
pKU9, and pKU10, respectively. The molecu-
lar weights of pKU5 and pKU6 were esti-
mated as 103, 5 Md, and that of pKU7 as 101

Md. Their sizes are rather large in comparison
with 40 Md (Palchudhuri and Chakrabarty,
1976), 43Md (Johnston et al., 1977), 45Md
(Gunsalus ef al., 1981), 48 Md(Heinaru ef al,
1978), and 55 Md(Farrell ef @/, 1978) which
have been previously reported. Therefore, SAL
plasmids examined in this research seem to be
new SAL plasmids.

weld deldab Aok F Belan|eg 2k A F2E Awallcl 4 w5, KUB01(pKUS, pKUB), KU803(pKUs,

pKU9), KU806(pKU7, pKU10)% 2t
putida & FAs5}, A FF2E5L v
H oabgkEal Al gl ax
pKUS§, pKU7): c}olin}ola

27} 28 Eafan) 7;\1

& 7B glgel A7|d5oll oa
®, FREUESe] e dated Haie Ay, =)
3 At 29l Bk fAbRel Al et

2 AHeEldgel Folse] 2 ulxe 22 g

e —rﬁHOPX] o, e ool FYR F4A WAL A1 g
L2 A5 ech, pKUse pKU6S 2

WA, Pseudomonas

ol-gatsiet, & FAbgke] Feparl= (pKUS,
0.40%, 1.67%, 0,75% ol3ict, folsl ¢
. AEIAAE Balol slodsl: g
FAFERZ 103, 5Md, pKU72 #xleke 101Md o2 =
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