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Restriction map of a cryptic plasmid from Pseudomonas putida*
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We screened lysates of the laboratory strains of pseudomonads utilizing hydrocarbon by agarose
gel electrophorests and cesium chloride-ethidium bromide equilibrium centrifugation, to find an intrin-
sic plasmid as a veclor and to examine the relationship between the plasmid and hydrocarbon degrada-
tion. Only one strain from the examined strains, Pseudomonas putida KU190, contained a plasmid We
named the plasmid pKU41. The molecular size of pPKU41 was determined as 41kb, using covalently
closed circular forms of RP4 and pSY343 as standard size markers. The restriction sites of pKU41 for
BamHI, Bglll, EcoRl, Hindl1I and Sall were 3, 1, 3, 6, and more than 13, respectively. With double or
triple digestion, restriction map of pKU41 was constructed for BamHI, Bglll and Hindl1l. For elucida-

tion on the bivlogical function of the plasmid, test was conducted on the ability of hydrocarbon utiliza-

tion of the host strain but no apparent relationship was observed.

Bacteria belonging to the genus Pseudomonas
have a wide variety of habitats, in soil, fresh water
and the marine environment, and they can be use
a variety of organic compounds including syn-
thetic chemicals as a sole carbon source,
Moreover, several plasmids which confer the abili-
ty to degrade octane, camphor, salicylate, xylene,
or naphthalene have been isolated from P, putida
strains (Chakrabarty, 1976). TOL plasmids have
wide host range including E. coli (Benson and
Shapiro, 1978). However, t/ genes are weakly ex-
pressed in E. coli (Nakazawa ef al, 1978). This
might be due to the lack of suitable information or
a different information requirement for the ex-
pression of fol genes in E coli cells, possibly
relating to their membrane barrier to substrates or

the accumulation of toxic intermediates. Inouye ef
al. (1981) suggested that Pseudomonas promoter
sites are recognized poorly by the RNA poly-
merases in other gram-negative bacteria, in-
cluding £. coli, and that on the contrary, the ex-
pression of the E. coli gene in Pseudomonas is very
efficient.

Chakrabarty et al. (1975) reported the transfor-
mation of £. putida with RP1 plasmid DNA which
has a mass of 38Md. Nagahari (1980) constructed
previously a hybrid plasmid consisting of RP4 and
a fragment containing £. coli tryptophan operon
using EcoRI restriction endonuclease and T4
ligase. However, because of its high molecular
weight, it is difficult to handle. Failure to con-
struct a mini RP4 plasmid with various restriction
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endonucleases suggested a scattering of the genes
that are essential to the replication and
maintenance of RP4 plasmid (Barth and Grinter,
1977). Recently, RSF1010, a derivative from
streptomycin and sulfonamide resistance factor
RS, is used for a cloning vector in Pseudomonas
cells. However, an intrinsic plasmid of
Pseudomonas sp. would be preferable as a vector
for biosafety.

In the present study, we have delineated ten-
tative physical map of an intrinsic plasmid har-
bored by P. putida, and examined the relationship
between the plasmid and hydrocarbon degrada-
tion.

MATERIALS AND METHODS

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

Table 1. Bacterial strains and plasmids used in

this experiment.

Bacterial strains Genetic Marker

and plasmids {Molecular size) Reference
Strains
P.putida KU 185  SAL, CAT  Kim and Lee(1984)
KU 188 SAL, CAT  Kim and Lee(1984)
KU 189  SAL, CAT  Kim and Lee(1984)
KU 190  SAL, CAT  Kim and Lee{1984)
KU 191 SAL, CAT  Kim and Lee(1984)
KU212  SAL, CAT  Kim and Lee (1984}
KU 218 SAL, CAT  Kim and Lee(1984)
KU 220  SAL, CAT  Kim and Lee (1984)
P. aeruginosa
KU 94  CAT Kim and Lee (1984)
KU 141  SAL, CAT  Kim and Lee(1984)
Plasmids
pSY 343 Km"{9.5Kb}  Yasuda et al. (1983)
RP 4 /'/\5%-,4}(}21[){"1‘0 ?121"717}1) and Grinter
pKU 41 {41 Kb) This experiment

SAL ! salicylate, CAT : catechol, Km : kana-
mycin, Ap . ampicillin, Tc  tetracychne
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Media and growth conditions

P. aeruginosa and P. putida were grown with
shaking at 37°C and 30°C, respectively, in
L-broth medium (Miller, 1972) or M9 medium
(Maniatis et al., 1932).
Curing test

Cells were grown at 30°C in L-broth sup-
plemented with various concentration of curing
agents for 24-72hr. The culture was then diluted
and plated on L-agar. Colonies were then replica-
plated to another l.-agar plate, and also M9 agar
medium supplemented with salicylate or catechol
instead of glacose.
Isolation of plasmid DNA

Crude lysates or plasmid DNAs were prepared
according to the method of Hansen and Olsen
(1978). For obtaining large quantities of plasmid
DNA, the modified method of Tanaka and
Weisblum (1975) was employed. Cells were grown
overnight and were diluted 10-fold into fresh
L-broth medium. The culture was permitted to
grow for bhr with shaking. The cells from 11 of
culture were suspended in 25ml of 50mM Tris-
HCI-25% sucrose (pHB8), and bml of lysozyme was
added. After the mixture was incubated on ice for
5 min, 12.4ml of 5M NaCl and 5ml of 10% SDS
were added, and mixed rapidly. The mixture was
incubated on ice for 2-4hr, and the lysate was cen-
trifuged. To the supernatant the same volume of
20% polyethylene glycol, and the mixture was in-
cubated on ice for 2-24hr. After centrifugation,
the precipitate was dissolved in TES (20mM Tris-
HCl-5mMEDTA-100mM NaCl, pH8) buffer. Solid
CsCl (0.996g/m!) and ethidium bromide
(0.6mg/ml) were added, and the final density was
adjusted to 1.610 + 0.005. The sample was spun
at 38,000rpm for 40hr in a RP65T rotor. Under
ultraviolet illumination, plasmid band was col-
lected, and was extracted three times with
isoamy! alcohol and dialized against one fifth of
TES buffer.
Agarose gel electrophoresis

Agarose gel electrophoresis was performed in
a vertical slab gel of 0.7-0.9% agarose in TAE buf-
fer composed of 0.4M Tris, 0.2M sodium acetate,
0.01M EDTA at pH8.0. Gels were run at 100V for
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3hr or 50-60V overnight. Gels were stained in a
solution of ethidium bromide (lug/ml) for 20min,
rinsed and photographed under UV illumination.
Digestion of plasmid DNA with restriction
endonucleases

Restriction endonuclease cleavages were car-
ried out in different buffer systems. Low buffer
(10mM Tris-HCl, 10mM MgCl,, 1mM dithio-
threitol, pH7.5) was used for Bg/lI, medium buffer
(50mM NaCl, 10mM Tris-HCI, 10mM MgCl,,
1mM dithiothreitol, pH7.5) for BamHI and
Hindlll, and high buffer (100mM NaCl, 50mM
Tris-HCl, 10mM MgCl,, 1mM dithiothreitol,
pH7.5) for EcoRl1, Sall and Xhol. In most of the
cases reactions were carried out at 37°C forl to3
hr, depending on the concentration of plasmid
DNA (0.5 to 3ug) and the concentration of en-
donucleases (6-10 units).

RESULTS AND DISCUSSION

Detection of plasmid DNA and determination
of molecular size

The isolated strains including P. putida and P.
aeruginosa except P. putida KU190 were already
investigated their hydrocarbon utilization, and
they were cured to some hydrocarbons (Chung and
Lee, 1984). Among them, P. putida contained a
plasmid (Fig. 1). We named the plasmid pKU41.
We could not detect any plasmid in cured strains.
It was found that strain KU191 had lost the ability
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Fig. 1. Plasmid from P. putida strains.
1. KU220, 2. KU218, 3. KU212, 4. KU191,
5. KU190, 6. KU189, 7. KU188, 9. KU185
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Fig. 2. Molecular size of pKU41,
1. pSY343, 2. pKU41, 3. RP4

of salicylate utilization during laboratory preserva-
tion of more than 1 year. However, our present
method for detection of pseudomonad plasmid
may not have been the best.

The plasmid isolated from P. putida KU190
harboring only a single plasmid was subsequent-
ly purified by CsCl-EtBr density gradient cen-
trifugation. The molecular size was estimated at
41Kb using covalently closed circular forms of
RP4 and pSY343 as standard size markers (Fig.
2).

Table 2. 7he sizes of the restriction fragments
of plasmid pKU 47*.

Restriction
enzyme

BamH[ Bgill EcoRl Hind[] Sall
Fragment

A 18.1 41 9.8 19.1 14.6

B 17.5 9.2 150 4.0

C 5.4 7.8 6.9 3

D 5.8 2

E 5.0 2

F 3.4 2.1

G 2.05(2)**

H 2.0

I L9

J 1.8(2)

K 1.65
Total (Kb) 41 41 41 41 41>

*Fragments smaller than 1.5 kb were not
determined.

**The numbers in parentheses indicate a proba-
ble stoichiometry of 2.
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Fig. 3. Agarose gel electrophoresis of pKU41 — digested
. with various restriction enzymes.
1. BamHl + Hindlll, 2. EcoRl + Hindlll,
3. BamHl + Bgll, 4. A-Hindlll, 5, Xhol,
6. Sall, 7. Hindlll, 8. EcolRl, 9. Bglll, 10.
BamHI, 11. A-Hind 111

Restriction patterns and restriction map of
pKU41

The purified plasmid DNA was digested with
six restriction endonucleases, BamHI, Bglll,
EcoRl, HindIll, Sall and Xhol, then subjected to
agarose gel electrophoresis. The molecular sizes
of DNA fragments were estimated after calibra-
tion of the mobility of » phage DNA fragments
digested with HindlIl. The restriction patterns on
agarose gel are shown in Fig. 3. BamHI gave three
fragments, Bglll a single fragment, EcoRI six
fragments. Hindlll three fragments, and Sell
more than thirteen fragments, whereas the
plasmid was not digested with X#hol. The sizes of
fragments generated are shown in Table 2.
Because the sum of the molecular sizes of
fragments by each enzyme approximated the
molecular size of the plasmid determined by CCC
form, most fragments were probably detected,
although some smaller fragments might escaped
our observations.
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Fig. 4. Restriction enzyme map of pKU 41.

Electrophoretic pattern of some double diges-
tion of pKU41 is shown in Fig. 3, and triple diges-
tion was also carried out. The restriction map was
constructed according to these information (Fig. 4).
Biological function of pKU41

In order to elucidate the biological function of
this plasmid test was conducted on the ability of
hydrocarbon utilization of the host strain. P.
putida could grow on salicylate and catechol as
sole carbon source. The ability of hydrocarbon
utilization could not be cured by treatment of the
strain with acridine orange, mitomycin C or
ethidium bromide. Thus, it is not clear whether a
relationship exists between hydrocarbon utiliza-
tion and this plasmid.

Although no biological function of pKU41 is
known so far, it may be useful as a vector in
pseudomonad, if a genetic marker such as an-
tibiotic resistance is added to this plasmid and
a smaller-sized plasmid is constructed by in vitro
manipulation.
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