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A high level of a trans-unsaturated fatty acid was found in the phospholipids of a psychrophilic bacterium,
Vibrio sp. strain ABE-1. This fatty acid was identified as 9-trans-hexadecenoic acid (C16:i9t) by gas-liquid
chromatography and infrared absorption spectrometry. C16:19t accounted for less than 1% of the total fatty
acids in cells grown at 5°C and reached 12% of the total at 20°C. We suggest that the increase in the level of
the trans-unsaturated fatty acid is related to the high growth rate of this bacterium at elevated temperatures.
Possible biological roles of the trans-unsaturated fatty acid in the adaptation of the microorganism to the
ambient temperature are discussed.

The phospholipids are major components of bacterial
membranes (5, 9). Although the constituent fatty acids of
phospholipids in most bacterial strains are saturated and
monounsaturated with a cis configuration (5, 9), some bac-
terial strains contain substantial levels of monounsaturated
fatty acids with a trans double bond (2, 6, 7, 11, 12). The
origins of trans-monounsaturated fatty acids are diverse.
Escherichia coli incorporates exogenously added trans-mo-
nounsaturated fatty acids into phospholipids (2, 12), even
though it does not, itself, synthesize trans-monounsaturated
fatty acids (10). However, it is likely that in Vibrio cholerae
(6) and some strains of methylotrophs (11) certain trans-
monounsaturated fatty acids are synthesized de novo.
Tracer experiments have explicitly demonstrated that trans-
monounsaturated fatty acids are synthesized from acetate in
Pseudomonas atlantica (7). In all cases, the proportion of
trans-monounsaturated fatty acids relative to the total
amount of fatty acids tends to increase during starvation (6,
7, 18).

This communication reports the presence of a high level of
a trans-monounsaturated fatty acid in the phospholipids of
Vibrio sp. strain ABE-1 grown in a culture medium without
free fatty acids. The synthesis of this fatty acid was mark-
edly dependent on the growth temperature.
Growth conditions. Vibrio sp. strain ABE-1 was grown at

5, 15, and 20°C in a rotary shaker in a synthetic medium that
contained sodium succinate as the sole source of carbon as
described previously (8). Bacterial growth was monitored as
the change in the turbidity of the culture at 600 nm. Pseu-
domonas sp. strain E-3 (19) was grown at 20°C in a rotary
shaker in the same medium as that used for the culture of
Vibrio sp. strain ABE-1 with the single exception that the
concentration of NaCl was reduced from 400 to 50 mM (19).

Extraction and analysis of lipids. Total lipids were ex-
tracted from the cells by the method of Bligh and Dyer (3).
Total phospholipids were separated from the total lipids by
column chromatography on silicic acid as described by
Nishihara et al. (13). Aliquots of the total lipids and the total
phospholipids were subjected to methanolysis at 80°C for 3 h
in 5% methanolic HCl. Resultant fatty acid methyl esters
were extracted with hexane and analyzed with a gas-liquid
chromatograph (model GC-8A; Shimadzu) equipped with a
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flame ionization detector and a capillary column (Quadrex,
CPS-1, 0.25 mm [inner diameter] by 50 m, 0.25-p.m film). The
column temperature was maintained at 180°C, and both the
injection and the detection temperatures were set at 200°C.
The flow rate of the carrier gas, N2, was 1.0 ml/min. The
separated fatty acid methyl esters were identified by com-
paring their retention times with those of standards (no.
AI59013; Gasukuro Kogyo Co., Tokyo, Japan) and were
quantitated with a datum analyzer (Chromatopac C-R6A;
Shimadzu).
The positions of double bonds in the fatty acid methyl

esters were determined by the pyrrolidide method (1). For
the verification of trans and cis configurations of double
bonds in the unsaturated fatty acids, the unsaturated fatty
acid methyl esters were separated into two fractions by
silver nitrate thin-layer chromatography on silica gel (no.
5721; E. Merck AG, Darmstadt, Federal Republic of Ger-
many) with a solvent system composed of chloroform and
ethanol (99:1 [vol/vol]). After the plate was developed in the
solvent system, it was dried and sprayed with 0.01% prim-
uline in acetone-H20 (4:1 [vol/vol]). The spots of fatty acid
methyl esters were detected under UV light (20). The
separated methyl esters were extracted from the silica gel
with chloroform-methanol-water (1:1:0.9 [vol/vol/vol]). The
cis and trans configurations were determined by infrared
absorption spectrometry (JASCO A-302 spectrometer) by
the potassium bromide method (4) with authentic methyl
esters of C1619t and C1619c (Gasukuro Kogyo Co.) as
references.

Fatty acid nomenclature. Fatty acids are designated ac-
cording to the number of carbon atoms and the number of
double bonds, with the distance of the double bond from the
carboxyl end and the geometry for cis indicated by "c" or
for trans indicated by "t."

trans-monounsaturated fatty acid. Gas-liquid chromatogra-
phy of the fatty acid methyl esters of the total lipids from the
cells (Fig. 1) demonstrated that the major fatty acids of the
glycerolipids from Vibrio sp. strain ABE-1 were C16:0,
C16:19c, and C18 111c. A very similar chromatogram was
obtained for the fatty acid methyl esters of the total phos-
pholipids, which accounted for more than 96% of the total
lipids in this bacterium (15). Between the chromatographic
peaks of C16:0 and C16:19c, there were two additional com-
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FIG. 1. Gas-liquid chromatogram of fatty acid methyl esters of total lipids from Vibrio sp. strain ABE-1 grown at 200C. Conditions for the
chromatography are described in the text. FID, Flame ionization detector.

ponents which were tentatively identified as C16:19t and
C16:17c from their retention times.
To verify the trans configuration in C16:19t, we subjected

the methyl ester of this unsaturated fatty acid to infrared
absorption analysis. First, the fatty acid methyl esters from
the total lipids were separated into three fractions (fractions
1, 2, and 3) by silver nitrate thin-layer chromatography.
These three fractions seemed to correspond to saturated
(fraction 1), trans-monounsaturated (fraction 2), and cis-
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monounsaturated (fraction 3) fatty acid methyl esters, as
judged from a comparison of their Rf values with those of
standards (data not shown). The infrared absorption spec-
trum of fraction 2 (Fig. 2A, trace a) showed a peak at 1,170
cm-1, which is characteristic of a methyl ester, and another
peak at 966 cm-', which is characteristic of a trans double
bond (Fig. 2B, trace c). The spectrum of fraction 3 showed a
peak at 1,170 cm-', but no absorbance at 966 cm-' was
evident (Fig. 2A, trace b). Therefore, fractions 2 and 3 were

WAVE NUMBER, cM1 WAVE NUMBER, cm 1
FIG. 2. Infrared absorption spectra of fatty acid methyl esters. (A) Fatty acid methyl esters of the total lipids from Vibrio sp. strain ABE-1.

Traces a and b (fractions 2 and 3, respectively) were separated by silver nitrate thin-layer chromatography (see the text). (B) Methyl esters
of authentic standards; traces c and d represent C16:19t and C16:19c, respectively.
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TABLE 1. Fatty acid compositions of the total lipids from Pseudomonas sp. strain E-3 and Vibrio sp. strain ABE-1

Organism and % of:
growth temp (°C) C10:0 C12:0 C12:15c C14:0 C14:17c C16:0 C16:19t C16:17c C16:19c C18:0 C18:19c C18:111c Unknown

Pseudomonas sp.
strain E-3

20 0 0 0 Tr 0 20 2 1 49 Tr Tr 26 0

Vibrio sp. strain
ABE-1

5 2 1 Tr 1 3 20 Tr 6 60 Tr Tr 2 3
15 2 1 Tr 1 2 23 2 6 55 Tr Tr 3 3
20 Tr Tr Tr 1 1 26 12 7 46 1 1 4 2

a Tr, Trace (<0.4%).

identified, respectively, as having a double bond in the trans
and cis configurations. The gas chromatographic analysis of
fraction 2 indicated that C16:19t was the sole trans-unsatur-
ated fatty acid in Vibrio sp. strain ABE-1 (data not shown).
Pseudomonas sp. strain E-3 is a psychrotrophic bacterium

which can grow at temperatures from 0 to 30°C (19). The
trans-monounsaturated fatty acid C16:19t was found in this
bacterium also (Table 1), although it represented only 2% of
the total fatty acids.
The biosynthesis of trans-monounsaturated fatty acids

from acetate has been demonstrated in P. atlantica (7). In
this bacterium, three kinds of trans-unsaturated fatty acid,
namely, C16:19t, C17:19t, and C18j111t, are present. In con-
trast, Pseudomonas sp. strain E-3 contained only C16:19t as
the trans-unsaturated fatty acid. Whether all Pseudomonas
strains contain trans-unsaturated fatty acids is still in ques-
tion. However, the occurrence of trans-unsaturated fatty
acids is restricted to three genera: Vibrio (6), Pseudomonas
(7), and Eubacterium (18). If trans-unsaturated fatty acids
are distributed among only a few genera or species of
bacteria, they might provide new criteria for classification of
the bacteria.
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FIG. 3. Proliferation of Vibrio sp. strain ABE-1 at 5°C (A) and
20°C (B) and changes in the proportions of C,6:19t relative to the
total lipids. Aliquots of the culture were withdrawn at appropriate
intervals and subjected to analysis of lipids and measurement of
optical density (turbidity) at 600 nm (OD6w). Symbols: 0, turbidity;
0, C16:19t-

Effect of growth temperature. Table 1 shows the effects of
growth temperature on the relative levels of C16:19t in Vibrio
sp. strain ABE-1. The level of the trans-unsaturated fatty
acid was negligible in cells grown at 5°C, whereas it ac-
counted for 12% of the total fatty acids in cells grown at
20°C. The increase in the relative level of C16:19t in cells
grown at 20°C was accompanied by a decrease in that of
C16:19c. It has been demonstrated in a number of bacterial
strains and poikilothermic organisms that the fatty acid
composition of membrane glycerolipids depends on the
growth temperature (9). When growth temperature is de-
creased, the levels of cis-unsaturated, branched, and/or
short-chain fatty acids are increased (9). These alterations
are regarded as a mechanism for the thermoadaptive regu-
lation of the fluidity of the membrane lipids. However, in
Vibrio sp. strain ABE-1, the relative levels of C16:19t in-
creased with the elevation of growth temperature. The
temperature-dependent formation of a trans-unsaturated
fatty acid in Vibrio sp. strain ABE-1 can thus be regarded as
a new mode of thermoadaptive regulation for inducing
changes in the fatty acid composition.
The introduction of a trans double bond into fatty acids

alters the thermal properties of phospholipids by decreasing
the phase transition temperature (16). However, this effect is
not as significant as that of the cis double bond (16).
Therefore, we propose that properties of the membrane can
be fine-tuned rather more effectively by the formation of
trans-unsaturated fatty acids than by the formation of cis-
unsaturated fatty acids.
The range of growth temperatures, 0 to 20°C, of Vibrio sp.

strain ABE-1 is lower and narrower (17) than that of psy-
chrotrophic or mesophilic bacteria. However, it has been
demonstrated (14) that phase transition temperatures of the
total phospholipids from Vibrio sp. strain ABE-1 change
with growth temperature and that these phase transition
temperatures are always below the temperature at which the
bacterium has been grown. Therefore, it appears to be
advantageous for Vibrio sp. strain ABE-1 to have C16:19t as
the fatty acyl moiety of phospholipids for the fine regulation
of membrane fluidity at elevated temperatures.

Effect of growth phase. The level of C16:19t in Vibrio sp.
strain ABE-1 cells grown at 5°C was very low during the
entire growth period (Fig. 3A). In contrast, it increased with
time in cultures of cells grown at 20°C and reached a plateau
at the late-exponential phase (Fig. 3B). The amounts of the
total lipids per culture volume increased in direct proportion
to the turbidity of the culture (unpublished data). Thus, the
increase in the levels of C16:19t with the age of the cultures of
Vibrio sp. strain ABE-1 cells at 20°C is attributable to the de
novo synthesis of this fatty acid.
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