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Effect of Temperature on Persistence of
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The recombinant plasmid of pCU103 constructed by cloning pchCD genes in pBluescript SK(+)
was studied for the effect of temperature on its persistence in different waters by the methods
of electrophoresis, Southern hybridization, quantification, and transformation. The plasmid was very
rapidly degraded out in non-sterile FW water without regards to water temperature, probably due
to the effect of biochemical factor such as nucleases. The pCU103 was most persistent at 4°C
in any water environments, moderately persistant at 15°C, but least stable at 30°C. Such results
could be explained by the facts that hydrogen bonds in double-stranded plasmid DNAs become
unstable and that nucleases are activated by increasing temperature. The intact structure of pCU103
was generally observed by gel electrophoresis under the conditions which the plasmid should be
2.0 ng/i or higher in concentration and that about 102> CFU/ml or more transformant cells should

be recovered.
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As DNA recombination techniques have been used
in general biological laboratory and the genetically engi-
neered microorganisms (GEMs) are frequently released
into natural environments, the GEMs and their recombi-
nant genes have become the subject of environmental
scientific concerns in terms of their survivals and func-
tional impacts to indigenous microorganisms (21, 22). The
extracellular DNAs in natural environment are known
to be produce by not only lysis of bacterial cells, but
also active release from live organisms (10). These ex-
tracellular DNAs could be utilized by various microorga-
nisms as precursors of nucleic acids and mineral nutrie-
nts sources, such as nitrogen and phosphorous. But more
important role of the extracellular DNAs is recognized
to be the genetic agents which could be transferred to
other microorganisms.

In cases, furthermore, such extracellular DNAs in the
environments were reported to be more stable than in-
tact bacterial cells, and be transferred more easily intra-
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and inter-species of bacteria (3,4, 5,6, 16,17). The gene-
tically modified E. coli JM83 suspended in sea water
was reported to become non-culturable state after 6
days, but the recombinant plasmid pUC18 released from
the cells sustained its biological activity for up to 21
days (2). From the experiments with the GEMs in aqua-
tic microcosms, however, Paul and David (15) reported
that the stable extracellular nucleic acids released from
the cells could be affected by various environmental fac-
tors.

The pcbCD genes responsible for meta-cleavage in de-
gradation of biphenyl and 4-chlorobiphenyl were cloned
from Pseudomonas sp. DJ-12 in this laboratory (8) and
the cloned cell of E. coli CU103 including recombinant
plasmid pCU103 showed same stability as the host in
water environments (13). In this study, the pCU103 re-
combinant plasmids suspended in several water microco-
sms with different pH values were examined for their
persistence by the methods of electrophoresis, Southern
hybridization, quantitation with Hoechest 33258, and tra-
nsformation of the plasmids,
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Materials and Methods

Preparation of pCU103 recombinant plasmid

The recombinant plasmid of pCU103 used in this
study was constructed by cloning of pcbCD genes respo-
nsible for degradation of 2,3-dihydroxybiphenyl in pBlue-
script SK(+) vector as previously reported by Kim e
al. ®). The size and restriction map of pCU103 were
shown as Fig. 1. The pCU103 was isolated from the
cloned cells of E. coli CU103 by the alkaline lysis me-
thods described by Sambrook et al. (20). The cells pelle-
ted from the Luria-Bertani (LB) culture grown for 24
hours were suspended in solution I (50 mM glucose;
Tris-HC, pH 80; 10 mM EDTA) and then destroyed
in solution II (0.2 N NaOH; 1% SDS). After adding the
solution IIT (5 M potassium acetate, pH 4.8; glacial acetic
acid; H,O) to the mixture and then storing the mixture
on ice for 5 minutes, the tube was centrifuged at 12,000
Xg for 15 minutes. The supernatant was mixed with
0.6 volume of isopropanol and then centrifuged at 12,000
X g for 15 minutes. The pellet of the plasmid DNA was
redissolved in TE (pH 8.0) buffer and stored at —20C
until use.

Water environments

The water environments were provided as described
by Park et al. (13). The 5 ml cap tubes were filled with
different waters: Luria-Bertani broth (LB), sterile distil-
led water (SDW), or Mooshimcheon river waters in
Cheongju, which were filtered through 0.2 ym Nuclepore
membrane filter (FW) and autoclaved (FAW) or autocla-
ved (AW). The test tubes filled with 4 mi of different
waters were added with 0.3 mg/ml of pCU103 plasmid
DNA. Water temperature was controlled to be 4C, 15T,
and 30C during the period of experiment.

Enzyme digestion and electrophoresis

The plasmid DNA samples taken from the waters
were subjected to horizontal slab agarose gel electropho-
resis by the methods described by Sambrook ef al. (20).
When necessary, the plasmid was digested with several
restriction endonucleases according to the instructions
of the manufacturer (KOSCQO Co. Korea). The 0.8% aga-
rose gel was run with TBE buffer or TAE buffer. Elect-
rophoresis was performed with a voltage gradient of 5
V/em for 15 hours. After electrophoresis, the gels were
stained in TBE buffer containing ethidium bromide (0.5
pg/ml) for 40 min, and then photographed with UV 11
camera system under UV transillumination (Spectronics
Co., Westbury, N.Y,, USA).

Southern hybridization with DNA probe
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Fig. 1. Resrictior map of pCU103 recombinant plasmid.

The pCU103 plasmid was digested with Xhol and Hi-
ndlll and then electrophoresed in 0.8% agarose gel in
TAE buffer. The 2.8 kb fragments containing pcbCD ge-
nes were eluted from the gel by using the GENEC-
LEANE II KIT (Bio 101 Co, La Jolla, CA, USA). The
probe DNA of the fragment was nick translated with
a translation system and biotin-14-dATP as described
in the instructions of BRL (1). DNA hybridization was
performed as described in the blotting and hybridization
protocol (9) for the Hybond membranes of Amersham
Co. Agarose gel was incubated in 025 N HCI for 20
minutes until the bromophenol blue marker turned yel-
low, denatured with denaturation solution (1.5 M NaCl;
0.5 N NaOH), and neutralized with neutralization buffer
(1 M Tris; 1.5 M NaCl). After plasmid DNA was trans-
ferred to a nylon membrane (Hybond-N, Amersham In-
ternational Plc, Amersham, UK) using 1 N NaOH for
2 hours according to the method described by Koetsier
et al. (9), the membrane was briefly washed with 2XSSC
solution for the membrane to be neutralized. The mem-
brane was baked at 80C for the plasmid DNA to be
absorbed to the membrane. Hybridization was performed
overnight at 42 using the solution (2XSSC, 1% SDS,
05% fat-free milk powder, 0.5 mg/ml of denatured sal-
mon sperm DNA and 10% dextran sulfate, and 0.1~0.5
ul/ml of denatured DNA probes) for 12 to 16 hours.
The hybridized DNAs were detected by the Bluegene
non-radioactive nucleic acid detection system (BRL, Gai-
thersberg, MDD, USA).

Quantification of pCU103 DNA
The method for quantitation of DNA was essentially
an adaptation f the method described by Paul and My-
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ers (14). Two milliliters of SSC (standard saline citrate)
containing 0.5X10°7 M bisbenzimide fluorescent dye
(Hoechst 33258) and 2 ul samples of blank or the plas-
mid DNA taken from the microcosms were placed in
a fluorescence cuvette. After reaction for 1 minute, the
fluorescence was measured at wavelength of 365 nm
with a TKO 100 fluorescence spectrophotometer (Hoefer
Scientific Instruments, San Francisco, CA, USA).

Transformation

The competent cells of E. coli XL.1-Blue (0.2 ml contai-
ning about 10°~10° cells) were incubated with 1 4 of
the DNA suspension plus 3 4l of dimethyl sulfoxide on
ice for 30 min. After shocked at 42C, the mixtures were
incubated at 37C for one hour. 200 4 of the cultures
was spread on LB agar plate containing 100 ug/ml ampi-
cillin and 15 ug/ml tetracycline for selection of transfor-
mants. The transformant cells were counted as the num-
ber of colonies turning yellow, when sprayed over the
plate with 0.1% 2,3-dihydroxybiphenyl in ethanol.

Results and Discussion

Electrophoresis patterns of pCU103 suspended in
water

The pCU103 is a recombinant plasmid, in which 2.8
kb EcoRI-Sall fragment including pcbCD genes was clo-
ned in pBluescript SK(+) vector. The recombinant plas-
mids suspended in the water were appeared in two fo-
rms of CCC (covalently closed circular) and OC (open
circular) in electrophoresed gel as seen in Fig. 2. When
each form of the plasmid eluted from the gel was elect-
rophoresed, the two forms were reappeared. The frag-
ments produced by digestion of each form with restric-
tion enzymes were found to be just identical in size
and number. Johnson and Grossman (7) reported that
the CCC, linear (L), and OC forms of DNA with same
molecular weight migrated at different rates through
agarose gels. The CCC forms migrated faster than their
linear counter part DNAs, and the OC molecules that
lost their superhelicity migrated appreciably slower than
either supercoils or linear molecules.

The recombinant plasmid pCU103 suspended in diffe-
rent waters at 4C showed both structural forms of the
plasmid as seen in Fig. 3. The plasmid was quite stable
keeping both forms for up to 60 days in the waters
of SDW, LB, AW, FW, and FAW. But structure of the
plasmid in FW water was changed to linear (L) form
by incubation for 3 days, and the CCC form of the plas-
mid began to disappear after 30-day incubation. Such
structural changes of the plasmid were also observed
in the paper of Paget ef al. (12).
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Fig. 2. Electrophoresis patterns of pCU103 recombinant plasmid
and its fragments digested with several restriction endonucleases.
pCU103-0C is the electrophoresis pattern of the open circular form
(top band in the first lane) of pCU03 eluted from the gel and
pCU103-CCC is the electrophoresis pattern of the covalently closed
circular form (botiom band in the first lane) of plasmid eluted from
the gel. S, Sall; X, Xhol; H, HindIII; CCC, covalently closed circular
form; OC, open :ircular form.
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Fig. 3. Electrophoresis patterns of pCU103 recombinant plasmid
DNAs suspended in different waters at 4C. H, size marker of Hin-
dlll-digested lambda DNA. SDW, sterile distilled water; LB, Luria-
Bertani broth; FW, filtered river water; AW, autoclaved river water;
FAW, filtered autcclaved river water; OC, open circular form; CCC,
covalently closed circular formy; L, linear form.

Effect of water temperature on persistence of
pCU103

The pCU103 was quite persistent in the water enviro-
nments at 4C, except for FW, for 60 days or longer
period of time. Therefore, the persistence of the plasmid
was comparatively studied at 15C and 30T in the waters
of SDW, FW, and AW. The electrophoresis patterns and
Southern hybridization of the pCU103 plasmids suspen-
ded in SDW during experiments of 40 days were shown
in Fig. 4(A) anc 4(B). respectively. The plasmid was ob-
served to keep its structural integrity in the period of
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20 days at 15C, but the plasmid DNAs were disappeared
in the samples of 40 days at 15C and 20 days at 30C.
The quantitative changes of the pCU103 suspended in
SDW at 15C and 30C are shown in Fig. 5(A). About
2.0 ng/ul or higher concentration of pCU103 was main-
tained in SDW at 15C for 20 days, but it was rapidly
decreased below 2.0 ng/ul after 10-day incubation at 30
‘C. Transformation activities of the plasmids suspended
in SDW at 15C and 30T were compared as seen in
Fig. 6(A). The plasmid lost its transformation activity
more rapidly at 30C than at 15C. More than 10° CFU/ml
transformants were recovered in 20 days at 15C, but
the number of transformants at 30C were obtained only
during the period of 10 days. The two forms of pCU103
plasmid were intactly observed only in zero time samp-
les of FW at both 15C and 30C, as seen in Fig. 7A
The pcbCD genes included in the plasmid were also
detected by Southern hybridization in the zero time sa-
mples at 15C and 30C (Fig. 7B). The concentration of
pCU103 in FW at 15C was rapidly decreased to 13
ng/ul in 10 days as seen in Fig. 5(B), and it decreased
more quickly at 30C. The transformants recovered from
FW at 15C and 30C were lowered below 10° CFU/ml
in 2 and 1 days, respectively (Fig. 6B).

Fig. 4. Electrophoresis (A) of pCU103 suspended in SDW at 15C
and 30 during incubation for various periods of time and Southern
hybridization (B) of the gel with DNA probe. The numbers indicate
period of incubation time in day. H, size marker of Hindlll-digested
lambda DNA.
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Fig. 5. Quantitative changes of pCU103 recombinant plasmid DNAs
suspended in different waters during incubation at 15C (@—-®)
and 30C (V)
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In AW water, which pCU103 was persistent at 4C
for about 60 days, structural integrity of pCU103 was
examined at 15T and 30C by electrophoresis and Sou-
thern hybridization as seen in Fig. 8A and 8B. The plas-
mid incubated at 15C for 20 days began to reform to
linear (L) shape in structure, but the CCC form of the
plasmid was completely disappeared in the sample incu-
bated at 30C for 20 days. The result of Southern hybri-
dization was perfectly in agreement with electrophoresis
pattern. The concentration of pCU103 in AW were gra-
dually decreased down below 2.0 ng/ul after incubation
at 15C for 20 days and at 30C for 10 days as seen
in Fig. 5C. The transformants of more than 10° CFU/ml
were recovered from the AW samples incubated at 15C
for 20 days and at 30C for 10 days (Fig. 6C).

Persistence of the recombinant plasmid pCU103 in
water microcosms at different pH values could be gene-
ralized as shown in Table 1. The pCU103 was very per-
sistent at 4C in any water environments and moderately
stable at 15C, but very vulnerable at 30C. Mojica ef
al. (11) pointed that temperature was one of the factors
affecting functional persistence and topology of extracel-
lular plamsid DNAs in water environments, because hy-
drogen bonds in the double-stranded DNA could become
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Fig. 6. Transforming activity of pCUL03 recombinant plasmid
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Fig. 7. Electrophoresis (A) of pCU103 suspended in FW at 15C
and 30€ during ircubation for various periods of time and Southern
hybridization (B) «f the gel with DNA probe. The numbers indicate
period of incubation time in day. H, size marker of Hindlll-digested
lambda DNA.
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Fig. 8. Electrophoresis (A) of pCU103 suspended in AW at 15C
and 30C during incubation for various periods of time and Southern
hybridization (B) of the gel with DNA probe. The numbers indicate
period of incubation time in day. H, size marker of HindIll-digested
lambda DNA.

Table 1. Persistence of pCU103 in different waters at different
temperatures.

Water Persistence (day)
Temperature - —
(©) Shw FW AW
4 60 <3 <60
15 30 <2 <20
30 10 <1 <10

SDW, sterile distilled water; FW, filtered river water; AW, autoclav-
ed river water.

unstable and various nucleases could be activated by
increasing temperature. The structural integrity of pCU103
shown by gel electrophoresis was very coincident with
the results of concentration and transformation activity
of the plasmid in this study. In order for pCU103 plas-
mid to reveal its intact structure in electrophoresis and
to recover the transformants of at least 102 CFU/ml,
the concentration of the plasmid in the waters should
be maintained about 2.0 ng/ul or higher.

The pCU103 plasmid was persistent for a long time
in the SDW water, but its persistence in FW was last
for only a few days. Romanowski ef al, (18, 19) reported
that pUC8-ISP plasmid inoculated in non-sterile soil en-
vironment was stable for only 2 to 3 days and half-time
of transformation activity of the plasmid was 9.2 to 28.2
hours. In the non-sterile FW in this study, the pCU103
was persistent during only 3 days at any temperatures.
Such results were in good agreement with those of Park
et al. (13) which were obtained in non-sterile FW at
15C. This means that the DNAses existing in the non-
sterile FW might be one of the most critical factors to
persistence of the recombinant plasmid pCU103, as indi-
cated by Romanowski et al. (18).

Acknowledgements

Jour. Microbiol.

The present studies were supported by the Basic
Science Research Institute Program, Ministry of Educa-
tion, project No. 94-4432 and in part, by grant from
KOSEF (Research Center for Molecular Microbiology,
SNU).

References

L Amy, P.S. and H.D. Hiatt, 1989. Survival and detection
of bacteria in an aquatic environment. Appl. Environ. Micro-
biol. 55, 788-793.

2. Byrd, JJ. and R.R. Colwell, 1990. Maintenance of plas-
mids pBR322 and pUC8 in nonculturable Escherichia coli
in the marine environment. Appl. Environ. Microbiol. 56,
2104-2107.

3. Caldwell, B.A., C. Ye, R.P. Griffiths, C.L. Moyer, and
R.Y. Morita, 1989. Plasmid expression and maintenance
during long-term starvation-survival of bacteria in well wa-
ter. Appl. Envivon. Microbiol. 55, 1860-1864.

4. DeFlaun, M.F.; J.H. Paul, and D. Davis, 1986. Simplified
method for dissolved DNA determination in aquatic enviro-
nments. Appl. Environ. Microbiol. 52, 654-650.

5. Golden, S.S. and L.A. Sherman, 1986, Optimal conditions
for genetic transformation of the cyanobacterium Anacystis
nidulans R2. ] Bacteriol. 158, 36-42.

6. Jeffrey, W.H., J.H. Paul, and G.J. Stewart, 1989. Natu-
ral transformation of a marine Vibrio sp. by plasmid DNA.
Microbiol Ecol. 19, 259-268.

7. Johnson, P.H. and L.I. Grassman, 1977. Electrophoresis
of DNA in agarose gels. Optimizing seperation of transfor-
mational isomers of double- and single-stranded DNAs.
Biochemistry 16, 4217-4224.

8 Kim, C.K,, T.K. Sung, J.H. Nam, and Y.C. Kim, 1994.
Cloning and expression of pcbCD genes in Escherichia coli
from Pseudomonas sp. DJ-12. Kor. J Microbiol. 32, 40-46.

9. Koetsier, P.A., J. Schorr, and W. Doerfler, 1993. A
rapid optimized protocol for downward alkaline southern
blotting of DNA. Biotechniques 15, 260-262.

10. Lorenz, M.G. and W. Wackernagel. 1988. Impact of mi-
neral surface on gene transfer by transformation in natural
bacterial environments, p. 110-119. In W. Klingmiller (ed.),
Risk assessment for deliberate releases, Springer-Verlag,
Berlin.

11. Mojica, FJ.M., F. Charbonnier, G. Juez, F. Rodriguez-
Valera, and P. Forterre, 1994. Effects of salt and tempe-
rature on plasmid topology in the halophilic archaeon Halo-
Jerax volcanii. ] Bacteriol. 176, 4966-4973.

12. Paget, E., L.J. Monrozier, and P. Simonet, 1992. Adso-
rption of DNA on clay minerals: Protection against DNace
I and influence on gene transfer. FEMS Microbiol. Lett,
97, 31-40.

13. Park, S.H., M. J. Kwak, J. Y. Kim, S. G. Lee, and
C. K. Kim, 1994. Molecular ecological stabilities of geneti-
cally modified 4CB-degrading bacteria and their gene DNAs



Vol.

14.

15.

16.

17.

18.

33, 1995

in water environments. Kor. | Ecol. 18, 109-120.

Paul, J.H. and A.W. David, 1989. Production of extracel-
lular nucleic acids by genetically altered bacteria in aquatic-
environmental microcosms. Appl. Environ. Microbiol. 55,
1865-1869.

Paul, J.H. and B. Myers, 1982. Fluorometric determina-
tion of DNA in aquatic microorganisms by use of Hoechst
33258. Appl. Environ. Microbiol. 43, 1393-1399.

Paul, J.H.,, M.E. Frischer, and J. M. Thurmond. 1991.
Gene transfer in marine water column and sediment mic-
rocosms by natural plasmid transformation. Appl. Environ.
Microbwl. 57, 1509-1515.

Recorbet, G., C. Picard, P. Normand, and P. Simonet,
1993. Kinetics of the persistence of chromosomal DNA from
genetically engineered Escherichia coli introduced into soil.
Appl. Environ. Microbiol. 59, 4289-4294.

Romanowski, G., M.G. Lorenz, G. Sayler, and W.
Wackernagel, 1992. Persistence of free plasmid DNA in

19.

20.

21

22,

Effect of Temperature on Persistence of pCU103 183

soil monitered by various methods, including a transforma-
tion assay. Appl. Environ. Microbwl. 58, 3012-3019.
Romanowski, G., M.G. Lorenz, G. Sayler, and W.
Wackernagel, 1993. Use of polymerase chain reaction and
electrophoresis of Escherichia coli to monitor the persistence
of extracellular plasmid DNA introduced into natural soils.
Appl. Environ. Microbiol. 59, 3438-3446.

Sambrook, J., E.F. Fritsch, and T. Maniatis, 1989. Mo-
lecular cloning: A laboratory manual. Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York.

Somerville, C.C., L.T. Knight, W.L. Straube, and R.R.
Colwell, 1989. Simple, rapid method for direct isolation
of nucleic acids from aquatic environments. Appl. Environ.
Microbiol. 55, 548-554.

Stewart, GJ. and C.D. Singalliano, 1990. Detection of
horizontal gene transfer by natural transformation in native
and introduced species of bacteria in marine and synthetic
sediments. Appl. Environ. Microbiol. 56, 1818-1824.



