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ABSTRACT

Three white-rot fungi, Polyporus versicolor, Ganoderma applanatum, and Peniophora “G,”
produce an adaptive cellulase complex that can degrade both soluble cellulose (C.) and
microcrystalline cellulose (C;), a highly ordered form of cellulose. Production of C,; and
C: by the white-rot fungi was repressed by simple sugars. Cellulase preparations from
three brown-rot fungi, Poria monticola, Lentinus lepideus, and Lenzites trabea, exhibited
only C. activity; microcrystalline cellulose was not significantly degraded. Contrary to the
cellulase (Cy) of the white-rot fungi, that of the brown-rot fungi apparently is constitutive,
since activity was abundant in cultures with simple sugars or with non-cellulosic polysac-
charides as the sole source of carbon. This work disclosed no differences between the
cellulase-inducing effects of hardwoods versus those of softwoods that might help explain
the preference of white rotters for hardwoods and brown rotters for softwoods.

Additional keywords: Polyporus versicolor, Ganoderma applanatum, Peniophora “G,” Poria

monticola, Lentinus lepideus, Lenzites trabea, enzyme, decay.

INTRODUCTION

The mechanism by which fungal cellu-
lases break down celluloses in wood cell
walls is not understood. However, it is
generally accepted that two types of en-
zymes are involved: A “C,” that acts on
highly ordered cellulose to produce linear
chains and a “C,” that breaks down the
linear chains [B(1—=4)D-glucan 4-glucano-
hydrolase, E.C. no. 3.2.1.4].

Brown-rot fungi and white-rot fungi, the
two major types of wood-rotting fungi,
produce very different rates of change in
average degree of polymerization of holo-
cellulose during wood decay (Cowling
1961). Brown-rot fungi, charactcrized by
Poria monticola, liberatc cellulolytic en-
zymes (or nonproteinaccous catalysts) that
are apparently capable of penetrating the
entire secondary wall structure and of de-
grading cellulose without prior removal of
lignin from the cell wall. The cellulose is
depolymerized rapidly in the initial stages
of attack, and the products of hydrolysis
accumulate faster than they are used. In

" The Laboratory is maintained at Madison,
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contrast, the cellulytic catalysts of the white
rotter Polyporus versicolor do not penetrate
the cell-wall capillaries, but act only on the
lumen surface degrading both crystalline
and amorphous regions of wmicrofibrils.
Cellulose is not depolymerized rapidly. and
the products of hydrolysis are metabolized
at about the same rate as they are being
formed. Lignin is removed rapidly at al-
most constant rates during all stages of the
infection; the removal is prior to or simul-
taneous with ccllulose breakdown.
Studies of white-rot fungi indicate that
cellulases are induced only in the presence
of substrates containing cellulose (Jensen
1971 and Johansson 1966). With ecasily
metabolized sources of carbon such as glu-
cose, ccllulase production was suppressed
and was not induced until after the sugars
had been consumed. Culture filtrates from
white-rot fungi show both C, and C, ac-
tivity (Johansson 1966; Reese and Levinson
1952; Walch and Kihlwein 1968). In con-
trast, brown-rot fungi generally cxhibit
sparse growth and low cellulolytic activity
on cellulose media, but grow well and pro-
duce cellulases on media with a simple
carbohydrate such as glucose (Bailey et al.
1969; Johansson 1966; Keilich et al. 1969;
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Substrate ;5 versicolor

s N (11 Growth
Polvsaccharide
Arabinogalactan 2 - 4
Cellulose 48 0.58 13
OMC 33 -- 6
Pectin 7 -= 19
Starch - -- 26
Xvlan 3 -- 10
Wood
Aspen 27 0.30 +
Sweetgum 18 0.25 +
Southern pine 31 24 +
tngelmann spruce 21 0.36 +
Hodified Wood
Pine holocellulose 32 0.17 4
Sweetgum holocellulose 31 0.25 8
Ballmilled spruce 21 0.37 32
Ballmilled aspen 23 0.28 46
simple sugars
Glucose —-— - 38
Xvlose - - 18
Lactose - - 7
Maltose - - 8
Cellobliose - - 18
o R 10,000 T

H C_ activity expressed as
X

b N
culture filtrate; --, negligible activity.
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X
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Cellulase activity (C, and Cy) and growth of white-rot fungi on various sources of carbon

a,b

and growthC produced by:

‘anoderma gpplanatum

1 Growth CX C1 Growth

- -- [ -= - 10
33 0.39 10 56 0.80 12
] — 8 2 - 8
4 - 38 2 - 25
-- -- 33 - -- 39
4 - 25 - - 20
17 0.25 + 27 0.25 +
14 0.29 + 28 0.36 +
17 0.27 + 32 0.20 +
13 0.35 + 24 0.25 +
48 0.53 10 39 0.21 7
45 0.46 6 38 Q.54 8
37 0.47 22 40 0.33 22
18 0.33 29 42 0.22 21
- - 49 - -- 42
- - 56 - - 39
- - 24 - - 70
- - 30 - -- 21
- - 22 - - z0

=, where t equals sec required for the relative viscosity of the carboxy -
methycellulose reaction mixture to be reduced by 50%/ml of culture filtrate;-—, negligible activity.
activity expressed as micromoles of glucose released from microcrystalline cellulose/24 hr/ml of

Crowth expressed as milligrams of mveelium per culture; +, trace amounts of growth that could be
doteerad by visual observation, but could not be quantitatively measured.

Reese and Levinson 1952). Culture filtrates
from the brown-rot fungi showed no G,
activity on highly ordercd forms of ccllu-
lose such as cotton and filter-paper.

Comparison of cellulases produced by the
difterent types of fungi is of interest be-
cause of these differences in the breakdown
of cellulose by brown- and white-rot fungi.
The purpose of this work was to investi-
gate how the source of carbon influences
the synthesis of cellulases by typical brown-
and white-rot fungi. It was of particular
importance to  determine if  ditferences
exist between the cellulase-inducing ceffects
of hardwoods versus softwoods that might
explain, at least in part, the predominant
occurrence of brown-rot fungi on softwoods
and white-rot fungi on hardwoods.

METHOD

The following fungi were used: three
white-rot—Polyporus versicolor (L. ex Fr.)
(Madison 697), Ganoderma applanatum
[Pers. ex Wallr. (Pat.)] (Madison 708),
and Peniophora “G” (ME 461, unidentified
to species)—and three brown-rot—Poria
monticola (Murr.) (Madison 698), Lenzites

trabea (Pers.) Fr. (Madison 617), and
Lentinus lepideus (Fr.) (Madison 534).

They were grown in stationary liquid cul-
tures containing the following basal salts
per liter: 2 ¢ NH,NO,, 2 g KH,PO,, 05 g
MgSO,-7TH:0, 0.1 g CaCly-2H,0, 0.57 mg
H,BO,, 0.036 mg MnCly-4H,O, 0.31 mg
7ZnSOy-TH-0, 0.039 mg CuSO,-5H,0, 0.018
mg (NH;)(;MO'{Om ‘4H20, 0.015 mg FCSO.;'
7H,0, and 0.001 g thiamine hydrochloride.

The carbon sources (0.5% wt/v ratio
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TasLe 2. Cellulase

activity (C.) and growth of brown-rot fungi on various sources of carbon

Cellulase activitya and growthb produced by:

Poria monticola

Lentinus lepideus

Substrate —

Lenzites trabea

C Growth C Growth C Growt!:
x X x
Polvsaccharide
Arabinogalactan 33 18 9 3 29 8
Cellulose 3 + 6 + 34 +
CMC 19 8 23 8 130 8
Pectin 62 22 22 46 32 30
Starch 91 45 16 31 81 42
Xvlan 33 5 19 14 29 24
Wood
Aspen 14 + 9 + 37 +
Sweetgum 18 + 21 + 50 +
Southern pine 17 + 28 + 35 +
Spruce 25 + 22 + 33 +
Modified Wood
Pine holocellulose 37 + 29 + 47 10
Sweetgum holocellulose 28 + 24 + 37 11
Ballmilled spruce 77 16 77 29 58 14
Ballmilled aspen 79 23 79 21 79 15
Simple Sugar
Clucose 83 52 39 59 75 46
Xvlose n3 54 4 26 28 26
Lactose 45 16 21 28 40 37
Maltose 45 41 2 12 46 24
Cellobiose 129 29 48 31 127 25
T T e e 10,000

a (. activity expressed as

, where t equals seconds required for the relative viscosity of the carboxy-

methvlicellulose reaction mixture to be reduced by 50%/ml of culture filtrate.
i Growth expressed as milligrams of mycelium per culture; +, trace amounts of growth that could bLe detecti
hv visual observation, but cceld pot be quantitativelv measured.

unless otherwise indicated) included the
following: microcrystalline cellulose (FMC);
sodium carboxymethylecllulose (Fisher, pu-
rified with degree of substitution 0.65-0.85);
pectin ( Eastman); lactose, maltose, starch
(Difco); cellobiose, glucose, xylose, xylan
(NBC), arabinogalactan (Pfaltz and Bauer);
holocellulose from southern pine (Pinus sp.)
and sweetgum (Liquidambar styraciflua

L.); ballmilled bigtooth aspen (Populus
grandidentata  Michx.) and Engelmann

spruce (Picea engelmannii Parry); and saw-
dust (40 mesh) of southern pine, sweetgum,
bigtooth aspen, and Engelmann spruce. In
some experiments the microcrystalline cellu-
lose was supplemented with glucose, cello-
biose, asparagine (Fisher): peptone (Dif-
co); and yeast extract (Difco) in a 0.5%
wt/v ratio to give 1.0% wt/v total carbon
source.

The effect of various glucose concentra-
tions on cellulase production by Polyporus

versicolor and Poria monticola in the pres-
ence of microcrystalline cellulose at 7, 14,
and 21 days was studied. Fungi were grown
on the basal medium containing micro-
crystalline cellulose and either 0.0, 0.1, 0.5,
or 1.0% glucose. In a variation of this ex-
periment, the  concentrations of  glucose
were added to cellulose-containing cultares
of P. versicolor after 7 days’ growth. and
cellulase activity determined immediately
and 14 days later.

Cultare vessels were erlenmeyer flasks
(250 ml) with 25 ml of culture medium.
After sterilizing at 121 C for 15 min, the
pH was adjusted to approximately 5.5 with
IN HCI! or IN NaOH, and cultures were
inoculated with 1 ml of washed mycelium
suspension precultured on the basal salts
solution with 1% malt extract and 0.3%
yeast extract. Flasks were incubated in the
dark for 21 days unless indicated otherwise.
The cultures werce harvested by filtering the
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Cellulase activity (C. and Cy) and growth of while-rot fungi in cellulose medium supple-

. , Growth CX C1 Growth CX Cl Growth
Clucose 4 -~ 18 - -- 40 - -- 25
Cellobiose ’ —= 17 4 - 18 — _— 40
Peptone 75 .14 40 36 0.42 34 110 2.13 58
\sparagine 75 L.06 24 56 0.80 30 110 1.84 34
Yeast extract 101 1.76 28 19 - 52 118 1.94 58
Cellulose alone 48 1).58 13 33 0.39 10 56 0.80 12

a ¢ activity expressed as 101099, where t equals Seconds required for the relative viscosity of the

N
negligible activity.

! culture filtrate; --, negligiblie activity.

Cronegd

culture medium through glass filter paper,
and NaN; (031 g/1) was added to the
filtrate to prevent contamination. The my-
celial mats were held for growth measure-
ment. The filtrate was stored at 4 C until
used.

Growth was cexpressed on a dry weight
basis (after 48 hr at 40 C). If the culture
media contained a source of insoluble car-
bon, dircct mycclial weights could not be
determined. Therefore the protein content
of washed mycelial mats was used as an
indication of relative growth if the cul-
ture contained an insoluble carbon source
(Lowry ct al. 1951; Lumsden 1969). Protein
content was converted to mycelial weight
from a standard curve constructed for each
fungus from mycelial weights and protein
content of mycelium in culture media con-
taining soluble carbon sources.

The mycclial mats from Poria monticola
cultures on microcrystalline ccllulose and
0.5% glucose and Polyporus versicolor cul-
turcd on microcrystalline cellulose were
used to determine the cellulase activity in
mycelial mats. They were rinsed with dis-
tilled H20O, stripped from the filter paper,
and fragmented in 25 ml of distilled H,O

in a semi-micro Waring blender cup. Por-

carboxvmethvlcellulose %eaction mixture to be reduced by 50%/ml of culture filtrate; --,
€, activity expressed as micromoles of glucose released from microcrystalline cellulose/24 hr/ml of

expressed as milligrams of nveeliom per culture.

tions of the mycelial suspension were as-
sayed for emzyme activity. To determine
the enzyme activity remaining on the my-
celial mats after blending, the suspensions
were then centrifuged, and the supernatant
and the mycelial residuc assayed for Cy
and C, activity.

To determine the effect of various sugars
on activity of C; cellulase in vitro, glucose,
galactose, mannose, xylose, and cellobiose
(1.0% wt/v) were incubated with Polyp-
orus versicolor culture filtrate for 4 hr.

Cy activity was determined by a visco-
metric assay in which 1 ml of filtrate was
added to 9 ml of 0.6% carboxymethyl cellu-
lose (CMC) buffered to pH 5.0 with 0.1
M acetate buffer. Viscometric data are
expressed as 10,000/t5, per ml of enzyme
solution, where 5 equals time (scc) for
the rclative viscosity of the solution to be
reduced by 50% at 40 C.

To determine C; activity, the increase
in reducing groups from microcrystalline
cellulose was measured by Nelson’s modi-
fication of the Somogi method (Nelson
1944). Filtrates were dialyzed against run-
ning tapwater for 16 hr at room tempera-
ture before assaying the reducing groups.
Reaction mixtures consisted of 1 ml of fil-
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Tasrr 4. Cellulase activity (C,) and growth of brown-rot fungi in cellulose-containing medium
supplemented with various growth-promoting substances
Cellulase activitya and growthb produced by:
Cellulose ———— —

supplement (0.5%) Poria monticola Lentinus lepideus Lenzites trabea

C Growth C Growth C Growth
x X x
Glucose 100 24 33 20 64 44
Cellobionse 130 40 33 50 113 36
Peptone 2 5 - 8 96 11
Asparagine 3 5 3 8 103 5
Yeast extract 3 12 3 16 99 17
Cellulose alone 3 + 6 + 34 +
P N 10,000 . . | . . o
a C_ activity expressed as —2——, where t equals seconds required for the relative viscosity of the
carboxymethylcellulose reaction mixture to be reduced by 50%/ml of culture filtrate; --,
negligible activity.
b GCrowth as expressed milligrams of mycelium per culture; +, trace amounts of growth that could be

detected by visual observation, but could not be quantitativelv measured.

trate, 1 ml of 0.1 M acetate buffer, and 0.01
g of microcrystalline cellulose. Reducing-
group data were expressed as micromoles
of glucose released in 24 hr per ml of cul-
ture filtrate at 40 C.
RESULTS

Extracellular C; and C,; activity in cul-
ture filtrates of the three white-rot fungi
was abundant only with ccllulosic sub-
strates (Table 1); none or only trace amounts
of C, and C, activity were detected in cul-
ture filtrates with simple sugars or non-
cellulosic polysaccharides. C, and C; ac-
tivity of the white rotters was no greater
on hardwood sawdust—intact and modified
by ballmilling and removing lignin (holo-
cellulose)—than on  softwood sawdust.
Growth of the white-rot fungi on bigtooth
aspen and Engelmann spruce was increased
by ballmilling, and cxcept for Polyporus
versicolor, C, and C, production was
slightly increased as well. Extracellular Cy
and C, activity in culture filtrate from
Ganoderma applanatum was higher in cul-
tures containing pine or sweetgum holo-
cellulose than with intact pinc or gum saw-
dust. Enzyme activity by the other two
test white-rot fungi in media with pine or

gum holoccllulose did not differ greatly
from that with intact pinc or gum sawdust.
C. and C; activity in culture filtrates of P.
versicolor and Peniophora “G” was greatest
with cellulose as the only source of carbon,
and G. applanatum produced the most C,
and C, activity with pine holocellulose as
the only carbon source.

The three brown-rot fungi produced very
little or no extracellular C; on all the
sources of carbon, but produced C, on most
of the sources of carbon. Contrary to the
white-rot fungi, the brown-rot fungi pro-
duced abundant C, with simple sugars or
with noncellulosic polysaccharides as the
sole source of carbon (Table 2). Trace
amounts of growth and C, activity occurred
in cultures of Poria monticola and Lentinus
lepideus with cellulose as the only source
of carbon. Lenzites trabea also grew poorly
in cultures containing cellulose, but C;
activity was significant. Just as with the
white-rot fungi, C, activity in the brown-
rot cultures with modified or intact saw-
dust of softwoods did not differ greatly
from that in cultures with modified or
intact sawdust of hardwoods. C, activity
and growth of the three brown-rot fungi
on the wood substrates was greatest with
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CELLULASE ACTIVITY

Effect of concentrations of glucose on C, and C. activity™® by Polyporus versicolor (P.v.)

in cellulose medium (.5%)

activity per medium

time No glucose 0.1% glucose 0.5% glucose 1.0% glucose
(davs) Py, P.m. P.v P.m. P.v. P.m. P.v. P.m.
. . . . - ) c
Lx Ll Lx “1 Cx Cl Cx Cl cx Cl Cx Cl Cx cl Cx 1
7 52 n.80 1 - 34 0.67 53 - 2 - 59 ~-= - -- 61 -
14 42 0.80 1 - 22 0.67 70 - 1 - 100 ~— - - 88 -
21 S50 0,59 J - 39 0.20 33 -- 4 - 80 -- -- -= 88 --
. - 10,000 . . . .
a C_activity expressed as ————, where t equals seconds regained for the relative viscosity of the

carboxvmethvlcellulose reaction mixture to be
negligible activitv.

reduced bv 50%/ml of culture filtrate; ——,

b Cl activitv expressed as micromoles of glucose released from microcrystalline cellulose/24 hr/ml of

culture filcrate; --, neglibible activity.

the ballmilled bigtooth aspen and Engel-
mann spruce as the carbon source. Growth
and Cy activity of the brown-rot fungi in
media with pine or gum holocellulose gen-
erally diftered very little from that with
intact pine or gum sawdust. C, activity was
greatest with cellobiose as the source of
carbon for Poria monticola; with ballmilled
aspen for Lentinus lepideus; and with CMC
tor Lenzites trabea.

Both glucose (0.5%) and cellobiose (0.5%)
in cellulose medium greatly inhibited the
formation of extracellular C, and C, by
the white-rot fungi (Table 3). With the
exception of Ganoderma applanatum on
cellulose medium with veast cxtract, the
synthesis of cellulase by the three white-
rot fungi was increased by adding 0.5%
veast extract, peptone, or asparagine to the
cellulose medium.

The three brown-rot fungi produced
abundant cxtracellular C, in the cellulose
medium supplemented with glucose (0.5%)
or cellobiose (0.5%) (Table 4), but as be-
fore, no C,. Culturc filtrates of Lenzites
trabea had abundant C, activity in the
cellulose medium supplemented with 0.5%
asparagine, peptone, and yeast extract. The
addition of these substances to the cellu-
lose medium, however, resulted in only
trace amounts of C activity in culture fil-

trates of Lentinus lepideus and Poria monti-
cola.

The various sugars incubated with cul-
ture filtrate of P. versicolor had no effect
on C, activity. The sugars, then, did not
inactivate C, of Polyporus wversicolor in
vitro.

Extracellular C, and C; activity of
Polyporus versicolor was markedly reduced
after 7, 14, and 21 days of growth if 0.5 or
1.0% glucose was added to the cellulose
medium; even 0.1% glucose caused a de-
crease in enzyme activity values compared
with those for cellulose alone (Table 5).
When 0.5 or 1.0% glucose was added to
the cellulose-containing medium  after 7
days’ growth, ccllulase activity by P. versi-
color after 21 days was markedly reduced
(Table 6).

No extracellular C; activity by Poria
monticola was detected in any of the media
after 7, 14 and 21 days of growth (Table 5).
In contrast to P. versicolor, P. monticola
did not form C, on the ccllulose medium,
but only in the cellulose medium containing
glucose (0.1 to 1%).

Mycelial suspensions of Poria monticola
and Polyporus wversicolor prepared from
mycclial mats after filtration had only
about 0.5% of the culture filtrate C; ac-
tivity. Assay of the liquid and the mycelium
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TapLe 6. Effect of adding glucose after 7 days
growth in cellulose containing medium on cellu-
lase activity (C. and Ci) of Polyporus versicolor

R

Percent CX and Ll activity at
glucose Tt T T -
added 7 davs
after e -
7 days Cx Cl x 1

0 50 0.61 50 0.59
0.1 - - 40 .72
0.5 - - | 5
1.0 - - 1 9

a (1\ activity expressed as —*>——, where t equals
" seconds required for the relative viscosity of
the carboxymethvlcellulose reaction mixture to

be reduced by 50%/ml of culture filtrate.

activity expressed as micromoles of glucosc
released from microcrystalline cellulosa/
24 hr/wl of culture filtrate.

-

after being separated by centrifugation
showed that essentially all of the C, activity
was in the liquid portion of the suspension.
No significant C; activity was detected in
the mycelial suspension of P. monticola.
The mycelial suspension of P. versicolor
contained about 20% of the culture filtrate
C; activity, all in the liquid portion of the
suspension.

DISCUSSION

Extracellular  cellulase  production by
threc white-rot fungi and by three brown-
rot fungi was affected differently by carbo-
hydrates present in liquid culture media.
The three white-rot fungi produce a cellu-
lase complex capable of degrading both
soluble cellulose (Cy) and microcrystalline
cellulose (C;). These enzymes were pro-
duced by the white rotters only if the cul-
turc medium contained cellulose. Thus the
cellulase system of the white rotters, as in
most microorganisms, is an adaptive, or an
inductive system. C, and C; activity by
the white rotters was repressed when the
cellulose-salts medium was supplemented
with glucose or cellobiose. Incubation of
Polyporus versicolor filtrates with various
sugars did not affect C, activity. Thus the
effect of the sugars is on production and
not inactivation. Glucose added to cellu-
lose-containing medium after 7 days’growth

by Polyporus versicolor evidently stopped
production of further cellulase and that al-
ready formed must have been degraded
since cellulase activity in filtrates after 21
days was substantially reduced. This type
of repression by simple sugars is a com-
monly observed phenomenon among micro-
organisms (Jensen 1971; Johansson 1966,
Mandels and Weber 1969).

Increased activity in filtrates from cellu-
lose-containing medium supplemented with
peptone, asparagine, or ycast cxtract can
probably be attributed to the increased
fungal growth after addition of these com-
pounds to the cellulose medium. The tavor-
able effect of yeast extract on cellulase
production by white-rot fungi was also ob-
served by Johansson (1966). However, with
the white-rot fungi, growth-supporting and
inducing abilities of the carbon source gen-
crally were unrelated.

On all sources of carbon, the three brown-
rot fungi produced either no C; or barely
detectable quantities. Contrary to the white-
rot fungi, C, of the brown rotters appar-
ently is constitutive since activity was gen-
crally abundant in cultures with simple
sugars or with noncellulosic polysaccharides
as the sole source of carbon. The isolate of
Lengzites trabea was the most adaptable of
the fungi studied; it could secrete C, re-
gardless of the carbon sourcce. Lentinus
lepideus and Poria monticola had trace
amounts of growth, and no C, activitics
were detected in cultures with cellulose as
the only source of carbon. Significant C,
activity was detected in filtrates of these
fungi from cellulosc medium only when the
medium contained glucose or cellobiose;
low activity was detected in filtrates from
cellulose medium supplemented with as-
paragine, yeast extract, and peptone. C,
activity may have been low because growth
was still relatively low in the cellulose
medium containing these substances. Abun-
dant C; activity by Poric monticola and
Lentinus lepideus was usually coupled with
substantial growth.

There was no relationship between the
amount of extracellular cellulase activity
in culturc filtrates of white-rot and brown-
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rot fungi and the nature (hardwood and
sottwood ) of the woody substrate used as
sole source of carbon. Thus preferential
formation of cellulase apparently does not
contribute to the predominant attack of
white rotters and brown rotters on hard-
woods and softwoods, respectively.

Growth of both white- and brown-rot
fungi was greater with ballmilled wood
than with intact wood or holocellulose as
the source of carbon. However, C, and C,
activity of the white rotters was incercased
only slightly or not at all in filtrates from
ballmilled wood, whercas C, activity by
the brown rotters was greatest on the ball-
milled wood substrates.  Growth and C,
production by the brown-rot fungi were
generally related; thus increased growth
may account for the increased C, activity
in filtrates of brown-rot fungi from ball-
milled wood.

The results of this study suggest that
treating wood with nonmetabolizable com-
pounds related to glucose might cffectively
reduce white rot, but since glucose did not
repress cellulase of the brown rotters, the
compounds would not be cffective against
brown rot.

During decay the cellulases of brown-
rot fungi, exemplified by Poria monticola,
arc exposed to a relatively large amount
of decomposition products of soluble cellu-
lose, whereas cellulases of white-rot fungi,
exemplitied by Polyporus versicolor, are not
(Cowling 1961). Data from this study
suggest that simple carbohydrates such as
glucose or cellobiose formed during deg-
radation of wood by brown-rot fungi will
causc production of greater amounts of
cellulase. In white rot the cellulose break-
down products are utilized as they are
formed; thercfore, the fungi are not ex-
posed to simple carbohydrates that may,
as indicated by this work, repress cellulase
production.

Inability of culture filtrates of brown-rot
fungi to degrade highly ordered cellulose
is still unexplained. Some factors that may
be responsible for a lack of C; in culture
filtrates are: (1) Culture conditions did
not permit induction, (2) C; is bound to

the cell surface, (3) inactivation by fungal
sceretions, (4) C; in filtrates is too dilute to
produce measurable breakdown products,
and (5) C,; is not produced by brown-rot
fungi.

Although a large number of different
carbon sources were used, liquid culture
conditions cannot duplicate those in nature.
Thus the first factor cannot be eliminated.
The second factor was investigated by frag-
menting mycclia and  introducing  them
directly into the assay medium; no activity
was detected. Treating mycelia with acids,
by homogenization or by freczing, also did
not produce detectable activity (Johansson
1966). C,; may not have been relcased by
any of thesc methods, particularly if bound
to the fungus mycelium by covalent bonds
such as disulfide bonds. Barash and Klein
(1969) found that rclease of polygalacturo-
nase from cells of Geotrichum candidum
was greatly enhanced by treating with mer-
captoethanol, which apparently reduced
disulfide bonds and facilitated liberation of
the enzyme into the medium. It the case
of the third factor, fungi may secrcte ma-
terials such as polysaccharides and peptides
into synthetic media that could complex
with the C, enzyme and inactivate it. These
complexing materials could vary with the
medium. For the fourth factor, the C; in
culture filtrates would probably be much
more dilute than during decay when the
concentrated enzyme may be sccreted di-
rectly into the site of hydrolysis. With a
concentrated filtrate and a longer incuba-
tion period with the cellulose substrate, C,
activity may have been detected in filtrates
of brown-rot fungi.

For the fifth factor there is some evidence
that a C; stage is not necessary if cellulose
has never been dried (remains swollen).
Cotton fibers that had never dried were
readily hydrolyzed by culture filtrates of
various organisms (Marsh and Reese 1963).
King (1968) found that never-dried holo-
cellulose was degraded by culture filtrates
of the brown-rotter Coniophora cerebella;
a-ccllulose prepared from the holocellulose
was much more slowly attacked because
the open structure of the never-dried holo-
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cellulose evidently did not survive the treat-
ments necessary in preparing a-cellulose.
Cellulases that have been isolated thus far
are too large to penetrate the fine structure
of wood fibers (Cowling and Brown 1969).
Thus the brown-rot fungi may not produce
a Cy enzvme in vitro, but produce a small
noncnzymatic catalyst that swells and opens
cellulose so that conventional cellulases can
attack it (Cowling and Brown 1969; Koenigs
1972).  Kocnigs (1972) presents evidence
that the swelling factor in the cellulose
complex of brown-rot fungi may be a
H,0.-Fe system. He proposes that the
acidic  conditions  that brown-rot fungi
create could solubilize Fe and furnish a
favorable pH for the system to operate
optimally. Exposure of HyO,-Fe-treated de-
waxed cotton samples to Trichoderma viride
cellulase predisposed a portion of the sub-
strate to attack. The effects of HyOs-Fe on
the predisposition of cellulose and holo-
cellulose to degradation by brown-rot cellu-
lases should be considered in future studies.
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