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Characteristics of the Genus

The genus Cellulomonas contains a heterogencous
collection of cellulose-decomposing bacteria prin-
cipally isolated from soil materials. The genus Cel-
lulomonas along with Jonesta, Oerskovia, and
Promicromonospora has recently been assigned to a
new family Cellulomonadaceae. Phylogenetically the
family belongs to the order Actnomycetales. A
combination of chemotaxonomic and morpho-
logical properties differentiate members of Cel-
Julomonadaceae from related taxa. Despite their
apparent close phenotypic relationship, members of
the genus Cellulomonas are genotypically difterent
though they have several common genes. Distinction

between species is based on a number of mor-
phological and biochemical characteristics for which
different schemes have been reported to identify
species of Cellilomonas. Strains of the genus produce
cellulases and hemicellulases which have several
industrial applications. Intergeneric hybrids have been
constructed between Cellulomonas and Zymomonas
or multiple genes coding for different enzymes have
been cloned in Z. mobils and Saccharomyces cer-
evisige to extend thewr substrate consumption cth-
ciency and produce valuable biochemicals  from
mexpensive substrates.

Initially 27 putative species were collected i the
genus but later on in the Seventh Bergey's Manual
of Deterninative Bacteriology, only 10 species were
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rmunmd the rest were tound to be synonymous
with these ten. The 10 species were distinguished from
each other by motility, mitrate reduction, ammonia
production, chromogenesis and, in the case of C . fim,
by the fermentation of xylose and arabinose. They
were regarded as Gram-negative rods; a portion of
rods is arranged at an angle to each other to give V-
formations. However, only six authentic cultures were
available and C. biazotea was regarded as the type
species. Since cellulose decomposition is a feature of
many other soil bacteria and fungi, therefore, this
genus received only academic importance as it had no
economic utility. Recently, efforts have been made to
utilize cellulosic crop residues, major agro-industrial
wastes and environmental pollutants, for production
of value-added products. Therefore, renewed iterest
has developed in isolation, identification and appli-
cation of Cellulomonas spp. in the production of
glucose from such wastes. Recently, they have been
isolated from rumen, activated sludge and cellulose-
enriched environments.

In the eighth edition of Bergey's Manual, only one

species was recognized. It was suggested that minor
variation in chromogenesis, motility, and nitrare
reductase activity, did not permit recognition of 10

spec:es. Cellulomonas ﬂamgena :nd not C. _bmzaam :

fimi, C. flavigena, and C. uda are o-nitropheny -1
galactopyranoside {ONPG) positive whereas C. gelida
and C. cellasea are negative. C. gelida produces acids
from glucose whereas C. cellasea does not and can be
separated. Among C. fimi, C. flavigena and C. uda,
C. finur does not produce nitrate reductase. C. flave-

gena does not produce acid from lactose and can be

separated from C. wda. According to this clas-
sification, Cellidomonas spp. are usually Gram-nega-
tive during the first 24 h of growth, thereafter, Gram-
positive or Gram-variable staining is obrained on cells
grown under optimum growth conditions. In several
old cultures, Gram reaction is usually negative and
cells are pleomorphic in nature and are motile.
Recently, 280 physiological characters have been

used 11 a numerical taxonomic study of 604 strains
to differentiate the genera Arthrobacter, Aureo-
bacterium, Brewvibacterium, Cellulomonas, Clavi-
bacter, Corynebacterium, Curtobacterium, Micro-

bactenum, Nocardm, Nmrdiaidcs, Bﬁom
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_ All Cellulomonas spp.
ar filter paper activity, called FPase
which can produce a cellulose hydrolysing
zone around single colonies. Some organisms also
produce cell-associated cellobiohydrolase  activity
which can also help in clearing cellulose around smgl'u‘
colomes. The plates are incubated at 30°C for up to

14 days for confirmation of test. In some cases, 21—

30 days may be required to clear cellulose.

When a low number of strains of the genus Cel-

lulomonas is expected, direct plating may not be suit-
able. The threshold for direct plating 1s a 10cfug”
sample. The most probable number (MNP) technique
can be usetul to enumerate bacteria. The MNP tech-
nique for Cellulomonas spp. starts with dilution of
cellulose-grown cultures in triplicate. The tubes are
incubated at 30°C for 7296 h for dense growth and
then plated onto cellulose agar plates for viable
counts. The culture 1s streaked on the surface of a
cellulose—agar plate to any assumptive positives. Col-
onies of ditferent shape and sizes (which clear
cellulose), appearing simultancously, or those appear-
ing at different time mntervals are picked and streaked
on fresh salt cellulose agar medium. Confirmation of
Cellulomonas spp. requires completion of a number
of tests (Table 2). Unfortunately there 1s no single test
for unequivocal determination of Cellulonionas spp.
They produce acetic and lactic acids from glucose
under aerobic conditions (C. biazotea, C. cellasea, C.
flavigena, C. cellulans and C. gelida) or aceric acid,
lactic acid, succinic acid and ethanol under anaerobic
conditions (C. fimi, C. uda and C. fermentans).

Other characteristics of Cellulononas spp. include
reduction of nitrate to nitrite, and non-production of
acetylmethylcarbinol (Voges-Proskauer negative). To
assess various characteristics to confirm these species,
additional tests are required.

For these tests, the strains are maintained on
(preferably) Dubos salts-agar medium  containing
(gl"') K;HPO,7H,O 0.5, KCI 1.0, NaNO; 0.5,
MgSO, 0.5, FeSO,.7H,0 0.1, yeast extract 2, Sigma-
cell 100 10 and agar 25 g (DYEA) plates and slants.
Then basal liquid medium is dispensed as 10 ml into
test tubes (16 x 150 mm) and autoclaved at 15 pounds
pressure for 15 min. After cooling to ambicnt‘tem-
perature, the test carbohydrates are added aseptically
to a concentration of 1% (w/v). The carbohydrates
or other carbon sources are filter-sterilized with bac-
teriological filters (0.2 pm) if soluble or autoclaved

it not soluble.

Fresh cultures of cach organism ar
prepared  in

Dubos salts  yeast extract-ghicose
medium. Atter overnight growth, cells are harvested
aseptically by (15000g, 30mmn),
washed twice with 0.89% NaCl solution, and resus
pended in saline and their absorbance measured at
610nm. The absorbance is then brought to McFar-
land tube no. 4 by dilution or by concentration. A
I ml sample of cells is then aseptically resuspended in
DYE hquid medium containing test carbohydrates at
% hinal carbohydrate concentration (w/v). The cells
are grown statically at 30°C. The test tubes are indi-
vidually examined after each day up to 30 days of
mcubation. The whole experiment may be repeated
three or four tmes for declaring negative test as com-
pared with type cultures namely C. biazotea (ATCC
486, DSM 20112, NCIB 8077), C. cellasea (ATCC
487, DSM 20118, NCIB 8073), C. finu (ATCC 484,
DSM 20113, NCIB 8980), C. flavigena (ATCC 482,
DSM 20109, NCIB 8073), C. gelida (ATCC 488,
DSM 20111, NCIB 8076), C. fermentans (DSM
3133) and C. uda (ATCC 491, DSM 20107, NCIB
8200) available in The Prokaryotes (2nd edition).

centrifugation

Motility Motility 1s usually measured by stabbing
the centre of a tube of semisolid growth-supporting
medium and allowing the culture to grow. The cul-
tures are incubated for 24 h at 30°C. Moule bacteria
diffuse out from the stab, forming an opaque growth
pattern, whereas non-motile bacteria do not diffuse
out.

Hydrolysis of o-Nitrophenyl-B-p-Galactopyranoside
(ONPG) Cells are streaked on the surface of DYEA
plates containing ONPG in the medium and mcubated
at 30°C. After 3-28 days growth, the plates are spread
with carbonate buffer, 200 mmol 1" (pH 8.5). The col-
onies are screened by measuring the diameter of the
yellow halo surrounding the colonies.

Nitrate Broth A 1 ml sample of grown cultures is
inoculated separately in 10 ml culture medium in test
tubes and incubated at 30°C. After 24 h, nitrite pro-
duction is measured by addition of a-naphthylamine
and a-naphthol.

Hydrolysis of Acsculin  Hydrolysis of aesculin 1s
determined in DYE-aesculin=ferric  ammonium
citrate—agar medium by streaking the cells from a
single colony and examining after each day of incu-
bation. Aesculin-hydrolysing orgamsms produce f§-
glucosidase (located in the periplasmic fraction of the
cell) which hydrolyses aesculin to liberate aesculitin
which, in turn, reacts with ferric tons to give a black
precipitate. The hydrolysmg efficiency can be quan-
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tified by measuring the zone of blackening (in mm)
around single colonies. Differences in values indicate
the genetic variability among species.

Hydrolysis of Carboxymethyl Cellulose (CMC) CMC
is added to DYEA medium and 10 pl of cells of equal
density are poured on the surface of the plate. After
growth at 30°C, CMC hydrolysis is visualized as a
yellow zone when stained with Congo red followed
by treatment with NaCl. Differences in the diameter
of the yellow zone indicate the genetic variability
among species.

Hydrolysis of Sigmacell 100 Crystalline Cel-
lulosc  Hydrolysis of Sigmacell 100 is visualized by
streaking the cells on the surface of a plate containing
Sigmacell 100 in the top layer of DYEA and DYEA
in the base layer. After incubation, the streaked area
is examined every day to see the zone of Sigmacell
clearance. The diameter of the zone of clearance
around single colonies indicates the organisms ability
to decompose cellulose. Differences in values indicate
the genetic variability among species.

Acid Production from Carbohydrates A 0.1 ml
sample of grown culture is inoculated into 10 ml of
culture medium in a test tube containing nutrient

broth supplemented with test saccharides (glucose, b-
ribose, raffinose, lactose, dextrin etc.) with an inverted
Durham tube. After 24 h, phenol red 1s added which
is red at neutral pH but changes to yellow at acidic
pH (pH 6.8). The appearance of gas in the Durham
tube, indicates the fermentative ability of the
organism.

Utlization of 1.(+)-Lactate A 0.1 ml sample of grown
culture 1s inoculated into 10 ml of culture medium in
a test tube containing nutrient broth supplemented
with L(+)-lactic acid. The appearance of dense growth
indicates the utilization of r(+)-lactate in the fer-
mentation medium.

Indole Production Test A 0.1 ml sample of culture
is inoculated into trypticase soy broth, and incubated
at 30°C. Then 10 drops of Kovac’s reagent are added
into dense growth and the tube is agitated gently.
The appearance of a brick-red colour indicates the
production of indole from tryptophan in the medium.

Utilization of Proline A 0.1ml sample of grown
culture is transferred to 10 ml of culture medium i a
test tube containing nutrient broth supplemented with
proline. After 24 h, proline is consumed by the organ-
ism and dense growth is visible.









