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n-Apylasp is nf gresmt imtamtnthahrsﬂmghnhxsh‘y
teranse of it's vital mole in the modificatizm of the grain and
in mmsbh saccharificatirm. e p-ooyizase of soge and wilst
mit wers porified to apperent boeogeneity by a coobdystdon of
charrmal »md beat trestment, ammonins snlphete precipitation and
sephadex GIS50-120 gel chrnomstbography. FPolyacrylamide gel elsct-
rophoresis of the partially porified enrymes revealed =single
protrin hands.

The effect pDf pH 2and femperature on the hydroiysis of
gadntindwed  wtarth by tmcteriai, Inopsl, wmalied sorghos And
it o-amylaves gave 6.0, 4.fi-4.8, 5.0-5.5 apd 4.5, and §0O-
F5=C, S0°C, O60°(C nnd 65°C &5 the pH ami tmmparatura npiime
respactively. A1l the sezyme preparstions retained fnil activity
after » 30 wimrta~bhent treatmeot »% $04C. IThe caicolaten energy
of artivatimm per mnle of the lacterimi, diomngal, sorghom, »and
milnt c-wwyinses weroe €.57keal, S.4%cal, 30.00kcal and ¢.43kcal

between 20* 21d 50° whilep molrcuiar weiybt derermived on ADS-geil

elsctrophresis gave 48,0991 1 1535, 47,140 + 1022, 52,868 t 1114,

and 46,608 + 397 danltions reuspeciivmly.

Of the joms tested on the muryme activity, Co® sag a potant
inhitor of the ceraml o-aaylasas wheress Fa>-, A" npd Zn?
were mildiy inhihdtwoy. G- tod o wffect on the activity of the

cereal and foangal emymes ot it stimeixted the tacterial o-

L4



awylase. W¥idls Co®*, Fe® mmd 419 wers potent inhitdtors of the
fungal o-amylase, théy widly inhibited the hczd-ium
¥g** and Zn®* were withoot effect om both microhial =nzymes.
¥hen stored at freezer, refridgerator and room temperatures for
28 days, all the rozyme preparations ware vary stabie at frozem
state tot very unstable at roow tempermture except for the fongal
p-anylase that retained pver 502 of initial activity. The K»
values for the tacterial, fungal, malted smgboos and millet ao-
anyiares were 2.10mg, 3.56mg, 0.150mg =»nd 1.56mg staoch/ml
respertively. .

From the effect of pl oo activity nof bactarial, fungal,
mited sorghon zand wiliet o-amyizses, goops with pf valnes of
atewt. 4.7 and 7.3; 5.8 amd S5.6; 5.5 and 7.3; and 3.6 and 5.5
raspectivaly were jdevtified as forming tiw catalytic =ite. An
investigation of the gromp with pfF 7.3, 5.6, 7.1 and 5.5 showed
that E-Rrrmsnecinimide {pb!bited anzyme activity, p-chloromercn-
ribenzrate nad 1Hitie or oo effeci whije acetic anbydride luwered
enzyme activity.

Afthongh moch attevtion is directed at swghos grain
prasently, 25 the pobable snbetitvie tp bariey, there is the
nerd Jrr lutensive study nf the wiilet graim as it's o-amylnss

has been fuund to possess some desired brewing propesrties.
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IXTRODUCTION i

{ereal grains zre the most important source of food for wam
and farm animmis <(Chokwora, 1989). ¥otable ammg these are
whest, harley, wmnaize, wmorghom, wiist, rye, 7Tice ami oet.
Sorghom (Sorgimm deoior (00 ¥pench or Sorglom ¥oigare) and Peard
¥illet (Penniseton americznum (10 ILeeke or Pennisetom iyphoddes

{Borm ) Stapf or CE Hubbard) are grown extensively for homan
comsumptiom in India and Africa especially iv semi arid areas

{(Beisia and ¥arriamo-Moston, 1981).

In Migaria, the strong drought resistant natoore of miilet
endears it tp the people iiving in regions bordering the sahara
desert. This is becanse miliet grows well in areas too dry for
sorghum and other cereals to thrive thersby assoring the farmers
uf adequate yirid poder conditions copsidered to be unfavoorable
(Oyennga, 3968: Ohilana, 1981).

Africans iraditinoally, employed sorghom and millet in both
maited and urmaited form.  However, most of thedir use as food
ipvoives 2 steeping or fermentation pariod prior tp conking
(Fovellie, 1979).

In the trewing indostry, cereal grains form the primary raw
mterial for beer making. The cereal, bariey, is the traditiomal
brewhovse Taw material especially in Borope and America.’ This
exinent position occupied by barley as the prime ingredient in
beer prodoctiom 18 done to, ammyg others, () the ease with which

Il

Kashim Ibrahim Libra:y,
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tariey germinstes, (b the jwEmence of homk mnh.fnmufam'
filtratimm of i_;lr't. {©) presence of apprmpriats {iavoor
codoor mrmlmﬂ id? the provision nf water =nivhle
copponents snitable fur yeast mmirdtdon (Prevtice ef al, 1971).

The jairrdoctism of the siroctoral anbjustmenct programme (SAP)
xnd the ban mm dmportation of btarley mait by the  Federal
govarnmemt in Jamary 1988, thyew 2 most zwesmme chalisnge io the
hrewing indusiries. Jhis =w=itoationm provided the morh peeded
dapsins for a clange in the ypeiisrn of r»w mrterial oididzation.
Rrewerips, them adopted sorgimme gradin, for beer production. The
znoptimn of =rghnn for rewing was teced om the =nccessfnl oee
nf malted sorghom for the prodocition of a Sooth African besr,
*faffir beer* pr Snrghnw beer (Foveilde, 1977), the jromising
Teznits from exparimantal smwghom  irewding trial  (Ckafor and
Apichs, 1496803, the weil established use of sorghum as beer
adjunct iy the Bpdted States and ¥exico Adsicn, 1988), and tim
popuizr use nf worgimn in the Eorthern part of Eigeria frr the
profdoctim of Jocal aicoholic bavernges - “HBornkotn® and “Piip®
(Aryrdi, 19893, Although moch attentiom bas bees pald to sorghom
grains, milet graine have beer reported to capabhip of
prxiocing mmit whose diastaiic power is very moch comparsble to
that of smrghre mit (fuvellis, 1977). However, thes small size
of the willst graims powes serimis techmical probieme in Jarge
mrais motern maiting plant (Noveilde, 19773. g

Bewr ims tean defimed Az » fersented, hopped. malt beverage

{Premaranwz, 19753, In iime with this defindition, the tives mwst
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important dngredients for bemr mroduction are therafore wait,
hops and yeast. The prodoctinn of an adegoately mndifind malt is
achierved by the action of the amylases (@ and B) amwmg other
HUZYmas.

The p-awyiase is very iwportant in both maiting and brewing
becapsa, it is the majrnr enzyme in cereal grains capeble of
degrading intact starch grammies (MacGregor, 1980) . Therefure am
afequate level of oc-anylase i1s 2 desired property nof a xgood
guality mait. Xernels of soomd *resting” sorghom grain howve
litile or o trace nf o-anylasa. As » resnit, the enzyme is
formed mainly dording maiting (ovellie, 1977; ¥acGragor, 1980).
fniike mwghow grzin, *dry* miliet grain hms been reported to
poSsEsS ramyiase activity (Hwankwn and Opokm, 1986).

The o-amylase nof bariey and barjey mmit imve been well
studied while those f sorghom and miliet have received moch less
attention. 11 therefore becumes pecesmary to study the enzyme
from these sonroes, especially those nof oor lpeally prodoced
grains. This stody was tberafore emberked npon 4o estabiish:

{) The similarities and differences in the kinetic properties of
r-amylases from malied sorghom, wiliet, and bariey and from
i cro-organi swe.

(i1) The oppernstioma’ temperature stability of o-amylases from
maited sorghme and willet, and frow micro-organisms since higb

temperntore operation is necessary for brewing especially with |
BOTRIMW grains.

(1115 The effect of pH variatiom oo the sacchamgenic ahility of



73 The woiernlsr wkight of o-naylmse from thess =orrces.

tv) the xq:tdm coodition for storage of o-anpisce. frus .thsse
BOUTCHS.

v} The fmnctiopal gproops inwmived ipn the catalysds of thess o

anyln=es.

ivii} The afferi of ioos especially meialidc lops om the aciivitiy
of these o-awyinses.



CHAPTER T¥O
ERYIRY OF LITRERATORE
2.1 ORIGIN OF SORGHIN AND MILLRT
tarenl crops were conltivated in many parts of the nid worild,
srme 10-15 thoovsand years befare the christisn 2ra (Manp, 1946).
The fact that nld hiblical arcomnts assnciated famines and food
shortages with faiiors uf the careal cruops sppports the argomaot
that cereals were uvne Df the sariisst domesticated plants
{dermard apd Martin, 19638). It ds gpeamrally believerd that
cnitivated sorghom originated in East-cenrtral Africa (Leomard and
Martin, 1963:; ¥Novellde, 1977; (hilamwa, 1985) frm where 31t
mgrated westwards dvio Vest Africen regiom and  becaws
snmesticated 4p the srvanms nmd sex—arid areas {(Chilana, 198853,
However, there are comnflicting reports oo the origin of
milet. Many botanists copsider Peanisetiuva to have originated in
Arica and swbceguesntly got introdoced dipto India Rechie and
¥ajmdar, 19803, wbile otbers hoid the view that pemnisettm was
first donesticatsd i India and later was trasspowied to Africa
(Rachie mnd Majmudar, 1960). Krischnacwamy (19615 1962) stodied
tde taxonemy and cytnlogy of several Peonisetum speciss from
Africa amd other parts of the world and concloded thnt peard

adllet originated in Africa.

2.2 PRODUCTION

Sorghom is the fifih mnst widely grown crop in the wordd
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aftar barisy, Tice, mize znd whent (Palmer et al. 1989a). “Aboot
$0 miiiion metric tomoes of sorghom are prodoced per amomm (RAQ,
1990). This guavtity on a worid-scale, places sorghom like oats
2and ryye a5 2 mnor cereal crop.  However mme potential charactar
bonosting its dmportance is its ahility to grow well in the sewi-
arid ryeagimms nf the worid (Palmer et al., 1968Ga). The main
procfocing coontries incipde the tnited States of America (H.8.4),
Thina, india, Argentipa, Nigeris, Mexico znd Australia. ¥igeria
prodoces abmot 5§ wmiliion tommes of sorghun anmually (Palmer si
al, 1989a: FiA0O, 1990). Yorld-wide hectarage of 211 kinds nof
miliet nearly egoals timt of sorghowe, bowever, the yield is ondy
me-half of sorgiun grain prodoction per hectare (Badd et al.
1976; FAO, 1990). The worid’s wost {mprrtant jroducers of miliet
are China, India, Higeria, the USSR, Fthiopia, Niger, Chad, ¥aii
apd Tanzania (Rachie and Majmndar, 1980). The estimated anooal
prodoctimm of miliet in #Higerdia is 8.5 million metric toms (FAQ,
1990). Sorgihum is the most iwportant cereal oop growm in
figeria acconnting for abont 50% nf the total cereal prodoctiom.
It alsp pcocopies about 463 of the total land devoted to cereal

prodoction (Egherevia, 1979). M{liet is second tp sorghom in

importance in Kigeria (Fwasike and Egharevim, 1981).

2.3 8011, AFD CLINATIC CONDITIONS
Sorghum and wiilet can be grown in 2 wide range of snils and
climates zand are nf special importasce in the sewi-arid regions

nf the worid becaome of thedir short growing seasons (Schery,
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1963>. In Higeria, mmmmjﬂmmmmn:m
ecological zome jlocated beiwesn iatitude 8N and 153°F (Obiiam,
1981). This zrme alsn sopports the cnltdivation nf pther cereals
soch 25 rice, mmize and wheat and cow peas with which sorghom and
miliet may be Inter-cropped (Egheravim, 1979).

¥iilet is =ecomd tp srghmm in importance in the sordan
savanna areas boi sppersedes sorgbhom in the sahe] savamma becavse
nf its stronger ahiiity to withstand heat, draught 2and low sodi
fertility (Wwasiks and Egherevia, 1981). These cereals are not
affected by soil pH which is generally low in Africa (Hoveliie,
1977), amd they alsp respond wall to fertilizatiom and irrigation
even though they are dranght resistant (Howvellie, 1997;
figherevha, 1979). Abichandd amd Rhmtt (1965), investigating the
effects of varying levels nf snil salinity o some varieties nf
sorghom and miilet, fonnd that the pempisetom spp are generaiily

more sait tolerant than sorghom.

2.4 {8SFS OF SORGHI AND MILLET

Presently, ahrot 952 nf the total harvested soorghon grains
are cromsuted as  buman  fond, leaving »abomt 5% for feed and
indostrial  mwtists (Aisien, 19893, Soprghwm and willet
consunmptinn are mainly in the form of fioor or paste. These
Frains are processed invtp “ogi® or “akam* or “lawm”, a thin
porridge made from wet-milied fermented sorghom or miliet grains
aml “towo® - » thick, molded or shaped porridge processed from
dry-uiiied, noop-fermemted whnie grain fimr (Ohiizna, 1981.
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dkamn i the most common porTddge maten by Figeriams {From” comst
tn thm wxtreme nortbern bonndardies of the coontry). Sorgbum and
¥iilet akmmo are very pomilar in $he saveone where they are
mostly gromn whereas madize akaxgo is more popgmlzr in the srothern
forests and ﬂm‘dveﬂ EATADIA. Town frorms the wajor dist of the
yacple of the anribern perts of ¥geria {(Ghilana, 1981).

fiop of the majrr vafermanted fond drinks of sorghm and

wiliet grains very popmizT amomg the perple nf amothern Bigerin

is “kum* which is nfien spiced o produce differsat finvoms

Chiismna, 19685, Oiler dishes thet are sopetives sbs 3o Lhess .

Fraips dnclpde depp~frisd smacks, Omrsa), steamed dumpidogs {ekn
or aginl} zamd “fora* which is oftAp Server with ®iih (“onoopts.
iprelly, melted worghum and miilet graios are jmoocessed 1ntn
Twn mmin dndigerms alonhnide beverages ~ “inoainto* and “pdto®
10hi 1amm, 1985; Arvi, 19A9). These driuvks are most popnlar amomg

the people nf the middie belt.

2.5 TAE SYRIKCTORR OF YHE GRALY

Pniike meitijog bariey tiot is enimmygated, =sorgimm and miiiet
are nlmost roood.  The millet grains are abont tne-third as large
25 the =orghowm grain (Badi eh al, 1976). The grress morphology of
nurml pewrl wmiiet kermel resembies that of sorghom karomd
{fnllins prd Bormey, 1976).

2.5.1 Poricarp-Terstia

Sorghnm and ¥ilet grains 9o ot posss ek, The

ericarp-testa of thess *mbked” seprrs contain swall starsh



Paricarp-testa

Aleurone
layer

inner mealy
starchy endosperm

Scutellum

Outer stealy
starchy endosperm
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gramiess zand a high pniyphenni pigment coptert (Hip amd Sorms,

1969, 3971; Palmar apt al. 1989m). The plgment of some varisties

s 50 mapaliatable to smme bdrds that they are ntw referred to as
the “hird promf* vardeties. These pdgwents e=specially the
proaothocyanitine react with proteins cwmsing thew to precipitate
in trewers wort or dn beer (Brdal, 196846). In order to redoce
this dncidence of wotein rrmwpiewatiom, the tanndss  or

poiyphennis are aduorbed to comprmnds bS]

polyvinylyodypyrulitone  (PYPPY (Palmer ef =21, 1989m) ar -

acitivaied deenlmorising charconl (Botes pl al., 1967).

2.5,2 Aleaorome Layer

The alepronp lsyers nf pearl mllet and sorghum grains
vonprize a wingle Jzayer of celis dn crotrast o the aleproms of
bariey which {45 szmally three cwlles dn thickpess except over the
srutellonw where it is 2 single jayer Bedd ed al, 1976; Solidns
2nd Boomey, 1976; Paldmer et al, 19839a). IThe sleurome ceils of

these grains contain storage lipids and proteins.

2.5.3 Eobirgn

Fraquant refaracecss tp the meed i preserve whole grain
Burgloe apd wmillet flmmrs in adrtdght cootadoers i» moder to
wiriwise rancidiiy serves as » reminder of the hdgh lipid comtent
nf these graimy (larenz amd Dilsaver, 189803, st of thees
IHpids are iovcated i itbe scoiedlun of ithe ewbryn. Sorghom and

¥limt graine alee cootain B—yreup vitaniss such s thiamin,
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miacin and ribofiavin (Opokn gt al., 1961, Palmer et al, 19688a).
Thess are thonght to e ioccated in the emiryo (Palmer st al.
198923, The lpcalizaiion nof wost of the wiveral! contest of these
graips in the emlryo has been reporied by Varriano-¥arston and
Hoseney (1979), CGpnkn Bl al, (19810, and Palmer el al, (1988a).
The willet keroml crmtains a highsr proportion of enbryo than
sorgimn and this bighar gern acconvts for the higher nodl cootent

of miliet grain than stogbm (Snlldns apd Romney, 1976).

2.5.4 Silarchy Rudospers

The starrhy erdospern is the largest tisspe of both grains
(Primer et al. 1989a). It comsisis meinly of starch grannies,
storage profeias and cell wall materiais. The starct gramies
and stwage proteins {prolamins and gloteilss) are uswpally
encipserd in endosperw cells which are of twn types - dliper and
moter endospers.

The calls nf the inner endosperm are loosely packed and are
refered 10 as wofi or opugue 1 waaly antdosperm wheress the outer
ares nf the emirmpersm s tigbtly packed therefore, it is said to
be bard, or trausloveent nor siealy (Badi gt al, 1976; Palner gl
al, 19895. The soft enlospeom nf miliet cimtatws oo protein
bodies. This is in contrast to the soft-apdosperm of sorghom

o at al, 1579). !
grain (Radi Kashim Ihra)

Ahmady, Bell

2.6 ANTLASRS L3 - Minsria

im LH/’J‘ a'f‘/'
ity ampiny,

The awylases »re hydrolytic enzymes which act om starch,
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glycngen znd darived polysaccharides, hydrnlysing the o, 1-->4
glycnaidic linkages (Fischer and Stein, 1960). The awyiases are
sobdivided intn twn growps, endo - and exp—asylase teased oo the
nature of their bydrolylic atiack (Freech; 1960). Those that
attack the most interral txmds of the sobstrate are vlassified as
podnawylases while those that attack alternative tonds from the
mon-redocing Puds of the substrate are refered to as expanylases.

Alisrnatively, tbe amviases are wither called - oor 8-
anmylinse. n-Amyiase (¢, 1--2>4 giocan-é4-giocavohydrnlase, R.C.
8.2.1.1) bdbydmlyses tie svbstrate yiriding dextrins or maltpse
whnse rerhining oroup carbm ((u-carbom) has an u-comfigoratiom.
Thereimre, o-Aanyisase oprodoces »a Tetantdon of configoratiom
wherenas Lhw ma i tose prodocec by B-aumylase {o, 1==>4
gincanmal tnhydrnizse, E.O. 3.2.1.2) possesses a S-configuration
at the redocing =wl. Thus 1le reaction catalysed by this enzyme
proceads  w!th inversion (Gray, 1974:; Thome ei al. 1971).
Therefore the prefixy o or fi couveys dnfurmatiom abont prodoct
Sterentuiemisiyy apd ot snbstrate specificity.

The bydlrolysis nof sobatrate by o-anylase btas been reported
(Robyi and French, 1953) tu proceed in twn stages; the initial
vandns atfack jroducing dexirins followed by a moch siower, more
nr less patterned attack, yielding maitose.

The ipvoivemsmi nf n-amylass in the modificatiom of berlmy
grain wes ohsarved over a century ago by the brewing scientist
fiorace ¥rown who refered to this enzyme as a “parasite* prodoced

by the bariey usinyn, which digesied the smdosperm for its own
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bepafit (Palmar, 1979). Mmﬂnmﬂnpﬂmm:mnt
the ezyme ims besn reviewed, hds obesrvation remains remrkable.

2.7 oARTLASE PORMAYION

The *dry®, *resting®, sound kernels of many cereal graims
comtadn 1dttie wr 0 opawylase (Soveilde, 1960:; Dysr amd
¥ovallie, 1966; ¥acGregor, 19680; Fwmikwo =md (Opoku, 1986). The
desired levael of this enzyme in grains is achieved experimeutalily
by the miting process (Daiber and Howveillis, 1968; Pomeranz,
1975; Ei-Farra et al, 1996; Fovelide, 1979; ¥acGregor, 1976a;
1980; Palwar, 1979; Glennde gt al. 1983; Palwmer st al, 1985;
1909b). This iarge dncrease in the level of g-zamyizse following
rErmitation is widely accepted top e doe i de noyn syrthesis of
the enzyme (¥an Onkelen and Verbeek, 1969), probahly from awioo
acids rrieased from the proteniysis of storage protein of the
tissues (ewbryn) (Fiiner znd ¥Yarner, 1967), Yomo apd Jizome,
{1966 ruported that this synthesis is smpecifically nuder the
coptrnl of gibberellins (GAr) r gibbereilin-like sobstances
synthesized de poyn ip the emdryn. As a resnit of the imahility
of GA o stimiate p-amylase prodoction in the sorghom endosperns,
as nhearvad with tmriesy Clutterbock and Briggs, 1993) it was
then =uggested that swghon o-apylase is sytiesised 1in the
entryn from where it diffoses intn the endosperm (Daiber and
Eoveliie, 1968).

This indoction of de novn hydrolytic emzywe synthesis in
vereal grains by GA is said 1o be 2 post-germioative phepowenon
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{Chem, 1995). <Cimm (1975 fomnd that following GA trestwesnt of
the aleorome calls, anwww;s—n
bours before emzyme secretion pecoored.  The implication of this
is timt the synthesis and secreiion of oawylase are 10t a
primary effect of GA actiom.

Studying the bhinochemical svents doring the lag phese, Jones
1969n, b)), showed timti Toogh endopiasmic recticonium (RER) was
vary prominent doring the early boors nof germinatiom. This
nbservation was in iise with those of Byins (1991) zand Evins and
Varmar (1971; 1672) who reported that both endoplaswic yecticolar
mexbrzune and ribosome synthesis as well as polypdbosose forsstion
are stimisted within 2-¢ bhoors nf GAs administration. It also
confrrms with  the speeniation of Jobnsonm and €ende (1991) and
iater ¥Xoehier and ¥Yarper (1973) thmt the imdoctitm of bydroiass
synthesis by GA was dependent on the elaboration of semtranes
especially those of the endoplaswic recticnlon (ER) for the
zttaciment of 71bosomes. This hypothesis was sopported by
immnnchemical evidence on oamyiase Iocalization (Jomes anod
Chem, 1976).

Althrmgh GA bad mo affert on 1he synthesis nf total R¥A 4in
the aleorone tissme (Jacobsom 2and Zwar, 19742, it des been fromd
to specifically increase the 1evel of poiy(A) 1dch R¥EA speries
{Jacobsen and Zwar, 1974). ¥sing a cell free tramslating system
from wheat ewbryos, Higgins ei al (1976) showed that thds poiy(Ad
rich R¥A is the messenger R4 (REA) for ozmylase and tiat the

incremse in this wR¥A bagin: 5-6 hoors after GA trestwemt.
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2.6 TRARSPORT AND SRCRETION OF SYNTHRSIZED RWZYER .
bariey seeds is an mnergy dependent process closely counpled to
protein znd A synthexis. fsmalily thds secretion of protedss
from Epkaryotic ceils foliows ooe of the two Towtes: the
regniated aml the constitotive patieays (Fargmbr, 19685).

Bvidenca that the secretion of oawmylase in cereal grains
follows the constitvtive patitway is ovearwhelwing. Rleciron
wcroscopy nf chemically fixed tisspes (Jomes, 1969a) does oot
show the presence of condensing vacmies or secretory gramlss.
Siwiiarly, avtoradingraphy after radiniabelling with amino acdds
{Chem zmd Jomes, 194) fadied to show the accomiation of
secreied pamyiase within secretory gramies nof the alenrrme
celis.

The negatirn of the possibdiity of the presence of oawmylase
in preformed state was ynied owt by density labelling experimemt
with #Hz0'® (Filper and ¥Yarner, 1967). The cipse coupling nof o-
amylase synthesis to thedr secretion (Higgins et al, 1982) amd
the presence nf o-awyiase rnly in the ER and the gnlgd apparatns
{GApp) <(Gobler ai al, 1986) further comfirwm the coostitutive
secretim of o-anylase.

Timt the secretion of o-amylase foliows he comstitotive
pathway is forther verified by the effect of inhibitors of
protein synthesis such as cycinhexiwide. This compomnd hincks o
anylase synthesis Chrisperls and ¥arner, 1969) btot only prodoces

compiete Inddbitinn of its secretiom after 3-4 honrs (Higgines st
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al, 1967; ﬂtnlw'nt;m. 19665 . mamtim;iﬁtnth
nwtimmt_ﬁisﬂniuradimjhiﬁmmthmmﬂm
is dne to zn dntracellnliar ponl of pewly sypthesizerd o-amylase
that sopports secretion for 3-4 bhomrs in the absence nf protedn
synthesis (Jarner and Memse, 1992; ¥nll and Jomes, 19683).

The involvement of KR zand GApp in the transport of newly
syothesized o-anylase was comfirmed by the uwse of the drng,
¥rmensin (Heupke =pd Robinsom, 1965, ¥elroy and Jomes, 1966).
#omensin, zm inhdbitor of the secretory process, produced 2
promomneed diistion of GApp amd cisterpae. ¥eirpy and Jones
{19663 then copuivded that the oamyiase synthesized oo RER was
transporied to the plasms menirane via the GhApp.

o-imyiase secretiom by bacterial celis is amingoos to that
obtained in the cereal grains. Like in the cereals there is o
evidence that vesicies play any roie ip tecterial mawylase
secretiom. fHowever, vesicle transport bas been demmstrated in
fongi and saccharmyres species (Lampen, 1976).

The reiease nf the secreted o-awyiase wolecnies in bariey
imtn the sorrounding mediom was foond by Yarper and ¥emse (1982)
tn be dependent on the presence of dons such as Caiciom,

¥agnesine and Potassiom.

2.9 GRAIT MIDIFICATION
Grain modification invnives the treakdown of $-PD-glocans,

penipsans, jpoteins awd storch gramies of the endospers doring
miting. The soiuvidlised ressrve materials of the sndospers
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are the primary constituents of brewsr's sxtract. Ma:fn?t‘n
qmiitynndqméh'ﬁtﬂn“mmiilﬂhyﬁnlml
nf hydrmiytic enzymes that deveinp dordng the gerwination process
{(Palwmer gt =nl. 1985). S8ince the Jevels of +thess BnzZymes
influences the wxtract guaiity, tbe guality of the finished walt
is therefrre a2 fonction of the rate and pattern nf anzyme ralease
into the endosperm. The dmpiication nof this, is that the
mdificatiom of the grain is dependent oo the growth of viahie
entryn (Rriggs, 1973).

Glemnie gt al, (19683), obsarved that modificatimm of sooghom
starts from the emdnsperw-scoteliar interface from where it
pogresses into the fioury endosperm.  Simitaneonsly, there was
slight modification of the peripheral endospeos adiodning the
alegrmme iayer. It was therefroe soggested (Glemnie ef al., 1983)
timt the enzymes responsibie for this moddfication most have
originated in the scotellom rather than the aleurome layers in
constrast tn that observed in btariey (Clotterbock and Briggs,
1973). foebler (1981) siwilarly, reported that over 901 of o
ruylmsn activity peoured in the sshrys of the gerwinating
sorghnm.  Okzmoto gl al (1980) alsp reported thmt the scotellar
epitheidion was the formetion site of hydrpiases in barley, whest,
rye, mats and maize.

The modificatiom of sorghom starch is characterised by
extemsive pitiing nf the granvles (Glemmie et al., 1963); rather
than by the surface erosion clharacteristic of bariey's smail

stach grammies (MacCregor, 19680). fHowever the modificatimm of



@otein bodies foliows o of it two :

" _ T
tigestion or external digesidion (Ashion, 1976). E’

230 xewies O | b

During the malt kdindng, mismrnimlnithsmm::h
bad rimsm to adboot 40-46% mt the ad of the stepping pordmd
Qioyd, 1988; Ilkmedioid, 1989315 reduced tp abovt 2-62, yiseiding
mnlt in widch all hinlogic activities hwve bewen terwinoted and
ikp Enzyme levels regqoired for bressry mashing retained 1Lioyd,
19885,
are tlassifled Hinto ithres phases Lioyd, 1988). The 1nitiald
phaee, tie gpodmative stage, involves sseentialiy, the removal
of “frem water®. This brdngs the maistore ievel down to atmpt
| 20%, whiim enzyme synthasis cortdmes and the rzte of reActinns
" dvcreases.  In the secund siage described as the przymic phase,
tie moistme lsvel drops to 16%. Alithongh the rate nf anryme-
coatalysed reactinns increases as the mait temperatoore increases,
Imactiva-tion nf some snzryes ajso takes plzaoe. Fimmily, in the
‘third or chemical or "honnd water* stage, cnlonr, flavomr and
‘Dther minor crostitvents pf the malt are accelarated.  This
frorvess often called *melt coring®™ is accropanied by mors 1oss in
enzyme activity (Herziss, and Bnmitoes, 1977).
2,11 ASGAY NETHODS

nAmyinses fragmemt large mubetrates, fdecresming the

sverage chadn Isngth with concioeitant derreess {n viscrssity, inewm

of jodine stailning romacdty, and appearascs of new reducing s
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(Piacher md Sthin,} 1960; Thom mb al. 1979). Tharafure o-
anylzss activity memsurements are desigoed to mondtor any ome nf

Since the sobirate possesses mmny potential points of
cleavage, the z#pperrance nf @odoct (ew redocding groopd ds
yprafered for the siondy of oasylase knetics (Ddxop zmd ¥ebb,
1964). The productirm nf new redocing end i3 wost fregoemtiy
folipwed by either the 3,5-dinitrpsalicyciate (Bernfeid, 1955;
Fischer and Stein, 1960; Robyt and ¥helan, 1965, o alkaiine
ferricyanide (Robyt and Bewis, 1967; Robyt and Fremch., 1969), or
aikaiine copper (Eelson, 1944, Dygert et al. 1965) method.

The simplest nxidation method invnlvas thes redoctiom of 3,5-
dinitrosmiicyiic acid, thmgh it has been veported (Thome etf al.
1971) top be the least desirable as the memsurement is sphject to
the chain length of the pligosaccharide rarrying the reducing
Froup and divterismrence by valcion don psed 4n stabiliss the
enzyme (Robyt and whelan, 1965).

The best reagent repurted (Dygert ef al. 1965)for detailed o
amyiase kipetics study is ithe copper peocopnine reagent.  This
Teagent has the advantage of high sensitivity 2nd relative
ipsemsitivity tp a wide range of contamimating sobstances. Its
major disadvantage is the demanding experimental proceedors.

The decrease in viscosity (Greepwond et al, 1965) and dodine .
staining capacity Ofbmming and Campbell, 1961; ht-nky'na.t.
1969) sarve as vther valuable parameters for o-anylase assay.

Their majnr advaptzss lies in their saosdtivity to indtial randows
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o-anyinse attack. However, they are insspsitive io repetjtive
mitiple attacks (Robyt zud French, 1967).

An immovatioh iv o-awylase activity measurement invoives the
mse of ipsoloble clormmngenic sobetrates (Xiledn et al, 19697 Thoma
et al. 1975, The chief werits of this method dncliode its
siwplirdity and staidiity. This methnd cap be msed comveniemtly
ip assay for op2amylass activity dn the presence of $-amylase

{(Thows gt al, 1971).

2.12 FROPERTIRS OF o ANYLASR
2.12.1 WILYIFLE FORWS

¥any investigators (Frydenberg aod Meison, 1965; ¥an
Thkeien and Varbeak, 1969; MacGregor et al, 1971: ¥acGragor,
19775 tmve raported the pressnce of mitipie forms or
*isoenzymes" ™ o-aayiass as a ryesnlt of the dntrodoctiom of
mwthods of {pm-exchenge chromrtngraphy, gel electropboresis and
ispelsctric focussing fwio ihe study of o-awyiase. Hewce they
concivded that the r-anylage from cereals is hetsrogenoos.

The sorghum o-eaylase was separated into foor sobfractioos by
chromiography oo calcime phosphate colmmn (Botss ut al, 1969).
Rased rm tiwm close wiwilarity 4in bdoth physical, chemical and
Xinetic properties nf thess swhfractioms, 1t tas not been
asceriained whsther thess suryses mxist as wicro-heterogeoons
mixinres ip the sorgimw meit or that this property is 2an artifact
arising from some purificatis. step (Botes si al, 1967). There
is 1ittls agresmest on the musber of samyiases present in
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ariny. | Mnns;;néimgﬁmmtoiiwmmtsjmvfm
reporisd ﬂ?.ryﬂm;:larg d Meiscm, 1965; Mtchweil, 19923, From
milst malt, tﬁgn'ﬁﬁmtimm:mmﬂwmmm
Yarrimmo-darstrm (19813,  ¥hils tie possibility of aridfact
formatinon ims been considered for soghoe it enzype, the
invesiigators of the xilist oozyws were nof the opiniom that such
possitdlity s valikely cresidering the widely yaorying proportdes
of theses fromws esperdnally timir molscoizr waight (Belpiz zod
Tarriarm-Xarston, 19813,
2,82.2 IWS
Figcher nnd Stein (49602 claswifiad o-eEayinses »s

ianiivaurywer, They roported that calcdum ioms are Tegqomired by
ithesn mnzymes fir staldidty 2 weil as actdivity. They als=n
Teprted that o-awmylase contadins At loent one-gpram ozt of
caicime ioms per wnis of acryse potmin. O of the sariiest
demmetratioms of the ivvolvomwert of calcinm ions in anylace
activity nmd stabiiity mas the removal of calcimn from the enzyme
by chalation with wthyismattsminetetrmacstic acid (EDTAY
misctrxialysis {Stednm st al, 1966; Hxin et al, 1068). The
Tsmoval of calciom Jozes resnited 4n both  reverxdhie 2
drremarsibly dnactivation fresowood and Hime, 1968LS. This
irrpversihis imciivationm ws asrribed to protenciytic degradation
of theer ctrymesn sinve ralcinw-csficisot srecymes ware foond 1o be
very smscaptibis to protease digestirm (Falise et al, 19505,

Thmpk caledre rirms oy Yeguised for actdvity, there i mo

Intication that calcine stows perticipets tiryectiy in the

s
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formetion of anzyme-yubstrats cumplsx. M:@mm
suggested that calm:n. by forwing = ‘I:I.;Iﬂ' ’hi-dn!:‘h
structure, mmmrmﬂmmmmmmmm
in the proper configuratiom needsd for biningic activity and
statdiisiog the secondary and tertiary stroctores. Tios calcinm
confers oo the o-zayiase wniecnie, 1ts compact architecture.

Drawing dinference from ihe mffect nf varioms chexicals ™o
solfybydryl groops, Thooe et 2l (19710, suggested timt the
snlfyhyiryl groops on n-anylase molecnle is oo of the calciom
bpding groops. The replacemsnt nof calcive by other metals soch
as Stootium, ¥sgresimm and Barduvs resnited in =owe Jevel of
activatizm wheress heavy wetal 4o sord 28 Serconry, Silver,
Copper and Lead lave inhibitrry sffect (Hsip st 2l, 1968). Bot
becamse of the ability of oawylases to selectively concentrate
caloine doms in the pressnce of pther wetals, the zssartion that
pthar metals a2re activating agents bave mot gained wide
acceptance (Thrma af al, 1971).
2.52.8 WAPCHLAR ¥RIGHY

The o-rawylase from diverse somrres lmve beap reported

(Fischer and Stedn, 1960) itn lave » mnlecuiar weight in the
neighbomrhond nf 50,000 daltrms. Botes gt al, (1967), foond tiat
the porified sorghme malt og-asyiase iscenzymes dave molecoiar
weights of between 468,200 and 51.500 dailtoos.

mmm-@mmmmwmmm-
Fal miectrophoresis of o-zmylsce from malted pearl millet shows a
wide variatiom. Wheress Baleia and ¥arrizmo-Marstom (1981)
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tﬁﬁﬁﬁaﬂﬁﬂ;ﬂﬁﬂiﬁmﬂmm‘iﬁeﬂﬁ@mmim
frroetiom, :Aixinj—ﬂnmimnnﬂ?mﬁmm-hrsim{ﬂ;z} ohiained a
singie protein dand at modecniar wedght nf 48,000 for the =awmm
przyme purifiend by the srme wethrrd. The mniecolar seight of the
same Bnryme parified by the staorch-coimn proceedors shoced two
bhamis, mme At 31,000, the oither at 22,000 daitons (Beleda amd
Yoarriann—Marstom, 19813, This Jpwer mmlecalsr wedght of o
anylaees from staoch coimm porifiratdon snpports the bypotimsis
tint only certsin p-anylizse isnemrywes zre mdsorbed on starch or
copplexed with glycogen {(Beleda z2nd ¥arriano-—¥arstrm, 19813,
The molecniar wedght of mited weat enzyme was wshosm to
ramgs from 41,500 to 42,500 dnitons (Tkachok amd Xroger, 19740
wheress n-amyinse from immertore wheat bad molecoliar weights of
. between 52,000 aml 54,000 Maorrhylo gt nl, 1976). ¥hile the
mierniar wedght nf the itarisy mait evzyme cairulated from
Emrtic pressnre measnTEmENtE dmd eariier heen pot At 59,500 +
00 (ﬂ:tmim apd Balls, 1949, Sodawny 19780 reported a2
miecular weight of 41,400, Genaraity, the mopiecniar weight of
wst coreal nooylases range from 20,000 1n 57,000 daltoms

{Tiachmk and Hruger, 1974).

Ihamimjmmdghtsufmmmiﬂn—mjmscimlyi

appruxizate to those of cereals. Jongs et al, (1950) mkd Stain
mt al (19603, and Sirisinbm and Allen (1965n)extrapolating from
seimertaidon yaivcity, diffosion comstzot 2ol partial =pecitic
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amylases as 48700 apd 51,750 daltoms respectivaly.  {ther
miecniar weight vaines given inciude 61,000 and 58,000 daltons
for acid-stable o-anylase from Aspergilins Xiger (A Xiger) Thooma
et al, 1971; Xvesitadze et al, 1978), 48,000 daltrms for Hacilius
siearpthermophiins (B, siemroiberaophiins) =mzyme (Sirivwmstava,
196873 and 60,000 daitons for no-zamylase from Aspergiiins Aureps
(A, Aurens) (Tamka et al, 1976).

In contrast to the valpe reported by Junge ei al, (1959,
native crystailine o-amylase from B, _=mbiiiis was foond earidier
to possess a2 sediwentation constant which cooresponds to
moieroiar weight of 190,000 (Memzd et al, 1957). This high
mnlecniar weight of the mative enzyme was ryatimmalised as being
doe to the existence of the enzyme in diweric form and that this
monomer-dimer tramsformation oconrs thromgh the bhinding of a zinc
im (Fischer and Stein, 1960; Stein =t al, 1960). This
dimerization phenomenon seems to be percoliar tn the B, subtiiis
enzyme zs it bes not been demmstrated with any other o-amylase
(Thoma ef al 1971).

Althongh most microbial m-amylase possessed mnlecniar weights
simiar tp those nf plants, a few organisss prodoce o-amylass of
higher moiecnlar weight, for example Stuokalin et al,  (1988)
reprted a molecnlar weight of 74,000 for a thermostable o

auwylase prodoced by » straids of &, =ssbtilds, . sobidlis 1621,
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2.12.4 SPFRCT (F pH OF ENYISE ACTIVIYTY L
' . _ ‘:‘;, 1

. . 2,y :
The effecis of pH on the actdvity of o-zmylases from mary

.

smrres tevm bemy reported. Cereal malt nzymes pre st active
in miightly acitic tp mderately acdidic solotions (Cadeeli am
Adams, 1950). Deta oo optimon pH of activity of porified o-
amyizses show that mst nf the ceETeal o-anylzses possEssed B
optisa dn the range of 4.0 to 6.0 (Pobe and Hwdin, 1961; Boies
gt 2l 1967; Daritmk zmd Kmgsr, 1994; PFoda et al, 1975m;
Marchylp et al., 1976; MacGregur, 1976d; PBeiria and ¥arriamo-
Marstrm, 1981; Alxnl-#Hns=ain zad Yarrdapp-¥arsiom, 19825, Ihis
arrdd tolerance 0f cereml o-awylesas my e of fymeass dwmporisance
in the proparatirm of some fermented foods with 1ow pH valve (Ki-
Ty mt zl, 1979). Althmuogh =ome nf theee suzymes sxhibit
optimm H zt aboot 4.0, they are goickly imactivated zt pH 8.5
zod below, pobably refiecting the instabtiiity of the exzyme at
drwer pH values (Dobe znd Fordin, 1961).

o wicroldal o-amylmser show a morch wider spectrop of
nptimme pH of acitivity. A groop of these epzymes exhibdted some
remarizble mimlarity with cerenl mmylases (Marikovitz st al,
1956; ¥amming ami Campheli, 19613 DePirtn and Compbeil, 19683
Tamain et al, 1976; Ghat and Chabal, 19803, fsnother gronp showed

mximen activity at abeod semrtral pE (Cawmpbeil, 1955; Good amd

Fartwan, 1950; Chdang gt al, 1979; Hl-—-enlnkl and Hewea, 1979;

Ingledew and ¥inom, J1682; Srivastava, 1987; Stokaidn et al,
1988). HRecrwtiy, 2 mew strain of Bacillins, B, Jdcheniforsis =nd

A coagelans prodocing thermsiables o-asyiase with mpiiwms pH nf
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A recuring feature in the p# profile in most &f these reports
(Canpball, 1955; ¥Markovitz, st al, 1956; ¥amning znd Campbaiil,
1961; ¥otes el al, 1967, Definto and Campbeil, 1968; Tiachok amd
Lroger, 1994; Foda et 2al, 1975a; ¥wchyio el al, 1976; Chiang et
al, 1979; Ghai and Chabtml, 1960; Pelwia »md ¥arriamo-¥arston,
1961; Abdul-Hossain and VYarrizano-¥arstom, 19682) is the presence
of A wide pH nptima.

Anpther characisristic which appears oot to be common with o-
anylases is the opccorence of donbie pH optdma as the mmily
reported case was by Acharya {1934).

2.12.5 FFFECTS OF TRWPFERATERE OF o ANYLASE ACTIVITY AND
STABILATY

The effects nf temperatore on oawmyiase activity znd
stahiiity bas been well reported in the lditeraturse. The
temperatnre of maximom activity was glven as 55°-60°C for hariey
mait (Foda ei al. 1975h)., 55°C for barlsy malt oamylase 1
(MactGregor, 19760 and p-amylase frow immature bariey (MacGregor
Bl al, 1994). Fariier, Acharya (1934), comparing the properties
of the swghm grain and bariey mlt enzymes gave an nptimuws
temperature nf 45°C for bariey malt zmd S0°C for sorghos malt o-
anylases respectively.

The optimom tewperatore of activity of o-amylase from millet

I

mit porified by both starch-and glycngen-compiex formation was
Teparted as 55°C (Belwia and ¥Yarrizmo-¥arstom, 1981) and 45-55°C
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valnes shows that there is 2 grest simiiarity in 'tie temperatuore
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optimm of these ‘cerpal o-auwyiases. Sowever, a Slightiy higher
valope nof 60°-62=C has been reported for the whent enzyme (Tkachnk
znd Krnger, 1974).

Reports on temperaturs optima of mold o-awylases consistently
indicate that these wzymes zre thermoiabiie, Exhibiting their
optimml activity at atout 40°C, and become imactivated above this
temperatnre (Markpvitz gt al, 1956; El-zalaki and Hawea, 1979;
Ingledew and ¥ilsom, 1982). ¥ost tacterial o-amyiases act
mximily at temperatures ranging frrm 55°C to 90°C (Campbeil,
1955; ¥Mamning =zpd Campbell, 1961; Medda apd Chandra, 1980;
Srivastava, 1987; Stukalin ef al, 19885. Althongh these emzymes
are very active at thedr optimml temperature, they ars however,
mstable, retaining between S0-90% of thedr inditdial =activity
after a thirty-minvte tp ime-bhoor bheat treatment 2t these
temperatores (Tkachok and Kruger, 1974; ¥acGregnr, 1978h).

The effect of tagperatore on the rate of hydrolysis of starch
by o-amylase nf varipus origin when piotted in» the usoal
Arrhenins wanver, yields activation emergy (Ba) of the enzyme
over that temperatnre range. ¥ith sowe exceptions, most
iliterature reparts fur pianst o-awylase 8a wvalues are in the yangs
of 7.1 - 8.6 kcal/miefdegres (Greewwood and ¥Mine, l?ﬂﬁ).
Fischer »pd de Montmollin, (1951 reported Ba of 9.05
koal/mole/degres for tarley malt enzywe, while SacGragor,
11978h), obtained 9.7kcal/mole/degres for harisy malt
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ormylaee-1. Simdlariy, Botes st al, (1967 { obtained 12.9
¥cal /fmole/degres for sorghnms o-asylase., Alsn 8.7
¥cal/mole/degres < ias, bemn reporied frr malted whemi o-amylase
{Thachuk apd Xruger, 1974).
fenerally. the microhdal namyiases possess a slightly
higher Ea compared to those from piants.  10.Skcal/mnie/degres
wes reported for A oryzae (Fischer and de Momtmniiin, 1951):; 14.4
Ykrml/moinsdagree (0-15°) mnd 6.5keai/moisa/degres (15-40*) for P
saccharophilsa bwkovitz el al., 1956); 15.0kcal/mninfdegree (0-
12=) zpd 11.0 kcal/mis/degree {12-55*) for R, subtilis (Menzi ei
al., 1957 14.0 kvai/mile/degree for B, stearothecsophd luos
(Mamring and Campbell, 1961) and 12.5 koal/mnis/degree for B,
mceians (Definto zod Campbell, 1968).
2.12.6 NICHAELIS CORSTART
The litaratnre is replete with varying ¥ichariis coostant
n} wvalves Jor g-amylases frowm varions sources. e nof the
eariiest reportad Em value was the O.fmg starch/ml opbtainend by
¥arkovitz gt al, (1956 for F. saccharophila o-amylase. Campbeli
and his voworkers, stodying the properties of o-awmylase frim B,
slearpiberaophilos and B, Macarans teported 1.0mg and S.33wmg
starch/ml respectively for the snzymes from these organisms
(Manning and Campbeii, 1961; DePinto and Campheil, 19683.
fotes gi al., (1967 investigating the properties of malted
swrghus o-amylase, obitained a Xm valne of 1.5 x 10 mnle
Blycosidic bond par  Jitre with gaiatinised starch =as
spbstrate. Simiiarly, the fn of the thres iscenzyme forms of
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immatnre hard red smring wheat mnzyme wers estimsted to be o-1,
0.25mg sturch/ml, -2, 0.533wg starch/al, x.u; n-8, 0.23%mg
starch/mi (Marchyto gl al, 1996). The Xm vaives -rpported for
other mr-amylzses zre 0.364 ng starch/ml (Ingledew and ¥isom,
1982) for & allgvius, 5.80ug stwch/ml (Ghai and Chabal, 1980)
for A Flayus (F-14) and 1.05mg starch/al (Srivastava, 19687) for
B, siearpthermophiins.

Ganarally, the Ko of oamylases of plant, animsl and
mrrohial wdgin, for their starch subtrate dms teen Teporied
(mning and Cawpball, 1961 to range from 0.18 to 0.65 g
starch/ml.  Farlier the ¥n of g-amylases from uway saliva, hog
yancreas, B, =pbddidis, A, oryzas, P, sacchoopphiia and bariey
mwali were given zs varyiug from 1.9 to 5.0 x 10™* mole glycosidic
bomd/1ditre under & varisty of experimental cooditions between 20
and 30°C (Fischer and Stein, 1960).

2.12.7 ACTI¥R SITE STIMIRS

A lnrge voipme of Jiterature describiog the modificatinm
of zide chaine of amylase exists. Practically every possible
reactive side chain residoe in 2 proteiv tms been impiicated 4n
mamylase activity after sobwission io bharsh and oosperific
reagent ireatuent svch as nitrons acid.,  fivoromd trobenzene,
ntene, acelic acid, 1mdine nod diazobamzesolfrmic acid (dttie
and Caidwell, 1947; 1943; Greeowond ei al., .1966&.).( Since
wodi ficatimm often indvces winor bot significant changes in the
crmformstion of the protein mnlecunis, these sxperiments do not

piapoint the canse of inactivatiom. Therefore the most
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dafi{mitive wxparimenis are tinse that yleld negetive resnits
(Thoms et al, iﬂﬂj In iine with this w.m-:k
al, (1956) concAudel thst the duahility of icfmedsbodds, P
marcurd bemzoate, apd phenylmercoric chiordde io dinactivate hog
yancreatic o-aayiase, aml o maly partialily desiooy the actdvity
uf cereal and b salivary amylases is am indication thmt the
snifyhydryl gromp does oot participate in the enzymes' rataly=is.

48 2 resnit of shotage vf reagents tisplaying high
selectivity towards certads rlasses of side chadns, the infipenmce
of pH ™ the activity of soeyees is ofter ewployed inm the
asxignment nof pK wvalnes and tberofore the cataivtic awino acids.
fweenwnod et 2l. 11965») 2and Thre st al (1971) »suigwed the
catalytic functinn of oawylases tn rarhoxy! »nd Iwidazoie groops
from pf data.
2.13 WRCHANIEN (F CATALYSIS

The o-amylases arr sn mared beravse thedr catalytic actiomn
is accropanied by tbhe retermtinn of the comfigrration »t the €, of
D-gloenss (Grepenwond znd ¥iipe 196Bh). The pnpnsert cxtalytic
agenis involved in o-apyisse rceatalysi= »re rarhboxyl avicn apd
imidazol {on cation (Thom ef al, 1971).

Three prssible wechanisws bave beem suggested (Greenwood and
¥ilpr, 1968h) tp explain the reteotion of the €, configonration.
These zre the front =ide displacewent, the drmbie diepiacement
amd the sterenspecific hydratiom of the carbominm {fom.

in the front displacement ((a type of S22 mectanism), the

Cs~0-Ce bonds treak simltanermsiy with the formation of the new
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Scheme 1

in tie donble-dieplacewent mechanism, which iwmives twn 5.2
snbstitortioms, tihe G;-DCs bomd breaks with the forsation of zm
enzym-sobtrate compiex. This is +then followed by its bydrolywis
tn give the prodoct.

in these schemes, tie carbomyl anion arts as an attarcking
mocieophils on the € posdtion of the sohotrate and this attack
is zmided by protomidon nf tim linkage by the geweral acid
uidazpliioe 1immd (Yhitaker, 19072). In the deglvocrsyplztion
Teaction of wchems 2 {donhis dispiacewsnt mnha:uism?. 1he
mprotmated imddarole groop amxists a5 2 gereral mee tn rEmove
» potmn frow water leaving the O to atiack €5 position of the

glycosyl -emryme intermediate.
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EATRRIALS A%D ¥ETHORS

3.1 Sampin Coliectimn:
.ﬂ::lta sorginm (fara-fara) and milist Frains wore porohased

:ﬁmalmlmmtjm&mrn.. Zarin,

;.’-3’-'1,";9

e e

B N o S ot = X
8

r?i’- -

mtter, Ihnymthmsteapaﬂ_fm*ﬂ.hmsntmtﬂmpmm
©5"-530°C) 3in dstilied wnter. The watmr wms changed thren
times. 7o ensore snid free ¥rains, the grajms were treated with

2 0.2% snlotdm nf formaldehyde (1.5 3itres) for 40 winptes,
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3.2.4¢ MLLING
Tie dried de—sooted Frains wers willed to pess thoough

D.5mm mex=h. The powder obiaized wos wieved with » (0.3mwd test

sigve tp prodoce 2 fipe powdor.

3.3 HEEZYRE ETRACTION AND PHRIRICATHI

5.8.1 XEYTHE ASSAY

e enzryws wns asEnywd accnrding tn the sstirst f Barnfeld
11955) »s described by Worthingtom {1978). The wmzyse sointiom
0.1ml) mas intyoxbuced dwnin 2 merdes of oostered test tobes. The
tiank comtmiped distilisd water <.iml). At ltwinots imterval,
1. 0% sbtwch sabsirate sniotion {8.8m) s mided to each tobe 2od
then dncnbeated in 2 wmater imth a2t 30°C for 10 mimmies,
Minitromalicyclie acid eolonr resgent €1.0m1) wns them anded to
Bach tobe and begrted in a botling watsr beth for five wioobes.
The tojes were then conded, distilied satey (10wl d added and the
alterbarce resd against the hiank at Sifom.

T eyt of redocing sogar odoced was calcnlated from a
stambxd ovye peapred frrm owmitres wtoxdem (0021, Omgrael)
sulvidon. (Appemtix 3). ﬁnnn‘ltnfm;nmﬂﬂty:ixm
ns that seamti of enzyse timt con iiberate e microonmis nof

Tapeing group fealcnlaied as welioeed per winoie xt 30°C and pi
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4.8 modar the specified ropditimms. This assay wethod wni osed

5.5.2 DETERWIFATION OF PROTEIN CONTEET

The protein comtent of the ezyse snivtioes and pooded
fractioms was deterwined by the wethod of Lowry eit al, (1957) as
desrcibed by Cooper, {1997) mxing the folivcincaitean Tengent
zod bovipe sarom albowin (RSAY as standrad (Appendix 4). The
colowr formrtiom depends on the reaction of alkaline copper with
the potein, 20d the yedoctizm of the phosploeniyidate by the
aroeetic amino acids particmiariy tyrosinse z2nd trypitopiom i the
profein. The protein concentratiom of the mnown =awpies were

raicuinted from a2 aiibtration coreve (Appencix 45,

3.3.3 EXTRACTION

The erzymse was extracted acocording to Belela aod Yarriaoo-
Enrstom, (1961) by stiring 260g of the menl iuto 500m1 of » 0.1%
acetatn bwffer pi 4.8 contadning 0.018 calciom chiordide for 3
homrs.  The slorry was then centrifoged for fifteem (15) winutes
at 6,000g and the precipiiate sashed twice with the extracting
toffer (100wl) befroe being discarded. The saopernatants were

pooied together and filtered through $hoetwen o 1 f1iter peper.
Taicima chioride to a fiml comcentration nof 0.2% wes then added

in the ponled soperoate.
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th:isst:n:pmmq‘la'im}mt{ﬁga.imm. The 3 pf.the extract
yas thenm adjusted to 6.0 with 2§ sotimm thydroxde amd
decolourising charcoal added to give » 5% (Sorghum) zmd 4%
{Millet) mixtore. The mixtwre was then ddvided 4nto 100mi-
fractions and heated at 70°C for fifteen minptes with continms
slaking. The spspension was cooled mder yomring tap water.  The
charcral z2ord coaguiated protelins were reamoverd by a combipation of

centrifugation at 9,.000g for 15 winotes mod f{itratiom.

5.5.5 AWNONIUN SHLPEATE PRECIPITATION

Fllot yun indicated that most of the wilist amd sorghom
malt p-amyisse are precipitated by 50% and 602 ammoninm soiphate
saforatinn respectively (Table 3). Foough snlid  zZmsonion
snlphate was then gradoally added to the heat treated extract to
xilve 45 (millet) amd 558 (swghmm) saturation. The sospension
was Allrwed to stand for pne hoor in an ice bath with pecassional
stirring, =znd ther centrifuged =t 10¢,000rpm ™ Beckwm I-28
mefrigeraied centrifuge, for ten mimrtes at doC. Tie precipitate
was reilsanlved in a 0.18 Tris tmffer pH 7.0 comtaining 0.2%
calcitm chlioride.
5.8.6 GRL FILTRATION ON SEPHADRY G150-120 ’

The redissnlved ammonive snlphate precipitated anzyse, 24
=l for soghus and 20ml for the willet snzyme was applied to a

(2.6 x 40cw) sephedex GI150-120 colomn at Twm  tewperaturs.
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Sephadax ﬁiﬁﬂ-ﬂ? @) was somked in tuffar (400ml)
consisting of 0.1¥ Izi:ls-ﬂﬂl pH 8.0 in 0.2¥ sodion t:hlri'r:lds for 24
tours at room temperature. The fime particies giving the
snparpatant turibdd appearance were removed by decavtation. The
cnluan was first equilitrated with 0.1¥ Tris boffer pH 7.0
cortainming 0.2% ralciuw chloride before the =anple was applied.
The flvw rate for sorghm o-2myizse elution was 18md/hr whiie

28ml /hr was recorded for the millet o-amyiase.

3.58.7 POLYACRYIANIDR GRL RLECTROPHORRSIS

Poiyacryiamide gel emiectropboresis wes performed accrording
tp Davis <{1964) zs descridted by Sargent and George (19753, The
acrylamide concentration of 7.52 was wused for the yooming gel
wirile the stacking gel was 3. 0% The rooming gel consists of
13.6m1 of acrylamide (14.25g) and bis-acrylamide <0.75g)
disspnlved in 106ml of distiled wster, 6.253 of gel boffer
containing 2dnl of 1.0¥ #C1 and 5,438 nof Tris dissnived 4p 100wl
of distiiied watar, tv which 1s added 0.€6m] of FL¥¥ -
tetramethylethylenedianine {(TEMED as activator) 2nd 4.0ml of
ammonine persulphate (as injtiator). while the stacking gel was
made from 10.oml nof 10y acrylamide, 2.5 of bis-acrylawide in
100m1 nf distilied water and S5.0m of Tris-phosphate toffar (pf
5.5) constisting of 4.95g Tris, 39m of .00 phosphrrdc acid i
10tml nof distilied water. o the wixturs, ©0.05m1 nof TRWED was

aidded followed by 3.0ml of ammmimm persnlphate.
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The gel adxtures| were mized Froperly and pooTsd dnto tie gal
tnbes, first m,_'jmﬁumg and them the stacking sfn.‘ | The aurye
snrpie (.05l was syplied m tup uf the statﬂ::tpg #p1 fnligwed
by a thwp of 0.1% brosophemnl biue in 562 giyoernl.  The
electrixde boffer (.01¥ tris-glycinate (pH 7.0 war psed Yor the
elecirophurstic rom. The electrnphnresis mas parformed at In
rurstant cooTent of Sk per yal at rooe temperaiore for 3 bonrs.
After the electrophoresis, mome of the gels wers reooved =md
placed in a sniotion of 12 starch for SO minstes to detect o
znyliase activity whilen the othery tobes were stained with a 9.25%
cnomasie brdliiant bine Hdin metbannl, Trichlorocetic acid, aod
water 5:1:5 v/v/vd mriire over night. The guls were them

destained with successdive changes pf 2 7Y mcetic anid solutdiom

2t photographed.

3.4 FREPARATION (F WICRORTAL ESZTNRS
S.4.1 FPREFARATION F ROBALAGE AY (BACTRRIAL o-ARYLASKE)

o~ The wtock eizyme soluidon 2.520) {(Boho exzyse
tachoanlogyiwas diluvted 20 times witbh 0. 1X Acetaie bicffer pH 4.8
rovtaiping 0.2% wmiciow chiordde to a Siml solotion. Ikis

Biution was diinted 10 times bufroe psB.

3.4.2 PREPARATION (¥ SORALAGE X3 (PUSGAL o ANTTASH)

Fi
H

Thy emzyme preparstimm 0.1g) (Anim svzyme itechnmiogy) sas
dissalved in 0. 14 scetate toffer (100m1> (pH 4.8) comtaiming 9,28

taicdye chioride. Shis was Hipted 20 t{mes befors m=a.

A Tl

-
e
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8.5 DHYRRNIBATION GF THE pf PROFILE ¢

fo detwrwine the optims pE of activity, the enzyme
pregmratdons mm:ﬂ as a function of 8 vaing galatinimed
snlnble =tarch as wabstrate (0.49mi). The activity was determined
p=ing 0.1% acetate nffer (pH 3.0-6.0) and 0.AN tris toffar fror
pH values betseen 6.5 and 9.0 (BEotes ui al. 3967). Each tuffer

hnivtim coootained 0.22 calcinm

3.6 EFPRCT OF SHESTRATE COWCEATRATION

Tiw suistrats concembrstion was varied over tbhe range nf
0.02 to 0.18mg/ml »f steroh molstios,. The sffect of snbstrais
comeremrtratditm rm o-amylase actdwity wes carried oot 2as motldned
in enzyme asmAy. Toe Xiwetic coostaris, ¥ avd ¥mex for the

Fzymes ware detarmised from idneweaver-Bork piots.

3.7 FRFFECYT OF TENPERATHRE ON REZYAR ACTIVITY

Tim affect of temperatuwre oun ibe rzte of stech bydmily=is
was stodied at 207, 25=, 307, 35~ 40=, 45~ H0=, 60=, 7O=, DO~
and 90 =as shestribed by Stanffer ((1680), The sy
reEparaidoms 6. 3nd) were added ip wstevrd wnbstrate =nivikiom

10.9mi} and inculeted at each tPmperstvre for 530 winntes.

8.f THRNORYARILITY {IF THE ENZIRRS ¢

Egmnl vnlumsenf the wnryme (0.2mi) were incnbteted for thdrty

1300 minoies, at 30<, 40-, 50°, 60°, 0=, BE® =pd 90°C in an water

teth 25 describerd by Stamffer., {1988). They wars then cooled to
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3.9 STORAGE STARILITY (OF THE ENZYNRS

Solvtions of the porified enzymes were kept at room tempera-
ture, refridgerator and deep freezer for ooe monib (Z8days).
Aliguots nof the enzyme (0.1ml) were zssayed svery 3-4 days for

the level nof epzywe activity »s described in the assay metimd.

3.10 EFFRCT OF 1085 OF ACTIVITY

The effects of srme wetaiitic igmes - Alominiom (A1**), Zinc
In®*), jrom Fe?), Coppar (Co2+), ¥Magonesiom Hg~*) zmd Chinride
imm (C1~) ™n mamylase activity were investigated at two iomdc
coocentratimms, 1.0oM and 2.5mM. The enzyme activity was assayed

psing solotioms nf salt of thess metals mwade in deionised sater.

3.11 DETERNINATION (OF MOLBCHLAR WHRIGHY

The procedure nf ¥eber and Osborn (1969 was empioyed.
Acrylamwide comcentyatinm nf 1027 was nsed for the ryomning gels.
The gel was prepared from 18.6mi of a wixture of 22.2g acryiamide
amd 0.6ig bis-acrylamide in 100ml nf distilled water, 15.0m1 of
grl iomffer containing 20.4g ¥axfiPOs (amhythrous), B.823
MaH2P04. 2020 and 2.0g sodinm dodecyl sniphate (6DS) dissnived 4n
1006wl distilled water. Tp this mixture was atded ©.025w1 of
LI¥Y ¥ tetramethylethyienediamine (TEMED, as activator) amd
1.5m] of 12 Amsonium parsniphates (APS, as inftiator). These were
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proparly mixed and then poored ipto the gel tnhes. The tudbes
ware Jloyered with 0.5ml of distilled water and allowed to
poiymerise for 15 winvies.

Rarch sampie (0.15ml) wms dissnived din 1.0ml of tbe freatwent
buffar containing 1% SDS, 12 Z-mercaptoetbannl, ©O.01W phosphate
boffer (pf 9> amd incobeted for 30 wminotes at 60°C.  Treated
samples (0.83m1) were mixed with O.04ml of 10% glycerni, ©.02ml of
mrcapinethann], and 0.02m1 of 0.5% bromophenn] bine. 0.04ml of
pach was carpfully delivered tn each of the gel tnbes after
discariding the water layer.

Mivted tmffer sniuvtion (650ml) (1:2 dilotirm) was poored
into the lpwer toffer reservior while the Dpper buffer resarvoir
wps filled with 250ml (1:8 dilotion) boffer solptipn. 1.0mi of
0.05% tromophenni blue was added tn the upper mffer. The
electropboretic system was run for 6 hours with 2 cnnstant
corrent nof SmA per tnbe at ambient temperatore.

After electrophmresis, the gels were removed from the ronning
tobes by the frrigation needie and .p]uced in smil tubes f{lled
with the =tajning =olotion prejpesred by disnlving 1.25g of
commassie hrilliant bhloe in a2 wixtore of 454wl of 50% methanni
and 46wl of trichlioroacetic (TCA) overnight after recording the
snlvent fromt. The gels were then rinsed and placed in
destaining solotion nof 7% (v/v) glacial acetic acid solotion.

The distance wigrated by each protein was then recorded and
the reiative mohility of each protein caicniated. The reiative

mbiiities of marker proteins consisting of Trypsin, Pepsin, Rgg
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albuwin, and Bovipe serum albomin (BSA) were then plotted against
the Ingariths of tbeir molerniar weights (Rignre 25). The
miecniar welghts of the m-awylzse sasplies were then calcolated

from the stamiard omrve (Appemdix 8).
3.12 ACTI¥E SITE STUDIRS

5.12.1 FFFECT (I N-BROMOSHCCININIDE (HRD

Tte wdificatiom nf the enryme was rarried oot as
described by Sirixinhs apd Aliem, (1965h). Egoal vyninmes (5.0mi)
nf the eozywe and 1.0 x 10N s=nlotiom of KRS wade in O.1X
acetnate boffer (pF 4.0) were wixed at 0°C. The veaction was
termirated after 90 minptes by the addition of 3 x 10°*¥ sodium
thirsulpbate solutine (Smld. The enryme activiiy was then
assayed.  The coontronl sexperiment coofained buffer in place nf the

KRS,

3.12.2 FFFRCT (F P-CHLOROMRRCIRIRENZOATE (PCNR)

This was carrird out as described by Rirrdan and ¥aliem
(1367). A snintion nof 6.0 x 05N PCHB (5.7ml) was slowly added
to av equal volume of the sozyme solotiop and ibe mixtore allowed
to stamd frr 1 bhonr at 0°C.  An aliguot (0.1ml) of the wmodified
mzyme mrotain snlotion was assayed for the level of enzyme’
activity while 0.1X aceiaie boffer pH 4.8 (5.0m) 'nsfnm in

place of PCHB in the contrnl experiment.
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3.12.3 EFFECT F ACRTIC AEETDRIBK : e
Saturated sodion acetats splutios {ifnl) was addisd to an
Bqual vnlnme of the Enzyme snintipn. The mixtnre sas conled in
an ive batd and treated with acetic anhydride, 10p1, 15pl, 28np1
ard 60pl respectively {ivr smorghuw, milst, bacterial and :ﬁ:ng‘ni
g-amplases ip droops At €°C dn 1 hoor coorse.  The mixtnre was
then Jeft for anotber hoor amd smll volumes (0.1m)) wers removed
and asmayed frr anryme activity as described by Frasmkel ~Comrat

{1857).



CHAPTER 4 ’
+  FBSHELTS ARD DISCHRSION

EXITRACTION AND PERIFICATIIN
The purificatiom nf o-awylase from the crude preparatiom
Srghon {Fable 1) znd Millet (Table 2) was carried oot »vsing the
fnlicwing steps - imat treaxtment, awmoniow soiphate precipdta-~
tion and gel filtratdon veing sephadex GI150-120,
To test the deagrss of poification of the enzyme after each

vtep, the +total wvnlome, protedn and eozyme activity of the

varions enryme fractimms were tdotermined as shown fn Tabhies 1 andg

2.

Hent, Treatment

The optizom conditions (TRwperature zod pHd for prefarential

tharmal dennturation nf f-amyiase nf conde extracts from sorghm
figore 1) and millet (figure 2) were foupd tp be 70°C 2ml pH 6.9

and ip ihe presence nf 5% and 4% activated decnlowrising charcosl

respectively.

Ammrming Sudphaie Precipd toie
4 piiot rum carried opt to establish the appropriate
perceotage nf ammnine splphate =aturation that s :reqnﬁf:rmi 1o

. precipitate the enzyme after hemt trestwent iz shown in Table 3.
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TABLE 1. PHURIFICATION PROFILE OOF NALTRD SORGHUM o-AMYLASE

PHRIFICA- TOTAL TOTAL

TION STEP  PROTEIR n—-AMYLASE SPRCIFIC RECO- PURIFICA-
CONCRNTRATION ACTIVITY ACTIVITY VERY TION FOLD

(mg ) ({fpiis) wvmit/mg %

Crode 2345 1306.5 0.56 100 i

extract

Heated at

70= with 1254 1034.4 0.82 59.5 1.5

5% char-

coal

Ay | nm

snlphate T2 196.56 2.93 3.07 4.88

Precipa-

taticom

Sephadex

G1650-120 44.6 301.1 6.75 1.92 12.05

chromtn-

graphy
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TABLE 2: PIRIFICATION PROFILE OF NALTED NILLETY w-ANYLASE

R P

PURIFTCA-  TOTAL ' T{TAL
JI0N STRP  PROTEIN o-ANYLASE SPROIRIC  RROOV- PURIRICA-

CORCENTRATION ACTIFITY ACTIVIIY  ERY Tioe

1R (nits) foites/mg (0O FLD
Crode 3330 8738 5.42 108 i
exirart
Sestur ot | | e e
70°C with 2914 ' 3765 1.25 87.9 1.10
4% char-
_nnu.i
Ammminm
soiphate 28 256.4 2.62 2.94 2.34
Precipt-
tation
Sephadex
€150-120 5 1180 15.2 2.7 18.57
chrimato- f



{ UNITS  mg PROTEIN)

ENZYME ACTIVITY

'60--4 L—Oﬂ
14,0 07
12,0 —-0-6
10.0 0.5
L 0.4
L 0.3
0.2
\
2.0 3 (b) Q1
] | I ) B
(a) 4.0 50 60 7.0 8.0
FH
| I ] - |
(b) S0 60 70 80 90
TEMPERATURE (°C )
ey L ] 1 ] |
(1 Elt}o 3 " * ¢
CHARCOAL (9% )

450 nm

ABSORBANCE AT
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32,0 |08
28 0 0.7
£
W 24.0- -06
5 ~
E ~ofcn)
o
& 20.04 - 0%
-
v
=
z
-
S
16.0 0.4
P
=
>
G
< 204 .03
u —\—\
x> ~ A(a)
N .\\
z N
“ ~
N 80+ SA(b) -0.2
4.0 \O____o(m 0.1
[ 3 1 |
(a) 4.0 5.0 6.0 7.0 8.0
FH
Ko 1 ] 1 1 B,
(b) 50 60 70 80 90
YEMPERATURE (°C )
(c) Lo | | 1 i -
(1&i)0 3 4 5 6

CHARCOAL (% )

ABSORBANCE AT 450 nm
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TARLE 3: PILOT RE'I FOR AMEONIDN SHLPHATE FRRCIPITATION

5

PERCERTAGE (NHL)=80, _n—ANYLAGE ACTIVITY (UNITS)

5-20 0.70 8. 00
26-30 1.95 0.35
30-49 1.17 058
40~50 0.886 0. 82
56-60 9.55 © 1.28
50-70 °.99 0,88
F0-80 - 0. 44

BH-00 - 0.0
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W of the rm mmmngmmnmmmﬁum
 hetwsen 30-60% awmomine sulpimte sataratimm (Tabls 3) whevess,
adilst malt vnzyae Was mainly precipitated st ' 50%° satuwraiion
| (Tabls 3). Althongd azmourinn splphats precipfiation prodoced an

increase dn the podfication fald of both g-anyizses, mch of the

gnzyme jrotein 15 lpst especially in the poriflcation of the

Eorgmn enzyme (Tahles 1 and 2).

Tbe mlution prifile of o-amylase fros sephader GI50-120
olum showed 2 fairly tormd peak (figures 3 nnd 4).  Although
+he poaks werr ot very discrete, they were bhowover single. Ge.l-
Filtratsin of the »rmemiom =nlphate precipitate on septedex G150-
320 yirildod » 12~ and 1é¢-fnid porification over the crode apzyme
fros sorgiun (Tabis 1) and miliet (Tahde 2) malts respectively.
Polyarryiamide gel piecirophoresis

Singis protein bands were obizdped frnp the eiectriphnresis
nf g-anylase from sorghom (Plate 1) 2w milet (Flats 2) prmied

after sephadex GI50-120 gel chromatngrapy.

Bffpct of pH oo Brryme Acidwity
Tim mffects of pH om the activity of partinlly purified o

awylase from malted sorpbom aod miilat 25 well 25 on poprified

tncterial o-awylase (Enbnlase AT) sud fongal nawyisse (Eoimines _

-+ s, ey — .

X3} mare stod{ed.

T e e R T
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Plate 1  Polyacrylamide gel electrophoresis of partially
purified Sorgbhum a-amylase
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Plate 2 Polyacrylamide gel electrophoresis of partially purified
Millet a-amylase
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Figures 5, 6, 7., 2nl B show that max{mom ncf,j's;rit-y {optiwom pH
nf activity) for malted sorghom, amd wiliet, and for bacterdial
ami fnuga!l p-amyizse proored At pH valwes 5.0-5.5, 4.5, 6.0 aml
§.6-4.8 respectdvely. The pH actdvity corve sbows yery low
enzyme activity in alkaiine pH as well as acidic pH valioes beiow
i 3.0, excapt for the miliet wlt exzyme which Exhibitaﬂ 30% of

Jts maximm activity at pf 3.0 (figore 6.

Effact nf Temperatars

The effect of bheat o the stabllity 28 wall as o tie
artivity of the o-anylases is shown 1n fignres 9., 10, 1) and 12,
Exposure nf the anzymes to tamperatnres np o 50°C) foor thirty
mnotes did not reswit in dematoration of the anzyme. Howsever,
heating the enzymes nbove Lbhis temperatore resslted in a decreass
in enzyme activity doe o best inactivation or denaturatitm. The
mcierial pnzyme, Enbalase AT retained fnil »activity at 60°C and
- starts deoatoring above this femperature (figms  11). The
wnrm of beat fnactivatimm nf the caread m-auylaces appears in
T Wphasic, the indtial phauws {hetween S0~ and 70=.) wherp the
ippactivation was almest Jipear =nd a region of rapid denmatoratiom
(70~} (fignres 9 and 310). Bacterial g-amyiase was Tapidly
iractivated between 60 and BO=C (figore 12). The fmgni amyiasa,
exhibited aimost the same patiern of heat dematnratiod »s the

mcterial amylane especiaily petweem 56 apd 60°C (figme 11).

o
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¥hen the Tesults of the effect nof temperatore on the rate of
hydrniysis eamiped over the tewperatore range of 20°-50°C ware
plotted in the cooventional Arrbenios mamer, they exhibited
linearity (figures 13, 14, 15 and 16). The average energy of
activation was calcolated to be 10.05 kcal, 7.43kcal, 6.57kcal

and 5.39 ¥oval for the sorghus mmit, miliet mait, bacterial amd

fungal o-awylases respectively (Appendix 5).

Effect of soisirate concentration

The Michaelis constast (Km) for the snzyme-svbstrate complex
and the mayimmm velocity (Vmex) nf p-awylases from sorghom malt,
miilet mmlt, teacteria and fongi »s determiped from the doohie
reciproeal pipts nf Lipeweaver and Bork, (1934) are shown i
figures 17, 18, 19 and 20.

The K» valves nf 0.15fmg starch/ml, 1.56mm starch/ml, 2.310mg
starch/ml and 3.55mg starch/ml were calcnlated for sorghun mait,
miiiet wmalt, bacterial =amd fungal o-amylase respectively
(Appendix 6). The maximn velocity of this hydrnlysis was
calcolated to be 0.0656mg maitose/min/ml, 0.16dmg majtose/min/ml,

0.25mg maltose/win/mi, and 0.345mg/win/ml for these enzymes

respectively (figonres 17, 18, 19, 20).

Storage stabiiity of o-Amylase ¢
The stability of the enzyme preparations onder storage was
determined by momitoring the change in activity for a perind of
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3.

»

28 days at rmom tewperatore, refrigearator towperatore, and dn

frozen stats. ﬁisbnshammntad as a2 piot of remining
R

O RS

activity against tdme (daysd (Figs. 21, 22, 23 zmd 24). Voo

B

The emzymes stiored at frozen state retained pver 90% nf thedr

indtial activity after 28 days of storsge (figmres 21, 22, 23 =nd

24). hiip sorgtus malt and fungal o-avylase rotained DeEr S0% .

nf thelr srigiml activity when stred dn the refrigerator

{figures 21 »nd 243, the harcterial enryme compleiely Inst its

Activity, and retained only 5% on the 14ty day of storage (Figure

23>. Xillei o-amylase retained pver 60% nf its inifial actdvity

after 22 days of storage 1 the refrigeratnr, then ithere was

st

rapid Ioss nf activity (figure 223,

r

The lo=s nf ermryme activity at romm tewperztore was mre o

yapdd than at the other states (figuwres 21, 22, 23), except for

the fonga)l o-amylase which retained 64% of its origioa) activity

after 28 days nof storage (fignre 24). e

[

L

Determinatiym of Molecniar ¥eight

The average mnlecular weights of the p-amylases determined »

from twn different rons of SHS-pniyacryiawide gel slartrophoresis
were H2, 668 £ 31134, 48, 698 £ 397, 4B, 991 £ 1,595 mnd 47, 140

122 daltoes frorr rovghow mlt, wllet mmit. bacterial and fongal

f
enzymes TeEpectively (figore 25).

i~
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Effect of ions on p-Agylase activity

The result nf the nffect of coppar 17 (Cp®*), {ron JI1
(Fe®*), ¥amgpesinm (M=), Alnminimm (A1), Zipc o®*) 2
Chlordde (Cl°) Jons om the amylinlytic activity of o-amylase is
shown tm tahie 4.

Copper (Co=*), Aluminimm (A1¥*) and Irom (717} Fe?* ware
ohserved tn inhihit the euzymes esperially at 2.5mK coocentration
{Tahle 4). o+ completely dnbibited the cereal o-nmylase and
yedoced the activity of the microhial enrymes by pver 75% (Tahie
4). Chloride ifmms (C17) bad 1o effect oo the cereal manylases,
however, 2.5mK Ci- incressed the activity of the bacterial enzyme
by over two-fnld, while it commed » 212 redoction in the activity
of the fungal o-awylase. Zp=* and Mg®" were miidly jnhibitory to
sarghnm o-amylase while ¥g®* had no effect oo millet o-amylase
activity. Bolh jops had np effect mo the activity of the
microbial epzymes (Table 1) Gengrally, the activity of the
bacterial enzyme was Jemst affected by tLhe presence nf the

metaliic joms than the amylmses from other sorces.
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A. Potemnt L% Lo
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13) {ion concentration at 2.5m¥ only.
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A1 ()

Mg Zp=*
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Ffrom the studies of tbe sffect of pH variatimm of enzyme -

artivity, tie immizatito covstants of groups beiisved o te at

r

the active cextres wf these o-awyloses weres caloonlated =28

describerd by Alberty and Maseay (1954) (Appendix 73 apd shown in

e e re i mnimn Wik, el
e —

Tabie 5.
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Sonrce of n-Amyiase pEa R

Sorghom wait 3.45 7.05
¥Hilet mait 3.64 E. 54
RBacterial (Enhaiase AT) 4.67 ¥.83
Fingal (Rohaiase M3) 3.84 5.56

¥-Bromosucoinimide cavse almost compiste inhibdtiom of amyioiytic
activity {(Tabhie 5. P-chimercoribenzoate dad iittle r mo
effect ™m the enzyme activity as compared to the comtynl (Tabie
5). The effect nof acetyiation was generally unspecific (Table 5)

since the activity of the enzyme was redoced by omly one-haif.
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TARLE 6: EFFRCT OF SITE MIRIFYING AGREY OF ARYIOGLYTIC ACTIVITY

Epageot Percentage reomining activity

Sorghun malt Nillet ¥ait Racterial Fomgal

Acetic anbyiiride 54 B0 2 ol

..\



DISCHEESTON |

The o-amylases from sorghus znd willst malts werp sxtracted
with acetate boffer (pH 4.6) which has besn reported (Beleda amd
Yarriano-¥arstom, 19813 tp be very efficient especiaily whem it
contains 0.2% calcinw acetate or 9.01¥ caiciom chioride. The
high activity phserved in the crude acetate extract compared to
the heat treated fraction poonrs becavse, the assay wmetihod
measures the activity of both n- 2nd $-awylase Bernfeld, 1955;
Thoma et al, 1971).

Porification of the crode extract was achieved by a2
combinatirm nf several methods (Tables 1 a2and 2). The
preferential thermal inactivatiom of f$-amyiase in the presence of
the p-compomept has been Teported (Botes et al. 196Y) in be
characteristic of cereal a2mylases =2nd has been of wide
appiicatiom ip the isniation of oamyiase from these somrces.
Thomgh Dnbe apd Nordin, (1961) were pmable tp demonstrate this
praferential thermal f-amyiase inactivation with mmited sorghom
enzymes. Hotes gl al (1967) showed that when crode malt extract
was heated at 70°C for 20 winntes in the presence of 0.2% calcium
aceiate, f-amylase activity was destroyed while p-awyiase
Temained. The preferential thermal imactivation of f-amylases in
the mited sorgimm 2nd wiliet extract in this study conforms with

the obearvatiom nf Botes gt al, (19693, '
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in the determination of the optimum conditions for the heat
treatment step, the effect of pH and trmperatore fror thermal
denaturation nf f-amyiase activity was estahlished (figures 1 and
2) as these paraweters especially pH are wvery oronial in
obtaining an active o-amyiase preparatinn (Beleia avd Varriano-
¥arston, 31981). In both eozyme preparations the optimmw pf and
temperature for inactivatinn of S-amylase were pH 6.0 and 70<C
respectively (figures | and 2). This nbservatimm covforms with
the suggestion of Eotes et al. (1967) that the optimm
tempersture, pH and time of beat ivactivation nf cereal f-amylase
arp 70°C, 6.0 apnd 15 wmipotes respectively. althomgh the t1ime of
beating at pH 6.0 has little effect on the sperific activity of
the p-amyiase after 20 minutes nf bheating (Rotes gt al, 1967).

The enzyme recovery of miliet and sorghom extract was ABYL and
552 Tespectively (Tables 1 and 2). This variation in enzyme
recovery conld have been inflpeuvced by the amount of protedn
snlohilised during the extraction moceednre, ivdicating that
high protein concentration in the enzywe extract doring heat
treatment is critical for removing f-amyiase and recnvering o-
amylase as snggested by Peleia and Varriano-Marston (1981).

The colpuring mtarials (tannins) fmmd {p sorghum and willet
extract were reamoved by means of decnloarising charcoml. This
treatment alsp appreciably increased the enzyme activity
figores 1 and 2). This ipcrease in activity is attribmted to

increase in the stabiiity nf the enzyme preparation as a resnlt
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of the remvai nfpnlyphmnlsrbicﬂ:mmmmluﬁt;:mﬁ
inhitit activity nf manylases (mibar, 1975). ‘

mdsmﬁnqumufminaanﬂﬂtyutﬁqmm
befrre and after beat treatment sbowed thmt abowt 7% and 22% of
the amylase activity was iost doring heat treatwent of miilet and
srghnm mit extract (Table 1 and 2). This smil drop dn
activity confirms the report (Adsien, 1969 that sorghuoms and
presxmably willet, covtains a low level of $-awylase activity.
It 35 possibie tim»t millet contains 2 lower level of $-amylase
hence the smeiier drop in activity (Table | and 2). Sohsegoent
steps in the porification nf both enzymes dvncreased the specific
activity several times over the heat treated extract. Ammomion
sniphate precipitation thongh it {vcressed the specific activity
by alwmost three—-fnld 4n both snzymes (Tables 1 and 23, 3t ws
accompanied by low  protein  recovery. The s=phadex G150-120
chromtingraphy ivcreased the specific activity nof the miiiet =nd
srghnn mait enzymes by almnst 14- and 12-fnid over that of the
crode extract (Tahie 1 and 2). The elution profiie of both
enzymes showed single penks (figomes 3 zml 43 suggesting the
presence pf ooe protein in the eloate. Thess valpes comform with
the 14-fnld apnd 17-fnld purificatinon reported by Botes st al.
(1967) and Abdni-Hossain and ¥arriano-Marston (1982) for sorghom
mait and miljet mait op-anyliases respectively. However, 'ih.lnia
and  Yarrizno-¥arston (19813 reported  21-foid  and 60-fnid
purification for millet it o-amyiase porified by starch- and

glycogen-complex formatiom respectively. This variatimm i1s not
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unexpected mm pethods nf purificatimn ‘msed by these

Electrophotesisy o polyacrylamide gel at ﬁf,ﬁ. gave a
single protein bapd for the purified enzyme preparations of both
maited sorghum 2nd miliet (Plate 1 znd 2). It h=s besn reported
MacGregor, 1977 thot many v-amylases ipcipding those nf cereals
origin, are 1wt homogenoos. Althomgh, Botes gt al, (1967) and
PFeleia and Varriano-Marstom (19810 showed +the poouremce of
ispenzyme forms in sorghm zand mwiliet o-amylase respectivaly,
respits from this work cooform with those of Abdoi-Hossain zmd
Yarriano-¥arsiom (1962) who pbssrved a singie protein band after
electrophoresis.

The pccurence nf 2 singie band of exzyme protedn oo
rlectrophnresis does not necessxariiy impiy the nmm-existence nof
ispenzyme fnrms as observed by Botes ef al (1967) for sorghom o-
awyiase, since the jroperiies pf these ispeEmzymes may be 5o ciose
25 to evade detection bot 1t essentially establishes the state of
pority of the enzyme preparation (Fotes st al, 1969).

The o-amylzses from maited sorghus and from fongl, showed
broad pA optimom nf 5.0-5.5 apd 4.6-4.8 respectively (figures 5
and 8) while the pptimm pH nf the o-amylase from miliet malt amd
tacteria were distinct - pH 4.5 and 6.0 respectivaly (figures 6
and 7). This optimom pH of sorghum mait is slightly higher them
4.8 reparted by Acharya (1934), 4.6 by Dube znd Nordin (1961) =nd
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_ 4.5-5.0 by Botes Bt al, (1967). Tie upﬂm;a;:r ¢.5 pbtained
for willet u—mhﬂnm waill with 4.4 zmd 4.4-4.8 reporied
by Beleia znd Varriano-Marston {1981) and 4.0-4.5 obtained by
Abdnl -Hnssain and Varriano-¥arstom (19825, Althoogh the pH
optimm of sorgims malt enzyme was =slightly higher ithan other
raported data, it agrees with the P8 optimm of 5.0 reporied for
bariey mit erzyme by Aciarya (1954), zmd 5.5 by ¥acGregor =t al,
{1974). Thachn¥ apd Hroger <€1994) znd ¥MacGreagor <1978M) for
jmmtnre tmriey, whest and terisy malt oanylases respectively.
it also conforss with 4.4-5.¢ yeporied (Foda et al, 1975m) for
tarley meit p-awmylase. The pH optimm of 4.5 obtaiped for the
mid o-amyiase, Fohaiase ¥3 was in gond agrecment with 4.5
obtainged for acid-stable oaoylase from Aspergilins aprens (A,
zurens) (Tanaka et al, 1996) and siightly »t variance with 4.8~
5.2 reported by Ghal and Chatal (1960) for Ampergilios Flavos (F-
1) A, Flavms (F-14)) and 4.0 for Aspergillins Niger (A, Niger)
acid-stable mawyiase (Thoma et al., 1970). However, this pH
value yas Iower than 6.3 nbtaiped for schwaninooyces ailvvins (S-
allnvins) (Ingledew and ¥ism, 1982), 6.6 and 7.1 for two o-
anylase fractims of leuvtimme edodes (L. gdodes) (E1-Zalakd =md
fmpza, 1979).

The bacterial o-amylase exhibited an pptimmm pH of 6.0
(figure 7). This agrees with the 5.5-6.8 aml 6.0 yeported '
respectively for Bacillms snbtilis B, =obtilis) oamylase by
Fischar and de ¥mtmnildin (1957) and Menzi et al (1957). This

optismm pH alsn conforss with pH optimm reported for o-amyiass
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theraophiiic organisms.  Merkoritz =t al <1956) reported an
optimal pH range of .5.25-5.75 for Poeudomomzs saccharophila (P,
saccharophila) or-amyiase; ¥amning and Campbell (1961), ¢.6-5.1
al, (1970, 6.0-7.0 for Bacilips {dchenforwds (B, Lichenformis:
¥edda and Chandra (19602, 7.5-6.5 znd 9.5 for new strains of &,
coagnlans and B, Idchenformis) repectively; Srivastava (1987),
6.9 frorr B, stearpthermophiins and Stokalin gt al€1988) 5.5-7.0
for B, snbtilis 1621 strain.

Gererally, o-zamylases from cereais zand wmwicroorganisms

exhitited maximal activity in a siight to moderate acidic
Erviroment having their pf optims mostly in the region of 4.5-
7.0 (figores, 5, 6, 7, and B8). The acid tolerance capacity is in
the nrder of ¥illet mailt > sorghum mmit > fungal > bacteria
(figures 5, 6, 7 and 8). Miliet and sorghun malt o-anylases,
1ike the emzyme from imertre bariey, harley mait »nd wheat
(Tkachnk and Xruger, 1974; ¥acGregor et al. 199¢; MacGregor,
1978b), possessed an unsvally high activity and stabiiity in the
pi regirm nf 4-5, where most oc-amylases from higher plants
undergo rapid loss of activity (Dobe and Nordin, 19615
m-fAnyizses from malted millet and from fungd retain very
1tile activity =t pH valves greater than nr egual to nevtrality
02 nod 19% respectively at pH 7.0) (figures 6 and 8). On the
other tand, the o-amylases from tecteria and sorghom mait exhibit

fairly high (612 and 50% .espectively) activities at newtral oH
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was ztiriboted to the prepooderensce of acidic amino acids in
thmamm(ﬁi.ﬁnnu. 1960). It is also syggested (GAbdul-
#ussain and Varrianp-¥arston, 1982) timt the acid tolerance of
the miilet emzyme may be doe to its poor basic awino acid
coptent. Onpe feature which is not 2 common characteristic of
these enzymes was the occnremce nf doohle pH optima as repooted

by Acharya (1934) for sorghon o-zmylzse.
The tenperatores nof maximom activity of sorghon mit, wiliet

malt, bacterial apd fimgal p-asyiase 2s determined with 0.1%
acetate boffer pi 4.6 comtaining 0.2% calciom chioride were 60,
64-65*, 70-75* and 50°C respectively (figures 9, 10, 11 amnd 12).
This oppitime temperatore for sorghiom mait envyme was siightly
higher thap the 50° reported by Acharya (1934). Also the value
for miilet mmii pitserved i3 this study was slightiy higher tham
55* and 45-550C reporied respectively by Beleia and Varriamn-
¥arstom, <(1981) and Abdnl-Hoseain and Varriano-Marstrm, (31682).
The temparature nptimss for smglhom and wilist it o-wyiases
alsn show slight variatiom from the 55°C yeported for both
immature barley <{(MacGregor et al, 1974) aznd tmriey mait
acGregor, 1976bh) p-zmylase. However, they agres with 55°-60°C
reported (Foda efl al, 19950 for bariey mit enzywe.

The temperatore optimom obtained for the tacterial enzywe
conforse with the values reported byﬂth:rj:umtj.gntm'ué H0*—
70°C for B _coagnlans and B, stearpthermophiins (Campbeli, 1955);
55°-70°C for B, stearpt b =rmophiine (¥anning and Campbail, 1961);
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85°C for 8. lichenfurais (Ciimug sf al. 1979); B5°C and 91°C for
for 8. stexrpthesmophdins (Srivastava, M}nm:lﬁ"&'-ﬁ-c.fm-m
strain B, sobtilis 1621 (Stokalin gt al, 1966). Simliariy, the
optimal tewperatore obtainmed for the fongal emzyme was dn
confrrmity with tiose reported for o-amylases prodoced by a
mmmbar of molds, viz, 55*C for £. sacclarpphiia (arkovitz et al.
19563; 40=C for L. edudes (Bl-Zalaki and Hamza, 19790, A, Fiawns
F-14) <Ghai »nd Chabai, 1980 2nd §H. aligvips (Ingledew and
¥iison, 1982) o-amylases. Althongh, these porified enzymes
exhibited silight vardations in their temperatores of maxdiwom
activity compared to reported valpes (figores 9, 10, 11 znd 123,
these differences may however, not be significapt as these enzyme
preparatinnms are of ddfferent pority siates. Therafure the
differences may be doe io variation in puriiy yather them =uy
inherent differences in the chemical and physical properties of

The o-amylases from sorghom, wilist and bacteria are mmstabie
At iheir optimal temperatores, retaining tmily B4%, 762 and 762
Tespectively of their initdal =activity at these tesperatorses
(figures 9, 10 and 11) while the fumgal enzyme retained 106%
activity at dts optimal temperatore ((figore 123, Hent
dpactivatiom opf these o-amylases 2z2nd presombly mavy other
enzymes 1is depemdent nn the state nof purdty nf the ewryme,
therefore the stabtiiity of the enzyme decraases as the state of

purity increases (Teaclo ok and Kroger, 1974). This explains the
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highstntﬂlityn‘ifthmlt n—mluminthm'ndhmtt
m‘hmm:lqn;ﬂtnthnpuﬂ.fiﬂm. ‘Btwitarly, the
differepces in the tEmperature of maximal stability "and that nof
ariivity crmld be accommted for by the protection of the enzymes
by the starch substrate (Tkactnk =nd Kruger, 1994). This
protective effect of starch tn p-amylase implies that, the
foormation nf snzyme-sobstrate complex resoits in a tightening of
the coofigoratiom of +the o-amylase wolecnie, which in torm
strenghtens the binding of the calcium oo (¥aliee gl al, 1959).

The temperature pptimm of swoghm and wiliet o-amylases is
of industrial dinterest as ooe of the major problems wiiitating
against the complete znd sncressfol replarement of tariey mailt by
sorghum is the high gelatinisation temperatnre (69=-75°C) nf
srginm grain starch (Adsien, 1989; Arri, 19689). Therefrre the
jower gristinisation temperature of the wiliet starch (55°-70°C)
{¥ankbede gf al, 1979: Beleia gt al., 1980) vis-a-vis the higher
mptimnms  tewperature and stability of iis ovawylases portrays
millet as a better alterpative to teriey than sorghom.

Arrhenivs piots of the results of the affect nf temparaturs
oo the enzyme activity gave activation ensrgies of 10.05 kxcal,
7.63kcnl, 6.57kcal and 5.89kcal per mnle per degree over the
temparatore yange of 20°-50°C for sorghom, wiliet, tactarial and
fungal o-awylases respectively (figores 13, 14, 15 amd 16). The

energy nf activation for the sorghos enzyme varies slightiy from
the 12kcal/mole/degres reported by Botes st al (1967) bot 1t is

crmsiderably and siightly higher than the 7.0Skcal/mols/degres
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(Fischar and de m 1951); and 9. 7kcal/mole/degres
{¥acGregor, 1998b) reported for bariey walt  eozyme  and
9.7kcal fmnie/dagree for immmtore barley aod maited wheat o-
anyiase (MacGregor et al, 1994; Thachuk zod Kroger, 1974)
Tespectively. The value for millet enzyme agrees with that for
bariey (Fischer and deMontmnliin, 1951). With some exceptioms,
most reports for plant ozmylase activation evergy are in the
Tange of 7.1 to B.fikcal/mie/degree (Tkacimk and Kroger, 1974).

There is 2 wide variatiom 41 the energy of activetiom
pbtained for the microhial enzymes in comparismm with the cereal
p-amylases as shown by the reports of wmapy investigators.
Fischer and de ¥ootmollin 19510 yeporied 10.50kcal /mole/degree
for A, oryzae o-amylase while 14.0kcal/monlie/degree was caicniated
for P._sacchrrophila enzyme (Markovitz gt al, 1956). M¥enzi et al.,

(1957) ryeported 15.0kecal <(0-12°) and 11.0kecal (> 12°) for
B.=nbtilis enzywe. Pafinto zand Camphell, 1968 reported
12.5kcal/moie/degree for B,  ¥acerans oanylase. The mnst

satisfactory explanation for this varisation 1i» energy of
activation is that most of these determinatinns were carried oot
at widaly varying temperatore ranges.

The Nichaelis constant (Km) valves caicniated from the affect
nf sohstrate concentration o o-asylase activities plotted
according to Lineweaver znd Burk (1934) (figures 17, 18, 19 and
20) ware 9.156mg starch/ml, 1.56ng starchrml, 2.1fmg stérchrsl
and 3.55mg starch/ml respectively for sorghum, willst, bactmrial
and fongal o-awyiases. Thomgh the reported Xw for n-awylases of
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animal, plant zopd ﬁl:ﬂ::hinl origin ramged I:rm.'o.Jﬂ to 0.65ag
starch/ml, the data npbitained from this stody 2s well as those of
other ipvestigators (Markovitz et al, 1956; Botes ei al, 1967;
DaPinto and Campball, 1968; Marchyln ef al, 1974; Ghal and
Chalnal, 1980; Ingledew and ¥ison, 1982) vary considerably from
this ramge. floe striking featore from the EKn data of these
mmzymes is the jower Xm valpes of the plant o-amylases. This
stromg afffinity of the plant o-amylase for the starch substrate
is however oot surprising siare this sulstosate is frow a plant
SONTCR.

The data on figures 21, 22, 23, 24 show that all the enzyme
eparatimms store excellently in the frozen state since all of
them retained pver 90T nf their imitial activity. The smll drop
in the activity of these enzymes wight be doe to thawing. ¥heo
¥ept 4n the rafrigerator for 4 weeks, the sorghon, wiiiet,
hacterinl and fungal suzywe preparations jost 48, 91.5, 300 and
432 of the initial activity respectively (figure 21, 22, 23 and
24). Storage nf these enzymes st room temperature led generally
to very high loss of enzyme activity. The fungal n-ausylase which
retained pvar 50% of its initdal activity after » 28-day storage
was the only exception. The complete lmss nf activity of the
hacterial n-awylase when stored at both refrigerator and room
temperatures dimplies that this ey jreparstion is  Highly
upstable at thess temperatores amd probably at mnpu:ratnrn; above

o=C. This ohsarvatiom is of JIndustrial Aimportance since

presantly, trewing with sorghos mait ipvnlves the use nf sxogen-
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mos thermostable o-amyizase (Aisien 1969; Arrd, 1989) most of
which zre of bactarial origin. ’

The effect of calciow ivns oo p-amyiase acltivity was
extensivaly studied by Stedn and his colleagues (1964) and they
concipded that calcium ions play a vital ynle in the stahiiity of
all op-=wylases. In additirmm ralcdus doms were foond to be
essantial for activity of cereal o-awylases (Thome et al, 1971).
In this stody, copper ionm was nbserved to be a potent inhibitor
of the cereal o-amylass (Table 4), while from apd aluminiom ions
in addition to coppar ion potenmtly diphibited the fungal o-zmylase
(Tahle 4). Jron, ¥Magpesiom, Alumwiniom 2and Zinc ioms were
generally mwildly inhibitory (Tahle 43. ¥hereas chbloride ion bad
o effect m the activity of the cereal aml fungal ozmylase, it
ircrensed the activity of the bacterial enzyme (Tahle 4). This
activating effect of chioride ions om the bacierial o-amylase
crnforms with the report nf Fischer apd de Moptmnllin (1951) and
Fischer and Stein 1960). The nhsarvation that the bacterial
enzyme is not potently inhihited by any 4on coopled with the
activating effect nof chimride imm might also be of industrial
interest.

The redoction in activity of the enzymes in the presence of
coppar, iryon and alopminine iop dp this stody is consistent with
previpus findings (Mous et al. 1956; El-Farra et al, 1976;
Tanaks et al. 1976; Srivastava, 1967). Mons el al, (1956)
concloded that the beavy metals typified by lead. silver and

copper shorten the hal f-1ife of p-amylases wmoch gonicker than



.5

mauiral =alts Iﬂthmshthamnm:lmnftﬂs *hexrvy Jytn.l"

inactivation i 1ot weill oiderstood (Greemeood and MHipe, 1968h),

Fepxey gt al, 11956) sariier jroprsed that this inactivatiom

comid be dne to compler foroetdion or to heavy weial cotalysed

hysrolysis of paptide or disnifide linkages or to hreakage ol
hydrogen bonds.

. The estimsied mniecnisr wedght (L% nf porified m-mmyiases
from meited sorgiom, and milisi »od from bacterial and fungal
origin ware 52, 668 : 1334, 48, €98 + 307, 48, 991 + 1505 znd

47,1400 * 1022 daltoms yespectively. The mlscwlar welght for

willet n-zayiase agrees very well mith 48,000 reported by Atdni- .

Hrssain amd ¥arriapo-¥earsiom (1982) and beiwsen 31, 000 and 53,006
by Belnia znd ¥ariano-Marstom (1981, Alsp the 52,668 nbiained
for m=mrghim o-awiase confrorms with 47, 700-53,000 reported by
Botes mh al, {1967). Althoogh the mniacmiar weighis obtained
bere frr the malt enryme vary slightly from the 42, 000-46, 000
Teported by Greemenod and M{lna (196820 for mo=t cereal -

amylages, they crompare weil with the molermiar weigbt of 41, 500-

42,500 reported for malted whest, amd barisy  (Thactny amd

fruger, 1974; Rodmwmy, 1978). amd 52, 000-54, 000 yeported for
immptore whest and meited terley  (Narchyls et al., 1976
¥acGregor, 1978h) o-anylaces. However, these valpes are at
variapcs with the 50,500 dalttns previoosly raported <(Schwinmer
and Falls, 1949 for tbe bariey m»it enzyme. N 2

The moiermiar weight nf 46,991 obiaimed frr tie tecterdal o-

awylase 45 also in good agremwent with ¢7,000-48, 000 reported for
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8. sabtilis and B, stesrothersophiins o-amylases (Jusge ei al.
1959; Thom ot al. 1971; Srivastava, 1987). The 47.050 daltons
pbtained for tbe' fungal oamylase, though differing from 58, 0003
60,000 and 61,900 daltons (Tannka Bl al., 1976; Kvesitadze i al,
19768) reported for A, fnrens oanylase and an acid-siable o-
anmylase frow A, Higer Tespectively, 1t agrees with 50,000 =znd
51,000 reported (Stein ef al, 1960; Sirisinha and Alien, 1965a;
Lvesitardze gt al, 1978; Takagi, 19681} for A, Flavns and 4. uryzae
o-amylases. Aithomgh a moitiplicity nf molecoiar weights has
teen reported (Botes et al, 1967; ¥MacGregor, 1977; Belaia and
¥morianp-¥arston, 1981) for cereal o-amyiases, such pccorance is
not compatiblie with the resnlt of this stody and those nf Abxdni-
fuseain and Yarriano-Marstom, (1982).

The nature of the ionizing grroops in the snzyme active =ite
comcerned with the breakdown nf the enzyme sobstrale complex was
infared from the pK valves determiyed from the pH profiles. The
poup with pKa of 5.45, 35.64, 4.67 and 3.84 fir sorghus malt,
miiiet malt, bacterial and fungal o-amylases respectively (Table
5) 1s 1ikely to be 32 carboxyl yrovp (as in aspartic and glowatic
acid) while the group with pKe nf 7.05, 5.54, 7.33 and 5.56 for
sorghum, wiliet, bacterial and fungal oamylases respectively
{Table 5) is most profmbly an iwidazonliow ring (as in histidine),

o confirm the presence nf histidine in tie active centre of
these o-awylases, tbe emzyme preparations ware nassayed after
being treated with 5.0 x 10 "N pchimrumercuric benzoate, Sx10-*X

¥-fromosuccinimide and acetic anhydride. Almost compiete
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. iphibitiom of the mlnlytin aotivity by ¥-Bromsucciginite
snggests an 1m1’i:;veu;ént of phewniic, imdazniinm or solfyhydryl
. gromp in n*mlm cataliy=sies (Table 63. Howsver, tie iack of
appreciable effect of the pohiowercnribereoats (Tables 63
iwplies that solfybydryl groop is »ol esseotial for o—z2oylnlysds.
The lvwering of activity by acetic aobydride (Table 6) intiestes
ihat F-;Amion grovp may play =mme rnie in the cimiytic actinm of
p-amyliase. Howevor, since thds veagent ds ondly fadrly specific
for e-amnn gromp, conpied with the fact timt aceiyiation induces
mntr bot significant changes in the physical zpd Hologic
propertiess of protedns (Thoms ef al, 19710, the most protmbis
explamtion for tiw redoction in sxryme activity oo acetyiatdom
is thwrefore the change in protedn confoomstiom asd the oom-
sperdficity of the moeess. Thms iwmidazniimm or phenn] gromp or
both form part rof the active centre. The specdific invnlvement of

Phenolic groop i the catmlytic prooess of snzymes hos ot beEm

confirmed (feffrem and #Hali, 1978). Ihis:isdnetnthn:[mbiii‘ty'
wmsmnﬁic:mmmmsmimﬂ-mﬂﬁﬁ
=hen e or two tyrosdine reridues xre modified. This snggests
timt thongh phemniic grompsmay oot be dnynlved in cotalysis, a
Teariive phamniic grmmps in the vicdndty of the active site may
te invnived 1in the modification. Tharefurs the catalytic
function of these anyizses comid be assigred tp carboxyl zmd

imidazolion groops. This is , woreso comsidering thot thé pf of

tyrosine phennlic grovp yamges from 9.8 to 10.4 ns suggested by

i s p————

Thoma w5t al, (19795,



CORCLESTON AND ERCOWNEDATION

From the resanlis obiained in this stody, there is a stromg
dmdication that it is possible to snbstitoites bariey malt with
those of oor ipcally Rrown cereals - miilet and sorghon for
hrewing.

Biochewical profiles show that there exist ciose
simiarities in the optimm temperatore and pH of o2myiases from
maited sorginm, wiilet and bariey and the fongal o-amyiase. Aiso
Bimiiar trends were obsarved in the thermal stabdiities of these
enzymes. The hacterial p-amyiases were foond to possess ddghar
optimom pH 2md temperature apd thermal stabiiity valpes.

it was pbeerved that 21l the enzymes were very stable when
stored in the froozen state, stabiidity decreasing with increass
in storage temperature. The effects of ions indicate that copper
is a potant inhibitor nf the cereml o-2wyiases while Zinc,
Alowinimm, Irom and ¥agnesinm are mild dnhibdtors. Siwmdlarly,
Copper in additiom to Alnwinims zand Irmm are strong inhibdtors of
the fungal o-amylase whereas they mildly inhdbit the bacterial
mnzyme. Howsver, chloride imn was foond to bave no effect on the
o-auylases except the bactsrial smzyme which 1t sptivated.
investigatirm nf the fmmciiomal groups imvnived in catalysis
implicates to carboryl and iwidazoie groops as bedng involved in
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Tesearch, 1t omid bp concipded that alihongh =meh oaphesis hs

been placed mn surglom 25 ibe substdtots 1o barley in rewing,

milet p-anylzase zppears 1o dove deiter brewlnsg properties.

In Ilive with the abpve Ffindings, it is soggested that
Jotenstve mmiting stpdies of milist gradys o esberked opon, |
alongside sindies on soghm, =ince the mmjor probiem negating
large-ecale miilet miting iz the xiwe of the wiliet grain. Also

rasoits obtained frrm this research eed further investigatiom,

The o-anyinase from obher iocal =mrghmm zod wilist vardsties

shonld also be stodied.
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APPREDIX 2 - e

Pritrosalicylic acid {1.0g) wns dissnived dn 20m] nf 20
sitn hydrmxide (Ea0H) snintiom. This mixtore was wwormerd =amd
then 305 nf sollow poiassitm tartarate added slomly. The voilnme ¢

{
was them marda np to 100ml with Hetiiled wter.
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Fruparation of 13 sturch solunkdon, ~- Mrons
:
fininhie stareh (1.0g) was disoived in 100s) 0.1¥ acetats

frffer p¥ 4.8. Tiis was Wriled geontly amd mninﬂ.‘__j ,
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 APPREDIX 8

Siamdard ¥aliree corve for determination of o-awylase activity.

ArPREDIX e .
Lowry's Protedn Dotermizmtion (Lowry wt al, .195i3 as described by
Compar {19773. _ : o
Rengemntz:
0% EsC. in 0.5% ¥aOH

4% Cofifls. S8a0 soiutiom
ﬂ mm mm e — . . R . HE- e =

- - B

Boyine Ferus Altumin (BSAY stock salotim (SO0Opg/m). g
1. Standard BSA spivtims nof concentration Tange 6-300pg/nl wern
prs;n:mﬂ in different test tobem,
2. To 15mi nf reagent 4, O.Foml reagent B apd 0.75ml of reagent €
were Ardded. e
3. L.fwi nf the solution nf sisp 2 was addgd 1o mach nf tim tnbes
in step 1, mwized thorrmghly 2md aliowed to stand for 15 winvtes. )

4. At the emd of dncobetirm, S.0wl of the 10% Folin-Cimxaitenm

Teagant {immedistely prepared was adied, mwed vigorously and
alimeed o stand fro 45 winmies.

T e v e AR S it [ PRI Felr L. 1 - e ST I 2 o i i o
PR o A L s o S e T
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Sorghommr ¥1ist meal (260g)
m?t-sm-r 0.130 o8 4.8, ﬂ.ﬂu?um,
: | SIRE

Rxtract 3 hr.

Cemtrifoge 15 wins. at 8,000y

: p
Precipliate Sopermatant
M scard) i

Fiter (Watwm ¥o 1)

3
Adjust tp pH 6.0, 0.2% Calcinm
chinride. 5% nr 4% charcmal.
fieat at 70°C fro 15wins. Centrd-

fuge 9,000g for 15 mins.
i

$ -
Precipitate Sopermatant, ¥ake 55% or
P scard) 452 saturated with
(iHe)280s. Centrifuge,

10,000rpm, for Ifmins. for 4<C.
. J

3 i
Svpernatant FPracipitate Redis=olve
(riscard) ip 0.1X Tris Bnffer pH 7.0

comtaiming 0.2% CaCls
1
Saphadex G150-120 Colomn
chroeringrapiy
M
ERiute with 0.1¥ Tris toffer pH 7.0
!

Forified o-Awylase

f
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6. The data were'plotied as shown in figure 27. m-mph--n
treated in the same way and the corresponding protein cootents

read off from the clitratinon curve.

APPEEDIX 5

.12 50 0.045 22.22 0.02 50 0.0775 57.14 0.015 66.67
0.04 25 0.0475 21.05 0.0275 36.3 0.04 25.00 0.035 28.57
0.05 20 0.050 20.00 0.0375 26.6 0.05 20.00 0.045 22.22

0.06 16.67 0.055 18.18 0.5 22.2 0.055 18.18 0.050 20.00
0.08 12.8 9.0555 17.89 0.055 1£.8 0.070 14.28 0.065 15.40

0.10 16 0.060 16.67 0.065 13.5 D.0T5 133.88 0.075 18.88

Kn 20 - 15.5 4.75 f
Sinpe = - = = = .2875
Vmax 20 -1 20

1/¥max = 15.25
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]

= 0.0056mg waltoen/min/ml
iIs» = slope x ¥ max
g ) g
= P.25875 x 0.0656
1.56 x 1072g starch/100mi
= 0.150mg starch/ml

Bacterial oanyizee

3 -9 3

= 1.25ng mitose/ain/ml

Yunx
1/Yerx = 4.0
Voerx
= slope x Ymax = 0.64 x 0.25

0.210g starchs/{06mi

= 0.83g starchs/100ml
= B.8wg starchr/m
{
Hliet miwyiass
s 30 -6 24
Slops = = - = 9.96
A 25 -9 25
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17%mx = 8.1 4 * . P
; Ymmx = wmmnmm Lo "
Im = 0.96 % 0.164 1,;;_,,%:‘_:_"’_*_
= §.159g stmrchyifom e
= 1.59ng starch/nl

APPREDIX 6

xn win . g T
20 293 3.41 31.46 0.16 4.24 0.63 1.37 D.14 2.51 0.4¢

25 298 3,35 2.09 0.32 4.97 0.0 2.9 0.30 3.4 O.5%
30 303 3.30 2.50 0.4D 6.14 0.79 2.65 (.42 4.95 O.70
35 308 3.24 3.31 0.2 B.07 0.91 3.57 0.55 H.82 0.78
40 31 3 3.18 4.57 0.68 9.59 0.98 4.33 O0.64 5.7¢ O.76

50 823 3.10 6.61 0.2 12.13 41.08 4.91 0.69 6.9 0.84

{airmletion of Reergy of activation (Ra) = i —
b i f
Slope of ins plot  ———me ‘ -
2.803R 193‘6) )__ —
— & '—'2.3‘3313: Blnp




1.06 - 0.4

Slope of fignre 13
3.8 - 3.0 x 10~ .

= 2.2 x 10>

1.987 cal/degres/moie

2.2 x 2.308 x 1.987 x 1O>

?Hl

Millet o-Amyiase
¥a 1.i6 - 0.64
Slope of fignre 14 = ——-ooe =
2.803% 3.4 - 3.08 x 10>
= 1.625 x 10°
“ Fa = 1.625 x 2.303 x 1.987 x 10°*
Ea = 7.45¥cal/degres/mnie
Bnnzmm_nmﬁ
Fa 0.86 - 0.4
Slope of figmre 15 = o B e e . e

= 1.4375 x 10*

Ba = 1.4395 x 10 x 2.308 x 1.987

Ba = 6.57 kcal/degres/mie
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Fungal o-Amylace - - B -
. . Jé T }
£a 0.87 - 9.4 Soa oo R -
Slopa of fignre 16 = —————ree = :
2.803R 8.5 - 3.1 x4 .
= 1.18 x 19
fa = 1.18 x 2.863 x 1.987 x 10 -
E = 5 T
APPREDIX ¥ o

talcoiation of pK sailues from oH eifpct profdins

#n = (H*da + HYb - 4@EHDnpt. md (PHloe: = B(pKa + pEh)

Alherty and Massey, 1954)

{H" ).

i

hydrogen imn comeantoatdiom 2t 56% activity oo the arcdd
sdde of the pH profile.

H)y

Sbydrogen ion conceawtration at 502 activity oo the besic
side of the pH profile

¥*)aps = hydrogen imn comcaniration »at saxdimm aotivity of pH . .

profiie.

Sorghun o-Anylase .
s ) ,
. = 8.42 ' . f
= jog 2.56 + log 16*
= ing 0.268 x 104 .




i
e
2
»
=
&

{H*)a

3.84 x 104K

(pide. = 7.0

ing 1 + ing 107

U]

ing 0.1 x 104

H ) 10 x 10-=x

P aps = 5.25

ing 1.978 + ing 10%

ing 0.178 x 10

5.623 x 10

&

Hear = 5.623 x 10-ox

Xna = H)a + (H*3, - 4\ *)ans
=3.80 x 107< 4 10 x 1p-= - 4(5.623 x 10-%)
= 8.801 x 10~ - 2,249 x 10-=

fa = 3.576 x 10

oa_= 3.45
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g
i

$(pka + pkb)
% pKb = 2 X (pHlaps - pka

pKb = 2 x 5.25 - 3.45
pEbh = 7.05
Hllet panylase

(pH). = 8.45

il

ing 2.82 4+ ing 10>

il

Ing 0.28 x 104

— j_m ———————————
3.855 x 10—+
(H*). = 3.55 x 104X
(pH*)b = 5.94
= log 5.50 + ing 10=
= lng 0.55 x 10
i
= Ing ~——————————m
1.82 2 10~=
(H*)b = 1.82 x 105K

(;ﬂ’"; = 4. 5

ing 8.16 x 104

log 0.316 x 10=

1

1]

ing
3.16 x 10~



H )aoa

Xa

"

= 8.16 x 10-°%

3.55 2 107 + 1.82 x 10* - 4(3.16 x 10 %

2.80 x 10—+ :

pka = 3.64

P = 2 x (pH)ase - pka
=2x4.5 - 3.64

pkb = 5.54

Bactierial o-amgiase

(P =

{H"- =

(.pﬂ)b =

H*)b =

{ﬂ}“l

4.6
ing 3.98 + ing 104

ing 0.396 x 10%

2.512 x 10—*

2.51 x 105X

7.6

ing 3.98 + log 107

ing 0.398 x 10%

2.572 x 10—

2.51 x 10°X

= 6.0

= 1inog 1 4 Ing 10*

ing 0.1 x 167

L]



10 x 1077

(H)oos = 10 x 10°7H

£a = (B*)a + (H*)n - 4(H* o
=255 x10* +2.581 x 10" - (4 x 10 x 10™7)

a = 2.115 x 10~%

pa = 4,67

(PH)aer = $(pKa 4 pkb)
‘pxb = ? X ‘pﬂ)a.pl. - ‘Pﬂ.ﬂ

=2x 6.0 - 4.67

pkb = 7.33

Fungal o-amylase

11

(pH)a 3.65

ing 4.47 + ing 10°

Ing 0.447 x 100

i
= ing ——w—m—wm————
2.2¢ x 1074
{(H*)a = 2.24 x 104X
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(pH)», = 6.3

ing 1.995 + Ing 10

il

Ing 0.1995 x 107

5.012 x 10-7

&

() =5.01 x 107N
(pH)ops = 4.7
= log 5.012 + log 104
= 1mg 0.5012 x 108
j
= jng ————emmm—————

(Hape = 1.995 x 10°3¥%

Ka = 2.24 x 107 +5.01 x 107 - 4 (1.995 x 10-8)
= 1.447 x 10~
pka___ = 3.84

(pHaee = $(zKa + pkhb)

PKb =2 X (p)aps - pKn

=2x 4.7 - 3.84

pkb = 5,56
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The following valoes were obitajned from two rmus.

Bun == Sorghup = Mijlet  Bacterial Fongal

ist 51,880 48,978 87,863 17.863
2nd 53, 456 48,417 50,119 46,417
¥ean (x) 52,668 48,698 48,991 47,140

Sorgium o-amylase
¥niecniar weight Deyiation from the x - W=
x) mean (X - x)
51,880 - T84 620044
53, 456 786 020044 B

f(x - x)2 = 1241888

standard deviatiom = ES!;::!§3___
_ APE1992
ABEI008 &\ ZARIA, NIGERIA
= 1114
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! ‘-
¥iilpt p-amyiase R -'
M¥olecniar wedght Deviatinn from the x - =

=) mean (x - x)
48973 280 78400
48417 - 281 78964

L (x- 3= = 157968

Standard deviation = 157364

= 39%

¥oleconiar ¥eight = 48.698 + 397 daltons

Bacterinl g-awyiace
¥nlecuiar weight Beyiatimm from the (x - X
{x) ¥ean {x = X
47,863 - 1128 1292384

50,119 _ liz2p 1272384

I{x -x) = 2584768
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183
Folecular weight Deviatirm from the -2 =
1x) _Tean (X - X)
47, 863 723 B22729
46, 417 - 23 (22729
Tz - X2 = 1045458 -
Stawrard deviatiom = 1045458 N
= 1022
- >
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