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HOFMANN n has suggested that  lysophosphatidyl choline, in addition to bile salts, 
may  aid the absorption of fat by  forming soluble micelles with fat ty  acids and mono- 
glycerides in the intestinal lumen. In sheep, the absorption of fat is absolutely de- 
pendent on the presence of bile in the gu t5 and it is possible that  the large amounts 
of phospholipid which enter the duodenum in the bile may facilitate the uptake of 
fat into the cells of the intestinal mucosa. 
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sc 2344 
The origin of hydrogen in fatty acids formed 

by lactating rat mammary gland 

I t  is generally accepted that,  of the 4 hydrogens in each (-CHs-CH~-) group in fat ty 
acids, the two on the odd-numbered carbons are derived from reduced pyridine 
nucleotides, predominantly TPNH 1. Of the 2 hydrogens on the even-numbered 
carbons, one is derived from acetyl-CoA and the other from water 1. 

FOSTER AND BLOOM ~,3 have shown that more than half of the hydrogens on 
the even-numbered carbons of the fat ty  acids formed by rat-liver slices is derived 
from water, indicating an exchange between the methyl hydrogen atoms of acetyl-CoA 
and the protons of water. 

The present report deals with incorporation of aH and carbon from acetate and 
glucose into fat ty  acids by lactating rat mammary gland preparations. In this tissue, 
labilization of the methyl hydrogen (that derived from acetate or glucose, and ap- 
pearing on the even-numbered carbons of the fat ty  acid) also occurs. But  in this case 
the exchange with the protons of water is less than that observed with liver slices. 
The value for the 8H/s*c ratio was about 0.3 (Table I) in fa t ty  acids synthesized 
by mammary gland slices from [2-SH,14CJacetate in the presence of glucose or from 
[6-SH,14C~glucose in the presence of acetate. The values that  have been reported for 
liver slices, however, are o.2 for acetate and o.I for glucose *, a; the difference between 
the acetate and glucose ratios for liver was attributed by FOSTER AND BLOOM 2,4 to 
labilization of the 6-all from glucose at the phosphoenol pyruvate stage 5. The reason 
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for the lack of labilization of hydrogen at this stage in lactating mammary gland 

is not apparent. 
WAKIL 1 has proposed that all 3 hydrogens attached to the methyl carbon of 

TABLE I 

COI~RSION OF [I-SH,14C]GLUCOSE, [~'SH,14C]GLUCOSR AND [5-SH,14C]AcxTATE TO CO z 
AND F A ~ ' Y  ACIDS BY LACTA'rlNG RAT MAMMARY GLAND S L I ~ S  

55o mg of lactating ra t  (IS-x9 days post p a ~ u m )  mammary  gland slices were incubated ior 3 h 
a t  37 ° in  5.5 ml of Krebs-Henselei t  bicaxbonate buffer (pH 7.3) containing 55 pmoles of labeled 
or unlabeled glucose and acetate as indicated below. Gas plmse was 95% Os-5% COs- The fatty 
acids and CO s were isolated and assayed for isotopic a~tivity as described by A ~ M  eta/. s. 
The values reported below axe the averages of 2 closely agreeing determinations from experiments 

with 2 rats. 

Swbstrate % of added labcl recomr~ in: Fatty acid 

Unlabeled CO~ Fatty acidz SH[~4C roJio 
¢ 

Acetate 2 z 
2.6 

Acetate 23 8 

[x-SH]Glucose 

[x-X4CJGlucose 

[6-SH]Glucose Acetate 8 

[6-14C]Gluco~e Acetate 5.3 27 
o.3 

Ez-aH]Acetate Glucose 5.4 

[2-x'C]Acetate Glucose I.o x9 
o.3 

acetate are retained when acetyl-CoA is incorporated into the terminal, methyl end 
of the fatty acid chain and that 2 of these 3 hydrogens are lost during chain elongation 
via malonyl-CoA. Thus, the value for the a.H/uC ratio in fatty acids depends upon 
chain length. For example, the value for the SH/I=C ratio in the case of decanoic acid 
is (z -b 4" 0.333)/5 ~ 0.47, and for palmitate, (I -b 7" o.333)/8 ~ 0.42. The predominant 
fatty acid formed from glucose oracetate by lactating rat mammary gland is decanoic 
acid6, ~. In this tissue (Table I), therefore, o.3o/o.47, or about 64 %, of the maximal 
yield of the SH bound to the methyl carbon of acetate or C-6 of glucose (which yields 
C-3 of pyruvate) is recovered in fatty acids. Thus only 36 % of the H bound to the 
methyl carbon of acetate exchanges with the hydrogens of water. Data reported 
elsewher~ are consistent with this conclusion. Such labilization may occur between 
the H of the/~-C of malonyl-CoA and that of water as suggested by FOSTER AND 
BLOOM s. In Table II the values for the SH/14C ratio in the fatty acids synthesized 
from acetate by mammary-gland homogenates were about 0.3 and the values for 
liver homogenates were about o.i6. Thus, the difference in labilization of acetate- 
bound H can also be demonstrated in homogenates of these two tissues. 

From the data in Table I we can also estimate H transfer from glucose to odd- 
numbered C atoms of the fatty acids via TPNH. The SH bound to C-z of glucose 
can be incorporated into fatty acids by two pathways: (z) via the Embden-Meyerhof 
by conversion to pyruvate and acetyl-CoA and (2) by transfer via TPNH formed 
in the pentose cycle, followed by reduction of the keto-acyl derivatives to fatty acids. 
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T A B L E  I I  

FATTY ACID SYNTHESIS FROM ~2-3H,14C]AcETATE BY HOMOGENATES OF 
LACTATING RAT MAMMARY GLAND AND LIVER 

T i s s u e  h o m o g e n a t e s  w e r e  i n c u b a t e d  f o r  2 h w i t h  6 # m o l e s  of  l a b e l e d  a c e t a t e  u n d e r  o p t i m a l  c o n -  
d i t i o n s  a s  d e s c r i b e d  b y  ABRAHAM el al. f o r  l i v e r  l° a n d  f o r  l a c t a t i n g  r a t  m a m m a r y  g l a n d s  e. F a t t y  
a c i d s  w e r e  i s o l a t e d  a s  d e s c r i b e d  e l s e w h e r e  6. T h e  v a l u e s  r e c o r d e d  b e l o w  a r e  t h e  a v e r a g e s  of  2 c l o s e l y  

a g r e e i n g  d e t e r m i n a t i o n s  f r o m  e x p e r i m e n t s  w i t h  3 r a t s  e a c h .  

Homogenate fraction incubated % of aMded label recovered 
in fatty acids from: Fatty acid 

Tissue ~H[~*C ratio 
Fraction Protein (rag) [z~3H]Acetate [2-t4CfAcetate 

M a m m a r y  g l a n d  p a r t i c l e - f r e e  s u p e r n a t a n t  ~ i i o  3 ° o .33  

L i v e r  p a r t i c l e - f r e e  s u p e r n a t a n t  2 I 
p l u s  m i c r o s o m e s  4 .5  3 .3  2z o. I6  

The value for the ZH/14C ratio by Pathway I is likely to be the same for glucose 
labeled in positions I and 6. The incorporation of [I-3Hlglucose via Pathway I can 
be calculated from the incorporation of the 14C of [i-l*Clglucose into fat ty  acids and 
the value for the 3H/~4C ratio observed with [6-3H,14Clglucose. When glucose was 
the labeled substrate, 8 % × 0.3, or 2.4 %, of the 3H bound to C-I was incorporated 
into fat ty  acids via Pat~away I, and 21% - -  2.4 %, or about 19 %, via Pathway 2. 

From these experiments we can approximate the radiochemical T P N H  yield via 
the pentose cycle. In the conversion of [I-3H,~4C]glucose to hexose 6-phosphate, the 
fates of the carbon and the hydrogen are identical, and the dilution of ~4C and 3H 
via the pentose cycle would therefore be the same 9. The yield of ~4C0~ from C-I of 
glucose by decarboxylation corresponds to the formation of T P N H  from [I-3H] - 
glucose. The 14C02 yield via the pentose cycle will be less than the total 14C02 yield 
from [I-14Clglucose, since the total contains some formed via the Embden-Meyerhof 
pathway. Thus, the 14C02 yield via the pentose cycle will be less than the 14CO~ 
yield from [iA*C]glucose, but more than the difference in the ~4COi yields from 
[IAiC]- and [6-~4C]glucose 9. The ltC02 yield via the pentose cycle was between 23 % 
and 21 (23 minus 2) % (Table I). The radiochemical T P N H  yield was therefore about 
22 %. This yield was accompanied by a recovery of 19 % of 3H in fat ty  acids via 
Pathway 2. The remainder of the T P N H  hydrogen (3 %) may either have been used 
for other reductive processes or lost via oxidation or exchange processes, to appear 
ultimately in water. While the latter calculation is not a precise estimate of the 
labilization of the T P N H  tritium, it does not exceed 3/22, or 14 %. Experiments 
reported elsewhere s on incorporation of 3H from 3H,O into fat ty  acids by lactating 
rat mammary glands and adipose tissue slices also indicate a limited exchange between 
the hydrogens of water and those of fa t ty  acids. 

Recently FOSTER AND BLOOM 3 suggested that, in the transfer of the reductive 
hydrogen of T P N H  by rat-liver slices to odd-numbered C atoms of fa t ty  acids, es- 
sentially complete equilibration with water occurs. The difference between lactating 
rat mammary gland and liver may be related to their different lipogenic activities. 
In the experiments of FOSTER AND BLOOM 4 the incorporation of [I-14C]glucose into 
fat ty acids was less than o.i %, as compared with 8% in our experiments (Table I). 
Because of the presence of large amounts of endogenous carbohydrate in liver, these 
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values are not directly comparable, but there can be little doubt that,  in lactating 
mammary gland, lipogenesis is much higher. I t  is likely that  the distribution of 3H 
among various products and water will depend upon the relative rates of the bio- 
synthetic processes and reactions which exchange the 8H with other protons. 
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Fatty acid compositions of naturally occurrin 9 

lysolecithins and lecithins* 

The presence of lysolecithins in solvent extracts of egg, liver, heart, intestine, kidney, 
lung, spleen, brain, adrenals, blood, cytochrome and cytochrome oxidase preparations 
has been reported 1-14. Quantitative measurements have shown that the percentage 
of lipid P occurring as lysolecithins varies from i % in brain to 22 % in a cytochrome 
preparation from pig heart 5, x~. Human blood plasma and serum phospholipids appear 
to contain 3-IO% lysolecithins 4,~,9,1°,x3,14, while rat blood plasma phospholipids 
contain 17. 5 % lysolecithin 15. The fat ty acid compositions of lysolecithins from human 
blood plasma s and human blood serum 9, le have been reported and it appears that 
they contain more saturated fat ty acids than the lecithins. If the saturated and un- 
saturated fat ty acids occur in the lysolecithins predominantly at the a'- and O-po- 
sitions, respectively, as in lecithins17, TM, then the a-acyl lysolecithins are present in 
larger concentrations than the fl-acyl lysolecithins. The present preliminary work was 
undertaken to investigate the structure and origin of the lysolecithins by comparing 
their fat ty acid composition with that of the lecithins from the same source. 

Lecithins and lysolecithins were isolated from hens' eggs, bovine plasma, bovine 

* Issued as NRC Bull. No. 7669. 

Biochim. Biophys. Aaa, 70 (1963) 693---696 


