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W e  have  descr ibed the  b iosyn thes i s  of shor t -  and  long-chain  f a t t y  acids (C 6 C18 ) f rom ace ta te  
by  h o m o g e n a t e s  p repared  f rom the  m a m m a r y  g land  of l ac ta t ing  r a t s  and  of sheep 1. In  the  p repa ra t ions  
m a d e  f rom the  ra t  t i ssue  th ree  condi t ions  were requi red  for the  ac t iva t ion  of the  f a t ty -ac id  s y n t h e -  
sizing s y s t e m :  (a) aerobic incuba t ion ;  (b) the  add i t ion  of e i ther  of the  three  keto-acids ,  py ruva t e ,  
oxa loace ta te  or a -ke tog lu t a ra t e ;  (c) and  the  addi t ion  of ATP.  The  h ighes t  incorpora t ion  of ace ta te  
into f a t t y  acids  was observed  in the  presence of oxa loace ta te  (o.o2 M) and  A T P  (o.oi M) and  when  
the  gas  phase  was air i n s t ead  of pure  O v 

W e  wish  to repor t  here  t he  cent r i fuga l  f rac t iona t ion  of h o m o g e n a t e s  of r a t  m a m m a r y  g land  
and  which  have  yielded a soluble enzyme  s y s t e m  act ively  syn thes i z ing  f a t t y  acids f rom [carboxy-14Cl- 
aceta te .  The  finely minced  a b d o m i n a l  g lands  of l ac ta t ing  r a t s  (7-14 days  af ter  par tur i t ion)  were 
homogen ized  wi th  2 vols  of ice-cold buffer  (o.I54 M KC1, IOO pts ;  o . I54 M MgCt v io p t s ;  and  o. i  M 
p o t a s s i u m  p h o s p h a t e  buffer,  p H  7.4, 35 pts) in a glass homogenizer  p rov ided  wi th  a t i gh t ly  f i t t ing  
p i s ton  which  was dr iven  by  an  electric motor .  The  homogena te ,  filtered t h r o u g h  four  layers  of gauze,  
was  cen t r i fuged  a t  o ° a nd  a t  4o0 g for io min .  A pad  of fa t  wh ich  sepa ra ted  a t  the  top  was  scooped 
off. The  s u p e r n a t a n t ,  fi l tered t h r o u g h  a smal l  pad  of co t ton  wool, p rov ided  the  "ful l  h o m o g e n a t e " .  
I t  was  t h e n  cen t r i fuged  a t  o ° and  a t  25,ooo g for 3o min .  The  clear, t r a n s p a r e n t  and  p ink  s u p e r n a t a n t  
(Sp I) was  t a k e n  off and  filtered t h r o u g h  a small  pad  of co t ton-wool  to r emove  a t h in  film of fa t  
from the  top. The  sed iment ,  des igna ted  as " m i t o c h o n d r i a " ,  was washed  twice by  dispers ion in fresh 
buffer  and  s ed imen ta t i on  a t  25,ooo g for 15 rain each. A sample  of Sp I was cen t r i fuged  fu r the r  
a t  2 ° and  lO4,OOO × g for 3o mi n  a t  t he  full speed of the  centr i fuge.  The  s u p e r n a t a n t  (Sp II), which  
in appea rance  was  s imilar  to Sp I, was  t a k e n  off and  tile sed iment ,  a p ink i sh -b rown t r ans lucen t  
pellet t ,  des igna ted  as " mi c ro somes" ,  was washed  once wi th  buffer  and  sed imen ted  a t  lO4,Ooo g for 
io min  a t  t he  full speed of the  centr i fuge.  The  " m i t o c h o n d r i a "  ob ta ined  f rom 5 ml  of full h o m o g e n a t e  
were suspended  wi th  t he  aid of a glass homogenizer  in 2. 5 ml  of buffer  or wi th  the  s ame  v o l u m e  of 
Sp I or Sp I I  to  provide  2 ml  for one i ncuba t ion  and  o. 5 ml  for de t e rmina t i on  of d ry  w e i g h t . T h e  
" m i c r o s o m e s "  ob ta ined  f rom io ml  of Sp I were t r ea ted  in the  same  w a y  wi th  buffer  or Sp II .  The  
i ncuba t ions  were m a d e  in WARBIJRG a p p a r a t u s  a t  37.5 ° for 3 h. E a c h  flask con ta ined  6o #mo le s  of 
[carboxy-14C~-acetate as the  sod ium sal t  (5 #c  14C), 6o #moles  of p o t a s s i u m  oxaloaceta te ,  3 0 / , m o l e s  
of A T P  (monosod ium salt ,  L. L i gh t  & Co., L td .  Colnbrook, England)  and  2 ml of the  p repa ra t i ons  
to be tes ted  for enzyme  ac t iv i t y ;  the  final vo lume  was 3 ml  and  the  gas  phase  air. I n  order  to ob ta in  
sufficient a m o u n t s  of f a t t y  acids  for a s s ay  of 14C, an  e thano l - e the r  solut ion of t he  fa t  ob ta ined  du r ing  
the  cent r i fugal  f rac t iona t ion  of the  h o m o g e n a t e s  was  added  to all p repara t ions ,  excep t  t he  full 
homogena te ,  a t  the  end  of the  incuba t ions  and  before saponif icat ion.  The  fa t  added  was  equ iva len t  
to i o m g  of m ixed  f a t t y  acids. The  ex t r ac t i on  of f a t t y  acids  and  the i r  pur i f ica t ion  f rom c o n t a m i n a t i n g  
14C-acetate by  a ch roma t og raph i c  t echn ique  has  been descr ibed elsewhere 2. The  oxygen  c o n s u m p t i o n s  
(--Qo2) repor ted  represen t  to ta l  O~ c o n s u m e d  (/,1) per  m g  d ry  we igh t  (corrected for sa l ts  and  fat) 
of the  p repa ra t ions  du r ing  t he  first h r  of t he  expe r imen t ,  and  f a t t y  acid syn the s i s  is expressed  as 
i -  io - a / , m o l e s  ace ta te  used  per  ioo m g  d ry  weight  (corrected) of t he  p repara t ions .  

As can  be seen f rom the  resu l t s  shown  in Table  I Sp I incorpora ted  5-1o t imes  as m u c h  ace ta te  
into f a t t y  acids as the  full h o m o g e n a t e  or the  mi tochondr ia .  Moreover,  when  Sp I was  combined  
wi th  mi tochondr i a  f a t t y  acid syn thes i s  was reduced  to t he  lower levels observed wi th  t he  full  homo-  
genate .  Sp II ,  which  is a part icle-free solut ion,  was  less act ive  t h a n  Sp I b u t  more  act ive  t h a n  t he  
full h o m o g e n a t e  in syn thes i z ing  f a t t y  acids.  The  r ecombina t ion  of mic rosomes  wi th  Sp II  did no t  
restore the  enzymic  ac t iv i ty  to t he  level observed  in Sp I. W h e t h e r  our  inabi l i ty  to disperse t he  
microsomes  adequa t e ly  in Sp II  or a loss of some co-factor  f rom the  mic rosomes  dur ing  wash ing  
is the  exp lana t ion  for th is  resul t  c anno t  be decided a t  present .  The  re la t ive ly  h igh  O2-consumpt ion  
of Sp I and  Sp II  indica tes  t he  presence of r e sp i ra to ry  enzymes .  The  O2-uptake  of t he  p r epa ra t i ons  
canno t  be ascr ibed to au t ox i da t i on  of c o m p o n e n t s  since incuba t ion  of (e.g.) Sp I I  w i t h o u t  A T P  
reduced  the  - - Q o a  to 0.9. Spectroscopic ana lyses  of Sp I and  II  ind ica ted  the  presence of fair ly h igh  
concen t ra t ions  of cy toch rome  c and  of DP N.  
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TABLE I 

F A T T Y  A C I D  S Y N T H E S I S  F R O M  [Car3OXy-14CJACETATE B Y  F R A C T I O N S  

O F  R A T  M A M M A R Y  G L A N D  H O M O G E N A T E S  

E rperiment mtmber 

Preparalio~ls zi2 xr 4 116 I17 
incubated 

Fatty acid Fatty acid Fatty acid Fatty acid --Qo= - - Q o 2  
- - Q o 2  synthesis * -Qo2 synthesis * synthesis * synthesis * 

Full homogenate  

Sp I 

Mitochondria 

Mitochondria  
+ S p I  

Sp I I  
Microsomes 
Microsomes 

+ Sp I1 

3.05 6.95 3.06 8.9 2,76 12.1 
2.81 35.20 2.28 32.4 3.48 90.0 2.92 75.0 

2.41 27.8 
0.8 6.20 0.99 8.48 - -  - -  1.09 lO. 3 

o.84 9.3o 
3.19 3.85 3.48 12.9o - -  - -  2.25 4.54 

3.27 14.1o 
. . . .  3,61 48.5 3.42 18.5 
. . . .  0.54 o.o ~ .62 o.o 
. . . .  2.95 25.6 2.39 12.4 

*Expre s sed  as 1.1o -3 ~moles acetate incorporated into fa t ty  acids per  ioo mg dry  weight. 

The m a m m a r y  gland prepara t ions  differ from those made from pigeon-liver (BRADY AND GURIN 3} 
in m a n y  respects. To ment ion only one of these the fractions from pigeon-liver homogenates  corre- 
sponding to our Sp I and Sp I I  were inactive and both  the particles and superna tan t  were required 
for fa t ty  acid synthesis.  The inhibition of fa t ty  acid synthesis  in Sp I by  the mitochondrial  fractions 
could be explained most  satisfactorily by  competi t ive reactions. 
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PREPARATION AND ANALYTICAL DATA OF PURE 

D(--) 3-PHOSPHOGLYCERIC ACID* 

by 

I R E N E  S. F O R R E S T  AND CARL N E U B E R G  

Department o/Biochemistry, New York Medical College, New York, N .Y .  (U.S.A.) 

The data in l i terature concerned with the chemical and physical constants  of D(--)3-phospho- 
glyceric acid are contradictory.  Their exact determinat ion seemed desirable in view of the ever 
increasing significance of this substance for the na tura l  processes of degradation and synthesis. 

The acid bar ium salt of D(--)3-phosphoglyceric acid is readily accessible in crystallized form 1. 
I t s  composit ion is: C3H~O~PBa.2H~O. There are, however, wide divergences in the data  for crystal 
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