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STUDIES ON THE DEGRADATION OF CELLULOSE BY SPOROCYTOPHAGA MYXOCOCCOIDES

Rosemary M. Griffiths, J.H. Parish
University of Leeds, Department of Biochemistry, 9 Hyde Terrace,
Leeds .S2,91S, U.K.

Summary

Culture fluids of Sporocytophaga myxococcoides contain extracellular enzyme activi-
ties capable of hydrolysing cellulose, carboxymethylcellulose and cellobiose. The
yield of enzyme activities varies with the nature of the organism's carbon source and
glucose is apparently an inducer. There is no detectable glucanase capable of hydro-
lysing B-nitrophenyl glucoside in these preparations. Supernatants of cellulose
grown cells do not contain any detectable glucose or cellobiose. Such supernatants
contain, in addition to cellulose, an unidentified reducing compound and no other
detéctable non-ionic carbon compounds. The reducing compound functions as a linking
metabolite in the growth of a non-cellulolytic Alcaligenes sp. that is capable of
growth in mixed culture with S. myxococcoides using cellulose as sole source of

carbon and energy.

Introduction

Sporocytophaga myxococcoides is a cellulose degrading,microcyst forming cytophaga,
usually described as requiring glucose or cellulose for growth /5/. The organism is of
considerable scientific and potential biotechnological interest. There is general
agreement that the organism produces an extracellular cellulase complex and this
seems to resemble that of certain fungi (Trichoderma reesei, T. koningii and related
organisms) rather than that of other cellulolytic bacteria /3/.

Assay of cell-free culture supernatants reveals carboxymethylcellulase activity
that can be detected either viscometrically or by release of reducing sugars. The
activity consists of a mixture of enzymes, at least two of which are endoglucanases
/9/. 1t has been reported that these extracellular enzymes do not include an acti-
vity for the hydrolysis of native celluloses /1,9/ and this has been correlated with
the finding that the organism produces cavities in its substrates suggestive of the
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activity of a cell-bound cellulase /1/. However, other workers report the presence
in the supernatants of an activity that hydrolyses very finely divided cellulose
(Avicel) and they ascribe the difference to the fact that, unlike the previous
reports, they employed an assay for soluble carbohydrate rather than reducing sugars
and this assay is supposed to be more sensitive /12/.

We have re-examined the extracellular cellulases of S. myxococcoides and have
studied the production of non-cellulosic compounds by cultures of the organism in

vivo.

Materials and Methods

Organisms and culture conditions: S. myxococcoides NCIB8639 and a bacterium,
strain 10G (tentatively assigned to Alcaligenes) were employed for these studies.

Stanier's nitrate medium /4/ was employed throughout. Sugars were added to 1% unless
stated to the contrary. Two cellulosic substrates, Whatman paper powder CC41 and
bacterial cellulose mats /8/, were employed.

Biochemical and chemical methods: Culture supernatants were concentrated by freeze-
drying and re-dissolving. For enzyme assays the solutions were dialysed and the final
buffer concentration was 1 mM Tris-HC1 pH 7.5. Glucose was assayed by both the glu-
cose oxidase/peroxidase method and with hexokinase, glucose 6-phosphate dehydrogenase,
ATP and NAD*. Total carbohydrate was measured by the anthrone/sulphuric acid method
/10/ and total cellulose was measured by an adaptation of this method for alkali-
insoluble material. Reducing sugars were measured by a quantitative variation of the
tetrazolium procedure /2/; the insoluble blue formazan produced in this reaction was
extracted with toluene and the absorption of the solution was measured at 570 nm. In
both of these cases, the reagents were calibrated with standard glucose solutions and
the results are presented as glucose equivalents. Sugars in culture supernatants
were assayed by thin-layer chromatography /7/. Estimates of lower limits of cello-
biose were obtained by noting the amount of the sugar that was just detectable in
chromatograms of standards. Protein was assayed by using the Lowry reagent calibrated
with bovine serum albumin. j

Measurement of growth: Growth in media containing sugars was monitored turbimetri-
cally; growth of S. myxococcoides in cellulose was monitored by counting cells with a
haemocytometer; growth of Alcaligenes 10G in mixed cultures was monitored by dilution
and plate counts.

Results

Glucose, cellobiose, cellulose and mannose supported growth of S. myxococcoides;

carboxymethylcellulose, starch, maltose, lactose, arabinose, galactose, fructose,
mannitol, pyruvate, lactate, citrate, succinate and glutamate did not. Cellulose was
degraded 1in the presence of glucose. The organism was found to grow at comparable
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rates in 1% glucose and 1% cellulose; it also grows in mannose but significantly more
slowly (Table 1). The growth on glucose is sensitive to substrate concentration;
that on cellulose is not. By plotting the reciprocal of specific growth rate as a
function of the reciprocal of substrate concentration over the range 0.1-2.0% sub-
strate concentrations (data not shown) we calculated the apparent Km values for

these two substrates. The organism has a high apparent Km (Tow affinity) for glucose
We believe that this reflects a property of the glucose permease system because the
intracellular hexokinase of S. myxococcoides has a very low Km (R. Mullings,
unpublished data). As there is no detectable glucose in the supernatants of cellu-
Tose grown cells (Table 1), we conclude that the cells transport a product of cellu-
lose degradation other than glucose when the cells are grown in cellulose.

Table 1. Summary of the utilization of carbon sources by S. myxococcoides

Mean doubling times in ... 1% glucose 4.25 h

1% cellulose 4.0 h

1% mannose Fasttl

0.2% glucose T1.04¢h

0.2% cellulose 4.0 h

Apparent Km for growth at expense of glucose is (0 i

Apparent Km for growth at expense of cellulose is <0.05 %
Concentration of glucose accumulated in cellulose cultures is <15 1g/100 ml

Concentration of cellobiose accumulated in cellulose cultures is <500 ;:g/100 ml

Extracellular enzymes were assayed qualitatively in supernatants of cultures. A
cellulase activity was detected that was capable of forming a hole in a bacterial
cellulose mat. We were unable to detect a conventional g(1-4) glucanase capable of
hydrolysing an artificial nitrophenyl glucoside substrate at any pH between 4 and 10.
We were also unable to detect any activity capable of releasing soluble chromophore
from cellulose dyed with remazol brilliant blue R /7/.

Quantitative analysis of enzymes in supernatants revealed cellulase, carboxymethyl
cellulase and cellobiase. The specific activities of these enzymes suggested that
their production was dependent to some extent upon the carbon source and that, in
particular, glucose appears to act as an inducer (Table 2). The cellobiase activity
in the table appears to be that of a genuine cellobiose hydrolase and not a cello-
biose phosphorylase. Phosphate is not required for the reaction and in experiments
(not shown) in which Tow concentrations of inorganic phosphate were intentionally
included in the incubation medium, there was no detectable conversion of inorganic
phosphate to sugar phosphate.
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Table 2. Specific activities of cellulase (using CC41 paper powder as substrate),
carboxymethylcellulase (CMCase) and cellobiase in culture supernatants of S. myxo-
coccoides. One unit is defined as the rate of increase in glucose (for ceTlobiase)
or glucose reducing equivalents (for cellulase and CMCase) in mg/ml-h. Entries in
the table are specific activities in units/mg protein x 1000.

Growth substrate Cellulase CMCase Cellobiase
Cellobiose 3143 1925 68
Glucose 17.4 24.8 263
Mannose 8.6 1027 21
Cellulose 9.3 3.4 3

Cultures of S. myxococcoides growing in cellulose accumulate a reducing compound.
The chemical identity of this substance is unknown. It reacts with anthrone,
although less strongly than glucose (the anthrone/reducing equivalents ratio is
approximately one half of the equivalent value for glucose). It reduces the tetra-
zolium reagent and also Ag+/NH+4. Solutions of the compound have an absorption
maximum at 290 nm, suggestive of an unconjugated free aldehyde group. It does not
produce a spot corresponding to any common aldose on thin-layer chromatograms.
Alcaligenes sp. 10G grows on glucose and cellobiose but not cellulose. Howeve; it
will grow in association with S. myxococcoides on cellulose and will also grow on
the reducing material isolated from supernatants of S. myxococcoides cultures grown

on cellulose.

The growth of these organisms in cellulose is summarized in Fig. 1. The reducing
compound continued to accumulate after the organisms had reached stationary phase.
In mixed cultures the accumulation of the reducing compound was inhibited and the
Alcaligenes grew apparently at the expense of this compound because the yield of
S. myxococcoides in the mixed culture was not significantly different from the yield
in pure culture. The Timited growth of Alcaligenes in pure culture in cellulose
medium was presumably due to contaminating sugars (or other available carbon sources)
in the paper powder. There was no detectable change in the apparent chain length of
residual cellulose during growth. The apparent cellulose chain length (approxi-
mately 100) obtained by measuring the ratio of anthrone equivalents to reducing
equivalents is an underestimate by an order of magnitude; this is because the colour
yield by a glucose residue in cellulose is less than that of free glucose. However,
the data do confirm that no detectable short-chain cellulose accumulates in the

cultures.
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Fig. 1.  Growth of cells in cellulose. Throughout the figure, continuous lines
refer to S. myxococcoides in pure culture, dotted lines to Alcaligenes sp. 10G

in pure cuTture and discontinuous (dashed) lines to a mixed culture. (a) Growth
of cells, + S. myxococcoides, e Alcaligenes. (b) Reducing compound(s) in the
supernatants in glucose equivalents. (c) Residual cellulose in glucose-anthrone
equivalents- (d) Ratio of anthrone equivalents to reducing equivalents for the
residual cellulose.
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Discussion

Our data confirm that cetlulase, as defined as an enzyme complex capable of hydro-
lysing paper cellulose is present in culture supernatants of S. myxococcoides even
when paper powder (regarded as a "difficult" substrate /12/ is employed. It is
important to employ a suitably sensitive assay for reducing sugar to detectthe enzyme.

The enzyme activities assayed in these supernatants (Table 1) are presumed to be
due to components of the cellulase complex. Carboxymethylcellulase is a convenient
activity for assay but does not reflect the use of a physiological substrate because
the organism will not grow on this material. Likewise we believe the cellobiase may
have substrates other than cellobiose because it is produced in cellulose grown cells
and such cultures do not contain detectable cellobiose. The activities are dependent
upon the nature of carbon source. Previously it had been shown that the production
of extracellular enzymes is dependent on the nature of the cellulose employed /12/.
The survey of every one of the extremely 1imited number of carbon sources available
for this organism suggests that glucose is an inducer (Table 2). This finding runs
counter to metabolic regulation in bacteria in which glucose typically represses
production of degradative enzymes through the catabolite effect. The explanation
may lie in a contaminant of the glucose. The remarkably interesting disaccharide
sophorose, B(1-2) glucosyl glucose, is present in small amounts in all commercial
glucose. It is apparently produced as a byproduct of the mid hydrolysis of starch
by a rearrangement. Sophorose is an inducer of cellulose in Trichoderma /11/ and
it is possible that it also acts as a gratuitous inducer of cellobiase and other
components of the cellulose complex in S. myxococcoides.

We postulate that certain products of cellulose degradation, presumptively a group
of cellulose oligosaccharides, are taken up by the cells by a very affinity permease
system with the result that these compounds do not accumulate in appreciable concen-
trations in the medium. The reducing compound, that cross-feeds Alcaligenes sp. 10G,
is apparently a secondary metabolite of S. myxococcoides and growth of the organism
is indifferent to accumulation of the compound.
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