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Phosphatidyl choline biosynthesis in liver
microsomes is known to occur by two major
different pathways: The Kennedy (1) path-
way involves cytidine diphosphocholine and
a-B-diglyceride to form phosphatidyl choline.
The Greenberg (2) pathway involves the
methylation of phosphatidyl ethanolamine
from adenosylmethionine to form phos-
phatidyl choline. The specificity of the incor-
poration of 1,2-1*C-choline and 1,2-14C-
ethanolamine into these phosphatidy! choline
fractions as a means of measuring these two
biosynthetic pathways of lecithin synthesis
has been determined (3). Phosphatidyl
choline of fraction one and two are chiefly
incorporated from 1,2-'*C-ethanolamine and
provides a lecithin rich in polyunsaturated
fatty acid (3, 4). The phosphatidyl cholines
of fraction 3 and 4 are mainly synthesized by
the 1,2-14C-choline pathway (3). The bi-
osynthesis of the phosphatidyl choline frac-
tion have not been determined in microsomes
from choline-deficient animals with a fatty
liver.

Methods. Choline chloride-1,2-14C-(spe-
ific activity 2.5 mCi/mmole) was pur-
chased from Mallinckrodt Nuclear, St. Louis,
Missouri. Ethanolamine-1,2-14C-(specific ac-
tivity 3.7 mCi/mmole) was purchased from
the New England Nuclear Corp., Boston,
Massachusetts.

Female albino rats of Sprague-Dawley
strain weighing 176 = 19 g were divided into
two groups. Group I served as controls and
was fed a standard laboratory chow (Purina
Laboratory Chow) obtained from the Ralston
Purina Co., St. Louis, Mo. The animals of
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Group IT were fed 5% casein-5% fat diet (5,
6) plus 1% guanidoacetic acid for 7 days.
The fat was Crisco, Proctor and Gamble Co.,
Cincinnati. Wire-bottomed cages were used to
house individual rats, and the rats were al-
lowed free access to food and water. The
fatty acid composition of the Laboratory
Chow and fat used in the diet has been
determined (6).

At the end of the dietary regimen, the
control and choline-deficient rats were inject-
ed intraperitoneally with 3.33 pCi/100 g of
body weight of the isotopic compounds. The
rats were killed by decapitation at 1, 2, 3,
and 4 hours after injection of the isotopic
compounds. The livers were removed, rinsed
with cold water, blotted, weighed, and homo-
genized with ice-cold 0.25 M sucrose in a
Potter-Elvehjem homogeinzer with a Teflon
pestle. The microsomal fraction was isolated
by differential centrifugation (7). The nu-
clear and mitochondria was separated from
the homogenate by centrifuging for 10 min at
14,500 X g. The supernatant solution was
centrifuged at 78,450 X g for 45 min to sedi-
ment the microsomal pellet. The method of
Folch et al. (8) was employed to extract and
purify the lipids from microsomes. The lipids
were stored in a dilute chloroform solution un-
der nitrogen at —18°. The total phospholipid
phosphorus (9, 10) and radioactivity were
determined on an aliquot of the chloroform
solution. Phosphatidyl cholines were isolated
from the lipid extract by thin-layer chroma-
tography by the method of Parker and Peter-
son (11) using solvent chloroform:methan-
ol:acetic acid:water, 65:25:4:1.4 (v/v/v/v).
Phospholipids were identified by comparison
with purified phospholipid standards. Plates
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were sprayed with 0.0089 rhodamine 6G so-
lution and viewed under ultraviolet light to
identify and outline the band of gel contain-
ing the phosphatidyl cholines. The silica gels
containing the phosphatidyl cholines were
scraped into a flask containing 20 ml of chlo-
roform—methanol (2:1, v/v). The phos-
phatidyl cholines were eluted from the gel by
filtration of the chloroform-methanol solu-
tion with the aid of a sintered-glass funnel
(medium porosity). The gel was washed
twice with chloroform—methanol-water (200:
97:3) and once with methanol. Quantita-
tive recovery of phosphatidyl choline was
possible with this elution procedure. Recov-
ery values represented 949% of the total phos-
phorus. The filtrate was washed with 0.2 vol
of 0.04% calcium choloride solution. A dilute
solution of phosphatidyl choline extract in
chloroform was stored under dry nitrogen at
—18°, On an aliquot of the chloroform solu-
tion the total phosphatidyl choline phos-
phorus (9, 10) and radioactivity was deter-
mined. Fractionation of phosphatidyl choline
fractions were carried out by thin-layer chro-
matography on silica-gel H impregnated with
silver nitrate (12). The phosphatidyl
choline fractions were identified by spraying
with 0.019% methanolic solution of 2,7-dichlo-
rofluorescein and viewing under ultraviolet
light (12). The phosphatidyl choline frac-
tions were scraped into tubes containing 15
ml chloroform:methanol, 2:1 (v/v) and 9 ml
0.04% CaCl, added, shaken, and filtered with
sintered-glass funnel (medium porosity) to
remove the silver ion and collect the lipid-sil-
ica gel. The lipids were extracted from the
gel with 15 ml chloroform:methanol:water,
200:97:3 (v/v/v), and 5 ml methanol; and
chloroform was added to adjust the ratio of
2:1 (chloroform:methanol). The solution was
shaken, centrifuged, and aspirated to remove
the methanol-water phase. Fifteen milliliters
of methanol and 9 ml of 0.049% CaCly was
added, and the washing procedure was re-
peated. Fifteen milliliters of chloroform was
added to the lipid extract, cooled in a re-
frigerator, and the water layer was removed
by aspiration. The volume of lipid extract
was diluted to 50 ml with chloroform. Recov-
ery values represented 90-95% of the phos-
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phorus applied to the silica gel impregnated
with silver nitrate. Samples were taken for
lipid phosphorus (9, 10) and radioactivity.
All radioactivity measurements were made
in a Packard Tri-Carb liquid scintillation
counter. The scintillation solvent consisted of
0.4% of 2,5-diphenyloxazol (PPO) and
0.005% of 1,4-bis-(5-phenyloxazolyl-2)-ben-
zene (POPOP) in toluene. Specific activ-
ity is expressed as counts/minute per pg of
phosphorus.

Results and- Discussion. The incorporation
of inorganic phosphate (32P;) into total liver
phospholipids in rats fed the stock diet is
similar in animals fed the choline-deficient
diet for 7 days (13). Liver phospholidid syn-
thesis does not decrease until the histological
picture changes to cirrhosis (14, 15). The
ratio of liver phospholipid P/protein N is
unchanged in rats fed the 5% casein-5% fat
diet compared to a stock diet, 25%
casein-5% for 7 days (14). The liver of the
animals fed the 5% casein—5% fat-supple-
mented with guanidoacetic acid for 7 days
showed a 3- to 4-fold increase in neutral
lipids when compared to those rats fed stock
diet (6, 16).

The incorporation of 1,2-14C-choline into
total phospholipid P, total lecithin P and the
phosphatidyl choline-P fractions of liver mi-
crosomes at 1, 2, 3, and 4 hr after intraperi-
toneal injection of the isotope in choline-
deficient and control animals fed stock diet is
shown in Table I.

The incorporation of 1,2-14C-choline into
the total phospholipid-P and total lecithin P
of liver microsomes is greater in the choline-
deficient than in the control animals. The
major incorporation of 1, 2-1C-choline was in
lecithin fractions 3 and 4 in both choline-
deficient and control animals. It has been
shown that 85% of the total lecithin P of
liver microsomes are found in these two frac-
tions (17) and that these lecithins are syn-
thesized by the choline pathway (3). It is
apparent from the data in Table T that the
lecithin fractions 3 and 4 from the choline-
deficient animals have a greater incorporation
of the isotope as shown in the specific activi-
ty values than the controls. This observation
would suggest that the CDP-choline-
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a-B-diglyceride pathway is more active in the
choline-deficient animals. Wilgram, Holoway,
and Kennedy (18) have shown that the
concentration of CDP-choline per liver was
0.36 upmoles in choline-deficient and 0.32

pmoles in control liver. The incorporation

data and the CDP-choline-concentration an-
alysis (18) would support the idea that the
biosynthesis of lecithin by the CDP-choline-
a-B-diglycerol is not deficient in the produc-
tion of a fatty liver.

The incorporation of 1,2-1*C-ethanolamine
into the total phospholipid-P, total lecithin
P, and the phosphatidyl choline-P fractions
of liver microsomes at 1, 2, 3, and 4 hr after
intraperitoneal injection of the isotope into
choline-deficient and control animals fed
stock diets is shown in Table II. There is
very little difference between the incorporation
of 1,2-14C-ethanolamine into the total lipid
P of choline-deficient animals as compared to
controls, The greatest incorporation of 1,
2-14C.ethanolamine is in the lecithin frac-
tions 1 and 2 in both control and choline-
deficient animals. This confirms a previous
observation (3) and these lecithin fractions 1
and 2 contains the polyunsaturated fatty
acids. The biosynthesis of these fractions 1
and 2 are chiefly from the methylation of
phosphatidyl ethanolamine (3, 4). It is ap-
parent from the data of Table II that the
specific activities of the lecithin fractions of
the liver microsomes of the choline-deficient
are much smaller than the control animals.
This observation would suggest an impair-
ment in the formation of phosphatidyl
choline from phosphatidyl ethanolamine in
choline deficiency.

Summary. The incorporation of 1,2-14C-
choline and 1,2-1*C-ethanolamine into the to-
tal phospholipid-P, total lecithin P, and the
phosphatidyl choline-P fractions of liver mi-
crosomes at 1, 2, 3, and 4 hr after intraperi-
toneal injection of the isotopic compounds in
choline-deficient animals was studied. The in-
corporation of 1,2-*C-choline into the total
phospholipid P and lecithin P of liver micro-
somes was greater in the choline-deficient
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than in the control animals. The greatest
incorporation occurred in lecithin fractions 3
and 4 in the choline-deficient animals. The
greatest incorporation of 1,2-1#C-ethanolamine
was in the lecithin fractions 1 and 2 in
both controls and choline-deficient animals.
There was a decrease in the incorporation
of 1,2-1%C-ethanolamine into the lecithin frac-
tions of microsomes from the choline-deficient
animals.
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