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SUMIIÅRY

I Area of studv

The hydrolysls of. nyo-lnosltol he:caphosphate lnao-LnosÍtol

hexakis (dthydrogen phosphate)l or phytlc acid fs carried out Ln bío-

logLcal systens by enzyaes knonm as nryo-tnosl-tol hexaphosphate

phosphohydrolases (EC 3.1.3.8) or phyËases. This thesls deaLs wiÈh

the fractlonation, purfflcatfon and propertÍes of phytases from plants

and the ascomycete" NeurOePOm. CTdsSa. Ânrong the propertles which

have been exanined, partLcular enphasfs has been lal'd upon Èhe steP-

r¡lse substrate degradation route.

2. New and orLgfnal -Egsu¿ts-

(a) The phytase from lløwoepora e?asia has been lsolated,

purfffed 100-fo1d and characterfsed.

(b) The crude phyÈase from ¡streat braa has been resolved into

tr¡o fractions F, and Fr. Fraction F, contaíned the bulk of the

actLví.ty and was shown to cof:ialn a llpÍd actfvator. The llpfd

actlvator was l-solated and Ldentffl.ed as lysolecithtn. Fractfon Ftr

from ¡¡heat bran phytase, r¡as shoufi to have narkedly dlfferent

propertÍes from the F1 fractlon, fncludlng a hlgher pH optlnuo (pH 7)

aad an absence of tnhtbttfon by lnorganle phosphate.

(c) A comparÍson of the subsÈrate degradation routes for the

purifLed NeWOSpora, c?A€SA enzJnne, and the wheat bran Fractlons Ft

and F2 has l.trvolved the lsolatlon and characterisatlon of the
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lntemedlate LnosLtol pol¡rphoePhates. ltre fsolatfon of two minor

pentaphosphates $lth hydroxyl groups at the 2 and 5 posftlons respect-

fvely, from reactl.ons mploying the F, enzJrme fractfon, lndl'cates the

preaence of trc nels bÍologfcal pathways for the degradatlon of phytlc

acfd.

3. Conclusions

The conplorfty of the enz]tme substrate degradatfon routes of

phytlc acld suggests a uultipltcfty of phytases 1n blologLcal systems

and provl.des another crfterlon for homogeaeity of these phosphataees.

Ttre bffurcatioo of the wheat bran phytase eubstrate degtadatfon routeg

prerrLously obeenred by lmllnsoo and Ballou (1962) fs eçllcable 1n

terms of the conbLned actfoa of enzyue Fractions Ft and Fr.

Next to phyttc acic, lysolecfthl.o Ís the largest phosphorus

coryonent fn the wheat graia and the Present stuCy apPears to be the

ffrst accormt of specffic llpld acÈfvation of a soluble enzyûe system

ln whtch ft has been poeslble to characterLse the llpfd c@Ponent"

It 1e consldered thet the lysolecÍthfa activetÍon fs unllke1y to be a

rmique eituatloo and hence a new fleld of lmreetfgatÍon lnto enzyme

actfvetl.oo by water goluble llpfds has been uncovered.
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Abbrevlatl-ons used in thl-s thesle:-

potassluß cyanlde
J^¡'-*Lto

ethylenertetraacetLc acfd (sodlun sal-t)

p -chloronercurf benzo at e

nicotlnanfde adenfne dfnucl-eotr:.de

r¡-{cotl.nanl de ad enÍne d Íoucleot ide pho ephat e

adenosíae trLphosphåte

aCenoslne élphosphate

adenosine monophosphate

rnyo-Inosttol hexaphosphate or phytlc acid

lnorganfc pyrophosphate

orthophosphetê

fructose

tris -hydroxynlethy:-anlnomethane

2 o5*dtphenvloxazole

1,  -Ble- (5-phenyloxazolyL-2) benzene

Ol crn optfcal extinctLon fn path length of I cn

e mobllfty of substance r"rith respect to cytochrdne c oû
starch gel

electrophoretic nobillty of substance wíth re,ePect to PPi

chro'matographíc noblllty of subetance with respect to PP1

KCN

EDlA

PC'r4B

NAD

F¡NP

ATP

ADP

.qlfP

ô

PPt

Pt

Fr

1rÍs

PPO

POPOP

-l cm
þt

¡Ícyto

%r,.

bt.

All other s¡¡obols and abbrevLatfons are listed fn Chapters 2 and 7

(Phystco-chenlcal Syurbols) of the rllandbook for Chemfcal Socíety

auËllors, rThe CherÍca1 Socfety Speclal- Publfcatl.ons No: 14, 1961.

All teupeÍatures are expressed fn degrees Centl.grade.
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1 LIIERAT'T¡RE REITIEII

1.1 Introductloo to the studv of phytlc acLd (mzo-fnosftol

her<aphosphate) and phvtases (wo-L¡osLtol hexaohosohate

phosphohvdrolas es )

Because of fts unfversal dlstrLbuËfon as a uaJor organÍe

phosphorus cortrponent of plante aad eol-ls, phytLc acid or nyo-LaosttoL

ho<a-lcis-dfhydrogen phosphate fs one of the most abundant organfc

phosphates Ln nature. Its degradatlou by both chenLcal and eazlmLc

methocls (nedlated by phytases or tttgo-tnosltol hecaphosphate phospho-

hydrolases) is of pa'rtlcular lmportance to sofl-plant phosphorus

relationshlps.

Ttre phytases degrade a w'fde range of phosphorylated subEtrates

other than phytic acld and hence they are classlffed as non-speclfic

aci<t phosphatases. Hower¡er, the enzymlc renoval of phosphate groups

from the lnosltol hexaphosphaËe molecule fs very sPeciflc lndeed.

Thus the phytases can be classifl.ed according to theLr uode of attack

on this poly-functlonal subsËraÈe atrd the subsequent fornatLon of one

of the slx llkely isomerlc lnositol peataphosphates.

The ploneerlng work of Posternak (1921) and Courtols (l95la)

establLshed the stepwlse nature of the phyttc acíd degradatlon path-

way uslng r¡heat bran phytase and Tonlinson and Ballou (1962)

elucidated the structurea of uany of the f¡rCe¡medlate iûosLÈol poly-

phosphates whlch were fomed. Thelr results seened inconclusÍve

sÍnce the enzyme used Ln theLr study was only purifted 20-fo1d.
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the work reported fn thie thesls 1s concerned urlth the fraction-

atÍon and isol¿tloa of a phytase from NatrcePorv crassa and the

phytases from wheat bran. Succeedl-ng chapters lnclude ao account of

a comparative study of their properties, particularly of their

degradatfve pathways.

It Ls lmporÈant to note that the nomenclature used 1n this thesis

1s the currently accepted IUPAC-IUB nomenclature (Europâan J. BLochem.

5, 1968, 1) and that this dfffers narkedly from the systemÉt used by

earlÍer workers, e.g. Tonllnson and 8a11ou (1962).

L.2 The structure of ohvtic acid

I.2,1 Neuberg fornula (A)

The sËructure of tttyo-InrosItol hexaphosphate or phytlc

acld (see frontlspiece) frou cereal graf-ns has been the subJect of

some conËroversy (Neuberg, 1908; Anderson, 1914' L92Oi Courtols,

L95La; Posternak, 1965; Cosgrove, 1966a; Johnson and Tate, L969a),

centred ualnly around the structure proposed by Neuberg (f908)

(Foruula A, Flgure 1) and that suggested by Andersoa (1914)

(Fomula B).

Argunents in favour of the Neuberg fomul-a (4, Ffgure 1) were

nafnly based on studies of salts of phytlc acÍd whl"ch forn trl-

hydrates. These were thought to be iocapable of further dehydration

wlthout decompositloa (Posternak, 1921). Further, the studies

included experlments perfotmed on an octadecasodlum salt of phytic
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acl.d by Brs¡ra et aL. (f96f ), who baeed thefr errl.dence on the results

of a htgh sodlun:phoephortrs ratlo (3:1) of their naterl.al. Eonever,

slnce oefther a carbon nor an lnosltol estinâtlon t/as gl.ven, the

eubeequent data were lnconcLusfve (Johnson and Tate, t969ù. The

tri-hydrate configuratfon of Neuberg (Formula A) was consLdered an

overslmpllfied model (Preece, 1962r. A nodlffed tri-pyrophosphate

structure was postulated (Fornula C) but Johnson and TaÈe (L969a)

synthesLsed thls compound and sho!üed it wae electrophoretically

separable fron phytic acíd. IË was not detecÊable in bran exÈracts

prepared under conditÍons r¡hich dld not hydrolyse the synthetic

triphosphate. The as¡nnmetry of the Neuberg sÈructure suggests Èhat,

as a aatutally oecurring product, phytLc acid would o<hibft optfcal

acËlvity.' Howerrer, no slgnfficant rotatíon could be detected ln

crystalline sodir¡o phytate (Johnsoa and Tate, L969a).

I.2.2 Anderson structure (B)

SupporÈ for the ^ê.cderson structure (B) cane from the

potentÍonetrlc ÈiËration studfes of crystalllne sodÍr¡n phytate by

Hoff-Jorgensen (1944), whlch clearly showed the presence of slx well

dissociated protons (pKts < 3.5) and six weakly dissocfated protoos

(pKts 4.6-10). Recent 31P oo"l.ar magnetic resonance (n.m.r.) studies

(Johnson and Tate, L969a) of crystallíne sodl-um phytate and similar

sÈudl.es of the dodecamethyl ester (/rngyal and Russel1, L969a)

confirned that the strucÈure of phyËf.c acld ís tryo-inosftol

hs<aorthophosptrate (B) rather Ëhan the cycllc pyrophosphate
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(Fomula A). It was also found that there fs llttle signiflcant

dlfference between the enthalpfes for Lnosftol hexa-, penta-,

teÈra- and trl.-phosphates, the lower esters of phytate (Raison and

Aran8, 1968). Thls study also supports the Anderson for:rnula (B) for

phytic acid, as a marked varfatfon fn enthalgles amorig the lower

homologues r¡ouLd be expected for atructure Fomula A. As has been

pointed out by Cosgrove (1966ò most of the propertfes and reactÍons

of lnositol polyphosphates are o<plicable 1u terns of the Anderson

structure. Ffnally, the X-ray strîucture (nUnt et aL.,1971) of the

crystalllne dodecasodfi¡m salt shows uaequlvocally that the correct

structure ís the Anderson hexaorËhophosphate structure.

1,2.3 I'!re conformatlon of phytlc acLd

The Haworth foroulatlon for the Anderson structure

(B) of nyo-Lîosttol hexaphosphate can be depfcted in two possible

chair confor:rrations (D and E). Johnson and Tate (1969a) lnterpreted

thelr 31P ,r...r. spectra in terms of formula D Ín r¡hleh the phosphaËe

groups at positlons l 13141516 of Ëhe fnosftol rfng are equatorÍally

orlentated whereas Èhe phosphate at posÍtfon 2 1s axlally plaeed.

The assfgnnent of axlal and equatorLal groups was based upon analogy

wlth the c,þcm{s¿f shffts of the nodel inosÍto1-2-phosphate. However,

the X-ray crystal]-ographic study of phytl-c acld (as the dodecasodfum

sali octatrlcontahydrate) clearl-y shows the alternate confo¡¡¡atlon as

Ín Fo¡mu1a E, ln which all the phosphate groups (at C 113141516)

except the one onD 2 are axlally orlentated (Blanrket a7..r 197f).
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Accordlng'to Tate (197f), a r*etçamln¿tlon of the 3lP o...t.

spectra (Ftgure 2) showa that the confomatlon of phytlc acfd depends

on pt; at pH 1-5 the normal confotmatÍon (Foroula D) exlsts but

lnverslon occurs at pH 6-10 to give Fotmula E, Thls Ls fn agreement

wLth the ftndfng of Blank et aL. (1971). Thus the earlier lnterPret.

atlou l¡as in error because of the selection of an Lnapproprlate ¡nodel

(Lnosftol-2-phosphate) whfch has no phosphate-phosphate fnteractl.on.

It should be enphasised that the alternate confo¡:aatlon (E) ís only

stable above pH 10. As the enzyme sÈudies are usually carrfed out

aË pE 5 the predoml.naot confor:mation 1n solrrtfon must therefore be

as Ín Fomu1a D, but the confornatlon at the enzlnne surface fs stÍll

a Datter of conJecture at thfs stage. In concluslon ft must be sal.d

that the trgo-Inosttol hexaorthophosphate structure proposed by

Anderson (f914) fs now flruly esÈablfshed, but there fs conslderable

uncertainty as to Íts exact confonnatfon under varlous condftions.

1.3 Deohosphorvlatfoo es for ohvt1c acfd

Phytic acid can be dephosphorylated by either chenical or

enz¡mLc means resultfng ln a series of lower phosphates, the end

products belng free lnosLtol and lnorganf.c phosphate (Pizer aad

Ballou, 1959¡ Posternak, 1965; Cosgrove, L96fu., 1970; Davies, 1968).

1.3. I Cherntcal rvlation

DephosphorylatLon of phytfc acfd l-n neutral or

alkallne oedír¡m is slow because the phoaphaÈe-ester lfnkages are very



Flgure 2.

Figure eholrs the 31p rrû.E. spectrm of ngo-ttosftol hexaphosphate

and fts eoafotoatlon¿l fm¡erslon as a functloa of pH.
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stable 1n strongly alkallne media. Prolooged heating of sodlum

phytate at pH 8.0 resulte in tn¿o-laostËol 2-phosphate (DesJobert,

19543 Schomuller and Bressau, f960), In acl.d conditfons (pH 3-4)

dephosphorylatLon of phytic acid proceeds wlth maxfmr¡r velocfty

(l'leury et aL., L954; Cosgrove, L966a; Angyal and RusseLL, l969arb),

resultlng ln a roore cooplen mlxture of lourer phosphates than wfth the

enzynle hydrolysis (Cosgrove, 1963, L969; Posternak, 1965; Angyal

and Russel1, L969arb). Although myo-hosftol hexaphosphate can gfve

rLse to six different pentaphosphates (or penta-O-dlhydrogen phosphates)

(fÍgr¡re 3)" only two of these have a plane of symmetry (SËructures II

and V, Ffgure 3) and are neso compounds. Ihe renaLning four are

optically actlve and exist as racenlc pairs (Structures I and III,

IV and VI, Ffgure 3) (Angyal and RusseLL, 1969a; Johnson and Tate,

te69b>.

Only four structurally lsonerÍc pentaphosphaÈes froo acid

hydrolysaËes of phyÈic acLd cao be ÍdenÈLffed since the enantiomorphs

of each racenic palr are lndlstfngulshable by chronatographfc

teehniques (Cosgrove, L96fu,, L969; Tate, 1968; Angyal and Russell,

L969ar. AcLd-catalysed fnterconversLon of two of four pentaphosphate

cmpoaenÈs readily occurs suggestLng that migratlon of a phosphoryl

group across ezle-orfentated vicfnal hydro:cyI Broups ls involved

(TaÈe, 1968; Cosgrove, 1969r. T'hl-s and other data permftted

tenÈative assfgnnents based on electrophoretic nobllity to the four

eeparable pentaphosphates (Îate, f968) whfch were later confftmed

(Aneyal and Russell, 1969b; Johnson and Tate, 1969b). The four

pentaphosphates have electrophoretlc nobllitles ,M,rr, relatlve to
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Ffgure 3.

Stnrcture of M¿o-ioosLtol PentapltoEphateq

TtrLs ffuure shows the dfffereut l-soners of tttgo-lnosltol pentaphos-

phates rd.th thelr electroçhoretl.c sobllltfe" (M,r-), see Sectlon 2.4.5).
'f

the n¡nb'er denotes the positions of the phosphate groups on tl¡e

laosltol noleeule.
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loorganlc pyrophosphate as shown Ln Flgure 3 (Tate, 1968). the

lnverse order of elution 1s found for ioa-exchange separatfons

(Cosgrove, 1969). Ihe two eeparatlon nethods are cmplenentazy.

ErcamínatLon of coÍmefclal rphytfnr preparatfons sho.ø traces of

lsomeric myo-Lnosltol pentaphosphates (Cosgrove, L962" Lg63arb, L966a;

Johnson and Tate, 1969a; Angyal and Russell, L969arb). It fs not

certaiu whether they represenÈ steps fn the biosynthesis of phytic

acid or are products of its degradation durlng the lsolatioa pro-

cedure (Co?.grove, 1966a; Angyal and Russell, L969a). fhey could be

derLved fron both routes slnce the pentaphosphate ester has been

extrecÈed froo natural sources; barley, wheate cotton and rice

(sobolev, L962, 1963, 1964., 1966; Fosternak, 1965; Asada et dL., 1967,

L969). Further hydrolysis of the pentaphosphate fractlon results Ín

the formation of mlxtures of tetra-, trl-, df-, and mono-phosphate

esters (Schormuller, 1960; Cosgrove, L966a; Angyal and Russell, f969å);

the only well characterised product is the naJor monophosphate whlch

1s rryo-inosl.tol 2-phosphate (ÐesJobert, 1954; Bro¡sn and liall, 1959;

Plzer and Ballou, 1959; Tomllnson and Ballou, L962i Cosgrove, L963b,

1969, 1970; Angyal and F.ussell, 1969b).

L.3.2 Enzlmfc dephosphorvlaÈ1on

Blodegradatl-on of phytic acld 1s carrfed out by

phytases (nyo-lnosÍtol hexaphosphate phosphohydrolases) Ln a stepwfse

process Ín ¡¡hfch the lower lnosltol polyphosphates are Íntemedlates

and lnosÍtol and Pi are the enrÍ products (Suzuki et aL., 1907,
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Posternak and Posternak, L929E Àlbar¡¡n and Umbreft, 1943; Aadrens and

Herrarte, 1947; Courtols, l95larb3 DesJobert aad Petek, 1956',

Anderson" 1956; Fowler, 1957; Ergle aud Guinn, 1959; Preece et aL.,

1960; Courtois and LLno, 196l; Preece and Grav, L962; lonllnson and

Ballou, 19623 Nagal and Funahashf-, L962, 1963b; Sobolev, L962, 1963,

1966; Uehera et aL., L962; Sâxena, L964; Kulaev et dL., L964;

Ìtihailovic, 1965; Anderson, 1965; Cosgrove, L969, l97O; Greaves et aL.,

i9673 Davfes, 1968; Greaves aad hlebley, L9693 Kurasa¡ra et aL., 19695

Johnson and Tate, L969b; Irving and Cosgrove, 1971¿; Blank et aL.,

L97L3 Ttreodoru, f971).

The degradatfve schene, as shown f.n Figure 4 vas fnttfally

eluc{dated for wheaË bran phytase by Tomlinson and Ballou (L962).

The entÍre pathway was demonstrated r¡Lth a 20-fo1d purlfied wheat

phytase preparatlon and a simllar degradation schene has been proposed

for peanut phytase (DavLes, 1968).

the stepwise dephosphorylation of phytfc acfd fn htgher plants

begLns by hydrolysíng a phosphate group at Llrr7o-inosftol posftlon 6

(Ffgure 4). It then apparently proceeds by hydrolysis of another

phosphate group whLch fs flanked by a free hydroxyl group. The fnter-

medÍates in the wheat bran phytase pathway were characterfsed and

ldentified structurally (lomltnson and Bal1ou, 1962; see Fl.gure 4)

as Ð and possibly L<rryo-1-nositol I-monophosphates arß trryo-tnosftol

2-nonophosphate (Structures Ia and Ib, Fl-gure 4), Ð (and possfbly L)

ntyo-L'diosltol 1,2-diphosphates (Structure II), ntlo-tnositol L,213-

(IIIb) ard D-ntyo-Lnosltol 1,2,6-trfphosphates (IIIa) and



FLgure 4.

Scheme of latl-on of Lc AcLd bv Wheat Bran Phvtase

(Tonlinson and Ballou, L962,

Thfs ftgure is from lonllnson and Ballou (1962) who orLginally used

the nomenclature of Fletcher, Anderson and Lardy (195f). In thl.s thesfs

the currently accepted rUPAC-ruB nomenclature (European J. Blochem.

5, 1968, 1) ts always eoployed aod the relevaot D1 or L1 poslttons have

been marked f,or optlcally actl.ve phosphates; for meso compounds no D or L
prefix is requlred.
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D-nyatnositol LrZrSr6-tetrã,phosphete (IVa). the structute of the

pentaphosphate as [rtnyo-lnosftol 1r2,3r4,S-peataphosphate (V) was

deduced, as thls fractloa rûes not sufflcfently separated from the

hexaphosphate by the chromatographfe procedure for deflnítlve

characterlsatfon. It ls also possible that of the tetraphosphates

Irntyo-LnosÍtol l,2r3r4 (I\fb) and a s)nmettfcal isomer myo-InosttoL

112"3,5 (IVc) may also be present, but, these were not eeparable by

the techniques used.

Àlthough the structural conff.g¡¡ratfon of the lnosftol polyphos-

phates was not gfven, the hydrolysÍs of phyttc acfd by Aerobaeter

aercgenes (Greaves eú aL. " 1967) ¡¡as said to be slnllar to thaÈ of

phytase from plaat tfssues (Ffgure 4). Ttre phosphates were only

tentatfvely identified by theÍr characterlstic posltion fn the elutlon

patÈern and on paper chlonaÈography based on standards. Chenlcal

analysls of the type carrfed out by Tornllnson and Ballou (1961, L962)

and Davies (f968) uouLd be neceseary to eonfl:m the fnosftol poly-

phosphate stnrctures.

Studles of the degradatlon of phytate 1n the gronth nedfuo of

Neurcepona ctqssa by Johnson and Tate (1969b) shor¡ed a dÍfferent

degradatl.ori route. A tentatfve scheme lras proposed whlch lnvolved

acceptance of the assigmnents made by Tonllnson and Ballou (1962).

A sf.uilar pathway (Figure 5) was found by Cosgrove (1970) for the

degradatl.on of phytate by a parÊially puriffed enzJme from a soll

bacterlum, Pseu.dotanas SB2. Again the structure assÍgnnents were

based on relatlonships to the phosphaÈes characËerl.sed by lomllnson



Elgure 5.

Tbis figure 1s from Cosgrove (1970). Ttre relevaat D or L I

posftf.ons trave beea uarked for the nanlng of the f.aosf.tol polyphosphstee.
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and Ballou (1962). All these strucËural asefgnnents for the optlcally

actfve ínosltol polyphosphates essentíalIy requl.re the lsolation of

D arabitol fron the perlodace oxidatf.on-borohydrlde-reductfon and

hyrirolysfs sequence (see SectÍon 2.4.LA.5) applled to a mfxture of

Laositol trl.phosphates by Tomlinson and Ballou (L962). the distLnctÍve

feature of the fungal and bacterlal degradation resf.des fn the l-nLtfal

point of attack at the L I posftlou whfch produces the presumed

Ð-myo-Lnosltol L,214,5"6-pentaphosptrate (see route 2 of Figure 6).

The mâJor paÈhway of degradatlou for tl'¡e plant phytases ls vfa route

I of the same ffgure (I'lgure 6). Most of the lor¿er inosLtol poly-

phosphatea are coomon to pLant and mfcrobial phytase substrate

degradatlon routes as can be seen by conparing Flgures 4 and 5. Ia

both sche¡ues tr7o-tnositol 2-monophosphate 1s formed prlor to free

loosftol. Ttre fact Ëhat the chemical (Sectlon 1.3.1) and both the

enzymic hydrolysis routes of phytf.c acld all lead to the sane

rnyo-Tnos|tol 2-¡nonophosphate may be explained by the sÈeric protect.lon

of the axiai phosphoryl group attached at the C 2 posltion of the

myo-lnosltol hexaphosphate molecule (saddtley et aL., 1958; Pfzer and

Ba1lou, 1959; Cosgrove, 1963r., L966a, 1969, 1970; Posternâk, 1965;

Davles, 1968; Tanaka et aL., l97l>.

L.4 Errzy¡nologv of ohvtases

Phytase þryo-lnosLtol hexaphoephate phoephohydrolase,

EC 3.1.3.8) Ís strLctll' the en4me responslble for the hydrolysis of

one phosphate from phytic acíd. However, as shown fn Sectfon 1.3.2

the products become substraËes for further reactÍon and the overall
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catalysed reactlons Eay be represeßted:-

InosLtol horaphoephate 
->-->'-> 

lnosÍtol * 6 fnorganlc phosphate

(phytic acid)

1.4.1 DistrlbutÍon

I . 4. I. I Plants

Table 1 shor¡s that phytase Ís a widely

dleËrlbuEed enz¡nre. Its presence fs either knor¿n frm direct enzJmie

assay or fs luplled vla the detectÍon of Ioçrer fnosítol polyphosphates;

both nethods are complaentary. UnÈlL recently, ferr lnositol phosphate

intermedlates r,rere recorded in plants. Ttrfs fs probably due Èo the

rapid breakdown of phytate and lte lower esters Ln the tlssue. Thus

lfellanby (1.950) found that wheat phytate dÍsappeared after germinatlng

for 5 to I days. Stnllarly Ashtoa and HlllÍams (1958) found that

phytate decomposed quantíËatively to Ínorganlc phosphate and inositol

in less than 14 days 1n the germfnatlng oat grafn. The relatíve

abundance of phytase ¿mong the cereals (the monocotyledons) is well

eetablfshed and Ís shoqrn 1n Table 1.

the ünportance of the enz)nne, phytase, Ln supplying nutrÍents to

the grolring seedlJ.ng is eophaefsed by the hfgh coucentratfon (50"/. of

the total phytaee actlvlty) whfch 1a preseut ln the enbryo and the

aleurone-scutelhm layers of the peanut and also the wheat graln

(Peers, 1953; Anderson, 1965; Davfes, 1968). The epidetmal layer

and the cross cel1s (see Ffgute 7) do not coutaÍn the enzyme
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Table 1. Distrfbutlon of phytases with reference to pH optÍoun

pE Detetmined
range pïI Source Reference

1927
& Manet, 1952
959
L927
& Manet, 1952

2.2
2.25
3.0
4.4
4.5
4.5

4-5

5.0
5.0

5.0r 5.2
5.1
5. l5

5. 1r5.4

2
5
5
5
6

5
5
5
5
5

2-3

s-6

> 6 7.5

4.0
4.9

5.4
5.5

Mfcro-organLsns

PLeTyLa fæinosa
Eeeherichia col¿
Aepengi,LLus n:ùgen
AspengíLLlta otzæ
Eseheriehia eo'Li
AspengíLLus tewu,s
Plants
Cotton seed
Tlígna sesEñpdaLí^s

Micro-orBanisms
Eeeherielt:ùa eoli
Pseuåonøttns sp.

Plants
Lettuce seed (Pieris, L)
I{heat btan EYitùewn, L)
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Figure 7.

Eectioa of a Ídheat (fl-tlüzlcrÆ) eraLn

ltre s¡nalL rectangþ ln C tndfcates the aprproxfmate locatLon of

the sectlon shom in A. Ttre letters tlÍt signtfy tlnner fntegumentr.

Fræ ESAII (1953).
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(Vorbrodt, 1910; Peers, 1953; Anderson, L9653 DavÍes, 1968). In

lettuce seeds lt has been shovm that phytase fs not ettached to the

mitochondrl.a but fs a non-partl.culate enzyme (l4ayer, 1958).

Although phytase Ls a ¡¡l.dely distributed enzyme, lts aetivLËy

varles from specles to specles; ft ls not alu'ays present in all tfssues

of plants. Of tl'r.e Gm¡tinede, oat-s, malze and some mlllets have

negllglble phytase acÈfvÍty (Rose, L9L2; Gfri, 1941; Preece and

l"ÎcCallurn, L964); barley has noderate acÈLvfty (Preece and McCallr.m,

L964); wheat and rye have high activfÈy (Cosgrove, Lg66a). The phytase

activity from wheat, barley and oats 1s in the relationshfp of 3:1:0.02,

respectlvely, on a welght-for-wefght basLs for each preparatfon (Preece

and McCallum, L964). Cereals are richer fn phytase enzJ¡me than the

dlcotyledons. The relatLve phytase activfty tn barley coøpared to

that ln Vieid faba anð, to that of a legune (fenugreck) 1s in tha

follou:ing ratfo:- 10.5:2.3:l (Taha and El-lowesy, 1958).

It has been suggested thaÈ phytase is present wherer¡er phytate

occurs (Prlngle and Moran, L9423 Mayer and Poljakoff-Mayber, 1963;

Davfee, L96Bi MaÈheson and Strother, 1969) but thfs fs not necessarfly

so. f,lhlLe the wheat starchy endosperm tÍssue does not seen to contain

phytate (Wtll1ans, 1970), Lt does have a conslderable auount of phytase

(Peers, 1953; Koller et aL., L962). In seeds, phytase actlvity 1s

inltially low but Lncreases on gemination. Ttris lncrease is

ínfluenced by gibberellln and inorganle phosphate (Srivastava, L9643

Bianchettf and Sartirana, l967arÞ; Eastwood et aL,, L969).



13

L.4.L.2 I'llero-organls'ms

the presence of phytase actlvfty fn the sofl

fs attrfbuted to sofl nicro-organfsms. Although phyÈase has beea

knoqm In AspetgiLLus ttùger fot some Ël¡oe (Ðox and Golden, 19fl), only

ln recent years have there been attempts to Lnvestfgate it ln fungf

and other rnicro-organl-sms (such as in Aercbacþer aercgelteg - Gteaves

et aL., 1963 , 1967 ¡ AspetgilLus teÆezs - Yamada et aL., 1968;

fueLlltæ wbtiLie - Por¡ar and Jagannathan, 1967 g l\eurcspora ctaßaa -

Johnson and Tate, L969b; Pseudonottas speeles - Cosgrove' 1969' l97O;

Iwing and Cosgrove, L97La,b; P,kizopogon LuteoLue 'Íheodoru, 1968'

L97L; and other orgaoLsns - Greaves and f{ebley " L965r 1969; Cosgrove,

19673 SkuJlns, 1967; Shieh and !ùare, 1968; ItofchL, 1968; Cosgrove

et aL,, 1970). the earller findings that members of the genus

Aspergi.LLeæ, lncluding sone so11 Íso1ate6, possessed phytase actlvfty

(D,ox and Golden, 1911; Jacloan a¡rd Bl¿ck,l952a.rb) has now been

coaflnred by Casida (1959). There are sone LnconsistencLes however

fn the data of a number of workers concernfng the dephosphorylation

of phytfc acid by mLcro-orgaalsms. Thle may be due to solubilLty

proble¡ns wiËh substrates. AlËhough sodirln phytate 1s soluble in water

throughout the whole pE range the calcLun magnesÍr¡m salt of phytlc

acid or phytfn is noÈ. It 1s fnsoluble at alkalLne pII; hence the

gubstrate used by Greaves êt aL. (1963) was differeat fron that of

Ibtelev et aL. (1962). In additlon, comnercl-a1 samples of phyÈ1n and

sodfi¡m phytate cootal-n consfderable amounts of the lo!üer esters

(Cosgrove, 1963b, 1966a, f 967) r..rhich nere assumed to have resulted

from the action of nfcrobfal phytases. flowever, they may well result
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frm the phosphatase actlon of the mfcro-orgaaÍsmÊ attacking these

lower polyphosphates rather than phytase sPecffically actl.Dg on phytl'c

acLd (Cosgrove et aL., 1970). Furthermore low phytase actlvlty may not

be detected 1n mfcro-organisms slnce phytase activfty can be lnhlbited

by high concentrations of the substrate. This is because phytaËe is

a protein precfpitanÈ and at hlgh coricentratlons of phytaie, substrate

fnhlbitÍon occuris (Ct¡tins and Norrls, 1963; Posternak, 1965).

1,4.1.3 Anínals

Although the occurrence of phytase has been

reported fn calf-l1ver and blood (UcColfu¡n anci Hart, 1908) Ln the

fntestine of rats (Patwardhan, 1937; PÍleggl, 1959) and Ln the blood

of bfrds, frogs and turtles (Rapoport et aL., l94ld'b), lt is absenÈ

Ln the rabbft, gufnea pig and oaa. In contrast, rePeated e:cperÍments

by Patwardhan (1937) and PiJ.eggt (1959) shor¡ the absence of phytase

1n beef and calf-liver, thereby confftoíng soqe early work (Scofone,

L9A4i Fl1mer, f 913i Lowe and $teenbock, L936a,br.

Conslderation of the presence of phytase 1n plants (Sectfon

1.4.1'l) and mlcro-organls¡¡s (Sectlon 1.4.1.2) leads Ëo the conclusion

that the actlvity of phytase in the tat Lateatine may be due to

i¡rtestlnal mlcro-organisms or to phytase 1n the vegetable part of the

6¡lma1e s diet. Ilowever, the presence of large aoourits of lnosftol

pentaphosphate in avian blood (Johnson and lateu 19696) suggests e

re-exanfnatlon of the phytase night be rertrardfng.



15.

L.4.2 HuLtlple of ohvtase

ilttle 1s known ahout the v¡umber of fso'-eazvne.systens

lo phytase although thfs nultfple nature of the enz]rtre has beer¡ found

fn a nr¡nber of phytase preparatlons from plants and mj.cro-organfsms.

Durfng the purLficatfon procedures of barley phytase, Preece and C;rav

(L962) dernonstrated that at, least two enzyme fractLons could be dís-

tlngulshed by tirefr adsorptlon behavLour on C 1 ah:oLna colunns. they

found that the flrst lnosLtol phosphataee fraction ttas conpletely eLuted

from the coh.mn by a descendlng pE gradient ¡¡hLle a second en4rne rtas

eluted by an ascendlng pIt gradlent. Although cletails of the proPerties

of the enz]rme conplexes nere not establLshed, Preece and Grav (1962)

reported that the second phytase system was dlfferent from the flrst

reactl.on: the forurer enzyroe î7as ruore susceptlble to substrate lnhfbitfon.

SfrnllarLy, the- phosphatase preparations froo rice ear, aprlcot

and AspergiLLus rrige? can be resolved ínto a mlaor and a maJor c(mpon-

ent by Lon-exchaage chromatography (tkawa et aL., 1964) possfbly

lndícatLng charge differences. The fact thaÈ these fractions r¡ere able

Ëo hydrolyse phytlc acid 1n addttion to phosphomonoesters lnrplled that

phytase may cons!.st of more than one enzJ¡ute. The presence of Íso-

enz)¡oes ln phosphatases has been reported and found to occur 1n a

nr¡nber of tfssues; soy bean - Mayer et aL. (1961); E. coli - Von Hofstel.n

and PoraÈh (f962) i ¡vheat genn - Brouíllard and 0ue11et (1965), VerJee

(1969); roots of. Vieùa fúa - Gahan and Mclean (1967); bovlne llver -

Helnrikson (1969) arrð, AepengiLlus ozAzae - SakuraÍ anil Shiota (1970).

Courtofs and Perez (L949arÞ) fractfonated two phosphatase components
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from several plant extracÈs. In addfÈ1on, they dtstlnguished bet\reen

the naJor phytase fractfoa and a phosphomonoesterase comrponent. the

non-detectlos of phytase activfty 1n the uinor phosphononoesterase

fraction does aot necessarlly prove that 1t ls absent. The workers

(194%"b, did not. assay for phytase acËfvfty 1n the fractíon rlth low

concentratfons of subetraÈe. It has been shown that 1ow levels of

phytase actlvity cannoÈ be detected uuless very small amounts of

phytate are used, since at higher concentratfoDs substrate fnhlbftion

is prevalent (Yoshfda, 1950; Perles, 1955; Glbbír's and Norrls, 1963;

NagaÍ and Fr¡nahashi, L963ø). Furthermore, highly susceptfble

behaviour to substrate conceÊtratLon has been reported for the seco¡d

phytase system ia barley (Preece and Grav, L962). Ai-so Lt worrld not

be surprislng 1f the minor phytase fraction rras extremely lab1le and

that durlng the extractÍon procedure Lt was conpletely Lnactlvated.

Moreover, the detectlon of the enz¡me 1n some tissues and not Ln

others nay suggest that the enzyne tDay be present only at certaln

etages of the life cycle of the orgaoisn or it uay be present ff

fnduced by partlcular grorrth condltlons and certafn aet¿bolites in a

tLs6ue.

Essery (196f) used phytic acfd at (>0,052) stntlar concentratlons

to those used by Preece aod Grav (1962) for deteminlng the actfvity

of barley phosphatases. Peers (1953) used much greater amounts of

phytic acld, '¡hich lnhibfted the barley enz¡¡me preparations. This

led to the concluslon thaÈ ¡eectfon of the barley enzyne depends on

the ratio of different euzyrne actlrrities, a ratlo whlch may be very

different in wheat (Preece aod Grav, L962).
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The splÍtÈíng of the peanut phyËaee erlzJ¡rne lnto several fractlons

rrtth acetone anú netha¡rol durlng thè differentlal precipftatfons led

Anderson (1965) and later, Ðavlee (i9ó8)rto poatulate tb.e exfaËence

of a nÍxture of Êrrzynes 1n peanut phytase. However, no clear

dLstinctions were made enong Èhese actfve peaûut phytase fracÈÍons.

Ttre htghly purlfÍed bran ptrytase of lilagaf and Funab¿shl (1962)

exhfblted heterogenefty fn physlcal proPertfes. In addftion, slnce

the dephosphorylatÍon of phytfc acLd is a stepwlse procedure

fnvolvÍng at 1èast s1:< consecutive reactloas, the possibllfty remalns

that a multí-enzyue complex or a mlxture of phosphatases 1s fnvolr¡ed.

ttre klnetlcs study on barley phytase has sho¡un that the enzJ¡lre system

whlch 1n1tially attacks phytic acld is qulte dlstfnct fron the eDzlme

systen actLng oa the lower Ltrosltol phosphates, thue suggestfng that

nore than one distiflct group of enzlmes may be fnvolved (Preece and

Grav, 1962).

ltore dl.rect data for the prese¡rce of tr¡o or tnore enzymes 1n

phytase cone from pII optinun studies. The lettuce seed Phytase

dlsplays a pE optiuu.m at pII 7 as well as at pH 5 (I'fayer, 1958).

Taree plt optlna, 2.25, 4.5 and 5.4 have been reported for the E'. eoLi

enzJrme (Courtols and Manet, 1952) suggestfve of three lso-enzymes 1n

the bacterfal phytase.

Ttre data of Johneon and Tate (19ó9b), Cosgrove (1970) and more

recently, Theodoru (197f) on thê enz¡Eic fomatlon of lsæertc myo-

lnosÍÈol pentaphosphates conflm the possfbflLties of two phytases

Ln blologLeal systems (sectlon 1.3.2); moreover, the tlto enz)¡mes can
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exlst Ln the one organl.sm. Although ÍsoûerLc pentaphosphates have

been prevfously obsen¡ed in eoz¡mÍc digesÈs of phytlc acld fa wheat

their structures nere not establtshed (Scho¡nruller, 1960).

The general concluslon seena to be that there are nany types of

phytase, sme of ¡¡hlch Day occur as f so-enzynes ln the same organism.

1.4.3 Propertfes

Phytase has been partÍ411y purl.fLed from a nr¡mber of

organisns, and some of fts propertles from s1x sources are presented

1n Tab1e 2. The general enzymic propertles of planÈ Phytases classffy

It as a non-specÍfic acfd phosphatase. It has also been found that

pþtase and non-specfflc acl-d phosphatase (partfcularly glycerophos-

phatase) actlvities of plant srtracts are very slollar and are

inseparable (Courtois" L95Lb). The properties of acl.d phosphaËase Ln

partially puriffed preparaËions frm a number of sinilar phytase

sources have been studled:- soy beao - Chia lfu (f 954); CaurptelL et aL.

(1969); vrheat - Joyce and Grlsolla (1960); lupfne seedllngs - Ne¡mark

and lJagner (1960) i Neurcepo?a c?aßsa, - Kuo and Blunentbal (1961) 
'

Kadner and Nyc (1969); dwarf bean - Roussos (1962>; Gl.bblns and

Norris (1963); E'. øLí, - Von ttof steln and Porath (1962r; Tobacco

leavee - Shaw (1966); AspergilLue teneus - Yar¡amoto et aL. (1969).

A comparfeon of some properties of acld phosphatases from ffve

sourcea are sumarLsed in Table 3.



Table 2. Sone propertlee of phytase from various sottrces

l8a,

Inhibltor Actfvator Reference

EDTA (1 trù{)

Source

Trtblown
(sheat bran) I,500-fold

Zea nqe
(t. Var. Marcoss)
(corn-4dayold)

PhdseoT.w tulgæia
(dwarf bean)

Ayøchí.s lrypogæd
(peenut)

Purlfica- lerrp.
tÍon optirnum

pH

optfmum K. value(M)
Substrates
hydrolysed

ln addftton Èo
phytic acid

ATP, ADP, NADP,
cGP, Fr 1,6-d1-P,
phenyl phosphate

Ê-glycerophos-
phate

ZnSO,. Mh.8O, (10 nl{)
(10 f,H) * Mst* (2 d!)

5.0 5.7 x 10 -4

5oo 5.6 9.lxlo"-5

Tartrate
(1 nl'f)

NaF Ca
(0.05-10 uìt)

Nagal and
Funahashl,
t962

(10 É[r) Chang,l968
-H-

<50

L7 55o 5.0 I x 1o-l

-45.2 1.5 x 10 phenyl phosphate pCllB, Mg
(10 mlr)
ca+, NaF
(10 uI4)

i3iì(1 mI') Glbbtns
and l{orrfs
1962

++

ATP, ADP, o and
ßGP' phenyl-
phosphate

p-nftro-phenyl-
phosphate

ug#
NaF (2 n¡{)

Irvfng and
Cosgrove
l97L

Davies
1968

,

Pseudonþnae sg? 25
-q5.5 1.6 x 10 -



Tabl-e 3 Some propertiee of acid phosphatase from varfous sourcee

Substrates
hydtolysed

GP, ADP,
nitro-phenyl
ptrosphate

ÑP
1 propane-diol
phosphate

AÎP, ADP, PPI
NADP, GP, phytÍc
acld, nftro-
phenyl phosphatg
phenyl phosphaÈe

ActLvator Inhlbl.tor

18b.

Reference

Kuo and
Blumenthal,
196t

Source

Neurcepona c?q,aaø. 1,400-fo1d 5.6 4.6 x tO-31+

PurlfLca-
tl.on

pH K'o value for (Gp),
optfnum glycero-phosphate

as substraÈe

Mo#
NaF
(*) tartrate

Piehia fæinosa
(yeast)

?ritict¿tn
(wheat gern)

Plnseoltæ wlgæùs
(dwarf bean)

60-fold 6.5 7x10 3tt

800 5.1 2.7 x to-4lr ATP, ADP, GP,
PP1, Fr 1,6 dL-P,
nLtro-phenvl
phosphate

ATP, ADP, GP,
PP1, Fr 1,6 dl-P,
nltro-phenyl
phoaphate

mg#

Tobacco leaves 300 5.5-5.7 4.1 x lo-4u

NaF
Cu#
cd++
Ca{-f

Mo#
NaF
P1

Tsubol and
Hudson,1956

Slmw, 1966

Joyce and
GrLsolla,
1960

Roussos,
1962

il:r

P1

NaF
Pf
PP

100 5.3-6.3

f
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1.4.3. 1 pH optlnr¡n value

ì-lost phytase preperatfons fron plants operate

f.n an acfd rnedlum around gH 5 (see Table 1) wfth very felv e>rceptlons

ln the alkallne raûge. Becauge of the many and varLed reports on the

optlnal pII values of phytase actÍ\dty, a pH su¡i\zey of the phytases

frou different sources ls sr¡u¡oarlsed fn Table l. these pH data

enphaslze a property of the phytases ¡vhLch ls sfnllar to Ëhat of the

non-specfffc acfd phosphatases. The dlfferent pH optiua of phytases

enabled Courtois (1951¿) to classÍfy the enzvmes lnto the fÍve

princLpal phosphomoûoesterase groups of Folley aod Kay (1936); the

couparison ls glven below:-

Plwtase I: Phosphomonoesterase I - ls very sÍmLlar to alk¿lÍne

ptrosphononoesterases found 1n na'r'malÍan tfssues (folley and Kay, 1.936).

It 1s actLve in weakly alkal-lne me<l1r¡n and fs actfvated by magaesiun

1o¡rs. The only example found Ëo date fs the rat fntestin¿I phytase

(of optiun¡m pH activl.ty at 8.0) (Patwardhaa, 1937; Pfleggi, 1959).

Phytase II: Phospho¡ronoesterase II - Thfs group lncludes the best

known phytases of the htgher plants, notably the cereals, legunes and

brassicas, whose optf.mr.m pII 1s betr¡een 4.9 and 5.6. LÍke phosphonono-

esterase II, Phytase II fs not activated by magnesir¡o ions (Nagaf and

Funabashl, 1962; Sugfura and Sunobe, 1962) ¡*rlch at hlgh ler¡els

(>10 d,f) nay be fnhibftory (CtbUfns and Norris, 1963). The enzyrne is

strongly lnhiblted by fluorldes and nolybdate.
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LhvÈase III: Phoephoqoaoesterase III - This has a pB optLnum

around 4.0. Very Il.ttle ls knovrn about this eozSme though ft has been

found ta Aspezgì,Llus (Casida, L959; Tarnada et aL., 1.968) and Ln kldney,

lfver, muscle and bone (Eorluchl, 1931). Its presence 1n aninal

tLssues has not been confÍnred (see Sectlon 1.4.1.3).

Phytase IV: Phosphononoesteraae IV - The phytase fron the plasna

and blood corpuscles of lower verÈebrates (Rapoport et aL., l94ila)

contribute to the fourth group of ea4nnes, whfch seems to correspoad

to the phosphomonoesterase IV eharacterised by Poche (f950). The pH

of thfs enz)trie ls betqTeen 6 and 7. It is acËfvated by nagnesLum and

ls tnhiblted by fluorfdes and oxalates,

PhyÈase V: Phosphomonoesterase V - exhfbits very acld pE optfmun

(<¡.0). Íhose that have been detected are feçr and seem to be present

only 1n mfcro-organlsos, e.g. 1n Ëhe yeast Pielrta farbtosa, pE 2.2

(Shlmoda, L927) ai:d fn E'. col¿, pH 2.1-2.2 (Courtols and Manet, 1952).

f . 4. 3. 2 Activatorg and lnhlbltors_:.!_phvtase.

A property of phytase whlch Ls sfmllar to

the ûorspecl.flc acid phosphæonoesterâse is the aoa-requlreoent of a

oetal fon, or cofactor for its actfvity. But under the lnfluence of

pII eertain dLvalent catlons (l,Ig and Ca) can efÈher lnhlbit or actlvate

phytase. Thus ta* actÍvates phytase froo 8. e?htí.Lds (Powar and

Jagannathan, f967). trrirfle magnesÍrm at certafn concentratlons 1s

shoçm to be an activatot for the wheat enzyne at other coacentratfons
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lt lrihlbi.ta (Peers, 1953). It ls found to be ao Lnhfbftor of the

peanut phytase (Davl.es, 1968) and of the Peeudøtønîß eîzyme (Irving

and Cosgrove, 1971a). Other actlvators of phytase lnclude thfocyariåte

and oxalaËe (CourtoÍs, l95La; Peers, 1953) and even these fnhfbft at

a dffferent pH value and lutribftor concentratfon. In contrast, Nagal

a¡rd Fï¡aahesht (1962) did not ffnd aay effect of these inhlbftors on the

actJ.vity of wheat brau phytase (puriffed 1,500-fo1d acttvity).

Other tnhibttors of the euzyae are copper, ztnLc and fron fn the

ferric foro (Pfankuch, 1936; Jackman and Black " l9iLa,b,: Courtof.s

et aL.,1952; Peers, 1953; It1ll and $ler, 1954; Nagal and Fuaahashl,

1962). The inhibftors of phytase are probably substrate-precipftants

or even a proteln preclpltant (such as phytate ltse1f) or a denaturatíoo

agent. Thfs lncludes fluorfde and mercurLc chlorlde (Peers, 1953¡

Taha and El-Towesy, 1958; Nagal and Funahashí, L962; Chang, 1967).

Phytate 1s a potent fnhlbicor of phytase and acid phosphatase enzyme

(Manonvrier, 1953¡ Perles, 1955; Nagaf and Funahashl, L962; Gibbins

and Norris, f963). PhytaËe o<hlblts a non-conpetftfve type lnhfbitfon

for r¡t¡eat brao phytase (Nagal and l\rnahashl, 1963ø).

Although nost acid phosphatases from plants are lnhf.bited by

phosphate (Joyce and Grlsolfa, 1960; Roussos, L96\ Shaw, 1966), this

may Dot affect phytase. End-product irihlbitfon was not shor¡n by the

bran phytase preparatÍon of Nagaf and Funahashf (1962).

It has been reported that yeast preparatfons lnhibft phytase

activÍty (Peers, 1953) but the nature of thls lnhLbltlon has not been

elucldated.
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1"4.3.3 Substrate speciflcftv

The relationship of phytase to the aon-

speeifLe acfd phosphaÈases has been studled. ihus Fleury and Courtois

(1947), Ikawa et aL., (1964) and Sloane-StanJ.ey (f961) shorùed that

several plaat extråcts r¡trich rsere active towards phytic acfd invariably

possessed phosphatase activÍty towards other substrates. The l7-fold

purifled peanut phytase catalyses the hydtolysls of ATP' ADP, glycero-

phoephate and phenyl phosphate. Er¡en the 1r500-fo1d partfally

purlfÍed bran phytase e¡(tract of Nagai and Fuoahashf (1.962) 
' thougtr

derroid of phosphodiesterase actlvl.ty, catalyses the hydrolysls of ATP'

ADP, NADP, pyrophosphate, glycerophosphate, phenyl phosphete and

fructose díphosphate ln additlon to myo-lwsitol hexaphosphate. A

constariÈ ratlo of activltl.es towards these rnixed substrates fndfcates

that these actfvl-ties ere ¿ttri.bu.te<l to the same enzJme. Thfs further

suggests that the phytase preparatíon 1s â non-specLflc acid phospho-

nonoesterase. ?o date, only the enzJ¡me from 8. eubtilíe (Poç¡at and

Jagannathan" 1967) has been reported to be vetJ¡ specffic for phytate

as a substrate.

IÈ fs noÈ clearly establlshed whether thLs broad substrate

specÍflcity of phytase 1s due to the presence of iso-enzytres 1n the

preparatloûs or to an fntrerent lack of specifLcity (Davles, 1968).

The norrspecific acfd phosphomonoesterase frm wheat germ (Joyce

and Grlsol-ia, 1960; VerJeeo 1969) hydrolyses adenoslne polyphosphates

as r¡ell as slmple phosphate esters. It has been suggested (Davies,

1968) thaÈ Nagal and Funahashl.¡s (L962) preparatlon lury contaln the
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wheat germ enzyrne of Joyce and Grlsolia (1960) since non-specffic acid

phosphononoesterases are abundantly and wfdely dfstributed 1n llving

tlssues. The data that ar.lrlerous phytase preparations contaln phos-

phatase actívlty (Courtofs and Lfno, 19619 Preece aud Grav, L962;

Nagaf and Funahashf, L96\ Davles, 1968) merely suggests the f.nseparable

riature of these ënzyme sjßtems.

I1re enzynic þdrolysls of myo-LnosLtol nonophosphate is relatlvely

sfulple and is of first order kfnetfcs but the reactlon of the hfgher

polyphosphates is safd to proceed 1n a conpler way (Courtof-s aad Masson,

1950, Preece and Gra'r, 1962). The afflnttles of phytase froo dLfferent

sources for phytate have been studLed resulting in varyfng K¡¡ values;

9 x f0-1-f to I x tO-lt't for peanut phytase (Anderson , Lg65; Davfes,

-11968); 1 x 10--M for goose plasna phytase (Rapoport et aL., l94l);

I x t0-4lt for &sarf bean phytase (cibbfns and Norris, 1963) and

5.7 x tO-4t"1 for wheat bran phytase (Nagal. and Funahashl. , 1962) (also

see lab1e 2). It ls poseLble that the protein conterit fn each phytase

preparatlon is different. Accordfngly the level of substrate concen*

tratlon for tnhlbltfng phytase would va4r, resultÍng fn the many and

varled Ç values reported. Gfbblas and llorrls (1963) have shown that

Ëhe Ç for the dwarf bean phytase 1s I.5 x fO-4U but this concentration

conpletely lnhibits the phytase from'Vigna sesquipeda,Lis (Sugiura and

Sunobe, 1962).

The varlatlons in the propertfes e<hlbited by prhytases (see

Sectfon 1.4.3.2 and Section 1.4.3.3) may well be due to the presence

of Lso-enzlmes (see Sectlon 1.4.2). This coaclusLon l-s also based
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oo circulrctantl.al evidence (see Sectlon I.4.2). therefore 1t seæed

deslrable to ínvestfgate 1n detalI the properties of phytases qrlth

speclfic refereace to the questÍon of the preseace of lso-en4lmes.

A comparl-son of the propertles of the pþtases rüith those of the

eûzJmes previously reported in the IíÈerature as well as wlth the non-

sgeclffc acld phosphatase, also seemed esseatlal.

1.4.3.4 Mectranism of enzrme actfon

It has beea shor¡n that the phosphate elËher

at the L 6 (4) or L I (3) posftíon of the Lnoeftol hexàphosphate

uolecule ls attacked fnltlally (see Figure 6). Successive phosphate

1s then renoved fron posftÍons adJacent to the free hydro:cyl

(lonlfnsoa and Ballou, 19623 Johnson aad ?ate, Lgt gb; Cosgrove, I97O)

(Sectfon 1.3).

Phytase seens to have a gre,ater afflnity for fnosftol hexaphos-

phate and for certaln of Íts stereofsoners. It appears that Èhe

presence of an axlal group Ínflueaces the fnltlal attack on the

hexaphosphate nolecule. In the case of ecgllo-tnosftol hexaphosphate,

the lnltial attack ls very slow whereas the resul-tl.ng peataphosphate

1s more eastly dephosphorylated. The hydrolytlc reactfoo rate of

phytase on the lsomers of luoeltol hocephosphate Íe fn the order of

rryo- >neþ- > D-ehyiw- > scgLlo-trasitol hexaphosphate (Cosgrove,

L966b" 1970). ScgLLo-lnosltol hexaphosphate (Figure 8) shows a lack

of an a:rÍal group ¡,rhfch probably prevents the euzy¡ne from attacking

this nolecule by the normal mode of operation used ln ntyo-f'nositol
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heraphosphate (Cosgrove, 1970).

Baslog thelr results on hlgh eubstrate lnt¡tbitlon, Glbbl.ne and

Norrl.s (1963) lndlcated that pþtase actlon ñ¡ry operate by a 2-poLnÈ

attacl.meat of the subetrate to the eû.zJme, Thls ¡¡ould lead to elther

patlmay 1 taken by the bran phytase or pathway 2 of the mfcro-orgaaÍsm

(Flgure 6) (Sectlon 1.3"2).

Recently, IrvÍng aad Cosgrove (197f) suggested a mfnJ.muo of 3-

point attactment of the enz)'me Ëo the substrate. They further pro-

posed the actlve centre of the Pseudomonøe phytase on the basis of

the stnrctures ot tnyo-" D and t ehírc-InosÍtol pentaphosphaÈes. To

be bound fn an active complex by the actÍve centre of the enz)¡me, â

substrate requlres a nucleophlllc group separated by about 2.83 å

unÍts frm the ester-bond orygen atoo. Myo-lnos|tol hexaphosphate,

possessing two pafrs of vlcinal trans-equatorlal phosphate groups

has the required stereo-chenistry. Thls proposed oodel, a concept

slnÍIar to that sugge.sted for the hr¡nan prostatic phosphonoooesterase

(tondon et aL., 1958), eçlalns the pattern af biodegradatlon of

lnositol her<aphosphates (Irvfne and Cosgrove, l97lb).

1.4.4 PhysLologÍcal role of phytase

the bl.ologlcal functioa of phytase Ls closely related

to lts substrate, phytate. Its naJor physfologLcal role 1s probably

to supply lnorganfe phosphate to the growlng plants by fte hydrolyttc

actloÊ on phytate (see S¿ctLon 1.4). Because of the possiblllty thaÈ

tloe in thso concentratlon of phytate phosphorus aad Ínosltol may be
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finportant in nucleotide synthesl.s and cellular ¡¡etabollst! of seeds it

ls possible that the actlvlËy of phytase may control and regulate f,,NÀ

aad RNA syathesfs. Ilo¡tever, such a functlon for the eaz]tme ls st1ll

under study.

The hydrolysfs of ATP releases 7.3 Kcalories of energy (Lehnfnger,

1970). Phytf.c acfd contal-ns sLx phosphate ester bonds, the total

energy of whLch 1s consÍderable (Str.rnpf , L952). In addLÈfon, the

close proxinl.ty of the phosphate groups to one another could resulË in

a EreêÈer lonlc repulsfon also giving a hlgh phosphoryl transfer

potential. For this reason it has beea suggested that phytic acld could

serr¡e as a phosphagen capable of phosphate Ëransfer to cerÈafn nucleo-

tldes (Eackett, 1959; Atkinson and l'forton, 1959; Morton and Ralson,

1963; Jeanlngs and Þforton, L963arb) accordfng to Ëhis reactlon;-

phosphotransferase
Inosltol hexaphosphate + ,\ÐP æ phosphofnositol + AT|P

Thls idea of the generatlon of ATP by the phytate-phosphoínosltol

tra¡rsferase systen is attractl'¡e. The enzyme, phyËase, could be

fnvolved ln such a transphosphorylatÍon reaction whlch could conserve

sme of the energy of the compound rather than dl-sslpitaËe lt by

hydrolysis. t\¡rther, the phytate-phosphof.nositol systern could acÈ as

a buffer for the ATP-ADP sysÈem in the aleurone gralns and maintaín

Èhe concentratÍoo of ATP at an optl.il¡n for s¡mthetic funct,lons (Morton

asrd Rafson, 1963).

Support for the phospholnositol transferase system came fron the

in titto experlments of Bfswas and Bfswas (L96furb) and recently
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t{andal and Blswas (1970), who detected the eazyme Ín germfnatfng raung

beanE (PhaeæLus øÆsttsr. Although the crude enz)me extract was able to

catalyse the transfer of P1 froo ptrytate to all four ribonucleoslde

dfphosphates" AÐP, CDP, IIDP, GDP, the partlally purffied enz5rme (25-fofui)

aftrs very specifLc for GDP. the transfe-r of phosphate occurred ¡¡fth the

addition of magaesium and was tlr'lce as effectlve v¡hen manganese was

used. Incubating 32p 
Cop with lnoeltol ho<aphosphate (phytate) causes

the transfer of 32, ao the latter indicating the reversfble actlon of,

the eazyne and the reactlon as:-

Mn# transferase
Inosltol hexaphosphate * GDP LnosLtol pentaphosphate

+GTP

T,'Ii-th hlgh concentratfons of GTP the transfer was lnhíbtted (end-product

fnhibttlon) and the presence of ATP dld not lnfluence the reactfon.

Consequently, Èhe metabolfc signffl-cance of thfs reactlon for phvtase

(aad hecee of phytase) fs an ope'- questLon.

Phytase may be lnvolved Ln the Ëransport of catfons Ln the plants.

PhyÈic acld 1e cornronly isolated. as Ehe mixed K*, Mg#, Ca# and Fe#

salË or phyttn (Forvler, 1956; Posternak, L965i Sobolev and Radlonova'

1966; Johnson and Tate, L969r. A consfderable anount of manganese is

shorm 1n the oat phytfn (Ashton and l{illfams, 1958). Although lfttle

is knor.m abouË the functlon of ptrytlc a-cid as a reserive for metalllc

elernents, these cations are llberated f.n Èhe course of eazyutl-c

hydrolysls (Se1o, 19642 Sharma, L965; Anderaon, 1965; Ðavies, 1968)

aad thus are placed at the dfsposal of the plants for thelr vltal

activftles.
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Purpose of the e:æerfmental wor!

The biodegradatlon of phytte acld b9 phytase fron ¡yheat braa

was studl.ed by Tonllneon snd Ballou (1962) and froo lleutospona c?dssa)

by Johneon and Tate (1969b). Ihe latter r'¡orkerg dld not use a

purlfled enzvÌne. Although Tomllnson and Ballou (1962) used a 2O-fold

purifted enzJ¡me fro¡n wheat bran they could not accounË for the

presence of all the Lsonerfc LnosÍtol pol¡4phcsphates detecteC in the

degradatLon pathway. By distingu:l-shlne between the isonexlc nqo-

lnosltol pentaphosphates forned ftom nn¿o-inositol hexaphosohate by the

bran phytase and by the ltl. c+a,88a enzpe.- Ít becane aPparent that

these phytases are differeni enzJ¡mee. lhe oblect of the lnvestf'gatfon

descrlbed |n thÍs thesl-s was to re-examíne the degradatlon routee of

phytlc acfd by phytases from these two sources. It was hope-d to

develop an explafiatioû for the fomaÈfon of dlffereat isomerlc

inosltol polyphosphates 1a the pathway postulated by Toalfnson anC

Baltou (1962r. îhe presence of these- substances may be due to the

noû-specifÍc reroovaL of the phosphate group f.roø tttyo-lnosftol hexa-

phosphate by the eIIzJme, or to the actfon of lso-enzJmes Ln phytase.

rcvestigatfons into the aultLple nature of the enzJtme were att€rtrpted'

Slnce phytase is fnvolved fn rhe bÍodegradation of pbytlc

acLú, lrritlal sËudles r,rere concerned r¡fth the ÍsoLatlon, purifLcatlon

and characterfsatlon of the enzyme. Furthermore' conditfons and

factors ¡uhich would nodlfy the dePradatlon Pathway of phytíc acid

Irtefe ex¿rmlned.
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2. },IATERTALS Æ{Ð METITODS

2.L Neurcsporc ctcrßaa, and culture uethods

2.I.1 l"faintenance of stock c!¡ltures oÍ Neatogwrc c?æsa

Routine stock cultures of /V. c?lßsa (STA 4, wtld type)

obtafned fron the Fungal Genetics Stock Ceatre (Dartmouth Col1ege,

U.S.A.) were naÍntained on agar slopes of the approprlate medir¡m-

2.L.2 Culture nedir¡n

Ualess othen¡'lse stated, the basal culture solutíon

used was the phosphorus-free mÍnlmal N nedir:n of Vogel (1956). The

medfrn was prepared and stored at 20 as concentrated stock solutfons

wlthout the Carboû source, sucrose. A few drops of chloroform were

added to lnhibit nLcrobial growth.

In solld agar nedla (2% l¡/v Bacto-sugar), the carbon source rúas

L7. wlv sucrose and L7" w/v glycerol" whÍ1e the solutlon cultures con-

taLned 2% wlv sucrose.

Culture medfa and apparatus were sterlll.sed by autoclavíng at

12Oo for 15-60 mLn depending on the voh¡me of oedfum Ln each container.

Slnce phytate was dephosphorylated during autoclavfng 1n culture

nedlnm, soall voLnes (5 nl) of 1t wereSterlllsed by passing through

a n11l1pore fllter (25 m Mlllipore f1lter, O.22 v; È1l.1lipore Corp.,

Mass., U.S.A).
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2.1.3 Culture for the ÞreDaratfon of pt¡ytase frou
JY. q.craÙa

A thick suspeaslon of coafdla fn sterlle water was

prepared fron conÍdfated 3 to 4 Cay old cr¡ltures of rdld-t¡¡pe

lU. emsaa Btown on agar slopes (the method follo¡rs essentlally that

of A.R. Grlvell, 1970). Ttre fnocuùm was added to 18 lftre nedÍt¡n fn

a 20 lltre culture bottle. Ttris wae Íocubated for 3 days wlth vlgor-

ous aeratfon ¡rlth sterfle alr Èhrough sintered dl.scs at 28o-T)o.

Cultures ¡yere collected by fllterf.ng through a double layer of

musllu cloth. After washlng wlth 0.1U KCI the fungus was pressed

betrveen absc4bent pepers to renove sutplus lÍqufd. Ttre uycelia were

frozen at -15o.

Although enz)¡me activity has been detected ln the medium (Johnson

and Tate, 1969b), prellninary studLes lndLcated that the bulk of the

enz)¡me activity lras preseot fn the cell-free extracts of the nycelfa.

Hence, the culture medfr¡m wa6 not used as the source of the enz)¡ne.

the followÍng results nere obtaÍned¡-

Source Specffl.c activity (ynole VTlnC
protein/nin)Cell-free extract

Culture
0.075

0.014

one of the methods descrlbed belor¡. Ttre cell debrÍs rûas sedfuented

by centrlfuging at 71500 g fot 20 ala. Suall quaotftfes of the fungus

were usually dfsrupted tu llquid ultrogen. Bulk extracts of J[. eîcraaa

for the fractl.onatLon of phytase were grepared 1o a French pressure

ce1l. Detalls of the;ipurtficatlon procedures for the lll. cwaact
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phytase are described ln Sectlon 3.1.4.

2.2.L.L Dlsruotlon of ce1ls l*r.llqufd nitrosen

The n'ashed felts were frozen Ln lfquld

nltrogen (1 g/100 rn}) and grouud to a fine powder Ln a mortar and

pestle. The powder was suspended in 2 volumes of 0.02 M sodium

acetaËe buffer (p¿l 5) and the supernatant fraction left after eentri-

fuging at 71500 g fot 20 nin was the source of the crud.e phytase.

2.2.1.2 French pressure ce1L

The washed felts (L Clz vols 0.02 H sodiun

aceËate buffer pll 5) were minced in a l{aring blendor for 5 nln at

maxfmum speed. The homogenaËe was crushed 1n a Frenêh pressure cell

(Amerfcan Instrunent Co. , Maryland, U.S.A. ) at an operatÍonal gressure

of approxfinately 20,000 Lblta¿.

2.2.L.3 Ultrasonlcatlon

The ninced cell paste suspended Ln 2 volumes

of the acetaüe buffer as descrf.bed above was placed fn a double-walled

glass cell. fce water was circuiated through the outside chamber of

the cell to naintafn the temperature at 20. ltre cells were subJected

to ultrasonlcatlon vfbratfon at 20 Keycles/sec for ! nln r.rLth an U.S.E.

Mul-lard titanfum probe.
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2.2.1.4 Glass hmoqenLsatÍon

The mlnced cells were repeatedly crushed ln

a glass hornogenlser (KonËes Glass Co., Vlneland, N,J.r U.S.A.) by hand.

This procedure was repeated slx tfmes and the supernatant fraction

left after centrlfuglng at 7 rSQO g for 20 ufn was teferred to as the

crude extrect.

2.2.2 Cell-free extr from olants

2.2.2.1 Aqueous extracts

Aqueous extractl.on of phytase from wheat bran

follol¡ed essentlå-lly the exÈraction proeedure (Method 1, Purlficatlon

lable) of Nagal a¡¡d Funaheshi (1962). The ratio of three gran wtreat

braa (obtaLned local1y from WtrÍting and Chambers, Adelafde,

S. Australia) to 10 nl of distllled water was adopted. The wheat bran

whÍch had been soaked for an overnfght perLod $tas squeezed Èhrough a

muslin cloth. The 71500 g (20 nln) supern:àtant fractLon rsas the

source of crude phyÈase and was used fn Ëhe study descrfbed Ln

Sectlon 3.2.

2.2.2.2 tr{ater-saÈurated n-butanol extractlon

Nornal butanol \ùas saËurated ¡¡Lth cold

double dfstlLled r¡ater. The water-saturated n-butanol r¡as stl.rred

Ínto the crude aqueous (1/1, v/v) phytase prepared as descrlbed

earller. Ttre mixture rüas centrifuged at 71500 g for 5 nln. The

butanol layer was sdphoned off and the aqueous layer r¿as further
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extracted (9x) with !üater-saturated n-butanol. The fÍnal aqueous

phase was used as the butanol exttacted Phyta,se lq the phospholtpld

study (see Sectl.on 3.2.1) and the butaaol layer fot the Lsolatl.on of

phosphollpld factors (eee SectLon 3.2.1.1).

2.3 Tectrnfques

Ttre follorlng technÍques ltere used Ln Èhe enzynic study and

the preparatloa of organLc compounds.

2.3.1 ElectEophoresls

2.3.1. I Starch gel

Samples of the enzyoe uraterial were exælned

on contlnuous starch ge1 electrophoresfs of the type descrlbed by

Graham (1963). The gel, contalaing 122 starch, wÉt€¡ p*apared Ln the

approprlate buffer a¡d 2 M urea. Sanples (0.1 nl) contalnfng 2-5 mg

protefn weEe contaLned fn slots prepared 1n the gel before ft seË.

ElectrophoresÍs rlas at 3-5 volt/cn for 3 to 6 hr. The gel ltas then

cut horÍzontally loto 2 slfces; one of whf.ch rúas stefned 1n 0.0152

vlv of. nitrosfne fot tZ hr and the other half used for the phosphatase

stain (the nethod of Brewer and Sing , 1970) or for the assay of

phytase activÍty as follows:- the slLced gel was cut tnto (0.5 x 1o)

sectfons and each was incubated 1n a reactfoa mixture as descrfbed ln

SectÍon 2.4.I. Phytase activlty ¡¡as theo determlned as descrlbed.
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The buffers nomally used were:-

a) 0.017 M ah¡nlatr.m lactate of Loaic strength 0.1 and pE 3.1.

b) o.4l M hl-stLdloe-cftrate, pH 7;

2.3.1.2 Hfgh voltage

Boutfne hfgh-voltage paper electrophoresis

was used to separate the polyphosphates (Tate, 1968). Standards of Q,

PPi, ATP, P* and Fr ¡¡ere spotted on Ëo the orlgln of l{tratnan 3 MM

peper alongsÍde the sanples to be analysed. Tt¡e el-ectrophoretogr€ns

were dlpped Ln the approprlate buffer and the excess was iÞ¡rr<wed by

blotttng wlth dry absorbent l{hatnan 3 MM paper. Electrophoresl.s ¡¡as

generally carried out from 1 to 1.5 hr at 11500 volts.

The buffers used were:-

a) 0.1 M sodLr¡m oxalate (pE f.5) - all fnosltol polyphosphates

were separated.

b) 0.1 M sodlun cltrate (pU 5) - the tetra, trL, and dl phos-

phates of inositol ¡¡ere more readlly separated thau the higher
polyphosphates,

c) I M fomfc acld (plt 1.9) (f.ot 2 hr) - to distfnguish beÈween

the mooophosphaÈes of iaositol.

2.3.I.3 Detectlon of Þhosohorus comoounds

The nucleotfde ATP was iûlËlally located

under U.V. light and all phosphates by the phosphonolybdate dlp nethod

of ltarrap (1960). The electrophorctÐgram was irradlated under U.V.

lLght after being heated at 650 for 15 mln.
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To avotd a blue backgrouud for electrophoretograrûB which had been

run in cltrate buffere these r¡ere Ínftfally dfpped L¡ o.3% wlv

nlnhydrtn in acetone and drted at 1l0o for 2-3 nLn. r'hey were then

treated r¡ith the phosphonolybdate reagent and phosphates becane

appareDt durl.ng the heating stage, s:fthour exposure to u.v. lfght.

2.3.2 Col-uun aohv

2.3.2.1 Gel flltratlon

Sephadex G-100 beads were sv¡elled Ln 0.02 ¡{

sodium acetate buffer (pll 5) for 24 hr, Èhen packed Ínto a column

(1.6 x 52 cn). Apprcpriate en4¡me fractLons ¡¿ere loaded and eluted

wLÈh the sæe acetate buffer.

MolecuLar wetght determfnatlon of phytase tras estfmated by gel

flIËratlon (Sephadex G-100) uslng the method of Andrerys (1965).

Samples were loaded, washed lnto and eluted through the cofu¡rnn ¡s-fth

the sane 0.02 l.f sodfu¡o acetate buffer (pll 5). The fractions were

collected in the cold by an autoratfc colLector.

Blue Ðe:<tran 2000 (10 ne/nl) and 3H-¡¡ater were mixed with the

sample before loadlng onto the column Èo enable the calculatfoa of votd

volr,¡me and the dlstrfbutlon coeffLcient, K¿ value (sectfoa 2.4.4;

Flodln, 1962; ste¡sard and rareo L96gr. The enzyme and four kno¡un

proteÍns (l1sted 1n Figure 14) were lndtvidually eluted fros the

coh¡on. Collected fractloas were assayed for phytase actlvlty in the

enz]me preparation; Blue Dextran by optfcal extl.nction measurement at

625 m; standard proteins by the Folia nethod aad by optlcal extÍDcrlon
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at 280 nm; aad 3E-water as fn Sectlou 2.4.7.

2.3.2.2 DEAE-cellulose

DEAE-cellulose (ne-ff) r-as pretreated by

precyclfag wlth 0.5 M HCI and 0.5 l"f NaOE as aecordfng to the nanu-

facturerrs (WhaüÉn Cohmn Chromedla, l^i. flil R. Bal-ston Ltd., England)

recomoendatfon. It was ffnally 'r¡ashed wlth double distllled water

untíl the pH of the eluaat uas neutral. 'lertical colunns were poured

at room temperature. Excess bovine serum albr:¡nfn (20 ng fn 2-3 nl)

was passed through the colt¡un to cover the lrreversLble adsorption

sl-tes of nevly prepared cellulose. Beversibly a<isorbed protein .rras

e!-uted wlth I M Trís-I{Cf (pB 7.3). ihe col¡uu T,ras re!ùashed thoroughLy

wfth water before the appropriate fractlons were loaded on. For

further runs of the cellulose, ft was washed only wtth 0.1 lf NaOH

and then r¿ith water; any cold solutlon !¡as degassed usfng a negative

pressure pump before pourlng 1nËo co}nn.

Lfnear coucentration gradients of buffer were generally used.

Effluent fractlons were collected by an automatic fractloa collector.

2.3.2.3 Ðo.¿e"x Cl resfn

Tl.e rnyc-IoosiËol polyphosphates obtalned

fron a parÈial enz¡mic degradacion of rgo-tnosLÈol hexaphosphate were

resol'¡ed by lon-exchange chromatography. A large ecale separation of

the polyphosphate esters (tntt1al concentratl.ou of sodlum phytate

used, 20-25 g) was achieved on a Dowex f (Cf- for.u, 2OO-4OO ¡nesh)
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resin co1l¡lDn (6.2 x 37 cn). lwo sequeotfal gradlents of llthiun

chloríde were used¡- 0.1 u to 0'7 vI (2 lltres each) aad 0'7 M to 1 M

(1 litre each).

For a snall scale preparatfon of the polyphosphate products

(f0-15 g of the startlng substrete), a colunn sfze of (3.6 x 41.5 cn)

was adequate. Alternatively, HCi could be used as the eluant. A

gradient of 2 Li.:tte of l¡ater to the same volume of 2 N ltCl was applied.

Fractl.ons of 18 ml per tube were collected by an autoEatic

fractíon collector at room tenperaÈure. Allquots (5 Ul) were removed

from each fractioo rlfth a wfre loop and spotted on to a grl'd

(10 x L0 cn) ruled on lJhatuan No. 3 fLlter paper. Phosphate eomoporrnds

r¡ere detected on the grÍd by the phosphomolybdate test (l|atrap, 1960)

and the relevant fractlons were exaolned by paper electrophoresfs

([ate, f968). Homogeneous fractlons havf.ng the same electrophoretLc

noblllty were pooled.

2.3.2.4 S iLLca se1 H

The thfn-layer chronatographfc technique

(see gectLon 2.3.4) was adapted to a coft¡nn proeedure uslng Merck

sílfca i{ gel for the large scale PreParatlon of pure lecithin and

lysoJ.ecithln fror¡ co'nmerclal egg leclthín. Ttrus 20 g cf sllica H geL

prepared in the solvent system chlorofotm/nethanoUrùater vlv 6513Ol5

(I{agner et aL,,1961) Íras poured into a column (?.6 x 13 cm). The

sane solvent mfxture rdas used as the eluant. One gran of comerctal

egg leclthln was used, and eluËed fractloas (3 nL per tube) wete



37.

collected on an autonatlc fractlon coliector. Allquots from each

fractlon were examlned on Eastnan chrorcatogram strÍps for lecithin

and lysolecfthÍn (see Section 2.3.4). Iloaogeneous fracÈfons which

showed the sæe Bç value as either standard leclthin and lysolecithl.n

¡uere collected separately. Tb¡ê total phosphorus coatent of ttre pooled

fractfons r¡as dete¡mined (see Section 2.4-8).

2.3.3 Gas lfguld chroaratography

ltre Perkin*Elmer 801 Gas Chromacograph wlth dual-

flame lonfsatLon detector was used. The glass columns (1.S4þ 3.2 m

lnternal dfaneter) were packed wtth 102 ECNSS-M on Erîbaeel (60-f00

æesh) or on chtonnosorb Í{ as the polar support. The carrler gas flow

rate r¡as 40 nL Nr/nfn and the temperatures of the detector and the

luJectlon port nere 2500 anC 2000, respectlvely.

2.3.3.1 Acetates of sugar alcohol

AcetylatioD was c¿rried out at room temper-

ature usíog a mfxture of acetlc auhydrlde and pyrtdíne (1/1, v/v) for

an overnighÈ perlod. Standards ¡¡ere sfnflarly aceÈyJ.ated and were

evaporated to dryness. The acetylated material dlssolved Ln chloroform

was analysed by gas llquid chromatography at 2?t9 or at a prograrrrned

rate of L.Toldln fron 1400 to 22Oo, an adaptatlon of the technique

developed by Oades (f967).
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2.3.3.2 Methyl esÈers of faÈÈy acids

Methyl esters of fatty acfds were prepared

srlth dl-:¿omethane and analysed 1n a Petkin-Bl¡oer 801 Gas ChronaÈograph

using 102 ECNSS on chromogorb W as the polar support. BoÉh polar and

rron-poLar phase separatfons $rere temperature prograümed at so/utn

frcm looo to 2000.

2.3.4 Thln-laver chromatosr ¡rith Merck sÍlfca sel H

Preparative thfo-layer chronatogr¿uns were carrleril

ouË oD actlvated (1100/17 hr) stltca ge1 H (0,5 x l0 cm or lC x 10 cm)

plates (0.25 m thfck). Also Eastaan chronagram gel strfps r¿ere used

for rapld qualftative examlrration of 1ipíd extracts. These ¡¡ere

developed ln an åscendlng manner using chloroform/nethanol/water (vlv,

65130/5>. The pLates were drÍed and enamined for the follor¡Lng con-

pounds:- unsaturated and saturated carbon chains irefng lodlne vapour;

phosphollpfds by the method of Vaskousþ and Kostetsþ (1968); cholfne

residues !ilith the chollue spray of Ï,tragner et aL. (1961); free anrlno

groups with 0.3"Á ',tlv aínhydrln fn aceËone (Toeaníes and Kolb, 1951).

2.3.5 Paper chrornatography

Myo-Idosttol polyphosphates and sugar alcohols were

separated and ldentlffed by paper chromatography usLng t¡ft¡atman 2

and No. I cellulose Fapers. Forreprodúclble results rrlth fnosftol

phosphates the papeu$'!ùere prevlously waehed for 17 hr ¡rlth 0.1 M

oxallc acíd and then rsLth 1.5 M ¡rll'nonù¡o þdroxfde. All samples were
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nrn r.rtËh authentl.c standards fn the desceudÍng tnaffier r¡1th one of the

solvents lfsted fn lable 4 and were developed at 30o.

For rapid aaalysfs of the sugar alcohols the sample rÍas run ln

a¡r asceuding manner uslng acetone/water (v/v, 4lL) at room temperature.

As w!.th other methods, Èhe polyphosphates r¡ere ídentlfled usíng

the Harrap (1960) phosphomolybdate dip procedure. All sugars and

fnosLtols were detected by the silver nltrate DeEhod of Anet and

Reynolds (1954). Chrouatographíc reeults rùere usually taken from an

average of fdentical simultaneous runs; with papers that had been

prer.rashed, Ëried and run Ln the same ta¡rk under the sa¡oe condltions.

2.4 Bfochesri.cal and chemlcal deternl.oat,ions

2.4.1 Phytase deterurfnatfon

ALJ- enzymes were assayed by meaourfng the increase

l.n inorganfc phosphorus usLng uhe method of f,fataoabe aod Olsen (1965).

Unless oËhendse stated, enzytre activlties were determined under

conditlons such that less than lO7., of Èhe substrate was utilfsed, and

hence the fnitial. velocLties of the reactLoo were detennlned.

Sultable controls for non-enzSrnnÍc activlty usÍng bof!.ed enz5me extract

were Íncorporated in each enperLnenË.

The reactlon mlxture, Ln a total volume of I ml, contalned 0.25 M

sodir:m acetate buffer (pE 5) in the presence of 0.02 M sodluar phytate

(pE 5, unless otherwiie stated), 0.1 to 0.5 n1 of the enzJ¡me solutÍoa

anC dÍstllled water. The reacËion mÍxture ¡üas Lncubated for 30 nin
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Table 4. Solvent systems for separatfng sugars and organíc

phosphates.

Solvent No Solvent system SubsÈance
separated

Reference

1

2

3

4

Isopropanol/amoafalvatet sugaE alcohol
vlv' 6ö/t0/t0 daá fnosttol

Ínosltol di*
and mono-
phosphates

Johnson and
Tate (1969)

Johnsou and
Tate (1969)

PLzer and
Bal1ou (1959)

I s oprop ano U armonia /tra È er
v/v 80/r0/r0

5

I sopropanoUamonÍa/wa ter
:úlv Talt0lzo

Pyridtne/ethyl acetate/
warer vlv 4OlLLl6

Acetone/water
vlv 4ll

fnosltol moûo-
phosphates

sugars and
sugar alcohol

sugar and sugar
alcohols

Jertyn and
Ishen¡ood (fe49);
Grado and
Ballou (196f)
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at 37o. Enzlme acttvlty was stopped by the additlon of cold 1O% w/v

trfchloroacetlc acid. the preclpLtated protelos lrere reooved frosr

solutions by ceatrifugfng at 21000 g for 3 nln on a l'!.S.8. centrLfuge.

2.4.2 Protein determf.natÍon

ProteLn detetmfnatlon was carrfed out usl.ng the Folin

method as deserlbed by Lol¡ry et al. (1951), lrlth reference to a

standard solutíon of bovine serum albr¡nln.. More rapld dete:¡¡oinatÍotts

were made by measuring the optical extinctÍoa at 280 nm or at both

260 nn and 280 rm (Kalcl€,r, L947r.

2.4.3 Mlchaelfs constants )

R. values r¡ere deternined from the double recíprocal

glots of reaction rates agaÍnst substrate concentratlons, as described

by Lineweaver and Burk (1934). E:cperiaental results were also subJecËed

to a sÈatistfcal assessment úrtth the afd of a CDC 6400 conputer at tLe

UnlversLty of AdelaÍde, S. AustralLa. The program wrftten by

M. AÈklnson (of the same Unfverslty) follo¡¡s essentially that of

l{llkfnson (f 961) (see Àppendlx).

2.4.4 Calculation of itistrlbuqfon coefffcfe.nt (Kd value)
on Sephadex G-100

the distrlbutlon coefflcient (K¿) of each of the

proteins and of the enzyme used in the molecular wefght detemL¡ratÍon

ëçperfment (see Section 2.3.2.1) was calcuS.ated accordLng to the
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forutrla gÍven belor¡;-

v.-vo
K.

d
a

vI

where Ve = elutfon volume of the protein, Vo = vof-d vofu¡me and

Vl = voh¡me of Ëhe statlo¡ary phase. 3E*¡ater srid Blue Dextran 2000

were used to deËermLne V1 aod Vo respectlvely (see Sectlon 2.3.2.L)

2.4.5 of the t nobl1l )t
gnd the chronatoeraphic nobill.ty (\rr)

The pol¡rphosphates ¡¡ere characterlsed by their

electrophoretic nobilftles wlth reference to lnorganic pyrophosPhete

(PP1) and rrith fnrctose (fr) as the non-mÍgratot¡l narker. The

electrophoretic oobtlity %r, of each subetance (X) was calculated

accordlng to:-

uþp
Dlstance of X fron fructose

Dlstance of PP1 from fructoeeI

The chromatographic value, L.e. the nobÍllty of the substance 1a

a solvent systen (see Table 4) wlth resPect to PP1 1s gfven as:-

bpf
Dlstance of sutstaace fron orfgfn

Distance of PP1 fron orlgfn

2.4.6 ConcenÈratLon of lris-HCl buffer

Ttre concentratfon of Îr1s-ECl buffer ln effluents

from DEAE-ce11u1ose colunns (1.8 x 18 cn) were detenrlned by measurfng
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the refractfve Lndex of the solutlon at roon teûPerature. This was

correlated to a prewlously prepared calibratLon graph.

2.4.7 3ll-¡¡ater deterrfnatlon

For the deternination of 3E-t a.. Ln fractLons from

Sephadex G-100, 0.1 r¡1 alfquots were counted after addlng to 5 nl of

dfoxane-based scintlllatlng fluld eontafnlng (1n e/Utre of dLoxane)

7 g PPO, 0.3 g dftnethyl POPOP and 100 g naphthalene.

A Packard Model 3375 Trtcarb LlquLd Sclntlllatl.on counter ¡ras used.

2.4.8 Phosphorus analvsls

Inorganfc phosphorus waa detemfned by the meËhod of

i{atanabe and olsen (1965).

lotal phosphorus was measured after first dlgestfng the substance

ín perchloric acfd (Usher, 1963) v¡lth subsequent colour development

by the meÈhod cf Bartlett (1959).

2.4.9 DeternÍnatíon of the Z of enzvmfc decradatfon of
p'hwtlc a,cid

fhe follovring nethods lrere employed:-

2.4.9,1 Dfreet phosphorus analysls

The amount of foorganfc phosphate released

!¡as expressed as a percentage of the total phosphorus contenÈ Ín the

reactLon rn{xture.



43.

2.4.9.2 ElectrophoretLc analysls

An allquot (20-25 ul) of the reection mixture

wae spotted onto llhatman 3 MM paper and subJecteC to routfne high

voltage electrophoreal-s (Tate, 1968; see SectLo¡ 2.3.1). The electro-

phoretograr was dried and der¡eloped usfng the phosphate reagent of

Harrap (1960). It r¡as frradfated under U.V. light after heatfng for

15 nin at 650. Strlps (0.5 x 1 cn) were cut out aad each was deterulned

for total phosphorus (see Sectlon 2,4.8). A blank readlng ¡ras taÞ:en as

a control. ltre ânount of iaorganic phosphorus llberated fron the

phytate phosphorus was calculated.

2,4.1A Structural analvsÍs of nosl-tol oolvohosohate

esters

Ilomogeneous fractions of ngo-ínoaLto1 polyphosptrates

were used for the tests as set out below:-

2.4.10.1 _Ðeteroinatfon of the phosphorus !o
laosftol ratfo

L-fnositol (200 ug/m1) and the sæe a.mount

of the pollryhosphate ç¡ere hydrolysed 1n 6 M ECI aÈ 11Oo fot 4 days ln

teflon sealed tubes. The conteats nere eyaporated to dryness at 1000

under afr. The dry residue was acetylated usfng a mlxture of acetl.c

auhydride and pyrldLne (v/v, 1/1). Acetylatioo ?rùas then carrÍed out

at 11Oo for 2 hr. The coûtents of the tube were agaLn evaporated to

dryaess as descrLbed prevÍously.
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The acetylated resfdue dlssolved 1n au all.quot of chlorofo:cm ¡¡as

sramlned by gas-lfquid chrotratography. The chrouatogr¿¡D \ras produced

at a programned raÈe of 1.7o/nin.rplth a temperature gradíent of 1400

to 2000. Traclngs of the area corEespondlng to the lnternal standard

L-lnosltol aad to the substaace under examlnatiofi were made, cut out

and weighed. Íhe ratLo of the proles of phosphorus to umoles of

inosÍ.toL (equivalent to the ratÍo of thel.r weights) rnrae calculated

and listed as Ín Results (see Sections 3,1.6.1 and 3.2.4.L).

2.4.LO.2 OpticaL activlty aad molecular rotatlon

Optlcal rotation measurements of the poly-

phosphates lrere made in a 4 decl-neter tube uslng a Belllnghan and

StanLey Ltd. (London) polarLmeter, wlth tlle l)-l1ne of sodir¡m as a

llghË source. T1re solution was fl.rst read at rooúr teoperature Ln an

acÍd nedium at pE I and ffnally nade alkalfne wlth NH4OH to pH 11 and

agaín examlned. The molecular rotaËLon of each fnositol phosphate

fractlon ¡sas calculated accordf.ng to the fo¡mula below:-

lul
D D

r¡here [U1O = molecular rotatÍon !ü-tth the D lf.ne of sodir¡m as llght

source, [o]O = speclffc rotation at the sodium D lfne, a = optfcal-

actÍvity of the substancer D = aumber of phosphate groups per mole,

1 - length of the polarlmeter Èube in declmetres, c = concentratioD

of the substance fn Ug Pt/ 1, aad Pa = total phosphonrs.

100axnx3.I
lxc 0.01 M.I{t. x [oJ
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2.4. 10.3 Al&alfne hvdrolvsfs

PhosphaËe Eonoesters rùere hydrolysed under

baelc conditloas which did noÈ lm¡olve a cyclLc fntermedfate

(fo'nllnson and Ballou, 1962). Thus, partfal alkaliae hydrolysls of

tnyæLæettol dlphosphates w111 yleld, ttg¡o-trosltol monophosphates

rútlch harre thefr phosphate groups fn the same posltioas as the

orLginal compound. Ln thÍs procedure the dlphosphate fractlons were

hydrolysed fn concentratd NE4OII fe sealed tubes at ll0o for more

than 24 hr. The solution was then chronatographed on oxalate ¡¡ashed

I{hatnan llo. I paper lu ooe of the solveat syet€srs as given Ín

Sectloa 2.3.5.

2.4.10.4 Acid-cat
czle-hvdroÐ/le

Wben Lnositol phosphates are heated Ín dflute

acÍd, the phosphate grorps nLgrate across czle-hydroqfls m¡ch more

raptdly than across t?Øta-hydtoxyls (Ytzet and Bållou, 1959; turgvaL aad

Tete, f961). Thus, myo-lnosl.tol .1,2 dfphosphate u'ould be e¡rpected

under such conditioae to form a ml:rture of ttryo-In¡osl.tol lr3 and 2r3

diphosphaÈee in addftlon to the 1,2 diphosphate (see Flgure 9). Usfag

thl-s proeedure, samples of the dt- and trl- phosphates were heated ln

I N IIC1 at 1000 for 15 nÍn. Ttre solutlon ¡ras neutrelf.sed wlth I N

NaOfl and aa alfgnot sras s¡¡nnlned with authentic standards by paper

chronatography and routlae elecÈrophoresfs.



Ffgure 9.

ASld catalvsed phosphate nlgratl.on aeross ells-hvdro:cvls

In Ffgure 9(a), under acid condÍtloas the gtrosphate group

at posftlon 2 Ln the molecuLe myo-laoaitol lr2-diphoaphate migrates

to the adJacent eüs-hydroxyl at posftlon 3. Thfs nigratlon

comrerts mgo-hosttol-lr2-dLphosphate fnto a ml:rute of lteelf and

the 1,3 dlphosphate. l\rrther nlgratfon results fn the enantfomer

of the startfng n¡terlalr but migration across posl.tLons 4 and 6 ls

very slon because of the trans dispoeftf.on of Ëhe v{cÍnal hydroryls

to the phosphates.

Stntlarly ù+wo-Inositol 1,2r6-tttphosphate Ls converted to

ttself anrd D+nyo-tnosltol 1,3,6-trlphosphate anô L+nyo-lnosltol

Lr2r4 triphosphate uoder acfd condftÍons whlch fnduce eie mLgtatlon.

In Flgure 9(b), brlef acld treatoeît has no effect oa D-øgo'

Lnoeitol lr2r3-trfghosphate because the adtacent free Sro:cyls at

pgsftÍons 4 and 6 are ¿aw18 to 3-and 1, reapectfvely.
. ' ,--



Àcld catalvsed phosphate mlgratlon across ezls-hydroxvls
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Dayo-ínogitol
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3

l2
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2. 4, 1 O. 5 Perlodate-oxidation-borohydrlde-reductí-on
ánd dephosphorylatíou reactf.on

Durfng the perfodate oxfdatlon procedure,

pefLodate cleaves the carbon-carbon bond between adJacent carbon atoos

having free vl-cinal hydtoxyl groups to e phosphoryLated dialdehyde

(Pizer and Ballou" 1959). The dlaldehyde groups are reduced to

prlnary alcohol by teductlon wfth excess sodfun borohydrlde.

Dephosphorylation of the phosphorylated alcohol ls achier¡ed by

hydrotrysLs at pIì 5 to yleld a sugar alcohol or polyol (Johnsoa and

Tate, L969ò (see Ffgure l0). The Ldentiftcatlon of the alcohol and

a kno¡rrledge of Èhe nuober of phosphate groups on the oxtglnaL tnyo-

Lnogitol polyphosphate molecule enables one to decfde ¡vhf.ch of the

possible lsomers of the myo-laosLtol phosphate were present ln the

origínal naterfal. Certafn myo-Ltosltol polyphosphate lsornets r¡Í11

contafn no free vicinal hydroryl groups and wlll not be oxfdised by

perfodate. In thLs case, only nyo-fnosl.tol rylll be detected. However,

under acLd conditLons phosphate groups wlIl be lnduced to Eove acrods

aie-hydroxyls (see Sectlon beforer 2.4.L0.4) gtvtng rlse to an lsoûer.

ThÍs, then, can be oxidised by perfodate and the resultÍng po1yol wfll

lndfcate the orLglnar. nry*tnostlol polyphosphate. If again orl.ly ntyæ

ínositol ls obtaLned, thÍs gfves evfdeace as to the orfgfnal structure

of the nrgo-tnos|tol polyphosphate.

Ttre gerlodate oxidaÈ1on reactfon was carrled out td.th 0.1 M Na10O

ln the dark at ro@ tenpeEature. The couree of the reactlon ¡vas

followed by the conswtption of the periodate spectrophotouetrlcelly

at 260 nm accordfng to the method of Ðf:<on and Llpkin (f954) and by



Ff.gure lO.

Perldate-oxl.datlorborotrvdrfde reductfoa and hydrolvsLs eeouence

for Dø,ro-lnosltol 1,2-dlphogphete

Ð-trgo-ltwsitol lr2dlphosphate 1e o¡ddiged fn two stages

to a phosphorylated dfaldehyde. Reductfoa of the dlaldetryde wlth

borohydrfde and dephospbotylatlon at plt 5 yields erythritol as shosn

fn thls Flgure.
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P erÍodate-oxLd at l.on-borohvdride reduct Lon and hvdrolvsls seduence

f.ot D-nuo-inosf I -2- dfohosohate

Na104

OP

D-tnyo-tnosltol l, Z-dfphosphate

HydrolysÍs

(pH s)

D
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o
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phosphorylated
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NaBItO
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polyo1

OP

H-C
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o

cE20H

I

CHOP

I

fiIOP

I

cH2on

cE2oB

I

CEOH

I

CHOH

I

crr2ou

ErythriËol
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routloe electrophoresfe Ln oxalate buffer where the llne¿r phoeptrates

usually have faater nobllltLeE. The reactfon was stopped by addlng

ercess (0.1-0.3 g) solld sodir¡n borohydrfde. This borohydrfde

reductLou reacÈl-on was left standing overnl.ght to allow the cooplete

reductfor of the phoephorylaËed dfaldehyde and perlodate. Ttre solutlon

was the¡r adJusted to pII 5 Ftth glacLal acetÍc acld and hydrolysed tn

a sealed Èr¡be at llOofor 48 hr. ftre hydrolysed eubstance was passed

through a Dor,rer 50 H+ (Ac 50!,I-x 4-4AO nesh) colrmn (l x 7 co). the

effluent was seaporated to dryness wLth methanol (3x voüne) (to

remove borfc acld) la a rotatory erraporator; then the residue lras taken

up fn a ufnfnal volrne of water (f-3 rn1) It wEs defonfsed rrlth a

nÍxed bed of .åoberllte resfn (Áoberltte Monobed Resin l{B-1, analytfcal

grade, B.D. Houses Ltd., Eaglaod). the solutÍons contalnlng the sugar

alcohole !üere conceatrated and exanl.ned by paper chrmaÈography uslng

aolvent syatems 1 a¡¡d 2 (Table 4). A sample of the sugar alcohol was

furthet acetylated (eee Sectlon 2.3.3.1) ad the polyol acetate was

eramfued, wlth stondards, by gas-lfqul.d chrouatography (see Sectlon

2. 3.3).

2,5 Bloloelcal aad cheofcal mate¡lal,s

2.5.L ComercLally obtalned

The ascæycete, Netæoaçnm, c4as94, (wff¿ tlpe¡ STA 4)

was obtaLned froo the ftmga1 Genetfcs Stock Centre (Darthouth College,

u. s.A. ) .

A sample of Peeuåonvnaa SB2 phytase lras a gfft fron Dr. D.J.
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cosgrove (Dfvlsion of Pl-ant rndustry, csrB-o" canberra, Australla).

l{heat bran and mung beans !ùere obtained 1ocal1y fron i{hftlng and

Cha¡nbers (ldelat¿e, South AustralLa).

Olympic wheat (harvesËed tn 1966) ¡¡as bbtafned from Dr. p.B.

lülcholls and barley malt (5 days ol-d) froa Dr. D.B.H. Sparrow,

botir of tl'¡e úlaíËe- InstLtute, Unl.versity of Adelaide, Soutb Australia.

SÍgna Chenlcal Corp., St. Louls (U.S.A.) supplíed corn (Zeanays'),

sodlu@ phytate grade V, the ralcíum salt of glyceryl phosphoryl

cho!-fne, phosphatÍcl.c acid, snake ven@ (the source of phospholipase),

¡lAÐ, NADP, glucose-l-phosphate, glucose-6-phosphaËe, fructose-lr6

diphosphate, a, and B-glycerophosptrater o-rraphthyl phoephate, pyrophos-

phate, phenyl phosphate, ATP, .ADP, AMp.

TrLs buffer and sodiun acetaËe, hexokfnase, cytochronne e frour

horse heart; n-butanol; palnítlc, sÈearic and ole1c acfdsi egg Lecfthfn,

Protalnirle sulphate and nfgrosLne were obtafned from Brftlsh Dtug Houses

(Poo1e, Englard).

syntheti.c l-O-palnítoyl glyceryr phosphoryl choline was froûr

Koch-Lfght Conbrook (Bucks, Eagland).

Calblochsr. Inc. U.S.A. supptrfed bovLne serum albuufn and slmthetfc

1,2 dt-o-paknlËoyI glyceryl phosphoryl cholfne and G.T. Gurr Ltd.

(London, England) the fast trlue B salt No. 16077 srain used in starch

gel electrophoretic studfes (see Section 2.3.1.1).

The ueËhyl esters of fatty acl.ds used as chromatographic sËandards

were obtaÍned from Supelco, Inc. (Bellafonte, pa., U.S.A.).
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Solutes for lfqul.d scintlllation flufds were from Pack-ard Instru-

uent Co.

Septrade* G-100 aad Blue Dextran 200Ð l¡ere from Pha¡macl.a Flne

Charnlç¿1" (Ilppsala, S¡¡eden) .

Merck sil-íea gel E was pnrrchased from Lab. Supplles, Adelaide,

South Australfa and sËarch gel from Connaught l{ed1cal Res. Lab.,

Toronto, Canada,

Bacto-agar used Ín the preparatfon of culture medfa for l/. c?a,sga

r¡as from Difco Labo¡atories (Mlchigan, U.S.A.).

Whatman chromatography products were obtaLned frou IL Reeve Angel

and Co. (London, England),

Eastman ehromatogran sheete of sLlica gel H r¡ere purchased fron

Eastman Organic Chemfcals (U.t., U.S.A.).

All other che¡:ricals were of analytLcal reagent grade and ¡¡ere

obtained either from Dnrg Houses of Australla or frorn May and Baker,

Dagenham, England.

2.5.2 Preparatfon of s'¡nthetic and rel-ated compounds of
lyso-leclthfn

References to the ¡¡ethode used Èo prepate compounds

for the study Ln Sectfon 3.2.1.2 were as follows:-

1,2-di-0-acetyl glyceryl phosphoryl cholfne - Kogl et aL. (1960);

l-0-palnltoyl glyeeryl phosphoryt choline (using snake venom) -
prepared from synthetic lec1Ëhin by the method of Hanahan, Kodbeil
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a¡d Ît¡rner (1954);f-p-a1keayl glyceryl phosphoryl cholfne (usl.ûg ox-

heart extract) - Paaghorn (f 945) and Eartree and lfan¡r (1960).

The detetmfnatÍoa of fatty acfd.ester groups Ín the phosphollplds

rûas that of Goddu et aL. (1955) and Rapoport and aloazo (1955), usLng

nethyl stearate as the etandard.
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51.

3. EXPERIMENTAT R.ESUI,IS

3.1 Phvtase frorn Neuvosporu, eraÊga

Thís sectlon deals wlth the productlon of phytase fn

Ileurcspona eræEq, (STA 4, wfld type) and wlth lts purfffcatfon and

properties.

3.1.1 ProducÈ1on of phytase

Tk¡e effects of culturaL condltlons on the production

of phytase were studied.

Stock cultures lrere stored on anhydrous sÍIlca-geL (Grivell and

Jackson, 1969) since these remained vlable for several years. ltrLs

sinple technlque does not require frequenÈ sub-culturLng of the strafn.

In the preparatlon of phytase from Neurcspors e?asaa Èhe sus-

pensfon of conidÍa froo 3 to 5 day old cultures grom on agar slopes

Ìras normally used. OptÍrnrnn growth for the fungus on the slopes

occurred wlth phosphate concentratfcrs tnthe renge of 1.25 x 1O-3 tnt

and 2.5 x 10-3 M KnzPo4.

In llquid cultures sl¡n1lar to that fllustrated Ln Plate 2, gro+rth

of the rrycelial Bat occurred under vlgorous aeratlon at 28-3Oo fn the

basal medl.rm (see Sectlon 2.L.2, Haterials and llethods) contafnf.ng

A.Ol"/" vr/v phytate instead of fnorganic phosphate. Ttrls amount of

phyËate resulted fn the maxfmr¡n productl.on of phytase (see Table 5)

af.t,er three days of growth (Figure 11) fn the nedfun el-ther aerated

by mechanfcal shakl.ng or by sparglng 'rrlth sËerlle water.
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PLATB 2

GROIdTH OE NWROSPORA CRASSA IN PITYTATE MEDITIM

[fhotography by Mr. R.J.I. Jenkíns]



Table 5.

Concentratlon of ohvtate
(Na12ö.3482o)

GI2SO n1 basal nedir¡o)

Total proteLn

(te)

5I'a.

Total activlty

(unlts)

Effect of phytate concentratlon fn the culture raedfrm

on phytase productlon by ileurcepora czdßsa STA 4

0.01

o.o2

0.05

0.10

0.50

400

600

629

640

612

40

100

148

L20

103

Total vofune of honogenate was 250 ml.

Neurcepta e?a,gsa STA 4 was grolro Ln culture modium contaLnfrig

varÍous amounts of phytate lfsted in this Tab1e, The fungus !üas

gro$rn for three days, after whlch ft was harr¡ested aad the protefn
concentratlon and eûz5¡oe aasay deterufned as described ln Methods

(Sectlon 2.4.L; 2.4.2).



Flgure 11.

Growth of Netmeoona ln ohvtate for the oroductlon of

P$Ese.

cell hmogefiate prepared as deEcrÍbed ln sectfon 2.1.2 was

uade up to a total volune of 50 ul. Proteln ltas dete:mlned as 1n

Sectlon 2.4.2 and phytase activlty determÍned as descrlbed ln

Sectfon 2.4.L. Protefu and enzyne åctivlty are for 50 nl hoûogenâte

ag shown ln Figure 11.
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3.L.2 Breakage of cells

Four rneÈhods of ce1l dlsruptlon were conpared on the

basis of the specffíc actlvity of the enzJntre found ln the 7 r5O0 g

superrratant fractfon after centrLfuglng for 20 nfn (see Table ó). In

additlon the nycelfa ¡sere exaolned ç¡lth a lfght mLcroscope for broken

cells. Glass honogenlsatfon proved to be the least satisfacÈory sLnce

mlcroscoplc exam{nation of the homogenate shor.red that uost of the

cells were undæaged. Breakage in the French pressure cel1 (201000
,ì

Lblt¡-) gave a more effl.cient and better errtractLon of. tlre enzJrme

than did glass homogenlsatlon, ultrasonlcatLon (20 Kcycles/sec, 3 nln)

or extT€ctfon wfth l1quid oltrogea Ln a mortar aod peetle. Ttre Freneh

pressure ce1l technique was adopted as the standard nethod for the

preparatÍon of cell extracts fron ¡J. crclasdc

3.1.3 Ðlstrfbu of enz'rmre

Table 7 shows the dlstrlbutíon of the phytase

actlwÍty fn cell-free extracts. Frozen uycelfa (1 g in 2 ¡r1 of 0.02 M

sodlr.ro acetate buffer, pH 5.0) nere mínced fn a lùaring blandor for

5 rnin. The preparatlon was then passed through a French pressure ceIl
,at 201000 Lblln¿ at 30. The homogenate îras centrLfugecl at varlous g

values (Table 7). All the phytase activíty orfgÍnally present 1n the

crude extract r¡as found ln the supernatant fractÍon. Wtrether the

extracts were prepared by glass hooogenisatlon, ultrasonÍcatlon or

l1quÍd nl.trogen, the same distributlon of the enzyme was achierred es

that nrfth the French pressure ceIl. Ttrus the phytase Le a soluble
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lable 6. ComparLson of 4 nethods for extracting phytase from

Neurospom, ew,gsa

Method Enzlme activfty SpecLfic actfvity

I

2

Glass homogeniser

Llquid nitrogen
(nortat and pestle)

French pressuSe cell
(20,000 lUltn')

Ultrasonlcatlon
(3 nfn,20 Kcycles/sec)

0. 014

0. 017

0.035

0.021

0.017

0.028

0.075

0.051

3

4

Portions of. Neutospom, e?assa (2 nLlgn r,rt) cells r^rere dlsrupted by

one of the methods Llsted in lab1e 6. After centrlfugfng at
71500 g fot 20 rnin all the cell--free extracts ¡*ere dLluted 2-fo1d

w'Íth the sodlum acetate buffer (98 5) and assayed for phytase

actlvfty (SectLoo 2,4.1). ProteLn detet'ruinatÍous were made by the

rnethod of Lowry et aL., (1951).
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Table 7. Df.strlbutlon of phytase 1n cell-free exttacts of

Netmepota

FractLon lotal. enzJme actfvity
(unlts/n1)

Total proteln
(me/rn1)

I Supernatant fraction
left afÈer centrlfugtag
homogenate aË 7 r5OO g
for 15 rain o.2 I

I

2. Supernatant left after
centrlfugLng fractlon 1

at 20,000 g fox 15 nin C'.2

3 Supernataat fractl.on
left after centrLfuginB
fraction 2 at 100,000 g
for 30 ¡nl-n o.2 0.8

The enzyne actl-vlty fa ceL1-free extracts was assayed 1n 1 nl.
Details of Èhe standard assay are as described ln Sectfot 2.4.L.
Protefn coricentratfon was by the nethod of Lowry et aL. (1951),

SectÍon 2.4.2.
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fntracellular enzyme rather than oae tfghtly bound to cel-l-nembranes.

Tlie nethod of Clfferentlal centrlfugatfon was riot lncluded ín the

puriffcation procedure since the speciflc acÈfvity of the enzyne 1n

the 1001000 g (30 rnin) supernatant fracËlon was slmllar to thaÈ of

the crude extract,

3.1.4 Phytase pgllflcatfcn procedures

The results of a 100-fold purlficatlon of the fungal

phytase uslng the methods belor.' are aurtrtrarlsed 1n Table B.

All enzynlc operatlons ç,ere carrÍed out fn a cold room at 20 and

centrifuglag was done at 7,500 g for 20:nfn on a Serr¡a1-1 SS3, unless

othenrise stated.

(f) The washed nycelia suspended in 0.02 M sodír¡m acetate buffer,

pg 5.0, were nfnced as descrfbed earlíer. The hcnnogenate was th-eo

passed through a Freoch pressure ce1l, thefi cqtrlfugerl to remove cell

debrLs and the supernatant fractlon was used as the crude extracÈ

(Fractlon l, lable 8).

(i1) CoLð, 27" (w/v) protanine suLphate (1 m1/10 ml enz)me fractlon,

v/v) was s1ow1y added to Fractlon I wl-th stlrrlng. After standfng for

10 nÍo, Èhe sroall precf-pítate was removed by centrl.fuglng and the

resultant super$aËant fraction ¡yhich conËa1ned all the enzyme activity

yieLded Fractfon 2 (Table B).

(iii) Absolute etlraaol at -15o was slowly added to the supernaËant

Fractfon 2 (5O7. v/v), lrnnersed l¡elow surface to avoid denaturatlon



Table 8. Partfal purLfLcatloa of Phytase

Fractlon Voh¡¡re

(nr)
Protein

(ne)

Activfty
(unlts)

Speclflc
Actlvfty

)¡!ì. ¡

Pcrlfl.c-
ation

J.. Crude extract:
Supernatant fractlon
left after cettrÍfug-
ing honogenate êt
7,500 I for 20 ¡nln

2. Protamlne sulphate
treatDent of l.
Superuatant fraction
left after addfng
protamlne sulphate

3. 50-70"/" v/v ethanol
fractlon of 2.
Supernatant fractfon
after dfalysLs agaÍnst
cold dl-sti11ed rùater

4. 5o-100u (NH,)^SO,
fractfon of.* f.facLlon 3.
Supernatant fractl.on
dialysed for 12 hr
against water

500 2250 LL7 0.05 1

510 9r7 110 0.12 2.4

133 83 33 0.4 8.0

100 10 25 ?.5 50

5.0 1|:lo

5. Fractlon 4 loaded
onto Sephadex G-100
(5.6 x 30 qr) and
enzyme eluted with
0.02 T'{ sodfum åcetate
buffer, pII 5.0.
Pooled active errzt¡øe
fractlons 25 5 25

Felts groç.n and harvested as 1n Sectlon 2.2 r¡ere dísrupted in a French
pressure cell and fractionated as descrlbed 1n Results, SecÈ1on 3.1.2.

The enzymic reaction mixtúre Í7ås as given Ln Sect!.on 2.4.L. Phytase
activity expressed fr¿ International unfts was detemfned as given Ín
Seetíon 2.4.1. Protei-n çras determined by the Folfn method usíng
bovine serum albunin as staodard.
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After I ìt the precf.pftate qras removed by centr!.fuging. Cold etb-anol

was agaln adde<l to the supeÌnatant fractlon to a final 7A7" vlv sstura-

tlon. the preciplÈate lras cerltrtfuged aad dLssolved in dístílled

k'ater. Ttre solutlon was ¿i¿rysed against cold dlsttlled çrater for

24 hr and cenËrlfuged again. fl-re supernatant fraetÍoo containing the

enzJme (FractLon 3, Table B) v;as used for the ammonfum sulphate

fractionatfon as descríbed beloq'.

(1v) Solfd a'nnonium sulphate ¡¡as added wfth stirrlng to FractÍon

3 (C*5A7" saturatLon). Ttre nf.xed fractlon was all-oored to stand f or

2 hr. Ttre supernatant fractfoa frorn thís saturatlon (502) was again

made to 1002 saturatton wlth solld anmonLtm sulohate. (Ihe pH of the

solutfon reuraf.ned at about 5). The second supernaÈant fractlon

contalned the enzyme actf.vlËy. It was dialysed agafnst 2 changes of

doubie CistllLed water to glve Fraetíoa 4 of lable 8.

(v) Fractfon 4, concentrated try freeze-drying to 30 mlo was

dlalysed against 0.02 l{ sodfr¡n acetate buffer (pll 5) for 3 hr. About

15 nl of the eazyÍÌe -was loaded each tiue oaÈo a Sephadex G-1.00 eol-unn

(5.6 x 30 ern) ¡¡hích had been previously washed and equil-lbrated as

descrfbed in Sectio¡ 2.3.2.L, the col-uma wâs eluted r,ríth the same

buffer. Fractlons containfng the actíve enzyne obtaLned as ln

Flgure 12 were combíned to give FracÈÍon 5 (Table 8). Fractlon 5 of

such a Ðreparation as presented in Table I had only a 222 teeovery of

the inlÈtal actfvfty but a purifLcation of 100-fold. A freeze-drled

samole of the enzyrre (Fractlon 5) ræained actÍve for at l-easÈ 6

moriËhs. Any further attenrpts at purifJ.cation, such as alurnl-na C a gel



Flgure 12.

Elutlæ gattern':for ohvtase f.ron Sepbadex G-100

Phytase fraction 4, Table I wae loaded onto a Sephadex G-100

coluon (1.6 x 52 cn) wLlch had been prevfously equllfbrated rrfth 0.02M

sodiu¡n acetate buffer (ptt 5.0). The etzyne eluted trlth the same

buffer was used for phytase actlvÍty detemitrati.ons (as descrlbed 1a

Sectloo 2.4.I). hpirical determluatlons of prote{*le ¡rere measured

at 280 ¡¡o.
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absoEptfon and f.on-excharlge chroaatography, resulted ln poor recovery

of the enzyne.

3.1.5 PropertÍes o.f phvtase

Some properties of the partlally purifled phytase

from ff. e[dßga obËaLned as fn Sectlon 3.1.4 are descrÍbed ln thts

SeclLon.

3.1.5.1 starch-ggl electroÞhoregls

Ffgure 13 conpares the starch gel electro-

phoretLc patterns of the crude enz¡me (1ane 1, Ffgr:re 13) with the

partfel!-y purl.fÍed (100-fold) enzl¡oe !n -l-ane 2. Mobf lltlee of phos-

phatase (a-naphthyl phosphate-substrete detectlon; see Sectlon 2.3.1. f)

bands relative to horse heart cytochrone c (l4""ao o) were:- crude

enz)rae Laae 1, Mcyto c 0.1ó and 0.31; purlfLed enz¡rne lane 2, M"yro 
o

O,27. ThemaJor bandwlth Mcyto e 0.31 fn lane I and the slngle band

Mcyto e 0.27 (Figure 13) contalned phytase activf.ty. The bulk of the

protefn as staLned by nígrosLne (Section 2.3.L.1) l¡as not assoclated

¡¡'lth Èhe enzJrnes. The cn¡de enz)'me gave proteLn bauds "t 
l{"yto o O.5

aad 0.75; the purLfied enz)tme sho¡ved a sf-ngle band of M"nao e 0.63'

The sltght retardatÍon of phosphatase and protein bands f.n the

purified enz]rme nay be due to removal of lmpuritl-es from the crude

enzyme. Recorrery of the phytase from the gel by a number of proced-

ures $ras poor and thus starch gel rùas not used as a preparatlve ¡rethod.



Figure 13.

Starch eel electrcphoresLs

Ttre geL corrtalnlng L27¿ etarch ¡¡/v r¿ae prepared fn 0.017 M

ah:minium lactate buffer (p = 0.1, PE 3.1) and 2 M urea. Enzyne

samples (0"1 nl) were contalned fn each slot. Electrophoresfs was

conducted around 5 volts/cn for 6 hr. Phosphatase acÈlvlty ltas

detected oû a cut half of the gel with a-naphth.vl phosphate end

fast blue (as gfven Ín l-faterials aad Methods).

Lane l. = crude /iI. e?asea enzyße (Fractíon 1, lable 8)

Lane 2 = partíally purtffed lleuzwapota c"qssq, enz)tüe

(Fractlon 5, TabLe 8).
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3.1.5.2 MolecuLar wefsht deterninatlon

The apparent molecular r¡eíghts of phytases

from Neunosp?a e?assa, Peatfuronas SB2 (see Sectlon 2.5.1, and ¡¡heat

braa were deter:mfned by gel-flltratfon usÍng Sephadex G-100 follo+rlng

the method of Andreass (1965). The dístrfbutfon coefflcfent (f6) of

each enzlme rùas calculated accordÍng to the formula given fn Sectl.on

2.4.4 and that of the fungal phytese was found to be O,27. Thls gave

a molecut-ar welght of 45,000 t 21000 and this result ltas coupared Èo

the bacterial- and cereal phytases whích sho¡¡ed a simílar K¿ value of

0. 25 (Flgr¡re 14).

3.1.5.3 Effect of enzj¡rne concentration and tlme

of l:tcubaticn

the effect of en4me concentratÍon on the

productlon of phosphate 1s shov.rn 1n Figure 15a.

The effect of tlme of Lncubatloa on Èhe productLon of phosphate

by lV. cra"ssa, phytase ls shown 1n Flgure 15b. The enzynfc dephosphoryl-

aÈLon of phytate nas lfnear up Ëo 45 ¡dn wtth only a slfuht declLne

over the 45*60 mln perLod.

3.1.5.4 StabilÍty of the engyne

The enzyme from Neutospona ltas more stable

at -15o than at 0o. The partÍally puriffed Ftactl-on 5 (Table 8) was

less stable when dåluted. One such preparatlon retained 402 of the

lnitiaL actfwlty after 6 months ¡¡hlle the concentrated fraction, 702



Figure 14.

DeteñnÍnatLon of aooroxtmate wela!'.ts of es fro¡n

Iletpospota Peeudornonas SB2. and wheat bran bv eel-

flltraËfon

Sephadex G-100 was calibrated as described Ín Sectl'on 2.3-2-1.

Standard proteins of knor¡n molecular r+efghts as *rel1 as blue Dextran

and tråt1aËed water r,rere used. The distrlbutfon coeffictent (Kd

vaLue) calcuLated as fn Sectíoa 2.4.4 for the Netæospona enz¡zne

r,ras 0.27 which corresponderl to a ¡oolecular r,reighÈ of around 45'000.

The KU obtal.ned for bran phytase Fractioas Ft and F, and tbe

plrvtase fræ PseudottøTuls SB2 was O.25: gírrfrg a r¿oIecular weight

of around 471000.

the narker proteins used wete:-

l¡.olecular weÍght Swbol use-dProtelas

Bovlne serun albt¡nfn

Ilexcklnase

Chynotrypsln

Cytochrone c
(horse heart)

Neurc spora ctassa, phytase

Pseu.dot¡wtas SB2 phytase

66,500

45,000

24,ûAA

13,000

K..<

0.18

o.27

0,45

0.s6

o.27

Ð.25

0.25

A

Þ

c

D

tr

0

a

N

sB2

lllreaË brao phytase (Ft and Fr) Ìt
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Ftgure 15.

(a) the trritfon on the

Standard enzymtc reactlons as described ln Sectlon 2.4.1.

Irere carried out but with various concentrations of enzyne (as

given 1n FÍgure) at 37o and v¡ith phvtate as the substrate. Ttre

lÍberatlon of lnorganic phosphaÈe wag deÈecÈed by the method pre-

viously given in Sectlo¡ 2.4.t.

(b) fhe effect of lncubatlon times on P . productlon by trleurosponaL*-
phvtase_

Fractfoa 5, Table I was lncubated for tlue vary!.ng frm

0 to 60 rnin r.íth sodtr.m phytate as the substraËe at 37o. P,
t-

released was detected by the ascotbic acld Dethod as descrlbed ln

Methods (Sectlon 2.4.L).

P
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over Ëhe saue period.

3.1.5.5 Effect of temÐerature

lhe effeeÈ of ternperature on pbytase actlw!.ty

is sÏrown 1n Ffgure 16a. The optLnuu tenperature of the enzyÐe was 600.

All enz¡rne lras lnactivated ¡Eithio 20 nLn at 80o. The same loss of

aetlvity was recorded wfth trúo dlfferent eubstrates (other than

pþÈaÈe) when a1l-quotâ of the heated enzyrne rsere assayed for resldual

phosphomonoesterase acÈfvLty (Ffgure f6b).

3.1.5.6 Effect of lg

Flgure 19a sho¿s that ofítinal phosphatase

actlvfty for ß-glyeenrophosphate r,¡as near oH 5.4 whereas Ffgrre 17b shows

that the optlmal phytase actfvity was at pll 5.0.

3.1.5.7 Effect of metallic catlons and varLous

reagents

The effects of ser¡eraL monovalent and

dfval,ent catÍons on enzJme actLvlty are shor,m fn lab1e 9. Addftion of

copper, zfnc or sflver resulted ln naxlmal inhibitlon, which nay be

due to the precipitatLon of phytate.

The chelatfng agents llsted fn lable 10 dld not affect the

N. e?alaa, enzyme. Potassfum cyanÍde and cLtrate at 2.5 x 10-3 ¡g and

5 x 18 " M respectfvely appeared to fnhibit phyÈase aetfvity, but the

lnhlbiÈ1on lras not proportloaal to ttre concentration of the lnhibltor

used.



Ffgure 16.

OotLut¡u ature for actLvltv

(a) Phytase f rcm /Í' c?a,iaa, (Ftacttoa 5, Table 8) was assayed

fn varyfng Lncubatlon temperatures as shorùn fn Figure 16a. Ttre

enzyne actl.vity r¡as dete:rnfned as in Sectlon 2.4.L (as gíven ln

Methode ).

(b) Relatfve raÈes of hvdrolysis of ohosohoesters durlne the

course heet-inactivat ion of the IIr. ohvtase

sanpLes of the purlfted enzJ¡'me ln 0.05 M acetate buffer

(pll 5) were heated for 10 nfn at the lndicated temPeratures shown

ln this Flgure l6b and then cooled. Allquots of the enzJ¡rne were

renoved and assayed for the lfberatÍon of lnorganic phosphate

from each of the substrates by the standard assay procedure given

1n SectÍo¡ 2.4.1. Each substTate concentration was 0.02 M.

phytate

ß-glycerophosphate

glucose-6-phosphate
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Flgure 17.

Optimr¡n pH for iVezzqosøolîa c?ussa phvtase

phytaee tûas extracted from Neurcepota c*dßEa as descrlbed fn

Sectlon 2.L.2.2. The enz¡fne fractlos !üas each dialysed agafnsË

0.05 M sodfrro acetate buffer of pE valueE 4 to 6i lrLs+aleate buffer

pB 7 to 9 ¡vas used 1n the hfgher range. The P1 release was

detemined at varlous pH valuee as apecffl.ed in Flgure. the

reactLon ml:<ture 1s glvea in Sectlon 2.4.1. Ttre gubstrate ueed

was B-glycerophoephate 1n FÍgure l7(a) and phytate ln FLgure f7(b).
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Table 9. Effect of rnetall1c Lone on phytase from Netæoepona e?assa

Catfon
(rta¿t concentratioû

2.5 x r0-2u)

Relatlve rate of hydrolysls of Phytase

7!

No addftfon

NaN,

NaCI

NaNO,

KC1

No3

CaC1,

MgCl,

MeSO¿

MnCl,

cdcl.2

IIgC1,

ZnCL,

CUSOO

AgNO,

FeCL,

AlC13

NlSO4

100

96

100

95

96

96

105

100

100

100

100

64

47

40

50

80

95

95

The effecÈ of varlous catlons (lfsted in Table 9) on enzlae ectlvfty
was determÍned wlth assayed procedures as descrLbed fn llethods
(Section 2.4.L). The catioa was preÍncubated wlth the en4/rìe for 5

uin before starting the reactlon. The activfty of the phytase vrith-
out ttre cation was 1.00 Internatfonal Uolt¡¡hlch !.s eqúfvalent to l0D7t.
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Table 10. Effect of fntribftors and various conpounis on phytase

Conpotmd Flnal concenÈratfon (U) Í{ Inhlbltfon

I;rff.thout additlon

NaF

Krr2Po4

(+) tartrate

(-) tartrate

meso tartrate

sodirn nolybdate

EDTA

KCN

oxalate

cftrate

glurathione

PCI'IB

PCMB + glutathlone

fodoaceÈate

lodobenzoate

5x

4x

1.8 x
3.6 x

3.6 x
5.0 x

3.6 x
5.0 x

2x

2.5 x

2,5 x

2.5 x

5.0 x

2.5 x
2.5 x

2.5 x

1.0 x

1.0 x

-?lû-
-?10"
-?10"
-110-

10-3
-t10-
..?10'

lo"
-210'

10-3

-?10"

1C-3

-?l0-
-?10-
-110"

10-3

10-3

10-3

0

5r

68

49

10f)

o

0

c

0

80

0

4

z

I
0

0

0

5

2

The effect of varlous Lr¡tribítors on enz)'ne actlvfty ltas assayed usl.ng

Èhe standard techniques as descrlbeó in Methorls (SectÍon 2.4.L>. The

cønpound ¡¡as incubated for 5 nin before starting the reactlon. Enz¡me

actÍvLty uas expressed as Z fnhfbitLon of the activity of phytase

wlthouË the additlon of intrl.bttors. The actlvity of the phytase wfth-
out the ínhfbitor was 0.7 Internatlonal Unit.
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Ahe presenee of sulphydryl reagents arid alkylatfng conpounds

(Table 10) also had no effect on the enzJ¡ne.

3.1.5.8 Effect of Lnhfbftors

The enzyue rüas fnt¡lbfted by the comlton

lnhibitors of acid phosphatases, e.g. rnolybdate, (+) tartrate'

fluoride and ortho-phosphate. Thus the erizyme tns extrsnely sensftlve

to noiybdate, which at 2 x 1O-3 M tnhtblred 8OZ of the lnltÍal acttvÍty

of the enz]rue (Table 10). Phosphate, the end product of phytate

ïrydrolysis vhen added as XS'POO, lras lntrfbltory (682) at 4 x ttl-3 t't;

socll.r¡m fLuorlde at 5 x tO-3 tl reduced the actfvíty by hal-f . tlÏrile

only (+) tartrate was ÍntrfbLtory to the phytase actÍvlty, the (-) a¡rd

meso fo¡ms had ao effect, even at 5 x 10-tr1,

Further study of the effecÈs of fluorlde and (*) tartrate ori

N. c?assa ptrytase are as shorm 1n Flgures 18 and 19. In each ocperl-

ment the concentration of the substråte was varled fn the presence

or absance of 5 x 10-4 M fluorfde and I x 1O-3 Þf (+) tartrate. Ttre

data are presented by means of double recÍprocal plots (lLneweaver

aad Burko f934). In Ffgure 18 octrapolatLon of the llnear portlon of

the graph ¡vhich occurs at lon substrate coricentration gives the

approxÍmate K, value wfth fluorlde at 1.6 x 10-4 tt. A non-conpetltLve

type of fu¡hibitlon nras obsen¡ed. lhe plot with (+) tartrate gave

sinilar results (Fleure l9).



Figure 18.

reclorocal of the fect of on the actlvitvDouble

of. pb'vtase ttom Neuws9o?a ercssa

Phytase acÈfvfty r¡lth and r¡lthout fluorLde aa an lnhlbltor

was detemtned at various coficentrations of phytate as shown in

thls flgure.

The velocity of reectlot wfth the tnhlbitor (S x 1O-4tt)

against sübstrate concentratlon was plotted as the double reciprocal

plot (Llne!ùeaver and Burk, f934).

o-o
r-a



K oN8

a

I
Y

60

4,0

F-

o

a

I

(Jl
oo
Þ

-ô -4 -2

[pfrytaúet
. -|vl-l



Flgure 19.

Effect of (+) tartrate and Dhvtate on the a of from

e?c¿s8a

Phytase actÍvlty ¡¡as determined as 1B sectloa,2.4.1 wíth and

wlthout the addltlon of (*) tartrate and exceas thytate'

The. veloefty of reactlon r,rtttr (+) tartrate (1 x 1O-3lt) and

phytate (l x 1O-4lt) against substrate concefrtraÈion was plotted as

the double recfproeal plots (LÍneçreaver and Burk, 1934) as showr Ln

thfs Figure.

phyËase activity (as control)

phytase actfvlty rrÍÈh excess phytate

phytase actlvity tdth added (+) tartrate.
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3. 1.5.9 MlehaelLs constanËs

The apgarent Ç of the eazJnne for Íts

substrate, phytate, tüas calculated from the double reclorocal plot

(ftnryeaner and Burk, 1934) showa 1a FLgure l8 and again in 19, wtren

the recfprocal of the veioclty of the dephosphorylatÍon of phytate

1s plotËed agaÍasË the reciprocal of phyËate concentratfon. ft was

estfmated at 1.0 x 1O-4 lt.

I{hen B-glyceroghosphate rsas used as the substratee the apparenÈ

-1K, value ¡uas 4.4 x 10 " H (Flgure 20). Ar hl.gh concentratlons of

phytate and glycerophosphate the rate of reactlon fell off sharoly.

this indlcaÈes substrate tnhlbLtfon (Dlxon aná lfebb, f964).

3, I .5. 1.0 Substrate speclf lclty

Ttre sinple phosphononoesters as 1isÈed ln

Table Ii were tested as substrates for the phytage under the condltlons

of the standard assay at pH 5. The specfflcity of the eîzyme for the

phosphate bonds ln glucose-l-phosphate and NAD were not cleaved but

ATP and ADP readily senred as substrates. Pyrophosphate ¡ras hydrolysed

more rapLdly than inosÍtol- hexaphosphate.

3.1.5.11 ActlvLty of phytase on mfxed substrates

the acËLvfty towards mixed substrates (r.rtËh

slmgle phospiromonoesters as listed Ln Table 12) was measured wlth the

enz)tme preparatLon from JV. e?a,saa. If the phytase preparatfon con-

slsted of narty eaz¡¡mes which are hlghly speclfic to orie substrate then



Flgure 20.

Mlchaelfs coûstant for ohvtase frm NetrcsPorc, ffi,aad usloq

ß-Elvcerophosphate as the substrate

The actfvlty of phytase f,rom Netmspotu cwßaa (Fraetíon 5'

lable B) ¡sas detemtned 1n the preaence of vatying smounts of

p-glycerrophosphate es the eubstrate. fhe teaqtfoû rn{xture ltas as

descrlbed ín Sectfon 2.4.I except that the varylng concentraÈl.ons

of the substrate w€re as glven fn the Flgure here. Inorgaaic phosphate

¡¡as detected by the colorlnetrlc method of lfatanebe and Olsen (t960).
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Table 11. Substrate speciflclËy of phytaee

2Substrate (1 x l0 t"f) Relative activÍty (Z)

Inosltol heraphosphete

NAD

NADP

ADP

AlP

Glucose-1-phosphate

Glucose-6-phosphate

FrucÈoee 1,6 diphosphate

c-glycerophosphate

ß-glycerophosphate

o-aaphthyl phosphate

Phenyl phosphate

Inorganfc pyrophosphate

100

0

94

250

370

0

90

140

70

80

110

90

200

Ttre enz¡rme assay Itas as describedLn the te:(t, SectLon 2.4.1' excePt

that the type of substrate used ças as !-lsted ln thfs Table. All
substrates lrere adJusted to pH 5.0. Tkre aruount of phosphorus llber-
ated fron phytate (0.15) InternatLonal Uni.t r.reg consÍdered ae 1002'

other values are indlcated as percentages of thfs value.



lab1e 12. ActfvLty of phytase Èoward ml-xed substrates

59c.

Actfvity of enz¡Ee to a sl.ngle and a nixed
substrate

Substrate

Inosftol hexaphosphate

$-glycerophosphate

Glucose-6-phosphatc

Inositol hexaphosphate * ß-glycero-
phosphate

Inositol hexaphosphate * glucose-6-
phesphate

ß-glycerophosphate t glucose-6-
phosphate

o.20

G.08

0.085

0.10

0.15

o.t2

A1l- substrates ¡¡ere 0.01 ti. Ìlhere 2 substrates were used together

each substrate was 0.01 M. Ttre llberated P, was colorLmetrlcally

deÈected usLng the ascorbfc r¡ethod of Olsen and Watanabe (1965).

ActLvlty of Èhe enz]tme was ln urnole Pr/n1n/nl enz)me.
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the enzSlme actlvlty towarda the mfxed subsËrate should be equal to

the sr¡m of each activÍty tested wÍth each fadivldual substrate.

lable 12 sho¡rs that the addltlvfty of the eazyolc activfty ilid not

exist wfth any of the mlxed substrate test. Each phosphatase activlty

!üas not lndependent, but correlated wfth each other, lndlcaÈ1ng that

each substrate conpeted ¡¡1th the other for the enzJnne.

3.1.6 Products of the enzvmfc hvdrolvsls of. mto-fnosÍtol
hexaohosphate

The lntermediates ln the hydrolysis of rrqo-fnosltol

he<aphosphate or phytate by the enrzyoe ate descrlbed 1n thls Sectíon.

FÍgure 21 shor¡s the stepr,rlse dephosphorylatÍon of mya-laosltol

hexaphosphate by the Ill. c"crßsa, enz:/me after 15, 30, and 502 of the

organlc phosphorus had been converted luto inorganic phosphorus

(lanes 1r2 and 3 respectlvely). Wtren 501 of Èhe organlc phytate

phosphonrs was degraded the follorsfng cmpounds 1n the order of thefi

hlghest rnobÍl1tÍes rrerê separated:- hexa-rpenta-, tetra-, trl-, dl.-

and nono-phosphates. Ttre non*ml.gratory spot (at the orfgln of lanes

1, 2 and 3 fn Ffguxe 2L Ls a sugar contæinant in the enzyme extract.

Such a large scale enz¡mÍc (usLng Fractioo 5, Table 8) preparatlon of

the polyphosphate intemedíates was used for structural studLes. IË

r¡as obsenred that the tf¡ne couroe curn¡e for the enzymic hydrolysfs of

myo-Lnositol hexaphosphate or phytate decreased 1n rate ç¡l.th tùne for

the large scale preparatlon" This fs due to deoaturatfon of the

enzyme and also to inorganfc phoephate (phytase fnhfbftor) accr¡strlatf.on

ln the reactl.on mf:<ture. Ho¡rerver, reactfon rate could be speeded uo



Flgure 21.

f,rom 1l anrcsao?a æass d.

Enz]rnLc hydrolysls of nrgo-L¡rosltol hexaphosphate by crude

phytase frø Neteospo?a ctaÊaa was allowed to proceed untll 152,

302 and about 50f of the organÍe phoephorus !ùas llberated as

fnorganlc phosphorus. An allquot (0.02 ¡nl) of the reacÈIoû

ml.xture at each stage of dephosphorylatl-ori was spotted onto

tilhatman No. 3 ce11ulose paper and examLned by hlgh voltage electro-

phoresls (TaLe, 1968, Section 2.3.L,zr.

Lane S - sÈandard wfth 0(phytate); PPf (Lnorgaaic

pyrophosphate) ; ATP (adenosLne trlphosphate) ;

P1 (tnorganLc phosphate) and Fr (fructose) '

Lane 1,2o3 = repfeseûts 151, 302 and 502 of phytate degradatlon

respectlvely.

bpI = mobfllty of conpouod rrlth respect to lnorganlc

pyrophosphate (see Sectlon 2-4.5) -
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ff fresh enz)rrne was added; thfs lncrease Ín reactlon tate then, is

proportfonal to the amount of enzyme added and was not a multl.ple of

the inLtlal rate.

!!hen the t¡rd.fvtdual component,s lrere resolved on ion-exchange

(Dowex Cl- 400 mesh, Sectl.on 2.3.2.3) resin Èhey gave an organic

phosphonrs proflle as Lllustrated ln FLgure 22. I\e nyo-lnosLtol

penÈa-, tetra-, trl-, df- and mono-phosphates were characterÍ.sed by

thef.r electrophoretic nobllftles Ín 0.1 lf oxalate buffer (pH 1,5)

and fa 0.1 Ìf cltrete (pII 5) and chromatographic values (ta¡te t¡)

srLth auËhentlc standards. The lndl.vidual polyphosphate ester was

used for the determinatÍon of the phosphorus to inosfÈoI ratlo and

the moleculat rotatÍon at pE I aod 11 respectfvely (Îab1e 14) and for

the study of structural assigrtrent as presented 1n Sectlon 3.1"6.1

below.

3.1.6.1 Intet'mediqtqs ln tÞe n. ,eraasa pþryt-asg.

route

lab1e 14 also lÍsts the structures present

in the electrophoretically homoge-neous fractlons whLeh r¡ere nuobered

as Índl.cated ln the electrophoretogr€rnr FLgure 22. The evldence for

the asslgnmerits of the polyphosphaÈe fractions obta.lned ln the

degradation of îWo-Ll;ros|tol hexaphosphate by the N. erd,ssa phytase is

Ln the followlng. paragraphs:-

(e) ¡øo-l.nosftol per¡taphosphates

Ttre maJor penÈaphosphate structure r¡as deduced and shown to



Ffgure 22.

Paoer electroohoretic s atiori (o!l 1" 5) of the poly¡hosp hates from

a partLal deohosphorvla cf mto-lt:iosl,tol hexaohosphat e bv Èhe

,lu. ohvtase

ElectroDhoretic condLtfons : - O.I M oxalaËe buffer, Ptl 1.5

I h6 1,500 volt.

(a) Eleetrophoretogran of a partlal deohosphorylatLon of. rtyo'

Lnosltol hexaphosphaËe by the phytase from Netmdpona esaaaa

(502 ilegradatfon).

(b) organlc phosphorus proftle of (a).
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Table 13.

Mobtlltles of reference compounds arrd nryo-l,nositol polyphosphates

obtal-ned !n the degradatlon of mgo-lnoettol hexaphosphate by the

Netmspona e?ase a, phytase.

Ttre pol¡¡phosphates were examl.ned by electrophoresis fn buffer syatems:

(a) 0.1M oxalate, pH 1.5 (selffert and Agranoff, 19ó5) and (b) ln
0.11f cltrate, pII 5.0 ustng the apparatus descrlbed by late (1968).

The nobllities (Mr, ) of the coopounds fn buffers (a) and (b) were
rri

calculated reiative-to fnorganlc pyrophosphate usfng fructose as

the ncn-mlgratlng marker.

Ttre compounds were again exa-lned by paper chronatography using lso-
propaaol/amonÍa/water (v/v, 6OlLOl3O) as the solve¡t system. The

nobtlities (\p, ) of the cornpounds were agaÍn calculated ¡¡ith ref er-
eace to lnorgantc pyrophosphate (Pt).

All compounds were detected rùlth the phoephcnolybdate dip reagent

(Harrap, 1960).

Ttre numbers represent the phosphate grouPs on Èhe fnoeitol (I)
moIecule, 1.e. IP6 - Lnosltol hexaphosphate; IP5 - lnosftol Peûta-

phosphate, etc. The starred lPr*and fPO* are the isomerfc compounds

detected on the electrophoretogras (see Flgure 21).



Table 13.

Compound

Moblli"tles of reference compounds and trryo-Lnositol poly-
phosphates obtalned 1n the parÈlal degradaËion of nn¿o-

Ínositol hexaphosphate by Ileurcspota emssa, phytase

6lb.

Solvent
Isopropanol/

aunooLa/water
(v/v, 60/f0/30)

=13hr

Buffer
(a) 0.1M oxalate (b) 0.1M citrate

(pll 1 .5) (pH 5.0)

1.00

L.27

0.31

1.27

1. 19

1. 14

I .04

0.99

0.86

û.71

0.48

0.31

00

06

0.73

1.06

1.03

1.03

1.00

0.99

0.89

o.74

0.46

0.73

htt
1.00

0.30

1.54

0.30

0.39

o.44

0.53

0.53

0,67

0.98

L.20

t.54

\p f
! 0.02

PPt

0

Pt

PolyphosphaÈes fn
lU. crussa, hydrolysate

rP6

rt5

rP5n

rP4

IP, *
4

rPl

TPz

rPt

Pt

I

1



Table 14.

Fractlon
(as indfcated
tn Ffgure 22)

Phosphorus : inositol
ratio

l4olecular rotation
tul^

pHl 'u pH11

61c.

Analysis of the phos'¡rhate-conËaÍnlng fractions obta!-ned

by íon-exchange ceparatlon of a partial dlgest of p[.vttc
acld by tl:.e Neuroepo?a e?assa phytase

structure

P

I

2

3

4

5

6

I
A

B

c

D

E

F

-90 r 30

-24!8
-36r4
-55t8

-62 ! 30

-80r8
-30t4

-47!3

III

Va

ï

IT

IV

0

Analysls of the phosphate-containÍng fractfons obtained by fon-e>rchange

chromatography of a partlal digest (502) of phytfc acid by Neurcspora

phytase.

Each pol¡¡phosphate fractfon separated by anlon-exchange chromatography

was used for the deterulnatLon of lts phosphorus to lnosltol ratfo
(Sectfon 2.4.1A.1), the calculatfon of the molecular rotation using

the optical actfvlty at pH I and at piÏ 11 respectlvel-y as Ln Sectfon

2.4.10.1.

The fractÍon was lettered as lndfcated in the organic phosphorus

profile as shov¡n fn Figure 22(br; and the structure $ra6 as glven Ln

the text.
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be of the structure Va by Johnsc.r âr'ld Tate (1969). T'he phosphorus to

loosltol ratlo (5:1), optical actÍvLty, chromatographfc (fn solvent

system l, Table 4, Sectfou 2.3.5) and el-ectrophoretÍc urobflfties

(Table 13) when taken 1n conJunction rflth the strtrcture of the

trfphosphâte produced by further degradationo characterlse the "rajor

pentaphosphaËe as D-ntyo'inositol 1,2,4r5,6-peataphosphate (Structure Va)

OP OP

OP OP

Va. w oP o?OP

D-ntyo-Lroslto1 I,2, 4 15, 6-p enta-
phosphate

L-ntyo-lnosf-to1 L, 2 13 14 "5-pentaphosphate

The minor pentaphosphate detected at 15 and 307" P, release (Ffgure 2l)

was characterÍsed only by Íts electrophoretÍc nobillty which suggests

1t Ls either L<nyo-Inositol lr2"3r4r5-penÈaphosphate as fronr wheat

bran phytase or lts enantlonorph.

(b) lfUo-lnosltol tetraphosphateå

Upon enz¡rmlc hydrolysfs (usfng the IV. emsaa phytase) the

uajor penËaphosphate (Structure Va, above) gave rise to en ootfcally

actlve maJor tetraphosphate lva (Table 14). This tetraphosphate

fractÍon %r, = 1.04) yfelded a nerr lsmer %rt = 0.99) under acfd

condftlons (lN EcLlLo}oll5 mfn) ç¡hl.ch lnduced eis mLgratfon. Ttre

lnosl-tol:phosphorus ratfo, electrophoretfc mobl-llty, lsomerfsatioa
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behavíour and optical activlÈy of thÍs frr--eç1oa are conslster¡t wíth

structrrre IVa. The attempted perÍodate oxidatlo$ of IVa was not

successful, but Ëhe sLnfLarlty fn propertles to the naJor tetraphos-

phate frosr bran (Johnson and late, 1969b) together wlth the structure

of the triphosphate produced by further degradatlon characterlse l.Ë

as D+nyo-f,uosltol L,2r5,6-tetraphosphate IVa.

OP OP

OP OP

IVa. I.Ìrb.
OP OP OP

D'ngo-lnosltol L,2,5,6-tetra- L-myo-tnositol L,213, -tetra-phosphate phosphate
rn some electrophoretogr¡ns a spot with the nobillty of L-+nyo-Ínosftol L,2r3,4 tetraphosphate rVb was observed as a nlnôr product,

but no further characterlzation has been attempted.

(c) lTfUo-lnositol tri.phosphate

The lnosftol tríphosphate fractlon (flgure .22, Table 13) was

shown to be a trÍphosrhate by lts 3:l phosphorus to lnositol ratlo.

it was subjected to perÍodate-oxldatíon-borohydrfde-reductfon-

hydrolysis reaction as descríbed fn Section 2.4.10.5, Paper chromato-

graphy (as lllustraÈed la Ffgure 23) of the product obtafned fron this

reactlon deßonstfated that maJor products were arabltol and scroe

nga-fnositol. The latÈer is probably due to inconplete oxldatfon.

Gas chromatograohy (Ftgure 2lt) af the polyol. acetates confLr¡red the

pËesence of arabl-ÈoI v¡hLcir was purifled by fracttonal sub!-fiuatlon and

characÊerised by fts lnfrared spectrr¡ur and melting polnt 74o. A

níxed raelting poínt çrith authentÍc D arabitol acetate (¡¡el-tlng pofnt



Flgure 23.

tosraDhv of arabl. obtained fron the te-Paper chræa
lation

the nosftol ohosohate cw,ssa hydro I vsLs

The paper !7as rufi ln the ascendlng manuter uslng Ëhe solvent

systen acetone/watet, vlv, 4ll for 4 hr.

The polysaccharides lrere developed by the sflver nÍtrate

meÈhod of Anet and Reynot.ds (1954).

Gly, Glu, Myo - glyeerol, glucose, myo-Lîosltol

Ip3N.c [O] * nyo-ltoslto1 Èriphosphate from Il/. c'wßaa,

Arab = arabltol

Arab * Ery = arabitol* erYthrlËol'
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Flgure 24.

Gae-lLoufd chroma raotrv of alcohol etes

The standard technfque used was as described ln SectÍon

2.3.3.1.

Trace (S) standard compounds

(a) obtafned fron lir. e?aaaa and btan Fractlon Ft hVdrolysates

(b) obtatned fro¡q wheat bran Fractlou F, hydroLysate

Staodard acetates are as foL1oçrs:-

(r)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

Glycerol

ThreltoL

EryËhrftol

RÍbiro1

ArabitoL

Xylf-toL

Altrltol

SorbÍtol

Myo-inositcl
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74o) was uudepressed, but a mfxe<i neltlng polnt wfth authentfc L

arabftol acetate was eler¡ated to 95o whlch Ls ldentical wlth the

nüred neltlng polnt of the authentlc DL racemate. Thus the orl.glnal

po1yol nust be D arabftol, whLch cao only be derfved frcm Stnrcture

IIT.

OP

Ð-myo-taosftol I o2,6 trfphosphate

TTI. OP

OP

(d) Muo- inosltol dLohosohate

Perfodate oxidatlon of the dÍphosphate component yielded

only erythrltol; no other polyol was found. Under alkalfne conditlons

Lt gave ntyo-tnosLtol I and 2 monophosphates whLch !úere successfully

separated by papet chroûatography (see Table 15). The levorotatory

sign of Íts molecular rotations both Ln acÍd and alkalLne ruedf.r¡m

(rable 14) and Lts fomaÈLon from III deflne its stn¡cture as v-ûao-

LnosÍtol 1,2 dfphosphate (Stn¡cn¡re II)

OP

OP

III
OP

Myo-Inosltol 1,2 dLphosphate Mgo -Inos|Ëol 2 nonophosphate



lable 15. Mobllltles of, ntyo-lncsltol dÍ*phcsphates

64a.

Chronatograohíc PolYol fron
nobllity (brr) ngo-Lr.osltol

Isopropanol/ dfphosphate
ænonia/r,¡ater after the
vlv 6OltOl3O, perLodate-
15 hr oxÍdatfon-

borohydrl-de
and hydrolysfs

seduence

Compound Electrophorêtic
nobLllty (5rr)
0.lM oxalate
pH 1.5, I hr at
1500 volt

DD^tr
Pt

0

l¿-l¿o-fnosLtol
dfpþosphates

1r2* diphosphate

1r4 diphosphate

1,6 dfphosphate

113 dlphosphate

2,4 dlphosphate

1.00 t 0.02

0.31

L.27

0.70

0.70

a.75

o.70

0.70

I .00

r.53

0.38

t.24

I .06

1.04

1.07

r.24

erythrÍto1

carbon dloxfde

threftol

ribitol

arabftol

* Numbers denote the carbon posftlon on the inositol rlag whfch is
esteriffed to a phosphate.

The electrophoretfc and chromatographic techniquee used for the deter-

mlnation of the nobllLties of the cæpounds are of standard procedures

and are as given fn Sectfons 2.3.1.2 aad 2.3.5 respectÍvely.

The noblllties of the compounds Ln the respectlve buffer or solvent

systenn were calculated wlth refereûce to fnorganic pyroohosphate.

All phosphate cootalning compouods ¡¡ere developed by the phosphonolyb-

date reagent of Harrap (1960).
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(e) lrløo-laosftol rnonophosp'F¡ate

Ite monophosphate component 1n the fungal hydrolysate !ùas

found to be a rnlxture of the I and 2 monophoephaÈes but predonfnantly

the latter. !\rrther enzymic hydrolysis of this monophosphate resulted

1n free ntyo-Lnosltol which ¡uas detected on paper chromaËograms fn the

solvent sysÈems 4 and 5 (Table 4, Sectlon 2.3.5).

3.1.6.2 Conparatlve study of the degradatÍon pathttays

of muo-laos itol hexaphosohate

Flgure 25 ccmpares the electroÞhoretic

phyËate degradatlon patterns (at 352 Pt release) of a very actfve

phytase ftoø Psañotrcttas SB2 (supplted by Dr. D.J. Cosgro'vet see

Dlaterfals and Methods) wttt¡ the pattern frm tÞre Eeurcspotv czasaa

phytase. Ttre sl¡llarlty ln nobllltles Ls 1n accord qrith the sinflarÍty

1n strîuctures proposed by Cosgrove (f970) for the Lntermediates pro-

duced by the Peeudononas eaz]rme.

Flgure 26 shoçrs the markedly dtfferent phytate degradatÍon

patterns of the Il7. enresa enzr¡Be and the cnrde wheat bran phytase.

Xtre fnternedLates of the bran phytase rouËe rvtll be detalled fn Sectfon

3.2.4.

3.2 Phvt?ses fron higher plants

Phytases extracted from wheat bran were fractfonated and

partfally puriffedi Some enz¡nnLc propertfes are presented.



Figure 25.

conroared the fræ NeurcsÞo"q, and

Peaibnpnas SB2

Ttre re¿ct{on olxture (l nl) contalued 0.25 M sodlum acetate

buffer (pH 5.0), 0.02 D1 sodftln phytate (pH 5.0)' the varlous phytases

(each at 0.2 nl) atrd $äter. the ¡nixture was lacubated at 37o rmtll

the percentage of Ëota1 phosphorus llberated ¡vas at 357.

Electroohoretlc condltlons:- 0.lM oxalate buffer, pH 1.5

I hr at t'500 volts

Phosphorus soupounds were detected by the phosphonolybdate reagent

(ilarrap, 1960) .

5P = Electrophoretlc nobllfty wlth re-spect to PPI

G Inorganlc pyrophosphate

= Phytic acLð. (tnyo-Ínosltol hexaphosphate)

= Adenoslne trfphosphate

= Inorganlc phosphate

= Fructose

= Standard conpounds

= Myo-ttoe|tol PentaphosPhate

= Degradatloo pattern by Peauåanotøs SB2 enzyme

= Degradatlon pattern by Ilanrcspow ædßsa PhyÈase

f

Lane

Bran

Laoe

Lane

PPt

0

ATP

Pt

Fr

s

rPs

sB2

NC



65a

\

P?I

I
I

ü

t
t
t

I
r

I
ö

ü

t

bPr
Af?

rt* il;t:,$t
il

'.ft

O

Þ

3



Ptgure 26.

end l¡ran phvtases

The reactlon rnlxture qlas as given for Figure 25 and an

allquot (0.0f nl) was examined wtren 20-3QZ of. ttre phytate phosphorus

was lfberated as iaorganic phosphate (Pr)'

1c cond Itlons:- Ð.1 M oxalate buffer, PFI 1.5

I hr aË I,500 volte

All ptrosphate compounds were developed with the phoephooolybdate

reageat (see SectLon 2.3"1.3).

The scale in the Flgure 26 denotes thc nobLlity of the compotrnd

wlth respect to inorganLc pyrophosphate (PP1) uging fructose (¡'r) as

the non-mfgratory marker.

ATP - adenosf.ne trÍphosohate

S = phyËfc acfd or myo'Lnøsl-tol hexaphosphate

Lane S = standard compounds

Lane Íil - degratlatfon PaËhway of $ using wheat braa phytase

Lane !tr = degradation pathway oí + uslag llatæospona c?a8sa phytase
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3.2.1 Butanol treatmeht

Ttre cnrde aqueous extract from r¡tre¿t bran prepared

as descrfbed Ín Sectfon 2.2.2.1 was treated rlth water-sâturated n-

butanol (see SectLon 2.2.2.2). Flgure 27 shows the eequential .butanol

extractÍons (n tlnes) of the cnrde enzJme rchich resulted ln e :success*

fve decrease 1n enzymlc actfvity. Ttre activity was restored by con-

bfning the exhaustfvely extracted enzJme !ùlth the concentrated butanol

e><tract (Figure 27). Plate 3 sholns thaÈ at least ssyen iodlne staLn-

ing compor¡ents of the concentrated butanol extracÈ are aeparable by

thln layer chromatography (see Section 2.3.4), Oaly two cooponents

were detected by the phosphollpid reagent of Vaskovsky and Koatetsey

(1968). These phospholfptds (R, 0.5 and 0.16) correspoaded to stand-

ard lecfthfn (R, = 0.5) and lysolecíthÍn (Rf = 0.1.6) respectively.

The phosphollptd (n¡ 0.16)when isolated by prepararlve thln trayer

chrmatography restored enzJ¡me actlvity wtrereas all other lfpLds were

lnactfve. Sfoce the fncrease 1n actlvlty could have resulted fron a

degtadatf.on of el.ther the added phospholipfd or the substtate Qnyo-

lnositol hecaphosphate) ên assessflrent rÀras nade of thLs possfbfllty.

Thus enzyrne acÈivfËJz !'ras detetmlned r¿fth graded amounts of phosphollpfd

wlthout the substrate, Ln the reactlon mfxture. No lncrease in enzyare

actlvlty was recorded. A sLnllar asses$rent of the phytasê activLty

with only the substrate showed that much of the lnttlaL rnyø-Lnositol

h*aphosphate remaLned at each lncubatLon Èftne índfcating that enzyme

activlty was not enhanced due slmply Èo the complete hydrolysís of

ntyo -tno sttol her<aphosphate.



FÍgure 27.

Phytase actLvatl.on bv lvso thln

Allquots of the enzyme lrere assayed for Phytase actlvÍty

after oNt sequentfal q<tractfons v¡tth water-saturated n-butanol as

shcñùß Ln Figure 27.

The reactlon mlxture (total I ul) contafaed 0,02 M sodiun

phytate (pH 5.0), 0.25 tl sodlum acetete buffer (pH 5.0), enzyme

solutfon and ¡vater.

r r phyta8e actlvlty before tNt (nr¡¡¡ber) extractlons

phytase acEfvity restored lû1th the addftfon of
iyloleclthln (15-20 vg P¡ln1) aftet the 10th
extractfoû

,r r phytase actfvfty after the 4th extractlon

Al¡:tr?rSthrr

a a ,t tt rr 10th rr
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Plate 3.

thin-laver chroma of the butanol extrect

ActLvated sflica gel E plates Ìvere luo in solveot syetæ

cnc13/t'reoH/r{2o (vlv' 651301 5).

Ltplds were deveioped by lodine vapour as shorùri fn Plete

and also by the phosphollpid spray oi Vaskovsþ and l¿*ostetsey (1968).

Lane I =

Lane 2 a

Lane 3 ã

Lane 4r516 =

Lysoleclthfn extracted from sheat flour

Phospholipld activaËLng factor in the butanol
extract

Standard leclthLn

Staadard egg lecithtn (faster movfng component)
and fts lnpurlty lysoLecithfn (slower movÍng spot)
at varlous concentratl.ons respectÍvely.

Ttre darker colour observed wlth the fodine spray !-s due to

unsaturatlon in the carbon chain.
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3.2.L.L ldentfftcatlon of factors fa the butanol

extract

The tuo phosphollplds descrfbed fn Sectfon

3.2.L wtrfch had nobllf.tfes slmllar to those of leclËhfn and lyso-

leclthin respectfvely were subJected to n11d de-O-acylatÍon. Ttrfs lrae

carried out Ln sodtrn uethoxlde eolutfon for 15 mLn. lÎre ¡eactfon

was followed oa thfn-Layer chrmetography and the product fomed ¡¡as

characterlsed by fts chronatographíc and electrophoretlc properties.

Bottr the phosphollpids gave glyceryl phosphoryl chollae (crc¡ (see

lable 16). Wltli the aLd of thefr chronatographfc aad electrophoretlc

uobilltles of authentl.c stanilards, cholLne and a mLxture of c and ß

glycerophosphate ¡rere fdentlfted la acid hydrolysis (lN ECl/tOOo/l5

nl.a) of glyceryl phosphoryl cholLne, lable 16. Ttre fatty acÍds

obtafned frcm the nfld de-O-acylatlon and characterfsed by gas-llquid

chronatography (see Sectton 2.3.3.2) were predonfnantly C 16:0'

C 18:1 and G 18:2 strafght chalo fatty acids. Ítm thè date

obtalned ft was deduced th¿t the sloweet movfng phosphollpid on thfn-

layer chrooatography and the ea:zyne ectlvetor was lyaolecfthfn. The

effect of thfs compound 1n restorlng phytase activfty fs sho¡m fn

FLgure 27.

3.2.L.2 LLpLds aad phospho oids as actl-vators

Table 17 sholrs a series of lysoleclthLn

preperatlona, aynthetíc and naturally occurrfrig, and related cmpounds

wirieh !ûere tested for actlvfty rrtth the butanol treated phytase. The

phosphonrs content of the test solutÍon was adJusted to the phosphonrs



Table 16. Mobflltfes of some compouads

Coupound

67a,

Ctrromatographf c nobll lty
,*ePr,

f sop rop anoU amonf a /water
vlv, 6ollo/30 11 hr

Electrophoretf c nobf lf ty
Gbr*)

'0.11{ oxalate" pII 1.5
I hr, 1500 volt

PPt

0

ATP

Pt

c-glycerophosphate

ß-glycerophosphate

Glyceryl phosphoryl choUne

Phosphoryl cholfne

Phosphoryl ethanolamine

Chollne

SerLne

1.00

L.27

0.54

0.31

0.55

0.54

0.00

-0.049

-0. 106

-1.96

0.091

I .00

0.30

1.05

1.3

l.g7

2.13

2.54

I .87

2.80

2.50

Ttre coupounds lfsted fn this table are ae gLven under AbbreviatÍons.

The standard technÍques of hfgh voltage electrophoresfs (Sectfoa 2.3.1)
and paper chornatography (Sectlon 2.3.5) were enployed uslng lühatman

No. 3 paper for electrophoretfc runa and prewashed tlhatnan No. I paper

fn the latter method.

Phosphonrs conpounds were detected by the phosphmolybdate dfp method

of Earrap (f960), heated for 15 min at 650 and thea lrradfated under
U.V. lf.ght.
Chollne was der¡eloped usLng the Dragendorff reagent (t{agner et aL.,
f961) and anlno acids by dfppfng 1n 0.31 wlv nl.nhydrln Ín acetone aad
heatlng at l00o for 2 rn{n.

The nobllftf.es of all eompouads ¡¡ere calculated wlth reference to
lnorganÍc pyrophosphate (ppt) as gfven fn Sectlo¡ 2.4.5.
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lable 17. Effect of llplds aod phospholtpfds on the actfvLty of
the butaaol-treated enzyme (10 extraetfons)

Enzyue reactlon mlxturea a.ertvlry (Z)

Crude

Butanol-sctracted (1ù() eûz:rûe

Synthetlc l-O-acetyl glyceryl phoephoryl cholÍne

SyntheËfc 1,2 dt-O-acetyl glyceryl phosphotyl cholÍtre

Synrhetfc lecfthla (lr2 ilt-O-palnftoyl glyceryl
phosphoryl cholfne)

Egg lecfthln
1-O-pa&nftoyl glyceryl phosphoryl chollne (snake veam)

l-0-¡ralnftoyl glycetyl phoephoryl chollne (comercfal)

Egg lysolecfthin
Iiltreat endosperm lysolecfthln
Phosphatldl.c acld
Oleic acid

Ste¿rfc acfd
Palnitic ecfd
l-O-alkenyl g1yceryl phosphoryl chollne (ox-heart)

Glyceryl phosphoryl choline
PhosphatÍdyl ethanolarrfne

100

50

50

51

5l
57*

70

70

75

85

50

50

50

50

50

50

50

*A snal1 æourit of lysolecLthln was detected by thln-layer chromato-

graphy Ln thls s41e.

The reacÈfon nl.xture contaÍned fn a total of I nl, 0.25 M sodÍum acetate

buffer, pH 5.0, 0.02 I'l sodfin phytate, pE 5.Or 0.2 ul of enz¡me solutíon
(4-5 ng protefn/ml) aod water, wl.th or ¡dthout the llpfd (f5-20 ug Pt).
ConditLons of fncubatfon and assay are gfvea ln Sectfon 2.4.1. Phytase

actLvfty was expreseed as e percentage of the orfgfnal actfvfty of the

bran phytase which had not been subJected to butanol extraction.
1002 actÍvfty 1e equfvalent to 0.053 InternatLonal Unft.
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coatent of the orlgl.nal butanol extract, of the cmpounde tested the

orily signÍffcant actívatl.on was by lysolecLthln preparatfons, MaJor

changes such as shortening the ctraln lezrgth by reducÍng the nr¡mber of

carbon atoms xo C 2 as in acetyl Lysolecithln or substLtutfon of an

enol ether for the ester lLnkage falled to restore er¡zyme activfty.

slnflarly, total acylation or total de-o-acylation of the carbon res-

Ídues as Lo lecithfn and glyceryl phosphoryl cholfne (see strr¡ctures

as shorrn fn pl¿te 4) also fafled to restore enzJme actlvity. Because

of the ease of acyl olgratl.on lt is not possible to be certafn that

actfvfty fs due ooly to l-O-acyl lysorecLthlns although the actlvl.ty

of the snake venon preparaËions supports Ëhls supposition.

The fact that phytase actfvity rms not reduced to zero by

successlve exhaustlve butanol extractlons (see Ffgure 27) suggested

a posslble additfonal enzyue ¡¡hÍch rnlght not requLre thfs cofactor.

The substrate degradatlon patÈerns on electrophoretograo for both the

crude phytase and the butanol treated phytase were lndlstÍnguishable

suggesting that efther the butanol extractfon was lnconplete or the

hypothetical second en4nne had the sme degradatÍon pattern as the

lysolecfthin actLvated enz¡rme or was obscured by it.

FLgure 28 shor¡s the presence of two phytases F1 and F2 fn the

elutfon patterns for the cn¡de eozlme from a DE-II cellulose colunn

(l.B x l8 em, sectlon 2.3.2.2). Butanol extractfo¡s revealed that

only ltactfon F1 contalned the phosphollpfd requlrlng enz¡rue and that

tbe butanol exÈracted Ft had a gubstrate degradatlon pattern wtrl.ch

was trndistlngulehable frm the cnrde enzyme. However, as sho!fir in



PLATE 4

STRUCTURES OF LECITHIN, LYSOLECITHIN A}ID GLYCERYI PHOSPHORYL CHOLINE

o
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cH.
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Figure 28.

DE-11 e of wheat bran ohvtase

Method used 1s as descrÍbed 1n section 2.3.2.2. Proteln

coatent in the fractLons ¡¡ere dete¡mfned "t 
E2gO *r' lhe reacÈion

mfxture was focubated at 37o and contained !n a toÈal of I ml,

O.O2 M sodlum phytate (pH 5.0) as substrate, 0.25 M sodlu$ acetate

buffer (pH 5.0) and enzjme solution (0.2-0.5 nL) ancl water'

Phytase actlvlty rùas assayed as given ln Sectlot 2'4'L'

O------0 ExtLnctlon coefficient EttO o,
Þ-. Phytase actlvlty Ín umole PrlnLalfraction

Y--- ? M Trfs-HCl buffer (nolarLty)' pII 7'3
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Ffgure 29, phytase Fraction tr', has a narkedly dlfferent pattern which

was masked by Ëhe presence of the more actfve F'tr enzyne in the crude

enz)¡me preparatLons. A detal-led dl-scusslon of the F, substrate

degradatfon pattern and the structure of the latermedfates wl1l be

gfven ln SectLon 3.2.4.1.

3"2.1.3 LLplds and themal stabllfty

It has been reported that lecithLn and lyso-

lecl-thia confer ther¡nal stability to the bovlne ATPa,se (Tanaka, 1969).

Figure 30 shows that a 602 loss f.n ernzSme actfwÍty hraa recorded when

the butanol treated enzyme was heated at 600 for l0 nÍn anC that the

butanol treated en?J¡'me is nuch less stable to temperature thao the

cn¡de enzyne. Hor¡gr¡er, Ln contrast to the ATPase (Tanaka, L969)

addLtion of lysclecfthin, leclthln or the butanol extract faf-led to

restore thermal stabilfty to the butanol treated phytase.

3.2.2 Þ<tractf.on, fractfonatLon and purLfÍcatíon of wheat

bran nhvtase . Fractfons F1 and F2

The followfng sequence was developed for the partLal

purifl.catlon of phytase:-

(f) The crude enzJrne extract was obtaÍned from pre-soaked (>6 hr)

t¡heat bran (after a selectfôD of presoakfng tfnes for the na:<l¡nrur

productloo of enz¡¡ne + proteln; see Þtgure 31) (30 g¡1gg ml distfllerl

!ùater) followl-ng the osnotLc shock method of Nagai aad Funahashf (1962).

Ttrfs and all enz¡nric operatlons ¡sere conducted near 20. The bran,



Figure 29.

Elec ofp hvtfc acLd ion bv bran ohvtase

FractlorsF. and F^

The Íncubation mixture contaLned in a total of I ml, 0.02 M

phyËlc acid (pH 5.0), 0.25 U sodft.¡n acetate buffer (pE 5"0),

enzyme solutlon (0.2 nl) and water. The mlxtute was I'ncubated at

37o untll the lnorganLc phosphate lfberated frorn 0 was 35"Å of the

toËal orgaaÍc phosphorus. 0.02 m1 of, the reactÍou mlxture spotted

on fùhatman 3 lfl'Î PaPeE was a<anfned fn oxalate buffer (Sefffert and

Agranoff, (f965) on hfgh voltage electrophoresis of the t¡rpe

described by Tate (1968).

lc cond ftfons: - 0.1 Ì,f oxalate buffer, PII 1.5

I hr, 1,500 volt.

Phosphate conpounds were developed by the phosphonolybdate reegent

of Barrap (1960) '

Lane I - bran phytase F1

Lane 2 = bran phytase F,

Lane S - standard cøpounds wfÈh þ mgo-lnositol hexaphosphate,

PP1 inorganic pyrophosphate, AP adenoslne trlphos-
phate, P1 fnorganic phosphate and Fr fructose

lçe. = noblllty of the cmpound fron the non-ufgratory
t .rrker, f nrctose w'f th reference to PPi (Sectl'oa 2.4.5r.
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Figure 30.

Llplds aad thernal stabll ltv

Ttre enzlme solutÍon (4-5 mg protefn/ml) was heated at 600.

At tÍrnes specífied as l-n Fl.gure 30, all'quots of the enzyme solution

were removed and assayed for phytase ectivlty wlth or wLthout the

addl-tÍoa of l1pid.

Ttre reactl.on mfxture (l-ncubated at 37o for 30 nin) eontal'ûed

1n a total of 1 nl, 0'02 }f sodluu phytate (pll 5'0) as substrate'

0.25 Ìf sodl-rm acetate buffer (ptt 5.0) and 0.2 nl enzJ¡ûe and water.

uatreated eozYme

enz)tûre subJected to butaaol treatment

extracted enz5me plus lysoleclthln

Ðrtracted eczJme Plus leeithln

Readdftloo of the cæbined aad concentrated butanol extracts

to the treated enz]tme heated at 600 dld not detectably alter the

efrzl¡me activl.ty (sinllar to ¡-¡).
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Flgure 31.

Effect of ore-soaklne on the extractl-on of bran phytase

I'ttreat bran (15 g/50 nl) was eoaked 1o double dlstilled water

for varTlng perfode as sho!ül Ín FÍgure 31. The extracted enzSme

solutfon (Sectton 2.2.2, +¡as made uP to 40 nl. the actlwlty of

phytaee was detetmlaed by the release of fnorgaoLc phosphorus fron

O.Ol M phytate as deecribed f.n l{ethods (Section 2.4.Lr.
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after an ovenrlght soakfag fn watèr, r,raa squeezed through double

layers of ¡rusl1n cloth. The yellow aupernatant fractfon left after

eentrffugfng at 71500 g for 20 ntn (Fractfon l, Table 18) ¡¡as fractfon-

ated wfth armonÍm sulphate.

(11) Soltd amonf-urn sulphate to a 502 saturatÍon l|as slowly

stlrred Lnto the qrude enz)rue Fractfon (l ). The suspenslon rms

allowed to staad fot 2 hr before centrffugfng at 7,500 g fot 20 nia

aad the resfdue r¡as discarded. Solld a¡monfis sulphate rms agafn

added to cmpletely saturate the 502 supernatant fractfoa and the

uÍxture røs allo¡yed to stand for another 2 hr. Ttre precfpl.tate

obtafned after the second centrffuglng dLssolved La a nfnfmal volume

of cold dLstllled lrater was dlalysed onernfght agal.nst tlro volumes

of cold dlstl"lled rüater. After dlalysÍs the lasoluble naterlal nae

centrlfuged and discarded, whlle the superflaËent fractloa (Fractlon

2, lable 18) was used for gel chronatography.

(tfl) The dfalysed fractlon tras freeze-drLed and dfssolved ln

15 nl weter, then redlalysed agalnst 0.02 M sodlr¡m acetete buffer

(pE 5) for 3 hr. It was then loaded ooto a Sephade:< G-lO0 coh.rn'r

(1.6 x 52 crn) whlch had been prevlously equllÍbrated ldth the eane

buffer aod callbrated (see Sectlon 2.3.2.1). The enz]me eluted ldth

0.02 lÍ sodfi¡m acetare buffer (pB 5) as a sfngle peak (Ffgure 32)

was collected fn 3 to 4 ml fractlons per tube. the fractÍons were

then bulked to glve Fractlon 3 (taUle 18).

(fv) Fractfon 3 was dlalysed against cold dlstflled $ater before
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Table 18. Partlal purlfication of bran phytase FractLons F1 and F2

Fractfon Volune

(nr1)

lotal
Protei.¡r

(te)

Total
Actfvl.ty

(units)

SpecLfl.c
Actfvity

Purlfl-
catlon

1. Crude aqueous extract:
Supernatant fractfon
left after cenÈrifug-
Íng at 7,500 g fot
20 nln

2. 50-1002 (NB,)^SO,
precfpLtat""of (T).
Actl.ve enzyne fractLon
dlalysed overnLght at
40 agafnst double
dfstflled ¡rater (2)

3. (2) passed thtough a
Sephadex G-100 column
(1.6 x 52 cm). ActÍve
enzyme fractlons
collected and dialysed
as for step 4, below

76 1140 785

20 24A 373

28 t0 330

I 200

0.5 70

4. (3) passed through a
DEAE-(DE-II) coh¡nn
(1.8 x 18 cm).

a) Fractl.on F, eluted Ln
a steprise-manner
with 0.0ã{ Trls-HCl
buffer, pH 7.3 40

b) Fraetfon F2 eluted by
a lLnear gradfent of
0.02I'f to 0.5M lris-llcl-
buffer, pH 7.3 50

0.7 1

t.6 2

33 47

200 285

140 200

Phytase waa extracted fron ccmerclal wheaË braa whÍch had been pre-

soaked ae described 1n Sectlon 2.2.2.L. Ttre enzymes were partlally
purffled r¡rlth full detalle as given Ln Results, SectLon 3.2.2.

Phytase actlvlty na6 determlned as in Sectfon 2.4.1. Protefn r¡as

assayed by the Folln method (Sectlon 2.4.2r.



Flgure 32.

Ge1 chroma tosraohv fot ahvtase from braa

15 nl of dialysed enzyne Fractlon 2 (Table 18) contafning

actlve phytase was loaded oûto a Sephada< G-IOO cofu¡nn (1.6 x 52 cn)

whlch had been prevlously equLlfbrated vrLth 0.02 M sodf.un acetate

buffer, pll 5.0 as given ln Sectlon 2.3.2.L. The enzyne was eluted

¡clth the sæe buffer from the coh¡¡m.

The concentraÈ1on of protela 1n the collected fractlons sras

detemLned by optfcal denslty Dea6urements at 280 m. Phytase

actLvity was measured as descrlbed 1o Section 2.4'1'

F- O B2B0 ,- (optlcal extÍnctlon at 280 nn)

f..o...¡ Phytase actfvfty expfessed ln ¡rno1e Ptl3O rrfn/fractlon.
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loadtrrg onto the DEAE-(DE-II) cel1u1ose (Sectioo 2.3.2.2) colurnn

whfch had been prevlously washed with water. lhe colunn nras r¿aehed

flrst wlth dtsttlled water before elurlng ¡yith 0.02 M lffs-HCl buffer

(ptt 7.3). Finally a linear gradl.ear of buffer behveen 0.02 M and

0.5 M Trfs-ECl buffer (pH 7.3) was used. Ihe eluate r,ras colLected Ln

5 nl fractlous. An enz¡ime fractlou (F1) vras eluted by the stepwlse

úethod whereas a second enzyme fraction (Fr) was eluted around 0.1 M

(see Flgure 28). The resgective fracÈlons !¡rere collected and each

was dlalysed overnlght agaiast cold dfstilled Irater to gfve Fractfons

4 (a) and 4 (b) (rable 18) respecrtvely.

The data froo such a pteparatfve fractl.on¿tlon are presented ln
Table 18. TtrLs puriffcatÍon procedure resulted fn a 285-fold and

200-fold ovêr the crude phytase extract for enzyme Fractions F, and

F2'

Other procedures whlch were att@pted but did not result fn
further purfflcatfono Lncluded acetone srtractions at -15o and methanol

precLpitatlon at 20. Gel chrooatography on sephadex G-100 rerrealed

only one homogeneous peak of enz¡me actfvfty as shor^m fn Ff.gure 32.

This raas resolved Ínto eazyrne Fractloas F1 aad F2 by aníoa-exchange

chronatography (ptgure 28), indlcatiDg the charge differences of the

fractioos. Good recovery of the phytase actÍvÍty and proteLn from

the DEAE colt¡ms vras only obtaLned after Írrer¡ersfble adsorption sftes

had been cor¡ered wlth bovine serrn albt¡nio (see sectlon 2. i.2.2 L¡

Materl.als and Methods).
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3.2.3 Prooertfes of tbe eozrmee

3.2.3.1 Preseace of other eng¡mes

The bran phytase haction F¡ (or Frection

4(a), lable 18) contafned 302 of adeuosÍae trlphosphatase (AÎpase),

4OZ of. pyrophosphatase (ppaee) and 502 of B-glycerophosphatase (ÈGpase)

aB coilpared to thelr Ínitl.al activl.tfes (1002) fn the crude e:(tract.

Sf-n1larly PPaee, Ê-Gpase and Apaee were detected in the enz],me

Eractlon F2 (or Fractf.on 4(b), Table l8). Both F1 and F, were uot

actfve wlth glucose-l-phosphate whereas the crude extrect (¡çact1on

1, Table r8) traa weak glucose-l-phosphatase actlvfty. rn coûtrast to

Ft hydrolysis of glucose-6-phosphate waa not detected fn the F,

fractlon. The cnrde ektrect had a glucose-6-phosphatase actlvfty
(G-6-Pase) of 0.38 unole P1 llberated/nfn/ng proteLn as c@pared to

Ëactlon F1 (Fractfou 4(b), Table lB), whlch had only 0.1 uoore p1l

nfo/¡ng proteÍn. Tt¡ue the G-6-pase actfvfty hed been reduced to less

tllø;n 267( of the orlglnal level. although the phosphetases had beecl

reduced conslderably Ln the purlffcatio¡ step6 they were not elfofnated

coqletely fn the Fractions 4(a) and 4(b), Table lg, respectfvely.

3.2.3.2 Starch gel electroöhoresÍe

Bran phytase Fractions F1 (285-foful) aad

F2 (200-fo1d) (see Table 18, sectfon 3.2.2) contatned orher phosphat-

ase actl.vLty as outlfned fn sectÍon 3.2.3.1. starch gel electro-
phoretic studfes of the Èactions F1 and F2 were undertakeo to

eetabllsh r¡trether phytase wias e slngle protel.n capable of hydrolyefng



Figure 33.

Starch ee1 electrophoresis

The gel contaÍnlng l2l r¡/v starch vae prepared ln 0,017 Dt

alumlnir¡o lacËate buffer (Íonfc strength 0.1, pII 3'1) and 2 Èt urea'

Sanples of the enzyûe FractÍons F1 aod F, (Fractlons 4 (a) and 4 (b)'

respectlvely of Table 18) were conteLned ln slots prepared ln the

ge1. ElectrophoresÍs was around 3-4 volt/co for 6 hr'

Italf the gel was staÍned for phosphatase actfvLty wÍth

buffered cr-naphthyl phosphaËe and the coupllng agent, fast blue

(see Sectlon 2.3.1.1). Proteifi !Íaa stai.ned Ìrith 0.0[52 nlgrosl-ne

for 12 hr. Bccess staful was washed out usÍng a mûcture of acetic

acid/nethanol/water (v/v, LlslL).

The scale in the flgure Lndlcates 3þs ugt! P, lfberated fron

incubated sectlons of the gel (0.5 x I cß) lrlth 0.0001 M sodfi¡m

phytate as the substrate.

Lane A = Enzyme FractÍon F, (FractÍon 4 (b), Table 18)

Lane B = Enzyme Fractioa F, (Ftaction 4 (a), Table 18).
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sftopIe phosphmonoesters or a mlxture of eozJ¡m6s. No stafn specLfl.c

for phytase has been fouad. Ilmsver, dLssected sectl.ons of the gel,

when tested for phytase actlwlty, showed that enzyme actlvity corres-

ponded wlth the a-naphthyl phosphatase ectfvfty (Flgure 33). The

nobflity of the phosphatase pattern of Fractloa F1 and F2 relatfve

to horse heart cytochrome e on starch gel, usÍng alunl.ufirm lactate

buffer, pII 3.1 (see Sectloa 2.3.1.1) were 0.47 and 0.58 respectlvely.

the nobLlftLes of the proteins ln F1 and F2 enzJ¡Des staÍned wlth

0.0152 rd.groslne (see SectÍon 2.3.1.1) again r.rlth respect to horse

heart cytochroue c were 0.61, O.74 fox Fractlon F1 and 0.46, 0.54

and 0.76 tot the F2 fractfon respectfvely, wtrÍch cor¡fl.rus the

presence of much fnactive proteln.

!\¡rther resolutÍon by starch getr electrophoresfs using 0.41 M

histidine-cftrate buffer (pH 7), showed that F1 and F2 eontained 2-3

ba¡rds of phosphatases. Theee specles moved towards the posftlve

electrode. ltrts confÍmed that Ft and F2, f.e. Fractlons 4(a) ao¿

4(b), Table 18" were stfll relatively lmpure.

3.2.3.3 Apparent nolecular wefght determinatloa

Ttre apparent moleeular wefghts of the

partlally purffled ttactÍons F1 and F2, Table 18, were determÍned by

a Sephadar cok¡¡nn technLque (see Sectlon 2.3,2.1). Ttre dlstrfbutfon

coefficlents of tbe F1 aad F2 eûz:tme r¡ere compared rrLth those of

reference proteLns of known molecular weights and with phytases frcma

microorgaufsms (see Sectfon 3.1.5.2). this ¡¡as shown fn tr'lgure 14.
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Bran phytase F1 had a KU value of 0.25 (see Ffgure 14)" whlchlras

indistfngulshab¡e fron the KU of Fractiori F2. ThÍs útas equfvalent to

a molecular wetght oi 47 1000 t 21000 LndfcatÍng that the enzlmes nere

relatively sna1l proteíns. T{heo enz)me Fractlons Ft and Ft were

combined together and re-e¡ramined on the Sephadex G-100 colu¡cn (as

descrlbed before) ouly one peak of eoz)rne actfvLty (equÍvalent to

one dfstrfbutfon coefficfent value) r.ras obtalned. Agatn a símllar

KU val-ue of 0.25 was recorded for the comblned fractions as for the

fndivldual fracÈ1on either F, or Fr.

3.2.3.4 Stabllity

the aumonir¡n sulphate ftactLon (Fractfon 2,

Table 18) was nore stable than the partfally purffted Fl preparatiou

(Fraction 4(a), lable 18). The former preparatfon could be stored

at -15o for a perlod of 9 uonths wl-thouE loss in actl.vfty. The

partfally purifled enzyme F' howerrer, retained only 402 of the

lnltial acËivity after 6 monttrs at -1.5o. Fl had an optimum tempera-

ture at SOo (Hgure 34), A loss of about 102 1n actfvfty rvas recorded

after heaËing the enz)rrne for 10 ntn at 600. All enzyme actfvÍty wes

destroyed withLn l0 srfn above 8Oo.

the partially purlfied enzyrne F, (Fractlon 4(b), Table 18) was

unsÈab1e at dilute concentrations. The addftion of a surface

actlvator, e.g. lriton X-100, did not restore activfty. However,

preparations could be concentrated by freeze-drytng and stored at

-15o for 6 months ¡rfthout substaatLal loss Ía phytase actfvfty. Ttre

enzlme was stable aË 37o but ¡¡as eonpletely faactlvated after 2 min



FLgure 34.

Optfsrn tæperature for phvtase FtactÍoa Fl

ptrytase F¡actlon F1 wae fncubated for varlour¡ t€ß$elatureB

¡¡l.th a reactloa oixture of coqosftLoa as gfveo 1a the text

(Section 2.4.1). The enzyEe actùrlty €rasay waa as descrlbed 1n

the s@e Sectloa.
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Flgure 35.

Effect of various on the actlvfty o f ohvtase F
2

All.quots of enzyme Fractlon F, were heated for 10 mfn,

at various teqeratures ae llsted fn Ffgure 35. Saoples were

then re¡aoved and normal phytase actlvity was cartied otrt at 37o

as descrlbed fa Sectlon 2.4.L. The resl.dual phytase ectivity

$as expressed as a Percentage of the actlvlty at 37o.
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at 8Oo (fígure 35). The optinr:m temperature f,or enz)me actlvfty of

Fractfoa F2 was around 50o, sLnflar to that for phytase Fractlon Fr.

3,2.3.5 Effect of t!.ne of Lncubatloa

the effect of varyfng lncubatioo tfmes on

the eoz¡mie hydrolysis of phytlc aeild, (myo-ínosLtol hexaphosphate)

for Fractlons F, and F, Ís shorvn ln Fl.gures 36 (a) aud 36 (b) respect-

lvely. Dephosphorylatfon of phytate nzts lf.near wtth tLne for the

first 60 ¡lfn for both Fractlons F, and Fr. These lfnear relatLon-

shLps denonstraÈe that the enzyne fractl-oûs Írere stable fn the

reactfon oÍxture at 37o. As shown fn Flgure 36 (a), FractÍon F1

showed a change fn P, releaee whfch was llnear frc¡m 60 to 120 nin.

This strggests the possible utflLsatfon of a secood substrate¡ ê,g.

rnyo -lnosítol p entaphosphate.

3.2.3.6 Effect of p¡t

The effect of pE on the activlÈy of phytase

ILactfons F, and F, ts shoqn in FLgure 37. A broad pII proflle wlth

a maximu¡n actlvity at 7.0 was obtafned for F, uslag phytate as the

substrate. Variatfon Ln activtty over the pH range of 4 to 8 was

greater f,or phytase F, whLch showed a sharp optlmuur aÈ plt 5.0.

3"2.3.7 Effect of caËLons and various reagents

The effects of several mono- and divaLent

cations on the enzJme actfvitfes ls shor¡n Ln Table 19. there were no



Flgure 36.

Effect of Íncubatfon tlaes on the produgtfgo of P1 of bran pJtvtase

Fr egd re

Phytase Fractlon F, aad F, resPectfvely ¡¡ere Íncubated for

varlous tfnes sho¡n ln Figure 36a and b wtth Phytate as the substrate

(SectÍon 2.4.t). Ítre lfberatfoo of Ínorganic phoephate was

deterntned usf.ng the agcorbLc method of l{ataoabe and Olsen, L965'
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Flgure 37.

Influeace of pE on phvt-ase actf'YlEv.

Phytase actfvlty ¿t varlor¡s pE values (ae lndl.c¿ted fn

ELgure 37) rae deternLned w"fth sodfiE pþtate as the sr¡b8Eate.

0.05 U sodLrs acetete tn¡ffer pã 4 to 6 aod T:{.s-K[ pE 7 to I were

r¡,sed. DetaLle of the af¡say are deecrfbed 1n the te*t.

H PhYtaee Fractlon Ft

H Pþtaee FraetLoa Ft
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Table 19. Catlons and phytase acÈfvlty

Caticn
(2.5 x l0

Percentage activlty of eazyne EractLons

Fr Ez-3u)

No addl-tton 100

100

100

lo0

100

100

110

100

100

100

100

60

48

45

66

80

90

90

100

100

100

!.00

100

100

105

100

[00

100

90

31

42

40

40

75

90

90

NaCl

NaNO,

IIaN,

KCl

No3

CaCL,

MgCl,

ItgSO¿

MnGl,

cdcl2

HgCl,

ZnCL,

CUSOO

¡eNOg

FeCl,

Al.sl3

NlS04

the enz¡rne rüas lncubated wtth the catlon for 5 mln before normal

reaction time was taken. the rate of enz¡mLc hydrolysLs was expressed

as percentage of the actfvity of phytase rylthout the additfon of the
cation, Èakea as 1002, utrfch uas equlvalent to 5 puole P*/nin/rnl enzlme

and 0.4 U¡¡ole Prftnln/nl enzyme for phytase FractÍons F1 & F2 respectlvely.
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signLficaat increases lo phytase actlvfty ntren oagaesfum fons were

used. Àddltlon of heavy dlvaleat loas rezulted tn varlous degrees of

lnhlbttlotl, e.g. copper and zl.nc reduced enzlme activlty by halt.

Ghela.tfng agents such as Na, EDTA, KCN, oxalate, cftrate and 2121

dtp¡rridyl vrere wfthout eff,ect and thfs furËher supports the evfdence

(Nagai and FuaahashL, i962, that metallfc cations are not necessary

for phytase actÍvity.

The actl.vlty of the partlally purlffed Fractlons F, and F, were

noÈ affected by adding a suLphydryl tnhibÍtor such as p-chloromercurL-

benzoate. Glutathfone, Eercaptoethaaol, cysteine and cystl.ne and

alþlatiog agents (see Table 20) were aiso rrlrhout effect. It is

therefore unlLkely Èhat sulphydryl groups are i¡wolved at the actlve

sfÈe of the phytase.

3"2"3.8 Effect of ohosohatase tnhlbLto rs

Ttre effects of varfous phosphatase lnhibftors

are given Ln Table 2l for F, and F, respectfvely. F, was fûtribiÈed

by phosptrate whereas F, was not affected by phosphate even up to a

concentratf.on of 10 x 10-3 t{ (Îab1e 21). Oa a molar basfs flucrl.de

\ras a more effective 1¡rhlbftor of both Eractfons F, and F, than was

(+) tartrate. the effects of fluorÍde and (*) tartrate on ph¡ase

EractÍon F, are preeented ln Ffgure 38 (a). I{hen plotted as the

doubLe recfprocal plots (Lfne¡aeaver and Burk, fg34) the effects of

fluorlde and (+) tartrate on the actlvlty of F, were non-coryetltive

lnhibitory (ftgure 38 (b)). Sinilarly f.r ¡¡as obse¡ved rhar rhe F,
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leble 20.

Compound Ftoal concentratlon
(M)

Effect of lnhlbltors and varlous reageots on the activfty
of enzyme Fractfons F1 and F2

Percentage phytase activit¡
Ft Fz

No addftlon

Fluorfde

(+) tartrate

OxalaÈe

CLtrate

2,2 dfpyrfdyl
EDTA

KCN

PCI-ÍB

GlutathLone

GlutathLone * PCMB

L-cystLne
lfercaptoethaool

Iodoagetânl de

Iodoacetate

Iodosobenzoate

0.5 x [0

0.5 x 10

1.0 x 10

0.5 x 10

1.0 x 10

-3

-3

-3

-3

100

61

20

100

76

95

98

100

100

96

100

100

96

101

96

100

100

100

100

61

20

q6

85

95

96

100

100

100

101

100

98

96

96

100

10c

100

3

-32.5 x 10

0.5 x l0-3

Ttre enzyne !üas preincubated rdth the buffered compound at pH 5.0 for
5 nin before nor:nal reactÍon tlme was started. Phytase acËlvlty wlth
or wfthout the compound !ùas assayed as fn Sectlo¡ 2.4.L. l{omal
enzyníc aetlrrlty was taken as l00Z: all other actfvity was expressed

as a percentage of thls activfty.
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Table 21.

Phosphate concenËratfon
(ffnal concentraË1on ln M)

Percentage actf.vlty*
Fl Fz

Effect of phosphaËe on the actlvlty of enzJrme Fractlons
F', and F,

ïüÍthout phosphaÊe

0.4 x 10-3

1,0 x L0-3

2.0 x 10-3

5.0 x 10-3

10.0 x 10-3

100

83

6B

50

25

0

100

100

100

100

100

100

*Þrpressed as percenÈage of the rate of reactloa 1n a control
incubatÍoa which was 1.4 prnole P1 lfberated/n1n/assay for F, and

0.5 pmole P* lfberated/urin/assay for Fr.

Phytase actLvfty was determined as descrlbed ln SectLon 2.4.L. The

reactfon mlxture eras as given io Sectlot 2.4.1 but rrlth or wlthout
phosphate added as shoçm fn thfs Îable.



Ffgure 38.

Effect of iohlblÈors on the actlvitJ of enzrtne Fractlon-Fl

(a) The enzyne riras lncubated wlth the buffered fnhlbltor

at vartous concentratfons of substrate at PIf 5.0 as sho¡va fn

thl.s Flgure. Phytase actlvlty r¡as determÍned as descrfbed

1n Sectfot 2.4.1 and the rate of dephosphorylatfon of the

substrate nrgo-Lnosjrtol hexaphosphate (phytlc ac!-d) was plotted

agal.nst conceotratlons of substrate.

(b) The results fr@ Ffgure 38(¿) were plotted ¿g'the double

reclprocal plots of the type descrlbed by Lfneweaver and Burk,

1.934.

wlthout l¡rhÍbttot

wtth 1 x 10-3 M excese phytate

wfÈh5x10-4Mfluorlde

tøith I x 10-3 M (+) tartrate
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eûzJ¡ate also sho¡¡ed non-cmaetLtj.ve fr¡hfbitfon qrLth these substances:

fluoride and (+) tartrate.

3.2.3.9 l4fchaells constants

The results Ln FÍgure 38 (a) of the

dephosphorylatfon ot. mgo-tmosftol hexaphosphate by Fraction Ft when

the concentraËiof¡ of the substrate was varÍed are gl.ven as a double

reclprocal plot ln Ffgure 38 (b). By extrapolatfng the strafght-1-1ne

portÍon of the curve representLng the lo+rer concentratÍons of phytate

the apparent K, value of the enz)4ne F, for phytate (see SectÍon 2.4.3)

fs2xto-5¡t.
Flgure 39 shor¡s a slmilar double reclproeal plot (LLneweavet and

Burk, 1934) of the enzyrnic hydrolysis of phytate by phytase Éractlon

EZ, At hÍgher conceatrations of the substrate Èhe rate of, reactfoa

nas reduced whlch suggests a substrate 1rú¡tbitlon (Ðfxon and llebb,

1964). The apparent K value ealculated and as descrfbed 1n SectÍon

2,4.3 fs 1.82 x 1c-4 u.

3.2.3.L0 Substrate speclft-citv

lhe partLally puriffed Fractf.ons F, and F,

iyere allowed to react rrith the phosphoesters (as lfsted ín Table 22)

ee substrates. F, and F, showed a potent Lnorgaalc pyrophosphatase

actlvl.ty Ín contrast to the lack of activlty r.rlth IIAD. the fractlons

did not contafn glucose-l-phosphatase actÍvfty. ltre sllghtIy

enhanced activfty whfch ¡vas obser¡¡ed v¡Lth ATP (Îable 22) may result



Ftgure 39.

Mfchaelfs coostant of bra¡ phvtase Ft

Double recfprocal plots (Llae¡reaver and Burk, L934) of the

rate of dephosphotylatlon of phytate ver$¡8 varlous concentratÍoDs

of sodir¡n phytate ere as sho¡¡n Ln thfs Figure. DetaLle of enzyue

assay are given Ía SectLon 2.4.1 .

Figure 39 showe the Lineweaver and Burk (1934) plot fot

enz)tne Fractiou Ft.
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Table 22. Substrate specLflcity study

Substrate cot¡centratlon
(t x ro-fo)

Perceatage actlvfty of phytase

Fl Êz

tn¿ o-l:nosLtol hexaphosphate

c-glycerophosphate

$-glycerophosphate

Lnorganic pyrophosphate

phenyl phosphate

glucose-1-phosphate

glucose-6-phosphate

adeoosl.ne triphosphate

NAI)

o-naphthyl phosphate

100

80

60

350

100

0

25

160

0

80

100

7A

100

200

80

0

50

200

0

90

the release of inorgaaLc phosphate from varfous conpounds as lfsted fn

thls Table was detemLned erfth the reactlon mLxture as given in Sectlon

2.4.1. The actÍvity with l:rosftol hexaphosphate as the substrate was

giveo as 1002 whfch ¡ras 2 umole P*/nin/nl enzyme for Fractfon F, and

0.4 ¡rmo1e Pr/nfn/nl enzlnue for Fractlon Fr. All ecttvity was expressed

as a perceritage of the actlvlty with Lnosl.tol hexaphosphate.
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frsm nucleotide eazy¡Des catalysLng the h¡rdrolysfs of ATP to Æ)P, AlfP

and PI

3.2.4 Products of the enzvmLc hvdrolvsLs of -r--l-nositol
hexaehosnhate

T}rre ngo-Lnosftol pol¡rphosphate LntermedLates ln the

F1 and F2 hydrolysates are studfed fn thLs Sectlon.

The electrophoretl.c and pâper chromatographÍc nobLlLtÍes

relatfve to LnorganÍc pyrophosphate of the detectable lnosltol phos-

phate fntemedlates of e¡rzyne Fractfons F1 and F, ate lfsted l-n

lab1e 23, In thls table each obsen¡able spot 1s gLven a name in

whi-ch the flrst two symbols (l', or Fr) denote the enz]'me fractl.on;

ttre second two syrnbols (err) denote the degree of phosphorylatfon of

Èhe inosltol rlng and the last letÈer fs used to dlffetentlate Lso-

merfc polyphosphates fn decreasfng order of nob1llty. It should be

noted thaË Ëhe pentaphosphate FZPSC and the tetraphosphate F'POA are

urdque to each pathway and the basLs for the electrophoretLc assign-

ments of degradation pathway, and that the exl.stence of three

fsomerlc pentaphosphates sueh as F2P5A, F2P5B and FrPrC are pecullar

to the F, route. Ttre electrophoretogram (see Sectlon 2.3.I.2)

representfng a LO-?OZ conversÍon of phytate phosphorus to Lnorganic

phosphorus of the F1 aod F, enzymes fs as shovm Ln Ffgure 40. '-i.\¿- seni¿

fLgure shows Èhe partLal degradatLon of rngo-Iaositol hexaphosphate

of the cnrde phytase (Fractfoa 1, Table 18) and that of Netmepora

mssa (see SectLoa 3.1.6). The pattern for F1 could not be easf-ly



Table 23.

Substance

78a.

ELectrophoretfc and chromatographlc rnobllities of loosltol
polyphosphates produced by eazyme FractÍons F1 and F2

(P1 release - 502 subetrate Pr)

ElectrophoretÍc noblltty
0brr) 0.11{ oxalate,
pII I .5 , I hr 1500 volt

Chromatographl.c nobÍli ty
(B.pp, ) f.sopropanol/am¡onta/

watei vlv, 6C!10/30, 17 hr

PPt

FtPe

Ft Ps

Fl P4A

FlP4B

Ft Pg

Ft Pz

1.00

L.27

r. 14

1.04

0.99

0.86

0. 71

0.48

1.27

1.33

.L4

.08

.99

.86

I .00

0.20

o.7 4

o.77

0,77

1.01

1.55

1.86

0.20

0.50

o.7 4

0.52

o.77

0.82

1.55

1.86

1" 70

Ft Pt

FzPø

F2P5A

ÐPs B

F2P5 C

FzP4

Fz P3

FD'2'2

tPr
P.

L

7L

48

30

I
I
$

0

0

0

0

The electrophoretic nobilltfes (\p..) ustng 0.1 U oxalate buf,fer at
pItr 1.5 and paper chronatographlc nobllftles (Rpp1) usfng lsopropanol/
auuûonia/water, v/v 6A110130 were calculated with referenee to lnorganÍe
pyrophosphate.

The first two syurbols (F1 or F2) denote the enzyme fracËfon, the second

tlao s¡rubols (frr) denote the degree of phosphorylation of the inositol
rÍng and the last letter fs used Ëo dffferentfate LsomerÍc polyohos-

phates in decreasfng order of electrophoretfc nob1l1ty.
The retardatlon tr br, of F, 

,2?6 
wy be due to overloadfng of the

cornpound under examlnation.



Figure 40.

Electrophoretogræ of the enzvmÍc deeradatÍoû of Dhvtlc aeld

The iocubatlon mfi<ture contained 1n a toÈal of I nlt

0.02 t{ sodlun phytate (pE 5.0), 0.25 M sodir¡m acetate buffer'

pll 5.0, enz¡rme solutfoa (0.2-0.5 u1) and water. The nLxh¡re Ìtas

Lncubated at 37o untll the percentage of total phosphorus

llberated as loorganfc phosphonrs ltas bet¡¡een lO and 2O7.. 0.02 ml

of the reactl0n mixture was exanlned by hlgh voltage Paper electro-

phoresÍs (Tate, 1968).

ElectroDhoretl-c couditfons : - 0.1 M oxalate buffer' PII 1.5

I hr, 11500 volts

Phosphate cmpounds rsere developed by the phoephomolybdate

reagent of llarraP, 1960.

Lane I - clrude phytase from bran

Lane 2 = bran phYtase FraetÍon Ft

Lane 3 = NeutasPo?q, e?c188ø PhYtase

La¡e 4 - bran Phytase Fractton F,

Lane S = standard cmpounds wfth þ, nao-tnosftol hexaphos-

phate; PP*, lnorgaalc pyrophosPhate; ÀTP, adenoslne

triphosphate; P1, frrcrganfc phosphate and Ft'
fructose.

hpf = nobflíty of cmpound wlth ref,erence to PP1.
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dffferentiated from the pattern of the crude enzJme (aIso see Sectloo

3.2.1.2r. The markedly dtfferent, pattero of F, was obseured in Ëhe

cn¡de enzyme pattetn but the products forned by thts enzyme eccount

for so¡ne of the obsenratlons made by Toullnson amd Ballou, (1962) and

are presented fn Sectlon 3.2.4.L. The pattern for the fungal

(Neunospora. ædßsa,) phytese has already been discussed in Sectlon

3.1.6.1. Ttre Ìleuvospovv ercBaa, data are presented Ln Fl.gure 40 as a

thfrd exanple of a phytase degradatfon pattern r¡hich Ls dlscernibly

different at the pentaphosphate stage.

3.2.4,L Structural assÍgnnents for the lnter-
nedlates the

Table 24 lfsts the electrophoretLc nobll-

ltfes, structutal asslgrrnents and molecular rotatíons at PII I aad pH

11 of tllre ntyo-lnosl.tol polyphosphates fsolated fron the actÍon of

phytase FractLon F2 oo ngo-taosttol horaphosphate. ElectroPhoresfs

Ín 0.1 M oxalate buffer (pn 1.5, see Sectíon 2.3.1.2) gave a quantL-

tative deteÌnÍnation of the efght separable organlc phosphatee

Íacludfng the Lnltial substrate, Wo'lnosl.tol hexaphosphate. By the

cosrblned technrques of Lon-exchange chromatography (see Sectlon 2.3.2.3)

and htgh voltage paper electrophoresfs (Sectf.on 2.3.2.1) tt was

possLble to Ísolate sufficfent of the electrophoretically homogeneous

cørpounds to asslgn their structural configuratfon as follows:-

(a) rlf,lo-lnosltol pentaphosphates

Three pentaphosphaËes F2P5A, FfSB and FrPrC (Table 24)
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Table 24.

Coupound

Products of the hydrolysls of rgo-lnosltol horaphosphate

by btan phytase FractÍon F,

Phosphorus: Structures Mpp l,lolecular rotatlon [MlO
rnositol t:-i11- o.tr,r oär"te pE I prr rlratlo conponent U"iiär-pn f .S

F2PIA*

F2PlB

E zPz

EzP3

FzP 
+

F2P5C

F2P5B

F2P5A

I

I

II

IIIb

rvb

Vc

vb

Va

0.48

0.48

0.71

0.86

0.99

1. 06

1.14

L.23

-15!l

-l4rl4
+30r15

0r13

+9t4

+18!36

-15t1

0t15

-70!L7

0r19

+27!5

+15130

I

1

2

3

4

5

5

5

* Thfs næenclature was explained Ín Sectlo¡ 3.2.4.

Myo-l:nosltol polyphosphate products obtafned in the F, hydrolyaate lrere
used to deternÍoe for thefr phosphorus to lnosftol ratlo (Sectlon

2.4.10.1); electrophoretfc nobLlLty (Sectton 2.4.5) and thelr molecular
rotation ln acld and aIkalÍne medium (Sectl.on 2.4.10.2).

The synbols used 1n the aoing of the conpounds are es gÍven 1n

Sectfon 3.2.4. The structures of the mafn components are gfven ln the
te*t.
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were separated fror¡r the F, hydrolysatee. F^P5A r,ras fCenËlfled by lts

nobillty rrfth e.ovfng paper electrophoresls (Îate, f968), íts fscxne¡-

Lsatl-on behawl-our uuder eis rnfgration condÍtfons, Íts lack of optl.cal

actÍv1ty, and flnally tts enzyulc hldrolysLs pattern Lndfcated Lt as

the smer¡hat uae{pecteè, Ìn7o-tnosftol peataphosphate (Structure Va,

belorr).

OP

OP

OP
Myo-LæsLtoI I ,3r415,6 penta-

phosphateVa

The enzynic hydrolysl-s study of FrPrA r¿hÍch led to the assf.grnnert of

zyo-lnosLtol I3,4,5,6-pentaphosphate Ls as follows:- Itydrolysls of

knorsn pentaphosphate would gLve tetraphosphates of hÍgher or lower

electrophoretlc nobilitfes. F2P5A was subJected to a 30-4O7 enzynLc

(FractLon 1, Table 18) degradatfon and fts pattern $7as conpared wlth

Êirat of a slmflar enz¡rmie hydrolysf.s of chÍcken-blood pentaphosphate

(nyo-lnositol 1r3r415r6-pentaphosphate; Johnson and Tate, 1969¿) as

r¡ell as that of Nømspota ercÆaapentaphosphate (D+n¿o-Taositol

L,214,5,6-pentaphosphate). Flgure 41 shor¡s that the products obtained

1n the bfodegradatfon of fractl.on FrPrA correspond to those of the

chLcken-blood pentaphosphat e (n+nyo-inosftol ! ,3,4 r 5 r 6-pentaphosphate)

and not those of the D-rqgo-f-ttosftol 1r2r4,5,6-pentaphosphace pattern.

A tetraphosphate of electrophoretlc mobility %r' = 1.04) was the

naJor component fomed frorn FrPrA although tt conialned less than 202



Flgure 41.

Enz¡¡mlc hydrolvsfs of m¿o-fnos{tol peutaphosphate

l,Iyo-Lnosttol pentaphosphates were subJected to about 402

degradatfon by bran phytase (fr) in a buffered conditfon as glven

in sectLot 2.4.L. the enzynl-c products were exæLned by hlgh

voltage paper elecÈrophoresls (Tate, 19ó8, SectÍon 2.3.1) and

degeloped usfng the phosphmolybdate reegent (llarrap' 1960).

taae 1 - chicken-blood ÍVo'Lîosl.Ëol l'3r4r5,6-pentaphosphate

Laae 2 = FrPrA (pentaphosphate isolated ftom F, hydrolysate)

Lane 3 = D¡L tffYo'l'nosttol 1,2t4r5r6-pentaphosphate

Lane S - sËandard compounds usl'ngl-

q = myo-InosLto.l hexaphosphate (phytic acld)

PP1 - fnorganfc PYroPhosPhate

ATP = adenoslne trlPhosPhate

Pl = loorganic PhosPhate

Fr - fnrctose, a non-oLgratory marker

scale ll/br, - nobfllty of coupouads with reference to PP*.
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of the total phospirorue of the lnitlal substrate. that F2P5A fs of

the sËructure D+zgto-lnositol 1r3,4u5 16- ÞertËaphosphaÈe 1s confftned

by novlag paper electrophoresle (eee Tate, 1968) and was sho$a to

have a eimilar I\o as that of an authentlc Dtttyo-ínositol 11314,516*
"f

peotaPhosphate sanrple.

F2P5B was the raaJor pentaphosphate conpofient obtained fn the

crude phytase hyérolysate (see eLectrophoretogram, Figure 40). Ttre

phosphorus Èo fnositoi ratio, optfcal actlvl.ty and electrcphoretÍc

nobillty are lfsted 1n Tab1e 24 and are fn agreement with the Ff,oper-

ties of ¡-¡nyo-taositol lr2r3r4,5 pentaphosphate as o¡¡Llíned by Johnson

and Tate (I969b).

OP

OP
L-n7o-trositol l, 2, 3, 4, S-penta-

phosphate

OP OP

Cmpound F2P5C (Îable 24) was sho¡¡n to be peûtaphosphate Vc hy

lts 5:1 phosphorus to fnositol ratio, its electrophoretLc nobfllty

and its ÍsomerlsaËl.on under coadl.tlons of twts mLgratLon to yfeld

pentaphosphates of greater mobllfty as shown below. These data

coupled srlth its neglfgible optical activfty characterfse ft as m4o-

lnosfÈol L 12,3,4r6-pentaphosphate r,7c.

r)F

\rb
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OP

Mgo -triosltol- 1,213,5 16-
pentaphosPhate

M-?P - l.LZ
OP

OP OP

OP

OP OP

Vc OP

&ilo-fnositol 1,2"3 14 "6-
Pentaphosphate

M-?P = 1.06

I

OP

OP OP

OP OP OP

Ð & L-fiI7o-lnosl.to1 1,2,3,415-
pentaphosphate

OP

t
þ, = 1.14

(b) Wo-inasttol tetraphosphate F
zP4

Only one teÈraphosphate componerit was detected among the

F, products. SLnce Ëhis tetraphosphate F'PO did not undergo czls

nigration, eras optically actfve (see Table 24), and r¡as obtained by

Èhe enzyuLc (FZ) hydrolysis of either FrPrB or FrPrCr the r¡aJor con-

ponent could only be L-ntyo-Laosltol 1r2,3,4-tetraphosphate (Structure

fVb). Addltlonal evldence in favour of Structure IVb ¡¡as obtafned

when it ¡vas found that enzlme FractÍ.on F2 further degratlecl 1t to the

syrmetrical rnyo-ínosltol 1 r213-trfphosphaÈe (Structure IIIb) as

discussed in the next SectLon.
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Although Johnson and Tate (196%) were able to oxldfse a tetra-

phosphate wlth a eie glycol, the attenpted periodate oxidatfon r¿fth

the tetraphosphate from bran aad that from /l/. æaßaa, whlch have twts

glycols rras uasuccessful. Oxl.datfon uould only oecur when P1 løs

released to the triphosphate eeter, fndl.cating that hydrolysls was

also occurrÍfig.

OP

r\¡b. OP IIIb OP

OP OP OP OP

F^

L-¡¡t7o-I¡osl.tol l r2r3 14-
tetraphosphate

ìtÎyo-tnosttol 112"3-
trfphosphate

(c) tl4Uo-lnosftol triphosphate F zPz

The triphosphate fractloo auoûg the F, enzyne products had

a lower paper chromaÈographfc noblllty than the trfphcsphates IP, and

FrP, fron the Jü. e?assa hydrolysate (Sectfon 3.f.6.1) and the F, pathvraY

(table 23) respectivel¡ Periodate oxldatfon of the FrP, trlnhosphate

(!ç, = 0.86) yielded a cqnpound of a hfgher electrophoretlc noblllty
I

(l{o, = 0.93) ln Ëhe oxalaËe sysËem (Sectlon 2.3.1). The perlodate
lI ¡

l_

oxidised trlphosphate was reduced lrtth the borohydrfde and dephos-

phorylated at plt 5 (SectÍon 2.4"f0.5) to yield rlbirol whlch was

detected by paper chronatograpby (Solvents 4 and 5, Table 4). ThaË

the polyol was ríb-+-tol ¡ras confLrned by gas chromatography of the
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acetate as shorm ln Flgure 24. llyo-tnosLtol 1,2"3-triphosphate

(Structure IIIb) Ls the only lnosÍtol triphosphate r*hich ean yLeld

rfbltol from the perÍodate reactlon sequeDce (Section 2.4.10.5, also

see below). These properÈLes coupled wlth the inosltol to phosphorus

ratlo (1:3) and lack of ogtlcal rotatLon characterise the naJor

component of the trlphosphate F2P3 as rngo-tnosltol 1r2,3-trfphosphate

(Structure IIIb) . D-nyo-fnositol lr?rí-tttphosphate (Stnrcture IIIa)

gives arabitol by the perÍodate reêction sequence as prevl-ously

dlscussed and 1s also shown belon:-

Mgo -tnosltol trl.phosphates

IIIa IIIb.

OP OP

OP

OP

D-+rgo-taosl.tol I 12,6-
ttlphosphate

HCOE

HCOIT

cr{2ori

( perlodate-oxldatlon- )
( borohydride-reduction)
( and dephosphorylatlon)
( sequence )

OP OP

lttgo-tttosttol 1, 2,3-
trl-phosphate

cH20H

HCOH

cH2oll

I
HOCH

I
HCOE

I
cE20n

ECOH

D arabLtol ribitol



85.

(d) &l"uo-inoslrol dtphosphares F 
Zp f!

The perf odate-oxldatlon-borohydride-reductlon and hydrolysls

sequence of the dlphosphate fractlon gave erythrfÈol as lts sugar

alcohol. Upon parËlal alkallne hydrolysfs of the diphosphate compound,

myo-LaostÊol I and 2 monophosphates hrere obtafned. these ¡Eere l-dent1-

ffed by thefr electrophoretlc and chromatographic nobllltfes r¡hfch were

coosfstent T,rlth auÈhentfc nryo-írwettol 1- aad 2aonophosphate (Table

25). ltre magnftude and sign of the molecular totaËlons in acfd and ln

alkallne (Tabl-e 24) or¡dfi¡n suggesÈed it l.s a mlxËure of the enanti.o-

norphs havlng Structures IIa and IIb ln r¡hich D-tn7o-ttositol lr2*dlphos-

phate (Sttucture IIa) predoninated.

OP

ïIa. IIb.
CIP

D-+r'go-laasLtol 1,2-
diphosphate

L<ngo-lnosltol 1,2-
diphosphate

(e) Mgo-luosÍtol nonophosphate

Mgo-tnosLtol 2-nonophosphate (Structure Ia) was the only

detectabie moaophosphate obtaÍaed by prolonged paper chronatography

(uslng solvent 3, lable 4, SectÍon 2.3.5) and electrophoresfs fn 0.1 M

cltrate buffer (pU 5). Further treaurent of thÍs aronophosphate ¡¡Lth

enz)'rne Fractlon F2 llelded ftee rm¿o-1nos1tol r¡hfch r*as deËected by

paper chrouatography (see Sectlo¡ 2.3.5) usfng the sllver nftrate
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developfng nethod of Anet and Reynolds (1954). The tttyo-Inositol 2-

monophosphate fractlon whfch appeared fn the F, route could be

dlstirgufshed ln nobilíty patterne frm ehat of the leomertc ttrgo-

lnosltol l-monophosphate as shorm in Table 25.

(a) (b)

l,Iyo -Ltosr.to 1 2-monopho sphat e My o-lnosItol I -monopho sphat e

lstnreture I.

3.2"4.2 Froducts of the Fl t[drolysate

The rny o -Inos itol p olyphosphate lntermediat es

foro.ed 1n a partial dephosphorylatlon of tnyo-InosLtol hocaphosphate

by bran phytase have been lnvestLgated by Tonllnson and Ballou (1962);

Cosgrove (1963b, 1969); Johnson a¡d Tate (1969b) (see Sectlon 1.3.2).

Table 23 l-fsÈs the electrophoretlc mobl-I1-tles and chromaÈographlc

properties of Ínositol polyphosphates produceá. by enzyme FractLon F1

r¡hich are sLnflar to the avaflable products Ísolated by Johnson and

Tate (1969b) wfth a crude bran enzyue. Ttrus the degradation route ls

eLectrophoretLcalLy and chro¡natographically Índlstingufshable fron the

pathway orlgLnally deduced by Tonllnson and BaLlou (1962) and was not

qcanlned fi¡tther.

OP

OP



lable 25. Mobllltles of. tngo-lnosltol 1- and 2-monophosphates

Conpound Buffers
0.1 M 0.1 H

cltrrte for¡Lc acl.d

86a.

Solvent

Is opropanol /amonf a /wat er (v/v)
60/rol10 8o/ro/10 TolLol20
9-10 hr 48 hr 48 hr

0.1 M

orcalate
pH 1.5

I lrr
pll 5 ptl 1

lhr ,< hr

ttçt
1.00

0.73

0.73

0.48

o.73

0.48

0.73

thtI It
PPt

p-t
rPt

ïPt

NP

FzPt

,];

(zr¡*

(lP)'t

1. 00

0.31

0.48

0.48

0.48

0.48

0.48

1.00

0.56

0.65

0.58

0.65

0. 58

0.65

1 .00

1.6

l.89

I .68

I.gg

l.68

1. gg

I .00

2.L4

2. 18

r,77

2. 18

1.77

2. l8

1.00

1.58

t.97

1.39

1.97

1. 39

1.97

* Nr.¡mbers Lndlcate posftLon on the fnosLtol rLag wtrich Ís esterfffed to
a phosphate group.'

l[P1 lnosftol nonophosphates fsolated from il. æaasa, hydrolysace Ín
whtch a Ís the naJor cmponent.

FrP, lnosftol nonophosphate frm F, hydrolysate.

The electrophoretlc and chromatographlc nobfllties of the Lnositol
monophosphates f,a the lfsted buffer and solvent syste¡ns are expressed

¡r1th reference to lnorganfc pyrophosphate. The nonnal standard
technLque of the ruas fs as described fo sectl.on 2.3.L and section
2.3.5.

All phosphate conpounds r¡ere derreloped wfth the phosphonolybdate

reagent (Harrap, 1960).
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4 DISCI'SSION

4.L k of more than one e eat

As a consequence of a study of the enz¡rnlc degradation path-

ways of phytlc acÍd ft has been sugSresÊed (Johnsoa and Tate' 1969b",

Cosgrove, L97O; Theodoru, L97l) that several phytases nay coetßÍst in

the one organfsrn. B-esults presented ln Ffgure 28 sho'¡ that wheat bran

phytase rnay be separated lnto Ërso distÍnct fractions, F1 and EZby

chromatography on DEAE-ceLl-u1ose.

4.1.1 Separation of F1 ad F2

In attempting to follol¡ the purffLcatl.on procedure of

l{agai and Funahashi (1962) for the bran phytase, ür¡o rnafn problens

Tf,ere encountered. First" the nethanol-precfpÍÈatlon step fuwartably

led to a Latge loss in phytase actlvlty and second, the f-on-exchange

ehrornatography step resulted ln atnost complete adsorption of the

enzJ¡me by the ÐEAE-cellulose.

Álthough no variations of the methanol procedure were successful

1n retalnfng the enzyle actÍrrity, an lmPorÈant practical advance was

made ¡¡hen 1t ç¡as found thaË good recoverles of enzyoe acEÍvity and

protein frorn the DEAE-cellulose coh.mn were obtained after saturaEfng

the cellulose vrlth bovine sert¡û albumln.

It b¿s prevf.ously been suggested that phytase is a nlxture of

enz5¡rnes and that Ëhe lsolatlon of the lso-enzJnues 1s dlfffcult (Preece

et aL., 1966, see Sectfon 1.4.2). Although Courtols and Perez (f949)
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seÞârated a tphyto--phosphataset from a phosphmonoesterase fn plant

e:(tracts they were unable to achfeve further purlffcatíon. That ÌIagal

and Funahashi (1962) ¿f.¿ not obse:rrê a second peak of phytase actlvity

ln eluants of thelr ÐEÀE-celluloee column, wae probably due to the

fact that the fonl.c stre$gths of their elutLon buffers $rere too 1or¡ Èo

elute FracËLon I'r. thus phytase Fractlon Ft ¡vas eluted at 0.02 M lrls-

HCl buffer at pH 7.3; the second eÃzpe Fractíou F, with 0.1 M buffer.

In a study of rfce bran pbytase, Ikawa et aL. (1964) obsen¡ed a

lr¡ltlplfcity of peaks on elution from a DEAS-cel-lulose cohmn. Eowever,

they did not Lnvestigate the phytate degradatlon patterns of these

varfous fractlons. Davles (1968) also obtafned several enzytne frac "

tlons durl-ag the acetone precipitatlons of phytase from ÞêantuÈ"

suggestlng that there nere lso-enz1¡mes present. llagaí and Funahashl

(1962) also found that even thelr nosË active prepatations nere stfll

heterogeneous when e¡ramlned by physlcal methods.

An eesentlal feature of the present study has been an examÍnatlon

of the phytate degradatLon pathway during ttre fractionatlon ptocedures.

Thus the data ln Figure 29 cLe¿rly shorv the dffferent degradatfon

patterns for Ft and Fr.

Slnce the crude phytase actfvÍ.Èy was eluted as a sÍngLe peak from

the Sephadex G-100 coltrmn (Step 3u Table 18) ft is clear that the bran

phyËase proteins present in !', and F, are relatlvely smal1 uolecules

aûd car.not be resolved by molecular size díffereflces. on Sephadex

G-1C0 both F, and F, gave KU values equlvalent to a molecular weÍght

of,47,000 I 2,000 (Flgure 14). This ls close to the molecular wefght
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of 551000 of a non-epecfflc acÍd phosphatase from wheat getnr (VerJee,

116e),

lllgure 33 shows that on eÈarch gels at pH 3.1 phvtase FractÍon

F, dlffered f.n electtophoretlc nobfllty from that of Fr. Ilowe'rer, the

appareotly homogeneous phoephatase baods of enzyme F'ractfoas F, and F,

were resolved into 2-3 bands at pi! 7.0 tndfcating that botÌ: ftactÍons

are 6t111 relatlvely lmpure preparaÈLons.

4.t.2 Eezlrme Fractioo F aud lts llpid activatorI

Ffgure 28 shows that the bulk of the wheat bran phy-

tase actlvity 1s assoclated r,ilÈh Fraction F, and l-ts substrate degrad-

atLon patterû fs fn accord rrfth that reported by Tonllnson aad Ballou

(f 962). Because of the large losses of enz¡me actlvl-ty obser¡¡ed Ln

this work during the methanol precigftation etep descrfbed by Nagaf

and tr\¡nahasht (1962) the possible loss of a meÈhanol- soluble actfvator

at stabllising factor ¡¡as consldered. Substftutfon of butanol for

methanol as a milder extlactant (Morton" 1950) Lndlcated the presence

of a lfpid actlvator as s.l:oum fn Flgure 27 ,,rlt.Þ. a ;ubstanËfally

compl-ete restoration of actfvlty when the pooled butanol extracts r¡ere

concentrated and recomblned wfth the deactfvated e.nzyme.

Preparatl-ve thin layer chronatography of the concentrated butanol

extract showed that the lfptd actfvator was assocl-ated r¡ith one or thro

phospholÍplds r,úrlch were pÌesent, The rnobLlity on thtn layers of

sllica gel and the isolation of glyceryl phosphoryl cholfne frorn the

de-O-acylatlon of thfs fractÍon suggested that Èhe llpid actfvator
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¡rês Lysoleclthin. This was conffr:med (Table 17) wtth several samples

of lysolecithln both synthetic and aaturally occurrlag and s rmarkable

specíficlty for the lysolecíthfn molecule.was observed. Apart from

ulnor changes Ln the éegree of unsaturatÍon and chain le:rgth of the

acyl group a13. other alËeratloûs to the uolecule faÍled to restore

activlÈy to the deactivated enzyme. Although liptd actfvators are

icnonnr to affect many partl-culate eDzynes, êng. fh+-X+-ltg2*-actívated

adenoslne triphosphatas e and K+-llg2+-activated p-nf.Ëro-phenlzl phos-

phaËase (Tanaka, f969) this appears to be the flrst exaurple of a

soluble enzJlme whlch contaÍns an endogenous llpfd activator çrhl-ch has

been successfully characterised. As shorm fn Table 17 substitutions

of varlous phospholipids and lipids as possible a.ctlvators of F,

phytase has lndLcated Ëhe n{nÍm¡¡n requlrements .1,n,ithe molecular

struciure for effectlve activaÈlon. Mlnor alterations ia the degree

of unsaturation Ln the chain and snall varlatfons ln the chain la-ngth

(C'6-C1S) of the lysolecíthin successfuliy reatore the actfvfty to the

deactfvaÈed enzyme Fr. All other rnodtfications to the lysolecfthln

sÊructure r*hfch rùere examÍned fail-ed to reacËlvate the enzyt:le.

Because of the ease of acyl nigratlcn fn lysolecithlns (see Van Deneen,

1968) there can be no certal-nty as to ¡¡hether there fs any speclficity

for l-O-aeyl (see fornula ao belor¡) or the Z-o-acyl (fonmrla b) lyso-

lecithlns.
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ccE2ocoR

cg'ifl
I

I tHg

lB I

cnro-i-o-c r-carh-cn,o-l
cH3

(a)

cHzoH

Ê$10coR

CB

CH¡

I

-curtlv-at,
I
cH3

r
^o-?-o-cH^¿l¿

(b)

4.1.3 Comparlsoa of properËles of F asd FI 2

Fl.gure 37 sho¡¡s that ph tase F, exhl.bits a relatlvely

sharp pH optirnrrm at pH 5.C, wtrereas F, had a broad proflle r¡'lth the

optimnm aÊ 7,O. T?re exfstence of trøo pll optima fn phytase preparatfons

fron higher plants has been noted on several occasfons. Thus l-ettuce

seed phytase (t{ayer, 1958, SectÍou 1.4.1) recorded two pH optlma ar

5 and 7. Slroílarly the enzyue from cottoa (Thouas et aL." 1946) showed

twin optlna at pH 4 and 5.

Although the phyÈase Fractlon F, has an alkallne pH, lt ls díffer-

enË from the general alkallne phosphomonoesterase classiffed by Folley

and Kay (19f0). The latter en4nne Ls known to have a requfrement for

netallfc lons. As consl-dered Ln Sectlon 1.4.3, sme alkallne phytases

are knscrn to be activated bv magoesLr¡n fons (Patr.rardhan, 1937;

Pfleggf., 1959), but r¡efËher of the r,¡treat bran phytase Fractlons F,

and F, has a rnagnesfr:m requLrenent. The absence of a detectable

effect by elther EDx'À or KGN on the F, aod F, enz]¡me activltles also
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lndfcates that there 1s no raqufrenent for polyvalent catfons. Ttris

conclusfon fs ln accord l'¡fÈh the resul-ts obtai.ned by Nagal and

Funahashf (1962).

-(Phytase Fractlon F, has a Ko, value of 2 x 10 " M whereas F, has

a K- of 1.82 x 1O-4 tf. A posslble iraportaot df.stfnctlon is that endm

product fnhfbltl-on rüas obsened with Fl but not wlËh the F, enzyme

(see Table 2l).

As shor^m ln Figure 40 one of the most obvÍous differeûces between

Ft and F, ts thelr production of dl.fferent rnyo-Lnosítol pentaphosphates

from Èhe same substrate, rm)o-Í-r,lositol hexaphosptrate. Although Èhe pll

opËfinurn of phytase Fractlon F, fs at pH 7.0, lts broad pH proflle

meaos that it stt1l contributes sLgnlficantly to the stepwLse enzymic

degradatfon of mgo-IaosLtol hexaphosphate aÈ plt 5.0. Fígure 42shor,¡s

that at pH 5.0 Fraction F, produces two additlonal m¿o-tnositol

113¡4r5ró-penta¡rhosphate (Struct¡¡re Va) and ntgo-1nosltol I 
"2,3 14 16-

pentaphosphate (SÈructure Vc) as r¡ell as L-myo-lnosLtol Lr2,3,415-

pef¿taphosphate (Vb) whfch is the maln pentaphosphate from the F,

enzyne. FtrrÈher cbaracterisation and ldentiflcatíon of the lower

Íncsitol esters Ln the F, pathway lnclude:- L-Írgo-'LrrosLtol tr2r314-

tetraphosphate (w), mgo-rnoeltol 1r2,3-trfphosphate (rrr), D and L-

trtyo-tnosttol 1,2-diphosphatee (IIa, IIb) and myo-inosttol 2-mono-

phosphaÈe.

Ffgure 40 shoqrs the icterrrediates in the Frroute are electro-

phoretically índisÈinguishable from those produced by the crude wheat

enzyne and hence prohably correspond to the.pathtray reported by



Figure 42.

Proposed scheæ for the lat1oa of otrvtic acfd bran

ohvtase Fractfon Fc

Ttre næ1ag of the laoeÍtol polyphosphate lntetmediates

!n this scheoe follor¡s the ftPAC-IIiB rromenclature (European J'

Bfochæ. 5, 1968, 1). Ttre relerrant D 1 or L I posftlons are narked'

OP oPo3s2
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Îo¡nllnson and Ballou (1962) (¡'lgure 4). Becauee of the apparenÈ

slmflarit_v- fn tnese pethu'ays the F, faterraedLatee vrere not gfven in

detaLl"

T.<ttyo-ínosftol !"213,4,5-pentaphosohate appears Èc be the naJor

pentaphosphate present in phytate hydrolysates fron F, and F, phytases.

This sæDe pentaphosphate (though noÈ ful1y characÈerised by Tælfnson

and Ba1lou, L962) nas postulated Ëo be t-he inftlal intermedlate of

their bran phytase enzy¡ne and has been fsolsted b)' Cosgrove (1963,

L969) and its optlcal properties !üere recorded by Johnson and Tate

(19ó9å) and agafn by Cosgrove (1969). The rletectfon of. tnyo^lnosftol

1,3,4,5,6-pentaphosphate Lo enzyrne F, hydrolysates seemed to be an

unusual result at first sfght since it Ís known that the phoaphate

group aÈ the posítion 2 of the inositoL ring is very resLstant to

enz5rmic and chæical hydrolysfs (Iselin, L949t Fl"eury et aL., 1954;

PLzet and Ballou" 1959; To¡al-inson and Ballorr, lq52), Eowe;ver, the

recent studÍes (late unpubllshed) on the confolmational ÍnversLon (see

SectLon f.2.3) índLcates that coûsiderable doubt exlsÈs as to Ëhe

exact conformati.on of the phytate molecule in solutlon and also Ln

assocíatlon riith the enzyme. The ldentlty of the nryo-ínositol

11314r5o6-pentapirosphate wlth an authentic sample of cirfcken blood

pentaphosphaËe of the sane structure (see Johnson and Tate, 1969b)

was establlshed bv the I'l-- orocedure (Tate. 1968) and also bv coæby the M,f, nto"edure (Tate, 1968) and also by c

parf.ng the enzyne degradatÍon patterns (see Flgure 4l). lhe enzymfc

removal of the arial 2 phosphaËe does occur albeft slowly fs apparent

in the flnal stage of the phytate degradatlon to n4¡o-íttosttol, as in

the foLlorrlng reacÈfon:-
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nV o - Lîo síEo I 2-monopho sphate
ohvtase

tny o-IaoeItol*ioorganic phosphate

the pathway beyonC zrr4o-jrnosl-tol I o3"4rs,6-pentaphosphate (see

Flgure 42 )was aot characËerised buÈ Ís presumed to lead to rnyo-Lnositol,

possibly vÍa D or L niyo-lnosiËol l-ooaophosphate which was noted as

a rn{ûor product by lcmalinson and Ballou (1962) and also fn thfs work.

?he uresence of the third pentaphosphate, nyo-lrosftol 1,2,314"6-

pentaphosphate fn the F, hydrolysate ls of lnterest (Sectlon 1,3.1)

sínce ft has hi.Èherto only been separated from an acld hydrolysis

oi:<ture of phytÍc acid (Tate, 1968; Cosg:ove" L963, 1969). Prel-lnÍnary

work has indl-cated that this pentaphosphate appe-ars to be conceotraÈed

Ln the germ area of both ge¡minated and ungermfnated wheat and barley

seeds. It has been CetecËed ín the h¡rpocotyl reglon aad also 1n the

green acd etiolated foliage leaves of 5 day old seedLfngs. Its pres-

ence is probabl-y due to the acÈl.on of phytase Fractlon F2 orl n¡Ao-

inositol hexaphosphate.

The enzyuic hydrolysis of '1,-nyo*Inosl.tol I r2,3r4r5- and tnyo-

inosi.tol l r2r3r4r6-pentaphosohates both yleld the same Lq¡Ao-ínosftol

Lr2"3r4-tetraphosphate in the F, degradatfve scheme. It fs foterest-

irqg to note that thLs tetraphosphate !üas postulated to be one of the

l-ntennedf.ates ín the -bran phytase pathway (Tornllnson and Ballou, 1962)

and ¡¡as characÈerised as a nfnor product ln the crude bran phytase

route by Johnson and Tate (1969b) and Cosgrove (1969). Davíes (1968)

characterised one of the tetraphosphate intermedfates from peanut

phytase as F or L+ttyo-lnosltol Irzr3r4-tetraphosphate. trn eontrast,

the rnaJor tetraphosphate fract¡'on in F, Is D.-tttyo-inosftol l121516-
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tetraphosphate (sinflar to the fungal component, Section 3.1.6.1).

Ttr.e trlphosphate fn the F, route is the syrunetrLcal myo-Inositol

1,2r3-triphosphate r,zhereas that fn F, ls Ð-rnyo-Lnosltol 1r2r6-trlphos-

phate, Both Èrfphosphates have sinilar electrophoretic nobllfties.

ilowever, as sirovm by Tomlioson and Ballou (1962> they nay be dlstin-

guished by the periodate-oxÍCation-borohydrlde-reductlon and

dephosphorylatlon sequence (Section 2.4.10.5). fl71o-lnosttol 1,2,3-

trfphosphate glves rlbltol wtrereas D:n1o-tnosftol I n2,í-trtphosphate

ylelds D arabitol (see Sectlon 3.2"4"L (c)). ltre latter tríphosphate

ç'as found Ln bran (To¡nlf.nson and Ballou, 1962) and peanut hydrolvsates

(oavies, 1968). Cosgrove (1970) separated D-m¿o-iaosltol 1,2,6'- and

112,5-trlphosohates fn a partlal digest of ntyo-ínosftol her<aphosphaÈe

by the phytase f.rom Peeldomonae SB2.

From the triphosphaËe stage the diphcsphate fraction for:ned by

the F, phytase is mainly Ð+ttgo-hosf tol 11 2 -di-phosphate and appears

to be cmirnon to all phytase degradatlve routes so far examined.

Penultimately the enzynic hydrolysls of ntyo-fnositol 1r2-dlphosphate

gives nryo-ínosItol 2-monophosphate and flnal-ly zgo-inosltol.

A cornbfnation of the actlon of the phytase fractlons (F, and Fr)

would account for mosË aspects of the degradative scheme propose<í

origfnally by Tmlinson and Ballou (L962> (ffgure 4, Sectl.on 1.3.2).

4.2 A phytase ftom trlatpoepo?a eþa/sgq,

A phytase ftom Neurcgpom cra,ssa (tl. c. phytase) purlf ied a"

100-fold was used for a ccmparlson of ics properties wlth those of
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bran phytase (Practloûs F, and Fr) aad r¡1th those from other Êources.

Iu addltlon Lts propertfee uere corrtrpared wlth the reported propertfes

for a non-speclfic acLd phosphononoesterase from the same fungus (Kuo

aad Bluneuthal" 1961).

At pE 5.0, the N.c. phytase catalysês a stepn{se hydrolysfs of

rnlo-ttiosLtol hocaphosphate to Lnositol and inorganic phosphate.

Tt¡1s observatlon Ls consistent wtth the reported actfon of phytase

from other sources (SectLon 1.4.3). But as reported by Johnson and

late (1969b) the structure of myo-Lnositol pentaphosphate in the

fungal hydrolysate dlffers fron that of the rnajor bran phytase nÌgo-

f.nositol pentaphosphate L+tyo-Lrosltol L12"3rârS-pentaphosphate. In

the present study Ít has also been found to differ from the naJor

pentaphosphate, myo-hosttol 1,2 131416- and tnyo-Laoattol 1 13r4r5 16-

peûtaphosphates of the F, enzyoe. The fnftial hydrolysls product of

phytic acld by N.c. phytase fs D-ntyo-llrositol l,2r4r5r6-pentaphosphate

(Stnrcture Va, Ffgure 43) together ¡ylth a small a.mount of L+ttyo-

Lnositol Le2r3,4r5-pentaphoephate (Structure VbrFfgure 43). Subsequent

hydrolyefs proceeds 1n both cases to yleld D-m7o-L¡osl.tol l1215,6-

tetraphosphate (rV), Dqr¡Ao-tnosÍtol 1,2,6-trlphosphate (III), ùfiAo-

fnositol I,2-diphosphate (II) an¿ mgo-tnoettol 2+pnophosphate (Ia)

and ftnally to nryo-tnosttol as shorwr ln Ffgure 43. A conparlson of

these fntemedlates (fn the fungal degradatlon route) wfth those of

a phytase trom Pseuåononas (Cosgrove, 1970) (see Ffgure 5) shorys that

the pathway for degradfng ptrytic acLd fs slnllar ln both ¡nLcrobial

eazJ¡oe€r.

A key feature of the present study has Ínvolved the character-
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fsatlon of the myo-LnosLtol trlphosphate fn the degradatlon pattrway

of phytase fron N.c. phytaae as D-trtyo-Laositol 1r2r6-trlphosphate

(Structure III, Flgure 43) ThÍs was establLshed by rhe Lsolatfon of

D arabitol from the perfodate-oxfdation-borohydrl.de-reductfoa and

dephosphorrylatlon sequence (Sectlon 2.4.10.5). Cosgrove (1970) has

postulated a sfrnl.lar structure for the baeterial trfphosphate but

dfd not lsolate the D arabltol frm the perlodate degradatfon

sequence. Johnson and late (L969b) lsolated arabitol but obtained

Lnsufficfeût quantlty for the determfnatfon of Lts absolute configura-

tlon. the characterisatloa of l}-ntyo-laosltol Lr2rí-ttiphosphate as

a component ln the bran phytaee hydrolysLs mlxture by lonlfnson and

Ballou (f962) has been the corner-stone on ¡¡hfch all conffguratfonal

assÍg 'nents for asymetrlc lnosLtol phosphates from phytlc acfd have

been made (Tonlfnson and Ballou, 1962; Johnsou and Tate, 1969b).

Once the structure of the trfphosphate as D-myo-Inosftol 1r2,6-trL-

phosphate had beea establÍshed the coofiguratlonal assl-gmeats for

the asymetrlc pentaphosphate, tetraphosphate aud dlphosphate follow

as outlined by the latter workers (Johnson and late, L969b) and are

shorør fn Flgure 43.

The preferentlal posltfonal attack on the L I posfttoa of. mgo-

lnosftol hexaphosphate by the phytases from mlcro-organLsms (ñ.c+onea

and Peeuãot\ønÛg) ls Ln contrast to the F, and F, phytases from

hlgher plants, whfch attack the D 4, D 2 amd D 5 posftlons as shor¡n

belor¡. the dtffete t îI7o-fnosítol peûtephosphates thus foroed are

shown fn Flgure 44.



Flgure 44.

Prooosed phvtase routes

Flgure 44 shons that ilephosphorylatf'on of ngo-Læelt'ol

hexaphosphate fnltl.ates elËher at the L I, D 2, D 4 or D 5 posLtf'on

of the mo1ecu1e.

F1

F
2

t{c

= Actlon of wheat bran phytase Ft

= Actl.on of wheat bran phytase F,

a ActLon of phytase fræ Neurcepond, æagea
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I¡Iith the exceptf.on of the position of attack on the phytlc acid

molecuLe the N.c. phytase extribfts properÈies which are simLlar to

those of bran phytase F, and ¡¡ith those of cereal phyÈases reported

prevlously (Nagaf and Funahashl, L962, 1963; peers, 1953; Chang, L967;

Davles, 1968; see sectlon L.4.3). Both the N.c. phytase and bran F,

exhlbit a sLmllar pH optimum at pH 5 of most plant phytaoes (see Table

1, sectÍon 1.4.3). Bran phytase F, has an optimun actlvfty at pII 7.0.

The optimum at pil 5 of the ftrngal and F, enz)¡nes differs from (a)

the 8. øLi enzyme whlch has tr^rfn pH optima at pH 2.2 and 4.5 (courtois

and I'lanet, 1952); (b) the alkallne phytase from PhaseoLus q¿æqus,

pE 7.5 (Mandal and Blsr,¡as, 1970) aod (c) rhe rar phyrase, pH 7.9

(Pileggr, 1959) and the enz]¡ûe ftom fueùLLue eubtiTís, pH 7.5 (powar

and Jagannathan, L967). As consldered in sectlon I .4.3.1 it appears

that most phytases exhibft a pII range beËween 4 and I with very few

enz)¡mes well below pH 4 or above pH 8. It has been suggested that some

phytase enzy¡es are lnactlvated at low pH values (Hill and Tyler, 1954;

D1
OP

L2
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Andersoa, f965).

Studies of the effects of caÈions (Table 9) on N.c. phytase sho¡¡

that I1ke the wheat bran phytase Fractfons F1 and F2 1t was not affected

by cations; unl-lke the Ca#arrd Mg++ requfrerrent of the phytase fron

BaeLLLus subtilis (Powar and Jagannathan, 196r) and so¡ne cereals (Peers,

1953; Chang 1967>" Peers (1953) reported a 35-fold lncrease fn actfvity

of phytase preparatfon on adding magnesfirm ions at 0.01 M. In contrast,

0.05 H magneslurn competÍtLvely inhfbfted the activity of a phytase from

Pseudonønas (frving and Cosgrove, I97Ia,>. The actfvaticn caused by

some metalllc ions, e.B. calcium lons on the 8. stfrtíLíe (Por^'ar and

Jagannathan, 1967) and corn phytases (Chaog, 1967) may be a coriseguence

of the rernoval of phosphaÈe as calcium phosphate fron the sfte of

reactlon rttrfch then proceeds as shorut beio¡¡:-

Inosftol hexaphosph"t. PhYÈt""o inosÍtol pentaphosphate * p1

Ca

calcfr¡m phosphate

Phytase actfvf ty was determined by follorrlng the utfllzatl.on of phytat,,:,

The apparent MLchaelfs constents for phytate for N.c. phytase rüas

1.6 x to-4 t't and for wheat bran enzlnne Fz, L.82 x 10-1t M were consist-

ent ÍrLth values obtal.ned for ph¡ase from other sources (Îable 2,

Sectlon 1.4.3), whereas that for F1 was much 1ol¿er (2 x fO-5 X). Low

l{ichaelfs coûsÈants" a characterfstic feature of phytase, suggest that

the enzyme has a strong afflnfËy for Lts substrate. At hfgher concen-
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tratlons of phytate, substrate lahibítlon nas observed. Thls nay bê

explained by the fact that phytate ls a proteln preeipÍtant and around

pH 5-6' the phytlc acld-protefn aeeocLatfon fs most stable (Posternak,

1965).

Ttre N.c. phytase hydrolysed ATP, ADP, laorgaalc pyrophosphate lo

addltlon Êo phytfc acfd aad to a lesser eatent lt hydrolysed glucose-

6-phosphate, c- and p-glycerophosphate and NADP. SLnllarly both enzyoe

Fractfoas F, and F, exhlbtted a broad substrate epecfflcity (Sectfon

3.2.3.10). The enzyme Lsolated frm wtreat bran by Nagai and Fun¿hashf

(1962) aad fron peaout by Darrles (1968) sholved sf¡rllar effects.

h¡rther studfee wfth phytase preparatfons ¡sou1d be necessary to deter-

afne the factors controlllng the speciffcity of the eaz¡imes. Ilowever,

Lt seems lfkely that in vfem of the broad substrate specfffefty shornr

by the phytases, fncludLng the nost hÍghly purtffed one fron wheat bran

(1r500-fo1d) reported by the Japanese ¡rorkers (f962), they are

uon-specl.fic enzymes. The enzy'ne frmr B. eubtilie (powar and

Jagannathan, 1967) whf.ch e¡chlbfts a hlgh degree of specfflcfry

to¡¡ards phytlc acfd Ls an erceptfonal caee.

4.3 Comoarf-son of the orooertLee of a ohvtase th those of e

Kuo and Bh¡menthal (1961) extracted a non-apeciffc acld

phosphmoaoesterase fron Neurcepom, wsa whl-ch had some propertÍes fn

comoD. rrlth the fungal phytase. Both enzyues have sÍntlar pH optÍna

and K, values (¡rftn ß-glycerophoephate as the substrate). Neither

enzjnûe requfres a co-factof or a catloB for actlvLty. Fluorfde and

¡IsRARY
'ilr{TE
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(+) tartraÈe f¡ùrLbtt both enzJme6. Ttre N,c, phytase has pyrophos-

phatase actlvity but no phosphbtraosferase actfvfty r¡hich

distLnguLshes lt from the phosphøronoesterase.

Phytase activfty nay be a result of a nr:mber of elosely related

phosphomonoesterases. ThÍs fs further supported by the broad substrate

speclficity of the enzJiue. However, enz5¡me assays usfng conbfnatlons

of Ër,¡o substrates r¡oulc be expected to give addftfve actlwitles, if

separaÈe enzymea were responsfble for the actlvity. The results !'rere

not additive sl-nce Èhe anount of P, fomed corËesponded closely r"rfth

the amount expected ftom a slngle enzJ¡me acting sf.nrrltaneously on thro

sutrstrates. At no tLme was a non-specfffc phosphatase separated fron

phytase.

Attempts vrere oade to detect more than one phosphaÈase by heatfng

phytase preparations (at various temperatures) and then neasuring

resldual activity with dffferent sirbstrates. AJ-though small dfffer-

ences 1n the amount of fnactlvatíon were observed at a glven Èemper-

atule there \tas no consistent fndlcation of a loss of actfvfËy agal.nst

any one substrate at a raËe different from others over a wlde range of,

temperatures. thus, ia the absenee of evidence for the presence of

more than one phosphomonoesterase, the N.c. enz]me f.s probably a single

phytase responsible for all the phospho,norioesterase propertÍes.

4.4 General lusion

At least three dlstÍnct modes of attack by phytase are sho¡En

fn r.rheat bran (F, and Fr) and yet a fourth ln Net¿yospoya e?asxa,,
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Flgure 44.Lf the fo::matlon of lsomerlc ínositol polyphosphates !s

indfcatfve of the nr:ober of phytases f:r Fractlon F, then F, consfsts

of at least three iso-enz5mes. t1:is 1s supported by starch-gel

electrophoresis which revealed 2 to 3 bands of phosphatase actfvLty

âË pH 7.0, although thesenere reÐresenËed aE one band ac pH 3.1.

T'urther studies vrith the eoz]¡me preparation r¡ould be- required to

deÈe:mlne the factors responstble for the separatlon of these bands

on starch gel" Hence, tt ls posslble t6 suggest that phytase degrada-

tlon of phytic acirl Ls fnitl.ated by forning one of ttiese pentaphos-

phates t - rnyo-!-nosf tol I ,3 ,4 15 r 6-pentaphosphate I nyo-lnosltol I ,2,3 ,4 ,6-

pentaphosphate i L-nyo-tnosftol L 
"2,3 14, S-pentaohosphate (these are

peculiar to F, and Fr) and, Ð-ntyo-lnositol, L,2,4,5,6-pentaphosphate

(found nainly in llt. era,saa and Pseudonpnns).

Howevero other o<planations lnay well apply. rt fs possíble that

the ínitfal orlentation of the substrate to the enzJme detemf.nes the

locus for dephosphorylatLon of rngo-tnosltol hexaphosphate at either

the L I, D 2, 4 and 5 posltion of the molecule (see Fl_gure 44).Some of

the requlrements for the active centre of phytases have been discussed

by lrví.ng and Cosgrove (Lg7Lb'),

4"5 Physlolosícal Ímoortance of phytases

The ¡netaborfc function of phytases (or of acid phosphatases)

particularly ln nfcro-organfsms ls rather obscure. rn examlnÍng the

PropertLês of phvËases both from I\euvospo?a crasla and wheat bran ít

is difftcult to relate Êhe propertLes of the partial-ly purffLed enz¡rnes
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to a speclfic functlon 1n the fntact orgarrisms. At present the

functíon of the fungal phytase aad Fractlons Ft and F, can only be

speculated upon.

Thus phytase is a wfdely disËrLbuted enz¡rme fn the plant kfngdon

(see Sectfon 1.4.f). The enz¡mre plavs an Íryortant role fn supplying

inorganic phosphate (frm phytlc acid) for plant tlssues (Stunpf,

1952).

Despl.te the strfking correlatlon between phytase actfvlty aad the

decrease ln phytate phosphorus wlth the concmltant fncrease Írr phos-

phate level durf.ng ger:urination, supplyÍng P, may not be the sole

functfon of phytases (see Sectlon L.4.4r. The broad substrate

specifLclty of the enzymes may reflect the non-speciflcfty of

phytases in tùuo. Ëiowever, the substrate speeificfty of the phos-

phaËaees nlght be made mote selectfve ìn tùw by the preserice of an

ft:hfbitor whlch could act selectlvely ln preventing the hydrolysls

of sqne biochemlcal substrates at the expense of others. The effects

of phosphate on sorne pirytases (e.g. on F, and Àr, e?dBaa eriz9mes, but

not on Fr) zuggest that the level of P, 1n the Èlssues may be main-

tafned through the conÈrol of the activity of these enzJ¡mes. the

level of P, nay ln turn control blocheml-cal processes sensltive to

P, such as those ln the ftrbden-Meyerhoff pathway.
L

Phosphatase eri4¡mes are known to be tl.lrectly lnvolved ln con-

trolllng the intra-cellul-ar netabolfsn of carbohydrates (Kfesow and

Doge, 1961) and to catalyse transfer reactfons (Atkinson and Morton,

1960; Morton, 1965; Roberts, L967r. Ttrerefore phytases may be
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frrvolved in such reactlons rather than fn the sLmple hydrolytlc

cleavage of phosphoesters. Hørever, present prelfurlnary experlments

suggest that transphosphorylatlon reactfons are not aseocLated T"rlth

phytase preparatfons.

Mltchell (f959) suggested that a phosphatase enz¡¡me from E eoïi

¡ras involved Ln regulatl.ng Èhe permeabflfty propertfes of the celr

sluce lt l-s located Ln the rperlplasm' bouaded by the celi ¡nembrane and

theouter cell wall-. Although the localisatl.on of, the enzyme was not

detemLned, Kuo and Blumenthal (f961) and Rogers aad Reithel (f960)

also asstmed such a functlon for thefr phosphatases. thls role might

also be extrapolated to the phytases.

The most foterestlng aspect of the enzynlc study of phytases Ís

the speclflc requlrement of lysolecithin for activatl.on of the nafn

enzyme FracÈfon Ftr fron wlreat bran. Lysolecithin l-s now known to be

a maJor phosphorus constl.Èuent of cereal graLn endosoerm (I{ekanura

et aL., 1958; lÌren and Merryfield, 1970) and fs second only to phyttc

acid as a store of phosphorus. The vrater miscÍble lysolecithln ls

kao¡¡n to fo:mr strong complexes wlth starch (Nakarnu¡4 et d,L., l95B;

T{ren and MerryfLeld, 1970) and the results presented hereln suggest

that it has a stirong afflnity for the F, enzyne. If the lnteraction

fs entrapolated to storage crotelns of wheat endosperm. in general,

lysoleclthLn nay be lnportant as a nodifÍer of the rheologlcal

properties of dough.
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APPEÌiIDIX: FORTRA}¡ LISTTI{6 OF THE PROGRÁ¡O{E

PROGAAIÍ I^I135 (rUPUl¡ TAPE60-INPUT,OUIPUT,IAPE6I=OUTPUT)
c FIT OF ITTPERBOLA. !ùILKTNSON,BIOCEEI.{.J, (1961)8C,324. hII 135

DTMENSTON S(50),V(50),DH(50),H(50),TrîLB( 9),I}fT(10)
READ(60,121) IUl

121 ;fORMAT(10A4)
r{RrrE(61 ,131)

131 FoRHAT(1Hr)
lKlf=8H KM
TVK--8BIÌüT.SL.
1\¡H=88 \IMAK

99 READ (60, 101)TÏ1T,E,NM,N
101 FORMAT(9A8"214)

rF (r.ï) 26 
" 

26 ,25
25 READ (60 , IMT) (S (I) ,v (I) , I=1 , N)

DFåN-2
Ir (DF) 1,2,3

1 TdR.ITE(61, 103)TITT.E
I,rRIfE (61 ,lCZ)

102 FOR{AT (1x18II INSUFFICIEI{T DATA)
eÐ 10 99

2 DIV=I " / (v(e)'¡s (1)'+ (t)*s (2) )
\Df=V (l ) *V (2) 't (s) 1) -S (2) ) *¡rv
KM=S (1) *S 12¡ rt (v ( 1) -v (2) ) *nw
!üRrrE (61 , 103) lrrLE,KM,\H

103 FoR!,fAT(llKg¡lgl|1X3HKM=FIo.4,8tt, WiAX=Flo.4,19H, lto D.F. FOR F.RROR.

$)
co IE 99

3 r¡ (ml) 1001,1002,1003
1003 DO 1004 I=l,N

s (I)=1/s(I)
loo¿ co¡ltwuu

r¡'(M{. cr. 100) 1001, 1002
1OOI READ (60, I}fI) EVM, EKM

JJ=O
GOTO5

1002 A=O
B=O

G{
D=O
E=O

ÐO 4 I=l,N
x=v (I) {rt¡ (I)
y-x/S (I)
A=A+{¡(I)*X
B=B.FX*X
G=G+V(I)*Y
D=D*X,t
E=E+Y¡tY

4 COI¡TTNUE
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1.0

7
11

JJ-O
DIVâA*E-G*D
IF(DIV.NE.0) 13,14

14 PRI¡{T I.IO
110 FoRMAI(10X*DMSoR ZERO llr CALCITLAÎION OF INIÎIAL ESTIMATES*)

co To 99
13 DfV-l.0/DIv

ERM=(B*G-A*D)*OW
gg¡¡e(3:IE-D*D)*DW
PRII{T l1l,EKM,EI/M

111 FOP,IYAT(10X*INIIIAL ESTIIÍATES*/I0X*KM =*811. 4,* VMAX =*E11. 4/)
5 RSS={

JJ*JJ*l
DO 6 I=lrN
SAIÞ1. /(S(I)+EKM)
H(I)=E!A{*S (I)'ISAD
DE(I)=-¡¡¡I)*sAD
RSS=RSS+(V (I) -H (I) ) **2

6 CONTINUE
IF(JJ.cr.2) 8,7

I rF (RSS.EQ.o) 9,10
rF ((RSSP-RSS)/RSS-I.E-6) 9,9,7
rF (JJ.cÎ.l0) g,1l
[=$=f,=þ=E=O
DO 12 I=l,N
A=A+H(I)*H(I)
B=B¡ÐH(I)¡tDrI(I)
Ç={+H(I)*DH(I)
D=D+v(I)*H(I)
EF E+U(I)*DH(I)

12 CONTINUE
DIV=I. / (A*B-G*G)
BIE(B*D-G*E)
EltM=BI*EV¡,Î*DIV
EKM=EK}ÊF (A* E.G*Ð) / B T

SVM= E\It'î* S QR1F (B *D IV )
sm,f= (sQR.rF (A/DW) ) /Br
RSSP=RSS

GOTO5
9 SD=SQRTF(RSS/DF)

SEKM=SKI{*SD
SEVM=SVI"I*SD

cvK=-GlSQRTF(A¡tB)
RVK=EIülM/EK}I
ct¿vM=sEr/u/EVM
CVKM=SEK}I/EKM
sEVK=RVK* SQRTF (C\nru*C\¡tnfi{Vnt.Í*CvK}4-2 . 0* CVK¡IC\r\'M*CVKM)
CVVK=SEqüK/RVK
WRIIE (61,104) TTTLE,SD,JJ

104 FoRrfAl ( I LX9Ã8 I I 1X5H5 . D. =E11. 4, 6H, AETERI6, 1 lH TTERATIONS)
t¡RrTE (61,105)



108.

105 FORMAT (29XSIIESTIMAIE9XI4HSTAÌ{DARÐ ERROR4XISHCOÐ'F OF VARU,TION/)
!ÛRITE (61, 106) TKM,EKtt,SH(M,C\¡KM
I{RITE (61, 106) T\r},t, Etl/M,Sg\nf , SV\IM
ÌüRITE (61, 106) TVK, R\rK,SEß¡KoCr./VK

106 FoRt'fAT ( 15XA8, 3)rr1 6. 8, 3rF16 . 8, 3XF16 . g)
CALCULAÎE FITÎED VALUES AND RESIÐUALS

W Zl I=lrN
ÐH(I)=v(I)-E(I)

27 CONTINUE
I,IRITE (61 , 108) (DH(I) ,r=1,N)

107 FORMAT (14H rrmED VALUESIr (1)$10. 5) )
I,.rRIlE (61 , 107) (H(I) ,I=I ,N)

108 ToRMAT(14H RESTDUALS 11(r:(F10.5))
GC TÛ 99

26 I'¡RITE(61,999)
999 FORMAT(1rI-,22IIJOB BECInToN COUPLETE)

END
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