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to the Office of Haval Researche Copy of this report, dated September 1, 1949 was
sent to the Division of Biology and Medicine of the Atomic Energy Commissione

Ao Formation of phosvholipides in the liver of intact animals.

As in previous experiments, the formation of phospholipides has been studied
in the liver of enimals killed at a given time afiter the administration of isotopic
inorganic phosphate. Additional experiments were made in the past month using rats of
various age groups and maintained on diets with various protein levelse To scme of these
diets guanidoacetic acid or diethanolsmine was added, in an atbenpt to further inhibit
the synthesis of certain phospholipide fractionse Analytical and isotopic determinations
of both inorganic and lipide phosphorus were made in the livers On the basis of the
large number of datae obtained in these and previous experiments, it became possible to
compare the various methods of expressing the rates of formation of phospholipides in the
liver ("percentage of the isotopic dose injected", specific activity", "relative specific
activity","total radioactivity/specific activity of the inorgamic phosphorus")e The
statistical elaboration of the data has not yet been completede However, it seems likely
that the values calculated by the last method closely represent the amounts of phospholipide
synthesized in a given time by the liver of the animalse When such amounts are referred
to the same weight of animal, the values are remarkably constant, in spite of considere
able variations in the age and diet of the animals, and even when functional and probsbly
also anatomical alterations are detectable in the liver. Accordingly, on the basis of
previous end present findings the following general concepts might be suggesteds a) The
synthesis of phospholipides proceeds unimpaired, even when the dietary supply of their
N-containing precursors is considerably reduced and other deficiency symptoms (such as
fatty infiltration of the liver) are visiblee Apparently the formation of phospho=
lipides in the liver takes a high degree of priority in the processes of the intermediary
metabolism, including those involving the transfer or synthesis of methyl groupsj b) The
rate of phospholipide synthesis in the liver is not considerably affected by conditions
which presumably reduce the number of the active cells or their functional capacity; end
¢) Since in intact animals the synthesis of phospholipides proceeds to a rate not far
from normal even under very adverse conditions, one should assume that the liver has a
very extensive functional reserve for this processe

It is expected that more time will be required for the complete eleboration
of the data, before a complete paper on the subject can be publishede

Be Formation of phospholipides in survivine slices of the livere

Previous experiments in which the s;mthesis of phospholipides has been
studied in surviving slices of the liver of rats under various nutritional conditions
have been continueds In some experiments the %total phospholipides have been fractionated
into choline-and non-choline~containing and the formation of these two groups of
phospholipides followed comparativelye The amounts of isotopic phospholipides synthesized
by one gram of tissue during & 4 hour period of incubation with radiocactive phosphate
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has been taken as a basis for comparisone Results of the more recent experiments

show that a fasting even of short duration, causes a detectable decrease in phospho=
lipide formatione The finding of a much more marked decrease in this process, wh?n
the enimals had been previously maintained on diets low in protein, has been confirmeds
The recent data also further corroborate the concept that this decrease is due to ?he
low inbake of dietary proteins rather than to a deficient supply of c@oline or of its
precursorse No difference was noted in the rate of formation of choline~ or nons
choline=containing phospholipides by the isolated tissues

The results of the experiments with tissue slices may be compared with those
of the experiments in intact animale As mentioned above, the formation of phospho-
lipides in the liver of intact animals is independent to a large extent from the
composition of the diet, whereas phospholipide synthesis in the isolated tissue is
greatly affected by the nutritional state of the animale It is tentatively suggested
that in the isolated tissue the phospholipide synthesis occurs at a maximum speed,
whereas in the intact animal, regulatory mechanisms are operating to keep the rate of
phospholipide formation at a level adequate to the necds of the body, such a level
being in ordinary conditions much below the maximum functional capacity of the tissue.

The action of various substances (choline, ethanolemine, betaine) added
in vitro to the surviving slices of liver has been also studied further and most of
our previous findings have been confirmed. Further experiments are in orogress, in
which other substances (e.g. diethanolamine, thiourea, etce) are added in vitro to the
isolated tissuee -

A prelininary report of the experiments on the isolated liver tissue will be

presented next April at the meetings of the Federation of the American Biological Sogigties
in Atlentic City, He Je

Ce Lipide camposition of liver mitochondriae

Under proper conditions the synthesis of phospholipides does occur even with
liver homogenates. When these homogenates are fractionated by diflferential centrifugationm,
the large granules fraction (resulting essentially of mitochondria) appears very active
in this respecte Since a large proportion of lipides is present in the mitochondria it

was thought worthwhile to make a detailed study of the lipide composition of these
structures.

Six preparations of "large granules” separated from rat liver by differential
centrifugation, have been analyzed. Complete extraction of the lipides seems to be
difficulte Total lipides extracted from the trichloroacetic precipitate averaged 24%
of the dry weighte The remaining part consisted essentially of proteins and nucleo=
protides and a smaller proportion of substances soluble in trichloroacdtic acide The
average composition of the lipides was as follows: 78% phosnholipides, 4e55% cholesterol
(half or more of it, as free cholesterol), 18% of neutral fat and other lipidese The
tentativg distribution of the individual phospholipides was: lecithin 435, sphingo-
mw§lin 775 non=choline-containing phospholipides 50%e¢ lost of these were phosphatidyl
etngnolamine, but a non-negligible fraction could not be justified as ethsnolsmine~ or
serine-containing phospholipideses With the exception of one preparation, very little
excess of N over P was found in the lipide exiractse. ilowever, the possibility of an
1§complete extraction of cerebrosides, if present, can not be dismissede In conclusion,
m%t?chondria hawe a characteristically high proportion of lipides, esvecially shosphow
lipides, but their composition does not appear to be essentially different from that of
the lipides extracted from the whole unfractionated livers

The results of- this investigation were reported at the January meeting of the
Southeastern Section of the Society for Experimental Biology and liedicine, Durham, Ne Ce
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In the future experiments it is planned to study in more detail the
in vitro synthesis of phospholipides under the action of mitochondria from the

Tiver of rats in various nutritional statese

De Incorporation of c1? 1abeled choline into the phospholividese

These experiments have been hampered by difficulties in the synthesis of
isotopic cholines Dr. Arthur Roe of the University of North Carolina has now developed
for us a method of synthesis which seems both convenient snd efficients ¥e are about
to use the synthesized material in experiments on isolated liver slicese o are
planning to run also parallel experiments with other labeled compounds which are, or
may be intermediary terms in the formation or degradation of choline (such as betaine,
dimethylglycine, and dimethylethanolemine)e At our suggestion, Dr. Roe is studying
methods for the synthesés of these compoundse It is hoped that in the course of our
experiments some indications will also be obtained concerning the mechanism of other
biological methylations, besides those directly involved in the synthesis of cholinsee

The following papers based on the results obtained in the previous and
present experiments of this project have been published:

THE ACTICHL OF AN ANALOGUE OF EDTHANOLAMINE (DIETHANOLALINE) ON TAE FCRIATION
OF LIVER PECSPHOLIPIDES, Journal of Biological Chemistry, Vole 180, lice 24
Page 495, Scptember, 1949, (Complete report)e

LIPIDE P:OSPICRYLATION IN THE LIVER AS RELATED TO THE DIETAXY SUPSLY CF
LZTEYL DCLCRS AND LETHYL ACCEPTORS, Abstracts of the First International
Congress of Biochemistry, Cambridge, England, August 1949, Page 22;

Journal of the Elisha Mitchell Scientific Society, Vol. 65, Noe 2, December
1949, (Preliminary report)e

LIPIDE PIIOSPHORYLATION IN THE LIVZR CF RATS FED THIOUREA AND RTLATED CCLIPCUNDS,
Journal of the Llisha liitchell Scientific Society, Vols 65, lice 2, December
1949, (Preliminary report).

The following prelinminary reports have been or are on the program of
scientific meetingst

THD LIPIDZ CCLIPCSITION OF Till LOITOCHONDRIA FRCII RAT LIVER, Society of Experi=

mental Biology and lledicine, Southeastern Section, Durham, e Ce, Jenuery 1950,

LIFIDE PHOSFHORYLATION BY SURVIVING SLICES CF TIE LIVER CF RATS ON VARIOUS

DIZTS, Federation of the American Biclogical Societigsfptlantic City, Ne Je,
CApril 1950,
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In intact animals, the formation of phospholipides proceeds unimpaired even
under very adverse conditions, such as a dietary deficiency of choline or choline
precursorse This suggests that phospholipide formation in the liver takes & high
priority in the processes of the intermediary metabolisme On the other hand, in
isolated liver slices phospholipide synthesis is closely dependent upon the previous
dietary regime and is reduced by a decreased intake of dietary proteins. It is
suggested that in the isolated liver the formation of phospholipides proceeds at a
meximum rate, vhereas in the intact animzls this process is kept at a level adequate
to the needs of the animal, such a level being, in ordinary conditions, much below
the functional capacity of the tissue,

A study of the synthesis of phoszholipides by isolated liver mitochondrie has
been startede As a preparatory step for such a stud;, a detailed analysis of the
lipide composition of mitochondrisa has been mades
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