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Introduction

The culture collection of wood inhabiting microorganisms maintained 

at the Eastern Forest Products is the second largest collection 

of fungi in Canada and includes yeasts and bacteria. Presently some 

2,000 cultures are maintained - some having been isolated during the 

first decade of this century. A great many of the isolates are 

wood decaying basidiomycetes - others are easomycetes and hyphomycetes. 

The utilization of these microorganisms in biochemical conversion 

of wood to useful products has great potential but requires a 

systematic approach to identifying suitable candidates and 

conditions to produce optimum yields of enzymes, principally cellulases.

Although numerous microorganisms can degrade soluble cellulose 

derivatives such as carboxymethyl cellulose, only a comparitively few 

fungi can produce high levels of extracellular cellulases capable of 

extensively degrading insoluble cellulose to soluble sugars in vitro . 

This is what is required however if a processs using enzymatically 

hydrolysed lignocellulose to obtain free sugars is to be economically 

attractive. To achieve complete hydrolysis of the insoluble 

cellulose substrate, the different enzyme components of the 

cellulase enzyme complex must be present in the right amounts under 

the right conditions. This requirement for the synergistic action 

of different endo- and exo-6-glucosidases (celTobiases) enzymes for 

complete cellulose hydrolysis to take place has been reported 

previously2’3. It is this requirement for an active cellulase 

complex acting at optimum conditions, combined with the wide range 

of cellulose substrates on which it must be able to act, which makes 

developing screening methods for cellulolytic fungi a complex problem.



Numerous methods have been used for assaying cellulolytic activity 

and a list of some methods used by other workers1*’5 are reported 

in Table 1.

In this report, we describe the methods used to screen some of 

the 2,000 strains of cellulolytic fungi present in the Forintek 

culture collection. Many of these strains had been isolated during 

the last 60 years and the type of rot and amount of weight lost 

owing to fungal activity determined using a soil block technique6.

In a situation which was analagous to what occurred at the U.S.

Army Natick laboratories, there has been a reversal in research aims 

from originally trying to prevent wood degradation, to trying to 

identify those strains which produce an active, well-balanced 

cellulase complex capable of attacking most lignocellulosic 

substrates. This work is of interest as indications are that 

sugars and other carbon compounds derived from enzymatic 

hydrolysis of cellulose will be used as fermentation and chemical 

feedstocks as soon as the processes become economically favourable.



Materials and Methods

Microorganisms. All the fungi used were taken from the Forintek culture 

collection, Trichoderma reese-i QM9414 and T. reesei, C30 were originally 

supplied by the ATCC and Rutgers University respectively. A spore innoculum 

was used to initiate growth in shake flasks.

Media and Culture Conditions. Three different synthetic liquid media were used 

in flask cultures, Vogels7, Mandels8 and Basal9 containing 2% solka floe B.W.

800 FC (Brown and Co"., NH, USA) as the cellulose substrate. The fungi were 

grown in 100 ml quantities at 28°C on a shaking platform (100 rpm). The type 

of rot and amount of weight loss owing to activity in the preliminary experiments 

v/as determined by a soil block technique5. A variety of different solid media 

were used for preliminary screening of cellulolytic fungi a) solid media con-

taining carboxymethylcellulose (CMC), used to detect "Cx" cellulase-producing 

fungi10, b) the plate clearing method of Montenecount and Eveleigh11 using 

oxgall with phosphon D in combination with acid-swollen cellulose on agar plates 

and c) the plate clearing method of Nevalainen et al12 using solid medium 

containing Walseth cellulose with minimum nutrient salts and 0.1% Triton X-100.

Assays. Soluble protein was determined directly without precipitation by 

the method of Loyyry et al15 using bovine serum albumin (Sigma) as standard.

Total reducing sugars were estimated colorimetrically using dinitrosalicylic 

acid reagent14. Glucose was determined colorimetrically by the glucostat 

enzyme assay15.

Endoglucanase activity (1 ,4-6-D-glucan 4-glucanohydrolase, EC 3.2.1.4) was 

determined by incubating 1 ml of culture supernate with 10 mg of carboxymethyl- 

cellulose (Sigma) in 1 ml of 0.05 M citrate buffer pH 4.8 at 50°C for 30 min.



The reaction was terminated by the addition of 3 ml of dinitrosalicylic acid 

reagent. The tubes were placed in a boiling water bath for 15 min. then 

cooled to room temperature and the absorbance read at 575 nm.

Filter paper activity was determined by the method of Mandels et all*. One 

millilitre of culture supernate was added to 1 ml of 0.05 M citrate buffer pH 

4.8 containing a 1 cm x 6 cm strip (50 mg) of Whatman No. 1 filter paper.

After incubation for 1 h at 50°C the reaction was terminated by the addition 

of 3 ml of dinitrosalicylic acid reagent.

B-Glucosidase activity (EC 3.2.1.21) was determined by incubating 1 ml of 

culture supernate with 10 mg of salicin (Sigma) in 1 ml of 0.05 M citrate 

buffer pH 4.8 at 50°C for 30 min. The procedure followed was the same as for 

the endoglucanase assay.

One unit of Endoglucanase, Filter paper and 3-glucosidase activity was defined 

as 1 u!4 of glucose equivalents released per min.

Substrates. Avicel-pH-101 (microcrystalline cellulose), CF-11 cellulose powder 

(Whatman medium length fiber) and Solka floe BW-300 (Brown and Co., NH, U.S.A.).



Resul ts

Initially over TOO strains of cellulolytic fungi were assayed using the 

soil block technique of Sedziak6. The amount of weight lost by 20 mm wood 

cubes after 3 months growth of seven of these strains are reported in Table 2.

A wide range of values were .obtainedwith Phanerochaete chrysosporium 

resulting in the greatest weight loss and the Trichoderma strains giving the 

least. In every case, there was always a greater degradation of yellow birch 

than of red pine. Spores from cultures of each of these fungi were then seeded 

on a variety of different solid media containing carboxymethyl cellulose or 

acid-swollen cellulose and the diameters of the zones of clearing obtained in 

each of the plastes were measured (Table 3). A wide range of values were 

again obtained. This time T. viride E58 showed the greatest amount of substrate 

hydrolysis while P. chrysosporium was one of the least active SDecies. T. viride 

E58 demonstrated the greatest amount of hydrolysis on both CMC and cellulose 

media. Other strains such as T. viride D43 shov/ed a greater hydrolysis of the 

CMC medium while species such as S. lignicola hydrolysed a greater diameter of 

the cellulose containing medium.

Each of these strains was then grown in three different synthetic liquid 

media (Table 4) containing solka floe as the cellulose substrate. The two 

mutant strains of T. reesei QM9414 and C30 were included for comparison. Little 

or no growth was^ obtained on Basal medium while Vogels v/as superior to Handels 

medium in all cases except for growth of T. reesei 0M9414. This v/as expected 

as this strain was originally isolated on Mandels medium. The three Trichoderma 

strains C30, QM9414 and E58, showed highest endoglucanase and filter-paper 

activities while 5. lignicola and M. verrucaria also had quite high activities. 

As the Trichoderma strains consistently produced higher activities,future



screening was restricted to members of this species. Ten different Tvidhoderma 

strains were taken from the culture collection and assayed for cellulase 

activity (Table 5). All of the fungi, except for C350 and C319, demonstrated 

high cellulase activities. The Rutgers C30 strain showed highest endoglucanase 

and filter-paper activity as well as producing the largest amount of soluble 

protein. Both the endoglucanase and filter paper activities of T. viride E58 

were lower than those of C30 and QM9414, although the B-glucosidase activity 

was considerably greater than that of both these strains.

The culture supernates of C30, QM9414 and E58 obtained when optimum 

cellulase activity was detected, ie. after 10, 8 and 6 days growth 

respectively, were diluted to a soluble protein concentration of 1 mg/ml 

(Table 6). The endoglucanase and filter-paper activities of each of 

the E58 was approximately 6 times greater than that of C30 and 9 times 

greater than that of QM9414.

The amount of reducing sugars and glucose released after incubating a 

quantitated amount of each of the culture supernates with commercially 

available cellulose preparations was measured (Table 7). Solka floe was 

the most easily degraded substrate while Whatman CF-11 powdered cellulose 

was the most resistant. The greatest amount of reducing sugars were 

detected after incubating the culture supernate of E58 with Solka floe.

Over 93% of this -substrate was released as reducing sugars after 24h 

incubation. Approximately 49% of the reducing sugars were present 

as glucose. Although high levels of reducing sugars were also detected 

after hydrolysis by C30 and QM9414, less than 14% of the sugars were 

detected as free glucose.



Discussion

Although the successful utilization of lignocellulosic materials as a 

source of renewable carbon and energy has been shown to depend on a variety of 

process technologies3, several studies 17»18»19 j-,ave shown that the production 

of the enzymes is the most expensive part of the cellulase process technology.

As strain selection seemed paramount in a system using enzyme hydrolysis20, 

we investigated several different screening methods to assay the highly 

cellulolytic fungi present in our culture collection to see if we could select 

for strains whose extracellular cellulases could efficiently hydrolyse cellulosic 

substrates to their composite sugars.

A variety of cellulolytic fungi were originally selected for their ability 

to degrade wood blocks. The results indicated that a highly degradative fungi 

such as P. chrysosporium, capable of reducing the weight of a wood block by 50% 

after 3 months growth, was not necessarily a high cellulase producer. In 

contrast, T. viride demonstrated high cellulase activity while less than 4% weight 

loss of the wood blocks was obtained. As it was apparent that the soil block 

method was screening for ligninolytic rather than cellulolytic strains, a 

variety of different methods10’11’12 using solid media with incorporated cellulosic 

substrates were tried. When the values for the diameter of cellulose clearing 

on the agar plates was compared to the cellulase activities detected in the 

culture flasks, a general trend of high endoglucanase activity corresponding 

to a larger diameter of clearing was noted. Although is was evident from our 

work and the reports of others5’21 that growth on cellulose agar is an uncertain 

criterion for assaying cellulolytic activity, it appears to be an effective 

method for preliminary screening of cellulolytic fungi. When these organisms 

were compared for their ability to hydrolyse cellulosic substrates however it



was apparent that other factors could effect the extracellular cellulase 

activities of the fungal cultures22. The, importance of the culture medium 

composition was reflected by the different values obtained when the fungi were 

grown in either Vogels or Basal media. It has been shown previously23 that the 

rate of synthesis of the extracellular cellulase complex depends not only on 

the physiology of the producer but also to a substantial degree on the composition 

of the nutrient medium and the concentration of its components. It would seem 

therefore, that although the plate assay method could be used for initial 

screening for cellulase activity, numerous factors such as those listed in 

Table 8 will influence the efficiency of hydrolysis of the different cellulase 

complexes.

Most of the Triohoderma strains tested demonstrated high cellulase 

activity in the plate assays and in flask cultures. The Rutgers C30 strain 

showed the highest endoglucanase and filter paper activity while the 0M9414 

strain had comparable activities to some of the other Triohoderma isolates.

Both of these strains however showed lower f3-glucosidase activities than_most of 

the other strains. This was of interest as the breakdown of the low molecular 

weight cellulose residues to glucose is the rate limiting step in most enzyme 

hydrolysis methods of cellulose degradation2^. Usually another source of 

3-glucosidase, such as that from Aspergillus, has to be added to the Triohoderma 

cellulase preparation to achieve complete breakdown of the cellulose to glucose.

It has been shown22’25 that a direct comparison of cellulase enzyme units 

from different microorganisms does not necessarily reflect the same differences 

in the efficiency of hydrolysis of cellulosic substrates. This is indicated when 

the culture supernates of the different Triohoderma strains are diluted to a 

common protein concentration. The E58 cellulase complex has a much higher



specific activity for B-glucosidase than either C30 or QM9414. The 

greater activity of this enzyme complex was reflected in the efficiency 

of breakdown of the different commercial cellulose substrates by the 

cellulase preparation of E58. Although the C30 cellulase complex possessed 

higher filter paper and endoglucanase activities, the high B-glucosidase 

activity of E58 resulted in the liberation of higher amounts of reducing 

sugars with approximately 50% of these sugars detected as glucose. It is 

apparent from this work and that of others26 that the specific activity of 

cellulases will have an important effect on the economics of enzymatic 

saccharification of cellulose.
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TALBE 1. METHODS FOR ASSAYING FOR CELLULOLYTIC ACTIVITY
AMONG MICROORGANISMS3

1. Loss in weight of insoluble substrates

2. Decrease in mechanical properties of fibres or films

3. Change in turbidity of cellulose suspension

4. Increase in reducing ends groups

5. Decrease of'viscosity of cellulose derivatives

6. Colorimetric determination of dissolved decomposed products of cellulose

7. Measurements of clearance zones in cellulose agar

8. Microscopic observations of morphological changes in cellulose substrates 

(i.e. fibres or cellophane)

9. Growth on cellulose agar

afrom Eriksson4 and Ni 11 son5



TABLE O WEIGHT LOSS OF WOOD DUE TO FUNGAL DEGRADATION

'• i

Fungi

% weiqht lost from wood source 
Yellow Birch Red Pine

Phanerochaete chrysosporium 

L-ibertella sp.

Scytalidivm lignicola 

Myrothecium verruccæia 

Trichoderma vïiride D43 

T. virdde £58 

Phiatophova americana

57.5 30.7

24.1 12.9

19.8 17.3

25.9 11.2

2.8 2.4

3.3 2.2

12.3 7.5



TABLE 3. DIAMETER OF HYDROLYSIS ZONES OF CELLULOLYTIC FUNGI 
GROWN ON SOLID MEDIA CONTAINING CARBOXYMETHYL CELLULOSE (CMC) 

AND ACID SWOLLEN CELLULOSE3

Diameter of zone of hydrolysis (mm)b

Fungi CMC
acid swollen 

cellulose

Phanevochaete chrysosporiivn 9.0 ± 1.0 3.0 ± 0.5

Libevtella sp. 6.0 ± 1.0 5.0 ± 1.0

ScytaUdium lignicola 6.0 ± 0.5 13.0 ± 1.0

Myrotheci-um verrucaria 24.5 ± 1.0 16.5 ± 0.5

Trichoderma viride D43 36.5 ± 1 .0 13.0 ± 1.5

T. xriride E58 40.5 ± 1.5 44.5 ± 1.0

Phialophora americana 7.5 ± 0.5 6.0 ± 1.2

aThe assay plates containing CMC and acid-swollen cellulose were as described 
in materials and methods. Agar plates were seeded with spores and incubated 
at 28°C for 120 h.

The values for the diameters are averages of ten or more tests.



EVALUATION OF DIFFERENT MEDIA AND KNOWN HIGHLY CELLULOLYTIC FUNGI
FOR CELLULASE PRODUCTION

TABLE 4

Endoglucanase activity Filter paper activity 
( u n i t s / m l ) ____________ (units/ml)

Fungi Media*

INCUBATION 
TIME {DAYS) 

1 7 10 5

INCUBATION 
TIME (DAYS)

7 10

INCUBATION 
TIME (DAYS) 

5 7 10

Phidlophora amevïcana B
V

4.55
6.09

4.34
7.01 0.01

0
0.02

0.05
0.09 0

0
0

0
0.01

M 6.97 7.15 0 0 0 0 0 0

Trichoderma viride E58 B
V

2.50
6.59

2.40
6.85 24.35

0
85.33

0.03
145.98 2.3

0
3.12

0
3.0

M 2.95 3.30 2.79 17.81 33.23 0.42 0.63 3.2

Trichoderma viride D43 B
v

4.68
7.10

4.81
7.13

0
0.04

0
0.1

0
0.1 0

0
0.01

0
0.01

M 7.13 7.15 0.04 0.08 0.09 0 0.01 0.01

Say tali divin lignicola B
V

3.48
3.78

2.61
6.21 2.67

0.41
10.2

0.43
15.3

0.82
0.01

0.10
1.04

0.12
1.19

M 6.80 6.95 0.30 1.5 2.0 0.03 0.0E

Myrothecivm verrucaria B
v

5.13 
6 35

5.25
6.59 13.00

0.17
45.23

0.20
48.9 1.00

0.05
1.43

0.01
1 .5:

M 4.82 5.40 11.58 39.30 41.3 1.23 i .by i .5:

Libertella spp B
v

4.39
5.90

4.29
6.45 0.01

0
0.03

0
0.07 0

0
0

0
0.0’

M 6.70 7.01 0 0.01 0.01 0 0 u

Phaenerochaete
chrysosporium

B
V
M

3.67
4.08
3.84

3.35
4.43
4.50

0.40
0.08

0.30
0.75
0.13

0.33
1.25
0.15

0.09
0.01

0.07
0.14
0.03

0.0!
0.1
0.0;

Trichoderma reesei C30 B
v 4 87 3.3 29.10 191.1.1 298.75 2.35 5 .23 5-6V
M 4.93 4.13 15.23 89.00 210.35 1.79 5.03 5.1

Trichoderma reesei 
QM9414

B
V
M

6.20
2.83

4.74
3.43

54.4
64.8

122.2
149.0

208.7
230.0

3.0
3.1

3.40
3.62 1:1

a B - Basal medium, V - Vogels medium, M - Mandais medium.



TABLE 5

CELLULASE ACTIVITY OF DIFFERENT TRICEODEBMA STRAINS a

Trichodevma
strains

pH

Soluble
Protein

Endoglucanase 
Acti vi ty

Filter Paper 
Activity

2 -Glucosidase 
Activity

mg/ml Iu/ml Iu/mg Iu/ml Iu/mg Iu/ml Iuyfng

QM9414 6.63 1.57 203.7 129.8 3.42 2.18 0.17 0.11

E58 6.52 1.37 147.4 107.6 3.14 2.29 1.33 0.97

D39 . 6.63 0.98 110.6 113.0 1.62 0.93 0.44 0.45

C280 6.79 1.64 128.0 78.1 2.52 1.54

CO• .60

C415 6.00 1.74 186.7 107.3 2.95 1.70 .64 .37

C461 5.90 1.48 63.0 42.6 3.11 2.10 .98 .66

C369 7.09 1.11 51.0 46.0 1.63 1.47 1.04 .94

C350 7.18 0.40 0.3 0.75 .02 .05 .07 .18

C319 7.14 0.36 1.11 3.08 0 0 0 0

C30 6.00 2.46 312.6 127.0 5.59 2.27 0.29 0.12

a Cellulase activities in culture supernates after 10 days growth on Vogels medium 
containing 2% Solka floe.



TABLE 6

CELLULASE ACTIVITIES OF CULTURE SUPERNATES 
DILUTED TO A PROTEIN CONCENTRATION OF 1 mg/ml

Trichoderma
strain

Original
Protein
Concentration
mq/rhl

Incubation
time
(days)

pH Endoglucanase
Activity
Iu/ml

B-Glucosidase
Activity
Iu/ml

Filter 
Paper Activ 

Iu/ml

C30 2.2 10 6.09 125.7 .15 2.19

È58 1.67 6 6.2 106.5 .91 2.04

QM9414 1.75 8 6.47 120.9 .10 1.93



TABLE 7

REDUCING SUGARS AND GLUCOSE RELEASED FROM CELLULOSIC SUBSTRATES 
AFTER 24h INCUBATION WITH ABOVE PROTEIN PREPARATIONS AT A CONCENTRATION

OF 1 mg/ml

TRICHODEBMA STRAINS

'ellulosic substrate _________ C30__________________ E58_______________ QM9414
(50 mg/ml) reducing 

sugars 
(mg/ml)

glucose 
(mg/ml)

reducing 
sugars 
(mg/ml)

glucose 
(mg/ml)

reducing 
sugars 
(mg/ml)

glucose 
(mg/ml)

wicel 35.1 3.9 38.3 17.7 33.5 3.1

CF-11 23.5 2.2 24.5 8.2 23.3 2.0

jolka floe 42.8 4.8 46.8 22.9 40.0 3.5



TABLE 8. FACTORS AFFECTING CELLULASE ACTIVITY

.Initial inoculum 

.Type of substrate 

.Concentration of substrate 

.Composition of media 

.Effect of pH 

.Duration of incubation

.Release of enzymes (extracellular) 

.Full spectrum of activities 

.Constitutive, no feedback inhibition 

.Half-life at elevated temperatures 

.Enzyme stability over lengthy storage 

•Specific activity


