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CHAPTER I 

INTRODUCTION 

Great attention has been given to the study of micro-

biology since the late 1800's, due to the developenient of 

pure culture techniques. These techniques have proven to 

be of value to man. by permitting the study of the role of 

specific organisms in various processes affecting man. 

However, pure cultures present a false and an artificial 

situation as far as nature and natural environments are 

concerned. If we consider a natural environment such as 

soil, we find that many species of microorganisms are 

present together and therefore are interacting in some way. 

In view of this fact, the study of mixed cultures should 

be of value to man in helping him to a better understanding 

of how organisms interact in the natural state. 

The activated sludge process is the largest industrial 

application of a continuous mixed microbial culture (25). 

The mixed population of aerobic organisms must be able to 

degrade the components of the waste. Study of the ecological 

relationships of activated sludge organisms holds some of 



the roost promising possibilities for increasing the 

understanding of the process and providing solutions to 

practical problems. Unfortunately, little work has been 

done on these relationships. 

Many present day processes use mixed cultures, and 

sometimes two different organisms are inoculated intentionally 

(3). Growth of organisms in these complex mixtures is very 

little understood. Any or all of the following classes of 

interactions could occur: predation, parasitism, mutualism, 

synergism, commensalism, antibiosis, and direct competition 

for nutrients. Growth in batch-mixed culture often occurs 

in phases, owing to changes in the medium with time. In the 

competition for nutrients several environmental factors 

such as pH or temperature could determine the outcome. 

However, if a given variety of organisms is adapted to 

the same environment, the characteristics of the individual 

species, such as specific growth rate, could determine 

which species becomes dominant. A single species may show 

growth in steps as it shifts from an easily digested 

substrate to one that is more resistant to attack. Continuous 

flow processes may achieve steady states of mixed cultures, 

or more commonly, the populations may oscillate with time 

(3). 



Several approaches to the study of mixed cultures are 

scattered in the literature and these are reported in the 

next section of this chapter. However, there seems to have 

been no exhaustive study of just simple mixtures of known 

cxiltures whose qualitative population dynamics would be a 

most fundamental aspect of the problem. Furthermore, few 

studies have been made concerning the interaction between 

procaryotic and eucaryotic single-celled microorganisms. 

The purpose of this study was to determine the effect 

of substrate levels and different types of substrates on 

population changes of mixed cultures of Serratia marcescens 

and Saccharomyces cerevisiae^ as compared to pure cultures. 

The red pigmented bacterium S_. marcescens was used as the 

procaryotic cell type, and the comparatively large, colorless 

yeast S_. cerevisiae as the eucaryotic cell type. Viable 

counts were made of shake flask cultures of these organisms 

in order to determine whether or not any interactions occured 

with these organisms. 

Review of the Literature 

Several approaches to the study of mixed cxaltures are 

reported in the literature. Parker (22) devised a contimicus-

culture system for ecological studies of microorganisms. This 



system was used for measurenment of interactions between 

a number of individual bacterial species. In the procedure 

used, steady-state populations were fed into a common-

mixed culture vessel. Generation times of each species 

were determined under these conditions and contrasted with 

generation times in an identical situation in pure culture. 

A new type of anaerobic continuous-culture vessel that 

could be inoculated, sampled, and fed continuously v/as also 

described. Results obtained with a mixture of Streptococcus 

salivarius and Veillonella alcalescens indicated a distinct 

interaction between the strains employed. The generation 

time of each of these species was greatly increased while 

growing with the other. 

Pamatmat (21), built a continuous-flow apparatus for 

measuring metabolism of Benthic communities. Under these 

conditions he could measure the metabolic rate of the same 

subpopulation throughout the period and did not have to be 

concerned with the degree of spatial heterogeneity in the 

community. This permitted frequent sampling to detect the 

community's responses to naturally changing conditions of 

light, temperature/and other factors. 

Herbert. (10) described a theoretical treatment of 

continuous culture that allowed quantitative prediction of 



the steady-state concentrations of bacteria and substrate 

in the culture, and how these may be expected to vary with 

change of medium, concentrationfand flow rate. Results 

were given on the continuous culture of Aerobacter cloacae 

in a chemically defined medium, designed to allow quantitative 

comparison with the results predicted by the theory. The 

relative advantages of batch and continuous culture as 

production processes were discussed, and it was concluded 

that the continuous culture may usually be expected to show 

a five to tenfold increase in output as compared with a 

batch process. 

Rogers and Whittier (26) worked with the growth of 

bacteria in a continuous flow of broth. Cultures of S_. lactis 

or E. coli, in flasks through which broth was flowed slowly, 

maintained a constant population level as long as the 

experiment was continued. Under similar conditions S_. 

lactis and E. coli grew together, each one maintaining a 

high population. At the beginning there was an apparent 

inhibition of _S. lactis and later a distinct falling off 

in numbers of E_. coli. 

Another continuous-flow apparatus for the study of 

mixed cultures was described by Zubrzvcki and Spauling (37). 



The report described a modified chemostat for the study 

of microbial antagonism and particularly the complex inter-

relationships that exist among the constituents of .human 

fecal flora. 

The effects of ammonium chloride concentration, organic 

nitrogen compounds, glucose concentration, dissolved oxygen 

concentration/and flow rate on the attached growth of pure 

cultures of Sphaerotilus natans and a mixed population in 

a continuous-flow apparatus were described by Dias, Dondero, 

and Finstein (5). The conditions that allowed maximal 

attached growth in pure culture did not correspond to the 

conditions that promoted attached growth of Sphaerotilus 

in a mixed population. 

Cassell, Fritz and Lamb (4) studied population 

dynamicstand selection in continuous mixed cultures. 

Interaction between E. coli and JP. aeruginosa in mixed 

cultures was studied by Guthrie, Cooper, Ferguson,and 

Allen (9). Both continuous and stationary cultures were 

used to detect interactions between jE. coli and I?, ae 

in mixed cultures, with pure cultures included as con 

With either glycerol or glucose as a carbon source, n 

interaction between E_. coli and _P. aeruginosa was dem 

•uginosa 

:rols 

snstrated 



at any pH tested. At pH 6.5, in glucose, the growth of 

these organisms appeared mutually inhibitory. Stimulation 

of JP. aeruginosa in mixture was the most marked interaction, 

and was, in part, due to changes in carbohydrate metabolism. 

Kotze (14) discussed methods for determination of 

intermediary enzymes in mixed cultures used for purification 

of organically polluted waters. Enzymic optical tests 

were described for determination in the process of biological 

water purification. 

Nurmikko (20) showed that a symbiotic interrelation-

ship existed between different strains of lactic acid 

bacteria grown in a chemically-defined medium. The 

organisms used in this study were Lactobacillus arabinosus 

17-5, Streptococcus faecalis R, and Leuconostoc mesenteroides 

P-CO. When certain vitamins and amino acids essential for 

the growth of two lactic acid bacteria were omitted from 

the synthetic medium, both organisms were able to grow 

symbiotically, but not alone, each producing the chemical 

factors needed by the other. 

Schaumburg and Kirsch (27) described an anaerobic-

simulated mixed culture system. A compartmented, auto-

clavable culture vessel had been developed for the purpose 

of studying interactive associations of microorganisms 
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that are essential to the anaerobic decompostion of sewage 

sludge. The obligate methane-forming anaerobe, Methano-

bacillus omelianskii.had been successfully grown and 

concentrated in this system by use of a synthetic medium 

reduced with sodium sulfide. 

Janicki and Pedziwilk (12) reported on the biosynthesis 

of the B12 group in mixed cultures of bacteria. It was 

shown that higher yields of corrinoids were obtained in 

mixed cultures of different bacterial species as compared 

with pure cultures of these bacteria. The strains employed 

were Propionibacterium sp. and Bacillus mesentericiis. 

Garretson and Clemente (8) studied characterization 

of heterotrophic bacteria in mixed culture with Nitrobacter 

agilis. Five different heterotrophic bacteria were isolated 

from an accidentally contaminated liquid subculture of 

N. agilis. Symbiosis was present while antagonism was 

absent. 

Suzuki, Kakinuma,and Yamatodani (30, 31) reported 

that the mixed culture of Corynebacterium sp. No. 1633A 

and E. coli No. 36S1E produced a large amount of L-glutamic 

acid, although little or no L-glutamic acid was produced 

when they were incubated individually. 



Milkerji (17) observed and reported on mutual relation-

ships among soil organisms. Species of Chaetomium were 

found to be antagonistic towards some other ..fungi. . Competition 

among microorganisms was noticed in many instances. Mut.ualistic 

symbiosis was found to occur between a sterile strain of 

Thielavia setosa, which formed cleistothecia only in the 

presence of other fungi, as Aspergillus nidulans and 

Thielavia sepedonium. 

Vela and Guerra (35) studied mixed cultures of Chlorella 

pyrenoidosa TX 71105 and various bacteria. Bacterial 

proliferation was a function of algal growth,and bacterial 

growth occured as a result of the excretion of organic 

substances into the culture medium by rapidly dividing 

algae. Only a small fraction of the soil and air bacteria 

survived in mixed culture for several days,but did not 

increase in numbers. 

Fodor and Rogers (6) reported on the antagonism between 

vegetative cells and L-forms of Bacillus licheniformis 

strain 6346. Cultures of B. licheniformis 6346, growing 

on Sabouraud Dextrose agar medium were extracted by freezing 

and thawing, and the extract was shown to be inhibitory 

to the growth of L-forms. 
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Tribe and Williams (32) investigated the basis of 

microbial ecology in the soil, illustrated with reference 

to the growth of soil diptheroids and Azotobacter in a 

model system. The fate of single and mixed populations of 

three species of soil bacteria was followed by plate counts 

and microscopic examination. The bacteria were Arthrobaeter 

globiformis and Azotobacter chroococcum. Both grew and 

persisted well in single or mixed culture. Populations of 

Azotobacter grown singly initially maintained their number 

but then declined progressively. They declined more rapidly 

in association with the second soil diptheroid and abruptly 

to zero with A. globiformis. 

Aggregation of yeast by lactobacilli was studied by 

Momose, Iwano, and Tonoike (16), using a method of moving 

boundary electrophoresis. The isoelectric point of sake 

yeast and Lactobacillus B-83 was at a pH between 3.5 and 

4.0, while that of wine, alcohol, brewer's and baker's 

yeasts and Lactobacillus B-74 was below pH 2.0. The 

aggregation was observed in the combination of the micro-

organisms which had different isoelectric points and in the 

pH range in which the charge of the cell surface of yeast 

and lactobacilli are opposite. From these results it was 
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postulated that aggregation of ye^st by lactobacilli would 

be due to the electrostatic force between yeast and bacterial 

cell surfaces. 

Troller and Frazier (33, 34) made a series of studies 

on the repression of Staphlococcus aureus by food bacteria. 

Two food bacteria, Serratia marcescens and Pseudomonas sp. 

CS-1, inhibited an enterotoxigenic strain of S_. aureus, 

apparently by outcompeting it for nutrients. 

Hsu and Lockwood (11) reported on the mechanisms of 

inhibition of fungi in agar by streptomycetes. Of twenty 

unidentified Streptomyces isolates tested, all inhibited 

Mucor ramannianus and eighteen inhibited Glomerella cingulata 

in agar. This inhibition of fungi by streptomycetes in 

agar, in some cases, appeared to be due to nutrient deprivation. 

Peterson (23, 24), in studies carried on in bacteriological 

media with selected cultures, reported that definite repressive 

effects were noted on the growth of staphylococcus population 

by a mixture of saprophytic, psychrophilic bacterial growth. 

This repressive effect became more pronounced as the relative 

proportion of the bacterial population that was staphylococcal 

became smaller. These studies showed that the possibility 

of conditions for staphylococcal food poisoning occuring 
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in the presence of a mixed bacterial population is rather 

limited. A varied saprophytic bacterial flora apparently 

would offer definite protection to foods through repression 

of staphylococcal growth and by rendering the food inedible 

before the rise of appreciable numbers of staphlococci. 

Fulton (7) reported that the growth cyclesof a selected 

strain of E_. coli and one of Salmonella schottmuelleri in 

association in a synthetic medium succeed each other in the 

order named. During the early growth of the association 

S_. schottmuelleri was inhibited to a marked degree and the 

population consisted large3.y of IB. coli. Considering the 

growth cycle as a whole, and in comparison with pure culture 

controls, there was only slight inhibition of S_. schottmue 1 leri 

ky coli in the association studied. 

Bautista (1) attempted to identify the compounds 

causing symbiotic growth of Streptococcus thermophilus, and 

Lactobacillus bulgaricus in milk. The active factors were 

identified as glycine and histidine. 

Lindsey (15) made a series of studies on the ecology 

of plant pathogens in the soil. Different pairs of fungi 

were examined for their ability to compete with each other 

in nonamended autoclaved soil. Of each pair, the fungus with 
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the higher linear growth rate colonized soil microbiological 

sampling tubes at a very high frequency in samples taken 

at the beginning of the experiments, whereas, the slower-

growing fungus colonized tubes at a very low frequency or 

not at all. 

Zollinger (36) attempted to evaluate to what extent 

enzyme inhibition and repression by metabolites, indigenous 

to the cell, are significant phenomena in natural microbial 

communities. Three case histories of the kinetics of substrate 

utilization and growth in multisubstrate media by heterogeneous 

bacterial populations were presented. The results obtained 

confirmed that catabolite repression and the resulting 

sequential substrate utilization were observed in hetero-

geneous bacterial populations. 

Sieburth (29) reported on the inhibition and agglutination 

of arthrobacters by pseudomonads. There was a consistent 

inverse relationship between arthrobacters and the dominant 

pseudomonads. Pseudomonad growth on agar plates markedly 

inhibited Arthrobacter cross-streaks. Agar from inhibition 

zones as well as supernatant fluids from pseudomonad broth 

cultures inhibited Arthrobacter motility and caused the 

cells to agglutinate. The inhibitory and agglutinating 
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activities of pseudomonad isolates appeared to diminish 

on prolonged laboratory cultivation. 

Kafel (13) reported on the antagonism of enterococci 

on other bacteria in canned hams. Enterococci can act 

antagonistically on selected species of Clostridium, Bacillus 

and Lactobacillus in canned ham environment. The anti-

bacterial agent elaborated by these enterococci was probably 

a metabolite that diffused into the medium or meat and 

might play a role in the preservation of commercial products. 

Nikitin (19) attempted to study the transformations 

of the main organic compounds in distillery molasses waste 

by a mixed culture of methane-producing bacteria. 

Shindala (28) studied interactions between micro-

organisms. The main interaction studied was one of 

commensalism, where one organism benefits from another 

organism without hurting or helping it. The species studied 

were Saccahromyces cerevisiae and Proteus vulgaris. 

This review of the literature shows that most 

investigations indicate some kind of interaction between 

the different microorganisms involved in the various 

studies of mixed cultures. 
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CHAPTER II 

MATERIALS AND METHODS 

Organisms and Media 

The organisms, Saccahromyces cerevisiae and Serratia 

marcescens, were obtained from the stock culture collection 

of the Biology Department at North Texas State University., 

The organisms were grown in shake flasks,using Stanier's 

medium (2). This medium was supplemented with 0.02 per cent 

yeast extract, and carbon sources for growth were added at 

levels of 0.5 to 8.0 per cent. Growth experiments were 

carried out,using 50 ml of this medium per 250 ml flask. 

Sterilization was by autoclaving for 15 minutes at 121 C. 

Inoculation Procedure 

The inoculum for the shake flasks was prepared by 

inoculating two flasks, one with S_. marcescens and one 

with S_. cerevisiae, and then incubating them on a rotary 

shaker (Eberbach) rotating at 160 cycles per minute, at 

ambient room temperature for 24 hours. After 24 hours, 

10 ml of media from each flask were added to separate 

19 
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sterile centrifuge tubes; these were centrifuged for 15 

minutes at 2800 rpm, using an International Model HN 

centrifuge. The cells were then resuspended. in sterile 

saline and adjusted to an optical density (O.D.) of 0.3 

at a wavelength of 420 mju, using a Bausch and Lomb Spectronic 

20 spectrophotometer. In order to determine the number 

of organisms added to each experimental flask,a suspension 

was serially-diluted and plate counts were made in triplicate 

on plate count agar (Difco), using 0.4 ml of appropriate 

dilutions on each plate. An O.D. of 0.3 contained approxi-

5 7 
mately 6.8 x 10 /ml viable S_. cerevisiae cells and 8.8 x 10 /ml 

4 
viable S. marcescens. From these suspensions 6.8 x 10 cells 

4 
.§.• cerevisiae and 8.8 x 10 cells of S_. marcescens were 

added to the test flasks, except in glucose media,where 

1 1 
6.8 x 10 cells of _S. cerevisiae and 8.8 x 10 cells of 

S. marcescens were added. One flask was inoculated with 

both cultures in order to obtain a mixed culture, and pure 

culture flasks were grown as controls. All flasks were 

incubated for 96 hours at room temperature on the same 

shaker. The pH of the cultures was measured at 24, 48, 

72, and 96 hours,using a Sargent pH meter Model LS. 
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Viable Cell Counts 

Viable cell counts of samples taken at 2.4, 48, 72, 

and 96 hours, were made by the standard spread plate 

technique, utilizing cold sterile distilled water dilution 

blanks. plates of media used for enumeration of viable 

cells were prepared with plate count agar media. In order 

to count S. cerevisiae in the presence of large numbers of 

S. marcescens, tetracycline was added at a concentration 

of 35 mg/liter in order to inhibit the growth of S_. marcescens. 

Each dilution was plated in triplicate and incubated for 

48 hours at room temperature before colony counts were made. 
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CHAPTER III 

RESULTS AND DISCUSSION 

This study may be divided into three parts; the first 

facet is concerned with the interaction of Serratia marcescens 

and Saccahromyces cerevisiae grown in 0.5 per cent glucose, 

the second phase concerns itself with the effect of different 

concentrations of glucose, and the final portion of this 

study is concerned with growth and interaction of these 

two organisms on different substrates. In all cases the 

results represent the average of two seperate determinations. 

In 0.5 per cent glucose (Fig. 1) S_. marcescens grew 

as well in pure culture as in mixed culture for 72 hours. 

However, after 72 hours the number of cells of J3. marcescens 

in the mixed culture declined sharply. Furthermore, the 

rate of growth of S_. marcescens in mixed and pure cultures 

was the same, ana showed a higher growth rate than S_. cerevisiae. 

On the other hand, S. cerevisiae grew better and had less 

of a lag in the mixed culture than in the pure culture. 

Figure 2 illustrates the pH changes observed at the 

various sampling times. In comparing the pH data with that 
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of the growth curves, it is apparent that jS. marcescens 

was primarily responsible for making the medium acidic. 

It is also conceivable that this increase in acidity could 

be stimulatory for the growth of _S. cerevisiae, since _S. 

cerevisiae grew better (although not proportionately better) 

in the mixed culture than in the pure culture. 

Since a lower level of substrate was used, it was 

conceivable that the decline of viable cells of _S. marcescens 

might be due to a combination of the comparatively high 

metabolic rate of jS. marcescens and the depletion of the 

carbon and energy supply; that is to say that the substrate 

was depleted. The higher metabolic rate of _S, marcescens, 

plus the requirement for an exogenous source of carbon, 

would lead to death of the cells at a faster rate than 

_S. cerevisiae after depletion of the substrate. In order 

to test this hypothesis, Nelson's test (1) for reducing 

sugars was performed at each sampling time to determine if 

there was any substrate left in the medium. The results of 

this test are shown in Table I. 
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TABLE I 

RESIDUAL GLUCOSE AFTER EACH SAMPLING 

Time Residual Glucose (%) * 

S. marcescens S. cerevisiae Mixed- culture 

24 hrs. 0.450 0.500 0.450 
48 hrs» 0.4-25 0.450 0.400 
72 hrs. 0.350 0.375 0.300 
96 hrs. 0.240 0.260 0.025 

*Average of two separate determinations 

These data show that there was only 0.025 per cent 

glucose left in the medium at 96 hours in the mixed culture 

flask, compared to 0.240 per cent in the pure culture of 

S. marcescens. The results indicate that substrate 

utilization is more efficient in mixed culture and that 

the decline in viable cell numbers of _S. marcescens in 

mixed culture may be due to lack of substrate. Another 

possibility of the decline in viable cells of J3. marcescens 

could be due to the production of some inhibitory compound 

by _S. cerevislae or by itself. If lack of substrate is the 

cause, then increased levels of substrate should prevent this 

Therefore, the effect of substrate level on the growth of 
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the organisms in both pure and mixed cultures was 

tested. 

The glucose levels tested were 0.5, 1..0, 2.0,. 4.0, 

and 8.0 per cent. Figure 3 represents j3. marcescens in 

pure culture at the different glucose levels. This figure 

shows that substrate is a limiting factor at 0.5 per cent 

and that maximum growth was obtained at a level of 1.0 

per cent. Increase in the glucose level by a factor of 2 

(0.5 to 1.0 per cent) resulted in 10,000-fold increase in 

the number of cells. Furthermore, by increasing the 

concentration of glucose beyond the 1.0 per cent level, 

the total number of viable cells obtained in 96 hours is 

less, but it does not drop to the level obtained when 0.5 

per' cent glucose is used. _S. marcescens in the mixed 

culture flask (Fig.4) showed a decline in growth at 96 

hours at the 0.5 per cent concentration, as was shown in 

the previous experiment. This figure clearly illustrates 

how £>. marcescens at the 0.5 per cent lor/el in mixed culture 

shows a decline in growth versus the pure culture, and also 

that substrate is limiting at that level and maximum growth 

is obtained at a level of 1.0 per cent. This decline was 

prevented when the glucose levels were increased beyond 



28 

r-i 

w 1-3 
A 
w 
a 
m 

H > 

0 o 

l.o °/o 
2. 0 % 
A-.o 
0.o °/° 

O.s °/o 

24 48 72 96 

TIME (hours) 

Fig. 3-— Effect of glucose concentration on the 
growth of J3. marcescens in pure culture. 



29 

14 r 

r—i 

w 
A 
A 
w 
o 
w 
CQ 
H > 

o 
o 

« I.O % 
* Z.o % 

*V.o 7° 
8 0 °/o 

o-S % 

TIME (hours) 

- Fig.'4— Effect of glucose concentration on the 
growth of S. nictrcescens in mixed culture. 



30 

0.5 per cent. As with the pure culture, increasing the 

glucose level beyond 1.0 per cent has comparatively little 

effect on the amount of growth. 

Figures 5 and 6 respectively represent S. cerevisiae 

growth in pure and mixed cultures at different substrate 

levels. As with _S. marcescens, the 1.0 per cent level 

appeared to be optimal in both cases. 

The results of these experiments indicate that the 

1.0 per cent glucose level is optimal for the growth of 

both _S. marcescens and _S. cerevisiae in pure and mixed 

cultures and that depletion of the substrate is the cause 

of the decline in viable cells of £>. marcescens when grown 

in mixed culture media containing 0.5 per cent glucose. 

The final portion of this study was concerned with 

testing the effect of different substrates on the growth 

of S. marcescens and S. cerevisiae in pure and mixed 

culture. The substrates tested were galactose, alanine, 

sodium acetate, mannitol, and gelatin. In all cases the 

inocula were grown in the mineral salts medium containing 

glucose as. the substrate. Because a level of 1.0 per cent 

glucose appeared to be optimal for these organisms, this 

level was also used for these test comounds. These particular 
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substrates were chosen since they represent different 

groups of chemicals, such as sugars, polyalcohols, acids, 

amino acids/and proteins. The pH data at each sampling 

time was also recorded. 

With galactose (Fig. 7), S_. marcescens in the pure 

and mixed culture showed similar growth curves. However, 

the viable number of S_. cerevisiae at 24 hours, in both 

cases, declined sharply,with the decline in mixed culture 

being more drastic than in the pure culture. In both cases 

the yeast population recovered at 48 hours and the growth 

curve rose sharply up to 96 hours. By comparing the 

growth curve with the pH data (Fig. 8), it is apparent 

that as with glucose an increase in the population is 

accompanied by a drop in pH. The formation of acid is 

concomitant with but not proportional to the growth of 

S. cerevisiae. 

The decline in growth of the yeast at 24 hours could 

be explained on the basis of adaptive and non-adaptive 

enzymes. A microorganism does not continuously produce 

high levels of enzymes to attack all of the possible 

substrates for which it has the inherent capability. Some 

of these enzymes may be "adaptive enzymes" produced only 
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in the presence of a substrate that the organism can 

utilize for energy and growth. If the "inducing" substrate 

is not present either in all the steps of inoculum build-up 

or at least in the final stages,a distinct lag in growth 

may be observed immediately after inoculation,while the 

microorganisms are adaptively forming enzymes to allow 

utilization of the inducing substrate. The fact that not 

just a lag but a drastic reduction in number of viable 

cells occured in the mixed culture indicates that something 

is produced by S_. marcescens under these conditions which 

adversely affects the adaptive mechanism in S_. cerevisiae. 

It is apparent in this experiment that the enzymes necessary 

for galactose utilization in S_. marcescens are constitutive. 

With alanine as a substrate (Fig. 9), S_. marcescens 

both in the pure and mixed cultures showed similar growth 

curves. However, there is a decline of growth in S_. 

marcescens at 24 hours in both cases, and to the same 

extent. The yeast population in pure culture dropped 

nearly to zero at 24 hours and then rose slowly with time, 

but even at 96 hours it did not reach the inoculum level. 

Furthermore, the presence of S_. cerevisiae in the mixed 

culture could not be observed by plating or by microscopic 
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examination. By comparing the pH curve (Fig. 10) with 

the growth curve, it is apparent that the pH rises and 

that this rise is a result of the growth of S_. marcescens. 

The decline in growth, at least in the case of S_. 

marcescens,in pure and mixed culture could be due to the 

fact that the organisms had to adapt to the new medium 

since the inoculum was grown in glucose. The fact that the 

viable yeast population dropped nearly to zero in 24 hours 

with both the pure and mixed cultures indicates that with 

alanine as a substrate a mutant population was selected 

for rather than the bulk of the population adapting to 

alanine utilization. Inhibition of growth of S_. cerevisiae 

in the mixed culture could be due to some inhibitory 

metabolic product- that was produced by S_. marcescens in 

the alanine medium,or to pH. 

In Stanier's medium/.with sodium acetate (Fig. 11) as 

the sole carbon and energy source, the number of viable 

IS. marcescens cells dropped by about 100-fold in 24 hours 

in both mixed and pure cultures,and then rose significantly 

showing somewhat better growth in the mixed culture. S_. 

cerevisiae also declined in growth at 24 hours and then 

grew at a much slower rate than S_. marcescens. Again, the 

decline in viable cells was more drastic in the mixed 
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culture. The mixed culture curve did not reach the inoculum 

level/while the pure culture curve slightly surpassed it. 

Comparing the growth curves with the pH curves (Fig. 12), 

it is evident that in all cases the pH becomes basic with 

an increase in the population. The pH does not seem 

responsible for the death of the cells, but may affect 

their total growth. 

The decline in growth at 24 hours in all cases is 

again probably explained by the fact that the inoculum 

was grown in glucose and then transferred to sodium acetate. 

The basic pH apparently has an adverse affect on the growth 

cerevisiae. since S_. cerevisiae grew better in pure 

than in mixed culture. The results seem to indicate that 

the inhibition of- the growth of S_. cerevisiae in mixed 

culture is due to some metabolite produced by S_. marcescens. 

When mannitol was used as the only carbon source 

(Fig. 13) , S_. marcescens grew without a lag in both the 

mixed and the pure cultures. Again, £̂ . cerevisiae declined 

in growth at 24 hours in the pure and mixed cultures, but 

more significantly in the mixed culture. After 24 hours 

it grew slightly but steadily*just about reaching the 

inoculum level. By comparing the pH (Fig. 14) with the 
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growth curves, it is apparent that S_. marcescens is the 

organism responsible for acid production in this medium. 

In this case the acidity does not seem to stimulate or 

to hinder the growth of S_. cerevisiae in the mixed culture. 

The drop in growth of S_. cerevisiae at 24 hours could again 

be explained by the change of inoculum from glucose to 

mannitol medium. However, in the mixed culture this drop 

is accentuated and is probably the result of some factor 

or factors produced by S_. marcescens. 

S_. marcescens again showed good growth on gelatin in 

both pure and mixed cultures (Fig. 15) . S_. cereviaiae 

declined in growth at 24 hours in pure culture and then 

grew very slightly up to the inoculum level. However, 

S_. cerevisiae in the mixed culture failed to grow at all. 

In comparing the pH curves with the growth curves, S_. 

marcescens is responsible for turning the medium basic 

(Fig. 16). As with sodium acetate medium, the basic pH 

apparently has an adverse affect on the growth of S_. cerevisiae 

since S_. cerevisiae grew in the pure culture but not in 

the mixed culture. The results again seem to indicate 

that the inhibition of S_. cerevisiae in mixed culture is 

due not only to pH but to some metabolite produced by S_. 

marcescens. 
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CHAPTER IV 

CONCLUSIONS 

Since the outcome of competition between two species 

subsisting on a common food at a constant trophic level, 

and maintained in a homogeneous closed universe, depends 

on the initial proportions of the two species (1), approx-

imately equal numbers of the two organisms involved here 

were inoculated in order to give them the same chance to 

survive and to compete with each other. 

From the results obtained here, one can see that 

§.• marcescens acted independently of S_. cerevisiae since 

there was hardly any difference in the growth curves of 

the pure and mixed cultures of S_. marcescens in media 

containing 1 to 8 per cent glucose and with a variety of 

other substrates. 

On the other hand, the growth of S_. cerevisiae was 

dependent on or at least was affected by the presence and 

growth of S.. marcescens, as indicated by the difference in 

the growth curves in pure versus mixed culture. In all 

cases except with 0.5 per cent glucose, S_. marcescens had 

an adverse effect on the growth of S_. cerevisiae. Some 

49 
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of the differences might be explained by the changes in 

pH as a result of the growth metabolism of _S. marcescens. 

However, in other cases the adverse effect of _S. marcescens 

on the growth of S_. cerevisiae is better explained by the 

production of some compound which inhibits the growth of 

ji* cerevisiae. Furthermore, the nature of the substrate 

had an effect on the interactions between £>. marcescens 

and S. cerevisiae. _S. marcescens was not affected by the 

different substrates but grew very well in all the kinds 

presented here in both pure and mixed cultures. _S. cerevisiae, 

however, was affected by the nature of the substrate, both 

in pure and mixed culture. Glucose and galctose seemed 

most favorable for its growth although in mixed culture 

on galactose the ability to adapt to this substrate was 

inhibited in the presence of _S. marcescens, presumably 

because of some metabolite produced by _S. marcescens. 

This phenomenon was also observed with mannitol, gelatin, 

sodium acetate, and alanine. 

The change in pH had some effect, but was not the sole 

reason for the adverse effect of _S. marcescens on S. cerevisiae, 

as seen by the growth curves obtained on alanine, gelatin, 

and sodium acetate. Acid produced by Serratia marcescens 
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seemed to be stimulatory for the growth of Si. cerevisiae, 

while a basic pH seemed to hinder or have no affect on 

its growth, depending on the substrate. 

In a glucose medium at least, excess substrate was 

needed to demonstrate the effects of the two organisms 

upon each other. When 0.5 per cent glucose was used, the 

results indicated that after 72 hours _S. marcescens died 

when grown in the presence of _S. cerevisiae. One might 

be tempted to conclude from this that _S. cerevisiae 

produced some compound which was toxic to _S. marcescens. 

However, this conclusion is not necessarily the only one, 

since the death of _S. marcescens in mixed culture flasks 

at 96 hours was prevented by an increase in the glucose 

level indicating that substrate depletion was the cause of 

death. Glucose analysis of the medium tended to confirm 

this conclusion. 

These results also indicate that with these two 

organisms, the efficiency of substrate utilization is 

greater in mixed culture, as indicated by the fact that 

with 0.5 per cent glucose, 10 times as much substrate is 

oxidized in mixed culture as in pure cultures of either 

organism. 
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CHAPTER V 

SUMMARY 

Using equal inocula the interaction between £5. 

marcescens and J>. cerevisiae was evident in that the 

growth of _S. cerevisiae was affected by, the presence of 

_S. marcescens, but apparently the growth of _S. marcescens 

is independent of _S. cerevisiae. The nature of the substrate 

used and the pH have an effect on the interaction. It 

was found that with alanine, gelatin, and sodium acetate, 

the growth and the adaptation of J3. cerevisiae to the 

substrate wfere adversely affected by the presence of SI. 

marcescens, presumably because of the production of some 

inhibitory metabolite. In glucose at least, excess substrate 

is needed to demonstrate interaction, since a low level of 

substrate is misleading. It was also found that mixed 

culture growth of these organisms on glucose led to more 

efficient•utilization of the substrate. 

53 



BIBLIOGRAPHY 

Books 

Clark, M. John Jr., Experimental Biochemistry, San Francisco, 
W. H. Freeman and Company, 1964. 

Shindala, Adnan M. S., Growth in Mixed Cultures of Micro-
organisms, Michigan, University Microfilms, A Xerox 
Company, 1965. 

Stanier, Roger Y., Michael Doudoroff and Edward A. Adelberg, 
The Microbial World, N. Jersey, Prentice Hall Inc., 1963. 

Articles 

Bautista, Emma S., R. S. Dahiya and M. L. Speck, "identification 
of Compounds Causing Symbiotic Growth of Streptococcus 
thermophilus and Lactobacillus bulgaricus in Milk," 
Journal of Dairy Research, XXXIII (April, 1966), 299—307. 

Brock, Thomas D., "Microbial Ecology and Applied Microbiology," 
Advances in Applied Microbiology, VIII (1966), 61-75. 

Bungay, H. R. Ill, and N. R. Krieg, "Growth in Mixed Culture 
Processes," Chemical Engineering Programming Symposium 
Series, LXII (1967), 68-72. 

Cassell, E. Allan, Fritz T. Sulzer and James C. Lamb III, 
"population Dynamics and Selection in Continuous Mixed 
Cultures," Journal of Water Pollution Control Federation, 
XXXVIII' (1966) , 1398-1409. 

Dias, F. F„, Norman C. Dondero and M. S. Finstein, "Attached 
Growth of Sphaerotilus and Mixed Populations in a Continuous-
flow Apparatus," Applied Microbiology, XVI (August, 1966), 
1191-1199. 

Fodor, M. and II. J. Rogers, "Antagonism Between Vegetative 
Cells and L-forms of Bacillus licheniformis Strain 6346," 
Nature, CCXI (August, 1966), 658-659. 

54 



55 

Fulton, MacDonald, "Antibiosis in the Colon-Typhoid Group: 
L. Growth Curves of Two Strains in Synthetic Medium," 
Journal of Bacteriology, XXXIV (September, 1937), 301-315. 

Garretson, A. L. and C. L. Clemente, "Characterization of 
Heterotrophic Bacteria in Mixed Culture with Nirobacter 
agilis," Michigan Agricultural Experimenting Station, 
L (1967), 156-162". 

Guthrie, R. K., B. H. Cooper, J. K. Ferguson, and H. E. Allen, 
"Interaction Between Escherichia coli and Pseudomonas 
aeruginosa in Mixed Cultures," Canadian Journal of Micro-
biology, XI (December, 1965), 947-952. 

Herbert, D., R. Elsworth, and R. C. Telling, "The Continuous 
Culture of Bacteria, A Theoretical and Experimental Study," 
Journal of General Microbiology, XIV (July, 1965), 601-622. 

Hsu, S. C. and J. L. Lockwood, "Mechanisms of Inhibition of 
Fungi in Agar by Streptomycetes," Journal of General 
Microbiology, LVII (August, 1969), 149-158. 

Hutchinson, G. E., "A Note on the Theory of Competition 

Between Two Social Species," Ecology, XXVIII (July, 1947), 
319-321. 

Janicki, Jozef, and Franciszek Pedziwilk, "The Biosynthesis 
of the Bi2 Group in Mixed Cultures of Bacteria," Acta 
Microbiologica Polonica, XV (1966), 343-347. 

Kafel, S. "The Antagonism of Enterococci on Other Bacteria 
in Canned Hams," Journal of Applied Bacteriology, XXXII 
(June, 1969), 217-232. 

Kotze, Johan B„, "Methods for Determination of Intermediary 
Enzymes in Mixed Cultures Used for Purification of Organic 
Polluted Waters," Water Research, I (1967), 351-365. 

Lindsey, Donald L., "Ecology of Plant Pathogens in Soil: 
III. Competition Between Soil Fungi," Phytopathology, 
LV (July, 1965), 104-110. 



56 

McDaniel, L. E. and E. G. Bailey, "Effect of Shaking Speed 
and Type of Closure on Shake Flask Cultures," Applied 
Microbiology, XVII (February, 1969), 286-290. 

Momose, Hiro, Kimo Iwano and Ryozo Tonoike, "Studies on 
the Aggregation of Yeast Caused by Lactobacilli; IV. 
Force Responsible for Aggregation," Journal of General 
and Applied Microbiology. XV (March, 1969), 19-26. 

Mukerji, G. K., "Observations on Mutual Relationships Among 
Soil Microorganisms," Journal of General and Applied 
Microbiology, XIV (May, 1968), 243-250. 

Niel, C. B. van, "Natural Selection in the Microbial World," 
Journal of General Microbiology. XIII (October, 1955), 201-217 

Nikitin, G. A. and L. V. Pavlyuchenko, "A Study of the 
Fermentation of Distillery Molasses Waste by a Mixed Culture 
of Methane-producing Bacteria," Applied Biochemistry and 
Microbiology, III (1967), 46-49. 

Nurmikko, V., "Microbiological Determination of Vitamins and 
Amino Acids Produced by Microorganisms, Using the Dialysis 
Cell," Applied Microbiology, V (May, 1957), 160-165. 

Pamatmat, RI B., "A Continuous-flow Apparatus for Measuring 
Metabolism of Benthic Communities," Limnology and 
Oceanography, X (July, 1965), 486-488. 

Parker, R. B., "Continuous-culture System for Ecological 
Studies of Microorganisms," Biotechnology and Bio-
engineering, VIII, (1966), 473-488. 

Peterson, A. C., J. J. Black, and M. F. Gunderson, "Staphylo-
cocci in Competition: II. Effect of Total Numbers and 
Proprtion of Staphylococci in Mixed Cultures on Growth in 
Artificail Medium," Applied Microbiology, X (January, 1962), 
23-30. • 

Peterson, A. C., J. J. Black, and M. F. Gunderson, "Staphylo-
cocci in Competition: III. Influence of pH and Salt on 
Staphylococcal Growth in Mixed Populations," Applied 
Microbiology, XII (January, 1964), 70-76. 



57 

Pipes, Wesley 0., "The Ecological Approach to the Study of 
Activated Sludge," Advances in Applied Microbiology, VIII 
(1966), 77-103. 

Rogers, L. A. and E. 0. Whittier, "The Growth of Bacteria 
in a Continuous Flow of Broth," Journal of Bacteriology,; 

XX (August, 1930), 127-137. 

Schaumburg, F. D. and E. J. Kirsch, "Anaerobic Simulated Mixed 
Culture System," Applied Microbiology, XIV (September, 1966), 
761-766. 

Sieburth, John McN., "Inhibition and Agglutination of 
Arthrobacters by Pseudomonads," Journal of Bacteriology, 
XCIII (April, 1967), 1911-1916. 

Suzuki, Masaru, Atsushi Kakinima, and Sabiro Yamatodani, 
"Formation of L-Glutamic Acid by Mixed Culture: I. 
Studies on Cultural Conditions," Annual Reports Takeda 
Research Laboratories, XXIV (1967), 107-116. 

Suzuki, Masru, Atsushi Kakinuma and Saburo Yamatodani, 
"Formation of L-Glutamic Acid by Mixed Culture: II. 
Studies on Mechanism of L-Glutamic Acid Formation," 
Annual Reports Takeda Research Laboratories, XXVI (1967), 
117-125. 

Tribe, H. T. and Pamela A. Williams, "Investigations into 
the Basis of Microbial Ecology in Soil, Illustrated with 
Reference to Growth of Soil Diptheroids and Azotobacter 
in a Model System," Canadian Journal of Microbiology, XIII 
(May, 1967), 467-480. 

Troller, J. A. and W. C. Frazier, "Repression of Staphylo-
coccus aureus by Food Bacteria: I. Effect of Environ-
mental Factors on Inhibition," Applied Microbiology, XI 
(January, 1963), 11-14. 

Troller, J. A. and W. C. Frazier, "Repression of Staphylo-
coccus aureus by Food Bacteria: II. Cause of Inhibition," 
Applied Microbiology, XI (March, 1963), 163-165. 

Vela, G. R. and Cleste N. Guerra, "On the Nature of Mixed 
Cultures of Chlorella pyrenoldosa TX 71105 and Various 
Bacteria," Journal of General Microbiology, XLII (August-, 1966), 
123-131. 



58 

Zollinger, Stumm E., "Effects of Inhibition and Repression 
on the Utilization of Substrates by Heterogeneous Bacterial 
Communities/' Applied Microbiology, XIV (March, 1966), 
654-664. 

Zubrzycki, Leonard, and Earle H. Spauling, "A Continuous 
Flow Apparatus for the Study of Mixed Cultures," Journal 
of Bacteriology, LXXV (March, 1958), 278-282. 


