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It is now well established’ that degradation of native cellulose is dependent on 
the synergistic action of three types of enzymes, namely, endo- + 4)-p-~- 
glucanases, cellobiohydrolases, and P-D-glucosidases. 

In several insect species, it has been shown that the degradation of plant 
material in the digestive tract is accomplished with the assistance of enzymes 
synthesized by symbiotic microorganisms and ingested by the insect2-5. In previous 
papers, we demonstrated that in the digestive tract of M. muelleri (Termitidae, 
Macrotermitinae) the enzymes involved in cellulose degradation have two different 
sources. Of central importance are an endocellulase, produced by the symbiotic 
fungus Termitomyces sp. (Basidiomycetes, Agaricaceae) and ingested by the ter- 
mites, and an exocellulase synthesized by the termites themselve&‘. The fungal 
enzymes, which act synergistically in the degradation of native cellulose8, are 
efficient in two different organisms because of their great stability at various pHs 
and temperatures?‘. 

Two P-glucosidases were also purified previously, the first from the termite gut 
(&glucosidase A) and the other from Termitomyces sp. (/3-glucosidase Bj9, but 
their properties remained to be investigated. In this report, we describe some 
physicochemical properties of these two enzymes, which deserve emphasis because 
of their role in the digestion of cellulose by the termite M. muelleri. 

MATERIALS AND METHODS 

Biochemical products. -Avicellulose, carboxymethylcellulose, cellotriose, cel- 
lopentaose, cellobiose, and p-nitrophenyl P-D-glucopyranoside (PNPG) were ob- 
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tained from Sigma Chemical Co. (St Louis, MO, USA). Bovine serum albumin 
originated from Koch-Light Laboratories (Colnbrook, Bucks, UK). Phosphorylase 
a and pepsin were from Worthington Biochemical Corp. (Freehold, NJ, USA) and 
trypsin was from Armour Laboratories (London, UK). 

Enzyme preparations. -_P-Glucosidases A and B were purified by ion-exchange 
chromatography as detailed in a previous paper’. Each purified enzyme gave a 
single protein band on gel electrophoresis under nondenaturing conditions. The 
specific activities of the two enzymes were respectively 440 U per mg protein for 
&glucosidase A and 90 U per mg protein for &glucosidase B with PNPG as 
substrate. On cellobiose, the values were 398 U per mg protein for P-glucosidase A 
and 207 U per mg protein for P-glucosidase B. 

Enzyme assays. -Cellobiase and /3-glucosidase activities were assayed by incu- 
bating 50 pL of purified enzyme solution with 50 I.LL of cellobiose or PNPG (50 
mM) and 25 pL of McIlvaine buffer to The release of glucose during the hydrolysis . 
of cellobiose was determined by a microdosage technique using Glucosoxidase”. 
Proteins were determined by the Coomassie Brilliant Blue G250 technique” using 
bovine serum albumin as a standard. Specific activity was expressed as pmol of 
glucose liberated per min per mg of protein at 37” (U per mg protein). 

Gel electrophoresis. -Molecular weight determinations were performed on poly- 
acrylamide disc gelsI using the Hedrick and Smith method14 and by SDS-PAGE 
following the procedure described by Weber and 0sborn’5. Reference proteins 

used were phosphorylase a monomer (94 kDa), bovine serum albumin monomer 
(68 kDa), pepsin (35 kDa), and trypsin (23.3 kDa). 

RESULTS 

Molecular weights. -The electrophoretically pure enzymes each gave a single 
protein band corresponding to m = 126 + 11 kDa for p-glucosidase A and m = 
115 + 10 kDA for p-glucosidase B. The apparent molecular masses of p-gluco- 
sidase A and B, determined by SDS-PAGE, were respectively 62 f 2 kDa and 
120 f 4 kDa. This suggests a dimeric structure for P-glucosidase A and a 
monomeric structure for P-glucosidase B. 

Glycoprotein nature. -The two P-glucosidases were tested for carbohydrate by 
periodic acid-Schiff staining after polyacrylamide disc gel electrophoresis. Only 
P-glucosidase A presented a positive response to periodate-fuschin, suggesting a 
glycoprotein nature for this enzyme. 

Enzyme specificity.-Both enzymes were active on cellobiose and PNPG, but 
they showed no activity on microcrystalline cellulose, avicellulose, carboxymethyl- 
cellulose (CMC), gentiobiose (pl-61, or laminarabiose (pl-3). P-Glucosidase A 
also hydrolyzed cellotriose and cellopentaose with specific activities of respectively 
50 U per mg protein and 29 U per mg protein. 

Effect of pH on rates of hydrolysis of cellobiose and PNPG. -Rate curves of the 
hydrolysis of PNPG by /?-glucosidases A and B showed linearity up to 15 min, 
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Fig. 1. Effect of pH on rates of cellobiose and PNPG hydrolysis by P-glucosidases A and B. Each point 
is the mean value of three experiments. 

whereas the hydrolysis of cellobiose was linear up to 10 min for p-glucosidase A 
and up to 20 min for /3-glucosidase B. Therefore, an incubation time of 10 min was 
used for all subsequent experiments. 

The effect of pH on the activity of the p-glucosidases was studied at 37” by 
using cellobiose or PNPG as substrate in McIlvaine buffer over the pH range 
2.8-8. The pH-activity profiles obtained (Fig. 1) were very different for the two 
enzymes. P-Glucosidase A showed a maximum of activity at pH 5.3 for both 
substrates. By contrast, /3-glucosidase B showed a maximum between 4.7 and 5.3 
on the heteroside (PNPG), whereas the optimum pH was between 2.95 and 3.3 
with cellobiose as substrate. 

Thermal denaturation .-Both enzymes could be stored at 4” for several months 
without any apparent loss of activity. However, P-glucosidases A and B lost 
respectively 10 and 30% of their activities on freeze-drying. 

Temperature stability was measured by incubating aliquots (0.05 mL) of enzyme 
in McIlvaine buffer (pH 5.3) at 30-55” for 20 min. Residual activity on PNPG and 
on cellobiose was then assayed at 37” (Fig. 2). P-Glucosidase A was less heat 
sensitive than P-glucosidase B; on preincubation at 50” for 20 min it lost 30% of its 
activity on cellobiose and 60% of its activity on PNPG. Under the same conditions, 
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Fig. 2. Temperature stability of p-glucosidases A and B, tested with cellobiose and PNPG as substrates. 
Each point was calculated from the average value of five tests. 

P-glucosidase B lost 100% of its activity on the heteroside and 80% on cellobiose. 
Moreover, both P-glucosidases were lightly activated after a preincubation at 37”, 
but only when assayed on cellobiose. 

Effect of substrate concentration. -The effect on the reaction rate of varying 
substrate concentration was studied with PNPG and cellobiose. The apparent 
Michaelis constant (K,) for each enzyme was calculated from Lineweaver-Burk 
plots . l6 On cellobiose, values of K, for P-glucosidases A and B were respectively 
1 f 0.05 x lop3 M and 2.8 t_ 0.2 x lop3 M. With PNPG as substrate p-glucosidase 
A had a K, of 1.3 f 0.2 X 10e3 M, which was similar to that on cellobiose. The 
K, of /?-glucosidase B on PNPG could not be established because of the very low 
affinity of the enzyme for this substrate. For &glucosidase A the K, could be also 
determined on cellotriose and cellopentaose; the values obtained were respectively 
1.1 f. 0.09 x lop3 M and 7.7 &- 0.4 x lop3 M. 

Effect of various cations. -Enzyme activity was measured under the standard 
assay conditions with cation concentrations up to 0.02 M. No significant effect on 
the two /3-glucosidases was observed with Mn2+, Co2+, Mg2+, or Ca2+. Under the 
same conditions, P-glucosidase A was inactivated by Ag+, Fe2+, Cu2+, and Zn2+. 
It also lost 50% of its cellobiase activity with EDTA at 10T3 M. After dialysis to 
remove EDTA, each of the cations just mentioned, and also Pb2+ and Li+, was 
tested for its ability to restore the activity, but none had any effect. Except for Ag+ 
and Cd2+, cations had no apparent effect on the activity of the j+glucosidase B, 
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which was also definitely inhibited by EDTA. In this case, the addition of Fe’+ 
restored 75% of the initial enzymic activity. 

DISCUSSION 

P-Glucosidase A purified from the gut of Macrotermes muelleri and p-gluco- 
sidase B isolated from its symbiotic fungus Termitomyces sp. are very different in 
structure. @Glucosidase A is a homodimer of m 62 kDa, whereas P-glucosidase B 
is a monomer of m 115 kDa. Only P-glucosidase A appeared to be a glycoprotein. 
The optimal pH values (5.2 and 5) are comparable to those of other p-glucosidases 
from insects17*18 or fungi’9~20. Both enzymes are heat sensitive, with their cellobiase 

activities better conserved than their /3-glucosidase activities during preincubation 
at high temperature, This result in the case of p-glucosidase B could be correlated 
with the greater affinity of the enzyme for cellobiose than for PNPG. 

P-Glucosidase A is more sensitive to metal ions than p-glucosidase B. The 
observation with /3-glucosidase B that activity lost with EDTA is restored by Fe2+ 
suggests that ferrous ion may be a component of the active site of this enzyme. 

The strict specificity of the two /3-glucosidases for cello-oligosaccharides and 
PNPG puts these enzymes in contrast to those from Trichodenna uiride*l, As- 

pergillus roseus 22, and Ergates faber 17, which are also active on microcrystalline 
cellulose and CMC, or that of Sclerotium rolfsii, which degrades glucan substrates 
having p-(1 -+ 6) and p-(1 + 3) linkages23. As judged by the K, value, p-gluco- 
sidase B has a lower affinity for cellobiose than other fungal P-glucosidases”. The 
fact that this enzyme showed no activity on all the other tested substrates (CMC, 
cellotriose, cellopentaose, and cellulose) indicates that it is a strict cellobiase (a 
/3-D-glucoside glucohydrolase, EC 3.2.1.21.). The series of K, values obtained for 
P-glucosidase A with PNPG, cellobiose, cellotriose, and cellopentaose suggest that 
the affinity of the enzyme decreases as the substrate molecular weight increases, in 

agreement with the results reported for the P-glucosidases of A. roseus** or T. 
koningii 25. 

Although the symbiotic Termitomyces is strongly cellulolytic, it possesses only an 
endocellulase and a lightly active fi-glucosidase. Thus, it may have the same 
cellulolytic metabolism as the brown-rot fungi. These fungi, which have very little 
/3-glucosidase activity, use an oxidative system (H,O,-Fe2+) for the degradation of 
cellobiose26. 

@Glucosidase A, released by termite salivary glands2’, is much more active than 
the fungal enzyme. The clear activity of /3-glucosidase A on cellotriose and 
cellopentaose explains the great increase in cellulose hydrolysis when the three 
enzymes (endocellulase produced by the fungus, exocellulase and /3-glucosidase 
synthesized by the termite) act synergistically in the termite digestive tracts. It 
appears that the terminal stages of the cellulolytic pathway in Macrotermes 

muelleri and in its symbiotic fungus are clearly different. 
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