
Plant Physiol. (1968) 43, 1232-1238

Phospholipid Synthesis in Aging Potato Tuber Tissue'
Wen-Jing Tang and Paul A. Castelfranco

Department of Botany, University of California, Davis, California 95616

Received March 25, 1968.

Abstract. The effect of activation ("aging") of potato tuber slices on their phospholipid
metabolism was investigated. Aged slices were incubated with 14C labeled choline, ethanol-
amine, methionine, serine, and acetate. In all cases, the incorporation of radioactivity into
the lipid fraction increased with the length of time the slices were aged. This inclorporation
was shown to be true synthesis and not exchange between precursors and existing phospholipids.

The increased incorporation of labeled choline into lipids was mainly due to an increase
in its uptake by the tissue, the presence of aotidione during aging prevented this increased
uptake. The increase in the incorporation of labeled acetate into lipids resullted from the
development of a fatty acid synthetase during aging. In the case of ethanolamine, both its
uptake into the tissue and its incorporation into the lipid fraction increased.

The phospholipids formed from these precursors were identified by paper and thin-layer
chromatography. The major compound formed from choline was lecithin, while phospha-
tidylethanolamine and a small amount of lecithin were formed from ethanolamine.

The phenomenon of wouind respiration, some-
times referred to as "aging," has attracted the atten-
tion of many workers since the nineteenth century
(7). In addition to a 4- to 5-fold increase in
oxygen uptake, many other metabolic changes occur
when a dormant storage organ is sliced and incu-
bated aerobically. Among the responses reported
are: the initiation of RNA and protein synthesis
(12, 33), starch degradation (31); the onset of
tricarboxylic acid cycle activity (22) and oxidative
phosphorylation (21); an increase in salt uptake
(20) and the development of responses to growtlh
substances (17, 30). Recently, \Villemot and Sttumpf
(36. 37) reported an increase of fatty acid synthetase
activity during the early period of activation. Both
the quantity and kind of fatty acids synthesized are
different from those synthesized by the fresh tissue.
The development of this activity is shown to be
related to the de novo synthesis of RNA and proteins.

Hackett et al. (16) in 1960 made a comparison
between the respiratory mechanisms of freshly cut
and day old potato slices. Their work with tissue
slices and with isolated cell fractions suggested that
during aerobic incubation, there was a metabolism-
dependent modification of the mitochondrial respira-
tory chain. Evidence for an increase in the number
of mitochondria during aging of potato disks was
reported by Lee and Chasson (24, 25) and Verleur
et al. (34). Furthermore, in general an increase
in the number of subcellular organelles is accom-
panied by a large increase in respiration. Such has

1 Supported in part by research grant GM-07532 from
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been shown to be the case in sweet potato disks (2),
germinating peanuts (9), castor beans ('27) and
cotton seeds (35).

Since phospholipids are universal components of
membranes and since there is a requirement for
phospholipids in many cellular processes (1). the
increase in membranous materials of the parenchvma
cells and the change in so many metabolic activities
suggest that there is an involvement of phospholipid
synthesis during aging. Therefore the synthesis of
phospholipid was investigated by feeding radioactive
precursors w%ith a hope to contribute some informa-
tion toward the better understanding of the aging
process.

Materials and Methods

Acetate-1-' 4C, choline-methyl-14,C chloride, cho-
line-1,2-14C chloride and L-serine-u-14C wrere obtained
from New England Nuclear Corporation. Ethanol-
amine-1 ,2-14C was supplied by International Chem-
ical and Nuclear Corporation and L-methionine-
methyl-14C was obtained from Calbiochem. Actidi-
one (cycloheximide) was purchased from Nutritional
Biochemicals Corporation and chloromycetin from
Parke Davis and Company. Phospholipid standards
(lecithin, phosphatidylethanolamine aind a mixture
of cholesterol, phosphatidylethanolamine, lecithin, and
lysolecithin) were supplied by Applied Science
Laboratories Incorporated.

Potato tubers (Solanum tuberosum, var. Russett)
were bought from a local market and stored up to
2 weeks in a cold room (3-4o) in the dark. Cvlin-
drical blocks normal to the median plane were cut
inside the vascular ring with a No. 4 cork borer.
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A homemade cutter (made of stainless steel razor
blades spaced with 2 washers to give a thickness of
about 0.8 mm) was used to prepare slices from these
blocks. The freshly made slices wvere rinsed with
ice cold distilled wvater several times to wash ouit the
materials fronm broken cells.

For aging, fresh slices were incuibated in 10-1 M
CaSO4 solution containinig chloromvcetin (50 ,ug/ml)
to prevent the growth of bacteria (23). After dif-
ferent periods of aging, phosplholipid synthesis was
determined by measuiring the incorporation of labeled
precursors into potato lipids. Typically O.5 lc of
the radioactive material was added to a 25 ml
Erlenmever flask containing 10 slices in 1.0 ml
CaSO4/chloromvcetin solution. The slices were
then incubated at 250 for 2 hours in a metabolic
shaker. WVhen the effect of actidione was studied,
it was added to the aging media at a concentration
of 2 mg/ml buit omitted during the incubation period.
After the inctubation, slices were rinsed with distilled
water anid tipped into a conical centrifuge tuibe
conltaining 0.5 ml ice cold 0.1 M NaF solution (18).
The slices were then boiled for 5 minuites to prevent
enzynmatic transesterification between phospholipids
and metlhaniol (4). The boiled slices were disrtupted
with a pointed glass rod and the lipids were extracted
by the method of Bligh and Dyer (6) using 1 ml
CHCI3 and 2 ml CHI.30H. The insoluble proteins
and polvsaccharides were removed by centrifugation,
and the supernatant was mixed with 1 ml CHCl.
and 1 ml of 0.1 Mi unlabeled phospholipid precursor:
chloine chloride, sodium acetate. ethanolamine hvdro-
chloride, methioninie or serine, depending on which
of the labeled precursors had been used in the in-
cubation. Two separate layers were thus obtained.
The upper phase was discarded and the chloroform
layer was waslhed again with 1 ml of the aqueotus
prectursor soltution. The final chloroform extract
was then suibjected to different analysis: scintillation
countinig, thin-layer clhromatography of the phos-
pholipids tiheimselves or acid hydrolysis followed bv
paper chromatography of the free bases.

The uptake of radioactive precursors into the
slices was meastured by countiing an aliquot of the
medium in the flask before and after the 2 hour
assav. The amount of radioactivity incorporated
into the lipid fraction was measured bv counting an
aliquot of the lower chloroformii phase. The scin-
tillation mixture consisted of 150 g nlaphthalene, 15 g
2,5-diphenvloxazole (PPO ), 03) g 1,4-bis-2-(5-
p)lienyloxazolyl) -benzene (POPOP), 720 ml absoltite
alcohol, 1140 ml toluene and 1140 nml p-dioxane.

Glass plates, 20 cm X 20 cm, %vere coated witlh
Silica Gel G (Merck, Darmstadt) to a depth of
0.25 mm by mixing 25 g of the gel with 55 ml
distilled water. They were activated at 100° for
30 minutes and stored in a desiccator. Potato
lipids were concentrated under nitrogen, spotted on
the plates and then developed in a solvent system of
CHClI :CH3OH :H2O (65 :25 :4) for an hour (26).
Lipid spots were revealed by exposing the plates to

iodine vapor and were outlined in plencil. Radio-
active spots wvere detected by autoradiography on
X-ray film.

The base components were released froml pl,hos-
pholipids bv hvdrolvzinig in 4 N 1H(Cl at 1000 ud(ler-
reflux (5). Potato lipids were dlrie(l nudler- a stream
of nitrogeni followed by the addition of I nil of 4 N
UICI. After 14 hours, the fatty aci(ls a.nd( Unl-
hydrolyzed lipids were remoxoved bv extractioni witlh
dietlivl ether; the aqueous phase was concelntrated
and spotted on Whatman No. 1 chromatography
paper. The chromnatogram was developed ascend-
ingly either in the solvent system lhenol :n-butanol:
80 % formic acid:H..0 (50 :50,:3 :5. /v/v/v), satui-
rated with KCl (10), or in a system of ui-butanol:
ethylenechlorohydrin :NH. :H,O (;50:10:5:16) (298)
Ten hours later, the chromatogram was dried, cut
into 3.8 cm strips and passed through a strip
counter to detect radioactivitv. Standard choline
was revealed by exposingi paper strips to iodilne
vapor (8). Standard ethanolamine, .-methyl and
NV,N-dimethyl-ethanolanmine gave lpurl)le spots after
spraying with 0.2 % ninhvdriun in acetone and
warmning slightly.

The separation of phospholipidsc fronii neutral
lipids was achieved as follows potato lipids were
dried and the residtues Nvere taken up in 2 ml diethl
ether. To each sample. 0.2 g of silicic acid (Merck.
activated at 1000, overnighlt) was added. .After 20
minutes with occasional shaking. the suspension was
centrifuged and the resulting ether extract was
transferred into a beaker. The silicic acid was
washed 2 more times with ether to achieve complete
extraction of neutral lipids. The ether extract and
waslhes were combined anid conceintrated uindei-
nitrogen. Phospholipids wrere recovered by extract-
inig the silicic acid 3 timiies with 2 ml11 CHT-,OH. A
conitrol experiment slowed only traces of cross conl-
t.amliination with this procedure.

Results

Incorporation, of V'ariious Precutrsors Iiito Potato
,ipids. \Vhen potato tuiber slices were incubated

for 2 holurs with 14C-labeled phospholipid precursors
(i.e., acetate-1 - 14C. choline-methyl-' 4C, choline- 1 .2-
4C. ethanolamiinie- 1,2-1 C. methionine-methl1-1 4C.
and L.-serine-u-'4C). the amotunt of radioactivity
incorporated into the lipids ilncreased vitlh the age
of the slices (fig 1). MAaximnum incorporation vas
obtainedl after abouit 8 houirs of aging. with soclie
variation betweeni batches of potatoes.

Aging of slices had a marked effect onl the uptake
of some, but not all, of the phospholipid precursors.
The abilitv to take up choline increased rapidlv as
slices were aged, up to 6 hours (fig 2). The uptake
of 14C-choline from the medium and the incorpora-
tion of 14C-choline into phospholipids both increased
in sigmoidal fashion as a function of aging time;
in the presence of actidione both increases were
eliminated.
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FIG. 1. Incorporation of radioactivity into lipids by
Ipotato slices incubated for 2 hours in the presence of
choline-1,2-l4C, acetate-1,2- 4C, ethanolamine-1 ,2-14C,
choline-methyl-1 4C, mnethionine-methyl-4lC and L-serine-
A,u-,C. Before the incubation the slices were aged for
0 to 10 hours as indicated on the abscissa.

The behavior of acetate was entirely dissimilar
from that of choline (fig 3). Acetate uptake from
the nmedium was not stimulated during the aging
process and actidione had no effect upon it. On
the other hand, the incorporation of 14C-acetate into
lipids was activated and this activation was com-

pletelv eliminated by actidione. These results oni

acetate are consistent with those reported by other
workers (36, 317).
The results obtained w%ith ethanolamine-1.2-'4C

w,vere intermediate between these 2 extreme cases

(fig 4). There w\as an increase in both the tiptake
inito the slices anid its incorporation into lipids and

both wvere inihibited by the presenice of actidione.

Tlhe resuilts for methionine-nmethyl-_4C and l.-serille-
i-4 \\Were similar to those of ethanolamine. How-
ever for botlh of these precursors, the amount of
radioactivity incorporated into lipids was very slight.

The ratios of lipoidal radioactivity/total radio-
activity taken up from the medium have been sum-

marized in table I. For choline this ratio is a

constant regardless of the age of the slices. For
all the other precursors, this ratio changes with age.

In the case of acetate, the ratio undergoes a 7.5 fold
increase from 0 to 10 hours.

Time of aging ( hours)

FIG. 2. Total uptake and incorporation of radioac-
tivity into lipids by potato slices incubated for 2 hours
in thie presence of choline-1,2-14C. Before the incuba-
tioii the slices were aged for 0 to 10 hiours as indicated
on the abscissa. Dark symbols indicate that the slices
were aged in the presence of actidione.
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FIG. 3. Total uptake and incorporation of radioac-
tivity into lipids by potato slices incubated for 2 hours
in the presence of acetate-1-14C. Before the incubation
the slices were aged for 0 to 10 hours as indicated on

the abscissa. Dark symbols indicate that the slices were

aged in the presence of actidione.
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FIG. 4. Total uptake and incorporation of radioac-
tivity into lipids by potato slices incubated for 2 hours
in the presence of ethanolamine-1,2-14C. Before the
incubation ithe slices were aged for 0 to 10 hours as
indicated on the abscissa. Dark symbols indicate that
the slices were aged in the presence of actidione.

pholipid synthesis in the presence of actidione
strengthens our confidence that bacterial contamina-
tion is probably insignificant in our system.

Stability of the Incorporated Lipid Soltble
Radioactivity. In order to exclude the possibility
that the radioactivity found in the lipid fractioni
from slices treated with labeled cholinie or ethanol-
amine was due to an exchange reaction instead of
new svnthesis, the following experiments were car-
ried out. After an initial 2 hour pulse labeling in
0.5 MLc of choline-1,2-14C, the slices were placed in
either CaSO4/chloromycetin solution or in such a
solution containing unlabeled choline for 4, 10, or
22 hours before lipids were isolated. After the
initial pulse the radioactivity in lipids continued to
increase for another 22 hours in CaSO4/chloro-
mycetin solution (table II). However, if the chase
wvas carried out in the presence of 0.01 M 12C-choline,
the lipid soluble radioactivity increased in the first
4 hours, a slight decrease was observed subsequently
in the next 18 hours.

Table II. Change of Radioactsvitv in Lipids After the
Incubation in Eithe,' CaSO4 Solution or 12C-Choline

Soluttion for Different Period of Times Following
a Twco Hour Pulse Labeling

The radioactivity in lipids after pulse labeling is
23,500 cpm per 10 slices.

Incubation time

hli
4
10
22

Radioactivity in lipids
CaSO4 12C-choline

-~~~~~~~
cpml1
54.200
80,000

110,200

cpnz
36,600
28,000
26,000

It appears unlikely that the incorporation of
radioactive precursors into lipids is due to bacterial
contamination because of the presence of chloro-
mycetin in these experiments. Furthermore Kloit
(13) has reported that bacteria are insensitive to
actidione. Hence the observed inhibition of phos-

Table I. Incorpor(ltion of Radioactivity Into Lipids by
Potato Slices Using Different Labeled Precursors

and Slices of Different Ages
The assav was done by incubating 10 slices in 1 ml

CaSO4/chloromycetin solution containing 0.5 ,uc of the
radioactive phospholipid precursor for 2 hours. The in-
corporation is expressed as percent and calculaited as
followvs: Radioactivity in lipids/total radioactivity taken
ii)) X 100.

Time of aginig
Precursor 0 2 4 6 8 10

hr
Acetate-1-1"C 2.8 6.8 10.5 16.8 19.5 21.0
Ethanolamine-1,2-1'C 2.5 7.0 12.0 19.0 5 5 3.5
Choline-1,2-l"C 3.8 3.6 4.0 4.4 4.3 4.2
Choline-methyl-l'C 2.2 2.3 2.5 2.1 2.1 2.0
Methionine-methyl-"-C 0.4 0.55 1.1 1.0 1.2 0.72
L-Serine-u-14C 0.08 0.38 0.4 0.5 0.55 0.45

Identification of the Labeled Comtpoulnds Inside
the Slices. Tihe radioautograph of the thin laver
chromatogram of the lipids isolated from 6-hour-old
slices incubated wvith different precursors is shown
in figure 5. From radioactive choline, most of the
labeling is concentrated in a single spot correspond-
ing to standard lecithin. Several other slightly
labeled lipids can also be seen. The incorporation
of both methionine and serine is very low. From
methionine-methyl-1*C, most of the radioactivitv was
found in lipids with RF value higher than phospha-
tidylethanolamine. The major spot found in lipids
isolated from serine-treated slices is phosphatidvl-
ethanolamine. Manx lipids Nvere labeled froml ace-
tate-1l-AC. Among thenm, lecithin possessed the
highest radioactivity, neuitral lipids, phosphatidyl-
ethanolamine, anid possibly p)hosphatidvlglvcerol vere
labeled in a decreasing order. Lipids isolated from
slices incubated with ethanolanmine showed some
variation depending on the storage history and con-
dition of the tuber. Sometimes 2 successive spots
with decreasing radioactivity were found right be-
hind phosphatidylethanolamine, and sometimes leci-
thin was also found labeled. The labeling pattern
for fresh tissue was quite similar.
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disks were passed through Dowex 50 (H' form)

columns. In this system, phosphorylcholine is not
retained, betaine is eluted by 2 N NH.OH. It was

founid that less thani 5 % of the radioactivity camze
throughi the coltumn in the wvater wANasih. -.Most of it
Nv7is retained by the coltiumn and could be eluited out

by. 3 N HCI. The compouind possessing radioactivity
in HCl eltiate was identified as chioline by paper
chronmatography in the 2 solvenit sy stemiis miielitionied
above.

Discussion

A

99

)

1 2 3 4 5 6 7 8 9 10

FIG. 5. Radioatitograph of thin-layer chromatography
of lipids isolated froml 6-lhouir-old potato slices. In all

cases, 0.5 luc of the radioactive precuirsor was iuse(1 ex-

cept for clioliiie-1,2-14C whlere 0.25 wxas uised. Onie
anid 5 are standard phosphatidN-lethianiolamiiie; 3 anid 8 are

mixtures of standard Iy solecithiiii, lecithili, p)hosphatid l-
ethanolanline, and chiolesterol arrai.nged ini ani order of
increasing R values. Two, 4, 6, 7, 9, and(1 10 are tile
patterns of lipids isolated fromil slices ilictibated Nvithi
methionine-methyl-C acetate-i-1 C, L serine-u-' 4'C, eth-

anolamine-1,2-1 4C, choline- 1,2- 4C, and( clhol ine-niethl -

4C respectively.

Fu'irthiel- identification of phospholipids waas ol-

tamiied by paper chiromatography of the nitrogenouts
base relea,sed by lhydroly-sis in 4 N HCl. Onlyl the
lparent compoul(ls were fotund to be labeled fron
1oth radioactive clholinle alid radioactive ethainol-
am1ilne-treated slices.

Slices w- lhich had beeii prev'iouisly aged for 0, 4,
and 8 holiirs, were incubated withi 2 c of methioniine-
miethyl 14CN for a 4 hlotu- l)erio(l. The lipids were

extractedl, hvdroly zed anid the free bases analyzed
by! papler clii-oiiiato rapy)l. A\ s(tequetial picture
eiiiel-ged vhichi is shoxvIl Tfiguire 6. From 0 to 4

loturs, a I)eak was fotiui(n corresponi-ding to staildard
.V-methl\-ethainolamine. PIromii 4 to 8 or 8 to 12

lhours, the 2 mlajor l)eaks wtere fotili(d lhaving the

same R1I, values as standard clholilne anld N-methyl-

ethainolaninie. Tlhe sminall shouloider in frout of the

choline peak is possibly N,V -dimiiethiv,l-ethaniolaminie.
The question of whiether the water soluble radio-

activity inside the slices is present as choline or as

one of its derivatives during the time course of
phospholipid synthesis and the pulse and chase
experiments was tested by the method of Sung and
Johnstone (32). The aqtueous extracts of potato

Restults fromi acetate-1_14C indicated that its up-

talke into the slices did not change significantly
duiring aging and was actidione insensitive. Tlle
observed increase in lipid-soluble radioactivity is in
agreenment withi the work of \Villemot and Stumpf
(37), whllo have shown that tuber slices uniidergo a

marked increase in fatty aci(d svnthetase activity

dulrilng aging. \lore than lialf of the fatty acids
itls svinithesized w\ ere inlcorporatedl ilnto phlospho-

lipids (fig 3). In lighit of the important r-ole playe(l

origin

FIG. 6. Sequential studies of lipid hvdrolvsates from
slices inciubated Nxith 2 gc of miethionine-m-nethyl-14C fol-
4 hours. Lipids isolated were hydrolyzed in 4 N HC
and the aqueous hydrolysates w ere separated by paper

chromatography in a solvent system of phenol :n-;butanol:
80 % formic acid: H20 (50:50:3:5,w-/v,/v/v), saturated
wvith KCI. The standard compounds counting from the
origin are ethanolansinle, N-methyl-ethanolamine, N.N-
dimethy l-ethanolamine and choline.
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by phospholipids in cellular structures and processes,
these findings are interesting.

The behavior of choline was completely different
from that of acetate. Its uptake by the slices showed
a conspicuous increase with aging and the observed
increase in radioactive lipids appeared to be a re-
flection of th-is increased uptake. The protein syn-

thesis dependence of choline uptake due to its
inllibition by actidione anld the observed lag period
during early aging suiggest that the synthesis of at
least 1 enzyme mav be involved in its transport
across the cellular iimemiibrane.

Three different pathways have been reported for
lecithini svnthesis: (1) incorporationi of free cho-

linie viia CDP-choline (19); (2) stepwxise methyla-
tion of phlosl)llphtidyletlhanliolaminie (11, 15); anid (3)
calcium stimlulated exchange reaction between free
choline and preformed lecithin. The exchange re-

action found in rat liver microsomes was reported
by Dils and Hubscher (14). Its in izvo signifi-
canice is still unkniown. If the radioactivity obtainied
during a 2 hour pulse labeling is due to such an

exchange instead of de nova synthesis, the further
4 hour incubation in 12C-Choline would be long
enouglh to dilute the choline pool to a great extent
an(l exchange part of the labeled choline out from
lecithiln molecules, thus causing a decrease in the
total activity in the lipid fraction. Froml the data
slhowni ill table II, anl increase was obtained instead.
indicating that the radioactivity found in lipid frac-
tioin is not from the exchange between 14C-cholinle
itself and preformed lecithin. During the chase

period, the radioactivity still increases showing that
the lipids formed are stable for at least 4 hours.
The equilibration between different choline pools
and the turnover of phlospholipids possiblv contribute
to the decrease in radioactivitv which is observed
later on. It is likely that the isotope dilution inside
the pool by the choline synthesized within the cell
is not large, and during the chase period studied, the
rate of synthesis is faster than breakdown. This is
shown by the fact that in CaSO, solution the radio-
activity inicreases even after 22 hours. It is also
indicated by the table that a pool of water-soluble
radioactivity was present after the pulse labeling
and that this radioactivity could be incorporated into
lipids later. Results from ion exchanger separation
showed that the major radioactive conmpound in this
pool is unnmetabolized choline.

The methylation pathway seemis to be presenit in
potato tissue, although its contribution is verv slight
compared to the mechanism of incorporating free
choline directly. The presence of more than 1 path-
way for lecithin biosynthesis has also been reported
by Sastry and Kates (29) in a plant system. Olne
possible explanation for the existence of both mecha-
nisms is that they are responsible for the synthesis
of different lecithins. Balint ct al. (3) found in
rats that the methylation pathw%ay was inlvolved in
the svntlhesis of arachidonvl-lecithin w-hile the direct
incorlporatioil of clioliiie accoullite(d for the sviilthesis
of linoleovl-lecithlill.

Tudging from the results of paper and thin-layer
chromatography, the major pathway for phospha-
tidvlethan,olamine synthesis is via ethanolamine it-
self. Although the major lipid isolated from slices
incubated with L-serine-u-14C is phosphatidvlethallol-
amine. the contributionl of phosphatidylserine to give
phosphlatidy-letlhanolaminie via a decarboxvlation re-
actioni as reported b1 \Wilson ct ail. (38) is very
slight, because the total amiount of serinie incor-
porated is very little comlpared to that of ethaniol-
aminie.

Althlough little (Iirect ilnformation is available
conlcerninig the biosynthesis of glycerop)hosphatides
in higher plant tissuie evidences suggest that the
l)athway worked out by Keninedy (19) is operative.
In this pathway phosphorvlcholine (phosphoryl-
ethaniolamiiine) is the first intermediate. This com-
pounld is transformlied into CDP-choline (CDP-
ethanolamine) by reactinig with CTP. This nucleo-
tide derivative of choline (ethanolamiine) can then
react witlh diglvceride to form lecithinl (pphospha-
tidylethanolamine). From both the time course and
the pulse-chase experiments, it appears that the
amount of radioactive phosphorvlcholine present is
small in comparison with the choline pool, indicating
that if phosphorvlcholine is one of the intermediates
presenit in the pathwvay for lecithin sy%nthesis. the
reactioin for its formaItion muilst be rate determiiniing.
Whether the synthesis of lecithin anid phosphatidyl-
ethaniolamine from cholinie and ethanolamine directly
is mediated by cvtidine nucleotide can not be pre-
dicted from the data presented here. \Ve hope that
in vitro studies with cell free systems will shed
some light on this poiInt.

V-ery likely, this phospholipid synthesizinig ability
wlhich is present in potato tuber tissue and wvhicli
increases so markedly durinig the first 6 hours of
aging (fig 1-4) represents the biogenesis of certain
types of cellular membranes. WVe have undertakeln
a series of experiments usinlg radioactive phospho-
lipid precursors and density gradient separatiolns
wlhich, ve hope, w-ill tell uis wlhat membrane systemiis
are syntlhesized durinig the first crucial hours of
aging.
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