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The mode of expression of cellulase activity obtained by viscosimetric measurement
is analysed. After testing different types of substrates, it appears that the best one is
hydroxyethylcellulose used at a high degree of polymerisation and a high concentration.
Comparison of results obtained with cellulases from Trichoderma viride and extracted from
Pisum sativum favours the validity of the determination proposed. Possible physiological
significance of the measurements of cellulase activity is also discussed.

Cellulases seem to be implicated in phenomena such as abscission (18),
ripening (17), cell differentiation (21), and cell expansion (6). On the other
hand, their activities are controlled by some plant hormones (3, 8, 18, 24). At
first, some simple relationships between cellulase and growth were proposed (16),
but the participation of cellulases in such a process — if controlled by certain
enzymes (7, 30) — still remains questionable. The exogenous application of
cellulases changed the extensibility of the cell wall (20), but failed to stimulate
growth (20, 25). It seems difficult to generalize observations (19) for which the
physiological significance has yet to be fully investigated. The occurence and
the analysis of endogenous cellulases in a growing system have still to be demon-
strated. Technical questions seem to be of prime importance to solve these
problems.

Several techniques for measuring cellulase activity have been proposed, and
the viscosimetric method seems to be the most sensitive (27). However it brings
certain problems such as: the choice of substrate, the expression of enzyme
activity, the distinction between enzyme and polymer properties, etc. The usual
substrate is the carboxymethylcellulose (CMC), but it seems that the non-ionic
substrate hydroxyethylcellulose (HEC) — subject to extensive studies (28, 29)
— can be considered the best substrate to test cellulase activity (4, 5, 11). If
standard units of cellulase are to be discussed, because of the present non-
standardization of substrates (1), the choice of units remains essential to express
enzyme activity.

The aim of the present paper is to select the best substrate for a viscosimetric

Abbreviations: CMC, carboxymethylcellulose; HEC, hydroxyethylcellulose; DP, degree of
polymerisation; cst, centistoke; CE, cellulase extracted horn Pisum sativum; CO, cellulase Onozuka
R-10.
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Table 1 Characteristics of the substrates used to analyse the cellulase activity

Substrate D P W ' DPW *

3160
2200
1690
986
328
1296

For HEC: moles of substituent combined M.S.=2.5 (noted 250);
For CMC: degree of substitution D.S. = 0.7.
DPW: average degree of polymerisation (weight average)
" Approximate values according to Hercules.
* Values determined from Table 2 and by use of the equations:
M = 10-2 xDPw0-87 (Hercules d a t a ) j f o r CMC: fr]0.iN Naci = l-8x 10-2xDPw°-"> (28) with fo] =
5.18.

analysis, by comparing the results obtained with commercial cellulase and cellulase
prepared from Pisum sativum (3, 16), using HEC and CMC as substrate. Expression
of cellulase activity and its significance will be discussed.

Materials and methods

Pisum sativum L. var. Alaska were grown (dark, 25°C) for about three days
on vermiculite. The first cm (plumule+hook) of the first internode was used.
This segment induced a drop in viscosity similar to that of the third internode
usually employed. From these first internodes, 60 g were homogenized in a
blendor in 50 ml of 10~2 M phosphate buffer pH 6. The homogenate was
centrifuged (25000 Xg, 15min); the clear supernatant was frozen with liquid
nitrogen, then lyophilised, and 1.5 g of powder was obtained. An aliquot was
dissolved in water just prior to the assay.

Commercial cellulase Onozuka R-10 (source: Trichoderma viride) was
purchased from Kinki Yakult Co., Nishinomiya. It must be noted that this
preparation contained some hemicellulases.

The characteristics of the substrates CMC and HEC — generous gift from
Hercules Powder Co. — are presented in Table 1. The HEC and CMC solutions
were prepared in phosphate buffer one to three days before use, and kept at 4°C.

Enzyme and substrate solutions were thoroughly mixed (1/1) and charged
into a Cannon-Manning semi-micro viscometer calibrated, size 200. Measure-
ments were performed at 35±0.01°C every 10 min for 1 hr, with an efflux time
greater than 100 sec; the viscosity (v) of the solvent was 0.74 cst. For all the
assays, blanks were prepared by heat inactivation of the enzyme solution (1 hr,
100°C); if not mentioned, the drop in viscosity was negligible.

Results and discussion

Cellulase action on the viscosity of an HEC solution is presented in Fig. 1A.
The curves obtained show a non-linear relation to time. This can be ruled out
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Fig. 1. Cellulase activity. (A) Drop in viscosity (i/) as a function of incubation time. Substrate HEC
250 H. Final concentration 0.35%. CO: 0.125/ig/ml (1); CE: 5 mg/ml (2). Reaction time
(T) is obtained from the equation: T=To+t/2 with To: starting time of measurement with efflux
time t. The initial values can be extrapolated from results shown in B. (B) Change in the
inverse of specific viscosity (1/T; sp) in relation to time.

by plotting the inverse of specific viscosity (1/ij sp) as a function of time (Fig. IB)
— as was earlier proposed (75) — with:

•>?sp— ("solution/^solvent) — 1 (1 )

The difference in density between solution and solvent was found to be negligible.
What is the significance of such results ? Is the non-linearity a consequence

of enzyme activity or is it a viscosimetric property of polymers in solution ? Which
function could be used to express the enzyme activity and what is its best
formulation ? It seems that the last question must be solved before drawing
conclusion about cellulase activity from viscosimetric measurements.

The standard unit of cellulase corresponds to the quantity of enzyme which
hydrolyses one microequivalent of glycoside bonds per min (initial rate of reaction)
under experimental conditions. Thus enzyme activity would be (10):

A=106xPx L dt Mn t=o
(2 )

Table 2 Slope (a) and intrinsic viscosity ([?;] ) for different substrates

Substrate

HEC 250 H
250 M
250 K
250 G
250 L

Values using the regression

2.55
1.89
1.23
0.64
0.20

line of the function: log ^ "

11.05
8.05
6.41
4.01
1.54

=log W+axc.
Measurements at 35°C; the determinations of [TJ] at 25°C were not significantly different, from [IJ]
at 35°C, under the present experimental conditions.
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Fig. 2. Verification of the Huggins relation and its linearisation for HEC 250 H. (A) In the usual range of

measurement (R) the Huggins relation (equation 5) cannot be used. (B) Linearisation of the
function depicted in A by plotting log ^ SP as a function of the concentration.

Fig. 3. Relation between the slope a and the intrinsic viscosity [tj] (see Table 2). The equation of this
relation is log a=/3 log M+ft with: /3=1.31 and ^=—0.95.

A: number of microequivalents of glycoside bonds hydrolysed per unit of time
under experimental conditions; P: weight of polymer per assay; Mn: number
average molecular weight.

The relationship between Mn and the viscosity measurement is certainly com-
plex, but it can be formulated:

Mv=AxMn (3 )

Mv: viscosity average molecular weight which, in our case, can be considered
as a weight average molecular weight (29); k: ratio between average molecular
weight and number average molecular weight.

Mv is related to the intrinsic viscosity ([17]) according to the modified
Staudinger equation:

[i7]=HxMvx (4)

H and x being empirical coefficients.
[77] can be expressed in terms of viscosity of the dilute solution of polymer

(Huggins equation):

(5 )

c: polymer concentration in g/dl, K: Huggins constant.
From this, under suitable experimental conditions, Hulme (10) proposed:

Mn=Sxi)sp (6)

But this relation, which is linear, is only good — according to Hulme (10)
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Fig. 4. Variation of the number of molecular weight Mn or l\Mn in relation to specific viscosity t] sp or ljrj sp.
(A) For different values of concentration (c), calculation from equations 9, 10 was done using an
ordinator programme. Experimental values were obtained from measurement of specific viscosity
for different HEC solutions at several concentrations. (B) Linearisation of the relation l/Mn=f(l/ij
sp). Range 20^ ij sp^30, c=0.35%.

— for a dilute solution of substrate, with a small drop in viscosity as a function
of time. As discussed later on, these conditions are not the best ones for physio-
logical purposes. Consequently it would be of interest to test the above mentioned
relationship (6) for higher concentrations.

Under the present experimental conditions, the Huggins relation was not
verified (Fig. 2A). But for concentrated solutions of polymer, the following
relation can be proposed (Fig. 2B):

( 7 )

The coefficient a itself is related to [rj\; this function can be characterised
by using different types of HEC (Table 2) and by plotting these results on a graph
with dou'ble logarithmic scale (Fig. 3). Thus it can be written:

loga=/Sxlog[ij]+/u (8 )

0=1.31 and fi=— 0.95
By incorporating (8) in (7), the following equation can be obtained. It

allows a determination of [17] from a one point measurement of viscosity:

=log[ij] +c X

Using relationships (3) and (4), it can be noticed that:

( 9 )

(10)
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Fig. 5. Variation of the inverse of specific viscosity (V/ij sp) for 60 min of incubation in relation to the inverse of
specific viscosity at zero time (lj-qspo). Enzyme: CO: 125/ig/ml. Substrate: HEG 250 H. The

values of —5 and 1/n sp<) are obtained by linear regression of the function 1/ij sp=
L at ij sp Jeo

f(t).
Fig. 6. Relative enzyme activity as a function of the degree of polymerisation (DP). See Tables 1 and 4.
Standard errors are indicated. The difference between CO and CE is without significance.

H=7.6xl0~5; #=0.87; h=2, which can be considered constant in the initial
time of the enzyme reaction and for the different types of polymers (29).

The function Mn=f(ijsp) can be plotted for different values of c (Fig. 4A).
The experimental values of 17 sp, for different types of HEC and for a few chosen
concentrations, fit the calculated curves well. From this figure it can be seen
that:
1) For the usual range of analyses (20^ijsp^30) the relationship between Mn
and 17 sp could be considered as a linear form which differs from equation (6) by
an origine ordinate. But the relationship (11) l/Mn=S' X (l/ijsp)+B (Fig.

Table 3 Reproducibility of enzyme activity

Enzyme
activity

ax 103

±S

Average °

1

29.06

0.80

2

30.37

0.28

Experiment

3

28.16

0.46

29.19±1.01

4

29.47

0.35

5

28.94

0.95

Substrate HEC 250 H final concentration 0.35%.
Enzyme: cellulase Onozuka-R-10: 0.125/ig/ml.
" The mean value with the confident interval is given (P=0.05).
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Table 4 Relative enzyme activity for different substrates

HEC 250 H
250 M
250 K
250 G
250 L

CMC 7M8SF

Concentration
(%)

0.35
0.40
0.65
1.00
3.00
0.90

Relative

CO

100

73.6
28.0
9.8

1.8

9.2

enzyme activity (%)

CE

100

82.0
36.6
11.9

1.1

8.5

Average values for two or three assays, expression in percentage (%) of the HEC 250 H value; for
measurements with CMC, blank values were substracted; data with CMC 7 HF and CMC 7 LF are
not given because of technical problems widi dissolving these substrates.

4B) was obtained for a similar region of determination. This may justify the use
of 1/ijsp for enzyme activity determination.
2) Since the relationship Mn=f(ijSp) depends upon the concentration, it would
be interesting to study the variation of I/77 sp, for a 60 min enzyme incubation,
as a function of the inverse of substrate concentration direcdy expressed with its
initial specific viscosity I/17 spo (Fig. 5). Such a function is almost linear. Then
it is necessary to standardize the value of the activity, considering S' as constant
and comparing several results:

a=60x50 xlO-3x d 1/,,sp
1/ijspo

(12)

a: variation of l/ijSp, at 35°C, for an initial value of l/ijapo=50x 10~3 and a
60 min incubation time (arbitrarily chosen). Such an activity is obtained when
using a computer programme which gives direcdy the confident interval 8 (P: 0.05)
due to the slope and the origine ordinate fluctuations of the linear regression of
l/ij8p=f(t). The reproducibility of the method is indicated in Table 3.

It is now of interest to select the best substrate to be used for viscosimetric
measurements of cellulase. The types of substrates are given in Table 1. They
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Fig. 7. Enzyme activity and concentration. Substrate HEC 250 H; final concentration 0.35%. A:
cellulase Onozuka R-10; B: cellulase extracted from Pisum.
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are employed for both types of enzymes (Table 4). The results presented on a
graph with double logarithmic scales (Fig. 6) lead to several comments. 1) HEC
250 H is certainly the best substrate. This does not mean that the differences
observed among the several types of substrates is due to different enzyme action,
but results from viscosimetric properties of polymers. It is clear that S' — which
depends on c — is not the same, and the activity measured is related to it. The
relationship between the slope S' and the concentration can be determined from
equations (9) and (10). Then it is possible to draw a conclusion about the enzyme
activity A (2) as a function of the degree of polymerisation. From calculated
data (not presented here) it can be said that enzymes show no specificity towards
polymer length in the range of DP tested. 2) There is a close similarity between
the results obtained for the two types of enzymes. 3) The data given by CMC
7M8SF are very similar to those obtained with HEC of almost the same DP.

The validity of the present method is illustrated in Fig. 7; the activity of the
enzyme, as a function of its concentration, is expressed for both systems.

Conclusions

Analyses of the mode of expressing cellulase activity and its significance have
been presented. It must be noted first that the non-linearity of the decrease in
viscosity of HEC solution due to enzyme action is not necessarily related to the
enzyme properties but depends upon polymer characteristics. It is preferable
to use a relatively concentrated solution of polymer with a high DP value for
physiological experiments based on a very low level of cellulases. The relatively
high initial viscosity and change of rate of shear do not interfere with the dosage
under the present experimental conditions (26). CMC tested seems to have no
advantages. The close correspondence between results obtained with cellulase
Onozuka and cellulase extracted from Pisum confirms the last analysis. The
method of viscosimetric determination of cellulases is very sensitive when compared
to the method of reducing groups (paper in preparation). Preliminary studies
indicate that the best substrate for viscosimetric measurements is not necessarily
the best one for the reducing groups analyses. But it must be noticed that the
two techniques do not necessarily measure a similar enzyme system, since
viscosimetric determination essentially concerns an endocellulase.

When using CMC or HEC as cellulase substrates, careful discussion of the
results is necessary. As clearly indicated by its common name, cellulase has to
hydrolyse cellulose:, the enzyme system hydrolysing HEC or CMC is in fact a
HECase or CMCase. Such a statement is important because a true cellulase
can be free of CMCase (2, 9) or a CMCase can act as a xylanase, then as a
hemicellulase (22). This indicates that the results obtained with CMC or HEC
must not only be necessarily related to the physiological concept of cellulose, but
also to hemicellulose, etc. Moreover, xyloglucan — perhaps a "key" compound
of plant cell walls, when explaining cell extension — has a chemical structure
similar to that of HEC (12, 14) and it can be hydrolysed by a cellulase mixture
(13, 23). Consequently, when using HEC to test cellulase activity, it would be
difficult to conclude simply that this system does not possibly include a xyloglucanase
which seems to be an essential enzyme for controlling growth.
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