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% EFPECT OF THE PHYSICAL AND CHEYICAL ENVIRONMENT
UPON THE FERMENTATIVE ACTIVITY OF ZYMIN

INTRODUCTION

Historical

The problem of alcobolie fermentation is one of the oldest
in the realm of natural science. In the earliest chemical
literature reference o it may be found, end meny of the ideas
of the alchemists were based upen the mysterious changss teking
place in a farmaﬂﬁing 1iquid. | |

The first definite theory concerning the nature of the
process was that of Willis (16859), later elaborated by Stahl
{1897). They supposed that the particles of a fermenting sub~
stance were in violent motion, indueed by en ™agqueous liquid™,
whereby the essential constituenis of the substence were loosened,
and new particles {(alechol and carbon dioxide) formed.

The modern aspect of the fermentetion problem dates fram
the classical raséarahaﬂ of lLavoisier (1784-178%), who first
established the faot that organic compounds consisted of carbon,
ematic snalyses of the sub-

hydrogen and oxygen. He made gyst
stences congerned in aleoholie feruentation and drew up a
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balance sheet between the reactants and the products. His
data are remarkably accurale when one tekes into consideration
the status of science at that early period.

Although yeast éails had besn observed in fermenting ma-
terials as early as 1880 by Leeuwenhosk, they were regarded
merely as a chemical compound. Later thrse observers, Cagniard~
Latour (1838}, 3@ﬁw&aﬂ.iiﬁﬁ?}, and Rublzing {18%7) discovered
almost simultaneocusly that yeast is & living organism, and
these workers had the audacity to announce that fermentation
could no lomger be regarded as a purely chemical process, but
involved the action of living forms. This pronouncesent was
received with scorn by prsﬂtiaaliy all reputsble chemists, |
Berzelius {1839) went so far as to say that yeast was no moTe
to be regarded as an organlsm than was a precipitate of alwal-
na. The stage was now set for the famous goniroversy belween
Liebig and Fasteur.

Liebig (1859) contended that fermentation was brought
about by a purely chemiecal body which he ocalled the ferment,
formad as the rés&l& of & change caused by the agoess of air
to plant julces conteining sugar. The ferment was supposed to
aéatain.all of the nitrogen of the nitrogenous constituents of
the julce, and was remarkably suscepiible %o change. The fer~
mentation of sugar was produced as a consequence of the transf
formation the ferment was itself undergoing. Lieblg's concep~
tion of fermentetion was based upon & number of chemiesl amalaf

gles, For example,; platinum is itself{ incapable of dissolving
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in nitric aeid, ka$ si1¥er possesses this powsr. When platiﬁgmaﬁf
is alloyed with éiivéx the whole mass dissolved, the ebility
to becoms dissolved possessed by the silver being transferred
to the platinum. N | e

in 185% Pﬁﬁt@&rf%sgan hiz classical investigations on the
nature of alecholic fermentation, and by 1860 he was ready to
eoncluds:

"The chemiecsl aet of fermentation is essen~

tially a phenomenon correlative with a vital act,

commencing and ceaslng with the latter. I am of

the ppinion that aleoholic fermentation never coours

without simultsneous organization, development,

multiplication of gells, or the continued life of

¢ells already formed. The resultS«ss.oB88m 0 me

to be completely opposed to the opinions of Liebig

and Berzelius. If I ax ssked in what eonsists the

¢hemical act whereby the sugar is decomposed and

what 1its resl osuse, I reply that I am completely

ignorant of 1%..sv.s and the facts tell me simply

that all true fermentations are correlstive with

physiological phenomens."
Pasteurts dostrine of "no fermentatlon without life" seemed
firmly established. Liebig had litile %o say in rebuttsl.
Subsequent work has shown, however, that he was not completely
wrong., It is now known that fermentation is a chemical pro-
gess brought about by an agent similer to Liebig's ferment,
but this agent is produced by & living organiswm, as contended
by Pasteur. ,

Little further progress was mede uniil 1897, when Buchner
extracted the active prineiple {or enzymes} from ysast cells by

grinding thex with sand and kKisselguhr and squeezing out the
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Julice by means of a hyﬁraulia press., This yeast julce was
Tound to have the ability to ferment suger. Buchner concluded
{1897,1) that farmaaﬁgtigﬁiaaulé take place "without so conm-
plicated an apparatus as a yeast eell™, and that the fermente-
tion was essentially & chemical change brought about by the
presence of a substance which he é&ilaé Zymese. ‘Since the dis-
covery of Huchner's yeast juiee other aﬁzyma preparations have
been made froa ya&stjand widely used in studies on the nature
of alecoholic f@rﬁenﬁatian; |

It is now known thal the zymase of Buchner is not a aingie{L 
substance, but & highly complex systeam of meny énagmﬁs» Harden
and Young (1506) ﬁ&%ﬁﬂﬁ%?&h&@ that y@&ﬁ@ 3&1@& could be divided
into a residus and & filtrate, each of which was impotent slone
to f@rmﬂﬁﬁ sugar. These fractions were called the enzyume,
present in the residue when yeast julce was filtered, and the
co-enzyme, present in the riltrate. In the later terminology
of Neuberg and Euler the complete enzyme system necesasary for
fermentation is called holozymase, the co-enzyme of H&r&&ﬂ»iﬁl
called co-zymase, and the holozymase freed from all co-zymase
is called agaﬁymaﬁas. But still furither divisions have been
made, ihe eXxact number of substances present in co-zymase is
still aa&at&@mia@é; §n$f#hﬁ work of gy&ﬁaa& {1933}, Lohmann
{1931) , Kluyver énﬁ.Stxgyk {(1928,2) , Stheeman (1929,1930) and .
otbers have clearly estabiish&é its multiple neture. 3@wzymaa§ c
is now aeaaiéeréévﬁa'be gomposed of adenylle pyrophosphate, |
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hexose phosphate, a hyérﬁgﬁn aceceptor, an anti-protease, potas-
gium &nﬁ'magnasiuﬁ ions, and perbaps an activator similar to o
Eulerts "z¢ faa%ars (i§ﬁ@§a

Apozymase also is thought to be a @aﬁplex,suhstanae* It
is thought to he,m&ée up of the enzymes phosphatese, carboxylase,
a dehydrogenase, and possibly e special enzyme to bring about
primary changes in the suger molecules, and enother to bring
about the &st&rifﬁaaﬁi&a of phosphate and sugar. Obviously,

Buchper*s zymase is highly complex.

The Role of Phosphate §in Alcoholic Fermentation

The iﬁﬁiﬁpaﬁsabilxﬁy ef phosphates for fermentation is naw
almost universally sccepted. Harden and Y@ﬁﬁg {1805,1,2) pre-
sented the first evidence for this fact, and praetically all
subsequent work en fﬁimﬁﬂtﬁ%iﬁﬁ~§?4Y8ﬂs$ preparations has veri-
fled this nmﬂ@lusiég*,'%&as$ investigators observed a temporary
acceleration of fﬁ?ﬁa@t&%&a&‘hy yemst juice upon the addition
of inorganie ghasghﬁteg Tﬁey ﬁﬁan attenpted to demonstrate the |
neceasity for phosphate by several procedures, the prineciple
of which was %o remove co-zymase and phosphate from the yeast
preparation and %arssm@&ra‘tha carbon dioxide yield when co-
zymase was added sione and when it %gs‘aééaéyalﬁn@ with inor-
ganie phosphate. OComplete removal of phosphate, which oceurs

to some extent mazarally in the preparstion, was never attained,
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but the experiments showed thst mixtures of apozymase andg aaé
aymaaaﬂaaniﬁ be prepared having a very slight fermentative éeﬁ\ 3
tivity. %hﬁn-iﬁﬂ?gani@ phosphate, or a sowcee of inorganie
 phosphate such as hexpsediphosphate was asdded, the total farw"”
mentation produced by thé mixture could be inoreased twenty ta;i
eighty times. %Qraavar@'i% was ésmﬁﬁstraﬁﬁé;taat the added in~
organie phosphate repidly diseppeared from the substrate dur-
ing the period of accelerated fermentation. All this evidence
was interpreted to mean that phosphate 1s absolutely necessary
Tor fermentation of suger by yeasi enzymes.

A number of aarﬁa&yérate ssters of phosphorie acid have
Vbeﬁn iselated from farma@tiﬁg mixtures of yesst enzyme greparaé
 tions. Among theaa are hsxasamiph&syhaﬁe {Harden and Young,
iso08), hexas@m@ﬂgphasph&%a {Harden snd Hobisen, 1914}, trshalose
monophosphate (Robison and Morgan, 1928), and the “aiffioultly
hydrolyzable” ester of Lohmann {1§§§}& The i&tﬁér compound
was Pirst iscleted from a mixture of minced muscle tissus and
glycogen, but was later isolated from a fermenting yeast prep=-

aration by Meyerhol aﬁé Kiessling {zgaa}; It consists of an

eguimplecular mix%ur@ of phosphoglyceric acid, aﬁg£?@4ﬂg}ﬂﬁﬁﬁﬁﬁﬂag
and glycerophosphoric acid, Ci,{PO.H,)CHOHCH,0H. | a
| Hexosediphosphate snd hexossmonophosphate are ﬁlmcstliﬁw;
variably forued together, snd the ratic of the amounts of
these ﬁubstsnaas»¥aries’aansiéara§1y, depending on the enzyme

preparation used. The respeective roles of the two have long
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been & source of controversy. But in spite of the variation,

the ratio of carbon diexide evolved to phosphate esterified is

always very close to unity, according to gﬁ?ﬂﬁﬁg Kluyver and
‘Strugx ({1928,1) g@@ﬁti@aﬁ found lower ratios. The equivaleﬁcéi,f
between (0, and phosphate led Harden to Formulate his equation
for alecholic fermentationg
2 Cgly,04 + 8 RgHPO—2 0Oy + & C HgOH + gl o0,(FOHalp
2 HyO. The essential feature of this equation is the decom~
position of one mﬁiaaalﬁ‘af hezose whils another molecule is
gsimultanecusly esterified. To account for the formation of
hﬁ&&ﬁﬁmﬁﬁ@phﬂsyh&£B ﬁﬁ?é&ﬁ postulated a second equation,
3 gy o0y + 2 RgHPO,—28 O0g + 2 CgHa0H + 2 'Qﬁﬁmaﬁa(}%sﬁn} +
2 Hp0. When a&l}availah&% phosphate was éﬁ%&rifieﬁ Harden
considered that the rate of fermentation was conditioned by
the rate of hy&r&inis\af the hexose phosphates brought about
by the snzyms yh@&yﬁﬁtés@, &s shown in the fellowing &@&&tiaﬁag
.z Hol + C Hyo0a{POH) o —CHaa0p + 8 RHPO,
HaO + Cylls o 0g(F0Hy)——0He 204 + RHIO,.

Mueh later Heyerhof (1926} demonstirated that hexosedi-
. phosphate could Bayférmﬁntaé directly,; sc Harden supplemented

Collzp0s(POHa) 5 + B8 He0—2 GOy + 2 CoHgOH + 2 RyHFO,.
Harden thought tkﬁt this reaction was abnormal.

Hany other investigators in the field who have proposed
mechanisms for aleoholic rermentations have assumed thal the

hexose phosphate esters were intermedlate compounds in the
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decomposition of the sugar. No attempt will be made to review
all of the mechanisms which have been proposed. Thase have
been sumnarized by Harden (1832,1). Only one will be con~
sidered: that rassa%ly proposed by Meyerhof {1933). This .
mechanism is aapﬁartea by rather convineing experimental evi-

dence.

Theories of Meverhof

It was shown by Lohmann (1930) that an ester accumulates
when musele itissue 1s minced in the presence of glycogen and
HagFg,y which is identical in composition with the Larden and
Young hexosediphosphate ester but which has a much grester
registanee to hydrolysis by HCL. .Emhﬁen {1233} and his co~-
workers identified phosphoglyceric aeid in the Lohmann ester.
Later lieyerhof and LicBachern {1933) identiried another con-
stituent in the ester, l-g glycerophosphoric acid. It was
thus shown that the Lohmann ester consists of equimolecular
proportions of these two triose esters., ieyerhof and Kiese
sling (1933) isolated the Lohmann ester from & yeast macera=
tion julee fermentation, aﬂé Nilsson (1930) isolsted phospho~
glycerie acid from a dried yeast fermentation. This work
furnished the clue o the importance of triose phosphoric es-
ters in the aleoholie fermentation, and alsec in lactie acid
produetion by musels.

Further researches of Hmbden, Meyerhof, Neuberg and oliers
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have furnished evidenee for the leyerhof scheme for the break-

- down of carbohydrates by yeast. This may be represented as

follows:

34&3&69 «({POHeln
Cplis 04
. 2 HePO,

| J’ {4)

4 CaHa0a(POH,)
{B)
Gﬁ.{?ﬂﬁg} s CHg (PO H,)
2 CHOH : CHOH -
Qﬁgﬁﬁ coon
l (C)
. CH,
2 G0 + 2 HyPO,
COCH ‘
{D)
2 HaPO, 2 CH4CHO + 2 CO,
Oellasls Lﬁﬁxm& R |
diphosphate/
(E)
ﬁﬁﬂ”,ﬁﬁx)
2 CHOH * 2 Qﬁaﬁﬂﬁ v
CHO
{? 3 iﬁaﬁ?
2 Gsﬁsﬁﬁ RN gﬁi{?‘iﬁl}
£ GHOH
%ﬁﬁ

The experimentel basis for this scheme has been summar-
ized by Meyerhof (1983) and Harden (1933). MNost of the data
have been obtained by partial inhibition of the fermentation
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with NagF, and CH.ICOCH. The assumptition is made thaet the
poisons are specific for certain phases of the fermentation
and do not affect the other phases., Thus Na,F, inhibits only
reactions ¢ and D in the Meyerhof scheme, and allows the prod-

uets ¢f A and B fto aceunmulate, But if CH,JHO is also added
the reactions E and ¥ will take place. On the other hend,
CHpICOCH inhibits the remsctions A, B, E and F, but not C and
Ds I phosphoglycerlc aecid is added along with CH,ICCOH it
will be converted into HgyP0,, €0, and CH,CHO, which accumulate.
During the initial stage in & norual fermentation phosphogly=-
eatie acid, and hence CH4ZCHO, is produced directly froa: hexose-
diphosphate with the sequence of reactions 4, B, C, Ds ¥When
sufficient CH,CH0 has aceunulated the decomposition of hexose~
‘diphosphate ceases~-it then assumes & purely catalytie rsle~?
and fermentation proeceeds by the path E, F, ¢ and D.
Gmnelasiemsfbaaaa on such experiments are subject to the

usual eriticism thét the courss of the reactions is abnorumal
in the presence of poisoning agents. 7This objection may be.
valid, but the iieyerhof scheme agrees well with practieally
all experimental faeﬁﬂvpravi@asly cbtained. For exauple, it
ageounts for the importence of phosphates, the eguivaelence of
the amount of phﬁﬁphate~a$terifieé to the €Oy evolved, the
induction period éﬂﬁeﬁimas observed with‘yeast preparations,
’&ué correlates the lactic acid (in muscle) snd alecholiec fer~-

mentetions, whieh differ as to the fate of pyruvic acid.



The Meyerhof scheme cannot be regerded as Tinal and

complete. OSome paris of it need further elucidstion.

Statesent of the Problem

Mueh of the enormous amount of research on the alecholie
fermentation problem has been concerned with its wmechenism,
the isolation of interwediate compounds, and the establishing
ol the iﬁaﬂtity of individual enzymes. Less attention has
been paid to e&?iraﬁmﬁﬁt&l factors and their influence upen
the activity of téa zymase enzyme complex. The invastigaﬁiana
here reported were undertaken with the ides of examining the
effect of some of these factors upon yeast enzyme preparations.

The work may be subdivided as follows:

{1} The effeot of inorganic sal$s, hydrogen ion concen-
tration, glucose canaenﬁratimﬂ, and sthanol on carbon dioxide
production.

(2) The effect of the above factors on the inorgenic
vhosphate content during the course of Teruentation.

(3) The intergretation of the influence of these factors

on the enzyues involved in the fermentation.

Literature Helevant to the FProblem

An induction period, defined by Harden (1932,2) as "the
time which elapses before the normsl rate of fermentation is

attained™ occcurs when the yeast prepsrations zymin, dried
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yeast, or macseration exiract are treated with a large volume
of sugur solution, the length of the period increasing as the |
volume of added sugar solution increases. The induction per-
iod may be eliminated, or greatly shortened, by the addition
of hexosediphosphate, CH,0HO, and a variety of organic and
inorzenic salts Zﬁéwéeﬂ {1985), Harden and McFarlane (1928),
Ketagiri and Yamagishi (1928)/. On the other hand, srsenates
and cyanides greatly prolong it Agéztar@sn (195127; Kategiri
and Yamagishi (1929} investigated the effeet of salts on the
induection periocd qf dried yeast; and councluded that the poten=
¢y of the ohlorides and sulfates in shortening the length of
the induction periocdé decreased ih the following order:
NH, >1/2g > K >Na > 1/2 ca .

These authors made the observation that the salts had no
effect on the rate of carbon dioxide production alfter its
evolution had a&ﬁm&ﬁé&é,.&xaeﬁt an inhibitory one 1n some
cases. " 7  |

Patterson (1931) investigated the changes in both the
orgenic and in@rgéﬁi@'“éaiéwﬁaluble“ phosphate (that fraatiaﬁ,v 
soluble in 3 per éaﬁt 0140001} , during the industion perieod
of zyuwin, In the aﬁntrél flask the inorgsniec phosphate gradu~
ally incrsased until almost the end of the period, when it be-
gan to be esterified and rapidly decreased. UHhen either G‘lﬁ‘
or 0.2 M. potassium acetate was added at the start (although
the initial inerpenic phosphate content was the same as the

gontrol), the inorganic phosphate began to disappear much nore
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guiekly. In every case (0, evolution started when the inor-
ganiec phosphate content had fellen to spproximately the saue
low value and when the total organie phosphate content had
reached sbout the sawe high value, Agcording to MeParlane's
date, the initial acid soluble organiec phosphate is greater
when potassium acetate is preseni, inereasing from 33 mg. in
the control t0 46 mg. in the presence of O.& Me salt, Ex-
planation of these results is difTieult. NeFarlane conecludes
that the &alt‘effaet in decreasing the period of induetion de~
pends upon changes broughit about in the zymin rendering the
phosphate more readily available. It 1s suggested that salts
bring this about %y c&angiﬁg the permeability of the gell |
wall., Agesinst this conclusion uay be clted the work of Harden
and ieFarlane (1928), who observed no decrease in the lengih |
ol the induation period alter gymin had been ground with glass
to destroy the cell walls. lorsover, Harden (1985) reported
that co-zymase in zymin is extracted no wore rapidly with a
salt sclution than it is with pure water.

Whatever be tﬁa explanation, it is clesr from the work
of HcPFarlsne that the effect of votassliun acetete during the
induction §eri@ﬁ‘with zyuin is to decrease the time whieh
elapses before the inorganie phosphate content reaches a mini-
mum value.

When an excess of inorganic phosphate is added to a fer-

menting mixture of sugar and a yesast enzyue preparation the



- I8

time re uired to attain the meximuws veloelty of €0, svolution
is inereased and the maximum rate itsell 1s decreased, accord-
ing to Harden and Young {1908). ‘eyerhol (1918} examined this
phenonenon and f@ax& that the addition of either C.11 or 0.2 |
ile NaCl or Nali0s hﬁa the same effect as an inorease in phog«
phate concentration. Harden and lenley (1981}, using zyain
as the enzyme preparstion, sonfirmed these results with ﬁéﬁl,}'
FCl, Na.,50, and K ;80,, but using the salts only in the sancen?
trations C.20 and 0.4 . Jith the latter coneentretion the
salts alsoc deecreased the {inal steady rete of carbon dipxide.
evolution. From these dats Harden draws the g%ﬁefal conelusion
thet salts have a depressing effect on the enzywes concerned
with esterification of phosphate, and also on those concerned
with the liberation of esterified phosphate. Excess of phosw-
phate shares in this cupposed depressging effect of salibs.

Erdtman {19288} and Hommsrberg {1933) found that magnesiun
ion in as small a concentration as 4 x 10™° molar will soti-
vate the enzyme ;;»hﬁazﬁh&tas«a, but the snzyms was not obiained
from yeast, Lchmagn (1951} demonstrated this lon to be a
necessary part of the co-zymase of yeast.

Rabn (1929) studied the effect of ethanol on the rate of
COg preduction by 1i€iﬁg yeast, Analysis of his data shows
a linear relationship betweeﬂ the rsiative rate of C0y DYoo=
duction and the concentration of ethanol up to about 10 per

cent ethanol. For this linesr part of the curve the egustion is:
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Relative rate = 100 - £,1 x per cent ethanol.
From the concentrations 10 to 14 per cent éth&nal there is a
slow but practically constant rete of C0, evolution. Rahn

has developed the differential equation
i’%u Lt Bl
T K{2L~-x)

for the normal yeast [ermentation, in which L is the limiting
concentration of ethanal whieh just prevents fermentation,
and x is the amount of sugar decomposed (epproximetely equal
to the amount of €0, evolved). ¥hen ethancl is added at the
beginning the equation must be corrected as follows:

~4X = K{gL-x~ga)
at

in which g is the concentration of ethanol in the initial
mixture.

Harden (193&,3) in his sumsary of the eifects of anti-
gseptics on yeast 331&6, reports & 0-20 per cent diminution in
fermentative sctivity in the presence of 6 per cent ethanol and
a 75 per cent decrease with 14 per cent ethanol. Coaparing
these data with those of kahn, it is evident that yeast juice
is less susceptible to athancl then is living yeast.

The optimum pH range for the zymase activity of living
yeast and dried yeast is 4.0 to 8.5, accoraing to iHagglund,
Soderblom and Troberg (1986). Hagglund and Rosenquist (1986}
reported the values 5.5 to 8.0 for yeast julce. It is signifi-

cant that none of the optiaum pH ranges above is narrow. Lhe
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PH value 6.4 is recorded by Buler and Nordlund (19281) as the
optimum pH for hexosediphosphate synthesis by living yeast
and dried yeast. These guthors supposed that the esterifiea-
ticon was brought about by a special enzyme which they called
phosphatese, Iliahdihasson (1930) obtained & value of 5.9 to
6.0 for the pH of the ysast cell interior. If this is coré
rect 1t might be expected that the enzymes in yeast prepara-
tions would be most active at the above walues of pH,. |

Observations of Herzog (1902, lgﬂ@i*.maﬁe with zyin and
yeast Julee, on the effect of verying the concentrstion of
sugar indicate that ﬁhg initisl velocity of fermentation is
almost independent of the sugar concentration, but the rate
decreases slowly as the sugar concentration inereases. Ix~
periments made byvﬁarﬁan (1932,4) agreed with those of Herzog.

Virtually the same conclusion was reached by Slator
{1908} for fermentation by living yeast. He found that the
fermentation rate with an 11 per aenﬁ~sng&r solution was

about 10 per cent less than the rate with 4 per cent sugar.



Methods of Analysis

00y Evolution

For the determination of the amount of €0, evolved and
the velecity of its evolulion the apparatus of Harden, Thamy¥
son end Young (1910} was used. Several modifications were
made. Fermentation flasks were placed in a constent temperature
water bath at 35“8@, and were comected to a Schiffl azotometer
filled with mercury. The level of mereury in the reservoir
was kept constant by & siphon overflow, thus insuring that no
change in yrasgareféacuzre& in the fermentation flask. In
order to prevent super~saturation of the fermenting liquid the
flasks were shaken continuously during the experiment by a
“motor driven mechanical shaker,

The wolume of COs evolved was observed at intervals of
10 minutes, weasured with an intervel timer. When a reading
was to be taken the flask was shut off by means of a siop
cock and the Hg reservoir raised to the level of Hg inside the
azotometer. AllL valumea w$f® converted to standard conditions
and milligrams of G0, calculated., This was deemed advisable

since variations in roonm pressure and tesperature amounted to
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404, and lﬁgsggtar,a variation of 7 or 8 per cent in the
volume of a definite W@ight of GOy
Reaéiuga could be duplicated to within 1-2 co. in lﬁé,
or about 1 or 2 per éantﬁk All CO, values given in the tgbles

are the average of several deftermipations.

The inorganie phosphate was determined colorimetrically
by the procedure of Xuttner snd Lichtenstein (1930). Sodium
molybdate is reduced by SnCl, in the presence of inorganie
phosphates within’aartaiﬂ 1imits the blue color produced is
proportional to tﬁe concentration of phosphate. Levene and
Raymond (1928), and Reymond (1828) have used this wethod on
zymin fermentation mixtures and agree with the above authors
that the proeedure is specific for inorganiec phosphate. The
above reaction is the basls for several colorimetric methods
Isee Peters and Van Slyke (1932)7, the chief variation being
in the reductant employed.

The exact procedure employed was gs follows: A 1.0 co.
sample was withdraswn from the fermentation flask and diluted
with ¢.0 cc. of water in a graduste. Thies was lunediately
filtered by suction through ashless filter peper. The graduate
was washed out with exuetly 10 ces of water and this was poured
through the filter paper. The filtrate corresponds to a 1 to
20 dilution of the original liguid. This was further diluted
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a8 mueh as necessary to bring the phosphate content within %hs‘
proper limits, which are 0.00Z2 to 0.0l mg. of phosphorus per |
e¢. Ordinarily this necessiteted an overall dilution of lkta
1003 hence 1 ce. of filtrate was diluted with 4 ec. Hy0 for
analysis. fThere is a slight but perceptible increase in phos-
phate content in the filtrate on standing. For this reason
the reagents were added and the analysis made within 15 minutes
after the removal of the sample. The réyra&u@ibility of values
was about & per cent, whi&h is the accuracy claimed by the
originators of the method. A stendard solutvion containing 0.1
mg. of phosphorus was made up at the begimning of the series
of analysis, and every standsrd used for comparison with the
unknown was prepared by dilution of this ﬁriginai standard.
This insured cowparability of values, It was found that arsenate
fon will elso produce & blue eoclor when added to the reaction
mixture. This fact is not mentloned by Kuttner and Lichtenstein
(1930}. Levene and Raymond (1928) or Reymond (1928) employsd
this procedure even though arsenate was present in their samples.
Therefore, if arsenate lms been added significance can only |

be attached to :ﬁmngaa in the apparent phosphate content.

The pH of fermentation mixtures was determined electro-
metrieally by the use of a quinhydrone eleetrode. Hopkins

{1928) has used this method on zymin fermspntation mixiures.
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Other workers, Katagiri and Yamagishi (1929) and Harden and
MeFarlene (1928), have used either colorimetric or capillater

methods for pH detsrminstion.

Preparation of Zymin and Dried Yeast

Since the discovery of yeast juice by Buchner (1897,1,28),
quite a number of aotive engyme preperations have been made
which are almost entirely free from living yeast ecells, but
gapable of bringing about the alecoholie¢ fermentation of sugars.
The most widely used of these preparations are yeast juice,
zymin, the "maceration extracti” of Lebedev (1911), and dried
yeast., These all differ from living yeast in varying degrees
but in the same general way. A4ll of theau ferment sugar more
slowly than living yeast, and all respond to the presence of
inorgenie phosphate by fermenting sugar more rapidly than in
its absence.

The activity of zymin is about 1/8 that of living yeast,
whereas the ratio for yeast julce is only ebout 1/40. They
also differ in relative stabllity, the dry zymin prepsration
retaining ite activity for months, while yeest juilce antalyzea
rapidly with resulting loss in fermentative power. For these
reasons it was deelded to use zymin in the pr&&&ﬁt research,.
Certain phases of the work were repeated with dried yeast.

An attempt was made to prepare zymin from baker's yeast

{Fleischmann) grown in the laboratory in a wort medium. This
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proved unsatlsfactory because the zymin from this yeast had
very little activity, and in some ceses none at all. Zymin
prepared Irom hrawar'ﬁt yeast was very active, and wes used
throughout the investigetion. Five hundred grams of yeast
and 3 liters of acetons were stirred together for 10 minutes
and filtered on a Buchner fumnel, fThe mass was then mixed
with 1 liter of aaﬁtane %ar & minutes and again filtered.
The residue was coarsely powdered, stirred with 250 gc. of
ether for three minutes, filtered snd spread out on paper in
a thin luyer. After standing for an hour at room teuperatuwre
it was dried at 40~45 for 24 hours, Ihe aversge yield was
about 25 per cvent of the original weight of yeest. This is
somewhat less than the figure given by Harden (1932,8). There -
wes soume variaticg in the férmﬁﬁtative aativity of &iffarant'
zZymin pr&paratigﬁs? even though identical groaedures vere
followed; in some instances this varistion in 6?01&%1&3 Gf
carbon dioxide amounted to 50 per cent. Ordinerily from 70
to 90 mg. of carbon dioxide were evelved in 80 minuites. A
glue to this warietion in activity is found in the data given
in Teble 1. Zymin 4 was made on the day of arrival of a ship-
ment of yeast by expresss; zymin B three days later and prepara-
tion £ seven days latar, The fxashvyaaﬁt had been stored in
the refrigerator. It is evident that the evolution of carbon

dioxide increases with the time elapsed from receipt of the

% .
Furnished through the courtesy of Anheuser-Busch, St. Louis.



yeast. This fact is correlated with the inerease in the
amount of available inorganic phosphate. All of these ex-

periments were run under comparsble conditions.

Table 1
0, Production and Inorganie Fhosphate Content of

Three Zymin Prepesrations

: Inorganic yhas§hat@;xaewa&aie phosg=- ‘;
: in agqueous system :phate in presence: lig. CO,
Minutes: without glucose  :0f glucose : evolved

Y. P DEr 8. ot mg. P DBy 1 ,

Pais te PooB P oc¢ Palslo
5 0.69 0.7¢ 1.13 G722 0.97 - - -
10 - - - - - 6 10 29
30 0.94 1.05 1l.31 C.19 0.16 29 42 73
80 1.04 1.11  1.40 Q.22 0.186 85 72 110

96 - - :Lw 50 G& 536 &ul& ?1 9& 14:3

Zymin € is richer in esterifying ability than is zymin B
as shown by the inorgenic phosphate content in the presence
of glucose. At the end of 30 minutes, the phosphate content
of C is only 12.2 per cent of what it would have been in the
absence of glucose, whereas the percentage for B is 18.1l. The
three zyamins were also progressively lighter in color.

It is, then, clearly indicated that in order to prepare
an active zymin the yeast should first be allowed to age. The
zymin was stable over a long period of time., No significent
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change in activity was noted arter four months.
Dried yeast was prepared by drying fresh yeast ab 35
for 48 hours. It was always more aetive than a éérrssyaaﬁing

amount af’zyming

Influence of Some Environmental Faétars on GOy Production

Duplicate flasks were prepared, one for determining the
earbon dioxide evolution, and the other for obteining pH
values, Tenth normal HCI or 0.1 H NaQH was added to obtain
variat ions in Qﬁ;k The fermentation mixture consisted of ©
grams zyain, 3 grams of glucose, 1.0 ee;'ef toluene , and vary-
ing amounts of either acid or base and H,0, so that the total
volume of liquid added was 25 c¢e. Toluene was always added
as an antiseptie. Samples were wilhdrawn at 10, 30, 60, and
90 minutes for determining pd values of the mixzture.

The date are summarized in Table 2. 7The average rates
given in the teble and in all the others are the milligraus
C0, evolved per minute over the time interval concerned.

Exeept in the case of extrexe inhibition, the rate of
carbon dioxide evelution had reached a falrly steady state
after 30 minutes. It will be seen from Table £ that this

steady rate is not as sensitive to pH as is the initial rate.
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Table B

Effect Qf‘yﬁ»@n,ﬁﬁg Production by Zymin |

25
e SR kR

4.33 o
5.14  5.3¢ 19 5,68 46  0.63  0.48
5.63  5.78 34 5.92 71 1.13  0.62
6.09 6.1¢ 32 6.08 89 1.07 0.6
6.44%  s.28% 2% 6.30% s8¥  o.m0%  o,e2%
7.50  7.02 10 6.65 B8  0.33  0.47
7.90  7.10 2 .85 26  0.07  0.40

- | o | | o

Values for flask to which ley watar was added.

The pH values for the flask to vhich only weter was added
varied frowm 6.44 to 6.30. In genersl the pH of other batches
of zynin under the saume eaﬂﬁitians was found to be in the
same rangeé, but socmetimes had decreased to 8,20 alfter 90
minutes. ;

From Table 2, the optimum pH values for zymin fermenta~
tion are 5.6 to 6.1 for the imitial rate of CO, production
{0~30 minutes), and 5.8-6.3 for the steady rate (30~90 nin-
utes). These values are ¢lose to those given by Mahdihasson

{1930}, 5.49~6.0, for the yeast cell intsrior.
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The goncentration of zymin used was such that no indue~
tio: period occurred. Six grams of zymin, 3 graus of glucose,
1.0 cc. toluene, and &5 cec. H,0 were asdded to each flask, and
comprised the basié reaction mixture. To this was added the
amount of salt zzec}asﬁzzry tg produce the salt normality indie
cated in Tables 5«»?.



Table 3
Effect of NHLC1 on &G, Production by Zymin

:Ceﬁtral ‘ﬂﬁﬁﬁ, f ,csﬁ. K .0?33, f L098N | .lls%iq '151§‘f +224N,° ¢30%,
10 1515 1313 1414 1515 17 17 1717 1818 1717 5 5
20 2611 2512 2612 2815 3114 3114 B2l4 2811 13 8
30 37 11 37 18 . 38 18 3911 43 18 43 12 4B 11 38 1Cc 18 5
40 47 10 48 11 49 11 49 10 54 11 54 11 556 12 49 11 24 &
50 5710 6810 6011 - - 6612 - - 6611 58 9 295
60 66 9 6810 7010 69 - 7711 76 - - - 6810 345
70 75 9 97810 8010 8011 8710 - - B86- 76 8B B95
80 83 8 8810 9010 90 lo 971Cc 98- -~ - 85 9 445
96 91 8 98 10 100 10 100 10 107 10 106 10 106~ 94 9 50 6
Average S : | ~ , ;
Rate  1l.2&  1l.22 L.87 1.0 1.44%  1.4¢%  1.44% 1,27 .60
0=30 g | |
Minutes
Inerease - o 4 e.55 18 e 1e* o 4 -50%
Average 3 ‘ ¢ ,
Rate .9 1,08 1.03 1.02 1.07°  1.08 1,05 .93 .54
30~90
Minutes
Increase - 13 14,5 18 195%  16.50  16.50 4% ~40%
% Optimum
I Total mg. 00z evolved
I1 Mg« 00, per 10 minutes

- 02 =

L e e ke



Bffect of Hgd0, on €0, Froduction by Zymin

w E1 -

Table 4

uinutes Qen%rél,é (02N, : J027N.: .0B4N.: OGN,
S SN S S ¢ ST D 5 4R T U & AT A ¢
10 7 1o 16 10 1o 1z 12 10 10
20 15 8 19 $ 19 9 21 9 18 9
30 22 7 27 8 27 8 20 & 28 9
40 29 7 35 8 B4 7 38 9 B4 &
50 35 8 42 7 43 9 45 7 40 6
60 41 8 49 7 50 97 53 8 46 6
70 48 7 56 7 57 7 €1 8 53 7
80 54 6 62 6 6 & 67 6 - -
90 60 6 0 & 71 6 72 5 64 -
ﬁver&ge
Rate B ¥
0~30 Hinutes 0.73 0.90 090 0.37 0.93
Increase - 835 2?%
Average Bate .
30-90 sinutes (.65 o.72% 0. 735 0.72% 0.60
Inerease - 14.55 15.9% 14.5% o P55

% Optimwa
I Total mg. 00, evolved
I1 lige GO, ovolved per 10 minutes




Table §
Effect of saﬂlgégn COp Production by Zymin
nutes 'i eentrozé ,skéﬁ;iigusﬁﬂg o036t 072N,
: I I¥: T II ¢ T IT ¢+ TIT oz T I
10 ¢ 5 8 8 8 8 9 9 4 ¢
20 17 8 1l 8 15 7 17 8 1n v
50 24 7 23 7 24 9 25 8 18 7
40 31 %7 B0 7 32 8 32 7 24 6
50 38 7 38 8 39 7 38 6 28 4
80 44 6 44 B 46 7 45 7 35 7
70 50 6 51 7 - - 52 7 40 5
80 56 6 58 7 60 - - - 45 5
90 62 6 65 7 &7 7 66 - 50 5
Average Rate } o oz
0-30 dinutes 0.80  0.77 0.80 0.83" 0.80
Increase - & 0 + 4% «285
Averagelﬁata | N % N
B0~30 Minutes 0.63 0,70 0.72 0.68 0.53
Increase - 115 145 8% ~16%

£ Optimuwn

I Total mg. C0g4 evolved

iI

Hge GO, evolved per 10 minutes
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Table ©
Effect of NaCl on ueg Production by Zymin

10 4' 4 B f@ 3 3 4 '@ 11 11
20 11 07 1310 1510 1511 1110 10 9
50 21 10 2512 2613 2813 25 14 2212
40 3110 B7 12 B9 13 42 14 38 1% B35 13
50 42 11 47 10 49 10 S1 9 48 10 45 10
60 5 8 55 8 57 & 59 8 55 7 52 7
70 57 7 68 7 65 8 67 8 63 & 58 6
80 85 6 68 6 Y2 7 73 6 70 7 65 7
80 70 7 75 7 9% 7 8 77 7 72 7

81
Average Hate & '
0-30 Ninutes 0.70  0.85  0.87  0.95% 0.83  0.78
Increase - 19% 245 s3:% 19y 4%

Average Rate ‘ ) ‘ . .
30-90 Minutes 0.82  0.84  0.86% o.e8® o0.87 0.8

Increase - 2.4 7.3% 7,000 64  2.4%

& Opiimum ;
I Totel mg. 00, evolved
11 Mg. COg evolved per 10 minutes



Table 7
Effeect of KC1 on €0, Production by Zymin

T 3 e mmam & 3
iipgtes . Comtroll .oz7w.! Losan.? .oem. | .1o07N.
Minutes g 1II; 111 ., 1 I1 ., I1I , I I

&

+16K.
1 1IX

T L L

N
e

&

10 44 44 44 22 2 2 2
20 11 7 11 7 1128 11 9 11 19
30 2110 2110 2210 2312 23 22 11
40 5110 51310 3515 3411 34 35 11
50 4211 4211 44 9 4410 44 42 9
60 49 7 50 8 51 51 7 51 50 8
70 57 8 57 7 59 8 58 56
80 64 7 63 6 65 65 6 64 63
7 72 7 72 69

o A B - B |
2 R S &

90 70 6 70
Aversge Hate " :
0=-30 Minutes 0.70 0.70 073 0.77 0.797% 0,73
Increase - 0 145 1o% 10% 45

Average Rete
30~-90 Minutes 0.8 0.82 0.84 (.82 Q.82 0.78

Increase - | 0 2.4/% o o -4

%k Optimum
I Total mg. G0y evolved
11 lg. C0, evolved per 10 minutes
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In practically every c¢ase the maximum rate of carbon dioxide
evolution was attained éaring the first 30 minutes, and most
often in the first 10 minutes. Carbon dioxide began to
collect in the mercury filled azotoneter within 2 or % minutes
after mixing. This indieates that the time necessary for
saturation of the Termentation flasks is negligible. Ixperi-
ments carried out with water previously saturated with CQ,
showed only a slight increase in the amount of CO, evolved
in the first 10 minutes, and no difference whaisoever after
that. Therefore it was thought unnccessary to use CO, saturat-

ed water in the experiments.
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The data show that the salts used are activators for the
zymase enzyme complex, if added in the proper econcentration.
The first &Qﬁimuﬁés is a period of more rapid rermentation,
and duwring this period most of the free phosphate in the zymin
is esterified. At the end of this peried the rate éf COy
evolution hed fallem>%@‘an~almaat constant, though graduslly
decreasing, value. ¥or this reason the percentage increase
in rate in the presence of the salts has besen celculated for
both pericds. It is likely that a different part of the enzyme
couplex is inmvolved in the initisl period than in the second.
This is suggested by the fact that the order of activation by
the smalts at optimum congentrations differs for the two periods.
For the imitial period the order is:

MgS0, = NaCl > NH,Cl > KCl > Cafl,,
whereas for the period of constant rate,
NH4CL > MgS0, > Cally > NaCl > KCl.

The above order may not be exact, since ithe same zymin
preparation was not used in each series. However, the order
is approximately substantiated by data presented later on the
effect of the salts upon phosphorylation reactions.

Herden and Henley (1921) ccnsider the rate of fermentation
to be & measure of the activity of the enzyme pnasphat&sax‘
after.a steady state is reached, since during %his phase the
rate of fermentation ilg conditioned by the amaunt off free
phosphate available for esterification. Adopting this ori-
terion, we may conclude that the salts NHCL, 1gS80,, Gaﬂlg:



- B8 -
and NeCl are activators for the mechanism which liberates or~
ganic phosphate, while KCl has little effect.

An experiment was cerried out to delermine whether acti=~
vation by the two wmost potent saelts, NH,ClL and HgS0,, was
additive. Optimum amounts of each salt was added to the fer~
mentation flask containing the basic reaction mixture. Results
are summsyized in ‘%&h}.e 8. Apparently the activation by

RH4Cl and MgS0, is not sdditive.



Effeet of NH,CL and Mg80, Together on GO, Praduetianﬁ_by Lymin

- G -

Table 8

Minutes

by b &b

- Control

034N,
1gS0.,

Fow s ¥

i NN SR

Q75N
NH,C1

0 7
20 15
28
40 29
50 35
60 41

g

70 48
BO 54

90 61

Average Rate
=30 Minutes 75

Inoreass -

Average Rate
30-90 Minutes .69

Inecrease -

%

12
20
29
a7

44

59

71

«97
B85
70

fige GO, oVolved

13
23
30
39
47
54
&8l
68
76

1.00

.77
18,5%

f.o75N. Nicl

iz
RE
31
58
46
54
62
&9
7Y

1.08
41%

77

18.5%

PUP
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In order to discover whether activeiion by NH,Cl lasted
longer than 80 miﬂu£&$’ a fermentation was carried out lasting
240 minutes, Data of Table 9 show that this is the case, The

sane basice rﬁactiaa pixture was used a8 in former experiuents.
Table 9

Effect of NH,C1 on C0, Produetion
Over 240 Minute Feriod

Anutes e honirol : 094N, WHLGL
30 ; 22 Z29
90 | &9 84
240 156 196
Average Rate
0~30 Minutes 0.78 0.97
Increase - B335
Average Rate
50-90 Hinutes 0.97 0.92
Increase - 19.5%
Average Rate
90-240 Minutes 0.58 0.75
Iﬂ&r&ﬁﬁ@' - 29%

The question ﬁatur&ily arises as to whether activation by
NH,Cl end ¥gS0, is due merely to changing the reaction medium
to a more faverable pH because of hydrolysis of these two saltis.

In Table 10 are given pH values of reaction mixtures containing



Table 10
Bffect of NH,Cl on pH of

Zymin Fermentation Mixtures

Hinutes ; Control ; ~O75N. g LO9BN, % 224N, g 30N,
5 6,47 Gedd 6439 6.54 6.37
15 6.36 - - - -
50 6.31 6420 6.15 8.11 6403
45 6423 6.28 - - 5,97
60 6.24 6420 6.14 6.05 6.03

gﬁ 6#22 B.EC ﬁvléa 6&05 5198

varying concentrations of NH,Cl. As shown in Table 3, 0.075 N
NH,Cl definitely stimulates CO, production during the 30-80
minute period, yet the pH of this reaction mixture is virtually
the same as in the control flask. MNoreover, the 30-90 minute
average rate is constant and at a maximum over the pH range

5.8 to 6.30, and the conceniratiom of NH,Cl three times as
great as the optimun decresses the pH only %o & value of 6.0
With more justification it might be sald that WH,Cl shifts the
pH toward the optimum value for the initial rate (0~30 minutes).
However, this camnot account for all of the lncrease. ZInough
Ni,Cl to bring the initial pH inte the optimum range for the
initial period has a depressing effeect on the CO0, rate. The



evidence makes it necessary to rejeet the proposition that the

stimulstion is caused by & change in pH.

When phosphate was edded to either a zymin or dried yeast
reaction mixture the expected increase in CO; production was
observed. It was desired to find out if salt activation took
place in the presence of the added phosphate. Tables 11 and
12 contaln the data for NH,Cl and NgBO,.



Table 11
Effect of NHL01l on CO, Production by Zymin

in Presenee of Added ?hasyhata

: Gontrol PUT) ﬁ.i?ﬁ%} s 06 Ma (Pd§7‘
Minutes s 3 3 3 L1128, NH,.CL
i R & A 0 i I o Ix
10 15 15 39 39 41 41
20 26 11 g2 43 88 47
30 a7 i1 ic2 20 111 23
40 47 10 121 l%y 129 18
50 57 10 137 18 148 19
60 66 9 154 17 165 17
70 - 75 9 169 15 i 15
80 83 8 i81 12» - {16)
90 91 8 193 12 214 (16)
Average Rate ,
0=30 Minutes 1.82 3440 3.70
Increase - 0 9
Average Ratle ‘
30~30 Minutes 0.90 1.52 1«72
Increase - ‘ 0 - 13.8%

I Totel mg. GO evolved
11 lge GOy evolved per 10 minutes
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Table 12

Effect of MgS0, on CO, Produection by Zymin

in Fresence of FPhosphate

%G.asm (205) 2‘:‘52@3 fﬁj’%& )
Minutes : I 1I : I 1II

10 21 21 24 24
20 51 30 59 35
30 72 £l 79 B0
40 86 14 94 15
50 98 12 loe 12
80 - 109 11 118 1z
70 120 11 - -
80 130 10 141 -
90 140 10 152 11

Averagze Bate

0=30 Minutes 2ok Z+64

Ingrease - 10%

Aversge Hate

30~90 Hinutes 1.13 l.82

Inerease - 8%

I 'Total mg. CO0, evolved
IT He. COp eveolved per 10 minutes
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Concentrations of salts optimum without phosphate were added.
The conclusion seems justified that stimulation by the salts
is additive with that due to phosphate. It may be tentatively
postulated that tﬁa’salts in propsr concentration increcase
the rate of aat@rifiaatian of phosphate, and since stimule~-
~tlon continues alter the initial period the salts are also
activators for th&rreaa%ion which sets free the esteriried

phosphate, thereby speeding up the rate of €0y evolution.

The effect of varying the concentration of glucose in
the basic reaction medium was studlied, with the results

sunmarized in Yable 15,



Table 13

Lffect of Concentration of Glucose

on €0, Production by Zymin
: 7 S AR S : 1w
Minutes : Glucose : Glucose : Glucose : Glucose
3 I11 : IIr : 1311 : 111
i0 g 8 2 9 1o 10 5 =
30 34 286 44 35 45 35 41 38
50 57 23 73 29 75 30 69 28
70 77 20 99 26 103 &8 94 25
Average Rate '
0=-30 Minutes 1.13 1.47 1.50 1.37
Average Rate
30~70 HMinutes 1.08 1.38 1.45 1.33
Increase 4] 285 345 23%

I Total mg. CO; evolved
II .. COg evolved per 20 minutes

‘The statement of Herzog (1902, 1904} and Euler (1805} that

the initial velocity of fermentation is almost independent of

the concentralion of sugar seems unjustified for fermentation

by zymin.

As is %o be expected, this enzymatic reaction does

not follow the mass law, since the reaction velocliiy does not

inerease with inereasing glucose goncentration.

But the
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decrease of approximately 35 per cent between the steady rate
in the two relatively dilute 2 per cent and 12 per cent sugar

solutions was unexpected.

Salt

The salts which have been shown to exert an influence on
the rate of carbon dioxide evolution are smong those which
greatly shorten tﬁe induction period exhibited by zymin and
. dried yeast, as shown by Harden and McFarlane (1928) and
Katagiri and Y&mﬁgiéhi {1929). 1%t was decided to determine the
effect of the salbs on shortening of the induetion period which
occurred with the gymin used in this investigation. The basie
reaction mixture for these experiuments was 2.5 gms, zymin, 1.0
gm. glucose, 1.0 ¢o. toluene, and 25 co. of COs~saturated
water. To this was sdded enough salt to make the solution
0.056 N. The induction period was taken as the time which
elapsed before 1.0 c¢c. of €0, collected in the azotometer.
From Table 14, the oréar of potency of the cations in abolish-
ing the induction period is:

NH,Y>1/2 ugttyNet > KT > 1/2 catt.
With the exception of ﬁ&** this order ia»in agreement with
that given by Katagirl and Yamagishi for shoritening the induce

tion period of dried yeast. ioreover, alter evolution of €O,
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Table 14
Effeet of Salts on Induction Period of Zymin

Len?th af Period Hg. €Oy Evolved
, es, & after I + 30 NMinutes

Control 38 7ud
-056N. NH,CL 16 i2.0
+O56N. MgS0, 18 14.0
«058N. RaCl 19 10.2
+0568N. KC1L 22 8.8
+OB6N. CaCly 26 77

had started the salts increased the amount of CO, evolved in
30 minutes in every case except Callys. The order of potisncy
in inereasing the amount of (0, evolved,

1/2ug™ > g > Mt > K> 1/2 catt,
agrees well with the order of potency of the cations in in-
ereasing the initial rate of €0, svolution when no induection

periocd ceeurred.

ithano]

During the course of the investigation it became evident
that zymin was very sensitive to relatively low congentrations
of ethanol. 4 preliminary report of this phenomenon was made

by stavely, Christensen and Fulmer (1934). The reaction rates
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of a series of zymin fermentations with inereasing amounts
of ethanol were determined. Tweniy~five ec. of an'athanal
water solutién W&g aﬁéaﬁ‘in place of E5 cc. of pure watarg"
in order not to change th& total vélame of reaction mixtnré*
In Table 15 the ﬁata are given far ﬁavsnvcanaentratians of
ethanol. There is”a ﬁarkeé diminution in the rate of GO,
avolutien,ﬁ§ to @‘abnGEﬁﬁ?atien of about l.8 per cent at&anel,l
and from this yﬁiﬁ% up to 4.7 per cent there is evidently a

slow but aimest gonstant rate.
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In Table 16 the data are given for the CO0, production by
dried yeast in the presence of 1l& dilfferent concentrations of
ethanol. The basic reaction mixture for dried yeast was the
sane as that for zymin exeept that 5 grams of dried yeast were

used in place of 6 grams of zymin.



Table 16

iffect of Ethanol on O, Production® by Dried Yeast

Hinutes

fow ad e 2n

oy W

con=x__

trol

| Ethaﬁal‘céngeﬁtratian {Per cent by volume)

#

*

70

Average Rate

30~70 Minutes 1.70 1.63 1.58 1.428 1.35 1.13 1.038 9% .90 +78 W70 63 .55

Decrease

186

10 5
52 43
117 1cé

45 75

T 1,88 B,65; 5.38; 7,05; 8,66;10,8 ; 11,7; 15114.5:15,9:17.8:10.4

2 5 03 2 5 2 0 o 0 0o
38 35 31 26 26 28 21 135 9 6
95 89 76 67 - 64 5B BL 40 B4 28

- 3G -

164 204 BI, B9  44% 4V 565 59% 63% 68

2 Hg. 00, evolved
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It is apparent that dried yeast is not nesrly as susceptible
to inactivation by ethanol as is zyumin. This fact is clearly
shown by insyeatien'@fiﬁahla 17, in w»hich is éummarized the
aeffect of ethancl on li?ing yeast, y&aaﬁ Juice, zynin and

dried yeast.
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Table 17
Relative Rates of 00, Produection

in Presence of Ethanol

ok Dried  f , Yeast,
symin Lthepnol Yeast KEthanol Julee
100 0 100 G 100
87 1.88 96 6 80
71 5e65 93 14 25
61 5.38 84 - -
50 7.05 80 - -
41 8466 67 - -
26 10.2 61 - -
a7 11.7 56 - -
- 13.1 53 - -
- 14.5 44 - -
- 15.9 41 - -
- 17.2 37 - -
- - - - 18.4 32 - -

% Data of Rahn (1929)
%% Data given by Harden (1932)

+ Per cent by voluume



- B5 -
Bthanol hegs about the same effect on dried yeast as it has on
yeast juice. The relative rates given in the table for dried
yeast and zymin are hasaé upon the averzge rates in mg. COg
evolved per minute, over the 30 $o 70 minute period of the
reaction. As shown by Table 15, the rate is praciically con-
ataﬁt during this intervel in a normal fermeniation. These
relative rates are strictly comparsble %o those given for
living yeast by Rahn (1929}, who based his figures upon the
increase in pressure caused through the production of carbon
dioxide by yeast in~sugar solutions, and recorded as the aver=
age nunber of millimeters of mercury per minute during the
first hour. @ha data for yeast juice given by Harden are the
per cent deorease in the total fermentation {length of time
not given), but the figures given in Table 17 should be very
¢lose to those baas&‘ugan the rate after the sieady state is

reached.
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Since dried yeast is affected by ethanol even less than
living yeast, whereas zymin is very sensitive to ethanol, 1%
appeared likely that sows factor which protects the enzymes
had been extracted in the preparation of the zymin., The ace~
tone with which the yeast had been treated was distilled and
evaporated on a steam bath, yielding & gumuy brown residue,
A+« A portion of the residue 4 was extracted with ether in a
Soxhlet exiractor for 8 hours, thus separaiting it into two
fractions, a fine ﬁrawa gm@&ar, B, and & fraction present in
th@\etﬁer extract. Evaporation of a part of this extract
resulted in an ill-smelling oily residue, {. HNelther A, B,
nor  had any protestive action against ethanol when added to
a ferm@ntaziﬁa flask;

Zymnin was placed in a portion of the ether extract, and
the mixtura‘evapara%eﬁ to dryness with constant stirring at
rocm temperature, thus coating the zymin with the fatty sub-
stances. This "fatty" zymin, however, was as susceptible to
ethanol as unireated zyumin. In some cases a slight decrease
in sensitivity was noted, bul too little t be significant.

The acetone residue was shown 0 contein bicos, as it in-
creased the yeast count several hundred per cent when added
to freshly inceulated yeast culture growing in a synthetie
medium. ,

Table 18 gi?éa,éat& on the effect of ethanol on (0, evolu~

tion when phosphate was added at the beginning,.
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Table 18 ;
Effect of Ethanol on CC, Production
by Zynin in Presence of ?ﬁesphata

H 3 s 06 M, 1,06 M
: Contrel @ .06 M. : Phosphate : Fh@qwhat@
inutes : Phosphate :.38% 759

: R : Bthanol Etﬁ&ﬁﬂl

: T : : I Ir s 1 II
10 17 17
B0 26 11 88 45 64 42 54 37
30 37 11 1cg 20 86 22 7¢ 25
40 47 10 12l 19 108 16 94 15
51 57 10 137 16 117 15 107 13
60 686 9 154 17 131 14 120 13
70 % 8 169 15 142 11 181 1
80 88 8 81 1z 15¢ 12 143 1R
8¢ g1 8 183 12 165 11 154 11

Lverage Rale

0=30 HMinutes 1.83 340 2.87 2.63
Deorease - 0% 15,65 2265
Average Rate

30=-80 Minutes 080 1.52 1.38 1.256
Deerease - 0% 13.1% 17.8;

I Total mg. 00, svolved
II HMg. CUp evolved per 10 minutes

s
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The same dlminution of enzymatic asctivity is apperent as in
the case of the normal reaction. 4Addition of phosphate does
not overcome the ethanol inactivetion. In the light of these
results, the explanation presents itsell thmt ethanol inter=-
feres with the enzywe mechanism which brings about esterifica-
tion of inargaﬂiafgﬁaayhaﬁa, and hence decreases the amount of

C0y evolved. Further evidence will be presented later whiech

supports this conclusion.

Table 19 shows the effect of adding H, Ll to fermentations

inactivated by ethanol,
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Table 19
Effect of NH,C1 on CQ, Proguction by Zymin

in Presence of LEthanol

2.59% Ethanol
- : . CB4AN.
Control: NI,CL
I I 1 1I

»
*

 1.86% Gthenol

e 1lBN, falble  14284N.
Control: NH,CL :NH,Cl :NH,CY
I I} I II7 I1I

* »
x - -

tiinutes

* wE ey e

&

PR ST T B U

X MY

';e P
20 7
30 11

s

187 157 10
40 16 276 297 =~ (&) 1B.4 (4} 15. 4.
349 367 - (6 - (4) 2l. 6.
41 7 42 8 34 {6} 20. {4) 26. 5.
487 499 40 6 £4. 4. Bl. 5.

5C 20
60 25
70 - 30

TS R R R

Averege Rate \ ,
30~70 Minutes 0.475 0.875 0.675 0.600 0.386  0.500

Increase - L 42%  42% 2&% - 2%
Relative Rate 50 71 7L 63 41 5B

I Total ug. GO, evolved
II lige 0G0y evolved per 10 minutes

This salt eausss a stimulation of 42 per cent in the constant
rate of (O, evolution, more than iwlce as much activation as
it produeces in the normal fermentation. NH,ClL seems to play

a special role in overcoming inactivetion by eithanol.

B 4.6 4.6 6.0 3.5
217 227 16 6 - (4) 1L 5.



In Teble 80 similar date are given for HH,Cl and HMgSO,
with dried yeast.

Table 20
Effeet of Selte on CO, Produetion by

Dried Yesst in Presence of Ethancl

5,385 Ethanol  ©  10.2% Ethanol
Control 4500 ¢ 088H-* control ! %Wf %ﬁ.‘g&’?} |
10 & 18 6 5 9 4

30 0 50 44 30 38 85

50 8 8L 73 50 62 60

70 95 112 102 71 87 84

Minutes

Sl

1

wx wE ¥R

Average Rate »
0~30 Hinutes 1,33 1.67 1.47 1.0 i.27 1.16

Inerease Q% 184% 74 o 2% 16

Average Rate ' ‘
30=-70 Liinutes l1.5% 1.55 Le45 1.08 1.285 1.23

Inerease 0% 1B8.8% 5.8k 0% 20.6%  20.6%
Reletive Rate 81  §1 85 61 Ve eh TE D

The influence of the sslis on & dried yenst fermentation is

similar to the effect on zymin.
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Table 21
‘iﬁf@ﬁéaﬁa of Salts on Fhosphate

Content™ During sutofermentation

tinutes 5 Gaﬁtgai S 4§§f§3 S gggggz 5 §§€Z§é§
5 1.13 1.12 1.820 1.49
30 1 1.28 1.31 1.91
60 1,41 1.38 1.51 2.00
80 1.50 1.46 - 2.04
120 1.59 1.50 1.95 2.16
150 1.73 1.60 1.88 2.06

Data are mg. inorganie phosphorus per oo.
Larger because AsOy causes a blue coloration

"

The effect of ethanol is summarized in Table R22. Con-
centrations of ethancl up %o 8.65 per ceni had the same in-
fluﬁnsé, causing about the same dsorease in the phosphate con-

tent.



Table 22
Influence of Ethanol on FPhosphate
Cantan%ﬁ Daring Autofernentetion

: i % Ethanol
iinutes 5 gontrol P 185 ¢ 4.8 Y g.65
b : : , e A
5 1.13 143 1.16 1.4
30 1.31 1.50 1.31 1.30
60 1.41 1.37 1.35 1,35
90 1.50 1.46 1.40 1.41
120 1.59 .46 1.46 1.45
150 1.75 1,50 1.56 1.50

% Data are umg. inorganie phosphorus per ¢o.

The data of Tables 21 and 22 are sumnarized in Table 23,
which shows that ethanol and NH,01l reduce the liberation of
inorganie phosphate =lightly, while ligB0, and HagAsO, lncrease
it.
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Table 23

Sunmary of Yables 21 and 22

iﬁareaas‘in ?/ Variatiaﬁ'

ﬁ*&ﬁe‘ﬁiauteag from Control

Control 046 0
1.85% Ethanol CaB ~0.13
4.5 Bthanol 0«30 016

- 8.65% Lthancl 0.31 =015
~075H. NH,C1 0.38 -0.08
034N, MgS0, 0.55 +0.09
L0078, NegAsO, 0.867 +0.21

% ig. inorganic phosphorus per cec.

Intérpretaticn of these results is diffleult, In the presence
of g0, the phosphate content is warkedly inereased, especially
in the first few minutes, whereas the effect of Wi, 0l is just
the opposite. This suggests that tiese two salis may influence
zynin fermentation in different ways.

Meyerhof {192?} has shown that the effect of arsenate on
aleoholic fermentation is to stlmulate direct fermentation of
hexose diphosphate. This would bripg about an increase in
phosphate content, and is the probable cause of the increase

brougnt about by arsenate noted in Table 23,



The data obtained thus far in the investigation indicate
that salts in the proper concentration are asctivators for
some part of the gymase enzyne systen. It was desired to
find out what eflfeet sclits may heve upon esterification of
phosphate by studying changes in the lnorgenic phosphale con-
tent during a normal fermentation by zymin. Six gms. zyain,
1 gn. glucose, 25 ce. Hy0 and l.0 ce. toluene were mixed and
the phosphate contenit determined at various time intervals.
with this mixture no induction period is observed. The in-
organic phosphate disappeared quite rapidly and reached a
minimus value within 30 minutes, For thls reason such & reag~
tion aixture is nat‘suiﬁahle for studying the influence of
salts. Very litile difference could be detected in the
analysis when salis were added except in the case of RH,Cl.
In Table 24 the willipreauws of inorganie phosphorus per ¢c. for

the control and .070N. FHCl are given.

Table B4
Influence of HH,Cl on FPhosphate Content

Without Induction Period

20 Minutes
Control + 73 «£8

L0758, HH, G .68 «15



The data inéiﬁat$ §ba% KH,CL activates the enzywes causing
es%erifiaati@nv@f ?hﬁs§ﬁ&%e by sugsr.

The same experiments wers repeated with a concentratiom

of 2.5 gus. of zy§i§ ia$£§ﬁé of 6 gms, In this case an inéuﬁQSf;}g

tion period aaeu?f&é?'a& far as €04 yzeéae%i@n is eoncerned,

and phosphorus éi%&?ﬁa&rﬁﬁ in the eontrol more slowly. Table

ES conteins the aaﬁa for this experiment, giving the 1aargaﬁia ‘f
phosphate content and the pH change.

~ Table 25
Influence of NH,Cl on Phosphate
Content® of Lymin

5 0.38  6.58  0.37 6,42
10 Co.38 - 0.41 -

, _9mﬁm&k 

Mg, P

: DET va.:

Minutes

EE
o wh Pea ¥

pH

(st a R W L

20  0.42 - O.41 -

30 046 6.45  0.29 6.17
80 0.19 6.27  0.06 .12
90 0.09 6.25 - 6.12

% Hg. inorganic phosphorus per ec.

With the sumaller amount of zyuin used the reaction mixture

had a susller buffer ecapaciiy, as the NH Cl decreased the §§‘  i



0«1 t0 0.3 of a unit.
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The seme rapld decremse in inerganic

phosphate occurred in the presence of NH,Cl, however, as was

observed when the larger amount ol zymin was used,

The guestion srose as %o whether the wore rapid esterifi~

cation of inorgsnic phosphate was due merely to the decrease

in the pH of the reaction mixture caussed by the presencs of

NH,Cl. 4 series of flasks were prepared conteining varying

smounts of 0.1 N. HCL ané 0.1 N, NaOH in a total added volume

of 25 ¢ce. The '@mngﬁe in phosphate conient and pH miu&ﬁ of
these were determined end the data tabulated in Table 26.

Teble 26

Influence of pH® on Phosphate Content

Hin~s

utes: pH

T, F
per
100,

o

: s 3%@!?
;gﬁ' iper

- -
*

H R

TG

;ﬁg;P‘
per
Ll

5
k¢
&0
90

6.91 0.39
6.71 0.47
6.49 0.27
6,37 0.13

6.58 0.38

B8.27 U.18

B.45 0.47

6.51 0,38
16.20 0.4
6.12 0.20
6.16 0.1l

: pH iper : |

6.00 0.38
6.05 0.42
6.02 0.27
6.06 0.21

5,60 0.40
5.80 0.45
5.88 0.30
5.88 0.25

% pH wvaried by sddition of .1W. HCl and .1H. HaCH
%% Control

ipey : pH

4.36 0.8
£.59 0.41
4.44 0.45
4.48 0.48

It will be noted that %the phosphate disappeared no st mpiély'

in the control flask. 7The optimum pH for phosphete disappearance



ig, then, 6.2 to 6.4. This agrees with the value 6.3 given
by Hagglund (1926} for the pH optimum for yh@sphateaafaatiaﬁi

When emough 0.1 K. HCL was added to produce pH values eam@ar~; o

able with those when ﬁﬁ‘ﬁa is present, & slight decresse in

rete of esterification is observed. It would seem, therefore,

that the effect gnaﬁaaﬁﬁj%y MH,CL is not due to the change in
pH that this salt brings about. If the data are compared
with those obiained without EH,Cl, but with s comparable pH,

there is,&n'avan~graatar,ﬁiffaraﬁ@e@
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Table 27 contains data showing the influence of other

salts on the inorganic phosphate content.

; Table 27
Influence of ﬁaltﬁﬁ on Fhosphate Content X

#ipytes Comtrol  HH,C1  CaCly ECl Nagl

16 0.8 0.67 0.66 .64 0.68 .68
30 G 70 .58 0.68 056 0. 04 0,66
50 057 83 Q.54 CeBB8 (.37 C.51
?G 5}123‘ ’ G*QQ ’Sq% thﬁ Qalg €}olﬁ
Deegrease + 17 «581 « 20 «45 « 37 « 43
0~50 Minutes
0=~70 Hinutes®

¥ All sslts 056 Hormel (
% BMg. inorgenic phosphorus per ooc.
+ A zero wvalue of .74 is assunmed

Each flask contained 2.5 gms. zymin, 1 gm,.g&uﬁ@se, 1 ce,
toluene, 25 cc. Hy0 containing about 0.3 mg. phosphorus per
cc,. and the amount of salt necessary to meke the solution
0.056 N. During the first 50 minutes of the fermentation the
potency of the salis in redusing the phosphate content is:
NEL > 1/2 Ng**> Na* > k¥ Y 1/2 ca™*> eontrol
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The sems order is obtained for phosphate decrease in the first
70 minute period, but with less variation among the salts, |
because KCL and HaCl exert more influence during the latter
part of the period. The order of the salts given above is in~  j
agreenent with z&aﬁ_give§ for insrease of 00, produstion on .
page 37, and al$§ wi§h«Eﬁat given on page 47 for the sh&rﬁﬁn¥  
ing of the induction period.

A series of RNl compounds

Hixon and Johms {1987) have daveloped & theory on the
"electron-sharing ability™ of organic radicals. Zxperiuents
based upon therma&ynami&&i measurements justify the general~
izatignvthat organie redicals can be charsoterized and arranged
in & series aaéﬁrﬁiﬂg to their %ﬁarmaﬁgnaﬁiﬁ "affinity", or
guantity which determines the equilibrium constant fer a
reaction involving the radical in question. Craig (1933)
has attempted to eorrelate “electiron-sharing ability" with
toxicity of & series of N-methylpyrrolidines toward insects,
goldfish and tadpoles.

Another opportunity for tesiing the theory bilologiecally
presented itselfl in thi& investigation. HNH,CLl has a profound
aeffect on the inorganie phosphate content of & zymin yaaat;sn
mixture. If a hyﬁrﬁgan stom in NH,CL is replaced by an or-
ganic radical, R, an smine hydrochloride results, whiech should
effect the phosphate content to a different extent than NH,Cl.
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sCl compounds be investigated, the radicals

if a series of RNH
might be arranged in the order of thelr potency for reducing
the phosphate mﬂtwﬁ, ’mﬁ it was desired to discover whether G
this order would h@ the seme as that obtained from the "elee~
tron-sharing" series, | ; |

Three radicals were chosen (besides R = H), wethyl, glu~
eosyl, and phenyl , whose "negativity™ or “eleectron-sharing
ability® increases in the order named. ‘These radicals are
relatively far epart in the Hixen series. Putting it in
anot her way, amﬁtmmamariag ability runs parallel %o the
dissocistion constant of the amine, HBNH,. For the emines
containing these r&éi&&%&t ‘the vslues for the Ky (y o) are CH,NH, =
5 x 1074, HNH, = 1.8 x 10”9, C4H,,04NH, = 16~7 (approximately)
and G HgMH, = 5 x w-le,

Teble 28 contalns the data for the effect of tuese amine
hydrochlorides on %&i@ phosphate ¢ontent. The reasctiion mix~
ture contained 2.5 gus. zymin, 1.0 ec. toluene, the amine
hydrochloride, and £5 ¢e. of phosphate solution containing
about .3 mg. phosphorus per co.
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Table 28
Comparison of Influence of RNH.C1l Compounds
‘on Phosphate content® of Zymin

Minutes  Control 056 1. .056 K.  Control™® .056 ﬁ, 2 -

10 0.7 ﬁgﬁ? 0.71 0.70 0,68
30 0.70 0.59 0+62 0.71 0.67
50 0,57  0.23 0,535 0.59 0.47
70 0.21  0.09 0.18  0.88 0.14
90 0.11 - - c.28 -
Decrease” |
0~-70 Minutes 0.53 0.65 0.61 0,36 0.80
Deviation

from Comtroel - + 18 + 0B - + 24

¥ Mg. inorgenic phospborus per ec.
i pH = 6.0 at 70 minultes
+ Zero value of .74 mg. 1s sssumed

Aniline hydrochloride is missing from Table 28 beczuse hydroly-
sis of the compound reduced the pH of the reaction mixture to
4.6, and an inereasse in phosphate was cbserved over the 20
minute periocd. The flask with C Hy,0:NHgCl is compared with

& control econtaeining the amount of HCI aéﬁaé necessary io

bring the pH down to a comparable value of about 6., CH NH,C1
has little effeet on the pH of the medium, as is to be expected
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from the dissocistion comstant of CHuNH,. The NH,Cl reduces

the pH only aboub 0.1 of a unit (see Table 26). These two
compounds sre compared with the control to which pure water
hed been added, |

When gluﬁgayi NH,C1 was aﬁ@@éhﬁithaaﬁ glucesse, the phaa§
phate graduslly incressed to about the extent to be expected
in autofermentation. This is taken to meen that the compound
is not itself esterified by phosphates The date show the
efficacy of R in the RNH,Cl compounds for reduclng phosphate
coneentration te*ﬁa'iﬁkﬁha'ﬁrﬁar;

CyHss0g > H > GH, |

This 18 the ﬁréar af ineraasiag disscclation eonstants of thﬁ
corresponding amiﬁesf amﬁ also the order of the radicals in

the "slasﬁrﬁa~sh&xingﬂ ﬁsriﬁa§

Table 29 contains data for the influsnecs of ethancl upon
the inorganie phosphate content of fermenting zymin. 5ix gms.
zymin, 1 gm. glucose, 1.0 ce. toluene, snd 25 cc. of ethanol-

water solution comprised the reseciion mixiture. Pure water

was substituted f@f‘%h@f&tﬁ&ﬁﬂi‘ﬁﬁivﬁiﬁatia.tﬁﬁ sontrol.



Table 89
Influence of Zthanol on Phosphate
 Content® of Zymin A

0.28  0.83 0.3 0e46
Ce30 0.38 - Ov45

% ig. inorgenic phosphorus per oc.

-

0.60

Oudd
De48

Q.56
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In Table 30 the data are given for the influence of ethenol
upon another bateh of zymin, which is seen to be even nore
suseceptible %o 3%§gaél,£ﬁan the zywin used in Table 29,

 Table 30
Influence of Ethenol on Phosphate
‘Content® of Zymin B

5 0.73 0.84
30 C.B6 - 0.80 ”
50 0.16  0.32 0.59 0.80 .01 1.02

75 0.21% Ce.81 .31 0.80 G.928 1.01

% Mg, inorganie phosphorus per oo.

The conclusion seens justified that the effesel of ethancl
on zymin is 1o seriously interfere with the enzyme or enzymes
whieh bring about the esterification of phosphate. As seen
from the control in Table 29, the phosphate content reached a
minimum value in about 30 minutes and steyed almost constant
in %ha'pariaa 30 to 90 minutes. When ethanol was added less
phosphate was astarifi&&;‘and the minimum phosphate content
begame progressively greater, the more ethanol preseni. This
explains why ethénai re&aa&s 0, produciion by zymin to such

a‘mark@é extent.
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It has been shown thalt dried yeast is mueh less suscep-
tible tc ethancl than zymin, as far as 00, production is con=~

cerned. Ethanol should correspondingly interfere less with

esterification of inorganie phosphete in a dried yeast fermen= =

tation than it does in a zymin mixture. The data of Table 51
show this to be £ha ¢aae* ihe resction mixture consisted of
5 gms. dried yeast, 1.0 gu. glucose, 25 cc, of water or water~

ethanol solution.

Toble 31
Infiuence of Ithanol on Phosphate
content® of Dried Yeast

10 0.4%7 0468 0.78
30 0.10 0.11 0419
s0 0.09 0.10 0.09
75 0.10 0.10 0.10

% Mg. inorganic phosphorus per cc.

The eonclusions mede on the besis of 00, production that
zymin is more susgepiible to ethanol than dried yeast seem

entirely Jjustified by these data.



It bas been shows in Table 19 that NH,C1l hes a greater
influence on inereasing €0, produstion in the presence of
ethanol then in its absence. The 1ﬁé£§asa‘in steady rate
brought sbout by NH,Cl amounted to 42 per cent in the presence
of ethanol, and 19 per cent when ne ethanol was added. The
influence of NH,C1 and @tﬁer salts on iha phosphate content of
fermanting~zymin'iﬁ the yrasenaa of ethenol is summarized in
Table 32. The control flask contained 6 gus. zymin, 1.0 gu.
glucose, 1.0 ¢c. ﬁgzﬁéns, and 25 ce. of .95 per cent (by
volume) ethanol ﬁélatién; The other flasks &iffareﬁ only as

to the presence of a salt.
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NH.C1 has the ahiiiﬁy i increase the amount of phosgphate

esterified in %hgggyésﬁnae of ethanol, redueing the steady

state value of @haspﬁéﬁaf%aﬁz%aﬁ from ﬁ42§ %@ 0+185 mg. phos~. by

phorus per ¢¢. Other salts have the same effeet to a.greaﬁaﬁ*[ﬂj

or less degree. The order of potemcy of the cations to in=
crease esterification is: |

wt > mat > kT > 1/2 catt > 1/2 wgtt
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An 1&%@?@5%&5@ €3&%&3& of these data is the aifferenéa
in the effaﬁﬁ @f;%g**;anﬁ NHf. These two salts are about
equally potent iﬁ‘éﬁiﬁﬁi&tiﬁg C0; production, and likewise
tﬁey are aqaﬁily pateﬁt in reducing the phosphete content
without ethanol (Table 80). But as shown in Table 32, MgSO,
increases the steady state phosphate content in the presence |
of ethanol, whereas NH,Cl greatly decreases this volue,

fln{viaw’af this fact, NH,C1 should stimulate C0, produoc~
tion hy'this'zymin in the presence of ethanol much more than
does Ng30,. The data of Table 53 show thet this is true.

Table 33
Influence of Mgl0, and HH,Cl on €O, Production®
by Zymin in Presence of 1.9 Per cent Ethanol

Minutes GControl #»112 N. 2034 N.

10 B - 7 o
30 1.4 2.1 | 8

&0 ‘ 4.4 , 18;% | 7.6
90 18. 3840 21.0
Average Rate
M"Qﬁ ¥inutes a‘g& E o : 9%@ ) wﬁér
Increase o 1145 215
% Mg. COg evolved

+ Seme zymin preparation as used in ob-
“taining data of Table 32 -



- 85 -~
Thus, NH,Cl inoresses the aversge rate of (0, evolution
much more in the presence of ethancl than in its sbsencs,
while MgSO, inaréases the rate to sbout the same extent with
or without ethaaélg @ﬁiﬁ fact ecorrelates with the influence
of the two salts on phosphate content, and is further evidence
that NH,C1l plays a épeai&l role in overcoming the depressing
effeet of ethanol.
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DISCUSSION OF RESULTS

The aca&l&raﬁiﬁg srents for the zymase complex may be

divided into tﬁra§ éi&§s&$z

{1) Substances which have a chemlesl function in the reaction.

{2) Reducible substences, which probably act as hydrogen
acceptors. |

{3) Substances which do not enter into direct combination
with the system or act as hydrogen scceplors.

Only inorgenic phosphate, which 1s essential for fermen~
tation by yeast preparations, has been shown to belong in
class {1). In class {2}‘%ﬁlaﬁg many reducible substances
such 88 aldehydes, ketones, quinonss, thiosullates, colloidel
sulfur, and ferric chloride. Tharwagk of Harden and Henley
{1920) indiestes that only the rate i# the presenge of phos~
phate is inoreased by reducible substances, the normal, basal
rate being unaffected by then. Arsenates and arsenites have
been found by Meyerhof (19287}, Raymond {19288}, and MeFarlane
{1930] to have an accelerating action upon the direct fermen-
tation of h@ﬁﬁ&%ﬁi?ﬁ@ﬁﬁﬁ&%ﬁ; and belong in elass (3}). Ho
other salts sre given in the litersture as heving any influ-
ence on alcoholic fermsntation other than inhibitory.

The "salt effect™ as discussed by Harden snd Henley has

already been outlined {see page 18). He implies that, in
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general, salts ﬁa#éf&gégpr&&aing action on esterification of

phosphate and alsc onm the liberation of organic phosphate, x

and hence decrease the basal rate of fermentation. In the

light of the pxﬁsﬁaiiiﬁ?a&tigﬁtian, this concept must be re~ o

viseds If added in proper concentration, the salts WH,Cl,
HMgS0es CalClyg, KC1, and NeCl accelerate either the initisl
rate of fermentation (when inorganie phosphate is est&r&fﬁ&é';’ |
and the rate attains a mexizum ?aluaj,'ﬁr the normal steady
rate (which is aéﬁéiﬁiaﬁséwhy the rate of liberation of bound
phosphate) , or both.

The conclusions of Harden end Henley {1921} were based
upon results obtained with a limited renge of concentration.
As has bean~p$iﬁtéﬁ out by Fulmer (1926} it is always neces-
sary, in comparing the effect of given meterials, to run each
in & series, Harden and Henley based their salt theory only
on experiments in whieh the salts were present in eoncentra=-
tions greater than the optimum values found in this investiga-
tion.

Of the salts studied, NH,CL, MgS0,, and NaCl have an

appreciable Stiﬁﬁi&tiﬂ@y&%gi&ﬁ upon the initial ; maximum rata_‘  i°

of fermentation, end can be considered as astivators for that
part of the enzymé gamglaX‘which has to do with esterifieation
of phosphate and glucose. NH,Cl, HgS0, and CaCl, exert a
marked influence on the normal, basal rate of fermentation,

which depends on svailable phosphate, and hence are activators
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for that part of the enzyme complex which has to do with libera~
tion of organie phosphate., According to the clder theories,
that would involve only the enzyme phosphatase, which brings
about liberation of bcﬁnﬁ phosphate by hydrolysis.

On the basis of the Meyarhofl scheme (see page 13) for
fermentation, the salts NH,Cl, HMg80,, NaCl and KCl, which in~-
crecse the initial rate, mctivats reamction 4. Since NH,CL and 
BigS0, influence both phases of the fermentation 1t may be
supposed that they affect reactions A end B, both of which in-
volve esterification of hexose, Nefl and KClL, on the other
hand, can accelerate only reaction A. Ni,Cl, MgSO, and CaCl,
may activete reaction C, wiieh liberates organie phosphate,
and in this manner increase the steady rate of fermentation.

However, these aanéimsiana must be rezarded as somewhat
speculative., Further work is necessary %o establish the con~
clusions as to the partioular phases of fermentation influenced
by the salts., By the use of the polisoning agents CH4ICO0H and
Nep,¥,, more data goulﬁyha obtained on this point, DBut the
data on hand gre sufficient to justify the genmeral coneclusion
that salts, in %ﬁa pro§ar gongentrations, activate the feraen-
tation of sugar by zyaiaw

It has been found that LgB80, and NH,Cl both increase €O,
produgtion by zymin to ebout tie same extent in the normal fer~
mentation. loreover, it was found that when the salts are

added together there is little more inerease in the-ra%a‘nf
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COs evolution than when only ome is present. This could be

interpreted to mﬁ&ﬁ‘that the salts activate the enzymstic reac-

tions simllerly. ﬁéQQVeyj there are three lines of evidence o

which indicate that thé $ma salts play d4ifferent roles:

{1) ¥gS0, slightly increases the available inorgasnie |
phosphate during aﬁteférmﬁnzatiaﬁ-ef zymin, while NH,CL Eligﬁt~ ;
1y decreases 1t. |

(2) 4gS0, is gnaﬁke to bring about & lowered minimun in-
organic phosphate één%&nﬁ in g8 zynin fermentation mixture inny
activated by ethanol, while Kﬁiai markedly deereases this
value, | ‘ |

{3} ¥gS0, increases the lowered rate of G0, evolution
from a aymia.farﬁsﬁﬁatien‘mixtafe inactivated by ethanocl to
about the same ﬁitant that i% does in the normal fermentetion,
while NH,Cl inaraases the rate savsr@i times more in the
presence of ethamol than it does in its absence.

In the normgl fermentation the two salis gpparently have
the same effeet, but in the presence of ethanol NH,Cl has a
much greater activating influence than Mgd80,. Therefore the
two salts must affect the gymase enzyme complex in somewhat |
different ways. ?ur%herkW%rK is neceasary to fully explain
the difference between then.

It has been demonstrated thal NH,Cl decreases the time
necessary for the inorgenic phosphate content $o reach a mini-

mim value when the concentrations are such that no induction
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period occurs, and that NH,Cl, MgS0,, KCl, and KaCl bring
this about when an induction periocd t&k@é place. Noreover
the order of potency oif the salts for decreasing the phosphate
content agrees W&llkwi%h that for stimuleting the rate of COp
production. ?rﬁ&ti@ally the same order was observed for the
efTioacy of aa&ts’far*shagtaaing the induction period. All
~ this evidence points to a simple explanation of the salt
affect on the inﬁuati&a‘pariaé, namely, that salts sctivate

the phosphate esterifying mechanisu of zymase, reaction A of
the ﬁayarhef aahﬁmﬁg and hence decrease the time necessary to
reach reaction Dy which liberastes CC0,. In other words, addition
of salts tends to ineremse hexossdiphosphate conecentration.
Hexosediphosphate is the most sffective substanee knoun for
shortening the induetion period.

| S8alts are known to activate other enzymes. According io
Haldane {1930) NaCl activates a grow of amylases, and Doby

and Feher (1931} féﬁnﬁ that seversl salts stimulate invertase.
Ho adeguate explanation for salt asctivetion has been given.

It has been assumed by the invesitigators thet the malt increases
the effective conecentration or specifie surface of the enzyme,
or that the salt cowbines with either ithe substirate or the en-
zyme to form a complex which undergoes the reactiion more readily,
or that the salt alters the chemical petential of the substrate
and resultants. These points should be studied.

Data contained in this thesis indicate that zymin is much
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more sensitive to ethanol than is living yeast, dried yeast
or yeast julce. Zymin is the only one of the zy&aaaneeataiﬂiag‘ "
materials fram'%hiéﬁ'any substance present in the living yeast
" cell has been removed. 4 probable explanation for the ﬂansi¥   }
$ivity of zyain 1s that some of the materials removed in its
preparation normally protect the enzymes. Data on the phos~
phate content in the presence of ethanol indieate that the en~
zymes inaotivated by it are those of the phosphate esterifying
mechanism. Further evidence for the theory that protective |
substances are remved iﬁ preparing zyain arises from & ¢ompari-
son of the effeet of ethanol on the inorganic phosphate con~
tent of zymin and dried yeast. The rate of disappearance of
phosphate from thg;érﬁaé yeast fermentation mixture is hardly
affected by ethanol in concentrations up to 7.6 per cent, |
whereas for zymin fermemtation 2 or 3 per ocent ethemol almost
completely prevents esterification,

It was #hewaitﬁat addition of the materials extracted from
yeast in the grag&%a%iaa of zynin to a zynln fermentation
does not decresse the sensitivity toward slcohol. Superficially,
this faet depreciates the validity of the theory outlined ‘
above. However, mere addition of ithe materials to the medium
cannot insure returning the system to its origimal condition,
aspacially since %ﬁ&»aéé@ﬁ.materi&l& are partiaslly insoluble
in water., The fagt that zymin is more sensitive to ochanges in

the hydrogen lon concentration than is yeast juice is further
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¥ AND CONCLUSIONS

1. Zymin is more active if prepared from yeast which has
stood at refrigerator temperatures for several days.

2. 'The salts NH,0l, MgB0,, NaCl and KCl, if present in
appropriate eaae&ﬁ%x&ti@nsg inorease the initial, meximum rate
of 0y production by zymin. For the chlorides and sulfates
the cations inecrease the rate in the order

ngtt = ma* > Eﬁ‘ > X*> ca*” = gontrol.

3, The saltﬁ H&*Si, ﬁgﬂe‘, NaCl, and ﬂaﬂl. it prasant in
approprisete maaa@ntrasiens ingrease the aexmal sonstant rate
of S&, praéua@iaﬁ hy ?ymiﬂ iﬁ the order

NH, > &g’”’) ga**> Ne* > X' = control. |

4. The inexaaae &n the rate of COy P$ﬂﬁuﬂtiﬂﬁ by zymin"‘
in the §rﬁsaaae af”ﬁﬁgﬁl extends at least until the end of
240 minutes.

5. The salts NH,Cl and Mz80, inorease the rate of COg
produetion by zyamin in the presence of added inorganie phos~
phate, but the effeot of the salts ils not additive.

6. The fermentative sotivity of zymin, as measured by
the rate of €O, evolution, is 34 per cent grester in s £ per
cent glucose solution than in s 12 per cent solution. This is
typieal of enzyme reactions, but is & much greater variation
than has been reported previocusly for fermentalion by a yeast

enzyme preparation.
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7. The optimum pﬁ'far zymin activity is 5.8~6.2. Zymin
is %h@refaxevmmra‘a&asitive te hydrogen ionm concentration than
is living yaaat,%ﬁriéﬁﬁyeaﬁt, or yeast julee. This is apprerL f
imately the pH vaiué»repartaé for the interior of & living :
yesst eell. The optimum pH for dlsappearsnce of inorganic |
phosphate from a zymin fermentation mixture is 6.2-6.4. This
is the optimum value reported for the enzyme "phosphatese” in
zymase, which ls supposed to bring sbout esterification of
sugar and phosphate.

8. 4All of the salts which inerease the rate of €0, pro=-
duction shorten the industion period of zymin, or the time dur~
ing whieh no €O, is evolved when the coneentration of zymin is |
small. The E@téﬂ@iﬂﬁiﬁf the eations are in the order

Iﬁﬁi> 1]3@&{*) Na'> K > 1/2 Ca' > control.

9. Zymiﬁ.isk&uah more sensitive to inactivation by |
ethanol than is 1i$ing yeast, dried yeast, or yeast 3&16&..
Add@ition of yhaayﬁata-éaes not decrease this sensitivity.
Addition of NH,Cl eauses a musch greater percentage increase in
the rate of CO; evolution in the presence of ethanol than it
does in its absence. Addition of LgS80, causes about the same
percentage inerease in the rate of (0, evolution in the presence
of ethanol that it does im its absence.

10. ©Salts markedly deecresse the time which elapses be~
fore the innrgania:pﬁs&yhata content of a zymin fermentation

reaches a nminimun constant value. The potencies of the @atiana"
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are in the order :
ah > 1/2 ug't> mwe*> k') control > 1/2 ot

11. For a series of RNH,Cl compounds the ability of the
radicals R to decrease the ilue %hich-eiaysés before the is@r»7f v;
ganic phosphate &égéagt'raaﬁ&aé g minimum value is in thﬁ‘ﬁ?ﬁ&?k?f

CoHas0s” H D Clgn i
This is the order of decreasing "electron-sharing adbility™®,
and also the ar&grggﬁ'iﬁaraaﬁiﬁg dissoolation constants of
the corresponding émiﬁes, RiHge Glucosyl amine hydrochloride
is itselfl not esterified by phosphatle.

12. During autofermentation of 2zymin the inorganic phos~
phate content increases with time. Any concentration of ethanol
up to 8 per cent hasihe'aama effect, causing a slight decrease
in the phosphate content. NH,Cl also causes a slight decrease,
and hence the stimulation of €0, production by this salt is
not due to ilnereasing the avallabls phosphate. HgS0, and
RagzasO, tause a slight inoresse in phosphate content,

13. ZIthanel greatly increases the time necessary for
esterification of insrganie phosphate in a zymin fermentation
mixture and increases the minimum constent value of the inor-
ganic phosphate @an@aﬁt of a zymin fermentsation mizture, but
has litile influence on a dried yeast fermentation.

14. In the presence of ethanol the salts NH,Cl, NaCl,
and KC1 desrease the minimun, constant inorgenic phosphate eon-

centration in & zynin fermentation in the order
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NH, > Na' > K > control = 1/2 ce’™> 1/2 ug' .
NgSQ4, on the other hand, slightly increases this minimum
value. ”

15. On the basiz of these observations it is suggested
that the influencs of salts is to activate that part of the
Zymase enzyme sampleg which has %o do with the esterification
of inorganie yh@&pﬁata,&nﬁ sugar s and in some cases that part
which has to do with the Telesse of organie phosphate.

16, It is fgrtﬁer:guggastad that ethanol seriously 1ﬁt§r+i»‘
feres with the passphaﬁs esterifying ﬁﬁﬁﬁ%ﬁiﬁmgﬁf zynin, and
hence with (0O, production, because some protective substance
is extracted in 1ts preparation. This would also explsin the .

greater sensitivity of zymin toward hydrogen ion eannenﬁratiang,
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