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ABSTRACT 

A Rapid Agar Plate Screening Assay (RAPSA) was developed and optimized for assaying individual 
extracellular enzymes produced by potential biological control agents and sapstain fungi. The RAPSA, 
which uses culture tiltrates rather than agar plugs inoculated with actively growing fungi as used in 
the classical screening method, was more sensitive in detecting activity, for all extracellular enzymes 
screened, with the exception of chitinase, for the majority of the fungi tested. The assay was used to 
screen potential biological control fungi based on comparison of extracellular enzyme profiles of ten 
potential antisapstain biological control fungi and three sapstain fungi, grown in liquid cultures con- 
taining either glucose, hemlock sawdust, or cell wall of the sapstain fungus Ophiostomu piceue as a 
carbon source. Based on extracellular enzymes profiles, biological control fungi and sapstain fungi 
were classified into three groups. Group I fungi produced the greatest enzyme activity when glucose 
was included in the medium. Group I1 fungi produced equally good activity with sawdust and glucose, 
while Group Ill produced high activity with both sawdust and cell wall while enzyme activity with 

- ~ 

glucosc was not consistent. 
Five biological control candidates, Gliocladium viride 623E, G. roseum 784A, G. virens 258C, G. 

ro.sruni 321M, G. virens 258D. in descending order, demonstrated the full spectrum of extracellular 
enzyme activity screened, irrespective of the growth medium. Production of extracellular enzymes in 
a minimal medium augmented with sawdust or cell wall is an indicator of secondary resource capa- 
bility. Gliocladiurn viride 623E and G. virens 258C demonstrated high extracellular enzyme production 
in both of these media. On this basis, these two fungi were judged to show the greatest potential as 
biological control agents. Muriannea rlegans 3868 and G. solani 8 I OA showed the least potential. 
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INTRODUCTION 

Sapwood of freshly sawn lumber is a nutri- 
tional bonanza for many Ascomycetes and 
Fungi Imperfecti (Dawson-Andoh and Morrell 
1997). Many of these fungi cause sapstain and 
mold discoloration of green lumber with con- 
siderable loss in revenue to the producer. Sap- 
stain and mold discoloration of green lumber 
are currently controlled through the applica- 
tion of biocides. However, increasing concern 
about the potential negative impact of biocides 
has led to the search for alternative methods 
of control. A promising alternative is biolog- 
ical control (Dawson-Andoh and Morrell 
1997; McAfee and Gignac 1997; Yang and 
Rossignol, 1999). 

Biological control agents, unlike biocides, 
are living organisms that must grow, colonize 
the wood substrate, and exclude undesirable 
microflora if they are to be effective when ap- 
plied. Efficient biological control agents must 
therefore exhibit excellent primary andlor sec- 
ondary resource capture. Primary resource 
capture is a process of gaining access to, and 
influence over, an available resource, e.g. 
wood substrate (Rayner and Todd 1979). This 
process is dependent on the capacity of the 
fungi to produce enzymes favoring resource 
capture, good spore germination, and rapid 
mycelial growth rates. Secondary resource 
capture is a measure of an organism's ability 
to invade and capture portions of wood sub- 
strate already colonized by competing micro- 
flora via mycoparisitism or production of an- 
tibiotics. 

Understanding the mechanisms underlying 
a biological control process is essential to the 
development of a strategy for the process of 
strain improvement, formulation, and delivery 
of the bioprotection or biological control 
agents (Papavizas 1985; Fravel 1988; Lums- 
den and Lewis 1989; Lewis et al. 1989; Lynch 
1990; Lewis and Papavizas 1991). It is essen- 
tial that biological control agents designed for 
use on wood do not break down the lignocel- 

lulosic complex that makes the major com- 
ponent of the wood cell wall. However, these 
organisms must be capable of utilizing simple 
carbohydrates and nonrefractory nutrients in 
wood as part of the primary resource capture 
process. Thus, primary resource capture by bi- 
ological control fungal agents requires the pro- 
duction of extracellular enzymes (ECE) such 
as pectinases, amylases, cellulases, and cello- 
biases, and hemicelluases including xylanases, 
galactomannanases, and glucomannanases. 
Extracellular enzymes involved in secondary 
resource capture include fungal cell-wall 1yct:ic 
enzymes such as a- and P-glucanases, chiti- 
nases, and also mannanases (Aronson 1965; 
Villanueva 1966). Proteases and lipases ma.y 
also be involved in both primary and second- 
ary resource capture. 

When fungi are grown on solid agar medi- 
um, extracellular enzymes are secreted into the 
agar around the fungal colony. If an appropri- 
ate substrate is incorporated into the medium, 
presence of the enzyme activity can be de- 
tected by observing the degradation of the 
substrate around the fungal mycelia. This ap- 
proach is employed in several classical extra- 
cellular enzyme screening procedures (Hankin 
and Anagnostakis 1975; Hagerman et al. 
1985). Similar approaches incorporate sub- 
strates coupled with dyes such as remazol bril- 
liant blue and azure. However, all such meth- 
ods suffer from two major limitations: the 
dense growth of fungi makes observation of 
enzyme production difficult, and the produc- 
tion and activity of enzymes are pH-depen- 
dent. The method described in this study mod- 
ifies the Wood and Weisz (1987) procedures 
to overcome these two limitations by gr0win.g 
the fungus in a defined liquid media adjuste:d 
to specific pH levels and by evaluating enzy- 
matic activity using filtered growth media. 

The rapid agar plate screening assay (RAP- 
SA), described here, compares extracellular 
activity of sapstain and potential bio1ogic;sl 
control fungi by applying filtered liquid 
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growth media onto filter paper discs placed on 
solid agar media containing target enzyme 
substrates. Preliminary testing of temperature, 
effect of substrate concentration in the solid 
media, incubation time, buffer types, and pH 
of solid agar was carried out to determine op- 
timum assay conditions for each enzyme. The 
assay was then used to compare extracellular 
enzyme profiles produced by potential biolog- 
ical control and sapstain fungi when grown in 
the presence of glucose, sawdust, or cell walls 
of a sapstain fungus. 

MATERIALS AND METHODS 

Gmwth und maintenance c?f test fungi 

Ten potential fungal biological control iso- 
lates from Forintek Canada Corporation (Ste- 
Foy, Quebec), Mariannaea elegans (Corda.) 
Arnaud ex Samsom 386E, Trichoderma pseu- 
dokoningii Rifai 228B, Trichoderma viride Ri- 
fai 16 11, Gliocladium roseum Bainier 32 1 A, 
321M, 321U, G. solani (Harting) Petch, 8 10A, 
Gliocladium viride Matr. 623, Gliocladium vi- 
rens (Miller), Giddens & Foster 258C, 258D 
and three sapstain fungi: Alternatria alternata 
(Fr.) Keissler 2H, Aureobasidium pullulans (d 
By.) Arnaud 132Q, Ophiostoma piceae 
(Muench) H. & Syd. 3871 were used in this 
study. A known cellulase producer, Trichoder- 
mu harzianum Rifai 160M, was included as 
control. 

Sensitivity of RAPSA compared with 
cla.sLsical enzyme detection tests 

The sensitivity for the detection of extra- 
cellular enzymes was compared when test fun- 
gi were grown directly on an agar growth me- 
dium containing an enzyme substrate (classi- 
cal method) with those grown in a liquid me- 
dium where the culture filtrate was transferred 
to a medium containing the enzyme substrate 
(RAPSA). 

Extracellular enzymes were assayed by a 
modification of the classical agar diffusion as- 
says (Hankin and Anagnostakis 1975; Kjoller 
and Struwe 1980; Donly and Day 1984), 
where the fungi are inoculated on solid me- 

dium with enzyme target substrates made up 
in a basal medium. Fungi from maintenance 
slants were inoculated onto malt agar (MA) 
plates (oatmeal agar plates for 0. piceae) and 
incubated at 25OC. After 2-3 weeks, mycelial 
plugs (8 mm in diameter) were cut sub-mar- 
ginally and inoculated, one plug per plate, 
onto water agar (1.5% weightlvolume, wtlv) 
plates (60 x 15 mm) containing substrates for 
detecting targeted enzyme activity (classical 
test). The same seed cultures used to inoculate 
the agar plates were macerated in 70 mL ster- 
ile deionized water and used at 10% concen- 
tration (volume/volume, vlv) to inoculate malt 
extract liquid medium containing 2% (wt/v) 
malt extract, 2% (wtlv) glucose, and 0.1 % (wtl 
v) bacto peptone. The liquid cultures were in- 
cubated on a rotary shaker (100 rpm) under 
conditions similar to those used for the agar- 
enzyme screening plates. To assay the en- 
zymes, aliquots of liquid cultures were re- 
moved and filtered using a glass fiber filter 
paper (Whatman #934-AH) and applied to 
glass fiber filter discs (Whatman 7-mm diam- 
eter, 1.5 pm pore size) placed on agar plates 
(100 X 100 X 15 mm) containing the enzyme 
(RAPSA). Filtrates from all of the 14 test fun- 
gi, plus liquid medium, placed on a disc for 
control, were screened in the same plate for 
each of the enzymes tested. The screening 
plates for both the classical and the RAPSA 
test plates were wrapped with parafilm and in- 
cubated in a humid chamber under the follow- 
ing conditions: 1) room temperature (RT) 
overnight; 2) RT overnight plus 1 h at 50°C; 
3) 37°C for 30 min; 4) 37°C overnight; 5 )  37°C 
overnight plus 1 h at 50°C and 6) 50°C for 
1 h. 

The agar plugs from the classical method 
and the filter discs from the RAPSA were re- 
moved to evaluate substrate degradation by 
the enzyme. Congo red (0.1 %, wtlv) complex- 
ing with the unhydrolyzed substrates was used 
to visualize the degradation zone of enzyme 
activity in most cases. Other reagents used for 
visualization included iodine for starch, etha- 
nol for pustulan, cetylamethylammonium bro- 
mide for pectin, and o-dianisidine for glucose 
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from cellobiose. For lipase activity, calcium 
salts, crystallized in the solid medium, were 
clearly visible as opaque halos using a bin- 
ocular microscope at low magnification. 

Enzyme activity was rated based on the size 
of the zone of degradation visible. Each rating 
was based on three replicates. 

Effect o j  nutrient source on enzyme projiles 

The 14 test fungi were grown under three 
nutrient regimes in 50 ml of medium in 250- 
ml Erlenmeyer flasks for 3 weeks: 1) malt ex- 
tract (2%, wtlv) medium with glucose (2%, 
wtlv) (ME + GLU); 2) defined liquid medium 
containing (SM) 2% (wtlv) hemlock sawdust 
(SD, SM + SD) or 3) defined liquid medium 
(SM) containing crude cell wall (CW, SM + 
CW) of the sapstain fungus 0. piceae 3871. 
The defined liquid medium consisted of 0.2 g 
MgSO,.7H,O, 0.9 g K,HPO,, 0.2 g KCl ,  1 g 
NH,NO,, 0.002 g FeSO,.7H,O, 0.02 g 
ZnS0,.7H20 and 0.002 g MnCI,.4H,O in 1 L 
distilled water (Ridout et al. 1988). Cell wall 
of 0. piceae 3871 was prepared by a modified 
method of Hearn and McKenzie (1980). The 
RAPSAs were carried out as described above. 

RESULTS AND DISCUSSION 

Comparison of enzymatic activities using 
mycelial plugs or culture ,filtrates 

Table 1 compares extracellular enzyme ac- 
tivity detected using the classical method 
where agar plugs inoculated with the test fun- 
gus are placed on agar containing the test sub- 
strate with a Rapid Screening Assay (RAPSA) 
where filtrates from fungal liquid cultures are 
absorbed on glass filter discs, placed on agar 
containing the test substrate. Greater activitv - 
was observed by the majority of the fungi test- 
ed when screened using culture filtrates. Ac- 
tivity of P-galactomannanase was detected in 
the culture filtrates of G. roseum 784A, G. ro- 
seum 32 1 A, and G. viride 623E but not in the 
plates with MA plugs. Also, G. virens 258C 
and G. virens 258D showed presence of P- 1,6 
glucanases and P-1,3 glucanase activity in the 
filtrates but not with the MA plug-inoculated 

plates. Among the reasons that might accouint 
for better elicitation of ECE activity in the fil- 
trates of most test fungi is the fact that when 
the actively growing fungus is placed directly 
on the substrate, active fungal growth maiy 
predominate over enzyme production. Further, 
mycelial growth, occurring on the agar surface 
with this method, may interfere with visuali- 
zation of enzymatic activity. Using the MA 
plug, chitinase activity was detected for only 
two biological control agents (G. roseum 
321M and G. viride 258C, Table 1). Protease 
activity, however, was more pronounced in the 
MA plug inoculated plates and was produced 
by all fungi tested. 

EfSect of pH and buffer systems 

The pH and buffer system requirements for 
assaying activity were examined. Table 2 suni- 
marizes the optimized conditions using th~e 
RAPSA for each enzyme tested. The mo:st 
co~nmonly used buffer systems, MES [:!- 
N(morpho1ino)ethanesulfonic acid] and ace- 
tate, with pH ranging between 5-7 were test- 
ed. No difference in elicitation of ECE activity 
was observed. In contrast to the findings of 
Wood and Weisz (1987), the incorporation of 
MES in the agar screening plates interfered 
with the use of congo red in visualizing zones 
of degraded target substrates. The substrates 
under the filtrate soaked discs were often 
stained a darker purplish-red after the acetic 
acid wash in the congo red staining procedure. 
Although intensity of congo red staining us 
pH-dependent, the interference persisted even 
at higher pH. Thus to avoid inaccurate assess- 
ment of extracellular activity, the use of a so- 
dium acetate buffer is recommended. The ac- 
tivity of most enzymes tested was found to be 
similar in the pH 5-7 range except for P-1,6- 
glucanase, chitinase, lipase, and protease 
where pH 5 was better. For assay of lipase 
activity, crystals of lauric acid and calcium 
salts were observed only in agar screening 
plates with the Tween 20 substrate when pre- 
pared in acetate buffer at pH 5. No lipase ac- 
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tivity was observed when glycerol tributyrate 
was used as substrate, at any pH tested. 

Otlzer factors uffeecting the assay 

Generally, increasing substrate concentra- 
tion from 0.15% to 0.5% increased contrast in 
the visualization step (Table 2). However, 
varying incubation time and temperature 
greatly affected the degree of extracellular en- 
zyme activity elicited. Optimum incubation 
time and temperature for most substrates were 
room temperature overnight plus 1 h at 50°C. 
Exceptions were avicel, cellulose azure, and 
chitin where 37°C was optimum. These con- 
ditions allowed detection of the lowest en- 
zyme activity while controlling the diffusion 
of activity from very active enzymes and in- 
terference with neighboring samples on the 
same screening plate. 

Activities of a- 1.3-mannanase and p- 1,3- 
glucanase were assayed using laminarin and 
pachyman, respectively. Congo red staining of 
undegraded laminarin required prolonged 
staining at 37°C for visualization of the de- 
graded zone. Laminarin did not complex well 
with congo red at room temperature, but pro- 
longed staining at elevated temperature fol- 
lowed by a brief rinse in sodium chloride re- 
vealed a positive response. In situations where 
glucose was absent from the medium, an al- 
ternate reagent, 2,3,5-triphenyltetrazolium 
chloride, was used. This reagent stained the 
degradation product (glucose) instead of the 
undegraded substrate. Although pachyman 
was insoluble, congo red staining of the un- 
degraded substrate was applicable to reveal 
ECE activity in this substrate. None of the vi- 
sualization techniques and incubation condi- 
tions tested detected ECE activity on the pul- 
lulan substrate. p- 1,6-glucanase activity on 
pustulan was visualized using ethanol precip- 
itation of the undegraded substrate and effi- 
ciency of detection was optimum at pH of 5. 

Eflkct (?/'nutrient source on enzyme yrojles 

Examples of the RAPSA tests for several 
enzyme systems, using the test three media, 

are shown in Fig. I .  The detection of ECE 
activity varied with the substrate and with the 
nutrient source. For example, P- 1,3-glucanase 
production by both G. roseum 784A and C;. 
roseum 321M was detected on pachyman but 
not laminarin in both glucose and sawdust me- 
dia, suggesting that substrate specific P-1,:;- 
glucanases may be produced by various fungi. 
Activity of P- 1,3-glucanase was generally 
lower in glucose-amended medium than that 
observed in sawdust or cell-wall medium. The 
observation of enhanced induced P- 1,3-glu- 
canase activity under stress conditions of 1irr1- 
ited nutrient availability over the constitutively 
produced 6- 1,3-glucanase in an enriched en- 
vironment supports the observation by Pitson 
et al. (1991) and Del Ray et al. (1979) that F- 
1,3-glucanase can be cell wall bound, cyto- 
plasmic or exocellular, and many fungi ap- 
peared to have these enzymes repressed by cal- 
tabolites such as glucose. 

The enzymes most frequently produced by 
the candidate fungi, irrespective of medium, 
were xylanase and cellulase, suggesting that 
these enzymes are intrinsically produced. As 
expected, most cellulase and p-mannanase ac- 
tivities were induced in cultures with wood as 
growth substrate. Cellobiase activity was ex- 
hibited only where ECE activity was assayed 
on cellulose azure. Activity on this substrate 
was detected by the presence of endo- and 
exoglucanases (cellobiohydrolase). The latter 
enzyme produces cellobiose, which necessi- 
tates the production of cellobiase in the systenn 
for effective cellulose hydrolysis. 

Most fungi tested demonstrated the highest 
extracellular enzyme activity with glucose in 
the medium. Less activity was detected with 
sawdust, while very little activity was ob- 
served with cell wall of 0. piceae, indicating 
that most of the ECE activity can be consti- 
tutively produced in an enriched mediuni 
while little can be induced. Lipase activity was 
observed only in glucose amended medium 
and elicited only by a few candidate fungi in- 
cluding G. roseum 321M, G. viride 623E, G. 
virens 258D, the sapstain fungus, A. pu11ulan.s 



TABLE 2. Oprinzirrd conditions ,fi)r the detec,rion of extruc.ullulur enzymes usiilg the Rupid Agar Pl~ite Screening Assuy and visualiiatior~ of positive responses. 

Enlyrnr.  Sub\tratr and concenr!;nlon PH Incuharton c o n d i t ~ o n \  Reagsntc fr,l ~ i ' . u d l ~ ~ ~ t l o n  Porttlve respon\t' 

'RT, OIN + SOT, 
I h  

Congo red complexing agcnt for 
substrate 

Pale red to clear zone formed 

RT, O/N + 50°C, I h Congo red complexing agent for 
substrate, or 2,3,5-triphenyltetra- 
zolium chloride (staining degra- 
dation product) 

Congo red complexing agent for 
substrate 

95% ethanol (enhanced contrast) 
Congo red complexing agent for 

substrate 

Pale red to clear Lone formed Laminaran, 0.5: 

Pachyman, 0.5 RT, O/N + 50°C. I h Pale red to clear zone formed 

Pale red rone formed 
Pale red to clear zone formed 

P-l ,h-glucanase 
Chitinase 

Pustulan, 0.5 
Chitin, 0.5 

RT, O/N + 50°C, 1 h 
'37°C. OIN, + 50°C, 

I h 

Cellulase 

Cellulases 37"C, OIN, + 50"C, 
I h  

Congo red complexing agent for 
substrate 

Pale red to clear zone formed Avicel PHlOI, 0.5 

Cellulose asure Pale blue degradation zone against 
dark blue insoluble dyed substrate 

Pale red to clear zone formed 0- 1,4-endogluca- 
nase 
P- 1.4-glucosidase 

Carboxymethylcellulose, 
0.25 

Cellobiose, 20 mM 

RT, OIN + 50°C, 1 h 

3RT, OIN 

Congo red complexing agent for 
substrate 

PGO (glucose and peroxidase) en- 
zyme + o-dianisidine staining 
of the glucose 

Brown zone formed 

Hemicellulase 
Pale red to clear zone formed p- 1,4-galactoman- 

nase 
P- 1,4-glucomannase 

Locust bean gum, 0.5 RT, OIN + 50°C 

RT, OIN + 50°C 

RT, O/N + 50°C 

RT, O/N + 50°C 

Congo red complexing agent for 
substrate 

Congo red complexing agent for 
substrate 

Congo red complexing agent for 
substrate 

No reagent used 

Konjac root powder, 0.5 Pale red to clear zone formed 

Pale red to clear Lone formed Oat spelts xylan, 0.5 

Lipase Sorbitan monolaurate, 
Tween 20, I % vlv 

Opaque rone formed against clear 
background 

Calcium salt crystals visible using 
50X magnification 
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132Q and the control fungus T. harzianun? 
160M. 

Selection of potential biological 
control agents 

On the basis of ECE activity observed when 
fungi were grown in the presence of the three 
nutrient sources used in this study, three 
groups of fungi were recognized (Tables 3a, 
b, c). Group I fungi (Table 3a) produced the 
greatest enzyme activity with glucose. Group 
I1 fungi (Table 3b) produced similar enzyme 
activity in glucose and sawdust-amended me- 
dia, while those fungi from Group I11 fungi 
(Table 3c) showed the capacity to produce ex- 
tracellular enzymes in the presence of sawdust 
or cell wall while enzyme activity on glucos~: 
was variable. 

Group I fungi, demonstrating the highest 
enzyme activity in the presence of glucose, in- 
cluded M. elegans 386E, T. pseudokoningli 
228B, T. viride 16 11, G. roseum 32 1 A, G. so- 
lani 8 10A, and the sapstain fungi A. pullulans 
132Q and 0. piceae 3871. The most common 
enzymes observed for these fungi were chiti- 
nase, p- 1,4-xylanase and/or amylase. 

Both M. elegans 386E and G. solani 810A 
were weak producers of extracellular en- 
zymes. While M. elegans 3868 produced 
endo-glucanase, P-glucanases, xylanase, a- 
mannanase, and chitinase on glucose amended 
media, G. solani 8 10A only produced prote- 
ase. If extracellular enzyme production is im- 
portant in biological control mechanisms, then 

- 
r J 2 C 

-&g 
g g  -3 - s r  
2 , s  
6 -  E FIG. 1 .  Rapid agar plate screening assay for extracel- 
: i ?  lular enzyme activity testing culture filtrates from fungi 
E L I  1; C &  2 grown in a defined liquid media (SM) in the presence of 
E C  -. glucose (ME), sawdust (SD), and fungal cell wall (CW). 
z z w  - - ?  Test fungi: 1 = Mariunnuea elegtms, 2 = Tn'choderma % 5 &  
Z r -  pse~~dokoningii 228B, 3 = T. viride 16 1 I ,  4 = Gliocludi~tru ;;: 
6 6 2 roseum 784A, 5 = G. roseum 32 1 A, 6 = G. roseum 32 1 MI, 
3 3 m 
L" y o 7 = G. soluni 810A, 8 = G. viride, 9 = G. viride 258C', 
$<; 10 = G. virens 258D, 1 1 = A. alternatu 2H, 12 = A .  
'2 '2 2 
c c -  - - - pullulun.~, 13 = 0. picene, 14 = T. bur,-ir~nutn, 15 = Me- 
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I1E- GLU SII-SD SM+CW 

0-1 .I-galactnm3nnanase: Locust bean gum 

,\m> !3512. starch 
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P>-c3teolvtic enzx i1lss. milk 
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TAME 3 ~ .  E X I ~ ~ I C B I I L I ~ ~ I I -  enzynze ac,tiviQ i?fpotentiul biological control fungi and sapstuin fungi belonging to Group 
I , f i l t l ~ i .  

Funpu, Enrynie Substratc 

Group I: Fungi producing the M. rlegans 386E P- 1.4-Xylanase Oats spelts xylan 
greatest enzyme activity1 with P- 1,3-Glucanase Laminarin 
glucose P- 1,6-Glucanase Pustulan 

T. psrudokoningii 228B P- 1,4-Xylanase Oats spelts xylan 
$- 1,6-Glucanase Pustulan 
Chitinase Chitin 
Amylase Potato soluble starch 

T. viride 16 1 1 P-1,4-Xylanase Oats spelts xylan 
P- 1,3-Glucanase Laminarin 
P- 1.6-Glucanase Pustulan 
Amy lase Potato soluble starch 

G. roseutn 32 1 A p- 1.4-Endoglucanase CMC 
P- l,4-Xylanase Oats spelts xylan 
a -  1,3-Mannanase Yeast a-mannan 
Chitinase Chitin 
Amylase Potato soluble starch 

G. solani 8 10A Proteases Skim milk powder 
A. p~tlluluns 132Q p- I ,4-Endoglucanase CMC 

Pectinase Apple pectin 
0. pic-cxe 3871 P- 1,4-Xylanase Oats spelts xylan 

a -  I ,3-Mannanase Yeast a-mannan 
P- 1,3-Glucanase Pachyman 
13- 1,6-Glucanase Pustulan 

I Ext~:~cellul;~r enlymc .ictt\bty rated a\ +? (clc;ll-lng lone lal-grr than area of di5u) nntl +? (clcarlnp ~ o n c  larger than t 2 )  only were concldercd All EVE 
act( \  I t l r \  wclr dctcrm~nrd hy KAPSA. 

M. elegans 3868 and G. solani 8 10A showed 
the least potential. 

Group I1 fungi (Table 3b), including G. ro- 
seurn 784A, G. roseurn 321M, G. virens 258D, 
and the sapstain fungus A. alternntu 2H, ex- 
hibited the highest ECE activity on both the 
glucose and the sawdust amended media. The 
elicitation of the full complement of cellulases 
and hemicellulase on sawdust indicates the ca- 
pacity to utilize some of the major components 
of wood. G. roseum 784A produced the high- 
est activity and widest range of enzymes of all 
the fungi in this group and demonstrated P- 
1,4-xylanase activity on the cell-wall medium. 
Both G. roseurn 784A and G. roseum 321M 
produced protease on sawdust medium. Group 
IT thus demonstrated the ability to utilize more 
complex and not easily accessible substrates 
that represent major components of wood. 
Contrary to expectation, all three fungi elicited 
strong chitinase activity in the presence of 

Group I11 fungi, the most active ECE pro- 
ducers in all three media types (Table 3c), in- 
cluded G. viride 623E, G. virens 258C, and the 
experimental control fungus, T. harziarzurn 
160M. They produced the full complement of 
cellulases, hemicellulases, and P- 1,3- and 1,6- 
glucanases as well as chitinase andlor amylase 
on both sawdust and cell-wall-amended media. 
T. harzianum elicited the highest enzymatic ac- 
tivities, notably cellulases, xylanase, a-mannase, 
P-glucanase, and chitinase on all three media 
used in the study. Protease activity was weak 
with cell wall and glucose and not detected with 
sawdust media. The high enzyme activity exhib- 
ited by Group I11 fungi is an indication of sec- 
ondary resource capability. If primary and sec- 
ondary resource capture capabilities are required 
attributes for a successful biological control fun- 
gus, then G. viride 623E and G. virens 258C 
demonstrate the greatest potential as biological 
control agents. 

sawdust but not cell wall. Of all ten biological control fungi screened, 
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TABLE: 30. Extru(~(~eIl~iIc~~- enzyme ac-titity qf'potenritrl biulogicul confrol fungi und .~apstuirz furzgi belonging to Group 
11 ,fitngi. 

Fungus E n ~ y  me Substratc - 
Group 11: Fungi producing similar G. virens 258D P- 1,4-Endoglucanase CMC 

enzyme activity' in glucose and P- 1,4-Xylanase Oats spelts xylan 
sawdust amended media a -  1,3-Mannanase 

P- 1,3-Glucanase 
P- 1,3-Glucanase 
Chitinase 
Proteases 
Lipase 

G. roseurn 321 M P-1,4-Endoglucanasc 
p- l,4-Galactomannanase 
P- 1,4-Glucomannanase 
P- 1,4-Xy lanase 
a -  1,3-Mannanase 
Chitinase 
Proteases 
Pectinase 
Amylase 

G. roseurn 784A P-l,4-Endoglucanase 
p- 1,4-Galactomannanase 
P- 1,4-Glucomannanase 
P- 1,4-Xylanase 
a -  1,3-Mannanase 
P- 1,3-Glucanaae 
P- 1,6-Glucanase 
Chitinase 

Yeast a-mannan 
Laminarin 
Pachyman 
Chitin 
Skim milk powder 
Tween 20 
CMC 
Locust bean gum 
Konjac root 
Oats spelts xylan 
Yeast a-mannan 
Chitin 
Skim milk powder 
Apple pectin 
Potato soluble ~tarch 
CMC 
Locust bean gum 
Konjac root 
Oats spelts xylan 
Yeast a-mannan 
Pachyman 
Pustulan 
Chitin 

Proteases Skim milk powder 
Pectinase Apple pectin 

A. nlternutu 2 H  P- 1.4-Endoglucanase CMC 
p- I .4-Galactomannanase Locust bean gum 
p- l,4-Glucomannanase Konjac root 
P- 1,4-Xylanase Oats spelts xylan 
a -  1,3-Mannanase Yeast a-mannan 
Chitinase Chitin 
Proteases Skirn milk powder 

- 
' Il\tl-;sellul;tr cn,y,ne actlraty wlei l  a\ l 2  (c l rar~np lone larper than area of dlrc) and + 3  (clcnrlng zone larger than + 2 )  only were c(mqidercd All ECE 

dctl \ l t lc\  MCI-c dctcl-11111icd hy RAPSA 

G. viridc 623E elicited the greatest ECE activ- activity of up to 15 test organisms. In corn- 
ity from filtrates of all three media. In addition parison with the classical method, the RAPSA 
to chitinase and P-glucanase activities, it ex- demonstrated greater sensitivity in detecting 
hibited significant cellulase and hemicellulase enzymatic activity by the majority of fungi 
activity in the presence of CW. It also dem- tested for all enzymes screened with the ex- 
onstrated the full spectrum ECE activity in ception of chitinase. Although no differences 
both CW and SD, an indication that it is ef- in elicitation of extracellular enzymes were 
ticient at resource capture utilizing wood corn- observed, the use of a sodium acetate buffer 
ponents and producing cell wall lytic enzymes. system is recommended because MES inter- 

CONCLUSIONS 
fered with the use of congo red in visualizing 
zones of degraded target substrates. 

The use of RAPSA permits simultaneous The use of this assay to screen potential bio- 
comparative screening of extracellular enzyme protectants for wood indicated that G. viride 
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TABLE 3r .  E.rrracellular enzyme c~ctivity ofpotential biological control fungi and sapstain fungi belonging to Group 
111 fungi. 

Funguh Enzyme Suh5tretr 

Group 111: Fungi producing similar G. virens 258C P- 1,4-Endoglucanase CMC 
enzyme activity1 in sawdust and P- l,4-Xylanase Oats spelts xylan 
cell wall amended media but var- a -  1,3-Mannanase Yeast a-mannan 
iable activity with glucose 

G. viride 6238 

0- 1,3-Glucanase 
Chitinase 
P- 1,4-Endoglucanase 
P- 1,4-Xylanase 
P- l ,6-Glucanase 
p- 1,4-Galactomannanase 
P- 1,4-Glucomannanase 

P- 1,3-Glucanase 
P- 1.3-Glucanase 
Amylase 
Chitinase 

T. hari,iunum 160M P- 1,4-Xylanase 
Cellulases 
P- 1,4-glucosidase 
P- 1.4-Galactomannanase 
a- 1,3-Mannanase 

Pachyman 
Chitin 
CMC 
Oats spells xylan 
Pustulan 
Locust bean gum 
Konjac root 
Yeast a-mannan 
Laminarin 
Pachyman 
Potato soluble starch 
Chitin 
Oats spelts xylan 
Cellulose azure 
Cellobiose 
Locust bean gum 
Yeast a-mannan 

P- 1,3-Glucanase Laminarin 
P- 1,6-Glucanase Pustulan 
Chitinase Chitin 

' Extmccllular cnlyrnc a c t ~ v ~ t y  rated a\ t 2  (clr.innp lone largcr than area of dlic) anrl +3 (clear~ng zone larger than 1 2 )  only Nacre cons~drred. All ECE 
.~ctl\It!e\ uecu detcrrnined hy RAPSA 

623E demonstrated the greatest ~otent ia]  for The regulation of P-glucanase synthesis in fungi and 
" 

resource capture and the production of cell- ye"". J. 110:83-89. 
DONLY, B. C., AND A. W. DAY. 1984. A survey of extra- 

lytic enzymes' two necessary traits for cellular enzymes in the smut fungi. But. Gaz. 145:483- 
successful bioprotection. Both G. viride 623E 486 . -. 

and G. virens 258C demonstrated high poten- FRAVEL, D. R. 1988. Role of antibiosis in the biocontrol 
tial for both primary and secondary resource of plant diseases. Ann. Rev. Phytopathol. 26:75-91. 

capture. HAGERMAN, A. E., D. M. BI,A[J, AND A. L. MCCLURE. 
1985. Plate assay for determining the time of production 
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