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Fig. 2. Separation of calcium and strontium from 1 mi. of milk. 
Eluting solution : 1 per cent tetra sodium salt of ethylenediamine 
tetraacetic acid. pH 8. l!'low-rate, 0·17 ml.fcm.'/min.; column-

length, 16·5 em.; temperature, 22" C. 

column operation was experienced from the milk-fat 
component, and the resin was readily regenerated for 
further use. These techniques may therefore be 
applied satisfactorily to the separation of calcium
free strontium in high yield directly from liquid milk. 

I am indebted to Prof. vV. V. Mavneord in whose 
Department the above work was cai-ried out, and to 
the Medical Research Council for financial aid. 
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BIOCHEMISTRY 

Position of the Fatty Acids in Cardiolipin 
EviDENCE was obtained previously1-

3 that cardio
lipin is composed of two phosphoric acid, three 
glycerol and four fatty acid r esidues. According to 
this structure the polyglycerophosphate skeleton ( 1) 
has five hydroxyl groups available for esterification. 

CH 20H.CHOH.CH 20.P : 0(0H).CH 20 .CHOH. 
CH 20.P: O(OH).CH,O.CHOH.CH 20H (1) 

The position of the fatty acids has now been 
ascertained by identification of the fragments obtained 
on hydrolysis of cardiolipin in conditions in which 
splitting of the phosphoric diest.er bonds take place 
preferentially with little rupture of the fatty acid ester 
bonds. 

Cardiolipin (620 [J-moles phosphorus), prepared from 
ox heart muscle by the method of Faure and Morelee
Coulon•, was heated 90 min. in 50 mi. 90 per cent (vfv) 
acetic acid at 100° C., and after removal of the acetic 
acid in vacuo the water-soluble and ether-soluble 
fractions were separated. The ether-soluble fraction 
contained 6S per cent of the total glycerol, 19 per 
cent of the phosphorus and 9S per cent of the tot.al 
fatty acids, only 5 per cent of which were free. By 
chromatography on silicic acid according to 
Borgstrom• 76 per cent of the fatty acids were 
recovered in the diglyceride fraction ( 4S5 [J-molcs ; 
molar ratio fatty acid-fatty acid ester-glycerol
phosphorus, 1·92: 1·96: 1·0: 0; 1·7 double bonds / 
mole fatty acid) ; by periodic acid oxidation, not 
more than 2 per cent of this fraction was present as 
monoglyceride. The remaining fatty acids and the 
ether-soluble phosphorus were recovered in phospha
tide fractions in partly degraded forms (phosphorus
glycerol-fatty acid, 1 : 1·1 : 2 ·2). 

The water-soluble fraction of the hydrolysat-e 
contained SO per cent (500 (LillOles) of the phosphorus 
and 32 per cent (295 [J-moles) of the glycerol, combined 
in a form hydrolysablc by phosphomonoesterase ; not 
more than 10 per cent of the phosphorus, however, 
was present as glycerolmonophosphate, a s estimated 
by Burmaster's method•, and no free glycerol was 
detected. On fractionation SO per cent of the water
soluble phosphorus was recovered as a barium salt 
sparingly soluble in water, corresponding in com
position to barium glyceroldiphosphate (phosphorus
glycerol-barium, 2 ·0 : 1·06 : 2 ·2). 

The main products of hydrolysis were therefore 
glyceroldiphosphate and diglycerides in molar propor
tion 1 : 2. These results are incompatible with the 
struct.ure proposed for cardiolipin by Pangborn7 (a 
chain of four glycerol and three phosphoric acid 
residues, in which all s ix available hydroxyl groups 
are acylat.ed), which entails the formation on 
hydrolysis of free fatty acid in proportion to the 
water-soluble phosphoric ester formed. The results 
are consistent with a structure for cardiolipin as a 
derivative of I, in which the terminal glycerol residues 
are esterified as diglycerides, leaving a free hydroxyl 
group on the middle glycerol residue. 
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Differential Response of Human Serum 
Cholinesterase Types to an Inhibitor in 

Potato 
DIFFERENCES in the degree of inhibition of the 

activity of human serum cholinesterase (pseudocholin
esterase) produced in vitro by the local an:csthet.ic 
dibucaine (nupercaine) make it possible to classify 
individuals into three distinct types according to the 
character of the cholinesterase present in their serum 1 . 

These types are inherited, and are thought to be 
determined by a pair of allelic genes each of which is 
responsible for the synthesis of a distinct form of 
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