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Phy tan ic  a c i d  (3,7,11,15-tetramethylhexadecanoic a c i d ) ,  an unusual 
branched c h a i n  f a t t y  a c i d  thought  t o  d i s r u p t  t h e  hydrophobic  re -  
g ions o f  membranes, can be i nco rpo ra ted  i n t o  the  l i p i d s  o f  growing 
Neurospora c u l t u r e s .  The p h y t a n i c  a c i d  must be s u p p l i e d  i n  a wa te r  
s o l u b l e  form, e s t e r i f i e d  t o  a Tween de te rgen t  (Tween-Phytanic). 
Th i s  f a t t y  a c i d  and i t s  o x i d a t i o n  p roduc t ,  p r i s t a n i c  a c i d ,  were 
found i n  b o t h  t h e  p h o s p h o l i p i d  and n e u t r a l  l i p i d  f r a c t i o n s  o f  Neuro- 
spora. I n  phospho l i p ids  o f  t h e  w i l d - t y p e  s t r a i n ,  p h y t a n i c  a c i d  
was p resen t  t o  t h e  e x t e n t  o f  4 t o  5 moles percent  o f  t h e  f a t t y  
a c i d s  and p r i s t a n i c  a c i d ,  about 41 moles pe rcen t .  The n e u t r a l  
l i p i d s  con ta ined  42 and 4 moles pe rcen t  o f  p h y t a n i c  and p r i s t a n i c  
ac ids  r e s p e c t i v e l y .  By employing a f a t t y  a c i d - r e q u i r i n g  mutant 
s t r a i n  ( e e l - ) ,  t h e  p h y t a n i c  a c i d  l e v e l  was r a i s e d  t o  a maximum 
o f  16 moles pe rcen t  i n  the  phospho l i p ids  and t o  63 moles percent  
i n  t h e  n e u t r a l  l i p i d s .  Under t h i s  c o n d i t i o n ,  t h e  l e v e l  o f  p r i s -  
t a n i c  a c i d  was reduced t o  about 6 moles pe rcen t  i n  phospho l i p ids  
and 1 mole pe rcen t  i n  t h e  n e u t r a l  l i p i d s .  The p h y t a n i c  a c i d  
l e v e l s  c o u l d  n o t  be f u r t h e r  e l e v a t e d  by increased supplementat ion 
w i t h  p h y t a n i c  a c i d  or  by a change i n  t h e  growth temperature.  I n  
s t r a i n s  w i t h  a h i g h  p h y t a n i c  a c i d  c o n t e n t ,  t h e  complete f a t t y  a c i d  
d i s t r i b u t i o n  o f  t h e  phospho l i p ids  and n e u t r a l  l i p i d s  was d e t e r -  
mined. I n  the  n e u t r a l  l i p i d s ,  p h y t a n i c  a c i d  appeared t o  rep lace  
t h e  18 carbon f a t t y  a c i d s ,  p a r t i c u l a r l y  l i n o l e i c  a c i d .  

The presence o f  p h y t a n i c  a c i d  i n  the  phospho l i p ids  was con- 
f i r m e d  by mass spec t romet ry ,  and by t h e  i s o l a t i o n  o f  a phospho- 
l i p i d  f r a c t i o n  c o n t a i n i n g  t h i s  f a t t y  a c i d  v i a  s i l i c i c  a c i d  column 
chromatography. Most o f  t h e  p h y t a n i c  a c i d  i n  phospho l i p ids  ap- 
peared t o  be i n  phosphatidylethanolamine, and 2 l i n e s  o f  ev idence 
suggest t h a t  i t  was e s t e r i f i e d  t o  b o t h  p o s i t i o n s  o f  t h i s  molecule.  
I n  t h e  f a t t y  a c i d - r e q u i r i n g  mutant s t r a i n  ( e e l - ) ,  t h e  replacement 
by p h y t a n i c  a c i d  o f  10 t o  15% o f  t h e  f a t t y  ac ids  i n  the phospho- 
l i p i d  produced an aber ran t  morpho log ica l  change i n  t h e  growth 
p a t t e r n  o f  Neurospora and caused t h i s  organism t o  be o s m o t i c a l l y  
more f r a g i l e  than  t h e  w i l d - t y p e  s t r a i n .  The l a c k  o f  n o t i c e a b l e  
e f f e c t  o f  t h e  h i g h  l e v e l s  o f  p r i s t a n i c  a c i d  i n  t h e  phospho l i p ids  
suggests t h a t  i t  i s  n o t  j u s t  t h e  presence o f  t h e  methyl groups i n  
a branched cha in  f a t t y  a c i d  which leads t o  the  a l t e r e d  membrane 
f u n c t i o n  i n  t h i s  organism. 

1 I I NTRODUCTI ON 
Previous s t u d i e s  i n  t h i s  l a b o r a t o r y  have shown t h a t  c e r t a i n  mutants o f  t h e  
fungus, Neurospora crassa,  have a severe d e f i c i e n c y  i n  a p a r t i c u l a r  f a t t y  a c i d  

Copyright 0 1972 Alan R .  L i s s ,  Inc. 
150 F i f t h  Avenue, New York, N.Y. 10011 125 



VOL. 1, NO. 2 JOURNAL OF SUPRAMOLECULAR STRUCTURE 

i n  t h e i r  membranes ( I ) .  
p o s i t i o n  o f  these mutants by supplementing them w i t h  t h e  m i s s i n g  f a t t y  a c i d .  
The most successfu l  t a c t i c  f o r  t h i s  purpose has been t o  s y n t h e s i z e  s p e c i a l  de- 
t e r g e n t s  as a source o f  t h e  f a t t y  a c i d s ,  r a t h e r  than adding a- m i x t u r e  o f  d e t e r -  
gent and f r e e  f a t t y  a c i d .  Employing t h i s  procedure,  we have been a b l e  t o  r a i s e  
s i g n i f i c a n t l y  t he  l e v e l  o f  almost any one o f  t h e  5 f a t t y  ac ids  no rma l l y  found 
i n  Neurospora, i n c l u d i n g  t h e  h i g h l y  unsa tu ra ted  l i n o l e n i c  a c i d ,  i n  the  membranes 
o f  these mutants .  The re fo re ,  we have e x p l o r e d  t h i s  technique as a means o f  
i n t r o d u c i n g  unusual f a t t y  ac ids  i n t o  c e l l u l a r  membranes. 

One unusual branched cha in  f a t t y  a c i d ,  p h y t a n i c  a c i d  (3 ,7 ,1  1 ,15 - te t ra -  
methylhexadecanoic a c i d )  i s  thought  t o  have se r ious  consequences when found i n  
any apprec iab le  q u a n t i t i e s  i n  membranes. A g e n e t i c  d i s o r d e r  i n  humans (Refsum's 
d isease)  which leads t o  t h e  accumulat ion o f  t h i s  f a t t y  a c i d  i n  p a r t s  o f  t h e  
nervous system i s  c h a r a c t e r i z e d  by demye l i na t i on  and death ( 2 ) .  A thorough 
rev iew  o f  t h i s  d i s o r d e r  was pub l i shed  i n  1967 ( 3 ) .  I t  has been proposed t h a t  
t h e  presence o f  p h y t a n i c  a c i d  d i s r u p t s  the  hydrophobic  reg ions  o f  t h e  membranes 
(4), b u t  l i t t l e  work has been done on c h a r a c t e r i z i n g  such membranes. We have 
performed t h i s  i n i t i a l  s tudy t o  p o i n t  o u t  how Neurospora and Neurospora mutants 
can be employed as a model system f o r  s t u d y i n g  t h e  e f f e c t s  o f  p h y t a n i c  a c i d  
on membranes. Th is  paper desc r ibes  t h e  methods employed f o r  t h e  i nco rpo ra  i o n  
o f  p h y t a n i c  a c i d  and i t s  o x i d a t i o n  p roduc t  i n  mammals, p r i s t a n i c  a c i d  (2,6 10, 
14-tetramethylpentadecanoic a c i d ) ,  i n t o  membranes o f  growing c e l  Is i n  s i g n  f i -  
can t  q u a n t i t i e s  and some o f  t h e  e f f e c t s  produced by t h e i r  i n c o r p o r a t i o n .  

We have been a t t e m p t i n g  t o  a l t e r  t h e  f a t t y  a c i d  com- 

2 ,  METHODS 

(a) Strains  and growth conditions 

A w i l d - t y p e  s t r a i n  (RL3-8A) and a f a t t y  a c i d  r e q u i r i n g  s t r a i n ,  e e l -  ( cha in  
e l o n g a t i o n )  were employed i n  t h i s  s tudy .  The e e l -  s t r a i n  (FGSC 165) was ob- 
t a i n e d  f rom t h e  Fungal Genet ics  Stock Center ,  Humboldt S t a t e  Co l l ege ,  A rca ta ,  
C a l i f .  A l l  c u l t u r e s  were l i q u i d  shake c u l t u r e s .  F i f t y  m l  o f  Voge l ' s  minimal 
medium c o n t a i n i n g  2% g lucose i n  125 m l  f l a s k s  were employed as desc r ibed  p re -  
v i o u s l y  ( I ) .  

(b) ChernicaZs 

Tween 40 and Tween 60 were ob ta ined  f rom P i e r c e  Biochemicals .  They c o n t a i n  
predominant ly  p a l m i t i c  and s t e a r i c  a c i d s ,  r e s p e c t i v e l y ,  p l u s  o t h e r  f a t t y  a c i d s .  
The amount o f  Tween 40 added t o  50 m l  c u l t u r e s  was 0.2 m l  o f  a 10% s o l u t i o n  
(w/v) i n  a l c o h o l .  The p h y t a n i c  a c i d  ( A l d r i c h  Chemicals) was generously  p ro -  
v i d e d  by D r .  D. Hut ton .  I t  con ta ined  s i g n i f i c a n t  amounts o f  p r i s t a n i c  a c i d .  
The de te rgen t  Tween-phytanic (Tween P) was syn thes i zed  by t r a n s e s t e r i f i c a t i o n  
as desc r ibed  below, The amount o f  Tween P added t o  c u l t u r e s  was 0.2 m l  o f  a 
20 mg p e r  m l  s o l u t i o n .  

( c )  Preparation of Tween-phytanie (Tween P )  

One h a l f  g o f  Tween 60 and 1 g o f  p h y t a n i c  a c i d  were added t o  a f l a s k  con- 
t a i n i n g  5 m l  o f  t - b u t y l  a l coho l  and 0 .5  m l  o f  12 N H C l .  T h i s  m i x t u r e  was re -  
f l u x e d  under n i t r o g e n  f o r  4 h r .  The s o l u t i o n  was cooled,  and as much m a t e r i a l  
as p o s s i b l e  was removed by vacuum d i s t i l l a t i o n  a t  125" t o  130". The res idue  
was a d j u s t e d  t o  a p h y t a n i c  a c i d  c o n c e n t r a t i o n  o f  20 mg pe r  m l  w i t h  a b s o l u t e  
a l c o h o l .  The f a t t y  a c i d  composi t ion as determined by g a s - l i q u i d  chromatography 
(GLC) was 76% p h y t a n i c  a c i d ,  4% p r i s t a n i c  a c i d ,  and 20% s t e a r i c  a c i d .  
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(d) Fatty acid analysis 

C e l l s  f rom c u l t u r e s  were ha rves ted ,  washed w i t h  wa te r ,  and l y o p h i l i z e d .  
The l y o p h i l i z e d  powder was soaked o v e r n i g h t  i n  methanol and t h e  r e s i d u e  ex- 
t r a c t e d  t w i c e  w i t h  2 : l  ch loroform-methanol .  The s e p a r a t i o n  o f  n e u t r a l  l i p i d s  
f rom phospho l i p ids  was performed on a s i l i c i c  a c i d  column as desc r ibed  p r e -  
v i o u s l y  ( I ) .  D r i e d  samples o f  f a t t y  a c i d s  were conver ted t o  methyl e s t e r s  by 
t h e  f o l l o w i n g  t r a n s e s t e r i f i c a t i o n  procedure. An i n d i v i d u a l  sample was incubated 
w i t h  1 m l  o f  benzene, 0.2 m l  o f  96% w/w H2S04, and 2 m l  o f  methanol i n  a t e f l o n -  
capped tube a t  65" f o r  5 h r .  The m i x t u r e  was e x t r a c t e d  w i t h  5 m l  o f  pe t ro leum 
e t h e r  (30" t o  6 0 " ) ,  and t h e  e t h e r  l a y e r  washed 3 t imes w i t h  1 m l  p o r t i o n s  o f  
wa te r .  The wa te r  washes were e x t r a c t e d  w i t h  1 m l  o f  pe t ro leum e t h e r  and t h e  
e t h e r  l a y e r s  combined. The pe t ro leum e t h e r  s o l u t i o n  was d r i e d  by shaking w i t h  
0.5 g o f  a c t i v a t e d  a lumina and then decanted. The a lumina was washed w i t h  0.5 
m l  o f  3% e t h y l  e t h e r  i n  pe t ro leum e t h e r  and t h e  e t h e r  s o l u t i o n s  were combined. 
The f a t t y  a c i d  compos i t i on  o f  t he  e t h e r  s o l u t i o n  was t: ien determined by  GLC. 

The d e t e r m i n a t i o n  o f  t h e  p h y t a n i c  and p r i s t a n i c  a c i d  con ten t  l i s t e d  i n  
Table 1 was performed employing a s t a i n l e s s  s t e e l  column, 1/8 i nch  x 10 f e e t ,  
a t  170". T h i s  column con ta ined  8% HiEFF-2BP and 1.5% SE-30 on Gas Chromosorb G ,  
80 t o  100 mesh (App l i ed  Science L a b o r a t o r i e s ) .  The d e t e r m i n a t i o n  o f  t he  f a t t y  
a c i d  d i s t r i b u t i o n  l i s t e d  i n  Table 2 was performed employing a g l a s s  column 
1/8 i nch  x 6 f e e t ,  c o n t a i n i n g  3% E G S - S X  on Chromosorb P,  100 t o  125 mesh (Ap- 
p l i e d  Science L a b o r a t o r i e s ) .  T h i s  column was operated a t  190", and i t s  e l u t i o n  
p r o f i l e  i s  g i v e n  i n  F i g .  I .  The mass spect rometer  a n a l y s i s  was performed on 
t h e  e l u a t e  f rom a g lass  column, 1 /4  i nch  x 6 f e e t  c o n t a i n i n g  3% SE-30. The 
c a l i b r a t i o p  o f  the f lame i o n i z a t i o n  d e t e c t o r  o f  a Var ian 1200 was as desc r ibed  
p r e v i o u s l y  ( 4 ) .  
d e t e c t o r  response f o r  a g i v e n  amount o f  m a t e r i a l  as s t e a r i c  a c i d .  

The p h y t a n i c  and p r i s t a n i c  ac ids  were assumed t o  g i v e  a s i m i l a r  

TABLE 1 

Pristanic and phytanic acid content of Neurospora under d i f ferent  conditions 

Moles pe rcen t  o f  t h e  t o t a l  f a t t y  
a c i d s  i n  each l i p i d  f r a c t i o n  

T o t a l  umoles f a t t y  
a c i d  pe r  g d r y  we igh t  P r i s t a n i c  a c i d  Phy tan ic  a c i d  

Growth Phospho- N e u t r a l  Phospho- N e u t r a l  Phospho- N e u t r a l  
l i p i d  1 i p i d s  1 i p i d s  1 i p i d s  S t r a i n  c o n d i t i o n s  l i p i d s  l i p i d s  

Wi ld  24", 
t ype  Tween P 40,44 210,238 40,41 3 9 4  5 9 5  40,44 

Wi ld  24", 
t y p e  Tween P and 

Tween 40 39,42 188,199 9,20 3 13 6,4 30,40 

Tween P 36,31 98,104 16 61,63 

Tween P and 35,39, 115,124, 4,6,8 1,0,4 13,9,6 56,54, 
Tween 40 29 108 51 

Cel- 24", 37,38 , 112,109, 2,9,6,1 0,1,2,0 13,4,8, 60,63, 

Cel- 24", 

The procedures employed f o r  t h e  s e p a r a t i o n  o f  phospho l i p ids  f rom n e u t r a l  l i p i d s  
and f o r  t h e  d e t e r m i n a t i o n  o f  t h e  branched c h a i n  f a t t y  a c i d  con ten t  a r e  g i ven  i n  
Methods . 
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0 5 10 IS 20 

TIME (MWUTES) 

F i g .  1 .  E l u t i o n  p r o f i l e  o f  t h e  f a t t y  ac ids  f rom t h e  n e u t r a l  
l i p i d  f r a c t i o n ,  Chromatographic s e p a r a t i o n  was achieved by employ- 
i n g  a column o f  3% EGS-SX on Chromosorb P .  Roman numeral 1 desig-  
nates t h e  peak l o c a t i o n  o f  p r i s t a n i c  a c i d ,  I 1  f o r  p h y t a n i c  a c i d ,  
and I l l  f o r  a m i x t u r e  o f  s t e a r i c  and o l e i c  ac ids .  

(e) Phospholipid analysis 

C u l t u r e s  o f  t h e  e e l -  s t r a i n  were grown i n  t h e  presence o f  Tween P and 
2P]P04. 
i e d  t o  a s i l i c i c  a c i d  column ( 4 ) ,  and the  n e u t r a l  l i p i d s  were e l u t e d  w i t h  

75 m l  o f  ch lo ro fo rm.  A p h o s p h o l i p i d  f r a c t i o n  was e l u t e d  w i t h  100 m l  o f  c h l o r o -  
form-methanol (9: I ) .  A d d i t i o n a l  phospho l i p ids  were e l u t e d  w i t h  h i g h e r  concen- 
t r a t i o n s  o f  methanol. One h a l f  o f  t h e  e l u a t e  was analyzed f o r  f a t t y  a c i d s ,  
and the  o t h e r  h a l f  was analyzed f o r  s p e c i f i c  p h o s p h o l i p i d  c o n t e n t .  Our p ro -  
cedure f o r  p h o s p h o l i p i d  a n a l y s i s  i s  based on t h e  work o f  Robert L e s t e r  (personal  
communication). Rad ioac t i ve  phospho l i p ids  were c a r e f u l l y  deacy lated,  and so- 
l u t i o n s  o f  t h e  w a t e r - s o l u b l e  p roduc ts  were n e u t r a l i z e d ,  concentrated,  and then 
chromatographed i n  2 dimensions on TLC c e l  l u l o s e  sheets (Eastman). The s o l v e n t s  
were e thano l  : N H ~ H C O ~ : N H L + O H  ( 7 0 : 2 9 :  1 )  f o r  t h e  f i r s t  dimension and i s o b u t y r i c  
acid:NH40H:H20 (66:1:33) f o r  t h e  second dimension. A f t e r  l o c a l i z a t i o n  o f  t h e  

The t o t a l  l i p i d  e x t r a c t  f rom 200 mg o f  l y o p h i l i z e d  c e l l s  were ap- 

i n d i v i d u a l  phospho l i p ids  by au to rad iog raphy ,  t h e  spots  were c u t  ou t  and the  
r a d i o a c t i v i t y  determined by l i q u i d  s c i n t i l l a t i o n  coun t ing .  

( f )  Osmotic s e n s i t i v i t y  of c e l l s  

The ceZ- s t r a i n  was i n o c u l a t e d  i n t o  50 ml o f  medium c o n t a i n i n g  Tween 40 
w i t h  or  w i t h o u t  Tween P.  The c u l t u r e s  were grown as shake c u l t u r e s  f o r  3 days 
a t  23'. One h a l f  m l  o f  t he  medium was c a r e f u l l y  removed, d i l u t e d  w i t h  2.5 m l  
o f  wa te r ,  and the  absorbance a t  260 nm was measured. Seven ml o f  a 30% NaCl 
s o l u t i o n  was then  added t o  h a l f  o f  t h e  c u l t u r e s ,  and the  absorbance was again 
measured. The c u l t u r e s  were then incubated a t  23" f o r  an a d d i t i o n a l  24 h r ,  
and the  absorbance aga in  measured. The c u l t u r e s  were then harvested,  d r i e d  a t  
l o o " ,  and weighed, 
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3 ,  RESULTS 

(a) Incorporation of branched chain fatty acids into the wiZd-type strain 

When t h e  w i l d - t y p e  s t r a i n  was grown i n  t h e  presence o f  Tween P, most o f  
t h e  p h y t a n i c  a c i d  taken up by t h e  c e l l s  was found i n  the  n e u t r a l  l i p i d  f r a c t i o n ,  
which c o n s i s t s  ma in l y  o f  t r i g l y c e r i d e s  ( 5 ) .  Only a smal l  percentage o f  t h e  
p h y t a n i c  a c i d  was found i n  t h e  phospho l i p ids  (Table I ) .  The same r e s u l t s  were 
found i f  a m i x t u r e  o f  Tweens was added, i . e . ,  Tween P and Tween 40 (Table I ) .  
No d e t e c t a b l e  p h y t a n i c  a c i d  was found i n  e i t h e r  t h e  n e u t r a l  l i p i d  or  phospho- 
l i p i d  f r a c t i o n s  o f  c e l l s  grown i n  t h e  presence o f  p h y t a n i c  a c i d  s o l u b i l i z e d  
i n  1.0% T e r g i t o l .  The re fo re ,  t h e  detergent-bound form o f  t h i s  f a t t y  a c i d  ap- 
pears t o  be necessary f o r  uptake by t h i s  organism. 

I n  w i l d - t y p e  c e l l s ,  most o f  t h e  p r i s t a n i c  a c i d  was found i n  t h e  phospho- 
l i p i d s ,  and l i t t l e  i n  the  n e u t r a l  l i p i d s  (Table I ) .  The p r i n c i p a l  source o f  
t h e  p r i s t a n i c  a c i d  found i n  t h e  w i l d - t y p e  c e l l s  was a p p a r e n t l y  t he  contaminant  
i n  the  o r i g i n a l  sample o f  p h y t a n i c  a c i d .  P r i s t a n i c  a c i d  was a l s o  p resen t  i n  
t h e  s y n t h e t i c  d e t e r g e n t ,  b u t  a t  a f a r  lower  c o n c e n t r a t i o n  than p h y t a n i c  a c i d .  
C e l l s  c o n t a i n i n g  h i g h  l e v e l s  o f  p r i s t a n i c  a c i d  and low l e v e l s  o f  p h y t a n i c  a c i d  
appeared normal i n  t h e i r  morphology and growth r a t e ,  sugges t ing  t h a t  p r i s t a n i c  
a c i d  has l i t t l e  e f f e c t  on membrane f u n c t i o n ,  and t h a t  our Tween P p r e p a r a t i o n s  
d i d  n o t  c o n t a i n  i n h i b i t o r y  compounds. 

(b) Incorporation of branched chain fatty acids 
into a fatty acid-requiring mutant 

The f a t t y  a c i d - r e q u i r i n g  mutant s t r a i n  (ceZ-) does n o t  s y n t h e s i z e  i t s  own 
f a t t y  ac ids  under t h e  c o n d i t i o n s  employed i n  these exper iments ( 6 ) .  When t h e  
Tween P p r e p a r a t i o n s  were t h e  s o l e  source o f  f a t t y  a c i d s ,  t h i s  s t r a i n  grew 
s l o w l y  and e x h i b i t e d  an a b e r r a n t  morphology. Under these c o n d i t i o n s  t h e  phytan-  
i c  a c i d  l e v e l s  approached 16% o f  t h e  f a t t y  a c i d s  i n  t h e  membranes and 63% o f  
t h e  f a t t y  a c i d s  i n  the  n e u t r a l  l i p i d s  (Table I ) .  Higher  l e v e l s  were n o t  achieved 
by the  a d d i t i o n  o f  more Tween P t o  t h e  media or  by temperature v a r i a t i o n s .  The 
a d d i t i o n  o f  Tween 40 a long  w i t h  Tween P cons ide rab ly  increased t h e  growth r a t e  
o f  t h e  mutant and decreased s l i g h t l y  t h e  amount o f  p h y t a n i c  a c i d  i n  the  c e l l s  
(Table I ) .  T h i s  suggests t h a t  c o m p e t i t i o n  between t h e  d i f f e r e n t  f a t t y  a c i d s  
has an e f f e c t  on t h e  f i n a l  amount o f  p h y t a n i c  a c i d  found i n  t h e  c e l l s .  T h i s  
same e x p l a n a t i o n  cou ld  account f o r  t h e  lower  l e v e l  o f  p h y t a n i c  a c i d  found i n  
w i l d - t y p e  c u l t u r e s ,  where c o m p e t i t i o n  p robab ly  e x i s t s  between endogenously 
syn thes i zed  f a t t y  a c i d s  and t h e  p h y t a n i c  a c i d  i n  t h e  medium. 

The p r i s t a n i c  a c i d  l e v e l s  i n  t h e  mutant c e l l s  were much lower  than  i n  t h e  
w i l d - t y p e  organism, b u t  t h e  same p a t t e r n  was found i n  t h e  mutant ,  i . e . ,  most 
o f  t h e  p r i s t a n i c  a c i d  was i n  t h e  phospho l i p ids .  There appears t o  be some t y p e  
o f  r e c i p r o c a l  r e l a t i o n s h i p  between t h e  p h y t a n i c  a c i d  con ten t  and t h e  p r i s t a n i c  
a c i d  con ten t  i n  b o t h  t h e  p h o s p h o l i p i d  and n e u t r a l  l i p i d  f r a c t i o n s .  W i l d - t y p e  
c e l l s  had h i q h  o r i s t a n i c  a c i d  and low o h v t a n i c  a c i d  i n  t h e i r  p h o s p h o l i p i d s ,  
whereas t h e  phospho l i p ids  o f  t he  eel- 
t e n t  and lower i n  p r i s t a n i c  a c i d  (Tab 
p a t t e r n  was found, where an i nc rease  
versus w i l d - t y p e )  was assoc ia ted  w i t h  
1 ) .  

( c )  TotaZ f a t t y  

. I  

s t r a i n  were h i g h e r  i n  p h y t a n i c  a c i d  con- 
e I ) .  I n  t h e  n e u t r a l  l i p i d s ,  t h e  same 
n t h e  l e v e l s  o f  p h y t a n i c  a c i d  (ee l -  
decreased l e v e l s  o f  p r i s t a n i c  a c i d  (Table 

acid composition 

The t o t a l  f a t t y  a c i d  compos i t i on  o f  t h e  p h o s p h o l i p i d  and n e u t r a l  l i p i d  
f r a c t i o n s  was determined f o r  some o f  these samples, as i n d i c a t e d  i n  Table 2. 
I t  can be seen t h a t  i n  t h e  n e u t r a l  l i p i d s  p h y t a n i c  a c i d  seemed t o  r e p l a c e  t h e  
18 carbon f a t t y  a c i d s ,  p r i m a r i l y  t h e  unsa tu ra ted  ones. On t h e  o t h e r  hand, t h e  
p r i s t a n i c  a c i d  found i n  the  w i l d - t y p e  phospho l i p ids  d i d  n o t  appear t o  p r e f e r -  
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e n t i a l l y  r e p l a c e  any one f a t t y  a c i d ,  b u t  s imp ly  lowered the  con ten t  o f  each o f  
t h e  f a t t y  ac ids  by approx ima te l y  20%. I n  Table 2, t h e  va lues f o r  t he  s t e a r i c  
and o l e i c  a c i d s  a r e  grouped t o g e t h e r ,  s i n c e  o u r  procedures d i d  n o t  separate 
these 2 f a t t y  a c i d s  adequate ly  (see F i g .  1 ) .  I n  normal w i l d - t y p e  c u l t u r e s ,  80% 
o f  t h e  f a t t y  a c i d  t h a t  was found under t h i s  peak was o l e i c  a c i d  ( 4 ) .  We have 
no reason t o  b e l i e v e  t h i s  p r o p o r t i o n  has been changed i n  these exper iments.  

A l s o  i nc luded  i n  Table 2 a r e  t h e  data i n d i c a t i n g  t h e  e f f e c t s  o f  tempera- 
t u r e  on t h e  f a t t y  a c i d  compos i t i on  o f  t h e  p h o s p h o l i p i d  and n e u t r a l  l i p i d  f r a c -  
t i o n s  o f  t h e  f a t t y  a c i d - r e q u i r i n g  mutant s t r a i n .  One can see t h a t  an increase 
i n  growth temperature f rom 24" t o  34" l e d  t o  a h i g h e r  l e v e l  o f  p a l m i t i c  a c i d  
and lower  l e v e l s  o f  t he  h i g h l y  unsa tu ra ted  f a t t y  ac ids  ( l i n o l e i c  and l i n o l e n i c  
a c i d s )  i n  the  phospho l i p ids .  
found i n  t h e  n e u t r a l  l i p i d s .  The f i n d i n g  o f  a s h i f t  towards a h i g h e r  p ropor -  
t i o n  o f  s a t u r a t e d  f a t t y  a c i d s  i n  the  membranes a t  h i g h e r  temperatures agrees 
w i t h  obse rva t i ons  made w i t h  o t h e r  organisms (7,8) .  One can a l s o  see t h a t  t he  
p h o s p h o l i p i d  compos i t i on  i n  the  ceZ- s t r a i n  grown w i t h  Tween 40 i s  v e r y  s i m i l a r  
t o  t h a t  o f  t h e  w i l d - t y p e  s t r a i n  (Table 2 ) .  T h i s  suggests t h a t  a t  a g i ven  tem- 
p e r a t u r e ,  t h e  o v e r a l l  f a t t y  a c i d  compos i t i on  o f  a membrane i s  r e l a t i v e l y  con- 
s t a n t ,  independent o f  whether t h e  f a t t y  a c i d s  a r e  s u p p l i e d  exogenously o r  en- 
dogenously. 

Th i s  change i n  f a t t y  a c i d  composi t ion was n o t  

(d) Distr ibut ion of  phytanic acid in phosphozipids 

Phospho l i p ids  were f r a c t i o n a t e d  on a s i l i c i c  a c i d  column employing a c h l o -  
roform-methanol g r a d i e n t  and t h e  column f r a c t i o n s  analyzed as g i v e n  i n  Methods. 
The f i r s t  column f r a c t i o n ,  e l u t e d  w i t h  9:1 ch loroform-methanol ,  con ta ined  0.6 
pmoles o f  phosphatidylethanolamine (PE), 0.08 pmoles o f  c a r d i o l i p i n ,  a l l  o f  t he  
e s t e r i f i e d  p h y t a n i c  a c i d  (1.2 pmoles) and p r i s t a n i c  a c i d  (0.20 pmoles), and 
approx ima te l y  3 %  o f  t h e  t o t a l  e s t e r i f i e d  p a l m i t i c  a c i d  (0.04 pmoles). These 
d a t a  would suggest t h a t  t h e  b u l k  o f  t h e  p h y t a n i c  a c i d  was assoc ia ted  w i t h  P E ,  
and t h a t  b o t h  p o s i t i o n s  i n  t h i s  p h o s p h o l i p i d  were e s t e r i f i e d  w i t h  p h y t a n i c  a c i d .  
The o t h e r  column f r a c t i o n s ,  which d i d  n o t  c o n t a i n  any p h y t a n i c  o r  p r i s t a n i c  
a c i d s ,  were pooled and t h e i r  phospho l i p ids  analyzed. The amounts o f  t he  major  
phospho l i p ids  i n  t h i s  combined f r a c t i o n  were as f o l l o w s :  0 .6 pmoles o f  PE, 
2.2 pmoles o f  p h o s p h a t i d y l c h o l i n e  and 0.4 pmoles o f  p h o s p h a t i d y l i n o s i t o l .  
p h a t i d y l s e r i n e ,  monomethylaminoethyl-phosphatide, dimethylaminoethyl-phospha- 
t i d e  and p h o s p h a t i d i c  a c i d  were a l s o  found, b u t  no c a r d i o l i p i n  was de tec ted  
i n  t h i s  f r a c t i o n .  The e s t e r i f i e d  f a t t y  a c i d s  i n  t h i s  f r a c t i o n  were p a l m i t i c  
a c i d  ( 1 . 2  pmoles) ,  s t e a r i c  and o l e i c  a c i d  (1 .5  pmoles each) ,  l i n o l e i c  a c i d  
(3.0 pmoles) and l i n o l e n i c  a c i d  ( 1 . 4  pmoles). The f a t t y  a c i d  composi t ions i n  
these 2 f r a c t i o n s  were s i m i l a r  t o  those observed i n  many p rev ious  analyses,  as 
were the  p r o p o r t i o n s  o f  t he  i n d i v i d u a l  phospho l i p ids .  Approx imate ly  50% o f  
t h e  PE and a l l  o f  t h e  c a r d i o l i p i n  were found i n  t h e  f i r s t  f r a c t i o n .  Con t ro l  
exper iments were performed i n  which r a d i o a c t i v e  phospho l i p ids  o f  normal f a t t y  
a c i d  con ten t  were f r a c t i o n a t e d  and e s s e n t i a l l y  t h e  same d i s t r i b u t i o n  o f  PE 
and c a r d i o l i p i n  was found. 

was t r e a t e d  w i t h  phosphol ipase A (Boehr inge r ) ,  I n  p r e l i m i n a r y  exper iments,  
app rox ima te l y  one h a l f  o f  t h e  p h y t a n i c  a c i d  was removed f rom p h o s p h o l i p i d  by 
t h i s  t rea tmen t ,  sugges t ing  t h a t  the p h y t a n i c  a c i d  was e s t e r i f i e d  i n  bo th  po- 
s i t i o n s  o f  t h e  phospho l i p id .  

Phos- 

The s i l i c i c  a c i d  column f r a c t i o n  c o n t a i n i n g  t h e  e s t e r i f i e d  p h y t a n i c  a c i d  

(e) Ef fec t s  of phytanic acid incorporation 

C u l t u r e s  o f  t h e  ceZ- s t r a i n  which had 10% t o  25% o f  t he  f a t t y  a c i d s  i n  
phospho l i p ids  as p h y t a n i c  a c i d  grew v e r y  s l o w l y ,  and t h e  c e l l s  had an abnormal 
morphology (F ig .  2 )  i f  t h e  medium con ta ined  8% NaCl. A t  lower  NaCl concentra-  
t i o n s ,  t h e  e f f e c t s  on growth r a t e  and morphology were n o t  as s t r i k i n g .  The 
abnormal morphology assoc ia ted  w i t h  p h y t a n i c  a c i d  i n c o r p o r a t i o n  may have been 
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F i g .  2. The e f f e c t  o f  p h y t a n i c  a c i d  i n c o r p o r a t i o n  on c e l  
morphology. The photomicrographs a r e  o f  ceZ shake c u l t u r e s  g 
i n  t h e  presence o f  Tween 40 and 8% NaCl. The c u l t u r e  grown on 
r i g h t  had, i n  a d d i t i o n ,  Tween P i n  t h e  medium. The m a g n i f i c a t  
f o r  b o t h  p i c t u r e s  was 320X. 

u l a r  
own 
t h e  
on 

due t o  a l t e r a t i o n s  i n  t h e  s e c r e t i o n  and assembly o f  t h e  c e l l  w a l l  components. 
I n  f u n g i ,  t h e  c e l l  w a l l  i s  t h e  p r i n c i p a l  shape-determin ing s t r u c t u r e  and t h i s  
s t r u c t u r e  appears t o  be q u i t e  s e n s i t i v e  t o  changes i n  membrane s t r u c t u r e  (9). 

I n  a separate s e t  o f  exper iments t h e  osmot ic  f r a g i l i t y  o f  membranes con- 
t a i n i n g  p h y t a n i c  a c i d  was t e s t e d .  C u l t u r e s  o f  t h e  ceZ- s t r a i n  grown i n  t h e  
presence or absence o f  Tween P were s t ressed  w i t h  an i nc rease  i n  t h e  osmot i c  
s t r e n g t h  o f  t h e  medium (see Methods). The inc rease  i n  absorbance a t  260 nm i n  
t h e  medium was taken as one i n d i c a t i o n  o f  p o s s i b l e  membrane a l t e r a t i o n s  due t o  
t h e  abnormal f a t t y  a c i d  con ten t .  As shown i n  Table 3 ,  a s i g n i f i c a n t  leakage 
o f  i n t r a c e l l u l a r  m a t e r i a l  occu r red  i n  t h e  c e l l s  c o n t a i n i n g  p h y t a n i c  a c i d .  I t  
would appear then t h a t  under c o n d i t i o n s  of h i g h  osmot i c  s t r e n g t h ,  t he  presence 
o f  p h y t a n i c  a c i d  l e d  t o  an abnormal membrane. Th is  same e f f e c t  on t h e  membranes 
c o u l d  account f o r  t h e  i n a b i l i t y  o f  t he  p h y t a n i c  a c i d - c o n t a i n i n g  organism t o  
grow i n  a medium o f  h i g h e r  osmot ic  s t r e n g t h .  

4, DISCUSSION 
The amount o f  p h y t a n i c  a c i d  i n c o r p o r a t e d  i n t o  Neurospora seems t o  be i n -  

f l uenced  by a t  l e a s t  3 parameters:  I )  t h e  form i n  which t h e  f a t t y  a c i d  i s  
s u p p l i e d ,  i . e . ,  detergent-bound o r  d e t e r g e n t - s o l u b i l i z e d ;  2 )  t h e  c o m p e t i t i o n  
w i t h  o t h e r  f a t t y  a c i d s  i n  the  medium; 3 )  t h e  c o m p e t i t i o n  w i t h  endogenously syn- 
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TABLE 3 

The e f f e c t  of phytanic acid incorporation on the leakage of 
i n t race l lu lar  material f r o m  the  c e l -  s t ra in  o f  Neurospora 

Change i n  
absorbance 
Per 9 d r y  

NaC 1 Absorbance D r Y  
I n i t i a l  

absorbance 
a t  260 nm 
o f  media 

Supp 1 ement added o f  medium we igh t  

(g) we igh t  ( % I  24 h r  l a t e r  

Tween 40 
Tween 40 

0.960 0 1 .  I40 0.122 1.5 
0.820 4 0. goo 0.056 1 . 4  

Tween 40 + Tween P 1.080 0 1.260 0.118 1.5 
Tween 40 + Tween P 0. goo 4 1.080 0.067 2.7 

The procedures employed a r e  g i v e n  i n  Methods. The absorbance a t  260 nm o f  t he  
un inocu la ted  medium was 0.80 O.D.  u n i t s  per  m l .  

t h e s i z e d  f a t t y  a c i d s  (Table 1 ) .  The o b s e r v a t i o n  t h a t  o n l y  detergent-bound phy- 
t a n i c  a c i d  was i n c o r p o r a t e d  was s u r p r i s i n g ,  s i n c e  o t h e r  f a t t y  ac ids  can be 
taken up by Ilreurospora i f  they a r e  s o l u b i l i z e d  by s i m i l a r  concen t ra t i ons  o f  
T e r g i t o l  ( 6 ) .  Th i s  requi rement  f o r  a s p e c i a l  form o f  p h y t a n i c  a c i d  may n o t  
be t r u e  f o r  o t h e r  organisms, however. Once f a t t y  a c i d s  have been t r a n s p o r t e d  
i n t o  t h e  Neurospora c e l l s ,  they can u s u a l l y  be found f i r s t  i n  t h e  n e u t r a l  l i p i d s  
and then i n  t h e  phospho l i p ids .  T h i s  s ta tement  i s  based on t h e  r e s u l t s  o f  a 
long te rm pulse-chase experiment i n  which [ 3 H ] o l e i c  a c i d  was s u p p l i e d  t o  t h e  
eel-  s t r a i n  (Brody and A l l e n ,  unpubl ished o b s e r v a t i o n ) .  S i m i  l a r  obse rva t i ons  
have been made f o r  yeas t  c e l l s  ( 1 0 ) .  The obse rva t i ons  on t h e  d i s t r i b u t i o n  o f  
p h y t a n i c  a c i d ,  b u t  n o t  t h e  p r i s t a n i c  a c i d ,  would be i n  agreement w i t h  the  idea 
o f  t h e  t r i g l y c e r i d e s  s e r v i n g  as a source o f  f a t t y  ac ids  f o r  p h o s p h o l i p i d  b i o -  
syn thes i s .  

The r e l a t i o n s h i p  between p r i s t a n i c  a c i d  and p h y t a n i c  a c i d  i s  somewhat un- 
c l e a r .  There seems t o  be a genera l  r e c i p r o c a l  r e l a t i o n s h i p  between the  amount 
o f  these 2 branched c h a i n  f a t t y  a c i d s  found i n  a g i ven  l i p i d  f r a c t i o n .  Whether 
t h i s  r e c i p r o c a l  r e l a t i o n s h i p  i s  due t o  some c o m p e t i t i o n  between these f a t t y  
a c i d s  a t  some common s t e p  i n  t h e i r  i n c o r p o r a t i o n  i s  n o t  known. The p r i s t a n i c  
a c i d  found i n  t h e  l i p i d s  does n o t  appear t o  be due t o  any a p p r e c i a b l e  o x i d a t i o n  
o f  p h y t a n i c  a c i d  s i n c e  much o f  t he  p r i s t a n i c  a c i d  found i n  the  c e l l s  c o u l d  be 
accounted f o r  by the  p r i s t a n i c  a c i d  added t o  t h e  medium. L i t t l e  breakdown o f  
e i t h e r  p h y t a n i c  a c i d  o r  p r i s t a n i c  a c i d  would be expected anyway, s i n c e  these 
c u l t u r e s  were grown i n  the  presence o f  h i g h  l e v e l s  o f  g lucose.  Perhaps the  
most c u r i o u s  aspect  o f  t h e i r  r e l a t i o n s h i p ,  though i s  t h e i r  d i f f e r e n t i a l  i n  V ~ V O  
e f f e c t s  on t h i s  organism. Phy tan ic  a c i d  can have a se r ious  e f f e c t  on membrane 
f u n c t i o n  when i t s  c o n c e n t r a t i o n  i s  10% t o  15% o f  t he  f a t t y  ac ids  i n  t h e  phos- 
p h o l i p i d s .  P r i s t a n i c  a c i d  has no apparent  e f f e c t ,  as judged by growth r a t e  
and c e l l u l a r  morphology, when p resen t  even i n  much h i g h e r  amounts i n  t h e  mem- 
branes. S ince p r i s t a n i c  a c i d  and p h y t a n i c  a c i d  have t h e  same number o f  methy l  
groups, and these groups a r e  i n  the  same r e l a t i v e  p o s i t i o n  t o  each o t h e r ,  one 
must cons ide r  t h a t  i t  i s  n o t  j u s t  t h e  presence o f  these methy l  groups i n  phy- 
t a n i c  a c i d  which a r e  respons ib le  f o r  t h e  abnormal phenotype. Perhaps t h e  
p r o x i m i t y  o f  one o f  t h e  methy l  groups uis a v i s  o t h e r  p a r t s  o f  t h e  p h o s p h o l i p i d  
molecule m igh t  be t h e  s i g n i f i c a n t  de te rm inan t  o f  t h e  abnormal phenotype. An- 
o t h e r  p o s s i b i l i t y  i s  t h a t  p h y t a n i c  a c i d  may be capable o f  assuming a " t w i s t e d "  
c o n f i g u r a t i o n  ( I I ) ,  whereas t h e  p r i s t a n i c  a c i d  may n o t .  I n  a d d i t i o n ,  p h y t a n i c  
and p r i s t a n i c  a c i d s  may be e s t e r i f i e d  t o  d i f f e r e n t  phospho l i p ids .  Phy tan ic  
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a c i d  was found o n l y  i n  phosphatidylethanolamine, whereas no i n f o r m a t i o n  i s  
a v a i l a b l e  on t h e  l o c a l i z a t i o n  o f  p r i s t a n i c  a c i d .  

d i f f e r  i n  c e r t a i n  respec ts .  MacBrinn and O ' B r i e n  have found t h e  p h y t a n i c  a c i d  
i n  nervous t i s s u e  t o  be ma in l y  i n  phospha t idy l  c h o l i n e  ( I Z ) ,  whereas i n  Neuro- 
spora none o f  i t  i s  found i n  phospha t idy l  c h o l i n e .  Secondly, Neurospora has 
a v e r y  h i g h  con ten t  o f  unsa tu ra ted  f a t t y  a c i d s  i n  i t s  membranes as compared 
w i t h  nervous t i s s u e .  There fo re ,  i n t e r a c t i o n s  between p h y t a n i c  a c i d  and s p e c i f i c  
types o f  f a t t y  a c i d s  and/or phosphoryl bases i n  t h e  phospho l i p ids  do n o t  appear 
t o  p l a y  a common r o l e  i n  t h e  e f f e c t s  on t h e  2 types o f  membranes. 

The e l u c i d a t i o n  o f  t h e  mo lecu la r  b a s i s  f o r  t he  e f f e c t s  o f  p h y t a n i c  a c i d  
on membranes c o u l d  be i n v e s t i g a t e d  employing the  f a t t y  a c i d - r e q u i  r i n g  mutant 
s t r a i n  o f  t h i s  e u c a r y o t i c  organism. The c e l l s  a r e  f a s t - g r o w i n g  and easy t o  
c u l t u r e ,  and r e l a t i v e l y  homogenous membrane o r  m i tochondr ia1  p r e p a r a t i o n s  can 
be ob ta ined .  T ranspor t  can be s t u d i e d ,  employing t h e  w e l l - c h a r a c t e r i z e d  uptake 
systems f o r  K+ (13 ) ,  g lucose  (14 ) ,  o r  amino ac ids  ( I S ) .  I n  a d d i t i o n ,  c e r t a i n  
phys i ca l - chemica l  s t u d i e s  on the p r o t e i n - l i p i d  i n t e r a c t i o n s  i n  membranes con- 
t a i n i n g  p h y t a n i c  a c i d  c o u l d  be performed, s i m i l a r  t o  those s t u d i e s  a l r e a d y  de- 
s c r i b e d  on t h e  membranes o f  t h i s  organism (16 ) .  

The p h y t a n i c  ac id - i nduced  a b e r r a t i o n s  i n  Neurospora and i n  nervous t i s s u e  
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