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Executive Summary 

The impetus of this project was to develop a baker's yeast that 

produces an enzyme which degrades the anti-nutrient substance, 

phytate, which is present -t high levels in the grains and their 

products. This substance causes deficiency in zinc, calcium and 

iron at the i ntst i ial level , & their defi -: i ency 1 eads to nal nu­

trition particularly arncng po:pulations that ,zonsure the bread as 

the main source of enery. One of the prcje,-t's goals was first 

to establish whr-ther the baker's yeast is :apable of taking up 

the pfhytate Or not. In this study, we have found that the entry 

of the phytate into the yeast ;cells is not a limiting fa c,.,r in 

its degradation. The liriting fa,:tc:,r, which was the secoind goal 

, is that the cells dc not pro-du-e the ,:or r espCndent enz yrne (s) 

to degrade it Under the ordinary conditions of their growth. Af­

ter extensive, work a strain o.f the currently used baker's yeast, 

Saccharomyces cerevlisjae, has been adopted and selectively isol­

ated. In liquid media, this strain utilized the phytate very 

well at levels that exceed thcose present in the dough. Three 

problems remained tc, be tested: 1) forr',entati,:an -',f do:'ugh by the
 

strain , checking its effect on tie phytate lc.vel, 2) strain
 

staibility under the conditi:ns cof d,-,ughmaking & 3) defining the 

enzyme(s) that it produc:es. Howev-r, the strain is useful, 

because it is suitable for future work su,:h as its genetic 

manipulation to produ,_e high arun,,ts of the enzyme that degrades 

the phytate within ac:ceptable time of dough ferrentat rion. This 

achievement is beneficial fcr all the world. In additito , our 

laboratories in biochenistry & nutrition became better equipped. 

Finally the project has new &. ideas 

which strengthen,-.d cr nur t,'.,-.hni,-,1l trining prir.rrrs._ 

lreatedavenues of researcmh 

-i ,:e arid 
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4) Research Objectives:
 

Most of the phcsphorus in plant seeds in present as phytate, 

rny,:in,:,si I:,,I hex.'aph,-,sphate (IRK) . As,-d, o,-t l ., 1969; 

Erdr,,an, !-79; Oberleas, 1971]1. The ao,,nt. of phyti, acid in 

these pr:du cts varies frcr 0.5 to 6% and acc unts for 50-'90/ 

of the toct al1 pthcsphorus ,which is n:,t; absorbed by the body 

[Nolan at al.. 1987]. In ran, dietary Fhytate reduces ;he
 

b i,ava ilabilit y 
 of zinc & ironii rAt;,a..-I e=-t al., 1980; Frrando, 

1987; Hallber et-i .
 1989; -ar ,n ,:cI, Oberlz-as, 1987;
 

Morris, 1'986; Navert 
,'t al., 1995; So . onv, L906; Anders
 

.t a!. , 19 8 3; S-:'.h,:n c't l. , 19'80-; O'Dl-l &; Savage, 
 1'.960;
 

Shah .-t al., 1976, . Fhyt i.t,:- f'r i u,.l. m, in
r-, i. ,-,o1plexes the 

il estines C:Oberleas et .al., 1966,; F:R.ddy q t a!. , 1982; Maga,
 

1982]. 
 The effect of IF', est;erq on in vitro A in vivo 

digestion of pr:,t;ein; has been i nv:.sl;igal;ed [lnucl::es t al., 

13893]. Th:- phytate! utre.rit; int;,-r-c ticn & the ef fect of 

phytic .a:id on nutr itional st; 2t.s of hur,ans have be,-n, 

reviewed [-:heryan, 1980; Fe-idy at al., 1902; iraf, 1'9863l, 

Furtherrcre, 
the phyt ahe esters are form-Ld during prc essitng
 

-de
Boland t !., 1975; H-arland PA liar I xand, 1980; Pein o:ld
 

1975; de Lange
q-t ., 1961; Nayini X, H'2rlal:jc, 19831. The
 

phytate and its esters have b,-e .n thown to, decrease x- armylase 
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and 1 i pase activi ties in r otro. [Sh..arrm~ed a 1y 1978; Th,:,mpn,:n 

&' Y,::n, 1984; Desthpande : C:heryan, 1984; Knu:les 

Bets,:hart , 1987; KnL:kles, 19801, and inhibit .in vi tro
 

cali: fi:ation of rickei:: 
rat; ,ar ti ]ate and rat ao'rt;a [van
 

den Berg q't al., 1972]. In vitro 
 I in vivo studie, w,,ith 

phytate hydrctysa tes h,-,,.,.cld that ry,:inosi t,:,l pho,',spl ate esters 

inhibit pe ptic and trypt;i,: dige.stion of someni: pr:tei ns 

[K:nuc:les q7t al!., 1985, 1909; Sinrgh , riltrian, 1'901. 

A nuber:-r of ,,-Lti.:,odg h.v:. Ih,:,-,n ut,-.'i o;.lto ,:,w:-rphytat,:- ].evel.s 

,or to' rerove phy;at;.-t from, 1j;fl f sg [ceIrtaiet a]. 1977;: l',.',rr] 

Htarland 
? Oberl,--_ as, 1987; C,:,sgr:v., t'RO; I.nLar-: &,:,n Sandberg, 

1990; LingAns :&,Sandbergi, 1.990; . 1990;Na , nn:: ,at al.., 

1985; P: , 1'9.3; Fretad,,r f f, 19091. The eff of:1;
,f
 

f,:.rriermentatio-n on the< l,--vel 
 :,f phy eI;a;in c r-,l pro'ducts hav. 

be.en inves.tig'ci at; : ,.kht l 1[t - rp & Ch. tla,ann, 19 9; Navert e t al.! 

1985; 'IMayini I Mar.:atis, lz983; itar land . Frl icl, 1999;
 

Bartnil:: 
,et ,al., 19R7: 1' in gle X'M or in, 1912; d o.I_.nge et a!.,
 

1961 ; F:einh.]d, 1972, 1075; 
 '.-F 1 

Hat,ajnn & Ihaifian, 1'817; Tangl:,cri,:,ti tr or ql., 1981; 

Sur.,ar tad ji P. I I ,:t .a,, '7; F. ,ttr a 

,t't e zi.'. r nc. I Davies, 1986, 

&, t_,::.,..-. , 1975 I]. In 

t;he.se re.p r s;3,tht~e fin .r-- pri-t ai ningi i;,:, y;ate det-;rLct;ion 

in breadtatiri var' from LOiM for white br.,ol [Fringle­

Mo'ran, 1'12], t: 72--77% for whl..i ,,tbc.-t; t hread &: 70% -­

extr'actio wheat tbread [tl-a-in i X Nlu.l l , 1B31, I,, 40I, 50% 
for who:le wheat bread [do Lan'uge qt. R.-'f. 19613, to: 13% for 



village flat hreads mad, in Iran Lirnhocld, t'723 and to 0­

2)%. for .1OO - e t:Lra:tion whea; bread 
[lHfarland I Froli,:h, 

19893 A ter two lours fermientatioen. 
 The reports attributed
 

the redu:tion of phytat:, 
 in the bread to the activity of the 

enzyme phyt;ase (EC 3. . & 3.1 .. 22, IUD:, 1079). lowever, 

the reports :,n phiyt-,e activity in t;he y:ast ar,:e in confil i:t. 

Nayi ni & Marl::aJ::is, 19841, had partially purified an enzyme
 

fr:r, yeast 
extract whi:h hydrolyzes I-'G 
and other c*:'mpounds 

of ,rganophsphat -.. In this rport the phytase acivity was 

mi nr cor,,pared to that a:!hivi ty twardn pyrophosphate (1/371) 

oJr p-nitr,:phenyl phosphate (1/,i0). The optiral p-!,
 

termper.ature, & stLhmkrate ,::,enrt i ,on for thi : enzyme were 

I 1 W,,4 . . W-_, 1.0 respec:tively . TIhe rn,,was 0.21 rM; and 

85% inhibitiorn by the stubstrate, ,,s .at . r,,M of [P,. O]ther
 

reports support th;ah
t; I;he yeastI; en em- is nonspe:i fi: acid
 

phcsphat ise LBar tn iF 
 q .- . 1007; BarI:ar i:' "oto . I 19 0, 

198.1; Lingaa-.. A Sandb:.rg, 19'0 ,or pyr:phsphantas:. [lHeppel,
 

1955J3. Furth o
rn,,:,re, 
 most cf hlie rep rt s :n d,:,uchnal. g and 

phytate degrad ;c-in by y.-ast phyta e ,c.l:,-:l sever.al] impr-rtant 

fa:L:r3. Of ;these are a ,:c,tr,, ,:.".r"im nit in whi-h only the 

wheat fl,our in included (i.e. no y.:-a t; is- added 
to the
 

dough), the effect of inorgan i,: :nh pfnat' o:,*n the brea:down of 

phytate, and tht.e 
 . F f.- t of ph/tat. t:1h-. yna t growth . Th.e
 

presence :,f 
 phy;ase in the,:. whei~.:t; .,a' r .p-rtech [19:5ers, vl]:3; 
Nagai & ,nhash i 2,1962,19613 . Nagai ;., FL&n iah;shi (W I2: 

http:sever.al
http:Sandb:.rg
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concluded thatF the enz:riym e s i, ,_-i ac-id
m w clirsp i lipIsp F tnse. 

To our best o-,flnowl ed.(ige. tie what-. and veast enzymes have 

no't heen wtel1 d,-cLir,',ented. R:e,-enitly, iowever, plhyti; c a':id.has 

b.een slhown t:, have ant i ,,,i i vi ty 1eoxidant ac: t; w.r. ciple Wi tht
 

fe-rric ion. Th- level of pliytat',-, that is n--eded t;o tllis
 

a:ti vity is much leas than iat is present in fcs-.: ,i.e. pM
 

Ys. rM ; Ernps,,n et al.., 1'91]9. Anot;her aspect ,of t;he problem', 

of phytat;e is that. no reporls have been publislhed ,on t;he 

level of IFiybhLie Ltlat would biii tt -inc, iri-n, and :alciui in
 

tie intest ine or it; . eas; in vitro sitldie*:.
 

In order to, imrprove tie qul ity of brend and ,otLer wheat
 

produic t;, sev.eral cri L--ri hav, e o prevail . Tie flovr, the 

niLibri. F.i, cial quality, and the li,.-a'ovailability ,of the rinerals: 

zin:, iron, and calciturm. Ti- f.avr is rela ed t, t:Le time
 

o.f f-rrmientation, and thei-rinrer.als hi,-avilabi lity is related 

to phyti,: acid c n:,it;ent in th- d,:,ulgh. This study lIas dealt 

with tie ways of irm'provererin; of tihe bi,:,avai labi.1 t;y o-f the 

mieirals by f"inding ,ways :,f 1 i.in-il;i., ,of phy; i,: ,:icid frorm 

tLe dough throi ghtgLferrentat;ion, wh i ch ull..tId witLhint pr,-,,ess sh be 

reas:nal e andl r:-lati vely sho-r; lim,.,e in ord-- ;- pr--nr\e th.-­

flavor of the ire>rJ. Tlerefo-e, t, e aims ,f t;lis stuiy were 

to,:survey L;h' phykase a:;ivity in a numitber :,f yeast isolates 

fror var ious ,-d 'sorcLiIres, i s; eff t o,:ft Mo t .- I ia ;,:.LIi.' ­

phytat;e o-n yeast qr,,,L;h ini liquid ,-di a i n prres.e-rt,:, ind 

abseri:e of irr:,rg ,i,: ph;,,rF rtnt ., I;o s;iudy the il t-ta e t;ransp,:,­

7
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rt into the yeast Scc aromyc'.s c,r visiae, to, examine the
 

effect of vari:,us carbon sources ,oni the utili-zat ion ,of
 

phytate by the y.-s S. ceey, inq and to is,olate a strain
.? 

capa:el cr 


phyt.-'t-e under specified co,,ndi tioens such as lac:: of phsphate
 

Sour:e and synt;het i.c m',edia.
 

that is ,of prouclL,:tion of plytase in response to 

5) Methods and Results 

Methods 

Material.- BaF:er's yeast was ohbta.ined fror,, 1cal bal::eries aund 

fr:r', and fr:,m, tLe lc,al su[permraret::,.s. eNo:c,,mmrci al 

Sa,:char,,yce - . nvi,:i-, - -. ,n,ther yca:, t in,:,l ; ' w-er,-. 

is:,lated in this laboira.t:ry. rFhyt;ic acid and arpi,:illin were 

from Sigm,,.a Chemi.:al i Cot K NO. Th.:" for"-i. I.,: Lis, USA. rmedia. 

yea st ,ii ti. s ,pr,- IlY ,l.-s. ' foll:,owing: [Potca;o de.,trose 

agar, ral; i,.ir, stan, ' .:;l,tod . b;ryl tM. ir, ,: Ir:,t;li Ni. ;i,:,se 

glILL,:,:cs,-- ,,--5lc;t Ir:t;hi, .hJicl ... r no.d, f:,r .- :. ] ciunts'I y..,st 

for yeas i isolati , ,.. oii. fr*:fm l; p-pto.;:,n :*and y.eastl; 

e tract, which we.:re ue, d it ,-atr 1y nt,mr.s of this study for 

yas.--t; cl'i kuri icj iin 11F'.li -. were HI MEDIA LABS.i drii i, fr,,r, 

P'Vt. Limi *,-, i a; I; -,g h e (YN-),Bomtba.:ay, ,n ya:: ,e. bn 

ha':to-ag.r, yeast e'.-xtr.a t: , ha,-t;,---pep;,one g lucose, :nd 

sLcr:se-, which ,.a'.r-, u .d lat.er on the stidy, warp, fr:m Di f,:c 



Labs., Detr:it, Michigan, IUSA. All other c:he'ical reagents 

were analytical grade. Distilled water was used through cut.
 

Procedures- Cultures of 
yeast calls- the calls were grown
 

aerobically 
:n agar pl_ tes or on varicus meclia 
as spec ited
 

in their 
c:orresp:nding experi ment.s :,ccording to Schatz, 1979; 

Leininger, 1976; S,: hweinlgr uber & S,:hweingruber, 1979; 

Barbaric et W ., 1900; El,:rza ct ,l.., 1"970. F'hyti,: acid , 

gluc:,se, su:r.:se, and amrii ,-r1 e. st,_-r ilized by mi l 1ipre
 

il trati:,n (:Tht) tW:,riuts, Giermnriy) . Other media were 
steril i::ed 

inI a" aLutclav e (Sci ifi c recision, mc el 800 --DSE) at 

121-C, qnd 13 p. i for 20 win.
 

Identifi:.tion of 
yeast isolates was according to Deal: ? 

Dau.t:,hat, 19R7.
 

Preparation of inorganic phosphate-free media was according
 

to Rubin, 1'973.
 

Yeast growth 
was deter milled by cell :c.counts (i.e. serial 

dilution, plating on agarl pl:t:es and cou ting colonies or 

based :r by re Bntr,,en t ,of t.trbidity at 550 nrm usingnF'Pv, 

!.ni,:'c.m -r F.rkin-Elrmer spe:tr:phcc:,t ;,:.t r (R.:ubin, 1'73). At 

absorbance of 1.3 was fonLldn ; ,:,:,co rre:spond t.,1, [ 7 ,1:1ell s/m .z, d 

Speci fi: grocwth rate and doubl i ng tire were est i mat,ed 

acc:ording to: Pose X larr isoun, 107. Purity of yeast cLltures
 

was 
ex..amined by stainin 1 in, ticr:,s,:pi ei':unijnati,:n. 

Separation of fromcells liquid media was thro'ugh 
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ce-ntrifugation in an Eppendorf, refrigerated ,icrcentri fuge. 

Dough fornulation- 100 g cf whole wheat fl,-,ur (72 . extract­

ion) (WWF) were mixed wih:h, 1.5 g ma]t, 5.0 g sucrose and 70 

rl water. To 8.5 g of the mixtur-., 1.0 ml of yeast 

suspension 01.0 gof yeast plus 5 A water) was added. A
 

c:ont;rol sample ,wan ti;en 
 wf was 


T'he- d:ugh was i.:ubated at 32-C: for spe:ci fiecd period, dried,
 

and analysis for yt;at,. was 


to, which rl water added.
 

ph1. carried,: ,oi.
 

Phyti,- acid determn',inati,on- phytic 
i:,id wan det erm in ed ac: :r d -­

ing t: the me-t:h:,d of Wheeler and Ferrel, 197t, and to the
 

methd :,f Latt Eslbin, L80',-, n ,:i.od by Ma intraub
fiecl 

Lapteva, 19.38. Determinat;ion of inorganic phosphate- free
 

pho,sphate in 
the media was ,:e ; erm.il,(d c ,r iretr ic (G-ibson 

1.J1tah, 1990). Yeast extra,:t- preparation- The mltolcc of 

SIatz, 197 ',was used. - la s beads (40 r,,.ali) were t;reated
 

'i th 5N ilI'I "c,:,lul ion I. r insedI .'it htitiil ed 
water. The
 

yeast ,- lln . munpenI d .. ,of
e m,''eliii-d in i . t vo i.Lfle 'aLe*r (o-cr 

bIffer) Ithe g ligs b-ad '',-rwe ,*. rer:-r to the -. penni on at 

3.5: 1 (v,/v) r'apect;iv.,'y vr!;,'ox'i n;ii,-ii L;ur'-a 11 oie, ,-iq 

sa.- t ll I*;,; ttbe- (0'.j''.' , ig (c,fro:r S iu l ,, t f 15,.'',m.oa ry. 

Fo-r 1r]'g- q1 I'i.Ii;j I;y of ca-lis, the cells-gsi beaus mil:,tLIr­

w-as .acii tt.d by iiiaeit-.I; i: 'atst rr:*r for tie per iod r'lui red to
 

lrea. I ,:-1 i' th.' br-i:,:i.,- mollitoredc-he 1, by gii.,-rs,cp i,­

ex,,a,.mi n-at ioni. Enzyrmic assa y for phyta -.e a nd n yrcph,:,spha ,;ase 

was performed an dsc-:.rib--ri. WWF and bran extracts- The 

/D
 

http:ex,,a,.mi
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rethod of Feers, 1953, fol. dwcl Si xwas parts o-f flour or 

bran were extr ,:o;od with 35 part.s ,:of water for 6 h at 0 - 4'.' 

(P-I "), followed by c_en;ri fugatIio-n at 20,000 
.x g for 20 rin
 

t: :btai n clear supernatant which is assayed fo-r phytase
 

activity as described bel.
 

Enzymic assays- The stra
I.*.gy ::f me-oasuring the activity of 
the 

enzymecs) tihaL hydr:lyze(s) in,;,sitt,,lh;.-exaphsphate 
(phytate,
 

IPF') or inrgani,- pyr,:phsphbal;-. (FF') 
 is based cin the
 

detU.e r,,inaticon of inorganic phosp,ha.t e (F,. 
 reie" ied.fr m tihe
 

substrate used 
 i n Lhe assay.
 

Phytase assay-
 rhe re..tod,-,f Gibsocn 
& Ullah, 1988, was sligh-­

t1y ,,dicrin-i at c unsc:d t: assay * 
 focr yeasL enzyme. Each assay
 

c:,ontai.ned 37.5 m.-,ii1,s 
 -f Na a,- i:- e; buffelr, pH 1.6 & 0.5 pmic, c 

of I',la-IF' (o,:rNa p yr,:pl o-l ate) "
 

reaction was starte:d by th:. iddittin of 
tIhe yeast ext.ra:t.
 

The.' final v-,lume :f the ro'acU irn 
 wi..ure was 1.0 'ml. The
 

in:ub 
 at i on was carr ied out at .:s-: for 
,on cur. To each
 

asnay, 2 ml of fre.shl p
pr"epar *:d ri. u..tf 2 vl umes of
 

,: n,, 1 v:,lume N Ior s l
acet ,-,F533 . :,;ut*in & I vclum,. of 10 mM 

ammonium m, ''Iihd solution were, a .i Th.. bs,:,rbar,:
 
Lhe y.l ].ow color was measur. ];p-it 355 rm 
 or 11s. The 

and theip.:-rntur­., w,-re t;ake:.n ac::,-,rdi ng :, Nayi. ni & Mar hal:is, 

191 . B1larnI:s, cintr: s .nl aiidarda we're a] -,c rir.[r -,red in 

the sarmec rma nirii. A sla nisrl rd ,::irv,e fr For ran ai i ,:i 2.5Pl n 

nricles t: 20 rric i w4 as3 M I Ijab.;-,. Th s,:,r .n,,- for IC 

II
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nm,:,les ,was .aroLind .025 at 355 nr. A unit of phytase a:tivi­

ty under lthe conditions ,of the As-a.y (Nayini N Md rLaki s, 

L98.:) t in. defined aml the amournt; of ;le enzyr,,e it the ex;ra:t 

from 0:. 5 o r y 
 l; .,f yeast cells tlh liberates ,: e pmr:,1le of P 

per m ii. 

For LWF &' b:ran phyl.ase , rh,e ol,,dof Feers, 5133', ,wasused. 

The assay mitLu-e c:,ntai ned 0. MNNa a cetate buffer, 4 rIl
 

MgSO. , Ltht.-" e-; a: 1. 1., 
 rii Na phyt;at.e in a .,,t --. 1 volcume of 

1.2 ml, pH 5. 15. The rea:tion .,as ,rted by the addit ion :f 

phy!tate and waa c :,c, Li. An 


was wi.tlhdr.awn 


nued for one ihou,,r at 55'-C A. al.iquot
 

and added to ,ocnce half of it.s vol uire ,of IQ:% TCA 

,, Lti,,n. The pre:ipit:t;e , s rem.ved by celr;irjfug.ati:,n, and
 

t;he F, ,was de;erm ined
eci ,:des i. e A uni; of plyt ases e',c abo:ve. 


a:tivity under th,-ese 
cc:ndit;i:,ns in :o:nditio:ns as hle am:,unt 

1liberate.s one pgi p; ,osphru perL' one ho:,ur. (Thi s lefinitio,:,n
 

,was k.-1 -_.n f,-r ,c,,mparing ronul'ks
thle I; 
:,:ta:i n.d i~n thin repo:rt;
 

withitho:se 
of Fo', rs, 1'-.D . Transport of phytic: acic in 

yeast cel ls- tit- ,c'.-1 wore ;e , -u,.:-e ,-.!in 
a ,uiffer c:olt;ainling 

rN ph,..ate D ,I ern iit,:uha.L-d at 2S1-C: i vtc,>,!a r' slk-linq 

wate.r bath. At spef:. ri I;mt1 in, l i.:t;movl;ilrvs, al were 

removed, :-1s1 wewe -e separate;,.d by cn:n tri fug tin atnidl e::,gn', s 

phyta;e inorganic ph,-,,cpih.L.e ,orr.-- dhl;ermni tid in the mediu.m. 

Effect of thepH on phyti,: a:id degradati:'n by WWF enzyme(s)­

100 g :,f WWIF, 72. extra:lion, we-re mixed wiLh 70 ml of HC
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'-',oLuti rj t;hat ii requird. to, drop: tFn pH Fromn 6.21 Mthe
 

a:tual p-I f the moixture) ;o 5. 5 (tLe opti l]. pIH o-f the
 

heat; plhytase). A control sample was mixed wi;hi 70 rl of
 

water (H 6.21). At Lie of inte.rvals, 0.5 g samples fror
 

each of Le ahv- were 
taken and uied for plhytate assay.
 

RESULTS AND DISCUSSION
 

The acti vi t;y of phyt.'-. in Le -tracts o baker's yeast 

ce ll ranrged f'ror 12. , nh.l'] as. I;.- .-]0. C')nru-, *; P /mi n /0.15 g
 

dry :el1 . !he pyrp-,h:,spha a:tiviLye-:, in the sarme e:xtra:ts
 

was .i05 nle F' ,i n / O. d5ir c:ell s. TIhe- pyrposplpat­

ase atii'.' .
 w s- fully iWihibi, Led at 9 mM Ca-- ; while lhle 

phyLk - a.ti, ivily .A not afr,-f.:l. c. The phytase activity h.re 

co-nfirrms- Clo finding. tLhatl ep - Led by N'Iayiri & l-il:aI:i s, 

1981; and the inhibit ion of pyrophc-nphatLase by i_-a c ,rfilrm' 

thce reslt I s o f H-I-pp'-1l, I.'53. Fi I;h-*rrore, thbe resul ,f
os 


iibihl tion by .:-i in thin --'p,- I; indikc - . . thle riphytase 

is dist!;inLt f'r,,o yr -ph .A.:.. for- , .,.-' rho:assay pyrpisp at-­

.se .w-s fe ,,rr.ed i i t o,., th is p, i ii ;L a nid , :h,:a,ord .r c,,n fi rrm 

the rethld:, for t;h- ass ay or ph'y;a:-. a ti itvi.-. yeastI;,-, Lha; 

cells ar-. -. deqluately br'kI:::en. The i-tet od of a';ssay for t;he 

pyr op tonphaia .is.- is di ffer., n; fromr ',wh at in-. p..r forer d inL this 

study,, ain, the A: L.l. Iacti tba; i n; 17 p ol.Lb. '.i:'t'by r,-ethod , es L' 

/min/'. 15g dry cel's. Fle' rsul Lk; 'iqggo_-L tLal te ph yta. 



Ab)uer eis &~rA,mr 
 92G,.. -55d 2.:.2(-*,
 

i-.i I., 

activity is due 
 nonspec, ific:a-cid
to a r ph,-,splhaLase or it is 
dLe t a rnixI-e ,o-,f ph,,sphatases and pyr,:,'pphoshat ase.
 

Tihe pilly;ase ai: vitty in 
tLe extracts
Lo f WL.iF and bran are
 

presente,,d 
in taible 
1. Ti- ere-sult Ls indicate that WF and it s
 
bran contain F:ytase a.:Eivit. Ty.The piytase actv .
ies in ,our
 

sarmples 
.are hijh.r than Mrn,, obLainedr by FPeern, 1545; but
 

the ratio ,
of-tr 
 ,,yme
tL, :. acctivit ies inLthe flour and 
in the
 

bran is essentially t.he samce, 0.79 vr/,-._ss 0.65, re.spe,-tively.
 

Tie r .ate,of dimcapl earan , e o, f e,'-,genL,iS plyti acid IP:F') frocm 

the media in tLhe 
presene ,f 
yeast ce .l , 
S. c avisi'ar, and
 

thlie rate of 
tLhe si l taneou-. - p:u"aranc of i ,,rgn-i .c 

plhosph.te, 
in ;ie r!cdia .1k I . n r'i TV-', .' itw ,out ' U :c:, any
 

ther c .'., sourc-e, r 
 e'.,cu*- 'i',,ii-itr-Sphate 
are .. hh wnl'iii 

Figure 1. The :a 
a L ,-. that no i--,I l,.vel ci,':re,(i es F' level 

in:c-.;rea es in tihe mei.rr,. Wihl;i.n 75 mini. b:lh l v.el rieach
 

tlh'e.ir 
 end p,,ints .and rrmaii so f0,r 
 i,,nof iticuLLatio.:tc 
 .
 

Also in the 
ficLre, tLh. ri"tf;e ''f -Ji-ipn r:.of:: ,-'-:,f" TI- is 
shownvt. Figrl~ie 
2_"reprliesets.lr the 
 -o ,
i".-at of di"egradation ,of iF'6
 

at ".'.aiui s ,-
 , ..-
,- n I; io,- ia d pJ :cti on-,to:f r, by y-e
 

ce l 1 s . T .w
o c ont ro-l e: w -rim.e '.': r e Le o ne c i h. r-t - us e d : n: l1 
contains p 
 l ic i: ci andi th-, ypasit ,celi.;; oth.r
Ci, 
 . , contr-l 

ex'?<'preri me t c on tL n piy t;ic ac id Fr. mIIe ac-iir *";p e.ri f; 

iiqu, . w,
eri ee r..,o
Iiver .it 
time irntervals 
arid a1nalysis for iP 

aid P, in I;he -,-"F--free s-pe.rnatLnt e -ror.
were 'c' -.cjd. Tin:­

resulIs; ii ELi:. Iicini-,: ri icaiet;, ha t; initial FF, ipt ale
 

SQ4
 

http:reprliesets.lr
http:tlh'e.ir
http:plhosph.te
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rearfchecd 0.7 to 0-C.8 mM (in bot;h on:,ntLrols at e :gents IG ,of 

3. 0 to 4.0 r,M. The P 1 evel, however, rea:hed rmia::i mum val ue 

cf -' 2.5 mM in the rediuh, at 1.0 r,,M IF'G. F, in the phytic 

acid s.o,,lutirn was 1...qs than 0.08 mM which agreed well with 

that indicated r mnnuby ,,a fncLur-r MY'0. t % F). lMe apparen.l; 

fo,rr,',,'d extra,:e lular P., decl i.ned t:, less than 0.4 mM at IFG 

of 8 rM. In the r,,eanwhi i. e, the uplakce ,:, IFC, is presented in 

two c:urves in tlhis figure. In curve A the cont;rol wan IF',
 

,without ,:rel.:M, anl:d in curve C, the conlrol wan ,:e lI 
 plus
 

IFPG, blit n n :nbat ioen. In boath curves IF'E, :oensIhmpt io n
 

reached mir ,ima]at 2 mM I;M.".n r.l.,- in-.di 
 0 [,,M and " 0.3 rM in 

cLIrVes- A :.nl I-C, recp'-i K,\, -1iy. IPS :oen surmp rc ii.::~la s,:,oI iii 

:urve C, buL i ncrenn.sed again iln :urve A. Te di f feren,:e in 

the I;w,:, pat;terns might; be dle t;: metab:,lic a:liviLy anid t, 

di fferent phlosp:iaa.;,eses. In curve C t;le Zy~e IJhytlse iS
 

inhibi Q.. 5 ond this.
.t; uiM , fi. rms the resuts1 o by,,bt,ained 


Nayini al(d Marl::.: i.-, 
 [9 .t. rIh il:rease in IrF' c,rnsumption 

at higher IFG, cnn,1,en ra i. ,: u:,.ld be-e.;plai ned by the ,cells 

a:ti vit y at; 2EC and possibhly hy the a:It ien of o:ther 

ph''si p atame(s-). I" ,n t liihit t;,, find a suitb. l. yea;t strain 

that degrad,.s IFG at higler rat.es, a numher of is:lates were 

id i tied and ,"':almi l.:.i . Fable 2 represe ts the sour c and 

iden;i fi.,at; ion f ech. yc_.s, ia l ate and i L a,: i, On ,::,(n in 

the WJWF dougt. An interesl;i (:if iot plz:.zl g) finding is 

that the :ontrol Molcur mi:,x that did nt have yeast;) gave a 

PS
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bett er a:tivit;y (0.213 Laug :' tha I;gh%):h se hi:h have yea.st 

(0.364 to 0.'-2 g X, en:. th: rked wi Lb :) . Thr.e y.ast 

species, P. gu'.i!lie.ic'rmj, ii, R. . t'cilaginosa a.nd S. cerev/isiae 

reduced IF' level t,_o 0.121 : 0.19t7 g Z. These findingis 

indicate-d that, eL, filur :,,ntains either enzyrme(s) or certain 

mi'crogacn'tisims tLhaL alffect the IFG levelv which is at: least 

. T,'0. c To a ,:ccon L f,:,r tle ,cnri adi c tory r-suLt t.s, it waS 

tfh,:ught t;hat Ir ,ig hL tno; be: disI;bruLted ._-vetnly inl the flour 
wbhich was usd! in d:u, maling. Also the time ancd the 

tLm r-eratureofa Iihe ,:tr, in pr::ess of the dough main::gi , w.re
 

not well defined. TberefIre', it; i.,:-L tLcl,,ughtI; t at hie 
prcess 

n'ust be repe t, u,d ':Id t ':c Lr,::,l l:*d c:,ndii Li ,H':;, l e s:same 
e.perimentLs were r n'poa-*..d, but a qun tiby of flur (I00 g)
 

was mi..ed w.iLh watLer (70 ml). 
 A quatAity cf the- mi Lm'e (8.5 

g) was Wio , 'ich adlded 1.0 ml of yec.ast susp ension (mtid-:­

as 1.0 i ye.ast j . 1m w' tW.-- ).*. Tplusc5,c, h as tlbeti 

incubat.ed at , C for 2 Ih, dried . a nd then analy:,.s for IF'S. 

Table . " .. ,.; I;i' r esu Lts of -ucii ':"peri mrents. w hlici p tint 

out: I-H Th l- c f IPA~ inth e docucili- wh-iichi hadt hii 'd 
yes.ti; sLIu pa.nsio;, alre mucht hincit-v ;itatn ltc,: b,ew r- ,:s tained 
from :o'ntr,, 'pariiiyh nt;-; in tabl e 2 (i..e. 0.GJ7 --- 0.711 v.s. 

g X), rc:-pec ively. 2-- Appsare t1 y.t is o:,l at . U 10 (S. 

cer- - iy E ) is mort- :'ns i Li Lcoe heat; f;tita l;b.- ,l: |- i It,,hc stes 

becaun e itL in the ,oly ,o.e: '..hic: did ,affect the phy ic a:acid 

level in the :ontitrol e::periretnts a fer 2 h incubaltion (0.617 

1
 

http:incubat.ed


-- 

Abuerei sh 
&, Aml,'r 

936W2..., ,
 

1-1k, 

v. . 0.733 g %). 3- In t;he exeri:) ,.,erHtal
enr curn, sore d,-Llghs
 
show si aificant decrease 
in the level of 
IF even th.y were 
not. i 
 t 
 ..
d at 30-C, whichlI might be attributed 
to: lenglly

time ,_-f dryinlg. 
. 4.- Inconsist,-ent 
r'e.sults 
among the,-
 repe.-ate-d
 

ex-p:'
erir,'ents which deal t with 
th,. same 
y - L i ,:.. conpar, 
values in table .2 withl he values in 
the last ,colun in 
table
 
3 for isoltieL s nurmber,.:d G, 7 A 11. 'st of the previous 
reports whi,-h 
have been 
pll:.blished on 
the effect ,of yeast on 
the level 
 ,of I', in the IJWF- ,-u, l f.ai led to inclu-
 ,:on l
 
experi ments 
(i . . ,wi ;!1,Lat yeast as irn Nav.rt ef 
,1, 3). 
T.lj e . i: l, ,- s Fthe levl. ,:ff.'_l
IP, in 
WJ.JF duClh 
 dLI nIgti he ir 
i -"catiij on 32-0 for '..'mr :um 
p,-.r i.,Io
- (no yeast; was adde.d). 
In all experimets, 77 o f I lt u Litial I1'f,.a cwayd stroyed 

(0.990 
' a rr -'- . 0. L %)I "' i u '.
 Iain conco:,:rdance with1 
ii ;tt l th' g e result,.s... l,...thse a-re
foundr 
 by .il.laas 
.& Sandbe..rg, 
1990 ,
 

i~n t~hat 
 an,ogenous plhylase c,:nk~lril.:lkles 
 to,:the: reduction ,.of
 
pltyb~ake 
int he;1,do:ugl; hu; 
!lhei.r- ri:":,ltn- showe,,dc 
 6,, % re'ductiont
 

AftLe*-r two Iiours ,of 
ferrea i 
 on. The erfect 
of pHI of tihe 
d:,ug. 
 as also
s, ud 
in, l i present.d 
i figure A.
 
Dr:ppi.tng the IpH
lh,. ,toplyta 
n ,:,
pt;ril 
pH. FKr .tivit 
y did iot
 
S ign fi 
 1,1,wer1 the.:lo level ,of 
 I fIaster Ithan 
 that at; ptl 
6. 12, tLheo.- ,rdinr g y pt , ,f I ,. ,, .uh. The di f Fere e,:. in 
tIhe piatt;,-.rns o.f the ,..rv,.- might h,-e due to,-, tlh ,f . h,.ren,:cin
the0. 1 jI
initia 
 WF: c-,..ntent: 
 ! n i.n thle douglhs 
al tlho,_h 
thle ganmples
 

were tal : f.ro, th .
 ame flur r, 
 -. [his discr pancy, 

1
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io''wtver, is comqIiin ini ti i LWype of w'r and cannt':' be
 

explai-ned -.1; 
 thin stage. Apparerit iy, initial incubation of
 

the dc'ugh r,,ixurLj. ihic;withtthe 
 Yeast at least for 2uu0, in 

Fol,lo wued 
by the acditiLi ,of the 
yeast may c:on tribut;,e to 

furtLiher degrad ation of tL e IPF iiy tihe yeasLt anti Le wh .t 

enzyme. Local 1 y there are wi;.oco'nmmerc i al ihait.rl S . 

ii.
c-r-. 5,vi7 The Ast-i-o, dry petl, -ILed yeat '..hici is sold in
 

thlle supermarke:tsr and the :c'mpressed yeast lhichis usni in 

the bai::eries. Figures 1-5 repremel. the activities of the 

;wc types or yet n tw.ards RIho 14i 1 i at ion ,,f IF'G. Slight 

difference be tween the Ltwo typ.s- i a oh -erved -it early Limres;
 

f ilicLubaLionii, :mwc.ver , tLi'!- ipe; .in c1r IPG h1 bho,; iKi
 

essen Li illy Liie same atL I;o hl.iurs of inculbat;io 
 ais indi:ated 

by Lh- reles.e of Pt, 6 , at I m 
 I'_. Most impc'tant is
 

the iil bilLi oi;,:, r-l-easc.i F, a; EiP J increases. App.r-ently 

the Astric: type is less -n-eitiLi to- [c'G h'an the compressed 

.east . The xper i ,ens were rep-itd n i-'apro- ,-ciLa Live 

pr evio*is i.-clates, and typical rG"sltn are shoiiwni in figiare 6.
 
None of 
 khe - ,'- s ; Is,o lat,:..; did .h,, t;he riei- ,of rI-6 Lplta ke
 ,
 

'wi[cli was o btafiied from the c,-i r i ,-.,e:'
S , ,,,a).71'. 

i-owever, S. c,-e r, isi-- fr om 1 :ial- -u. (,s, ' .ii: ;n.rat 'c-.cl yogh rtji'
 

gave better act;ivitLy than Ih-. ,ther. The-e reultm led to
 

ihe thinkin.g that the co err ii ­5. '?crei-c ir.s mi lht have 

strain (a) that could - pt to TU6. Tiierefe. , ,o,,r,- S.
ed 


cerevt,, aze:.? gro*:w'whiicI 
 in 5 in ru i n 1 iqulid melia, was plated 

http:ihait.rl
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on 1
agar contl aining IF'G, p 3.2. 
 After LO days at 
28-C:, cle-ar
 

colonies appeare.d as shown it pla.. I. 
 One o-f ;h' colonieJs
 

had an o-range 
I;o yel lo-wi sh cclo-r wi. ;h Lri--rl,-tLatc (d-UL&id' 

mrrph:,logy. 
 rhi -: co-lony was d.:,-nt
 d Y-5-a. Another 

lon.:
y whic-h had tIhec:resc,ent :,lope:- Qn,:i v...-.' orange
wi 


c-Ior was de,signate,-'d '-5- . qphireri ca,:l , -1n i *. 
we re sho,-wn t, 

be bacteria and had no IPG uptakel activily.
 

Befor- challcngi. the calls o-f ,-lT i,*s
Li,? a:,'.,: withl i.g..ll,-r 

th . aff..,-LSG ,r c:arbon source -nd 4 ;hanl­

on 
t;he cl-. l g,,:wl;h and TF'I p": ' indri.
'c er Y ,-. Table 5 
sho,:wn] t;1e r,-._u] tos o:f tlho 
stludy o:f thle ef fo,:ts of, ,-rr on
 

s.:ur:e 
and eth..h no:l on i;the LwL
gr..
 ,of S. c.,-r , ci-i-'and the.l'
 

u ti liza i i ls.
t ,in ,of IF", L.. 


The resilts Jidi: i 
 ;. - Low E[Fl , i.'. " 
2 NM, i ibit th,:. 

(s) thathnzyn,-grodr i ) i;, hid; tIh.e IF'6 1,'.vel do:.s no: 
inhibit th-e 
y.ast grow,..,th. This' 
r'.s' J o::nfirrs the findings 

hai; re presented in th.,. figurs. I-2. 2:'.-SChi i,.ltri g cf S.
 

,cqr', :i : ­ 1w teha ; e q..:r n lo' o r,:,.,t ].,,., 
 I j a1, leves rmedti 


t;hat c,,ntL 
 ici ,.r IFG l,:.'v.l- r'.'. o-, V, li,. p inL in of
 

tLhce ,:e? I I;n .hiqh
, lheI l,:..,.i:," of IF, and i s d.:ir-dal;i,-,i i.e.
 

compar e r e oc-u l _ , p--
 , '. t:y ,nOs - 5 N rF'G 

t o, th os e rwn 
on 0% ur,: , -....-5 O Iii F (in tLh., I;m 3,-.l-"
-


IF', i ,cr_ ,s i u;a irid:lMlthel.-.'ir,:,..,;Ii oIl,:.:,f tlh:. cells decrease
 

(see roo'm a i; in
'.'-3-,i':'L 'ai;''i;J. ox'po-r imenti Maisti. L ':i[ r ir ,'-F 1FF;,: i.rl ':cnta i i's' 0%,rltO quci--a.h andrii roe.( S r" I'. i0 dM 

vri,,u 
 ,, ,etr, 
 i n ,.or IFG ranging fro, 5 
N to,,. M).
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4- Glul::,se ws 1s effec:t ive ;,owar'ds degradat;io:n of I6 than
 

thai o'f sucrose. 
 5- Glyerol 
and e.'.*t'hanol 
 did not,1,;stiiul.ate 

cell growth. C-- Ethan,,l iad no',., :,n
effect 
 the IF'6 utilii
u i ,in 

or on coil gro4;h. 

The ne:,xt; e;perimient ,w.,ere p:r for:.ds ,on coils f-rom colonies
 

'. Y-5&--. Fjgure 7 repre--:; 
 t. I;t r.Ites of 
, ll growth
 
an mea2suredc ph 35; n_ a d the:: 
 merl i., pept',:no, yeast
 

extrlc , 8 
X L,:-o - (1.5 MM .:,c,:.:,,3 Fq'7pp), .01F. p-,, , c 

100 -g a piii in./', . Th . cal-l, in l is experie,,n; e..c-re
 

pre.'i :'u. ly cul!.tIuLr-ed 
 in 1 iCjLl d er ium con t;aininsic 5 mll IF',.
 

The, i -u -. i rrli:,:nt;,h. .lluT-.
a IF', i; t;hi n l:vel in,:r,:.,i..d I4h.e
 

dcoulj ingI tie 
,,f'p z,;J I; *-.-;,,f ,:i-" . Hev.Ifcj,:ver, a.pparnt:-i ly
 

Y'-'-, hT:p I "n'-,,l 
 ; g 


Th'eref-re, 


i tim ci 'of 'owt th aLhn Y -5-- . 

f-r' t n r.'am. , 
 Co n xtI '. p'.iip- . .r w..ere
 

p !- frr.ed on Y'-'5--i. i ur.---_. --1 
 ,,,w the p ;I.;er of gr ,wth 

of Y-'5-n in yeast n itroge hcirq; - 8% ' s---,* red i i conining 
various 
irk cc: entraLti,on-
 plum ,,th ri-d itiv.-..,-.s -'. i i : ,cit 

in t.hle fi cur ,. r eris s ',.,'- Li1i, ,,i', thaca'Ml1. .,,s incr-'eni s 

from 10 mHr to DO: WI 1-li ':.'rqrowt ate1-.dc.-r '..cser. FiguJnre 91;' 1( 

shows the.- mcirme typ." of e'''ment su with Ire, lom a~~-i~tc10~ &~ 00
 
iM, and t;he.-..f -' ff
o- ' u-v inorg.ani ,: plu,:,pli-it a-.t '5:0 ruM.
 
T wo i if -i,ir ; ,c,ses'-.v i; i ,-r,
r cial. h c. Iml d ed i ' ,i .Ihe ,,:, 

fi. gures.: io r" IFmn-,d i',. -d. , 1i. rr,:,,.,t;Ir for a: logrir -,r iocd, ard 

inorganic : pfh,-,ptcL-., orc.h:w, p r;i al1 y re.l ievedt thl:e 

inhibiti::n. Al sc the ,. f,:.':!;F c't injicates that I;he enzymes 
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i ndu:ed are not acid pll,.-.spatases be:ause these wcul d b,
 

inhibited by high F' 
(Mildner at al.. 
1?72; El,:rza, at a.., 

A70; S,:hwergruber &' ,:ti ..rgr,.,lher, 1979E'). The specific
 

growh rate 
an:! I:he d,,oblingL ti.m-. were estimated fro, the 

plot of Ln E at 550 n (,we1,-.,. F r , .'p,'sn. th-. nh-,el ma.-s )t 1 


v r tim:, and tIhe 
 on;:,1 ­e altLI TI I-,'/ll e:i cf.i, c growth r ate, 

where !the 'qpe:cifi,: gro'wIth rate is tie slcpe of Ihlbe straight 

line in tl ,. graph. A typic l graph is pres,-nt.d in figure 

tI. Th:. (Iuhl i ng t im-. , f:,.Ioloh 'ls i ,ompu it;e 5.51 h. 

When tie. c' .,ore gro-w on low G and lhei war.?
 

subclultured 
Ql me'.dia w~ithl highe.:r levels, 
kh. ca-
,.lls the-:
 

adopt,ed to;. 
 le high l, v.l-, :li,: ;h-e doubl,ing time b: 
'.--
ne
 

s11,7' ; ,.:runtil i t: r eaci.:.s Hc.rr,. diglc,,LjL1]ho ; im , abolt tWO
 
ho:ulrs (Zinl:or 
&. Warine:r, 1'976). Fo,:r inlstance,:, when.i ,nolI:,
 

w',h w e r e:, t f.::)om c,-ul t ur e g r w.,n i n m e:..d m t 3 0 

ic h l r i u a: i M I,'G ,
 

a d i noc-,,:ulat ed il 
 o:r.,-di of YBI'N 
--8% urs.: containing 10, 

20 , 
0: 30 m rolFr:, ;le d.,:,uhl i:n, 
 O mnl. w~ei , lc
found 
Ds 2. 2, 2..4p
 

and 2.7 h, 
 r.-p.p ,: ki,.,-,1 y ' r ; , shown).
 

Tie growtlh cf ,:-.*113 iquid 


, i : i, 

tn 1 -.ti madi. ,cltilniljing IF'G is 

accom:rtpanied by theIl eas - P,1'*1~m f into the: *~ Lrr :.1liii r flu1id 
& th,-e ,d i .OFipp e..airn c:e o.,fI r'C, fr om Ih.-. , i.-. Th e r t . r th ese 

p a r a mre.t-e r s 'wo',re f ucnjid v a tii,abl .-. w i t; r e s p :c_ t I;,-, .. I;oyp e of
 

ed i j. F i lCr._. .- 12 
 i l ;t; . , l t.hi'i h ool.,,l, n . F i gCiir ? 
12- shown t;hMI y-.5-:.n l~ l in,.-a
t 
 iFro, fr,-m YMB[ medz,.ium. hoi,'.t;te?r #. _ta 

lh ratf: F"T rf..F t imr . rei liir oil
f 12D wn..-i 'I;t P , r .l o aiicl 

91
 



IPF6 uptake::. are higher at I riM I f'G Mb an at. 20 mM I F'r, in FYE 

media whic-h co,-nfirm lh.e sirmi1ar pr:.vious findi rin as YND 

media w ere und. Te' m_ ,of yinpurity -cuI tiis,:.c ini t;Lh." above 

e:';perir,,.:'nt 'wan con fi rmedl Ihy s3tai ,i nd lt 


Typical ,::ullures.-3 of Y-5-


a l i micrs:::py. 

i ar-. pregenl;,Jd in plates 2 & 3 in 

which .iviv r Ig -- tai ,.d ,cell.s, were used. The ells "ar,-. 

a,:tiv.e in divisin:,i as-; do-- n m-.-


cell were b.e,:.rved ii t;1 c,-tii iir- frmr, 


oe so,, er,per,:,uq. No, Iaczte.:.rial 

,i, i I;che results ,of 

tLhis 'sturdy were .bt:.a ined. Any ulure wh iclh -sTow'., 

conta ar 
ti n .'an di mriicl.rI. TIie i'ilh.-r ,:f 11il tWlne 

cultI:ure : ,Y; ':,:,rr'e-mp,:,r:,:-uc I;,rIo,- to 
th ligLt nc k- r i r o-btaind:.d 

a t 5- n m, ,*-. 1. 5 ,c r r epo.:,n del.edt o,', 1 0.1 ' * 1 1 n.n/r l i iub i ,, 

1973-:) . 

CONC:LUS ION 

This s-.tudy ,e.stabli :ied: 1) Un.d.r '.p -,i fied ,,:nrl i j*in,-on * 

,,'r. 
 i.i'. wo. l1 ienzrnp.7d : ; thart-t;1la d:egr.. de pli ;cat,.m. 

2 ) In th e. ugih., a n i in ci r r ent; li, :l ici,-h ,o,f h r i-It, n.jg ,
 

canz:yr.? o;f them 
 Vymqv; hr-ivc inri rato- in ut il1i zation of Lii'. 

phyLate.. *) h'":a. in 

y) 7ant ,.woul d; do g..rado 77 X iii,. n 2 : 

,The,c,; *va,:. tIhe,; ,J,,uIghI in absen.-. of 

,-,r Qrl,-,d .r .no. ", I hy lat,. wi clii 

t :, 3 0 i nutL i n- t; 3 2.-Gi , ii;u t h i I .'.',,.1.o i scn ot! I n ,Lwn l iw eth',.rein t 

affe,_-ts rin il [ ,vn-,n prr io i n h mn i int ' at in,, ai: t; j 

r'du' L icni of plhyrcii,': ac id' by ,ndnu,:', -ap y'.-s.i'. a:tivit!y wan 

http:mriicl.rI
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in:,',nsit: ent. The vriat;i,..n ,could .he ct'je tie age of the 

flour , t emperature ,of mi 1 ing, ,,,i-ture, teriperature :,f 

strac.,' ai _-ds,-, o-n. .1.) 'lTc upa.t; I.,-o cf plhyl; t e tc'y the ordinary 

baler's yea t cells d,:.l-,-.nds on . I; c'n',entltrl i.,-n. At I riM of 

plhytatc. thec elis tal.e it up and heydrolyz. it by the 

zym,',eyen.- a)n, uded: 1onl frocr,, tr-anspo:,rt ex.,.per imen ts (no :ell 
gr'.,tlh under tlo,,se e"fper i mn t.al condition ). ,An tIhe IF6 

':':'n':en tra f,-n i n:re_ases I;,-, " 2 Hi the hydr,',ly-in ,f the 

'cr'rIl-udllri [s i ni b.i ted. 5) S. 'r 'PY',1 Ia.' ;r ati i (Y-5--. l was 

se' e'ted fr-rm ye..t cells whi ch were allowed to rowl. first 
in m'edjir- c'naiijii.n 5 r- phy at ,., thn pl at i ng the culture 

oi p:k-,i di sies ,:cnt in i rC' -ir , re:di ndilIphytate at pH 

3.2. -. Y-5-a strain gr ws i. htcIlgh 
 nv,-Is of phcyta:te, hut 

3li'3inhihi Is cell grw..,,th at .1 I0c mM. Th a inlhibit ion 

anreflec,-ts ilc. a e c-. 1i d .blnig t ire.:- a'cm'rep.an i ed by a 

In<g PIhase . TIhi. hhenroi-I ,-,n ic -ti,::t; th.at thiis an 

adoptat;i,,n r c.- to, Min I-vel.l phc ak,. by syccth,.i.-zing 

enz ,.e. ) t e:i n/ r ,*,ble of 'ierid a- li the phytah, acid 

less n,.- j iv,-. ', .,. hci,:lc '.t.-.r'hi icihl i Ied a; lower levels 

(e.nzymei, indiut~ ion
'ci '-' V.''d byc incite b it io " 7) in r an 
c n
 

o n c phnqi'-phq , eg 
*[C in the rpod(i ; arc e *rrer -*d as soc~ e oafph'r.spha. :'c, I; , ' .,n I,a t e ,o ) Igro:'.tlo.ni p ,hospi ate' in tlh. fli 

p.rti: lly i- li' .'-.ns hin. iCCiech itWi, [cy -illyLate-, whil h ugcgi-ests 

t h a t p h aly .aeldy t; , n d ts -lh ttl; 0-a t;r an port.:t; s ' ,e' , mm o. ma y 

rrme,-han i .ccir tat;ar I; thle anie, indeen 
 jd may rrt; he a,:cid 

li 

http:a'cm'rep.an


phospha bas-.:* 9) N,-, erfec for ebhanol :,n he gr,-,o of theqcwth 

ce s, and cL1.:r,-'se served heI;r as carb.. Ii source t'han 

g]Ll cse. 0) Y--3- . CC'.-5?(evi skraii coLd he an id.eal 

syrenOr for clin rig anid/cr amplii fi cat;ion of phyLabe.-,peci r ,n
 

phytoase. 



1.80 

1-22
 

Tronsp.rt:r1 of P-hyic,:.:'d jin I.3:J.:. 

2. 40O
 

I 1.L.. LI.-" ''" 
-t
r FN 

LI - .... l I'. . 

l.¥ " . . -'"-F...
-I, lIj, .. "~f~ , .-... .zr'" 
 l r: . . I. .Transp. o. t 

Fic' 1 T n s r " . .-." ' fh t i : a : i i h k r ' e.t e s 

cells, Sacaoye cersvisjae, 
were incubatedwhich ontained in mediumr1. mM phytic acid, at 2S-C. Afterintervals aliquots were re 
15 min

ioved, centriqed to separatec:ellvs, and the supernatan-ts were a sayed for inorganicphosphate,Tr and phytsio acid was descr i bed in methods.Curve C represents the rato ficcnsup t ionCf phyteir a:cidwhicdh is :orpLted as 
the differen:-e between initial 
phytic
acid ,-oncentrationr 
 and the residual phytic acid in 
mediLmi
at the specified intervals. 
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UIL I 

I 
 I i I a"" '.
 

11. 
conume I' outid

C, I6 "OUn 

L..I 2 

acid L cell1s were washedin IF sluI 
Me Y twice and suspendedi at the pec Iedf con:entration. One batch ofc:ell su~spens~io~n was analyzed imm~diatel y for extracelltrlar11 (~con t rol) , And another batch was i ncubatedmin (test), at 28-Cr fo'r 75t~hen extra:ei lularto the method decribed IFC, was determinied accordingin t. The celis were separated by':entrifuciat ion . *t Data obt i ned fro'm t estthe *:ontiol was exper imrent ; andphyt ic a:cid witfhotIobhtaned from test eper I Ic: 

yeast. **: data wereh] iontrol was phytic a:idp, us cells, bit no i nculbat ion. 



.
i-21.1


PH- , ---: o:n IF'6 ,. in d:,u. h 

1i. 20~f.2 -

I1
 

,L:o
0.. ,i..____'...-I_____
 

1 ! , I. 
 -'
 

Fg. E 
fec t of pH .on the breadown of phyti acid by theendogen ous phyti-se in the whol e g rams of 
wheat flIour. One hulndre.dt hec fl1our (72watllr The pH of 

Z. ex~t r ac:ti on)S wer e mixed witIhthis mixture 70) mlw measured 
and found 6.21.Another t00 g wereC mix~'ed with 70 1l Hwo whic:h con tai ned [Ito hr ing the pH of the mixt~urc.icubate at 32- for to 5. 15. The mix~'tures werethe tire intervals as indicatedgraph. Sampt, on the95 q a.h we.re taken at ea.hinterval from c: h mi time
andt hure assayed f'or phyti: a:cid asdescr .bedin metho': ds 
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PA':h y=dr.,,lq.-i--
 b,-_,-,,n-r ,.-.s-e, S , ,-ere,..is .-e 

oil 5. -


TDT 

-12:­

,C" .'I"
 
T..- .--___,*,---- " 1 r F
'" 

7I ,.1.. 

Fic1. 
 -.
,--


Fig- 5. I-o'--.' -..
t ; r',ti,:n-dep ..rd,-..n,:. Ihydr,:oly si s of TF'r I-i.,
c ompr es sed S , c'q: ,.7_,.iqae E:'xp er i :..ent.a ,,: cdi i ,.,lu l : weir,:,ne' as 
.h,.e , f i ' . Ai. 
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7. 40 
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E,.- -


1A 

MI' 2.47T.......
 
LL 

011'I '-' -5 -

I, '- 1,7 .11 -j i 

Fig. 7. Growth of S. ,-erevixia. strains Y-5-a and Y-5-,: inF'YE-1F'6 media. The el ls from ,-,-,olonies Y-5-a were ad;! Y-5-c whichobtained from agar plat,-s with S.tLat were ino:culated
,erevsiae cells that were adapted to 5 mM IF. The medium::,ntained FYE, 8% sucro se , 40 mM TiF' and 10oo p amp/ml.EndogenuoLls P was 4.5 MM. Total voLlmermediuLm in 2 50-ml-side 
-armed flask was 30 ml. 
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YI- I2-. grItlIi~h in " E-IP, r-ledW.I 

24
 

L..
 

18 
-

i-12­

ohur 
of Icu._.­

0 1 nJ1 r 

70 Peri--I 

Figj. Bl. G~rowth of Y-5-a in yi s nitrogen;i ~ CYI\)bas ried iur 

apri / r, The inc as~ frI s?~
precvioul~1y g rowi~n 

l wA1. t;aro t..n;he ame Y--5-a *: Litur- e 
onf 30 rM IPFiTn YNE1 - 83 Z' sucrose - 260 ;.a rp/ ri Endogeq* nous P' meiin the i -cJ1 was 6.80M 

,.,,3;
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Effc-f: of jp6E P! on-Y5-~ r:g2 -5 -------- - -L - --- --. 

C1r 

LLI, 

iT i' "" --.---------------- L.1LI'I =L-'- "-. ­-t i' ....... 
 ... -... It 

7-0 Pi I "0 P("TIri Il F,~ LI r~t' F' 1r- il F 

Fig. 9. Effect of 30 mM TF'J and 50 mMY'-5-a cells that were F, on the growth ofadapted L,: 20 mMwere IP6.inoculated Cells 2xlOm/rml)i n YNB medium containingIP6 and 27 sucrose,260 pg amp/ml 30 mMin presence or absen,: ofTotal volume 50 mM F.in 250 ml -side-armed flask was 30 ml. 
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204
 

I: it 

Ij2 II-
' 

I­

.I 

I II' 

I f)rii IF- I PII P 

Fig. 10. Effect of 4o mM IF , nd 50 mM F, on the growth ofY-5--a cells that were~ adapte d to 20 mM IF'6. Cells (2>:1 C/ml)were inola 11~ted ini YNBi mediumIF contitjning E3%IP and sucrose,350 pg rap/ml 40 mMplus or minus 50 mM F,. Tota1 volue in250 ml-side-ared flask was 
30 ml.
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4 C7 

I-I -

6.,, 2 ... 

- 1.2 [ .. 

r e -a l r,SFF ' n,-, 1I , '-~::- :: 11:' 6 - 2 0 , -

Fig. 12. E fect ,Of .dm,-- ,,si i,,n old elt~ g~e ,., Fj. Lolls we "o- {inocuateld-/ ,_.: at 2 ?,; On'/ml' inl YNJ-jo:r 
 PYE media '-,,nt..ainillg a7 %. 5u.,:-,:,one-, 20 mI,,~ [FGTo:tal andt~t260 ig aml--np/rl.vo:lumre ,a, 30 r,, inl 250--ml Giie:--rr ed fla.sk:. FProIfil.es it,squlares_ were ,Obt.aino.d fl"rm YN\D medliumn lcd the otP.hers froml, YF'Er,'ediumr,. *:t: ' ro l ... s,', from+ '2(- m,, 11 6 inl YNE rme-diumn.
P,:F're.leased fro,,ml .20: mrl' wF in PlFYF me.:dium,. 

http:FProIfil.es


1-31P
 

I.P
 
, -,-.,.
 

:.- ­ l ' .... 

20F_ 

,-- ... [.. rg _
_.4 j.i...." 

* " Hi- o Iof1 W'r', q ri.Fic .1 . Tir F,',i - llO I ' . . ' 1::6 - .1 0... - ': 1 .. .. ,rE ... * -" U l~l -- . .. i'. .i 'n 1Ir0 Fr i--:'¢I,f IF -. - ril>:: IR 6 - 210 rntl I :.0-: 

Fi Th eft.- of IF'6 conc-n tati

the on i Uptake- and oilreleas,, of,containhing 0 % P', by,, Y--ao a d J.- ,,culaO Hq edml ,ri . T:la . '':1iu:nat; 2 im], PYE med iumO ,. 1 
in 250-ml1 Si,;- rr,',e l f,r askl. *1 F'rfri in..ft squares r,-pr,-. ent kh ,-,
FP, rele:ased(- from IF'G at. 10: HM i nit~lj ial co:')-nen ratio, WI::O l,.pro:files represe:. t FP, rele:ased f~romn ]:FG at: 20) mm iniJtial 
c o n c't: e n l t "ra' t ti o n: .-
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Table t- Phytas. activity in the .xtract: s of whole wheat and 

its bran, and ,:omprison with Peers data. 

Phytas aivity::, pg P, Ah /rg dry weight 

Flour Dr a Flour/Bran ratio 

This Study 5.08 7.90 0.65 

Peers, 1953 3.41 4.34 0.79 

*For the assay of phytase Activity, see text. 
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Table 2-- The 	 effec-t of yeast is:,lates
soLrces on 	 from various foodthe 	level of phyti, acid in 
thio, 	whole wheat 
flour
after inrubation 
for 2 h foll w,'d by drying. 

Sour:-e Yeast isolate Gram of phytic acid 

per 100 g flour 

Control 
 No yeast added 
 0. 213
 

Plum jam 
 1. Candida glaebosa:. C. 375 ± 0. 037
 

Ol ives 
 .2,. Can.']da etche9ls'i0 
.85 0-010
 

Apple .jam 
 3. 
 Candida qvrsatilisw 0.712 ± 0.062
 

Fresh grape
.jui:e 
 4. 	 /isp. osMophf .1a* 0. 598 0.270. 


Y:ghur t 
 5. 	 K1uyver, ycs
 

narxi'anu5
 

Var IaCtis4, 
 0.962
 

Apr i ,:ot .jui :e 6. Me t 	 cshn iko,.ja 
pal 
 Chrrima,.
364
 

Mandarin juice 
 7. 	 Pichia
 

guilliernodii. 
 'o.160 _ 0.009
 
Grapes, dried 
 8. 	 Pichia 

membranaefac lens, 
 0. 397
 

OranQe juice 
 o
9. 	 Rhot
 rua,
 

mualaginozC0. 
 197 ± 0. C)010
 
Dough 
 10. 	Saccharoyces 

cerevi si a: 0,. 121 0O. 009 

Grape juice
 
fermented 
for

72 h 
 11. 	 S. creviria,. 0. 121 ± 0. 009 
Labaneh 12. 	S. ceroyjis-jo 
 0.211 

Orange juice 
 13. 	S. Klvyrvrin C. 927 

Mandarin 
.juice 
 14. 	 Sta.rigmatomyc.s 
nectair', 
 0.917 ± 0.002 
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Table 3- Effec'ts of yeants' nu~mbered 6, 7, 9. 10 andJ 11 (in 

Table~ 2) on the 1level s of phyt i a:cid in horiogen i cd whol e 

flour dough,. 

Yeast numb er and G~ramsli of phy t;i' acid / 100 q flour 

name Control-a Ex~perimental 

0 h 2 h Co h2h 
-
 -
 -


-
 -

6. M. pulI'r/,~rim.a 0.713 0.307 0. 161 0. 140 

7. P. quill.ermo:ii 0.70~5 0.275 0.010 0.528 

9. R. MaJcjlgino 0.741 0.278 0. 204 0. 162 

10. S. crevisia 0.617 0.733 C).621 C).196 

11. S. ca'req1isiae 0.735 0.208 0. 723 C).388 

,"' '.D 
a- Yeast suspens ion was boilecd fivq minutes befocrec it saddi tion to flour mix~tu~r e. Controln and eper imental doughswere inIcubate~d at 32-C for the t i me p*na 'H as i ndi catedbefore dryinrg and deterri natioIof f phyt i a:cid. 
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Table 4- Levels of phyti,:acid in whole fl,our dough versus
 
time. One hundred groms of flour were mixed with 70 l of 
water (pH easred at E.21). Eigit grams of the rixture were 
taken fo:ir ea:h experiment. 

Incubation Grams of phytic
 

period, hours N per 100 g flour % decrease
 

0 4 0. 090 

2 0.20g5 77
 

2 
 2 
 0. 205 
 77
 

3 
 2. 
 205 
 77
 

4 
 2 
 0.205 
 77
 

N = number of experiments performed at the same time. 
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Tabl e 5-- E f ccL,,; ,-, c bon ,r,: o ut i i zat; i on of [hyt ., . . 
by S. c,'kra, i a. . The hi si r.elium con,,sisted ,-,f 5 q pept;,ore 
A 3 g yeast etc* , per (PYE ..r.a,- L 


Basi mediu [i1 uq Gr,:,wL;Ii itn Fo:nd i n rcedi urn 
,carbocrn sour,-ce, 
riM FA E at .....n" hM F i mM PA 

8 . sucrose 2.0 .,i..r .6 7.0±0..4 0.2±0.1 
(120 h )
 

(120 h ) 
 3.0 10.111 0. S 2.7
 

(1.20 h) 4.0 1 .G 0. 1 3.7
 

(120 h) 5.0 11 .:2 0.4 4.8
 

8 X su:r,,s,. 
3 eet;haol,, 
 2.0 ....5 E.5 0. 

F8 %/ ,: cr o .s- 5.0 1 :. 9' 13. 0 0.3 

8 / sucrose" 5.0 t0.13 1W.2 1.9
 

(102 h) 10.0 13.9 18.5 3.9 

(102 h) 20.0 7. 1 
 9.1 16.2
 

(134 h) 40.0 
 5.5 12.1 35.1 

3 g2.0.1u: ,.': 15.7 0.3 1.0
 

3 "% glycer,-1
 

3 Xethanol- 2.0 NC, NC 

3 % glucose ­
3 X e..khano,:,[ 2.0 7. 4 0.0 
 2.0
 

a- Cultu.r r,-diumr , , s 2 0 m,]. in 2--IL '],u [:. [faI,:k ;itin parind
was 139 hi; y*e.'ti iccLuli w'-nrq from cultre d.n-ap*od to;,:5 HM A. 

b I- ,I tulu *'11 ] l from ri imi I in 30 mlt-- . mediu,; in:tbal io,:
 
per iod ,was It.
 

,:- Incubatio; i n ,ri-d' I 2 h. NC - no,, change.
 

kCa'
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Pl1ate I- Yi-5-a ancl Y-5-- ':] n cs S h'azromyc*',7 .!r /jiCell1s were first i o.viardi ~ hta -ota ino redi Ur (5n)M IF-S) at 2F3-': anid thec -ultlur-c was cgjtatedbath. The i rs inl a water mhalkerr oc 
1 15diW rte t h= tn reria Ltl edand p Iated on acgar- p tai Laint 5S r, I ph I ; te. In the platetwo:cloni es with tri-decnt -te (deltoid) (Y- 5-a) and a crescent­iio: , r ,-on:-aved ( Y-5-, m':,rpholey ar e teen. 

I% I- -$
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c c~y . ] ]. , li w tij 1' n I Ii i
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p h y , . ( I I - i rnH ) 'T' NEi r,,,' dti .. i leri, I o vt.. -, .
CI l l3 t L l. ft on l >y 
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Plate 3- Y-5-a :ells as visualizd by Gran- stain. These aretypical scells which w r-, rowt, cn hi h 1evels cf phytate (:I0(-40 rM) in YND redia. The plate shonks that onil y yeast cells are
 
present with nuner.us buds as rrieans of ,ell division. 

http:nuner.us
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6) Impact. Relevan'ze and Technol=,cqy Transfer: 

The findings ,--f thim o.,,cri: are usefu.l in bhe develo,,pr,ent o-f
 
bal::, r'n yeast t, irr
the used in hta f-.leaveni ng c.,uc . bread­
maI:in g indus-,try. T' have this 
 type ,-f hread (or pastc-17ries)

is of great irn tl;ance' 
 int order toc, raintain t;hie nutriti-on
 
quality in Ite bread, 
 the flavo.r and the avai labi lit;y of the 
essentia.nl ,'-,'.tqi;: zinc, ir,-n, a.ti'j calciurm. Thteme cannot',t be 
ach ier..ved s.tisj factoril y t;hrou.gL te utse ,o-f t~he cu.rrently
 
appl ied . ,[ ' '
omime-rcia l,. s- yea--t o-r throtuglh pro,-longnt i ,,n of
 
fermentatio ni pr.iod. We F.ldc 
 ntc forget thal; ithe raini
 
s,-,urce of f,,,d 1i .T rdani an u.11 as in thie 
 other developintg 
c:oLnti i I heF i' .w_-wh - t f ' uI (antdtni r c,.) . ).veo] ,.ted
 
coLInti q n] , use t het. r,-,ult:,. -; of thi s ,orce f 
 foocd. 
Thier.:,fore, Ith. prjet. nI rnaI; ini.- i. s ;nk l ly us:fu] Tihe result Is 
atre:- ,:'. o r 'li I t. Flhe-. st7r.ait t, have ,i*:, does, derim a *d - -­,do,the ph~yltat, nhl; .ow and1( high c~l-71,entlratns~,-.Z , that.l are'. foutnd 
in th:- gr'ins3. The: r osults in tLis repcrt are nti , yet finial-­
ized.ccJ, how-vo'r.*t .i~t r are s ttlie 3 Chait have toc hec car r iedm ot: 
1_) Applit:: i., t :.f ;lhe --.,!;t nii to : I ,'n doughi,-et li a1at,-ry 1the 3ca le
I evel &, I;thin it .ire.m i.ttlt 3tht- i s-c,-.al.e liy 1the jakerie. s, .ind
 
examinaiition of f
it fect ,rt I.. cl.-- itr idati,,n f ltlF.o plyhaN: .
.i tLhin re" :t' al] -' t i.e o f c ntiht -' i.-,l. t 2-') Sltudio o t.h e s t.abilit ly ,o-, the,; M-lrain ini t;he< rp .- ,,-:.-. ,qs ofi fe rre" Mtnio, of he,_, 

d,-,ugh, i . :. :,s it era,-in pr ducing the n','.' .(s) nt'.
-r 

I f the 7tr-. i den,- no pticr,:, l
t,-,i: t . ,i t the en.-y l..- n dlt-fl LIfil S F.3 .-_ :':..i ; .- 1 .rl], . c,->l-, [tll-., ,..*t l r 3fh, . L III­p, t -,t-]) 

in thie wheta; may h o.- t ter pFi.l-,-, o-uir Lltai phyl;aL e,.3':t,,.,-.-
genetic manipulation on this strain r,,ust heb t;heni car'i ed ot-. 
Nlevet-l. -. , . - at t is ,, -,i. the project ha,' s ,_- jrifin the

role of ye'.s, in d .. iradation of l-phyta.t;o in t ie dg:hicli, ,which
 
was up- to, dtal; ,th-.i l "' ,as
pi , n'L'-" brouhllt; ,,4 clos , e,.-r to
 
the solti; n theI t, 'l Wi.eit 
 ,:,. Lth 

ent.rs th. ,1 19 , atdtF itt r.3n,,t . I;,-


of r ,. no,_,w nowt ihiF; ptvi;ate 
o,r .'.ry lo.
 

i.norgan-ict ph''phite 
 , th I prt du *,L th ~ e 1 ;'Ft o *nz'/II:.t3! t-' 
c i t . - , couldcl- ril,-, e Cho ri yt .,-'l;, it . F. t ii ,I i t t.i-]y ti tF". at- is 

no,_,t 1, y -" uii'.'. ci tr- wet-,,t Ip nt l p qif :I i t'i 3
 
for i rryin Cho e--,.-.ar,-c . i ,Fe 


' d':'i* 
rit f Wt v ti the': t ii~c Chii. , e.-. ,,..Idir i i I ,-i.,tOk i projec 'tha madrii e iAlthoughct 3 wetev, q t i dea il w.ith;I yest ,whi ,ch its-, h~igl y i l-lpyr;nt
 

mir .rgil i,, r i fo.r :l tech:, olo,-,,-,gy. R' '.- .- i h -kl ls by L he
 

g]reatly imr,, or-ve-.d %hli,-,(gh~this p:Fr'. ­ ,otl. Al,-,- the,: lproject-l has 

hqr il- r we in,-hid I,,., ir ; il;from the funds, , l i 

pr:h,-elli j' ,-: l l,,i -. - ' l .lJdis"ink-nrar (. , ,.. ***i.l *,, p,-lyk~r-,:,,, ~,, o-.ep ***I ;* I~ ,_,'clfree.ze-r, wa:te<r ha,'thlt l 
shake,-r an dri Iz" ull)'lr, ,c:a,;-_rn- for iristin phl;h-n,-riphl- y f,.r 

e-ssenlt ial fo-r the,- rese.arch.n:z . W~e ir t il'-l; li,~.1ng oni. i1 ,-, kh,? 
projec.,t;, andc w-, -ire ,--onfidlent ltha t w,' might have' a 
breaf.thro uagh in t~hi~s pr o-ble .. 
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7) Prj_ Activities / OLitPLtS:
 

No rmet, inc1 ie'.rec at;t.e..nde-J. 
 A numb er ,o-,f publica-tions (at:l. *ast two) are- in prepar.a lcion. P.eprinte will b. sibmi ttedwhen resultls are publishe.-..­

8) ProJl t Fr odu:tivity
 

The pr,-p,-,s'd goals 
 a -t;his stag- of th proj-.,ct haveacompl i hi-d. II we-v-r, tihe maI; 
been 

Li m-l;,- nrIal 1which in ti-
g of' the pro.je: tpr:d.tt i hro-ado.-.,f I; at is of speci ficqual i is ­t an indicate- d in tlhe- o:rigintal pro-,posal has ti,,; be1enacc r.pl i sho for a numbe.r of reaso,5.r

','lng--r pe-i-d of 
I G eter ,- fuicds- andtime_' for coidct. ing !tis . of,:,pe researchare i dedr . 2) T,.ie . "e.-. ,i has 
on -;.r-*.i a st;agel0-, tLtal;requti r'?, Is I c 'ar hiol 'i ndg C i c. ma - b rrtiiptl]ni pru is. W-Je ar.:­no-..w pret.tc y i i"*:- i;itai; Lt.- ,-n--yrtih-et tha ;ion;it ctdegrad,- ph kvta_;.­

is a proli fiii .Iclia-th
a -at.i - i nduction would.li,.i
he stppre ssdt-d up on thi -abt *ncc- of ihe inducic ;ve c':ndjto~ .n whIich arthpi yt ,.-., t et , -c nnt ,:,t L - hat;, and tihie med-i citim .on.t;heI r,, ity 
, c Io.weve.'.­probabi t;hatI; -tih- straii n wo'ul d
tle i i 

ac i; ,n t_- p y in
Io at;,.dough tie-re,. Liii qi i s an expr-i h n itmen 
 i ,ch has lotbeec-n conduc - for time liits on this phase of th­
projec.:I
 

9) FUture Work-:
 

The Pr,. jc-. ias alr eady le:l 
 ,us t,-, a no-w phase of resear ch inithis pr,-,bl.en,. Weic-are ,:curre-ntli y exeri men-rting th- new strainin d:ugh l v-en-CCing 
r,,. 

'Hid i.t.s ,effect on Ihe phtat- 1evel in thedougtAh aftecr 
fe-rmnttioin.l 
 Als we 1.are
g,"- ti.-c mnltip l ation n -.1 ; h e t 
1hi nintoi'f ways'of.

ri.nC llC. ti ;hat is ho . 4- make 
con°rdi.tJ'ions o-fr d ,, o ilh-miq.r Of Hi; e-t41yswa% i.s thle anlduqse o:r

Lh.e i itro-dc ti; ,:,n aI i
o ff ir o tr in.to ti-h g i -, ­ i;fie enriym.Ihe ofstra in. Ther r't" ainty fiptbii ,ation co-,_r-;n Lti
of r-'sear,h; andir y pr 

i l tclii s Icypet yrc t; s are rad. throigc hist; I. t;ype of 
ge - j , *ctlr. tic--i in g.ic; 
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