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ABSTRACT 

Positional isomers of cis-methyleneoctadecanoic acid differed greatly in their efficiency for growth 
of an unsaturated fatty acid auxotroph of Escherichia coli upon glucose as a carbon source. The 8, 9, 
and 11 isomers were more efficient in producing cells (60-70 cells/fmole) than the others (0-7 cells/ 
fmole), although all isomers were found esterified to a similar extent into cellular lipid. With Sacc- 
haromyces cerevisiae mutants, all isomers between 6 and 12 supported some growth of the eukaryotic 
cells, and the 7 and 9 isomers were slightly more efficient than the 8-isomer. When E. coli were grown 
with glycerol, all isomers from 5 to 14 supported growth, and those with the substituent near the 
center of the acyl chain had the greatest efficiency (70 cells/fmole). With the glycerol medium, the 
pattern of efficiencies for the various cis-methylene acyl chains resembled the broad selectivity re- 
ported earlier for the cis-ethylenic isomers in glucose medium, which agreed closely with predictions 
based upon the physical property of their phospholipid derivatives. Thus, metabolism of glycerol 
appeared to allow the cyclopropane acyl chains to support cell functions to the limits expected for 
bulk phase chain-chain fluidity considerations. This broad specificity was also obtained when cells 
were grown on glucose with cyclic AMP added to the culture. Therefore, the selective inadequacies of 
the 5, 6, 7, 10, 12 and 13 isomers in supporting cell growth on glucose may occur through an 
interaction modified by cAMP and dependent upon reduced cellular levels of cyclic AMP. The highly 
selective pattern of efficiency of the cis-methylene acids for E. coli growth on glucose resembles that 
with the acetylenic acids, but was shifted one carbon atom toward the methyl terminus. This observed 
selectivity pattern seems due to interactions of the individual acyl chains with cellular protein(s) rather 
than to chain-chain interactions in a bulk phase. The ability of certain positional isomers to support 
cell function equally well in both nutrient conditions suggests that the role of those acyl chain isomers 
may be independent of metabolite flux or cyclic nucleotide contents of the cell, whereas the actions 
of other isomeric fatty acids seem closely related to the metabolic status of the cell. A highly selective 
role for different fatty acids in modulating cellular function seems possible on the basis of the current 
evidence. 

INTRODUCTION 

The acyl  chains  of  cellular l ipids are c o m m o n -  
ly assigned a s ignif icant  role in m a i n t a i n i n g  the  
in tegr i ty  of  the  m e m b r a n e  bi layers  (1).  Com- 
b ina t ions  of  sa tu ra ted  and  u n s a t u r a t e d  acyl 
chains  p re sumab ly  can provide  favorable  de- 
grees of expans ion ,  p las t ic i ty  or  f lu id i ty  t h a t  
fac i l i ta te  m e m b r a n e - m e d i a t e d  processes.  An  
essential  role for  uns a t u r a t ed  f a t t y  acids in cell 
phys io logy  is ev ident  in s tudies  wi th  auxo t ro -  
phic  microbia l  m u t a n t s  t ha t  c a n n o t  syn thes ize  
the  u n s a t u r a t e d  b o n d  (2 ,3)  and  t h e r e b y  c a n n o t  
grow w i t h o u t  s u p p l e m e n t a l  n u t r i e n t  unsa tu-  
ra ted  f a t ty  acids. Such  organisms provide  useful  
mode l  sys tems for  de t e r m i n i ng  the  m a n n e r  by  
which  acyl chains  play the i r  vital  roles. 

A wide var ie ty  of  acyl  cha ins  occur  in na- 
ture,  and  the  m o r e  c o m p l e x  euka ryo t i c  organ- 
isms have evolved a series of  dehydrogenases  
which  i n t r o d u c e  cis-ethylenic b o n d s  i n to  pre- 
fo rmed  acyl chains  to  give m a n y  d i f fe ren t  acids 
in the  cellular l ipids (4).  T he  e u k a r y o t i c  acyl- 
C o A : p h o s p h o l i p i d  acyl t ransferases  have a 
select ivi ty  (5) t h a t  ensures  rapid  i n c o r p o r a t i o n  

(and  t h e r e b y  pers i s ten t  r e t e n t i o n )  of  long-chain  
p o l y u n s a t u r a t e d  acids in t issue phosphol ip ids .  
An  i m p o r t a n t  role in m a m m a l i a n  cells for  some  
of  these  acids m a y  be as a p recu r so r  of  the  very 
p o t e n t  au tacoids ,  p ros tag land ins  and  t h r o m -  
boxanes  (6). The  need  for  such  au taco ids  to  

med ia t e  and  m o d u l a t e  complex ,  i n t eg ra t ed  
euka ryo t i c  cell f u n c t i o n s  may  expla in  the  re- 
cognized need' by  m a m m a l s  (7)  for  the  (n-6)  

class of  "e s sen t i a l "  f a t ty  acids. Fo r  example ,  
ester if ied l ino lea te  [ 18 :2 (n-6) ]  cou ld  be regard- 
ed as an ester if ied poo l  of  p recurso r  for  fo rming  

e icosa t r i enoa te  [ 20 :3 (n -6 ) ]  and  a r ach idona t e  
[20 :4 (n -6 ) ]  which  can in t u rn  fo rm PGE 1 and  
PGE2,  respecit ively.  However ,  m a n y  add i t iona l  
f a t ty  acids occur  for  which  a d i s t inc t  phys io-  
logic role has yet  to  be  assigned, and  the  con-  
sequence(s )  of  the i r  occur rence  in a cell are un-  
cer tain.  In addi t ion ,  we still do  no t  k n o w  the  
degree to which  a r a c h i d o n a t e  (or  o the r  (n-6)  
acids) are aiding cells by  fo rming  p ros tag land ins  
in compar i son  to contributing to  membrane 
f luidi ty.  A p p a r e n t l y ,  an  o c t a d e c e n o a t e  w i th  
on ly  one  cis-ethylenic b o n d  can provide  ade- 
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quate plasticity or fluidity for growth of the 
microbial mutants studied (8,9,10). The value 
of having the variety of elongated and desatu- 
rated acyl chains that are commonly seen in the 
cellular lipids of eukaryotic organisms is not 
clearly evident. 

We have developed evidence to show that an 
unsaturated fatty acid may influence cellular 
functions in a manner other than that expected 
from contributing to membrane fluidity or 
from forming prostaglandins and related aura- 
colds. Our previous studies (11-13) indicated 
that some fatty acids exhibit effects that do not 
fit the additive, nonselective properties attribut- 
able to chain-chain interactions that are assoc- 
iated with fluidity. The current report illustrat- 
es that cyclopropane fatty acids can interact 
with ceils in a highly selective manner that 
affects cell proliferation and that depends upon 
other aspects of cellular metabolism. 

MATERIALS AND METHODS 

The Escherichia coli mutant  30E/3ox- (14) 
was obtained from Drs. C.D. Linden and C.F. 
Fox (Dept. of Bacteriology, UCLA). It was 
derived from a/3-glucoside-fermenting derivative 
of K-12 strain MO,F- strr (15) by nitrosogu- 
anidine mutagenesis and penicillin selection to 
obtain strain 30", an unsaturated fatty acid 
auxotroph lacking the /3-ketoacyl acyl carrier 
protein synthetase (fab B), but no t  lacking the 
~-hydroxydecanoyl thioester dehydrase (fab A) 
(1 6,1 7). Subsequently, an elaidate-utilizing 
mutant  (30E) was derived from 30- (18) as 
described by Schairer and Overath (19), and 
mutagenized by nitrosoguanidine to give, fol- 
lowing penicillin selection, the 30E/~ox" strain 
(14) used in these studies. The cells showed a 
100-fold reduction in release of 14CO 2 from 
carboxy labelled fatty acid when compared to 
the parent 30E, and showed no/3-oxidation pro- 
ducts derived from exogenous fatty acids upon 
gas chromatographic analysis of the cellular 
phospholipids (14). The unsaturated fatty acid 
requirement was routinely validated by the lack 
of growth on replicate plates without oleic acid, 
and the absence of functional 3-oxidation was 
shown by a lack of growth on plates containing 
oleic acid as the only carbon source. 

The medium used, as in the previous studies 
(11,12), was Medium A supplemented with 
0.5% casamino acids (Difco, Detroit, MI) and 
either 1% glucose or 0.5% glycerol as the energy 
source. Nutrient unsaturated fatty acids were 
synthesized as described in an earlier publica- 
tion (20), and added as the ammonium soaps in 
ethanol. The solid medium used was medium A 
with 0.4% sodium succinate plus 0.1% glucose 

as the energy source, 1.5% agar, 0.5% Tween-40 
(Sigma, St. Louis, MO) and when desired, 
0.15% oleic acid. The lack of casamino acids in 
the solid medium also provided conditions to 
prevent appearance of spontaneous amino acid 
auxotrophs. 

All growth studies were performed at 37 C. 
Culture tubes were inoculated at 107 cells per 
ml with log phase cells, and growth was mon- 
itored turbidimetrically at 660 nm with a 
Bausch & Lomb Spectronic 20. Microscopic 
counts were made concurrently with A660 
readings during growth and at the harvest of the 
culture. From these data, a computer-fitted 
polynomial regression showed cells/ml = -.004 + 
4.47A660 + 34.56A2660 - 67.05A6360 + 42.46 
A~60. Periodic checks of this relationship con- 
firmed the validity of the more convenient tur- 
bidimetric readings. In addition to monitoring 
cell number, aliquots of the cultures were 
plated on control plates described above at var- 
ious times during the growth and at stationary 
phase to check for the presence of possible con- 
taminants or revertants. No contaminants or 
revertants were observed. 

Yeast mutants, Saccharomyces cerevisiae 
KD-46 and KD-115, were obtained from Dr. A. 
Keith (Department of Biophysics, Pennsylvania 
State University). KD-46 is a respiratory de- 
ficient mutant  (21) that cannot synthesize the 
porphyrin (22) needed for unsaturated fatty 
acid synthesis, and KD-115 has respiratory 
activity, but is deficient in the desaturase (23). 
The KD-115-PR respiratory-deficient strain is a 
petite mutant  isolated from the KD-115 (Graft 
and Lands, unpublished). The yeast cultures 
were maintained with the media and conditions 
described previously (24,25). 

RESULTS 

Increasing amounts of the cylopropane fatty 
acids gave increased cell yields of both types of 
cells used. With E. coli, only the 8, 9, and 11 
isomers produced net cell yields greater than 
109 cells]ml (Fig. 1). The effectiveness (e) of 
each acyl chain in support ing bacterial cell 
growth was determined from the slope of the 
cell yield response curves between 10 and 30 
/~M nutrient,  and averaged values for the dif- 
ferent positional isomers are compared in 
Figure 2. The results indicate that isomers 2 to 
7 and 12-17 were very ineffective in supporting 
growth on glucose. Also, the 10-isomer differed 
greatly from the adjacent isomers (9 and 11). 
All isomers were found esterified in cellular 
phospholipids (Table I), and the amount at 
stationary phase was similar for most isomers 
whether expressed as mole percent of total 

LIPIDS, VOL. 13, NO. 12 



880  W.E.M. LANDS, R.W. SACKS, J. SAUTER AND F. GUNSTONE 

2 5  A ' ~ t B  ' ' 
E S~ 

% 

._~ 
~- 5 
.~ -- ~ m ~_~ 0____0---0~ 

(~ J I I I 

0 20 40 0 
Initial Concentrotion (~M) 

O 

/ 
O 

0 0 . / A / A " ' - ' - -  

- 

20 40 

FIG. 1. Cyclopropane acids support growth on glucose. The effect of increasing concentration of cis- 
methyleneoctadecanoic acid isomers on the net ceil yields of E. coli 30Eflox- was measured at 37 C with 1% 
glucose as the energy source. Values for the odd-numbered isomers (panel A) are noted: 7, 0; 9, u; and l 1, A. 
The even-numbered isomers (panel B) are noted: 8, 0; 10, o; and 12, zx. Each data point represents the average of 
several determinations at any one concentration of nutrient acid. Inocula were prepared as previously described 
(12). 
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FIG. 2. Effectiveness ofcis-methyleneoctadecanoic 
acid isomers in supporting growth./s coli 30E/3ox- was 
grown at 37 C with 1% glucose as the energy source. 
The ordinate value for each nutrient isomer represents 
the magnitude of the slope of the linear region of plots 
of net cell yield vs. initial fatty acid concentration 
such as those shown in Figure 1. 

esters or as amoles  of  n u t r i e n t  acid es ter i f ied 
per  cell. The  values of  these  c o n t e n t s  were 
grea ter  for  the  i somers  wi th  the  s u b s t i t u e n t  

near  the  m e t h y l  end  of the  acyl chain.  
Mutan t s  of the  yeast  S. eerevisiae were also 

able to  use c y c l o p r o p r o p a n e  f a t t y  acids to  
a c c o m m o d a t e  a n u t r i t i o n a l  r e q u i r e m e n t  for  
unsa tu ra t ed  f a t t y  acids. F r o m  graphs  similar  to  
Fig. 1 (results  n o t  shown) ,  the  l inear  regions of  
increase  in cell yield wi th  increased  n u t r i e n t  
c o n c e n t r a t i o n  gave eff ic iency values (c) s h o w n  
in Fig. 3. With all th ree  yeas t  m u t a n t s  tes ted,  
i somers  wi th  the  s u b s t i t u e n t  nea r  the  cen te r  of  
the  chain  were the  more  effect ive  ones.  The  
p a t t e r n  of  select ivi ty  wi th  the  r e sp i ra to ry  
i n c o m p e t e n t  m u t a n t ,  KD-46,  r e sembled  t h a t  
w i t h  t h e  r e s p i r a t o r y  c o m p e t e n t ,  KD-115,  
a l t h o u g h  the  l a t t e r  m u t a n t  f o r m e d  a b o u t  3-fold 
more  cells per  fmole  of  n u t r i e n t  acid and  also 
grew more  effect ively wi th  the  12 to 15 iso- 
mers.  One  u n e x p e c t e d  d i f fe rence  b e t w e e n  the  
KD-115 (Fig. 3A)  and  its der ived pe t i t e  m u t a n t  
(Fig. 3B)  was the  grea ter  n u m b e r  of  cells per  
fmole  p r o d u c e d  by  the  pa ren t  s t ra in  (KD-115)  
wi th  t he  8 to  10 isomers.  

G r o w t h  of  the  b a c t e r i a o n  glycerol  p rov ided  
l inear ly  increased cell yields over  a wide range 
of n u t r i e n t  fa t ty  acid c o n c e n t r a t i o n  as s h o w n  
by  the  examples  in Fig. 4A, The  g r o w t h  effec- 
t iveness (c) of  the  8, 9 and  11 i somers  was 
equal  to  tha t  seen for  g r o w t h  on glucose, 
whereas  i somers  5, 6, 7, 10, 12, 13 and  14 
s u p p o r t e d  m u c h  more  g r o w t h  on  glycerol  t h a n  
on  glucose (Fig. 4B).  The  p a t t e r n  of  the  e 
values for  the  var ious  i somers  was a fair ly 
s m o o t h  curve v: i th  an o p t i m u m  for  the  10- 
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isomer and with none of the sharp irregularities 
observed for growth on glucose (dashed line). 

To test for the involvement of cAMP in the 
growth response with different carbon sources, 
cells were grown on glucose plus 1 m_M cAMP. 
Fatty acid isomers observed to be ineffective 
for growth on glucose alone supported linear 
cell yields with 10-fold higher efficiencies in the 
presence of added cAMP (Fig. 5A). The pattern 
of e values in the presence of the cyclic nucleo- 
tide (Fig. 5B) differed greatly from the pattern 
on glucose alone, but was almost identical to 
that shown in Fig. 4B for growth on glycerol. 
The pattern for growth efficiency on glucose 
with added cAMP also closely resembled the 
"bell-shaped" curve reported earlier (12) for 
g rowth  with the various cis-octadecenoate 
isomers on glucose with one exception being 
the inability of the 6-cis-octadecenoate isomer 
to support growth on glucose. We found that 
when cAMP was added to the culture medium, 
the effectiveness of the 6-isomer became nearly 
10-fold greater (Fig. 6), whereas that for many 
other cis-octadecenoate isomers was unchanged. 

Analysis of the lipids from cells grown to 
stationary phase with cyclopropane acids and 
glucose plus added cAMP produced results 
(Table II) very similar to those obtained in the 
absence of added nucleotide. The amoles of 
total esterified acid per cell ranged from 101 to 
190 (compared  to 134-198 in unsupple- 
mented), and the amoles of nutrient acid per 
cell was 7 to 36 (compared to 5-33 in unsupple- 
mented). In both experimental conditions, the 
positional isomers with the methylene bridge 
near the center of the chain were present at 
lower amounts per cell than were those isomers 
with the substituent nearer the ends of the 
chain. 

DISCUSSION 

The possibility that fatty acids may exert 
selective effects beyond their accepted non- 
selective role in fluidity led us to develop 
quan t i t a t ive  estimates of the contribution 
(functionality factor; ref. 25) of the esterified 
acyl chains to cellular function. We reported a 
close quantitative agreement between the func- 
tionality factor calculated for isomeric cis- 
octadecenoic acyl chains esterified in cellular 
membranes and the degree of expansion (or 
fluidity) of their synthetic phospholipid deriva- 
tives (12). The functionality factors calculated 
for the various cis-ethylenic isomers formed a 
rather smooth curve with an optimum for the 
9- and 10-isomers (12). The nutritional effec- 
tiveness (e) of the different cis-octadecenoates 
gave a pattern similar to that for the function- 

TABLE I 

Incorporat ion  of  the c is -Methyleneoctadecanoic  
Acid Isomers  into Cellular Lipids of E. coil 

30E~ox- When Grown on Glucose a 

Acids  in Cellular Phospholipids 

Total Mole % Nutrient  
Isomer amoles/cell  nutr ient  amoles/cell  

4 140 (2) 3.5 5.0 
5 134 (2) 7.0 9.4 
6 150 (2) 6.7 10.0 
'7 1 7 5  ( 4 )  8 . 0  1 4 . 0  

8 1 6 3  ( 4 )  8 . 7  1 4 . 3  

9 158 (4) 8.0 12.7 
10 175 (4) 7.3 12.7 
1 1  1 8 2  ( 4 )  8 . 2  1 4 . 9  

12 198 (4) 11.4 22.7 
13 164 (2) 15.9 26.1 
14 148 (2) 22.0 32.6 
15 158 (2) 11.4 18.0 

aThe content  of nutr ient  acid in the total  phospho- 
lipid was determined by GLC on 10% diethyleneglycol  
succinate at 180 C utilizing a Varian 2740 Gas Chro- 
motograph. Cultures were supplemented with concen- 
trat ions (10 - 20 gM) of the indicated isomer and 
harvested and extracted as described earlier (12). 
Values in parentheses indicate the number  of deter- 
minat ions made. 
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FIG. 3. Effectivenss of eis-methyleneoctadecanoic 
acid isomers in support ing growth of Saeeharomyees 
cerevisiae. The ordinate value for the efficiency of 
each isomer was determined as described in Figure 2. 
Preparation of inocula and growth condit ions have 
been desmibed elsewhere (19). For each mutant ,  the 
energy source was glucose. KD-115 (panel A), KD-115 
PR (panel B), and KD46 (panel C). 

ality factors with one exception: the 6-isomer. 
Thus, the cis-6-octadecenoate seemed to be in- 
volved in some selective interaction that was 
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FIG. 4. Cyclopropane acids support  growth on glycerol. A. The effect o f  increased initial fa t ty  acid concen- 
tration of the even-numbered isomers of  cis-methyleneoctadecanoic acid on the net  cell yield with 0.5% glycerol 
as the energy source for the E. coli mut an t  at 37 C. Data we L.e obtained with inocula and growth condit ions 
(except carbon sources) as described in Figure t.  Symbols:  6 , < ) ;  8, O', 10, o; and 12, a B. Comparison of  the 
efficiencies o f  the cis-methyleneoctadecanoic acid isomers for--supporting growth of the E. coli mutan t  with 
either 0.5% glycerol (O-O) or 1.0%glucose (D - c~) as the energy source. 
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growth with glucose alone (o- D). 
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restraining cell growth in a way not expressed 
by the other cis-octadecenoate isomers. Selec- 
tive effects are manifested in two ways: (a) a 
lower than normal ratio of  the nutrient effec- 
tiveness (e) to the calculated functionality 
factor (f), and (b.) a low maximum cell yield 
that becomes independent of increased nutrient 

acid concentration while still below that ob- 
tained with normal fatty acids (as shown in Fig. 
1). Our studies were designed to quantitatively 
compare acids under conditions where the cells 
have just ceased growth as a result of insuffici- 
ent nutrient fatty acid. Under these conditions, 
an acid that is highly effective in supporting 
growth will produce many cells per fmole and 
therefore be present at a small number of 
amoles per cell (25). Thus, a low concentration 
of nutrient acid at stationary phase may not 
indicate that  the acid is an ineffective nutrient, 
but that it is actually a very effective one that 
can support further cell division when present 
at a concentration below that where other fatty 
acids may fail. The higher content  (mole % and 
amoles nutrient per cell) observed for isomers 
with the functional group near either end of the 
acyl chain (particularly the methyl end) is con- 
sistent with the recognized lower contribution 
to fluidity in bulk phase of the corresponding 
cis-ethylenic analogs (12,26), and reaffirms the 
presumed importance of fluidity in supporting 
ceil replication. Those isomers (at positions, 6, 
7, 10, and 12) with low ratios of e/f  provide 
evidence for selective growth-limiting events 
that are due to processes other than fluidity. 

T A B L E  II 

I n c o r p o r a t i o n  o f  c i s -Methy leneoc tadecano ic  Acid  
I somer s  In to  Ce l lu l a r  P h o s p h o l i p i d s  o f  E. coil  

30E/3ox- w h e n  G r o w t h  o n  GIucose  in the  
P resence  o f  A d d e d  c A M P  a 

A c i d s  in Cel lu la r  P h o s p h o l i p i d s  

T o t a l  Mole % N u t r i e n t  
I s o m e r  amo le s / ce l l  n u t r i e n t  amo le s / ce l l  

4 112 (2)  6.1 6.8 
5 172 (2)  15.6  2 6 . 8  
6 185 (2)  13.7 25 .3  
7 154 (2)  7 .0  10 .8  
8 161 (2) 8.5 13 .8  
9 153 (1) 8 .0  12.2 

10 171 (2)  8.5 14 .6  
11 101 (1)  4 .4  4 .4  
12 190 (2) 6.1 11.7 
13 160 (2)  7.1 11 .4  
14 154 (2)  30.1 4 6 . 4  
15 128 (2) 23.0 29.5 

a C o n d i l i o n s  a n d  p r o c e d u r e s  w e r e  the  same  as in 
Tab le  I w i t h  1 m M  cAMP ~dded  to  t he  m e d i u m .  

Conformational Aspects 

Many acetylenic analogs exhibted a highly 
selective inability to support bacterial growth 
(11) that was not predicted on the basis of gen- 
eral physical-chemical considerations (which 
tend to be nonselective and additive). Figure 7 
illustrates the striking similarity of the growth 
efficiencies for the acetylenic and cyclopropane 
fatty acids. The patterns for the two types of 
fatty acid isomers are almost superimposable 
with the exception of a shift of one carbon 
atom. We first described the "frame-shift" 
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FIG. 7. Comp~ison of cyclopropane acids with 
acetylenic acids. Efficiencies of the cis-methylen- 
octadecanoic acid isomers (D - ~) compared to those 
obtained previously (11) for the octadecynoic acid 
isomers (0-0) in supporting growth of the E. coli 
mutants at 37 C with 1% glucose as the energy source. 

p h e n o m e n o n  w h e n  examining acyl-CoA: 
phospholipid acyltransferases (27). In that 
work ,  the 9-ynoic acid was metabolically 
equivalent to and could be oriented in a manner 
that is spatially equivalent to the 10-isomer. of 
cis-octadecenoate. The enzyme(s) appeared to 
interact in a highly selective manner with a cis- 
rotamer (rotational conformer) of the individ- 
ual, solvated acetylenic acyl-CoA derivatives. 
Space-filling models readily demonstrated that 
the cisrotamers of the 7, 8 and 10 acetylene 
analogs are spatially equivalent to the corres- 
ponding 8, 9 and 11 cyclopropane isomers to 
which they are also nutritionally equivalent 
(Fig. 7). The appearance of a highly selective 
isomeric difference in the present study leads us 
to suggest that the irregular pattern of nutrient 
effectiveness obtained with cells in the glucose 
medium probably reflects some specific con- 
figurational acyl chain-protein interactions. At 
the present time, all studies of fatty acid trans- 
port, activation, esterification and hydrolysis in 
E. coli have failed to exhibit a specificity that 
accounts for the highly selective interactions re- 
ported here. 

Since many of the cis-ethylenic acids were 
more effective nutrients in glucose than their 
spatially-equivalent cyclopropane analogs, some 
feature of the cis-ethylenic bond appears to 
allow them to be more consistently effective. If 
the required feature was merely the presence of 
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1r-bonds, as described earlier for 1-acyl- 
GPC:acyl-CoA acyltransferase activity (28), we 
might expect the acetylenic isomers to serve 
equally well as the cis-ethylenic analogs. The 
fact that they do not indicates that both spatial 
and electronic aspects are important features. 
Prior studies by Silbert et al. (29) noted that 
some cyclopropane acids were suitable nutri- 
ents for auxotrophic cultures, although Cronan 
et al. later concluded (30) that fatty acids of 
this type appear to impede exponential growth. 
Speculations on the impact of the cyclopropane 
acids on cell physiology were reviewed recently 
(31) without a definite role being demonstrat- 
ed. Our results clearly indicate that different 
positional isomers of these acids can have 
highly selective effects, and that the presence or 
absence of 7r-bonds may indeed influence a 
cell's response to an acyl chain. 

The use of a series of positional isomers has 
provided a range of cellular responses to a given 
type of acyl chain substituent. Not all cyclopro- 
pane acids are defective growth promotors, and 
some acetylenic acids support growth even 
though they have high melting points. General 
conclusions regarding the effect that a type of 
acid (e.g., cyclopropane or trans) may have 
upon cell physiology are not reliable when 
based on observations of only one or two 
members of a series. Furthermore, although all 
f a t t y  ac ids  will influence the membrane 
fluidity, effects other than fluidity can occur. 

Acyl Chain Adequacy in Different Media 

Although the growth on glucose was low 
with the 5, 6, 7, 10, 12 and 13 isomers, the 
high growth observed with added cAMP or with 
glycerol indicates that there was nothing about 
the chemistry of those acyl chains per se that 
prevented their phospholipid derivatives from 
supporting cell functions~ In these later media, 
the cyclopropane acids had e values comparable 
to their corresponding cis-ethylenic analogs, 
which correlated well with the relative contri- 
bution that each isomeric acid can make to 
phospholipid fluidity (12). The close agreement 
with these two types of structural analogs 
indicates that the expected similarity in physi- 
cal properties of cis-ethylene and cis-methylene 
prevails in the membrane lipids even though a 
different nutrient effectiveness is observed. In 
addition, the mole % values for the cyclopro- 
pane acids in the presence of cAMP are similar 
to those in the absence of cAMP. This result 
leads to similar estimated functionality factors 
in both media. Such a result suggests that the 
cyclic nucleotide enhanced cell growth without 
appreciably altering the acyl chain's propor- 
tional contribution to membrane fluidity. 
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Regular "bell-shaped" responses to different 
positional isomers were observed more consis- 
tently with the eukaryote, S. cerevisiae, than 
with the prokaryote, E. coli. For this reason, 
we conclude that the plasticity or degree of 
expansion of the membrane lipids, which fol- 
lows the same "bell-shaped" pattern, is a 
principal factor limiting yeast cell growth with 
these acids. This pattern of results was also 
obtained for cis-octadecenoate isomers with 
KD-1 15 grown with either glucose (repressed) 
or glycerol (depressed) as the carbon source 
(24). Thus, the eukaryotic yeast cells have 
fewer  growth-limiting selective interactions 
with nutrient fatty acids than do the bacteria 
studied, and they seem more resistant than E. 
coli to this aspect of glucose repression. We 
have reported, however, that the yeast mutant  
KD-46 showed highly selective inhibitory ef- 
fects of isomeric trans-octadecenoates, whereas 
the bacteria appeared unresponsibe to the posi- 
tional differences among the trans fatty acids 
(13). Thus, highly selective interactions of acyl 
chains are also clearly evident in yeast. 

Modulation of Catabolite Repression 

The ability of some fatty acids to support 
greater bacterial growth with glycerol than with 
glucose is an indication that catabohte repres- 
sion may be involved. Repression of cellular 
functions by glucose (32) may occur by reduc- 
tion of the cellular content of cAMP (33) al- 
though an alternative accumulation of a repres- 
sive factor has been reported (34). The well- 
recognized action of cAMP in combination with 
catabolite activator protein (35) in stimulating 
transcription of some genes is paralleled by an 
ability of unadenylyated glutamine synthetase 
to stimulate transcription in the case of the 
enzymes of the histidine utilizing (hut) system 
(36). In this case, both glucose and ammonia 
can repress the formation of the hut enzymes, 
and reduction of the ammonium concentration 
allows release of the system from the glucose 
(catabolite) represssion (37). A related example 
is the synthesis of tyramine oxidase which is 
also relieved from catabolite repression under 
conditions of nitrogen limitation (38) perhaps 
involving a factor other than glutamine syn- 
thetase. Our present results suggest that general 
metabolic regulation by carbohydrates (energy 
sources) and ammonia and amino acids (nitro- 
gen sources) may be complemented by effects 
of lipids. Fatty acids or their intracellular de- 
rivatives appear to modulate or mediate a form 
of catabolite repression in which cell growth is 
not possible with certain types of fatty acids 
and is fully competent with others. 

The failure of ceils to grow indicates that 

some fatty acids can selectively create a serious 
inbalance in the regulatory systems of the cell. 
A pleiotropic effect on transport systems of E. 
coli K-1061 was described (39) for  cells grown 
in glucose with high levels of cis-ll-octade- 
cenoate or cis-9-methylenehexadecanoate. The 
manner in which the fatty acids were involved 
in the response of catabolite repression was not 
c lear ,  and  o lea te  (c9-18:1), palmitoleate 
(c9-16: I) and cis-7-hexadecenoate gave normal 
transport activity (39). In those experiments, 
no reduction in the growth o f  the cells was 
observed in contrast to the present report. An 
earlier report (19) noted that an E. coli auxo- 
troph could grow in glycerol on 9-cis, 9-trans, 
9-acetylenic and l l-cyclopropane acids, but 
only on 9-cis and l l -cyclo in glucose. Sub- 
sequent experiments focused attention on the 
physical properties of the different chemical 
types of acid and have used mutant  variants 
that may not have the regulatory features of 
the parent mutant.  Our results suggest that a 
wide variety of variants permitting growth on 
certain fatty acids could occur by spontaneous 
mutations in the pleiotropic cAMP regulatory 
system. 

Our current study documents a highly selec- 
tive effect and indicates the conformation of 
isomer and chemical type of acyl chain capable 
of creating the impaired growth condition. 
Further work is needed to identify the enzyme 
activities that are directly affected by this 
specific regulatory response to fatty acids or 
their intracellular derivatives. The current find- 
ings are of particular importance in regard to 
how different acyl chains may influence cell 
physiology since they show that cellular cyclic 
nucleotides can alter, and may mediate, mark- 
edly different effects produced by closely 
related fatty acids. These different regulatory 
effects of fatty acids can be expected to occur 
in other cells to varied degrees and to be more 
pronounced under conditions of catabolite 
repression. 
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