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Samples used for the enrichment culture were collected from the sea water of suspected chronic
petroleum contamination in the vicinity of Pusan, Chungmu and Ulsan ports, Korea. Alkaline lysis
and agarose gel electrophoresis techniques were employed to screen these isolates for the presence of
plasmid DNA. There were a little differences in the percentage of isolates containing plasmids be-
tween sampling sites of unpolluted sea water (22%) and polluted sea water (25%). Bacterial isolates
taken from the Bunker-C oil enriched culture showed significantly more plasmid incidence (29%).
About two thirds of strains grown on a variety of hydrocarbons were Gram negative strains of which
33% contained one or more plasmids. Multiple plasmids were observed in 23% of the plasmid-carry-
ing strains. Forty one percent of the plasmids detected were estimated to have a mass of 20 kb or

more.

There have been some examinations to deter-
mine-the incidence of plasmids in natural popula-
tions of terrestrial bacteria (1-4), medically impor-
tant bacteria (5,6), or plant pathogens (7), but few
reports have dealt with the incidence of plasmids in
natural populations of marine environments. Hada
and Sizeman (8) examined the plasthid incidence of
marine Vibrio species in the Gulf of Mexico and
found the occurrence of plasmids to be higher in oil
field regions (35%) than in the control area (23%).
Glassman and McNicol (9) found that 46% of the
estuarine bacteria from the sediment and water col-
umn in Chesapeake Bay carried plasmids. Simon et
al. (10) isolated 58 marine luminous bacteria mainly
from the Mediterranean and Red seas and found
that 43% of the bacteria carried plasmids. The ma-
rine environment has been characterized as nutri-
tionally starved (11). Therefore, the effects of an
energy-limiting situation will negatively influence
the maintenance of nonessential factors such as
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plasmids, since a balance between genetic flexibility
and the metabolic load must be maintained (12, 13).
In this work, bacterial strains were collected from
locations within the suspected chronically polluted
harbor and maintained in Bunker-C oil enriched
culture artificially. Bunker-C oil is one of the most
dominant sea pollutant in the vicinity of Korea. In
the marine environment also, enrichment process
may be an influence in the maintenance of plasmids
in marine bacteria.

Then plasmid multiplicity could be used as an in-
dicator of some types of water pollution. In addi-
tion, plasmids in marine bacteria must be studied to
understand ecological implications of adaptation to
an environmental situation such as the oil pollution.
This work was done to understand the incidence of
plasmid DNA among the clean site, polluted site,
and Bunker-C oil enriched culture. The associa-
tions were also compared between hydrocarbon uti-
lization and plasmid to study the adaptation or
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function of plasmids in marine bacteria.
Materials and Methods

Sampling sites

Sampling sites were chosen in areas thought to
have been chronically polluted with oil, namely
shipping ports of Pusan, Chungmu and Ulsan in
Korea. Sea water sample of unpolluted site was ob-
tained from Haeundae beach, Pusan, Korea

Enrichment culture

Freshly collected sea water samples were in-
oculated in 500m/ linger’s bottle containing 20m/ of
Bunker-C oil sea water medium_ (Bunker-C oil,
7.8¢; K,HPO,, 0.01g; (NH,),SO,,1g; Tris-amino-
methane, 12.1g; sea water, 1 liter; pH 7.6). Bunker-
C oil was obtained from Yukong petroleum refinery
as a 4.0% of high sulfur content. It was incubated on
rotary shaker of 12rpm at 18°C. Following the ap-
pearance of turbid growth within 5 days, 600u/ of
culture was transferred to a second bottle containing
the oil medium and incubated for 5 days more. This
procedural cycle of incubation was repeated 5 times
in total, The final enrichment culture was obtained
from the 5th transfer.

Bacterial isolation

Each sea water or culture sample was diluted
with sterile sea water and plated on modified
marine agar 2216E (14); Bacto-peptone, 5g; Yeast
extract, 1g; Ferric citrate, 0.1g; NH,NO;, 0.0016g;
Na,HPO,, 0.008g; sea water, 1 liter; pH 7.6.
Isolates were picked randomly after 7 days of in-
cubation at 18°C and transferred to the modified
marine broth 2216E to extract plasmid DNA.

Growth on sole hydrocarbon

Bacteria from the enriched culture were tested
for their ability to grow on 0.05 % of hydrocarbon
compounds, such as camphor, naphthalene, phe-
nol, toluene and xylene in the sea water medium.
The colonies were grown up to 2 weeks at 18 C and
tested for the presence of plasmid DNA.

Cell lysis and plasmid isolation

Oil degrading bacteria were grown to early sta-
tionary phase in 3m/ of the modified marine
broth. Then the bacterial suspension was harvested
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and lysed with alkaline sodium dodecyl sulfate using
the rapid isolation technique of plasmid DNA (15).

Agarose gel electrophoresis

The lysate was subjected to 0.6% agarose gel
electrophoresis for the detection of plasmid DNA,
and the plasmid was visualized by the technique
described by Meyers et al.(16). The molecular
weights of the plasmids were determined by com-
paring them with four standard plasmid markers in-
cluding pUC 9 (2.71 kb), pBR 322 (4.36 kb), YEP
13 (10.7 kb) and pGU 66 (18.14 kb).

Results and Discussion

Plasmid contents from unpolluted and polluted
sites

Sea water of suspected chronic oil contamina-
tion was collected for the Bunker-C oil enriched
culture, and also used to examine the presence of
plasmids. Bacterial isolates obtained from the un-
polluted and the suspect polluted sea waters ex-
hibited a littlé different frequency of plasmid in-
cidence as shown in Table 1. We tested 32 strains of
marine bacteria from unpolluted sea water and
found that 7 carried plasmids (22%), whereas 167
strains from polluted sea water revealed that 39 car-
ried plasmids (25%). Other researches for plasmids
in natural populations of marine bacteria have
reported the following frequencies: 23% in an un-
polluted site and 35% in a polluted site of the Gulf
of Mexico (8); 46% in Chesapeake Bay (8); 43% in
marine luminous bacteria from the Mediterranean
and Red Seas (10); 28% in Antarctica (17). We
believe that the actual frequency of plasmid occur-
rence may be higher than our estimated values since
plasmid screening techniques are capable of detec-

Table 1. Frequency of plasmid-carrying strains
isolated from sea water of different sampling sites

No. of No. of % of strains
Sites bacteria plasrr'ud- with plasmids
tested  carrying
strains
Haeundae beach 32 7 22
Ulsan Port 51 13 25
Chungmu Port 59 14 24
Pusan Port 57 12 26
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ting plasmids only within a general size range and
for a specific organism.

Plasmid content from enrichment culture

The plasmid content of the population from
Bunker-C oil enriched culture (29%) as shown in
Table 2 was greater than that of the population
from inoculum (25%) or clean sea water (22%). We
presume that this is an adaptation by the plasmid-
carrying bacteria in response to the generally in-
creased level of pollutants. Our estimated plasmid
frequency is still below the values cited by other
reports (8-10), but it is higher than the 23% value

Table 2. Frequency of plasmid-carrying strains
isolated from the Bunker-C oil enriched culture

No. of No. of % of strains
bacteria plasmid- with plasmids
tested carrying

strains
Inoculum 167 39 25
Enriched culture 55 16 29
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for the oil degrading bacteria isolated from the Gulf
of Mexico (18).

Plasmid contents from sole hydrocarbon

The use of hydrocarbon for bacterial cell growth
was chosen to detect the relationship between the
plasmid-mediated traits and oil biodegradation.
The Bunker-C oil enriched culture was diluted and
spread on each hydrocarbon-containing sea water
medium. Approximately 50 colonies were selected
randomly to test the relationships among the plas-
mid, Gram stain and shape as shown in Table 3.
The result shows generally the high adaptation of
plasmid-carrying bacteria, such as the plasmid in-
cidence of average 35%, 38%, 31%, or 31% on
naphthalene, phenol, toluene, or xylene, respective-
ly. Therefore, it may be said that the plasmid-
carrying bacteria are able to utilize the hydrocarbon
more rapidly. Strikingly, dominant strains of Gram
negative and rod bacteria on naphthalene or phenol
possessed at least one plasmid, namely 83% or
67%, respectively. Twenty three percent of the
plasmid-carrying strains showed multiple plasmid

Table 3. Relationships among the plasmid-carrying bacteria, Gram stain.and shape on.sole hydrocarbon source

No. of Gram Shape No. of No. of % of
Hydrocarbon strains stain bacteria plasmid carrying  strains with
tested strains plasmid
Camphor 53 + rod 11 1 9
+ coccus 9 2 22
- rod 16 4 25
- coccus 17 3 18
Naphthalene 51 rod 8 2 25
coccus 17 4 24
- rod 6 5 83
- coccus 20 7 35
Phenol 50 + rod 6 2 33
+ coccus 14 5 36
- rod 6 4 67
- coccus 24 8 33
Toluene 51 rod 7 3 43
coccus 13 4 31
- rod 17 3 18
- coccus 13 6 46
Xylene 51 rod 3 43
+ coccus 3 50
- rod 15 4 27
- coccus 23 6 26
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Fig. 1. ldentification. of plasmids by agarose gel
electrophoresis.

Lane 1 to 3 are plasmids from naphthalene-utilizing
bacteria NUB-9, 10 and 11, respectively.

bands ranging from 2 to 5 molecular weight species
in an individual isolate. Five plasmid bands from a
naphthalene-utilizing bacterium NUB-10 was the
maximum number as shown in Fig. 1. Since one
plasmid can give three bands of closed circular,
open circular and linear DNAs, and the technique
used in this work can detect replicative intermediate
forms of plasmid as well as multimers, we are not
certain how many separate plasmids these multiple
bands represent.

Molecular weight of plasmids

Size classes of the plasmids isolated from
Bunker-C oil enriched culture on the hydrocarbon
sources such as camphor, naphthalene, phenol,
toluene and xylene were estimated by comparing
the relative migration with known plasmid markers.
Forty one percent of the plasmids had a molecular
weight larger than 20 kb namely 13 Mdal as shown
in Table 4. Our result represents a preponderance

Table 4. Molecular weight of plasmids isolated from
Bunker-C oil enriched culture

Plasmid size (kb) No.of plasmids Relative frequency(%)

above 20 72 41
10-20 45 25
5-10 53 30

below 5 7 4
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of large plasmids in marine bacteria to be adapted
to biodegrade chemical compounds in petroleum.
This result generally agrees with that of Glassman
and McNicol (9), who found a prepond'erance of
small plasmids in marine isolates from clean sites
but larger plasmids in isolates from a more polluted
site.

Q
Bunker-C% wi4to g F41 o 28 g4eto
H+5 FUo2 HZsl enrichment culturerlZ
o, o]k Eghuiok A TFES plasmid DNA
T E agarose gel Av|AEAA] zalslo] magk
oh Al edEA e 4z 2ejd AlFE
o]

a Aole 3% en enrichment cultureZell 29%
A= 2 A plasmid Z¥[Eo] F71e1h e,

7% BEbra sEEe] AAsle AdE o
+ plasmid® st glalon, = oF 629
< Gram $A4eldel, Plasmid &% Al

ofN

23% A=+ 2% o4 plasmid® Zx glow
419%2°l plasmid+ 20kb ©l4te] @78 slA 1 HES
Aoz el

References

1. LeHagarat, J.C. and C. Anagutopoulous : Mol. Gen.
Genet., 157, 167 (1977).

2. Moller, J.K., N.H.F. Jorgensen, C. Christiansen, G.
Christiansen, A.L. Bak and A. Stenderup: Micro-
biology (Schleissinger, D., ed.) American Society
for Microbiology, Washington, D.C., 257(1978).

3. Smith, W.H.: Nature, 228, 1286 (1970).

4. Burton, N.F., M.J. Day and A.T. Bull: Appl. En-
viron. Microbiol., 44, 1026 (1982).

5. Anderson, E.S.: Annu. Rev. Microbiol. 22, 131
(1968).

6. Christiansen, C., G. Christiansen, A.L. Bak and A.
Stenderup: J. Bacteriol. 114, 367 (1973).

7. Gross, D.C., A.K. Vidaver and M.B. Keralis: J.
Gen. Microbiol., 115, 479 (1979).

8. Hada, H.S. and R.K. Sizemore: Appl. Environ.
Microbiol., 41, 199 (1981).

9. Glassman, D.L. and L.A. McNicol: Plasmid, 5, 231
(1981).



274

10.

11.

12.

13.

14.

Simon, R.D., S. Moshe and J.W. Hastings: Curr.
Microbiol., 7, 175 (1982).

Rheinheimer, G.: Aquatic Microbiology, John
Wiley & Sons, New York, 2nd ed. 77 (1980).
Smith, D.H. and P. Gardner: N. Eng. . Med., 202,
161 (1970).

Levin, B.R. and F. M. Stewart: Science, 196, 218
1977).

Difco Manual, Difco Laboratories, Michigan, 10th
ed., 561 (1984).

15.

16.

17.

18.

Kor. J. Appl. Microbiol. Bioeng.

Rodriguez, R.L. and R.C. Tait: Recombinant DNA
Techniques, Addison-Wesley Publishing Com-
pany, London, 50 (1983).
Meyer, J.A., D. Sanchez, L.P. Elwell and S.
Falkow : J. Bacteriol., 127, 1529 (1976).
Kobori, H., C.W. Sullivan and H. Shizuya: Appi.
Environ. Microbiol., 48, 515 (1984).
Devereux, R. and R.K. Sizemore: Developments in
Ind. Microbiol., 22, 409 (1980).

(Received May 20, 1988)



