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The values were corrected for blanks which were incubated with each substrate under 
identical conditions except that  the enzyme was inactivated by heating for IO min at 
ioo ° prior to the incubation. In addition, the flasks containing phosphatidyl choline 
and phosphatidyl ethanolamine were examined for the production of phosphoryl- 
choline and phosphorylethanolamine. Under conditions of the incubation, no phos- 
phorylcholine or phosphorylethanolamine was produced from these two phosphatides 
when examined by the method of DAWSON TM. This finding would indicate a rather 
marked specificity for the enzyme(s). 

From the reported result as well as those previously published by SMITH et al. 
it would appear that the enzyme(s) has at least two requirements for activity. First 
of all the presence of at least one acyl group on glycerophosphate is necessary since 
a-glycerophosphate is not a suitable substrate. Secondly, it would appear that a 
monosubstituted phosphate is required since phosphatidyl choline and phosphatidyl 
ethanolamine are both inactive. 

The demonstration of the presence of rather specific phosphatidate phosphatase 
in the intestinal mucosa provides additional evidence for the occurrence of the suggested 
sequence of reactions involving phosphatidic acids in the intestinal absorption of 
fat ty acids 13. 

This work has been supported by research grants from the Robert A. Welch 
Foundation, Houston, Texas and the National Institutes of Arthritis and Metabolic 
Diseases, U.S. Public Health Service, A-3IO8. The authors gratefully acknowledge 
the technical assistance of F. LIGGETT. 

Department of Biochemistry, JoHu M. JOHNSTON 
The University of Texas, Southwestern Medical School, JAMES H. BEARDEN 

Dallas, Texas (U.S.A.) 

1 E. P. KENNEDY, Ann. Rev. Biochem., 26 (1957) 136. 
2 j .  M. JOHNSTON AND J. H. BEARDEN, Arch. Biochem. Biophys., 9o (196o) 57. 
3 j .  R.  SENIOR AND K. J. ISSELBACHER, Federation Proe., 20 (1961) 245. 
4 G. C. BUELL AND R. REISER, J. Biol. Chem., 234 (1959) 217. 
5 S. W .  SMITH, S. B.  WEISS AND E.  P .  KENNEDY, J. Biol. Chem., 228 (1957) 9 1 5  . 
6 A.  C. CHIBNALL AND H .  J .  CHANNON, Biochem. J., 21 (1927) 233.  
7 T.  WAGNER-JAUREGG AND H .  ARNOLD, Bet., 7 ° (1937) 1459.  
8 I. KABASHIMA, Ber., 71 (I938) lO73. 
9 D. J. HANAHAN, M. B. TtlRNER AND M. E. JAYKO, J. Biol. Chem., 192 1195i ) 623. 

10 W. C. SCHNEIDER AND G. H. HOGEBOOM, J. Biol. Chem., 183 (I95O) I23. 
11 D. E. KOSHLAND, Jr .  AND E. CLARKE, J. Biol. Chem., 205 (1953) 917 . 
12 R. M. C. DAWSON, Biochim. Biophys. Acta, 14 (1954) 374. 
lZ j .  M. JOHNSTON, J. Biol. Chem., 234 (1959) lO65. 

Received August I6th, 1961 
Biochim. Biophys. Acta, 56 (1962) 365-367 

Determination of glycerol in phosphatides 

Our laboratory's need for a simple, yet sensitive and accurate method for deter- 
mination of glycerol in phospholipids prompted the development of the method 
reported here. The method is based on a complete, single-stage acid hydrolysis of 
phosphatides under such conditions that no destruction of glycerol takes place. The 
free glycerol is subsequently determined by HIO 4 oxidation and spectrophotometric 
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estimation of the resulting formaldehyde 1. Our procedure is essentially an extension ot 
the observations reported by HANAHAN et al.% a and by HOBSCHER AND CLARK 4. 

Suitable conditions for the hydrolysis of phosphatides were found by using 
glycerophosphate and free glycerol as model compounds. The following procedure 
finally evolved. The sample containing o.2-1.o/*mole of glycerol is heated in a sealed 
tube with 5 ml of 2 N aq. HC1 at 125 ° for 48 h. The acid hydrolysate is shaken with 
2 ml of chloroform. After centrifugation, two samples of 2 ml are withdrawn from the 
aqueous layer for glycerol assay. For oxidation o.i ml of io N H2SO 4 and 0.5 ml of 
o.I M NalO 4 are added and the mixture is incubated at room temperature for 5 rain, 
after which the reaction is stopped by adding o. 5 ml of IO°/o NaHSO:,. For estimation 
of the formaldehyde a sample of o. 5 ml is withdrawn from the oxidation mixture into 
a clean tube and 5 ml of o.18% chromotropic acid in 20 N H2SO 4 are added. The 
mixture is incubated in an oven at ioo ° for 135 min for maximum color development. 
After cooling the tube to 25 ° the color is read in a 2-cm cuvette in a Zeiss PMQ II  
spectrophotometer at 57 ° m/* against a reagent blank. 

The glycerol content in unknown samples is obtained from absorbancies of 
known standards of free glycerol and glycerophosphate*, which are simultaneously 
run through the whole procedure. 

A sample of i .oo/,mole of pure glycerol taken through the whole procedure yields 
an absorbancy of 0.865 :i:_ 0.o20 (standard deviation). A linear relationship between 
the absorbancy and the amount of free as well as lipid-bound glycerol in the sample 
was confirmed. 

The sensitivity of the method can easily be increased by using smaller volumes 
of acid in the hydrolysis, or by doubling the amount of the reactants in the final 
color reaction, when the colors can be read in 5-cm cuvettes. 

Confirming the findings of HANAHAN s we found that only 2 ~/i, of free glycerol is 
destroyed during the hydrolysis. Both a- and fl-glycerophosphate gave very nearly 
quantitative glycerol yields (95-96%) after the hydrolysis. The contaminants most 
likely to be encountered in the water-soluble fraction of lipid hydrolysates: choline, 
ethanolamine, serine, m-inositol, glucose, and galactose, after heating under the 
conditions of our hydrolysis, gave only insignificant (o-2 ~o) molar yields of "apparent 
glycerol". 

The results of replicate glycerol assays in pure lipids** are given in "fable I. 
Table I shows that the procedure described yields satisfactory glycerol values in 

simple glycerides and in the common glycerophosphatides. The ether phosphatide does 
not give any glycerol response, which means that the ether linkages between glycerol 
and long-chain alcohols are stable under the conditions of our hydrolysis. Sphingo- 
myelin also does not yield any "apparent glycerol" as the liberated sphingosine is 
extracted into the chloroform from the acidic water phase 9. 

In addition to results shown in Table I the procedure described has yielded correct 
analyses also in all lipid mixtures tested. 

So far we have no direct proof of the correctness of the procedure in analysis of 

* Glycerol standards were obtained by determining pycnometrically the glycerol content in 
two commercial samples of highest quality. Glycerophosphate standards were obtained by drying 
high-quMity commercial samples to constant weight in high vacuum at 5o-0o °. The samples 
used had a theoretical P content. 

* * The purity of lipid samples was ascertained by paper chromatography% 7 and by determination 
of phost)horus and acyl ester groupings s. 
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T A B L E  I 

RESULTS OF GLYCEROL ASSAYS IN PURE LIPIDS 
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Sizt ol ~ 
F o~od** * Yield 

Cadctd#~ glyc~ol c ~  
Lipid" Weight** P co~ff¢~ glye.erolcoWa~ (l~mol¢) (%) 

( ~v,~e J ( Vatom) ( ~t*ae) 

I -Monopa lmi t i n  o.5oo o.5oo o. 5o4 I o I 
l -Mono-o le in  0.497 0.497 0.5o6 lO2 
I, 3 -Dipa lmi t in  o.5oo o.5oo o.5o5 i o i 
Tr i l inolein  o.353 o.353 o.345 98 

P h o s p h a t i d y l  chol ine  o.234 0.234 o.23o 98 
L y s o p h o s p h a t i d y l  chol ine o.574 o.574 o.548 " 95 
P h o s p h a t i d y l  e t h a n o l a m i n e  0.302 0.302 0.289 96 
L y s o p h o s p h a t i d y l  e t h a n o l a m i n e  0.532 0.532 0.524 98 
P h o s p h a t i d y l  ser ine  o.241 o.241 0.222 92 
P h o s p h a t i d y l  inosi to l  o.448 o.448 o.462 Io3 

" E t h e r  phospha t ide"§  o. 496 o. 496 o. o25 5 
S p h i n g o m y e l i n  o.488 o.ooo o.o I I - -  

* The  origin of t he  l ipid s amples  h a s  been  descr ibed elsewhere 8. 
** The  samples  were dr ied  to c o n s t a n t  we igh t  a t  5o--6o ° a t  o.o5 tor t .  

* * *  The  glycerol va lues  f ound  in t he  s imple  glycerides  are  based  on  absorbanc ies  of  s i m u l t a n e -  
ous ly  r u n  s t a n d a r d s  of free glycerol. T he  glycerol  va lues  in t h e  p h o s p h a t i d e s  a re  based  on  glycero-  
p h o s p h a t e  s t anda rds .  

§ S teary l  e the r  of  2-s tearoyl  g lyce ry lphosphory l  e thano lamine .  

the plasmalogens, but this seems rather certain because of the acid lability of the 
linkage between glycerol and the long-chain aldehydes. 

The existing and suggested methods for estimation of glycerol in phosphatides l°-u 
are rather complicated in comparison to the procedure reported here. We think that 
the possibility of serial glycerol analysis of large numbers of chromatographic fractions 
will be helpful, for instance in studies on the little-known polyglycerophosphatides. 
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