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I. THE AMYLOCLASTIC AND SACCHAROGENIC
ENZYMES OF WHEAT

A. Higtorical

Sarly orperimonts have siiown that starch ig not a single
substanco, but is composod of at lcast two constituents, a:y-
lopectin and amylose (29); this fact alone mirht be conslder-
od to lond sonic support to the two enzyme theory.

No cnzyme has rcceived cloger gtudy than amylase. As
early as 1815, Kirchhoff (22) stated that starch is not whol-
1y derradod to supar, but that an uncryatallizablo, dograded
form of starch remailns in the conversion liquor. This wag the
first important descrioticn of amylaso octivity.

Gucrin-Varry (18) found that this ;urmy waterinl is not
gsaccharified cven wlth an excoss of tho enuymno, but that after
itgs isolation or soparation 1t can bo converted almogt complete-
ly into supar,

Musculus (30) in 1860 observed that su.ar and doxtrins
are producod by a procesg of hydration.

Potit (36) found that the acticn of amylase on starch
at 50° yiclds the formentable, roducin;: sugar maltose and also
amother sugsar which is formentable but non-reducing.

Grittzner (17) observed that heating salivary diastaso
for a short perlod at 80° inhibited the saccharifying activity
without affocting its power of liquofying starch.

Bourquelot (4) found that normal disstase and diastaso

which had been hcated to 68° show cqual activity durin; the
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first sbaces of starch hwydrolysis, but the ~roduction of ro-
duciag substaicos by the hoated diastase wasg very much slower

o

than Uy the normal diastase. Theszo oxneriments gest to siow
that either the guantity of dlastase lg not diminighed - heat
{(but its nrovertiss are cumned) or else that dicstase con-
aista of several goluble fornmcents which are destroyed one arfter
arother 23 the tomperabure rises.

Noercizer  (28) oorly stated thot at G0N Lowr moleculesn
of starcih, yileld threc of naltoge and one of dextrin; hydroly-

ala at 05” pavo a reduced ylel' o maltose and ab nishwer teon-
neratureog hw IJfound the nroportinn of naltoge to dextrin Lo e
ag two to one. Mo theorof re conasidercd the »nroceas Lo involve
two ongymes, of which the one chiiefly resnonsible for suar
vroduction wag more gseusitive to heat than tho other.

Cirlttenden (8) and his co-workeors found that the enzay-
nle dogradation of atarch does ot load smoothily to tihw [oraa-
tion of the thoorotical quantity of maltog~, bLut bthwt tho ronc-
tion cores to a standstill congldorably beforc tilg polnt ig
roachod.

Yijsman (52) was the Lirst bto expreas the two onzyme
thoory in a doflinite form. He conclndod that dlastase ig a
mixture o two enzymes, ono hydrolyzing starch to mnltose and
erythro-granuloso, and another which converts this erythro-
gronulogoe to louco-dextrin and starch to mmlto-dextrin, from

evidence based on some diffusion experimonts.

Brown and Morris (&) also conasidered that two enzymes
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were concerned and these were named by them 'tranalocation di-
astage! and 'secretion dianstage! respoctivel:r., The Ttranslo-
catlon diagtase! acted only on soluble starch bLut 4id not hy-
drolyze starch naste. 0Other or'zers hiave onosed thias view
conaidering that veriationg In the oroporty of the cnayme would
be oxnlained by v»hysical changos induced in the latter by the
troatent to which it had been subjected.

Grusz (16) confirmied tho proscico of three dlatincht eu-
ayme actiong in goerminating barlo;, nanely, a starch dissolv-
ing, a coll wall disgolving, and an inverting actilon.

Seyffert (42) carried ont deteorminations at varions tem-
verabtursa, using Cfour starches and doxtrines as substrates.
Regults indicate bhat '»n barley malt thore are at least three
onzymas which differ in tholr activity toward starch, solublo
gtarch, orythro dextrin and amylo dextrin; glueasic enziymos do
not play an fmvortant nart.

Pottovin (37) sonarated maylo doxtrin, by precipltation
with alecohol into “a amylodoxtrin®™ and * amylo dextrin™. io
gave experimental evlidenceo that diastasec 1s composed of two
enzymes, onc capable of converting starch to doxtrin and tho
othior, dextrin to maltoso. MNicroscoplc examination s owed that
even aftor golatinization, the starch pgranules are not uniforu,
causing an unevon rate of saccharification and leavin; a
stable, residual dextrin.

Toichel: (49) determined the ratio of amyloclastic to

saccharogenic activity durlng varlous stages of malting. ie
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gave elementory analysis of active nreparationg obtained. iiis
results favor the two enzyme theory.

Pri>r (40) ow»resented evidence favering 5ie existonce of
two amylolytic enzymes in malt.

Shor:aan and Schlesinger (43) and Xeondall and Sherman

have denongtrated that witi nancreatic amylnsé thie

liquofying action 1s predominant and that with malt aujlase,
on the contrary, the saccharifying actlon 1a nrodominant,

Franitel and Hamburg (14) claimed that they Liad separated
malt diastase into two compononts by dlalysls, the supn» pro-
ducing ensyne diffuaing out and the llquefying ensyme remain-
ing behind in the dialysor.

Reinitzer (41) workings with acacia sum diangtase made
the obsorvatlon that the saccharifying enzymo was hold paclt by
Pukall fllters, while the liqueflying engymo nassed throu:h.

Bertrand and Cormton (2) Thydrolyzed anygdalin by the
action of omulslin at varying tomperaturea. Af'ter {iftoen ionrs
1t wag found that curves showing the rate of hydrolysis are
suporinmposnble. If, liowevoer, tho nronortion of fernent 13z in-
croasod and thwo hydrolysis moasured aftor two hours the curvoes
aro no longor suporlimpogable. This 1a further evidence of the
exigtenco of two distlinet dlastatic forments in emulsin.

Chrzaszcz (7) by fractional precivitation with ammonium
sulfato arrived at tho concluglona (1) that diastase consists
fundamentally of two differont substances one of which lique-~

fies, and the other saccharifies, starch; (2) that, as the
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fractiona of the saccharifying portien of ciastase differ so
widely in their proverties, the saccharifyings enzyme is a com-
plex body.

Bartholomew (1) presents evidence to show that diastaso
1s not composed of a gingle enzymo but a series of amylascs
and dextrinascs.

Chrzaszecz and Jascht (8) rogard melt emylasc as being
compounded of the actlon of twe distinct ferments, one »roduce-
Ing the liquefaction of astarch and the other its desradation
to sugars.

The nore recont investligaticns Ly MeGuigan (27) Ly
Euler and Svanborg (13) and by Lelirs and VWasmund (25) have
shown tho saccharification limlt or “limitod degredation™ lics
at the position of about threce gquartors of the theoretical
quantity of maltose.

Olsson (29) proposod a method whiceh doponds on tho time
roquired for a glass sphere to foll to the bottom of an ovacuat-
cd tube contalnlncs the starch onzyme mixturo. The freat ¢if-
foronco hotwoon the time required for solution and for sacchare
iflication 1g takon as ovlidonco favoring; tho two onzyme thoory
of malt amylaso.

Ohlsson (33) ascribes tho action of melt amylaso to two
individual cenzymes, a *“dextrino; cnage™ and a *saccharogcnase™.
A mothod of separation is based on tho fact that the dextrino-
gonase is rapidly destroyed in a solution at pH 4 and the sac-

charogcnase 1s almost completoly dostroyod by heating at pl C©
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for twenty minutes at 70°C.

The consgiderablce diffcrences in the liguefaction and sac-
charification capacitics ot the different tynes of amylase
geemed to justifly the theory of Uwie cneymes occurring in vary-
ing proportions.

Bffront (12) ond Chrzaszcz (9) observed that the
liquefying activity 1s almost entirel; lackin: in recsting
seeds of cereals, while the sacchnrifyin:- acticn ig reund to
be normal; thorcfore a stron; increasce in liquefyin: capacily
takos placeo upon germination,

Sj8berr (4%7) comparca the gaccharo:sonic and amyloclag-
tic activities of the amylasgse of bean b dotermining the in-
fluonce ol acidlty, tompernture coefflciont, relation of iicat
resistance to acidity, timo course of inactivation, rolastion
of inactivabing coofficient to temroraoture, tomporatwre coef-
ficiont of inactlivating congbtant, and influence of sodlum
chloride. Regsults Indicato that two onzymes arce oncaped in
the convorslon of starch to sugar.

Windisch and co-workors (53) troated amylopectin from
wheat starch with malt extract at G0° in a buffeor solution at
pH 4.8, the liquid filtored, tho filtrate hydrolyzed with hy-
drochloric acid and the resulting dextrose detormlnod iodiriot-
rically. The amount of starch liquofied by onc rram of a nelt
is token as a moasurc of its liquofyin: power. A numbor of de-
terminations show that liquefaction follows Xj-1dahl's law of
proportionaiity, that optimum activity occurs at pli 5,03 and

that the amyloclastic activity of melt does not benr a constant
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relation to their saccharogenic activity. lic accents the pos-
8ibility of a sccond enzyme, dextrinaage.

In 1023, Norris and Viswenath (32) compared the action
of barlcy diastase with the enzyme derived from cholam (sorchun
vulgarce) and showed that their relative activity varled accord-
ings to whother the saccharifying: or liguelyin: power was undor
considoration, cholam onzyme brin-in;: about much mocre rapld
liquofaction of starch than barley ensyme, theush the formation
of surar was much slower. This obLsorvaticn supporits the idea
that twio enzymes are concerncd and that the proportien in wuich
the tvio comvonents are preascnt varios in difforent :rains.

Pringsheim and Fuchs (38) have peinted out thet tlhis
sacchoriflcation dependa unon the action of a comnlemont con-
tained in thec yeast, which the amylase rogquires in order to con=-
plote the hydrolysls of certaln starch desradetion products.

Lins cnd Nanji (23) have showm that while the enzymo of
unmal ted barley can hydrolyzo amyloso it 1lg without action on
amylopectin, sug;osting that the enzymo capable of hydrolyzin:-
amylopoctin 1a only developed on rormination of tho grain.

This corrcasponds to the secrotion diastase of Brovn and Horrias.

Chrzaszez (9) found that amylasos wore complotoly
destroyed by heating the agquoous golutlon one heour at 75°. The
tomporatures ol commencement of the destructive procoss woro
detcrminod for the various amylasocs; thoy varled from 61-66°,

Sji8berg and co-workers (48) studied the hydrolyscs of

soluble starch, amylose and amylopectin by the amylases of por-



minated and unceriinated barlecy. In no casec was morc then
ci hty per cent maltose obtained. 1Iic determined the optirmm
pli for hydrolysis of amyleose and amylopectin., From s deter-
minatien of tiic inhibiticn of amyloclestic and sacchsrogenic
activities by meltose and plucose hic coneluded that there iz
mnorc thian oene enzyme in malt amylasc.

Tomioka (50) found that the optimum pli for the activity
of pancrecatic amylaso ia betweon ¢.3 and S.9. The destructive
action of hydrochloric, acetic =nd proplonic acilds was found
to be a function of hydrosen ion concentraticn. Only omylesc
has throc stability zonos namely at a pli 1.5, 4.1-1.9 and
over 6.0, From thesc data Tomioka concludea that thoere ore
three or more enzymos instend of onc.

Chrzgrzez  (10) reco;mizod throo <istinct staces In
gstarch hydrolysis, namoly, liquefactiocn, dextrin formation,
and sugar productlon. Ho could effoct a seloctivo alternabtion
of any of thoso procosscs by alcohol preecipitetion, annlica-
tion of high temporature, or aging of the enzyme. He claims to
havo offocted a goparation of the onzymes by fractional proci-
pltation with ammonium sulphate. Hc also obscrved that the ro-
lation beotweon saccharification, liquefaction and 1odine color-
ation varied with the origin of tho malt.

Effront (12) found the ratio

saccharification power (SP

100 = liquoefaction power

to vary from 0.1 to 2,400,

depending on tho source of the enzymo.

¥Windiach, Dietrich and Beyer (53) also suggest that the
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ratio SP is not constant for all malts.
LP

Holmbers (20) has shown with liver amylase that the
presence of iodides inhibits su-ar formation Lut activates
tho liquefaction process.

The experiments of Hizure (19) indiceted on the con-
trary that the ions C17, Br~, NOg , SO,  affect liquefaction
and saccharification by diastase in the asame manner.

Fricke nnd Kaja (15) found that fdurin:- electro-diplysis
of barley malt diastase, with incrcasin: vurification the
Iiguefyin: power decrecased with an inerecase in the saccharify-
in- nower.

Pringsheim (39) used the terms amylasc and smylobviaso
referrin: to a gpeecinl saccheorliflyinc onmymo, besldes tho starc: -
ligquofylin; or dopolyrorizing,

Investications of Sherman and Schlesincer (42) with
pancrecatic amylase, and of Lilors and Sellner (24) with malt
amylase, showed that in thelr preparations, the ratio of liquo-
fying to saccharlfying enzymo is usually found constant, even
thourh marked differences are found betwoen the malt and pan-
crecas cnzymes thomsolves.

Windisch (54) produced maltose and achroodextrin by the
action of smylecse on starch. Ho noted that thoro is a definite
relation existing betweon the concontration of onzyme and tho
rato of rcaction and found that thec onzyme is inhibited by theo
proesence of quantities of maltose. At a temperature of 56-63°

destruction occurs, and if the acidity 1s below pl 3.2, the
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actbivity is groatly decreased and ot ol 2,1 and 8.2 entirely
destreoyed. Thus he concludes that emylase may consist of two
enzymes a liquefyins and a saccharifying.

Ohiaggon in 1930 (34) stated that malt amylasc is not an
individual enzyme but a mixture of two differeont cnzymes, o dex-
trinogenle and e saccharosonic amylese. Amon: the vrocucts
formed by hydrolysis of starch with doxtrino—-enic amylase the
dextrines predominate, while with aaccherorenic amylsse the
main product is maltosec from tho very start. Vhen malt solu-
tion 15 dialyzed, the deoxtrinogenic onzynie is almest conmplcte-
1y deatroyed Ly the tine theo seecharosonic enuyme has lost half
of 1ts orisinal activity. The stobllity of the Lwo onzymes is
not depcndent in the samce mannor upon hydro;en ien c: ncontra-
tlon and temperaturo. Vith lower teancerature and »icher hydro-
con ien conceontratien tho sacchiarorenic amylaso 1s essontially
the nore stable, whilo with hicher temperaturo and al:aline re-
ectlon the relative stability is revorsed, If a malt solution
at zero dorrees is acicdifled to p¥ 3.3 with hydrochloric acid
and after fifteoon minutes brousht to pH of 6.0 by additicn of
di sodium hydrogon phosphate tho doxtrinoreric amylase is al-
most completely deatroyod whllo the saccharorenlic stlll rotains
geventy to eighty per cent of its sactivity. If, on the other
hand, a malt solution at pl 6-7 1s heated fifteon minutes at
70° tho saccharogenic cnzyme is almost completely dostroyed
while tho doxtrinogenic enzyme romains sevonty-five per cent

active. Saccharogenic amylase has an activity curve with &



oroad optimal zone between pH 4 and 5.75, while the optirm
for dextrinogoule amylase is pH 5.5-6.0. Studles on the
changes in osmotle pregsure durli; hydrolysis indicate that in
dextrinogenic hydrolysis tihe starchh molecule snlits into two
or more doxtrin molecules widch then brealr an into smaller
molecules wnbil maltose results. Saccharo:enlc hydrolysis on
the obher hand, liborates maltose abt the start; the starch
nolecule brealits down into one or more moleculos of naltoso,
and a residue of dextrin wiieh thon wnderpoes fuxrther Lylrol;y-
sls Into maltoso and dextrin. Dextrinosenic asiylase 1a tiuoeroe-
fore an g-vmylage; saccharorenic amylage a [=-anylagse.

Dorchiardt and Pringshelm  (3)  prepared the anylaae of
potato fro:m bthe press juice of the ground potato. This was do-
nrotoinizod with colloldal ferric nhydroxlde. The potato amy-
lage occuplos an Intermodiate position botwoon tlw nalt auylase
narticulerly rich in -amylagsoe and the tolkn-amylase ihiichi 1s
paro g¢-mmylaso, as 1t contalng loss p- than g-mnylaso.

Van Klinkenberg  (61) propared a-mmylose by nroct ltabing:
an aqueousg oxtract of malt at a concontrution of sixty per
cent othyl alcohol, filterin;;,, drying, redissolvin: in water,
hoating at sevonty degrees for {i1fteon minutes to destroy any
f-amylase, coolling quickly, filtering, nrecinitating again at
aixty por cont ethyl alcohol, filtering and drying. B-dmyluso
was propared by oxtrasting husked, ground barley with {ifty
per cout ethyl alecohol, flltering to remove a trace of g-any-

lase, Increasin; the ethyl alcohol to elghty per cont, filter-
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ing, drying, repeating the process. The substrate for the [«
anylase wag ordinary two ner cent notato starch naste. The

subgtrate for the a-amylase was prepnared by digesting potato

-

starch with {-amgylase to completion, at wiich point t'irty-six
per cent of the atarch hand not bveen saccharified. Thils residue
was preciplitated by ethyl alcohol and called “erytihwo-zgranu-
loge™,., The optimum pH for the g-amylase was 4.,55-5.15; tuat of
the [~ wasg 5.65-5.85. f-maltose reduced the action ol p-amylase
more than it did the action of ag-amylase. “Then J-amylaso aclts
upon goluble atarch, it liborates o maxirunm of aixty-Tour ner
cont of the thoorotical nmount of rinltoss, irreanectivo of tile
amount of onzyme used. Theo residue gives a stron;: iodine re-
actio.. hen g-amylase acts upon goluble starcu, it quicildly
liboratos about thirty-slx por cont of the thooretlecal anount
of maltose, and then alowly liberates un to about fifty ver
cont. Glycogen 1s a very pcor substrate for the p-mnylase, but
a ;ood one for the a-amylagse. Thils colncldesg withh the I'acts
that pancroatlc and {fungugs amylaseg are of tho a-forn, and
both anlnul and fungl contain glycosoen. On the other hond,

malt amylase i3 a mixture of the g¢- and (- forma.
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B. Preparction of the Two Amylases of ‘hesat

1. Statement of the Problen.

The unique work of ©Irik Ohlsson (34) on the preparation
of the two nalt amylases has oponed the two-enzyme theory with
rencwed enthusiasm. In many properties, the amylages of nnlt
and of wheat have been found to be sinmilar (1) . Thus the
work of Ohlsson has supested theo pogsibllibty of two arylases
in ot er mraing, sucihh ag wheat., The above named investicator
has shown that the sugar-formin: (saccharosenic) vroperty of
a malt extract can bo almogt ontiroly destroyod by heatin; for
fifteon mlinutes at a temperaturo of 70°, and that this troat-
ment offects but slightly the starch-digosting; (amyloclastic)
nroperty., Thls Delng the canse, then it should be rossible to
troat a whoat oxtract In oxactl;y tho same manner and obtain an
oxtract with 1little saccharrpgoenic activity and nearl:y nornal
amyloclastic activity. Irom gsuch an extract, fractional pre-
cinitation with aleohol ghould yield a solld onzyme propura-
tlon with power to digeat starch to dextrinsg but with very 1lit-
tle supar-forming power.

Ohlsson's work further indicated a troastment of the malt
extract which destroyed much of the amyloclastic activity with-
out injuring the saccharogonic activity of tho enzyme. ‘'.ork-
ing at 0°C., he brought the malt extract to a pH of 3.3 by the
addition of hydrochloric acid, and then adjusted the solution

to plIl 6 by addition of disodium hydrogen nhosphate. Iikewise



it should be wnosgaible to treat wiheat extract exactly as above
mentioned and obitain an extract ith 1ittle amyloclastic ac-
tivity and with nearly normal saccharogenic activity. From guch
a solution, fractional precinitation with alecohol should yield

a solid enzyme preparation with nower to digest starch dircetly
to sugars, but with little amyloclastic activity. Thus the ob-
Ject of this part of the investijation was to prepare two solid
enzymes, one showing stron;; starch-digestin: (amyloclastic)
properties, and the othior aliovilng strong sugar-fomiin:: (sac-

charorenic) rronertiesn.

2. Pronaration of linterianls.

Gernination of thio Grain. The wheat was sonked i dige-

tilled .ator for ten to fiftoen hours., It was then sprcad out
in enamol nana on paper towels which had boen molstenod with
distilled water. The seeds gerninated rore rapidly if they
were kont .ot without floating then in wator. Germination nro-
coeded more ranidly and uniformly at a room tomperaturo of
26-30°C. The graln was gorminatod for a poriod of four to
five days. It vias waghed goveral times in distilled water and
gsproad out on a clean glass plate. The nlate was placed di-
roctly in front of an electric fan and thus dried ranidly to
ston the germination, It was ground to a fine powdor and was

then roady for oxnerimental use.

Pronarction of Standard Enzyme. In theo methods part of

the thesils, oxperimoents are described for the preparation of
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golid amyloclastlc and saccharogenic enzyme according to Ohla-
son'sg »roceduwre. In order to have a standerd wheat enzyme for
nurpogeg of comparison, 1t was necessary to nmalte nrenarations
from untreated wheat extract, according to the method used by
Howse (1) . The grain used in these prevarations was ~or-
ninate.l over a longer period o time than tihiat used in rrovious
woriz, This »rocolure secmel to facilitate bthe mariiflcabtion of
tho onzyjme. I'xperiments indicate? thabt the longer noricl of
germination gave a clenrer consyme extract, fron wirlch active
enzyme could be precinitated with alcolwl withoub »reovious
fractionat’ on with amonium sulfate.

A woighed quantity of finely ground gewmairatod wheat,
usually 500 gramg, wag extracted with two and one-hall tilios
itas woipght of cold dlistllled water. This mixturo was stirred
and thon placed 1n the doe vox over nirht. A clear extract was
obbalned by filteriar tiwough Buciner funnols. Thig oxtract
contnined the active enzymo. Ixtracts nropared in thnis way
were ugod {or standard onzyme proparations, and tor the treat-
od onzymo solutlong doescribed later. All solutionsa were 'ont
ice cold throughout every procodurc. Tho gtandard enzyme pre-
paration waas made by fractlonal nrecipitatlon with absolute
alcohol. The precipitate wag contrifuged out and dried over
suifuric acld in a vacuum desiccator.

A gtoardard enzymo nroclvitate waas made at the swio tino
and under the samo conditiong asg cach treated precinitate.

Thig furnished a comparison for each mothod of trcatment.
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In naking a solubion of the a3olid onzyme, 0.15 gram of
solid enzyne was used per 109 cc. of solution. The enzynie is

mixed vith a few drops of ice cold waber, and then bhorou:;hly

dlaversed in the entire volw:io.

Preparation of Starch Dispersions Linkner's gsoluble

sbarch, provared from potato atarch by the :ictliiod of troat-
nent with dilate hydrochiloric acid, was used. Tihe molisture of
tho alr dried starch wag determined, and onouslh of the starch
viag ugod T oeacihi gtarcii diasunersion o mate one sram of anliyy-
drons atareh in every 102 ce. portion uaed in the actual Liy-
drolysis. In nalzing the digperalian the reatived anownt of
gtareh was wel-hed oul and tranaferrod o a Lealzor, 1mihved to
a grwooth thin paate witiy distilled water and nouwred inlos o com-
paratively large volwie of not dlstilled water In an ¥yrlon-
moyor flask, bronght qulcidy to the bolling roint and boiled
for tiwoo minubtes. The flasglk contalning the starch pasto wasg
ticshtly cloaod to prevont contact with tho alr and was coolod
to rooun temporatuvre. Aftor coolin; to room tormoraturc and ad-
ding tho roquired amounts of sodiw hyidroxido, nono- and di-
godium hydrogen phoaphotes, the digpercion wag diluted to vol-
ume with distilled water. The amosunta of sodium hydroxide and
of puosphate uged were those required to brin:; tho atnrch to

the optirmu: hydrogon ion concontration ror amyloclastic and

saccharogenic enzyme activity.



J. Metliods end Data.

Doterminaticn of Amyloclagbtic Power. Yor determlnstion

of amyloclastic power of the amylasc o »rocedurc Lascd unon

-
.

the met:

we of VWolilremutih was used., Tils procedure is as foi-
lows: TIerty test tubes, very carciully cleaned and dried, arc
placed 1n & svecial wire frame an’ the wihole scbt in a batis of
ico watcr, Varyin: quantitiecs of cnzjue ar: carofully measur-

ced Into each test tnbe by means of a callbrabted Curcauv of

&

Standards plipette. aen & cec. of one per cent ctarch solutlon
proparvced oo degeribed arc carefully mcasured into vael of the
tubes by wreane of a boretto which licg o very long;: dellvery tip
rcachins to the bobttom of tho test tubes, thus avoiding the
lodsin: of any of the golution on the sidos of the twbes. Tho
tuboa are then agitatsd to insure a porfect mixture. lNo re-
actlicon talien place becaugo tho golubtlons arce kept cold by the
ico box in wi:leh the basliet of tubes rosts.

The bogikot of tubes 1s transforred from the lee Lath to a
constant temporature bath at 40°C., and at tho expiration of IO
minutes 1t 1s taken out and placoed 1n the ico bath to atop tho
oenzyme actior-, The tubes are subjected te a tomperaturce of
40°C. for 30 minutes. One drop of 0,01 N iodine in potassium
lodlidoe solution 13 added to each tube., Distilled waber is
pourecd into cach tubo, £111in; Lt to within about 2 cc. of tho
top, and the contents thorouchly mixed. The tube of lowest

enzyme concontration which shows none of the familiar bluo

color duc bto starch is taken as the ond point, 1o obtaln tho



- 20 -

value of the amyloclagtic power ol the enayme, the weipght of
one per cent atarch paste,. 5000 milli;ramsg, ig divided vy the

weirhtt in millisramsg of enzyme i thie tubo showing bthe end

«

point.

Determinntion of Sacchnrogenic Fouer. Throushout the in-

vestisabion two ner cent starch diarersionsg were nused i Lle
doter:iinavion of saccnaropenic activity. The starcih igher-
glong were alvays Treshly vnrenarcd. Ono mandred cublice conti-
meter nortiona of those sbarch diaverasions were hy rolyued {for

ateoonng

o+

30 minutes at 40°C. Tho temworabture was kent conabant
of o wekbor Debth cortrolled by a thormogtat. The starci: aolu-
tiong wore brow:it to 40°C. in the wnter bath bvefore tiwr woro
added o the enzye aolutions The enzymo solutionsg were ovre-
vared just before uaing. The enzyrmo solutiong wvere nmeasurod
direchly into 250 cc. Irleommeyer flag'ts b meang of a Yiroan

of Standard ono cublec centimeter pradnated nlinette. The con-
contratisn of onzyme nreparations waa kent constant throu:hout
the Invostiation, l.0.,, 0.15 grums of onzmo was nado un to a
volwie of 100 cc. and varying amounts of thisg golution werc
userl in the oxperimonta. The reducing sunars formoedl b tho
enzymic hydrolysis of atarch wero dotormined by use of nmixod
Fomlinr's solution (11} .« Tho Shaffor and lartman nmethod

wag triod but this method gave very inconsigtent results and
waa thoreforc not used. The flasls were tranaforred to a boll-
ing water bath vliich was kept Loillng vigorously for 15 nin-

utea. The cuprous oxide precipitated by the reducing sugars



foriied in ths hydrolysis of the gtarch wag collscted on th
agbegtos pads of Groch cruciblesg, and iwaslied witlh: hot water,
aleoiol and etlicr. The cruclbles wore dried in an slectric
oven at 100°C. and weighed to counstant weighabt. Cruciblos waere
cleaned with ultric acid and reweoighed eachi tire beforo they
were usod.

The saccharosenic power was calenlated on all solid enuyme
procinitates. It is defined as the ratio of the milliprnns of
maltoss ner millisrams of enzymie obtained in 30 minute difes-
tions at 40° under ountiimua conditionsz. The wiounrt of nialtose
formod in o digoastion isg determined Ly converti:: theo cuprong
oxide to cupric oxide and thils in turn to maltose by the usze

of Defre:its tables

Preparation of Amyloclestic nzyme. The anyloclastlc en-

Zyme was propared in the followi..; mannor. A large urlennieyer
flagiz wng pluace.l In a veber thormostal at 7¢°C. In order to
heat Lio Jlaal. to bhwe texperature ol the bath bLefore introduc-
ing tho extract. Uhe cold oxtract was poured into the flaslt
and hoated f'or a period of fifteen minutes. Imring this time
tho oolution was gently snalten. In the process of houting a
whilteo precipltatso came dowm. The actlvity of this precipitate
wag tosted at a later time and wag round to e inactive. e
solutlion was quiclly removed from the bath and poured into a
cold vossol surrounded by ice. After cooling, the solution
wag {1ltered. Two Imndred cublc centimoter portions of the

heacted and unheated extracts were placed in 500 cc. collodion



gacs and dlalyzed in runnin;; tap water for thirty-six hours
By madgdng the dialymates np to 65 ner cent and 85 per cent al-
colwl Ly volwe, wihiite Llocculdent precinitates wore obtained
The nrecipiintes came down irmediabel: upon the addition ol
tlie alcohiwol. These solutlons woro allovied to stand for ton to
fiftocen nonrs in tho Lce bHox in order to allow the preciritate
to gattle. “ho sunernatant liqrid was giphoned off in eac:
case. Tho nrecinitates were centrifused off and dried over
gulfuric acid iv ¢ vacuum desicecator. 1In goiie of the oxreri-
nents, the enzmymo solutlon was addod to tho smount of alcohol
noecoann»y Lo w’in o G5 por ecenlt solubion, I bthia way, tho
active enzymo »voclritate crure dowm at once. Any furthoer nre-
cinitato was less active . .an bthic Tirst one obtained.
Throusnhont these oxmerinients, alnmilarities betwoon the
epylasoa of whent and malt have been observed. The oxtract of
vhent ig affoctod to about the sane extent as that of malt by
ugin;; the mothod for proparing this onzy .o asg proposed vy
Ohlasson, Tho amyloclastlc and saccharorenic activitics o t.ao
hoatod and standnrd oxtracta wore always tosted before rreci-
pitating the solld enzyme. Ohlsson carried nlsg vworlk only as
far ags tho preparation of smyloclastic and saccharopenic ex-
tracta. Tho solid amyloclastlc enziine of whoat was propared
ropoutedly with very corailsteont results. The amyloclastlc
activity was affectod alipghtly in proportion to the saccharo-

gcenie doatruction on the 1liguid extract. Thias Alforense was

even morc pronounced with the solld preclplitate. These wre-
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parctions werec always compared te the activity of a standard
enusyme made at tlie same time and under the game laboratory con-
diticng. Tables I Lo IV show thie oxrerimental reagilts obtain-
ed In teasting tho anyloclastic and saccharogenice activity of

the auirloclastlic enuyvio. The pointa just mentioned ars indi-

s ia

cated In these tablea, and are swiirlzod in Table V.

-



Tavle I

Anyleclastic Activity of Amyloclastic Liquid Extract
Nmber: : :
of :Tyne of : Volune of ﬁnzgna in Cubic Centimetors :Per Cent
Expor-:Solution: : : : : : : : : tLoss in
iment : 100l : 042 2 0e3 : D4 2 0605 t Cel 3 0.7 : 0.8 : 0.9 :Activity
: :Blue:3lue :Blue :Blue :ViolettViolet: Violet‘VIblet Aed s
tHeatel - : : : =blue: :  =-red: -red: :
: tBlueiZliue {V5615§?Vf~lot tVioletiRea  :hed  :OUrangetied-~ ¢
0 tStardard: : : -blue: :  -ved: : : =~red:arange: 40.00
: s8luei3lue :1Biue Blge tviolet:Vioclot:Violet:VioletiRed :
tHeoated : : : =-bluse: : -red: ~-red: :
: tBlue: Blue ?Tﬁaﬁt“'v*dlet Viclet:Fed :Red :Crange:Red-
1 $Stendard: : s -blue: t  -rod: : ¢ ~red:orange: 40,00
: tBlue:Blue :VioletWhed- :Yiclet:Violot:lod :Orange: Orange:
sHeated ¢ H H sviolet: -red: -red: : =red: -red:
s thlue: Violt s Violet: Jlolet: Violet:ned :Orangze: Orange:Orange:
2 :Stardords : : -rod: -rod: -red: : -red: ~red: $ 35.33
: {Blue 3lue :Blue 'Blue :Violet~:Violet:Violet:VloletiRad ¢
tHeatcud ¢ H ¢ ~dluse: : -red. -red: H
: .BIue.Blue :Blue VEoleE"Violet Violet:Red Ted = :Orange:
3 sStandard: : : : =~blue: s =red: 3 : ~red: 20.00
: sBlue:Blue :8lue :Blue 31ue 'Violet“VidIOt°Violet Red s
tHeated ¢ : : : ¢ -blue: s -rod: :
: :BluesBlue :plue :31lue Viblev"V1olet'V*olet led sOrange:
4 :Stancard: : : : : =pluos s =red: : =rod: 16,66

* . .
Indicates tre end noint tube.



Table IX

Saccharogenic Activity of Amyloclastic Liquid

:volume of Enzyme T:Volume of Enzyme t:Volume of Inzyme:

Number: in cc. tPer Cent:: in cc._ tPer Cent:: in cc. :Per Cent
of T 0.2 : 0.2 21033 in T 0.4 : O.& :Loss in :t 0.6 : 0.6 :Loss in
Prepar+< Heated:Standard:Activity: :Heated:Standard:Activity: :Heated:Standard:Activity

ation :Mglua,0: MNgfugd 3 :Mgfugy0: Mglug0 @ $iMglug0: Mglugl @
O :20.3: 147.4 : B86.22 i: 35.5 : 291.1 : B7.80 :: 52,4 : 443.6 : 86,18
1 :20.7: 136.6 : 84.84 :: 35.5 : 264.0 : B86.55 i: 51.0 : 409.5 : 87.32
2  :24.0 : D254.8 : 90.22 i: 45.3 :Rodubed : ~—- :: 67.1 :RoNuGed :  =-=

: : : e : : ] : :
3 s 16.0 2 141.2 : 83.66 :3 22,4 : 267.1 : 91.61 :: 33.0 : 399. : 91.73
4 :19.3 : 124,0 : B84.43 i: 27.6 : 240.5 : B88.52 i: 40.2 : 358.2 : 88.77
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TABLE IIIX
JTIVITY OF SOLID ANYLOOLASTIO ENZYME.
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TABLE IV
SACCHAROGENIO ACTIVITY OF SOLID AMYLOOLA!

1! L ‘ H s
—Yolume of Enxwyme in Q0. ::Sagoharogenio Power: Per gent
Tusbex of ::103 to&:ozstmm:: o : ) :Lo in EE—J
I (1) 1 0. 33 ¢ 8 .
Breparationtt (658)  t  (654) zsmg_:_mmmlm:_z_‘:i
3 H 13 H 13 |
A B S IO S
‘ .
—l 1} 6B.4 .2 33 3585 1 91,66t 6088 i3
- o $ — 88 s
' : T : : '
3  § $ ] H R ]
2 13 W66t _27.7 11 26,23 ¢ 74.66 ¢ 66.3% i3
' : 11 : 1 33
$3 3 3 H H 3
. ! ¢ Destroyed !¢ H $ L
2 H 3 ¢ 3 L&
b : HENE SRR R
[y 13 52.7 $ 73.3 $: 31,00 ¢ 198.66 3 84.39 i@

. (l!h:yn preoipitated by adding aloohol to the ensyme extraot)
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Table V

Summary of Vork on Amyloclastic Enzyme

Per Cent Loss 1n Per Cent Loss in
Saccharogenic Ac- : Amyloclastic Ac-
tivity of Amylo- tivity of Solid

Tumber: Per Cent Loss In
of : Amyloclasgtic Ac~
Prepart tivity of Amylo-

Per Cent Loss In
Saccharogenic Ao-
tivity of Solid

ation : clastic Liquid : clastic Liquid : Amyloclastic Ene : Amyloclastic En=-
: Extract. :+ Extract. 3 Zyme. $ ZYyme.
1 40.00 84,84 : 20.00 94,70 o
2 53.33 : 90.22 : 00.00 : 92.40 v
3 : 20,00 : 88.66 2 - i -——
4 ; 16.66 ; 84 .43 ; 33.33 ; 84,39
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Prevparation of Saccharogenic Enzyme. The saccharogenic

amylase was prepared by adding to a wheat extract at 6 to 8°9C.
sufflecioent quantity of hydrochloric acid to give a »nH of about
35.35. The acid was added slowly in such a way that the last
acid wag added within fifteen minutes from the time of starting.
Immediately the hydrogen lon concentration was adjusted to pH
of 6 by the addition of a saturated disodium hydrogen phosphate.
Groeat care was taken throughout this work to keep all solutions
ice cold.

Difficulty was expeorienced in obtainiug preparations with
conslstont gaccharogenic oowers. For this reason a series of
preparations have been mado varyl.g different factors such as
rate of addition of acid, adding the reagonts in an atmosgphere
of carbon dioxide etc., as shown by the descripntions which fol-

low.

Prevaration 1., Eight cubic centimeters of hydro-~
chloric acld was added drop by drop with slow stirring
to 100 cc. portions of wheat extract. The disodium hy-
drogon phogphato was added to the above treanted solu-
tlon. The flasks were kept in an ice bath throughout

the whole experiment.

Preporation 2 was carried out in the same manner ex-
cept the hydrochloric acid was added drop by drop to a
large volume of extract. Tho solution was shalien vig-

orously after the additlion of each drop of acid.



Preparation 3. The oxtract in this case was placed
in a large opon beaker and stirred vigorously with
clectric motor and hydrochloric acld was added at rate
of eighty drops ver minute. A precinitate came down
after the addition of a small amount of acild.

Preparation 4. The acld in this preparation was ad-
ded to 200 cc. portions of extract at the rate of 132
drops per minute. The flask was shaken by hand at a
glow and counstant rate. The phosphate was added very

rapldly.

Propoaration 5. The acid was added to a large volume
of extract at rato of 65 drops per minute. The phosphate
golution was added rapidly. A precipitate did not come

down in this preparation.

Proparation 6. In this preparation thio acid was ad-
doed ot tho rate of 10 drops per minute to a larpge vol-
ume of extract. The phosphate solution was added very

rapidly. Much foam was produced in stirring.

Proparation 7. This preparation 1s the exact dupli-
cato of preparation € excent the reagents werc added to

the extruct in an atmosphere of carbon-dioxide.

Preparation 8. In thls case the acld was added to
100 cec. portions of extract at the rate of 20 drops per

minute in the presonce of nitrogen.



Preparations 9 and 10. These preonaraticns were car-
ried out in exactly the same way as preparation 8 ex-
cept the reagents were added in an atmosphere of carbon

dioxide.

Preparation 11. This preparation was carried out in

exactly the same manner as preparations 9 and 10.

Preparations 12 and 14 were prepared exsctly as 1l

except the reagents were added in an atmosphere of air.

Preparations 13 -nd 15. In these preparations sod-
ium hydroxide was used in place of hydrochloric acid,

othorwise the procedure was the same.

Preparation 16 was prepared in the same way as pro-

parations 9 and 10.

Preparation 17 was made in same way as preparation 16

excapt roagents were added in an atmosphere of air.

Prepoaration 18, Compressed air was bubbled through
the extract while the roagonts were added. Otherwise

the procedure was the same.

The preparation of the saccharogenic amylase from this point

1s exactly the same as that of the amyloclastic enzyms.

The purification of the samaccharogonic enzyme by fraction-

2l precipitation with alcohol has been a difficult problem as
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viewed by many workers. As soon as purification is attemnted,
the enzymo is removed from its normal environment and loses
activity. Success has been attained only through observance
of many precautions, such as keeping the solutions very cold
and worlking quickly. Ifowever, even though the same technique
be used, it 1s difficult to obtain the same standard of activ-
ity in every preparation made.

The saccharogenic enzyme 1s considered to be more complex
than the amyloclastic (7) . It may be this complexity which
accounts for the difficultles encountered in the precipitation
of the saccharogenic onzyme. An unusual result was that tho
saccharogenic precipitate had a nigher power than the precipi-
tate from the untreated extract made at the samo time. It may
be interpreted that the troatmont makes it possible to preci-
pitate saccharogenic enzyme with less inactive material, and
hence more pure than under other conditions. The experimental
results obtalned in testing the amyloclagtic and saccharogenic
activity of the saccharogenic enzyme are shown in Tables VI to

IX. All results are summarlzed in Table X.



TABLE VI
AMYLOOLASTIO ACTIVITY OF SAOCHAROGERI!(
Volume of Enzsyme in Oudbio Oen
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TABLE VI
JTIVITY OF SAGOHAROGERIC LIQUID EXTRACT,

of Ensyme in Cubioc Oentimeters
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SAOCHAROGERIC ACT
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Surrmary of tiork on Saccharogenic Enzyme

Table X

Tumber: Per Cent Loas 1n : Per Cent Loss iIn : Saccharogenlc : Amyloclastic rower
of : Saccharogenic Ac~: Amyloclagtic Ac- : Power of Solid : of Solid Saccharo-
Prepart tivity of Sac- : tivity of Sac~ s+ Saccharogenic : genic Enzyme.
ation : charogenic Liquid: charogenic Liquid: Enzyme. s
¢ Extract. : Extract. : s
1l : 19.67 : §53.34 s 468.66 : 3,703
2 : 40,17 : 50.00 s 116.C0 : 1,960
3 ¢ 51.11 : 80.00 : 109.00 : 2,222
4 56.96 : 72.23 s 267.00 3 4,166
5 20.42 : 68,75 : 377.33 3 4,761
6 3l.44 : €3.64 : 14,93 3 1,449
7T 20.87 s 71.43 s 245.00 : 5,655
8 32,77 : 69.24 : 101.66 : 2,564
9 no loss 2 20,00 : 264 .66 : 11,111
10 : 21.86 : 63.64 : 12.03 s 1,764
11 ¢ no loss : no loss : 255.00 : 11,111
12 20,93 : 66.67 : 162.090 s 4,761
13 @ no loss : 35,34 : 277.00 : 11,111
14 22,57 : 66.67 s 412,00 : 4,761
15 ¢ no loss s 33 0 34 : 330,66 : 11,111
16 23.09 : 50,00 s 96.66 : 6,666
17 23.77 s 650.00 : 220.66 s 11,111
18 : 32.08 : 60,00 : 67.50 : 5,666

—69-




II. THE OPTIMUM HYDROGEN ION CONCENTRATION
F'OR VHEAT AMYLASE

A. Introduction

Although the optimum hydrogen ion concentration for the
saccharogenic activity of malt has been very carefully deoter-
mined (44) no record has been found which give;the corres-
popding conditlions for amyloclastic activity. l'‘henever such
determinations were needed, it was assumed that the optimmm
conditlons used for sacscharogenic sets could be used also for
amyloslastic sets. Moreover, recent vork by Shorman and Adams

(45) and Sherman and Dale (46) have indicated that hydrogen
ion adjustments may be accurately made vith primary and sec-
ondary phoaphates keoping tho phosphate concontration constant.
This seomed a bettor mothod of adjustment than that used in
any previous worl on hydrogen ion detorminations. Thereforo,
the purpose of the experiments described in this part of the
thesls was to determine as precisely as possible the hydrogen
ion concontration which induces optlmum activity of wheat amy-

lase.

B. Methods snd Data

Tho experiments were planned so ag to make a systematic
gerles of determinations of amyloclastic and saccharogenic
activity, through the adjustment of hydrogen ion concentra-
tion with mono and di sodium phosphates, until the optimum
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activity was exceeded and a distinct deleterlious effect of the
hydrogen ion concentration was observed. The hydrogen ion con-
coentrations were determined by a glass electrode of the MacInnes
type (26).

The following method was used in the preparation of the
starch dispersions. To definite volumes of one and two per cent
starch solutions sufficient primary and secondary sodium phos-
phates were added (Tables XI, XII, and XIII) to give a final
concentration of 0.02 or 0.06 molar total phosphate when this
starch was diluted to one or two per cent. One per cent starch
dispersgsions were used for amyloclastic activity and two per
cont starch dlspersions for saccharogenic activity. The total
phosphate concentration was held constant but the relative
amounts of the two phoasphates were varied in order to obtain
the desired hydrogon ion concentration. In thls way it was
possible to obtain a serios of one and two per cent starch
golutions of varying hydrogen ion concentrations containing a
constant concentration of phosphato.

For the amyloclastic doterminations, one-half hour hydrol-
ysos of five cublc centimeter portions of one per cent starch
at 40°C. wore carried out in tho presence of 0.02 and 0,06
molar phosphate buffer mixtures at varying pH. The data show
optimum amyloclastic activity at pH 4.6 to 6.5. In this range
of pH no measurable differences in the amyloclastic activity
could be noticed in solutions at 0.02 and 0.06 molar phosphate.
This work determines accurately the optimmum hydrogen ion con-



centration for amyloclastic activity of wheat amylase and indi-
cates that phosphate has no activating effect upon the amylase
in the concentrations used. This finding is consistent with
results obtained on saccharogenic sets with pancreatic amylase

The data for amyloclastic activity are shown in
Tables XI, XII, and XIII and Figure 1l.

The optimum hydrogen ion concentration for saccharogenic
activity was rcdetormined* using 0.02 molar total phosphate.
The preparation of starch dispersions and the method of deter-
mination has been described. Tho data show optimum activity
at pH 4.9 to 5.3. The entire range of hydrogen ion concentra-
tion sgstudied 13 shown in Table XIV, and Figure 2.

A oritlical gtudy of these results indicates that there is
a more decided optimum for gsaccharogenic activity of wheat amy-
lage thon had been proviously determined. The results show
also that it is impossible to make the agsumption that the
range of hydrogen lon concentration for optimum amyloclastic
and gaccharogenic activity is the same. The results here ob-
tained indicate a broad optimum at pH 4.6 to 6.3 for amylo=~
clastic activity, and a narrow optimum at pH 4.9 to 5.3 for

saccharogenic activity.

*Preliminary experiments on the optimum pH for wheat amylase
wae reported by Naylor, House and Spencer
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Table XI

0.02 M Total Phosaphate

Amyloclastic Activity of
Vheat Amylase No.l

~ Volumo in Cubic Centimeters : ¢ Amyloclastic
Og (0. : _NagHPO, (O, i pH_ ¢ Power
10.00 : 0.00 : 3.71 ¢ 12,1956
9.80 : 0.20 : 4.10 ¢ 20,833
9.70 : 0.30 t 4.47 ¢ 33,333
9.68 H 0.32 : 4.60 : 03,339
9,66 : 0,34 t 4.08 @ 41,666
9.64 : 0.36 ¢ 4,78 ¢ 41,666
9,62 : 0.38 T 4.86 41,6606
9,60 : 0.40 : 4,89 ¢ 41,666
9.50 : 0.50 ¢ 517 : 41,066
9,40 : 0.60 : 5,356 41,666
9,30 : 0.70 t 5.46 ¢ 41,666
9.20 : 0.80 : 5.68 : 41,666
9.10 : 0.90 ¢ 5.67 : 41,666
9.00 H 1.00 ¢ 5.88 : 41,666
8.00 s 2,00 t 6.24 ¢ 41,666
7.80 : 2,20 t 6.21 : 41,666
7.60 : 2.40 : 6,26 : 41,6060
7.40 H 2,60 : 6.30 41’666
7.20 : 2.80 : 634 ¢ 35,333
7.00 s 3,00 t 6.46 ¢ 53,309
6.00 H 4,00 ! G.60 33,353
5.00 S 5.00 6,77 ¢ 35,333
4,00 H 6,00 t 6.93 ¢ 27,71
3.00 : 7.00 ¢ 7,06 : 27,777
2,00 : 8.00 $ 7.23 ¢ 23,8090
1.00 : 9,00 : T.46 ¢ 18,518
0.00 : 10.00 ¢ 7.79 : 15,888




Table XII

Optimum pH for Amyloclastic Activity of
Standard WYheat Amylase No.2
0.02 M Total Phosphate

Volume in Cublc Centimeters : ¢ Amyloclastic

0 H 8glitUgs . : pH ¢ Power
9.80 $ 0.20 t 4,14 ¢ 41,666
9.75 : 0.25 t 4,19 ¢ 41,666
9.70 : 0.30 ¢ 4.49 : 41,666
9.68 : 0.32 : 4,85 @ 41,666
9.66 : 0.34 ¢ 4.68 : 55,5565
9.64 : 0.36 : 4.75 55,555
9.62 H 0.38 t 4.88 : 55,556
0.60 : 0.40 P 4.95 ¢ 55,5565
8.00 : 2,00 t 6.15 : 55,5566
7.80 $ 2.20 t G.20 : 55,566
7.60 : 2.40 ¢ 6,29 ¢ 55,656
7.40 : 2.60 ¢ 6.35 : 55,6556
7.20 : 2.80 t 6,39 ¢ 41,666
7.00 s 5.00 : 6444 41,666
6.00 : 4.00 t 6.67 : 41,6G6
5,00 : 5.00 : 674 2 41,666




Table XIII

Optirmum pH for Amyloclastic Activity
of Standard vheat Amylase
0.06 M Total Phosgphate

Volume in cublc Centimeters : T Amyloclastic

alOg ol 2 agHPOq (0.2M $ pH Power
29.0 s 1.0 ¢ 3.63 : 11,904
28,5 : 1.5 s 4.02 ¢ 16,666
28,0 : 2.0 : 4,76 : 41,666
27.0 H 3.0 : 5.40 : 41,666
26.0 $ 4.0 : 5.66 : 41,6606
23.0 : 7.0 ¢ 6,07 ¢ 41,666
21.0 : 9.0 : 6422 @ 41,666
19.0 3 11.0 : 6439 @ 33,333
17.0 : 13.0 t 6.53 : 33,333
16.0 : 14.0 t 6,59 ¢ 35,533
15.0 : 15.0 :t 6.64 ¢ 27,7
14.0 s 16.0 : 6,70 ¢ 27,777
13.0 : 17.0 t 6,75 : 23,809




[$o]
-4

Table XIV

of Standard tVheat Amylase

Optimum pH for Saccharogenic Activity
0.02 ¥ Total Phosphate

Saccharogenic
Power
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SUMMARY

1. An amyloclastlic enzyme solution and a saccharogenic en-
zyme solution has been propared from wheat extract by a

method similar to that used by Ohlsson for malt extract.

2. A s8olid amyloclastic enzyme with low sugar-forming power
has boen prepared by heating wheat extract for fifteen mine

utes at 70° and fractionally procipitatine with alcohol.,

3. A 80l11id saccharogenic onzyme has been preopared from wheat
oxtract by bringing the hydrogen ion concontretion to a pH
of 3.3 and then adjusting it to a pH of G.0, and finally
procipitating with alcohol. Theo solid oenzymoe showed an un-

usually high sugar-forming power and low amyloclastic power.

4, Tho optimum hydrogen ion concentration for the amyloclas-
tic activity of whoat amylase has been found to bc at a pH
4.6 to 6.3. Tho rango of hydrogon lon concentration has
boen obtainod by varylng thoe relative amounts of sodium die
hydrogon phosphate and digodium hydrogon phosphate, thus
keeping tho total phosphate concentration constant. The op-
timum hydrogen lon concentration for saccharogonic activity
has been detormined by the method just indicated and found
to be at a pH 4.9 to 5.3.
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