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Abstract-The lipid composition of a plasma membrane enriched fraction isolated from corn (Zea mays) roots 
was examined. On a wt basis, the lipid: protein ratio was 1.11. Phospholipids comprised 60% of total lipids 
with the major phospholipids being phosphatidyicholine (62%) and phosphatidylethanolamine (21%). Free 
sterol was the major neutral lipid. The sterol:phosphoiipid molar ratio was 0.31. The fatty acid composition of 
the membrane was predominantly linoieic (60%) and palmitic (30%). 

INTRODUCTION 

Lipids play an important role in determining the 
physicochemicai properties of biological membranes. 
It is well-documented that membrane lipid com- 
position influences membrane fluidity [I], ion per- 
meability and selectivity [2,3] and the activity of 
membrane-associated enzymes [4 and refs. therein]. 
Although there have been numerous studies of the 
lipid composition of plasma membranes isolated from 
micro-organisms and mammalian tissues, such studies 
have been rather limited in plants [S-lo]. This is 
partially attributable to the difficulties in isolating and 
purifying plasma membranes from plant tissue. At 
present a membrane fraction can be obtained from 
plant tissue which is ca 70% plasma membranes 
[ll-151. Knowledge of the lipid composition of the 
plasma membrane of plants would contribute to our 
understanding of the relationship between membrane 
composition and membrane function. The data 
reported below are a partial characterization of the 
lipid composition of a plasma membrane enriched 
fraction (PMEF) isolated from corn roots. 

RESULTS AND DISCUSSION 

Total lipid, phospholipid and stem1 content 
The PMEF isolated from corn roots has a total 

lipid : protein ratio of 1.11 (Table 1). PMEF isolated 
from other plant tissues such as oat roots [6], potato 
tubers [7], mushroom sporophores [5] and sugarcane 
leaves [9] have yielded lipid: protein ratios of 1.17, 
0.71, 0.91 and 0.97, respectively. In general it appears 
that lipids comprise ca half the wt of plasma mem- 
brane fractions [lo] isolated from plant tissue. 

Phospholipids comprise 60% of total lipids in corn 
root PMEF (Table 1). On a protein basis, there was 
0.668 mg phospholipid/mg protein. This value is in 
close agreement with that of mushroom plasma 

$Present address: U.S. Salinity Laboratory, 4500 Glen- 
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membranes ([5]; 0.664 mg phospholipidlmg protein) 
but slightly less than that found in plasma membranes 
of mature root tissue of soybean ([16]; 0.765 mg 
phospholipid/mg protein). 

Other reports indicate that the phospholipid con- 
tent of plant plasma membranes is much lower. In oat 
roots, phospholipids were found to comprise only 
28.6% (0.334 mg phospholipid/mg protein) of total 
lipids [6]. Phospholipids were reported to comprise 
only 31% [7] and less than 1% [9] of total lipids in 
PMEF isolated from potato tubers and sugarcane 
leaves, respectively. Such low phospholipid content 
is surprising because most evidence suggests phos- 
pholipids play a major role in the structure and func- 
tion of plasma membranes. 

Recently Scherer and Morre [17] reported that 
soybean hypocotyl membrane fractions contain both 
phospholipase D and phosphatidic acid phosphatase. 
The sequential action of these enzymes on plasma 
membrane lipids during isolation of PMEF may be 
responsible for the low phospholipid content 
(measured as phospholipid phosphorus) in the above- 
mentioned reports. 

Table I. Total lipid, phospholipid and sterol content 
of a plasma membrane enriched fraction of corn roots 

(means+s.e.) 

Lipid mglmg protein 

Total lipid 
Phospholipid* 
Total sterol 
Total sterol: phospholipid 

molar ratiot 

1.11r0.12 
0.668+0.023 
0.108~0.~3 

0.31 

*Quantity of phospholipids obtained by multiplying the 
value of phosphoiipid phosphorus by 25. 

tAssumed average MW of phospholipid and sterol are 750 
and 387, respectively. 
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As compared to cytoplasmic or organelle mem- 
branes, there is evidence that the plasma membrane 
of plants [8, 111 as well as mammalian tissues [18, 191 
is enriched in sterol. In corn root PMEF there are 
108 pg total sterol/mg protein (Table 1). This value is 
slightly lower than other reports in the literature; 
138-184pg total sterollmg protein in PMEF of oat 
roots [li], 117 and 152 pg total sterol in PMEF of 
meristematic and mature soybean roots [16], respec- 
tively, and 116-135 pg total sterollmg protein in 
PMEF of corn coleoptiles [S]. 

PMEF isolated from corn roots have a total 
sterol :phospholipid molar ratio of 0.31, which com- 
pares favorably with ratios of 0.307 and 0.374 in 
plasma membranes isolated from meristematic and 
mature soybean roots, respectively. In contrast, 
I-Iodges et al. [ 1 l] reported a total sterol : phospholipid 
ratio of 1.074-1.213 for oat root PMEF. The primary 
reason for this disparity between roots of oats as 
compared to corn and soybean is the significantly 
lower phospholipid content found in oat roots. On a 
mg protein basis, the phospholipid content of PMEF 
from corn and soybean roots is ca twice that reported 
for oat roots. The difference may be related to spe- 
cies. Alternatively, there may have been greater 
phospholipid degradation during isolation and/or 
storage of oat root PMEF prior to lipid extraction. 

Phospholipids 
The predominant phospholipids in corn root plasma 

membranes are phosphatidylcholine (PC) (62%) and 
phosphatidylethanolamine (PE) (21%) with lesser 
amounts of phosphatidylinositol (PI), phosphatidyl- 
glycerol (PG), phosphatidylserine (PS) and phospha- 
tidic acid (PA) (Table 2). The absence of detectable 
cardiolipin indicates relatively little mitochondrial 
contamination. PC and PE have also been reported to 
comprise more than 80% of the phospholipids in 
plasma membrane fractions isolated from potato 
tubers and cauliflower florets [lo]. 

In oat root PMEF, PS was not detected and it was 
reported that an unknown, PC and PA were the 
major phosphotipids [6]. Lyso-derivatives of PC and 
PE were also reported. It is now generally considered 
that large amounts of PA and lyso-derivatives in 
membrane fractions are artifacts due to hydrolytic 
activity during isolation and/or extraction [ 17,20,21]. 
The lack of lyso-derivatives and the small amount of 
PA found in this study may indicate relatively Iittle 
lipid degradation. However, as pointed out by 
Scherer and MorrC [17], low PA content does not 
necessarily indicate low phospholipid degradation as 

Table 2. Pbospholip;d composition of a ptasma membrane 
enriched fraction of corn roots (means2s.e.) 

Phospholipid 

Phosphatidylcholine 
Phosphatidylethanolamine 
Phosphatidylinositol 
Phosphatidyiglycerol 
Phosphatidic acid 
Phosphatidyiserine 

% Total 
lipid phosphorus 

62.222.7 
21.4t1.4 
8.420.6 
4.91’0.8 
1.6f0.6 
1.5+0.3 

the sequential action of phospholipase D and phos- 
phatidic acid phosphatase would prevent ac- 
cumulation of PA. It is possible the diacylglycerol 
levels found in this study (Table 3) may to some 
extent reflect the action of these enzymes. 

There is a paucity of information concerning the 
glycolipid composition of plant plasma membranes. 
~lycolipids were reported to form 21% of the total 
lipid composition of potato tuber plasma membranes 
[7]. Keenan et al. [6] found three major glycolipids in 
oat root plasma membranes but no attempt was made 
to identify them. Digalactosyldiglyceride was the 
major glycolipid in sugarcane leaf plasma membranes 
with smaller amounts of steryl glycoside and steryl 
glycoside ester present 191. Corn root PMEF con- 
tained five glycolipids which were identified as cere- 
broside, mono- and digalactosyldiglyceride, steryl 
glycoside ester and steryl glycoside. 

Neutrul lipids 
Free sterol is the major neutral lipid in corn root 

plasma membranes (Table 3). In mammalian tissues 
cholesterol is the major sterol [22], while in higher 
plants, cholesterol is absent or present in very small 
amounts and sitosterol, stigmasterol and campesterol 
are the major sterols [23]. No attempt was made to 
identify the nature of the sterols found in this study. 
In corn (Table 3) and oat root 163 PMEF, free sterol 
comprised a little more than 30% of the neutral lipid 
fraction. 

In addition to free sterols, smaller quantities of free 
fatty acids, steryl esters, mono-, di-, and triacyl- 
glycerols were found in corn root PMEF. These lipids 
have been reported to form part of the neutral lipid 
composition of the plasma membrane of oat roots, 
with the exception of monoacylglycerols [6], as well 
as rat liver 1241. Keenan et al. [6] reported that oat 
root plasma membranes were enriched in triacyl- 
glycerols, which comprised 44.7% of the neutral lipid 
fraction. We found triacylglycerols to comprise only 
14% of the neutral lipid fraction of corn root PMEF 
(Table 3). 

Free fatty acids comprised a small percentage 
(15%) of the neutral lipid fraction. Plasma membrane 
fractions isolated from oat roots 163, yeast [25], 
mushroom sporophores [S] and rat liver 124,261 were 
also found to contain free fatty acids. There is some 
debate as to whether free fatty acids associated with 
PMEF are artifacts of preparation due to phosphol- 
ipase activity during isolation [25]. The lack of 

Table 3. Neutral lipid composition of a plasma membrane 
enriched fraction of corn roots (means?s.e.) 

Neutral lipid 

Free sterol 
Diacylglycerol 
Free fatty acid 
Tr-iacylglycerol 
Monoacylglycerol 
Steryl ester 

-_----- 

% Total 

35.821.9 
lS.li3.S 
14.8k2.9 
14.0t2.4 
13.0~2.8 
7.311.5 

._- 
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detectable levels of lyso-derivatives suggests phos- 
pholipase activity was not responsible for the free 
fatty acids detected in this study. 

Fatty acids 
The fatty acid composition of total lipids was pre- 

dominantly linoleic (60%) and palmitic (30%) with 
lesser amounts of steak, oleic and linolenic (Table 
4). Trace amounts of palmitoleic were also detected. 
Linoleic and palmitic have also been reported to be 
the major fatty acids in PMEF isolated from potato 
tubers [lo] and oat roots [6]. However, in oat roots, 
palmitic is the predominant fatty acid, comprising 
48% of the total, whereas in corn root and potato 
tuber plasma membranes, linoleic is the major fatty 
acid. 

EXPERIMENTAL 

Plant mate~uf. Corn (Zea mays L.) seeds, (A619x 
Oh 43) x A632, were surface-sterilized with 1% NaOCl and 
germinated for 3 days at 29” on paper towels saturated with 
10e4M CaC&. The PMEF was isolated from the primary 
root with 0.5 cm tip removed. 

Isolation of plasma membrane. Except for minor 
modifications the procedure used for isolating the PMEF 
from corn roots was as described in ref. [27]. All operations 
during the isolation were carried out at 4”. 8Og root tissue 
were rinsed for 5 min in cold HZO, cut into small segments 
with scissors and ground with a mortar and pestle for 90 set 
in 240 ml of grinding medium fO.25 M sucrose, 4 mM EDTA, 
25 mM N - tris(hydroxymethyl)methyf - 2 - amino- 
ethanesulfonic acid (TES), pH 7.91. Compared to the grind- 
ing medium used in ref. 1271, TES, a stronger buffer in the 
region of pH 7.5, was substituted for Tris-MES and the 
EDTA concn was increased from 3 to 4 mM. These 
modifications were made to reduce phospholipase D activity 
which is stimulated by Ca*’ and acid pH [28]. The homo- 
genate (pH 7.5) was filtered through 4 layers of cheesecloth 
and successively centrifuged at 13000g for 15 min and 
80000 g for 30 min. The microsomal fraction was suspended 
in 0.25 M sucrose, 1 mM TES, pH 7.5 and layered on a 
two-step discontinuous sucrose gradient consisting of 28 ml 
45% (w/w) sucrose plus 8mI 34% (w/w) sucrose. The 
sucrose was buffered at pH7.5 with 1 mM TES. The 
gradient was centrifuged for 2 hr at 95000 g with a Spinco 
SW-27 rotor. The plasma membrane enriched fraction was 
collected at the 34-45% sucrose interface. This fraction, 
which is ca 70% plasma membrane [13], was diluted with 
1 mM TES, pH7.5 and repelleted by centrifugation for 
30 min at 80000 g. The pellet was suspended in 1 ml Hz0 and 
the lipids were immediately extracted as described below. 

Table 4. Fatty acid composition of total lipids of a plasma 
membrane enriched fraction of corn roots (means+s.e.) 

Fatty acid 

Palmitic 16:O 
Palmitoleic 16 : 1 
Stearic 18:O 
Oleic 18:1 
Linoleic 18:2 
Linolenic 18:3 

*Trace; % total less than 1%. 

% Total 

30.022.2 
Trace* 
1.61tO.3 
3.8-e0.4 

59.8rtl.7 
4.020.6 

Lipid exrracrion. A two-step procedure was used to 
extract plasma membrane lipids. (a) The plasma membrane 
fraction, suspended in I ml Hz0 was added to 5 ml boiling 
iso-PrOH. Except when gravimetric determinations were 
made or when the lipid P or sterof content of total lipid 
extracts were determined, the iso-PrOH contained 0.004% 
butylated hydroxytoluene (BHT) to reduce autoxidation. 
After boiling for 1 min, the iso-PrOH fraction was cooled on 
ice. (b) Undissolved material was then pelleted by cen- 
trifugation and re-extracted by the Bligh and Dyer [29] 
procedure. This two-step extraction has been reported to be 
effective in extracting lipids and preventing hydrolytic 
activity [30,31]. The combined iso-PrOH and Bligh and 
Dyer fractions were evaporated under N2, taken up in 
CHCII-MeOH (2:l) and then filtered to remove insoluble 
protein and polysaccharide contaminants. In those expts 
where lipids were not further purified by TLC before quan- 
titative analysis, a Bligh and Dyer extraction was performed 
on the iso-PrOH fraction to ensure removal of non-lipid 
contaminants and this fraction combined with the original 
Bligh and Dyer extraction. Lipids were stored under N2 at 
- 20” in CHCl~-MeOH (2 : 1) until sufficient lipid was collected 
for analysis. 

Preparation of methyl esters and GC. Methyl esters of 
fatty acids were prepared by treatment of total lipid extracts 
with BFj in MeOH [32]. After transesterification, the methyl 
esters were further purified by TLC on Si gel G, with petrol 
(bp 60-68”&Et~O-HOAc (80: 20: 1). After spraying with 2’,7’- 
dichlorofluorescein, the methyl esters were identified by 
viewing under UV light and eluted from the gei with EttO- 
MeOH (7:l). The solvents were evaporated under Nz and 
the methyl esters redissolved in petrol. The dye was elim- 
inated by adding 0.5 vol. HzO, mixing and removing the 
petrol layer which contained the methyl esters. The methyl 
ester extract was evaporated to dryness under Nz and again 
taken up in a small vol. of petrol. 

A FID gas chromatograph was used to analyse the methyl 
esters. The column, 1.8m x2 mm (i.d.), was packed with 
15% DEGS on SO/l00 mesh Chromosorb W-AW (Supelco, 
Inc.). Column temp. was 172’ with He carrier gas, flow rate 
of 30 ml/min. The injector and detector temp. were 195” and 
200”, respectively. A known amount of heptadecanoic acid 
(17:0), used as int. standard, was added to each sample prior 
to ~ansesterification. The fatty acids were ident~ed by 
comparing R,s with those of pure methyl esters. The concn 
of each component was calcd from the peak area and 
expressed as a percentage of the total. 

TLC for a11 lipid classes was performed on standard 
20 x 20 cm chromatoplates coated with a 300 pm layer of Si 
gel G. To prevent autoxidation, BHT was added to the TLC 
solvent systems. When 2-D chromatography was used, BHT 
was added only to the first solvent system. 

Polar lipids were separated from neutral lipids with 
petrol-Et20-HOAc (SO: 10: 1). The polar lipids, which 
remained at the origin, were eluted from the gel twice with 
CHCl3-MeOH-HZ0 (10:9:1) and once with MeOH. The 
procedure of ref. [33] was used for the 2-D separation of 
polar lipids. The ptates were developed in the first direction 
with CHC&-MeOH-HZ0 (65: 25:4), air-dried at room temp. 
and developed in the second direction with di-isobutyl 
ketone-HOAc-HZ0 (80:50:10). To aid in the identi~cation 
of glycolipids a 1-D separation of polar lipids was obtained 
with di-isobutyl ketone-HOAc-HZ0 (80: 50: 7) [34]. Neutral 
lipids were fractionated utilizing a two-step development, 
di-isopropyl ether-HOAc (24: 1) and petrol-EtzO-HOAc 
(9O:lO: I), in one direction [3.5]. 
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Qualitative analysis. Lipids separated by TLC were 
identi~ed by co-chromato~aphy with authentic standards, 
group-specific reagent sprays and comparison with reported 
Rt values. Lipids were routinely revealed with I2 vapour. 
Phospbolipids were visualized with the molybdenum blue 
reagent [36]. Ninhydrin was used to identify amino phos- 
pholipids. Glycolipids were identified with 20% HCI04 [33] 
and sterols with HrS04-HOAc 1371. 

Quantitative analysis of lipids separated by TL.C was 
performed in the presence of Si gel. Phospholipids and 
neutral lipids were determined by P analysis [38] and di- 
chromate oxidation [39], respectively. The procedure of ref. 
/40] was used to measure lipid P of total lipid extracts. 
Sterol content of total lipid extracts was determined 
calorimetrically 1411 using cholesterol as a standard. Total 
lipid was determined ~rav~metrically. 

Protein was determined by the method of ref. [42] with 
BSA as a standard. 
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