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Differences in the Fatty Acid Patterns  Synthes ized  
Bovine  M a m m a r y  Cells 

F a t t y  acid s y n t h e t a s e  (FAS) wh ich  is v e r y  ac t ive  in 
l a c t a t i ng  bov ine  m a m m a r y  t i ssue  is cha rac te r i zed  b y  i ts  
t e n d e n c y  to syn thes ize  sho r t  cha in  f a t t y  acids f rom 
ace t a t e  ~-3. The re  is some ev idence  t h a t  s tear ic  a n d  oleic 
acid can  also be  syn thes i zed  f rom ace t a t e  in b o v i n e  
m a m m a r y  t i ssue  ~,a, ~ t h o u g h  t he  p r e p o n d e r a n c e  of these  
is de r ived  f rom l ipoprote ins*,  s. Bov ine  m a m m a r y  cells 
cu l tu red  in v i t ro  syn thes ize  labe led  s tear ic  a n d  oleic acid 
f rom ace t a t e  especial ly  w h e n  these  cells h a v e  dedif feren-  
t i a ted .  

Materials  a n d  methods. F r e s h  celts f rom a l a c t a t i ng  
Guernsey  cow were d ispersed b y  t he  m e t h o d  of EBXXR 
et  al#,  and  cu l tu red  as descr ibed  3, 7-,. The  old b o v i n e  cells 
or ig inal ly  p r e p a r e d  f rom a l a c t a t i n g  cow h a d  been  sub- 
cu l tu red  for t w o  years .  A p p r o x i m a t e l y  1 • 107 cells were 
i n c u b a t e d  in m e d i a  c o n t a i n i n g  50 n M  of sod ium 1,2 ~*C 
ace t a t e  (1 [xCi) for 18 h a t  37~ The  l ip ids  were e x t r a c t e d  
f rom the  cells b y  t he  m e t h o d  of FOLCH et  al. (1957). The  
l ipids  were f r a c t i o n a t e d  and  ana lyzed  b y  t h i n  l ayer  a n d  
rad iogas  c h r o m a t o g r a p h y  as descr ibed  ~,9. R a d i o a c t i v i t y  
was quan t i f i ed  us ing  a l iquid  sc in t i l l a t ion  spec t ropho to -  
m e t e r  (Packa rd  Tr iCarb) .  

Results.  The  fresh a n d  ded i f f e ren t i a t ed  cells c o n v e r t e d  
54:~6 a n d  9 •  of t he  ace t a t e  in to  i ipids,  respect ively .  
Most  of t he  labe l  was i nco r po r a t ed  in to  t yp ica l  mi lk  f a t t y  
acids b y  func t iona l  ceils whereas  s u b c u l t u r e d  cells, wh ich  
h a d  u n d e r g o n e  ded i f fe ren t ia t ion ,  syn thes ized  p redomi-  
n a n t l y  long cha in  f a t t y  acids (Table).  There  was syn thes i s  
of u n s a t u r a t e d  f a t t y  acids C10: 1, C12: 1, C14:1 and  C16:1 
b y  t he  f resh ly  p r e p a r e d  cells (Figure 1). T he  r ad ioac t ive  
peaks  occur r ing  b e t w e e n  t he  m a j o r  acids inc lude  m e t h y l  
ke tones  and  f a t t y  acids w i t h  u n e v e n  c a r b o n  cha in  lengths .  
F r e s h  cells f rom the  l a c t a t i n g  m a m m a r y  syn thes ized  
s tear ic  a n d  oleic acid, t h o u g h  these  r a re ly  c o n t a i n e d  more  
t h a n  4 %  of t he  r a d i o a c t i v i t y  incorpora ted .  

The  p a t t e r n  of f a t t y  acids syn thes ized  b y  dedif feren-  
t i a t e d  cells was  ve ry  d i f fe ren t  c o m p a r e d  to f resh cells 
(Figure  2). The  shor t  cha in  and  u n s a t u r a t e d  f a t t y  acids 
were a b s e n t  a n d  t h e r e  was a g rea t e r  i n c o r p o r a t i o n  of 
ace t a t e  in to  s tear ic  a n d  oleic acid. 

Discussion.  The  p a t t e r n  of i n c o r p o r a t i o n  of labeled  
ace t a t e  in to  f a t t y  acids b y  f resh ly  d ispersed cells was  
genera l ly  s imi la r  to  t h a t  obse rved  p rev ious ly  ~,~ excep t  
t h a t  t he re  was a r e l a t ive ly  g rea te r  i n c o r p o r a t i o n  of 
ace t a t e  in to  u n s a t u r a t e d  acids a n d  s tear ic  acid. L ike  t h e  

f r o m  ~4C-Acetate by Functional  and Dedifferentiated 

goat,  r a t  and  r a b b i t  10 12 t he  f a t t y  acid s y n t h e t a s e  of t he  
cytosol  is respons ib le  for t he  cha rac t e r i s t i c  f a t t y  acids 
syn thes ized  b y  func t iona l  bov ine  m a m m a r y  t i ssue  lK 
H o w e v e r  a m e c h a n i s m  wh ich  accoun t s  for  t h e  cons i s t en t  
p resence  of shor t  cha in  f a t t y  acids in  b o v i n e  mi lk  f a t  has  
ye t  to  be  e lucidated .  The  specif ic i ty  of cha in  t e r m i n a t i o n  
b y  b o v i n e  m a m m a r y  F A S  m a y  be  s u b s t r a t e  d e p e n d e n t  
i.e., s imi la r  to  t h a t  of r a t  a n d  r a b b i t  m a m m a r y  a n d  y e a s t  

The percentage distribution of radioactivity in fatty acids isolated 
from bovine mammary cells following incubation with 1,2~4C-aeetate 

Fatty acid Lactating cells Dedifferentiated 
cells 

C4:0 2.0 - -  
C6:0 2.2 -- 
C8:0 3.4 - -  
C10:0 12.2 - -  
C10:1 3 .0  - -  
C12:0 12.0 - -  
C12:1 2.0 - -  
C14:0 18.8 9.1 
C14:1 6.4 -- 
C16 : 0 26.0 39.3 
C16:1 8.3 2.7 
C18:0 2.4 32.8 
C18:1 1.3 16.1 
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Fig. i. Radio gas chromatogram of the labeled fatty acids synthesized 
from Na, l,214C-aeetate by fresh bovine mammary cells in vitro. 
Fatty acids are denoted by their carbon chain length. 

~L=Z 
E 

= 

.=1 
"c= 

C14 

CulTurod bovino 
cells (2yr) 

C16 

C15q 

ReTenTion Time 

F. 2. Radiogas chromatogram of the labeled fatty acids synthesized 
from Na-I,21~C acetate by bovine mammary cells subcultured for 2 
years. 
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F A S  ~t-14 where  t h e  c o n c e n t r a t i o n s  of ace ty l  CoA and  
m a l o n y l  CoA m a r k e d l y  in f luence  the  cha in  l engh t  of t h e  
f a t t y  acids syn thes i zed  b y  FAS.  Thus ,  t he  h igh  concen t r a -  
t i on  of a ce t a t e  ava i l ab le  to  t h e  l a c t a t i n g  b o v i n e  m a m m a r y  
g l and  1~ m a y  resu l t  in  a h i g h  i n t r a m a m m a r y  ace ty l  
CoA/ma lony l  CoA ra t io  a n d  c o n s e q u e n t l y  t he  p r o d u c t i o n  
of sho r t  cha in  f a t t y  acids is enhanced .  The  b i o s yn t he s i s  of 
labeled  s tear ic  a n d  oleic acid f rom ace t a t e  b y  t h e  m a m -  
m a r y  cells conf i rms  t h e  obs e r va t i ons  of GERSON et  al. 4. 
The  m e c h a n i s m  a n d  in t r ace l lu l a r  s i te  of syn thes i s  of these  
long cha in  f a t t y  acids is n o t  known.  T he  soluble  F A S  m a y  
syn thes ize  these  acids de novo  s imi la r  to  F A S  f rom r a b b i t  
m a m m a r y  t i ssue  ~2 or t h e y  could be  p roduced  b y  t h e  
cha in  e longa t ion  m e c h a n i s m  of t h e  m i t o c h o n d r i a l  m e m -  
branes1~,17. SMITH a n d  MCCARTHY 17 r e p o r t e d  t h a t  mi to -  
c h o n d r i a  of b o v i n e  m a m m a r y  t i ssue  syn thes i zed  s tear ic  
acid f rom ace ta te .  

The  m o d e  of syn thes i s  of t he  u n s a t u r a t e d  f a t t y  acids 
f rom ace t a t e  b y  m a m m a r y  cells ha s  n o t  been  s tudied .  The  
p r e sen t  o b s e r v a t i o n  ind ica t e s  t h a t  these  are  s yn t he s i zed  
de novo.  An  ac t ive  s t ea ry l  de sa tu ra se  is p r e s en t  in l ac t a t -  
ing b o v i n e  m a m m a r y  cells s b u t  i ts  specif ic i ty  t o w a r d  
f a t t y  acids of sho r t e r  cha in  l e n g t h  ha s  n o t  been  de ter -  
mined .  The  sugges t ion  t h a t  t he  u n k n o w n  r ad i oac t i ve  
peaks  are m e t h y l  ke tones  is p l aus ib le  because  these  occur  
in  mi lk  f a t  ~s a n d  t he  p recurso r  t5 ke to-ac ids  are  syn thes i zed  
f rom ace t a t e  b y  b o v i n e  m a m m a r y  tissueS% SUMPER et  
al. 1~ showed  t h a t  w h e n  N A D P H  is l i m i t i n g  for yeas t  
f a t t y  acid syn the t a se ,  fl-keto acyl  de r i va t i ve s  are  t h e  
p r e d o m i n a n t  p roduc t s .  I n  cu l tu red  m a m m a r y  ceils t he  
i n c o r p o r a t i o n  of a ce t a t e  in to  u n s a t u r a t e d  f a t t y  acids a n d  
m e t h y l  ke tones  m a y  resu l t  f r om i n a d e q u a t e  N A D P H  
levels.  

The  o b s e r v a t i o n  t h a t  t he  s u b c u l t u r e d  b o v i n e  cells 
fa i led to ut i l ize  a ce t a t e  for  syn thes i s  of sho r t  cha in  f a t t y  
acids is f u r t h e r  ev idence  of t he  ded i f f e r en t i a t ed  s t a t e  of 
these  cells a n d  conf i rms  t he  f ind ings  of LARSO/q ~~ t h a t  
b o v i n e  m a m m a r y  cells lose t h e i r  special ized func t ions  
w h e n  cu l tu red  in v i t ro .  T he  specu la t ion  as to  w h e t h e r  t he  

same  F A S  e n z y m e  whose  cha in  t e r m i n a t i n g  specif ic i ty  is 
a l t e red  b y  v a r i a t i o n  in s u b s t r a t e  levels,  is f unc t ion ing  in 
l a c t a t i n g  a n d  ded i f f e ren t i a t ed  cells or  if d iscre te  and  
d i f fe ren t  F A S  enzymes  are" ac t ive  in  b o t h  cell t ypes  
w a r r a n t s  f u r t h e r  s tudy .  I f  t he  ac t iv i t i e s  of d i f fe ren t  F A S  
species is d e p e n d e n t  on  t h e  p a r t i c u l a r  phys io logica l  s t a t e  
of popu l a t i ons  of m a m m a r y  cells in v ivo  i t  m a y  accoun t  
for some v a r i a t i o n  in t he  source of m i lk  s tear ic  acid 5. 

Rdsumd. Les cellules de l a c t a t i o n  des t i ssus  mamel la i res ,  
lorsqu 'e l les  son t  cultivOes in v i t ro ,  p e r d e n t  leur  capaci t6  
de synthOtiser  les acides gras  ~ cour te  cha ine  p ropres  au  
la i t  de v a c h e -  les cellules et  peut-Otre  la synthOtase,  
e n z y m e  des acides gras, se dOdiffOrencient et  p rodu i sen t ,  

p a r t i r  de l 'acOtate  exog6ne radioact i f ,  des acides gras 
longue  chaine,  c'est-5.-dire les acides pa lmi t ique ,  stOarique 
et  olOique. 
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The Effect of S p e r m i n e  on the T h e r m a l  Denaturat ion  Profi les  of R i b o s o m a l  R N A  and of R i b o s o m e s  
f r o m  Bacillus stearothermophilus in the Presence  of Phys io log ica l  Concentrat ions  of Cations 

The  n a t u r a l l y  occur ing  po lyamines ,  spermine ,  spermi-  
d ine  a n d  pu t resc ine ,  ,can s tabi l ize  t h e  s e c o n d a r y  s t r u c t u r e  
of R N A  aga ins t  t h e r m a l  dena tu ra t ion1-* .  T he  e x t e n t  to  
wh ich  p o l y a m i n e s  s tab i l ize  R N A  a n d  also D N A  aga ins t  
t h e r m a l  d e n a t u r a t i o n  depends  on  t he  presence  of o the r  
ca t ions  in  so lu t ion  3, 5, 8. I n  p rev ious  s tud ies  on  t he  effects 
of p o l y a m i n e s  on  t h e  t h e r m a l  d e n a t u r a t i o n  profi les  of 
R N A  a n d  r ibosomes  m e a s u r e m e n t s  h a v e  been  m a d e  a t  
ionic s t r e n g t h s  be low those  wh ich  occur  in  phys io logica l  
cond i t ions  ~-4. Most  b a c t e r i a  con t a i n  spe rmid ine  a n d  
pu t r e sc ine  ~, b u t  t h e  t h e r m o p h i l e  Bacillus stearothermo- 
philus con ta ins  spe rmine  a n d  spe rmid ine  s. W e  h a v e  the re -  
fore s tud ied  t he  effect  of spe rmine  on  t he  t h e r m a l  d e n a t u r -  
a t i on  profi les  of r R N A  a n d  of r ibosomes  f rom B. stearo- 
thermophilus in  t he  presence  of phys io log ica l  concen t r a -  
t ions  of o t h e r  cat ions ,  in  order  to  d e t e r m i n e  w h e t h e r  t he  
presence  of spe rmine  in th i s  o rgan i sm affects  t he  s t a b i l i t y  
of i ts  r ibosomes  a n d  r R N A  in vivo.  

B. stearothermophilus s t r a i n  8923 was g rown as descr ib-  
ed p rev ious ly  9. R i b o s o m e s  were p r e p a r e d  f rom exponen-  
t i a l ly  growing  cells a n d  endogenous  spe rmine  was r e m o v e d  
f rom r ibosomes  b y  dia lysis  aga ins t  1 M  KC1-0 .01M Tris- 
HC1 buf fe r  p H  7.6 fol lowed b y  dia lysis  aga i n s t  0 . 0 1 M  

m a g n e s i u m  a c e t a t e - 0 . 0 1 M  Tris-HC1 buf fe r  p H  7.6 s. 
r R N A  was e x t r a c t e d  f rom r ibosomes  us ing  g u a n i d i n i u m  
chlor ide  1~ The  t h e r m a l  d e n a t u r a t i o n  profiles, wh ich  are 
t he  m e a n s  of 4 de t e rmina t ions ,  were m e a s u r e d  in a U n i c a m  
SP800 s p e c t r o p h o t o m e t e r  h a v i n g  a t e m p e r a t u r e  pro-  
g r a m m e r  SP876. R ibosomes  or r R N A  were d i lu ted  a b o u t  
50-fold in t he  a p p r o p r i a t e  buf fe red  sa l t  so lu t ion  to give a n  
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