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INTRODUCTION

The present trend 1n the dsiry industry is to safeguard
the quallty of 1ts products by pasteurlization. In addition
to destroylng all infectious dlsease-producing bacterla and
a large proportion of the other microorganism: present,
this treatment inactivates some of the enzymes naturally
present in milk, one of them being the fat-splitting
enzyme lipase., M1lk lipase 18 essentlal in the procedure
commonly used for the manufacture of blue cheese., This
enzyme hydrolyzes the butterfat to glve free fatty acids,
the lower ones of which contribute flavor directly and also
serve as the subatrate for ketone formation by Peniclllium

roqueforti.

A study was undertaken to select a sultable micro-

organlism possessing pronounced lipolytic properties, the
enzyme of which could be prepared and added to pasteurized
milk in place of the inactivated milk lipasse. The organisme
in question also must be non-pathogenlc, essentlally color-
less, preferably non-fastidious in growth requirements and
preferably producing most of the lipolytic enzyme so 1t is
avallable exocellularly. The lipase produced should exhibit
1ts optimum activity in the range of pK 4,6 -~ 6,5 in which

blue cheese ripening takes plzace,



After preliminary studies on a number of lipolytic

microorgsnlsms, the yeast Mycotorula lipolytica, Herrison,

also known as Torula lipolytica, Jacobgen (Harrison, 1928)

and as Candida lipolytica {Diddens and Lodder, 1940; Chinn,
1946), was selected for detsiled study as 1ts lipolytic
enzyme aystem seemed to have the desired characteristics

for use in the manufacture of blue cheese from pasteurized
milk,



STATEMENT OF PROBLEM

The work hereln reported was undertaken to obtain infor-
mation concerning the lipolytic enzyme system of Mycotorula
lipolytica and the sultabllity of this enzyme system for use
in the manufacture of blue cheese. The study was divided in-
to the following five sectlions:

The selection of lf. lipolytica for production of lipase.

Factors influencing the production of lipase by M.
lipolytica.

Factors influenclng the activity of M. lipolytica lipase.

Concentrating of M. lipolytica lipase.

The influence of the addition of various amounts of M.
lipolytica lipase upon the ripening of blue cheese made from

pasteurized homogenized milk.



REVIEW OF LITERATURE

Lipolysis by Achromobsacter lipolyticum, Alecaligenes

lipolyticus, PseudOmonss fragl, and Mycotorula lipolytica

Among the meny lipolytic mlceroorganisms reported in
the literature only four of those known to be highly lipo-
lytic were conéldered in this study =2nd the review of the
lipolytic microorganiems i1a confined lsrgely to a consilder-
ation of theee four specles,

Achromobscter 1inolyticum was 1dentified by Huss (1908)

a8 causling rancldity in mllk, He found it to hcve an
optimum growth tempersture of 35°C. Collins (1933) observed
that cotton-mesd oll globules in nile-blue sulfate agar
plates vere rapldly and completely hydrollzed beneath the
colonies, sghowing thet o dlffueible lipolytic enzyme was
produced by the cells. The elmple triglycerides frem
tripropionin to trimyrictln, incluelve, were hydrclyzed.

Pouts (1939) found fchr, lipolyticum grew well in cream

et acidities up to 1,0 percent end cecuged hydrclyeie of
butterfat, However, the acid number of the fat decreased
with incressing scldities of the cream, Long and Hammer
(1938, 19%9) observed the eppenrance of rancidity and an

incresse in free fatiy aclds in butter samples inoculated



with this organism and held at elther 10 or 21°C, over a
total period of up to 30 dayas.

Long (1936) proposed the name Alcaligenes lipolyticus

for a lipolytic aerobic bacterium, previously known as

Baclllus abortus var. lipolyticus and as BacteriUnlipo-

lyticus (Evans, 1917, 1918). He studied 21 cultures, all
of which hydrolyzed the cottonseed globules below the
colonies in nile-blue sulfate agar, and 20 of which
hydrolyzed the oll globules for a considerable distance
beyond the edge of the colonles., All of the cultures
examined by him hydrolyzed triisovalerin, tricaproln
tricaprylin, tricaprin, trilaurin and triolein. Trip-
ropionin and tributyrin were hydrolyzed by most of the
cultures, Trivalerin, triheptylin, trimyristin. tripalmitin
and tristearin were not hydrolyzed. The optimum growth
temperature of Alc, lipolyticus was below 40°C, Long and

Hommer (1938, 1939) found butter inooculated with Alc,
lipolyticus cultures developed rancidity in from 10 to 18
days when stored at 21°C,, and acid degree values rose
with holding time of butter.

Pgeudomonss fragi was named and characterized by

Hussong (1932). He characterized the organism as
pasychrophilic, aroma-producing and capable of hydrolyzing
fat, Variations in fat-gplitting abllities were encountered
with different cultures of this organism. The bacterium



wag 1solated from rancid butter and varlous other dairy
products. Long (1936) found Ps. fragi to produce a dif=-
fusible lipolytic enzyme with fat hydrolysis extending
over a considerable area around the growth zone. Tri-
proplonin and tributyrin were hydrolyzed by all of the
cultures studled except by a few that falled to grow on
the mediumn, Trivalerin and trioleiln were hydrolyzed by a
majority of the 42 cultures studied, while trilsovalerin,
tricaproin, tricaprylin and tricaprin were hydrolyzed by
some cultures but not by others, Triheptylin, trilaurin,
trimyristin, tripalmitin and tristearin were not attacked.
Long and Hammer (1938, 1939) inoculated hutter with Ps,
frapgl cultures and observed development of a rancid odor
zfter holding from 2 to 8 deys at 21°C. They also found
that the free fatty scide increased in the inoculated
buiter gemples held at 109C, with lncreasing holding
periods, indicating hydrolysis of butterfat.

Harrison (1928), in his classification of torulae,
characterized Mycotorula lipolyticas as capable of hydro-

lyzing butterfat. Long (1936) made the same observation
on a number of cultures isolated from raw milk and cheesy,
rancld butter. Eight out of eleven cultures studied by
him hydrolyzed all of the fat globules in the agar below
the growth, while the remaining three hydrolyzed only a
pert of them, Seven cultures hydrolyzed the fat globules



beyond the colony growth zone, while four failed to do so.
All of the cultures hydrolyzed tripropionih, tributyrin,
trivalerin, triisovalerin, tricaprylin, tricaprin and
triolein; tricaproin and trilaurin were hydrolyzed only
8lightly. Triheptylin was attacked by some cultures but
not by others, while trimyristin, tripalmitin and tris-
tearin were not hydrolyzed, Fouts (1939) found that M,
lipolytica grew well in cream with titratable acidities

up to 1.0 percent, and caused lipolysis in cream with
acldlties up to 2,08 percent, This organism showed
inoreased growth in the presence of butter cultures and

exceeded Achr, lipolyticum and Alc, lipolyticus in lipo-

lytic ectivity at cream acidities close to 1,0 percent,
Long and Hammer (1938, 1939) inoculated butter samples
with a pure culture of M. lipolytica and observed detec-
tible rancidity in from 1.5 to 3.5 daye at 21°C, The
acid degree values rose with prolonged holding periods up
to 30 days at a temperature of 10°C, Thie organism was
more lipolytic in well-worked butter than was Ps. fragi,
and was equal to or slightly stronger than Achr, lipolyticum

in this respect.

Chinn (1948) 1solated Candida lipolytica from cream
and butter and found 1t produced the same defects in dalry
products ag were reported earlier by Long (1936)., The

organism was ageroblc and its optimum growth temperature



weg batween 21 and 30°C,

The Influence of Growth Conditlons Upon

Lipase Production by Mierocorganlems

The only orgaenism for which published information could
be found concerning the cultural conditions which influence
lipase production was P. roqueforti., Weisabrodt (1927) was
able to lncrease lipase production of P, rogueforti by sub-
stituting ammonium chloride for sodium nitrate in Czapek's
medium as modified by Dox. Naylor, Smith and Collins (1930)
were able to verify the above results. Thibodeau (1940)
observed that sugar retarded production of the linage of

P. rogueforti, while the presence of both agar and orgsnic

niltrogenous compounds increased the production of lipase,
According to Welssbrodt (1927) esnd Naylor, Smith and Collins

(1930), lipase production of P. roqueforti was highest at
pH 4.5 in Czapek's modified medium,

Factors Influencing the Action of Microbial Lipages

Collins and Hammer (1934) examined a large number of
lipolytic microorgenisms by the nile-blue sulfate method
and found that, in general, each of the organisms used had
much the same sction on various natural snd hydrogenated

fats. They also observed that the hydrolysie of simple



triglycerides of saturated fatty acide was more difficult
ag the molecular welght increased. However, triolein was
comparatively easily hydrolyzed, According to Balls,
Matlack and Tucker (1938) triolein is hydrolyzed as readily
as 1g 3 nine carbon gaturated fatty acid, although it con-
tains 18 cerbons,

Avery and Cullen (1920) found pneumococcus lipase
exhibited optimum activity at pH 7,8, The same was true for
the lipase of hemolytic streptococci, according to Stevens
and Veet (1922). Gorbach and Guentner (1932) found the
lipase of beer-yeast to be most active at pH 6,6 - 6,8.
Thibodeau (1940) reported lipase from P. roquefortl showed
optimum ectivity af pH 5,3 - 7.6.

Gorbach and'Guentner (1932) found beer-yeast lipase
shoﬁed optimum activity at 30°C, Higher temperatures were

'~detr1mental to the enzyme. The game workers obgerved also
Zthat the rate of lipase activity decreased with time,

They also showed that the amount of fat hydrolyzed was not
directly proportional to the amount of beer-yeast lipase
present, but that there was a point of optimum activity
per unit of lipase.

Methods for Concentration and Purification of Lipase

Ostwald and Silehr (1837) vointed out the sultability

of foam-adsorption method for sepsration and concentration
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of co0lloldz]) molecular subgtences; they belleved their

method superior to other methods applicable to enzyme systems.
Ostwald 2nd Kischke (1940) were sble to concentrate pan-
creatic lipase solutions =t pH 4.5, using nitrogen gas as

the bubbling sgent, According to Babel (1947), thie method
was spprlied with some success in concentrating microtial
lipeses.,

Gyotoku and Terashima (1930) were ebles to precipitate
lipases of blood, pancreas, and stomach by the use of 65 -
60 percent concentration of amuonium sulfate, while Glick
end King (1933) used, with verying success, magnesium gule
fate, half and fully saturated amnonium sulfate and 10 per-

cent sodiuwm chloride.

Procedures Pfor Manufscture of Blue Cheese

Methods for the manufacture of blue cheese from raw
cows' milk have been described by Thom, Matheson and Currie
(1.914), Matheson (1921) and by Goss, Nielsen and Mortensen
(1935). Lnne and Hammer (1936) showed that homogenization
of raw milk resulted in faster ripening and in more luxurious
mold growth than if nonhomogenized milk was used, Lafer
(1938) the same workers reported that blue cheese made
from pasteurized homogenized milk gave better results than
raw nonhomogenized milk, but not as good as raw homogenized

milk, They oconcluded thet milk lipase definitely alded in
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cheese ripening., Fsbricius and Nielsen (1941) were a2ble %o
produce a satigfactory blue cheese by using & combinztion
of heat-vescuum trectment of milk, namely, 165 - 175°F, and
19 inches of vacuum; their procedure destroylng most of the
undesirable microorgeniams in the milk but not inactivating
the milk lipese, Irvine (1838) sdded a commercial lipase
preparation, namely stespsin (Onterio, 1937), at the rate
of 0.5 to 1.0 gm. per 100 pounds of raw milk. He observed
accelerstion of £zt hydrolysis snd culcker ripening, but a
bitter flavor in the cheese resulted. Similar results were
obtained by Coulter and Combs (1938), who used the same

procedure as Irvine.
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EXPERIMENTAL

Methods

Source of cultures

All cultures used were from the stock culture collection

of the Department of Deiry Industry, Iowa State College.

Medium for carrying cultures

Stock cultures were carried in tubed litmus milk and

on tryptone-glgbose-extract agar slants,

Medlum for lipase production

The composition of the nutrient broth used for lipase

production was as follows:

Bacto peptone 5 gn,
Beef extract S gnm.
Glucose 0.5 gm.
Distilled water 600 ml,
0.6 M NaogHPO4.12 Ho0 230 ml,
Reaction pH 4.6

Inoculstion of medium =nd growth of cultures

One drop of 24-48 hr., culture 1in litmus milk was
added to 200 ml, of sterile nutrient broth in all trials
in which cultures were examined at given growth intervals,

while one ml, quantities of growing cultures were used in
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the remalning trials. Cultures were grown st 30°C, unless
stated otherwise. In the earlier experiments the cultures
for lipase production were shaken twice daily, while in

later trinls the shaking was omitted, except at the time of
gampling.

Determination of cell count

Tryptone-glygcose-extract ager was used for pouring
plates (American Public He=1lth Association, 1941), All
plates were counted after holding for 48 hrs, at 30°C,

Stailning of cells

Methylene blue or gentian violet stain was used in

preparing slides for microscoplc examination of cells.

Determination of pH

These were made either with a Leeds snd Northrup
quinhydrone electrode and saturated cnlomel half cell or
with a Leeds and Northrup universgal glass-electrode

potentiometer,

Determination of llpolytic properties of microorganlsms

For cqualitative studies of lipolytic properties of
cultures a2 modification of the prooedure used by Jensen

and Grettle (1937) was followed. Butterfat emulsion was
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added in 0,5 ml. quentities (1.2 gm. butter oil, 0.25 gnm.
egar, 50 ml, weter) to each plste before pouring with
nutrient agar. Nile-blue sulfate solution (1:500) wae
edded to the melted agar at the rate of 5 ml., per 100 ml,
of ager, Cultures were streaked on the sollidified surface
of the agar and the plates were held at 21°¢c, for four days.
The presence of blue fat globules below and around the-

colonies wag taken as indlcative of fat hydrolysis.

Determination of oxidative properties of microorganisms

For studies of oxidative properties of cultures a
modificstion of the procedure of Jensen and Grettie (1937)
wag uged, Except for the omission of nile-blue sulfate the
subatrate wag the grme ns for determination of lipolysis.
After incubation the plstes were flooded with a 0,5 percent
aqueous solution of dimethylparaphenylenedlamine hydrochlor-~
ide. The presence of rose-red colonies was consldered as
positive tegt for oxidative action by the organlsm in

question.

SQuantitative determination of lipase activity

A butterfat-agar emulsion was prepared having the

following composition:

Butterfat 5.0 gnm,
Agar . 0.25 gm,
Distilled water 80 ml,
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Formalgehyde 1:1500-
Reaction pH éés

The water, buffer and agar were mixed, heated to boiling,
cooled untill the agar had solidified, and tempered over
night to 45°C, Butterfat was melted, heated to bolling and
also tembered to 46°C. over night. The butterfat and
formeldehyde were added to the ager, the mixture was shaken
well. and homngenlzed twice with 2 hand homogenizer so as to
obtaln a stable emulslon. The emulglon was trsnsferred in
60 ml, quantities into clean 6 oz, ascrew cap bottles, this
being the qusntity which was used for each determination of
lipase activity. Inoculations for llpase determination
were made at the rete of two percent (1 ml.) of culture or
supernatant, as the case may be, followed by a 48 hr,
incubation period at 370C., with twice-s-desy shaking, A
conirol was run on every active culture, This control was
1dentical In all reaspects to the sctlve sample, except that
the culture or supernatant had been he-ted to boiling for
15 minutee in order to destroy the lipase enzyme,

’ Tltretions were made in duplicate on 10 gm. portions
of the emulsions to which the heated and unheated materisl
nad been added. To sach weliphed szmple wess added 50 ml, of
a B50:50 mirxture of nevtral 95 percent ethyl alcohol end
dlethyl ether. The free fatty acids were tltrated with
N/ 20 potageium hydroxide in absgolute methyl elcohol, accord-
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ing to the method of Bird (1946), using phenolphthalein as
indicator. The difference in titration values bLetween the
actlie gcmple end the control wes regarded as due Lo lipase
actlvlity, Lipase acltlvity was calculated und expressed Ain
acld degrees, which sra defined 28 the number of milliliters
of N/1 sodium hydroxide required to neutralize the free

fatty acids in 100 gm. of fat (Aescciation of Official
Agricultural Chemists, 1940).

Preparstion of lyophilized mnterial

Three-day old nutrient broth culitures of ¥, livolytica
in 200 ml. quantititee were placed in a2 500 ml, round-bottom
flask with ground gless stopper. The culture was frozen
while rotating the flagk 1n an acefone-dry ice bath., The
flask containing the frozenqculture wags evecusted by use of
a vacuum pump, The evzculation of 21r resulted in sublima-
tion of the i1ce in the frozen culture. The water vapors
were extrncted by continuous suetion and condensed and

frozen in aznother Plask which was held in an acetone-dry

l1ce bhath,

Concentration of engyme by foaming

Three-day old rutrient broth cultures of M, lipolytica
to bLe used for studles on adsorption by foamlng were cen-

trifuged and the supernatant placed in 200 ml, or 100 ml,
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gquantities into 6500 ml, or 226 ml, ges washing bottles,
respectively, Foaming was produced by bubbling carbon
dloxide (compressed in a cylinder) through the supernatant
at from 60 to 756 mm, mercury pressure, The foam was collec=-
ted in gradusted c¢yliniors of convenlent slze to permit the
collection of liquid foam desired. In the experiments on
repeated foaming the third and fourth frectionated liquid
foam portions were diluted by adding dlstilled water,
acldified with hydrochloric scld to pHE 4.0, to obtain the

desired volume, nsmely 200 ml,, for fractionation,

Precicvltetion of lipnse with ammonium sulfzte and ethyl

alcoliol

Three-day 0ld cultures were centrifuged and the super-
natant used in 400 ml, quentities., To 4CO ml, of supernatant
in a2 1 liter separatory funnel wasg added ammonium sulfate to
the saturation point (sbout 200 gu.), Next 130 ml, of 95
percent ethyl slcohol was added and the mixture well shsken,
The flocculent precipitate formed gathered at the woter-
alcohol interface, After first drawing off the 2gueous
layer, the precipitate, together with the alcohol layer,
was decanted onto & previously weigﬁ\ed hardened filter
paper, supported in a Buchner funnel. Suction was applied
to the flask and the alcohol filtered off. Ten ml, of

dliethyl ether were added to remove the remaining alcohol,

M)
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The filter psper v72a freed from the last traces of ether by
placing 1% at 379C, for a few hours, The dry precipitate

on the f£ilter paper was welghed snd uced for livase activity

meagurement.

Preporation of cell-free filtrate for use in blue cheesge

Three-day old nutrient broth cultures of M. lipolytica
were centrifuged =na filtered through sn ultrs~-fine glass
filter, Thls procedure resulted in a2 cell-free preparation
and wee used as a source of lirpsge in mnking cheese. Lipase
2ctivity meesuremehts per ml, of filtrete were made prior

to 1ts use,

Cheege making procedure

Regular pasteurdzed, homogenized milk was used in all
experiments in cuantities of 106-110 1lbs. per vat., Three
or four vats were used at one time and conditlona kept as

uniform as nossible throughout the process. The vat
»55ntents were kept. st 90°F, from the time of adding the
culture untll the curd was hooped. One percent astarter was
used snd both rennet (90 ml,/100 lbg.) ~nd lipase were
added 30 minvtea later. The curd was cut 70 minutes after
getting and held }op 2 hours, with some stirring every 30
minutes, One percent salt snd 0,01 percent mold powder

were added to the curd at time of hecoping. Dry salting
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at the rate of 5 lbs, total per 100 lbs., of curd was done
dally for 4 days, after which time the cheese was ecewerd
and placed in the ripening room at 10°C., and a relative

humidity of approximately 90 percent. The cheese was held

for 12 weeks,

Scoring of cheese

The cheese were examined and scored after 4 weeks and
12 weeks for visual mold growth, positive flavor, and defects.
A score of 10 was considered perfect in esch of the three

fitems under consideration,

Analyslis of cheese for total volatile acidity

The total volatile acidity of the cheese was determined
by the method of Lane and Hammer (1938).

Analysis of cheese for molsture

The molsture content of the cheese was determined on 10
gm., samples in & Brabender Semi-Automastic Moisture Tester

at 142°C, Welghings were continued until the welghts at 10

minute intervals became constant,

Ansglysis of cheese for fat

The fat content of the cheese was determined by =a

modification of the procedure of the Assoclation of Official
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Agriculturel Chemlsts (1240), which modification made it
sultable for use with the MojJonnier tester. The modifica-
tion included the use of 5 ml., of water instead of 9 ml,,
the transfer to a MoJonnlier fat extr-ction flagk instead
of a Rbhrig tube, and the use of 10 ml, of ethyl alcohol
with the 25 ml., of ethyl ether and 25 ml. of petroleum
ether, The ether-fat mixture was poured into a weighed

Mo Jjonnlier fat dish after being centrifuged 30 turns in 30
seconds, The second extrsction consisted of 25 ml, of
ethyl ether =nd 25 ml, of petroleum ether, and was poured
into the same dish, Aeter the ether was evaporated, the
dlsh and fat were drled 5 minutes at 100°C. under 20 inches
of vacuum, cooled in the Mojonnlier dessicator 7 minutes and

welghed,

Chloride content of the cheese

The total chloride content of the cheese was determined
by the method of the Associlation of Officlal Agricultural
Chemists (1940) with one modilfication, namely the use of
60 ml., of N/10 silver nitrate instead of 25 ml,

Results

The selectlon of M. ligolgtlca for production of lipase

A comparison of thelr relative asctivity upon butterfat



wes made between pure cultures of Achr, lipolyticum, Alc,

lipolyticus, Ps. fregl and M. lipolytica. Nile-blue sulfate

was used as indlcator for hydrolysis of fet and psra-eminodi-
methyleniline monohydrochloride as indicator for oxidation
of fat,

M. lipolytice was found to possess the most pronounced
lipolytic propertles, followed by Achr. lipolyticum, Ps. fragi

and Alc. lipolyticus, respectively. All cultures evcept Alc,
lipolyticusg shoved hydrolysis of fat globules beyond the

growth zone of the colonies., The oxidutive action of the

organisms was highest in the case of Achr. lipolyticum,

followed by Alc. lipolyticus, M. lipolytica and Ps. fragl.

To obtain more quantitative informstion on their lipo-

lytic properfties Ps. frogl, Achr, lipolyticum, and M. lipo-

lytica were inoculeted into 1.5 l. quantities of unbuffered
nutrient broth at pH 6.6, and grown for 48'hra. The cells
were removed bty centrifuging and ground with mortar znd
pestle for 15 minutes using ifinely ground pyrex glasg in
amounts of double the welght ¢f the molst cells, The pesty
mixture wag diluted with four times 1ts welght of distilled
water and centrifuged at 1500 r.p.m, for 15 minutes. The
supernatant portion was used to determine endocellular
iipase activity, while the broth from which the cells had
been centrifuged was used to determine exocellular lipase

activity. The results of thlis triesl are shown in Table 1.
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Table 1. . The Endo and Exocellular Lipase Activity of Achr,
llpolyticum, Ps. fragl and M. lipolytics

Culture H Acid degrees in ! Weight of
t"Bupernatant : ywet celle : wet cells
total)® :

Achr, lipolytioum ¢ 150 : 4 : 1.8 gme
Pa. fragl H 1,800 : 15 H 3.1 gnm,
M. lipolytica : 4,000 : 126 ¢ 3,0 gm,

® Calculated from increments used,
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The results chowed that M. lipolytica erhiblted more
lipase activity then either of the other two cultures, hoth
in the supernatant rortion and in the wet cells., Conse-
quently thig culture wze selected for further study =s a
possible source of lipase to be used in blue cheese, The
high totsal lipase activity of the supernatant broth in
comparlson to the relatively low-activity of the cells led
to the study of the supernatent as the source of the enzyme
system. Later results of ten unselected 3-day o0ld cultures,
grovn in buffered nutrient broth with initiel pH 4.5, showed
thot the supernstant retsined about 70 percent of the total

lipase actlivity of the uncentrifuged culture,

Factors influencing the production of lipase by M. lipolytica

Composition of medium. In a preliminary determination

of the medium charscteristics necessary for optimum lipase
production o conmparison was meée of five media with the
following compogitions:

Medium l. Unbuffered nutrient broth at pHd 6,6.

Glucose 0.05 gm,
Yeast extrsct 0.01 gm,
Thlamin 0.005 gm.
Selt mixture A# 1l ml,
Salt mixture B## 1l ml.

Distilled water to make 100 ml,
Reaction adjusted to pH 7.2.
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#3021t mixture A *## 3alt mixture B ,
KoHPO4 25 gm, MgS04. 7Ho0 10 gm.
KHoPO4 . 25 gm,. NaCl 0.5 gm,
Digtilled water to FeS04.7Ho0 0.5 gme
make 250 ml, MnS04. 4H20 0.5 gm.
Distilled water to meke
250 ml,
Medium 3., N=2oHPO4.12 HgO 0.5 gm,
Glucose 0,06 gm,
Tryptophane 0,04 gn,
Cysteine 0.04 gm,
Leuclne 0.04 ¢gnm,
Lysine 0,04 gm,
~Glutamic acid 0.02 gm.
Yeast extract 0.01 gm,
Thiamin 0.005 gn,
S8alt mixture A% 1 ml,
S8alt mixture B## 1 ml,

Distilled wgter to make 100 ml,
Reaction adjusted to pH 7.2

Medium 4, Regular pasteurized homogenlzed milk

Medium 5. 8kim milk powder 10 gm,
Distillled water to make 100 ml,

Inoculations were made into 200 ml, quantities of sterile
medium and the incubation procedure conducted as outlined
under "Methods" with twice-a-day shaking of cultures. The
results obtained on 2-day o0ld cultures are shown in Table 2.
The outstanding superiority of the nutrient broth is
apparent, The fallure of the other medla to support the
production of lipase opens some interesting possibllities
for study of factors in defined medla which favor lipase
production,

The trial was repeated twice with medla 1 and 2 and a
nutrient broth ten times the strength of the original, deslg-
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Table 2, The Influence of Different Growth Medla Upon Lipasge
Production and Growth of M, lipolytica
— (48-hour cquhgpsg )
tAcld degrees: Count per mi,
Type of growth medium : per ml, of : (in millions)
o tsupernatant ¢

?

1, Nutrient broth

2 8 : 7.1
2, Synthetlc with (NH,)oHPO4 H 0 : 2,2
3, Synthetlc with NazﬁP84.12H20 H 0 : 0,3
4, Past., homogenlzed milk : 0 : 0.5
5. Reconstituted skim milk : 0 s 40,0

Table 3. The Influence of Different Growth Media Upon the
Lipase Production snd Growth of M, lipolytice

tAcid degrees:

¢ per ml, of ¢! Count per ml,
: culture ¢ gln millions
tTrial:Trial : Tr

t 1 ¢ 2 :

Type of growth medium

al : Iria

T, Nutrient broth 21,0 :

3,0 ¢ 12, : .

2. Synthetic with (NH4)oBPO4 : 0.0 : 0,0 ¢ 5.0 : 4.5
3. Nutrient broth 10X 116.5 : 22,0 : 13,0 : 25.0

’ 96-hour cultures ‘ _
T, RNutrient broth T 6,8 ¢ 9,0 5 12,0 ¢ B,7
2. Synthetic with (NH4)oHPO4 t 2,0 ¢ 7,0 : 15,0 @ 12,9
3. __Nutrient broth 10X :123,0 ¢ 24,0 : 6,5 ¢ 20,0

: 144-hour cultures _

Y. Nutrient broth T 2,0 ¢ 2,0 & 13,0 ¢ 16,0
2. Synthetic with (NH4)oHPO4 ¢ 0.5 ¢ 4,0 : 11.0 : 10.8
3. Nutrient broth 10X : 8,0 : 27,0 : 23,0 ! 18,0
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nated as 10X, Tests were run on 48, 96, &nd l44-hour cul=
tures using the same method ss in the preceding study.
Toable 3 showsg the results of theee trisls.

The results in Teble 3 ghow that nutrient bhroth was the
best growth medium of those tested for the stimulation of
lipase production, Incressing the strength of the nuitrient
broth resulted in iucreased lipase production, but not at a
rate proportional to the increesge in concentretion. No core
relation between the szmount of lipase produced and the number
of cells present was found, The amount of lipase 4id not
continue to increase with the age of the culture, but rather
declined, in most instances, after 26 houre growth time.

The regular nutrient broth was selected as growth mediuvm for

further studies of lipase production by M. lipolytics,

despllte the higher lipsse activiity resulting from use of the
“nutrient broth 10X, becazuse of the greater economy and ease
of handling of the former.

Two trials were run ueing buffered nutrient broth at
pH 4,5 with 0.0, 0,01, 0.05, 0.25, and 1.0 pesrcent of
glucoce added to different lots. These triids were made after
prelininary results had shown the value of lower acld reaction
than pH 6.6 and 7.2 as used before. Examinations were made
for lipase production, cell count, and morihological eharac-
teristics of cells after growth for 48, 72, ©6, and 144 hours,

Resultis are shovn in Table 4,



Table 1+¢

=7

The Influence of Glucose Concentration upon Lipase
Production, Cell Count, and Shape of Cells

Trial 1

Acid degrees:

tCount per:

Percent: per ml, :pH of: ml., (in :Predominant shape of
glucose: culture :mediumimillions): cells
. _ 48-hour cultures
0,00 ¢ 52 : 4,6 ¢ 8,3 iLong, slender
0,01 : 68 : 4,6 ¢ 9,4 tlong, slender
0,05 bl t 4,6 ¢ 9.4 tLong, slender
026 40 ! 4,8 ¢ 14,0 :Long, oval and slender
1,00 ¢ 28 : 4.6 ¢ 15,0  :8hort, oval
_ 72-hour cultures
0,00 52 : 4,8 : No tLong, oval and slender
0,01 ¢ 42 : 4,8 ¢ t8hort and long oval
0,05 ¢ 45 : 4,8 : counts :(Bhort and long oval
0,256 : 38 P 4,7 ¢ t3hort and long oval
1,00 ¢ 18 : 4.5 :iobtalned :Short and long oval
~ . P6-hour cultures ’
0400 ¢ 34 t 4, : o :
0,01 : 37 : 4,9 ¢ No results
0,06 49 t 4,9 ¢ counts
g.gs : 21 ¢ 4,7 ¢ :
«00 1 21 : 4.6 :obtained :
Trlal 2
48-hour cultures
0,00 : 16 T 4,7 : B,1  iLong, slender
0,01 : 14 ¢ 4,7 ¢ 4,8 tLong, slender
0,05 ¢ 14 : 4, H B, 4 tLong, slender
0,256 14 P 4,7 ¢ 8,7 tLong, slender, short gqval
1,00 B 1 4,7 7.9  iShort oval
— We=hour cultures -
0,00 ¢ 30 t 4,8. ¢ 8,6 :Long, slender
0,01 23 : 4, s 3.3 tLong, slender
0,05 23 t 4,8 ¢ | 3.5 tLong, slender
0.25 23 t 4,7 ¢ 8,7 i8hort, oval
1,00 ¢ 12 : 4,8 ¢ 8.0 t8hort, oval
- g96-hour cultures _
0,00 24 ' 4, : . tLong, slender
0,01 24 P 4,9 ¢ 4,7 tLong and short oval
0,05 ¢ 24 : 4, : 5,1 tLong and short oval
0,26 ¢ 19 ¢ 4,7 ¢ 7.2 ilong and short oval
1,00 16 : 4,6 ¢ 6.6 :Long, oval
N 144-hour cultures
0,00 ¢ 22 T 6,2 ¢ B,2 :Long, oval
0,01 : 21 :+ 5,2 ¢ 6,5 tLong and short oval
0,05 22 ¢ 5,2 ¢ 6,9 tLong and short oval
0.26 19 i 6.0 ¢ 8.5 tLong and short oval
1,00 17 ¢ 4,8 ¢ 7.4 iLong oval
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.The influence of glucose upon the production of lipsse
by M. lipolytice was similar in the two trials conducted,
Absence of glucose or the presence in low concentrations
resulted in earlier and more rapid lipsse production, Con-
centrations of 0,26 and 1.00 percent glucose retarded the
production of lipase, the effect being more pronounced at
the higher concentration of the suger. The amount of
glucose present influenced slso the growth rate of the cells.
Higher counts were obtalned with increasing concentration of
sugar., The shape of the cells slso was affected, the slower
rate of growth resulting in & predominance of long oval and
long slender cells, as compared with short oval cells when
growth was more rapid, The presence of glucose up to 0,05
percent was more satisfectory than greater concentrations

for highest lipase production over the period studied,

pH of medium 2nd tyve 2nd concentration of huffer., To

deternine the »ffect of pH vyon liprae production, unhbuffer-
ed nutrient broth in 200 ml, quentities wes adjusted to pH
levels rsnglnz frow pH 3.5 to 8.3, using N/1 godium hydrorxide
or N/1 hydrnchloric acld as resgents., A second series was
prepared with 0.06 m disodium phosphate plus monosodium
phosphate rdded, Cultures wers grown at 30°C. in the
reguler manner, eheken twice dsilly, and ex~mined for lip2ae
productisn and cell counts after 40, 64, 88, and 136 hours,

Results sra shown in Ta2ble 5,
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The results of this trial show that the pH level of the
medium in both the unbuffered and buffered series plays an
inportant part in lipase production, Highest lipase pro-
duction wes obtzined in the unbuf'tered medlum when the
initial pH woe 4,6 - 6.5 and in the buffered medium when
the initial pH wasg elther 4.5 or 5.5. A shifting of the pH
towards the alkaline side as a result of growth was observed
in all medls except those initially at pH 8.3. Initial
growth of cells wes most rapid at pH 6,5 and 7.5. é4gain
lipase achtivity did not parallel cell populstion.

In the studies designated to determine the sultability
of different huffers in the medium in which the organisms
were grorn to produce lipese,unbuffered nutrient broth of
doule strength wess prepsred and used in 100 ml, quantities.
Four 100 ml. quantities were adjusted to pH 7.5, using N/1
sodium hydroxide, while slx other lots were adjusted to
pH 5.5, using N/1 hydrochloric acid and equal volumes of
buffer at pH 7.5 or 5.6 were added. ‘Disodium phosphate and
monopotasslum phosphate were added in amounts to gilve con-
centrations of 0,225 m and 0,076 m, both at pH 7.5 and pH
5.5, Disodium phosphate and ciltric acid were added in the
game manner, while sodium acetqte and acetlc acid was used
only at »H 5.5 in concentrations of 0.225 m. and 0.075 m.
After innculation the sterilized lots were incubated at

30°C, and shoken twice dally. Examinations for lipase
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activity and cell count were made at 48, 72, 93, and 144 hours.
Results of two trials are shown in Table 6.

The results of the two trials show that the cultures
grown ln the presence of sodlum ecetste rnd scetic acld
produced the lerst lipase, cspecilally at the buffer concen-
tration of 0,225 m, The other two buffer pairs compsred
favorebly, both belng more sguitable for livzse production at
PH 5.5 than at pH 7.5, The higher level of concentration of
these two buffer psirs proved more desirable since less
shifting of »vH towarde the &lkaline side occurred over the 6
day growth period, Cultures grovn zt the lower buffer con-
centration ghowed more rapid growth than ot the hlgher con-
- ¢entretlion, hut shifted in rezcetion more ranidly. Besed on
the results of these two trials disodium phosphate snd citric
acld buffer at a concentration of 0.225 m. wss melected for
further studiaes,

In further studies on the effect of pH upon lipesec
production made after the ugeful influence of the phosphate-
citrate buffer upon iipase production hsd been demonstrated,
2 geries of 200 ml, guantities of nutrient broth media were
ad justea to pH levels of 3,56 to 8.5 by means of disodium
phosphate and citrie acid with final buffer concentration
of 0,225 m, Inoculations were made and the cultures grown
at 30°C, without twice-s-day shaking. Examinstions for

llpase production, cell count, snd shape of cells were mads
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Table 6. The Influence of Various Buffer Pairs, at Different Concentratio;
Production end Growth of M. lipolytica

sBuffer : ¢ Acild degrees per ml. of culture
Buffer :concen-: pll of medium : aftar growth periods of:
Pairs ttration:Initial:Finalr: LB Dro.: 72 DrS.: 96 hrS.:LlhL Nrs.
Trisl 1

Na I‘IPO[&«].'A‘HzO : 06225 ¢ 7.5 :t 7.b : .l.l.O H 1245 H E.0 H 805
"'ézPOh : 00075 M 706 H 7.6 . 164 0 H l}-;-oc 6.0 H 5,6
Na H.PO‘:&.].ZH20 H 00225 H 706 H 706 12.0 M 10.,C . 608 : 300
+OSHgOR.Ha0%  § 0.075 : 746 i 7.7 he5 8.5 ka5 3.5
NagHEO,I12H 0  : 04225 1 55 @ 507 @ 16,0 : 13,5 : 13%5 : 15.5
+KI'12P01‘_ : 00075 H 508 : 642 H 6.0 . 1300 H 20.0 1l.5
Na HPO, . 12Hp0 : 04225 : 5.7 : 6.0 17.0 : 23.0 22,0 : 15.0
+06 807.H20 : 0.075 . 6.1 H 607 1700 22,0 22.8 H 1500
CpH300NEa3Hp0 : 04225 : 546 : 646 : 0,0 : 1.0 : 1.0 1044
+02‘3300H H 00075 H 508 : 7.8 H 11.8 : 1335 H 1700 105
Trial 2 ‘

NazHP0¢12H20 : 0a225 ¢ 75 : TeT7 0 32,0 : 30,0 : 13.0 : 15.0
+KI'12POI* H 0.075 . 705 H 7.9 . 3-'..0 . 2300 H 1600 H 11.0
NazHPOh-lmzo H 00225 H 7.5 : 8.0 : 2100 2600 :_ 50.:0 . 22.0
+06H807H20 t 0,075 ¢ 7.5 : 8.0 : 31.0 20,0 : 24.0 8.0
NeoHPOA2Ho0 ¢ 04225 ¢ 545 t 6.0 t 50.0 : 50,0 : 44O : 4740
+m%21’°h H 00075 . 5.5 H 6.1} . 42.0 H 14-5.0 H 32.0 H 31{»00
NaQHP0¢l2H20 : 06225 ¢ 545 : 662 : 40s0 : 45.0 : 40,0 : 36.0
+G6H807H20 : 0,075 ¢ 5.5 : 6.4 : 52,0 ¢ 44O : 42,0 : 35.0
CoH 00N8.3H20 t 0eR25 ¢ 505 : 8.4 30 : 14.0 : 12,0 Le O
+Co 300H : 0,075 ¢ 5.5 : 8.8 : 31,0 : 32,0 : 23,0 : 19.0

¥ At 1L, hours.
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3Juffer Palrs, at Different Concentretions and pH levels Upon Lipase
Production end Growih of M. lipolytica

: Acid degrees per ml., of culture :Count per ml, (in millions) after

un 3 aftsr growth periods of: : growth perlods of:
3177 LB BrS.: 72 hrS.: 96 hrSe: 1Ll NTS.: LB NTrS.: 72 hrs.: 96 DrS.:1LL Nrs.

Trisl 1
b H .Ll.() H .L205 H Ee0 H 8.5 H 7.2 1300 H Gelp : 005
5 H 16.0 H lhcc 6.0 H 5;8 : 1300 H 2240 H 1600 : 12.0
> 12.0 : 10.C 6.8 : 3.0 Les8 : 10.0 11.0 5¢3
7 H h.5 805 14-05 305 H lhoo H 22,0 20.0 H lh..O
7 : 16.0 . 1345 13,5 : 15.5 6e2 2.1 6.6 4.9
? s 6.0 13.C : 20'0, : 1l.5 ¢+ 15.0 - 6.9 5.7 = 3.1
) : 17.0 23,0 i 22,0 : 15,0 : 3.8 : 4O LeO @ 643
/ 17.0 : 22.0 : 22.8 150 : 13.3 : 3.8 53 3.1
) - 0.0 : 1.0 1.0 10.5 @ Ceb @ 0.7 : 3.5 ¢ 34
3 . 11.8 : 1305 : 1700 105 H 11.0 : 14-06 . 8.2 . 23.0
Trial 2 ‘
7 . 32.0 : 30.0 H 13.0 . 15.6 . 12. 0 H lh..O . ll.O 1300
) : 3.0 : 23.0 : 16.0 : 11.0 : 15.0 : 18.0 : 23.0 : 1lk.0
) ¢+ 21.0 : 26,0 : 50,0 : 22.0 : 1.1 :- 35.0 : 12,0 : 12.0
) ¢ 31.0 : 200 : 24.0 8,0 : 13,0 =2 17.0 : 21.0 : 8aly
) H 5000 H 50.0 : L;.Lg..O 14;7.0 . 1300 : 17.0 H 9.0 . 8.6
b 2 42,0 ¢ 45,0 : 32,0 : 34.0 : 24,0 : 14eO : 9.5 : 7.1
) : 40.0 : 45.0 : 40,0 : 36,0 : 10,0 : 12,0 : 10.0 : 6.6
[% : 52.0 H 1&1&00 . 4200 . 35.0 . 31.0 H 11.0 H 607 6.9
b H 3.0 leoO 12.0 . 4.0 . 700 H 12.0 H 905 307
? o+ 31,0 ¢ 32.0 : 23,0 : 19.0 : 26,0 : 17.0 : 9.3 : 13.0







33

after growth for 48, 72, 96, and 144 hours., Results of two
trials are shown in Table 7.

As in the earlier trials the highest acld degree values
were obtained at pH 4,5 and 5.5. The cell count also was
highest at these pH levels. Observations made on the
morphology of the cells in Trial 1 showed a predominance of
ghort oval cells at pH 3.5 and 8.5 but long oval and slender
cells at pH levels above 3.5 and below 8.5, A correlation
between higher lipase production and long oval or slender
cells was observed. 8ince pH levels of pH 4,5 and 5,5
resulted in the highest lipase production, further trials
were conducted at this pH rsnge.

Four 200 ml. quantlities of nutrient broth at pH 4,5 and
buffered with increasing concentrations of disodium phosphate-
citric acid buffer were prepared and inoculsted with 1 ml,
quantlties of growing oultures of M. lipolytica., The
cultures were gfown undistrubed for 72 hours, and examined
for lipase szctivity and cell count. Results of two trials
are shown in Tgpble 8,

The results of the two tris 1s showed higher llpase pro-
duction at buffer concentrations of 0.450 and 0,675 w. than
at 0.225 and 0.900 m, The population was less with higher
buffer concentratione then in the presence of 0,225 m,
buffer, BSince these determinations were made late in the

program, the higher buffer concentrations were not used in
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Table v Addiltional 8tudies of the Influence of pH upon Lipase
Froduction, Growth, snd Shape of Cells of M, lipolytica
—— Besulta of Two Trinls)
pH of tAcid degrees periCount per mi, ¢
mediumiml, of culture :{in millions)} iPrédominant shape of
{Trial Litrin $Trial T:iTrial 2 _Cellg® _
48-hour cultures
346 1 3,0 ¢ 2.0 ¢ 0,8 : 0,7 :Short oval
4,5 1 28,0 ¢ 17,0 ¢ 2,8 ¢ 10,0 :ilong uval, glender
5,6 ¢ 33,0 ¢ 20,0 ¢ 2,1 ¢ 17,8 tLong oval, slender
6,6 1 26,0 ¢ 8,0 3.0 ¢ 6,2 titLong, short oval
7.5 ' 23,0 ¢ 7.0 3.6 ¢ 2,3 ilong, short oval
8,56 : 10,0 0,0 ¢ 1.3 ¢ 1.3 i8hort oval
— 72=-hour cultures
3¢5 ¢+ 1,0 ¢ 7.0 1,6 ¢+ 1,3 8hort oval
4,5 1 40,5 ! 44,0 : 3.7 ¢ 33,0 :lLong oval, slender
5,6 : 35,0 ¢ 23.0 3.5 ¢ 14,3 iLlong oval, slender
6.5 !t 34,0 18,0 2,2 ! 13,4 :8hort oval, long slender
7.5 t 27,0 14,0 5,5 ¢ 6.8 t8hort, long oval
8,56 ¢ 15,0 ¢ 8.0 3.1 ¢ 1,8 i8hort nval
O6-hour cultures _
BeD 1t 12,0 ¢ 7.0 4,6 ¢ 2,4 i18hort oval
4,5 ¢ 64,0 44,0 5,0 ¢ 18,0 ttLong slender, fllaments
5,5 43,0 23,0 1 3.5 ¢ 15,0 ‘:Short slender, fllaments
6,5 ¢ 33,0 21,C ¢ 2.1 ¢ 17,6 :Llong, short oval
7.5 ¢ 24,0 1 18,0 ¢ 5,7 ¢ 12,0 -i8hort, long oval
8s6 : 21,0 ¢ 6.0 ¢ 3.6 ¢ 4,4 :8hort, long oval
l44-hour cultures
3.5 ¢ 12,0 & 16,0 : &.9 : 0.4 :ohort ovel
4,5 ¢ 52,0 ¢ 43,0 3 5.5 ¢+ 20,0 tlong oval, slender
5,5 ¢ 34, ! 24,0 : 3.8: 7.7 ‘ilong, short oval
6,5 t 17.0 19.0 ¢ 2.1 ¢ 5.0 :8hort oval
7¢6 ¢ 15,0 ¢ 7.0 1 6.3 ¢ 8.6 :8hort oval
8,6 t 10,0 5,0 ¢ 2.0 ¢ 5.9 t8hort oval

# Examinations of first
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Table 8. The Influence of Increasing Buffer Concentrations
Upon the Production of Llpase and the Growth of

“ipH after :Acid degrees:
Buffer 72 hres,. ¢! per ml, of ¢ Count per ml,
concentration: wth :  oculture : (in milliong%_
(molality) :TrgangrIaI: rial:trial : Trial : Tria
! 1 ¢ 2 ¢ 1l ¢+ 2 : 1 5 2
0,226 t 6,0 ¢ B,7 ¢ 27 ¢ 26 : 3b s 34
0,430 :5.,2:560: 38: 33 ¢ 14 : 11
0,676 14,6 4,6 40 ¢ 3N : 14 t 1

0,900 't 4,56 ¢ 4,5 ¢

8
[
©
Ly
<

13
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dece of the 0.225 m, concentratlon which was used during

most of the studies.

Growth temperature. In studying the effect of tempera-

ture upon lipase production, 200 ml, quantities of nutrient
broth, buffered at pH 4{§. were inoculated and individual
lots incubasted at 21, 25, 30, and 36°C. Examinations for
lipase activity and cell count were made after growth
periods of 48, 72, 96, and 144 hours. A second trial was
run in the same manner, except that the medilum was adjusted
to pH 5.5. Results of the two trials are shown in Table 9.

The results of both trials showed 30°C. as optimum for
lipase production. Growth was most rapid and total popula~
tion the greatest in cultures held at 25°C.,, and this
temperature was second only to 30°C, in favoring lipase
production. An incubatlon temperature of 36°C, was definite-
ly inhibltory to both growth and lipase production, while
lipase production wes somewhat retarded at 21°C, but
eventvally reached falrly high levelas,

Oxldation-reduction conditions. A serles of four triale

wag conducted in whiech the yeast was grown under dlfferent
oxidation-reduction conditions. In the first trial, 1,2
ml, of a 10 percent solution of methylene blue was added to
1200 ml, of nutrient broth, buffered at pH 6.5, The medium
wag dlvided into five equal portions, inoculated, and the

portions treated variously. The control culture was shaken



)
1al 2
(DH Se 5)

r

ount per ml,
n millions
™

{1

¥

37

of culture

The Influence of Different Growth Temperatures onh
t Acld degreess per nl,

the Production of lipase and the Growth of M, linolytica

Table 9,

h O 1O N
o o & o

O e O

oo oo o8 oo

O < O O
* » & ®

e~ <t X O

oo o9 08¢ ae
ev ae ** s
e @6 o8 ee

OO Oo

» o ® ¢

D O
i )

48-hour cul tures

booo

* o o @

o
A&

b 10
O Qu

<0

o}
&2

7 2=nour cultures
8,0

14,0

18.5

i
DK O
o » © 9

O

.o oa ®6 o0

[ =t o+ 1O

o

0 &8 go *s
aw o8 Sr an
% o en *o

oo
. L Ld
0 g
P

s ow €9 ..’

O
* o
(o]

39.5

e ee o0 o

21
28
30
36

0
<o

ST am

|

17.0
26,0
46

O6=hour cultures
0

144-hour cultures

30.5
17,0
44,0
11,0

21
£5
30
36

s

. @ O @

~N--H O

s @s oo o9

© OO
e ¢ © B
WN~HO
~i

o» oe ae *®
an o o6 on»
se oo o v

oe o0 ss o




38

twice dally. Bacterla-free filtered alr was bubbled through
the second culture ot a slow rate from s sintered glass gas-
washing head. To each of three additionsl lots ascorbic
acld, cysteine znd thiloglycolic acld, respectively, were
added to the medlium in quentities of 0.02 percent, These
cultures were sheken twice deily. Exomlnsatlons for lipase
production, cell count, color changes of methylene blue, and
shape of cells were made after growth for 48, 72, 96, and
144 hours., Results are shown in Table 10.

Aeration definitely restricted lipase production, while
the addlitlion of reducing compounds did not result in values
sipgnificantly different from the control, although the
letier mediun retained its blue color because of the
frequent shaking of the cultures, Aeration of the one
culturve resulted in a faster growth rate and short oval
shape of the cells as comp&red with the smaller population
and predominance of long oval cells in the control culture,
Especlially the culture in whicﬁ cysteine had been incorpecrat-
ed, bul 2lso to some extent thet to which thioglycolic acid
had been added,showed somewhst greater lipase sctivity than
the control at a1l times except at 144 hours. These two
addenda also increased the population slightly.

In trial 2, three 200 ml, quantities of nutrient broth
with methylene blue sdded as in Trisl 1, and one without,

and all buffered at pH 5,5 were inoculated and treated as
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Table 10, The Influence of Oxldatlon-reduction Conditions
Upon lLipase Production and Growth of 4, lipolitica

(Trial 1)
: H Count : :
Variable ¢ Acid :per ml.(intgolor of #: Predominant
footor _ idegreesimillions): wmediun
48-hour cul burea
Gontrol T 8,0 § Q.5 ‘Blue tiong oval
Aeration T 4,0 ! 14,0 t31lue t8hort oval

Agcorble acid: 3,5 ¢ 2,7 tYellowigh~:Short oval
green

Cysteine T 14,0 : 65,8 tBlue tLong oval
Thio glycolic: 11,0 : 6,5 tYellow tLong oval
acld
P 2=nour cultures
Control T 11,0 : &8,1 tBlue tlong oval
Aeration + B.0 : 25,0 tBlue t8hort oval
Ascorblc scidt 13,0 : 8,7 :Greenlsh- :ilong oval
yellow
Cysteline 18,6 : 12,8 tQreen tLong oveal
Thio glycollic: 17,6 : 8,6 tYellow tLong oval
acid .
: 86~hour cultures
Control T 18,0 § 9.8 tBlue tLong oval
Aergation r 6,0 ¢ 28,0 tBlue :8Short oval
Agcorbic sgeld: 22,6 ¢ 14,0 tGreenish- :Short, long
yellow slender
Cysteine : 28,0 : 11,0 tGreen tLong oval
Thio glycolie: 24,0 : 18.0 tYellow tlong ovel
acld
144-hour cultures
Control T 82,6 ¢ 8.2 tBlue tLong oval,
slender
Agration ¢ 6,0 ¢ 31,0 tBlue :Short oval
Agcorble scid: 28,0 : 11,0 tGreenigh- :Short, long
yellow slender
Cysteine ! 35,0 : 11,0 t{Green tLong oval
Thio glycolliec: 31,6 : 14,0 tLight tLong oval
acld green

¥Used as 1ndicator of oxidatlion-reduction conditions,
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follows: (a) The control containing no methylens blue was
gheken twice daily. (b) To a second lot of basal medium
0.02 percent cysteine wns sdded before inoculation and the
culture was not aerated during incutetion. (c¢) To a third
lot of bagel medium 0,02 percent cystelne was added after
aerating for 48 hours; aeration was discontinued after the
addition of cysteine. (d) APter serating for 96 hours,
0.02 percent cysteine wss added to a fourth lot of bassal
mediun, after which seration was discontlnued., Examinations
for the production of lipase, cell count, and shape of cells
were made after growth perlods of 48, 72, 96, and 144 hours.
Kegults sre shown in Table 11,

Aeratlon again was demonstrated to be detrimental to
the production of lipase, Aeration, followed by the
eddltlon of cystelne and cessation of aeration resulted in
& gradual increase in lipase content of the culture. The
shape of the cells also changed from short and oval to long
and slender. DBoth cultures to which cystelne was added
gshcwed the same general behavior, although the shift to
lipase producing form was greatest in the culbure asrated
for only 48 hours., The much higher lipase activity of the
control culture, ss compared to the culture to which
cystelne was added wilithoul ameration may have been due to the
ebsence of methylene blue in the control culture. Once more

short oval cells were assocliated with the high counts and
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Table 11, Additionsl Studies on the Influence of Oxidation-
reduction Conditions Upon Livase Production and

Growth by M. lipolytica
(Triul 2)
: ¢ Lount ¢
Variable factor : Acid tper ml.(im Predominant shape of
—— tdegreesimillions) cells
Z8-hour cultures .

Control Tt 18,5 : 4,2 ilLong oval

Cyasteine at onca ¢ 10,0 ¢ 28,0 tLong slender

Cysteine after H
48 hr, aeration :

Cysteine after H
96 hr, aeration

8.5 ¢+ 22,0 tBhort oval
10.5 ¢ 22,0 tShort oval

_____72-hour oultures
33.0 ¢ 4.5 :Long oval, slender

Gontrol

Cysteing at once 14,5 ¢ 26.0 tLong slender

Cysteine after
48 hr. aeration

Cysteine after
96 hr. aeration

1.0 ¢ 26,0 tShort, long oval

8,0 ¢ 40,0 t8hort oval

86-nour cultureg
45,0 ¢ 11.0 tLong oval, slender

Control

Cysteine at once 23.0 ¢ 26,0 tLong sleander

Cysteine after
48 hr, saration

Cysteine after
96 hr. aeration

16,0 : 18,0 t8hort, long slender

4,0 ¢ 79.0 1Short oval

_1l44~hour sultures
41,0 4,0 tLong oval, slender

Control

Cysieine at once

18,0 ¢ 18.0 :Long slender

Cystelne after
48 hr. zersation

Cystelne after
26 hr, asration

18,5 ¢ 15,0 sLong slender

15,0 : 19.0 tShort, long oval
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low acld degrec values resulting from aeration of cultures,

In no case did addition of cysteine result in a
significant increase An lipase production, although 1t may
have asslsted in bringing about favorable conditions for
lipase production after the cessation of aeration. In a
further study of the influence of aeration and cysteine upon
lipase production, trials 3 and 4 were run, each performed
with four 200 ml, portions of nutrient broth, buffered at
pH 4.5, which were treated as follows: (a) Shaken every 12
hours, (b) Shaken every 48 hours; (c) 0.02 percent
cysteine in medium and shsken every 12 hours; (d) 0,02
vercent cysteine in medium and shsken every 48 hours.
Examinations for lipase production, population and shape of
cells were made after 48, 96, and 144 hours of growth,
Results are shown in Table 12.

Shaking of cultures every 12 hours retarded the rate of
lipase production in the younger cultures, as higher acld
degree values were obtalned from cultures b and d, which
were shaken only every.48 hours, than from cultures & and g,
shaken every 12 hours, Acld degree values after 144 hours
were in favor of the cultures shaken every 12 nours, The
difference in lipase activity in cultures with and without
added cysteine, but otherwise given similar treatment, was
not significant except at 96 hours in Trlal 3, The cell
count per milliliter could not be correlated with lipase



Teble 12. The Influence of Saking and Addition of Cysteine on Lipase Production and
’ Growth of M. lipolytica

Acid Degrees - Count - Predominant shépe of cella

Variable  : : (in millions) :
factor - tTrial s:irial Z:Trial a:frial 4% Prial & T Trizl 4

48-hour cultures

£

a, Shaken every: 15,0 : 2,6 ¢ 6,8 ' 13,0 :8hort, long oval ELong oval

S, Shaignhzgéryg 66,0 % 38,0 -; SO, ;‘28,0 §Long slender ;Long slender

é. Cys%?iggs. g 16, E ige,0 ; D ; 8,5 §Short, long oval gLong oval

d. Gysteiﬁé ; 5240 E 54; ; 14,0 ‘; 12,0 ;Long oval, slender;Long oval, slender
_ - : — : gﬁgho;r qglﬁp;es ‘ : - _

8, Shsken everyf 34, 3 26,0 E i1, f 11,0 iLong oval, slender:Long, short slender

b. Shaiznhzgéryg 25, g 240 é 30, 5 28, gLong slender éLongb short, slenfler

C, cya§§1§§8° g 63, 5 26,0 g ‘8,9 g 12,0 éLong slender ELong, short, slender

d. Cys£;§gl ; 7340 ; 3G.0 ; 14,0 ; 10,0 ;Long glender ;Longb short, slender

i : Taahour uTTures —

a,[&haken_everys 43, 3 21,0 3 S, E 6, ELong ovzl, slendersLongh short slender

b, Shaignnzgéryé 22, % 14, % 38, é 47, %Lcng slender %Long, short oval

c, Cys%?igzs. 5 44,0 g 25.0 g 12, 5.17, gLong slender gLong, short slender

d, Cyeﬁfégé é 3645 % 21.0 é 19.0 5 7.0 ELong slender %Long, short slender
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productlion, although the greatest production of the enzyme
in the younger cultures occurred in those cultures contain-
ing the most orgenisme., However, the shape of the cells sgaln
wag found to correlate with the lipege sctivity, long oval or

slender cells belng asscciated with high acid degree values,

Factors influencing the =2ctivity of M, lipolytica lipsase

pH of substrate. In a prelimineary tirlal the resction

of the substrate-emulsion used for determining the sctivity
of the M. lipolyticas lipase wes adjusted at intervals of 0.6
pPH unite over the renge from pH 4,0 to pH 8,0, Disodium
phosphate (0.2 m.) and eltric acid (0.1 m.) were adjusted to
degsired pH levelis wnd added to equal volumes of a 10 percent
butterfat-agar emulsion, The remaining steps were those
described under "Methods'. Hesults of this trial are shown
in Table 13,

The results of this preliminary trial showed that
greatest hydrolysis of butterfsat was cbtalined in the range
pH 6,0 - 7,0,

Two additionsl trials were run over a narrower pH range,
namely pH 5.8 « 7.2. The regults obtalned are shown in
Table 14, |

The results obtained in the two additional trialis
showed that pH 6.2 - 6,5 was most sultable for hydrolysis of

butterfat by M. lipolytica lipase under the method employed
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Table 13. The Influence of pH Upon M. lipolytica Lipase

— Activity e
pH of substrate ¢ Acid degrees per ml, of enzyme
: preparstion
4,0 : 16
4,5 : 22
5,0 : 24
5.5 : 26
6,0 : 32
6.5 H 65
7.0 : 31
7.5 : 156
8.0 : 12

Table 14. Further Determinations of the Influence of pH
Upon M, lipolytica Llpase Activity

e —— e ——

pH of substrate Acid degrees per ml, of enzyme

___T___I_I_E£222223i2¥ -
ria ‘ : rial 2

— v ——— ~————

5,8 : 30.0 : 30,0
€,0 : 36,6 : 32,0
6,2 H 40,0 : 40,0
6.4 : 34,5 : -
6.5 : - : 55.0
6.6 : 26.5 . -
6.8 : 23,5 : -
7.0 s 22,5 : 31.0
7.2 : 1'3‘5 : -
7.4 : 12,0 H -
7.5 : - : " 15.0
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snd the resction of the butterfzt emulslon for detection of
llpolysis was adjusted to pH 6.5 in subsequent studles. 7The
abllity of this enzyme system to cruse conslderable lipolysin
1t the pH range fromn 5,0 to 6.0 indlecated the possibillity of
1ty uss in the somewhst scid curd of cheese,

In five trlals in which pasteurized homogenized milk was
substituted for butterfat-agar emulsion &as substrate,zcid
degree values rangling between 47 snd 87 were obtained, csusing
& lovering in pH of milik up to 0.8 of a pH unit, These
results served &s a good lndication of M. lipolytica lipase
activity in milk,

femperature end time. In trigl 1, M. lipolytice lipase

sctivity was studied at tcmperstures of 30, 37, 45, snd 52°C.
Determinztions were made at 8-~hour intervels up to 48 hours
total reaction time, The resvlts of this trial are shown in
Table 15,

Incubstion temperatures of 37 end 46°C., brought about
more 1repld lipese activity in the first 8-hour period than
wee the case with temperatures of 30 and 52°C, Highest acid
degrec velues were obtelned in the emulslon held at.SVOC.
Eerly Ainactivatior of the enzyme took place at 52°C, Thus
tldes tempersture was omitted from further trials. The
action &t 30°C, was somewhst slower than at 37 and 48°C,,
but persisted longer af & uniform rate, as shown bj the

contlinued Ancrements of Yree acldlty.
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Table 16, The Influence of Temperature and Time Upon the
Activity of M. lipolytica Lipase

Reaction time: Acld degrees after various incubation

in hours —_ periods at temperatures of

300C, _f 370C. & 46°C., : b2oC,

8 : 8,0 T 17.0 : 17,0 : 8.0

16 ¢ 14,0 ¢ 20,0 : 20,0 : 9.0

24 ¢ 17,0 29, : 20, : 10.0

32 ¢ 20,0 ¢ 35,0 ¢ 26,0 ¢ 14,0

40 ¢ 260 ¢ 370 : 25,0 : 9,0

48 ¢ 28,0 ¢ 39.0 : 28,0 t 10.0

Table 16, Further Studies on the Influence of Temperature

and Time Upon M, lipolytlca Lipase Activity
Average o% 2 trials

Reactlon time Acld degrees alter various incubation

in hours — periods at temperatures of
- [ * [ L4 - [ L 5 L)
6 ¢ 11,0 : 10, ¢ 2.0 ¢ 12.0
18 t 20,0 : 19,6 ¢ 14,0 : 15,0
30 ¢ 22,6 3 27.6 ¢ 198,56 ¢ 16.5
42 ¢ 36,6 ¢ 32,6 + 28, ¢ 18.0
b4 : 43,0 s 4], :+ 31,0 ¢ 18.0
66 ¢t 45,0 ¥ 43.0 : 30, ¢ 17.0
78 ! 49,0 @ 48, ¢ 3.6 ¢ 20,0
102 t 62,6 ¢ 63,0 ¢ 34,0 ¢ 20,5
126 : 70,0 3 72,6 ¢ 36,0 : 23.0
150 : 74,0 : 73,6 ! 33.0 : 19.6
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Two further trials were conducted with reasction tempera-
tures of 28, 33, 37, and 43°C., Titrations were made at
incubation periods up to 150 hours, Results are shown in
Table 16, The results of these trials showed temperatures of
28 and 33°C., to be more favorable for lipase activity than
were 37 and 43°C, The effect of temperature upon lipase
activity became more pronounced with increased holding time.
The action of the enzyme at 37 and 43°C, after 54 hours
holding time was practically at a stand still, Thils was not
the case at 28 and 55°C., for a continuous increase in acld
degree values took place even though the rate decreased some-
what with increased holding time,

An additional trial was conducted using temperatures of
10, 21, 28, and 33°C, Titrations were made at increasing
intervals up to 810 hours in case of 10 and 21°C., and up
to 330 hours with 28 and 33°C, holding temperatures., The
results are shown in Table 17,

The rateSof lipase activity at temperatures of 21, 28,
and 33°C, were similar, while at 10°C, lipase activity was
somewhat retarded. The acild degree values obtained at 810
hours incubation time were 40 and 46 at 10 snd 21°C,,res-
pectively, the difference not being considered of great
slgnificance,

In summarizing the results of this éeries of trials,

temperatures of 33°C., and below were found to be more
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Table 17 The Influence of Lower Temperatures and Prolonged
Holding Time upon the Actlvity of M. lipolytica llpase

Fine
in tAcid degree values after incubation at temperatures of:
houigt 1555. : 210C, 3 289G, : 33°¢C,
18 @ 8 : 12 : 11 : 16
42 - : - : 19 : 22
66 @ - : 22 H 23 : 23
90 @ 13 : - : 21 : 23
114 @ - H 27 : 26 : 25
138 - : - : 28 : 30
162 20 t 33 d 29 : 26
186 : - : - : 28 : 27
210 ¢ - : 32 v 30 : 27
234 19 : - t 29 : 32
‘282 - : - : 39 : 35
306 ¢ 27 : 40 : - : -
330 ¢ - : - : 29 : 54
354 3 - : 37 : - : -
402 ¢ - : 37 t - : -
450 3 28 : 39 H - H -
4908 ¢ - H 46 : - : -
594 ¢ 28 : 39 : - : -
666 1 56 H - : - : -
738 - : - : - ! -
810 : 40 : 46 : - : -
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desirable for M. lipolytica lipase activity 1f incubation
periods exceeded 48 hours. Incubation at 37°C, was favorable
to enzyme activity at periods of 48 hours or less, whileA
temperatures of 43°C, and =bove proved to be inactivating
when the incubation period extended more than 8 or 12 hours.

Amounts of lipase added. Two trlals were run with the

amount of enzyme used in the individual determinations as
the veriables A lyophilized culture concentrate was used in
quantities of 0,01, 0,03, 0,05, 0.1, 0.2, 0.4, and 0.8 ml,
The regular determinstion procedure was followed, using a
48<hour incubation period st 37°C, Results are shown in
Table 18,

Higher acid degree values were obtsined with the addition
of larger amounts of enzyme. However, doubling the amount of
lipase did not double the determined acid degree vélues. The
calculated acid degree values on the one milliliter basis
showed increesing vslues with lower lipase concentrations
present in the sample, which indicated greater total lipase
activity per unit of lipase over the 48-hour period than in
other samples containing higher lipase concentrations, A
close correlation existed in the acid degree values obtained
in the two triale with the ssme enzyme concentrate, indlecating
a good degree of reproducibility by this method,

Storage condition and time., A cell-free filtrate was

prepared from & 3-déyvold culture of M. lipolytieca by ultra-
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Table 18, The Influence of Varying Amounts of M. lipolytica
Lipsse Upon Lipese Lctivity ss Determined by the
Normal Procedure
: cld degrees asg
Amount of (Determined ner increment:Galculcted per ml, Of
concentrate? used ! concentrate used
i Trial 1 i Trial 2 & drial 1 _t Trial 2

: 6 : 6 : 500 ! 500
0.03 : 6 : 8 : 200 : 267
0,06 : 9 : 9 : 180 : 180
0,1 : 15 t 15 : 150 : 160
0,2 : 19 : 21 : 20 : 105
0.4 : 33 : o2 : 82 : 80
0.8 : 42 : 42 : 62 : 62

Table 19, The Influence of Storage Temperature, Timo, and
the Pregence of Cysteine Upon the lLipase
Activity of i, 1igolxtica

dezrees after

Ftorage time (in aayeT tStorage time (in days)
Trial 1 : Trigl 2

— 0 T4 T 106 0 1 4 % 86

FPo - Bs S e LI St e

RN

sorage
conditlion

K
[ ]
[ ]
L}
[ ]
[
®
L]
A

5 - B%.: 26 ¢ 22,8 ¢ 22 + 32 : 25 : 28
23 - 2500.. 26 - ¢ 17.5 13 s 22 ¢ 26 : 16
23 - 26%C., o5 4 210 : 14 : B2 : 18 : 16

cysteine
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filltration through ultra-fine sintered glass. Portions of the
filtrate were stored in screw-cap test tubes, one at 3 - 59¢.
and two at room temperature (23 - 25°C.); one of the room=~
teuperature tubes contained 0.002 percent added cysteine.

The samples wcre examined for lipase activity at 0, 4, and

106 days. A second trial was run in a similar manner and
examinations made after 0, 4, and 96 days storage. Results

of the two trials are shown in Table 19. '

The results of both trials showed that the lipase
activity tended to decreasg upon storage. This decrease was
more pronounced at 23 - §§°C. than at 3 - 5°C. The presence
of 0.002 percent cystelne did not prevent the inactivation
of lipase. during storage. A low storage temperature was
found the most important factor in the preservation of

lipase activity.

Concentration and purificatioﬁ of M. lipolytica lipase

Concentration by lyophilizing. Three trials were con=-

ducted using 3-day old nutrient broth cultures of M. lipo-
lytica. Lyophllizing was done as described under "Methods".
The results of these trizls are shown 1ln Table 20.
Concentration of M. lipolytica cultures by lyophillzing,
either partially or to complete dryness, resulted in con-
centration of lipase as well. However, lyophilized portions,

equivalent to 1 ml. of the original culture, ylelded acid
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Table 20, The Effect of Lyonhilizing Treatment of M,
;&Qg;gggg§=gg;§pree on 1ts Lipase Activitz

Item studled

Trial number
1* : 2" :

T T T e e e A S e SR R

A.D. per ml, of original : 36 : 70 : 54
culbture#®

Original weight of culture®¥: 200 gm.: 183 gm.: 150 gm.

Welght of culture after ¢ 50 gm.! 31 gm.! 12 gn.
lyophlilizing

A.D. 0f 1 ml, equilv, of orig: 19 t 24 : 26
culture

A,D, rztio of orig., to ¢ 2:1 I ¢ 21

lyophilizing culture

* Thcompletely aried,
## Celculated 29 1 ml, = 1 gnm,
A.D.=Acid degree,



degree values sbout one half of the values of the original
culture in two cases, 2nd only one third of tbe original
value in one case, Continued lyophilizing up to the change
from llould to solid state of the culture resulted in =
sticky, gluey masss which was difficult to handle, but which
dissolved readily irn distilled water or in phosphate buffer
golution, and wes possessed of high enzyme activity per
unit mass.

Concentreztion by fosming, Two trisls were run first to

Aetermine the most sultable pH level for the concentrztion
of M. lipolytice 1lipese by this procedure. One liter of
3=day o0ld culture was centrifuged and 700 ml, of the super-
natent liquid divided into 100 ml, portions which then were
edjusted to pH levels between pH'4.0 - 7.0 by means of
concentrated hydrochloric acid or soclum hydroxide. Com=
presased carbon dloxlde wss used as fosming sgent, and the
first 10 ml, qusntity of condensed foam was collected from
each 100 ml, portion of enzyme preparation.' Lipese activity
measurements were made on the resulting 10 snd 90 ml. por-
tiong, Results of the two trlals are shown in Tgble 21,
While there was a meagureable increase in lipasse cone
centration in the liquid fosm vortions, as compared with
the lipase concentration of the original supernatent, yst
the aclid degree values obtained did not point definitely

to any one pH level as the most suitable one for the
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Table 21, The Influence of pH Upon the Concentration of

M. lipolytica Lipase by the Foam Adsorption
nghod

Acld degrecs per ml. in the
First 10 ml. of Residual 90 ml,

pH of 5 :
supernatant ¢ liquid foam : _of supernatant
:” Trial 1 : Trial 2 _: Trial E t Irial 2

Original (5.2): 3L T 44 : 3L : a7
4,0 : 43 : 64 : 1 : 3
4,5 : 31 : 57 : 4 : 4
5,0 : 39 : 56 : 12 : 10
5,5 H 44 t 37 : 7 H 3
6,0 : 41 H 64 s 6 : 6
6.5 H 45 : 50 : 5 : 3
7.0 : 41 H 44 : 4 : 6

Table 22, The Influence of Repeated Foaming Upon the
Concentration of Lipase Produced by M,
lipolytica

: 1 AC1ld degrees per Mie OF
RNumber ¢ Volume :
of : of H Liqgid foam : Reeldue
fractio~ifraction: : : :
natlone : : Trlal 1 : Trial 2

(ml.) : Trial 1 : ?rial 2_

1l : s
2 : :
3 ¢ 100 :
4 : :
6 : :

5




concentration of llpase produced by M. lipolytica. Examination
of the acld degree values obtained at the different pH levels
showed that pH 4.0 was high in the lipase asctivity of the
liquid foam portion and lowest An the residual portions, al-
though the margin was small, This pH level, therefore, was
selected for further work on the foam-adsorption method and
the concentration of lipase produced by M. lipolytica.

In further studles on the foam-adsorption procedure for
concentration of lipase J3-day o0ld cultures were centrifuged
and the supernatant adjusted to pH 4,0 with concentrated
hydrochloric acid, Quantities of 800 ml, of supernatant
were fractionated by foaming to one-half volume and the
process repeated five times, Lipase actlvity measurements
were made at each step, both on the liquld foam and on the
residue portion., Results of two trials are shown in Table 22,

Yhile the first fractionation did not result in an
increase in lipase concentration, as Jjudged by the acld
degree values obtalned, further fractionations resulted in
Ancreases in lipasse concentration., Either the rsmoval of
the lipase by 60 percent fractionation was practically
complete, or the lipase in the residue was destroyed, since
the residues showed little or no lipase activity. The
increase ln acld degree values in the two trlials was
approximately 250 percent in each case., The lipase re-

maining in the final foam fractlion represented about 8 per-
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cent of the initial lipase activity, according to the figures

as prescnted.

Concentration by salting out. Preliminary trials were

conducted in test tube quantities with 3-day old cultures of
M. lipolytica, using magnesium sulfate, ammonium sulfate and
sodium chloride as precipitating agents. Precipitation of

a lipase-active substance occurred only in szturated solu-~
tions of smmonium sulfate. Thus ammonium sulfate was used
iIn further trials with larger quantities of cultures.

Supernatant of 3-day old cultures in 400 ml. quantity
was placed into a one llter separatory funnel, ammonium sul-
fate added to the saturatlon point and followed by the ad-
dition of 30 percent by volume of 95 percent ethyl alcohol.
This procedure resulted in the collection of the lipase-
active precipitate at the water-alcohol.intgrface. and the
flocculent precipitate then was collected and dried as de-
scribed under "Methods". Table 23 shows the results of three
trials.

Although only a small portion of the original total
lipase was recovered in form of a white precipitate, this
precipitate represented concentrations of from 8 to 20
times the original, based on acld degree values obtalned
from the original supernatant and the preclpitate.

Tarther work was done to compare the effect of different
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Tahle 23. Concentration of Lipase by the Salting-out Pro-
cedure with Ammonium Sulfate and Ethyl Alcohol
tWelght! .
Trial number: or :Acid degrees
:volumeiper ml, or mn,
o ¢

; totals

L e

Recovery ol enzyme®

I Liquid : 400 14.0 : -
Dry t 0.25 ¢ 280,0% : 1.286

IT Iiguid : 400 26,0 : -
Dry : 0,20 ¢ 200,0% : 0.4

ITI Liquid : 400 ¢ 23,0 : -
Dry : 0,18 ¢ 200,0% @ 0,39

®#Calculsted from increment used.

Table 24, The Influence of Temperature During Precipltation

A.D, per wml. of origilnsl 28 25 3 P T 23

- supernatant

Total weight of precipi- ¢ 0.2 ¢ 0,2 ¢ 0,16 : 0,18
tate tn gie

Acld degrees per 0.03 gm. @ 21 ¢ 6 44 ¢ 6

Calculated A.D, per total : 140 : 40 ¢ 300 36
ppt-

Calculated percent re- ¢ l,4 : 0,4 *t 3,0 : 0,36
covery of original
total lipase activity

A.D.ZAcid degree.
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temperatures during the process of preeipitation upon the
vield and lipase activity of the vrecipitate. The same
method was followed as before, treating 400 ml. of super-
natant at room temperature (24° C.) while an equal quantity
of the same supernatant was cooled in ice water to 6°C. and
kept at this temperature until the drying of the precipitate.
Results of two trials are shown in Table 24.

The results of the two trlals were much in favor of the
lower temperature. The lipase activities of the precipitates
obtained at 6°C. were 250 and 730 percent greater than the
aotlvities of the correspondlug precipitates as compared
with the lipase activity prepared at room temperature. Fur-
ther study of possible alternatives in the procedure might
result in greater percentage recovery, as very little ex-

ploratory work was done in this phase of the study.

The 1nfluence of the addition of varlous amounts of M. lipo-

lytica lipase upon the ripening of blue cheese made from

pasteurized homogenlzed milk

Three series of three lots esach and one series of four
lots of cheese were made with pasteurized homogenized milk
by the procedure outlined under "Methods". In serlies 1 and
2 the clear supernatant liquld obtained by centrifuging 3=
day cultures‘was used while in series 3 and 4 cell~free fil-

trates from the cultures were added to the milk in various



Table 25. The Influence of the Addition of Vsrious Amounts of M, llpclytica Lipase

Ugon the Volatlle Acidit;s Flavor! and Mold Growth of Biue eage
_sAmount: Total : :

Lot: of :twvolatile ; Flevor : Defect ; Mold - ; ‘
no, {lipase: aciditv : _score ¢ goore : score ! Defect comments on
tadded*:™ 4 ¢ 12 ¢+ 4 12 : 4 ¢ 12 ¢+ 4 ¢ 12 : 12 week old cheess
: tvke,. twka, twka, twka, twke, swks, tWwks, tWks, ¢
11 ¢t none : 8,0 18 : ## ¢ - § - : - -t = :Flet, slightly unclean
12 ¢ 100 : 6,6 18 ¢ = ! - ! « ! = ! =« = 1Flat, slightly unclean
13 ¢ 200 ¢t 7,0 16! = ! « ! =« ! - ! =% = 181, unclezn, sl., bltter
21 : none ¢ 5.,4: 13 : - ! =} =% - % =% - :Flat, sl, unclean
22 ¢ 300 ! 9,6 22 =« ! - ! e ! = 1! =« ¢! = :Bl, unclean, sl. soapy
23 ¢+ 800 2 18 : B85t -« ¢ ~ ! = ! =t =1 = iToo high in acid, soapy
31 : none : 7,0: 13 : 3,0: 4,0: 4,0 3,5: 3,5: 4,0:80ur, flat '
32 : 660 : 26 : 50 : 7,0: 7.65: 8,5: 7.0: 4,0: 7,0:31, sour, sl. soapy, sl, sherp
33 ¢ 1300 : 39 : 85 ¢ 6,65 5,0 5,5: 3,0: 3,5: 5,0:Exceasively sharp aznd soapy
41 : none : 9,0: 18 : 3,5: 4,0: 6,0: 3,5¢ 7,5: 7,5:81, nutty, sl, fermentel
42 : 300 : 15 : 38 : 6,5: 5,0: 6,0: 4,0: 3,5! 7,0:81. nutty, sl, unclean
43 ¢+ 800 : 21 : 60 ¢ B,0: 7.5: 8,0: 7,0: 5,5: 4,6:81. sharp, sl, soapy
44 ¢ 90C : 26 : 72 ¢ 7,0¢ b6.,5: 5.5: 3.5: 3.5 6,0tExcessively sharp znd sospy

¥ Galculated s total zctivity (ml. of preparation X scid degres veiue per mi,)
added to 115 1lhs. of milk,
®#% No numbrical scores glven.(for Lots 11, 12, 13, 21, 22, and 23).

09
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amounts. A control cheese without added lipase was made in
each serles. Data concerning the manufacturing operation
and the chemical analyses of the cheeses are shown in the
Appendix, while the total volatlle acldity values, flavor,
defect, and mold scores .of the cheese at 4 and 12 weeks are
presented in Table 25.

The results obtalned with the four series of cheese
showed that the addition of M. lipolytica lipase to the milk
resulted in increases in the total volatile acidity of the
cheese proportlonal to the amount of lipase added. In all
four cases the control cheese had the smallest amounts of
total volatile acidity in their respective series, and
were lacking in the desired ketone flavor. Cheeses made
with the higher levels of lipase additions resulted in
excesslvely sharp and soapy tastes (Lot 23, 33, 44). Best
results were obtained with cheeses 32 and 43, although they
also were oriticized for being slightly soapy and slightly
sharp. There was no indlcatlion thot mold growth was affected
by the different emounts of total volatlle acids present in
the individual cheeses. No evidence was obtained that any
of the defects found in the cheese made with the added lipase
were attributable to the enzyme preparation used. In general
the defect scores were somewhat improved by the addition of
the lipase preparations, even though excessive degradation of

the fat was considered and soored as a flavor defect. The
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data suggest that almost any desired level of fat hydrolysis
may be obtalned by use of enzyme preparations from ). lipo-

lytica in pasteurized milk to be made into blue cheese.
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DISCUSSION

The part of the study concerned with the production of
lipase by M. lipolytica reveasled that thevéomposition of the
medlium and its reaction play important roles in lipase produc-
tion.” Other factors of equal importance were growth tempera-
ture of the organism and the oxygen level of the medium. Con-
ditions favorable for rapid growth of the organism were found
undesirable for the production of lipase. The presence of glu-
cose in the medium resulted In more prolific growth and less
lipase production than if glucose was omitted. A similar obser-
vation with P. roqueforti was made by Thibodeau (1940). Golding
(1934) worked with the same type of mold and also reported
that glucose accelerated the growth of P. roguefortl consider-
ably. He also observed the shifting of the reaction of the
medium towards the acid side if glucose was present, an observa-
tion also made in the present study with M. lipolytica. The _
fact that the buffered growth medium with 1 percent glucose
added increased in acidity, while with no glucose added the -
acldity decreased, led to the conclusion that the organism uti-
lized the glucose at a rather rapid rate. This utilization,
however, resulted in increase of population rather than in 1li-
pase formation. Only in a relatively glucose-free nutrient -

broth did maximum lipase production take place. Apparently the

utilization of organic nitrogenous compounds, such as peptone,
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1s required to produce considerable amounts of lipase under the
conditions of this study. 7The slenderness of cells in cultures
high in llpase was observed repeatedly, contrasting with the
short, oval cells characteristic of the cultures which produced
little lipase.

Other growth conditions being equal, the hydrogen ion -
concentration of the medium also affected the production of 1i-
pase by M. lipolytica. This effect varled in magnitude with
the kinds of butferg employed. Disodlum phosphate and mono-
potasslium phosphate were comparable in thelr effect to disodium
phosphate and citric acid, at pH 7.5 and pH 5.5. Sodium acetate‘
and acetic acld, however, were less suited for lipase produc- |
tion, especlally at a concentration of 0.225 m and pH 5.5 A
pH of 4.5 to 5.5 with phosphate buffers was most desirable for
the production of lipase by M. lipolytica. These pH levels re-
tarded the growth of the organlsm as compared with higher levels,
sueh as pH 6.5 and pH 7.5, but resulied ln greater lipase pro-
duction per cell than at lower or higher pH levels. Here again,
as in the oase of the composition of the medium, somewhat sur- -
pressed growth resulted in maximum acoumulation of lipase in
the medium. Buffer oconcentrations of from O.45 to 0.9 m. re- -
sulted in extremely slow growth, but the llpase production
reached a higher level than at lower buffer concentrations at
the same pH even though the lower buffer concentrations were

able to waintain the reaction of the medium.

A growth temperature of 30° C., while producing less _
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growth than at 25° C., resulted in the accumulation of the
largest amounts of lipase in the mediuam. Higher and lower
temperatures gave less lipase activity than did 25 and 30° C.
It 1s of interest to note that Welsbrodt (1927) observed P.
rogueforti also produced most lipase at 30° G.

The addition of reducing substances to the growth medium
dild not result in significant increases in lipase production.
An oxygen level permitting a slight reduction of methylene
blue in the medium was found most satisfactory for lipase pro-
duction. The Ep range at which methylene blue chenges color
at pH 4.5 1s figm +200 to 0 mv. (Hewitt, 1930). Rosenfeld
(1946) found that oblligatory anaerobic sulfate reducing bacterla
displayed best lipolysis at Ep levels of -100 to -400 mv. Aerated
cultures of M. lipolytica produced extremely high populations,
but little lipase was accumulated in the medium. Wwhether or
not lipase was produced 1n all instances but was utillzed by
the rapidly growing cells or destroyed due to the greater
amount of oxygen present in the aerated cultures 1is not known.
The faoct that even twice-a-day shaking of cultures sufficed -
t0 cause lower lipase activity indicated that the oxldation-
reduction conditions of the medium were of greater significance
than they were considered to be in the early trials. The laock
of this knowledge undoubtedly resulted in lower lipase activity
in the trials where twice-a-day shaking was practliced. How-
ever, since all cultures in the same trial were treated lden-

tically, the comparison value of each trial remains unarfected.
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Unquestionably further work on the factors influencing lipase
production by M. lipolytlca is essential in order to obtain a
more complete plcture of the interactlon of the different fac-
tors and thelr effect upon the production of the enzyme.

Activity of llpase upon fat was detectable at pH 4.0, the
activity increasing to the maximum at pH 6.2-6.5 and dé;;éésing
more rapldly up to pH 8.0. This observation was of much inter-
est, since the ripeniné ;f blue cheese falls within the range
of pH 4.7-6.5 (Coulter, Combs and George, 1938), a range in
which this enzyme 1s relatively active. Trials conducted to
determine the activity of this enzyme in homogenized milk veri-
fied this observation, which also was corroborated later by the
changes produced in cheese in which this enzyme h?g been in-
corporated. The observation of Fouts (1939) thatrg;iiiéolztica
produced rancidity in cream of relatively high aciqity corre=
lated with the results obtained in the present study.

Since the object of this problem was to learn as much
a8 possible about the sultabillity of the enzyme system for use
in meking blue cheese from pasteurized milk, detailed study of
the kinetlics of the enzyme was not undertaken. In consldering
the effect of temperature and tlme upon the activity of the
lipase of M. llpolytica, the observation was made that tempera-
tures from 37 to 48° C. resulted in higher acid degree values
early in the incubation periocds but the enzyme activity at
these temperatures decreased rapidly with time. Heat-inacti-

vation of pancreatic lipase at temperatures above 4L0° C. was
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observed by Sizer and Josephson (1942), and 1t is possible that
the lipase consldered in the present study was affected 1n a
similar manner.

Additlons of different amounts of enzyme to the same
amount of substrate demonstrated greater calculated activity
per unlt of enzyme-containing material when the amount of such
materlal added was small. \hen the enzyme activity per unit of
materlal was considerable, as frequently was the case during the
studies on methods of concentration, the results may indicate
a level of activity somewhat below that which might be calculated
from the use of smaller increﬁents. Further work would be neces-
sary 1n ordpr to obtain a more complete knowledge of this situ-
ation.

The results with stored cell-free enzyme preparations
showed the preservative effect of low storage temperature upon
the enzyme activity. The preservative effect of low tempera-
ture storage upon enzyme activity also was observed by Kunitz
and McDonald/(l946) in their work with hexokinase. Storage at -
temperatures above 59 ¢. resulted in a gradual decrease of en-
zyme activity. They observed that inactivation was accompanied --
by denaturation of the enzyme-protein.

Of the three methods used for concentration of the lipase,
the lyophilizing procedure resulted in the least destruction of
the enzyme. However, it was difficult to hendle the sticky
mass consisting of yeast cells and the solld ingredients of

the medium, ineluding the buffer salt, and thus a more sulitable
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method was desired. The roaming method developed by Ostwald
and Siehr (1937) had proven successful for sepesration of pro-
telnaceous material from its liquid phase. VWhile this method
bermitted the separation of M. lipolytica lipase from the bulk
of the supernatant liquid, the losses of enzyme encountered —
during the process were great. The first fractionation did not
show an increase ip acid degree values. The same observation
also was made by Ostwald and Mischke (1940) with diastase and
was attributed by them to denaturation of proteln during the
foaming process. The effect of room teomperature, which was not
considered during this study, but as was observed later on the
salting-out procedure, may be'very significant. Here again the
low temperature procedure followed by Kunltz and McDonald (1946)
in their concentration by salting-out mey be considered of in-
*terest.

The salting-out of M. lipolytica lipase with saturated
ammonium sulfate was the only successful concentration proce-
dure of this type tried. The use of fully saturated dégnesium
sulfate or sodlum chloride proved unsuccessful for the pre-~
cipitation of this enzyme. The salting-out with ammonium sul-
fate was hastened by the addition of 30 percent of 95 percent
ethyl alcohol, which amount was fOundM;o be most useful in
this procedure. Addltions of smaller amounts of alcohol falled
to produce separate layers of alcohol and water, while higher
concentrations were considered undesirable due to the possible

detrimental effect of the alcohol upon the enzyme. The fact
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thet the enzyme-active substance could be precipitated in a
manner similar to the one used for pancreatic lipase by Glick
and King (1933) seemed to indicate that M. lipolytica lipase
might be regarded as an albumin. No attempt was made to crys-
tallize or to study the precipitate beyond this point.

The addition of M. lipolytlca lipase to pasteurized
homogenized milk which then was made 1lnto blue cheese brought
about the desired hydrolysis of the fat into glycerol and free
fatty acids. Good correlation was found to exist between the
amount of enzyme added and the total volatlle fatty acid values
obtained. The rlpening conditions of the cheese; such as mols-
ture, pH and temperature, all were favorable for the action of
the enzyme. The study of M. lipolytica by Long (1936) had
shown that this organism was capable of spllitting s large number
of pure triglycerides, including triolein. DP. roguefortl on the
other -hand, as shown by Jensen (1941), was most actively lipo-
lytic on the triglycerides from tributyrin up to and including
tricaprin. According to Iammer and Bryant (1937), under un-
favorable growth conditions this mold changes caprylic acid into
methyl-n-amyl ketone, the latter compound being of considerable
importance as a contributor to the flavor of blue cheese. The
liberation by the enzyme of M. lipolytica of fatty acids whioch
are not utilized or changed by the mold mey be regarded as
responsible for the soapy taste of the cheese. If this is the
case, then it would be deslrable to add the smallest quant ity
of enzyme capaﬁle of libverating the optimum amount of free

fatty acids reguired for ketone formation by the mold. This
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seems possible with a standardized enzyme preparation. No
defects 1In the cheese could be traced to the enzyme added, ex-
cept excessively sharp and soepy tastes produced in lots con-
tainlng relatively high levels of lipase.

With the present knowledge of the factors responsible
for lipase production of M. llpolytica, it undoubtedly would be
possible to grow the organism in large quantitles and to obtain
high enzyme accumulation in the medium. The unconcentrated cell-
free preparation is relatively stable at low temperatures and
could be held in the plant for some time for use as needed.
Further work unquestlonably would result in greater recovery of
enzyme durlng the process of concentration, and some level of
purification also may be attained, but probably neither of these
would be essential or possibly be desirable for the product to
be used In the manufacture of blue cheese from pasteurized milk.

The use of this lipase preparation in blue cheese in a
limited pumber of trials has shown its usefulness and sultabil-
ity as a substitute for milk lipase inactivated by pasteuriza-
tion. <The flavor scores and volatile acidity values of the
cheese containing proper amounts of the lipase from M. lipolytica
have been apbreciably higher than those of the control cheese.

The suitabllity of this enzmyme preparation for manufacture
of types of cheese other than blue ln which some degree of
1ipolysis 1is desired has not been investigated, but the product
offers considerable possiblilities for such purposes, and studles
to determine its suitabllity in this connection unquestlonably

should be made.
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SUMMARY AND CONCLUSIONS

Mycotorula lipolytica was selected for this study since

1t possessed strong lipolytie and weak oxldative properties,
and produced considerably more lipase in nutrieant broth than

elther Achr. lipolyticum or Ps. fragl.

Of the five growth media tried, nutrient broth contain-
Ing 0.05 percent glucose was most suitable for lipase production
by M. lipolytica. Defined synthetic medla snd skim milk or
homogenized milk proved much less satisfactory.

Lipase production by i. lipolytica was increased further
by the addition of 0.225 m disodium phosphate plus cltric acld
to the nutrient broth with a reactlon of pH 4.5~5.5. An equsal
addition of disodium phosphate plus monopotassium phosphate
gave similar high results. A sodium acetate plus acetic acid
buffer was unsatisfactory.

-  Growth at 30° C. was optimum for the production of lipase
by M. lipolytica.

The acoumulation of lipase in the medium was favored by
growing the culture without shaking.

In general short oval cells and low lipase activity were
aggsociated with conditions favorable for rapld growth, while
long oval and slender cells and nigh lipase activity were
assoclated with conditions slightly less favorable for growth.

Lipase activity on butterfat was demonstrated over a
range of reaction from pH 4.0 to pH 8.0, with pll 6.2-6.5 as

optimum.
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Lipase activity on butterfat was demonstrated at
temperatures from 10 to 52° C.; temperatures of 37° C. and above
had an lnactivating effect upon the enzyme, the effect being
more pronounced with the higher temperatures.

A storage temperature of 50 C. was much superior to 25° C.
for preserving the enzyme in cell-free preparations, activity
being maintained at a high level for at least 3 months when
storage was at the lower temperature 1in closed containers.

Lyophilized enzyme preparations retained abqut half thelr
original total lipase activity.

Considerasble concentration of lipuse by foaming was demon-
strated; high losses of enzyme occurred during the process.

Salting-out of lipase wlth saturated ammonium sulfate plus
30 percent ethyl alcohol resulted 1n a white precipltate high ‘
in lipase activity.

The beneficial effect of M. lipolytica lipase upon the
.ripening of blue chesse made from pasteurlzed homcgenized milk
was demonstrated. The applicability of this enzyme in the pro-

duction of blue cheese. from pasteurized milk has been discussed.
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APPENDIX

Table 26. Data on Cheese Making and Cheese Analysis

: : R T *¥y *:1Cacls
Lot ¢ Milk : Whey ¢(Fat in:Fat ini:Molisture: Salt :added
numberiaciditytacidity: milk :cheese: in :t In : %o
: : : : : cheese :cheeseimilk
3 S z K]
1 : 0,17 :0.16 : 3.8 : 28,1 : 44,4 :2.8 : -
2 30,17 : 0,18 ¢ 3,8 : 29,5: 42,56 ! 4,3 : -
13 : 0,17 : 0,16 : 3,8 & 30,7 : 41.2 : 4,2 : =
21 : 0,17 : 0,18 : 3.8 : 32,0 : 40.1 : 4,3 : =~
22 1 0,17 ¢ 0.20 : 3.8 : 32,8: 39.4 : 4.4 : -
25 : 0,17 :0,20 : 3.8 : 32.2: 38,8 : 4.8 : -
3l ! 0,16 : 0,23 : 3.6 : 26,6 ¢+ 48,8 : 3,7 0,015
32 ¢ 0,16 : 0,23 ¢ 3.5 : 27,6 : 49,5 : 3,0 :0.015
33 + 0,16 ¢ 0,23 ¢ 3.6 ¢ 24,8 B.,4 : 3.2 :0,015
41 : 0,16 : 0,16 : 3,5 ¢ 27.6: 47,6 ! 4,3 :0,01b
42 ¢ 0,16 : 0,16 : 3,5 : 27,0: 49,0 : 4.9 :0,0156
43 ¢ 0,16 : 0.6 ¢ 3,56 : 26.3: 48.9 : 6.8 1:0,015
44 4 0,16 : 0,16 : 3.6 : 26.8: 49,8 : 51 10,015

b Acidity at time of dlpping.
##  Analyeis of 4-week-0ld cheese.
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