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Abstract—The relative proportions of different. phospholipid species were determined in membrane-enriched
fractions from normal and crown-gall callus cultures. In general the pattern of phospholipids was similar, but the
tumour cultures contained relatively more phosphatidyl choline and less phosphatidic acid and phosphatidyl inositol
than the corresponding normal cultures. These differences are probably not caused by phosphelipase-D activity

during homogenization.

Previous investigations have suggested the possibility
that alterations in membrane properties are impoertant in
the transformation from normal to tumourous cells [ 1-3];
if this is the case, such alterations might be reflected in
differences in the membrane constituents.

We have examined the distribution of phospholipids in
membrane-enriched fractions of several crown-gall callus
cultures together with corresponding cultures of normal
origin. Normal and tumour cultures were isolated at the
same time, in most cases from the same plant, and
maintained under similar conditions. Data for sunflower

Present address: Rothamsted Experimental Station, Harpen-
den, Herts,, U.K.

seedling tissue and an auxin-habituated sunflower callus
[4] are included for comparison.

Although the overall patterns of distribution of
phospholipids in the normal and tumour membranes are
similar, in each pair of isolates there was ca twice as
much phosphatidic acid (PA) in the normal as in the
tumour membranes (Table 1.) The normal membranes
were also relatively richer in phosphatidyl inositol (PI)
and with one exception poorer in phosphatidyl choline
(PC) than the corresponding tumour membranes. It is
not clear whether the higher content of P1 in normal
cultures is related to tumourigenesis or is due to the
incorporation of inositol from the medium. The inclusion
of inositol in normal cultures is necessary to maintain the

Table 1. Relative proportions of phospholipids in membrane fractions derived from sunflower, carrot and tobacco
callus and sunflower hypocotyl, expressed as precentage of the total in each sample

Culture Phospholipid species

Species isolate PI PS PC PG PE DPG PA F
MNormal NH1 11.6 33 40.1 2.6 331 09 54 1.0
Tumour TH1 8.5 22 492 23 323 1.1 25 1.9

Sunfl Normal NH3 13.1 2.2 394 1.6 36.7 0.9 35 2.5

unfiower Tumour TH3 87 31 487 18 312 16 23 26

Normal NHé6 8.7 32 399 3.6 326 0 69 38
Tumour TH& 8.1 26 50.0 1.5 327 1.2 2.8 1.1

Carrot Normal CA3N 8.2 49 37.5 2.6 279 1.2 6.5 1.2
Tumour CA3T 43 3.8 49.7 1.4 327 1.1 5.0 20
Normal NR4N 9.7 2.1 50.3 3.6 285 1.1 14 1.2

Tobacco Tumour NR2T 70 20 475 18 356 10 20 31 .
Habituated

Sunflower Callus HaHL1 100 28 443 28 306 1.2 5.2 26

Sunflower Hypocotyl — 7.1 35 488 1.7 239 0 11.1 37

PI = Phosphatidyl insotitol; PS = phosphalidyl serine; PC = phosphatidyl choline; PG = phosphatidyl glycerol;
PE = phosphatidyl ethanolamine; DPG = diphosphatidyl glycerol; PA = phosphatidic acid; F = unknown.
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Table 2. Specific activity of phospholipase-B in S-week-old
normal and crown-gail tumour cultures of sunflower, tobacco
and carrot*

Phosphaolipase-D activity (ug
choline/mg protein/hr)

Species Normal Tumour
27[).I l?ij'r
Sunflower 4.48 30,00
10.5¢ 11.6°
. R 1127 2.4
Tobacco L2 21 g
Carrot [31.4# 258 01

"Two separate determinations were made on sunflower
NHITHI isolates and tobacco NR4AN and NR2T isolates.
a — NHLh = NTL¢ = NH6,d = TH6,e = NR4N,[ = NR2T,
e = CA3IN, f = CA3T.

growth-rate at a level comparable with that of the fast-
growing tumour cultures.

The presence of PA in all the preparations examined
mught be interpreted as an artefact of homogenization
and membranc preparztion. Sastry and Kates [5] have
shown that in Phaseolus mulriflorus the PA component
increased dramatically after homogenization as com-
pared with the amount in intact teaves; this increase in
PA was accompanied by an almost complete disappear-
ance of PC and phosphatidyl ethanolanine (PE). The
enzyme phosphelipase-D (EC 3.1.44, phosphatidyl-
choline phosphatidohydrolase) which cleaves the ter-
minal phosphate dicster bond in glyceryl phosphates
with the liberation of the corresponding alcohol moiety
and the formation of phosphatidic acid, ts widcly dis-
tributed in higher plants [6-8]. Consequently, the ob-
servation that tumour tissues contain relatively less PA
and more PC than the corresponding normal tissue is
consisient with the explanation that the normal tissues
contain a higher level of phospholipase-I) which is
active during the 20 min membrane preparation period,
despite the usc of conditions designed to minimize
lipase activity,

To check this possibility, estimations of lipase activity
were made on the normal and tumour lines of three
culture isolates. Phospholipase-D activity was found in
all of the calius tissues examined:; the sp. act. varied
considerably with the source, being highest in the carrot
tissue {Table 2.). However, the enzyme activity was in all
cases higher in the tumour extracts than in those of
normal tissue. Furthermore, the increase in PA content in
normal as compared with tumour tissues was insufficient
to account for the decrease in PC (Table 1). It was also
observed that substantial amounts of PA were present
on the chromatograms during preliminary experiments
in which callus cultures were directly extracted with lipid
solvents without prior fractionation, indicating that PA
was nol a homogenization artefact.

The observations above support the view that the
differences in phospholipid distribution in membranes of
normal and crown-gall tumour tissue cultures are real
and not due to lipase activity. However, it is evident that
the role, mode of action, and even the nature of phos-
pholipase-D are at present quite uncertain [8]; until
these uncertainties are resolved, some consideration
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must always be given 10 the possibility of phospholipase
when interpreting data on the distribution of phospho-
lipids.

EXPERIMENTAL

Normal and crown-gall cultures of sunflower ([elfanthus
(uberosus L. ov Russian Giant) were initiated and maintained
as previously described [4]. Similar methods were used to
obtain culture solates from Nicoriana rustica L. (stem) and
Deriters carotu Lo ev Chantenay (root) Lipid extracts were
prepared from S-6-week-old cultures.

Membrane preparation. Callus tissve (ca 100g fr. wit) was
homogenzied in a Polytron biender for 10 sec in 1 medium
conlaining 0.35M sucrose, 003M Tris, ImM Na,EDTA
pH 7.4 These conditions minimize the activity of phospho-
lipase-D) [9]. The homogenate was filtered through muslin and
cenrtrifuged at 22300 g for 10 min. The peller, which on clectron
microscope examination was found 10 contain plastids. intact
mitochondria and debris, was discarded.

The membrane-enriched fraction was obtained from the
supernatant either by direct centritugation at 36 500 g for [5 min
or by centrifugation at 2000 ¢ for 5 min following the addition of
cold TCA to a final cone of 5. Preliminary expts showed that
TCA precipilation increased the vield withour altering the
phospholipid distribution; this method was used for all sub-
sequent determinations of the phospholipid distribution. The
pellet obtained by 36360 g centrifugation consisted largely of
convoluted and often concentrically arranged membrane
vesicles; no intact mitochondria or plastids were observed. All
procedures were carried out at 0 4 the total time between homo-
genization and TCA addition ways 20- 22 min.

Extractionandsepurationof phospholipids. Lipidswereextracted
from the merbrane pellet with successive 100 ml portions of ise
PrOH, CHCl-isePrOH {20 and CHCI; MeOH (2:1) by
stirmng at room temp. for 30 min cach time. The usc of ise
PrOH minimizes lipase activity [10. 11] T'he combined extracts
were dried in raci at 40 and the residue taken up in CHCL.
After removal of non-lipid material by partitioning against 1*,
NaCl soln and subsequent drying, lipid extracts were examined
by 8i gel TLC [12]. Chromatograms were developed in the
first dimension with CHCH - MeOH-NH,OH (65:30:4) and in
the second dimension with CHCl, MeOH HOAc-H,0(85:15:
10:31{13]. Phospholipids were idenlified by co-chromaiography
with authentic compounds, <praving with ninhydrin  and
comparison with published R, values. The individual lipid
spots were eluted from the plates [12] after localization with I,
vapour, and P contents were determined | 14] in triplicate for
each phospholipid.

Phospholipase-D activiiy. A modification of the method of ref.
[15] was used. 5-6-week-old tissus {10 2) was homogenized in
the French press with two vols of H,O at ¢, Triplicate 0.6 m]
aliquots of the homogenate were immediately ransferred 1o
stoppered vials containing 2 mg lecithin (Sigma, 1~a-lceithin,
type I1I-E. from egg yolk), 1.75 ml of 0.2 M acetate bufler nH 5.6
and 0.15 ml of M CaC’l,. At zero time 0.5 ml of Et,O was added
and the stoppered vials incubated at 25” with vigorous shaking.
The reaction was stopped after O and 15 min by the addirton of
0.5ml N HCl and the unreacted lecithin and phosphatidic acid
removed by repeated partitioning against Et, 0. After evapn of
the uq. phasc to dryness in vacue, choline was extracted with 2 ml
of 0.8 M i buffer pH 7 and determined after filtration [16],
using the zero time sample as a reagenr blank.

The protein content of the callus homogenate was estimated
after TCA precipitation [17].
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