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INTRODUCTION

The abllity of microorganisms to break down fats and
utilize the resulting prodﬁcts in their metabollsm has been
recognized for some time. Hdwever; very little work has been
done to give a proper understanding of the details of the
various processes involved.

Microbial lipases have been studied in greater detail than
have the microblal oxidases. One of the areas in which the
oxidative processes of microorganisms assume importance in
dairy products is in the production of methyl-n-amyl ketone,
one of the flavor constituents of blue cheese, by incomplete
[3-oxidation of caprylic acid which has been liberated by
lipolytic activity. The actlion which other oxidase positive
organisms may have in dairy products is relatively unknown,
although microbial utilization of\free fatty acids is known
to take place in certain products when conditions are satis-
factory.

The present study is concerned with some of the factors
which may affect the oxidation of fatty acids by two organisms,

Candida lipolytica and Pseudomonas fragl, known to be very

active in the degradation of fats in dairy products.
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STATEMENT OF PROBLEM

This investigation was undertaken to study the ability
of C. lipolytica and Ps. fragi to oxidize sodium salts of

the fatty acids.
The work is concerned with some of the nutritional and
environmental factors which may affect the oxidation of fatty

acids by these microorganisms.
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REVIEW OF LITERATURE

Concepts of Fatty Acid Oxidation

The work on fatty acid metabolism has not progressed as
rapidly as the study of the metabolic fate of other nutri;
tional cqmpénents. However, in recent'years gseveral hypotheses
to explain fatty acid oxidation have been advanced by dif-
ferenﬁ workers.,

The theory of (3-oxidation of fatty acids in the animal
body first was proposed by voen Knoop (1905) and further sub-
stantiated by Dakin (1908). The scheme of this oxidation is
one in which the fatty acid is oxidized to aﬁ}-hydroxy acid;
which in turn is oxidized to af3-keto acid. By decarboxyla-
tion the f~keto acid can be converted to a ketone, which in
turn is oxidized to an acid.

From results obtained by feeding cod-liver oil, margarine
and cocoa butter to animals, Leathes and Meyer-Wedell (1909)
proposed the desaturation of the fatty acid to follow the
schemes R.CHg.CH5oCOOH—> R.CH = CH.COOH + Hg0 —>R.CHOH.CH, . COOH
These investigators maintained that this desaturation process
occurs prior to oxidation in the other tissues.
| Beczuse no intermediate acids could be found, Jowett and
Quastel (1935) proposed the theory of "multiple slternate

oxidation" which may be expressed ass
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CH5 . CHQ‘. CHy . CHy é CHy . CH2 . CH2 . COOCH
(CHS-C~CH2'C°C§ 5C-CH2'COOH)+6H
CHz * CO + CHp » COsCHp » GO o CHp + COOH + ZHg0

+Ho0 +2Ho0

or

2CHgz « CO ¢ CHg ° COOH CHz + CO - CH2 « COCH + ZCHSCOOH
Formation of acetoacetate was shown to increase with the chain
length of even numbered acids up to caprylic acid, and then
decrease with the higher acids, due to their lower solubility.
More acetoacetate is formed from caproic and caprylic acids
than would be expected, leading these authors to suggest that
more than one four-carbon fragment arises from each fatty acid
molecule.

In a study in which the feeding of Cg and C fatty acids

11
resulted in the elimination of the correspoﬁding dicarboxylic
acids, Verkade and Lee (1934) proposed the theory of omega
oxidation., In this scheme the terminal methyl group of the
fatty acid is oxidized to a carboxyl group. The resulting
dicarboxylic acid then can be oiidized at both ends to give
rise finally to succinic acid.

A scheme of auto-condensation during /3—oxidétion was
suggested by MacKay, Wick, Carne and Barnes (1941). The two
terminal carbon atoms are split off as acetic acld by

(3 -oxidation and then are recombined by auto-condensation to

form acetoascetic acid and acetone as follows:



2CHgz COOH —> CHy * CO + CH, + COOH —> CH, - CO - CH
-Hg0 -GOy

3
By using isotopic carbon in the carboxyl group of n-octonoic
acid, Weinhouse, Medes and Floyd (1944a, 1944b) found that

the istopic carbén was present in both the carboxyl and car-
bonyl groups of acetoacetic acid. This indicated that the
acetoacetic acid waes formed by condensation of the two-carbon
components resulting from /3-oxidation of the fatty acid. The
intermediate substance probably was acetic acid. This work
gave further support to the work of MacKay, Wick, Carne and
Barnes (1941).

A further study by Medes, Weinhouse and Floyd (1945),
using carboxyl-labeled butyric acid, indicated a fission of the
butyric acid and subsequent recombination, rather than the
direct formation of acetoacetic acid from butyric acid. By
using carboxyl-labeled acetic acid, Weinhouse, Medes and
Floyd (1945) found that the distribution of ¢1° in the acetoacet-
ic acid indicated that the reaction proceeds by coupling two
acetyl groups.

In a‘recent article, Leloir (1948) reviewed the newer lit-
erature on fatty acidé oxidation and reported that the experi-
mental facts indicated the fatty acids were (3 -oxidized to a
reactive two-carbon compound. With acetic acid this two-carbon

compound would form acetoacetic acid, and with oxalacetic acld

or related compound it would enter the tricarboxylic acid cycle

(
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leading to its complete oxidation. There is some irdication
that the mechanism may be of a similar nature for micro-

organisms.,

O0xidation of Fats and Fat Components by Microorganisms

The ability of bacteria, yeasts and molds to oxidize
natural fats and fatty acids has been recognized for some time,
With the advent of oxygen uptake studies with the Warburg
respirometer, more detailed studies of the oxidase enzymes in
microorganisms have become possible.

The results of Jensen and Grettie (1933, 1937) indicate
that oxidases specific for both saturated and unsaturated
fatty acids are present in pure cultures of bacteria. The
presence of 6xidase-positive organisms was determined by the
use of cocoanut oil emulsion with the p-phenylene diamine
series<of dyes. The use of pefoxide values, Krels test and
échiff reagent demonstrated that certain of these cultures were
capable of causing oxidation of leaf lard and hydrogenated
cottonseed o0il. The changes noted were significantly larger
than in the sterile controls, ﬁo rule out any purely chemical
oxidative processes. In a similar study, Castell and Garrard
(1941), using the Kreis and Schiff tests in conjunction with
the oxidase test of the p-phenylene diamine dyes, showed a
number of pure culture of gram-negative organisms to be capable

of oxidizing triolein. They found a good correlastion between



the oxidase test and the ability of the cultures to oxidize
triolein, ’

The ablility of selected strains of a variety of cultures
of microorganisms to oxidize pure fats and their components,
as determined by growth on a mineral salts-asgar medium con-
tained these materials as carbﬁn gources, was reported by

Peppler (1941), He found Pseudomonas aeruginosa, Serratis

‘marcescens, Alcaligenes viscosus, Alcaligenes 1ipolyticus,

Achromobacter lipolyticum, Bacillus atterimus, Proteus

vulgéris, Corynebacterium simplex, Mycotorula lipolytica and

Staphylococcus aursus to be capable of hydrolyzing triacetin,

tripropionin, tributyrin and butteriat. ‘These organlsms were
capable of obtaining energy from the components of pure fats

in the presence of either NHQ* or NOB“ as & nitrogen source.

B. atterimus and S. aureus failed to attack triglycerides above
tribﬁtyrin. Many species showed lipolytic 2bility in the
presence of tricaprylin and tricaprin, but the liberated fatty
acids were not attacked. Glycerol was not attacked by Alc.

viscosus or Coryn. simplex, but was utilized by an S. aureus

strain which would not hydrolyze esters of fatty aclids of low
molecular weight, The greatest number of substrates was decom-

posed by Ps. aeruginosa, S. marcescens, Achrom,. lipolyticum

and Prot., vulgaris, with resting cells of Ps., aeruginosa show-

ing more rapld oxygen uptake on fatty acids than on glycerol.
Glycerol was shown to be oxidized at a rapld rate by a selected

strain of Streptococcus faecallis, as had been shown by Gunsalus
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and Umbreit (1945). The over-all reaction was Glycerol + 02

—_ Lactate-&HZO The oxidation was inhibited by the

2.

accumulatién of H 02 to a final concentration of 0.002§.

2
Mundt and Pabian (1944) employed a more fundamental
approach to the subject, using Warburg techniques in conjunc-

tion with Thunberg technicues in testing the ability of pure
cultures of soll and water types of bacteria to oxidize and
dehydrogenate corn oil. Of the 32 cultures studied, 25 showed
utilizétion of oxygen in excess of endogenous respiration
when using corn oil, while only six showed the ability to
dehﬁdrogenate corn oil., Even though a natural fat was used,
the results indicated the presence of both a saturated fatty
acid oxidase and an unsaturated fatty acid oxidase in the
strains which showdd oxidizing ability. Sodium chloride in a

concentration of 2.5 percent in the o0il was inhibitory to all

strains except Pseudomonas fluorescens. Two antioxidants,

hydroquinone and Avenex (oat flour), were found to be ineffec-
tive in preventing the bacterial oxidation of the corn oil.
The ability of species of the genus Brucella to oxidize
fatty acids has been reported by Attimonelli (1942). The
oxidation of fatty acids from formic to stearic by Brﬁcella

melitence (B. melitensis), Brucella abortus and the rough

colony variants of both species showed that formic acid is
not oxidized, but the other fatty acids are oxidized easily,
especially by B. abortus. The acids most readlly attacked

were acetic and those from caproic through stearic,
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A number of sitrains of Streptococcus mitis were shown

by Niven, Evans and White (1945) to have the ability to
oxidize butyric acid under aerobic conditions to form HeOé.
At pH 7.2 some cell suspensions produced as much as 0.01M
Hp0p from 0.011M butyrate within one hour at 25°C. Strep-
tococci of the Lancefield Group F and the "minute" variety
of Lancefield Group G oxidized the butyrate, while other
species of streptococci and pneumococci did not possess
this oxidizing ability.

Mazza and Cimmino (1633) reported that Bacillus colil var,

communis (Escherichia coli; was capable of oxidizing stearic,

palnitic and oleic acids when the Warburg apparatus was used
with 24 hour cultures at pH 7.5 with air as the gas phase,.
The results indicate that oxygen uptake was greatest for
stearic acid, followed by oleic acid and palmitic acid to a
1ésser degree, This work laﬁef was confirmed by Singer and
Barron (1945). These workers found by using enzyme poisons
that the stearate and oleate oxidases of B. coli var. communis
require the presence of sulfhydryl groups in the activating
protein. Since the oleic acid oxidase from peanuts was not
affected by the inhibitors, the peanut enzyme was considered
to be of a different nature,

In a study with anaerobes, Neave and Buswell (1930)
proposed that the lower fatfy acids are converted almost
quantitatively to methane and carbon dioxide according to the

equation 4 C,HonO2 + 2(n-2) HoO— (n+2)C02 + (3n - 2) CH,,
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where n is the number of carbon atoms in the acid. The reac-
tion CHz COOH + ZHg0 —>» 2C05 + 4H, also may take place. Water
was shown to act as an oxldizing agent in this degradation.
Their results should be interpreted with cautlion, since the
work was conducted with a mixture of two organisms.

Using Thunberg technijues with cresyl blue as a hydrogen
aéceptor, Guggenheim (1944) found that formic, acetic, propionic

and butyric acids were not attacked by clostridia. Lactic

‘énd,pyruvic acids were actively attacked, while succinic,

malic, glutaric, fumaric and maleic acids were weakly attacked.
Perhaps the most complete study to date on the fat-oxidiz-
ing enzymes of bacteria was conducted by Jezeski (1947b, 1948).
Using the conventional Warburg téchniques, he found that 30 of
44 pure cultures of bacterlia were capable of taking up'sig-
hificantly greater amounts of oxygen in the presence of fat.
It was pointed out that these 30 cultures did not necessarily
oxidize the fatty acids, hut the glycsrcl may have been the

substrate responsible for the oxygen uptake. Four cultures

(Mycobacterium phlei, a Micrccoccus sp. and two Pseudomonas
sp.) which wére capable of oxidizing fatty acids, were used‘
for a more detailed study. The’nutritional level of the
medium on which the cells were gowvn seemed to have no effect
on the fat oxidizing power of the organisms and the enzyme
appeared to have no adaptive enzyme component. Inorganic

phosphate appeared to have no effect on the oxidative ability
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of the enzyme. Of the natural fats used, cocoanut oll was
oxidized at a greater rate than either corn oil or butfer
‘oil. By using both methyl esters and sodium soaps of the
fatty acids, the data indicated that possibly there are two
enzymes which are responsible for the oxidation of members of
the saturated series. The studies of the pH optima gave
further indication of the presence of two enzymes. The rate
of oxidation increased with the increase in unsaturation of
the fatty acids, as indicated by experiments with methyl
esters of stearic, olelc and linoleic acid. This investiga-
tor could find no correlation between the oxlidase test and
the oxidizing ability.

Winzler (1940) reported that acetate is incompletely oxi-

dized by Saccharomyces cerevisiase,. Sixty-seven percent of

the acetate was oxidized to carbon dioxide and water, with
the remainder accounted for as carbohydrate in the yeast ecell.
The use of 2,4-dinitrophenol, NaCN and NaNz did not prevent
all of the acetate from being oxidized to carbon dioxide and
water, but did prevent assimilation of any of the acetate to
carbolydrate in the cell.

Several workers have stated that the oxidation of saturated
fatty acids by molds follows the concept of /?-oﬁidation.
Derx (1924) stated that the formation of methyl ketones proved
that oxidation takes plaée at the (3-carbon atom. The fatty
acids up to and including myristic acid are absorbed by the

mycelium and hinder respiratory functions. For this reason the
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oxidation stops at the [B-keto acid, which then splits into
the methyl ketone and carbon dioxide. Stokoe (1928) found

that 0idium (Oospora) lactis will completely oxidize fatty

acids to lower fatty acids by /3-oxidation by the following

reactionss

‘R.CHQ.CﬁchGH-—evR.CO.CH +COOH —» RCOOH + CHzCOOH

2
Incomplete oxidation may be shown by the presence of alcohols
with the same chain length as the ketones. Hammér and Bryant
(1937) suggested that one of the flavor constituents of blue
cheese, methyl-n-amyl ketone, probably is formed by the

/3 -oxidation of caprylic acid to the ketone, and the.elimina-
tion of carbon‘dioxide by the cheese mold growing under un-

favorable conditions.

While working with the yeast-like fungus Blastomyces

‘dermatitidis, Levine and Novak (1949a) found that acids from

acetic through caprylic stimulated oxygen upteke and those
with longer carbon chains than caprylic inhibited oxygen uptake.
Increasing the number of double bonds of an acid had no effect
on the inhibi%ion of oxygen upteske, and branching of the carbon
chain, as in isovaleric acid, resulted in a pronounced de-
crease in the ability to stimulate respiration.

Little has been reported on the actual effect of oxidase-
positive, lipolytic organisms upon d=iry pro@ucts. Castell
and Garrard (1940) reported that the oxidase-positve organisms
were absent or very few in number in salted cream and in cheese.

They classified various genera and groups of microorganisms on
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the basis of their oxidative ability. Members of the genera

Pseudomonas and Achromobacter were strongly oxidative,

Alcaligenes and Brucells possessed weaker oxidizing ability

and Aerobacter, Escherichla and Proteus were weakly positive.

The bacilli were very weaskly positive, with the cocci and
anaerobes being negative.

It should be pointed out at this time that a large amount
of‘work has been done on fatty acid oxidation by oxidases of
both plant and animal origin. Since this aspect 1s beyond
the scope of this study, it will not be considered in detail
here. An outstanding review dealing with the intermediary
metabolism of fatty acids in mammélian tissue has been presented
by Stadie (1945). A review by Jezeski (1947a) deals with the
enzymatic oxidation of fatty acids, including a section con-

cerning the oxidases from vegetative sources.
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EXPERIMENTAL
Methods

Cultures

All cultures used were selected from the stock culture
collection of the Dairy Industry Departmént, Iowa Stéte
College. Those chosen for study possessed typical character-
istics of the speciles used, with the exception that the

Ps. fragi culture was non-lipolytic, but strongly oxidative.

Tryptone-glucose-extract agar slants were used for carrying the

stdbk cultures.

Determination of lipolytic properties

A modification of the procedure of Jensen and Grettie
(1937) was used for the study of the lipolytic properties of
the microorganisms. Butterfat was used to prepare the emul-
sion (100 mi. butter oil, 2 gm., gum tragacanth, 200 ml. hot
distilleé water), and the mixture houogenized four times with
2 hand homogenizer to obtain a stable emulsion. Nile-blue
sulfate (1:100) was added at the rate of 1 ml. per 100 ml.
of melted agar, and the butterfat emulslon was added at
the rate of 5 ml., per 100 ml. of melted agar. After thorough

mixing, plates were poured and the agar allowed to solidify.
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The cultures to be tested were streaked on the agar surface
and the plates incubated at 21°C. for four days. Fat
hydrolysis was indicated by the presence of blue fat'globules

below and around the colonies,

Determination of oxidative properties

The oxidative properties of the microorganisms were
studied with a modification of the procedure of Jensen and
Grettie (1937). The butterfat emulsion was used for this
study, but the nile-~blue sulfate was omitted. After incuba-
tion at 21°C. for four days, the plates were flooded with a
0.4 percent acueous solution of tetramethylparaphenylenédiamine
hydrochloride. The presence of a deep purple colony was con-

sidered a positive test for oxidative action,

Determination of cell count

Tryptone-glucose-extract agar was used to pour plates

for the standard plate count (American Public Health Associa-

tion, 1948). The plates used for enumeration of C. lipolytica
were counted after 48 hours incubation at 30°C., while those

of gi.-fragi were incubated at 21°C. for 48 hours.

Determinration of pH

The pH determinations were made elther with a Leeds and .
Northrup glass-electrode potentiometer or with a Leeds and

Northrup quinhydrone electrode and saturated calomel half-cell.

- o
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Preparation of cell suspensions

The cells used were propagated on agar slants 1in 6 oz.
or 32 oz. medicinal ovals for 24 hours, at 30°C. for C.

lipolytica and at 21°C. for Ps. fragi. To harvest the cells,

they were washed from the agar surface with 20 ml. of chilled
~saline at pH 7.8 prepared according to Landy and Dicken (1942).
The cells were packed by centrifugation in an International

.Type SB angle head centrifuge at 4000 rpm for 5 minutes in

the case of C. lipolytica and for 15 minutes for Ps. gzggi;

The sﬁpernatant liguid was'decanted off, the cells resuspended

in 20 ml. of saline and the centrifugation and washing re-

peated two additional times. The final suépension was prepar-

ed by diluting the cells with saline to a constant rezding of

250 on the Klett-Summerson photoelectric colorimeter, accord-

ing to the method of Price (1947), using a No. 54 filter.

This reading gave s suspensionkcéntaining approximately 100,000,000

C. lipolytica cells per ml., or approximately 1,000,000,000

Ps. fragi cells per ml.

Selection of buffers

The selection of buffers presented a problem because a
buffer had to be used which covered a wide pH range, yet was
not toxic to the organisms in the concentrations used, and
one which would maintain the pH constant over a 2.5 hour

period. Since a wide pH range was desired for the pH optima
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studies, 0.08M McIlvaine citrate-phosphate buffer; as re=-

ported by Hodgman (1948), was used for C. lipolytica and

0.07M Palitzsch borate buffer, as reported by Clark (1928),

was used for Ps. fragi.

Selection of substrates

The substrates used in the flasks in all cases were fatty
acids which had been neutralized with an eculvalent amount of
NaCH to a pH of 7.0 to 7.2, using a Leeds and Northrup glass
eleétrode potentiometer. The stock solutions were prepared as
0.10M solutions and diluted to the desired concentration, with
the exception that lauric, myristic, palmitic and stearic acids
had to be prepared as 0.025M solutions due to the lesser solu-
bility of these acids. With the longer chain acids, it was
necessary to neutralize them while hot, in order to convert
all of the acid to the sodium soap. In all cases the substrate
was used as a 0.01M solution, giving a final molarity of

0.0017 when diluted 1:¢6 in the reactlion flask with the cell

suspension, buffer and water.

Respiration measurements

The respiration measurements were made with Warbufg con-
stant volume respirometers, using the conventional methods
of Dixon (1943) and Umbreit, Burris and Stauffer (1945). The
resplrometer f{lasks, having a volume of approximately 16 ml.,

were calibrated with mercury following the method of Umbreit,



«]l8-

Burris and Stauffer (1945). The flask contents were as follows:

Buffer 1.0 ml.

Bacterial Cell Suspension 1,0 ml.
Substrate 0.5 ml.
Distilled Hy0 0.5 ml.

3.0 ml.

Filter paper was used in the center well to provide more
surface for the KOH (0.2 ml. of 20 percent) to facilitate COy
absorption. To measure endogenous respiration, 0.5 ml, of
distilled water was substituted for the substrate in the flasks,
The shaker wag operated at 120 strokes a minute through a dis-
tance of 4 cm. Atmospheric air was the gas phase in the
flasks. The temperature of the water bath was maintained at

30 + 0.2°.

Selection of synthetlc medig

The media used Tfor C. lipolytica consisted of:

- No. 1 . - No. 2
Glucose 10 g« Glucose 10 g.
¥gsS0, « THGO 0.5 g. KH PO, 2 g.
KoHPO, ° 3H0 0.8 g. MgS0, - 7H,0 2 g.
NH,C1 2.0 g. FeSO,* TH0 0.015 g.
Distilled Water 1000 ml. (NH4)2804 0.5 go

Distilled Water 1000 mil.
When agar slants were desired, 25 g. of agar was added per
liter of the medium. The media were dispensed in 100 ml.

quantities and sterilized in an autoclave at 250°F. for 13 to
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15 minutes.

The media used for Ps. fragi consisted of medium No. 1 as
listed previously and the medium for enbterococci proposed by
Niven ahd Sherman (1944). Nivents medium was modified, as
sodium thioglycolate was omitted becruse Ps. fragi is more
aerobic than the enterococci. Agar was added at the rate of
25 g. pef liter when a solid medium was desired. The medisa
were dispensed in 100 ml. cuantities and autoclaved at 250°F.

for 13 to 15 minutes.

Preparation of fatty acids and monoglycerides

The fatty acids and monoglycerides to be added to the syn-
thetic growth media were prepared as 1M stock solutions for

C. lipolytica and as 0.85M stock solutions for Ps. fragi.

These materials were sterilized separstely and added to the media
immediately before inoculation. The final concentration of

the fatty acids and monoglycerides in the synthetic growth media
was 0,01 for C. lipolytica and 0.003¥ for Ps. fragi.

Preparation of proteln sources and cream

| The various proteins were prepared as 20 percent solutions
which gave a final concenﬁration of 0.5 percent in the media
used. The stock solutions ﬁere sterilized separately and added
to the media immediately before inoculation.
The cream used was a 20 percent fat product, which was

hand homogenized four times before sterilization. Both the
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sterile cream and the sterile skimmilk were added to give 2

final concentration of 5 percent in the media.

Adjustment of pH of the growth media

Tryptone~glucose-extract broth was prepared, and the
pH adjusted in increments of 0.5 pH unit from pH 3.5 to 8.5,
using N/1 HC1l and N/1 NaOH. Agar was added at the rate of
2.5 percent and the mixture heated to dissolve the agar. After
sterilization at £50°F. for 22 to 25 minutes, the pH again was
checked. The pH of the agar shifted during sterilization so
the values obtained on the sterilized media are reported in
the tables. These media were used to check the pH at which

the oxidizing ability was greatest,

Results

A comparison was made of 11 strains of C. lipolytica and

and 13 strains of Ps. fragi to determine their ability to
hydrolyze and oxidize butterfat. The hydrolytic ability was
tested by the nile blue sulphste technicue and the oxidative
ability tested by the use of tetramethylparsphenylenediamine
hydrochloride. The most oxidative strain of each genus was

chosen for the remainder of this study. The C. lipolytica strain

chosen was moderately lipolytic while the strain of Ps. fragil

showed a negative reaction to nile blue sulphate.
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Effect of age of cells and length of run on oxygen uptake

In a preiiminary trial with C. lipolytica, the cells

were grown on tryptone-glucose-extract agar slants for 24,
48, 72 and 96 houré at 30°C. The harvesting of the cells

was conducted as outlined under "Methods". The packed cells
were welghed, chilled saline added at the rate of 30 times
their weight and the suspension prepared. This suspension
was used in the Warburg apparatus to test the oxidation of
sodium acetate during a four hour run. The data obtained are
presented in Table 1.

The results show that the culture incubated for 24 hours
gave higher oxygen uptake values, over the entire four hour
run, than sny of the cultures incubated for longer periods of
time. Since the oxidlzing abllity was greatest for the 24
hour culture, all cultures for subseruent trials were incu-
bated this length of time. Altﬁough a similar trial was not
conducted on Ps. fraxgi, this organism also was grown for 24
hours before being used, A nearly linear relationship is
noted in Table 1 in the oxygen uptake vslues for the first
2,5 hours, using the 24 hour culture. ©Since adecuate oxygen
uptake valués were obtained in 2.5 hours, it was unnecessary
to make the following runs of longer duration.

The high oxygen uptake values noted in Table 1 made it
appear that the cell suspension used was more concentrated

than necessary. Furthermore, better interpretation of the
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Table 1

The effect of the age of cells and length of
run upon the oxidizing ability of Candida lipolytica.
(0,07 Clark and Lubs phosphate
buffer at PH 7.0 used in reaction flasks)

Age 3
of cells Oxygen uptake (mm.° )

;| (hours) Length of run (hours)

0.5 1.0 1.9 2.0 2.5 5.0 365 4.0

24 127 308 457 554 622 679 715 746

48 88 214 | 342 | 427 466 515 530 540
72 65 171 300 | 421 | 479 520 540 550
96 17 50 83 119 154 194 239 295

%These values are corrected for endogenous respiration.
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results could be obtained if the cell suspension was adjusted
to a constant value each time. Plate counts were made,
together with readings on a Klett-Summerson photoeléctric
colorimeter, to determine which readings on the colorimeter
would give a sufficient cell concentration to produce suffi-

cient oxygen uptake values. A reading of 250 on the colori-

meter, using a No. 54 filter, was used for C. lipolytica

and Ps. fragi in all subsequent trials. This reading was

within the recommended effective range of the colorimeter

and gave concentrations of 100,000,000 C. lipolytica or

1,000,000,000 Ps. fragi cells per ml. of suspension. These
concentrations of cells gave adequate oxygen uptake values,
and all values hereafter reported were obtained using suspen-

sions adjusted to a reading of 250,

Effect of suspending medium on oxygen uptake

To determine the effect whichtthe suspending medium might
have on oxygen uptake values, three tryptone-glucose-extract

agar slants were inoculated with C. lipolytica. After incuba-

tion at 30°C. for 24 hours, the cells were harvested and re-
suspended, using 0.85 percent saline, one-cuarter strength
Ringers solution and distilled water as the suspending media,

The resulting suspensions were prepared as in "Methods" and

| subseruently were used to test the bxidation of the sodium

salts of acetic, propionic and butyric acids. The data obtain-
ed for the endogenous respiration and the oxidation of these

fatty acid salts are presented in Table 2.



" fable 2

The effect of the suspending medium upon
the oxidizing ability of Candida lipolvitica cells.
(0.05M Mellvaine citrate-phosphate
buffer at pH 4.0 used in reaction flasks)

Oxygen upteke (mm.B)

Suspending media Endogenous Na acetate Wa, propionate* Na butyrate*
1 2 Av. 1 2 Av., 1 2 Av. 1 2 Av,
Saline solution Y2 67 55 156 99 - 128 | 127 106 117 230 177 o204
(0.85 percent)
Ringers solution 3 76 B5 170 &5 128 | 14k 106 125 23k 172 203
(1/4 strength) :
Distilled water 41 71 56 181 112 by il 130 136 252 219 276

*Phese values are corrected for endogenous respiration,

-.5['78-

S
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The endogenous respiration wasg lower in trial 1 than in
triai 2, With aéetate, propionate and butyrate, the values in
trial 1 were higher than those in trial 2 for all substrata snd
8ll suspending media. The average oxygen uptake values for
the three substrata were greatest when distilled water was
used as the suspending medium. The saline solutlon and
Ringers solution gave nearly the same values, with the excep-
tion that the uptake value for cells in Ringers solution was
slightly higher in trial 1 when used with propionate. The
measurement of pH both before and after the 2.5 hour run showed
that the saline solution maintained the pH at a more constant
level than either of the other suspending media. This fact,
together with the fact that the saline solution was 1sotonic
with the cell contents, provided the basis for its selection

as the suspending medium to use for (. lipolytica. Saline

also was used for the Ps. fragi suspénsions, although no
similar trial compafing the three materials was conducted

using thls organism.

Effect of buffer composition on oxygen uptake

The effect which the buffer composition might have upon
the oxldation of fatty acids was studied next. Work by

Peters (1947) on the characteristics of the lipase produced

by Mycotorula (Candida) lipolytica indicated that high lipase

activity was evident from pH 4.0 to pH 8.0, with pH 6.2 to
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6.5 optimum fof the reaction. If hydrolytic action took

piace in this pH range, optimum oxidative action also might
take place in this pH range. Accordingly, three buffers which
covered this range were used to determine their effect on

oxidation of fatty acids by C. lipolytica.

The C. lipolytica culture was grown on tryptone-glucose-
extract agar slants for 24 hours at 5000., and harvested as
outlined in "Methods". The buffers used were 0,05M
McIlvaine citrate-phosphate buffer (Hodgman, 1948), 0.07M
Clark and Lubs phthalate buffer (Clark, 1928) and 0.07M
Clark and Lubs phospheste buffer (Clark, 1928) at pH values of
5.8 and 6.,0. In trial two, the citrate-phosphate and phosphate
buffers were used at pH values of 5.8, 6.0 and 6.2, Sodium
propionate was the substrate used in both trials for a 2.5 hour
run. The data obtained are presented in Table 3,

The endogenous oxygen uptake vslues in trial 1 at both

.pH levels were highest with the citrate-phosphate buffer,

followed by nearly equal lower values for the phosphate and
phthalate buffers., The oxygen uptake values for sodium
propionate were nearly the same for the cltrate-phosphate and
the phosphate buffers at pH 5.8, with the phthalate buffer
giving lower uptake values. At pH 6.0 the phosphate buffer
gave the highest wvalues;, followed by the phthalate and
citrate-phosphate buffers in that order. A comparison of

the initial and the final pH levels showed the citrate-



Table 3

The effect of buffer composition upon pH
maintenance and oxidizing ability of Candida livolyiica cells

_Lz.—.

(Trial 1)
pH of
buffer Oxygen uptake (mm,J) pH
Buffer used Endogenous | Na propionste* Initial] Final
0.05M McIlvaine citrate-phosphate 5.8 3l 50 5.0 6.00
0,07} Clark and Iubs phthatate 5.8 o6 Yo 5.80 5.93
0.07M Clark and Lubs phosphate 5.8 27 51 580 5.93
0,054 Mcllvaine citrate-phosphete 6.0 39 37 6,18 6.23
0.07M Clark and Iubs phthalate 6.0 o5 56 6.00 6.18
0,074 Clark and Lubs phosphate 6.0 25 63 5.9% 6.05
(Trial 2)
0.05M McIlvaine citrate-phosphate 5.8 Kl g6 5.98 6.05
0.07M Clark and Iubs phosphate 5.8 35 98 5.83 6.00
0.05M McIlvaine citrate—~phosphate 6.0 55 ™ 6.18 6.23
0.07M Clark and Lubs phosphate 6.0 38 100 5.95 6.13
0,05l McIlvaine citrate-phosphate 6.2 60 72 6.35 6.u1
0.07M Clark and Lubs phosphate 6.2 38 105 6.11 €.27

*These velues ere corrected for endogenous respiration.
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phosphate buffer to maintain the pH most conétant for the
2.5 hour run, followed by the phosphate buffer and the
phthalate buffer. Since the citrate-phosphate buffer main-
tained the pH the most nearly constant, and because the
phosphate buffer gave the highest oxygen uptake values, these
buffers were selected for a second triel at pH levels of 5.8,
6.0 and 6.2,

The high endogenous uptake values again are noted in

trial 2, when the citrate-phosphate buffer is used. The

‘uptake values obtained with sodium propionate as the substrate.

again show the phosphate buffer to give the highest wvalues,
In both trials, the uptake values ovbtained using the citrate-~
phoéphate buffer with proplonate decreased as the pH in-
creased, while the uptake values increased slightly as the pH
increased when the phosphate buffer was used. This may
indicate a 8light difference in the optimum pH between the
two bufferé, but the magnitude of the differences makes such
an interpretation hazardous. This low optimum pH for sodium
proplonate is also noted in Table 9, where the opftimum is at
PH 3.8,

The high endogenous uptake values when the citrate=-
phosphate buffer is used indicate that some component of
this buffer may be utilized by the cells. This component

undoubteily is the citrate radical. Use of this buffer
could rightfully be criticized, since this radical may be
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utilized to give high values. However, the endogenous

uptake values are subtracted from the total uptake values

in all caées to give the corrected uptake values., These cor-
rected values should be satisfactory if the same buffer is
used throughout the entire investigation.

The maintenance of pH for a 2,5 hour run, in both trials,
was best when the citrate-phosphate buffer was used. Using
the citrate-phosphate buffer there was an immediate shift in
pH in the mégnitude of 0.2 pH unit when the reactants were
mixed, but no sppreciable pH shift occurred during the 2.5
hour run. When phosphate or phthalate buffers were used,
there was no appreclable change in the initial pH, but =
shift of approximately 0.15 pH unit occurred during the 2.5
hour run. Since the shift in pH during the 2.5 hour run was
the least for the citrate-phosphate btuffer, this buffer was
chosen for the remainder of this investigation. A second
reason for choosing the citrate-phosphate buffer is that
this buffer covers a pH range of 2,0 to 8.0, which is parti-
cularly valusble when making a study of the optimum pH for
the enzyme activitye. |

Preliminary trials with Ps. fragi had indicated that
the optimum pH for fatty acld oxidation was beyond pH 8.0.
Three buffers were chosen for comparative results with
Ps. fragi, to determine the one best suited for the remailnder

of the investigations. The Ps. fragi cells were grown on -
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tryptone-glucose-extract agar slants at 21°C. for 24 hours,
and harvested by the procedure outlined in "Methods"™. The
buffers used were 0.05M McIlvaine citrate-phosphaté buffer
(Hodgman, 1948), 0.07M Clark and Lubs phésphate buffer
(Clark, 1928) and 0.07M Palitzsch borate buffer (Clark,

1928) at pH 7.8 and 8.0. Sodium propionate was the substrate
used, and the data are presented in Table 4.

The endogenous oxygen uptake values at both pH levels
were highest for the citrate-phosphate buffer, followed by lower
values for the‘phosphate buffer and the borate buffer. The
uptake values obtained with sodium proplonate at pH 7.8 were
highesﬁ with the phosphate buffer followed by lower values
when the citrate-phosphate and borate buffers were used, At
pH 8.0 the citrate-phosphate buffer gave the highest readings,
followed by the phosphate buffer, with the borate buffer again
giving the lowest values. Since both the endogenous uptake
values and the substra?f‘uptake vglues‘were 1owest for the
borate buffer at both pH levels, there is some indication of
an inhibition by this buffer. Jezeski (1947b) also reported
an inhibitory effect when a borate buffer was used in studies
of fatty acid oxidation by microorganisms. The maintenance
of pH was ecually as good for one buffer as anbther, with
0.05 of a pH unit as the maximum pH change in 2.5 hours,

Even though the borate buffer appeared to be somewhat

inhibitory to fatty acid oxidation by Ps. fragi, it was



maintenance and oxidizing ability of Pseuvdomonas fragl cells.

Table U

The effect of buffer composition upon pH

(Trial 1)
pH of Oxvzen untake (mm.)) wH

Buffer used huffer Endogenous N& provionate® Initial|Finnl

0,05 Mcllvaine citrate-phosphate 7.8 1k 46 8,07 g.0L
D.07TM Clark and Iubs vhosphate 7.8 12 57 7.78 7.80
0,07 Palitzsch borate 7.78 Q 31 7.92 7.88
0.05M McIlvaine citrate-phosphate 8.0 18 54 8,25 g, o5
0.0TH Clark and Lubs phosphate 8.0 14 50 8.02 8.00
 Pp.O7M Palitzsch borate 7.95 ] 26 g.01 £.04

*These values are corrected for endogenous respiration.
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desirable to use it for the investigatioﬁs of pH optimum,
‘because the buffer range from pH 7.1 to 9.1 covered the

range of optimum fatty acid oxidation for Ps, fragi. A4s

the readings all were corrected for the endogenous respiration,
this buffer was used for the remainder of the investigation,

to keep the conditions as constant as possible.

Effect of pH on endogenous respiration

After selection of the buffers, it was necessary to deter-
mine if the endogenous uptake values would be significantly

different over the pH range of 3.2 to 8.0 for C. lipolytica.

The cells were grown on tryptone-glucose-extract agar slants
at 30°C. for 24 hours, harvested and the suspension prepared
as outlined in “Methods". The pH was measured initially and
at the end of the 2.5 hour run. The total oxygen uptake is
reported for a O to 2 hour run snd for a 0.5 to 2,5 hour run,
The data obtained are presented in Table 5.

It 1s noticesable in these data, as it was in Table 3,
that there usually is an immediate increase of approximately
0.2 of a pH unit when the reactants are mixed and before the
reaction takes place. Since the substrate is missing in this
case, it appears that this increase must be a property of the
buffer itself, since the cell suspension and water are the
only other reactants. After this shift of 0.2 of a pH unit

above the original pH of the buffer, there was ususlly little
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Table 5

Endogenous respiration ¢f Candida lipolytica colls.
(0,054 MeIlvaine citrate-phosphate
buffer used in reaction flasks)

(Average of two trials)

Desired | pH of reaction Oxygen uptake (nm.°)
PH Initial Final 0-2 Hr, 0+5-2.,5 Hr,
3.2 3639 343 40 36
S.4 349 3.54 38 35
366 3.72 3,75 41 37
3.8 3.92 5497 43 38
4,0 4,13 4,19 45 40
4.2 4,33 4,39 43 40
4,4 44,58 4,60 43 45
4.6 4,75 4.84 45 45
4,3 5.00 5.07 48 44
5.0 5.27 5.33 48 50
5.2 5.44 5.50 47 44
5.4 5.76 S.74 50 47
5.6 5.82 5.96 51 56
S.8 6,02 6.10 50 44
6.0 6.25 6.33 47 44
6.2 6.43 6.48 56 49
6.4 6057 6.62 56 48
6.6 6.77 679 53 49
6.8 6.94 6.98 54 44
7.0 7415 7.20 53 43
7e2 7.31 7.43 50 40
7.4 7.863 7.62 49 39
766 7.66 7.84 46 36
7.8 7.92 8,13 48 56
8.0 7.95 8.30 36 28
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change in pH for the remainder of the 2.5 hour run. Only at

a pH of7.6 and above was there a noticesble pH drift during

the 2.5 hour run. When the oxygen uptake readingszwere re-
ported for a 0.5 to 2.5 hour run, the oxygen consumption values
for the first half hour were not used., At all levels except

pH 5.0 and 5.6 the readings for the O to 2 hour run were higher
than the readings for the 0.5 to 2.5 hour run. The maximum
variation in the endogenous uptake wvalues was 20 mm% oxygen

for the 0 to 2 hour run and 28 mm? oxygen for the 0.5 to 2.5
hour run. The most rapid decrease in the uptake values occurred
at pH levels above pH 8.0, where the buffer capacity evidently
was somewhat lacking. 1In general, the endogenous uptake

values increased to maximum readings in the pH range of 6.0

to 6.6, and then the values decreased as the pH values in-
creased,

The variations in endogenous uptake values over the entire
pH range studied were small in comparison to the total oxygen
uptake values obtained when the sodium salts of fatty acids
were acted upon. Accordingly, in the subsecuent runs involv-

iﬁg various pH levels the endogenous uptake value was obtained

at one intermediate pH level and this value used for correction

for endogenous respiration over the entire pH range studied

since the error introduced by the procedure undoubtedly was
smaller than that which would have resulted had the vd ues for
the different pH levels been obtained in several runs, as

would have been necessary because the large number of
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simultaneous runs necessary to obtain simultaneous blanks
at each pH could not have been made on the ecuipment avail-
able,

To make a run on the endogenous upteke values for Ps.
fragi, the cells were grown on tryptone-gluccose-extract
agar slants for 24 hours at 21°C., harvested and the suspen-
sion prepared as outlined in "Methods". The endogenous
uptske values were measured over a pH range of 7.20 to 9.10
for a 2.5 hour pericd, The pH was determinéd initially and
at the end of a 2,5 hour run, and the uptake values reported
for a2 O to 2 hour run and a 0.5 to 2.5 hour run. The data
are presented in Table 6.

In the case of the borate buffer there was a maximum pH
shift of only 0.06 pH unit between the initial pH and the
final pH, and most values were much more constant. It should
be pointed out, however, that it was impossible to check the
pH values initislly and finally beyond pH 8.5 with the quine
hydrone potentiometer, Since only 3 ml. of reactants were
available to be checked, the other available potentiometer
could not be used., There was an increase in pH, as the reac-
tants were mixed, which was more variable than for the citrate-

phosphate buffer used with C. lipolytica. The endogenous

uptake values were higher for the 0O to 2 hour run than for

the 0.5 to 2.5 hour run at all pH levels. The maximum variation

in the endogenous values from pH 7.20 to 92,10 was 8 mm? oxygen
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Table 6

Endogenous resplration of Pseudomonas fragi cells.
(0.07M palitzsch borate buffer

used in reaction flasks)

(Average of two trials)

Desired pH of reaction Oxvgen uptake (mm.s)

pH Initial Final O-2 Hr. 0.5~2.5 Hr,
6.77 7.14 7.20 19 12
7.09 747 7.45 20 13
736 7.69 767 20 14
7.60 7.88 7.88 20 15
7.78 8.03 8,03 19 - 13
8.08 B2 8.23 2l 16
8.31 8.38 8.40 20 14
B8e.41 8.44 8.47 22 16
8.01 - % - % 17 ‘ 12
8.60 - % - % 17 13
8.84 - % - % 15 11
9.11 - % - 13 10

%Beyond the effective pH range of the ocuinhydrone
potentiometer.
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for the 0 t0 2 hour run and 6 mm® oxygen for the 0.5 to 2.5
hour run. For both runs, the uptake values were nearly
constant from pH 7.2 to 8.4, with some decrease in values
as the reaction went to pH 8.5 and beyond.

The endogenous uptake values for Ps. fragi were similar

to the endogenous uptaeke values for §. lipolytica in that the

variations over the entire pH range were small in comparison

to the total oxygen uptake values when the sodium salts of
fatty acids were oxidized. 1In the subsecuent runs involving
various pH levels the endogenoﬁs uptake value was obtained

at one intermediate pH level and This value used for correction
for endogenous respiration over the entire pH range studied.
The error introduced by this procedure undoubtedly was smaller
than that which would have resultel had the values for each

pH level been obtained in several runs. The ecuipment avail-

able made 1t impossible to make simultaneous runs at each

pH level,

Effect of time interval selected on corrected oxygen uptake

values

The previous trials have shown that the endogenous respir-
ation was usually less for the 0.5 to 2,5 hour run than for
the O to 2 hour run. The following runs were made to deter-
mine if these lower uptake values for the 0.5 to 2.5 hour run

were reflected in the uptake values when the fatty acid
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substrata were used. The cells of C. lipolytica and Ps.

fragl were grown on separate tryptone-glucose-extract ager
slants at 30°C. and 21°C., respectively, for 24 hours. The
cells were harvested in the usual mammer, and the cell suspen-
sions then Weré used to determine the oxygen uptake velues for
the oxidation of all sodium salts of fatty acids from acetle
through linoleic. The oxygen uptake values are reported for

a 0 to 2 hour run and & 0.5 to 2.5 hour run. The data are
presénted in Table 7. The results indicate that the lower
endogenous uptake values for the 0.5 to 2.5 hour run are
reflected in higher corrected uptske wvalues in most cases,

When C. lipolytica cells were used, the corrected values were

higher for the 0.5 to 2.5 hour run for every substrate used,
¥hen Ps, fragl cells were used the corrected v-lues were
higher for the 0.5 to 2.5 hour run for 8 of the 12 substrats
used., Since the oxygen uptake values were higher for the
0.5 to 2,5 hour run in the majority of the cases, all subse-
quent trials will be reported on the basis of a 0.5 to 2.5

hour run.

Effect of incubation temperature on enzyme production by

Ps. fragi

The temperature of incubation which was optimum for lipase

production by C. lipolytics was 6000., as reported by Peters

(1947). This incubation temperature was arbitrarily set for
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Table 7

The effect of the length of run upon the oxidizing
ability of Candida lipolytica® and Pseudomonas fragi%

celis.

(Average of two trials)

Oxygen uptake (mm.d)wws
Substrate Candide Lipolytica |Pseudomonas fragi

Q-2 Hr. | 0.5-2,5 Hry 0-2 Hr,[0,.5-2,5 Hr
Sodium acetate 67 79 10 13
Sodium propionate] 72 86 6 11
Sodium butyrate 110 122 4 11
Sodium caproate | 118 128 ‘ 14 19
iSodium caprylate | 127 134 34 37
Sodium eaprate 181 198 - 38 35
Sodium laurate 57 85 37 33
Sodium myristate 182 197 47 45
Sodium palmitate 79 86 40 42
Sodium stearate 72 84 ) 33 34
Sodium olesate 173 178 24 26
Sodium linoleate 164 174 37 34

%0.05M McIlvaine citrate-phosphate buffer at pH 6.2 used

in the reaction flasks with Candida lipolytica.

#%0.07M Palitzsch borate buffer at pH 8.4 used in the
reaction flasks with Pseudomonas fragi.

%#%%These values are corrected for endogenous respiration.
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C. lipolytica when propagating cells for testing thelr

oxidase activity. Since the optimum growth teﬁperature of
Ps. fragi is below 30°C., the arbitrary temperature used for
cell growth was 21°C. However, since the temperature of the
Warburg water bath was 30°C., it was desirable to determine
whether cell growth at 21°¢. or at 30°¢. gave the maximum
oxygen uptake values. The Ps, fragi were grown on tryptone-
glucose-extract agar slants at 21°C. énd at 30°C. for 24
hours. The cells were harvested and the cell suspensions
prepared as outlined in "Methods". These suspensions were
used to determine the amount of oxygen téken up when the
sodium salts 5f the fatty acids from acetic through stearic
were oxidized. The data are presented in Table 8.

In all cases the uptake v ues obtained from cells grown
at 2100. were higher than the velues obitained from cells
grown at 30°C. In most cases, the uptake values obtsined from
the 2106. cells were épproximately twice the values obtained

from the 30°C. cells. TFor all subsecuent runs with Ps.

| fragi, the cells were incubated at 21°C. for 24 hours before

harvesting.

Effect of pH of reaction on the oxidation of fatty acid salts

After establishing the methods to be used, the optimum

pH for oxidation by C. lipolytica of each of the sodium salts

of the 12 fatty acids was determined. The 0.,05M McIlveine
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Table 8

The effect of incubation at 21 and 30°C. during
- growth upon the oxidigzing ability of Pseudomas
fragi cells. -
(0.07M PalitZsch borate buffer at
pH 8.4 used in the resction flasks)
(Average of two trials)

Substrate Oxygen uptake (mm,°)w
Cells grown at 219C.|[Cells grown at 30°C.
Sodium acetate 23 14
Sodium propionate el 12
Sodium butyrate 15 4
Sodium caproate , 23 10
Sodium caprylate 59 7
Sodium caprate : 44 21
Sodium laurate 33 10
Sodium myristate 41 16
Sodium palmitate 41 14
Sodium stearate 34 31

%#These values are correctead for endogenous respiration.
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citrate-phosphate buffer was used over a pH range of 3.4

to 8.2. The pH values reported in Table 9 are the values of
the actual reaction, rather then the rated pH values of the
buffer.

The C. lipolytica cells were grown on tryptone-glucose-

extract agar slants for 24 hours at SOOC., harvested and the
suspensions prepared as outlined in “"Methods". Each run

was made with the same cell suspension, but using 12 different
pH levels for each substrate tested. All oxygen uptake values
were converted to percent of maximum figures, to aid in inter-
pretation of results. The dats obtained arevpresented in
Table S,

The meximum uptake values listed in the last column of

this table show a gradual increase in uptske values to a

maximum for the Cgz to the Cy, fatty acid salts, followed by
a decrease wnen Cl6 and C18 saturated fatty acid salts were
used. The salt of the unsaturated fatty acid, oleic acid,
gave the highest values obtained, while the salt of linoleilc
acid gave somewhat lower values.

The insolubility of the higher fatty acid salts at the
pH used for the reactlon undoubtedly accounted for the de-
creasing uptake vrlues when palmitate and stearate were used.
In a study of the effect of fatty acids on the oxygen uptake

of Blastomvces dermatitidis, Bernheim (1942) also noted the

effect of insolubility upon oxygen uptake, but also stated that



Teble 9

The effect of the pH of the reaction system uvon
the oxidizing ability of Candida livolytica cells.
(0,05 Mcllvaine citrate-

phosphate buffer used in reaction flasks)

(Average of two trials)

Percent of maximum oxve

wn take at pH:

Max.

en
5

Substrate Lol z.g [ b2l b6 ] 5.0 5.b £ 162 6.6 7.0 7.0 T7.5 1 &.2 bxvgen
ptake

(1nm , 3 ) *
Sodivm acetate 95 9%l 100 91 76 83 76 T4 75 65 Lg o5 110
Sodivn propionate 731 100 85 83 g1 T4 87 71 76 66 51 57 11k
Sodiw: butyrate Th 91 98| 100 97 8% 79 81 69 59 56 L9 174
Sodiwu caproate 1 2 1 7 36 g6l 100| 96| &0 63 58 46 203
Sodium caprylate ~187 -15| -15} -12| ~15| 69 g5 100 77 63 64 U5t 236
Sodium coprate 24l =P1f -20| -20| -16 16 4271 100 96 85 72 6yl 2ok
Sodium laurate 7% g2 92 100 90 9% 52 12 45 45 30 %% 187
Sodium myristate €6 73 83 86 gl &7 96| 100| 100 98 96 H8 218
Sodium palmitate 16 36 26 38 51 65| 100 83 g2 78 78 g2 115
Sodivm stearate 2 ) 51 11 12 20| 26| 52| B2 B8 74| 100 97
Sodiun oleate 58 58 61 61 67 71 gk 91} 100 o6 86 76 ol
Sodium lincleate 62 12 75 77 75 85 g5 100 83 81 73 73 190

*These

values are corrected for endogenous respiration.
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the soaps of higher fatity acids may cover the surface of the
cells and thus decrease penetration of oxygen and the sub-
~strata into the cells.

When considering the optimum pH of the reaction all
;alues above 95 percent of maximum were considered as the
optimum pH range. The range of the optimum pH of reaction
increased step-wise from acetate at pH 3.4 to 4.2 to capryl-
ate at pH 6.6. In the case of the remaining higher fatty
acid salts the optimum pH range was 5.8 to 6.6, with the ex-
ception that the oxidation of laurate was grestest at pH
4.6 and stearate at pH 7.,8. The o er-azll range in pH optima
for the 12 substrata was from 3.4 to 7.8, Inhibition of
. 0xXygen uptake by sodium caprylate and sodium caprate was noted
by negative values below pH 5.8, Whereas some oxidstion of
other substrata, except caproate and stearate, occurred at pH
levels of 3.4 and above. |

The low uptake vslues for the oxidation of sodium
caproate and sodium stearate at the lower pH levels indicate
a very low level of enzyme activity, or possibly no activity
at all at these pH levels. The values are so low up to pH
4,6, that they might be within the limit of error of the method
used. In most cases the values égcreased somewhat more
rapidly as the pH levels droppd progressively lower from the
optimum pH than they did as the pH levels rose above the

optimum pH level,
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Levine and Novak (1949b), studying the effect of pH on

the respiration of Blastomyces dermatitidis, found a similar

trend for more rapid decline of wvalues at pH lvels below
the optimum pH, than was observed with the velues obtained at

pH levels above the optimum pH. They found that when using

‘'sodium caprylate, respiration was inhibited below pH 6.0

but was stimulated at pH 6.0 and 8,0. This agrees ruite
closely with the present study, when inhibition occurred at
pH 5.4 and below but definitely positive values were obtained
in the pH range from 5.8 to 8.2. Levine and Novak stated
that the stimulation by the longer chained fatty acids with
an increase in pH was best explained zs resulting from the
accompanying decrease in the concentration of the undissociat-
ed fatty acid. |

The stepwise pattern ol the pH optima for the substrate
up to and including caprate, and the relatively consts=nt
range of the pH optima for other substrata possibly may be
explained partially by a decrease in‘the concentration of the
undissociated fatty acid as the pH increases. However, no
one factor probably is entirely responsiblé for this pattern,
although the decreased solubiliﬁy of the higher fatty acids
may aiso be a factor. The decline in values observed at high
pH levels when sodium laurate was used as the test substrate
appears to be a peculiarity of the compound itself, which

makes it inhibitory at the higher pH levels., Repeated trials
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ith sodium laurate always gave similar results when C.

livolytica cells were used,

Two test substrata were selected for subsequent runs
“that had an optimum pH of reaction apprbximatély the same, had
a rather wide range in the molecular weights, and gave rela-
tively high oxygen uptake values. Sodium caproate and sodium
myristate were chosen to be used at pH 6.2.

To determine the effect of the pH on oxygen uptake in the
presence of the sodium salts of the 12 test fatty aclds by
Ps. fragl, a 0.07M Palitzsch borate buffer covering a pH
range of 7.2 to 9.1 was used., The pH values reported are
the values of the actual resaction, rather than the rated pH
values of the buffer.  The Ps. fragi cells were grown on
tryptone-glucose-extract agar slants at z1°C, for 24 hours,
harvested and the suspension prepared as outlined in "Methods'.
For each substrate tested the same cell suspension was used
at 12 different pH levels. To ald in interpretation of
results, all oxygen uptake vqlues were converted to percent
of maximum figures., The data obtained are presented in
Table 10,

The maximum uptake values obtained by using Ps. fragil
cells showed relatively constant values for all substrata, with
the exception that the values were lower when caproate, oleate
and linoleate were used, All values of 95 percent of maximum

or over are considered to be the range of optimum pH for the
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Table 10 \

The effect of the pH of the reaction system unon
the oxidizing ebility of Pseudomonas fragi cells.
(0,07 Palitzsch borate
puffer used in reaction flasks)
(Aversge of two trials)
Percent of maximum oxygen uwpteke at p¥%: Max.
Substrate , oxygen
7.20 | 7.4517.70 ] 7.90 | 8.00 | 8.25| 8.40 | 8.45 | 8,50 | .60 | 8,80 | 9.10 uptake
: . (mm )4
Sodium acetate 64 | 8 | 88 | 88 [100 | 8 | 83 | T1L 69 | 69 6 | -2 Lo
~ |Sodium propionate 70 96 | 100 | 100 93 96 76 62 56 62 ho I 13 u5
Sodium butyrate hg. | sk 56 98 | 100 | 100 67 65 50 31 | -13 | ug
Sodium caproate 70 83 90 93 97 | 100 79 70 60 ) 8. 17 29
Sodium ceprylate W | 53 | 60 | 66 | T2 | 8 | 8 | w00 | & | 70 | 70.| 57 58
Sodium caprate 51 69 76 g0 | 719 31 98 9¢ | 100 g9 69 .| oh . u5 L
Sodium laurate 71 g | 86 88 g8 | 96 | 91 95 | 95 {100 | 93 | &2 56 3 A
Sodium myristate 70 70 73 88 88 g8 88 | 100 93 90 92 90 60
Sodivm palmitate 16 gy | 87 g2 97 | 100 97 a5 93 g0 87 67 f1
Sodium stearate 61 | 8 | 77 | & | 90 [100 | 100 | 100 | 93 | 93| 91| 90 Wl
Sodium oleate ‘ 58 2 73 81 81 92 92 | 100 92 85 73 62 26
Sodium linoleate Wt | 62 65 vl 74 | 100 | 97 91 g8 | 91 g2 | 60 3l

*Thege values are corrected for endogenous respiration.
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substrata tested. The optimum pH values obtained when using

Ps. fragi cells followed a pattern similar to the values ob-

tained from C. lipolytica cells, as seen in Table 9, However,
-the optimum pH range is displaced upward from pH 3.4 to 7.8

in the case of C. lipolytica cells, to pH 8.00 to 8.45 for

Ps. fragi cells. The lower oxygen uptéke values for acetate,

propionate, butyrate and caproate at the high pH levels prob-
ably are associated with the fact that the pH optima for these
substreta are reached at lower levels than the pi optima
for caprylate and the higher fatty acids.

With the exception of sodium acetate with an optimum at
~;pH 8.00, the optimum range for a2l1ll other substrata is from
pﬂ Be.25 to 8.45. The step-wise Increase is not as noticeable

with ps. fragi ceils, because the pH range over which the enzyme

is active is not as great as in the case of the C. lipolytica
cells. This pattern may be explained by the fact that at the
pH levels used with Ps. fragi the amount of undissoclated fatty
acids would be very small. At the pH levels used, solubility
should not play any appreciable part in affecting oxygen uptake.
This appears to be borne out because the higher molecular weight
fatty acids are culte readily oxidized.

Sodium caproate and sodium myristate also were selected

as test substrata for subsecuent runs at pH 8.4.
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Effect of pH of cell growth on enzyme production

The effect which the pH of the growth medium might have
upon the oxidizing ability of the microorganisms used, was
next studied. Tryptone-glucose-extrébt agar was prepared
as outlined in "Methods", and adjusted to a pH range from
3.8 to 7.8, After the agar slants were prepared, they were

inoculated with C. lipolytica cells and incubated at 30°¢c,

for 24 hours. The cells were harvested and the cell suspen-
sions prepared as outlined.in "Methods"., The resulting
suspensions then were tested,using sodium cz=proate and sodium
myristate as substrata. The‘data obtained are presented in
Table 11.

The endogenous uptake values and the values obtained
from sodium myristate were somewhat higher in trial 2 than in
trial 1, in most cases. The same pattern of values for both
trials prevailed, except that all values from the cells grown
at pH 6.4 in trial 1 were rather low.

The average results indicate that if the growth is at

pH 3.8 to 4.4, optimum production by C. lipolytica of

oxidases active on both the test substrata is attained. The

decrease in the uptake values as the pH increased, in trial

1, wes more rapid with sodium caproate then with sodium

myristate, although the differences are comparativelj slight
up to approximately pH 6.9 and the decline in values is not

always consistent.
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Table 11

The effect of the pH of the growth medium upon the
oxidizing ability of Candida lipolybtica cells.
(0.05M McIlvaine ciftrate~phosphate
buffer at pH 6.2 used in reaction flasks)

pH of , ,
growth Oxygen uptake (mm.®)
medium%sy Endogenous Na caproatew Na myristates
1 2 Av, 1 2 Av, 1 2 Av,
3.8 - 38 - - 151 - - 220 -

4.4 29 37 33 133 156 145 243 202 223
5.0 |30 43 37 115 1i8 117 199 222 211
5.6 30 33 32 111 113 112 173 243 208
5.9 32 29 31 o 92 95 163 203 183
6.4 24 27 26 54 113 84 124 216 170
6.7 30 25 28 76 95 88 168 199 184
| 6.9 31 26 29 85 71 78 148 189 169
7.1 25 - - 47 - - 141 - -

%*These values are corrected for endogenous respiration.

##%Tryptone-glucose-extract agar medium used.
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Since this portion of thé investigation was conducted at
a late date, media adjusted to pH 6.8 had been used for growth
of organisms\in all other portions of this study. :Conceivably,-
the adjustment of the pH of the growth medium would have given
higher oxygen uptske values, 1f it had been done for all
phases of this study.

To test the effect of the pH of the growth medium on fatty
acid oxidase production by Ps. fragi, tryptone-glucose-extract
agar slants were prepared as outlined in "Methods". The
slants were inoculated with the Ps. frsgi cells, incubated
at 21°C. for 24 hours, harvested and the cell suspension
prepared as outlined in "Methods". The resulting suSpensiohs
were tested on sodium caproate and sodium myristate. The
data are presented in Table 1Z. |

The uptake values for both trials 1 and 2 seemed to be
nearly the same in all cases. OCells grown at pH 4.4 did not

possess as strong oxidizing ability as the cells grown at the

- higher pH levels. All uptake values from cells grown at pH

5.0 to pH 7.8 for both test substrata showed that there was
no sharp optimum pH for growth or production of maximum
oxidizing ability. The Ps. fragi cells appesred to be able
to grow well within the pH range of 5.0 to 7.8, and possessed
nearly eoual oxidizing abilities in all cases. This work
might conceivably be criticized because the agsr was not

buffered more adeouately at the various pH levels. There



Table 12

The effect of the pH of the growth medium upon
th» oxidizing ability of Pseudomonas fragi cells,
(0.,07M Palitzsch borate buffer
at pH 8.4 used in reaction flasks)

pH of ;
growth Oxygen uptake (mm.?)
medium %% Endogenous Na caproate ¥* No myristate %
1 2 Av. 1 2 Av. 1 2 Av,

4.4 15 17 16 10 8 9 18 20 19
5.0 - 16 - - 19 - - 34 -
5.6 i7 17 17 22 28 25 31 36 54
5.9 - 15 - - 19 - - 36 -
6.4 |15 20 18 | 25 14 20 40 33 37
6.7 17 19 18 7 14 16 36 31 34
6.9 13 - - 19 - - 32 - -
7.1 14 19 17 20 19 20 36 33 35
765 15 - - 22 . - 35 - -
7.8 15 17 16 17 19 18 32 37 35

%These values are corrected for endogenous respiration.

#%Tryptone-glucose-extract agar medium used.
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may have been a slight localized shift in pH at the lower

pH levels, which permitted the scent growth to occur in media
adjusted to pH 4.4. Since there was no apparent optimum

pH for production of this‘enzyme during the growth of Ps.
fragi cells, it would not have been advantageous to adjust
the pH of the standard growth medium to other than pH 6.8 -
7.2, the reactidn employed whenever Ps. fragi cells were

grown.,

Enzyme production on synthetic media

After the study of the pH optima for C. lipolytica and

P8, fragi, it was desirable to study the effect of added
nutrients upon the oxidizing ability of these two micro-

organisms. The selection of a suitable defined synthetic

basal medium for both C. lipclytica and Ps. fragi was neces-
sary before this portion of the investigation could proceed.l
Two synthetic media, No. 1 and No. 2 as listed in "Methods",
were used to determine their suitability for further use.
These licquid media were prepared in 200 ml., cuantities,
sterilized at 250°F. for 15 minutes and separate flasks

inoculated with C. lipolytica and pPs. fragi cells. After

incubation at 30°C. and 21°C., respectively, for 24, 48,
72 and 96 hours, plate counts of the growth of the two
cultures were made &t each 24 hour interval. The data are

presented in Table 13,
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Table 13

Plate counts of cultures grown on synthetic
medium No., 1 and synthetic medium No. 2.

(Trial 1)
Length of Plate count (per ml,)
incubation Candida lipolytica Pseudomonas fragi
(hours) HMedium 1 | Medium e |Medium L [Medium 2
24 3,700,000 4,100,000 |12,000,000(2,400,000
48 4,000,000 | 3,100,000 |13,000,000|5,300,000
72 5,800,000 | 3,900,000 |14,000,000|6,800,000
96 8,100,000 | 5,700,000 |12,000,000 (8,000,000




The piate counis indicate that medium No, 1 gave higher

counts than medium No. 2 for beth L. linoliytica and Ps. fragi,

with the exceptiion that the count was slightly higher alter

24 hours in medium No. 2 with C. ilipolytica. EHowever, this
adévantage was very slight, and was within the limit of error
of the plate counting procedure. Since medium No. 2 contained
a’preéigitate af%er.sterilizatibn, it was undesirable to use
because the precipitate would be removed with the cells when
centrifuged. The presence of This precipitate might give
faulty Klett-Summerson colorineter readings or concelivably
could influence encogenous respiration Lf the precipitate
was of nutritive character. Since medium No, 1 gave the
higher counts and contained no precipitate, it was selected
‘for use in subseguent trials.

Peters and Nelson (1948) reported in a study of the
nutritional requirements for the production of lipase of Q;

lipolytica that thiamin was the only growth factor of those

studied which stimulated lipase production. Other growth
factors studied were biotin, nicotinic acid and pantothenic
acid. Amounts of these growth factors up o 1,200 xg. per
1iter did not increase The lipase production linearly, and
nounts of 200 ag. per liter gave satlisfactory results, as
reported by Peters (1949). To study the effect which the

grewth factors may have on oxidase production, thiamin and

rivorlavin were added to mesdium No, 1 in varying amounts,



Medium Wo. 1 was prepared and the growth factors added to
separate flasks at the following rates: (a) 200 xg. thiamin
per liter, (D) 200/14@o riboflavin per liter, (¢) 150/ug.
thiamin, 50 wug. riboflavin per liter and (d) SO/ug. thiamin,
150/ug. riboflavin per liter. A flask containing medium 1
with no added growth factors was used as a control.

A set of flasks containing the above media was inoculated

with C. lipolytica, incubated at 30°C. for 24 hours, and plate

counts made., The cells were harvested and the cell suspensions
prepared as outlined in "Methods". The resulting suspensions
were used with sodium caprate as the substrate. The data are
presented in Table 14,

The plate counts of trial 1 and trial 2 showed quite
close agreement, with the exception that the count on the
syntheﬁic medium alone was lower on Ttrial 2 than on trial 1 and
the count on the synthetic medium plus 150/Ag._thiamin, 5Q/ug.
riboflavin per liter was lowest on trial 1. The s-me general
pattern existed for both trials with the addition of thiamin
to the medium giving the higher counts, the synthetic medium
with no added growth factors giving very low counts and the
counts for all other media used being cuite close snd inter-
mediate between the extremes.

The oxygen ﬁptake values for trial 1 were somewhat higher
than those obtained in trial 2., The values for all five media
tested showed rather close agreement, when each trial was com-

pared separately., One would expect rather close agreement



Table 14

The effect of growth factors added to a synthetic basal medium
upon the plate counts and oxidizing ability of Candida livolytica.
(0.05M McIlvaine citrate-phosphate
buffer at pH 6.2 used in reaction ’1esks)

Plate count (per ml.) Oxyeen uptake (mm.-)*
Growth media Mrial 1 Teial 5 Trial 1 Triar o
odiun 1 790,000 |~ 290,000 233 154
Mediom 1 +
thiemin (200 ug./1.) 5, 300,000 6,000, 000 209 135
fMedium 1 + ) |
riboflavin (200 pg./1.) 4,000,000 | 4,000,000 240 151 :
. | .
Medium 1 + , | 4
thianin (150‘Ag./1.) +
ridoflavin (50 me./1.) 2,300,000 | 5,000,000 215 181
Medium 1 +
thismin (50 ag./1l.) + | )
riboflavin (“5o/ag. J1.) 3, 200,000 3,900, 000 189 164

¥These values are corrected for endogenous regpiration.
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since all suspensions Were adjusted to the same cell concentra=-
tion with the photoelectric colorimeter. Since the uptake
values showed little édvantage for any specific medlm, but the
plate count was highest when 200/Mg. of thiamin per liter was
added to medium 1, the use of thiamin in this concentration was
continued for all subseauent trials when the synthetic medium
was used.

A similsr run was conducted using Ps. frsgi in the synthet-
ic media (No. 1) just described. All flasks were inoculated
with.ég. fragi, incubated at 21°¢c. for 24 hours and plate counts
made., The cells were harvested, the cell suspensions prepared
as outlined in "Methods" and the oxidizing sbility determined
using sodium caprate as the substrate. The data are presented
in Table 15, |

The‘plate counts for trials 1 and 2 checked quite well,
although there was some slight variation in the pattern of
counts within each individual trial. The counts in both trials
were highest when medium No. 1 was used with no added growth
factors, the other four media used having lower counts in all
céses. The oxygen uptake values showed good agreement between
trials 1 and 2, except that when thiamin and riboflavin were
used separately the values were somewhat errétic. In four of

five cases the uptske values were higher for trial 2 than for

"trial 1. Since medium No. 1, with no added growth factors,

gave the highest plate count and gave uptake velues nearly the

same as all other media, it was selected for subseguent work.



Table 15

The effect of growth factors added to a synthetic basal medium
upon the plate counts and oxidizing ability of Pseudomonas fragi.

(0.074 Palitzsch borate buffer at
pH 8.1 used in reaction flasks)

Plate count (ver ml.)

Oxygen uptake (mm.3)*

Growth medis Trigl 1 Trial 2 Trial 1 Trial 2

Hedium 1 15,000,000 | 17,000,000 11 15
Medium 1 +

thiemin (200 ug. J1.) 10,000,000 | 11,000,000 6 26
Medivm 1 +

riboflavin (eoo/ug./l,) 12,000,000 | 12,000,000 10 21
fMedium 1 +

thiamin (13050 JL10) o+

rivoflavin (50 ug./ 1/) 9,000,000 | 15,000,000 7 10
Medium 1 +

thiamin (50 ug./1.) +

riboflavin (150 ug. J10) 9,300,000 6,100,000 1L 14

*Thege values are corrected for endogenous respiration.

—65‘..
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Additional runs using synthetic medium No. 1 for Ps. fragi
showed that the oxygen upteke wvslues obtained were so nearly
the same as the endogenous uptake values, that they did not
show large enough values to give satisfactory results. There-
fore, a more complete synthetic medium had to be found which
. would provide cells of Ps. fragl with adeouate oxidizing abil-
ity. The synthetic medium proposed for the enterococci by Niven
and Sherman (1944) proved to be suitable for this microorganism,
A series of runs was made comparing thé oxidizing ability of
cells grown on synthetic medium No. 1, Niven's synthetic medium
and tryptone-glucose-extract medium. All media were prepared
as agar slants, inoculated with Ps. frsgi cells and incubated
at 21°C. for 24 hours. After incubation the cells were har-
vested and the cell suspensions prepared according to "Methods".
The resulting cell suspensions were used with sodium caproate
and sodium myristate as test substrata. The data obtained are
reported in Table 16.

The uptake values obtained from trialé 1 and 2 compared
favorsbly for endogenous respiration and the oxidation of both
test substrata. Endogenous uptake values were nearly the same
for all media used. Oxygen uptake values obtesined from synthet-
ic medium No. 1 were very low for either substrate. In fact,
the values obtalined with sodium myristate were smaller than
endogenous values, giving negative corrected veolues. Niven's

medium proved to be satisfactory since cells grown on it gave



Table 16

The effect of growth in different medla upon
the oxidizing adbility of Pseudomonas Trari cells.

(0.07M Palitzsch borate buffer
at pd 8.4 used in resction flasks)

Oxygen untoke (mm.-)
Growth media Endogenous Yo caproate® N2 myristate®
1 2 Ay, 1 2 Ay, 1 2 Ay,

Synthetic medium 1 +

agar (2.5%) 17 13 15 6 2 U 11 -7 -9
N1 vens mediuwm +

agar (2.5%) 21 17 19 nRISE TR 11 37 38 38
Tryptone-glucose-

extract agar 17 17 17 5 32 29 45 60 53

*Thege values are corrected for endogencus respiration.
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guite high uptake values with both test substrata. The uptake
values with caproate and myristate which were obtained from
cells grown on tryptone-glucose-extract agar were higher than

the wvalues from either of the other two media., Since Niven's

‘medium yielded satisfactory uptake values it was used in all

subsecuent trials when a synthetic medium was needed for Ps.

fragi,

- Effect of complex nutrients on enzyme production

With suitable synthetic media chdsen, trials were run to
determine the effects of various complex nutrients, fatty acids
and monoglycerides in the growth media upon the oxygen uptake
values in the—presence of the sodium salts of fatty acilds.

The effect which various addenda to the synthetic medium

may have upon the oxldizing abillity of C. lipolytica next was

determined. Synthetic medium No. 1 was prepared, thiamin
(QOO/ug./l.) and agar (2.5%) were added and the mixture steril-
ized at 250°F. for 13 to 15 minutes. After sterilization and
partial cooling of the medium, meaéured portions of the sterile
stock solutions of the complex nutrients Wefe added, using
aseptic. technics. The agsr and added nutrients were mixed well
and the agar allowed to harden to form large slants. A tryptone-

glucose~extract agar slant was used for comparison.

The prepared agar slants were inoculated with C. lipolytica

cells, incubated at 30°C, for 24 hours, the cells harvested and

the cell suspensions prepared as outlined in "Methods". The
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resulting suspensions were used with sodium caproate and sodium
myristete as substrata, The data obtained are presented in
Table 17,

In general, the uptake values for trials 1 and 2 compared
qdite favorably for the endogenous respiration and the oxida-
tion of the test substrata. The endogenous uptake v-lues were
low in trial 2 for the cells in the presence of added peptone
and casein hydrolysate, and these low values were reflected in
low values on the test substrata, These low values for both
endogenous respiration and the oxidation of the substrata would
indicate that the cells possessed lesser oxidizing ability,
rather than faulty operation of the Warburg apparatus. The
results on the two test substrata indicate thet the uptake values
were higher when the test addenda were added to the medium.

This increase was not great in some cases, as shown by values

‘Oobtained when yeast extract was used, However, when skimmilk,

casein hydrolysate or beef extract wes added, the oxygen uptake
values were appreciably higher than for the control medium (A).

A comparison of cells grown on individual lots of agar containing
cream and skimmilk showed appreciably higher uptake values when
tested on caproate and myristate, indicating that butterfat in
the medium causes increased fat-oxidizing activity of the

resultant celis of C. lipolytica. Cells grown on tryptone=-

glucose-extract agar yielded the highest uptake values. in all



Table 17

The effect of some added nutrients in the growth mediunm
upon the oxidizing ability of Candida lipolytice cells.,

(0.0BM McIlvaine citrate-phosphate

buffer at pH 6.2 used in reaction flasks)

~

Oxyzen uptoke (mm.-)
Growth media Endogenous Na caproate® Ns nyristate®
1 2?2 Ay, 1 2 Ay, 1 2 Av,
A, Synthetic mediun 1 + )
thiemin (EOO/ug./l.) + agar (2.5%) 72 41 57 k3 29 36 132 101 117
B, Medium A +
skimmilk (5%) 61 56 59 64 58 61 140 156 1ug
C. Medium A + , A
cream (5%) 69 84 62 92 &% 90 189 194 1g»
D, Medium A+ '
peptone (0.5%) T4 17 U6 69 4y 58 179 11 1bs
E. Medivm A + ‘
casein hydrolysate (0.5%) 99 33 66 87 41 6k 163 108 136
P, Medium A + |
beef extract (0.5%) 7% L9 62 e 64 58 139 164 1m/2
G, Medium A +
yeast extract (0.5%) 52 4O U6 4z 45 4y 112 161 137
H., Tryptone - glucose —
extract esar 6933 51 112 100 106 183 226 205

*Thege values are corrected for endogenous respiration,

i
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cases, with the exception that in trial 1 the wvalue obtained
from cells grown on medium C gave slightly higher uptake
values with sodium myristate, |

Jezeski (1947b, 1948) reported that the addition of yeast
extract to the medium had no significant effect upon the oxi-
dizing ability of microorganism, an observation which was
substantiated in the present investigation. Results in the
present study differ from thosebobtained by Jezeski because he
used nutrient agar plus yeast extract, while in the present
investigation a simple synthetic basal medium to which yeast
éxtract had been added was used. If Jezeskl had used a simpler
basal medium and added nutrients other than yeast extract in
his study, he might have obtained increases in uptake values
in the presence of addenda, and thus would not have reached the
conclusion that the addition of other nutrients had no effect
updn oxygen uptake.

In a similar run using Ps. fragi the media were prepared

as in the preceding run, with the exception that Niven's

medium was substituted for medium No. 1 as the control and
basal medium, and no thiamin was added. The prepared slants
were inoculated with Ps. fragi cells, incubated at 21°C. for
24 hours, harvested and the cell suspensions prepared as
outlined in "Methods". The cell suspensions were tested on
sodium caproate and sodium myristate. The data are presented
in Table 18.

The upteke velues for trials 1 and 2 were slightly erratic



Table 18

The effect of some added nutrients in the growth medium
upon the oxidizing ability of Pseudomones fregsi cells.
(0.0?E Palitzsch borate buffer
at pH .M used in reaction flasks)

Oxveen untake (mm 3)

- Growth media Endocenous Na _caproate® Ne myristaie™

1 2 Ave. 1 2 __Av, : 1 2 Ay,

A, Nivens medivm +

agar (2.5%) 17 2 23 14 21 18 38 U5 Yo

B, Medium A + -
skimmilk (5%) 17 28 23 12 21 17 39 38 39

C. Medium A + .
crean (5%) 17 30 o 1117w | 33 3 3

D, Medium A + , ,
peptone (0.5%) 16 21 19 13 20 17 36 10 23

B, Medium A + .
casein hydrolysate (0.5%) 20 14 17 6 14 10 24 19 22

P, Medium A +
beef extract (0.5%) 13 15 1Y 15 3 9 b1 43 Yo

G. Medium A +
yeast extract (0.5%) 7 17 17 12 11 12 32 32 30

H, Tryptone-glucose~extract

agar 17 71 12 32 6 19 60 U6 53

*These valuves are corrected for endogenous respiration,
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for endogenous respiration as well as for the oxidation of

caproate and myristate., Low values were obtained with cells

. grown on casein hydrolysate medium when used with caproate

in trial 1, and from cells grown on beef extract and tryptone-
glucose-extract agar media and used with caproate in trial 2;
Endogenous uptake values for cells grown on tryptone-glucose-
extract agar were low in trial 2.

The uptake values obtained from cells grown on media con-
taining the addenda usually were less than those obtained from
cells grown on Niven's synthetic medium. This might be expect-
ed, since Niven's synthetlic medium contains 13 amino acids =nd
eight growth factors which should meske it a rather complete
medium for an organism with basice1lly very simple growth re-
gulrements. The values obbtained in this run seem to substanti-
atelﬁhis fact, because cells grown on Niven's medium give
results rather close to the values obtalned with cells grown
on tryptone-glucose-extract agar,

' Cells grown on a medium containing cream gave uptake
values which were lower than those obtained from cells grown
on a medium containing skimmilk. Since the Ps. fragi strain
used was non-lipolytic when tested by the nile blue sulphate
technic, the lower upt;ke values probably are attributable to
the failure to free fatty acids and thus the absence of fatty

acids to stimulate production of enzymes to oxidize such acids.
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Effect of fatty acids on enzyme production

To test the effect of added free fatty acids to the
growth medium, the synthetic medium No. 1 was prepared,
thiamin (EOO/ug./l.) and agar (2.5%) added, the medium steril-
i1zed and the test fatty acids added just prior to solidification

of the agar. The (. lipolytica cells were inoculated onto the

agar slants, incubated at 30°c. for 24 hours, harvested and

the cell suspensions prepared as listed in "Methods". 1In addi-

- tlon to the usual test substrata, caproate and myristate, the

substrata homologous to the acids added to the growth medium
also were used, including acetate, propionate and butyrate.
The data obtained are presented in Table 19.

In most cases the upteéke values obtained in trials 1 and

2 were in cloée agreement. In trial 2 the C. lipolytica cells
failed to grow in the presencé of caproic acid so the wvalues
from trial 1 are all that are avéilable for comparison. The
results indicate that in all cases when the cells were grown

in thé‘presence of added fatty écids, the uptake values ob-
tained with homoiogous substrata showed a considerable increase
over the values for cells grown on the control medium (A).
Furthermore the uptake values from cells grown in the presence
of added fatty acids were higher than the values obtained from
cells grown on tryptdne-glucose-extract agar when the cells
were tested against the homologous substrata, with the exception

that the values from cells grown in the presence of acetic acid



Table 19

The effect of fatty acids in the growth medium
upon the oxidizing ability of Candida linolytica cells.

(0.05X Mcllvaine citrate-phosphate

buffer at pH 6.2 used in reaction flasks)

Oxveen unteke (mm,”)

Endogenous| Na acetate®| Na propion<] Na butyratef Ne caproate’] Na myristate”
Growth media ate *
1 2 Avl 1 2 Av, ]l 2 Av) 1 P2 Av, 11 2 Ay, 11 2 Ay,
A, Synthetic medium 1 +
thismin (200ug.[1.)+
egar (2.5% 29 K2 K6 173 U7 60 |60 U7 B4 |56 B4 55 |62 62 62 [165 171 168
B, Medium A +
acetic acid (0.01M) (71 53 628t 71 78 85 59 T2 |200 202 201
C. Medium A +
propionic acid
(0.01M) 69 57 63 90 101 96 118 91 105 |o64 306 285
D, Medium A +
butyric acid
(0.011) 5% 39 Ly L70 73 122 38 100 1319 (330 353 3U2
%, Medium A + ‘
caproic acid
(0.01M) 53 ** - Cpb9 xx o f319 wx L
I Tryptone;glucose— -
extract szar A4 37 W6 hol 65 85 192 60 76083 70 77 B39 K6 98 |23 168 201
*These values are corrected for endogenous respiration.
**Caproic acid in the growth medium was inhibitory to C. livolytica in trial 2.
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tended to be slightly lower., With both the caproaste and myris-
tate test substrata there was a progressive increase in uptake
values as the chain length of the added fatty acid increased
from acetic to butyric, with indications of a levelling-off
‘when caproic acid was used. Using sodium caproate as the test
substrate, cells grown on media containing added propionic,
butyric or caproic acid gave higher upteke values in one of
the two series than the values obtained from cells grown on
tryptone-glucose-extract agar slants., With sodium myristate
as the test substrate, the uptake values obtained from cells
grown on media containing added propionie, butyric or caproic
“acid were higher than those obtained from cells grown on
tryptone;glucose-extract agar slants; the results when acetic
acid was added are inconclusive in this respect.

To test the effect of added fatty aclds to a defined
growth medium for Ps. fragi the media were prepared in a manner
similar to the preceding run; Nivén's medium.without added thia-
min was used. The fatty acids were added to the sterilized
medium just prior to solidification of the agar. The slants
were inoculated with Ps. fragi cells, incubated at 21°C. for
24 hours, the cells harvested and the cell suspensions prepared
as outlined in "Methods™. The resulting cell suspensions were
used on the usual test substrata, caproate and myristnte, as
well as the substrata homologous to the added fatty acids,
including acetate, butyrate and propionate. The data obtained

are presented in Table 20.



The effect of
upon the oxidizing

Table 20

(0.074 Palitzsch borate buffer
ot pH .U used in reaction flasks)

fatty acids in the growth medium
abllity of Pseudomonas fragi cells.

Oxvgen uptake  (mm,3)
: Endogenous| Na acetate®] Na provion-| Na butyrate™| Na cavroate?’ Va myristate™
Growth media ate®
1 2 Av.l1l 2 Av, l 1 2 Ay, | 1 2 Av, 11 2 Av, 1 2 Ay,
A, Nivens medium %
agar (2.5%) 20 17 19 |3312 =23 |15 & 12 |10 6 8 p212 12 o 26 33
B. Medium A +
acetic acid (0,008M) [22 19 21 |37 24 3 1215 1b |34 3 33
. Medium A 4+
ropionic acid
%cﬁoosg) 20 20 20 58 20 39 13 1L 14 43 16 30
D, Medium A +
' butyric acid (0.005M¥21 18 20 1 5 23 a3 0 7 |45 12 9
B, Medivm A + ‘
caproic acid (0.005¥M& 13 16 17 8 13 W3 26 35
7, Tryptone-glucose~ ]
extract sgar g 11 15 |16 & 12 fi2 1 7 |4 -3 1 [pg15 22 |36 1k 25

*Thege values are corrected for endogenous respiration.
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The results from trials 1 and 2 indicate that in most
cases the uptake values for trial 2 were lower than those ob-
tained in trial 1. Some of the uptake values in trisl 2 may
be of ocuestionable value since they are so nearly the same’
as the endogenous uptake values. The results show that cells
grown on media containing acetic, propionic and butyric acids
give higher uptake values, when tested with the homologous sub-
strata, than cells grown on the synthetic basal control medium
(A). In all cases, these values also were higher than the
uptake values obtained when cells grown on tryptone-glucose-
extract agar were tested agsinst the same substrata. Using the
usual test substrata, csproate and myristate, no appreciable
inerease in uptake wvslues was noted as the result of the addi-

tion of fatty acids to the basal synthetic medium.

Effect of monoglycerides on enzyme production

To determine the effect which grovth in the presence of
fatty aclid monoglycerides might have on fatty acid oxidaﬁion,
the following runs were made using acetic and butyric acids

and their corresponding monoglycerides. For C. lipolytica,

synthetic medium No. 1 was prepared, thiamin (200 ug./1) and
agar (2.5%) added, the medium sterilized and the sterile test

fatty acids and monoglycerides added just prior to solidifica-

tion of the agar. The C. lipolytica cells were inoculated onto

the slants, incubated at 30°C. for 24 hours, harvested and the
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cell suspensions preparéd as listed in "Methods". The cell

. suspensions were tested on sodium acetate and sodium butyrate,

these fatty acid radicals being components of the monoglycer-
ides which were used., Sodlium caproate and sodium myristate,
the usual test substrata, also were used as substrata for oxida-
tion by the cell suspensions, The data obtained are p;esented
in Table 21,
The results indicate that the uptake values for trials 1
and 2 agreed quite favorably, although the values for trial 2.
were somewhat lower than those of trial 1 in most cases. The
uptake values were higher for both trials when the cells grbwn
on the media containing added fatty acids and tested against
the homologous substrata were comparsd with the values obtalned
from cells grown on the control medium {(A) and the same test
substrata used. This relationship compares with the resﬁlts
presented in Table 19, In all cases the values obtained from
cells grown in the presence of added fatty acids gave higher up-
take values for all substrata tested. The advantage was
slight when the acetic acld was present in the growth medium, -
but a marked increase in activity on all substrata tested
was observed when butyric acld was added to the growth medium,
The uptake values obtained from cells grown in the presence
of monoacetin were lower than the values obtained from cells
grovn on the control medium (A) when tested on acetate in trial

1 but were slightly higher in trial 2, Growth in the presence



Table 21

The effect of fatty acids and monoglycerides in the growth
medium upon the oxidizing ability of Candida lipolytica cells.,

(0.054 McIlvaine citrate-phosphate
buffer at pH 6.2 used in reaction flasks)

Oxveen untake (ma)

Growth media Fndogenous | Na acetate® | Na butyrate* ¥a caproate® Na myristate®
1 2 Av,| 1 2 Ay, |1 2 Ay, 1 2  Av. 1 2  Av,
. Synthetic mediuwm 1+
thiamin (200 ug./1.) +
agar (2.5%) 52 43 4g [hg 37 43 65 63 64 | 53 46 50 |120 112 116
B, Medium A + _
acetic acid (0.01M) 52 W6 Ug |60 L B2 5 49 53 125 116 121
C. Medium A +
monoacetin (0.01M) 60 39 50 |32 U5 30 45 69 B57 |74 133 104
D. Medium A + , ‘
butyric acid (0.01H) 54 38 U6 208.130 169 (147 83 115 B2y 252 290
B, Medium A + : »
* monobutyrin (0.01M) 55 45 50 63 55 59 |56 58 57 [87 177 182
P, Tryptone-glucose-
extract agar 62 3_6 4o {77 91 84 101 76 &9 |13 1M1 136 po2 187 205
*These values are corrected for endogenous respiration.

-17&-
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of monoacetin had no effect on ability to oxidize caproate
and myristate.

When monobutyrin was present in the medium, the cells gave
lower values than the control values with butyrate, but stimu-
latlon of action on caproate and myristate was: obtained in |
all cases. The increase was very slight when caproate was used,
but a rather marked increase was noted when myristate was used.

The only uptake values which exceeded the values from cells
grown on tryptone-glucose-extract agar were those values obtain-
ed from cells grown in the presence of butyric acid, using
butyrate and myristate as test substrata in both trials, and
in trial 1 with caproate as the test substrate.

For Ps. fragl, Niven's medium was prepared, the agar (2.5%)
added and the medium sterilized. After sterilizatiqn and par-
tial cooling, the sterile fatty acid and monoglyceride solutions
were added and the agar allowed to soiidify. The slants were
inoculated with Ps. fragl cells, incubated at 21°C. for 24
hours, the cells harvested and the suspensions prepared as
listed in "Methods". The cell suspensions were tested with
sodium acetate, sodium butyrate, sodium caproate and sodium
myristate. The data obtained are presented in Table 22,

The uptake values obtained in trials 1 and £ compared
favorably although the values were slightly lower 1in most cases

for trial 2, with the values obtained from cells grown on



Table 22

The effect of fatty acids and monoglycerides in the growth
medium upon the oxidizing ability of Pseudomonas Ifragl cells,
(0.07M Palitzsch borate dbuffer
at pH 8.1 used in reaction flasks)

Growth media Oxveen uptake (mm.3)
Endogenous | Na acetate™®]| Wa butyratel Na caproate®*! ¥Na myristatet}
1 2 Ave 1 2 Av.l 1 2 __Av. 1 2 Av, 1L 2 Av,

A, Mivens medium +
agar (2.5%) o4 14 1932 18 25| 9 9 9 j10 13 12 | 37 31 3Y

B, Medium A +
acetic acid (0.00FM) 17 14 16|27 33 30 13 17 15 | 37 38 38

0. Mediwm A +
monoacetin (0.005K) 15 14 15 |ek 27 26 16 15 16 | 38 26 32

D. Medium A + _
butyric acid (0.0054) 18 19 19 39 18 29 |14+ 9 12 | 47 29 38

. Medium A + «
monobutyrin (0,005M) 18 23 21 _ 10 g 9 |15 11 13 L 33 37

., Tryptone-glucose- ; : |
extract ager 17 12 15038 13 26| & 1 5 |36 22 29 67 62 65

*Thege values are corrected for endogenous respiration.
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tryptone-glucose~-extract agar being considerably lower in
trial 2 when acetate and butyrate were used as test substrata.-
Using the homologous substrata with cells grown in the presence
of added fatty acids, the uptake ﬁalues were higher than the
values obtained from cells grown on the control medium (4),
with the exception that in trial 1 the cells grown in the
presence of acetic acid gave slightly lower values than the
control cells. In most cases when caproate and myristaté‘
were used as substrata, the cells grown in the presence of
fatty acids gave uptake values in excess of the controcl values,
An exception was the lower values’in trial 2, when cells grown
in the presence of butyric acid were tested with these substrata.
Célls grown in the presence of monoacetin gave values
lower than the control values in trial 1, but values in excess
of the control values in trial 2, when tested on sodium acetate,
Testing on caproate and myrlistste, cells grown in the presence
of monoacetin gave wvalues probsbly not sufficiently different
from thé control values to establish any real differencés in
activity. When monobutyrin was used in the growth medium the.
cells grown thereon gave‘results similar to those obtained with
the control cells when sodium butyrate was the test substrate.
When caproate and myristate were the test substrats used, the
uptake values were so nearly the same as those for the controls

"that no real differences can be considered to exist.

The presence of monoglycerides in the growth medium
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appeared to have little or no effect on the oxidase produc-
tion by Ps. fragl, By adding butyric acid to the growth medium
the uptake values obtained on the homologous substrate were
increased approximately three-fold when compared to the uptake
values from the cells grown on control medium (A). This
enhancement by cells grown in the presence of butyric acid

was also noted in the results listed in Table 20.
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DISCUSSION

Selected strains of C. lipolytica and Ps. fragl were

used to test the oxidation of the sodium salts of acetic,
propionic, butyric, caproic, caprylic, capric, laurie,
myristic, palmitic, stearic, oleic, and linoleic acids, using
the Warburg respirometer to measure oxygen uptake in the
presence of resting cells. The use of pure fatty acids was
preferred to the use of natural fats or triglycerides as
substrata because the presence of a glycerol component might
vield misleading results due to its oxidatioh; Furthermore,
if fats or monoglycerides were used, the lipolytic ability
of the organisms tested would be the limiting factor, in some
instances, in making the fatty acids availaeble for oxidation,
The buffers selected for use in the reaction flasks of the
Warburg apparatus were chosen on the basis that they would cover
a wide pH range, that they were not highly toxlic to the micro-
orgenisms used and that they would maintsasin the pH relatively
constant at each pH level tested for a 2.5 hour‘run.
When using a 0.08M McIlvaine citrate-phosphate buffer,

the action of C. lipolytica cells upon the 12 test substrata

previously listed, indicated the optimum range of reaction
to be pH 3.4 to pH 7.8, with the optima for the majority of

the substrata falling within the range pH 5.8 to 6.6, as seen



80w

in Table 9. Peters (1947) found high lipase activity of

Mycotorula (Candida) lipolytica on butterfat was obtained

between pH 4.0 and pH 8.0, with pH 6.2 to 6.5 as optimum.
Thus the two enzymes concerned with fat utilizatlon by this
organism both show optima slightly on the acid side of
neutrality. |

When using a 0,07M Palitzsch borate buffer, the action
of Ps. fragi cells upon the 12 test substrate indicated the
range of greatest activity to be pH 8.0 to pH 8.45, with the
majority of the‘sﬁbstrata being oxidized most rapidly ﬁithin
the range of pH 8.25 to 8,45, as seen in Table 10. When work-
ing with the lipase of hemolytic streptococcl, Stevens and
West (1922), found the optimum‘activity of the enzyme to be
at pE 7.8, This same pH value was also determined as the point
of optimum activity for a pneumococcus lipase by Avery and
Cullen (1920), The optimum for Eg. fregi fatty acild oxidase
thus falls Qithin the pH range previously found to be optimum
for bacterial enzymes of this type.

Cells of C. lipolytica grown on tryptone-glucose-extract

agar adjusted to pH 3.8 to 4.4 gave higher oxygen uptake
values than cells grown on agar adjusted to higher pH levels,

as seen in Table 11, The maximum lipase production by Mycotorula

(Candida) lipolytica, as reported by Peters (1947), was

evident within the pH range of 4.5 to 5.5, indicating that
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production optima of the two enzyme systems associated with
~fat utilization are within the same general pH range. A pH
range of 5.0 to 7,8 for cell growth proved to be most suitable’
for oxidase production by Ps. fragi, as evidenced by data
presented in Table 1Z2.

In a review article on the adaptive enzyme production by
bacteria, Dubos (1940) reported that the production of adaptive
enzymes is greatly enhanced when the substrate which it attacks
ls a constituent of the culture medium. This ability to
produce an adaptive enzyme manifests itself on ﬁhe first trans-
fer, and the adaptive enzymes exhiblt marked specifiecity toward
the substrata which have stimulated their production.

In the present study there is some evidence of an enhance-

ment of oxidase production by C. lipolytica and Ps. fragi

when grown In the presence of certain added nutrieﬁts; It
should be pointed out that this is not = true adaptive enzyme
production, in the usual sense because the éells grown in
the absence of the fatty acids possessed oxidizing ability
to a considerable degree.

The presence of such added complex nutrients as skimmilk,
peptone, casein hydrolysate, yeast extract or beef extract

caused no appreclable enhancement of oxidase production'by

either C. lipolytica or Ps. fragl, as seen in Tables 17 and

18. C. lipolytica cells grown in the presence of 20 percent

cream gave higher uptake values than did cells grown in the
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presence of skimmilk, indicating an enhancement of oxidase

production in the presence of butterfat;, The failure of

cream added to the defined growth medium to enhance the produc-
tion of oxidase enzymes by Ps. fragi undoubtedly is due to
the inability of this test culture to hydrolyze butterfat to
a detectable degree. In the absence of free fatty acids the
stimulus for increased production of enzymes oxidizing these
acids would be lacking. |

The addition to the growth medium of fatty acids such
as acetic, propionic, butyric or caproic, resulted in.a defin-

ite enhancement in the ability of both C. lipolytica and Ps.

fragi to produce oxidase enzyues, as noted in Tables 19 and

20. ©Some tendency toward speclificity of the enzymes respon-
sible for oxygen uptake seems apparent since the stimulation
for utiiization of one acid sometimes was not apparent to the-
same degree for all other acids in the homologous series,
Acetic acid seemed to behave ocuite differently from butyric
acid in that the latter stimulated To a much greater degree
the production of.oxidases active against the fatty acids
which usuelly are found as components of natural fats;
propionic acid also had some tendency to be less active than
butyric acid in stimulating production of fatty acid oxidases.
The addition of monoacetin and monobutyrin to the growth

media appeared to have little effect in enhancing the oxidizing
abilityvof either C. lipolytica or Ps. fragi when tested

against the sodium salt of the fatty acid present in the
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monoglyceride. Cells grown in the presence of monobutyrin
showed uptake values appreciably higher than the control
’values when myristate was the test substrate., When caproate
was used as the test substrate for cells grown in the presence
of either of these addenda, no detectable incresse over the
control values was noted.

Jezeski (1947b, 1948) found no evidence of an adaptive

enzyme component when Mycobacterium phlei, two Pseudomonas

sp. and a Micrococcus sp. were grown on nutrient agar contain-

ing butterfat. In the present study the evidence of an enhsnc~

ed oxidizing ability when C. lipolytica and Ps. fragi cells

were grown in the presence of fatty acids may be explained
by the basal media used, because the synthetic media werse
not of as high nutritive value as the medium which Jezeski
used; the more complex medium employed by him may have given
higher values on the unsupplemented medium.

In dairy products containing butterfat both C. lipolytica

and the normally-lipolytic forms of Ps. fragi would be stimu-
lated to produce considerable quantities of oxidases actlve
on fatty acids, whether these fatty acids resulted from the
lipolytic activity of the organisms, synthesis by other micro-
organisms or by the action of milk lipases. Oxidation of the

liberated fatty acids by the oxidase produced may lead to

oxidative rancidity in some instances.
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SUMMARY AND CONCLUSIONS

A strain of Candida lipolytica and one of Pseudomonas

fragi were chosen for this study upon the besis of maximum
production of oxidases for fatty acids. The Ps. fraogil
strain selected upon this basis was atypical in that it was

non-lipolytic. The C. lipolytica strain was much more oxida-

tive than the strain of Ps. fragi. The abillty of these micro-

organisms to oxidize the sodium salts of acetiec, propionic,

butyric, caprole, caprylic, capric, lauric, myristic, palmitie,

stearic, oleic and linoleic acids at various pH levels was
determined using Warburg respirometer technics. Selected
fatty acids were used as test substrata in other ph-ses of
this study.

When incubation was at 30°C., a 24-hour culture of C.

lipolytica gave higher oxygen uptake velues than did cultures

incubated for 48, 72 or 96 hours. Incubation of Ps. fragi
cultures for 24 hours at 21°C. gave higher uptake values than
the cultures incubated for 24 hours at 30°C. In subseruent

determinations the C. lipolytica cultures were incubated at

30°C. for 24 hours, and the Ps. fragl cultures Incubated at
21°¢. for 24 hours before the cells were harvested for use
for manometric determinations of oxygen uptske, using sodium

salts of fatty acids as test substrata.
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The buffers selected for use in the reaction flasks were

a& 0.,05M McIlvaine citrate-phosphate buffer for C. lipolytica

cells, and a 0.,07M Palitzsch borate buffer for Ps. fragi
cells.

A ran covering the period from 0.5 to 2.5 hours gave
higher oxygen uptake values than a run of O to 2.0 hours;
accordingly, ﬁhe 0.5 to 2,5 hour interval was used in this
investigstion.

The optimum pH for the reaction of C. lipolytica cells

upon the 12 test substrata previously listed varied from pH

3.4 to pH 7.8, with the majority of the substrata giving
maximum oxygen uptake within the pH range of 5.8 to 6.6. The
optimum pH for the reaction of Ps. fragi cells upon the sodium»
salts of the lc fatty acids varied from pH 8.0 to pH 8.45, with
the oxidation for the majority of the fatty acid salts being
optimum Within the pH range of 8.25 to 8,45, |

Cells of C. lipolytica grown on tryptone-glucose-extract

agar adjusted to pH 3.8 to 4.4 gave the highest uptake values,
while a pH range of 5.0 to 7.8 during growth gave the highest
oxygen uptake values for Ps. fragl cells.

The addition of skimmilk, peptone, casein hydrolysate,
veast extract or beef extract to the synthetic brsal medium
caused little increase in the production of the oxidative

enzyme of either C. lipoljtica or Ps. fragi. The addition of

cream to the basal synthetic medium grsve higher vslues with
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C. lipolytica cells, indicating an enhancement in fatty acid

utilization by cells grown in the presence of butterfat.
This enhancement was not obtained when the non-lipolytic
Ps. fragi cells were grown in the presence of butterfat,
probably because the test culture could not free the fatty
acids so they could exert a stimulative effect.

The addition of acetie, propionic, butyric or caproic
acids to the synthetic basal medium caused an appreéiable

enhancement of the oxidizing ability of the C. lipolytica

and Ps. fragi cells, when tested against the salts of the hom-
ologous fatty acids. This enhanced oxidizing »bility was
manlfest, even when non-homologous test substrata were used,

in the case of (. lipolytica cells grown in the presence of

acetic, propionic or butyric acids.
The addition of monoacetin or monobutyrin to the basal
synthetic medium gave no uptake values appreciably greater

than the control values for either C. lipolytica or Ps.

fragl, with the exception that C. lipolytica cells grown in

the presence of monobutyrin gave greater oxygen upteke than
did the controls from the unsupplemented medium when sodium
myristate was the test substrate.

An enhancement, on the first transfer, of the oxidizing

ability of cells of both C. lipolytica and Ps. fragi when

grown in the presence of fatty acids and natural fat gives proof

that these cells react to the stimulus of the presence of a
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fatty acid by increasing the amount of enzyme available for
the utilization of the substrate, Nastural fat added to the
growth medium gave no 1ncrease'with.§§, fragi cells, probably

because the strain of Ps. fragi chosen for this investigation

was non-lipolytic,

"
B
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