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Abstract-When decorticated grams were germinated at 14 5”. morgamc substances moved from the endosperm, 
mainly the aleurone layer, to the embryo The level of PI* rose m the embryo and endosperm. and the embryo 
appeared to accumulate Pi against a concentration gradlent The level of organic-P dechned m the endosperm, 
particularly m the aleurone layer Separated aleurone layers, incubated at 25” released only small amounts of 
organic or morgamc phosphate However, when Incubated with glbberelhc acid (GA,), a massive release of I+ 
occurred at the expense of organic phosphates wlthm the tissue This release followed a slgmmd pattern with 
time followmg a lag and was virtually complete m 6 days Allowmg the aleurone layer to dry before mcubatmg 
with GA3 reduced or abolished the lag period of Pi release and only margmally depressed the total amount ultl- 
mately freed In contrast, cc-amylase production was depressed by the longer periods of drying The maJor phos- 
phate of the aleutone was phytate (meso-mositol hexaphosphate, IP,), but traces of IP,, IP3, IP,, IP,, PI and 
unidentified phosphates were detected During mcubahon with GA, the IP, content fell, and the lower esters 
of mositol rose slightly and then fell m a pattern mdicatmg that the phosphate groups of each IP, molecule were 
bemg sequentially hydrolysed After 6 days mcubatlon, the tissue phosphates were reduced to a very low level 
Attempts to isolate aleurone grams containing phytate were unsuccessful 

INTRODUCTION 

PHY~C ACID (meso-mosltol hexaphosphate), 1s a well-known constituent of cereal grams ’ 
In the barley gram phosphate comprises about 1% of the dry weight, of which ca 45% 
occurs at salts of phytlc acid (phytm) 3 During malting the phytate content falls by about 
30”//,, and the phytase actlvlty increases about &fold ‘*j Enhanced levels of phytase and 
Pi are found m grams treated with glbberelhc acid 4*5 Glbberelhc aad is known to enhance 
the release of Pi from degermed barley gram? and separated aleurone layers 23 Detailed 
studies m barley are lacking, but m wheat some 70% of the minerals of the gram, and much 
of the phytate, occurs m the aleurone layer ‘9’ During germmatlon of wheat dnd oats6-9 
the level of phytate declines sharply and m wheat only phytate and morgamc phosphate 

* The followmg abbreviations are used Pi, morgamc phosphate, IP,,, IP,, etc phytate, nleso-mosltol tetra- 
phosphdte, etc Results are expressed as phosphate-P (phosphorus) Glbberelhc aad, GA, 
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’ EASTWO~D, D and LAIDMAN, D L (1971) Phytochemlsny, lo,1275 
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(but no Iowa 1novtall phosph‘ttes) arc detected when cxtractlon\ ale azcompmled bq 
onqme mtctlvdtlon _ Phqtlc acrd ‘md the tctr,i- ,md tl I-phosph‘ite e\tc~ $ drc found In ger- 
mm,ttmg barley ’ Tetla- t11- dr- Lmd mono-phosphate e5tcrs of rnovtol are fog mcd 111 
.rutoIysates of ground barley ’ Cq tokmms a c 1 eported to Lheck the loss of rno~gdnrc phos- 
phate from what bran ‘tnd glbbzrelhn cnhancts the lo\+ ‘it the e~pcnse of endogenour 
phjtate lo 

It h,lc been surmised from electron mlcrogldphlc won k thnt ph) t,lte occurs ‘15 mcluslons 
wlthm Aeurone grams aid htstochernlal \tudles seem to suppol t this I’ ’ * As yet un- 
doubted Jleurone grnms ha\e not been lsolatcd from ccreal &urone Lips Hobtever, pro- 
tan bodies which may h,i\c come pa 11) from the .ileuronc as ~cll a\ the starchy endo- 
sperm, hdve been separ,ltcd frotn cere,A I4 2 ’ The homologies brt\~cen thae dnd ‘,ileur- 
one gram\” I\ol,lted from dlcot>ledonou\ plants ~cm to be uncet tan 
“’ t\\r\+oo~, D <lnd L\ri)v\\ D L ((YOY)Aw~/rt,rr J 11.3, >:P 
‘I I\(on\rh. J b K\o\ R H and I’>Lrorlc N A (197llPI~ir~~ 101, IsI 
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I’ PAI 16 L G ,md HIIN H (1064) I%fir IVr,o0/ 3Y, h71 
” M I< I I 01) A M k)IiX\TO\ C 5 ind DI I I I \ J 11 (lYh5) 1 lu\/ N, <w,,rq 70 JO-3 
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GERMINATING ON WET FIL-JER-PAPER AT 14 5” IN THE DARK* 

Orgamc phosphate-P Inorganic phosphate-P Total phosphate-P Inorganic phosphate-P 
(1(g) kg) (VP) &g/ml hssue H,O) 

146_+47 011 _+005 147_+46 006 
782 k 139 77*27 859 * 143 042 

161 k52 046 + 031 166+53 0 13 
137 + 123 81 +33 818 _+ 14 1 038 

190+_54 
66Ok88 
571*75 
145_+51 

36+20 
68 k27 
32c 17 
06i_04 

226 +49 
728 +93 
603+73 
151 +s3 

041 
0 35 
045 
007 

285557 56 5 22 341+54 031 
661592 71&31 738 +89 033 
478k80 31+12 509t_79 0 58 
135_+41 20_+07 155+47 0 16 

393,62 121*34 514*59 0 32 
488+77 135F38 623k82 0 60 
353 ,61 74 +_ 20 422+71 1 24 
144,39 19+07 163+38 0 15 

269 + 22 204+36 473+31 0 37 
35Ok23 154 f 24 504+41 072 
240+74 85+36 325+85 1 36 
102+26 25_+08 127,28 021 

were determmed separately and do not necessarily equal aleurone layer + starchy endosperms, as there were 

RESULTS 

Ad1 and phosphate redlstrlbutton m barley germmatrnq at 14 5” 
The embryo increased m dry weight, ash, organic-P and Pi at the expense of the endo- 

sperm (Table 1) When it was possible to separate the endosperm mto Its parts (days 
2-5) it was seen that, initially, the aleurone layer declined m weight more than the starchy 
endosperm Most of the mmerals and phosphate originated m the aleurone layer during 
germmatlon The organic phosphate of the aleurone layer was converted to PI that moved 
into the starchy endosperm, and was taken up by the embryo where it was partly converted 
to organic phosphate In the embryo the concentration of Pi m solution (wt/ml tissue 
water) remained fairly constant from day 2 onwards, and as it exceeded the concentration 
m the starchy endosperm the embryo must have accumulated Pi against a concentration 
gradient 

Phosphate mobllzzatlon m isolated aleurone layers 
It was of interest to confirm the nature of the phosphate reserve of the barley aleurone 

and to discover how its conversion to Pi was regulated Aleurone layers cannot be separ- 
ated from dry gram Those freshly separated by our method contam ca 60 pg total phos- 
phate-P, of which 10% 1s Pi-P When these preparations are incubated without GA,, small 
amounts of phosphate are released mto the medmm, 2 3 pg PI-P and 2 3 @g orgamc phos- 
phate-P after 6 days, the amount increasing slowly to this level durmg mcubatlon (Fig 
1, Table 2) When GA, was included m the mcubatlon medium a massive release of phos- 
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phate, mostly PI occurred at the expense of organic phosphate followmg a slgmold pattern 
with time (Fig 1 Table 2) By ddy 6 PI release hnd almost ceased and the orgamc phos- 
phate m the aleurone tissue was nearly depleted (Tnblc 2) Thus m the Intact aleurone 
phosphate moblhzatlon IS dependent on GA, Repldcmg the medium dt 13 hr mtelvdls 
appears to enhnnLe the release of PI Perhaps the contmuing pi esence of PI m the mcdlum 
mhlblts phytdte hydroly5ls PI 1~ known to rcprcss phyt,icc svnthesls m uhedt 

“Y 60 

50- 

t 
s 
E 40 

f 
t 

e 

s 

: 30- l 
s 

t 
~* Total phosphate 

a‘ released wtth GA, 

2 20- d 0-. lnorgamc phosphate 0 

5 
reieased wth GA3 

P 
a 

~. inorganic phosphate 
released wthout GA, a 

$+Q-P_~*~~~~ 
0 20 40 60 80 100 120 140 160 

incubation time, hr lncubatnn time hr 

LocatIon 

Alcurone layc~ Org,mx P 
Inorgamc P 
Totdl P 

Mcdlum Org‘imc P 
Inorgdrllc P 

Total P 

Alturone laqer + mcdlum Toul P 

* Results dre the medn of SIX dttermmdtlons fs d 



Phosphate mobihzation m grams of Hordeum dmchon 49 

When aleurones were allowed to remam m a moist atmosphere, but not immersed m 
medium for specified periods and when then incubated with GA,, they mltlally released 
phosphate more rapidly than did samples prepared m the usual way It was ds though the 
lag period had been removed (Fig 2) At the end of the mcubatlon period the levels of 
organic and morgamc phosphate remaining m the aleurone tissue were essentially the 
same m control and “dried” samples (Table 3) 
TABLE 3 TOTAL PHOSPHATE RETAINED AND RELEASED BY ISOLATED AL~UROYES INCUBATED AT 25 0” WITH GA3 

(2 /lgg/ml) AFTER PERIODS OF “DRYING OUT" 

Total phosphdte (big P aleurone), after the followmg pre-incubdtlon 
‘ drvmg out” periods (hr) 

LocatIon of phosphate Zero 6 12 24 

Me&urn 
Aleurone 
Total 

533+39 538565 511 _t50 449+82 
38+22 33*17 53 +23 93 +27 

571+53 571?89 564 +94 542+93 

* Incubation time 108 hr The mcubation me&a were replaced everv 12 hr Results are the mean of SIX deter- 
rnmatlons + s d 

In mew of the effect on phosphate release the effect of “drying” on the production of 
cr-amylase and the temporal relationship between PI released and cc-amylase production 
were exammed, to see if drymg stimulated all the tissue functions A 6-hr drying period 
slightly enhanced the amount of cc-amylase formed and released by the end of the mcuba- 
fion period, but 12 and 24 hr drymg periods reduced enzyme formatlon and increased the 
amount of enzyme retained m the tissue (Table 4, Fig 3) Apparently the mechanisms for 
enzyme synthesis and release were both impaired Thus a-amylase release and the release 
of Pi are influenced independently by drymg (Figs 2 and 3) In each case, m the controls, 
most rapid release occurred after about 60 hr mcubdtion dnd had nearly cedsed by the 
end of the mcubatlon period (Figs 2 and 3) 

TABLE 4 I-AMYLASE, RETAINED AND RELEASED BY ISOLATED ALELJRONE~ INCUBATED AT 25 0” WITH GA, (2 pg/ml) 
AFTER PERIODS OF “DRYING OUT”* 

cc-Amylase (SIC umts/aleurone), after the following pre-mcubatlon 
“drymg out” periods (hr) 

Location of a-amylase Zero 6 12 24 

Medium 603 k 156 651 k79 439 + 150 317 f 142 
Aleurone 37 228 23+11 55 +22 107+35 
Total 640+ 131 674&89 494 + 137 424 k 173 

* The me&urn was replaced every 12 hr Total mcubatlon time was 108 hr The results are the means of deter- 
nunatlon + sd 

The phosphates of the aleurone layer 
Some 9 methods of extractmg and recovering phytate and other phosphates from aleur- 

one tissue were tested They were inadequate since the percentage of tissue phosphate 
extracted, or the recoveries from the extraction media were poor The method eventually 
used mmlmlzed sample transfers, and did not use protein preclpltatmg agents or preclpl- 
tatlon of phosphates with heavy metals since these were found to give Irregular recoveries 

PHYTO II I D 
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FIG 3 X-AUYLASF R~I LASFD nr ISOLATED ALEL~ROU~ LAWKS NC UBATLD A r 25 0 WITH GA, (2 g,imi) AFTf R 
VARIOUS PhRIODS Ok “DR’rlNG ’ 

The me&n were changed ever? 12 hr Result\ drt tht m~nns of \*Y dettrmlndtlonS 

High voltage electrophoresls separated pure phytlc acid (IP,) IP4, IP, IP, IP, and 

PI Electrophoresls of aleurone extracts revedlcd unchar‘lcterlzed phosphate(s) at the base- 
hne Pi and a large amount of mdterldl mobmg between pure stdndards of lP, and IP, 
The material separated from added IP,, but added IP, was retarded rel‘ltlve to controls 
when mlxed with the crude sample nnd moved with the unknown Followmg a prehmmdry 
treatment of the extract with Dowex-50 (H+) ion exchdnge resm the unknown had dn elec- 
trophoretlc moblhty equal to that of pure phytlc dad Thub the “unkno&n W‘S IP,, with 
reduced moblhty due to Some contammant However CII W,, of the total phosphate of 
the extract i+ds lost during ion exchdnge SO this step wds omitted in qudntltdtive studies 

Incu batlon Medium 
time P, P 
(hr) (I%) 

Alt~ironi l<iytr 
before electrophow\ AliUl one layer 

tot,11 pho\phdtepP 
Org<imc phosph,rte P P, P 01 elcctrophorecls 

(vg) kg) ,cw\er\ (‘I ~ 0 ) 

0 512 XI 79 I 
10 21 47 7 64 915 
22 68 47 3 71 88 2 
46 29 7 26 Y 66 914 
70 50 3 15x i-l 95 6 
94 549 $4 15 X7 1 

142 63 6 26 I 5 50 7 

* Rccults xe expressed per &uronL Idyer from I gain OrgJmi pho\phJtes from the ‘lILtnone lnyer uere 
separated bq electrophoresls and dre exprewed ds n percentage of the total phocphdte-P wokeled from the 
paper 
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The contammant was suspected to be a heavy metal, but the addition of EDTA had no 
effect on the moblhty of the spot 

Alteratzons zn the phosphates of aleurone layers incubated wzth GA, 
Aleurone layers were incubated for various periods with GA, The Pl released mto the 

medium was determmed and the tissue phosphates were extracted dnd sepdrated by elec- 
trophoresls Recoveries varied between 61 and 96% of the phosphate applied when the 
zones on the electrophoretlc strips were analysed (Table 5) During the mcubatlon period 
IP, declined until little was left after 142 hr (Table 5) Assummg that the phosphates were 
recovered m proportion to the amounts present before electrophoresls, then durmg the 
mcubdtion the level of IP4 rose slightly but declined from 10 hr onwards, while the highest 
levels of IP, and IP1 occurred at 46 hr The base-lme phosphate, Pi and IP, levels 
remained relatively constant until 70 hr then declined sharply Thus m the aleurone layer 
IP, was degraded to the lower mosltol phosphates, the Pi formed bemg released mto the 
mcubatlon medium Towards the end of the mcubatlon period the “base-1me” phosphates, 
possibly nucleic acids, were also degraded 

Attempts to prepare aleurone grams from isolated aleurone layers 
Attempts were made to separate aleurone grams from isolated aleurone layers, so as to 

test by direct analysis whether the mcluslons seen by mlcroscoplc analysis are salts of IP, 
Pdrtlcles, frequent m homogenates and of diameter 1 8-3 6 pm by scanning electron mlcros- 
copy, were obtained m poor yield, they were contammated by starch grams and probably 
cytoplasmlc proteins, as they tended to adhere to each other However, organic phosphate, 
mostly IP,, and increasing amounts of Pi were released mto solution during the fractlona- 
tlon procedures Thus if phytate had been orlgmally confined to the aleurone grams it was 
being lost during fractlondtlon Analyses of gram-rich fractions gave d wide range of N P 
ratios At least some of the IP, was probably located m the grams 

DISCUSSIOrJ 

The results suggest that m barley, m response to glbberelhns, minerals (ash) and phos- 
phate move from the aleurone layer mto the embryo, by way of the starchy endosperm, 
as occurs m wheat 6,7 However, unlike wheat bran,6v’0 separated barley aleurone layers do 

INCUBATED AT 25 0” FOR VARIOUS PERIODS WITH GA, (2 pg/ml)* 

Aleurone layer phosphates 
(phosphate-P as % of the P recovered) 

Base-lme Pl IP, IP* IP, IP4 IP, 

-t 194 41 36 31 90 60 2 
154 133 29 17 33 120 51 3 
11 1 16 1 24 15 24 113 56 3 
19 9 20 1 48 79 91 69 31 5 
339 246 68 68 48 82 149 
364 150 112 113 146 40 76 
51 9 41 I 12 12 12 16 08 

t Measurement not made 
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not require exogenous cytokmms to prevent the release of PI Indeed PI IS only released 
m slgmficant amounts to response to GA, The pattern of depletion of materials from the 
endosperm and the pH change that occur m the endosperm of germmatmg gram\ dre con- 
sistent with the suggested movement of minerals ” The mdrked fall in pH that occurs 
when Isolated endosperms or dleurone layers dre incubated with GA,‘” ” is probably 
pdrtly due to the release of phosphoric ‘Iad The major reserve of phosphdte m the aleur- 
one layer IS shown to be phytate, which probdbly resides m the ‘ileurone gram\ AI the 
lower mosltol phosphates did not accumulate during phjtate breakdown and indeed in- 
osltol pentaphosphate (IP,) was not detected, these compounds were hydlol~scd tn prefer- 
ence to the phytdte (IP,) ds seem, to be the USC u~th lice dnd whe,tt - ‘* Toward\ the 
end of the m&batlon period, when the aleurone cells uc~e prob‘lbl\i almost dlsor- 
gamzed,” even the “base-line” phosphate (posslbl\i nucleic ,iclds) dcchned m ‘imount dS 

would be expected from electron-mlcrojcoplc studlei 
The observation that “drying” nleurone Idyers reduces rhe ldg period of Pi release when 

subsequently incubated with GA,, although x-amylase production IS adversely affected, 
is unexplamed As the aleurones are prepared in well-aerdted liquid It seems improbnble 
thdt dn enhdnced supply of oxygen cdn bc the cdu5C Pei hdp$ the phjtdtc bccomcs mote 
accessible to hydrolytic enzymes due to some damage to the structure of the dleurone 
grams, as appears to happen durmg attempts to separate the grdm from aleuronc homo- 
genates It IS of interest that phytate IS rdpldly degraded in dutoly\mg uholc, ground bdr- 
ley 3 

Numerous observdtlons and preparations of “aleurone grams and ’ protein bodies” 
have been mdde from monocotyledonous dnd dlcotyledonouc plants ” ” ” ‘- Ac Seen 
m the electron rmcroscope these vnry m appearance, and often do not resemble sections 
of aleurone grams seen 111 ~ttr, so that their homologies dre m doubt CytoLhemicdl studies 
mdlcate that phytm 1s located m nleurone grams, but thdC under some condltlons at least 
it readily “leaks out”’ I which IS consistent with our findings 

FXPFRIMENTAL 
Prrparurron of tl~sues Two-row barley, NordeUm drstlchmz L var Proctor wds gr‘tded, decorticdted sterlh7ed 

and faulty corns were reJected by the usual method7 38 Aleurone layers were prepdred as before *’ 
Germwmt~on oj whole yrm (14 5 ) Grams (ca 1700) were germmated on motst filter paptr (Whntmdn No 1 

2 x IS cm dla ) m open Petri dishes dt 14 5’ m the dark and molstened (20 ml/dlrh) edch ddq Samplc5 of 15 
corn\ were stored on dry Ice and subsequently dIssected mto endosperm dnd embryo Where posslblL the cndo- 
sperm wds dl\lded mto the starch) endoTperm and the aleurone layer Groups 01 SIX sampLs welt Melghcd ,md 
dndlvsed for PI P, others were dried (I 6 hr, 120 ) welghed and dndlqscd for totnl phosphate-p Tht List ~r0up5 
were used to determme nsh content5 Ashlng WAS L‘+rlltd out 111 porcel,im crucibltc dt 800 

” BRICXS D E (1968) P/II tochemm~ 7, 513 
” CLUTTERBLCK V J and BRIGGS, D E (1973) Phvtochmzm) 12, 537 
‘a MCKH~RJI, S DLY, B, PA~JL A K dnd SIRCAR S M (1971)Pl1yvoi Plunt25,94 
I9 BRIG~S D E (1971) m B~oc~r~rh~~ U& rt$ Comol w Plant\ (MILIIORHO\~ B \i 1 ed ) pp 219--277 AC~XIL~UL 

Press London 
“I AL~SCHUL A M NEUC~RE, M J WOOUHAM A A dnd DFCHARY J M (1964) ,Vmrt~203, 501 
” L~I N S ‘T dnd ALrscwt L A M (1967) Arthc Blothm B~oph~, 121. 678 
” SAW K nnd WATAYAUE T (1966) Ay~zc Bd Chem (Japun) 30, 1131 
33 MORRIS, G F I THCRMAU, D A dnd Bor LILK, D (1970) P/T\ tm ~~WIIW L 9, 1707 
” BL TTROSL, M S (1963)A~~rr~l~n J R& SCI 16, 105 
35 Touss M P (1967) Plmt PhJ vol 42. 797 
3h GRAHAM J S D MORTOV R K dnd R,u~\ J K (1963) A~rctrtrlra~ I Blol SCI 16, 175 
” MORTOX R K ,ind RAISOX J K (1964) R~ochw~ J 91, 528 
38 GROAT I I dnd BKIG(,S D t (L96c)I P/iitoc/i~~~~r~t~ I 8, 1615 
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Experunents with aleurone layers Separated half aleurone layers (10, eqmvalent to 5 barley corns) were mcu- 
bated m an orbital shaker at 25” m the dark m 25 ml comcal flasks containing autoclaved buffer (5 ml sodium 
succmate 20 mM, with CaSO,, 15 mM, adusted to pH 5 3 with H,SO,) and with GA, (2 gg/ml) where necessary 
Solutions of GA, were sterihzed by rmlhpore filtration In specified samples media were replaced at intervals 
with fresh buffer contammg GA3 In certam samples the aleurones were added to the flasks and the buffer and 
GA, were added 6, 12 and 24 hr later Most aleurones remained moist durmg the mltlal “dry” period 

Phosphate determmatrons (a) PI-P was determmed by the method of Wooda except that digeshons were car- 
ried out m tluck-walled test tubes (15 x I 5 cm) (b) Determmatlons of total phosphate-P were made on digests 
of barley tissues standard preparahons of mosltol phosphates and segments of electrophoretograms when blank 
and “spots” of equal area were analysed Samples were heated with H,SO, (0 2 ml, 18 M, 3 hr, 200 ) m thick 
walled test tubes m a heating block After 30 mm several drops of perchlorlc dcid (70”:,) were added to decolorize 
the digests DigestIon contmued for 2 5 hr Samples were cooled and the phosphate contents were determmed 
after Bartlett 4o 

Electrophoresrs Electrophoretogram paper (Whatman No I, 42 x 57 cm 24 sheets) were washed m a chroma- 
tographic tank with HCO,H (2 M, 8 1 ), MeCO,H (1 M, 8 I ), Hz0 (40 I ), EDTA (10 mM) m NaHCO, (100 mM, 
3 I, pH 9 0), and finally HZ0 (50 1) The paper was dried (70”) and divided mto strips (12 x 57 cm) Samples 
(200 ~1) and authentic standards (10 ~1) were applied as spots (0 5 cm dla ), 3 cm from the negatlre end of the 
strip Strips were wetted with buffer (MeCOZH-HCOIH 4 I pH 2 0) from the ends so conctnttdtlng the spots 
Excess buffer was blotted away and strips, mounted on a polythene rdck were Immersed m a tank of cooled 
petroleum spirit with the ends dipping into the buffer reservoirs Electrophoresls wds cdrrled out dt 4000 V, 15 mA- 
stnp for 10 mm 41 4h The strips were dried at 70” Compounds were detected with the acid phosphomolybdate 
spray I? mltldlly dppedred yellow, turning blue after heatmg and exposure to sunhght Inosltol phosphates 
turned blue The PI spots were distorted by the presence of IP, Inositol monophosphate only appeared after 
exposure to sunlight for 3 hr The treated paper chsmtegrated In ca 3 ddys With aleurone extracts usually only 
IP,, IP,, PI and the base-line phosphates were visible, but IP,, IP, and IP, were found ahen strips uere analysed 
for phosphate 

Pjeparatron ofauthentIc mosrtol phosphate esfers A nuxture of mosttol phosphdtes wds prepared dccordlng to 
Preece et al 3 The esters were purllied usmg Ion exchange 45 IP, wds purrfied after Johnston and Tate 43 IP, 
was separated from contammatmg Pi by the method of Haglhara and Ldrdq 4’ For mosltol determmatlons a 
sample of each ester (20 mg) was hydrolysed m a scaled Carlus tube with HCI (0 8 ml, 10 M, 24 hr, 140”) 48 Man- 
mtol and erythrltol were added as Internal standards Ahquot samples were dried, dissolved m pyrichne (70 ~1) 
with hexamethyldlsllazane (70 ~1) and trlmethylchlorosllane (10 ~1) The trimethylsilyl ethers of mositol and the 
standards were analysed by GLC (Pye 104 double column GLC, with FID, column 1 5 m of 10% SE 30 on 
silamzed Supasorb (A R ). 60-80 mesh, mosltol R, 20 5 mm), the relative amounts present being determmed from 
the peak areas The mositol to phosphate ratios (means of duplicates) were IP,, 1 5 90, IP,, 1 4 09, IP,, 1 2 96, 
IP,, 1 2 01, IP,, 1 103 

Extractton ofphosphatesfrom aleurone t~~ue Half aleurone layers (10) were homogemzed m HCl(5 ml, 0 5 M) 
and with washmgs (5 ml, 0 5 M HCI), were refluxed (30 mm) then filtered hot through HCl washed Whatman 
No 50 paper The residue and lower half of the filter paper were re-extracted under reflux (10 ml 0 5 M HCI, 
30 mm) and filtered hot The combmed filtrates were dried at 70” on a rotary evaporator H,O WdS added and 
evaporation was repeated until the HCl had been removed (bromophenol red mdicator in the receiver) The resi- 
due was extracted (H,O, 0 3 ml, followed by NaOH, 0 5 ml, 2 3 mg/ml) The solution wds stored at 4” before elec- 
trophoresls 

Separation of unpure aleurone grams Aleurone layers (200) were homogemzed m sucrose (10 ml, 30% w/w) 
The homogenate wds layered on sucrose (5 ml, 30%) m a narrow glass centrifuge tube, and centrifuged (5Og, 
5 mm) The creamy supernatant and brown suspension was removed The remammg, unbroken cells were re- 
homogenized The supernatant and suspensions were combined, diluted to 20 ml and centrifuged (400 g, 10 mm) 
Attempts were made to fractIonate the crude preparation further by centrlfugation m sucrose density gradients 
and by filtration through graded smtered glass filters Appearance of aleurone gram preparations were momtored 
usmg light and scanning electron microscopy *’ Preparations were analysed for total -N and total P 

Estlmatlon of warnylase was by our usual method 49 
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54 \i J CLL TTEKBLlCK and D E BRIM,\ 

ti~rr~wr/on of fofal nrtroyen The method used WAS a suled-down verclon of th,tt of Wllhdms “’ Samples wert 
dlgested m thick-walled test tubes (15 x 1 5 cm) III a hedtlng block at 320 Analvs~s of the digest nris h\ dllect 
Neyslerlratlon 
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