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4. V i t a m i n  K 1 s u s p e n d e d  in t he  s a m e  w a y  as a - tocophero l  was  a lmos t  equa l ly  effective as a 
r e a c t i v a t i n g  agen t .  

5. The  add i t ion  of a - tocophero l  did no t  affect  t h e  degree of inh ib i t ion  of t h e  D P N H  oxidase  
s y s t e m  b y  a n t i m y c i n .  

6. No evidence  was  ob ta ined  t h a t  a - tocophero l  would  be oxidized by  o x y g e n  or b y  cy toch rome  
c, or t h a t  t he  qu inone  could  be  reduced  by  D P N H ,  in t he  presence  of t he  hea r t -musc l e  p repa ra t ion .  

7. I t  is sugges ted  t h a t  t he  i nac t i va t i on  b y  i so-oc tane  ex t r ac t i on  is caused  by  adso rp t ion  of 
i so-oc tane  on t he  sur face  of t he  e n z y m e  or b y  some  phys ica l  d a m a g e  of t he  par t ic le  of t h e  e n z y m e  
p repara t ion ,  and  t h a t  a - tocophero l  r eac t iva tes  b y  dissolving t h e  i so-oc tane  or by  res tor ing  t he  
phys ica l  s t r u c t u r e  of t he  part icle .  T he  e x p e r i m e n t s  do no t  provide  s t r ong  evidence for t he  par t ic ipa-  
t ion  of a - tocophero l  in t h e  r e sp i ra to ry  chain,  nor  do t h e y  d isprove  it. 
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INCORPORATION OF RADIOACETATE INTO LIPID  

BY ADIPOSE TISSUE I N  V I T R O :  LIPID CHARACTERIZATION 

J.  P.  M I L L E R *  AND J O H N  A. D. C O O P E R  

Department of Biochemistry, Northwestern University Medical School, Chicago, Ill. (U.S.A.) 

INTRODUCTION 

The ability of adipose tissue to incorporate glucose or acetate into lipid has been 
established by several investigators 1-s. This investigation is concerned with char- 
acterization of the lipid components synthesized by adipose tissue from 14C-i-acetate 
in an in vitro system. 

METHODS 
Lipid separation 
Lipid  s epa ra t i on  was  accompl i shed  b y  a modif ica t ion  of t he  c h r o m a t o g r a p h i c  and  ex t r ac t i on  
p rocedure  descr ibed by  BORGSTROM 6. The  c o l u m n  used  cons is ted  of silicic ac id*"  (13 g) which  h a d  

* P r e s e n t  address :  N u t r i t i o n  D e p a r t m e n t ,  A b b o t t  Labora tor ies ,  Nor th  Chicago, 111. 
** Mal l inckrod t  Chemica l  Works ,  Silicic Acid- ioo  m e s h  (sui table for c h r o m a t o g r a p h i c  ana lys i s  

b y  t h e  m e t h o d  of R a m s e y  and  Pa t t e r son) .  
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been act ivated by  heat ing at  i 18°C for 18 hours.  The silicic acid was mixed wi th  one-half its weight 
Hyflo Super-Cel, slurried in Skellysolve B and packed (under ni t rogen pressure) in a 2. 5 cm 
jacketed* column to a height  of 13 cm. The column was subsequent ly  washed with the following 
solvents** ser ia t im:  benzene, chloroform and Skellysolve B. 

The column was  charged wi th  up to 15o mg mixed lipid in io  ml Skellysolve B and rinsed 
onto  the column wi th  two more so ml al iquots of Skellysolve B. Elut ion was then  carried out  as 
follows : (I) Cholesterol ester was eluted f rom the column with  I : 9 benzene in Skeltysolve B followed 
by 2 : 8 and finally 3 : 7 benzene-Skellysolve B. (2) Triglyceride, fa t ty  acid and cholesterol were then 
eluted together  wi th  benzene followed by  chloroform. (3) Phospholipid was eluted from the column 
with  methanol .  

The column was allowed to flow by gravi ty  at  a flow rate  of o. 5 ml per minute.  Lipid compo- 
nents  were identified by qual i tat ive tests  (Lieberman-Burchard for cholesterol and cholesterol ester 
and phosphorous  test  for phospholipid) and by  examinat ion  on a monolayer  film ~. This lat ter  
procedure was s tandardized in this labora tory  by  Dr. S. H. MAI and consists of placing a drop of the 
lipid in quest ion (dissolved in pet roleum ether) on a film of oil*** which has  been spread on a water  
surface. This method not  only indicates the presence or absence of the lipid component  bu t  also 
shows the type of lipid component  present.  On the monolayer  film cholesterol ester appears  as a 
white  residue, glycerides as oil drops or expanding figures, cholesterol and fa t ty  acids as rapidly 
expanding clear figures and phospholipids as fast  creeping figures, respectively. 

Following elution, separat ion of the middle fraction (containing triglyceride, fa t ty  acid and 
cholesterol) was accomplished by  a modification of BORGSTEOM'S 6 extract ion procedure. This 
procedure consisted of first separat ing fa t ty  acid f rom triglyceride and cholesterol by  extract ion 
wi th  ethanolic sodium hydroxide.  The triglyceride-cholesterol fraction was  then saponified and the 
triglyceride fa t ty  acid separated from the cholesterol by  again extract ing wi th  ethanolic sodium 
hydroxide.  

Typical recovery results of two known lipid mixtures  by  this chromatographic  and extract ion 
procedure are given in Table I. The mix tures  contained radiocarbon-labelled fa t ty  acids to permi t  
quant i ta t ion  of this component  by  radioisotopic as well as gravimetric methods.  

T A B L E  I 

RECOVERY OF KNOWN LIPID MIXTURES IN SEPARATION PROCEDURE 

Percent recovery Radioactivity in 
Component Expt. Mg added (by weight) ]raction percent 

Cholesterol-stearate (i) 12.o 3 94.3 None 
(2) lO.87 96. 5 o.i  

Tripalmit in  ( I ) 23.52 103 . 2 o. 7 
(2) 36.05 IOI .5 0.3 

Cholesterol (I) 24.83 98.0 0.2 
(2) 22.11 94.0 o.i 

Labelled fa t ty  acid* (i) 25.72 lO7.8 <- 93.9 
(2) 25.72 99.4 +- 99.5 

Lecithin * * ( i ) 22.4 ° 94.5 - -  
(2) 9.41 lO8. 3 ~- 0.9 

* Purified fa t ty  acid mix ture  obtained from i n  vi tro incubat ions  (specific ac t iv i ty- -2o4o 
c.p/m./mg).  

Prepared according to the method of PANGEORN s. 

R e m o v a l  o] acetate con tamina t ion  

Before separat ion of lipid components  by  the previously described method it is necessary to remove 
any  traces of contaminat ing  l 'C-acetate  f rom the lipid ex t rac t  of the i n  vitro incubat ion mixture .  
This was  accomplished by  a modification of a procedure described by  FOLCH el al. 9. 

* Column was  kept  a t  a t empera tu re  of 25°C by wate r  circulation. 
* *  All Solvents were reagent  grade and were dried and distilled before use. 

*** Cenco Hyvac  Oil heated in a th in  layer at  I75°C for 8-1o hours  to a surface tension of 17 
dynes]cm ~. 

References  p. z44.  



VOL. 27 (1958) INCORPORATION OF RADIOACETATE INTO LIPID 143 

The  efficiency of th i s  m e t h o d  was  p roved  as follows: Three  ml  i ncuba t i on  m e d i u m ,  258 m g  
minced  adipose  t i s sue  and  ioo /z l  (5/2c) l ' C - I - a c e t a t e  were  t h o r o u g h l y  homogen ized  wi th  a Teflon 
homogen ize r  in 57 ml  ( I9 : I )  of 2: I  c h l o r o f o r m - m e t h a n o l .  Th i s  h o m o g e n a t e  was  t h e n  fil tered 
t h r o u g h  W h a t m a n  No. 42 filter paper .  T he  f i l t rate was  w a s h e d  w i th  one- th i rd  vo lume  w a t e r  
followed by  two  one- th i rd  v o l u m e  a l iquo ts  of o .o5% CaC1 v These  washes  (upper  a q u e o u s - m e t h a -  
nol phase)  were combined  a n d  s u b s e q u e n t l y  ex t r ac t ed  four  t i m e s  wi th  5 ml  a l iquots  of Skellysolve 
B. The  Skellysolve B e x t r a c t  and  original  ch loroform (lower phase)  were combined  yie lding t he  
lipid ex t r ac t  wh ich  con ta ined  only  0 .oo8% of  t he  original  r ad ioac t iv i ty  f rom 14C-i-acetate.  

To de t e rmine  w h e t h e r  th i s  p rocedure  caused  a loss of lipid the  s ame  procedure  was  carr ied 
ou t  u s ing  a labelled f a t t y  acid m i x t u r e  i n s t ead  of 14C-i-acetate.  The  final lipid ex t r ac t  was  found  
to con ta in  9 4 . 1 %  of t he  r ad ioac t iv i ty  f rom t he  labelled f a t t y  acid while t he  wash  con ta ined  
on ly  0.9 %.  

Incubation and counting procedure 

Minced ra t  ep id idyma l  adipose  t i s sue  p lus  3 ml  m e d i u m  and  IOO #l  14C-i-acetate was  i ncuba t ed  
for 3 a t  37.5 °C in a s toppered  flask. All samples  were coun ted  in a sc int i l la t ion counte r*  incor-  
po ra t i ng  a coincidence c i rcui t  a n d  a t wo-channe l  pulse  he igh t  ana lyzer .  

RESULTS AND DISCUSSION 

Normal rat epididymal adipose tissue (246 mg) was incubated with 3 ml of a tissue 
culture medium (Table II) and 5/ ,c  of 14C-I-acetate. Following incubation this mixture 
was homogenized (2: I chl0roform-methanol), washed to remove contaminating 14C- 
acetate, and the lipid extract separated into individual components according to the 
methods previously described• 

T A B L E  I I  

TISSUE CULTURE MEDIUM § 

I .  A m i n o  acids (L only) 

Aspar t i c  o.8 Serine 12.o P h e n y l a l a n i n e  9.2 
Aspa rag ine  6.0 Threon ine  15.2 His t id ine  :HC1 14.o 
G lu t amic  8.0 Cys te ine  :HC1 5.2 Orn i th ine  :HC1 IO.O 
Glycine 16.o Meth ion ine  4.0 Argin ine  :HCI 18.o 
Alan ine  34.o T au r i ne  6.0 Lys ine  :HC1 32.o 
Valine 30.0 Prol ine  25.o Cys t ine  8.o 
Leuc ine  17.2 Tyros ine  i i .2 G l u t a m i n e  92.o 
Isoleucine io.o T r y p t o p h a n  12.o 

I1. Vi tamins 

Biot in  0.04 p -Aminobenzo ic  acid 0.08 
Folic acid 0.08 Choline chloride 12.o 
Ca p a n t o t h e n a t e  o.5o Inosi to l  6.o 
Py r idox ine  :HC1 o.25 Ascorbic  acid 14.o 
T h i a m i n e  o.16 a-Tocopherol  PO  4 2.o 

• Ribof lav in  0.64 Nico t inamide  i .o  

I I I .  Inorganic--EARLE'  S salt solution 1° 

I V .  Glucose-- iooo.o  

§ K ind ly  suppl ied  by  Dr.  FLOYD C. MCINTIRE, A b b o t t  Labora tor ies ,  N o r t h  Chicago, Ill. 
All concen t r a t i ons  above  are  g iven  in mg/1. 

I t  should be noted that during the chromatography of the lipid extract from the 
in vitro system an appreciable amount of oily material was eluted from the column 
with 3: 7 benzene-Skellysolve B (nothing was eluted with I : 9 or 2: 8 benzene-Skelly- 

* Tr i -Carb  Counter ,  Model 314, P a c k a r d  I n s t r u m e n t  Co., LaGrange ,  Ill. 
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solve B). This mater ial  did not  contain any  cholesterol ester as determined by  Lieber- 
man-Burcha rd  reaction and  monolayer  film studies bu t  consisted of triglyceride. I n  
establishing the method with known lipid mixtures  it was found tha t  nearly all of the 
cholesterol ester was eluted with 2: 8 benzene-Skellysolve B and  the remainder  eluted 
with 3:7.  Triglyceride was not  eluted unt i l  much  higher proportions of benzene were 
at ta ined.  This discrepancy is probably  due to the fact tha t  the lipid extract  from the 
in vitro system contained appreciable amount s  of unsa tu ra ted  trigiyceride as evidenced 
by  its oily na ture  while the original column was developed using a sa turated trigly- 
ceride (i.e. tr ipalmitin).  

TABLE III  

CHARACTERIZATION OF LIPID S Y N T H E S I Z E D  B Y  ADIPOSE TISSUE i n  v i t ro  

Percent Percent Percent o/total acetate 
Component (by weight) (by radioactivity) incorporated/ioo mg 

tissue 

Lipid extract ioo.o ioo.o 1.99 
Cholesterol ester None None None 
Triglyceride 97.9 92 .o 1.83 
Fatty acid 0.46 1.23 0.02 
Cholesterol o.31 o.I4 o.oo3 
Phospholipid o.53 2.o3 o.o 4 

Results of this experience and  characterizat ion of the in  vitro synthesized lipid 
components  are given in Table I I I .  I t  is obvious tha t  the lipid synthesized by  adipose 
tissue consists almost entirely of triglyceride in this system. The amounts  of other 
components  formed are negligible and  indeed m a y  represent contaminat ion  from the 
triglyceride fraction instead of actual  synthesis. 

SUMMARY 

Normal minced rat epididymal adipose tissue incubated in vitro with t4C-I-acetate incorporates 
the label almost entirely into the fatty acids of triglycerides with negligible incorporation into 
other lipid components (including cholesterol esters, cholesterol, non-esterived fatty acid, and 
phospholipid). 
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