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Abstract-Microsomal membranes, relatively free of chloroplasts and mitochondria, were prepared from etiolated 
pea stems and Ranunculus sceleratus petioles by differential centrifugation. Relative quantitative analyses were made 
of the phospholipid, glycolipid, sterol and fatty acid contents. 

INTRODUCTTON 

Hormone action in plants is being increasingly related 
to the properties of membranes. For example, Paleg and 
Wood [1,2] have shown that the gibberellins can 
enhance the fluidity of lipid membranes and conse- 
quently permiability and membrane enzyme acti- 
vity [3-51 and hypothesize that this may be the primary 
site of action in the plant. The primary effect of auxin 
in rapidly enhancing cell wall plasticity is seen as activat- 
ing a membrane protein, a H+ ion pump in the plasma- 
lemma, which lowers the wall pH and consequently wall 
plasticity [6]. The speed of action of ethylene stimulated 
wall plasticity in water plants [7] and the ethylene inhi- 
bited plasticity in peas [S] was in the order of 10min 
at room temperature, similar to the timing of the auxin 
response. It is again convenient to envisage a primary 
effect of the hormone in the membrane with a subsequent 
effect in the wall. For auxin and for ethylene a longer 
term effect on cell wall synthesis via the endoplasmic 
reticulum and golgi apparatus is also envisaged to back 
up the rapid effects on the wall plasticity. 

In spite of the desire to invoke the membrane as the 
site of hormone action, very little is known of either 
the lipid or protein composition of special&d plant 
membranes, particularly those that are involved in cell 
wall modification and synthesis; the plasmalemma, the 
golgi and endoplasmic reticulum This reflects the 
extreme difficulty in preparing these membranes as sep- 
arate fractions for analysis. However, they can be easily 
isolated together as a microsomal fraction, free of chlor- 
oplasts and mitochondria. Thus we have prepared micro- 
somal membranes from two plant sources and analysed 
them for phospholipid, glycolipid, sterol and fatty acid 
composition. Two systems were chosen that give oppo- 
site growth responses with ethylene, with the possibility 

* Abbreviations used: SG = sterol glycosides, ESG = ester- 
ified sterolglycosides; Cer = cerebrosides; MGD and 
DGD = mono- and diglycosyldiglycerides; PC, PE, PI, PS, 
PG, PA and DPG = phosphatidylcholinc, -ethanolamine, 
-inositol, -swine, -glycerol, phosphatidic acid and diphosphati- 
dylglycerol respectively. 

t Present address and address for reprints: Department of 
Plant Physiology, IJdijk 26, Amsterdam-0%. Netherlands. 

in mind that major differences in composition might re- 
flect aspects that are significant for hormone action. The 
two systems were etiolated pea shoots, where elongation 
is inhibited by ethylene [9, lo], and petioles of Ranun- 
culus sceleratus where elongation is stimulated [l 11. 

RESULTS 

Membranes. Plate I shows electron micrographs of the 
organelles sedimenting at 20000g. Homogenising etio- 
lated pea shoots and R. sceleratus petioles for 3-5 set 
in the polytron left most of the organelles intact (Figs. 
la and lb) so that a short spin at 200006 cleared the 
supernatant of mitochondria and chloroplasts leaving the 
microsomal fractions relatively free of contamination. As 
a measure of purification from chloroplasts and mito- 
chondria we made use of chlorophyll and DPG as speci- 
fic markers and calculated the absorption at 675 nm/PC, 
and DPG/PC ratios for the microsomal lipid extracts 
and total extracts. The absorption at 675 mn/PC ratio 
for the R. scekratus microsome extract was 20 times less 
than for the total extract, and similarly, the DPG/PC 
ratio for the pea microsome extract was at least 22 times 
less than for the total extract. The mitochondrial outer 
membranes were not apparent in electron micrographs 
of the 200009 pellet when it was fixed immediately after 
centrifugation but if before fixing, the pellet was equili- 
brated for 30min in cold buffer containing 0.25 M suc- 
rose, then they were apparent (Fig. la, inset). Therefore 
they were not contaminating the microsome fractions. 
The plasmalemmae in the microsomal fraction were 
highlighted for electron microscopy by specific staining 
with periodic, chromic and phosphotungstic acids [12] 
(Fig. le). We estimate that on average 30% of the vesicles 
were of plasmalemmae fragments. If EDTA was omitted 
from the homogenising medium, many of the vesicles 
seen in the 36000g pellet were dotted with ribosomes, 
which we assume were. fragments of the rough endoplas- 
mic reticulum. 

Lipids. The relative lipid compositions of the microso- 
mal membranes are expressed in Table 1. Qualitatively, 
the microsomes are similar in that they contain the same 
classes of compounds though there is a notable absence 
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Fig. 1. Electron micrographs of the 2OWOg pellets showing pea mitoehondria (a, x 12960) and R. scelerurus 
chforoplasts (b, x 10960), and the 365OOg pellets showing R. scelerutus microsomaf membranes {c, x 13&B) 
and pea microsomal membranes (d and e, x68240). The inset (a, x 34080) shows a pea mit~hond~on 
after resuspending the 20000 pellet in 0.25 IQ glucose and buffer for 1 hr before fixing in glute~dehyde, 

Plasmalemmae vesicles stained with PCAP (d) were more electron dense than other vesides. 
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Table 1. Lipid composition of microsomal membranes from 
pea stems and R. sceleratus petioles 

Lipid 
% Lipid wmposit~on 

Pa R. scelemtw 

PC 28.9 19.8 
PE 170 18.2 
PI 6.1 3.3 
PS 3.0 17 
PG 4.2 60 
PA 33 2.9 
a 10 
b 0.9 ;4 

- - 

Total phospholipid 64.4 52.3 

DGD 2.5 8.7 
MGD 1.2 9.0 
CP.I 40 29 
SG 3.0 23 
ESG 2.8 1.5 

- - 

Total glywlipid 13.5 24.4 
Free stcrol 22.1 23.4 

- - 

Total stem1 bpid 27.9 27.2 

The relative molar compositions were calculated and 
expressed as percentagea. t = trace. 

difference between the phospholipids of the two mem- 
branes is in the PC level which is relatively low in R. 
sceleratus membranes since it alone complements most 
of the high level of glycolipid. 

The relative sterol composition of the two microsomal 
fractions is similar when expressed quantitatively as free 
sterols, SG etc. but it is clear that pea microsomes con- 
tain a sterol, probably isofucosterol, which is absent from 
R. sceleratus microsomes (Table 2). In both preparations 
the sterol ester fraction contains a relatively high level 
of cholesterol and the free sterol fraction a relatively high 
level of stigmasterol, compared with the other fractions. 

The fatty acid compositions of the two microsomal 
preparations differ in one major respect (Table 3): all 
the lipids of R. sceleratus microsomes contain a higher 
content of linolenic acid and a complementary lower 
level of linoleic acid. In addition, the fatty acid 20:0 is 
unique to pea membranes and 16:l to R. scelerutus 
membranes. 

DISCUSSION 

The microsomal preparations were relatively free of 
chloroplast and mitochondrial contamination as wit- 
nessed by electron micrographs and chemical composi- 
tion. Nonetheless, the preparations were a heterogeneous 
collection of membranes. Two major constituents were 
fragments of plasmalemmae and rough endoplasmic reti- 

Table 2. Sterol composition (as %) of free sterol, sterol glyco- 
side and sterol ester fractions in pea and R. scelemtus microso- 

mal membranes 

R. Scelmtus 

S&d free gly~~ks e*rS free glymldes esters 

ChOlcstCrOl 0.4 17 51 0.5 0.8 9.7 

gzzzz~:: 
13.9 115 139 19.8 21.7 22 9 
23.7 15.3 13.1 29.9 11.0 154 
46.1 $69 39.6 51.5 55.7 445 

lsofuwsterol 10.1 3.9 154 0.0 0.0 00 
others 5.8 107 I29 2.3 10.7 7.5 

The glycosidic fraction includes both SG and ESG. 

culum and we assume that tonoplast fragments were 
another major constituent with golgi and nuclear mem- 
branes as minor components. Most of the nuclear mem- 
branes were probably filtered off with the cell wall or 
pelleted at 200008. 

The lipid compositions of the microsomes are not 
characterized by the presence of specific lipids; rather 
they are characterized by the lack of lipids typical of 
mitochondria and chloroplasts. Thus DPG is not detect- 
able in microsome extracts and the MGD/DGD ratio 
is approximately 1, or less than 1, compared with values 
for chloroplast membranes as high as 2.4 [13], and cho- 
lesterol accounts for approximately 1% of the total sterol 
compared with 24% and 26% reported for chloroplasts 
and mitochondria respectively [14]. 

The lipid composition of pea microsomes differs mark- 
edly from that of R. sceleratus microsomes in three re- 
spects; a lower MGD + DGD/PC ratio, a lower lino- 
lenic acid content and the presence of what we think 
is isofucosterol. We were interested in whether these dif- 
ferences were related to the opposing effects of ethylene 
in these two systems. Applying the hypothesis that ethyl- 
ene could affect the fluidity of a lipid membrane, as is 
claimed for the gibberellins [l, 21, then it is predicted 
that the lipid composition of R. sceleratus is such that 
in the presence of ethylene, fluidity is enhanced, as a 
consequence enzyme activity is enhanced [B, 1 l] and cell 
elongation stimulated. In contrast, the opposite is pre- 
dicted for the effect of ethylene on the lipid membranes 
of peas. Thus what is being hypothesized for ethylene 
is similar to the known effect of cholesterol, which also 
has stimulating or restricting effects on the fluidity 
depending upon the other constituents of the mem- 
brane [lS]. In order to test this hypothesis we have con- 
structed liposomes from the lipids extracted from both 
pea and R. sceleratus microsomal membranes, after the 
manner of Wood and Paleg [l, 23, and looked for oppos- 
ing effects of ethylene on the leakage rate of glucose and 
chromate from them. We have not found any effect, 
either positive or negative, on either of the liposomes. 
We therefore conclude that an effect of ethylene on lipid 
fluidity is not obvious and that the differences in compo- 
sition between pea and buttercup are probably not 
related to the mode of action of ethylene. 

Table 3. Fatty acid compositions (%) of pea and R. scelerarus 
microsomaf membranes 

Llpld 16:O 16:l 18:O I8 1 18:2 18:3 20:o 

P.%I PC 22.9 0.0 3.4 2 2 66.5 5.0 0.0 

PE 35.4 0.0 3.8 2.8 54.4 3.4 0.0 
Fl 64.5 a0 4.0 4.3 25.3 1.9 0.0 

PG 63.4 00 2.1 2.1 29.5 2.9 0.0 

PS 23.9 0.0 as 1.3 45.7 5.5 17 I 

PA 428 0.0 4.5 2.4 456 21 26 

MGDf DGD 24.5 00 3.6 A5 460 21.4 00 

Neutral lipid 288 00 4.5 7.9 52.7 6.1 0.0 

R. sdwotus 

PC 47.5 00 1.9 2.5 27.2 20.9 0.0 

PE 51.9 00 1.4 1.7 300 15.0 0.0 
PI 50.2 0.0 2.2 3.1 18.8 25.7 0.0 

F-G 4a6 10.9 1.3 2.0 18.0 27.2 0.0 

PS 41.7 Al 2.1 34 19.3 294 00 

PA 390 0.0 1.3 1.4 347 23.6 00 

MGD + DGD 199 0.0 f 2.4 11.3 57.0 00 

Neutral lipld 39.5 0.0 Al 10.2 222 240 a0 

MGD + DGD % in R. sceleratus do not add up to looo/, 
9.4% attributed to unknown compound with R, 1.5 relative 
to methyl palm&ate. r = trace. 
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EXPERIMENTAL 

Plant ~~~r~~. Pisum suti~~ cv. Alaska seeds were ger- 
minated in sandwich boxes of sand in a growth room at 25” 
in the dark. When the shoots were approximately 10 cm above 
the sand they were cooled for 30min at 4” before excising 
the apienl buds and ha~esting the stems for preparing mem- 
branes ~anu~~~as sceleratus leaves were harvested from 
plants growing on the borders of ponds in the neighbourhood 
of C~mb~dge~ They were also coded for 30 min before excis- 
ing the laminae and washing the petioles in ice-water prior 
to preparing membranes. 

Microsame pre~rat~~s. Each l@lg batch was initiativ 
chopped with a razor blade so that it was more accessible 
to the blades of a Polytron. It was then macerated in 300 ml 
buffer (0.35 M Sucrose, 0.001 M Na,-EDTA, 0.05 M Tris, 
pH 7.6) for 3-5 set in a Polytron high frequency homogenizer. 
The brei was filtered through 2 nappy liners and centrifuged 
at 2000/g or the supematant was re-centrifuged at 360009 
were then pelleted in two alternative ways, either 5Oml 45% 
TCA was added, stirred for 5min and the ppt. cent&u& 
at 2000/g or the s~~rnatant was re-centrifuged at 360&g 
for 20 min. All o~rations were performed below 5”. 

.&crron micro&upy. Pellets were resuspended in 6% glutar- 
aldehyde in 0.1 M sodium cacodylate at pH 7.1 and centri- 
fuged at 36ooO g. Each pellet was washed 4 times over 2 br 
in the buffer, fixed in 2% OsO,, dehydrated through an eth- 
anol series, then intiltrated with Spurr’s Resin, unless they 
were to be stained with phosphotungstic acid~hro~c acid, 
when they were infiltrated with TAAB resin. Sections were 
collected on uncoated grids and stained with uranium acetate 
Followed by Reynold’s lead citrate or stained with PTA-chro- 
mic acid El23 when the sections were collected on uncoated 
gold grids. 

Lipid extractian. The rn~bra~e pellets were treated with 
aiming i~pro~nol and then stirred in isopropanoi for 30 min 
at room temperature. Undissolved pellet was m-extracted for 
30 mm consecutively with CHClj-&-PrGH (2:l) and CHCl,- 
MeOH @:I). The combined fractions were evaporated, taken 
up in CHCJs, washed with 1% NaCl, dried, reevaporated, 
taken up in C,H,EtOH (4:l) and stored frozen under Ns. 
Total Lipid extracts were prepared in a similar manner, the 
intact plant tissue being cut into boiling iso-PrOH. 

DEAE-celMose colun,~n chromatography. Acidic lipids were 
separated from the rest on a short column of Whatman DE-52 
aBer the method of Roughan and Batt [l4] except that the 
acidic lipids were eluted with 27mJ CHCI&MeGH-H+O 
(15: 10:2) containing 200mg NH,COOH. ” 

P 

Thin layer c~ro~tugrup~y. For quali~tive and phospbo~ 
lipid analysis the 2-D solvent system (1) CHCls-MeOH-NH, 
(65: 30:4) and (2) CHCls-MeOH-H&z-H,0 (170: 30: 20:5) of 
Nichols and James [17l was used with Si gel H plus 
Na$O, [ 18 J. Na,CO1 greatly improved the separation of PI 
and PS. For MGD and DGD analysis the above acid system 
was used with washed (1 N HCI, 1 N NaOH, MeOH, CHCIB) 
Si gel H. The same washed support was used to separate cere- 
brosides with the solvent (3) CHCls-MeOH-Hz0 (85:x):3). 
Free sterols were separated on Si gel G or Si geJ HFZ54+36C 
in (4) Et~O~~H~-~tO~-~oAc (~:5~:2:~.2) [19]. Steryl glu- 
cosides were separated with washed Si gel H and (5) J&G-- 
&H,-EtOH-HoAc (30:50:8:0.2). 

In general, spots or bands of lipids were visualized with 
I, or 25% H,SO, at 120”. Free sterols on Si gel HF1,,,s,, 
were visualized as pale-blue bands under 360nm light. 

Gas 1~~~~~ ckru~rugrap~y. Fatty acid methyl esters were 
separated on a 7’ column of 5% polyethylene glycol adipate 
on Chromasorb W HP, 120 mesh, at 190”, N, at 6Oml/min. 
Sterols were separated as acetates on SP-IO00 [20]. Relative 
concentrations were calculated from the products of peak 
heights and retention times. The FID response was equivalent 
for all the fatty acids listed and was assumed to be equivalent 
for the sterol acetates. Lipids extracted for fatty acid analysis 
were kept under N2 whenever possible e.g. when breaking 
vacuums and evaporating solvents from TLC media. The fatty 

acids in glycerol&ids were methylated on the TLC media 
scraped f&n the plates using ~Fs~met~nol or H2SQ,-metb- 
anal. Free sterols were eluted from SE gel with CHCIJ-MeOH 
(1: 1) and acetylated with C&N-AcO. Glycosidic sterols 
were hydrolized on Si gel with 72% HC10, (0.23 ml in 25 ml 
THF) for 3 hr at 50”. The free sterol was then taken into 
CHGl,, washed with 1% NaCl soin, the CHCls evaporated 
and the sterol acetylated Sterol esters were hydrolized with 
boiling 10% ethanol& KOH for 1 hr. The free sterols were 
recovered and acetylated as just described. 

Qunrztitative analysis. Pbospholip~ds were analyzed for phos- 
phate [21], MGD, DGD and cerebrosides for galactose or glu- 
cose using phenol-H,SO4 f22J and free sterols for their ability 
to discolour chromic acid soln f23]. The phenol-H$O+ re- 
agent was also used for assaying steryl glycosides with svn- 
thetic cholesteryl glucoside [24] as standard. 

Ouuliratiue analvsis. The linids PC. PE PI. PG. PA. PS. 
DPG, DGD and MGD were characterized’by their ‘behaviour 
on DEAE cellulose 2-D TLC, and their colour reaction with 
25% H$O., at i20” and with the Dittmer-Lester p~sphorous 
spray reagent [25] in comparison both with commercial stan- 
dards and a plant lrpid extract of known composition kindly 
supplied by Dr. B. W. Nichols. Two unidentified phospho- 
lipids were present in both membranes. The one labehed “a” 
ch~matographed to a position ~uiv~ent to ~lyg~ycerophos- 
phatide ident~ed by Nicholls 1261 in lettuce leaves. The other 
labelled “b” ~hro~to~apb~pr~xi~l to MGD being rela- 
tively more mobile than MGD in the first of the 2-D svstems 
and-slightly less in the second. Galliard [273 simik&he; 
scribed a lipid in apples. What we assumed was sulpholipid 
was also present but like the phospholipid DPG in too low 
a con~ntration to quantitate. Cerebrosides were ~bamcterized 
by their similar chro~tographic mobilities to commercial 
preparations and by their characteristic dull-purple colour on 
heating with HzSG4. at 120”. Free sterois and sterol esters 
were deemed to be those compounds that co-chromato- 
graphed with cholesterol and cbolesteryl palm&ate in TLC 
system 4. Sterol glycosid~ were characterized by colchroma- 
tography with synthetic cholesterol gfucoside in the above 
2-R system. Esterified steryl glucosides were characterized as 
the only other group of compounds giving a positive Lieber- 
mar-Burchard reaction and having an R, in system 4 equival- 
ent to that reported by Clayton et al. 1281. The term neutral 
lipids in Table 3, is used to denote those that migrate with 
the sofvent front in TLC system 2. Fatty acids were identified 
by the retention times of their methyl esters on PEGA coml 
pared with standards. Cholesterol, campesterol, stigmasterol 
and sitosterol were identity by their retention times on 
SP-100 compared with known sterol acetates. Isofueosterol 
acetate was tentatively identified by comparison with the data 
of Nordby and Nagy [19], who renorted a retention time rela- 
tive to cholesterol of 1.92. Under conditions in which the 
retention times for stigmasterol and sitosterol were practically 
identical to theirs, the retention time of the supposed isofucos- 
terol was 1.90. There were several minor sterol components 
which we did not identify at all. Their retention times relative 
to sitosterol were 0.72, 1.06, 1.11 and 1.23. The last component 
was unique to peas, the others were common to both. 

~c~o~~edff@~e~r~-We gmte~~ly acknow~~ge the advice of 
Mr. Nigel Miller, Dr. A. D ~~harn, Dr. B. W. Nicholls, 
Dr. B. A. Knights and Mr. Ton Raap. 
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