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ABSTRACT

A mold.identified as Penicillium simplicissimum 
(Oudemans) Thom, was isolated from leach water in the scrap 
iron launder of a copper extraction plant. Kerosene and 
the alkanes, dodecane and hexadecane, were readily utilized 
as carbon sources. The cyclic aliphatic hydrocarbons and 
the aromatic hydrocarbons were not utilized to any great 
extent. When other carbon sources were tested, the orga
nism readily grew on: xylose, glucose, lactose, maltose,
sucrose, raffinose and glycerol. . Starch and ethanol were 
utilized to a lesser extent. Acetone, sodium citrate and 
sodium lactate supported very.little growth. The optimum 
initial pH for hydrocarbon utilization was pH 3 and the 
optimum temperature was 25 C. Utilization of hydrocarbons 
was apparently suppressed by light since cultures incubated 
in the dark showed considerably more growth than cultures 
incubated in the light. Low concentrations of yeast ex
tract stimulated growth of the organism on hydrocarbons. 
Subsequently, casamino acids were also found to stimulate 
hydrocarbon utilization, suggesting that an amino acid (s) 
may be responsible for the stimulation.

vii



CHAPTER 1

INTRODUCTION

The study of'microorganisms which utilize hydrocar
bons resulted from the alliance between petroleum technology 
and microbiology„ Although Myoshi, in 1895, had observed 
paraffin decomposition by the mold, Botrytis cinerea, and 
Sheiko had described bacterial utilization of kerosene in 
1901, the major studies began when Kaserer and Sohngen in
dependently reported bacterial utilization of methane (1). 
Since this time microbial utilization of hydrocarbons has 
assumed considerable significance, particularly in the 
petroleum industry.

Organisms capable of assimilating hydrocarbons are 
commonly present in soil, stagnant water, and decaying mat
ter (1). They are particularly numerous in oil-sdaked soil 
around oil wells, refineries and leaky pipelines (30). It 
has been suggested that the abundance of such organisms in 
oil-soaked soil can partly be attributed to the development 
of adaptive enzymes which attack hydrocarbons (30) . These 
organisms play a very important role in the hydrocarbon 
cycle. They are responsible for preventing the accumula
tion of hydrocarbons which would form vast lakes of oil as 
a result of the enormous metabolic activities of organisms



which synthesize hydrocarbons (i). In additionhydrocarbon 
utilizing organisms have assumed considerable importance in 
their applications to the discovery, recovery and refining 
of petroleum arid conversion of hydrocarbons to useful prod
ucts (30)« Recently, it has been suggested that microbial 
cells grown on hydrocarbons may serve as a food source for 
man or animals, thus increasing the world's food supply (13)

While microbial utilization of hydrocarbons is 
beneficial in many ways, it has also resulted in serious 
problems of economic importance. Hydrocarbon-utilizing 
microorganisms are responsible for deterioration of rubber, 
corrosion of paraffin-coated underground pipeliries and ; 
electrical conduits and the decomposition of medicinal 
products having hydrocarbon bases (30).

Numerous investigations testing microbial growth on 
various hydrocarbons indicate that there are no hydrocarbons 
which are impervious to attack by some microorganism (1). 
However, some hydrocarbons are more rapidly assimilated and 
utilized by more organisms than others. In general, 
aliphatic hydrocarbons are attacked more readily and by 
more organisms than aromatic compounds (30). However, 
naphthenic hydrocarbons are attacked by many bacterial 
species. The number of organisms capable of oxidizing 
hydrocarbons usually increases with increasing chain 
length. Few organisms capable of utilizing methane, ethane
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and propane have been reported (1). According to Foster (9), 
normal alkanes between 10 to 18 carbons are most readily 
oxidized. Other sources suggest that the unsaturated alkenes 
are more readily utilized than the saturated alkanes (1,30). 
In addition, Strawinski (in 30) found that n-pentene sup
ported better growth of Pseudomonas than pentene-2 thus 
suggesting that the position of the double bond is also an 
important factor. Branched chain aliphatic and cyclic com
pounds are susceptible to attack by more organisms probably 
due to the greater reactivity of the molecule. It is quite 
evident that many factors determine the susceptibility of 
various hydrocarbons to attack. Although general conclusions 
concerning this have been made, there are probably many 
exceptions.

A number of pathways for the microbial degradation 
of hydrocarbons have been elucidated. At present, infor
mation on the utilization of hydrocarbons appears to be most 
complete in the area of alkane degradation. A number of 
reports suggest that paraffins are oxidized at the posi
tion resulting in the formation of a primary alcohol which 
gives rise to the corresponding fatty acid (9,20). Recent 
information suggests that this may depend on the length of 
the alkane being tested. Dunlap arid Perry (5) found alkanes 
shorter than or longer than were not incorporated
in fatty acids without some previous degradation. In 
addition, Makula and Finnerty (17) found that growth of the



bacterium. Micrococcus cerificans, on the lower alkanes, 
decane through tridecane, resulted primarily in the produc
tion of even carbon fatty acids particularly arid C^g.
Assimilation of the higher alkanes, pentadecane through 
octadecane resulted in the production of the corresponding 
fatty acid. While monoterminal oxidation appears to be the 
most common, pathway of alkane oxidation, other pathways 
have been demonstrated and may be considered deviations 
from the oxidation scheme (9). Stewart and Kallio 
(28 f in 29) observed the synthesis of long chain esters 
by a gram negative coccus. The ester was composed of alco
hol with the same carbon skeleton as the alkane on which 
the organism was grown and the acid portion was palmitic 
acid. Nocardia has also been found to form esters from 
paraffin substrates (25).

Another deviation from the alkane oxidation 
scheme is di-terminal oxidation. Dioic acids are produced 
from oxidation and w-oxidation of the resulting fatty 
acid (20). In some organisms, such as the bacterium 
Corynebacterium, acetic acid is produced in addition to the 
long chain acids. This is due to g-oxidation which probably 
takes place between the fatty acid stage and diacid stage 
(9).

Although the initial attack of an alkane is usually 
at the terminal methyl group, it appears that other pathways



do exist, Pseudomonas methanica was found to produce methyl 
ketones in addition to products oxidized at the position. 
Methyl ketones result from the.incorporation of oxygen in 
the two position. Initially, methyl ketones were thought 
to be produced only from gaseous hydrocarbons but more recent 
evidence suggests that they may also be formed from long 
chain alkanes (9).

The pathways for alkene degradation are not as well 
defined as those for alkane degradation. Klug and Markovetz 
(14) have reported the presence of 1,2 diols and w-unsatu- 
rated fatty acids of the same chain length as the substrate 
after growth of Candida lipolytica. This indicated that the 
terminal methyl group as well as the double bond were at
tacked. In addition, a pathway involving double bond 
epoxidation has been suggested by Makula and Finnerty (18). 
Diol formation appears to be an early step in the degradation 
of aromatic and nonaromatic hydrocarbons (20). While the 
initial breakdown of hydrocarbons may be unique, further 
metabolism proceeds through conventional pathways.

Over 100 species of bacteria, yeasts and molds, 
capable of utilizing hydrocarbons have been identified (10). 
There are.probably many more organisms which have the ca
pacity to attack hydrocarbons. The hydrocarbon oxidizing 
bacteria most commonly isolated from the soil were species 
of Pseudomonas and Mycobacterium (1). Members of the genera



Streptomyces, Nocardia, Corynebacterium and Brevibacterium
were also common soil isolates (9). The growth of molds on 
hydrocarbon substrates became particularly significant after 
it was shown that.molds isolated from aircraft fuel were 
responsible for refueling equipment malfunction. Prince (24) 
found that JP-4 fuel, composed largely of aliphatic hydrocar
bons, supported growth of the following molds: Penicillium, 
Aspergillus, Spicaria, Cladosporium and HeIminthosporium. 
Direct baiting of soil with a paraffin rod also demonstrated 
the ability of species of Aspergillus, Penicillium, Chaetomi- 
um, Syncephalastrum and Cunninghamella to use hydrocarbons 
as sole carbon sources (26). Fergus (6) demonstrated growth 
of the thermophilic fungi, Chaetomium thermophile, Stilbella 
thermophila and Mucor pusillus on paraffin at 55 C. Flippen, 
Smith and Mickelson (7) observed the growth of Fusarium moni- 
liforme on decane and dodecane. When. 28 fungal isolates re
presenting 25 genera of fungi were tested for growth on 
tridecane, 21% were positive. The organisms capable of uti
lizing tridecane were: Acremonium potronii, Aspergillus 
alliaceus, Cephalosporium roseum, Colletrotrichum altramen- 
tarium, Fusarium bulbigenum and Monilia bonordenii (9). 
Markovetz, Cazin and Allen (19) tested numerous filamentous 
fungi for growth on various alkanes and alkenes. Most of 
the fungi tested exhibited growth on one or more of the 
hydrocarbons. It appears that the ability to use
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hydrocarbons as a sole source of carbon is common among the
fungi and is not limited to a particular genus.

. ' ■ . ' - " :Pathways of hydrocarbon utilization by fungi are
similar to those found in other microorganisms. Fatty acids 
homologous to tridecane and tetradecane were produced when 
Cladosporium resinae was grown on these alkanes. The shorter 
hydrocarbons, decane, undecane and dodecane, were not di
rectly incorporated into lipids as indicated by the isolation 
of fatty acids which did not directly correspond to the 
substrate tested (4). Thin layer chromatography of extracts 
from Cunhinghamella blakesleeana grown on tetradecane and 
tetradecene revealed spots suggesting production of the 
monocarboxylie acid and primary and secondary alcohols. In 
addition, dicarboxylic acid, B-hydroxy acid and 1 , 2-diol 
were tentatively identified (19). Growth of Aspergillus 
versicolor on various primary and secondary alcohols and 
ketones suspected of being intermediate products in the 
degradation of higher paraffins showed normal
growth on the primary alcohol and ketones but no growth on 
the secondary alcohols. This suggested that oxidation of 
paraffins occurred by the introduction of a keto group or 
several keto groups at various points in the chain thus 
causing the disruption of the chain and the formation of 
shorter fatty acids (12).

Liquid paraffins, olefins and fatty alcohols added 
to wetted soil supported the growth of various molds.
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Fatty alcohols were almost as effective in promoting growth 
as the alkanes and alkenes (15)„

Herring (11) investigated various aspects of hydro
carbon utilization by a Penicillium species isolated from an 
ion-exchange copper extracting plant. The organism was 
later identified as Penicillium corylophilum by Dr. Dorothy B 
Prest (23). Additional studies concerning the physiology of 
a hydrocarbon-utilizing mold identified as Penicillium 
simplicissimum were undertaken. The particular organism 
was chosen for its ability to produce abundant growth in 
liquid media containing kerosene as the sole source of 
carbon.



CHAPTER 2

MATERIALS AND METHODS

Media and Cultural Conditions 
The organism was isolated and maintained on 

Sabouraud Dextrose Agar (Difco Laboratories, Detroit, 
Michigan)» Czapek's Solution Agar (Difco Laboratories, 
Detroit, Michigan) was employed for primary identification 
of the mold. Cultures were incubated in the dark at 25 C 
unless otherwise stated in the text.

The ability of the mold to use various compounds as 
sole sources of carbon was tested using the following basal 
salts (Czapek's Dox Broth) medium: NaNO^, 3g; K2HPO4, Ig; 
MgSO^'VHgO, 0.5g; KC1, 0.5g; FeSO^, O.Olg in 1000 ml dis
tilled water. The basal medium was prepared in 2X concen
tration, adjusted to pH 3, with HC1 and sterilized by 0.45 
millipore filtration. The basal medium was supplemented 
with various carbon sources including: acetone, ethanol, 
glucose, glycerol, lactose, maltose, raffinose, sodium 
acetate, sodium citrate, starch, sucrose and xylose and the 
hydrocarbons dodecane (C^g)r hexadecane (C^g), and octodecane 
(Cno), toluene, benzene, cyclohexane, naphthalene and kero-lo
sene. The purified hydrocarbons, dodecane, hexadecane, and 
octadecane were obtained from Eastman Organic Chemicals,

9
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Rochester, New York. Toluene and benzene were obtained from 
J. T. Baker and Co., Phillipsburg, New Jersey. Highly puri
fied cyclohexane was obtained from the Chemistry Department, 
University of Arizona. Naphthalene from an unknown source 
was available in the„laboratory. A commercial grade of 
kerosene was obtained from the University of Arizona Stores. 
All carbon sources were added at a final concentration of 
0.05% with the exception of kerosene and the hydrocarbons 
tested. These were added at a final concentration of 10% 
(v/v). Yeast extract was added to basal media at a final 
concentration of 0.05% unless otherwise stated. Liquid 
cultures consisted of 5 ml 2X basal salts solution, 0.5 ml . 
1% yeast extract, 3.5 ml distilled water and 1 ml of the 
carbon source tested in 125 ml Erlenmeyer flasks.

Inocula were prepared aseptically by homogenizing 
washed mycelial mats harvested from liquid cultures. The 
mats were washed several times with sterile distilled water, 
placed in a Virtis Homogenizer flask containing 10 ml of 
sterile distilled water and homogenized at 22,000 rpm for 
ten seconds in an ice bath. One tenth ml of this homogenate 
was used as inoculum for each flask. A second method of 
preparing inocula involved the removal of spores from the 
colony surface. Ten ml of sterile distilled water were 
pipetted onto a Czapek's Solution Agar.plate containing a 
14 day old culture of the mold. A 0.1 ml inoculum of the
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spore suspension was used to inoculate the appropriate 
medium as indicated in the text. Cultures were incubated 
under stationary conditions at 25 C,

Studies to determine the effect of pH, temperature 
and light on the growth of Penicillium simplicissimum were 
carried out in basal salt solution (Czapek Dox Broth) 
supplemented with 3% sucrose, 10% kerosene, or 10% hexa- 
decane and 0.05% yeast extract. Ten ml cultures in 125 ml 
Erlenmeyer flasks were incubated under static conditions at 
25 C as indicated above.

Measurement of Growth 
Growth was measured by dry weight. The contents of 

each flask were filtered and washed through pre-washed, dried 
and pre-weighed Whatman..#! filters. The filters were dried 
to constant weight at 80 C, cooled in a dessicator jar and 
weighed on a four-place Sartorius analytical balance.

Glycogen and Lipid Determinations 
Mold homogenates were made from cultures grown in 

media containing sucrose and cultures grown in media con
taining kerosene as the carbon source. Glycogen was ex
tracted from both homogenates with 30% KOH and ethanol and 
total carbohydrate was determined with enthrone reagent as 
described in Methods in Enzymology, pages 35-37 (3).
Lipid was extracted with ethanol-ether according to the



CHAPTER 3

RESULTS

Various aspects of the physiology of Penicillium 
simplicissimutn have been investigated Special emphasis 
was placed on those aspects of physiology concerned with 
hydrocarbon utilization.

Organism
The organism was isolated from leach water in the 

scrap iron launders of the Duval Mining Corporation, 
Esperanza Site, Pima County, Arizona, The mold was first 
isolated on Sabouraud Agar containing Chloromycetin and 
aCtidione. A typical Penicillium colony was observed.
Growth on Czapek Solution Agar revealed colonies which were 
glaucous blue-green with a white periphery. The conidial 
heads developed slowly, appearing after 2 1/2 to 3 weeks 
along the edge of the colony. The colony reverse was straw 
colored. Microscopic examination showed strongly divaricate 
penicilli with finely roughened conidiophores. The sterig- 
mata occurred in clusters of 3 to 8 with the tip narrowing 
to a conidium-producing tube. The conidia were subglobose 
and echinulate. The organism was identified by Dr. Dorothy 
B. Prest (23) as Penicillium simplicissimum (Oudemans)
Thom, a member of the Penicillium janthinellum series.

13
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Utilization of Hydrocarbons 

Growth of Penicillium simplicissimum on various 
hydrocarbons was determined. One ml of the hydrocarbon to 
be tested was added to 125 ml flasks containing 10 ml liquid 
media. Inoculum consisted of mold homogenate. In cases 
where nonsterile hydrocarbons were used, uninoculated 
controls were used. After 10 days, growth was determined 
by dry weight. Growth was also determined on a 1+ to 34- 
basis. A culture with scattered tufts of growth was called 
14-, a culture with a thin mycelial mat 24- and a culture with 
a thick mycelial mat 34-.

The results are shown in Table 1. The organism 
showed more growth on the two alkanes, hexadecane and do- 
decane, than on kerosene. Octadecane, a third alkane tested, 
showed less growth than kerosene cultures. The cyclic
compounds, toluene, cyclohexane and naphthalene showed a

- - - ..

slight amount of growth. No growth was observed on benzene.
These results indicate that Penicillium simplicis

simum could utilize kerosene as a sole source of carbon.
In addition, the organism could use the three alkane compo
nents of kerosene, hexadecane, dodecane and octadecane, as 
carbon sources. More growth was observed on the shorter 
straight chain compounds, hexadecane and dodecane, than on 
octadecane. The organism was apparently unable to utilize 
the cyclic compounds to any great extent as shown by the
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Table 1. Growth of Periicillium siiriplicissimum on 
Various Hydrocarbons.*

Hydrocarbon
Average Dry 
Weight per ml

Relative
Growth

Kerosene 4.71 mg 3+
Dodecane 5.24 mg "3i
Hexadecane 31.87 mg 3+
Octadecane 0.75 mg 2 +
Toluene . 0.53 mg 2+
Cyclohexane 0.11 mg 1+
Naphthalene ND+ 1+
Benzene NGtt ND+
Control** 0.17 mg 1+

* Ten days incubation in liquid media (pH 3) at 24 C.
** Basal salts and yeast extract.
 ̂Not determined.
No growth.
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inability to break the single bonds of cyclohexane as well 
as the aromatic bonds of benzene and naphthalene.

Utilization of Carbon Sources Other Than Hydrocarbons 
Growth of Penicillium simplioissimum on carbon 

sources other than hydrocarbons was also tested. Flasks 
containing liquid media and .05% final concentration of 
the carbon source tested were used. .Inoculum consisted of „ 
mold homogenate. After ten days, growth was measured by 
dry weight determination. '

The results are shown in Table 2. Penicillium 
simplicissimum produced more growth on the pentose, xylose 
(3.8 mg/m!), than any of the other carbon sources tested.
The organism appeared to grow equally well on the mono
saccharide, glucose, the disaccharides, lactose, maltose 
and sucrose, and the trisaccharide, raffinose. Of the carbo- 
hydrates tested, the least amount of growth i.e., .8 mg per 
ml was produced from starch. While the organism was able 
to utilize both ethanol and glycerol, more growth was ob
served with glycerol. Penicillium simplicissimum was 
apparently unable to utilize sodium citrate, sodium lactate, 
or acetone since equivalent growth in liquid cultures con
taining salts solution and yeast extract was observed.
Since slightly more growth was observed in cultures con
taining sodium lactate, the organism may be able to use this 
as a carbon source to a limited extent.
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Table 2„ Growth of Penicillium simplicissimum 
on Carbon Sources Other than Hydro
carbons . *

Average Dry Weight 
Carbon Source per Ml.

Xylose 3.80 mg..
Glucose 1.25 mg
Lactose 1.19 mg
Maltose 1.12 mg
Sucrose 1.42 mg
Raffinose 1.34 mg
Starch 0.81 mg
Ethanol 0.82 mg
Glycerol 1.83 mg
Sodium citrate 0.16 mg
Sodium lactate 0.37 mg
Acetone 0.15 mg
Control** 0.17 mg

* Ten days incubation in liquid media 
24 C.

** Basal salts and yeast extract.
Y

(pH 3) at
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These results indicated that the organism readily 

utilized all of the carbohydrates.tested with the excep
tion of starch. Penicillium simplicissimum was apparently 
able to hydrolyze the disaccharides, lactose, sucrose and 
maltose as well as the trisaccharide,'raffinose. The de
crease in growth on starch compared to the other carbo
hydrates may have been due to incomplete hydrolysis of the 
branched-chain dextrins. Starch consists of a linear 
portion called amylose and a branched-chain portion called 
amylopectin. Amylopectin is incompletely hydrolyzed by 
amylase while amylose is completely hydrolyzed (16).
When ethanol and glycerol were used as carbon sources, the 
organism produced more growth on the trihydric alcohol, 
glycerol, than the primary alcohol, ethanol. The utiliz
ation of acetone and sodium citrate is questionable.

pH Requirements
Considering the acidic environment from which this 

organism was isolated, it was of interest to determine the 
effect of pH on growth. Czapek salt solutions were adjusted 
to pH units one to four. Flasks were inoculated with mold 
homogenated and incubated for ten days. Growth was measured 
by dry weight determination.

Results are shown in Figure 1. The effect of pH 
on kerosene and hexadecane utilization was determined. When
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kerosene was used as the sole carbon source, only slight 
growth of the mold was observed at pH units one and two. At 
pH 3, the organism showed maximum growth. An average dry 
weight of 13.27 mg dry weight per ml was observed. The 
average dry weight dropped to 5.87 mg at pH *4. A similarly 
shaped curve was obtained when hexadecane was used as the 
carbon source. No growth was observed at pH 1 and less than 
.10 mg dry weight per ml was produced at pH 2. The maximum 
growth of 36.73 mg dry weight per ml was observed at pH 3. 
The amount of growth dropped to 29.36 mg at pH 4. When 
sucrose was used as the carbon source, growth of Penicillium 
simplicissimum was markedly different in media ranging from 
pH 3 to pH 7. Dry weights obtained were approximately the 
same over the entire range. For example, an average dry 
weight of 5.46 mg per ml was recorded for pH 3 while 5.34 
mg per ml was recorded for pH 7.

These results suggested that the optimum pH for 
initiation of growth on hydrocarbons was at or near pH 3.

■i " .

More acidic conditions resulted in very little, if any, 
growth while more basic conditions showed considerably less 
growth with both kerosene and hexadecane carbon sources.
When sucrose was added as the carbon source, the organism 
grew equally well under acidic and neutral conditions.



21
Temperature Requirements

The effect of temperature on the growth of Peni- 
cillium simpliccissimum was also studied„ Liquid media 
containing kerosene were inoculated with homogenized mold 
and incubated at 5 C, 15 C, 25 C and 37 C for ten days.
The average growth at each of the temperatures was obtained 
by dry weight determination. The average dry weights per 
ml at 5 C, 15 C, 25 C and 37 C were: .01 mg, .21 mg, 2.38
mg, and .05 mg, respectively. The results showed that the 
greatest amount of growth occurred at 25 C. It was also 
noted that the minimum temperature for growth was 5 C while 
the maximum growth temperature wad above 37 C.

Growth Curve
Having established the pH and temperature require

ments of the organism, growth studies were conducted. 
Czapek's salt solutions containing 1 ml of kerosene per 
flask or .1% sucrose were inoculated with homogenized -Peni- 
cillium simplicissimum. Growth at 25 C in stationary cul
ture was measured by dry weight determinations for fifteen 
consecutive days.

The results are shown in Figure 2. The curve ob
tained with kerosene as the carbon source indicates that 
there is a short lag period of approximately three days be
fore the organism initiated logarithmic growth. After nine 
days incubation, the organism enters the stationary growth
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phase. Sucrose grown cultures showed a markedly different 
curve. No lag period was evident. The organism produced 
maximal growth after three days and thereafter growth 
leveled off. The growth data obtained indicate a more rapid 
utilization of the sucrose.

Light Requirements
Preliminary experiments suggested that light af

fected growth of Penicillium s implie is s imum on kerosene. It 
was of interest to determine the effect of light oh Penicil
lium simpliccissimum growth in sucrose and kerosene.

Two series of flasks were used. One series was in
oculated in duplicate with spores and the other was inocu
lated in duplicate with mold homogenate. Both sucrose and. 
kerosene were used as carbon sources. Flasks were incu
bated at 25CC in the light (continuous light in a light bank 
incubator) and in the dark. Dry weight determinations were 
made after three days growth of cultures containing sucrose 
and after ten days incubation of cultures containing kero
sene.

The results are shown in Table 3. Spore inoculated 
kerosene cultures showed an average dry weight of 1.44 mg 
per ml when incubated in the light, while cultures incu
bated in the dark had an average dry weight of 3.39 mg per 
ml. Kerosene cultures inoculated with mold homogenate also 
showed increased dry weights when incubated in the dark
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Table 3o Effect of Light on the Growth of 
Penicillium simplicissimuin with
Kerosene as the Carbon Source.

Spore
Inoculum

Homogenate

Light 1.44 mg* .67 mg
Dark 3.3 9 mg 1.83 mg

* Mg per ml dry weight»
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rather than the light. When kerosene cultures were trans
ferred from the light to the dark, an increase in dry 
weight was noted„. Cultures containing Sucrose as the carbon 
source showed approximately the same weights when incubated 
in the dark and the light.

These results indicated that growth of Peniciilium 
simplicissimum on kerosene was suppressed by continuous 
light incubation. The effect appeared to be reversible 
since cultures transferred from the light to the dark showed 
a definite increase in dry weight. Furthermore, light in^ 
hibition affected kerosene utilization but did not affect 
the utilization of sucrose. ' Although growth was suppressed * 
spore germination appeared to be unaffected.

Stimulation of Growth by Yeast Extract 
and Casamino Acids

. During preliminary experiments, stimulation of growth 
of Peniciilium simplicissimum was noted when yeast extract 
was added to cultures containing kerosene as a sole carbon 
source. To determine the extent of this stimulationj yeast 
extract was added to two series of flasks to give the fdl= 
lowing final concentrations: 0%, 0.01%, 0.03%, 0.05%; 0 i 07%
and 0.10%. Kerosene was added to one series of flasksi All 
flasks were inoculated with mold homogenate. Growth was 
measured by dry weight determination after ten days incuba
tion. The results are shown in Figure 3. Flasks cohtdin- 
ing no kerosene showed only slight growth. A maximum of
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Figure 3. Effect of Various Concentrations of Yeast
Extract on Growth of Penicillium simplicis- 
s imum.



0.33 mg dry weight per ml was observed with 0.01% yeast ex
tract , the highest concentration used. Cultures containing 
kerosene and no yeast extract had average dry weights of 
0.30 mg dry weight per ml, while flasks containing kero
sene and yeast extract had average dry weights of 1.75 mg, 
3.48 mg, 4.70 mg, 5.19 mg and 7.35 mg at yeast extract con
centrations of 0.10%, 0.03%, 0.05%, 0.07% and 0.10% respec
tively. Growth on hexadecane was also stimulated by the 
addition of yeast extract. No stimulation of growth by 
yeast extract was observed with sucrose as the carbon 
source.

To determine whether amino acids might be responsi
ble for the stimulation of growth, an experiment in which 
vitamin-free casamino acids were substituted for yeast ex
tract was carried out. Casamino acids were added to two 
series of flasks to give the following final concentrations 
0%, 0.01%, 0.03%, 0.05%, 0.07% and 0.10%. To one series of 
flasks kerosene was added. All flasks were inoculated with 
mold homogenate and incubated for ten days. Growth was 
measured by dry weight determination. The results appear 
in Figure 4. Flasks which contained kerosene and no casa
mino acids had an average dry weight of 2.57 mg per ml. 
Flasks containing kerosene and 0.10%, 0.03%, 0.05%, 0.07% 
and 0.10% casamino acids showed average dry weights of 4.57 
mg, 7.0.1 mg, 9.25 mg, 11.85 mg and 12.68 mg respectively.
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These results indicated, that yeast extract and casa- 
mino acids were stimulatory for growth of Penicillium sim- 
pliccissimum on kerosene. This suggests that the component 
of yeast extract responsible for this stimulation may be an 
amino acid or group of amino acids. Attempts at identifying 
the specific amino acid(s) were unsuccessful.

Glycogen and Lipid Determination
Glycogen and lipid were extracted from cells grown 

in liquid media containing sucrose and kerosene as sole 
sources of carbon. Glycogen was extracted with KOH and 
total carbohydrate was determined with anthrone reagent. 
Lipid was determined by dry weight following extraction with 
ethanol-ether. Cells grown on sucrose contained 50.3 yg 
glycogen per mg dry weight while cells grown on kerosene 
contined 118 ug glycogen per mg dry weight. Lipid deter
minations revealed that cells grown on media containing 
sucrose produced 77 yg lipid per mg dry weight and cells 
grown on kerosene produced 160.6 pg lipid mg dry weight.

These results indicate that the organism pro
duced considerable quantities of glycogen and lipid regard
less of carbon source. Over twice as much lipid and 
glycogen were produced by the mold when grown on the sub
strate containing kerosene rather than sucrose. This may 
be due to greater nutrient concentration in media contain
ing kerosene.



CHAPTER 4

DISCUSSION

In addition to kerosene, Penicilliuxn simplicissimum 
readily utilized the alkanes, hexadecane and dodecane, as 
sole sources of carbon. Growth yields with both dodecane 
and hexadecane were higher than with kerosene. Kerosene 
consists of various aromatic compounds as well as hydrocar
bons having 12 to 18 carbon atoms per molecule (21). The 
pure hydrocarbons tested were added to media in' 1 ml quan
tities. Since kerosene is a mixture of hydrocarbons it is 
possible that the alkanes, dodecane and hexadecane, were 
present in relatively small amounts. Consequently only a 
small portion of the 1 ml of kerosene may be readily uti
lized by the organism. Thus the difference in growth may 
be due to nutrient concentration effect. It is also possi
ble that some component of kerosene may have been slightly 
toxic to the organism.

The slight amount of growth on octadecane was unex
pected since alkanes having from 10 to 18 carbon atoms are 
usually the most readily oxidized (9). Most authors agree 
that aromatic and naphthenic hydrocarbons are more resistant 
to attack that the aliphatics (30) . This was confirmed by 
the absence of growth on benzene and the slight amount of

30
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growth observed on toluene and naphthalene (30). The fact 
that growth was observed with naphthalene while no growth 
was observed with benzene agrees with the generalization 
that naphthalene is more oxidizable than benzene (30).

Carbon compounds are utilized by fungi for the syn
thesis of structural materials and as sources of energy. 
Carbohydrates are considered.the most common and important 
carbon sources for fungi. There are very few fungi which 
are unable to utilize glucose. In contrast to glucose, 
fewer species are able to utilize the oligosaccharides and 
polysaccharides (16). However, the disaccharides, sucrose, 
maltose and lactose and the trisaccharide, raffinose, are 
metabolized by many fungi. Starch, a polysaccharide, may 
also serve as a carbon source for numerous fungi (2). Peni- 
cillium simplicissimum produced approximately the same amount 
of growth on glucose, sucrose, maltose, lactose and raffin
ose. Starch supported slightly less growth. Xylose is the 
most generally utilized pentose and has been reported supe
rior to glucose for some fungi (2). This may explain the 
threefold increase in growth of Penicillium simplicissimum 
on xylose as compared to growth on the other sugars pre
viously mentioned.

While the organism readily utilized glycerol as a sole 
source of carbon, ethanol was utilized to a lesser extent.
Of the polyhydric alcohols, glycerol and mannitol are the
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most widely utilized by fungi (2). The lower monohydric 
aliphatic alcohols such as ethanol are not generally uti
lized (2),

Minimal growth was noted for the carbon sources 
sodium citrate, sodium lactate and acetone. The slight 
amount of growth observed may have been due to utilization 
of some of the compounds in yeast extract rather than 
utilization of the carbon source being tested.

The ability of fungi to grow in acid environments 
distinguishes them from most bacteria and actinomycetes (2). 
The optimum pH for kerosene and hexadecane utilization by 
Penicillium simplicissimum was 3.0. This approximates the 
pH of 3.8 of the scrap iron launders from which the mold 
was isolated. It appears that acidic conditions are re
quired by the enzymes responsible for the initial attack on 
the hydrocarbon molecule.- After the initial breakdown of 
the hydrocarbon molecule it is probably metabolized by the 
same enzymes involved in sucrose metabolism. Since sucrose 
is utilized equally well under acidic and neutral conditions, 
it appears that the pH of 3.0 is only necessary for those, 
steps peculiar to hydrocarbon utilization.

The optimum temperature for growth of Penicillium 
simplicissimum was 25 C. In addition, the minimum growth 
temperature was 5 C and the maximum was. approximately 37 C. 
Since most fungi are unable to grow below 0 to 5 C (16) and



above 35 to 40 C (2) it appears that the organism had no 
unusual temperature requirements» A typical growth curve 
was obtained when Penicillium simplicissimum was grown in 
liquid culture containing kerosene as the sole source of 
carbon. The three day lag phase was followed by a period 
of rapid and approximately linear growth which continued 
for about eight days. The growth rate declined after the 
eleventh day. The growth curve for cultures grown on 
sucrose differed markedly from that observed with kerosene. 
There was no lag phase and linear growth lasted two days 
followed by a rapid decline in growth rate. Since no lag 
phase was observed in cultures grown on sucrose, it may be 
that the enzymes involved in the utilization of this sub- . 
strate were initially present. However, the lag phase 
observed in kerosene grown cultures suggests that enzymes 
necessary for hydrocarbon oxidation are inducible. The 
logarithmic growth phase of kerosene cultures may have been 
due to nutrient concentration. One ml of kerosene was 
added , to each flask and this may have supplied considerably 
more substrate than the 0.1% final concentration of sucrose.

Although the effect of visible light on mycelial growth 
is poorly defined, inhibition of growth has been reported.
In 18 90, Elfving (in_ 16)found that strong diffuse daylight 
depressed the growth of Penicillium glaucum. The growth of 
Penicillium simplicissimum on kerosene was suppressed by 
light. Since light does not affect growth on sucrose, it
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appears that only the enzymes involved in the initial attack 
on the hydrocarbon molecule are light sensitive.

Growth of the organism was stimulated by yeast ex
tract. Since growth was also stimulated by casamiho acids v 
it appears that the amino acids in yeast extract may have 
been responsible for the stimulated growth.

Glycogen was present in cells grown on both carbon 
sources, kerosene and sucrose. The glycogen found in fungi 
is very similar to that of animals and yeast (2). In addi
tion, lipid extractions revealed that lipids were stored in 
the mycelium of cultures grown on sucrose and cultures grown 
on kerosene. When 120 fungal cultures were tested for fat 
content, only 10 species with ether soluble fat content 
greater than 15% were found. Nine of the 10 highest were 
species of PeniciIlium. It has also been reported that 
lipid content may vary inversely with carbohydrate content 
(8). Cultures of Penicillium simplicissimum produced more 
lipid than glycogen irrespective of substrate.

Considerable time and effort were spent on respira
tion studies which were largely unsuccessful. Homogenizing 
the mold mycelium resulted in the loss of most of the tissue 
activity. To prevent this loss of activity, the mycelial 
mats were cut into pieces. However, the endogenous respira
tion of these pieces was so high that the exogenous 
respiration could not be measured accurately. Starving the 
mats prior to measuring respiration did not alleviate the
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problem, Foster (8) suggested that the extremely high endo
genous respiration of molds and the limited amount of added 
substrate makes interpretation of oxygen uptake data diffi
cult. If a suitable method for measuring the respiration of 
this mold were found, studies correlating respiration and 
growth could be conducted. .

■
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