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Abstract

Cellulase production by a Cellulomonas sp., isolated in 1985 from forest humus
soil along the border of the Caspian Sea in Iran, was investigated. This strain secreted
endo-and exo-cellulases in the culture medium, but some of the enzymes produced
remained cell membrane bound. Cell bound enzymes were released by various
treatments. The highest amount of endo-glucanase (up to 95%) and exo-glucanase
(62%) was released when the cells were treated with 1% Tween 80 for 300 and 60
minutes, respectively. No extracellular or cell membrane bound f-glucosidase was
obtained. Optimum temperature for the endo-glucanase and exo-glucanase activities
was 50°C and optimum pH was 7 for both enzymes. Thermal stability of enzymes was
measured at 30 to 50°C and was compared with that of endo- and exo-glucanses from
mesophilic fungi such as Neurospora crassa, Trichoderma viride and Pencillium
funiculosum. It was found that the thermal stability of endo- and exo-glucanases from
Cellulomonas sp. strain "O" was the same as that of fungal enzymes up to 37°C,
however, at higher temperatures these enzymes lost their activities faster than the
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fungal cellulases.

Introduction

Cellulose is the most abundant carbohydrate waste. It
consists of a linear chain of B-1, 4-linked D-glucose
residues. Its enzymatic hydrolysis is thought to require the
action of endo-glucanases (B-1,4-glucan-
glucanohydrolase), exo-glucanases (B-1,4-glucan
cellobiohydrolase) and B-glucosidase. A synergisticaction
of these enzymes is necessary for the complete hydrolysis
of crystalline cellulose [ 11]. Microbial cellulase production
has been studied extensively in various microorganisms
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[5,12], and it has been shown that Penicillium occitanis
and Trichoderma reesei secreted extracellular cellulases
with reasonable levels of endo-and exo-glucanase activities

and a high level of B-glucosidase activity [3, 10, 12, 20].

Among bacteria, Cellulomonas species have been
given the most attention for cellulolytic enzymes
production by many investigators. C. flavigena (1], C.
fradia (5], C. fimi [14] and C. fermentans [1] and
characterization and specificity of these enzymes have
beenreported [5,9,18]. This paperreports on the production,
release and thermal characterization of cellulolytic enzymes
of Cellulomonas sp. strain "O" which have already been
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described [13]. enzymes.
To investigate the effect of detergents, 1 ml Tween-80
Materials and Methods was added to the 100 ml of cell suspension and incubated

Microorganisms, Culture Media and Enzymes
Cellulomonas sp. strain "O" was isolated from forest

humus soil along the border of the Caspian sea, Iran, and -

identified as described earlier [13]. The lyophilized
bacterium was first cultured on peptone yeast extract
glucose medium (PYG) containing 2% agar and incubated
at 30°C for 120 hours. For the production of cellulases the
strain was grown in a 500 ml flask containing 100 ml of
0.5% microcrystalline cellulose, 0.2% yeast extract, 0.1%
NaNO,, 0.1% K,HPO,, 0.05% KCl, 0.05% MgSO, and

0.1% Tween 80. Cellulases from T.. viride and Penicillium

funiculosumwere purchased from Sigma (USA) company.

Cellulase from N.crassa was prepared according to Yazdi -

et al. [23]. All other materials were prepared from Sigma
or Merck (Germany) Companies.

Protein Measurement

Protein was measured according to Bradford [2]. The
method was standardized by fraction V bovine serum
albumin, and a standard curve was drawn for protein
concentrations between 10-100 pg/ml and was used for
protein estimation.

Enzyme Assay

Carboxymethylcellulose (CMC), low viscosity, was

used as substrate for measurement of endo-glucanase

activity, and filter paper Whatman No.1 was used for

estimation of exo-glucanase activity. Para-nitrophenyl-g-
D-glucopyranoside (Fluka) was the substrate for
measurement of B-glucosidase activity. The methods used
for the measurement of enzyme activities were according
to Yazdi et al. [23,24].

Enzyme activities are expressed in units, defined as -

pmol products (reducing sugar as glucose for endo- and
exo-glucanase and para-nitro-phenol for B-glucosidase)
liberated by 1 ml of enzyme in either 15 min (for endo-

glucanase and P-glucosidase) or 60 min (for exo-

glucanase).

Release of Cell Membrane Bound Enzymes
Experiments for the isolation of cell membrane bound
enzymes were performed according to the method of

Penefsky et al.[16). In this procedure, strain "O" was

- grown in 100 ml of the production medium without Tween
80. After 120 hours, when there was nearly no cellulose
left in the medium, cells were removed by centrifugation
at 10,000 rpm for 10 min at 4°C, the pellet was washed
twice with 10 ml of 0.1 M phosphate buffer pH7,
resuspended in 100 ml of 0.1 M phosphate buffer pH7 and
used as the source for releasing the cell membrane bound
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at 30°C with shaking at 150 rpm. Samples were taken after
60, 180 and 300 min of incubation and cellulolytic
activities were measured in the supernatant of the samples
after removing cells by centrifugation at 10,000 rpm for 10
min.

To find the effect of sonication on the cell membrane
bound enzymes, 100 ml of the cell suspension in a 500 ml
flask was sonicated at 100 W while the flask was placed in
ice to prevent thermal inactivation of the enzymes. The
activities of released enzymes were measured after 4,8
and 12 min.

To find the effect of solvents (acetone, ethanol and
butanol), a washed pellet of 100 ml culture media was
suspended in 100 ml phosphate buffer (pH 7,0.1 M). To
this 100 ml of cold acetone, ethanol or butanol was added
and the mixture was kept at -20°C. After 1 hour the
suspensions were centrifuged for 10 minutes at 10,000
pm, supernatants were discarded and pellet (cells and
precipitated released enzymes) were resuspended in 100
mi phosphate buffer 0.1 M, pH 7. After 1 hour cells were
separated from solved enzymesby centrifugationasabove.
The activitiesof enzymes were measured. Inall experiments
Gram stain and microscopic examination were used to
ensure cell integrity. It was found that the conditions were
quite suitable and all released enzymes can be considered
as cell membrane bound enzymes.

~ For comparison of thermal stability of the cellulolytic
enzymes of Cellulomonas sp. strain "O" with those of
mesophilic fungi, solutions of the cellulase enzymes with
nearly the same concentrations of protein (600-900 ug/ml)
and enzyme activities (endo-glucanase 39-52 U/ml, exo-
glucanase 15-21 U/ml) were incubated at 30, 37,40,45and
50°C for 48 hours. Samples were taken at 1,2, 3,6, 12,
24 and 48 hour intervals, and enzyme activities were
measured.

Results and Discussion

B-glucosidase, endo- and exo-glucanase activities
were measured in the supernatant after removing the
microorganisms and unused cellulose by centrifugation at
10,000 rpm for 10 min. For five days, 3 ml samples were
taken daily for the measurements. As shown in Figure 1,
the isolate secretes both endo- and exo-glucanases, while
no P-glucosidase was found in the culture medium, the
production of intra cellular B-glucosidase was evident.
Extracellular and cell membrane bound production of
endo-and exo-glucanase and intracellular production of -
glucosidase have been shown in many microorganisms
such as C. fimi[15); Microbispora bispora[22}; and
Ruminococcus flavefaciens [7). :
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Figure 1. Production of cellulolytic enzymes by Cellulomonas
sp. strain "O" in liquid media

* Asshownin Tables 1,2 and 3, fractions of the enzymes
produced by Cellulomonas sp. Strain "O" remained cell
membrane bound and they were released by various
chemical and physical treatments. Tween-80 was the best
for releasing endo- and exo-glucanases and about 95% of
endo- and 62% of exo-glucanase were released by 1%

Table 1. Activities of the cell membrane bound enzymes in the
presence of 1% Tween 80 after 60, 180 and 300 minutes

Fractions Endo-glucanase | Exo-glucanase
Uml - % Um - %
Supernatant 14.60 - 100% 175 - 100%
Cell suspension 0.0 0.0 00 0.0
“ " 60min | 10.27 703 1.1 62.8
" " 190min | 12.50 85.6 0.90 514
" " 300min | 13.88 95.0 0.90 514

found that optimum temperature and pH for endo- and
exo-glucanasesactivities were 50°C and 7 for bothenzymes,
respectively (Figs. 2 &3). These data were similar to those
of mesophilic fungi [4, 6, 8, 25].

Thermal stability of the concentrated enzymes was
also determined. Results are shown in Figures 4 and 5.
Endo -and exo-glucanases of Cellulomonas sp. strain "o"
exhibited high stabilities and nearly retained their activities
up to 85% at 37°C and 100% at 30°C for 48 hours. At
higher temperatures, the activities of endo- and exo-
glucanases decreased rapidly.

As shown in Figures 6 and 7, the stability of

Table 3. Activities of the cell membrane bound enzymes after
release by organic solvents treatments

Fractions Endo-glucanase Exo-glucanase
Uml - % Um - %
Supernatant 45 - 100% 152 - 100%
Cell suspension 0.0 0.0 0.0 0.0
Released enzymes| 9.24 63.7 0.86 56.5
with acetone
Ethanol 7.60 524 048 315
Butanol 422 29.1 0.78 513

Table 2. Activities of the cell membrane bound enzymes after 4,8 and

12 minutes of sonication

Fractions Endo-glucanase | Exo-glucanase
Uml - % Um - %
Supernatant 1460 - 100%| 173 - 100%
Cell suspension 0.0 0.0 00 0.0
After 4 min sonication 9.0 62.1 0.67 38.7
" g " " 95 65.5 031 179
o122 " 7.11 490 | 022 12.7

219



Vol.8 No.4

Autumn 1997 Tabatabaei Yazdi et al. J.Sci.I.R. Iran
110 : 110
100 100 —-
o} 90 -
90 J
e ao -
80 - ' ]
] 70 —
70 60 —
2 d 2 -
3 s
g 60 o g 60 —
P 5
=]
o —
® 80 e 07
- so -
40 §
4 20 —
30 - Endo-glucanase s
-0 Exo-glucanase 0
20 LA T L Y I Y B R B o LA N R B S BN E N B
26 30 35 40 45 60 65 60 85 25 35 45 6.5 85 76 85
Temperature °C pH
Figure 2. Activities of exo-glucanase and endo-glucanase from Figure 3. Activities of exo-glucanase and endo-glucanase from
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Figure 4. Thermal stability of endo-glucanases in Cellulomonas Figure 5. Thermal stability of exo-glucanases in Cellulomonas
sp. strain "O" sp. strain"Q" ‘
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Figure 6. Comparison of thermal stability of endo-glucanases in
Cellulomonas sp. strain "O" and some mesophilic fungi at 50°C

Cellulomonas sp. enzymes was nearly the same as that of
mesophillic fungi up to 40°C for 48 hours, however, they
were less stable at higher temperatures. More than 85% of
the activities of endo- and exo-glucanases from
Cellulomonas sp. strain "O" was lost at 50°C in 48 hours,
while the cellulase activity of the fungi was nearly stable
upto 50°C and only about 25-30% of their activity was lost
under this condition.
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