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Short communication

Isolation and characterization of a symbiotic cellulolytic mixed bacterial culture
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Summary. By using batch-culture enrichment
techniques a mixed culture of two bacterial spe
cies identified as Cellulomonas glfavigena  and
Xanthomonas sp was isolated. The capacity of
both bacteria to grow as pure cultures in a min
eral medium with alkaline pretreated sugar cane
bagasse or cellobiose was tested. C. glavigena
as pure culture was able to grow on both sub-
strates only when yeast extract or biotin and
thiamine were added to the culture medium,while
Xanthomonas 4p. could not grow on sugar cane ba
gasse, but assimilated cellobiose if yeast ex-
tract was supplied. However, both bacteria in
mizxed culture grew very well on both substrates
and did not require any growth factor. It was
concluded that the interaction was favourable
to both species. The mixed culture had the ca-
pacity to degrade a number of different agricul
tural wastes and to use them as the sole carbon
and energy source for the production mainly of
biomass. More than 807 of pineapple bagasse,
without chemical pretreatment, was used up by
the microbial system.

Introduction

Many research groups all over the world, are
working on the hydrolysis of cellulosic wastes
to produce SCP, ethanol, glucose, biogas, liq-
uid fuels, etc. (Moo-Young and Campbell, 1981).
Some attempts have been made to use mixed cul~
tures in order to increase the biomass produc-
tivity and enzyme production of the cellulose
fermentations (Peitersen 19753 Callihan and
Dunlap 1971; Kristensen 1978; Perotti de Galvez
and Molina 1981; Rolz and Humphrey 1982). How-
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ever, most of these mixed cultures were pro-
duced in the laboratory by mixing two strains
that were isolated as pure cultures. Natural
populations, i.e. mixed cultures isolated as
such, could be advantageous, because the micro-
organisms must already have been naturally se-
lected and must interact to survive. In other
words, these are metabolically coupled systems
(Harrison and Wreng 1977) and therefore have
better stability characteristics than systems
in which the patners do not have complementary
metabolisms. Besides their good stability char
acteristics, mixed cultures are a way of over-
coming feed back regulation and catabolic  re-
pression, since the products of one commensal
are substrates for the others commensals.

When enrichment techniques are used to iso-
late microorganism, either in batch or continu-
ous culture, mixed populations are frequently
obtained; these techniques could therefore  be
useful for isolating metabolically coupled mi
crobial systems.

Materials and Methods

Culture media. For the isolation and screening
experiments the mineral medium used was the min
eral solution described by Han and Srinivasan -
(1968); to this, 0.5 or 1% filter paper (What-
man # 1), carboxy-methylcelullose (CMC) (techni
cal grade), cellobiose (Calbiochem) or cellulo-
sic residues were added as carbon sources and
yeast extract was omitted. In all the other ex
periments amonium sulphate was substituted by
ammonium phosphate. For solid media 2% agar
(Difco)was added and CMC was used as carbon -
source.

Culture conditions. The cultivations were car
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Fig. 1A and B; A Growth of Cellulomonas glavigena and Xanthomonds-
4p. as pure cultures or in mixed culture on sugar cane bagasse;

B Time course of Cellulomonas §lavigena and Xanthomonas sp. growing
in mixed culture on sugar cane bagasse

with those of the first screening experiments
that pointed out the higher cellulolytic capaci
ty of the culture R-1lb and show that the pro-
tein productivity of the mixed culture is high-
er too. The mixed culture was selected for fur
ther experiments. The screening method develop
ed by Poincelot and Day (1971) for cellulolytic
fungi could be successfully applied to bacteria
The only constraint found was the oxygen trans-
fer rate but it was overcome by using shaken
flasks.

Interaction between the two strains that Inte-
grated the Mixed Culture

The two strains integrating the mixed culture
were characterized as Cellulomonas fLavigena
and Xanthomonas sp. (de la Torre 1981). No spe
cies was assigned to the Xanthomonas isolate be
cause the species of this genus can only be dis
tinguished with certainty by plant-host reac-
tions and the phytopathogenicity is lost when
the bacteria are kept in artificial media (Dye
1962) . Some experiments were carried out in or
der to compare the behavior or the mixed cul-
ture with that of the pure cultures. C. flavi-
gena and Xanthomonas sp. as pure or in mixed
culture were grown in the mineral medium (ammo
nium sulphate was substituyed by ammonium di-
phosphate) and 1% of pretreated sugar cane ba-
gasse at 37°C. The inocula were grown in brain
~-heart infusion. Xanthomonas Ap. was not able
to grow in this medium, while the maximum
growth reached by C. {§favigena was only 19.1%
of that one of the mixed culture and its specif
ic growth rate was 1.3 times lover ( Fig. 1A ).
When an aliquot of the culture of C. f§lavigena

was transferred to the same medium, no growth
was obtained. It was concluded that in the ex-
periment shown on Fig. 1A the growth of (. {fa-
vigena was due to the growth facters contained

in the inoculum. In another experiments it was
found that the Celfufomonas isolate requires

biotin and thiamine.

The Xanthomonas strain could grow in the min
eral medium with cellobiose as only carbon
source, but it was necessary to add 0.17 yeast
extract. Further experiments are carried out
to stablish which are the growth factors re-~
quired by this strain.

Whereas both strains as pure cultures re-
quired growth factors, the mixed culture did
not require any growth factor and could grow
very well in the mineral medium with cellobiose
or pretreated sugar cane bagasse as only carbon
and energy source. Even in the mineral medium
with cellobiose and 0.1% yeast extract, the
specific growth rate of the mixed culture was
higher than those of the pure cultures of C.
tlavigena or Xanthomonas, the specific growth
rates were 0.28, 0.21 and 0.19 per hour. In or
der to determine the growth kinetics of the in-
dividual strains when C. gfavigena and Xanthomo
nas grow in mixed culture, they were grown in
the mineral medium with 17 pretreated sugar
cane bagasse and the growth was followed by via
ble count (Fig. 1B). Both strains grew simulta
neously with similar specific growth rates. Two
exponential growth phases were observed. A two-
phase growth kinetics for a Ceflufomenas strain
growing on sugar cane bagasse has already been
reported by Enriquez et al. (1981). They deter
mined that during the first exponential phase
the most accessible cellulose fractions were
used and during the second,the fractions with a
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ried out in shaken flasks with a working volume
of 20% of the total volumen. The incubation
temperature was 28° or 37°C and the initial pH
was adjusted to 7.3 with phosphoric acid. Inoc-
ula were usually prepared in the culture medium
to be tested, and an inoculum size of 10%Z of
the working volume was utilized. In experiments
in which different cultures or media were com
pared, the optical density of the inocula was
adjusted to the same value.

Isolation. Soil samples were mixed with small
pieces of filter paper and the humidity was ad-
justed to 60%~70% of 1its saturation capacity.
The mixtures were incubated at 28°C for one
week then decimal dilutioms (1:10* to 1:107)
were made and aliquots were seeded in Erlenmey-
er flasks with the mineral solution and filter
paper. The flasks were incubated on a rotatory
shaker at 28°C. When growth was visually de-
tected, and aliquot was aseptically transferred
to the same culture medium. After six trans—
fers, samples of the cultures were streaked on
CMC plates, nutritive-agar plates (Bioxon) and
CMC-slants. The cellulolytic capacity of the
isolated cultures was tested by inoculating
them on the surface of a filter paper strip
standing in a test tube with the mineral medium
The test was considered negative if after one
week of incubation at 28°C, the paper was not
partially degraded as indicated by spread af-
ter slight agitation.

Culture maintenance. The cultures were main-
tained on CMC-slants at 4°C with monthly trans-—
fers.

Screening. The screening was carried out as
described by Poincelot and Day (1971) utilizing
shaken flasks instead of test tubes in order to
have higher oxygen transfer rates. During the
assays, the microorganisms were growing in the
mineral medium with 1% of dyed filter paper as
the carbon source. As the paper was degraded,
the dye (Remazol brillian blue, Calbiochem) was
released to the broth. The absorbance of the
previously centrifuged samples was read in a
Coleman spectrophotometer Perkin-Elmer 35 at
595 nm.

Alkaline pretreatment. The lignocellulosic
residues were pretreated with sodium hydroxide
in order to increase their digestibility. The
pretreatment conditions were those used by Han
and Srinivasan (1968).

Microbial growth. The samples were filtered
through filter paper (Whatman # 1) to eliminate
residual cellulose. The filtered cell suspen-
sion was used to determine insoluble proteins
by Lowry's method (Lowry et al. 1951), dry
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weight or turbidity (Klett colorimeter with red
filter). The cell mass adsorbed to the residual
substrate was considered negligible.

Viable count. Aliquots withdrawn from the cul-
ture were inmediately diluted and 0.1 ml of the
appropriate dilutions were spread with a glass
spatula on the surface of brain-heart plates
(Bioxon). The plates were incubated at 37°C
for 48 h. Cellulomonas gflavigena colonies were
pale yellow and Xanthomonas ap. colonies had an
intense yellow colour.

Residual substrate. Samples were filtered
through preweighted filter paper (Whatman # 1).
The residue was washed three times with distill
ed water and dried to constant weight in an
oven at 100°C.

Results and Discussion

Isolation and Screening

Twenty two cultures of prototrophic bacteria
were isolated. Since most of them degraded
poorly the dyed filter paper used as carbon
source, it was concluded that the great majori-
ty of the isolated cultures had a low cellulo-
lytic capacity and only the two cultures with
the hightes capacity were selected for further
experiments. The strain named p-9c was a culture
of Cram-negative rods and R~1b was a mixed
culture of Gram-positive and Gram-negative rods
In order to find out which of the selected cul-
tures had the higher biomass productivity, they
were grown in shaken flasks with the mineral
medium and 0.5% of pretreated sugar cane ba-
gasse. Both cultures had a protein yield of
0.18 g protein/g consumed substrate, gave a max
imal protein concentration of 0.35 g/l and hy~
drolised 38% of the initial sugar cane bagasse,
but had different growth rates. The specific
growth rate of R-1b was twice that of p-9c¢ and
therefore the protein productivity of the for -
mer was higher.

The effect of several nitrogen sources on
the fermentation parameters on sugar cane  ba-
gasse was assessed with both cultures. The am~
monium sulphate of the original medium was sub
stituted by ammonium diphosphate or ammonium ni
trate. The media containing ammenium sulphate
or ammonium diphosphate were adjusted to equiv~
alent nitrogen concentration (0.42 g/l) and
that with ammonium nitrate had 0.7 g/l. These
changes had almost no effect on the fermenta-
tion parameters of the strain p~9c¢c, but for
R~1b the total protein produced was 2.4 times
higher with ammonium diphosphate. In addition,
the protein yield was increased from 0.18 ( g
protein/g consumed substrate ) to 0.31 and the
consumed substrate from 32.67 to 58% of the in-
itial substrate. These results agreed well
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Table 1. Utilization of different cellulosic residues® by the mixed culture

Substrate Biomass Degraded substrate

g/l %
Sugar cane bagasse (whole) 1.3 48.7
Sugar cane bagasse (pith) 1.6 65.6
Pineapple bagasse 1.9 84.3
Wheat straw 1.6 65.9
Corn stalks 1.7 66.8
Rice husks 0.8 32.4
Cofee husks 0.4 15.6
Coconut shells 0.5 18.8
Guayule bagasse 0.3 19.1

a . . . .
The substrates underwent alkaline pretreatment with exception of the pine-

apple bagasse.

The substrate concentration was 0.57% and the biomass was

determined after 48 h of incubation at 37°C

higher cristallinity degree were hydrolysed.
We found that the mixed culture had a high xy-
lanase activity (de la Torre 1981), therefore
it might be that during the first growth phase
the hemicellulose fractions are used by the mix
ed culture. Studies are carried out to deter-~
mine precisely which fractions of the substrate
are used up at each phase.

The results obtained indicate that the inter
action is necessary for the survival of both
bacteria growing on cellulosic substrates with-
out exogenous growth factors and has positive
effects on both populations. Therefore, the
mechanism of the interaction could be character
ized as mutualism according to the definition
of Fredrickson (1977) and the mixed culture is
a coupled metabolic system (Harrison 1978). On
cellobiose plus yeast extract, the interaction
wag not obligatory for the survival of the
strains but it was beneficial to both partners;
consequently, the interaction mechanisms might
be protocooperation (Fredrickson 1977). This
implies that the interaction system between Ce-
Llulomonas §Lavigena and Xanthomonas 4p. could
be modified by changing the composition of the
culture media. It is known that the nature of
the interaction between two or more microbial
populations depends on the culture conditions.
Tseng et al (1981)demonstrated that in the Pro-
teus vulgarnis - Saccharomyces cerevisiae system
the interaction mechanism depends on the cul-
ture medium and can be characterized as comen—
salism, competition or neutralism.

Utilization of Different Cellulosic Residues

The mixed culture was able to use a great varie
ty of cellulosic residues as sole carbon and
energy source (Table 1). Even residues that -
are hardly degraded, like rice husks and coco~
nut shells, were utilized. 1In the case of res
idues that were to a limited extent degraded,
efficiency might be increased if an appropriate
pretreatment was applied. The pretreatment
could be a combination of different chemical

treatments to extract the compounds that block
the access of cellulases to cellulose. For ex-
ample, in the specific case of the guayule ba-
gasse it was necessary to extract the latex
residues and swell the fibers, so that a single
pretreatment with NaOH was not enough.

It is noteworthy that the mixed culture used
84.3% of pineapple bagasse that had not been -
pretreated. This indicates that some agricul-
tural residues could be directly utilized.
Unfortunatelly there are few reports about the
isolation of mixed cultures and the interaction
mechanisms among the species than integrate
them. Most of these studies are related to the
isolation of cultures by continuocus enrichment
for the SCP production from methane or methanol
In any case, symbiotic systems were frequently
obtained (Harrison 1978). Mclina (198Q) iso-
lated a mixed culture of Ceffufomonas sp. and
Bacillus subiilis for SCP production on bagasse
pith but he did not study the interaction. Ca-
llihan and Dunlap(1971) studied the SCP produc-
tion on sugar cane bagasse by Celfufomonas Ap.
and a mixed culture of this strain and Afcali-
genes faecalls but the interaction mechanism
was not established. Later, Han (1982)investi~
gated the mixed culture of Cellufomonas sp. and
A. faecalis and combinations of the Cellufomo-
nas strain with yeasts that metabolize cello-
biose. He found that the combination of Celfu-
Lomonas and A. faecalis produced almost six
times as much as cell mass as Cellulomonas a-
lone, while the effect with the yeasts was less
pronounced. The mechanism of the symbiotic
effect has not been fully elucidated. He pro-
posed that the removal of cellobiose from the
culture medium by A. faecafis increases the pro
duction of cellulases, and consequently in-
creases the cell mass of both bacteria. However,
the interaction might be wmore complex.

All the above mentioned reports and our re-
sults support the hypothesis that mixed cul-
tures can be advantageous for some fermentation
processes, especially for those where complex
substrates are metabolized i.e. lignocellulo-
sic residues. In addition, our results and
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those obtained by Harrison (1978) agree with
the statement that metabolically coupled mixed
cultures can be isolated by enrichment tech-
niques.

The isolated mixed culture is an interesting
system to study microbial interactions and
seems to be promising for the SCP production on
cellulosic residues. Nevertheless, more
studies are needed to assess its stability un-
der different conditions, since stability is
the key for using a mixed culture in industrial
processes. Mateles (1980) mentioned in his
discussion on the use of mixed culures in SCP
processes, that if the nutritional and toxico-
logical characteristics of the biomass produced
by a mixed culture are kept relativily constant
and the nutritional and toxicological test are
satisfactory, it should not be inconvenient to
use the biomass produced by well-characterized
mixed cultures for animal feeding.
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