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Plasmid maintenance and expression in Escherichia coli
exposed to the antarctic marine environment

JAMES J. SMITH, JAMES P. HOWINGTON, and GORDON A. MCFETERS, Department of Microbiology,
Montana State University, Bozeman, Montana 59717

S
ewage discharged into the antarctic marine environment
is expected to contain enteric bacteria harboring antibiot-

ic-resistance, as well as virulence-associated plasmids
(Echeverria and Murphy 1980). Introduction of large numbers
of plasmid-harboring human enteric bacteria from a point
source increases the likelihood of horizontal transfer (conju-
gation and so forth) of these genes to naturally occurring bac-
terial populations. The autochthonous antarctic marine bac-
teria are known to harbor antibiotic-resistance plasmids
(Kobori, Sullivan, and Shizuya 1984). Transfer of virulence,
conjugative, and/or antibiotic-resistance phenotypes may
result in the increased dissemination of antibiotic-resistance
and/or virulence determinants to bacteria in the environ-
ment, with unknown impacts on the indigenous marine
macrofauna. Plasmids are maintained and expressed in
marine, lake, and well waters at 15-25°C (Awong, Bitton, and
Chaudhry 1990; Byrd and Colwell 1990; Caldwell et al. 1989),
but the maintenance and expression of plasmids with expo-
sure to polar marine conditions (that is, -1.8°C, 34.5 parts per
thousand salinity) is unknown.

An enterotoxigenic Escherichia coli strain harboring the
high-copy number, ampicillin -resistance plasmid pUC 19
(EC19), and a strain harboring the conjugative F-plasmid (EC-
F, F-plasmid also encodes streptomycin and ampicillin resis-
tance) were grown to early stationary phase, exposed in situ,
and enumerated as described by Smith and McFeters (Antarc-
tic Journal, in this issue), except that EC-F was not assayed for
substrate responsiveness. Tryptone-ampicillin/streptomycin
broth and agar were used for EC-F growth and enumeration.
TLY-ampicillin broth and agar were used for growth and enu-
meration of EC19. Tryptone and TLY agar media were used as
controls. Exposure times were 54 days (d) for EC19, and 21 d
for EC-F. All incubations were at 25°C.

Isolation of pUG 19 from EC19 cells after various periods
of exposure indicated plasmid maintenance throughout 54-d
exposure (data not shown). Plate counts on media with and
without antibiotics indicated that both pUC19 and F-plas-
mids were expressed throughout exposures in the vast major-

ity of culturable EC19 and EC-F cells (figures 1 and 2). A small
fraction of EC-F cells did not express the F-plasmid prior to
day 8, after which it was expressed in 100 percent of exposed
cells (figure 2). This same general pattern was observed with
EC19 between 7 and 15 d (figure 1). EC-F showed greater sur-
vival [time for 99 percent death (T 99) equals approximately 40
d] than EC19 (T99 equals approximately 14 d), when measured
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Figure 1. Survival, plasmid expression, and substrate
responsiveness of E. co/i (pUC19) cells exposed to the antarctic
marine environment. Cells were suspended in membrane diffusion
chambers in the McMurdo Station aquarium for 54 d. Plate counts
(recoverability as colony-forming units, n=5) of EC19 on tryptone-
lactose-yeast extract (TLY, solid circles), and TLY-ampicillin (open
circles) agar media. Recoverability of the parent plasmidless EC
strain on TLY agar (squares), as well as total (diamonds), and
substrate responsive (triangles) bacterial numbers (minimum of 600
cells counted) are shown.
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Figure 2. Recoverability and conjugative F-plasmid expression in E.
coil (F-amp) exposed to the antarctic marine environment. Cells
were exposed as described in figure 1 for 21 d. Plate count
recoveries (n=5) on tryptone (solid circles), and tryptone-ampicillin-
streptomycin (open circles) agar media. CFU/ml denotes colony
forming units per milliliter.

by recoverability on plating media. Survival of EC19 was poor-
er than its parent plasmidless strain (T99 equals approximate-
ly 20 d), however (figure 1). Plate counts significantly under-
estimated substrate responsive cell numbers, which remained
within 2 logs of total cells numbers throughout the 54-d expo-
sure, indicating a progressive population shift to a viable, but

nonrecoverable, state with time of exposure (figure 1).
These results indicate antibiotic-resistance and conjuga-

tive plasmids are maintained and expressed in E. coli exposed
to the antarctic marine environment. In addition, low tem-
perature (-1.8°C) appeared to extend survival significantly
when compared to temperate environments (Lessard and
Sieburth 1983).
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Primary production in the Weddell Sea pack ice during the
austral autumn
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University of Southern California, Los Angeles, California 90089-03 71
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D
uring the drift (February to May 1992) of Ice Station
Weddell 1 (ISW-1), time-series investigations of micro-

bial communities were conducted within several types of
antarctic pack ice during the austral autumn and winter. The
results from these investigations are being analyzed to deter-
mine rates of primary production and nutrient dynamics
within the sea ice and water column in the western Weddell
Sea.

Two study sites (A and B) were established in second-
year ice; another (site J) was established in first-year ice in a
refrozen lead. Samples were collected on a weekly basis for
the determination of plant pigments, particulate organic car-
bon, particulate organic nitrogen, biogenic silica, cell num-
bers (bacteria and algal), inorganic nutrients, and salinity.
Sampling was coordinated with the Cold Regions Research
and Engineering Laboratories (CRREL) science team in order
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