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Summary. The effect of physico-chemical param- 
eters on the cellulolytic activity of Cellulomonas 
sp. IIbc grown on sugarcane bagasse pith was in- 
vestigated, and the optimum ranges for enzyme 
activity were established. The cellulases were 
more stable when incubated at the optimum 
growth temperature (32 ° C) than under optimum 
activity conditions (45°C for fl-glucosidases and 
50°C for CMC- and FP-cellulases). The fl-gluco- 
sidases were the thermostability-limiting enzymes 
of the complex. Two types of endoglucanases 
could be recognized according to their adsorption 
properties on bagasse: one weakly-bound and one 
tightly-bound type, the latter constituting approx- 
imately 73% of the extracellular endoglucanases 
at exponential growth phase. Four forms active 
on filter paper and three active on CMC were ob- 
tained by HPLC separation of the extracellular 
fraction of the culture at stationary phase. 

Introduction 

Cellulolytic bacteria represent an important per- 
spective for the production of single cell protein 
from lignocellulosic materials (Dunlap 1969; En- 
riquez 1981). The study of the cellulolytic en- 
zymes produced by the bacteria during this proc- 
ess is of considerable importance for its better un- 
derstanding and application. Several studies have 
been carried out on the characterization of bacte- 
rial cellulases in different species (Bevers 1976; 
Chang and Thayer 1977; Haggett et al. 1979). 
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However, the characteristics of the enzymes pro- 
duced during the growth on lignocellulosic sub- 
strates have not been extensively investigated. The 
objective of this work has been the study of some 
of the most important characteristics and proper- 
ties of the cellulolytic enzymes produced by Cellu- 
lomonas sp. Ilbc during its growth on sugarcane 
bagasse pith. 

Materials and methods 

Strain and cultivation conditions. Cellulomonas sp. Ilbc (Enri- 
quez 1981) was cultivated in ferrnentors in the conditions and 
medium previously described (Rodriguez and Volfovfi 1984). 
Alkali pretreated sugarcane bagasse pith (Dunlap 1969) was 
used as the carbon source (10 g/l). 

Effect of  physico-chemical parameters on enzyme activity. The 
effect of pH, temperature and incubation time on cellulolytic 
activity was evaluated in a total culture sample taken at expon- 
ential growth phase. For determination of activity against 
CMC, 0.5 ml of the sample was mixed with 2.5 rnl of 1.25% 
CMC solution (BDH, degree of substitution 0.7-0.8), and 2 ml 
of buffer. For activity on FP, 0.5 ml of the sample was incu- 
bated with 1 ml of buffer and 50 mg of Whatman No. 1 filter 
paper. Reducing sugars after incubation were determined by 
the Sornogyi-Nelson method (Nelson 1944; Somogyi 1952). 
Aryl-fl-glucosidase activity was measured as the amount of 4- 
para-nitrophenol released from 1 ml of 0.0136 M 4-nitrophe- 
nyl-fl-glucoside, after incubation with 0.5 ml of enzyme and 
0.5 ml of buffer. Different temperatures, pH and incubation 
times were assayed in the three cases. Mcllvaine buffer was 
used for pH 3.5 to 5.0, and phosphate buffer for pH 5.5 to 8.0. 
The activity is expressed in IU (].tmoles of products per min- 
utes), per ml. The experiments were run in duplicate. 

The endoglucanase activity was determined by the decrease 
in viscosity of a 0.5% CMC solution, according to Ravinovitch 
et al. (1977). 

Stability. A filtered cell suspension was incubated at different 
conditions of pH and temperature. During the incubation, 
samples were taken at different times and evaluated for CMC-, 
FP- and fl-glucosidase activity. 
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Adsorption of  cellulases on bagasse. The supernatant liquor 
from a culture at stationary phase (pH 6.5) was analysed. A 
total of 0.5 IU of endoglucanase activity was passed through a 
column containing 8.1 g of ball milled bagasse pith (particle 
size 125 ix). The liquid eluted from the column was collected in 
fractions and the endoglucanase activity of each fraction was 
determined. After all the enzyme-containing liquid had passed 
through the column, this was finally washed with phosphate 
buffer (pH 6.5), and the activity determined in this effluent 
too. The total eluted activity as a percentage of the initial ac- 
tivity injected into the columm was regarded as the percentage 
of weakly adsorbed enzymes. 

High performance liquid chromatography (HPLC). The super- 
natant liquor from a sample from stationary phase was used 
for the experiment. The chromatographic procedure was as 
that described by Hostomskfi and Mikeg (1983), employing the 
ion-exchange derivative of Spheron DEAE-1000 (Spheron di- 
ethylaminoethyl-1000, Lachema, Czechoslovakia). Chromato- 
graphy proceeded on a glass column (0.2 × 0.008 m) at a pres- 
sure of 0.5 MPa, with a mean flow of 0.2 ml/min. Fractions 
were collected at 60-sec intervals and evaluated for cellulolytic 
activity. 
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Fig. 2. Stability of the cellulolytic enzymes (cell suspension 
sample) incubated at the optimum activity conditions. 1: 
CMC-activity ( IU/ml  x 102); 2: FP-activity ( IU/ml  x 102); 3: 
fl-glucosidase activity ( IU/ml  x 20) 

Results and discussion 

The effect of pH and temperature on the cellulo- 
lytic activity of the total culture sample is shown 
in Fig. 1. 

Optimum conditions for the enzymatic activity 
were as follows: for CMC-activity pH 6.5, temper- 
ature 50 ° C, incubation time 0.5 h; for FP-activity 
pH 7.0, 50°C and 1 h; for fl-glucosidase activity 
pH 7.0, 45°C and 1 h. As can be seen, the opti- 
mum temperature for the cellulolytic activity of 
this strain is different from the optimum growth 
temperature (32° C, Enriquez 1981), although the 
optimum pH values coincide for both cell growth 
and enzyme activity. 

It was observed that there was no linearity in 
the release of the reaction products with time, be- 

24 2 

< 16 ~ 

- -  I I  

3 4 5 6 7 8  

pH 

n2 

i 3'0 i , , , ~  ~0 50 6i0 
°C 

Fig. 1. Effect of pH and temperature on the cellulolytic activ- 
ity of a total culture sample. 1: CMC-activity ( IU/ml  × 102); 2: 
FP-activity ( IU/ml  × 8 × 102); 3: fl-glucosidase activity ( IU/  
ml × 40) 

tween 0.5 and 24 h of incubation. Similar results 
were found by Bevers (1976) for a bacterial iso- 
late, and by Mandels et al. (1976) for Trichoderma 
viride. 

Stability 

Figure 2 shows the stability of the enzymes incu- 
bated at optimum conditions of activity. 

After 24 h of incubation, the loss in activity 
was 65% for CMC-cellulases, 77% for FP-cellu- 
lases and 90% for fl-glucosidases, with respect to 
activity at time zero. Since a crude extract was 
used in this study, these are properties of the mix- 
ture of enzymes. 

The stability of a similar sample, incubated at 
32°C and 2 different pH is shown in Fig. 3. The 
cellulases were more stable at the optimum 
growth conditions (32°C and pH 6.5) than at the 
optimum activity conditions (Fig. 1). At the opti- 
mum growth parameters the total loss in activity 
was 28% for CMC-cellulases, 31% for FP-cellu- 
lases and 19% for/%glucosidases. At this lower 
temperature, the /%glucosidases become much 
more stable. This drastic loss of stability with tem- 
perature increase for the fl-glucosidases has also 
been reported by F~ihnrich and Irrgang (1982) for 
Chaetomium cellulolyticum. Besides this, the sta- 
bility of FP-cellulases and fl-glucosidases was 
readily influenced by pH, while the CMC-cellu- 
lases showed similar stability at both incubation 
pH. 
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Fig. 3. Stability of the cellulolytic enzymes (cell suspension 
sample) incubated at 32°C. 1 and 2: CMC-activity at pH 6.5 
and 4.8, respectively (IU/ml × 103); 3 and 4: FP-activity at pH 
6.5 and 4.8, respectively (IU/ml × 103); 5 and 6:fl-glucosidase 
activity at pH 6.5 and 4.8, respectively (IU/ml × 20) 

Chromatographic fractionation of  the enzymes 

The HPLC separation of the supernatant sample 
from a culture at stationary phase is shown in Fig. 
4. 

Four forms active on FP were obtained. Three 
of them showed a low CMC-activity, while in the 
other one, a high CMC-activity is also present. 
Three peaks are distinguishable for forms active 
on CMC. The imperfect separation, resulting in 
peaks with both CMC- and FP-activity, has also 
been reported by other authors (Fliess and 
Schiiger 1983 Hostomskh and Mike~ 1983). This 
fact seems to be due to the unespecificity of the 
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Fig. 4. H P L C  o f  free enzymes f rom stat ionary phase. 1: C M C -  
act iv i ty  ( I U / m l  x 103); 2: FP-act iv i ty  ( I U / m l  x 103) 

enzyme assays, that is to say, to the fact that a sin- 
gle cellulase would be able to produce reducing 
sugars from both substrates, CMC and FP, al- 
though certainly with a different efficiency. 

From the pattern obtained it can be suggested 
that at least six minor cellulase components are 
present in these Cellulomonas cultures on bagasse 
pith at stationary phase, five of them showing dif- 
ferent cross-specificity toward CMC and FP as 
substrates. Since at this stage of growth almost all 
CMC- and FP-cellulases are released to the me- 
dium (Rodriguez and Volfov~ 1984), this pattern 
would represent an important part of the whole 
cellulase complex produced by this strain, al- 
though the possibility of some fractionation of 
original components cannot be discarded, and in 
future conclusive results will depend on a detailed 
analysis of the purified enzymes. 

No fl-glucosidase activity was detected in the 
supernatant fraction of the crude extract used in 
the HPLC separation. This is in agreement with 
previous results about the cell-bound nature of 
the fl-glucosidases from this strain (Rodriguez and 
Volfovfi 1984). 

Adsorption 

The adsorption characteristics of fungal cellulases 
on cellulose have been studied by several authors 
(Klyosov 1980; Reese 1982). However, there has 
been little investigated of bacterial cellulases and 
their adsorption on lignocellulosic substrates. Fig- 
ure 5 shows the results of the adsorption experi- 
ment. 

The total endoglucanase activity eluted from 
the column was 0.136 IU, which represents the 
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Fig, 5. Adsorption of endoglucanases on a bagasse column. 1: 
Activity in the eluted samples ( IU /ml×  102, viscosimetric 
measurement); 2: Reducing sugars in the eluted samples (mg/ 
ml); V: Total eluted volume (ml) 

0.26 

=~ 

0.22 
( 2 :  



H. Rodriguez et al.: Cellulase complex from Cellulomonas 397 

27% of the injected activity. This suggests that a 
maximum of 73% of the endoglucanases remained 
bound to the bagasse, even after buffer washing. 
Taking into account that some inactivation of the 
enzymes could also take place, this would repre- 
sent the maximum percentage of "bound en- 
zymes". This means that at least two types of en- 
doglucanases, differing in their adsorption char- 
acteristics, are present in the supernatant fraction 
of these cultures: one "weakly bound type" and 
one "tightly bound type", with predominance of 
the latter. This agrees with the general observa- 
tion on the necessity for close contact between 
cellulases and their substrates for the degradation 
of cellulose. 

Acknowledgement. We wish to thank Dr. V. R. Srinivassan, 
who kindly reviewed and corrected this manuscript. 

References 

Bevers J (1976) Biochemistry of the breakdown of cellulose by 
cellulolytic bacteria isolated from waste water treatment 
units. Agricultura 74:1 -- 110 

Chang W, Thayer DW (1977) The cellulase system of a Cyto- 
phaga species. Can J Microbiol 23:1285--1292 

Dunlap CE (1969) Proteins from waste cellulose by chemical- 
microbial processing. PhD Thesis, Dept Chem Eng, Loui- 
siana State Univ 

Enriquez A (1981) Growth of cellulolytic bacteria on sugar- 
cane bagasse. Biotechnol Bioeng 23 : 1423-- 1429 

Ffihnrich P, Irrgang K (1982) Some characteristics of the cellu- 
lolytic enzyme system of Chaetomium cellulolyticum. Bio- 
technol Lett 4:519--524 

Fliess A, Schfigerl K (1983) Characterization of cellulases by 
HPLC separation. Eur J Appl Microbiol Biotechnol 
17:314--318 

Haggett KD, Gray PP, Dunn NW (1979) Crystalline cellulose 
degradation by a strain of Cellulomonas and its mutant der- 
ivatives. Eur J Appl Microbiol Biotechnol 8:183--190 

Hostomsk~ Z, Mikeg O (1983) Analytical medium pressure li- 
quid chromatography of cellulolytic enzymes on Spheron 
ion exchangers. J Chromatogr 267:355--366 

Klyosov AA (1980) Enzymatic conversion of cellulose to glu- 
cose: Present state of the art and potential. In: Wingard 
LB, Berezin IV, Klyosov AA (eds) Enzyme Engineering- 
Future Directions. Plenum Press, New York and London, 
p 83 

Mandels M, Andreotti R, Roche CH (1976) Measurement of 
saccharifying cellulase. Biotechnol Bioeng Syrup No 
6:21 --23 

Nelson N (1944) A photometric adaption of the Somogyi 
method for the determination of glucose. J Biol Chem 
153:375--380 

Ravinovitch ML, Klyosov AA, Berezin IV (1977) Kinetics of 
the action of cellulolytic enzymes from Geotrichum candi- 
dum. Viscosimetric analysis of carboxymethylcellulose hy- 
drolysis. Bioorg Chem (in Russ.) 3:405--414 

Reese ET (1982) Elution of cellulase from cellulose. Process 
Biochem 7:2--6 

Rodriguez H, Volfov/t O (1984) Formation and location of cel- 
lulases in Cellulomonas culture on bagasse. Appl Microbiol 
Biotechnol 19:134--138 

Somogyi M (1952) Notes on sugar determination. J Biol Chem 
195:19--23 

Received December 15, 1986/Accepted June 29, 1987 


