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Lipid composition of a marine
ammonium oxidizer grown at 5 and 25 °C
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ABSTRACT: The lipid composition of an ammonium oxidizing bacterium isolated from Alaskan waters
was examined at 2 different growth temperatures (5 and 25°C). The composition was surprisingly
simple with palmitic acid (C,g,0) and a monounsaturated isomer, palmitoleic acid, comprising about
90 % of the total lipids. There was a > 4-fold increase in the degree of fatty acid unsaturation in the
organisms grown at the lower temperature. Shifts in the cardinal growth temperatures of this organism
may be explained by this observed change in lipid composition.

INTRODUCTION

An ammonium oxidizing bacterium has recently
been isolated that is capable of growth at —5°C (Jones
& Morita 1985). This bacterium exhibits significantly
different cardinal growth temperatures depending
upon the temperature at which it is cultured. Cells
grown at 5°C have an optimum growth temperature of
22°C with a maximum near 29 °C while cells grown at
25°C have an optimum growth temperature of 30°C
and a maximum near 38°C. In addition to this, cells
grown at 5°C oxidize significantly more ammonium at
5°C than do 25°C cells, and have generation times > 9
times faster than expected. It has been suggested that
changes in either the enzymatic composition of the cell
or the lipid composition of the cell membrane could
explain these shifts in growth temperature and whole
cell kinetics for this organism (Jones & Morita 1985).

Many bacteria have been shown to be able to alter
their lipid composition as the growth temperature
changes, thus maintaining fluidity of the membrane
(Oshima & Miyagawa 1974, Souza et al. 1974,
McElhaney 1976, Hasegawa et al. 1980). Temperature
has also been demonstrated to significantly alter both
the membrane lipid composition and growth charac-
teristics of yeasts (Arthur & Watson 1976).

This paper examines changes in the lipid composi-
tion of Nitrosomonas sp. 4W30 grown at 2 different
temperatures (5 and 25°C).
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MATERIALS AND METHODS

Organism and cultural methods. The marine
ammonium oxidizer Nitrosomonas sp. 4W30 was used
for these studies. A more complete description of this
organism can be found in Jones & Morita (1985). Cells
were grown in 2 identical 4 1 batch culture units equip-
ped with automatic pH controllers which maintained
the pH at 7.8 *£ 0.05 by the addition of 5 % K,CO;. The
medium used was the same as described by Jones &
Hood (1980) with the salinity adjusted to 30 %o using
Instant Ocean Synthetic Sea Salts (Aquarium Systems,
Inc.}. Cultures were vigorously aerated and agitated by
a magnetic stirring bar. The batch culture units were
maintained at either 5 or 25 °C. Cells used to inoculate
the 5°C unit were adapted for growth at this tempera-
ture in a chemostat as described by Jones & Morita
(1985). Cells were grown in these batch culture units
until all of the ammonium was utilized. Cells were
then harvested by centrifugation (5860 X g, 10 min,
5°C), washed twice with 3 % NaCl and resuspended in
10 ml of 3 % NaCl. These suspensions were subjected
to dry weight determinations and Petroff-Hauser direct
counts. Cells grown at 5°C had dry weight values of
5.7 X 107° mg cell™! and 25°C cells had dry weight
values of 4.1 X 107° mg cell”!. These suspensions
were then frozen at —20°C until the lipid analysis
could be performed.

Lipid analysis. Bacterial samples of Nitrosomonas
sp. 4W30 (4.4 to 7.1 mg dry weight), grown at 5 and
25°C, were analyzed in duplicate for lipid composi-
tion. Each sample was extracted with a solution of 2 %
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