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Actin has been shown to be a potent activator of the enzymatic hydrolysis of cellulose, its addition to the 
reaction mixture leading to an increase in the hydrolysis rate of up to 6-7 fold. The action of actin is directed 
primarily towards endoglucanases of cellulase complexes. The degree of activation varies in relation to the 
cellulases from different microbial sources. The activation of the enzymatic hydrolysis of an insoluble cellu- 
lose by actin does not affect the Michaelis constant but increases the maximum velocity of the reaction. 
Increasing the actin concentration leads to a linear increase in the activation effect which indicates a rather 

poor binding of actin with the cellulases under study. 

Actin I ,4-/?-D-Glucan I-glucanohydrolase (endoglucanase) activation Hydrolysis Cellulose degradation 

1. INTRODUCTION 2. MATERIALS AND METHODS 

Owing to recent achievements in genetic 
engineering, a series of quite unexpected parallels 
have been elucidated in the biosynthesis of com- 
pounds which are, at first glance, unrelated. Thus, 
during the screening of Schizophyllum commune 
genes, which are responsible for the synthesis of 
cellulolytic enzymes and during the construction of 
the corresponding cDNA library on the pBR322 
plasmid, the fragment was recovered at 660 bp and 
identified as actin [l]. However, the part played by 
actin in the enzymatic hydrolysis of cellulose re- 
mains unknown. 

2.1. Purification of actin 
Globular (G) actin was prepared from acetone 

powder of rabbit skeletal muscle according to 
Spudich and Watt [3] with the modification of 
Maclean-Fletcher and Pollard [4]. The prepared G- 
actin was polymerized into F-actin by addition of 
KC1 (to a final concentration of 50 mM) and 
MgClz (to a final concentration of 2 mM) for 
30 min at room temperature [5]. 

On the other hand, there is an increasing amount 
of data to the effect that actin, the basic structural 
protein of muscle filaments and cytoskeleton of 
non-muscle cells, interacts with many enzymes and 
is a regulatory agent in relation to a number of 
metabolic processes in the cell [2]. 

F-Actin and G-actin were repeatedly purified by 
the method of polymerization-depolymerization 
[5]. The homogeneity of actin preparations was 
monitored by polyacrylamide gel electrophoresis in 
the presence of SDS [6]. The initial protein concen- 
tration in the actin preparations was 3-7 mg/ml. 

2.2. Cellulase preparations and their activity 

The present work has shown that actin is a po- 
tent activator of the enzymatic hydrolysis of 
cellulose, and leads to an increase as great as 
6-7-fold in the hydrolysis rate. 

Cellulase preparations from Trichoderma viride 
(Meicelase, Meiji Seika, endoglucanase activity 
6000 III/g), T. reesei (purified by affinity 
chromatography on cellulose [7], 3300 III/g), 
Myrothecia verrucaria (260 W/g), Sporotrichum 
dimorphosporum (Rapidase, 360 III/g) were used. 
The molar concentration of endoglucanase was 
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calculated assuming the specific activity ot 
homogeneous endoglucanase to be 70 IU/mg, and 
its M, 50000 [8]. 

Endoglucanase (1,4-P-D-glucan glucanohydro- 
lase) activity was determined by the viscometric 
method [9] using 1.0% CM-cellulose (Serva), pH 
6.0, 40°C. The activity was expressed in pmol 
glucosidic bonds split - min-’ . 

Reducing sugars in the course of the enzymatic 
hydrolysis of CM-cellulose (l.O%, pH 6.0, 20°C) 
were measured by the modified Somogyi-Nelson 
method [lo]. In the absence of cellulolytic prepara- 
tions, the addition of actin to CM-cellulose did not 
result in a decrease in the viscosity of the solution, 
or in the formation of reducing sugars. 

A dyed amorphous cellulose (NPO ‘Ferment’, 
Vilnius) was used as an insoluble cellulosic 
substrate for studying the enzymatic hydrolysis 
(pH 6.0, 20%); the absorbance of the supernatant 
was recorded at 490 nm. 

3. RESULTS 

3.1. Effect of actin on endoglucanase activity 
from A. foetidus and S. dimorphosporum 

F-Actin (0.3 mg/ml, or 7.1 x 10v6 M) activated 
endoglucanase of A. foetidus by 2.0 f 0.3-times, 
but not endoglucanase of S. dimorphosporum 
under the same conditions. In both cases, the con- 
centration of cellulase preparations was 0.0025 
mg/ml, or about 2-3 x lo-” M calculated for the 
endoglucanase concentration in the preparations; 
thus, actin was in great molar excess over endo- 
glucanases in the reaction mixture. 

3.2. Effect of actin on cellulase activity in relation 
to the insoluble cellulose 

F-Actin (0.25 mg/ml) activates the hydrolysis of 
the insoluble dyed cellulose (10 mg/ml) under the 
action of cellulase preparations from the following 
sources: S. dimorphosporum, 2.8-times; A. 
foetidus, 2.3-times; T. viride, 1.3-times; M. ver- 
rucaria, 1.2-times. Further studies have shown that 
actin (0.25 mg/ml) does not affect the Michaelis 
constant for the hydrolysis by T. viride (Km 
6.6 mg/ml) and S. dimorphosporum (Km 
67.0 mg/ml), but the corresponding V, values are 
2.5-times (T. viride) and 6.6-times (S. dimor- 
phosporum) higher. Fig.1 shows that the activa- 
tion effect on the enzymatic hydrolysis of the dyed 
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Fig.1. Effect of actin concentration on the rate of 
hydrolysis of insoluble dyed cellullose by a cellulase 
complex from T. virile at 0.05 g/l. Conditions: pH 6.0; 

20°C; cellulose, 10 g/l. 

cellulose increases linearly with the concentration 
of F-actin. 

3.3. Dependence of the activation effect on 
preincubation of actin with cellulases 

Actin was preincubated with cellulases at pH 6.0 
and 20°C in the absence of substrate. The results 
showed that activation by actin changed gradually 
with time, the character of the change varying ac- 
cording to the sources of the cellulases. Thus, for 
S. dimorphosporum activation by actin was not 
observed after the first 30 min, during the next 
60 min endoglucanase activity decreased by 
35-40% (fig.2), and, finally, after 10 h storage at 
4°C the activity increased 2.3-times over the blank 
solution and remained unchanged thereafter. On 
the other hand, for T. viride with actin the en- 
doglucanase activity increased 1.5-times over the 
control in the first 30 min, returned to the initial 
value during the next 30 min of incubation, and 
after 10 h of storage at 4°C again increased 
1.5-times and remained constant. 

3.4. Effect of actin on the formation of reducing 
sugars in the course of CM-cellulose 
hydrolysis 

In this case, the activation by actin also varied 
for different microbial sources of cellulases. For 
cellulases of S. dimorphosporum the addition of 
actin (0.31 and 0.48 mg/ml) did not result in a 
change in formation of reducing sugars for CM- 
cellulose hydrolysis for at least 40 min. This obser- 
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Fig.2. Activation of endoglucanase from S. 
dimorphosporum by actin at 0.6 g/l for different 
preincubation periods. The enzymatic activity was 
determined viscometrically (CM-cellulose hydrolysis at 
pH 6.0, 40°C). The concentration of the cellulase 
preparation was 0.3 g/l in the incubation mixture, and 

4-5 x IO-’ g/l in a viscometer. 

vation is in agreement with previous data, in which 
the hydrolysis of CM-cellulose by the same 
cellulase preparation was followed using vis- 
cometry. 

For cellulases of T. viride addition of actin 
(0.5 mg/ml) to the mixture with CM-cellulose 
resulted in a time lag of 15 min in formation of the 
reducing sugar (fig.3a), then the rate of hydrolysis 
increased 2.5-times over the control, and decreased 
again 40-50 min later. These data are in agree- 
ment with those of previous experiments (see 
above) on the preincubation of T. viride cellulases 
with actin, in which the activation of the 

viscometric hydrolysis passed the maximum in the 
first 60 min. To verify these results, the same ex- 
periment was carried out with a sufficiently better 
purified cellulase preparation from T. reesei 
(fig.3b). It can be seen that the kinetic curves are 
basically the same. 

3.5. Formation of actin complexes with cellulases 
After mixing cellulases with actin (0.6-0.8 mg/ 

ml) and ultracentrifugation of the solution (S’C, 
3.5 h, 38000 rpm) with the subsequent determina- 
tion of endoglucanase activity in the supernatant 
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Fig.3. The kinetics of the formation of reducing sugars 
from CM-cellulose at 5.0 g/l under the action of (a) a 
commercial cellulase complex from T. viride at 
0.014 g/l, (b) cellulase complex from T. reesei purified 
by affinity chromatography at 0.008 g/l. (1) No actin; 
(2) actin at 0.5 g/l (a), 0.31 g/l (b). Conditions: pH 6.0, 

20°C. 

and residue, quite different results were obtained 

for different cellulases. 
For S. dimorphosporum endoglucanase activity 

in the supernatant was 15% lower than in the con- 
trol, but the major activity was found in the 
residue in a complex with actin. In contrast, the 
same experiments with the cellulase of T. viride 
and the purified cellulase of T. reesei showed that 
the residue did not possess endoglucanase activity. 
Instead, the viscometric activity of endoglucanases 
in the supernatant after the precipitation of highly 
polymeric actin increased 2.0 f 0.2-times in both 
cases. The same degree of activation (2.2 for T. 
viride and 1.8 for T. reesei) was also observed for 
the hydrolysis of dyed insoluble cellulose. 

4. DISCUSSION 

Our results show that F-actin is a fairly effective 
activator of cellulases leading to as much as 
6-7-fold acceleration of the enzymatic hydrolysis 
of cellulose. The data also demonstrate the distinct 
differences in behaviour of actin towards en- 
doglucanases from different microbial sources. 
Thus, the activation of endoglucanase of T. reesei 
(and T. viride) is apparently induced solely by 
relatively low-M, fragments of actin, as follows 
from the ultracentrifugation data. In the latter 
case, an endoglucanase-highly polymeric actin 
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complex is either inactive or does not exist at all. 
As far as the activation of endoglucanase of S. 

dimorphosporum is induced by highly polymeric 
actin, formation of the corresponding complex ap- 
parently takes a certain time. This feature may ex- 
plain the rather prolonged time lag in activation of 
S. dimorphu~~or~m endoglucanase in relation to 
the hydrolysis of both soluble C~-cellulose and 
the insoluble substrate (fig.2). On the other hand, 
for the action of endoglucanases from A. foetidus, 
T. viride and T. reesei, where the activation is ap- 
parently caused by low-M, actin, there was no 
detectable lag period in the activation. In general, 
the time pattern of the activation effect of actin is 
rather complicated and may indicate complex con- 
formational processes which develop between the 
enzymes and polymeric actin. 

Finally, the finding that an increase in F-actin 
concentration (up to 5 mg/ml, or 1.2 x 10m4 M) 
leads to a linear increase in the activation effect 
(fig.1) points to a rather poor affinity between ac- 
tin and cellulases. This correlates well with the 
relatively low transfer of endoglucanase from the 
solution into the precipitating endoglucanase-actin 
complex, as shown by ultracentrifugation. This, in 
turn, might indicate that in the actin- 
endoglucanase complex the enzyme is activated at 
least several dozen times more strongly than would 
follow directly from the kinetic data. 

Thus, the observation that the actin gene is ex- 
pressed simultaneously with the cellulase genes in 
response to the addition of cellulose to the media 
[ 1] may not be accidental, and the present data in- 
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dicate the possible co-ordinated regulation of 
biosynthesis and the functioning of compounds 
such as actin and cellulases which appear at first 
glance to be quite unrelated. 
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