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Abstract-Durhrg germmatton m wheat the macronutnent mmeral elements (magnesmm, calcmm and 
potassium) are mdtstrtbuted from the aleurone ttssue to the developmg seedhng. The hydrolysrs of phytm, 
the storage form of these mmerals, by phytam appears to be lrutiated by hydratron of the aleurone tissue. 
The hydrolyses and the subsequent mobrhzatton of the mmeral elements am promoted by a gtbberelhn from 
the embryo. The mcreased phytase levels that appear m the aleurone cells during germmatron are mduced by 
certain mtrogen compounds, particularly glutamme. Indole ace&c acid mcmases the efhcacy of the glutamme. 
The mduction process probably mvolves the actrvatron of an macttve form of the enzyme. 

INTRODUCTION 

PHYTIN, the mixed potassium, magnesmm, oalclum salt of mositol hexaphosphate, is the 
major storage compound of the macronutnent mineral elements m the grain of cereals 
generally. In wheat, the aleurone tissue contams over 70% of the total mineral content of 
the grain’ and almost all of the phytm.2 The starchy endosperm, scutellum and embryo axis 
contain approximately 20 %, 6 % and 4 % respectively of the total mineral content. There is 
no conclusive evidence for the presence of phytm in the starchy endosperm,j and the major 
phosphorus-contammg compounds m this tissue are thought to be phospholipids, although 
some inorganic phosphate may be present.4 Small quantities of phytin have been detected 
m the embryo axis, at least m oat.5 

Early during germmation a marked increase m phytase activity occurs6 and this activity 
is associated with a hydrolysis of phytate to morgamc phosphate and myo-inositol.’ The 
inorganic phosphate and its associated cations thus become available for redistribution 
within the germmatmg seed Although there is only hnuted information m the literature, it is 
generally understood that m the germmatmg wheat gram, as m other species, there is a 
general mohhzation of mmeral elements from the storage tissues to the developing seedling. 

The purpose of the experiments described m this paper was to determme the precise 
patterns of redistribution of the mineral elements during germmation m wheat, and to 
characterize some of the factors that uutiate and control the redistribution. 

RESULTS 

Gram was germinated for periods up to 10 days. Quiescent gram and batches of ger- 
minated gram were dissected mto their mdividual tissues and each tissue was analysed for its 

1 J J C HINToN, Cereal Chem 36, 19 (1959) 
a J W LEE and E. J UNDERWOOD, Austrahm J Exp Brol Med Scr 26,413 (1948) 
3 H S Room, L. H LAMPREY and E M JACKSON, B~ochem. J. 45,231 (1949) 
* L LFZIRMAN, J. Am Chem Sot 67,154l (1945). 
’ H. G hBAUh4 and W W. U~~asrr, Am J Botany 30, 553 (1943) 
6 F G Panas, Bmchem J 53, 102 (1953) 
’ N K MATHE~~N and S STROTHER, Pkytochem 8,1349 (1969) 
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total content of phosphorus, potassmm, magnesmm and calcium. The inorganic phosphate 
and, m the case of the bran, the phytate-phosphate contents were also determmed. 

During the first 6 days of germinatron the increase m macronutrrent content of the 
seedhng and scutellum was accompamed by an almost storchtometrrc decrease in that of the 
combined starchy endosperm and bran (Figs. l-4). Whrle the later results are distorted by 
the loss of phosphorus, potassmm and magnesmm, but not of calcium, to the filter paper 
on which the seeds were germinated, there was clearly a contmued redrstribution throughout 

2 4 6 8 IO 

Permd of gtrmmatlon (days) 

Fro. 1. TOTAL PHOWEIORUS LEVELS IN THE TEXJI~~ OF CXRMINMTNQ WHEAT GRAIN. 
0, Bran; 0, starchy endosperm; A, scutellum, I shoot; 0, root + bwcotyl. 
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Fro. 2 PCX~UM LEVELZ IN THE TISSUE OF OBRHINATINO WHEAT OIUIN. 
0, Bran; 0, starchy endospcrm; A, scutellum, A, shoot, Cl, root + hymcotyl. 
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FIG 3 MA~~I?SIUM WELS IN ‘I-HE TISSUES OF GERMNATINQ WHEAT GRAIN 

0, Bran, 0, starchy endospem; A, scuteUm; A, shoot, Cl, root + hypowtyl. 
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FIG 4 CALCIUM LEVEU IN THE TLBUFS OF OERMINATfNQ WHEAT GRAIN 

0, Bran; 0, starchy endosperm, A, s~~tellum, I shoot, 0, root + hmtyr 

the experimental penod. The elements passing to the seedling onginated m the bran and 
there was only an mtermrttent tendency towards accumulation m the starchy endosperm. 
Potassmm alone showed a tendency to accumulate m the scutellum. Durmg the early stages 
of germmation the root was predommant over the shoot m accumulating mineral elements. 
Thereafter, the major accumulatron was contied to the shoot. Of the catrons potassmm 
passed most qtuckly and completely to the seedlmg. In contrast the movements of mag- 
nesium, and especially of calcium, were slower, and were incomplete even after 10 days. Total 
phosphorus redrstrrbutron followed a suuilar pattern to that of potassium. 

The levels of the different fractions of phosphorus wrthm the bran during germmatron 
are presnted m Fig. 5. The extensive loss of phytin-phosphate and the much smaller increase 
m inorgamc phosphate in this tissue illustrate the overall picture of hydrolysis of phytm 
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Period of germlnatlon (days) 

ho. 5. &~SPI~ORUS CQMPOUNDS IN THE BRAN OF QERMINATIN~ WHEAT GRAIN. 

0, Phytate phosphorus; 0, inor~~z;~hm$s; A, other phosphom -POW& 
e . 
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Fro. 6. &XWANIC PHOSPHATE LSVELS IN THE TISSUES OF t%RMINATINa WHEAT GRAIN. 
0, Bran; 0, starchy endospem, A, scuteum, A, seedlh. 
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followed by the translocation of inorgamc phosphate from the tissue. It is interesting that 
the other phosphorus fraction, which is presumably composed of organic phosphorus 
compounds, does not represent an important reserve of phosphorus during germination. 
This does not, of course, rule out the possibmty of turnover between different groups of 
phosphorus compounds. These overall patterns of phosphorus metabolism m the bran are 
essentially similar to those derived from whole gram analyses by Matheson and Brother.’ 
The analysis of morgamc phosphate contents of other tissues durmg germmation (Fig. 6) 
also confirm and extend Matheson and Strother’s observations. The increase in the inorgamc 
phosphate content observed by these workers occurs m the bran, starchy endosperm and 
seedling, but less significantly m the scutellum. The increase m the morgamc phosphate 
content of the whole gram does not correlate quant&ttively with the loss of phytm phosphate 
from the bran. This indicates that part of the Inorganic phosphate taken up by the develop- 
ing seedhng is there incorporated mto organic forms. 

In order to determme the role of the embryo, and the possible role of gtbberelhns from 
the embryo, m controlling the mobilization of mineral reserves from the bran, de-embryoed 
grain was incubated for 4 days either m the absence or m the presence of authentic hormone. 
The macronutrient distribution between the bran and the starchy endosperm was determmed 
(Table 1). On the assumption that during germination the gibberellin from the embryo 

TABLE 1. MINERAL REDISTRJBLJTION IN DE-EMBRYOED GRAIN 

Element 
(mgi32 grain) 

Deembryoed gram Dsembryoed gram Germmated gram 
(control) +lO pM. GAS 3 

day0 day 4 day4 

Bran 
Potassmm 
Magaesmm 
calcmm 
Total phosphorus 
Inorganic phosphate 

Starchy i%&perm 
Potassmm 
Magnesium 
ChlClUID 

Total phosphorus 
Inorganic phosphate 

179 1.48 100 070 
0 62 0 61 0 50 045 
0 36 0 36 031 0.32 
2 10 198 142 108 
0 076 0.13 0 19 024 

024 054 090 024 
007 008 0 13 0 10 
0 10 0 10 0.13 008 
0 15 022 0 65 0 16 
0 177 0 10 023 - 

GA3 : ~bberelbc acid 

arrives at the bran some 24 hr after initial water uptake, an in uiuo control is included in the 
table. This consists of analyses from gram that had germinated for 5 days. In the absence of 
the embryo the level of inorganic phosphate m the de-embryoed grain increased upon 
incubation. It follows that, as well as morgamc phosphate, there will be a liberation of 
potassium, magnesmm and calcium from the phytm molecule, and yet under these experi- 
mental conditions only phosphate and potassium left the bran. In the presence either of the 
embryo or of gibberelhc acid not only did the level of inorganic phosphate increase above 
that of the control, but all of the macronutrients now moved from the bran; in increased 
quantmes in the cases of inorganic phosphate and potassium. The nutrients released from 
the bran by gibberellic acid accumulated in the starchy endosperm. Maximal response was 
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produced by 10 PM gtbberelhc actd. Compared with the zn vivo control, there was a stgnifi- 
cantly greater retention of total phosphorus, potassrum and magnesmm, but not of calcmm, 
in the bran of the deembryoed gram treated with gtbberelhc aad. 

The primary importance of phytase in the mttml hydrolysis of stored phytm makes it of 
mterest to correlate the observed breakdown of phytm with the development of phytase 
activity. To this end phytase levels m the germmatmg gram and m mcubated, de-embryoed 
grain were studied. During germmauon phytase levels m bran Increased from 36 units/32 
gram at day 0 to 147 umts/32 grain by day 4. The levels of phytase m the other ttssues were 
low and mcreased only shghtly during germmatton. In contrast, there was no increase m 
phytase in the bran of the mcubated, de-embryoed gram. Grbberelhc acid, over a wide range 
of concentrations, was without effect on these levels, although it promoted mcreased actd 

TABLE 2. THE EFFEClS OF PHYTO?IORMONES ON PHY-TASE AND ACID PIKSPHATASE 
LEVEL5 IN THE BRAN OF DE-EMRRYOED ORAIN 

Phytase 
(umts/32 gram) 

Acid phosphatase 
(mts/32 grrun) 

Water (control) 
Glbberellic acid (1 PM) 33; z 

(10 nM) 
Indole acetic acid 

(; g; 
:: :: 

:: 
13 
- 

Kmetm (S$g 38 - 
Indole acetic acid (10 PM) 33 32 
+ Glbberelhc acid (10 pM) 
Indole acetlc acid (10 PM) 36 19 
+ Glbberelhc acid (10 nM) 

The deembryoed gram were mcubated for 4 days with the specdied hormone 
solutions The enzyme levels m the bran were then determmed 

phosphatase (Table 2) Furthermore, the other known phytohormones had no significant 
effect on the levels of either enzyme. Aqueous dlffusates from embryos of gram that had 
germmated for 24 hr Induced an increase of some 50 % m phytase levels. In contrast to the 
phytohormones, a series of mtrogen compounds, at substrate concentrattons, were very 
effective m mducmg an Increase m phytase levels (Table 3) So&urn nitrtte, ammomum 
chloride and glutamme were particularly effecttve and the action of glutamine was enhanced 
by mdole acetic acid but not by glbberelhc acid. A range of purme and pynmnlme nucleo- 
tides were either meffective or produced only small responses. Although the control de- 
embryoed gram m these experiments showed no increase m phytase content even after 
several days of mcubation, crude cell-free systems from the bran showed a progressive 
Increase in their phytase activrtles when incubated alone at 30”. This increase, from 32 units/ 
32 gram at the begmnmg of the incubatron penod to 60 umts/32 gram after 5 hr, contmued 
hnearly for several hours When the bran alone was mcubated with glutamme, only a very 
small mcrease m its phytase content resulted. 

In a final series of experiments the possible effects of a number of mhlbltors of DNA- 
dependent RNA synthesis and RNA-directed protem synthesis were investigated. Neither 
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TABLE 3. THE BPPBCIS OF NITROQBN COMPOUNDS ON PHYTASE LBVEU 

IN THE BRAN OF DEdhlBRYOED QRNU 

Water (control) 
Sodium NtIXte (1 mM) 
Sodmm mtnte (1 mM) 
Ammomum chlonde (1 mM) 
Hydroxylamme hydrochlonde (2 mM) 
Glutamme (1 mM) 
Glutamu: acid (1 mM) 
hparagine (1 ti) 
Aspartc acid (1 mM) 
Glutamnie (1 mIvf) 
+ Indole aeetrc aud (1 PM) 
Glutamme (1 mM) 
+ GlbbereIlic aetd (10 PM) 
Casem hydrolysate (1 mg/ml) 
Embryo d&sate after extra&on by ethyl acetate 

36 
48 
73 
77 
60 

:; 

z 
78 

72 

57 
58 

The de-embryoed gram were incubated for 4 days wrth the spc&%d 
solution at pH 7 0. The levels of phytase m the bran were then deter- 
mmed 

actmomycm-D in the presence of potassmm bromate, cyclohexlrmde, puromycm nor 
Gazetrdine-2-carboxyhc acid had any effect on the mductron of mcreased phytase levels m 
deembryoed gram by a combmatron of glutamine and indole acetic acid. Azasenme, a struc- 
tural analogue of glutamme, was sunilarly without effect. 

DISCUSSION 

Durmg germmation m wheat the macronutrient mmeral elements accumulate in the 
developing seedling at the expense of the storage tissue, agreeing with the hmited evidence 
available from several other species of seed. 8-1o The developing seedhng itself plays an im- 
portant role m controllmg thrs mohhzation and several control mcchamsms appear to be 
mvolved. The seedling undoubtedly acts as a smk to remove, either actively or passively, 
those nutrient elements released from the aleurone cells. Thus, the lower efflux rates that 
were observed m the bran of incubated, de-embryoed gram could have resulted from a 
simple mass action effect or from the mmbition of phytase by inorganic ph0sphate.l l 
Probably more important than these feed-back mechamsms is the role of a gibberellin-hke 
hormone emanatmg from the embryo. It is well estabhshed that gibberelhns move early 
during germmation of cereals from the embryo to the aleurone tissue and there induce the 
de novo synthesis of new protem.12 The present exp enments with de-embryoed gram show 
clearly that grbberelhc acid 1s able to partly substrtute for the embryo m stimulating the 
release of mmeral elements from phytm and mcreasmg then efflux rates from the aleurone 

* W CR~~KEX and L V BARTON, m Phyaology ofSee&, p 171, C~ONCI Botanica Co, Mass. (1953). 
g J R HAL.L, and T K How=, Pkmt Physcol 41,1459 (1966). 

lo J F SUTCLIPPE, m Mmerul Salt Absorptron zn Plants, p 128, Pergamon Press, Oxford (1962). 
I1 L N GIBBINS and F W NORRIS, B~ochena J 86,64 (1963) 
la P FILNW and J E. VARN@R, Proc Nati Acad Scr US 58,152O (1967). 
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cells. These results rsUSe an apparent anomaly because glbberelhc acid does not increase the 
level of phytase in ths system. 

Since there 1s no tendency m the whole, germinating gram for mmerals to accumulate in 
the starchy endosperm, It seems most probable that the embryo axis takes up these nuttlents 
at almost the same rate as they are released from the aluerone cells. Thus, It would appear 
that the overall rates of redistribution, and the differences between the redistrrbution rates of 
the different lomc species, are established m the aluerone tissue. Because It 1s a dead flssue, 
movement through the starchy endosperm is almost certainly by diffusion. It 1s unhkely that 
an electrochermcal gra&ent m this tissue would move one ionic species at the expense of 
another espeaally as the dlffuslon coefficients of monovalent cations are reduced nearer to 
those of dlvalent cations m hetero-iomc heterogenous envlronments.13 

Phytase obviously plays an essential part m the hydrolysis of phytm during germmation. 
The activity of the enzyme does not, however, appear to play a central role m the control of 
macronutrlent mobtition. The phytase m the bran of the quiescent gram IS more than 
adequate to account for the observed rates of phytm hydrolysis in viva during germination. 
Hydration of the aleurone tissues would appear to be the only prereqmsite for the imtiation 
of the hydrolysis. It seems, therefore, that the four-fold increase m phytase dunng germma- 
tion 1s a superfluous production. The induction mechamsm that is responsible for this 
increase is, nevertheless, important m the context of control mechamsms generally. In con- 
trast to the majonty of hydrolytic enzymes m germmatmg cereals,‘* and to phytase Itself in 
germmatmg barley, I5 the increased phytase level m wheat aleurone tissue 1s not induced by 
any of the plant hormones. Instead certain nitrogen compounds, perhaps actmg syn- 
ergistlcally with mdole acetic acid, are able to induce the increase. This situation is similar 
to that described for lipase m the same tissue. l6 Interactions between the phytohormones 
and organic nitrogen compounds m the control’of cellular processes are, in fact, well known.” 
In other biological systems also, nitrogen compounds includmg ammo acids have been 
found to affect the amount and actlvltles of enzymes and the activltles of hormones.‘* It is 
very relevant that glutamme 1s synthesized m large quantities durmg germination of wheat 
and many other species.” 

The induction of increased phytase levels durmg germmation Mers from that of lipase 
m that the former process does not appear to involve a de nova synthesis of the protem. The 
complete lack of action by several intilhtors of RNA and protein syntheas, together with 
the observation of increasing phytase activity in incubated cell-free systems, strongly suggests 
that the increase is the result of the activation of an inactive form of the enzyme. The present 
expenments do not allow any speculation concernmg the nature of the activation process. 
Further unanswered questions relate to the problem of why glutamine and indole acetic acid, 
when adnumstered to de-embryoed gram, induced an increase III phytase population that 
was only half that reached m the germinatmg grain, and why glutamine has little effect on 
the enzyme level m excised, incubated bran. Other inducing factors appear to be involved. 

lsI.J G RAHAM-BRYCE, in Techn BUN Mm Agric. Fish. Food, No 14; Sod Potas~rum and Magnesium, 
H M S 0 , London (1962) 

14 K T GL,ASZIOU, Ann Rev. Plant Physzol 20,63 (1969) 
I5 B I S SRMSTAVA, Cm J. Botany 42,1303 (1964) 
16 D EASTWOOD, R J A TAWNER and D L LAIDMAN, Blochem J 113,32P (1969). 
17 F. SKOOO and C 0 m, 111 Molecular and Cellular Aspects of Development (e&ted by E. BELL), p. 481. 

Harper & Row, New York (1965) 
18 p. FEIQEI.SON and M FEICXXSON, III Actwns of Normones on Molecular Processes (e&ted by G. UTWACK 

and D KRITCHEVSKY), p 218, John Whey, New York (1964). 
I9 A C CHIBNAJL, m Protern Metabolrsm in Plants, p 1, Yale Umv. hem. New Haven (1939). 
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EXPERIMENTAL 

Sterrlization and Incubatron of Pkxnt Matenal 

Gram of the soft winter variety Cappelle Desprex were used in batches of 2 g eqmvalent to 32 gram. The 
grain were sterthmd by vacuum mfiltrauon of dd. NaOCl and washed with several changes of sterile Hz0 z” 
Subsequent drssec&ons and incubattons were camed out under asepttc condmons. 

Ste&ed gram were germmated m the dark at 25” on ashless filter paper tn a 9 cm coveted dtsh in 5 ml 
detomxed HsO. For long periods of gemunation a further 2 ml delomxed Ha0 were added after 4 days and 
subsequently at 2 day intervals 

De-embryoed gram were prepared by soaking sterthxed gmm for 1 hr 111 deionized Hz0 and then cutting 
around the embryo groove and hfting the embryo axts and scutelhun from the gram The de-embryoed gram 
were mcubated m the same way as the whole gram. 

Bran was isolated by quartermg the de-embryoed gram 1ongWdmally and placing the endosperm quar- 
ters with then starchy endosperm restmg downwards on ashless tilter paper moistened wtth 5 ml 0-66 M 
manmtol. After mcubating m thrs manner for 3 hr, the starchy endospeyn could be scraped from the bran 
wtth the back of a scalpel blade Thts method of pmparatton mmumxed the loss of mmeral elements from the 
bran In the case of those grain and de-embryoed gram that had taken up Hz0 for at least 48 hrs, the starchy 
endospenn was soft enough to be removed from the bran without prior soakmg. 

Soluttons of diliusates and compounds were stenhxed by filtratron through a Stetx 5/3 mtlhpore filter 
unmedtately before apphcation to mcubatmg ttssues. 

Preparatron of Embryo Dtffwate 

The embryo axes and scutella were excused from 10 g grain that had germmated for 24 hr. The excised 
tissues were mcubated for 6 hr at 25” in 150 ml sterile, de-lomxed HzO. At the end of the mcubation, the 
medmm was acublied to pH 3.5 (HCl) and extracted 3 x EtOAc The extracted medmm was reduced to 
dryness at 40” and the residue taken up m de-tomxed H,O. 

Determmatlon of Total Potassuun, Phosphorus, Calcwm and Magneswm 

Tissue samples were placed m p-weighed porcelam crucibles in which they were dried at 80” and ashed 
for 24 hr at 450” The cooled ashes were. treated wtth 3 ml cont. HaSOb and taken to dryness. Thts converts 
PaOt” to POb” and usually completes the ox&&on process. 

The ashes were taken up m warm redtstdled 0 6 M HCl The solutions were centnfuged to remove any 
remammg C part&s, which were then washed with 3 x 0 6 M HCl. The bulked extracts were made up to a 
standard volume wtth 0 6 M actd An ahquot of the solution was removed for the analysis of phosphate and 
the remainmg solutron was made to 20% (v/v) with spectroscoptc EtOH” and analysed by flame spectro- 
photometric methods for K, Mg and Ca 

PO*” was determmed by the colounmetnc method of Dryer, Tammes and Routh la K was determmed 
with a Umcam SP90 flame spectrophotometer operated m the ennsslon mode with an air/acetylene flame; 
Mg was determined wtth the spectrophotometer operated 111 the absorptton mode wtth an air/acetylene flame; 
Ca was detemuned usmg the absorptton mode wtth a mtrous oxtde/acetylene 8ame K markedly mcreases 
Ca absorptton readmgs m thts flame system and excess (to 80 ppm) KC1 was added to both the unknown and 
standard solutrons pnor to Ca detemunauons 

Determmatlon of Inorgamc Phosphate and Phytate-phosphate 

Ttssue samples were extracted 3 x at low temperatum with a mixture of MeOH, CH&. HCOGH and 
Hz0 x3 The bulked extracts were made up to a standard volume An ahquot of this solution was made h- 
phastc by the addition of CHC13 and Hz0 followed by centnfugation The upper aqueous phase was removed 
and analysed for morgamc and phytate phosphate 

Inorganic phosphate was determmed by a procedure based on that of Berenblum and Chain.‘* 2 ml of 
2 5 % (w/v) ammomum molybdate m 15 M HaSOb were added to 5 ml of the upper phase Thts was followed 
by 3 ml 0 5 M citrate buffer, pH 7 0 to complex excess molybdate, thus preventmg the molybdate-catalysed 
hydrolysis of phosphate esters *5 1 ml p-senndme reagent and 3 ml rsoBuOH were then added; the nuxture 
was shaken and allowed to settle The lower aqueous phase was re+xtracted with a further volume of tso- 
BuOH and the bulked extracts made up to 10 ml, after 1 hr the absorbance at 750 nmzz was read agamst an 
tsobutanol blank. 

2o G S HALL and D L. LAIDMAN, Ihochcm J. 108,475 (1968) 
zi J E ALAN, Spectrochlm Acta 17,467 (1961) 
x2 R. L. DRYW, A R TAMMES and J I Rotrru, J. Blol Chem. 225,177 (1957). 
z3 R. L. BIELESKI, Plant Physrol. 43,1297 (1968) 
)* I. BERENBLUM and E C&m, Wochem J. 32,295 (1938). 
z5 B. B MARSH, Btochlm Blophys Acta 32,357 (1959). 

PHYTO 10/6-H 
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The lower aqueous phase from the determination of morgamc phosphate was brought to pH 8-O by the 
addition of a few drops of ~II. NaOH solutr~n. Phytm was then precrpitated as Fe+ + + phytate by the addi- 
tlon of 0 25 % (w/v) FeQ m 1 M HCI (0 2 ml Fe&/l ml test solution). The precipnate was washed twice 
~fh~ldO2MHCIandthentakenupmwannO2MNaOH.F~O~5wasrcmovedbycmtrlfusaton.~ 
phytm was then hydrolysed by drgestton for 4 hr wrth cont. Hz!% (1 ml/l ml phytate solution) and a few 
drops of 30 vol. HaOa. Excess Hz02 was destroyed by the addttion of a few drops of OQ1 M KMnO. and 
PO,” determined by the routme method.aa 

l&yme Assays 
Phytase was assayed by a method slrmlar to that of Peers6 In contrast to the results of pmvrous studies the 

crude phytate from our wheat gave mBMm81 acttvny pH 5.8 rather than pH 5 O-52. Therefore, tissues were 
homogxnzed m 0 05 M citrate buffer, pH 5.8 at 4” (10 ml buffer/g fr. wt ussue). The homogenate was 
tiltered through two layers of cheesecloth. The Chrate was made up to a standard volume and assayed 
immedtately. Incubattons were camed out at 30” and wrth 2 mM sodmm phytate as substrate, so that in our 
results 1 unit of phytase acttvity is the amount of enzyme that releases 1 pg of or&o-phosphate in 1 hr from 
2 mM sodium phytate at pH 5.8 and at 30“; cf. Peers 6 Phosphate was assayed by the routme method. 

For the assay of acid phosphatase activity, the crude tissue extra&s were adjusted to pH 59 the optimum 
for that ennyme. A simple assay procedme utdinng the chromogenic substrate p-mtro phenyl phosphatea 
was used. 
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