Progress report on the research project 714%74
FORMATION OF PHOSPHOLIFIDES IN TISSUES

sponsored by the Atomic Energy Commission, Pivision of Biology and Mbg;c?nn under
contract No. AT=(40-1)~288, Title II, with the Bowman Gray School of iedicine of
Viake Forest College.

Project leader: Dr. Camillo Artom

The present report covers the work done from iiarch 16, $50 throuch larch 15,1951
This work is & direct continuation of that previously done under the sponsorship of
the Atomic Enerpy Commission end summarized in my progress report of Merch 15, 1950
In eddition to the writer, the following investigators participated %o the research
works M. Ae Swenson, Phe Des Me Crowder, Me S., Pe Mitchell, Graduate Studente
Technicel assistance was given by Ce Terhune and for limited periods, by Ee Wainer
and Je Giles.

A, Goneral outline of the worke BEST COPY AVAILABLE

During the past year a few additional experiments have been made in order
to complete the two series of investigations on the Lipide composition of mitochon=-
dria, and on the Imcorporation of inorganic P°® into the phospholivides of isolated
1iver slices. Previous ond present resuits on these subjects Lave been organized
in two complete pepers (one published, the other submitted for publication)e

The lorzest port of the time and activity of the investizators hes beecn
devoted to a study of the Incorporation of Cl4-lsbeled choline in the 1li-ides of
isolated liver tissuee The experimental part of this study is almost completed
and the results will be presented shortly in a oreliminary forme A simultansous
investigation has been carried out on the lLetabolic pathways of choline in liver
slicess Some of the results have been published; but much further work is needed
before definitive conclusions can ve drame

Since dimethylethanolamine is & likely precursor in the synthesis of
choline, and since »revious in vivo exveriments in this laboratory indicated tihet
it may be directly incorporated im the phospholipide molecule, the 3ynthesis of
Cr4~lcbsoled dimethylethanolamine has becn undertaliene The synthesized rroduct
will be added to the liver slices in experiments similer to those in vhich
labeled choline has been usede

A number of recent data strongly suggests that formaldehyde (anq/or formic
acid) ere important intermediates in the biological oxidation (perhaps also in the
synthesis) of the methyl groups of several compounds, including cholines This has
induced us to study the Disposal of formaldehyde in tissuese Some of the prelimin-

-ary findings have been and others will be reported shortlye

The mein results of each series of investigations are summerized belows
Several of these results, even if they are considered separately, seem to oc of
a considerable intereste. Howsever, their siznificance is greatly enhanced by the
fact that in our post and present investigations the problems have becn approached
. simultanecusly from verious angles and with various experimental techniques
(in vivo and in vitro experiments, isotopic labeling of different moieties of the
phosoholipide moleoule, etce)s The commerison between the results obtained in the
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various series of exseriments has made possible to draw certain deductions and
interpretations of a more general intereste The writer was given the opportunity
of developing and discussing these interpretations before two scientific groups
Qf-Spggﬁgggggq:ﬁbtkqpsq(cqnferan&aavon "Lipid¥sicend on-"Livédr Iniurye).

Be Livide composition of liver mitochondria.

As reported previously, this study was suggested,first by the high content
of mitochondris in total lipidesj and, second, by the presence in these sube
structures of enzyme systems which are essential for many oxidation processes in
the cells and which, more especially, under proper conditions actively synthesize
phospholipides in vitroe Several complete analyses of the lipide mixtures in the
"large grenule' fraction,seperated by differential centrifugetion of liver homoe
genates,had been made lest year and the results reported verbally in 2 summerized
forme Additional analyses were nade more recently, in order to compare directly
the composition of the lerge granule fractions znd that of the whele unfractionated
livers The results of such a comparison confirm our preliminery conclusion {that
mitochondria have a higher proportion of lipides, especially rhosopholipides, but
that the composition of these lipides is not essentially different from that
present in the whole livere Unlike previous claims, no evidence was founcd for the
presence of unusually large amounts of peculiar lipides, such os cerebrosides and
lysophospholipides, in this fractione & complete paper has been prepared and
published on this subjects

Ce Incorporation of inorganic P°® into the phoscholipides of liver slicese

The experiments of this series have also been completed and most of our
orevious findinzs confirmed and extendeds Cn the basis of these findings, it
appears that a decrease in the incorporation of P°® into the lirides occurs in
liver slices of raits on low protein dietse The decrcase seems to ve due to the
decrease in cytoplasmic proteinsand more es—ecially in the enzyme proteins which
are involved, directly or indirectly, in the synthesis of the phosphate bond of
phospholipidess ihen these data are compared with those previously obtained on
intact anlmals, it seems likely that in the liver of the latter animals,
regulatorw mechanisms (possibly hormonal) maintain the rate of the incorporation
of P82 jinto phospholipides at a level adequate to the reguirements of tne animale
Presumably such a level is much below the maximum functional capacity of the
liver, so that in the intact animal losses of enzymes in the liver can be easily
compensated by the increased activity of the remaining cell structursse On the
other hand, in the isolated tissue where hormonasl mechanisms are absent, or much
less officient, the process does occur at the maximum speed compatible with the

.conditions,of the exrerimente If the amounts of active enzymes present in the
tissue are reduced, as in the liver of rrotein depleted animals, %the sn»eed of

§G2 incogporation into the lipides of the surviving slices will be correspondently
ecreaseds

The effects of the in vitro addition of chioline, ethanolsnine and betaine
to liver slices differ not omly w2th the substcnce added but slso with the rrevious
dietary regime of the animels The nost uner—ected finding was a meried irhibition
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from rats on adequate diets. It might be that such an inhibition is the result
of a decresse in the endogenous respiration of the tissue caused by the added
cholinee

The nanuscript of a complete paper reporting these results in detail has
been prerered and submitted for publications

Ds Incorporation of labeled choiine into the lipides of isolated liver tissus.

Choline labeled in the methyl group wes prepared by methylation of
dinetihiylethanolenine with C'%-labeled methyl iodides The labeled choline was
added to liver slices or liver homogenateg and incubated for 3 and 1/2 hours in
a Warburg bathe The tissues were then nreciritated with colloidal ferric hydroxide
and }gSO, end washed with MgSO, solutions. The lipides were extracted from the
precipitate, and phos-horus, choline and radioactivity determined on 2lijquots of
the lipide extracte luch time and effort was srent in the elaboration of a
technique wiiich would allow a satisfactory climination c¢f e non-lipide choline,
but could still be used as a routine trocedure in exneriments in which numerous
perallel determinations had to be carried out simultansouslye

The results obtailned consistentl;” showed a well detectablso incorporation
of the added choline into the lipidese This linding, in conjunction with these
previousl;y ootained in this and other laboratories with PPRolabeled phosphate and
Ct*-1-beled fatty ccids complete the cvidence for the ability of the isolated
liver to synthesize the whole phospholipide molecule fror its constituent rortse

i
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In o7zen, the rote of the incorroration of choline into the lipides is
generally lower with slices from rats on stock or high rrotein diets than with
slices of rats from low protein dietse Substitution of nitrogen for cir or oxygen
does not considerably affect the process in surviving slices from rats on the
stock diete OCn the other hand, the absence of oxysen merkedly decreases the
incorrzorction of choline in the lipides of slices from rats previously meinteined
on deficient dietse Similer effects have been cotzined with the in vitro addition
of cyanide ions. Iomorzenization of the liver decresses but does not apolish the

ability of the tissue to incorporate choline into the lipidese

The effects of the in vitro addition of a number of substances to liver
Hlieen, (in air or oxygen) have also been tested. Ethanolamine, diethenolanine,
triethylcholine strongly inhibit the incormoration of choline in the lipidese
A less marked inhibition was observed by the eddition of serimne or glycines
Ko Iinhibitlon was Jdetectable when thiocholine or trimethylemine were added to
the liver slicese Zxperiments in which ni-tures of isotopic choline and none-
isotopic choline in various concentrations were added to the liver slices, suggest
that the increase in the concentration of firee clioline may actually cnhance its
incorrcration into the phos-holipidesa

The interrretation of the rosults mentioned above is still rather difficult,
since obviously o number of factors are involved, It nay be nointed out, however,

that several of the findings concerning the Incorcorcstisn of choline into dhe
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incorporation of P°® is suppressed by homocenization of the liver and it is

. greatly decrezsed by a reduction in the oxygen suprlye Furthermore, unlike

the incorporation of choline, that of P32 is markedly decreased in slices from
rats previously maintained on low protein dietse It seems therefore that the
synthesis of the bond between the choline and the phosphote moieties of the
phoszholipides may, ot least to a large extent, sroceed independently from the
synthesis of the cther ester bonds in the phospholinide moleculee This also
suzgests thot phosrhatidic acids may revresent an important intermediary rcroduct
for the synthesis, the splitting znd the interconversion of the various phospho=
linides in the livers This hypothesis may also explain the effects of the eddition
in vitro of verious substances which would compete with choline for the phosrhavidic
zcid radicals in the systeme. Indeed, the subsiences vwhich mosb marliredly inhibited
the incornoration of choline, are either components of the thosphelipides or
analogues of these con~onentse

Two -relimin-ry renorts have been or will be -resented at scientific meetingse

It is believed that only = limited cmount of additionel experiments are regquired
before these results can be orgenized in a complete papere

Se lievebolic pathways of choline in liver slicese.

In the exreriments rcnorted cbove the amounts of clioline incorporoted into
the linides renresent only a small percentage of tine labeled choline which actually
disappears during the incubation with liver slicese Since chioline wras labeled in
the methyl groups a study of other »atinrays for the metabolism of the methyl groups
of choline under the conditions of our experinents became possibles

Little C'* was found as carbon diowide, some occasionally as free formaldehyde,
none 45 dimethylethonolamines The last findinz is in line writh recent evidence,

obtained in this end other lsboratories, against the formction of dimethylethenolamine
as a result of the transfer of the methyl zroups of choline to other acceptors.

Quite detesctable amounts of Cr% twrerc vresent as trimethylanine ond especially
as trimetrnylamine oxides This would indicate that sucl compounds represent
physiological products of the metabolism of choline in animel tissue, wherees

the view mos* gencrally cccerted is that the small emounts of trimethglaming . @~ -
oxide vhich are fouvad in the urine crizinated from the szctivity of intsctinal
bacteria only.

The major portion of the choline which disarpecrs during the incubation
can be recovered from the aqueous extracts by a strong hydrolysise These
viater-soluble combinctions, in contrast to lecithin and slycerolphosphorylcholine,
‘are quite resistant to a mild hydrolysis, thus resembling phosphorylcholinee
Further worl: is necessory before the nature of thése combinations car be
established with certaintye At present, their fornction eppears to be the major
ratinvay of choline metebolism in the isolated livers

A “relinminary renort of these results hos been publishede
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Fe Synthesis of ct* methyl=labeled dimethylethanolemine, (a possible choline
Drecursor)e :

As -reviously mentioned, dimethylethanolamine could be visualized as an
intermediary product in the synthesis, or in the degradation of choline, or in
bothe At present, the formation of dimethylethenolamine by direct denmethylation
of choline is unlikely (see above)e On the other hand, previous results from this
laboratory indicated that dimethylethanoluaine can be directly introduced in the
nolecule of phospholivides even before being comrletely methylateds It was
thought that by s use of labeled dimethylethanolamine much information could e
obtnined on these pointse Accordingly, the synthesis of = methyl labeled
dimethylethenolomine has been undertslien. llono-methylethanclamine has becn
converted into the dimethyl derivative by recction with Cl% lcbeled formeldehyde
at an alleline pX, The conditions fof such a synthesis and for the separation of
the product in a pure form have been studied cercfullys The labeled product has
been used in some preliminary experiments with surviving liver slicese.

Ge 2isrosal of formalden:de in tissuese
g v ¥

The disappearcrce of fermeldehyde in the presence of tissue homosenates
nos been studiede The most interesting findirg was a considerapble incroos

the disop-corance of the formclielyde by the addition of syruvic acid to e
digestion mirtures The distribution of the enzyme resronsible for this resction,
the conditions for iis activity snd the noturs ol the reculvting droducts have
been inveztisatods In several experiments Cl%=lcheled formaldelyde has beon
used and tie isoltope content of a fraction, obtained by precipitation with
2s4~dinitropherylhydrazine was determineds While no definitive conclusions can
still be made, it scems likely tha®t a condensation product is later converted
to the corressonding acyloin (Hcetol")e In view of the increasing evidence for
the formation of ore corbon compound in several nrocesses of the intermecdiary
netabolism, (including oxidetion and synihesis of methyl groups ),ﬂie significance
of this reaction of formaldehyde with nyvruvic acid may well be of a greet
irnortance in the general economy of living bodiese Two preliminery reports on
these results ove been prepared and preserted at scientific meetingse
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The following complete menuscript has been submitted for rublications
4, "Studies on the Formation of "hoquollp;des in Isolated Tissuese le Incorp-
oration of Inor&,an;xc P2 in Liver ollceu From Rats on Various Diets” by
Cmﬂ lo ..rtom ond llorjoric L. Swansone (Submitted to the Journci of
3iolozical Chemis trV).

5¢ The results odtained from the investigation now in progress have also been
the besis for a repor: cn Fooc:holinide metcbolism which was presented
September 195C at the Lipide Symposium ol tiie idovert Gould Foundation,
Rochester, e Ye This report will be included in a monogreph to be publisied
by the Gould Founcatione

The following preliminary reucris heve teen or will be on the program of

scientific meetings:e N

e **“z.,rmau_c Diseppearance of Formaldehyde in the rosence of Pyruvete" by
Peggy litelell and Camillo Artone Iie Co Academy of Scieuce, “hl'uburv, e Ceo
((lay 195C); Americen Socicty of Biolenicel Chemists, Clevelond, Chio (A-ril 1

n . Py . ~n > . N T
Te 'Incor-orsiion of Labeled Choline in the Ihos-holipides of Isolated Liver Tissue"

by Camillo Artom, liaristta Crowder, and ’ia.rjorie A. Svwansone Southeastern
Section of the Society of Zrperimental Diology ond lledicine, Winston-Solem,
He Co,(Januery 1951); imericon Society Biolosical Chemists, Cleveland, Chio
(.‘-fI‘ll 1951)0

<

8e A poper on the'liechanism of action of lipodrosic 2sctors will also ve
presented =t the liacy Conference on Liver Ianjwry to De held lay 1981 in
Hew York Citye

Teilio Txtom, o .
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Suwmery of the work fron March 16, 1950 throuzh liarch 15, 1951 on the project
described as

PORMATION OF PEOSFEIOLIPIDES IN TISSUES

Choline is o=n essential dietary factor znd a constituent pert of certain
types of phos-holipidess The metebolism of choline labeled with radioactive
carbon hies been studied in isoloted liver tissuese Part of the added clhioline
is incorporcied into the phospholinidese. The influence exerted on this process
by various factors such as the »revious dietary regime of the cnimals, the
suncly of oxygen, the intesrity of cell organizction, otce, has been investigatede
Vhen the results of such 2 study are compared with those obtained in -revious

experiments on the incorporavlon of labelsd nhesvhate into the phosrholinides,
it appears that the introduction of choline moy ocecur, af least to a certnin
extent, indenendently from the symthesis of the remainins nart of the phospho~
lipide molecules

In addition to its incorporation into the phospholirides, choline is
metabolized by liver slices alon: various v\t:wﬂys. Zmong *hcse, the sroduction
of trimcti;lamine ond trimethylmmine oride and the synthesis of water-soluble
combinztions with - considerabls desree of stebility have been denonsiratede



