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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 CHCl, was greatly inferior. The use 
of water saturated n-BuOH, however, gave rise to artifacts due to phosphohpase 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 [ 11 led us to con- 
sider the development of membranes m the aleur- 
one cells. This has necessitated the development 
of accurate methods for the determination of 
phospholipids which are good markers for follow- 
mg membrane morphogenesis [2]. In the wheat 
grain, lipids form S-15% of the germ, about 6% 
of the bran and l-2’% of the starchy endosperm 
[S]. The phospholipids are a minor proportion 
of these lipids except in the starchy endosperm 
where they account for about 50% of the total 
[4]. The composition of wheat lipids is, however, 
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very complex. Most analyses have been per- 
formed on wheat flour or wheat starch [S-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 mvestigators have preferred 
procedures using solvents [S&3] 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 phosphohpids. Extraction 
successively with lso-PrOH, Iso-PrOH-CHCl, 
(1 :l) and CHCl, 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 I The comparison of various solvents m the extraction of total hp~d phosphorus from whe,lt 

Total hpld phosphorus (,ug Px ‘95 grams) 

Whole gram Bran Starchy endospcrm Embryo 

Extrdctlon with rto-PrOH. rto-PrOH~-CHCI, 
(I 1) dnd CHCI, 

l’ngcrmmated gram 
Gram germmated 4 days 

Extractloll with ,co-PrO%HzO (8 2), 
r\o-PrOH-CHCI, (1 1) and CHCI, 

Ungcrmmated gram 
Fxtractmn with H,O sdtd II-BuOH 

C!npe~ mm,ltcd grnln 

404 & 7 (3) 90 + 20(3) 218 2 13(Z) 98 + 3 (2) 
X48 * 20(3) IS0 -t_ lO(2, 1X3+-? (7) 520 1 5.5 (2) 

xx0 (I) 125 (1J 111 nr 

1150 t 29(8) 1x0*‘! (4) 960 j hO(?) 127 _+ 4 (3) 

The tigurc> m parentheses refer to the number of analyses + standard devlatlon m No results 

endosperm ytelded further large quantmes of hpid 
phosphorus. and further experiments showed that 
the variatron m hprd phosphorus extracted by 
these solvents was due to water carried over with 
the dissected ttssues mto the first extractron sol- 
vent (unpubhshed data) By addmg lO’,l< Hz0 to 
the iso-PrOH used in the first extractton, larger 
quantmes of hptd phosphorus were extracted 
from both whole seed and dissected bran (Table 
1). When the amount of H20 was Increased to 
50’:;, however, so much non-lipid maternal was 
extracted that the Sephadex purrficatton chro- 
matography became overloaded wtth consequent 
erroneously high values for hprd phosphorus The 
use of CHCl, -MeOH- Hz0 (5.10 4) was also un- 
successful, because the extracts contained sus- 

pended material which could not be filtered. Hz0 
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-extractton of the rest- 
dues ytelded a further X”, of hptd phosphorus. 
Nevertheless. because of its superiortty over the 
other methods trted. H20-satd rr-BuOH was 
adopted as the extractmg solvent 111 all sub- 
sequent experrments. 

Irirtltlficatrotl utd dC’tmllltlutlOIl of the 112dIC1- 

dud phospholpis Chromatography of the purt- 
fied total hprd on columns of s~hctc actd and then 
on two-dtmenstonal TLC separated 1 I phos- 
phorus-contammg spots. The rdentttres of the 
spots are presented m Table 2. :I’-acyl LPE. PG, 

Table 2 The ldentlficdtlon of the phosphohplds from whole ungermmated \+hedt 

Zmzadze Dragendorff R, 
I, vapour Nmhydrm reagent rcagen t 1st Dlmenslon 2nd Dmlenslon 

Phosphohpida 
I >‘L’-‘lcyl PE 
’ f\-acyl LPE 
; DPG 
4 PG 
5 PE 
6 PA 
7 .%-vcyl GPF 
x PC 
9 LPF + PS 

10 PI 
II LPC 

Other hplds 
a MGDG 
b SG 
c DGDG 
x Llnknocln 

+ 
+ 
+ 
+ 
+ 
c 
+ 
+ 
+ 
+ 
+ 

- + _ 
_ t _ 
- + _ 
+ + _ 
_ + - 
_ + _ 
_ + + 
+ + - 
_ + _ 
_ + + 

+ - - - 
+ - _ - 
+ _ _ - 
+ _ - - 

096 
0 x2 
0 X6 
0 71 
0 59 
u 77 
0 42 
0 2x 
0 34 
0 39 
0 0’) 
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Table 3 Replicate determmatlons of the phosphohplds from ungerminated wheat usmg cold 
Hz0 satd n-BuOH as the extractmg solvent 

Phosphohpld content (% total hpld P) 

N-acyl PE 
N-acyl LPE 

DPG 
PG 
PE 
PA 

N-acyl GPE 
PC 
LPE + PS 
PI 
LPC 
Origin 

Total hpld P 
@g/95 gram) 

Bran Starchy endosperm 
Expt 1 Expt 2 Expt 3 Expt 4 Expt 1 Expt 2 

90 213 59 150 18 95 
31 29 36 3.8 64 73 
16 17 17 19 nd nd 
21 25 22 24 nd nd 
37 29 52 35 05 Q5 
59 45 4.0 43 nd nd 
06 21 14 20 49 46 

34 1 14 1 28 4 244 29 32 
24 25 46 34 86 82 

116 75 112 117 10 08 
24 5 28 9 304 260 666 64 1 
07 33 11 15 12 13 

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 determmation 
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 H2S04 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 ninhydrm. By 
comparison with published Rf 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-containing lipid In view of the exist- 
ence of N-acyl derivatives m wheat flour [7], it 
was suspected that it may be N-acyl GPE. When 
this was synthesized from egg yolk PE, it was 
Indeed found to co-chromatograph with the com- 
pound from spot 7 m both basic and acidic sol- 
vent systems. Spot 7 was, therefore, tentatively 
identified with this compound. 

Phospholipase D and transphosphatldylase ac- 
twitles during lzpid 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 in the 
proportions of indivtdual 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 
m the proportions of other phospholipids were 
also observed. In contrast, the starchy endosperm 
showed very consistent phosphohpid 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 phosphohpids 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 is phosphohpase D 
[9]. This enzyme is also capable of trdnSphOSphd- 

tidylase activity using primary alcohols as accep- 
tors for the phosphatidyl group. One way m 
which phosphohpase D activity could be recon- 
ciled with the results of Table 3 would be if the 
spot identified as N-acyl PE was, in fact, a mix- 
ture of N-acyl PE and PB produced by the reac- 
tion of phosphohpids with the extracting solvent 
The known heat lability of phospholipase D [lo] 
allowed this possibility to be tested. The results 
of this experiment are presented m 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 3 The effect of extractlon condltlons on the determma- 
tlon of the phosphohplds from wheat hran 

E,pt 1 r-Xpl 2 r\p1 3 c \p, 1 

“v-‘lq Pt 3% i ,q 3 i ‘, 17 

*\‘vJ‘il l.PI ?h 1’) -1. 1 1 

Pt 16 JY .I, 5, 
P4 10 i lh 47 i 6 

PC ill i ?i (1 214 2‘ I, 

k, 
54 10 % 0 i hX 

21 i 1h.I T7 0 32 0 

Cjfix b t t: ‘i ii: ii.2 iG 

Evpt 1 Bran frozen. thawed m Hi0 satd rl-BuOH and 
Incubated 2 5 hr before extractlon Expt 2 Bran homogenved 
m cold, H,O satd rl-BuOH and Incubated 1 5 hr before eutrac- 
tlon Expt 3 Bran kllled at 100’ before extr,v%on Expt 4 
Bran killed m bollmg II-BuOH before extractlon 

levels of N-acyl PE with accompanying high 
levels of PC were obtamed In contrast, bran that 
had been frozen overmght, thawed m H,O satd 
n-BuOH and Incubated m that solvent before 
extractlon. ylelded 347~ of its hpld phosphorus 
in the spot corresponding to X-acyl PE. Further- 
more. the PA content of this extract was also 
high. Dissected bran that had been homogemzed 
m cold, Hz0 satd wBuOH and then mcubatcd, 
also yielded large proportlons of hpld phosphorus 
m the N-acyl PE spot. (In cases where cold Hz0 
satd n-BuOH was used the temperature of the 
cxtractlon rose to cu 70” durmg homogemzatlon ) 

It remamed to demonstrate directly, usmg cell- 
free preparations, the presence of phoaphohpase 
D and transphosphatldylase actlvltles III bran. 
Prehmmarq expenments showed that these cell- 
free preparations had no phospholipase D actlvlty 

Table 5 The phosphohpdse D and transphosphatldyl;tse ac- 
tlvltles of Lell-free preparations from wheat bran 

, 2 i 4 5 h 

against PC substrate dispersed m acetate buffer, 
even m the presence of ether [I 11, and they were 
only shghtly active agamst ultrasomcally dls- 
persed PC However. Mhen PC ultrasonically dls- 
persed in the presence of sodium dodecylsulphate 
[I21 was used as substrate, a rapid hydrolysis 
occurred producing PA (Table 5) This phospho- 
llpase actlvlty was calcium dependent. was mhi- 
blted by 0 I mM p-chloromercurlbenLoatc. and 
was inactivated by bolhng. which arc charactcr- 
lstlc propertles of the enzyme [IO] 

The active cell-free system also showed high 
transphosphatldylase actlvlt! (Table 5) In the 
presence of 1OmM wBuOH a new product was 
formed which co-chromatograplled on TLC with 
iV-acyl PE m both baw and acid solvent systems. 
It was tentatlvelq Identified a$ PB. The transphos- 
phatldylase actlvlty was heat lablle Apprcclable 
quantltles of LPC were also found ln the products 
from the enzyme reactlons. but since the controls 
also contained this compound. !t was assumed 
that It was not a product of the cnryme action. 
In contrast to the bran. the starch) endosperm 
had neghglble phosphohpasc D activity. 

Because of the SLICC~SS of hot. HZ0 satd II- 
BuOH in extractmg gram tissues. its eficiencq 
with a green tissue was mvcstlgated. and com- 
pared with the more ~1sua1 procedure usmg W- 
PrOH and CHCl, In contrast to the sltuatlon 
found with seed tissues, H,O satd WBLIOH was 
only a shghtly supenor extractant for the leaf 
total lipid phosphorus (Table 6). As expected. 
heat-denaturatlon of the leaf tlssuc prior to 
extraction prevented slgnlficant formation of PB 

T,lhle 6 The comparison ol two solvents lor the extr,lctlon 
of phosphollptd\ from grcrn pc,t lca\c\ 
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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. 

DISCXSSION 

Hz0 satd n-BuOH has been found to be the 
most effective solvent for the extraction of total 
phosphohpids from whole wheat grains and their 
dissected parts. In the bran and embryo, artifact 
formation due to transphosphatidylase activity 
can be prevented by dropping the tissue mto the 
boiling extraction solvent The extraction pro- 
cedure incorporatmg this step has been m use in 
our laboratory for some years givmg reproducible 
extraction of total lipid phosphorus and of the 
individual phospholipids. The absence of detect- 
able phospholipase D activity m the starchy 
endosperm accounts for the more consistent 
phosphohpid 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 rso-PrOH followed by 
CHCl,-MeOH-H,O extraction was superior to 
Hz0 satd n-BuOH. In their studies, however, 
Hz0 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 
H20 satd n-BuOH extract to dryness in the pres- 
ence of CHCl, and HzO, to break lipoprotein 
bonds, followed by purification on columns of 
Sephadex G-25, would have overcome these diffi- 
culties. Most other studies with wheat products 
such as starch and flour confirm that Hz0 satd 
n-BuOH is the superior extractant. Since Hz0 
satd n-BuOH was also the best extractant for 
bran, the present studies are also relevant to the 
problems of extracting phosphohpids from non- 
starchy seed tissues and non-starchy seeds gener- 
ally. 

Two-dimensional TLC separated eleven phos- 
phorus-contammg spots of which ten have been 
identified 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 

cychc and non-cyclic forms of LPA in whole 
wheat Our new spot is unlikely to be either of 
these compounds because they have very different 
Rf values m both basic and acidic solvent systems 
[13]. LPA would most likely be produced from 
LPC under conditions of high phospholipase D 
activity. This possibihty is, however, precluded by 
the presence of small and consistent amounts of 
material m our spot 7 both from bran (high phos- 
phohpase D activity) and starchy endosperm 
(low phosphohpase D activity) An alternative 
explanation is 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 IS absent from the starchy endosperm. The fact 
remains, however, that our extracts may contain 
non-cyclic LPA cochromatographing with LPC 
m our systems. Two other posslbihties are that 
our new spot is LPG or LDPG; certainly they 
have comparable Rp in simrlar 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 lipids m Tables 3 and 4 reveals 
very high and variable LPC values. This raises 
the question of whether some LPC might have 
arisen from PC by hydrolysis during extractton. 
Green leaves apparently do not contain lysophos- 
pholiplds [ 151. The presence of slgmficantly 
larger quantities of LPC m n-BuOH extracts than 
were found m 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 quantmes of LPC arrsing 
in this way must, however, be very small since 
the incorporation of “C-cholme mto 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- 
phohpase D and during subsequent homogeniza- 
tion If this IS true then the new phospholipid, 



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 lysophosphohplds extracted from wheat bran 
by II-&OH are not yet resolved. 

Cl,en,rcrr/\ ur,d \&<,I,,\ PG. DPC PS. PC‘. PI MGDG 
DGDC and SG uerc g,ven by D, B W Ntchols. C&orth 
House. Shdrnhrook. Beds L! K I\-acyl PF_ and ?v-acql LPF 
WCIX gwen hy Dr W R Mor,~son. I mvt,s,ty of Strathclydc 
L K b-,tcql GP[r \~a5 synthe\,Lcd Cram egg yolk PE 1171 
LPC \\‘I!, purchased from B D H Ltd CHCL, for chromotc>- 
grdphq HX washed w,th H,O, drted .,nd red,\i,lled All other 
solvents lor crtr&,on dnd chromatography \\ers lcd,st,lled 
bcforc use 

Pltrut J?urtc’rftr/ Gr,tms of ttx2 5olt \cmte1 cv Cnppcllc De5- 
prer were used ,n bat&e\ of 5 g (95 gr,~,n\) Grains were atcr,- 
hzed dnd allowed to germmrte at 25 by our loutme pro- 
cedure [I83 l_‘nger,n,n,,ted nnd gcrmmated gr‘tms v+ere c,iher 
anal\scd d,rcctll or thq bccre dIssected rnto thcr, part% for 
qar,,tc analys,, The br‘m MI{\, u,tshcd n 3 w,th H,O to 
remocc ,tdher,ng starch Pea pl,,nts v.crt’ p,-own m lhe green- 
house and the,r lcavc\ hdrvestcd ,m,ned~ately bcforr analys,s 

E*trc,c.t,or~ t$ rortrl /,l~<i5 Plant m,lterial ~cdi cxtrdctcd b) 
homogemz,ng It m the e\tractrng \ol\ent u\lng d top-drive 
homogen,Ler dnd liltering through smtcrcd-&ash Three sol- 
vent aJ5tcms wcrc mvcstlgatcd as to the,r cfiicicnq ,n cxtrdct- 
mg phosphol,p,ds @I F%trG,ct,on ~ucccss,v~‘l~ rr,th i,w-PrOH. 
1wPr0H CHU, (1 1) ~ncf CHCI, IWS cd,r,cd t>t,t dcco,d,ng 
to our routmc procedure lor the eutroct,on of ncutr,,l llp,da 
[1X] In add,t,on ex,,.,ctmn w,th Cdr,ou\ rw-PrOH H,O niw 
tures follo\bcd by cxtr,ict,on w,th tso-PI-OH CHC‘I,3 f I 1) md 
then C HCI, U:,S ,nve.\t,gatcd (hl ExLr‘,&on x 3 wrth CHCI, 
MeOH~ H,O (5 10 4) (c) Extract,on x 3 M,th H,O satd II- 
BuOH In the pruccdu~~~ fin,~ll~ ,doptcd. the tlssuc U<,S 
dropped mto bo,l,ng H,O bdtd n-BuOH. and lclt tar 3 mm 
hcforc homogcmrmg F,ltrntcs l,om e\t,,,ct,on \IC,C combined 
and evaporated c,thcr to a small vol (cutr‘,ctiom ,nvolv,ng 
CHCI,) or to d,>nzss (cxtr,rct,on w,th H,O \atd r,-BuOHl 
at 50 in ‘, rota,-1 etapor,,tor At,n pros w‘,s ,e,nst,,trd wrth 
NZ and res,dt,e wL,s taken up m a small vol of <‘H(‘l,~~MeOH 
(19 1) H,O (10 drops) w‘,s then ‘iddud and the extract uds 
reduced once more to dr-)ncs$ rn ordc, to b,e,,k Irpoprotem 
~ssoc~~~t~ons [I91 TIIC rcs,duc wa\ t,,ken up dgm~ I,, ‘, \m,,ll 
vol of CHCI,~McOH (I9 I ) and pur,ficd by pd,t,t,on chro- 
matographq on Sephadex G-175 [20] The hp~i fiactlon Irom 
the column was cvaporatcd to dryness under NL .,nd the last 
trdccs of solvcnt ,cmovcd undci YX f-anally the l,p,d wdc 
t&en up rn 5 t0mt CHCt, ,md stored UII&~~ Y, at 1 for 
later ‘lnalysls 

Chforllrrt(~y~aphlc~ LUW/_WS q/ polar 11pds The total hp,d lrom 
Sephadcx G-25 chtomatogrdphq wab &,omatographed on 
1 3 g SI~ICIC md prcp,,red &,ccord,ng to rcl [X] m a glass 
column (10 mm ,nt d,am) Llp,d was apphcd to the column 
m C’HCl, soln Neutral hplds wcrc &ted w,th 3Oml CHCI, 
the poldr l,p,ds (glqcol,p,ds + phospbohp,ds) Mere eluted alth 
30 ml McOH [ZO] The scp‘uatc elut,on of the glycol,ptds w,th 
Me,CO and of the phosphol,p,ds \\,th MeOH [Xj] ua, not 

possible because the N-acyl phosphohplds were &ted w,th 
the glycol,p,ds The polar hp,d fract,on was evaporated to 
dryness unde, NL and re-d,ssolved m a small vol of CHC13 
Sepdrat,on of the polar lipIds mto classes was achieved by 
2-D TLC on SI gel G Of a large number of solvent systems 
,nvest,gdted, the most successful were CHC13- MeOH 
nmmonia (30”,, CI v) (13 5 t J lor the 1st d,mens,on and 
CHCI, Mc2C0 MeOH-HOAc H,O (6 Y 2 2 I) for the 2nd 
dimcns,on The ISI solvt‘nt W‘S rcmovcd under vr,c Atm pres 
was remstated w,th pV2 ,tnd chrom~,tograms were ,mmed,ately 
run m the 2nd <olvent Chromatograms were then dr,ed ,n 
a,r dnd the apots Ncrc detected urrng IZ vqour 

Irkwt/fmtrron trrid ~Jctc1t111/1ut/o11 r,f uui~r~rlual pokr lipdv 
Phocphuhptds were tcntat,\ely ,tlcnt,ficd by comparrng their 
TLC K, values with pubhshed dat,,. by io-ch,o,natoglaphy 
w,th ~uthentrc samples and by Ihc,t bchav,ou,- wrth var,ous 
ap,,,y redgents For the Litter purpoce the de\etopcd chroma- 
tograms \\ere spr,lyed with 0 3”,, nmhqdrm Y’,, lundme m 
H ?O satd r,-BuOH for ~~~r~~no group\ 1241, c, mod,ficd Dragen- 
do, fl reagent for chohnc [ 241 and a mod,fied Zmrndze re- 
‘igent for phosph‘ttc [3] The u\i: of 06”,, K Ci 0 III W. 

H,SO, a:, a general detection reagent [ZO], .I~O ‘fitowed the 
,dent,ficdt,on of ?romc non-phosphoros poLr t,p,ds The yuan- 
titles of ,nd,,,dual phohphol,p,d\ were dctermrncd bq d mod,h- 
c‘,t,on 01 the method III let [361 Chrornatogrdm spots th‘rt 
had been located usmg I1 vapou~ ,md SI gel blanks wcrc 
a\p,red riirectlq mto 50 ml KJeid,ihf H,lsks contaming ‘I ltcluld 
trap 01 0 7 ml 70”,, HCIO, The contents of the f&k were 
rctluxcd at 300 unt,l clc,,r ‘,nd then cooled 3 3 ml H,O. 0 5 ml 
3 5”<) ammomum molqbdatc. and 0 5 ml IO”,, dscorb,c ac,d 
were then added The m,xtu,z U,~S tranifcrred to ‘I rcduct,,se 
tube. and heated for 5 mm dt 101) After coohng. the S, gel 
w<,s rcmovcd bc ,I hrrrf ccntr,fug~r,on and the -1 dt SO0 nm 
of the supern&mt WAS mc,,\u,-cd For large spots the reagent 
qu‘mt,t,es were doubled ‘,ntl for small spots the correspondmg 
areas from two chromatogramr were combmed lor analyst 

Detrr millutioli of plroc~'llo:r~'~l\r 1) mrd tlrrrrcpilo~/7l,arld,l‘i\‘~ 

uctr~rr~cs Batches ot 30 gr,uns tic,c dissected to grbe b,an 
and starchy cndoq)erm $11 subsequent prcp,,r,,tions were con- 
ductcd .,t 4 F&h tissue U<I~ homogcmred lor I mm III 5 ml 
Hz0 usmg a Potyt,nn homogem7cr \et at ,tr slonest sp<ed 
Ccl1 d&r,> w‘,s rcmo\ed bq Lent, ,fug,ng 5 mm dt 3000 g and 
the supcrnatant was used d,,ectl> m the enqme ns~r, PC 
substrdtc wds prcpdrcd by sonrcating pure PC with qumoldr 
SDS 1271 ,n I-1,0 lo,- 5 m,n ,It 0 usmg ii 6OW son,cator 
The cnryme nssaq m,\turc contdmcd I Irmol PC 1 ~cmol SDS. 
XO~anol NaOAc buffer pH 4 8 4O/,mol CaCIZ. and 0 5 ml 
en7yme estrdct in a total 101 01 1 1 ml When activatois or 
,nh,h,tors were added they wcrc rncludcd nt the concns g,ven 
rn the results 5ect,on The ,cact,on {{as stdrtcd by adding the 
en74mc extract and after ,ncubat,on for hOmm at 20’ 0 1 ml 
of 0 1 M HCI was ,,dded to stop the reactmn The m,xturc 
III\ then extracted ulth 2ml EtOH Et,0 (4 II. and the con- 
tents 01 the Et,<) la!cr ucrc ,,n;,lyscd b! t\\o-D TLC 

&kr,o~ It~lqc,m~,r,ia- -We are mdcbtcd tu the M,nistr> of Agr,- 
culture F,shcr,ch and Food for the nw,,rd ol ‘1 research stu- 
dcntshq to A J C dnd to RI, G Cforr,\ for his technil;, 
.iss,stance 
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