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Introduction

Thers are three basic reasons or Justifications for the
study of the mechanism of synthesis of a compound by a mioro-
organism, The first and mest easlly justifiocd is that the infor-
mation gained by such an investigation may in some way be applled
0 & aimilkr system in mammallisn phywa@laiy*_,rhiﬁ information
would enable one to aore gslearly understand the norsal funotions
snd relationships of the sells oomprising the bodies of higher
animals, An understanding of the noraal funstions and metabolie
relatlonships would afford one a better inslight into the shanges
brought about by a disease process, _

The second reason would be from a purely eoconomic standpeoint,
The inforaation abtainua conoarning the mechanlsm and the faltors
infiuencing the syﬁtbﬂtia of a compound by a living n&a&aar@mugga
may prove of valus in the uauuare;ai ﬁfﬂduetian ef this aempaaﬁa”
If so, this would saatify such an investigation,

The third wmuia b§ on the basis of soademic interest. Knowe
ledge coneerning uﬁtﬁbai&enua%iviﬁxwa of mioroorganisms would in-
gresse unaara&andlﬁg of ﬁhﬁ environment in whish man lives,

A study of the mechanism af synthesis of ethyl acetate by
Hansenuls snowals oould Qitttr&%by above three oriterla, The
synthesis of uautylahazini by mammslian oells and ethyl agetate

by a yeast may prove t¢ have comumon elailarities, Another possi--
Dility exists betwsen the study of this common saprophyte and
human disease, It i3 a common observation that there is a

frulty odor sssccisted with a sulture of Jandlds albigans, a
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human parasite. what ﬁasanzatien, if any, there 1s between the
production of volatile esters and agids by this pathogen and its
ability to produce ai&c@aa in animals is & question to be anawered.

An understanding of the mechanlan of formation of ethyl
acetate by H. anomsls may make the produsction of ethyl acetate
by this yeast escnomically feasidle.

Relatively little 1s known of the uqtﬁbézaa activities of a
great many of the common yeasts found in nature. Inoressed atudy
of these organisms appears to be neeled,



LITERATURZ RIVIEW

Rommier (1830) made one of the first recorded cbeservations
of esters being produced auv1n5 ﬁprmnutnt1an procesass,.. He re-
ported that the fatty acids and aiachols prodwsed during fermen~
tation gombined frequently while in the nasoent state to form

estera, Kayser (1890) reported that a top yeast, Jaggharomyge
mali, imparted a pleasing bouguet to oider, The sape author (18&1)
reporied the lsolation frem & plneapple of an unnamed Kyged

whioh produced an ester-like oder,. Hansen {1854) in his or&gznal
desaription of "Saggharouyges snomalus® commented that during the
course of fermentations sonducted with this yeast a strong odor

of frult essence was euitted, This yeast has boeen plpaﬁd in the
genus Hansenuls and the preferred name is Hansenuls ancsals
(Hansen) Sydow (Bedford, 1942)..

Other species of Hansenuls spparently produce ssters,
Kiboker (13503) menticned the pressnce of an ester in fermentations
s saturnus (kx18eker) Sydow (Ssgoharcmyges
Kl8oker). KlBcker :uggpataé that the eater produced might have

beon ethyl acetate but offered no preof. He alvo stated that
levulose~containing medium fermented by H..gaturnus bad a strong
odor of the “ether de poires™, indicating the presence of sayl
agetate, Tikes (1906) reported the formation of esters in con-
nection with fermentations by H. michmanni (Zikes) Sydow (¥illis
wishmanni Zikes),

Seifert (1£97) stated that Hansenula anopals
ethyl sostate in beer wort.. He offeresd no proof for this statemens.

synthesized




&

Steuber (1900), who studied several varistles of the species
E. gnomals, found that some produced esters while others did
not. He, like Seifert, gave no evidence indicating the Sdentity
: nt'the eaters ma#~&xa he give any data concerning the quantity in
which they were prodused,. duilllermond {1312) reported that
nsubers of the snaﬁn Hansenuls 9rﬁauatd esters and that H. aucuals
synthesized ethyl gﬁ&&mtuu This atatesent uaacnud' without
aubstantiation, |

Zikes (1906) stated that sacording $0 a accamunioation of
Nielaen, Hansen's strain of H.. anosal
a gongentration of 0.9 per cent., DBedford (1942) reported that
the easter had been quantitatively determined in R. anomsla
fermentations but presented no daﬁ;.

Gray (1949) made a study of the metabolism of Hansenulis
ancmala (Hansen) ayaQQ‘ He oonoerned himself with the optimal
initial ﬂﬁéa!vtha fermentation medium for cell &ultip&&entiéé.

a prodused ethyl acetate to

for mdnt rapid glmaaﬂt'utlliaatiaa,and for maxliaum ester pradug«
k&wﬁ. 'He also atudied and sharsoterised the ester and tﬁa other
volatile neutral ametabolic products, the &rfaat ot a#ratian on
ester synthesis, the effeot of various carbon compounds on sster
formation, and the effest of the soncentration of yeast extraeaot
on totsl ester production,.

In a2 medlium consisting of éu? per cont Difco yeast extragt,
0.5 por cent &H@?@#. and 5 per cent gladﬂid, he found that &hs
optimal inifilal pH for cell preduat&aﬁ, for most rapid &1un§§c
utilizaticn and for maxiamum ester synthesis, was heﬁw&an;ﬁ.n'ngﬁ



S
6.0, Ester deterainations were umade by distilling thi fernon«
tation medium, adjusting the distillate uﬁt&l it was Just pink
to phenolphthalain indicator, refuxing with 0.1 ¥ HaCH for one
hour and titrating the cooled refluxete with 0.1 & HOL. Eeter
sontent (as ethyl scetate) was caloulatsd from the amount of
NaCR solution used in the neutralization of the scid freed during
saponification of the eeter, |

By vnrying the soncentration of the yiaat czﬁraat between
0,1 and 1,5 per cent, Gray found the gongentration for best ester
produstion was O.7 per gent,

The ester produced by H. gnowals was identifled by the pre-
paration and oharacterisation of ethyl pwnitrnbsnnﬁatn and
p~nitrobenzyl acoetate from the aeld and alachel found in the
saponified distillate, Since the derivatives of both ethyl
alochol and agetic scid were prepared Irom the saponified ester
obtained by fraotional distillation of the culture flltrate,
thers was little doublt that the ester was ethyl scetate,

‘An attempt to determine the effect of asration on ester pro-
duction by H. ancmala was made by Gray (1949). Five 100 ml, por-
tions of medla wers pipetted into Erlenceyer flasks of 125, 250,
500, 1@@9 and 2000 @l, capacity. The ares/volume ratics of the
flasks were caloulated for esoh flask, These ratlos gave sn
index tc the degree of seration of esch flask, Eaoh flask was
inooulsted with 0,1 ml, of 1llguid gell suspension and inoubated
for 5 days. A% the end of this period, ester detsrainations were
made, It was conoluded that increased asration by inarﬁunlug
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the surfage/volume ratio resulted in & decided desreass in ester
preducti&n, Exastly the opposite affect was found by‘aaathar
investigator (Larsen, 19%90) suploying asration nn&\agit&&i@n.

An attenpt was made by Gray (1949) to iacreané yields of
aster by the substitution ¢f other carbon compounds for gluoovee,.
These were added in the same gonsentrations (5 psr cent) %o the
fermentation aﬁéiuu? These compounds were soluble starch, vari--
ous anneuaaahnriﬁgc (b@tn hexcoses and pentoses), sodium acetats,
ethyl aleohol, :ucraéa and asmonium laetate. The initisl pH of
these vardous media ranged between 5,6 and 8.8,. He found that
highest esier ylelds were obtained in aedla containing d-mannose,
d-gluccose, susrose and asuonium lasctate., It 1&'1nt¢r§ntina that
the highest yleld of ester waa attained in the medium gontalning
samonium lactate, From 25 ml. of the ammonium lactate culture
filtrate 221.76 mg. of ester were found as coapured to 189,38 ag.
from the glucoss gulture filtrate. OCray suggested that the
better growth and eeter production mey have been the result of
additional nitrcgen supplied by the amwonium laotute. However,
he sugmested that this effoat ahould be investigated more thore
oughly sinoe it might throw some light on the mode of aynthesis

Larsen (1950) made an extensive ptudy of estsr foraing
yeasts and gomparsd thes to non~ethyl asetiste forming yeasts.
ale, two atrains
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In a gompletely synthetio sedium composed of trace and sacre
amounts of aslts, witaming, and glugose &8 & ocarbon soures,
larsen found that the eater produsing yeasta ooculd utilize either .
0.08 per gent ENOy, 0.1 per gent (NH)).8C,, 0.05 per cent urea,
C.1 per oont asparagine or 0.13 per cent peptone &8 & 80le scurge
of nitrogen, Ths aﬂaﬁiﬁhyl agetate produsing yeasts differed
only in that they falled tc grow whan Kﬁ@a was the only nitregene
sontaining gompound present,.

Garbon essimilation tests were condusted in the same manner
a8 the nitrogen assimilation experisents. The nitrogen source
enployed was (NH,)o30, at & oonocentration of 0.5 per cent. The
garbon scurces wers present in s conscentration of 1.0 per ogent,.
The 5 ethyl acetate producing yeassis wore similar in their abile
ities to utilize a wide variety of carbon gompounds for growth.
The non-ethyl agetates producing yessts differed considerably in
thelr sbilitles to utilize the same cowpounds. Aeraticn and
agitation by shakling 414 vot permit the yuan&a tc assimilate any
sompound which was not assimilated uh#n grown in undleturbded
test tubes,

Larasen was unadble to aanamatéaté & vitasin defielency in
any of the ethyl acetate foraing yauﬁtq a8 far as biotin, panto-
thenic acid, incsitel, niscin, peamino benzoie mold, pyridoxine,
thia@iun or riboflavin were soncerned,. At lesst one deficlenoy
was demonstrated for each non-ethyl acetate forming yeast.

It was deamonsirsted that agltation and aeretion influenasd
the ratio of alsohol and ester formed, as well as growth and
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the amounts of sugar utilized by H. snosals
desp culture a thirteen day incubatilon period was required for

For & non~agitated

asouplete utilizatien of sugar in & 0.6 per cent glucose mediunm

at which tiae 6.64 per cent ethyl acetate (esloulated from gluscae)
was produged, Agltation with a plentiful oxygen supply resulted ln
more rapid sugar utilization and at the ond of 58 hours 19.0 per
oent sthyl acetate was recovered., This finding contradicts that

of another worker (Gray, 1549) who stated that aseration of a
culture of H. anomals resulted in lass ester produstion,

Davies gt sl. (1951) has substantiated the findings of Uray
(1249} that athyl gg@ﬁa&a. étbyl alaohol, acetic acid and soet~
aldehyde are products of the metabolism of gluoose by H. apomsla.
Thelr strain of H., pnommls produced about 25 m mol of ethyl acetate
per 100 m mol of glusose utilized under aeroblig conditions. They
further verified the findings of larsen (1950) conscerning the
aerobie formation of ethyl aaita%a~hy"§,1§gggggga

Fasl (1951) found that under aerobisc oonditions washed sus-
pensions of H. ancmala formed athyl acetats from ethyl aloohol
alone or in the presence of aocetate, This substantisted Lareen's

report (1950) that added acetate does not insrease the yleld of
ester, Peel alsc found that the eater formed dlsgppeared after
exhaustion of the ethyl aloohol,

The exaot aeochanisa of formstlon of ethyl acetate by H.
anomala is not known, Welf end Wolf (1547) commenting on the
formation of ethyl scetate by Penioillium dimitatum, suggested
that 1t origlnates from agetaldehyde by a Qannizsaro reaction,
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This, howsver, would not be & Gannizzaro condensation reastion
but a Tischtsghenko resction, A Cannizzaro resction is the oone
densation of twe molegules of an aldehyde (with an o ~hydrogen)
and similtanecus saponification with sodium hydroxide, while a
Tisohtschenko reaction is the sondensation of two maléaul*n of
an aldshyde (with or without an « »hy&r@gnn) to foru one mole~
sule of an ester (Cherenis, 1943). Oray (194%) postulated that
ethyl aocetate foramatlion by H. apefisls may ocour- in a simllar
manner. Larsen (1950) eonjeatured that 1% may be mediated through
& mnamacmm:a-xm Mtﬁt@w | He proposed a schewe in which
the ester would represent mn5tntarmﬁdiue¢ in the oxidation of
ethyl aloohol to acetie acid. The proposed scheme 1s as follows:s

dalson
o He OH
Callg o

J

GHy ~O00H

Eagh complete oyole would result in the oxidstion of cne moleculs
of ethyl aloohecl to scetlo aold. Larsen also suggested that fore
mation of ethyl acetate might be by esterification of ethyl
aloohol by acetic acld whioh aight prevent the ascumulation of

& high concentration of moetic acid. Peel (1951) stated that
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his results showed that theamounts of ester produged by washed

suspenaions of H. ancmala were too large to bes aceounted for by

the reversal of a simple esterasse reastion. He maintained that
his data sugzested s aore exergonic mechanisem of ester formation.
This was oonfirmed, he sald, by the faot thet under anserchle
conditions no ester was formed from sthyl alochol plus agetate
or from aastnlﬁehyda. showing that oxidation was neocessary for
the synthesis of ester, He suggested that it was posseible that
oxldstion of ethyl aloochol may have lead to thn’rermat&on of a.
labile acetyl derivative whioch then rescted with furthsr ethyl
alochol to produce the ester.

It may be eonoluded that from the information available in
the literature the exaet wmechanism of ethyl acetate synthesia
by H, anomals and iis role in the metabolism of the organisa

is as yet unknown, .
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EXPEAIMENTAL METHODS AHD MATERIALS
¢ualtures

A subgsulture of the orgenism used in this study was obtalned
frow Dr. Don H, larsen, He gave it the designation Hansepul

Ancmals 7. This terminology will be used in this investigatiocn,
3togk cultures were waintained on a asdium consisting of 0.5 per
sent peptone, 0,2 per cent yeast extrast, 1.0 per cent glucose
snd 2,0 per gent agar. The pH was adjusted to approximately %.5
prior to sterllization. All medls were sterilized in the auto-
clave at 15 pounds pressure for 15 minutes, Oultures were incu-~
bated at room temperature for 48 bours and stored in the refrig~

erator, Transfers to freeh medla were made aonthly.

Chemioals

The ghemicals used in this study were, when possible, C,P..
grade or better, Reagent grade shemiosals were used in the pre-~
paration of reagents for analytical progedures, The isopropyl,
n=propyl, lsodbutyl, n-butyl and t-butyl aloochols, and the pro-
plonaldehyde obtained from the Departzent of Chemlstry, Univeraity
of Utah, were of questicnable purity. The G ¥-labelled sodium
aootate, kindly supplled by Dr. lLeo T, Samuels, Department of
Bioghemistry, Univereity of Utah, wes coriginally cbtained froa
Tracerlad Inc., Boston, Mass,., This compound was labelled with
earbon=14 in the wmethyl position and was stated to have s specific
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activity of 1 mlillicurie per mlililimeole, The adenceine triphos~-
phate (ATP) used in this study was supplied through the courtesy
of Dr. Robert Recknegel of the Departaent of Fharmosology, Uni-
versity of Utah, It was 1n the form of the sodium esalt, A
stendard solution of this cocupound was prepared in ¥/15 buffer
at a pﬁ:at ?.$ ¢na ttaﬁu& in the cold,. The d&pﬁanphapyrldiﬂn
nucleotids (DPN), supplied by Dr. lec 7. Sanuels, was alse in
the fora of the dlscdium salt and was treated in the ssne manner

as the ATP,

Glasavare Preparatlion |

#ith the exception of volumetric equipment and lasks used
in the oxygen uptake experiments, all glassware uaa‘uaakaa in &
solution of commersial washing powder, rinsed in tap water, rinsed
in an acid bath and further rinsed in distilled water, Volumet-
ris glassware and Warburg flaske were gleaned in chromie acid

scluticon, repsatedly rinsad in dlstilled water and drained,

Preparation of lnoeulum

Unless otherwise noted the inocculum for all wmedia conalsted
of oells harvested from 24 hour sultures on Sabouraud’'s maltose
agar slants, These slants were seeded from the stock agar oule
tures, Ten wl., of sterlile isotonic KaéL solution were added and
the celle scraped from the surface with a sterile inoculating
needle and aushondad. Approeximately 1 ml. of this euspension

per 100 wml, of culture media was used a6 an inoculum,..
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Incubation and Measurement of Urowth

All sultures wore grown at room temperaturs, 22° to 25° ¢.,
for varying lengths of time, The period of growth was variable
and is desoribed under the experimental results, Neasurements
of growth of oells were made by datarm&giag the per gent of packed
gelle in Wintrobe hematoorit tubes, These tubes were filled to
the amark with the liquid oulture and gentrifuged at high epeed
for 60 minutes,. After ceatrifugstion the percentage of packed
cells was read, While thie technique wee Dut a Eross approxis
mation, it was found that 1t gave a relative indication of the
amount of growth in liquid ocultures of the orgsnism used in this
study. Measuremenis of turbidity after growth wore aade by using
a Klstt-Summerson photoslestiric golorimeter.. A purple, number
42 filter was used,

Growth of H. ancmala
The medium used for obtaining oells of H. sncuals

enzyme isolation was composed of 0.5 per sent paptons, 0.1 per
gent yeaat extract, 0.1 per cent potassium aold phoaphate and
1.0 per oent glucose, This solution was adjusted to pH 5.5
prior to aterilization, It was found that approxlamately 750 ml.
of media could be plagsed into a 4 liter Erlenmsyer flask and
shaken on a mechanical shaker without aplashing up to the
cotton stopper. Approeximately 350 ml. of medla coculd be shaken
in a 2 liter flask without excessive splashing.. Later in this
study 1t was found that up to 5 liters of wmedis could be shaken
in & large Pyrex garboy with a capsoity of 20 liters. Two of
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thess vessels eould be placed on a meaghanical shaker resulting
in excellent agitation and serstion, After the medla was brought
to & pH of 5.5 the appropriate voluwea were plaged in flasks and
sterilized at 15 pounds pressure for 15 minutes, Upon gsooling
the medla the flasks were incoulated with a suspension of cells
washed from 24 hour stogk agsr slant cultures. After a periocd
of growth on a shaker of from 36 to 48 hours, the agells were
harvested by centrifugation. The further treatsment of these
oells will be dessribed under the experimental results,

pA Deterainastions
All pH determinsations in this study were made with a Begk~

man model G glass eleogtrode pH meter,

Ester Resovery; Determination of Zster

In the experiments invoiving the effect of variocus aloochols
and propicnaldehyde on ester syntheais by H. snosals 7 the pro-
cedure used in an attempt to isclato esters was s modifloation
of that described by Shriner and Fuson (1540). The original
desoription was for the separation of acetle ascid, n-~butyl aloohol,
n-butyl sgetate and sulfurice acid from the resctlion mixture for
the preparation of n~butyl sgetate, The modiflcations of this
method are desoribed under the experimental resulis.

The quantitative deterainsticn of ethyl acetate was mude
by a colorimetirie procedure developed by Hestrin (1949). It Ss
based upon the density of goler developed by the ferrio-hydrox-
amic 201d complex forasd from esters with alkaline hydroxylasine,
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The procedure was originally dsveloped froa the colorisstirie
detarmination of agetyleholine and related eompounds. Heatrin
(1949} reported the chromogenic astivity of ethyl asetate per
equlivalent relative to acetylcholine to be 97.

The procedure gonsisted of amixing 2 =l, of & solution of
equal volumes of 2 M hydroxylamine hydrochloride and 3.5 N
sodium hydroxlde with 1 al. of the sciution to be ssaayed.
after at least one minute the pH was brought to 1.2 * 0.2 with
1.0 ml, of soncentrated hydrochleoric acid dlluted with 2 parts
by wvolume of dlstlilled water., addition of 1 ml., of a 03T M
solution of ferric shloride in O.1 ¥ hydrochlorie acld resulted
in color development, This color density wese read in a Klette
Susmerson photoelectric colorimeter with & green, number 54
filter. The mlioromolea of ethyl socetats per ml. of unknown
samples were determined by reference to a standard curve pre-
pared from known quantitiee of pure ethyl acetate, The affects
of varicus buffers and hydrogen ion goncentrations c¢n the deter-
mination of ethyl agetate by this teohmigue will be desoribed
in the ssotion on experimental results, In assaying an enzyme
praparation for acstivity the procedure for ester determination
was carried out in sentrifuge tubes. After the addition of the
ferric chloride solution the mixture was gentrifused at high
speed for a few minutes, Thia was negessary to remove preoipi-.
tated proteln and other particulate material whioh might inters

fere with the colorimetrio assay progedure,.
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Radicactiviiy Determinations

Determination of radlocastivity dus to carbon-l4 was nade
ueing & Wype A Gelger-lllller oounter built by Cyclotron Spe=-
eislties Uo,, Horaga, California. The tub& used was a Hark I,
nodel 3, manufactured by Radiation Jounter lLaboratories, Chicago,
Illinois., It's mioca window had a weight of 1,6 mgm per square
centimeter., The methods of preparing the ssamples for counting

are desoribed in the seotion on experimental results,

Oxysen Uptake Methods

Cxygen uptake by resting ocells of H. ancsala 7 in the pre-
sange of varicus substrstes and inbibltors was megsured with a
Warburg apparatus. The ¢ells were harvested from 48 hour aule
tures on Sabouraud's-maltode agsr slants and washed thres times
with distilled water., After washing with distilled water the
organisms were suspended in s buffered salt solution deasoribed
by lerzen (1950). The constituents of this solution are listed
in Table I. The pH of this solution was adjusted to 4,5, After
adjustaent of the suspension to the proper turbidity it was
agrated on a mechanleal shaker for 30 minutes, The water bath
of the Warburg apparatus was at a temperature of 30° g. and en
caglillation rate of approximately 90 ayoles per minute was used
in all experimsnts. The kinds of substrates and inhibitors,
thelir concentrations and other details are described in the

éxperimental results,
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Table 1.

Jonstituents ‘Amount per liter

Trage @alts
H;Bg’-n¢an-tuaatinautw«ttc*amqttt&&ta5@ ﬂ&ﬂ’
3&5, *5 HOH.onevasencnsosssnnassrnss 40 ugm
Eleeovenususnnssnsnsavevrssnneessened20 ugm
Folly <6 HBOHevovooonssosessansannonss @950 Upm
ing Q'? HOHesonoosseosnvssonennsnsa 200 ugm
ﬁnglﬁit HOHcronosonnsnernsnsonnnenss 40 ugm
Ka ‘,4'§ HOH,eosvsnrsnnssnensasasses 29 Ugm

Q "%.'.‘Q'.""‘.l’."""I“l.l"‘ 23 ﬂ@

Maoro salts
Kﬁ'PQQQQﬂIﬁiifl!QﬁﬁlidlQQQOtU#"QiOl 1.0 &ﬁ‘
ﬁggehtmwp1ovaocutnatu¢¢40#eunaidnGnm 605 e
Ballesesssvonvocanseessenesnasnvevies Dol fui: |

Ga¢12~3 HACOHuusoosonvsasansronnnsnses Quld £

‘ugmsmiorogras
“"gm= graa



18
EXPERIMENTAL RESULIS

Influence of Buffer Jomposition and pH Upon the Jolorimetrie
Assay for Ethyl Acetate

Heatrin {}949) hes reported that the ferric complex of
soethydroxanic acild gpygad a mgxiwum g&sgryﬁian &t between 520
and 540 mu. In this rmgé of w;ayil length ferris lon showed
1ittle or no abnerg%igg.::ﬁy:t;gﬁﬁ ;ha}»%hn hyﬁrelyuia products
of acetylcholline did not nl&er'tha_éﬁvw;aﬁuaﬁt of evlor by agatyl~
oholine with siknllaﬂ hydraxyl&&inc"'fhn affoat of eertain iron-
binding anions on &aﬁjrpwetianAvag studied by Hestrin (1547).
effeot of a total of Eé‘ux of phosphate was not wmore than 3 per
gent in the t&s% range of from C.2 to 2.0 uM of sostylcholine in
5 ml. of the final mixture, Under the same conditions, 50 to
200 uM of sulfate or 100 ul of borate produced little or no
interference,

Studlies of the Influence of certain buffers on the colori-
metric estimatlon of ethyl acetate by the above method were made.
The buffer sclutions studied were M/19% phosphate at pH 6.3 and
5.5, 0.004 H acetate buffer at pH 4.5 and a buffer solution of
¥/20 Borax (NagBuOpe1l0 HOH) plus & M/5 borle acid solution gone
taining 2.73 ga per liter of sodiuas chloride, The preparation
of this latter buffer solutlion was described by Clark (1928).

The pH of this solution wae adjusted to 8.3, Standard solutions
of athyl acetate were prepared in the above bulfers and in
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distilled water, A comparison of the curves obtained by plotting
Klett units agalnat ester concentration is found in Figure 1.
wWhile the slopes of the curves differ somewhat, 1t was assumed
that they were entirely within the experimental error of the
progedure.,

3tudies of Geter Formation by Growing Jells of B, anomals 7

By the periodig addition of ethyl alsohol or agetaldehyde,
LarseB (195C) was able to demonstrate an inorease in ethyl acetate
formation by a growing culture of H. anomals T. He was unable teo
deaonstrate any inorease by the addition of acetate, |

The influence of a single addition of either athyl alcbhal,
agotaldehyde ¢r soetate to & rapidly growing culture of this
orgasniss was studied. The medlum used was composed of the trace
and maoro salts listed in Table I, 0.5 per cent asparagine, 0.2
per cent ammonium sulfate and glugose at & ¢ongentration of 0,015M.
It was adjusted to pH 5.5 and dispensed in 95 oc, amounts into
500 ml. Erlenmeyer flasks, These were sterllized at 15 pounds
presaure for 15 ainutea, After gocling the flasks were inoculated
with a suspension of eells prepared as doaéribeﬁ in the section
Materials and Methods. The flasks were placed on a meshanical
shaker and shaken for 12 hours. At this time the proper asount
of ethyl alechol, agetaldehyde, pglucose or scetlc acld cuntained
in % zl., of the gomplete bassl medium was added to bring the
sulturs fluld to a sonsentration of 0.02 H’izth reapeot to the
compound involved, Aliquots were resoved for determination of
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ester at G0 minute intervals, A graphic representation of the
results of the experiment inoluding the sontrol contalning ey
glucoss 1o found in Figure 2.. The single addition of acetalde-
‘hyde to a rapidly multiplying sulture of the organiss under study
resultsd in a uignxrtcwat increase in ester concentration in the
sulture 11quid.  A resultant drop in ester sonocentration after
the addition of ethyl sloohol or saetats was notsd, The resulss
of this experiment suggest that the agetaldehyde soncentration
is of immedlate lmportance in deteraining the rate of synthesis
of ester by this organism, , ,

ﬁauha#g and Reinfurth (1918) reported experiments on alde~
hyde fixation with sodium sulfite in an effort to elucidate the
sechanism of slocholis formstion., Larsen (1950) has shown that
whun»auuﬁalﬁeby&quaa added to a oulture of H. gocmsla 7 an ine-
~ereass in the predustion of ethyl scetate by this yeast resulis,
He suggested that agetaldehyde may bde of imnedlate importance in
the synthesis of the ester, An attempt to demonstrate a ohangs
in the smount of ester formed by a culture of this organiem when
sodiun bisulfite was added vas made. 4 preliminary experiment
indicated that aaaxaxquuqt'saazuﬁgbznuxfztn'at s congentration
of C.001 M did aut;aatarzilly rédace the arnrali;;iaiavar eslls
from a 24 hour aerated culture, Higher conosntrations did show
& toxialty with a resulting deoresse 4@ eellular forsation.

The basal medium gontaining the trare and macro seits lleted
in Tﬁklﬁ I. plus asparagine and nmm@niaaﬁiuiratn a8 nigrogen
scurces, and 0.015 §~gnuaaac was used 1n’taia experiment. It
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wae adjusted to pH 5.5 and sterilized., Ninety ml. anoun§s were
ssseptically pipetted into sterils 500 ml. Erlenmeyer flasks and
inoculated with H. apomgla 7 e¢ells, The flaske were placed on a
mechanical shaker and agitated for a peried of xz hours, Alliguots
ware taken at 12, 13 and )4 hours and assayed for ester congen~
tration. At the 14th hour of culture 5 ml. of the bassl medium
plus eﬁhyl aleochol, agetaldehyde or sodius agetate were added.

At the same time 5 ml., of & solution of sodium blsulfite in the
basal mediun wers added to the test flesks, The added substrates

were st sush concentrations 80 as to bring the final congentratign
to 0,02 M.. The tlnal_uénatntva%ian of bisulfite was 0.001 Ha.

The sontrol flaske regeived 10 ml. of the complete basal medium..
Cne hour later, the 15th hour of growth, sanples wers taken and
ester consentrations determined in duplloate, The resulis are
sunsarized in Table II, 7The coneentration of eator noted was the

Table II
Flask Gantonti | §§u§§h§§ :ﬁﬁ:ﬁtﬁ
Glucose + Ethyl Aleohol 0.075
dlusose + Ethyl Alochol ~ Sodlum Blsulfite <0.05%
Glucese 4 Acetaldehyde | C.29
glusose 4 Acetaldehyde - Bodlum Bileulfite 0.158
Glusose 4 Acetats <0.05

Glucose + Acetate - Sodium Bisulfite <0,05
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sverags of two deterainations,

These data suggest agaln that acetaldehyde is of lapersance
10 T. This would
seen to be in agﬁaamﬁut with the observations mede by Larsen
(1950) and Peel (19%51).. Beocause of the relatively high toxloity
of sodius bisulfite ter sells of H. anomala 7, sddition of larger
quantities to graning aul&ur&n and the macro~recovery of ethyl

in the synthesis of sthyl scetate by B. ancaals

agetate oculd not be ﬂﬁﬁ‘w
A #tudy of the ﬁrraat of the addition of proplonaldehyde
and 1a¢§aag;:g.u~prbpy1, n~butyl, iscbutyl and tuhutylv;xaahaln
- on the synthesis @f'&ﬁhyl agetats by H. snomsls 7 was undertaken,

¥
Y

The medium used in this experiment wes gomposed of the trace and

naoro salte llested io Table I, 0.5 per cent asparagine, 0.2 per
gent ammonium sulfate and 0.02 ¥ glusose,. This medium wes ad-
Justed to a pH of 5.5 and dlspensed into 2 liter suation flasks
in 350 ml, amounts and sterilized. Alter gooling, thse flasks
were inoculated with cella washed from 24 hour stook agsr slant
sultures, The flasks were plsaced on mechanical shakers and
agitated. After 12 hours of growth the flasks were connecgted
with a foreed alr supply. The course of the affluent alr was
first through a oolusn of leosely packed ectton, bubbled through
a tube of dlstilled water and finally into the culture flask by
means of & glass tube inserted through a rubber stopper whioh
replaced the original gotton stopper. ?ha glass tubing cewe %o
within an inch of the level of the gulture fluid. This apparatus
vas sterilized prior %o gennsction with the oulture flasks,
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Cbservation of the tube of distillied water served as a rough
wneansfor equating the flow of air through the individusl flasks,
The effluent éir wﬁa takan out of the gulture flask by weans of
the side arz and finally through & coluamn containing spproxis--
mately 200 gm. of ch&rﬂeki. The ohargosl in the acluan was
previously washed with flowing stream and dried by forced air,
This technique wae similar to the one desoribed by Larsen (1350)
for the recovery of ethyl acetate from serated and ngimatmd
cultures of ester~-forwuing yeasts. |

One ml, smounts of the aloohols or the aldehyde were added
at eash time interval to the appropriste flask., The flasks were
undar gonstant agitation and aeration.,. The schedules of addition
was at 12, 24, 3&; 48 and 60 hours, The total amounta of propione
aldehyde and isopropyl, n-prepyl, n-butyl, isobutyl and tebubyl
algohols added were approximastely 0.07, 0.066, 0.066, 0,054, 0,054,
and 0,054 1 respectively. v

The wethod used for the regovery of aa& peasible saters
forwed from the above aloohols or aldehyde was & modificatien of
that outlined by Shriner and Fuson{lP40). After 72 hours of
gﬁawﬁh the liguid cultures wers ﬁr@atsd in two ways depending
upon the bolling point of the ester axg&gﬁ#é. ‘Thia was sasualng
that the eaters formed would be, in the sasse of the aloeohols,
the acetate ester, In the case of the culture of H. anonale

to which proplionaldehyde was added any‘entar foraed was assumed
to have a bolling point greater than 100%C. |
The gulture to which the lsopropyl aleachol had been added
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was rinsed into & liter Srienmeyer flask with 100 ml, of water,
bolling stones added, and gonneoted wiﬁh the ohareoal oolumn.
The culture fluld wes heatsd to belling and the first 50 al. of
distillate recovered, This fraction was trested 1n & manner as
outlined in Plgure 3 taken in part from Shriner and Fusen (1340).

The oultures to whish the other sloochols or proplonaldehyds
had been added wers extracted with 100 ml, of ethyl ether and
the ether scluble fraction separated. This solution was then
used to extract the ﬂhévnwal column. The solutlion taken from
the golumn was coumposed of two phases, ether and uatér. The
ether was distilled off st approximstely 35°C, and the remaining
solution treated as desoribed in Figure 3.

The reliablility of the procedure was ohegked by the esddition
of & known volume of ethyl acetate (2,0 al,) to a dietillation
flask sconnected to a aﬁar&&al,aaluﬁna The procedures sonduoted
were the eame s those already desgribed for the isolation of
isopropyl acetate, An approxisate recovery of 50 per cent en
the basls of the volume of aﬁhsl/aaﬁtaﬁa added was socompllshed,.
T to

The isclation of estere fros cultures mf‘ﬁ, gnomale
whioh propionaldehyde and higher algohols were added was unie

formly negative. The smount of grauih as measured by determining
the per cent pscked gells was approximstely the same for all
sultures with the exoeption of that to whioh propionaldehyde was
added, In this oulturs there appeared to be no inorease in the
smount of pasked gells betwesn the 12th and 72nd hour of growth,
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Studlies of Ester Formatien and Oxygen Uptake hy Resting Jells

Cxygen uptake by resting cells of H. agomala T was deter-

mined in the wWarburg apparatus, The osongentration of ester in

the resction nixture was detsrmined after messurvment of oxygen
uptake. The substrates studied were sthyl alcohol plus aoetate
or saetaldehyde,.

41)1 tests werwe gondusted in 20 ml, Warburg flaske with twe
side aras. These flasks were shaken at approximataly 50 osslle
lations per minute in & water bath set at 30°C. The cells used
wera from 24 hour stool agar slanta, The cells were harvested
and washed in dlstilled water three times by gentrifugstion,
They were then suspended in & buffered salt solution composed
of the traoe and maoro n&ltﬂ llntéd in Table I, The pH of thia
solution was adjusted to 4.5, Cell suspensions were aerated for
JO minutes at room temperature on a meghanical shaker.. After
ssration the turbidity of the iuaﬁwnn&wn,vaa ad justed to a Klett
resding of 400, All substrates were dissolved in the buffered
#8alt solution at a pH of 4,5,

The flasks used :ﬂr obtaining data on the &xrgnn uptake and
subsequent ester Tormation by resting cells scontained 1,0 ml. of
buffered salt-ethyl alochol sclution and 1.0 ml. of @ell suspen«
sion in the main shamber, The center well sontalned Q.4 al, of
15 per oent potassium hyﬁrex&ﬁc.. tne of the aide arme gontalned
0.5 ml. of a buffered salt-scetaldehyds or acetate solution., After
aixing, the final consentrations of the substrates were ethyl
alechol, 0.2 M; sodium agetate, 0.008 M; and agetaldehyde, 0.01 M.
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This acetate oconcentration was the same aa that at which Peel
(1951) reported a 50 per gent inorease in the amount of ethyl
scetate formed in the pressnce of 0,2 X ethyl alechol, The
agetaldehyde concentiration was the same a8 that at whioh he obe
talned an inoreased ester synthesis by washed cgelle in the pre-
gange of athyl alachel.

After the addition of the somponents of the reagtion to the
flasks and attachment te the manometers, an eqguilibration pericd
of 10 minutes in the water bath was sllotted before closure of
the aystem. Several resadings at 15 minute intervals were made
prior to tipping of the side arm whioh contained the second sube
strate or buffered salt solution, After gsoumpletion of the ob-.
servation period the flaeks were detached and the contentis re-
moved, Duplicate ester determinations were made with this
suspension.,

The results of this type of experiment are shown in Figure
4, The final ethyl aoetate ooncentrationa of the various reagtion
mixtures wurﬁs"athyl aloohol plus buffered salt solution, C.000
u¥/ml,.; ethyl aloohol plus acetaldehyde, C.00 uM/ml,; athyl al-
eohol plus acetats, 0,125 uM/ml.; and, buffersd salt solution,
C.00 u¥/ml, It would appear that the addition of 0,008 X acetate
to 0.2 ¥ ethyl aloohol did not inoresss the oxygen uptake by H.
anomale T oells while it 4id signiflicantly increase the synthesis
of ethyl acetate., The apparent dearease In oxygen aptake by this
yoast in the presence of a substrate ocomposed of sthyl aleochel
plus agetaldehyde was probably due to the great volatllity of the
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aldehyde, The addition of 0.0l M acetaldshyde to 0.2 K ethyl
aloohol 414 not produse any measurable ethyl acetate.
| Hotohkise (1944) found that 2,4-dimitrophencl (D¥P) in-
hibited aerobic phosphorylaticns by staphyloescsel without ine
fluenoing oxygen uptake., Peel (1351) has suggested that the
synthesis of ethyl acetate by H. snousls may proceed by means
of the formation of a lablile acetyl dsrivative which reacts
with ethyl alochol to produce the ester, He further suggesied
that this postulated agetyl derivative may de acetyl phosphate..
The effeot of 2.4 x 19’3 M 2,4-dinitrophencl and 0,001 ¥ sodium
bisulfite on weashed g¢ells of H. gnomals 7 in the presence of
ethyl aloohol was studlied, The dame teshniques were used in
this experimental procedure as were used in the study of the
effects of the addition of agetate and asetaldehyde to ethyl
alechol., The DEP and the bisulfite were added o a side arm
in 0.5 al, quantities at suoh conosntration as to bring the
final concentration of the reaction amixture up to that desoribed
above, Ester determinations were made on the contents of the
flasks aftsr measuresment of oxygen uptake..

Figure 5 sumsarizes the data obtained in this study.
Neither DEP nor bisulfite appeared to influence the oxygen up~
‘take by H. anogmals
urable ester was forsed elther in the presence or abssnoe of

7 in the pressnsce of ethyl algohol. Ko meas-

these gompounds,
With the oconcentration of gells used in this group of
studies, it would appear that added socetate {(0.008 M) is
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necessary for the aynthesis of ethyl acetate by H. anomalas 7..

Studles of Ester Synthesis in the Presencge of Carbon-l4 MHethyl
Labelled Sodium Acetate,

Peel (1951) reported that the addition of agstate at a
aongentration of 0.008 ¥ to C.2 N ethyl aleohol resulted in a
50 per aent inorease in ethyl scetete synthesis by waushed gelle
of H. gnomala. He suggested that leotope studles might lead to
information oonceraning whether added acetate ia incorporated
into athyl acetate or not,

A generous gift by Dr. lec T, Sazuels of a emall quantity
of methyl laballed scdium acetate mads this study posaible, The
medium used was composed of 0.1 par gent yeast extract, C.l per
sent potasslum aoid phesphate, 0.5 per ¢ent peptons and 0,008 M
sodium sostate. Two different ethyl alechol oconcentrations were
eaployed, O.1 ¥ snd 0,2 M. Twenty seven uml. of the freshly pre-
pared medium at pH 4.6 were added to round bottom distilistion
flaaiks and the proper smounts of ethyl alcohol sdded. Two ul..
of a solution of carbonelé methyl &abaixaﬁynaazam agetats gone
taining 23,7 ugn/ml were added., The asin épﬂn&ng of these flaske
was closed with a one hole rubber stopper whigh sontalned a
length of glass tudblng. The end of the tubing whioh projeated
into the flask was drawn out to a fine e¢apllilery. The glesas
tube was acnnected by rubber tubling to & 4000 al. Erlenmeyer
flask which contained pure oxygen. This arrangement would afford
s relstively conatant supply of oxysen to the zrowing yeast,
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The oxygen reservoir was inverted in & large aeontalner of water
80 that water replaced the oxygen &g it was used up., Diffusion
of gases between the oxygen reservolr and the culture flask was
redused by the caplllary., The alde arm of the distillstion flask
was conneoted to a 75 ml. test tube by seans of & rubber stopper.
This teéa tube gontalned 10 al, of 15 per cent potasalum hydroxide
whioh would absorbd the carbon dioxide formed during growth,

The lasks were inoculated wiih 1.0 wl. of & suspension of
gelle washed from 48 hour stook agar slant cultures and placed
on a mechanical shaker. The eonditions of inoubation were at
room hamporatur; for 24 hours,

After 24 hoursc of growth the flasks wers removed and die~
gonnected from the oxygen supply. The earbon dioxide absorption
tubes were disconnested and stoppered., By addition of phencl~
phthalein and sodium hydroxide, the pH of the asontents of the
distillation flasks wss brought to approximately 8.0, The
flasks were heated and the first few milliliters of distillate
eollected in 10 ml. volumetrlc flasks which were @h&ilﬁd in an
jce bath, These distillates wers essh diluted to exactly 10 ml.
with dletilled water. The ethyl acetate congentration of these
soluticons wase detersined and was found in sagh case t0 be greater
than 50 ui¥/ml,.

One ml, quantities of sash of the above s#lutivn: of othyl
scetate were mixed with 2.0 ml. of alkaline bydroxylanine. Une
18l. of each of thess solutions was pipetted into stainless steel
sups, One ml., of eash of the liquid sultures after distillation
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and 1.0 ml, of the potassiua hydroxide solutions wers plaged in
simllar oups, The results of the counting of these saaples are
found in Table III, Baskground counts were determined before
and after counting of the sauples, The equipment used was des-
oribed previcusly under pxperimental Methods and Materials,

Table 111

rwrwstian er Ethyl Aoutate by a Growing Julture of
gnowales 7 in the Presence of lLabelled

Agetate
Alkaline ﬁyﬁrw~ Potass iam
Uomposition of Medium xylamine-Zater Julture Hydroxide

Solution. Liquid Solution

Ethyl alechol (0.2 M) plus o ,
labelled and non~-labelled 35 oM 35 oMM &9 CPH
acetate (0,008 M) _

Ethyl alochol (0.1 ¥) plus | .
labelled and non-labelled 32 o 38 oM 54 CFH
agetate (0,008 ¥)

Wote: Background ccunt ® 33 cocunts per minute.

The datas suggest that the majority of the added acetate was
oxidized to garbon dloxide and watsr. Ko inoreasse over the bagk-
ground aount in counts per ailnute was obsavrved in the ester pro-

duced by a arowing culture of H. ancasla 7, in the presence of

radicactive acetate.
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Call Free Snzyme Jtudies
Various progedures were used in an atteapt to obtaln s cell
ADOS 7+ The calls
used wers obtained as previcusly deseribed. The techniques ine-
volved were acetone drying and extrastion with i/15 phosphate
buffer at pH 0.3; treatment with tcluens and extraotion} passage

fres enzywe preparation from ocells of H. gnouals

of a yoast celleground glass suspension in buffer betwsen rotating
glass surfages; alternate freeszing and thuwing with extrastion

at 6%.; drying of the yeast sells from the frozen state with
subsequent grinding of the powder in a ball mill, and extraotion
at 6°0. or room tempersture; and, grinding of a cell paste in &
ball m1ll at 6°g. followed by extraction with M/15 phosphate
buffer at pH 6,3 or with distilled water in the oold. The sus~
pensions obtained by the above methods were sentrifuged at high
speed in the gold snd the supernstant solutlions tested for

snsyme activity.

Ths provedure of teating for enzyme activity consisted of
the addition of 1.0 ml. of tha gell free enzyme preparation to a
mixture of 1,0 al, eash of ethyl alechol and sodium acetate, Theas
substrates were preparsd at congentrations of 0.02 ¥ in phoaphute
buffer at pi 6,3, The systen w&§ inaubated at 30°¢, for 60 mine.
utes at which time ester aatarmlaatiéna were made.

The only prooedurss by whish aotive osll fres preparations
were obtained were those involving grinding of the yeast osll
puste 1in the ball aill followed by extrsotion with either phos--
phate buffer or Adlstilled water at 6°0., or that involving



36
drying of the oells from the Irogen state, grinding of thw
dried powder, followsd by extraotion in she gold with phosphate
buffer. The latier method gave less sotive preparstions, 7The
forwer progedurs will be desoribed in more detall,

Washed packed gells of . goowals 7 were plsoced in a 250
al. sentrifuge bottle and glass marbles added, This bottle wae
plaged on the rollers of a ball will snd rotasted for 26 bours
at spproxizately 6%3, At thie time an equal volume of sold ¥/15
phosphate buffer at pH 6.3 was sdded, The Lottle was returned
tc the ball mill and rotated an additlensl 12 hours. The suse

ponsion was resoved and gentrifuged at high speod in the oold
for 60 ainutes, The supernatant was tested for astivity with
0.02 ¥ eathyl aloshol at p% 6,3 slone, or with the aloohol plus
0,080 ¥ sodivn acetate al the sawe pf, The gonditions of ine
oubation were at 3093, for 60 sinudes, Dupliaate estar dstere
minations wers msde, The resclts were} sthyl aleohol plus soetate
yielded 0,2 uli of ester per ml. of resction ailxture, and ethyl
sleohol plus bulfer yielded 0.2 uk of ester per al. of reaastion
sixture, The results of a siulilay experiment in whilch aliguots
were reacved at 10 alnute intervals are shown in Figure 6, all
gonponents of the systeam were added to 23C sl. Lrlenmeyer flasks
at 10 times the volume of the previcus experiment, |

Ethyl acetate syntheslis by osll fres preparations from

gnogsala 7 in the pressnoce of 0,02 ¥ ethyl alechol does not
sppoar Lo be influsnced by the addltion of 0.02 B sodium aoviate.
This finding was in agreessnt with that of laresn's (1550) whe
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found that added agetate 414 not lnerease the formatlon of
ethyl acetate by growing asultures of H. anomala 7.

Attempts to inorease the asctivity of the enzywe prepars-
tions by various meane wers always followed by complete loss of
sotivity, Storage of an sotive preparation at 6%¢. for 24 hours
resulted in gomplete loses of measurable activity, To this in-
aative preparation the addition of 0.3 ul of adencsine triphose
phate or 3.0 uM of diphosphopyridine nucleotide with 0,004 K
nigotinamide did not result in any return of activity, .
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DISQUSSICOR

The results of the experimenta in whiceh acetaldehyds was
added would seex to indleate that acetaldehyde is an lmportant
intermediate in the syntheeis of ethyl scetate by H. anowals 7..
The reduction in the sonsentrstion of ester in acetaldehyde medium
af'ter ths sddition of socdius biaulfiﬁe would appear to Justify
this etatement, This reduction of the concentration of ester
is suggested to bs due to prevention of the aldehyde from reacte
ing to form ethyl acstate by complex formation of the scetasldehyde
“with blasuifite. The abrupt drcp in ester soncentration after
introduction of the bisuifite may be dues Lo increased eaterase
activity by the multip&ying yoast cells, This insreased sstorase
aotivity would be initiated by the suddsn inoreasse in eeter gon~
gentration after the addltion of the soetaldehyde, Also ine
oreased esterasd adtivity coupled with the supposed blookage of
eater synthasis onuicd by the addition of bisulfite would ulti-
mately result in a redused eater concentration.

An explanation of the ssemingly conflieting results sone
serning the affects on ester synthesis by the addition of variocus
gonoentrationa of sgetate was poatulated by Peel (1951). He
suggeated that the marked stimulation of ester produstion fole
lowsd by no effeot or inhibitlcn, ccouring when the aaq&atc
concentration was inoreased, may bs due to an alteration of the
external pH required to give optimsl internal conditions for
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eater formation from ethyl aleochol alons, .

The data presented in the experiments with labelled acet~
ate would suggest that the acld solety of the ester la wnot derived
from added avetate, Added acetate appearsd to be rapidly oxldized
to garbon dioxide and water. Hecause of the low soncentration
of labelled acetate necessarily used, the experiment should be’
repeated uaing much higher soncentrations of radicactive agetate.

The higher aleohols used in an atteumpt to induce the yeast
to form other esters were oxidized and utilized as carbon sources
ta; oellulsar mulﬁip&i&a@&a&. This would suggest that the enzymes
involved were more or less speaific in that ethyl alechol was
the only algohol from whigh sster was foramed,

There aere numerocus problems involved in obitalning a cell
free enzyme preparation whioh would carry out the synthesis of
ethyl acetate in the presence of a sultable substrate. Peel
{1551) haes reported that storags of freshly washed celis for
24 nours at 190, results in a 50 to 75 per cent luss in enw
symatio activity., The instabllity of cell free preparations
would negessitate extensive studlee aquncerning the ntah&litj
of activity. The possibility that the extremely unstable
nature of these preparations was due to dsstruotion of a certain

cofaotor or oc faactors 18 postulated.
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SUMMARY

The single sddition of acetaldehyde to a rapidly multiply-

ing culture of H, gromala T resulted in a signifloant inerease in

the synthesis of ethyl acetate. After addition of ethyl alsohol
or agetate, a drop in the concentration of ester was noted.

A reduotiocn in the soncentration of ethyl acetate in a
rapidly growing culture of this yeasst was found when sodium
blsulfite, C.001 M, was added to s medium containing acetaldes
hyde or ethyl alachol,

The lsclation of esters from cultures of H. anemals 7 to
whish proplonaldehyde and lesoepropyl, nepropyl, isocbutyl, n~butyl
and t-butyl aloohols were added was uniforuly negative., The
yeast vas able to utilize the alochols for growth., The proplon--
aldehyde appeared to be toxle at the gongentration added,

¥hile addition of 0.C08 ¥ acetate 4id not inorease the
oxygen uptake by resting oells when in the presence of 0,2 M
ethyl alechol, its presence brought about an inoreased syntheais
of ethyl acetate by resting cells of this yeast.

Neilther 2,4-dinitrophencl nor sodium bisulfite appeared
to influence the axygan uptake by resting cells of H. apomals 7..

The data obtained using radlioasctive sodium acetate suggested
that the majority of added scetate was réyaaly oxidized to carbon
dioxide and water. No weasurable lnorease over the badkground
oount in counts per minute was observed In the ethyl acstate
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produced by H. ancmals 7 when in the presence of labelled asgetate,

Isclation of a sell free preparation obiained from cells of
H. anomala 7 wus noted. These preparations wers low in enzyme
agtivity and an inoreased astivity osould not be attained by the
addition of C.3 uk of adencelne triphosphate or 3.0 ul of di-
phosphopyridine nuslectlide. Acetate soncentration at 0,02 # 414
not effect an inorease in ethyl acetate aynthesis with the gell

free oenzyme prepasration,.
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