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THE GROWTH AND VIABILITY OF SIXTY-THREE
SPECIES OF MARINE BACTERIA AS INFLUENCED
BY HYDROSTATIC PRESSURE!

By

CARL H. OPPENHEIMER AND CLAUDE E. ZOBELL

Scripps Institution of Oceanography
University of California
La Jolla, California

ABSTRACT

The hydrostatic pressure of sea water, which increases approximately 0.1 atmos-
phere per meter of depth, was found to affect the viability, reproduction, and mor-
phology of 63 stock cultures of marine bacteria representing several genera. Many
of the cultures were killed at 27° C by pressures ranging from 200 to 600 atm, although
some few reproduced at 600 atm. Initial inoculum concentrations of the various bac-
teria appeared to influence their ability to reproduce or to tolerate high pressures.
Pressures exceeding 400 atm inhibited the fission of certain bacteria without stopping
their growth, thereby resulting in bizarre cells, some of which formed long filaments.

INTRODUCTION

The precursory observations of Certes (1884), Regnard (1891),
ZoBell and Johnson (1949), and ZoBell and Oppenheimer (1950)
indicate that hydrostatic pressures of the order of 200 to 600 atm have
a pronounced effect on the vertical distribution and activities of
bacteria in the sea. The significance of these observations is suggested
by the fact that pressures exceeding 200 atm prevail in more than 909,
of the area of the oceans. Approximately half of the oceans of the
world are deeper than 4,000 m, at which depth the hydrostatic pres-
sure is about 400 atm.

From the illustrative data in Table I it will be observed that the
pressure of sea water increases with depth by approximately 0.1 atm/m,
the pressure-depth gradient being influenced somewhat by latitude,
temperature, and salinity. One atmosphere is equivalent to 14.696
lb/in%, 760 mm Hg, 1.0332 kg/cm?, or to 1.0133 bars.

Living bacteria have been found in virtually all samples of marine
sediments examined for their presence regardless of water depth
(ZoBell, 1946). Until recently the greatest depth at which bacteria
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TABLE I. SELECTED PRESSURE-DEPTH GRADIENTS IN ATMOSPHERES PER METER
IN THE SEA FOR DIFFERENT DEPTHS, SALINITIES, TEMPERATURES, AND
LaTiTupEs (ApApTED FROM DATA GIVEN By BIJERKNES
AND SANDSTROM, 1910)

Dynamic Salinity ~ Temperature Latitude 30° Latitude 60°
depth (m) °loo °C atm/m atm/m
0 32 0 0.099,414 0.099,403
0 32 20 0.098,831 0.099,092
0 35 0 0.099,375 0.099,638
0 35 20 0.099,052 0.099,314
5,000 35 0 0.101,757 0.102,026
5,000 35 5 0.101,660 0.101,929
10,000 35 0 0.103,952 0.104,225

had been found was 5,800 m, but during the last year the GALATHEA
Deep Sea Expedition extended the lower limits of the biosphere to
10,460 m. In several samples of sediments collected from depths
exceeding 10,000 m in the Philippine Trench, ZoBell (1952) demon-
strated the presence of bacteria that were physiologically active
at pressures of the order of 1,000 atm. In fact, the well being of many
bacteria collected from abyssal oceanic depths appears to depend upon
high pressure. The purpose of this paper is to record the effect of
pressure upon the activities of 63 different species of marine bacteria,
all of which were taken from depths of less than 6,000 m.

EXPERIMENTAL METHODS

The bacteria were subjected to pressures up to 600 atm by means of
apparatus described by ZoBell and Oppenheimer (1950). Essentially
the apparatus consisted of thick-walled steel cylinders which have an
inside diameter of 1 34 inches and which are long enough (11 inches)
to accommodate two dozen small culture tubes. The latter were
fitted with no. 000 neoprene stoppers which functioned as pistons to
subject the aqueous contents of the tubes to virtually the same pres-
sure as the hydraulic fluid filling the steel cylinder. Preliminary
experiments proved that pressure up to 1,000 atm could be applied
and released ten times successively by means of the connecting hy-
draulic pump without the contents of the closed tubes becoming con-
taminated.

The culture medium consisted of sea water enriched with 0.59,
peptone, 0.19, yeast extract, and 0.019%, ferric phosphate. Following
autoclave sterilization the pH of the medium was 7.6. Sufficient
volume of such sea water medium was inoculated with bacteria in their
logarithmic phase of growth to fill the number of culture tubes required
























