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in the ratio between the hydrolysis velocities of the two isomers obtained under the 
influence of Co ++ , or by altering the incubation temperature do not necessarily 
presuppose the existence of different enzymes. The points of attachment of L- and D- 
substrates to the same enzyme may be only in part identical and in part not. Changes 
in pH may affect in a different way the non-identical points of attachment, causing a 
difference in pH-activity curves. Similarly, the difference in effect of Co ++ on the 
hydrolysis of L- and D-asparagine may be explained by difference in its way of reaction 
with the non-identical points of attachment. 
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S U M M A R Y  

Malonyl CoA can serve as the starting point for the synthesis of long-chain fatty acids 
in animal tissues. For any given tissue the rate of formation of fatty acids from 
malonyl CoA is many times faster than that from aeetyl CoA. TPNH and one enzyme 
fraction (Re) are required for the synthesis of fatty acids from malonyl CoA. DPNH 
is much less effective than TPNH in some tissues. 

The fatty acids formed from malonyl CoA by the isolated enzyme system of 
cow mammary gland are similar in chain length distribution to those found in milk. 

The fol lowing abb rev i a t i ons  are used:  ATP, adenos ine  t r i p h o s p h a t e ;  ('oA, coenzyme A; 
D P N H ,  reduced  d iphosphopyr id ine  nuc leo t ide ;  T P N H ,  reduced t r i phosphopy r i d i ne  nuc leo t ide ;  
R1, e n z y m e  f rac t ion  t h a t  c a r b o x y l a t e s  ace ty l  CoA to ma l ony l  CoA; R~, enzyme  f rac t ion  t h a t  
c a t a lyzes  the  syn thes i s  of f a t t y  acids  f rom m a lony l  CoA. 

* Pos tdoc to ra l  t r a i ne e  of the  U n i v e r s i t y  of "Wisconsin, I n s t i t u t e  for E n z y m e  Research.  Present  
address :  I n d i a n  I n s t i t u t e  of Science, Bangalore ,  Ind ia .  
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BIOSYNTHESIS OF FATTY ACIDS I I I  

INTRODUCTION 

In previous reports from this laboratory ~-9 the various cofactor requirements for 
the synthesis of long-chain fat ty acids from acetate in the pigeon liver system have 
been described. In a more recent report 1° the requirements for the entire sequence 
were ultimately narrowed down to malonyl CoA, TPNH and only one fraction (R2gc) 
of the pigeon-liver preparation. Rapid synthesis of long-chain fat ty  acids was dem- 
onstrated in a reaction mixture consisting of the above components. 

In the present paper, data bearing on the distribution in various tissues of two 
enzyme fractions of the pigeon liver system for synthesis of fat ty acids from acetyl 
CoA (R 1 and R2*, respectively) are presented. These data suggest that malonyl CoA 
is widely, if not universally, used by animal tissues as substrate for the rapid synthesis 
of fat ty acids. I t  is further demonstrated that the synthesis of the fatty acids present 
in cows' milk takes place in the mammary glands of lactating cows by way of the 
malonyl CoA pathway. 

METHODS AND MATERIALS 

Preparation o I enzymes 

Tissues packed in ice were obtained from freshly killed animals from the slaughter 
house and were used for the preparation of enzymes with a minimum loss of time. 

All tissues were cleaned of extraneous materials, cut into small pieces and 
homogenized in a Waring blendor for 15 to 20 sec at top speed in 0.005 M phosphate 
buffer, pH 7.0 the ratio of tissue to buffer being I : 1.5, w/v. The resulting homogenate 
was centrifuged for 30 to 4 ° min at 6,000 × g. The precipitate was discarded, and 
the supernatant was filtered through two layers of cheese cloth. At this step most of 
the lipides of the mammary gland and adipose tissue preparations were easily removed 
since during centrifugation at o ° solid lumps of lipide are formed in the centrifuge 
tubes. The supernatant was then further centrifuged for 9 ° rain at lO4,OOO × g in a 
Spinco Model L ultracentrifuge. The final supernatant fraction, filtered through 
glass wool, and the particulate fraction resuspended in the same buffer, were used 
as the sources of the enzymes. However, the protein concentrations of the extracts 
obtained from the fat ty tissues (both adipose tissues and suprarenal fat) were too 
low for enzymic studies. The protein in these extracts was concentrated by precipita- 
tion with ammonium sulfate (60 % saturation). The precipitate was dissolved in a 
small volume of 0.005 M phosphate buffer, pH 7.0. 

All manipulations were carried out between o to 5 ° with maximum speed. The 
enzyme preparations were tested as soon as possible and when stored were kept at 
- -20 ° . Most of the activity is lost when the enzyme preparation is frozen and thawed 
several times. Even at --20 °, 20 to 30 % of the activities were lost during storage 
for two to three weeks. 

Assay o~ the enzyme activities 

Determination o / R  1 activity: According to the data of Tables I and II, the R1 
fraction is the limiting factor in tissues for the total synthesis of fat ty acids from 
acetyl CoA as the starting material. The amounts of fat ty acids synthesized by the 

* In  th i s  pape r  the  n o m e n c l a t u r e  for descr ib ing  the  two ac t ive  f rac t ions  requ i red  for f a t t y  
acid syn thes i s  is the  s a m e  as  the  one adop ted  in p rev ious  c o m m u n i c a t i o n s  of the  seriesX,*, 8. 
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I12 J. GANGULY 

tissues from acetyl CoA in the presence of all the cofactors would thu~ be a measure 
of the concentrat ion of R~. 

For  routine assays< 7, a mixtmTe of 20/ ,moles of potassium phosphate buffer of 
pH  6.5, 4 .o/ ,moles  of KHCO a, 5 ° m/xmoles of T P N H ,  o. 3 / ,moles  of MnC12, I.o/Lmole 
of ATP, 30 m/tmoles of !I-14C]acetyl CoA (6o,ooo counts/min), the required amount  
of enzyme (usually 500 to IOOO/xg of protein), and water to o. 4 lnl was placed in 
ground-glass stoppered test tubes and incubated at 38°. The reaction was continued 
for exact ly IO min and then terminated by tile addition of 0.2 ml of I.o N KOH. 
The reaction mixture was then heated in a water bath for 15 min, and alter acidi- 
fication with o.2 ml of 2.0 N HC1, was extracted with pentane 1. The radioactivi ty in 
the pentane extract,  counted as described bv WAKIL d[ a].  1, w a s  taken as a lneasure 
of enzyme ac t iv i ty  

Determination ,,f R.a a c t i v i t y : T h e  reaction mixture '° here consisted of 20 tmloles 
of potassium phosphate buffer, pH  ().5, 5 o m/tmoles of T P N H ,  0 rot,haoles (I2,ooo 
counts/min) of labelled malonyl  CoA, limiting anlount of enzyme (usually IOO to 
3oo / ,g  of protein), and water to o. 4 ml. The reaction tilue was at 38' exactly IO rain, 
and tile subsequent steps were the same as those in tile estimation of R t activity. 
In  tissues with high R., activity,  the amount  of protein added in the assay was lowered 
to the point tha t  the total radioactivi ty in the pentane extract  did not exceed 2,ooo 
counts/rain. 

\VAEIL et al. 7 have described the method of following fa t ty  acid synthesis speetro- 
photometr ical ly  by measuring the rate of oxidation of TPNH.  This method is suitable 
for tissues containing high specific activity, but  in many  eases the activi ty was too 
low to be followed spectrophotometrically.  The measurement  of radioactivi ty in tile 
pentane extracts was sufficiently sensitive to cover tile entire gamut  of tissue activities. 
For uniformity of comparison of tile specific activities of all the tissues, tile radio- 
act ivi ty in the pentane extract  was used throughout.  

Materials 

Labelled malonyl  CoA was prepared from '~I-14Clacetyl CoA by incubating 
!i-l~C!aeetyl CoA with purified R 1 from chicken liver 1° in the presence of potassium 
phosphate  buffer of pH 6.5, ATP, KHCOs, and MnC12. Malonyl CoA fornled in the 
reaction was purified bv chromatography  on paper. The preparation of !I-14Claeetyl 
CoA and of labelled malonyl  CoA will be described in more detail in another com- 
munication 11. 

The sources of the following chemicals are indicated in parentheses: CoA (Pabst 
Laboratories);  DPNH,  T P N H  and ATP (Sigma Chemical Company);  and EI-14CJ - 
acetate (Nuclear Ins t rument  and Chemical Corp.). 

RESULTS 

Distribution o~ R 1 and R 2 activities in various tissuas 

The relative distribution of R 1 and R~ activities in the microsomal and super- 
na tan t  fractions of several tissues tested, as summarized in Table I, brings out a few 
striking features. Compared to beef tissues, the livers of the two avian species are the 
most  active sources of R 2. Both  R 1 and R~ can be sedimented, at least partially, by 
prolonged centrifugation at high s p e e d - - a n  indication of their particulate nature. 

Biochim. Biophys. Acla, 4 ° (196o} l ie- [ i8  



BIOSYNTHESIS  OF F ATTY ACIDS 1 1 3  

Finally, the specific activity of R~ is invariably many times higher than that of R 1. 
This would indicate that  the fat ty  acids are formed at a much faster rate from 
malonyl CoA than from acetyl CoA and that  in any given tissue the former can serve 
as a better substrate for the rapid synthesis of fat ty acids. 

T A B L E  I 

R 1 AND R 2 ACTIVITIES OF VARIOUS MAMMALIAN AND AVIAN TISSUES 

A c t i v i t i e s  as  m # m o l e s  of  l abe l l ed  a c e t y l  CoA or  m a l o n y l  CoA i n c o r p o r a t e d  in to  l o n g - c h a i n  f a t t y  
a c i d s  p e r  m g  p r o t e i n / l o  m i n .  A s s a y  c o n d i t i o n s  for  b o t h  R x a n d  R~ w e r e  as  d e s c r i b e d  in  METHODS. 

Tissue 
Sedimentable #actions Supernatant 

R1 R2 R~ R~ 

Bee  f l i v e r  - -  * - -  o. o 13 o. 15 
B e e f  b r a i n  0.07 0.36 - -  i .8 
Beef pancreas -- -- 0.008 0. 3 

B e e f  l ungs  0.05 o.21 0.03 0.23 
Beef k i d n e y s  - -  - -  0.005 0.06 
B e e f  s m a l l  i n t e s t i n e  - -  o.o 15 - -  O.O I 5 
B e e f  m a m m a r y  g l a n d  0.5 2.o o.9 5.3 
B e e f  a d i p o s e  t i s s u e  - -  0.95 - -  2.3 
B e e f  s u p r a r e n a l  f a t  0 .24 o.90 0.65 7.0 
B e e f  a o r t a  o o o o 
C h i c k e n  l i v e r  0.2 i .6 o. 7 14. 5 
C h i c k e n  o v a r y  - -  0.02 - -  0.04 
C h i c k e n  o v i d u c t  - -  o - -  o 
P i g e o n  l i v e r  0 .98 - -  i .o 28.9 

* N o t  t e s t e d .  

That the formation of malonyl CoA is the limiting step in fat ty acid synthesis 
from acetyl CoA is further demonstrated in Table II. It  will be seen here that when 
extracts of beef liver are supplemented with R 1 from another tissue (chicken liver), 
the ability to form fat ty  acids from acetyl CoA is greatly enhanced. 

T A B L E  I I  

ACCELERATION OF FATTY ACID SYNTHESIS FROM AC* CoA BY SUPPLEMENTATION OF THE 
EXTRACT FROM BEEF LIVER WITH PURIFIED R 1 FROM CHICKEN LIVER 1° 

T h e  ba s i c  s y s t e m  c o n t a i n e d  al l  t h e  c o m p o n e n t s  d e s c r i b e d  in  METHODS for a s s a y  of  R x. 3 m g  of 
t h e  b e e f  l i v e r  e x t r a c t  w e r e  u s e d  in  t h e  a s say .  T o t a l  v o l u m e  0. 4 m l ;  i n c u b a t i o n  i o  mi l l  a t  38 °. 

T h e  R 1 of  c h i c k e n  l i v e r  (o. 3 mg)  w a s  a pu r i f i ed  p r e p a r a t i o n .  

Counts~rain/assay 

B e e f  l i v e r  e x t r a c t  (no s u p p l e m e n t )  lO2 
B e e f  l i v e r  e x t r a c t  (plus R 1 s u p p l e m e n t )  734 

Effect o / p H  on the R ,  activity o/ bee/ liver 

The pH curve (Fig. i) demonstrates sharp optimal activity at pH 6.5, and this 
seems to agree well with a similar curve obtained by WAKIL at al. 1 for the pigeon 
liver system with acetyl CoA as substrate. 

Biochim.  Biophys.  Acta, 4 ° (196o) I I O - I  18 
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Fig .  I .  E f f e c t  of p H  on  t h e  R 2 a c t i v i t y  of beef  l iver .  E x c e p t  for p h o s p h a t e  buffer, the  c o n c e n -  
t r a t i o n s  of c o m p o n e n t s  were  e x a c t l y  the  s a m e  as described in ~IETHOOS. E a c h  a s s a y  t u b e  conta ined  
17o # g  of purif ied bee f  l i v e r  e x t r a c t  (Re) and  2o # m o l e s  of p o t a s s i u m  p h o s p h a t e  buffer of t h e  

p H  indicated .  Tota l  v o l u m e  o. 4 ml ;  i n c u b a t i o n  t i m e  i o  m i n  at  38°. 

Requirements/or reduced pyridine nucleotides 

The requirement for T P N H  in the synthesis of fatty acids from malonyl CoA is 
demonstrated in Table III. In other experiments (not included in Table III) a similar 
requirement for T P N H  in fatty acid synthesis from malonyl CoA was obtained with 
enzymes prepared from tissues like beef liver, chicken liver, etc. In the system of 
cow mammary gland, D P N H  could replace TPNH with only partial efficiency. It 
may be recalled that GIBSON et al. 6 and WAKIL et al. 7 have also observed the equ- 
ivalence of T P N H  and D P N H  in the synthesis of long-chain fatty acids from [I-14C] - 
acetyl CoA by pigeon-liver enzymes. These results, however, differ from those of 
H E L E ,  PoPJ~K AND L A U R Y S S E N S  12, who found an absolute requirement for DPNH 
in their system prepared from rabbit mammary gland. 

T A B L E  I I I  

THE SPECIFICITY OF THE PYRIDINE NUCLEOTIDE REQUIREMENT IN THE SYNTHESIS OF FATT't  ACIDS 
FROM MALONYL (.~OA IN TIlE EXTRACT OF CO\V MAMMARY GLANI) 

The basic sys tem contained a mixture  o f  2 0 / ~ m o l e s  potass ium phosphate  b u f f e r  p H  6. 5 ; (i m / , m o l e s  
o f  m a l o n y l  C o A  and extract  of  c o w  m a m m a r y  gland ( 2 5 0 / * g  protein),  and 50 m / , m o l e s  o f  T P N H  

or  D P N H  where indicated.  Final v o l u m e  o. 4 m l ;  i n c u b a t i o n  fo r  i o  m i n  a t  38 . 

Radioactivity incorporated into 
Nucleotide added [(ltty acids/tom malonyl 

CoA in zo rain 

None * o 
T P N H  2.ol 5 
D P N H  44 S 
T P N H  -t- I ) P N H  , ,653 

* 'Fhe e n z y m e  was  stored at  20 ° for 3 weeks .  

The types ol tatty acids !ormed lrom malonyl CoA by tho cot,' mammary gla~d 

Cows' milk contains fatty acids of varying chain lengths from C4 to C~s. It was 
of interest, therefore, to resolve the fatty acids formed from malonyl CoA by the 
cow mammary  gland enzyme system and to compare their relative distribution with 
that which has been found in cows' milk. At the end of a Io-min incubation period 

17b)cDim. tTiopDys. _-1 c i . ,  4 ° ( i  9 6 o )  ~ l o  - i  i 8 
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Fig. 2. Dis t r ibut ion of radioactivi ty in the fa t ty  acids separated on the paper  chromatograms  
of the diethyl ether  (a) and pentane (b) extracts  of the cow m a m m a r y  gland sys tem incubated 

wi th  labelled malonyl  CoA. 

the fa t ty  acids in the reaction mixture were extracted first with pentane and then 
with diethyl ether 3. The short and long-chain fat ty acids in the ether and pentane 
extracts were separated on paper according to REID AND LEDERER 1~ and by reverse 
phase-chromatography according to KAUFMANN AND NITSCH 14. 

After the chromatograms had been allowed to run for the desired length of time, 
the papers were dried, cut into I-cm strips, and the radioactivity in each I cm strip 
was read in the gas-flow counter. The results, as presented in Fig. 2 (a and b), clearly 
demonstrate that distinct peaks for C4 and C s fat ty acids are obtained in the ether 
extracts. In this particular system of chromatographic separation (n-butanol saturated 
with 1.5 N ammonia), C s and higher fat ty acids are not resolved, and they appear in 
one peak s. The same applies to Fig. 2(a). The second curve obtained from the corre- 
sponding diethyl ether extract of the fat ty acids formed by another tissue like beef 
pancreas shows complete absence of two peaks due to C 4 and C e fat ty acids. In Fig. 2(b) 
the resolution of the longer-chain fat ty acids formed by the mammary gland extract, 
as was obtained in the pentane extract, is demonstrated. The values obtained in 
Fig. 2(a and b) are further analyzed in Table IV. It  will be seen that the relative 
proportions of C4 and C 6 fatty acids, as compared to the total fat ty acids formed by 

TABLE IX r 

T H E  R E L A T I V E  C H A I N  L E N G T H  D I S T R I B U T I O N  OF F A T T Y  ACIDS S Y N T H E S I Z E D  B Y  

COW M A M M A R Y  G L A N D  F R O M  M A L O N Y L  C o A  

Radioactivity 
% radioaaivity % distrib~ion o/ 

Carbon atoms Pemane Ether Pentane + in pentane + [atty acid(s) in 
in/arty acid chain extraa extract ether extract ether extract milk x5 

Counts~rain Counts/rain Counts/rain 

4 - -  312 312 7.o 3-5 
6 33 81 114 2.6 1. 7 
8 57 o 4 / ) l l / l  ( 

12 51 2152 3985 9o.4 94.8 

i 4  {1 16 17oi 
i8 
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116 J. GANGULY 

the cow m a m m a r y  tissue prepara t ion ,  closely agree wi th  the ana ly t ica l  values to be 
found in the l i t e ra ture  for the f a t t y  acids of cows' inilk ~5. I t  is ra ther  in teres t ing 
t ha t  in an isolated sys tem from cow m a m m a r y  tissue malony l  CoA gives rise to the 
same types  of f a t t y  acids as are found in the milk secreted b y  the same tissue. 

A t t e m p t s  at  p u r i / i c a t i o n  o~ b e e / l i v e r  R ~  

Considerable purif icat ion of R 1 and R 2 of bo th  chicken and pigeon l iver  has 
been achieved in this  labora tory .  Even  though the specific ac t iv i ty  of beef l iver R 2 
in the  ini t ial  ex t r ac t  is ra ther  low, the  easy ava i lab i l i ty  of large amounts  of this tissue 
encouraged us to a t t e m p t  the p repara t ion  of an enzyme sys tem with g rea t ly  enhanced 
specific ac t i v i t y  b y  the me thod  of WAKIL et al.  1° and GIBSON et al .  6. Solid ammonimn  
sulfate was added  to the ex t rac t  of beef l iver  to br ing the sa tu ra t ion  to 25 %. The 
small  p rec ip i ta te  formed was discarded.  Most of the  ac t i v i t y  p rec ip i t a t ed  between 
25 and 35 % sa tu ra t ion  of (NH4)2SO 4. This p rec ip i ta te  was redissolved in small  
amounts  of o.oo5 M potass ium phospha te  buffer of p H  7.o, and  the solution was 
dia lysed for 3 to 4 h against  the  same buffer. I t  was then d i lu ted  with the same 
buffer to a prote in  concent ra t ion  of 3o mg/ml  and t rea ted  with  calc ium phosphat~ 
geP ~ in the ra t io  of 2 mg gel to I mg protein.  Af ter  cent r i fugat ion  the supe rna t an t  
was d iscarded and the gel was e lu ted  5 to 6 t imes with 4 volumes of o. I M po tass ium 
phospha te  buffer of p H  7.o. The gel e luates  were combined  and  again  solid anmlonium 
sulfate added  to br ing the sa tu ra t ion  to 35 %. After  these t r ea tmen t s  Rx ac t i v i t y  
was to ta l ly  abolished,  and  a twenty- fo ld  purif icat ion of R 2 was achieved.  The enzyme 
(R2), however,  became very  uns tab le  at  this  stage, and  fur ther  a t t e m p t s  at  puri-  
fication on D E A E  ion-exchange cellulose columns were unsuccessful. The steps of 
purif icat ion are smnmar ized  in Table  V. 

TABLE V 

PURIFICATION OF BEEF LIVER EXTRACT (1~,2) 

m/amoles malonyl CoA 
Stage in purification 

After clarification of the homogenate at Io4,ooo ;-.' g 
After precipitation with ammonium sulfate 
After adsorption on and ehltion from gel 

ivworporated :mg 
protein/ z o rain 

o.1 5 
1.8 

3.o 

D I S C U S S I O N  

P r o b a b l y  one of the significant aspects  of the  present  s tudy  is the  demons t ra t ion  t ha t  
malony l  CoA can serve as a universal  subs t ra te  for f a t t y  acid synthesis  in animal  
tissues. The  requi rements  for the  synthesis  from malony l  CoA are much narrower  
than  those for synthesis  from acetyl  CoA. Thus, whereas with acetyl  CoA as the 
s ta r t ing  mater ia l ,  R~, R 1, ATP, Mn +~, HCO~, and T P N H  are absolute  requirements ,  
wi th  malony l  CoA as s ta r t ing  point,  R 2 and T P N H  would be enough to give to ta l  
synthesis .  Also, in any  given tissue, the ra te  of format ion of f a t ty  acids is many  
t imes  faster  wi th  malony l  CoA, as compared  to acetvl  CoA. 

Acety l  CoA must  pass through malony l  CoA before it can be incorpora ted  into 

Bio~him. t~iophys. =tch~, .t o It(~()o I J lt~ i 1 8 



BIOSYNTHESIS OF FATTY ACIDS 117 

fat ty  acids, but  once the latter compound is generated the successive condensations 
are relatively quicker. The rate of formation of malonyl CoA from acetyl CoA seems 
to be the limiting step in the synthesis from acetyl CoA. It  remains, however, to be 
seen whether in animal bodies, malonyl CoA can be formed by mechanisms other 
than that of carboxylation of acetyl CoA. 

The distribution of R 1 and R 2 activities reveals some interesting features. Of 
all tissues studied, the avian liver is the most active source of the system for synthesis 
of fat ty acids. For obvious practical reasons, chicken liver is still the tissue of choice. 
The mammary gland puts out large amounts of fat in the milk which is continuously 
secreted, and it is not too surprising to find high activity in this tissue. The high 
synthesizing activity of both adipose and suprarenal fat is of considerable interest. 
No doubt the protein concentrations of these tissues are very low, but the fact 
remains that  fat tissues are distributed in all parts of the body in large quantities, 
and they would add up to considerable amounts of synthetic activities. Attention 
should be drawn here to the interesting work of HAUSBERGER et  al.17, is who have 
demonstrated that not only the adipose tissues of the rat synthesize fat ty  acids from 
labelled glucose, but the specific activity of these tissues is markedly higher than 
that of the liver of the same animal. The markedly higher synthetic activity of fat 
tissues compared to that of bovine liver with both acetyl CoA and malonyl CoA as 
substrates has also been borne out by the data of the present communication. 

Finally, it is probably proper to note the lack of activity of the ovaries and the 
oviducts of laying hens, in contrast to the high activity in the cow mammary gland. 
This would imply that whereas at least part of the fat secreted in milk is synthesized 
by the mammary gland, the fat ty acids in egg yolk are synthesized outside the ovaries 
or oviduct, most probably in the liver. 
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S U M M A R Y  

A paper chromatographic method for the separation and identification of minute 
amounts (o.oi-o.io/~mole) of ethanolamine and serine in lipid hydrolysates is 
described. The chromatograms are stained directly with a ninhydrin reagent and the 
resultant coloured spots cut out and extracted for quanti tat ive estimation. The 
method has been applied to the analysis of several phospholipid preparations. The 
results are compared with those obtained by a dinitrofluorobenzene method. 

INTRODUCTION 

The present study was undertaken in an a t tempt  to find a suitable method for the 
quanti tat ive analysis of phosphatidylethanolamine and phosphatidylserine in phos- 
pholipid fractions. I t  was felt that  determination of ethanolamine and serine in 
hydrolysates of lipids represented the most practical approach to the solution of this 
problem. Several such assay procedures have been described, and the field was 
reviewed recently by  DITTMER, FEMINELLA AND HANAHAN 1, who found that  many  
of the available methods were inadequate. 

A previous paper chromatographic pIocedure 2 for the micro estimation of nitro- 
genous phosphatide constituents has been found to give good results with standard 
ethanolamine and serine solutions, but DITTMER 1 et al. 1 and MUNIER a have proved 
that  it is unsatisfactory when applied to lipid hydrolysates. The chromatographic 
method described in this paper is both rapid and convenient, and is suitable for the 
determination of from o.oi to o.io/xmole of each compound in lipid hydrolysates. 

* Pos tdoc to ra l  Fe l low of the  Na t iona l  Mul t ip le  Sclerosis Society. 
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