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The growth form of the inducing microorganism and chitin 
addition affect mycolytic enzyme production by Trichoderma 
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The effect of the growth form of the inducing microorganism on specific Trichoderma harzianum mycolytic enzyme 
production was studied, The pelleted form of Rhizopus nigricans gave a better product concerning protoplast forma- 
tion ability. The maximum yield of protoplasts from the target fungus Cochliobolus lunatus was 1 x 10 8 m1-1. Analy- 
sis of individual specific enzyme activities in Trichoderma mycolytic enzyme preparations confirms the importance 
of high chitinase and low protease activity for high protoplast yields. Supplementation of the production medium 
with chitin increased the chitinase activity in the Trichoderma exoenzyme mixture. 
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Introduction 

The most favoured approach for isolation of fungal proto- 
plasts is cell wall digestion with mycolytic enzymes. The 
great interest in fungal protoplasts in various fields of 
research has led to the discovery and optimisation of sys- 
tems for protoplast formation [13]. Our interest was a spec- 
ific mycolyric enzyme preparation with which high yields 
of stable protoplasts could be prepared from steroid-trans- 
forming Cochliobolus lunatus. 

Some species of Trichoderma are known for their myco- 
parasitic action and also antagonistic action against plant 
fungal pathogens [6,14,16]. Numerous isolates of this genus 
produce hydrolytic enzymes when grown in liquid media 
supplemented with polysaccharides such as chitin or lami- 
narin [2,7,8,16], purified cell walls [2,6,14,19], or crude 
mycelial preparations [3,5,10,15,16,20]. 

Our previous work on Trichoderma harzianum enzyme 
production has revealed that Cochliobolus Iunatus could 
merely induce enzymes, lyric towards its own cell walls 
[3,20]. When Rhizopus nigricans from the chitin-chitosan 
class of fungi [1] was used as the inducing substrate, the 
preparation obtained was much more efficient regarding 
protoplast release from C. lunatus, presumably because of 
higher chitinase activity in the induced enzyme mixture. 
This is in agreement with reports on Trichoderma strains 
having constitutive/8-1,3- and/3-1,6-glucanases, while chi- 
tinase was secreted only in the presence of chitin [2,18]. 
Therefore, our further experiments were focused on 
increasing chitinase activity in the specific mycolytic 
enzyme preparation. 

In this paper we describe the effect of different growth 
forms of the inducing microorganism, filamentous and pel- 
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leted, on Trichoderma harzianum specific enzyme pro- 
duction. Changes in morphology are associated with 
changes in the fungal cell wall structure [1,12], which in 
our case means the change of the substrate for the induction 
of specific enzymes. In respect to the Rhizopus arrhizus 
cell wall, it was reported that in the pelleted form it contains 
more crystalline chitin, glucuronan and proteins than in the 
filamentous one [12]. Similar structural differences in our 
strain of Rhizopus would improve substrate composition for 
the Trichoderma harzianum extracellular enzyme system 
for protoplasting Cochliobolus lunatus. 

Furthermore, we tried to improve the protoplast forma- 
tion ability of induced preparations by supplementation of 
the production medium with chitin. 

Materials and methods 

Microorganisms 
Trichoderma harzianum 1131 CBS 354-33, Rhizopus nig- 
ricans ATCC 6227 b and CochIiobolus lunatus m118, 
described previously, were used [20]. T. harzianum was 
maintained on slants according to Dlugonski et al [5]. R. 
nigricans and C. lunatus were maintained on slants con- 
sisting of a malt extract 6 ~ with 20 g L -1 of agar 
(pH 5.5). 

Growth of the inducing microorganism Rhizopus 
nigricans 
The filamentous form of Rhizopus nigricans was achieved 
with an inoculum of 106-107 14-day-old spores from slants 
per ml, in 100 ml of liquid medium (LM) containing (g per 
L): glucose, 20; soya bean peptone, 6; yeast extract, 5.7; 
NaC1, 4 and K2HPO4, 2; the pH adjusted to 6.5. After 24 h 
of incubation on a rotary shaker (220 rpm at 28 ~ C) the 
mycelium was collected, washed several times with dis- 
tilled water, and lyophilised. The same growth form was 
developed in a 14-L stirred tank fermenter with 8 L of 
working volume. Cultivation was carried out in LM 
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Table 1 Effect of the growth form of the inducing microorganism Rhizopus nigricans on Trichoderma harzianum 
mycolytic enzyme production. The inducer was lyophilised and autoclaved before adding it to the PM medium. Each 
result is the mean of two replicates. Deviation was less than _+10% 

Inducer No of 
protopl 

(X 10 ~6) m1-1 

Specific activities (U mg -I protein) 

/3-1,3- Endo-/3-1,4- a-l ,3-  Chitinase Protease 
glucanase glucanase glucanase (•  103) 

(X 102) (X 102) 

FF, SC 7.5 1.8 2.66 7.95 0.96 0.23 
(24 h) 
FF, STR 40 1.03 2.45 4.59 4.88 0.07 
(68 fi) 
PF, STR 65 0.86 2.80 5.35 1.71 0.15 
(68 h) 
PF, STR 92.5 0.88 3.53 4.09 4.90 0.03 
(280 h) 
PF, STR 100 0.86 2.90 5.34 6.86 0.06 
(450 h) 
NOVOZYM 45 0.22 2.88 6.67 2.02 0.143 
234 

FF, filamentous form; PF, pelleted form; SC, shaken cultures; STR, stirred tank reactor 

medium with the same inoculum size under the following 
conditions: temperature 28 ~ C, stirring speed 200-700 rpm, 
aeration 0.35-1 vvm and incubation time 68 h. The biomass 
obtained was treated as described above. 

For developing R. nigricans pellets, spores from slants 
older than 28 days were used. A 7-L stirred tank reactor 
with 5 L of working volume was inoculated with 104-105 
spores per ml of LM medium. The cultivation conditions 
were: starting pH 5.0, temperature 28 ~ C, mixing rate 200 
rpm, aeration 1 vvm and incubation time 68 h. Concen- 
trated glucose solution was added several times. The pel- 
leted growth form was also obtained in a 14-L stirred tank 
reactor with maximal working volume, where pellets 
(average diameter 1 mm) from shaken cultures were used 
for the inoculum. The batch fermentation was carried out 
at 15 ~ C, the mixing rate was 200 rpm and aeration was 
at 1 vvm. After 120 h, 3 L of the fermentation broth was 
aseptically transferred into 6 L of fresh medium, while after 
280 h of cultivation, 2 L of the culture was used as inocu- 
lum for 6 L of LM medium, which was incubated for a 
further 170 h. The compact pellets were collected, washed 
several times with distilled water, and lyophilised. 

Figure 1 Electron micrograph of cross-section of the hyphae of Rhizopus 
nigricans in a filamentous growth form, obtained with 24-h cultivation on 
a rotary shaker (magnification • 13000) 

Table 2 The effect of carbon source beside glucose in PM medium on Trichoderma harzianum specific enzyme 
activities. The results are the mean of two replicates. Deviation was less than + 10% 

Carbon No of 
source protopl 

(•  10 -6) ml 

Specific enzyme activities (U mg-~ protein) 

/3-1,3- Endo-/3-1,4- a-l ,3- Chitinase 
glucanase glucanase glucanase (• 10 3) 

( •  10 z) ( •  102) 

Protease 

15 g L -1 R.n." 7.5 1.8 2.66 7.95 0.96 0.23 
10 g L -1 R.n. a 1.25 0.67 2.34 5.96 1.45 0.109 
+ 1 g L-1 chitin 
10 g L - t  R.n. a 6.5 0.91 3.55 6.92 2.53 ND 
+ 2 g L -1 chitin 

aDry weight of the lyophilised crude mycelial preparation of the filamentous form of Rhizopus nigricans, obtained 
from 24-h shaken cultures cultivation as described in Materials and methods 
ND, not determined 



Figure 2 The cross-section of the hyphae of Rhizopus nigricans in a 
pelleted growth form, obtained after 450 h of a repeated batch fermen- 
tation process in a laboratory stirred tank reactor (magnification • 13 000) 

Both morphological forms of Rhizopus nigricans were 
characterised by transmission electron microscopy. The 
samples were prepared according to Didek-Brumec et al 
[41. 

Preparation of lytic enzymes 
For cell wall lytic enzyme production, Trichoderma harzi- 
anum was grown in a production medium (PM) consisting 
of 15 g dry weight of lyophilised R. nigricans (filamentous 
or pelleted form), 3 g of glucose and mineral components 
according to Mandels et al [11]; distilled water added up 
to 1 L. In the case of supplementation of the medium with 
chitin (1 or 2 g L-l), the concentration of the inducing 
microorganism in the PM medium was reduced to 10 g L -1. 

T. harzianum spores from 7-day-old slants were washed 
into 500-ml Erlenmeyer flasks with 100 ml of growth 
medium (GM) containing 4 g L -1 of glucose and 4 g L 1 
of yeast extract in a diluted malt extract (6 ~ the pH 
adjusted to 6.7. After a 24-h incubation at 28 ~ C on a rotary 
shaker (220 rpm), 10 ml of the mycelium was aseptically 
transferred to 500-ml Erlenmeyer flasks containing 90 ml 
of the PM medium. The production of lytic enzymes was 
carried out for 6 days at 180 rpm and 28 ~ C. Lytic enzymes 
were isolated from the culture broth according to de Vries 
and Wessels [19]. 

Protop las t  fo rmat ion 
Protoplasts were isolated from the target fungus 
Cochliobolus lunatus as described previously [20]. The 
number of protoplasts per ml, released under the same con- 
ditions with different mycolytic enzyme preparations, was 
used to assess the quality of these products. The amount of 
crude enzyme preparation or Novozym 234 (Novo Nordisk, 
Denmark), added to the lyric mixture was always 
5 mg ml-L 

Protein content 
Protein was determined by a modified Folin-Lowry method 
[17]. The concentrations were expressed in % (rag protein 
per 100 mg crude enzyme preparation). 
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Estimation of enzymes 
/3-1,3 glucanase, endo-/3-1,4 glucanase, c~-1,3 glucanase, 
chitinase and protease were determined by incubating 
enzyme solutions with laminarin, carboxymethylcellulose, 
nigeran and chitin (all from Sigma, St Louis, Me ,  USA) 
and denaturated Hammarsten casein (Kemika, Zagreb, 
Croatia) as substrates, respectively. After incubating the 
mixtures for appropriate times in suitable buffers and at 
appropriate temperatures, the monomers released were 
measured as described previously [20]. Specific enzyme 
activities were expressed as units (1 U = 1 /xmol glucose, 
N-acetylglucosamine or tyrosine equivalent, liberated per 
min) per mg of protein. 

R e s u l t s  and  d i s c u s s i o n  

The effects of the growth form and the age of the inducing 
microorganism on Trichoderma harzianum extracellular 
enzyme activities were examined using PM medium. As 
shown in Table 1, the pelleted forms of Rhizopus nigricans 
induced mycolytic enzymes, which were the most effective 
in protoplasting the target fungus, also compared with the 
commercial product Novozym 234 from Trichoderma harz- 
ianum. The analyses of particular enzyme activities showed 
the enhancement of chitinase and the reduction of /3-1,3 
glucanase and protease production in the presence of pellets 
or older filaments of Rhizopus nigricans. 

This supports our hypothesis that changes in morphology 
also could represent alteration of the inducing substrate for 
lytic enzyme production. In Figures 1 and 2 the filamentous 
and the pelleted growth form of Rhizopus nigricans are rep- 
resented, showing a thicker wall of the latter. The fungal 
cell wall consists of 80-90% polysaccharides and chitin and 
chitosan are among major constituents of the cell wall 
structure of Rhizopus species [1], a thicker wall would most 
probably include greater amounts of these polysaccharides. 

Our results are in accordance with the common con- 
clusion that chitinolytic activity is of great significance in 
the process of cell wall lysis, whether for the release of 
protoplasts or for mycoparasitic action [2,8-10,14]. This 
is also confirmed by the report on a successful release of 
protoplasts from Trichoderma reesei with the addition of 
chitinase to an ineffective Trichoderma harzianum lytic 
preparation [15]. A detrimental effect of proteases for pro- 
toplast stability was also reported [10]. 

Table 2 shows the effect of chitin addition on the pro- 
duction of Trichoderma mycolytic enzymes in comparison 
to that in the PM medium containing only Rhizopus nig- 
ricans and glucose as the carbon source. With increasing 
chitin concentration, the level of chitinase in the mycolytic 
enzyme preparation increased. This is in agreement with 
recent reports about the regulation of chitinase synthesis in 
Trichoderma harzianum, indicating induction in a chitin- 
containing medium [2,18]. 

However, the partial substitution of Rhizopus nigricans 
crude mycelial preparation with chitin in the PM medium 
slightly lessened the ability of the Trichoderma exoenzyme 
preparation to digest the cell wall of the target fungus. This 
is probably due to a lower level of/3-1,3- and c~-l,3-glucan- 
ases, which are also suggested as the key enzymes in fungal 
cell wall lysis [2,8-10,14,19]. The synergistic effect of 
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these enzymes is obviously needed for a successful cell 
wall breakdown. 

We suggest that with correct cultivation of inducing 
microorganisms, the ability to form protoplasts by induced 
mycolytic preparations could be improved. Thus, the need 
for the growth of producing microorganisms on mostly 
expensive polysaccharides, such as chitin and laminarin, is 
excluded, and also the addition of chitinase or other hydro- 
lases to specific mycolytic mixtures is not required. 
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