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Abstract 

Two endoglucanases and a -glucosidase have been isolated, purified and characterised from an anaerobic sulphidogenic bioreactor. The enzymes, 

associated predominantly with the organic particulate matter, exhibited a pH optima of 6 and 6.5, respectively and temperature optima of 50 ◦C. 

Under such conditions the endoglucanases remained stable and exhibited no decrease in activity after 60 min while only 30% glucosidase remained 

after the same period. The endoglucanases were purified 13- and 25-fold after sonication, PEG concentration and DEAE chomatography. They were 

inhibited slightly by increasing concentrations of sulphate but stimulated some 4–6.5-fold by sulphide levels above 400 mg l−1. The K value was 

4.0 mg ml−1 (carboxymethylcellulose) and 5.1 mg ml−1 (hydroxyethylcellulose) with V max of 0.3 and 0.19  mol min−1 ml−1, respectively. Divalent 

ions like Cu, Ni and Zn proved to be inhibitory while Fe, Mg and Ca stimulated the enzyme at concentrations above 400 mg l−1. Volatile fatty 

acids such as acetic, propionic and butyric acid proved slightly inhibitory to endoglucanases with 20–40% inhibition occurring at concentrations of 

800 mg l−1.  -Glucosidase was purified 5-fold after acetone precipitation, affinity chromatography with Whatman cellulose CC31 and gel exclusion 

on Sepharose 4B. The K  value was 84.2   M (methyl-umbelliferyl-  -d-glucopyranoside) and the V 4.4   mol min−1
 ml−1 . All of the transition 

metals inhibited   -glucosidase above 200 mg l−1 while the volatile fatty acids afforded similar effects to those of the endoglucanases. Acetic acid 

enhanced activity at lower concentrations. 
 

Keywords: Anaerobic sludge digestion; Endoglucanase;  -Glucosidase; Purification 

 
 

 

1. Introduction 
 

The enzymatic degradation of cellulose by cellulases has been 

the focus of several studies for their use in the bioconversions of 

agricultural wastes, in the improvement of the manufacture of 

recycled paper [1], in the production of food and fuel [2], biopol- 

ishing of textiles [3], additives in washing powder and animal 

feed, pulping, processing of fruit juices and beverages, bak- 

ing and in bioethanol production [4,5]. Such enzymatic degra- 

dation requires the coordinated action of several cellulosome 

enzymes comprising exo-1,4- -d-glucancellobiohydrolase [EC 

3.2.1.91], endo-1,4- -d-glucanohydrolase [EC 3.2.1.4], and - 

d-glucosidase [EC 3.2.1.21]. Endoglucanases cleave the internal 

glycosidic bonds of cellulosic chains and act synergistically with 

exoglucanases and  -d-glucosidases during the solubilisation of 
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crystalline cellulose [6]. Progress on the active site architecture, 

3D structure and mode of action have contributed widely to their 

range of potential applications [6]. The current state of knowl- 

edge invites new and improved endoglucanases with varying pH 

and temperature optima, stability and substrate specificities for 

increased efficiency and economics of various biotechnological 

processes. Controlled treatment with endoglucanases improves 

the mechanical properties of paper [7] and it has been reported 

that these enzymes are far superior to exoglucanases in modi- 

fying fibre properties and to improve the strength of paper and 

pulps. 

As part of an ongoing programme for the source of new, more 

specific, cheap and stable hydrolytic enzymes [8–11] we now 

report on the isolation, purification and characterisation of two 

endoglucanases and a -d-glucosidase from an anaerobic sul- 

phidogenic bioreactor. Furthermore we examine these enzymes 

in conjunction with their role in the bioremediation of paper and 

pulp industrial effluents. 
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2. Materials and methods 

 

2.1. Reactors and sludge collection 

 
An experimental sulphidogenic bioreactor was set-up as previously 

described [9,10]. 

 
2.2. Enzyme extraction from sulphidogenic sludge biomass 

 
Crude samples (100 ml) from the bioreactor were centrifuged (10 000 × g, 

30 min, 4 ◦C), the pellet washed three times with distilled water (1:5, w/v) and 

finally suspended in phosphate buffer (0.05 M, pH 6, 200 ml) before being sub- 

jected to sonication (10 W, 4 min, 30 s intervals, 4 ◦C). A final centrifugation 

(10 000 × g, 10 min, 4 ◦C) afforded a cell-free supernatant that was frozen at 

−80 ◦C until further use. 

 
2.3. Enzyme isolation and purification 

 
2.3.1. Endoglucanases 

The cell-free extract (200 ml) was concentrated to 35 ml against PEG 20 000 

(3 h), removed from the dialysis tubing, centrifuged (10 000 × g, 10 min, 4 ◦C) 
to remove any debris and enzyme activity and protein analysis determined as 

before. The concentrated cell-free enzyme extract (6 ml) was loaded on to a 

DEAE-cellulose ion exchanger column (1 cm × 25 cm) equilibrated with sodium 

phosphate buffer (0.05 M, pH 6.0). The column was washed with the same buffer 

until the absorbance at 280 nm (A280 nm) of the eluate reached base line. Bound 

endoglucanases were eluted from the column by a stepwise increase in NaCl 

(0–1 M) in sodium phosphate buffer (0.05 M, pH 6.0) at a flow rate of 1 ml min−1. 

Fractions containing endoglucanase activity were pooled, concentrated and sub- 

jected to SDS PAGE. 

 
2.3.2. β-Glucosidase 

The crude cell-free extract (50 ml) was treated with cold (<10 ◦C) ace- 

tone to a final concentration of 60% and allowed to stand at this temperature 

overnight. The suspension was centrifuged (15 300 × g, 20 min, 4 ◦C) and the 

supernatant treated further with cold acetone (5 h) followed by a final centrifuga- 

tion. The combined precipitates were resuspended in Tris–HCl buffer (50 mM, 

pH 7.7, 25 ml) and then loaded on to a Whatman cellulose (CC31) affinity 

column (2 cm × 15 cm) equilibrated with Tris–HCl buffer (50 mM, pH 7.7). 

The column was washed with the same buffer until the absorbance at 280 nm 

(A280 nm) of the eluate reached base line. Bound -glucosidase was eluted from 

the column by distilled water at a flow rate of 3.5 ml min−1. Fractions con- 

taining -glucosidase activity were pooled and then loaded on to a Sepharose 

4B gel exclusion column (0.9 cm × 18 cm) equilibrated with the same buffer. 

At a flow rate of 7.0 ml min−1, fractions (5 ml) were collected and the major 

peak of enzyme activity eluted within the first 28 ml. Minor peaks with minimal 

 -glucosidase activity eluted from the column later. 

 
2.4. Enzyme assays 

 
2.4.1. Endoglucanase 

Endoglucanase activity was measured from the release of reducing sugar 

(glucose) from carboxymethylcellulose (CMC) using the method adapted by 

Colowick and Kaplan [12]. The enzyme sample (1.0 ml) was treated with sub- 

strate (1.0 ml, 1% (w/v), 50 ◦C, 30 min). Dinitrosalicylic acid reagent (3.0 ml) 

was added and the whole boiled for 5 min then diluted with distilled water 

(20 ml) and A540 nm determined. One unit of enzymatic activity was defined as 

the amount of enzyme that releases 1 mol of reducing sugar per minute under 

the assay conditions. 

 
2.4.2. β-Glucosidase 

This activity was measured by a modification of the published procedure 

using methylumbelliferyl- -glucopyranoside as substrate and liberating the flu- 

orogenic methyl-umbelliferone product which is measured fluorometrically at 

455 nm [13]. The cell-free extract (1 ml) was incubated at 50 ◦C for 5 min in 

glycine buffer (0.4 M, pH 10.8) with substrate (1.5 mM, 1 ml). Ice-cold ethanol 

(2.5 ml; 95%) was added to stop the reaction and the tubes were centrifuged 

(2000 × g, 5 min) and the fluorescence measured in a spectrofluorimeter at an 

excitation wavelength of 365 nm and an emission wavelength of 455 nm. - 

Glucosidase activity was calculated from a standard curve. 

 
2.5. pH optimum 

 
The pH profile of the enzymes was evaluated by incubating the enzymes 

for 10 min at 50 ◦C in appropriate buffers: 50 mM sodium acetate (pH 3–4.5), 

50 mM sodium citrate (pH 5–5.5) and 50 mM sodium phosphate buffer (pH 6–8). 

Since carboxymethyl cellulose (CMC) is an ionic substrate, its properties would 

change with pH, therefore a non-ionic substrate, hydroxyethyl cellulose (HEC) 

was used instead. 

 
2.6. Temperature optimum 

 
The optimum temperature for endoglucanase and -glucosidase was deter- 

mined by incubating the enzymes (1.0 ml) for 10 min at different temperatures 

ranging from 10 to 70 ◦C at the optimum pH with 1.5 mM, 1.0 ml substrate for 

 -glucosidase and 1%, 1.0 ml substrate for endoglucanases. 

 
2.7. Effect of volatile fatty acids 

 
The effect of different concentrations of volatile fatty acids (acetic, butyric, 

propionic) on endoglucanase and -glucosidase from the sulphidogenic biore- 

actor at optimum pH and temperature was studied by incubation of the cell 

free extract (800 l) with different concentrations (0.25 ml) (0–1000 mg l−1) of 

effector in sodium phosphate buffer (50 mM, pH 6, 400 l). Incubation was 

started by addition of respective substrate (1%, 800 l) and the sample agitated 

at 50 ◦C in a rotary shaker (320 rpm, 5 min). The residual enzyme activity was 

determined as before. 

 
2.8. Effect of metal ions 

 
Cell-free enzyme extract (800 l) in sodium phosphate buffer (50 mM, 

pH 6.0, 400 l) was incubated (15 min, 37 ◦C) with varying concentrations 

(0–1000 mg l−1) of metal chlorides including Ca, Mg, Fe, Cu, Ni and Zn. Each 

assay was initiated by the addition of respective substrate (1% (w/v), 800 l) 

and enzyme activities determined as before. 

 
2.9. Determinations of kinetic parameters 

 

Ten different concentrations (1–10 mg ml−1) each of the substrates— 

carboxymethycellulose and methylumbelliferyl- -d-glucopyranoside in phos- 

phate buffer (50 mM, pH 7) were chosen to give measurable reaction rates and 

the reactions were performed in triplicate. The affinity constant, Km and the 

maximal rate of reaction, Vmax were determined using linear regression plots of 

Lineweaver–Burk [14] and Hanes–Woolf [15]. 

 
2.10. Multivariate statistical analysis 

 
All statistical analysis, including Pearson correlation coefficients, linear 

regression, analysis of variance (ANOVA) and descriptive statistics were con- 

ducted using STATISTICA (data analysis software system), for Windows Ver- 

sion 6.0 (StatSoft, Inc., 2001, USA), Microsoft® Excel 2002 (Microsoft Corpo- 

ration) or MATLAB Version 6.0 (Math Works). 

 
2.11. Effect of sulphur compounds 

 
The effect of different concentrations of sulphate, sulphite and sulphide 

on endoglucanase activity in the sulphidogenic bioreactor at optimum pH 

and temperature was studied as previously described [8–11]. The enzyme 

extract was incubated with different concentrations (0–1000 mg l−1) of effec- 

tor in the reaction mixture containing phosphate buffer (50 mM, pH 7) and 

the reaction started by the addition of substrate (1%, 1.0 ml). The effect of 
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Table 1 

Purification table for endoglucanase 
 

Step Volume (ml) Total protein (mg) Total activity (  mol min−1) Specific activity (U mg−1) Yield (%) Fold purification 

Crude 200 242 120 0.5 100 1 

PEG 20 000 34.8 54.3 44.9 0.83 37.5 1.67 

DEAE-cellulose 

Peak 2 

 
20 

 
0.44 

 
2.86 

 
6.5 

 
2.4 

 
13 

Peak 3 30 0.13 1.6 12.72 1.3 25 

 

 
Table 2 

Purification table for  -glucosidase 
 

Step Volume (ml) Total protein (mg) Total activity (  mol min−1) Specific activity (U mg−1) Yield (%) Fold purification 

Crude 22.6 0.68 40.68 59.82 100 1 

Acetone 20 0.4 27.2 68 66.9 1.14 

Affinity CC-31 10 0.13 14.09 108.4 34.6 1.8 

Sephasorb 4B 8 0.02 5.98 299 14.7 5 

 

the same sulphur compounds on   -glucosidase has been reported elsewhere 

[8]. 

 

 
2.12. Analytical procedures 

 
All analyses were carried out in triplicate and values reported as the means 

with standard deviations. All reagents and standards used were of analytical 

grade from Sigma–Aldrich Inc., USA or Merck Chemicals Pty Ltd. Samples 

used for sulphate, sulphide, alkalinity and CODSoluble were filtered through glass 

micro fibre filters (GF/A Circles 25 mm—Whatman® Int. Ltd., England) and 

the filtrate refiltered through 0.45 m (Millipore AcetatePlus, # A04SP002500, 

Osmonics Inc.). Total chemical oxygen demand [CODTotal], soluble chemical 

oxygen demand [CODSoluble] [16], particulate chemical oxygen demand 

[CODParticulate] and sulphide were determined using the Merck Spectroquant 

reagent kit as previously described [8–11]. Sulphate [17], protein [18] and 

carbohydrate [19] concentration were determined according to published 

procedures. 

 

 

2.13. Gel electrophoresis and molecular weight determinations 

 
SDS-PAGE [20] was used to estimate enzyme purity and to determine their 

molecular weight. Samples (10 l) and molecular weight markers (10 l) rang- 

ing from 6.5 to 200 kDa were applied to a 12% SDS-PAGE at 250 V. The 

gels were stained using Coomassie brilliant blue R-250 followed by destain- 

ing in methanol–acetic acid–water (1:1:8, v/v/v). The distance moved by the 

enzyme was measured and its corresponding molecular size calculated from 

the calibration curve of log molecular weight versus distance migrated. Pro- 

teins used for calibration were aprotinin, 6.5 kDa; lysozyme, 14.6 kDa; soybean 

trypsin inhibitor, 21.5 kDa; carbonic anhydrase, 31 kDa; ovalbumin, 45 kDa; 

bovine serum albumin, 66.2 kDa; phosphorylase b, 97.4 kDa;   -galactosidase, 

116.3 kDa; myosin, 200 kDa. 

 

 

2.14. Effect of protease inhibitors 

 
Ethylenediaminetetraacetic acid (EDTA), which is an inhibitor of metallo- 

protease, and phenyl-methylsulphonyl fluoride (PMSF), an inhibitor of serine 

proteases, were added independently to the enzyme extracts to establish any 

change in activity. The inhibitors (0–2.5 mM) were incubated with cell-free 

extract (50 ◦C, 15 min) followed by addition of 1.5 mM, 1.0 ml substrate for - 

glucosidase and 1%, 1.0 ml substrate for endoglucanase. The residual enzyme 

activity was measured as before. 

3. Results 

 

3.1. Purification of enzymes 

 
3.1.1. Endoglucanases 

The purification of this enzyme is summarised in Table 1. 

Cell-free extract was concentrated with PEG 20 000 then 

fractionated using ion exchange chromatography on DEAE- 

cellulose into five peaks of endoglucanase activity (Fig. 1). 

Fractions in the second peak (between fractions 55 and 60) 

eluted in 0.5 M salt and the third peak (between fractions 100 and 

110) eluted in 1 M salt had major amounts of enzyme activity 

(88%). These components were purified 13- and 25-fold with 

respective yields of 2.4 and 1.3% and specific activity of 6.5 

and 12.7 U mg−1 protein. Two protein bands were observed by 

SDS-PAGE with molecular mass of 66.2 and 52.4 kDa which 

coincided with other endoglucanase reported elsewhere [21]. 

 
3.1.2. β-Glucosidase 

The purification of this enzyme is summarised in Table 2. 

The enzyme was purified to homogeneity on SDS-PAGE by 

acetone precipitation followed by affinity (Whatman cellulose 

CC31) (Fig. 2) and gel exclusion (Sepharose 4B) (Fig. 3) column 

chromatography. Fractionation of the resuspended pellet after 

 
 

 
 

Fig. 1. DEAE-cellulose ion exchange chromatography. Column dimensions: 

1 cm × 25 cm. Flow rate: 1 ml min−1. Endoglucanases were eluted, stepwise, 
with 0–1 M NaCl in sodium phosphate buffer (50 mM, pH 6). 
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Fig. 2. Purification of -glucosidase with affinity column Whatman cellulose 

CC-31. 

 

acetone precipitation on a Whatman affinity cellulose CC-31 

column yielded one major peak (between fractions 2 and 10) 

with specific activity of 108.4 U mg−1, 1.8-fold purification and 

a yield of 34.6%. This pooled fraction was further purified on 

Sepharose 4B gel exclusion column to afford a -glucosidase 

in a 5-fold purification and a 15% yield. One prominent protein 

band was observed by SDS-PAGE with a molecular mass of 

66 kDa with a second minor band being observed at 54 kDa. 

These bands agreed with polypeptides from the cellulosome of 

other organisms and reported elsewhere [21]. 

 
3.2. pH and temperature optima and enzyme stability 

 

The pH optima for the endoglucanase and -glucosidase from 

the biosulphidogenic reactor was 6 and 6.5, respectively (Fig. 4) 

and at least 80% activity remained between pH 5.5 and 7.0. 

The temperature optimum was 50 ◦C for both enzymes (Fig. 5). 

Under these optimal conditions the endoglucanase, when immo- 

bilised to the floc matrix, remained completely active for 1 h 

(Fig. 6) while the immobilised -glucosidase lost about 50% 

activity within the first 30 min and a further 20% within the 

hour. Under the same conditions both enzymes from the cell-free 

extract lost approximately 80% activity within 20 min (Fig. 6) 

and became virtually inactive (8% activity remaining) after 1 h. 

 
 

 

Fig. 3. Purification of   -glucosidase with Sepharose 4B gel exclusion. 

 

Fig. 4. pH profiles of endoglucanase ( ), -glucosidase ( ) from a sulphido- 

genic bioreactor. 

 

 
 

Fig. 5. Temperature profile of endoglucanase (  ), and   -glucosidase (  ) from 

a sulphidogenic bioreactor. 

 

At 70 ◦C, however, complete loss of activity occurred with both 

immobilised enzymes within 10 min (Fig. 6). This suggests that 

the enzyme is thermally stable when protected by the matrices 

of the external support. These findings are in accord for other 

endoglucanases with previous observations of pH from Retic- 

 
 

 

Fig. 6. Stability profiles of immobilised endoglucanase (  ) and   -glucosidase 

( ) and cell-free extract endoglucanase ( ) and -glucosidase (△) under opti- 

mum conditions of pH and temperatures. (   ) Both enzymes at 70 ◦C. 
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ulitermes speratus (pH 6) [22], Aspergillus niger (pH 6) [23] 

and temperature from Bacillus cellulolyticus (50 ◦C) [24], and 

Rhizopus oryzae (55 ◦C) [25]. The characteristic high tempera- 

ture optima exhibited by these enzymes is common to all other 

enzymes previously identified from our laboratories in an anaer- 

obic biosulphidogenic bioreactor. 

 
3.3. Effect of volatile fatty acids 

 

All of the volatile fatty acids studied (acetic, propionic, 

butyric) proved slightly inhibitory (20–40%) to both enzymes 

(Fig. 7) in concentrations greater than 600 mg l−1. Acetic acid 

showed a slight activation of -glucosidase at lower concentra- 

tions (200–400 mg l−1). Since the cell free reaction mixture was 

buffered the inhibitory effect was not due to a drop in pH. This 

slight activity enhancement of -glucosidase could be attributed 

to the interaction between the acetic acid and the hydrophobic 

aglycone moiety of the substrate. 

 
3.4. Effect of metal ions 

 

The -glucosidase was strongly inhibited by Cu2+ with only 

20% activity remaining at a metal concentration of 200 mg l−1 

and only 11% at 1000 mg l−1. The activity of the endo-glucanase 

activity decreased to 50% at 400 mg l−1 Cu2+ and then lowered 

to 3% at 1000 mg l−1. Fe2+, on the other hand, showed an initial 

activation (150–160%) of the endoglucanase at concentrations 

up to 600 mg l−1 yet a 75% inhibition to   -glucosidase at the 

 

 

 

 

 

 
Fig. 8. Effect of metals on (A)   -glucosidase and (B) endoglucanase activity. 

 
 

2+ 
same metal concentration. Both enzymes were slightly inhibited by increasing Ni with  -glucosidase having 36% and endoglu- 

 

 

 
 

Fig. 7. Effect of volatile fatty acids on (A)  -glucosidase and (B) endoglucanase. 

canase 52% activity remaining at 1000 mg l−1 metal concen- 

tration. The effect of Zn2+ on -glucosidase showed a gradual 

decrease in activity with an increase in metal concentration leav- 

ing about 50% active enzyme at 1000 mg l−1 while with the 

endoglucanase enzyme there was an enhanced inhibitory effect 

and total loss of activity at 600 mg l−1. These results concur 

with other work, reported elsewhere, that heavy metals inhibit 

endoglucanases [23–25] and -glucosidases [26,27] while Fe2+ 

can cause a slight activation of the former enzymes [28]. Since 

thiol groups are targets for the heavy metals it suggests that 

these groups are present at the active site of the enzymes. Both 

Ca2+ and Mg2+ have been reported to be required by cellulo- 

some enzymes with the former enhancing the substrate binding 

affinity of the enzyme and stabilising the conformation of the 

catalytic site [29,30] and so it is not surprising that these two 

metals are stimulatory to the enzymes (Fig. 8). 

 
3.5. Effect of sulphate, sulphite and sulphide 

 

Sulphate at concentrations above 200 mg l−1 showed slight 

inhibitory effects (16–20%) on the endoglucanase when immo- 

bilised on the floc matrix and when extracted into a soluble 

cell-free system (Fig. 9). Sulphite, the intermediary compound 

in sulphate reduction, had very little effect on the enzyme activ- 

ity from both systems. On the contrary, sulphide stimulated the 

activity of the immobilised endoglucanase by 2.8–6.5-fold with 

concentrations from 300 to 800 mg l−1. This same effect was not 

observed with the endoglucanase that had been released into a 
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Fig. 9. Effect of sulphate, sulphite and sulphide on sulphidogenic endoglu- 

canases. 

 

 

cell-free extract. Only a 22% increase in activity was noted at 

concentration of 200 mg l−1 beyond which it became toxic and 

decreased the enzyme activity to 0. These results followed trends 

by other enzymes ( -glucosidase, protease, lipase) isolated from 

biosulphidogenic reactors [8–11]. 

 
 

3.6. Effect of protease inhibitors 

 
It has been previously shown [11] that the activity of protease 

enzymes is stimulated by increased concentrations of sulphide 

generated in situ by the biosulphidogenic conditions of sludge 

hydrolysis. Furthermore cell disruption techniques, used during 

enzyme purification, expose the target enzymes ( -glucosidase 

and endoglucanase) to become substrates for these proteases. It 

is therefore necessary to introduce a protease inhibitor at a spe- 

cific minimal concentration to inhibit the protease while, at the 

same time, not affect the target enzyme. The inhibitors chosen 

were phenylmethylsulphonyl fluoride (PMSF), which interacts 

with serine and/or cysteine proteases and ethylenediaminetetra- 

acetic acid (EDTA) which inhibits metallo-proteases. 

As shown (Fig. 10) initial concentrations of PMSF at 0.5 mM 

lead to nearly 40% increase in activity of the endoglucanase 

suggesting the inhibition of proteases and consequently min- 

imising exposure of the target enzyme to proteolysis. At PMSF 

concentrations of 1–2 mM, however, there was nearly complete 

loss of activity supporting the fact that modification of a serine 

residue or thiol group at the active site had taken place [31]. This 

result substantiates our finding above that heavy metals inhibit 

endoglucanases and -glucosidases by interacting with potential 

thiol groups at the active site. 

We would like to suggest that the 15–30% increase in 

endoglucanase activity with EDTA concentration >0.5 mM 

could be attributed to the removal of inhibitory heavy metals 

by the chelator. No inhibition of the enzyme was observed with 

EDTA >2.5 mM and so the enzyme is not classified as a metallo- 

protease. 

 

Fig. 10. Effect of protease inhibitors on endoglucanase. 

 

 
Similar results were observed for -glucosidase [8] at low 

concentrations of PMSF and EDTA. Once again this supports 

the theory that removal of proteases from the system would limit 

proteolysis of the -glucosidase leading to enhanced recovery. 

Our finding of no inhibition with EDTA contradicts earlier work 

of Yeoh et al. [32] who established that EDTA did inhibit - 

glucosidase albeit at concentrations four-fold higher than our 

work. 

 

3.7. Kinetic parameters 

 

The kinetic parameters Km and Vmax of  the  enzymes 

were determined by typical Michaelis–Menten hyperbolic and 

Lineweaver–Burk double reciprocal plots (Fig. 11). For the 

endo-glucanase, at pH 6, carboxymethylcellulose and hydrox- 

yethylcellulose gave Km values of 4 and 5.1 mg ml−1   and 

Vmax values of 0.3 and 0.19 mol min−1 ml−1, respectively. No 

hydrolysis with avicel was found indicating a lack of exoglu- 

canolytic activity. With respect to the -glucosidase, the kinetic 

parameters were 84.2 M and 4.4 mol min−1 ml−1, respec- 

tively (Table 3). 

 

 

 

Fig. 11. Dependence of endoglucanase activity with respect to carboxymethyl- 

cellulose. Inset: double reciprocal Lineweaver–Burk plots. 
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Table 3 

Kinetic parameters of endoglucanases and  -glucosidases activities from the anaerobic sulphidogenic bioreac

Enzyme Substrate Km Vmax (  mol min−1 ml−1) 

Endoglucanase Hydroxyethylcellulose 5.1 mg ml−1
 0.19 

Endoglucanase Carboxymethylcellulose 4 mg ml−1
 0.3 

 -Glucosidase MUF-  -d-glucopyranoside 84.2   M 4.4 

 



 

4. Discussion 

 

Previous results from our laboratories have indicated that enzymes from a biosulphidogenic reactor, such as phosphatases, 

proteases, lipases and glucosidases, are more reactive than those from a pure methanogenic reactor [8–11]. The current study 

supports this claim as well since the endoglucanase and - glucosidase showed enhanced activity in a sulphate reducing 

environment when compared to the methanogenic enzymes. There are two scenarios. Sulphide, liberated during the sulphate 

reduction, is responsible for neutralising cationic charges on the surface of the floc leading to collapse of the floc structure. This, in 

turn, would release other enzymes previously trapped within the floc matrix and consequently lead to enhanced activity. Alter- 

natively, and with equal probability, the sulphide had a direct activating influence on enzyme activity. The enhancement of 

sludge solubilisation by -glucosidases within a sulphidogenic system and by sulphur metabolites, has already been discussed 

elsewhere. 

Both enzymes were found to be associated with the organic particulate matter reflecting the immobilisation of the enzymes to the 

floc matrix. Consequently these enzymes were thermally more stable when immobilised than if they were free in solution. The bio-

conversion of cellulose-rich wastewater into fer- mentable sugars has a limit on environmental pollution and encourages re-

use and sustainability. Immobilised endoglu- canases can be used, at high temperatures, in the biodeinking of newspapers, 

bioremediation of effluents from textile and dye or paper and pulp industries. Enzymatic hydrolysis of cellulose to sugars has long 

been investigated for its possibility of providing abundant food and energy resources. Commercial applications of enzyme 

cellulose hydrolysis has been deterred by the high cost of enzymes [33]. With this limitation, it is therefore of great 

importance to find a cheap and readily available source 

of enzymes that are capable of degrading the cellulosome. 
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