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Abstract

The effect of cation type and concentration and fermentation time on the B-glucosidase production of four strains of
Lentinus edodes was determined. Three-dimensional principal component analysis (3D-PCA) followed by nonlinear map-
ping technique (NLMAP) was employed for the assessment of similarities and dissimilarities between the enzymatic activi-
ties. No linear relationship was found between the effect of cations on the enzyme production and their ion radii, concentra-
tion and charge. Enzyme production was similar between 20 and 40 days of fermentation then changed considerably. The
enzyme activities of strains also showed marked differences. The results proved that 3D-PCA followed by NLMAP is a
valuable tool for the evaluation of three-dimensional data matrices in biology and microbiology too. © 2001 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Principal component analysis (PCA) a versatile
and easy-to-use multivariate mathematical—statistical
method has been developed for the extraction of
maximal information from large data matrices con-
taining numerous columns and rows [1]. PCA makes
possible the elucidation of the relationship between
the columns and rows of any data matrix without be-
ing one of the dependent variable. PCA has been fre-
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quently used in many fields of up-to-date research
[2-4]. As the resulting matrices of PC loadings and
variables are generally multidimensional, they cannot
be evaluated by visual methods. Nonlinear mapping
technique (NLMAP) has been developed for the re-
duction of the dimensionality of such matrices [5].
However, traditional PCA is a typical multivariate
two-way statistical method unsuitable for the evalua-
tion of three or more dimensional data matrices. A
three-way PCA model (3D-PCA) has been devel-
oped independently and simultaneously and has been
called parallel factor analysis (PARAFAC) [6], and
canonical decomposition (CANDECOMP) [7]. A tu-
torial for PARAFAC model [8], the development of a
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direct fitting algorithm [9] and its application in
chromatography [10] have been recently reported.
The Tucker model of 3D-PCA has also been devel-
oped for the assessment of the similarities and dis-
similarities between the members of three-dimen-
sional data matrices [11,12]. The improvement of the
method has also been published [13]. These tech-
niques have been successfully used in many fields of
up-to-date data evaluation such as the analysis of re-
tention data in normal phase high-performance liquid
chromatography [14], environmental analysis [15],
person perception analysis in psychology [16], and
medium-rank second-order calibration [17].

The concept of utilising excess biomass or wastes
from agricultural and agro-industrial residues to pro-
duce energy, feeds or foods and other useful prod-
ucts is not necessarily new. For centuries, agricul-
tural residues and wood have been used as sources of
fuel, food, construction materials and papermaking,
as well as for other purposes. Because of their capac-
ity to degrade wood, white rot fungi are of increasing
biotechnological interest [18]. They produce a wide
range of extracellular enzymes that enable them to
degrade insoluble lignocellulosic substrates into sol-
uble substances, which can be uptaken by the mush-
room as nutrition [19,20]. When degrading cellulose
ultimately to glucose, the fungi utilise an assortment
of extracellular hydrolytic enzymes, including en-
doglucanases (EC 3.2.1.94), exoglucanases (EC
3.2.1. 91) and B-glucoside-glucohydrolases (B-glu-
cosidases, EC 3.2.1.21) acting sequentially and coop-
eratively. The different abilities of mushroom species
to grow and fruit on a particular lignocellulosic sub-
strate are determined by both fungus- and substrate-
associated factors [21]. B-Glucosidases catalyse the
hydrolysis of alkyl- and aryl-B-glucosides, digluco-
sides and oligosaccharides. The main role of (3-glu-
cosidase in the saccharification of cellulose is the
degradation of cellobiose, an inhibitor of the depoly-
merizing enzymes, and cello-oligosaccharides to glu-
cose.

The objectives of the study were the determina-
tion of the production of B-glucosidase during the
complete life cycle of Lentinus edodes strains culti-
vated in liquid media composed of agro-industrial
residues; the application of 3D-PCA for the separa-
tion of the effect of the composition of culture me-
dia, fermentation time and mushroom species on the

production of B-glucosidase. The results may con-
tribute to the better understanding of the underlying
biochemical and biophysical processes and can find
potential applications in the biotransformation of lig-
nocellulose biomass. To the best of our knowledge,
3D-PCA has never been employed for the evaluation
of the results of such type of mycological studies.

2. Experimental
2.1. Materials

MgSO, - 7H,0, CaCl,, NaCl, ZnSO, - 7TH,,
FeCl; - 6H,0, MnSO, - H,0, CH;COOH,
CH,COONa, NaOH and glycine (each of pro analy-
sis quality) were purchased from Merck (Darmstadt,
Germany); o-nitrophenyl-B-D-glucopiranoside (99 +
%) and o-nitrophenol (98%) were purchased from
Sigma-Aldrich (Steinheim, Germany). Each chemi-
cal has been employed as received.

2.2. Organisms and culture conditions

Strains of L. edodes (Berk.) Sing. (L.e.l-3,
Le.16-3, Le.6-6 and L.e.am) were taken from the
culture collection of the National Agronomical Sta-
tion (Oeiras, Portugal). They were maintained on
potato dextrose agar (PDA) (Merck) at 4°C. They
were cultivated in a liquid medium [22,23] in Erlen-
meyer flasks of 1 1. Culture media was composed of
200 ml of distilled water, 200 ml of liquid medium,
and 2.5 ml sawdust extract/l1 medium. Sawdust
extract was prepared by boiling 200 g of chestnut
sawdust in 1 1 of distilled water for 1 h, then it was
filtered and centrifuged. Cations in various concen-
trations were added to the media (see Tables 1-4).
The medium was sterilised at 121°C for 20 min,
cooled to 26°C and inoculated by adding a piece of
agar (about 10 mm of diameter) with mycelium. Cul-
tures were incubated at 24 4 2°C in the dark for 30
days, then they were transferred to the fructification
room (18 4 2°C) with 12-h light /day for 30 days.

2.3. Determination of the activity of B-glucosidase

Each 10th day samples were taken from the cul-
ture medium under sterile conditions; they were cen-
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Table 1

Effect of cations on the B-glucosidase activities of the strain
(Le.1-3)

No activities was observed at 10 days.

No. Cation Concentration Days of sampling

(ppm) 20 30 40 50 60
1 Mg o0 0 066 066 1.09 0.71
2 84.1 0.12 037 131 1.60 1.68
3 168.2 0.09 036 1.09 143 141
4 252.3 0 036 133 3.67 277
5 M) 0 0 087 1.5 349 443
6 0.0233 0.14 059 1.60 2.17 274
7 0.0466 0.19 058 259 451 6.16
8 0.07 0 036 133 3.67 277
9 Cca@ 0 0 065 096 1.53 2.19
10 0.3 020 042 230 276 2.62
11 0.6 0.09 035 098 135 148
12 0.9 0 036 133 3.67 277
13 cu 0 0 056 125 1.15 077
14 0.01 0.13 056 123 186 159
15 0.02 020 058 170 2.19 3.29
16 0.03 0 036 133 3.67 277
17 Na(D 0 0 072 099 1.77 220
18 0.04 0.15 0.63 139 268 2.55
19 0.08 021 074 138 1.55 147
20 0.12 0 036 133 3.67 277
21 Fe@@d © 0 058 066 083 140
22 0.0233 0.09 037 1.00 1.89 1.14
23 0.0466 0.15 057 1.3 2.54 2.65
24 0.07 0 036 133 3.67 277
25 za(I) 0 0 050 037 090 083
26 0.0383 0.10 020 1.04 146 120
27 0.0766 0.07 026 095 1.15 115
28 0.115 0 036 133 3.67 277

trifuged at 20,000 X g for 20 min, and the activity of
B-glucosidase was determined by visible spectropho-
tometry (UNICAM 8700 Spectrophotometer, Cam-
bridge, England) at 400 nm in a cuvette of 10 mm
length [24]. Reaction mixture contained 250 pl of
o-nitrophenyl-B-p-glucopiranoside (1.5 mg/ml), 250
w1 of acetate buffer (0.2 M, pH 4.0) and 500 w1 of
culture medium appropriately diluted. After 60 min of
incubation at 37°C, the reaction was stopped by
adding 1 ml of 0.4 M glycine-NaOH buffer (pH
10.8), and the absorption was measured.

2.4. Data evaluation by multivariate methods
The Tucker model of 3D-PCA has been employed

for the calculations. The data matrix consisted of the
B-glucosidase activities determined at 28 ion concen-

trations (factor A), by four strains of L. edodes (fac-
tor B), and at five fermentation times (factor C) com-
piled in Tables 1-4. The dimensions of component
matrices have been arbitrarily defined as 8, 3, 3. The
dimensionality of the calculated component matrices
has been reduced to two by NLMAP. The iteration
has been carried out to the point where the difference
between the last two iterations was lower than 1078,
In order to elucidate the effect of the reduction of
component matrices, the same calculations have been
carried out with the component matrix of 3, 3, 2. The
results obtained by the application of 8, 3, 3 and 3, 3,
2 component matrices were compared by calculating
linear regressions between the first and second coor-
dinates of the nonlinear maps (component matrix 8,
3, 3) and the first and second coordinates of the cor-
responding component matrices 3, 3, 2.

Table 2

Effect of cations on the B-glucosidase activities of the strain
(L.e.am)

No activities was observed for 10 days.

No. Cation Concentration Days of sampling

(ppm) 20 30 40 50 60
I Mg 0 0 079 097 110 112
2 84.1 024 071 171 255 273
3 168.2 026 038 192 252 261
4 252.3 0 077 088 1.69 188
5 Mn(I) 0 0 085 248 530 7.75
6 0.0233 043 127 293 937 10.26
7 0.0466 048 077 299 509 635
8 0.07 0 077 088 1.69 188
9 Cad 0 0 042 147 152 234
10 0.3 049 0.70 3.56 563 633
11 0.6 020 036 136 1.80 1.90
12 0.9 0 077 088 1.69 188
13 Ccud 0 0 081 209 255 524
14 0.01 041 047 155 3.7 3.40
15 0.02 031 050 190 3.65 427
16 0.03 0 077 088 1.69 188
17 Na@D) 0 0 056 273 544 1736
18 0.04 024 053 175 261 215
19 0.08 031 058 147 2.15 201
20 0.12 0 077 088 1.69 188
21 Fe( 0 0 041 076 1.10 171
22 0.0233 038 0.53 208 750 7.89
23 0.0466 030 082 1.87 520 620
24 0.07 0 077 088 1.69 188
25 Zn( 0 0 1.04 1.14 147 180
26 0.0383 038 201 332 463 531
27 0.0766 030 068 1.50 450 6.08
28 0.115 0 077 088 1.69 188
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The relationship between the effect of ions and
their physicochemical parameters was assessed by
stepwise regression analysis [25]. In the traditional
multivariate regression analysis, the presence of in-
dependent variables exerting no significant influence
on the dependent variable lessens the significance
level of the independent variables that significantly
influence the dependent variable. Stepwise regres-
sion analysis overcomes this difficulty by eliminat-
ing automatically from the selected equation the in-
significant independent variables increasing in this
manner the reliability of the calculation. The first and
second coordinates of the two-dimensional nonlinear
map of the component matrix A were separately the
dependent variables. The concentration (ppm),
charge, ion radii and their combinations (ppm X
charge, ppm X ion radii, charge X ion radii, ppm X

Table 3

Effect of cations on the B-glucosidase activities of the strain
(L.e.16-3)

No activities was observed at 10 days.

No. Cation Concentration Days of sampling

(ppm) 20 30 40 50 60
1 Mg 0 0 094 1.07 125 080
2 84.1 032 036 157 235 283
3 168.2 046 036 120 132 129
4 252.3 0 045 074 099 1.02
5 Mo 0 0 089 099 1.19 093
6 0.0233 056 090 191 321 3.00
7 0.0466 050 0.76 1.52 244 2.83
8 0.07 0 045 074 099 1.02
9 Cca 0 0 123 083 1.15 0.68
10 0.3 037 044 1.10 149 1.06
11 0.6 039 068 1.52 2.18 198
12 0.9 0 045 074 099 1.02
13 Ccu@ o0 0 045 153 290 3.68
14 0.01 048 053 175 29 194
15 0.02 033 036 1.14 151 129
16 0.03 0 045 074 099 1.02
17 Na(D) 0 0 084 044 142 097
18 0.04 1.04 081 172 206 232
19 0.08 056 1.07 242 4.14 448
20 0.12 0 045 074 099 1.02
21 Fe(IlD) 0 0 084 1.12 4.07 3.49
22 0.0233 052 092 321 530 597
23 0.0466 0.67 129 339 455 430
24 0.07 0 045 074 099 1.02
25 7Zn() 0 0 1.04 165 285 3.73
26 0.0383 047 079 125 222 2.14
27 0.0766 0.64 132 309 6.62 688
28 0.115 0 045 074 099 1.02

Table 4

Effect of cations on the B-glucosidase activities of the strain
(L.e.6-6)

No activities was observed at 10 days.

No. Cation Concentration Days of sampling

(ppm) 200 30 40 50 60
1 Mg o0 0 0.50 0.52 0.98 0.66
2 84.1 0.11 037 0.60 1.09 1.18
3 168.2 028 0.61 1.18 1.78 1.93
4 2523 0 045 0.83 0.86 0.69
5 Mn(I) 0 0 0.75 067 142 0.77
6 0.0233 025 0.59 0.81 0.89 0.54
7 0.0466 026 0.78 130 255 201
8 0.07 0 045 0.83 0.86 0.69
9  Ca(ID 0 0 0.75 0.73 131 0.67
10 0.3 0.51 0.51 1.30 149 1.98
11 0.6 0.23 049 0.68 0.85 0.78
12 0.9 0 045 0.83 0.86 0.69
13 Cu(D) 0 0 0.79 0.69 1.00 1.29
14 0.01 024 0.76 0.86 0.74 0.97
15 0.02 027 0.65 0.71 0.79 0.69
16 0.03 0 045 0.83 0.86 0.69
17 Na(D 0 0 045 0.53 253 1.86
18 0.04 0.13 0.65 124 173 141
19 0.08 038 101 1.79 524 4.12
20 0.12 0 045 0.83 0.86 0.69
21  Fe(Il) 0 0 045 036 243 157
22 0.0233 0.35 0.68 143 5.03 455
23 0.0466 033 0.77 092 1.85 1.44
24 0.07 0 045 0.83 0.86 0.69
25 Zn(ID) 0 0 0.94 0.84 257 227
26 0.0383 0.07 045 474 547 6.61
27 0.0766 026 0.88 0.85 1.19 0.84
28 0.115 0 045 0.83 0.86 0.69

charge X ion radii) were the dependent variables. The
number of accepted variables was not limited; the
significance level was set to 95% in both instances.
Software for 3D-PCA was taken from N-WAY
TOOLBOX, http:\ \ newton.mli.kvl.dk \ foodtech.
html prepared by Dr. C.A. Andersson and Dr. R. Bro.
Softwares for NLMAP has been prepared by Dr.
Barna Bordés, Plant Protection Institute, Hungarian
Academy of Sciences (Budapest, Hungary), and soft-
ware for stepwise regression analysis has been pur-
chased from Compudrug (Budapest, Hungary).

3. Results and discussion

The enzymatic activities are compiled in Tables
1-4. The enzymatic activities show considerable dif-
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ferences indicating that the type and concentration of
cations, the nature of strains and the fermentation
time equally influence the activity of B-glucosidase.

The main parameters of the 3D-PCA are compiled
in Table 5. 3D-PCA using the model 8, 3, 3 reached
the convergence criteria after the third iteration step;
the total variance explained being 96.06%. This find-
ing indicates that the reduction of the dimensionality
of the original data matrix 24, 4, 5 to 8, 3, 3 can be
performed with only 3.94% loss of information. Un-
fortunately, the 3D-PCA does not define these theo-
retical factors as concrete physicochemical entities
only indicates their mathematical possibility. The first
three factors explain the overwhelming majority of
variance (86.68%) suggesting the basic similarities
between the effect of the various cations, strains and
fermentation times. The data further show that the
impact of the second and third factors of component
matrices A and B is also important.

The main results of 3D-PCA using a component
matrix of 3, 3, 2 are compiled in Table 6. The con-
siderable reduction in the dimensions of component
matrix resulted only a 1.16% loss of variance ex-
plained indicating that the reduced component matrix
is also suitable for the evaluation of the same data
matrix.

The two-dimensional nonlinear map of compo-
nent matrix A is shown in Fig. 1. Only cations added
at the highest concentration to the fermentation broth
form a clear-cut cluster; the other points representing
various cations at different concentrations are widely
distributed on the map. This distribution can be ex-
plained by the supposition that both the character and

Table 5

Main parameters of the three-dimensional PCA using component
matrix of 8, 3, 3

No. of iterations: 3; total variance explained: 96.06%.

No. No. of factors of Variance explained of the
component matrices total variance explained (%)

A B C
1 1 1 1 86.68
2 2 2 1 6.91
3 3 3 1 4.24
4 3 1 2 0.24
5 1 3 2 0.24
6 4 1 2 0.23
7 1 2 2 0.20

Table 6

Main parameters of the three-dimensional PCA using component
matrix of 3, 3, 2

No. of iterations: 8; total variance explained: 94.90%.

No. No. of factors of Variance explained of the
component matrices  total variance explained (%)
A B C

1 1 1 1 87.74

2 2 2 1 6.99

3 3 3 1 4.29

4 3 1 2 0.26

5 1 3 2 0.23

6 4 2 2 0.22

7 2 2 2 0.10

concentration of cations exert a similar impact on the
B-glucosidase production, and the effect observed is
the results of the interplay of various parameters. The
results of stepwise regression analysis entirely sup-
ports our previous qualitative conclusions. It did not
find significant relationships between the effect of
cations on the production of (3-glucosidase and their
physicochemical parameters included in the calcula-
tion. It can be assumed that other parameters not in-
cluded in the calculation may have a significant im-
pact on the effect of cations.

Strains of L.e.16-3 and L.e.6-6 are very near to
each other on the two-dimensional nonlinear map of
component matrix B, while strains L.e./-3 and
L.e.am are far away from each other and from the
cluster of L.e.16-3 and L.e.6-6 (Fig. 2). This result
emphasizes the basic similarity of strains L.e.16-3
and L.e.6-6 and the differences among the other
strains.

The activity of (B-glucosidase is similar between
20 and 40 days of fermentation as indicated on the
two-dimensional nonlinear map of component matrix
C (Fig. 3). However, the distribution of points on the
map indicates that the enzyme production becomes
markedly different at 50 and 60 days of fermenta-
tion.

Significant linear relationships have been found
between the first and second coordinates of the two-
dimensional nonlinear maps of matrix A and the first
two members of the component matrix A 3, 3, 2 (r,,..
were 0.4919 and 0.6301, respectively). No signifi-
cant correlation was found for matrices B, and only
the first coordinates of matrices C were significantly
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Fig. 1. Similarities and dissimilarities between the effect of cations on the B-glucosidase production simultaneously taking into consideration
each strains of L. edodes and each fermentation time. Two-dimensional nonlinear map of component matrix A. No. of iterations: 738; maxi-
mum error: 7.61 X 10~2. Numbers refer to cation type and concentration in Tables 1—4.
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Fig. 2. Similarities and dissimilarities between the effect of L. edodes strains on the B-glucosidase production simultaneously taking into
consideration each cation type and concentration and each fermentation time. Two-dimensional nonlinear map of component matrix B. No.

of iterations: 19; maximum error: 3.48 X 107°.
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Fig. 3. Similarities and dissimilarities between the effect of fermentation time on the B-glucosidase production simultaneously taking into
consideration each strains of L. edodes and each type and concentration of cations. Two-dimensional nonlinear map of component matrix C.
No. of iterations: 121; maximum error: 4.17 X 1073, Numbers refer to fermentation time in days.

ale. = 0.9206). This finding suggests that
the reduction of the dimensionality of component
matrices exert a negligible effect on the variance ex-
plained but slightly modify the similarities and dis-
similarities among the elements of the original ma-
trix.

It can be concluded from the results that 3D-PCA
can be successfully used for the separation of the ef-
fect of various fermentation parameters (composition
of culture media, fungal strains, fermentation time) on
the production of 3-glucosidase. Nonlinear mapping
technique applied to the component matrices facili-
tates the evaluation of such multidimensional data
structures.

correlated (r,

Acknowledgements

This work was supported by the Portuguese—
Hungarian cooperation project ‘Development of new

methods and their application for the assessment of
the effect of environmental conditions on the stabil-
ity of color pigments in foods’. The research of T.
I11és has been partially supported by the grant OTKA
T 029775. T. 1llés thanks the Bolyai Farkas Research
Fellowship of the foundation “Arany Janos Kozala-
pitvany a Tudomanyért”. The authors express their
gratitude to Dr. R. Bro and Dr. C.A. Andersson for
making the N-WAY TOOLBOX available.

References

[1] K.V. Mardia, J.T. Kent, J.M. Bibby, Multivariate Analysis.
Academic Press, London, 1979, pp. 213-254.

[2] R. Mannhold, G. Cruciani, K. Dross, R. Rekker, Multivariate
analysis of experimental and computational descriptors of
molecular lipophilicity. Journal of Computer-Aided Molecu-
lar Design 12 (1998) 573-581.

[3] K. Héberger, A. Lopata, Assessment of nucleophilicity and



64 H. Morais et al. / Chemometrics and Intelligent Laboratory Systems 57 (2001) 5764

electrophilicity of radicals and of polar and enthalpy effects

on radical addition reactions. Journal of Organic Chemistry 63

(1998) 8646-8653.

K. Héberger, M. Gorgényi, Principal component analysis of

Kovits indices for carbonyl compounds in capillary gas chro-

matography. Journal of Chromatography A 845 (1999) 21—

31.

[5] J.W. Sammon Jr., A nonlinear mapping for data structure
analysis. IEEE Transactions on Computers C 18 (1969) 401—
407.

[6] R.A. Harshman, Foundations of the PARAFAC procedure:

model and conditions for an ‘explanatory’ multi-mode factor

analysis. UCLA Working Papers in Phonetics 16 (1970) 1-

84.

J.D. Carrol, J. Chang, Analysis of individual differences in

multidimensional scaling via an N-way generalization of and

Eckart—Young decomposition. Psychometrika 35 (1970)

283-319.

[8] R. Bro, PARAFAC. Tutorial and applications. Chemometrics
and Intelligent Laboratory Systems 38 (1997) 149-171.

[9] H.A.L. Kiers, JM.F. Ten Berge, R. Bro, PARAFAC?2: Part I.
A direct fitting algorithm for the PARAFAC2 model. Journal
of Chemometrics 13 (1999) 275-294.

[10] R. Bro, C.A. Andersson, H.A.L. Kiers, PARAFAC2: Part II.
Modeling chromatographic data with retention time shifts.
Journal of Chemometrics 13 (1999) 295-309.

[11] R.L. Tucker, Some mathematical notes on the three-mode
factor analysis. Psychometrika 31 (1966) 279-311.

[12] R.L. Tucker, Relations between multidimensional scaling and
three-mode factor analysis. Psychometrika 37 (1972) 3-27.

[13] C.A. Anderson, R. Bro, Improving the speed of multi-way
algorithms: Part I. Tucker 3. Chemometrics and Intelligent
Laboratory Systems 42 (1998) 93—103.

[14] C.L. de Ligny, M. Spajner, J.C. van Houwelingen, H.M.
Weesie, Three-mode factor analysis of data on retention in

[4

—

[7

—_—

normal phase high-performance liquid chromatography. Jour-
nal of Chromatography 301 (1984) 311-324.

[15] P.J. Gemperline, K.H. Miller, T. West, E. Weinstein, J.C.
Hamilton, J.T. Bray, Principal component analysis, trace ele-
ments and blue crab shell disease. Analytical Chemistry 64
(1992) 523-532.

[16] W.A. van der Kloot, P.M. Kronenberg, Extremal analysis with
three-mode principal component analysis. Psychometrika 50
(1985) 479-494.

[17] A.K. Smilde, Y. Wang, B.R. Kowalski, Theory of medium-
rank second order calibration with restricted Tucker models.
Journal of Chemometrics 8 (1994) 21-36.

[18] C.S. Evans, M.V. Dutton, F. Guillen, R.G. Veness, Enzymes
and small molecular mass agents involved with lignocellu-
lose degradation. FEMS Microbiology Reviews 13 (1994)
235-240.

[19] T.K. Kirk, R.L. Farrell, Enzymatic combustion: the microbial
degradation of lignin. Annual Review of Microbiology 41
(1987) 65-505.

[20] R. Bourbonnais, M.G. Paice, Oxidation of non-phenolic sub-
strates, an expanded role for laccase in lignin biodegradation.
FEBS Letters 267 (1990) 99-102.

[21] Y.J. Cai, J.A. Buswell, S.T. Chang, Production of cellulases
and hemicellulases by the straw mushroom, Volvariella
volvacea. Mycological Research 98 (1994) 1019-1024.

[22] G.F. Leatham, M.A. Stahmann, Studies on the laccase of
Lentinus edodes: specificity, localization and association with
the development of fruit bodies. Journal of General Microbi-
ology 125 (1981) 147-157.

[23] G.F. Leatham, A chemically defined medium for the fruiting
of Lentinus edodes. Mycologia 75 (1983) 905-908.

[24] T.M. Wood, Cellulolytic enzyme system of Trichoderma
koningii. Biochemical Journal 109 (1968) 217-227.

[25] H. Mager, Moderne Regressionsanalyse. Salle, Sauerldnder,
Frankfurt am Main, 1982, pp. 135-157.



