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is presumed to be due principally to the slow esterifi- 
cation of sterols. The increase in ester value is notice- 
able within 24 hr. of liberating the fa t ty  acids and 
the ester value continues to increase slowly for a 
period of a month or two before leveling off. 

Over an extended time period of 4 too., the acid 
value of a sample of tallow fat ty  acids decreased from 
an initial 205.2 to 203.2 while the saponification value 
increased from 205.6 to 207.3. The ester value origi- 
nally was 0.4 and increased to 4.1. 

In all work of this nature, involving as it does 
small differences between acid and saponification val- 
ues, it is necessary to operate with great care. In this 
laboratory it has been found possible by rigorous ad- 
herence to prescribed experimental conditions to run 
replicate saponifieations that do not differ by more 
than +0 .2  saponification value units (5). 

The preceding discussion has shown that the acid 
and saponification values of eonlmereial fa t ty  acids, as 
commonly determined, can only be approximations. 
For tunate ly  the variations in the acid and saponi- 
fication value are limited in magnitude and do not 
seriously interfere in the normal course of analytical 
work. For  example, in calculating the anhydrous soap 
content of a soap containing 72.05% of fa t ty  acids, a 
negligible difference of 0.05% in the anhydrous soap 
content results depending upon whether acid value 
(222.1) or saponification value (224.2) is employed 
in the calculation. 

On the other hand, it does make quite a difference 
whether the acid value or saponification value is em- 
ployed in determining the composition of two eompo- 

nent fa t ty  acid mixtures. Thus a table of acid values 
constructed for a mixture of eOeOlmt oil (saponifica= 
tion value 266.1) and tallow (saponification value 
205.0) gives a result for cOCOlmt oil content of 28% 
versus :31~ depending upon which value is used. I t  
is 1nora realistic to employ the acid value (222.1) even 
though a corrected acid value, if it were practical to 
~orl'ect it. would fall somewhere between 222.1 and 
224.2. It would not, except in a minority of eases, 
constitute an advantage to utilize instrmnental meth- 
ods of analysis in deternlining the exact nature of the 
compounds which deternline the nlagnitude of the 
ester vahle. Itowever, unless such a study is made, 
it is inlproper to apply such corrections to the acid 
and saponification value, as have been proposed from 
time to tilue (1,6). For tunate ly  for the analytical 
chemist the advent of vapor phase chromatography 
provides a far  more accurate technique for the de- 
terlnination of the composition of mixed fat ty  acids 
than the use of the acid and saponification value. 
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Fatty Acid Composition of Ckoan kora Cucurbitarum' 
H. B. WHITE, JR., 2 F. S. CHU, 3 and F. W. QUACKENBUSH, Department of Biochemistry, 
Purdue University, Lafayette, Indiana 

Crude lipid extracts were prepared from Cho,~ephor, 
cucurbitarum which had been grown on a glucose-glutamic 
acid medimn for periods up to 12 days. Methanolysis ,)f 
the extracts and gas chromatography of the esters revealed 
that palmitate accumulated continuously at a rate 7-fold 
that of palmitoleate. Oleate aeeunmlation followed a dif- 
ferent pattern at a rate nearly 6-fold that of stearate. The 
esters included linoleate and four others which were not 
identified. 

M 
ANY FUXaI, part icularly when grown under con- 
ditions o f  high carbohydrate and low nitrogen 
supply, synthesize large amounts of lipid (1,2, 

3,4,5). Choanephora cucurbitarum, a carotene-produc- 
ing phycomyeete (6) which attacks squash blossoms 
and fruits, can produce as much as 50% of the lnyee- 
lial dry  weight as lipid (2). This report  is concerned 
with the fa t ty  acid composition of this lipid and some 
effects of culture conditions and age of fungus on the 
proportions of the acids. 

Materials and Methods 
Stock cultures of Choanephora cueurbitarum NRRE- 

A-6097 (+)  and NRRL-A-6098 ( - )  were maintained 
on glucose-yeast agar slants. Transplants were made 
once a month. 
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An iuoculmn was prel/ared by subculturiug from 
the stock cultures into flasks containing aliquots of a 
sohltion COnlposed of 10 g. glucose and 3 g. yeast ex- 
tract ill a liter of water. After  3 days at 28C the cul- 
tures were colnbined in a sterilized Waring Blendor 
and lnacerated for 10-20 see. Ulfless otherwise stated 
a 1-ml. sample of the holnogenate fronl the combined 
+ and -- cultures was used to inoculate each 100 nil. 
of the basal medium. 

The basal medium contained glucose, 20 g.; L-glu- 
tamie acid, 2 g.; KItePOa, 1 g.; MgSO4-7HzO, 0.5 g.; 
thiamine, 100 rag.; Fe +~+, 0.2 rag.; ZN -~, 0.2 nag.; 
Mn -+, 0.1 rag.; Ca--, 10.0 rag.; and water to 1 liter. 
The pH was adjusted to pH 6.0 before autoclaving. 

Cultures were incnbated in air at 28C in continu- 
ous darkness on a reciprocating-platform shaker oper- 
ating with 4-in. strokes 86 times a rain. Trays were 
rotated daily. 

Two or more cultures were harvested at the desired 
intervals (7). After  extraction of the cultures with 
50-100 ml. of hexane-aeetone (10:7) in a Virtis ho- 
mogenizer, they were re-extracted at least twice with 
50-100 ml. of acetone, and the homogenate filtered. 

The combined hexane-acetone extracts were washed 
with 50 ml. each of water, lnethanol-water (9:1),  and 
water in that order. Following passage of the hexane 
solution through an anhydrous sodium sulfate column 
the solvent was removed in vaeuo and the crude lipid 
weighed on an analytical balance. 
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Gas liquid partition chromatography on a 5-ft. stain- 
less steel column of ethylene glycol succinate polyester 
on 60-80 mesh firebrick operating at 210C and a helium 
flow rate of 72 ml./min, was used to determine the fatty 
acid composition of the lipid. Sensit ivity of the re- 
corder was 2 my. 5Iaintaining the injector part ap- 
proximately 100C hotter than the column helped to 
give good resolution of the samples. 

The mixed fatty  acid nlethyl esters for injection 
onto the column were prepared as follows: to 50 rag. 
of crude lipid in a test tube was added 10 nil. of a 
nlixture which contained ethyl ether-nIethanol-0.5N 
K 0 H  in methanol (5.0:3.5:0.2),  all in the anhydrous 
state (8) .  Fifteen hr. later the reaction mixture was 
neutralized with 0.1N H2SO~, washed with 0.1N N a 0 H  
and then water. After drying and removal of the 
solvent, benzene was used to dissolve the sanlple be- 
fore injection of 5 td. 

For quantitative estimation of the various compo- 
nents the areas beneath peaks were cut from the chart 
and weighed. 

Highly  purified methyl esters (HornIel) were used 
as reference standards in the gas chromatographic 
analyses. 

Results and Discussion 

Eleven fatty  acids were found in the crude lipid 
of C. cucurbitarum. A comparison of the retention 
times of their methyl esters with those of authentic 
samples using palmitate as a reference standard 
showed that laurate, myristate, palmitate, pahnitole- 
ate, stearate, oleate, and linoleate were present (Table 
I) .  Four other acids were not identified. 

A plot of the logarithm of the retention time versus 
the fatty acid chain length gave a straight line (9,10).  
Peaks X1, X2, and Xa fell at the points which would 
be expected for the methyl esters of a C1,-monoun- 
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T A B L E  I 

Retention Times  of Methyl Esters  of S o m e  K n o w n  F a  t y  Acids and 
Those  from Choanephora c u o ~ r b i t a r u m  

3 f e t h y  esters 

Laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Myristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmitate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmitoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linolenate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Retention time relative to that of 
methyl-palmita~e 

K n o w n  esters 

0 . 3 4  
0 . 5 8  

1 . 0 0  
1 , 0 9  

1 . 7 4  
1.88 
2 . 2 4  

2 . 8 0  

. Esters  from 
C .  c ~ c u r b i t a r u m  

oil 

0 . 3 4  
0 . 5 9  

I 0 ,67  
0 . 7 8  
1,00 
1 . 1 2  
1 . 5 0  
1 , 7 6  
1 . 9 3  
2 . 3 1  
2 . 6 2  

saturated, a C~:,-saturated, and a C17-monounsaturated 
acid, respectively. The position of Peak X ,  was not 
correct for either linolenic or araehidic. None of the 
four were isolated for positive identification. 

Growth of the fungus was much faster in the shak- 
ing than in the static type culture (Table II) .  Addi- 
tion of molasses also stimulated fungal  development. 
Although the addition of fl-ionone to the culture me- 
dimn is known to increase carotene production (1,2),  
no consequence of this addition on fatty acid composi- 
tion was found. Palmitate and oleate were the major 
fatty ester components in all experinlents. The fatty 
acid conlpositions of the +,  - ,  and +_ cultures were 
very similar. As the cultures aged, total lipid in- 
creased and all fatty acids increased in the glyeerides, 
with the exception of X3 which was not detectable on 
the chroniatogram after the third day (Table III ) .  
However, the pattern of increase differed markedly 
with the result that, pereentagewise, some acids de- 
creased. Thus, the percentage of pahnitate and lin- 
oleate increased while that of palmitoleate and oleate 

I I  

Fatty Acid Ester  Composit ion of Choanephor~ Cucurbffarum Oil a 

M e d i u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+ 
Strain  

Myeel ium w e i g h t  ( reg . / cu l ture )  . . . . . . . . . . . . . . . . . . . . . . . .  4 6 6 . 3  
Lipid  ( % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 . 0  
Fatty  ester composit ion ( w t .  % )  

Laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 0 . 6  
Myristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 . 4  

X 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 2  
X .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Paimita.te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 , 7  

Palmitoleate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 2  
X3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 8  
Oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 . 3  
Linoleate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 . 5  

X~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 2  

Glucose-asparagine  b 

Strain  Stra ins  

4 7 7 . 5  
3 3 . 7  

9 .8  
2 .8  
1 .1  

2 2 . 2  
9 . 3  

4 . 2  
3 9 . 6  
1 2 . 7  

7 ,2  

Molasses-g lutamic c I Glucose- lutamie d 

S H C  e 

4 6 9 . 8  
3 0 . 0  

0 . 7  
1 .9  
1 .3  

2 2 . 2  
1 0 . 2  

6 .1  
3 3 . 9  
1 7 . 3  

6 . 6  

6 4 7 . 3  
3 7 . 8  

1 .7  
0 .7  

1 2 . 2  
9 .6  
0 . 6  
1 .2  

5 8 . 8  
1 0 . 5  

4 .8  

S H C B  f I S H C T g  

6 3 2 . 0  
3 9 . 3  

2 .0  
1 ,2  

1 2 , 4  
1 0 . 3  

0 .7  
3 .1  

5 8 . 6  
9 .3  
2 . 5  

2 8 2 . 9  
2 2 . 0  

0 .1  
1 .7  
0 ,2  
0 .2  

3 3 . 9  
3 . 4  

7 .1  
3 5 . 4  
1 1 . 3  

9 .3  

S T C  h 

5 3 . 7  
9 .1  

0 .1  
1 .4  
0 . 4  
0 . 4  

2 9 . 7  
6 .8  
0 .7  
8 .9  

2 2 . 7  
9 . 6  

1 9 . 3  

a The data  are  for 2-day-old cultures except  for those u n d e r  STC which  are  for 3-day-old cultures.  
b Basa l  medium except that  asparagine  replaced L-glutamic acid as nitrogen source  and 2 0  m l .  of  ~ - i o n o n e  a n d  5 g .  T w e e n  8 0  w e r e  added 
e Basa l  medium except  that  10 rather than 2 0  g .  of glucose,  30 ml, of molasses  and 5 g .  of T w e e n  80 were  added per  liter. 
a Basa l  medium.  
e S h a k e n  c u l t u r e .  ( S e e  Materials  and N[ethods section.)  
f S h a k e n  c u l t u r e ;  2 0  ms .  of /3-ionone were  added per  culture flask. 
s S h a k e n  c u l t u r e ;  0 . 2 2  g.  T w e e n  8 0  w a s  added per  liter of basal  medium. 
h Static culture. 

T A B L E  I I I  

Changes  in Fat ty  Acid Composit ion of Choanephora Cucurbitarum Oil D u r i n g  Incubat ion  a 

per liter. 

Incubat ion  t ime ( h r . )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
]~ycel ium wt.  ( reg . / cu l ture)  . . . . . . . . . . . . . . . .  
Lipid  (reg . / cu l ture )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o~o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fatty  ester composit ion ( w t .  % )  

L a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Myristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PMmitate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmitoleate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2O 
9 . 7 4  
1 . 8 2  

1 8 . 7  

0 .2  
2 . 6 5  
1 . 6 1  
0 .7  

1 0 . 9 6  
1 7 . 1 7  

1 . 8 1  
2 . 5 1  

4 2 . 0 1  
9 . 2 8  

1 1 , 1  

8 .3  
1 6 . 1  

0 . 1 4  
1 . 8 0  
0 .9  
0 . 4 2  

1 3 . 0 8  
1 0 . 1 7  

0 . 8 3  
2 . 6 3  

4 9 . 7 6  
8 . 6 5  

1 1 . 6 3  

3 1 . 8  
1 4 . 8 5  

0 . 2 9  
1 . 7 4  
0 .2  
0 . 2 9  

2 9 . 7  
4 . 1 5  
1 . 3 4  
6 . 1 5  

3 6 . 7  
1 1 . 3  

9 . 2 5  

4 4  
2 8 2 , 9  

6 4 . 0  
2 1 . 9  

0 . 0 8  
1 . 6 8  
0 . 1 5  
0 . 2 3  

3 3 . 9  
3 . 4 2  

3 5 . 4  
1 1 . 2 7  

6 . 7 6  

5 6  
3 6 5 . 9  

8 2 . 5  
2 2 . 3  

0 . 1 3  
1 . 9 8  
0 . 1 3  
0 , 3 3  

3 4 . 4  
3 .7  

2 8 . 4  
1 4 . 8  
1 0 . 0  

9 8 . 5  
2 3 . 2  

0 . 1 7  
1 . 6 4  
0 . 0 6  
0 . 3 9  

3 1 . 8  
3 . 7 4  

4 . 3 1  
2 5 . 7 5  
1 8 . 1  
1 4 . 0  

80  
4 4 7 . 2  

9 9 , 0  
2 2 . 1  

0 . 0 7  
1 . 9 7  
0 . 1 3  
0 . 5 9  

3 2 . 2  
4 . 7 5  

4 . 6 7  
2 2 . 8  
1 9 . 7  
1 3 . 5  

1 1 2 . 5  
2 3 . 5  

0 . 0 7  
1 . 4 8  
0 .2  
0 . 6 1  

3 1 . 8  
3 . 9 6  

3 . 7 6  
2 1 . 1 5  
2 0 . 5  
1 6 . 4  

1 2 0  
4 8 9 . 2  
1 2 0 . 0  

2 4 . 6  

0 . 1 3  
1 . 2 7  
0 . 0 6  
0 . 5 1  

3 2 . 2  
4 . 0 8  

2 L 3  
2 0 . 4  
1 6 . 7  

1 4 4  
5 2 1 . 8  
1 2 8 , 0  

2 4 . 2  

0 , 0 6  
1 . 4 2  
0 . 1 9  
0 . 6 8  

3 0 . 3 1  
4 . 3 7  

3 .2  
2 0 . 4 6  
2 0 . 9 5  
1 8 , 3 6  

* B a s a l  medium including the addit ion of  0 .22  gram of T w e e n  80  per  liter. 
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decreased. The small amount  of oleate added as Tween 
80 was neglibible in the final lipid accumulation. 

Pat terns  of fa t ty  acid increase were shown fur ther  
by calculation of total amounts present (wt. % x mg. 
of lipid per culture).  In  the procedure used, the 
methyl  esters measured by gas chromatography were 
derived f rom the esterified fa t ty  acids of the crude 
lipid. The amount  of nonesterified substance was ap- 
parent ly  small, since typical crude lipid produced by 
the organism contained 2.4% of free f a t ty  acid and 
0.3%of carotenes. The results showed a common pat- 
tern of increase for the C16 acids (Fig. 1), in which 
palmitic increased at a rate about 7-fold that of pal- 
mitoleic, and a different pa t tern  for the Cls acids 
(Fig. 2) in which oleie increased at a rate near ly  
6-fold that  of stearic. Stearate reached a maximum 
af ter  56 hr., then appeared to diminish measurably, 
while oleate held steady or increased slightly. Lin- 
oleate, slow at start, continued to increase. 

The significance of these observations is uncertain, 
although they do suggest an interrelationship between 
the acids of a common chain-length. Interconversion 
by desaturation has been reported in experiments with 
Fusarium lini (11) and yeast (12). However, such 
interconversion was not observed in experiments with 
A. nidulans (5) or Phycomyces Blakesleeanus (13). 
Observations with seeds from higher plants (14) lend 
support  to the suggestion. Isotopic studies with C. cu~ 
curbitarum may prove the point. 
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Fro. 1. Accumulation of C~6-aeids in the crude lipid of 
C. cueurbitarum. P, palmitate;  P o x  7, palmitoleate (each 
value multiplied by seven). 
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Fro. 2. Accumulation of C~s-acids in the crude lipid of 
C. cucurbitarum. Le, linoleate; 0, oleate; S x 6, stearate 
(each value multiplied by six). 

Summary 
1. Gas chromatography of the methyl esters prepared 

from the crude lipid of Choa~lephorcb cucurbitarum 
revealed the presence of laurate, myristate, pahnitate, 
palmitoleate, stearate, oleate, linoleate, and four un- 
identified esters. 

2. The fa t ty  ester compositions of +, - ,  and ___ 
cultures were qualitatively and quanti tat ively very 
similar. 

3. Accumulation of total lipid in tile culture was 
continuous throughout  a 12-day period of incubation. 
Pahnitate accumulated at a rate about 7-fold that  of 
pahnitoleate, and by a different pat tern  than oleate 
which aeeunmlated at a rate nearly 6-fold that  of 
stearate. 

REFERENCES 

1. Anderson, R. F., Arnold, M.. Nelson, G. E. N., and Ciegler, A. 
J. Ag. Food Chem., 6, 543 (1958).  

2. Chu, F. S., M. S. Thesis, West ~Jirginia University (1959).  
3. Gareia, R. P., Lafont, A. S., and Garrido, J. M., t~ev. eiene, appl. 

(Madrid),  10, 13 (1956).  
4. Singh, J., and Nath, P., Research Bull. Panjab. Univ., 110, 303 

(1957). 
5. Singh, T., and Walker, T. K., Bioehem. J., 62, 286 (1956).  
6. Barnett,  I t .  L., Lilly, V. G., and Kravse, R. F., Science, 123, 

141 (1956) .  
7. Lilly, V. G., and Barnett,  H. L., "Physiology os Fungi," 5[eGraw 

Hill Book Co., Inc., N. Y. (1951).  
8. Kurz, H., Fette u Seifen, 44, 144 (1937). 
9. James, A. T., and Martin, A. J. P., Bioehem. J.. 63, 144 (1956).  
10. Aerograph I~esearch Notes, Wilkens Inst ruments  Research, Inc., 

"~Valnut Creek, California, Fall issue (2958).  
11. Bernhard,  K., Abiseh, L., and Wagner,  I{., Heir.  Chim. Aeta, 41, 

850 (1958) .  
12. Maselli, J. A., and Nord, F. F>, Arch. Biochem. Biophys., 38, 

377 (1952).  
13. Bloomfield, D. K., and Bloch, K., J. Biol. Chem., 235. 337 (1960).  
14. Simmons, R. 0., and Quackenhush, F. %V., J. Am. Oil Chemists' 

Soc., 31, 441 (1954).  

[Received August 14, 1961] 


