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of a Vibrio Species of Bacterium in Relation to Growth Conditions 
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A Vibrio species of bacterium known to contain the 
polyunsaturated fatty acid 20:5n-3 was grown in both 
freshwater and seawater media at 5 and 20~ and ex- 
amined for adaptive changes in lipid composition. Phos- 
phatidylethanolamine (PE) and phosphatidylglycerol 
(PG), together with a smaller proportion of nonesterified 
fatty acids (NEFA), comprised almost all the lipid under 
all growth conditions examlued. Temperature had a more 
pronounced effect than the salinity of the medium on lipid 
composition. The proportion of PE in total lipid was 
always higher at 5 than at 20~ Conversely, the propor- 
tion of NEFA was lower at 5 than 20~ whereas that of 
PG was not altered. The levels of saturated fatty acids 
in total lipid, PE and PG were all decreased by growth 
at 5~ No differences were observed with respect to 
growth temperature in the levels of c/s 16:1n-7, the prin- 
cipal monoenoic fatty acid in both PE and PG. Trans 
16:1n-7 was found to comprise 12.8-15.2% of fatty acids 
in PE and PG of bacteria grown at 5~ but only 4.4-8.5% 
of phospholipid fatty acids in bacteria cultured at 20~ 
Regardless of medium composition, a reduction in growth 
temperature from 20 to 5~ also caused the proportions 
of 20:5n-3 to increase from around 0.8 to 4.4% in PE and 
from around 4 to 20% in PG. The simultaneous occurrence 
of trans 16:1n-7 and 20:5n-3 is unique to this Vibrio species 
of bacterium. The increased proportions of both these 
fatty acids with decreasing temperature suggest that they 
have a role in retailoring biomembrane phosphoHpids dur- 
ing temperature acclimation of the bacterium. 
Lipids 28, 389-396 {1993). 

In general, the lipids of bacteria do not contain polyun- 
saturated fatty acids (1). An exception to this rule is the 
occurrence of polyunsaturated fatty acids in a few species 
of marine bacteria (2-5} isolated from diverse sources in- 
cluding seawater, deep sea sediments and the intestines 
of fish. These bacteria are invariably motile and Gram- 
negative, with Vibrio species being the most common {4,5). 

Studies to date on the lipids of these bacteria which con- 
rain polyunsaturated fatty acids have examined only their 
total lipid and have not reported the distribution of in- 
dividual fatty acids in the component lipid classes. Fur- 
thermore, although the biosynthesis of monounsaturated 
fatty acids has been well studied in bacteria (11, nothing 
is known of the mechanisms of bacterial synthesis of 
polyunsaturated fatty acids. 

An increase in the level of unsaturated fatty acids in 
phospholipids of eukaryotic poikilotherms, both inverte- 
brate and vertebrate, has been shown frequently to occur 
as an adaptation to a decrease in environmental temper- 
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Abbreviations: GC/MS, gas chromatography/mass spectrometry; 
HPLC, high-performance liquid chromatography; HPTLC, high- 
performance thin-layer chromatography; NEFA, nonesterified fatty 
acids; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; P~, 
retardation factor; Tris, tris(hydroxymethyl)aminomethane. 

ature (6-8). In contrast, the effect of changes in en- 
vironmental temperature on the detailed lipid composi- 
tion of bacteria has been less well studied. The few studies 
that have been carried out show that there is no uniform- 
ity between different bacterial species in the changes that 
occur in lipid composition in response to changes in 
growth temperatur~ For example, in marine Vibrios, in- 
creases in the proportion of monounsaturated fatty acids, 
or increased synthesis of shorter chain fatty acids or no 
changes at all have all been observed as responses to 
reduced growth temperature (91. Most recently, the inter- 
conversion of cis and trans isomers of 16:1n-7 has been 
implicated in the thermal adaptation of a psychrophilic 
species of Vibrio {10,11). 

In addition to growth temperature, the salt concentra- 
tion of the medium may also influence the lipid composi- 
tion of bacteria. This aspect has been studied in several 
species of bacteria including species of Paracoccus (12), 
Staphylococcus (13,14), Vibrio (15) and Pseudomonas (16). 
With Gram-negative bacteria in general, the proportions 
of phosphatidylglycerol (PG) and phosphatidylethanol- 
amine (PE} increase and decrease, respectively, with in- 
creasing salt concentration in the growth medium (12,15, 
16). However, the effect is somewhat different with the 
Gram-positive Staphylococcus species in that the PG 
decreases with increasing salinity while cardiolipin in- 
creases (13,14}. Changes in fatty acid composition of total 
lipid are also observed in relation to the salinity of the 
growth medium_ Thus, the level of monounsaturated fatty 
acids in total lipid has been shown to decrease signifi- 
cantly when marine species of Vibrio are grown in medium 
of reduced salinity (17) whereas with the moderate 
halophile Vibrio costicola the relationship between salt 
concentration and the proportion of monounsaturated 
fatty acids is parabolic with a maximum at 1.0 M (18). 

To establish whether adaptive changes occur in the lipid 
composition of bacteria which are capable of producing 
polyunsaturated fatty acids, the lipids synthesized by a 
Vibrio species known to contain 20:5n-3 were examined 
in relation to growth conditions. 

MATERIALS AND METHODS 

Chemicals. Lipid standards were purchased from Sigma 
Chemical Co. Ltd. (Poole, Dorset, United Kingdom} and 
Supelchem U.K. Ltd. {Saffron Walden, United Kingdom}. 
Solvents were of glass distilled or high-performance liquid 
chromatography (HPLC) grade and were supplied by 
Rathburn Chemicals {Walkerburn, United Kingdom}. 

Organism and growth conditions. The Vibrio species 
used in the study was originally isolated as described 
elsewhere {19) from the gut of Arctic char (Salvelinus 
alpinus L.} maintained in freshwater. To remove lipid from 
growth media, Oxoid general purpose nutrient broth 
powder {Unipath Lt~, Basingstoke, United Kingdom} was 
extracted with chloroform/methanol 12:1, vol/vol), filtered 
and air dried before being used for the preparation of the 
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media. The defatted nutrient broth was made up at a con- 
centration of 13 g/L either in distilled water or artificial 
seawater {approximately 0.4M NaC1) buffered with 1.6 
mM Tris HC1 to produce freshwater and seawater medium, 
respectively. The pH of both media was 7.2. Cultures were 
grown in the dark under sterile conditions in glass con- 
ical flasks in temperature~controlled shaking incubators 
at either 5 or 20~ Growth rates were assessed by mea- 
surement of absorbance at 600 nm against non-inoculated 
medium as the blank. Bacterial cells were harvested from 
cultures grown at 20 and 5~ after 24 h and 5 d, respec- 
tively, by centrifugation at 7,000 • g for 10 min. The 
resulting pellet was resuspended in the washing buffer of 
Hanna et  al. (18) and the centrifugation repeated. Pellets 
of cells were lyophilized and weighed prior to lipid 
extraction. 

Lip id  analysis. Lipid was extracted by blending pelleted 
cells with chloroform/propan-2-ol (2:1, vol/vol) in a glass/ 
Teflon homogenizer. The organic phase was then filtered 
and washed with one-quarter its volume of 0.88% (wt/vol) 
KC1. After removal of the solvent by evaporation under 
nitrogen, the lipid extract was desiccated overnight 
in vacua After weighing, the lipid extract was redissolved 
in a known volume of chloroform/methanol (2:1, vol/vol) 
and stored at -70~ until analyzed further. 

Lipid class analyses were performed by high-perform- 
ance thin-layer chromatography {HPTLC) using various 
solvent systems. Separated lipid classes were identified 
by reference to authentic standards and by the staining 
of chromatograms with reagents specific for functional 
groups {20}. Two-dimensional HPTLC was performed 
using methyl acetate/propan-2-ol/chloroform/methanol/ 
0.25% KC1 (25:25:25:10:9, by vol) and chloroform/metha- 
nol/7M aqueous ammonia (65:35:5, by vol) for development 
in the first and second dimensions, respectively. For quan- 
titation of lipid classes, plates were developed to two- 
thirds of their length in chloroform/methanol]water 
(65:25:4, by vol) followed, after drying of the plate, by 
development to full distance with hexane/diethyl ether/ 
acetic acid (90:10:1, by vol). Developed chromatograms 
were sprayed with 3% {wt/vol} copper acetate in 8% 
(vol/vol) phosphoric acid and the stained classes quanti- 
tated by scanning densitometry using a Shimadzu (Kyot~ 
Japan} CS9000 dual wavelength scanner attached to a Shi- 
madzu DR-13 data recorder as described elsewhere {21}. 

For analysis of their constituent fatty acids, lipid classes 
were separated by HPTLC using the double development 
solvent system described above Developed chromato- 
grams were sprayed lightly with (0.01% wt/vol) 2',7'- 
dichlorofluorescein in methanol and viewed under ultra- 
violet light. Bands of adsorbent containing the required 
classes were scraped from the plates and subjected to acid- 
catalyzed transesterification to produce the methyl ester 
derivatives of the constituent fat ty acids {20}. Fatty acid 
methyl esters were purified by HPTLC on silica gel plates 
using hexane/diethyl ether/glacial acetic acid (85:15:1, by 
vol} as developing solvent and recovered from the adsorb- 
ent by elution with hexane]diethyl ether (1:1, vol/volL Ali- 
quots of total lipid were also subjected directly to the acid- 
catalyzed transesterification procedure. 

The analyses of fatty acid methyl esters of total lipid 
were performed using a Packard {Pangbourne, Berks., 
United Kingdom} 436 gas chromatograph equipped with 
a CP Wax 51 fused silica capillary column (50 m • 0.34 

mm i.d.} (Chrompack UK Ltd., Milharbour, London, 
United Kingdom), on-column injection and H2 as carrier 
gas. The oven temperature was programmed to increase 
from 50 to 225~ during the course of an analysis. For 
the analysis of fatty acid methyl esters of individual 
phospholipid classes, a fused silica capillary column 
coated with BPX 70 (25 m • 0.32 mm i.d.} was used, and 
the oven temperature was programmed to rise from 50 to 
180~ These samples were further analyzed using a 
chemically bonded CP Sil 5CB fused silica capillary col- 
umn (50 m • 0.34 mm i.d.} with a single step thermal gra- 
dient from 50 to 260~ at 4~ 

Separated methyl esters were identified by comparison 
with known standards and were quantitated using a 
Shimadzu CR-3A recording integrator attached to the gas 
chromatograph. The unsaturated nature of component 
methyl esters was confirmed by hydrogenation using 
PtO2 followed by re-analysis. Identities were confirmed 
by gas chromatography/mass spectrometry (GC/MS) of 
selected samples by Dr. W:W. Christie, Hannah Research 
Institute, Ayr, United Kingdom, using conditions de- 
scribed elsewhere {22). 

To confirm the identity of trans 16:1n-7, the fatty acid 
methyl esters of representative samples were separated 
on HFrLC plates impregnated with silver nitrate using 
hexane/diethyl ether/glacial acetic (94:4:2, by vol) as the 
developing solvent system (23). Components correspond- 
ing to saturated, c i s - m o n o u n s a t u r a t e d  and trans-mono-  
unsaturated fatty acid methyl esters [identified by com- 
parison of retardation factor (Rf} values with those of 
authentic standards run on the same chromatogram] were 
recovered from the adsorbent and analyzed by GC using 
the BPX70 phase as described above. The methyl ester 
of t rans  16:1 was isolated as a component having an Rf 
value between that of saturated and c i s -monounsa tura ted  
fatty acids. 

Further confirmation of the identity of t rans  16:1n-7 
was obtained by stereospecific epoxidation with peracetic 
acid of fatty acid methyl esters separated by argentation 
chromatography (24). The epoxy derivatives were analyzed 
by GC using the BPX70 capillary column described above 
The oven temperature was programmed to increase from 
the injection temperature of 50 to 150~ over 2.4 min and 
then after 18 min to increase to 220~ at 3 rain. The 
separated epoxy derivatives of the methyl esters of the 
cis and trans isomers of 16:1n-7 in samples were identified 
by comparison of retention times of derivatives synthe- 
sized using standards of these fatty acids. 

Student's t-test was used to determine the significance 
of differences between pairs of particular means (25), and 
differences were considered significant when P < 0.05. For 
the sake of clarity, values which are significantly different 
are not denoted in tables but are referred to in the text. 
The effects of the two factors {temperature and medium 
composition} were assessed by means of a two-way analy- 
sis of variance at a confidence level of 95% (P < 0.05) (25). 

RESULTS 

G r o w t h  characteris t ics .  The Vibrio was capable of grow- 
ing in both freshwater and seawater media. Growth rates, 
as assessed by absorbance measurements, were much 
higher at 20 than 5~ (Fig. 1) in both types of media. At 
20~ the growth rates of bacteria grown in freshwater and 
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FIG. 1. Growth rates of Vibrio sp. cultured at 5 and 20~ in 
freshwater and seawater medieL O, Seawater medium; e ,  freshwater 
medium. Note different scales on x-axis. 

seawater media were initially similar but diverged as the 
culture aged so that  cultures grown in seawater medium 
finally contained fewer cells. The growth rate of bacteria 
at 5 ~ was higher in the freshwater medium than seawater 
medium over the initial 4 d of culture; but thereafter a 
higher biomass was observed in the seawater medium. 
Nevertheless, the influence of media composition on 
bacterial growth in Figure I was not marked. In contrast, 

further experiments showed that  the Vibrio had poor 
growth rates in media containing 1M or 1.5M NaC1 (data 
not shown). 

Lipid content. Bacteria growth in seawater medium at 
20~ contained only 4.5% of their dry weight as lipid 
whereas this component accounted for 7.4-7.9% of the dry 
weight of bacteria cultured under the other three condi- 
tions examined {Table 1). However, the only significant dif- 
ference in lipid content was that observed between bac- 
teria grown in seawater medium and bacteria grown in 
freshwater medium at 20 ~ No statistically significant 
differences in lipid content existed between bacterial 
cultures in relation to growth temperatur~ 

Lipid class composition. The lipid of the bacteria in all 
cultures was composed mainly of PE and PG {Table 1). 
At a given temperature (5 or 20~ the lipid class com- 
position was very similar for cells grown either in fresh- 
water or seawater media. In bacteria grown at 5~ more 
than 50% of the total lipid was PE, with PG and non- 
esterified fatty acids comprising around 31 and 12%, 
respectively, while at 20 ~ in both media the percentage 
of PE was substantially lower, and that of nonesterified 
fatty acids much higher, than at 5 ~ The proportion of 
PG was only slightly higher in cells grown at 20~ than 
in those grown at 5~ in either medium. Overall, temper- 
ature affected lipid class composition more than the 
nature of the medium. LysoPE was present in trace 
amounts in lipid extracted from all cultures. When, in 
preliminary studies, chloroform]methanol (2:1, vol/vol) was 
used as extraction solvent, the levels of nonesterified fatty 
acids in the total lipid were notably higher, and those of 
PE and PG correspondingly lower {data not shown), than 
the values presented in Table 1. No components were 
observed in the total hpid extract which gave a positive 
stain for carbohydrate moieties. 

Fatty acid composition of total lipid The fatty acid com- 
positions of total lipid from the Vibrio grown at 5 and 
20~ in freshwater and seawater media are presented in 
Table 2. The major fatty acid component of total lipid was 
always the monounsaturated 16:1, but under the condi- 
tions employed complete resolution of the component cis 
and trans isomers of 16:1 was not attainable using the CP 
Wax 51 column. Overall, monounsaturated fatty acids ac- 
counted for just over half of the total fatty acids present 

TABLE 1 

Effect  of Growth Temperature and Medium Composition on Lipid Content and Lipid Class Composition of Vibrio sp. 
Showing Significance of Each Factor and Their Interaction a 

5~ 20~ Significance level (P) 

Seawater Freshwater Seawater Freshwater Temp. Medium Interaction b 

Lipid content 
(% dry weight) 7.90 + 2.19 7.36 • 0.50 4.53 • 1.45 7.80 _ 0.60 

Lipid class composition 
(% total lipid) 

PE 55.6 • 3.7 53.0 • 1.6 38.9 • 1.7 38.7 • 4.2 
PG 31.1 • 1.3 34.5 • 3.1 36.3 - 0.5 38.8 _ 1.6 
NEFA 13.3 • 3.0 12.3 • 1.6 24.7 + 2.0 22.4 + 3.5 

0.0000 
0.0024 0.0278 
0.0001 

0.0446 

D 

aValues are means _ SD obtained with three cultures. 
bInteraetion between temperature and medium composition. PE, phosphatidylethanolamine; PG, phosphatidylglycerol; NEFA, nonesterified 

fat ty acids; -- ,  not significant. 
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TABLE 2 

Effect of Growth Temperature and Medium Composition on Fatty Acid Composition (wt%} of Total L i p i d  

from Vibrio sp. Showing Significance of Each Factor and Their Interaction a 

5~ 20~ Significance level (P) 
Fatty acids Seawater Freshwater Seawater Freshwater Temp. Medium Interaction b 

/-12:0 0.5 + 0.1 0.4 • 0,1 0.7 + 0.2 0.3 + 0.1 -- -- -- 
12:0 4.0 ___ 0.4 2.0 ___ 1,7 4.3 +__ 0.3 3.4 + 0,3 -- 0.0103 - -  

i - 1 4 : 0  0.3 ___ 0.1 0.2 ___ 0.1 0.3 +-- 0.0 0.3 + 0 . 1  - -  - -  - -  

1 4 : 0  2.9 ___ 0.1 4.3 ___ 0,2 2.4 +__ 0.2 1.8 + 0.2 0.0000 0.0324 0.0000 
14:1n-5 0.6 ___ 0.1 0.5 __- 0.1 0.3 +-- 0.0 0.3 • 0.1 0.0000 -- -- 
i-15:0 10.9 • 0.4 12.6 • 0.4 11.6 • 0.5 15.4 • 2.0 0.0200 0.0019 -- 
w15:0 0.5 • 0.1 0.6 • 0.3 0.3 +__ 0.1 0.3 • 0.3 -- -- -- 
15:0 3.1 ___ 0.2 2.2 • 0.3 5.2 +__ 0.2 5.8 • 1.5 0.0001 -- -- 
15:1n-6 2.1 ___ 0.5 1.0 • 0.2 1.9 +__ 0.1 3.0 • 1.4 0.0420 -- 0.0230 
16:0 10.4 • 0.3 13.3 • 0.5 14.5 • 1.8 13.3 • 0.3 0.0042 -- 0.0051 
16:1 38.0 • 1.0 39.8 • 1.6 31.7 + 0.7 28.9 • 0.6 0.0000 -- 0.0182 
i-17:0 0.6 • 0.2 0.6 • 0.2 1.1 • 0.1 1.4 • 0.4 0.0033 -- -- 
17:0 0.7 • 0.1 0.4 • 0.1 2.7 + 0.8 2.9 • 0.2 0.0000 -- -- 
17:1n-8 6.7 ___ 0.3 3.1 ___ 0.4 10.6 +__ 0.8 10.7 • 1.9 0.0000 0.0052 0.0044 
17:1n-6 1.4 • 0.1 0.5 • 0.2 1.2 • 0.2 1.4 • 0.2 0.0030 0.0030 0.0003 
18:0 1.1 • 0.4 1.4 + 0.4 1.2 +_- 0.5 1 . 3  • 0 . 2  - -  - -  - -  

1 8 : 1 n - 9  1.7 • 0.1 1.7 • 0.2 3.0 • 0.4 2.7 • 0.4 0.0002 -- -- 
18:1n-7 4.2 • 0.1 3.8 • 0.4 3.9 +-- 0.3 4.4 • 0.9 -- -- - -  

1 9 : 1 n - 8  0.7 • 0 . 1  0 . 4  • 0 . 1  0 . 3  + 0.2 0.4 • 0.1 - -  - -  - -  

2 0 : 5 n - 3  9.0 ----- 0.7 9.0 • 0.2 2.1 +__ 0.6 1.9 • 0.2 0.0000 -- -- 
22:0 0.2 • 0.1 0.2 • 0.1 ND ND -- -- -- 

Total sat. 35.3 • 0.3 39.6 • 0.8 44.3 • 2.5 46.3 • 1.6 0.0000 0.0073 -- 
Total mono. 55.3 • 1.0 50.8 • 0.6 52.8 +_ 2.0 51.8 • 2.0 -- 0.0137 -- 
Total PUFA 9.0 • 0.7 9.0 • 0.2 2.1 • 0.6 1.9 • 0.2 0.0000 -- -- 
Unidentified 0.4 • 0.1 0.5 • 0.2 0.6 • 0.4 ND 

aValues are means _ SD of three cultures. 
bInteraction between temperature and medium composition. Mono., monoenoic fatty acids; PUFA, polyunsaturated fatty acids; ND, 

not detected; sat., saturated fatty acids; --, not significant, i-, iso; a-, anteiso. 

in the  bac te r i a l  l ipid regard less  of  g r o w t h  condi t ions .  A n  
increase  in t he  level of  16:1 w i t h  t he  lower ing  of g r o w t h  
t empera tu re  was largely balanced by reduct ions  in the  p r ~  
po r t i ons  of 17:1n-8 and  18:1n-9, and  c o n s e q u e n t l y  the  
overall  p ropor t ion  of m o n o u n s a t u r a t e d  f a t t y  acids in to ta l  
l ipid was no t  g rea t ly  affected by g rowth  t e m p e r a t u r ~  The  
p ropo r t i ons  of s a t u r a t e d  f a t t y  ac ids  in to t a l  l ipid were 
s ign i f i can t ly  h igher  in bac t e r i a  g rown in seawate r  and 
f reshwate r  m e d i u m  a t  20~  t h a n  in those  g rown a t  5~ 
Pa lmi t i c  acid (16:0} and  iso-15:0 were the  p r e d o m i n a n t  
s a t u r a t e d  c o m p o n e n t s  p resen t  a l t h o u g h  smal le r  propor- 
t ions  of o the r  s a t u r a t e d  f a t t y  acids, b o t h  w i t h  even and 
odd n u m b e r e d  chains,  were also present .  U n d e r  t he  con- 
d i t ions  employed  for t he  ana lys i s  of t o t a l  l ipid f a t t y  acid 
m e t h y l  esters,  any 13:0 and  iso-13:0 presen t  in t he  to ta l  
l ipid were obscured  by the  b u t y l a t e d  hyd roxy to luene  
added as ant ioxidant .  The  only po lyunsa tu ra t ed  f a t t y  acid 
p re sen t  in the  bac t e r i a  was  20:5n-3 which  a c c o u n t e d  for 
9% of the  f a t t y  ac ids  of to t a l  l ipid f rom cu l tu res  grown 
a t  5~  and  a round  2% of those  f rom cu l tu res  g rown a t  
20~  in e i the r  med ium.  

In  c o n t r a s t  to  temperature~ the  sa l t  c o n t e n t  of the  
m e d i u m  had  only a smal l  effect  on the  f a t t y  acid composi-  
t ion  of  to t a l  l ipid a t  b o t h  t e m p e r a t u r e s  examined .  Smal l  
b u t  s ign i f i can t  d i f ferences  in the  levels  of several  f a t t y  
acids  were no tab le  be tween  bac t e r i a  g rown a t  5~  in 
seawate r  and  freshwater ,  w i t h  t he  overal l  r esu l t  be ing  
h igher  and  lower p ropo r t i ons  of m o n o u n s a t u r a t e d  and  
s a t u r a t e d  f a t t y  acids, respect ively ,  in the  to t a l  l ipid of 

bacteria grown in seawater medium. At 20~ however, 
there were no overall changes in the levels of total satu- 
rated, monounsaturated or polyunsaturated fatty acids 
in the total lipids in relation to the salinity of the medium_ 
Two-way analysis of variance with pooled means showed 
that, overall, temperatures had a greater effect on the fatty 
acid composition of total lipid than medium composition. 
The levels of 14:0, 15:1, 16:0, 16:1, 17:1n-8 and 17:1n-6 were 
also influenced significantly by the interaction of temper- 
ature and medium composition. That is to say, changing 
temperature and medium composition simultaneously 
brought about a significant change in the proportions of 
these components. 

Fat ty  acid composit ion of  lipid classes. The  use  of two  
co lum ns  for t he  ana lys i s  of f a t t y  acid m e t h y l  es te rs  of 
phospho l ip id  c lasses  al lowed the  reso lu t ion  of more  com- 
p o n e n t s  t h a n  were ob t a ined  for to t a l  l ipid samples .  T h u s  
13:0 and  iso-13:0, as well as the  va r ious  i somers  of 16:1, 
were d i sce rnab l~  

A l t h o u g h  the  f a t t y  acid  c o m p o s i t i o n  of P E  (Table 3) 
showed genera l  s imi lar i t ies  w i th  t h a t  of t o t a l  lipid, i t  was 
no t ab l e  t h a t  the  p ropo r t i ons  of p o l y u n s a t u r a t e d  f a t t y  
ac ids  in t he  phospho l ip id  were only half  t hose  p resen t  in 
to t a l  l ipid (Table 2) whi le  those  of to t a l  s a t u r a t e d  f a t t y  
acids  were h igher  unde r  all g r o w t h  cond i t ions  examined .  
The  overall levels of monoenoic  f a t ty  acids in P E  were only 
s l igh t ly  lower t h a n  those  obse rved  in to t a l  lipid. Iso-15:0 
and  16:0 were a lways the  m a j o r  s a t u r a t e d  f a t t y  acids  in 
PE.  A l t h o u g h  the  propor t ion  of iso-15:0 in bac te r ia  grown 
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5~ 20~ Significance level (P) 

Fatty acids Seawater l~reshwater Seawater Freshwater Temp. Medium Interaction b 

i - 1 2 : 0  0 . 1  + 0 . 1  0 . 1  _+ 0 . 0  0 . 1  + 0 . 0  N D  - -  - -  - -  

1 2 : 0  3 . 8  +__ 1 . 2  5 . 1  + 0 . 6  3 . 7  __+ 0 . 4  3 . 4  ----- 0 . 3  - -  - -  - -  
/ - 1 3 : 0  4 . 5  + 0 . 1  5.2 __. 0.6 3.8 _ 0.3 3.6 --. 0.4 0.0007 - -  - -  

1 3 : 0  0.2 _+ 0.0 0.1 --+ 0.1 0.3 __- 0.1 0.3 ----. 0.1 - -  - -  - -  

i - 1 4 : 0  0.2 _+ 0.1 0.1 ___ 0.1 0.5 ___ 0.0 0.5 __- 0.1 0.0041 - -  - -  
1 4 : 0  3.1 + 0.3 4.7 + 0.2 2.6 _+ 0.2 1.7 __- 0.1 0.0000 0.0283 0.0000 
14:1n-5 0.4 ___ 0.1 0.4 + 0.0 0.2 ___ 0.0 0.3 ----- 0.1 0 . 0 0 0 8  - -  - -  
i - 1 5 : 0  1 4 . 2  ___ 1 . 1  1 5 . 7  _+ 0 . 4  1 3 . 5  + 1 . 0  1 9 . 1  ___ 1 . 8  - -  0 . 0 0 0 5  0 . 0 1 4 9  
a o 1 5 : 0  0 . 2  _+ 0 . 2  0 . 5  +_ 0 . 3  0 . 2  +_ 0 . 1  0 . 4  +-- 0 . 4  - -  - -  - -  
1 5 : 0  3.5 +-- 0.2 2.2 +_ 0.4 5.5 ----- 0.3 5.6 + 1.3 0 . 0 0 0 1  - -  - -  

1 5 : 1 n - 6  2.5 +_ 0.1 1.7 +__ 0.7 1.8 _ 0.I  2.1 _+ 0.6 - -  0.0197 0.0033 
16:0 10.5 _ 0.6 12.4 _ 0.4 14.6 _ 0.6 13.0 +_- 0.9 0.0003 - -  0.0010 
trans 16:1n-7 12.8 + 0.7 15.4 _ 0.7 4.4 +__ 2.2 6.3 +__ 0.8 0.0000 0.0420 - -  
1 6 : 1 n - 9  1.8 ___ 0.1 1.9 _+ 0.i 2.3 ___ 0.1 2.3 _-+ 0 . 1  0 . 0 0 1 0  - -  - -  
eis 16:1n-7 23.3 ___ 0.6 21.1 + 0.8 23.1 + 5.5 18.0 + 3.4 --  0.0187 -- 
/-17:0 0.3 +_ 0.2 0.4 _ 0.2 0.9 _+ 0.1 1.4 ___ 0.4 0.0020 --  -- 
17:0 0.7 + 0.1 0.4 _ 0.1 2.6 ___ 0.4 2.6 ----- 0.3 0.0000 --  -- 
17:1n-8 6.4 +_ 0.3 2.7 + 0.4 10.2 _+ 0.3 9.4 + 2.1 0.0000 0.0024 0.0128 
17:1n-6 1.4 + 0.3 0.5 __. 0.2 1.2 + 0.2 1.4 + 0.1 0.0065 0.0096 0.0003 
18:0 0.4 ___ 0.1 0.4 _.+ 0.2 1.2 _+ 0.4 1.0 _ 0.3 0 . 0 0 1 5  - -  - -  
1 8 : 1 n - 9  1.1 + 0.1 1.0 + 0.2 2.6 _+ 0.5 2.1 +_ 0.3 0 . 0 0 0 0  - -  - -  
1 8 : 1 n - 7  3.9 +_ 0.5 3.4 -- 0.5 3.5 __. 0.3 4.3 +-- 1.0 --  --  - -  
1 9 : 1 n - 8  0.5 +-- 0.0 0.2 -!-_ 0 . I  0.4 +_ 0.2 0.4 _ 0 . I  - -  - -  - -  

2 0 : 5 n - 3  4.2 +_ 0.4 4.4 __. 0.2 0.9 +_ 0.3 0.8 __- 0.1 0.0000 - -  - -  

T o t a l  sat. 41.7 +__ 1.7 47.3 __. 0.9 49.4 + 3.1 52.7 + 0.2 0.0001 0.0014 -- 
Total mono. 54.1 ___ 1.5 48.3 + 1.0 49.7 _+ 2.7 46.5 +_ 0.3 0.0031 0.0006 --  
Total PUFA 4.2 +_ 0.4 4.4 +_ 0.2 0.9 - 0.3 0.8 +_ 0.1 0.0000 --  -- 

aValues are means + SD of three cultures. 
bInteraction between temperature and medium composition. Mono., monoenoic fatty acids; PUFA, polyunsaturated fatty acids; ND, 

not detected; sat., saturated fatty acids; --, not significant, i-, iso; a-, anteiso. 

in  t h e  s eawa te r  m e d i u m  was  n o t  a f fec ted  b y  t e m p e r a t u r ~  
t h a t  in f reshwate r  b a c t e r i a  was  s ign i f i can t ly  h igher  a t  20 
t h a n  5~  (19.1 vs. 15.7%). A d i f fe ren t  effect  was  n o t e d  in  
t h e  p r o p o r t i o n s  of 16:0, in t h a t  t e m p e r a t u r e  d i d  n o t  af- 
fect  i t s  level  in  b a c t e r i a  g rown in f reshwater ,  b u t  i t s  p r ~  
p o r t i o n  in s e a w a t e r  b a c t e r i a  was  s i g n i f i c a n t l y  h ighe r  a t  
20~ (14.6%) t h a n  a t  5~  (10.5%). Overal l ,  t h e  P E  of 
Vibr io  g r o w n  a t  20~  in b o t h  s e a w a t e r  a n d  f r e shwa te r  
m e d i a  h a d  a s i g n i f i c a n t l y  h ighe r  p r o p o r t i o n  of s a t u r a t e d  
f a t t y  ac ids  t h a n  t h a t  of  b a c t e r i a  g rown a t  5 ~ However,  
on ly  a t  5~  was  the re  a s i gn i f i c an t  d i f ference  b e t w e e n  
b a c t e r i a  g rown in seawa te r  a n d  f reshwate r  in t e r m s  of t h e  
t o t a l  level of s a t u r a t e d  f a t t y  ac ids  in t h e  PE.  

T h e  p r e d o m i n a n t  i s o m e r  of  16:1 in P E  was  cis  16:1n-7 
wh ich  a c c o u n t e d  for 18 -23% of t he  t o t a l  P E  f a t t y  acids.  
G r o w t h  cond i t i ons  h a d  no m a j o r  effect  on t h e  level of t h i s  
f a t t y  ac id  in  P E  a l t h o u g h  i t s  level was  s l ight ly ,  b u t  
s ign i f i can t ly ,  lower in f r e shwa te r  t h a n  s e a w a t e r  a t  5~ 
T h e  on ly  t r a n s - m o n o e n o i c  f a t t y  ac id  d e t e c t e d  was  t r a n s  
16:1n-7 which  c o m p r i s e d  12.8 a n d  15.4% of t h e  t o t a l  P E  
f a t t y  ac ids  in Vibrio  g r o w n  a t  5~  in s e a w a t e r  a n d  
f r e shwa te r  med ium,  respect ive ly .  The  level of t h i s  t rans-  
monoeno ic  f a t t y  ac id  was  m a r k e d l y  lower in t h e  corre- 
s p o n d i n g  c u l t u r e s  g rown  a t  20~ i.~, 4.4 a n d  6.3% in 
s eawa te r  a n d  freshwater ,  respect ively .  The  p r o p o r t i o n s  of 
20:5n-3 in P E  in b a c t e r i a  g rown a t  5~  in s eawa te r  a n d  
f r e shwa te r  were ve ry  s im i l a r  a t  a r o u n d  4.3%. L ikewise  

t h e r e  was  no  d i f fe rence  b e t w e e n  b a c t e r i a  g rown  in sea- 
w a t e r  a n d  f r e shwa te r  m e d i u m  a t  20~  in t e r m s  of t h e  
p e r c e n t a g e  of  20:5n-3 in  P E  b u t  t h e  p e r c e n t a g e  {around 
0.9%) was  s i g n i f i c a n t l y  lower t h a n  were t h o s e  of t he  5~  
cultures.  A s  a consequence  of t empera tu re - re la t ed  changes  
in  t h e  c o n t e n t s  of  monoeno ic  and  p o l y u n s a t u r a t e d  f a t t y  
acids ,  t h e  P E  of b a c t e r i a  g rown a t  5~  was  more  un- 
s a t u r a t e d  overal l  t h a n  t h a t  of b a c t e r i a  g rown  a t  20~ A s  
w i t h  t o t a l  l ipid,  a n a l y s i s  of v a r i a n c e  of  t he  poo led  m a s s  
for  i n d i v i d u a l  f a t t y  ac ids  showed  t h a t  t h e  effect  of  tem-  
p e r a t u r e  was  gene ra l l y  more  s i gn i f i c an t  t h a n  t h a t  of 
m e d i u m  c o m p o s i t i o n  a n d  t h a t  s i g n i f i c a n t  i n t e r a c t i o n  be- 
tween  t h e s e  two  fac to rs  occur red  w i th  on ly  a few f a t t y  
acids.  

The  overa l l  f a t t y  ac id  c o m p o s i t i o n  of P G  {Table 4) was  
n o t a b l y  d i f fe ren t  f rom t h a t  of P E  in t h a t  i t  c o n t a i n e d  
h igher  p ropo r t i ons  of u n s a t u r a t e d  f a t t y  acids.  Conversely, 
t h e  overa l l  p r o p o r t i o n  of s a t u r a t e d  f a t t y  ac ids  was  lower  
in  P G  t h a n  PE.  B a c t e r i a  g rown in e i t h e r  f r e shwa te r  o r  
s e a w a t e r  m e d i u m  a t  20~ c o n t a i n e d  h ighe r  p r o p o r t i o n s  
of  s a t u r a t e d  f a t t y  ac ids  in t h i s  p h o s p h o l i p i d  t h a n  those  
c u l t u r e d  a t  5 oC. 

T h e  levels  of monoeno ic  f a t t y  ac ids  in P G  were signif i-  
c a n t l y  r e d u c e d  b y  g r o w t h  a t  5~  r ega rd l e s s  of  w h e t h e r  
t he  b a c t e r i a  were c u l t u r e d  in  f r e shwate r  or  s eawa te r  
m e d i a  Thus,  for seawate r  medium,  monoenoic  f a t t y  ac ids  
c o m p r i s e d  60.2 and  66.2% of t o t a l  P G  f a t t y  ac ids  a t  5 and  
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TABLE 4 

Effects of Growth Temperature and Medium Composition on Fatty Acid Composition (wt%) of Phosphatidylglyeerol 
from Vibrio sp. Showing Significance of Each Factor and Their Interaction a 

5~ 20~ Significance level (P] 
Fatty acids Seawater Freshwater Seawater Freshwater Temp. Medium Interaction b 

i-12:0 0.1 + 0.1 0.2 • 0.0 ND ND --  --  --  
12:0 0.7 +- 0.6 0.9 + 0.1 0.6 --- 0.2 0.5 + 0.2 --  --  - -  
/-13:0 0.5 + 0.4 0.6 --- 0.1 0.2 ___ 0.1 ND -- - -  - -  
14:0 1.5 _+ 0.4 2.5 + 0.1 0.9 + 0.1 0.8 • 0.0 0.0000 0.0081 0.0029 
14:1n-5 0.1 _+ 0.1 0.3 + 0.1 0.1 +__ 0.1 0.1 • 0.1 - -  - -  - -  
i-15.'0 5.4 _+_ 0.8 6.1 + 0.2 4.4 + 0.3 5.7 + 0.6 - -  0.0154 --  
a-15:0 0.4 + 0.2 0.4 +_ 0.2 0.2 ___ 0.2 0.1 + 0.1 --  --  --  
15:0 2.7 + 0.3 1.6 ___ 0.3 4.1 + 0.3 4.0 + 0.9 0.0001 0.0351 --  
15:1n-6 1.5 _ 0.6 0.9 --+ 0.1 1.9 ___ 0.2 1.5 + 0.3 0.0204 0.0316 --  
16:0 10.3 + 0.5 11.0 ___ 0.6 13.0 +_ 1.3 12.8 + 0.7 0.0017 --  - -  
trans 16:1n-7 15.2 + 1.0 15.1 + 0.4 6.1 +__ 3.6 8.5 • 0.8 0.0007 --  --  
16:1n-9 2.1 ___ 0.2 1.9 +_ 0.2 2.2 +__ 0.2 2.6 • 0.3 0.0053 --  0.0346 
cis 16:1n-7 23.4 • 1.1 26.9 • 0.3 27.7 • 3.8 25.2 + 0.7 --  --  0.0165 
i-17:0 0.4 • 0.2 0.3 ----- 0.1 1.3 • 0.3 1.6 + 0.5 0.0002 --  - -  
17:0 0.8 • 0.1 0.3 ___ 0.0 3.5 ----- 0.6 2.7 • 0.1 0.0000 0.0004 --  
17:1n-8 8.2 _+ 0.3 3.6 • 0.3 16.0 • 0.3 { 16.8 + 3.1 0.0000 0.0011 0.0047 
17:1n-6 1.4 ___ 0.2 0.3 • 0.2 1.7 • 0.3 -- 
18:0 0.6 + 0.1 0.3 • 0.1 2.0 • 0.2 1.3 + 0.2 0.0000 0.0005 --  
18:1n-9 2.0 +__ 0.2 0.8 • 0.5 4.7 • 0.8 4.3 ___ 0.8 0.0000 --  --  
18:1n-7 5.6 +_ 0.4 4.8 __. 0.6 5.3 • 0.4 6.4 • 0.7 --  --  0.0296 
19:1n-8 0.8 --+ 0.1 0.4 • 0.1 0.4 • 0.2 0.5 • 0.1 - -  --  0.0110 
20:5n-3 16.2 ___ 1.8 20.2 • 0.6 3.7 • 1.6 4.3 • 0.3 0.0000 0.0499 --  

Total sat. 23.4 • 1.2 24.2 ___ 0.7 30.1 ___ 2.2 29.8 • 0.5 0.0000 --  - -  
Total mono. 60.2 • 2.7 55.0 ___ 0.4 66.2 + 0.6 65.9 +__ 0.7 0.0000 0.0170 0.0345 
Total PUFA 16.2 +_ 1.8 20.2 + 0.6 3.7 • 1.6 4.3 + 0.3 0.0000 0.0499 --  
Unidentified 0.2 _+ 0.2 0.6 • 0.3 ND ND 

aValues are means _ SD of three cultures. 
bInteraction between temperature and medium composition. Mono., monoenoic fa t ty  acids; PUFA, polyunsaturated fat ty acids; ND, 

not detected; sat., saturated fat ty acids; --,  not significant, i-, iso; a-, anteiso. 

20~ respectively, with the corresponding values for 
freshwater medium being 55.0 and 65.9%. The only mono- 
unsaturated fatty acid which did not decrease or stayed 
constant in proportion between 20 and 5~ was trans 
16:1n-7, which exhibited a marked increase in proportion 
at the lower growth temperature with both media As with 
total lipid and PE, the only polyunsaturated fatty acid 
present in PG of the Vibrio was 20:5n-3 which accounted 
for 16.2% of the total fatty acids present in PG of bacteria 
grown at 5~ in seawater and 20.2% in the same phosph~ 
lipid of bacteria grown at the same temperature in fresh- 
water mediun~ The proportion of 20:5n-3 was very notably 
and significantly (P < 0.001) lower in the PG from bacteria 
grown in either medium at 20~ As with total lipid and 
PE, the fatty acid composition of PG was apparently more 
influenced by the temperature at which the Vibrio was 
grown than whether seawater or freshwater medium was 
employed. The significant interactions between the effects 
of temperatures and medium composition on fatty acid 
composition occurred mainly with monoenoic fatty acids. 

DISCUSSION 

The lipid class composition of the Vibrio species examined 
in the present study is relatively simple with PE and PG 
predominating and is typical of Gram-negative bacteria 
in general (1). However, the bacterium apparently lacks 
the phosphatidylserine and cardiolipin which have been 

reported for psychrophilic Vibrio isolated from marine 
sediments (9). 

T h e  b a c t e r i u m  p o s s e s s e d  t w o  t y p e s  of  f a t t y  a c i d s  w h i c h  
a re  n o t  t y p i c a l  o f  b a c t e r i a  in  g e n e r a l ,  n a m e l y ,  p o l y u n -  
s a t u r a t e d  f a t t y  a c i d s  a n d  trans-monoenoic f a t t y  ac ids .  
A l t h o u g h  t h e s e  f a t t y  a c i d s  h a v e  b e e n  r e p o r t e d  a s  occur -  
r i n g  i n d e p e n d e n t l y  in  Vibrio (2,10,11,26),  a s  f a r  a s  w e  a re  
aware  t h i s  is  t h e  f i r s t  r e p o r t  o f  t h e i r  s i m u l t a n e o u s  p r e s e n c e  
in  t h e  l ip ids  of  a s ing le  b a c t e r i a l  species .  S ince  t h e  n u t r i e n t  
w a s  d e f a t t e d  b e f o r e  i t s  i n c o r p o r a t i o n  i n t o  t h e  g r o w t h  
med ia ,  all t h e  f a t t y  ac ids  e x t r a c t e d  f r o m  t h e  b a c t e r i a  m u s t  
h a v e  b e e n  s y n t h e s i z e d  de novo a n d  n o t  t a k e n  u p  pre-  
f o r m e d  f r o m  t h e  m e d i u m .  T h e  level  o f  20:5n-3 in  t h e  t o t a l  
l ip id  of  t h e  Vibrio e x a m i n e d  here,  however ,  is  c o n s i d e r a b l y  
l e s s  t h a n  t h a t  o b s e r v e d  fo r  b a c t e r i a  i s o l a t e d  f r o m  d e e p -  
s e a  s o u r c e s  (2) w h e r e  t h i s  p o l y u n s a t u r a t e d  a c i d  c a n  ac- 
c o u n t  fo r  u p  t o  36 .7% of  t h e  t o t a l  f a t t y  ac ids .  A s  w i t h  
Vibrio s p ec i e s  in  g en e ra l  (9,17), 16:1 w a s  a m a j o r  f a t t y  ac id  
of  t h e  Vibrio s p e c i e s  e x a m i n e d  in  t h e  p r e s e n t  s t u d y .  
H o w e v e r ,  t h e  l eve l s  o f  iso-13:0 and iso-15:0, p a r t i c u l a r l y  
t h e  l a t t e r ,  w e r e  m u c h  h i g h e r  t h a n  h a v e  p r e v i o u s l y  b e e n  
r e p o r t e d  fo r  Vibrio a n d  o t h e r  m a r i n e  s p e c i e s  of  b a c t e r i a  
(2,9,17,27). I t  is  n o t a b l e  t h a t  t h e  r e p o r t e d  f a t t y  a c i d  c o m -  
p o s i t i o n s  of  Vibrio b a c t e r i a  do  v a r y  w i d e l y  (2,9). 

D e s p i t e  t h e i r  overa l l  r a r i t y  in  b a c t e r i a ,  trans f a t t y  a c i d s  
h a v e  b e e n  f o u n d  in  s o m e  s t r a i n s  of  m a r i n e  b a c t e r i a  in- 
c l u d i n g  Pseudomonas  at lant ica (28) a n d  a n  u n i d e n t i f i e d  
Vibrio sp.  g r o w n  in  s e a w a t e r  (11). T h e  leve l s  o f  trans 

LIPIDS, Vol. 28, no. 5 (1993) 



LIPID COMPOSITION OF A VIBRIO BACTERIUM 

395 

16:1n-7 in both  the PG and PE of the Vibrio employed 
in this s tudy were notably higher, especially at 5~ than 
those observed by Okuyama et  al. (10) in another  Vibrio 
species. Furthermore" in the Vibrio studied here, the pro- 
portions of the t rans-monoenoic  fa t ty  acid in PE and PG 
were similar, whereas in the bacteria studied by Okuyama 
e t  al. (10) the t rans  16:1n-7 was present in higher concen- 
tration in PE than PG. The biological significance of trans 
f a t ty  acids in bacteria remains to be established. 

Given the relatively high levels of 18:1n-9 present in the 
lipids of the Vibri~ it seems likely that,  in addition to the 
enzymes of the so-called anaerobic pathway of desatura- 
tion (1), the bacterium also possesses the aerobic h9 
desaturase of eukaryotic cells. The wide spectrum of 
monounsatura ted fa t ty  acids present also indicates tha t  
the inferred A9 desaturase can act on a wide range of both  
odd- and even-numbered saturated fa t ty  acids and tha t  
the Vibrio contains an active system for the elongation 
of acyl chains. Although the profile of monounsatura ted  
fa t ty  acids can be explained by the existence in the Vibrio 
of a single desaturase" the A9 desaturase, the synthesis 
of 20:5n-3 requires the bacterium to possess A12, A15, a6 
and A5 desaturases if its formation proceeds via conven- 
tional pathways found in eukaryotes. I t  is notable tha t  
intermediates between monounsatura ted and the penta- 
enoic fa t ty  acid product  are not  found, even in trace 
amounts,  in the Vibrio lipid. Although uncommon, this 
si tuation is similar to tha t  found with the dinoflagellate 
Cryp thecod in ium  cohnii  in which 22:6n-3 is a major fa t ty  
acid and no other  polyunsaturated fa t ty  acid comprises 
more than  0.1% of the total  fa t ty  acids (29). I t  remains 
to be established whether the desaturations leading to the 
formation of 20:5n-3 in the Vibrio involve acyl carrier p r~  
tein derivatives or fa t ty  acids esterified in phospholipids, 
as substrates. 

The effects of temperatures  on lipid composition were 
far more pronounced than  those of the salinity of the 
medium. The increased proportions of PE in lipid at  low 
growth temperature  is in keeping with the si tuation 
observed with poikilothermic animals (7). I t  is notable, 
however, tha t  the increase in the proportion of PE was 
balanced by reductions in those of NEFA rather  than  
those of PG. This lack of change in the proportion of PG 
is consistent with the fact tha t  significant alterations in 
the level of this phospholipid in the halophilic Vibrio 
cos t icola  occur only when the salt concentrat ion of the 
medium is increased to values far in excess of those 
employed here (30). 

Temperature effects on Vibrio fa t ty  acid compositions 
have been reported previously with the actual effect vary- 
ing with species (9). The present s tudy  showed a definite 
increase in the proportion of polyunsatura ted fa t ty  acids 
in the bacterial lipid as temperature  decreased. This is in 
keeping with the situation reported for many poikilother- 
mic vertebrate and invertebrate animals (7). The increase 
in the level of 20:5n-3 in the Vibrio by lowering growth 
temperature from 20 to 5~ was slightly less than the six- 
fold increase in the proportion of 22:6n-3 which occurs 
when Vibrio rnarinus is subjected to a decrease in en- 
vironmental  temperature  from 20 to 2~ (2). 

Also very  notable was the increase in the content  of 
t rans  fa t ty  acids as the growth temperature  decreased. 
This is in marked contrast  to the report of Okuyama et  aL 
(10) who found tha t  the t rans-monoenoic  fa t ty  acid con- 

tent  of the lipid from Vibrio sp. strain ABE-1 was higher 
at  20 than 5 ~ Previously, increases in the proportion of 
t rans  16:1n-7 with increasing growth temperature  have 
been explained in terms of the t rans  fa t ty  acid increas- 
ing the phase transit ion temperature  of the membrane 
phospholipid as an adaptat ion to changes in the ambient 
temperature  (10). However, this explanation is not ap- 
plicable to the si tuation observed in the present s tudy 
where the level of trans 16:1n-7 was higher at  5 than 20~ 
Since the proportions of trans 16:1n-7 and 20:5n-3 both  
increased with decreasing temperature, it is possible tha t  
the net  effect is a cooperative response between two fa t ty  
acids in the same phospholipid molecule which ensures 
molecular packing compatible with membrane bilayer 
properties required at lower temperatur~ 

In summary, the present s tudy demonstrates  tha t  
20:5n-3 and t rans  16:1n-7 occur simultaneously in both  
PG and PE of a Vibrio species of bacterium and tha t  a 
reduction in growth temperature significantly increases 
the proportions of both fa t ty  acids in these lipids. Studies 
are continuing with the Vibrio to establish the pathways 
of 20:5n-3 biosynthesis. In addition, the positional distri- 
bution of trans 16:1n-7 and 20:5n-3 in PG and PE and how 
this is influenced by growth temperature, is under exam- 
ination. 
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