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Abstract—The extraction of total phospholipids from wheat grain tissues requires more vigorous
conditions than for vegetative plant tissues. Water saturated nBuOH was the most efficient extracting
solvent for wheat grain and extraction with iso-PrOH and CHCIl; was greatly inferior. The use
of water saturated n-BuOH, however, gave rise to artifacts due to phospholipase D and transphospha-
tidylase activities during extraction. These artifacts could be avoided by denaturing the tissue by
heat before extraction. Evidence was obtained that water saturated n-BuOH extraction can, even
then, give rise to small quantities of lysophospholipid artifacts by non-enzymic hydrolysis.

INTRODUCTION

The course of our main studies on the hormonal
control of germination in wheat [1] led us to con-
sider the development of membranes 1n the aleur-
one cells. This has necessitated the development
of accurate methods for the determination of
phospholipids which are good markers for follow-
ing membrane morphogenesis [2]. In the wheat
grain, lipids form 8-15% of the germ, about 6%
of the bran and 1-2%, of the starchy endosperm
[3]. The phospholipids are a minor proportion
of these lipids except in the starchy endosperm
where they account for about 509 of the total
[4]. The composition of wheat lipids is, however,
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N-acyl glycerylphosphorylethanolamine, N-acyl LPE, N-acyl
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butanol, PC, phosphatidylchohne, PE, phosphatidylethanol-
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very complex. Most analyses have been per-
formed on wheat flour or wheat starch [5-7], and
few data are available on the bran and embryo
as separate fractions. The majority of these analy-
ses utilized H,O satd n-BuOH as the lipid ex-
tractant, but some investigators have preferred
procedures using solvents [6,8] which have been
more usually used to extract animal and vegeta-
tive plant tissue. We have, therefore, compared
various solvent systems for the extraction of
wheat phospholipids and we discuss some of their
limitations.

RESULTS

Extraction of total phospholipids. Extraction
successively with 1so-PrOH, 1s0-PrOH-CHCl,
(1:1) and CHCI; gave yields of lipid phosphorus
that were very reproducible for both unger-
minated and germinated seeds (Table 1). How-
ever, when samples were dissected into bran,
starchy endosperm and embryo prior to extrac-
tion, the yields of lipid phosphorus were more
variable, being as much as +22% of the mean
in some cases. Re-extraction of the residues left
from the extractions of the bran and starchy
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Table 1 The comparison of various solvents m the extraction of total ipid phosphorus from wheat

Total hpid phosphorus (ug P™ 95 grams)

Whole gram

Bran Starchy endosperm

Extraction with 1s0-PrOH, s0-PrOH-CHCl,
(1 1) and CHCl;
Ungerminated grain
Grain germunated 4 days
Extraction with 150-PrOH-H,O (8 2),
10-PrOH- CHCl, (1 1) and CHCl,
Ungermmated grain
Fxtraction with H,O satd #n-BuOH
Ungerminated grain

880

404 + 7 (3)
848 + 20(3)

(1

1150 + 29(8)

218

90 + 20(3)
2) 183

150 + 10(

I+ I+
T

125

(1} n

180 + 8 (4) 960 + 60 (3) 12724 Q)

The figures in parentheses refer to the number of analyses +

endosperm yelded further large quantities of lipid
phosphorus, and further experiments showed that
the variation in hipid phosphorus extracted by
these solvents was due to water carried over with
the dissected tissues into the first extraction sol-
vent (unpublished data) By addmg 20%; H,O to
the iso-PrOH used in the first extraction, larger
quantities of lipid phosphorus were extracted
from both whole seed and dissected bran (Table
[). When the amount of H,O was increased to
50°,, however, so much non-lipid material was
extracted that the Sephadex purification chro-
matography became overloaded with consequent
erroncously high values for lipid phosphorus The
use of CHCl; -MeOH- H,O (510 4) was also un-
successful, because the extracts contained sus-

standard deviation nr No results

pended material which could not be filtered. H,O
satd n-BuOH, on the other hand, proved to be
the superior extractant both for whole seeds and
for dissected bran (Table 1} It also gave repro-
ducible results, although re-extraction of the resi-
dues yielded a further 8°; of lipid phosphorus.
Nevertheless. because of 1ts superiority over the
other methods tried. H.O-satd »n-BuOH was
adopted as the extracting solvent in all sub-
sequent experiments.

Hdentification and deternunation of the indivi-
dual phospholipids Chromatography of the puri-
fied total Iipid on columns of siheic acid and then
on two-dimensional TLC separated 11 phos-
phorus-contaming spots. The identities of the
spots are presented 1n Table 2. N-acyl LPE. PG,

Table 2 The identification of the phospholipids from whole ungermmated wheat

Zinzadze Dragendorff R,
I, vapour ~ Nmhydrin reagent reagent Ist Dimension 2nd Dimension
Phospholipids
I N-acyl PE + — + - 084 096
2 N-acyl LPE + - + - 066 082
3 DPG + - + - 050 Q&6
4 PG + - + - 046 071
5 PE + + + = 049 059
6 PA + - + - 0-01 077
7 N-acyl GPE + - + - 021 042
8 PC + - + + 037 028
9 LPE + PS + + + - 019 034
10 PI + - + - 009 039
11 LPC + - + + 013 009
Other hipids
a MGDG + - - - 075 096
b SG + - - - 060 087
¢ DGDG + - - - 028 063
x Unknown + - - - 066 094
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Tabie 3 Replicate determinations of the phospholipids from ungermmated wheat using cold
H,O satd n-BuOH as the extracting solvent

Phospholipid content (% total hpid P)

Bran Starchy endosperm
Expt1 Expt2 Expt3 Expt4d Expt | Expt 2
N-acyl PE 90 273 59 150 78 95
N-acyl LPE 37 29 36 38 64 73
DPG 16 17 17 19 nd nd
PG 21 25 22 24 nd nd
PE 37 29 52 35 05 05
PA 59 45 40 43 nd nd
N-acyl GPE 06 21 14 20 49 46
PC 341 141 284 244 29 32
LPE + PS 24 25 46 34 86 82
PI i16 75 112 117 10 08
LPC 245 289 304 260 666 64 1
Ornigin 07 33 11 15 12 13
Total ipid P
(ug/95 gramn) 187 174 170 189 1030 910

nd not detected

PE, PA, PC, PI and LPC were identified with
reasonable certainty. N-acyl PE (spot 1) was
never clearly separated from MGDG, but this did
not interfere with the quantitative determination
of the former by phosphorus analysis. DPG (spot
3) chromatographed close to a compound which
did not contain phosphorus and which gave a
reddish colour with H,SO, containing sprays.
This compound was possibly SG. Spot 9 occa-
sionally resolved itself into two components, but
never clearly. Both components contained phos-
phorus and reacted positively with ninhydrin. By
comparison with published R, data the spot was
thought to be a mixture of LPE and PS. It is
known that these compounds are difficult to
separate {3]. Spot 7 was suspected to be a new
phosphorus-contaming lipid In view of the exist-
ence of N-acyl derivatives in wheat flour [7], it
was suspected that it may be N-acyl GPE. When
this was synthesized from egg yolk PE, 1t was
indeed found to co-chromatograph with the com-
pound from spot 7 1n both basic and acidic sol-
vent systems. Spot 7 was, therefore, tentatively
identified with this compound.

Phospholipase D and transphosphatidylase ac-
twities during Lipid extraction and in cell-free sys-
tems. Replicate experiments in which dissected
bran samples were extracted with H,O satd n-
BuOH produced surprising inconsistencies 1n the
proportions of individual phospholipids, although
the total lipid phosphorus values were consistent

within 5%, (Table 3). The percentages of N-acyl
PE and PC were most inconsistent, but variations
i the proportions of other phospholipids were
also observed. In contrast, the starchy endosperm
showed very consistent phospholipid levels (Table
3). These levels indicated that, in the bran,
changes were occurring during extraction leading
to elevated levels of N-acyl PE at the expense
of other phospholipids Experiments not reported
here using commercial bran samples (presumed
to be dead) gave more consistent values for N-
acyl PE and PC, suggesting that the discrepancy
was associated with a hving tissue, and hence that
an enzyme was involved.

The only known enzyme of wide occurrence in
plants and which attacks phospholipids in the
presence of organic solvents 1s phospholipase D
[97]. This enzyme is also capable of transphospha-
tidylase activity using primary alcohols as accep-
tors for the phosphatidyl group. One way in
which phospholipase D activity could be recon-
ciled with the results of Table 3 would be if the
spot 1dentified as N-acyl PE was, in fact, a mix-
ture of N-acyl PE and PB produced by the reac-
tion of phospholipids with the extracting solvent
The known heat lability of phospholipase D [10]
allowed this possibility to be tested. The results
of this experiment are presented n Table 4. When
batches of dissected bran were killed, either in
boiling, H,O satd n-BuOH or in a tube standing
in a boiling H,O bath, before extraction, low
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Table 4 The effect of extraction conditions on the determina-
tion of the phospholipids from wheat bran

Phospholimd content

(', total lipid P)
Expt | Fxpt 2 Fapt 3 Cpt 4
N-acyl Pt 317 153 <y 17
N-acyl LPE 36 149 4 33
Pt 16 49 41 S
PA 10~ Tn 37 S6
PC s 270 RE 270
Pl 54 104 95 Y]
LPC 217 Ind L] 320

Others My K 7 [ T

Expt 1 Bran frozen. thawed m H,0O satd »n-BuOH and
incubated 2 5 hr before extraction Expt 2 Bran homogenized
in cold, H.O satd n-BuOH and mcubated | 5 hr before extrac-
tion Expt 3 Bran killed at [00° before extraction Expt 4
Bran killed i boiling n-BuOH betore extraction

levels of N-acyl PE with accompanying high
levels of PC were obtained In contrast, bran that
had been frozen overmight, thawed in H,O satd
n-BuOH and incubated in that solvent before
extraction. ywelded 34%, of its ipid phosphorus
in the spot corresponding to N-acyl PE. Further-
more. the PA content of this extract was also
high. Dissected bran that had been homogenized
in cold, H,O satd n-BuOH and then incubated,
also yielded large proportions of lipid phosphorus
mn the N-acyl PE spot. (In cases where cold H,O
satd n-BuOH was used the temperature of the
extraction rose to ca 70" during homogenization )

It remamed to demonstrate directly, using cell-
free preparations, the presence of phospholipase
D and transphosphatidylase activities in bran.
Preliminary experiments showed that these cell-
free preparations had no phospholipase D activity

Table 5 The phospholipase D and transphosphatuidylase ac-
uvities of cell-free preparations from wheat bran

Faperiment
i 2 3 4 5 6

Reaction conditions

Lectthin substrate + 4 T+ - -

CaC’l, + - - N . -

n-BuOH 10 mM) - - - n + _

p-Chloromercunibensoate (01 mM - - - - s

Enzyme cxtract - - - .

Botled unzyme oxtract - - - - 4 -
Phospholipids in reaction product

(7, total ipid )

P¢ 193 845 ¥32 183 832 760

PA 658 38 ad M6 nd k3

PB nd nd nd 322 nd nd

Others (mainly LP(C) 48 1S 167 148 169 159

nd not detected

A J Corsor~t and D L LaibMaN

against PC substrate dispersed in acetate buffer.
even in the presence of ether [11], and they were
only slightly active agamnst ultrasonically dis-
persed PC However. when PC ultrasonically dis-
persed in the presence of sodium dodecylsulphate
[12] was used as substrate, a rapid hvdrolysis
occurred producing PA (Table 5) This phospho-
lipase activity was calcium dependent. was mhi-
bited by 0 mM p-chloromercuribenzoate, and
was nactivated by boiling. which are character-
1stic properties of the enzyme {10]

The active cell-free system also showed high
transphosphatidylase activity (Table 5) In the
presence of 10mM n-BuOH a new product was
formed which co-chromatographed on TLC with
N-acyl PE m both basic and acid solvent systems.
It was tentatively identified as PB. The transphos-
phatidylase activity was heat labile Appreciable
quantities of LPC were also found m the products
from the enzyme reactions. but smnce the controls
also contained this compound. it was assumed
that 1t was not a product of the ensyvme action.
In contrast to the bran, the starchy endosperm
had negligible phospholipasc D activity.

Because of the success of hot. H,O satd »n-
BuOH in extracting gram tissues, 1ts cfficiency
with a green tissue was mvestigated. and com-
pared with the more usual procedure using iso-
PrOH and CHCI; In contrast to the situation
found with seed tissues, H,O satd n-BuOH was
only a slightly superior extractant for the leaf
total Iipid phosphorus (Table 6). As expected.
heat-denaturation of the leal ussuc prior to
extraction prevented sigmificant formation of PB

Table 6 The comparison of two solvents lor the cxtraction
of phospholiptds from green pea leaves

Phosphohpid content
{ iotal hpd Py

Fatraction witl

o-P1OH Extraction with
150-PrOH CHCI, hot H_O ~atd
o 1y and CHO 1#-BuOH
N-acyl PE 20 40
PE REFS 192
PA 20 23
PC 00 260
PI g "2
[ P( ' Y
PG i M
DPG 20 LA
Ongin . i
Total hipid P
g 10 g tissud) 02~ 1330
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as shown by the low values obtamed for the N-
acyl PE spot. There was more firm evidence, how-
ever, that the use of hot, H,O satd n-BuOH led
to the production of small quantities of LPC.

DISCUSSION

H,O satd »-BuOH has been found to be the
most effective solvent for the extraction of total
phospholipids from whole wheat grains and thewr
dissected parts. In the bran and embryo, artifact
formation due to transphosphatidylase activity
can be prevented by dropping the tissue into the
boiling extraction solvent The extraction pro-
cedure incorporating this step has been 1n use in
our laboratory for some years giving reproducible
extraction of total lipid phosphorus and of the
individual phospholipids. The absence of detect-
able phospholipase D activity mn the starchy
endosperm accounts for the more consistent
phospholipid values and the absence of PA in this
tissue when extracted without prior heat treat-
ment. Recently, de la Roche et al. [13] have
reported that boiling i1so-PrOH followed by
CHCl;-MeOH-H,O extraction was superior to
H,O satd n-BuOH. In their studies, however,
H,0 satd n-BuOH did extract the most material,
but considerable losses of fatty acids and lipid
phosphorus occurred during the subsequent parti-
tion procedure which they used to purify their
extracts. They explained the losses as being due
to lipoprotein “fluff” at the interface in the parti-
tion procedure. Possibly, evaporation of their
H,O0 satd n-BuOH extract to dryness in the pres-
ence of CHCl; and H,O, to break lipoprotein
bonds, followed by purification on columns of
Sephadex G-23, would have overcome these diffi-
culties. Most other studies with wheat products
such as starch and flour confirm that H,O satd
n-BuOH 1s the superior extractant. Since H,O
satd n-BuOH was also the best extractant for
bran, the present studies are also relevant to the
problems of extracting phospholipids from non-
starchy seed tissues and non-starchy seeds gener-
ally.

Two-dimensional TLC separated eleven phos-
phorus-containing spots of which ten have been
1dentified with reasonable certainty. The eleventh
has been tentatively identified as N-acyl GPE
With regard to other possible identities, de la
Roche et al. [13] have reported the presence of
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cyclic and non-cyclic forms of LPA in whole
wheat Our new spot 1s unlikely to be either of
these compounds because they have very different
R, values i both basic and acidic solvent systems
[13]. LPA would most likely be produced from
LPC under conditions of high phospholipase D
activity. This possibility is, however, precluded by
the presence of small and consistent amounts of
material 11 our spot 7 both from bran (high phos-
phohpase D activity) and starchy endosperm
(low phospholipase D activity) An alternative
explanation 1s that our compound 1s LPA, formed
by the hydrolysis of PA during extraction, but
this is also unlikely because PA is present only
m small amounts in the bran and embryo and
it 1s absent from the starchy endosperm. The fact
remains, however, that our extracts may contain
non-cyclic LPA cochromatographing with LPC
mn our systems. Two other possibilities are that
our new spot is LPG or LDPQG; certamnly they
have comparable R;s in similar TLC systems to
those used in our study [14]. This would not be
expected, however, since PG and DPG, from
which they would most likely be formed, are
absent from the starchy endosperm (Table 4).
The large quantity of LPC in the starchy endo-
sperm was almost double that found in commer-
cial wheat flour [7], and a re-examination of the
data for bran hpids i Tables 3 and 4 reveals
very high and varable LPC values. This raises
the question of whether some LPC might have
arisen from PC by hydrolysis during extraction.
Green leaves apparently do not contain lysophos-
pholipids [15]. The presence of sigmficantly
larger quantities of LPC in n-BuOH extracts than
were found 1n iso-PrOH-CHCl; extracts from
pea leaves (Table 6) suggests, therefore, that the
use of the former solvent does indeed lead to acyl
hydrolysis of PC. The quantities of LPC arising
in this way must, however, be very small since
the incorporation of '*C-choline into PC in incu-
bated bran or green leaves yields no detectable
radioactivity in the LPC fraction [16]. On the
other hand, the observation that the highest LPC
values were obtained m extractions involving the
prior heat treatment of the bran tissue suggests
that hot n-BuOH is responsible for artifact forma-
tion during preliminary inactivation of the phos-
pholipase D and during subsequent homogeniza-
tion If this 1s true then the new phospholipid,
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tentatively identified as N-acyl GPE. may also be
an artifact due to acyl hydrolysis of N-acyl PE
and N-acyl LPE. Obviously, the exact origins of
the lysophospholipids extracted from wheat bran
by n-BuOH are not yet resolved.

FXPERIMENTAL

Chepncals and soltents PG, DPG PS. PC. PI MGDG
DGDG and SG were given by Di B W Nichols. Colworth
House, Sharnbrook. Beds UK W~-acyl PE and N-acyl LPF
were given hy Dr W R Mornson, U miversity of Strathelyde
LK \-aeyl GPE was synthesized from egg volk PE {171
LPC was purchased from BDH Ltd CHCI; for chromato-
graphy was washed with H,0, dried and redistilled Al other
solvents for extraction and chromatography were 1edistilled
before use

Plant material Grains of the soft winter cv Cappelle Des-
prez were used 1n batches of 5g (95 grams) Grawmns were steri-
hzed and allowed to germinate at 25 by our i1outine pro-
cedure [ 18] Ungerminated and germimated grams were cither
analysed directly or they were dissected into their parts for
separate analysis The bran was washed x 3 with H,O to
remove adhening starch Pea plants were grown m the green-
house and therr leaves harvested immediately before analysis

Extraction of total lipids Plant matenial was extracted by
homogenizing 1t m the extracting sofvent using 4 top-drive
homogentzer and filtering through sintered-glass Three sol-
vent ssstems were mnvestigated as to therr efficiency m extract-
mg phospholipids (a4} Fxtraction successively with nso-PrOH.
1o-PrOH CHCY, (1 1) and CHCOY, was catried out accordng
to our routine procedure for the extraction of ncutral lipids
[18] 1n addition extraction with various ts0-P1OH H.O mux-
tures followed by cextraction with so-PrOH CHCI; (1 1) and
then CHCI; was mvestigated (b)Y Extraction x 3 with CHCI,
MeOH- H.,O (5 10 4) (¢} Extraction x3 with H,O satd n-
BuOH In the procedure finally adopted. the tissue was
dropped mto boilimg H,O satd #-BuOH. and lett tor 3 min
before homogenizing Filtrates from extraction weie combined
and evaporated cither to a small vol (cxtractions mvolving
CHCly) or to dryness {eatraction with H,O satd #-BuOH)
at 50 1n a rotary cvaporator Atm pres was reinstated with
N, and residue was taken up in a small vol of CH(Cl,-MeOH
{19 1) H,0 (10 diops) was then added and the cxtract wds
reduced once more to dryness m ordet to bredak hipoprotemn
assoctations {191 The testdue was taken up again i a small
vol of CHCI,-McOH (19 1) and purified by partition chro-
matography on Sephadex G-25{207 The hmd fiacuon from
the column was evaporated to dryness under N, and the last
traces of solvent removed under vac Finally the hpid was
taken up mn 5 10ml CHCl, and stored under N- at 4 for
later analysis

Deternnation of total lipid phosphorus Samples of ipid from
Sephadex G-23 were digested first with redist cone HNO,
and then wrth 70°, HCIO, [217 prior to determmation of
P1 [22]

Chiomatographie analysis of polar lipids The total hpid from
Sephadex G-25 chromatography was chromatogiaphed on
13 g siicic acid prepared according to ref [23] m a glass
column (10 mm it dram) Lipid was apphed to the column
m CHCl; soln Neutral hpids were cduted with 30 ml CHCl,
the polar Iipids {glycolipids + phospholipids) were cluted with
30 ml McOH [20] The separate elution of the glycolipids with
Mc.CO and of the phospholipids with MeOH [20] was not

A ] CoLBORNE and D L Lammax

possible because the N-acyl phospholipids were eluted with
the glycolipids The polar lipid fraction was evaporated to
dryness under N, and re-dissolved m a small vol of CHCI,
Separation of the polar lipids into classes was achieved by
2-D TLC on S1 gel G Of a large number of solvent systems
investigated, the most successful  were  CHCl;- MeOH
ammona (30°, w v) (13 31} tor the 1st dimenston and
CHCl; Me,CO MeOH-HOAc H,0 (6 8 2 2 1) for the 2nd
dimension The st solvent was removed under vac Atm pres
was remstated with N, and chromatograms were immediately
run wn the 2nd solvent Chromatograms were then dried m
air and the spots were detected using 1, vapour

Ldentification and deternunation of mdicidual polar lipid's
Phospholiptds were tentatively wdentified by comparing their
TLC R, values with published data. by co-chiomatography
with authentic samples and by then behaviour with various
spray reagents For the latter purpose the developed chroma-
tograms were sprayed with 03, minhydrm 5%, lutidine
H,0 satd n-BuOH lor ammo groups [24], « modified Dragen-
doifl reagent for chohine [24] and a modified Zinzadze re-
agent for phosphate (257 The use of 06Y, K,C1,0 m 55°,
H,SO, as a general detecuon reagent [20], also allowed the
identification of some non-phosphorus polar lipids The quan-
tities of individual phospholipids were determined by a modifi-
catton of the method m 1et {267 Chromatogram spots that
had been jocated using 1, vapour and St gel blanks were
aspired directly into S0 mi Kjeldah! flasks contaning a hqud
trap of 07ml 70°, HCIO, The contents of the flask were
refluxed at 200 untit clear and then cooted 33 mi H,0. 05 ml
25¢, ammonium molybdate. and 05ml [0°, ascorbic acid
were then added The mustuwte was transferred to a reductase
tube, and heated for Smu at 100 After cooling. the St gel
wds removed by a brief centrifugation and the 4 at 800 nm
of the superndatant wdas medasured For large spots the reagent
quantities were doubled and for small spots the corresponding
areas from two chromatograms were combmed for analysis

Deternunation of phosphotipuse D aud transphosphatdylase
activities Batches of 30 grams wete dissected to give bran
and starchy endosperm  All subsequent preparations were con-
ducted at 4 Each tssue was homogenized tor tmm m Smi
H,O using a Polyuon homogenizer set at ity stowest speed
Cell debris was removed by centrifuging S mm at 3000 g and
the supcrnatant was used directly m the enzyme assay PC
substrate wds prepared by soncatmg pure PC with equimolar
SDS {271 m H,0 for 3min at 0 using 4 60W sonicator
The enzyme assay mixture contamed [ gmol PC | umol SDS,
80 gmol NaQAc buffer pH 48 40 gmol CaCl,, and 05wl
enzyme extract n a total vol of 1 1ml When activators or
mhibrtors were added they were mcluded at the conens given
in the results section The 1eaction was started by adding the
enzyme extract and after incubation for 60 mm at 200 01 ml
of 01 M HCY was added to stop the reaction The muxture
was then extiacted with 2ml EtOH Et,O (4 1). and the con-
tents ot the Et.O faver were analvsed by two-D TLC
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