
Journal of Industrial Microbiology, 9 (1992) 115-119 
Elsevier 115 

SIM 00384 

Laboratory-scale biosynthesis of Trichoderma mycolytic enzymes 
for protoplast release from Cochliobolus lunatus 

Polona Znidargi61, Aleksander Pavko 1 and Radovan Komel 2 
1Department of Chemistry and Chemical Technology, University of Ljubljana, Ljubljana, and 2Institute of Biochemistry, Medical Faculty, 

Ljubljana, Slovenia 

(Received 8 April 1991; revision received 23 August 1991; accepted 6 September 1991) 

Key words: Mycolytic enzymes; Trichoderma vMde; Protoplasts; Cochliobolus lunatus; Fermentation 

SUMMARY 

Microorganism useful for the induction of enzymes lyric towards wails of filamentous fungus Cochliobolus lunatus were studied. Production of specific 
Trichoderma viride mycolytic enzymes was studied in a laboratory fermentor. The product with high chitinase and relatively low protease activity gave better 
yields of C. lunatus protoplasts than commercial Novozym 234. 

INTRODUCTION 

Cochliobolus lunatus is a filamentous fungus of biotech- 
nological relevance. It is capable ofhydroxylating steroids 
at different positions, with the main reaction at the speci- 
fic 11-/~ position [6], which opens the possibility of using 
this microorganism for the partial synthesis of glucocor- 
ticoids [5]. For biochemical investigation of enzymes in- 
volved in steroid hydroxylation, and for strain improve- 
ment via protoplast fusion or via introduction of in vitro 
recombined DNA sequences, protoplasts are a prerequi- 
site. 

The most favoured approach for the isolation of fungal 
protoplasts is cell wall digestion with mycolytic enzymes. 
The great interest in fungal protoplasts in various fields of 
research has lead to the discovery and optimization of a 
system for protoplast formation [12]. Although numerous 
mycolytic enzyme preparations have been reported and 
some of them are commercially available, our interest was 
oriented to a specific preparation with which stable proto- 
plasts could be prepared in high yields from steroid 
bioconverting filamentous fungi such as C. lunatus. 

The present study deals first with testing of two 
different fungi as inducers of specific enzymes lytic to- 
wards the C. lunatus cell wall. Secondly, the production of 
T. viride specific mycolytic enzymes in a laboratory tower 
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reactor was investigated, yielding results which offer pos- 
sibilities for further development and optimization of the 
process. We also compared the effectiveness of different 
concentrations of the T. viride enzyme preparation with 
the commercial enzyme Novozym 234 (Novo Biolabs, 
Denmark). 

MATERIALS AND METHODS 

Microorganisms 
For production of mycolytic enzymes Trichoderma 

vMde Persa ex. Fr., 1131 CBS 3543-33 was used, obtained 
from the culture collection of the Institute of Micro- 
biology, University of Lodz, Poland. As inducing micro- 
organisms Rhizopus nigricans ATCC 6227 b and Cochlio- 
bolus lunatus m 118 were tested. Both microorganisms are 
maintained at the Institute for Biochemistry, Medical 
Faculty in Ljubljana, Slovenia. 

Preparation of  inducing microorganisms 
CochlioboIus lunatus was grown in a liquid medium 

consisting of malt extract, 6 ~ pH 5.5. Spores washed 
from 5-day cultures on agar slants were inoculated into 
50ml of medium in 500-ml Erlenmeyer flasks and 
incubated at 28 ~ C on a rotary shaker. After 24 h 10 vol ~o 
of culture was inoculated into 100 ml of fresh medium and 
growth was continued under same conditions. Mycelium 
was collected after 16 h and washed several times with 
distilled water. Before adding it to the production 
medium, the crude mycelial preparation was suspended in 
distilled water and autoclaved. 
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Spores of 14-day-old Rhizopus nigricans were washed 
from agar slants into 500-ml Erlenmeyer flasks with 50 ml 
of liquid medium which consisted of (in g per 1): glucose, 
20; soya bean peptone, 5; yeast extract, 5; NaC1, 5 and 
KH2PO4 �9 3H20, 0.5; pH adjusted with HC1 to 5.5. Incu- 
bation was performed at 28 ~ C for 24 h on a rotary shaker. 
For biomass production in a laboratory fermenter, after 
6 h of growth on a rotary shaker 650 ml of culture was 
inoculated into a 6-1 laboratory fermenter with a 4-1 
working volume. Cultivation in the tower reactor was 
carried out at 28 ~ C and aeration of 0.6 vvm for 24 h. 

Preparation of lytic enzymes in a laboratory fermenter 
Trichoderma vMde was grown for cell wall lyric enzyme 

production in a 9-1 bioreactor with a working volume of 
61. The culture medium consisted of 0.3 g/1 glucose, 
mineral components according to Mandels et al. [10] and 
60 g/1 wet weight of crude mycelial preparation of Rhizopus 
nigricans. For developing inoculum T. viride was incubated 
for 24 h on a rotary shaker in a liquid medium containing 
4 g/1 glucose and 4 g/1 yeast extract in diluted malt extract 
(6~ pH 6.6-7.0. After inoculation of the fermenter 
with 10 volvo of inoculum, cultivation was carried out 
under the following conditions: temperature 28 ~ 
aeration 1-1.5 vvm, for 6 days. Lyric enzymes were 
isolated from the culture broth according to deVries and 
Wessels [3]. 

Protoplast formation 
After growth in shaken cultures (see preparation of 

inducing microorganisms) C. lunatus was filtered and 
washed several times with distilled water and finally with 
an osmotic buffer (0.05 M succinic acid, 1 M NaC1, pH 
adjusted with NaOH to 5.0). If not specified otherwise, 
100 mg wet weight of mycelium was suspended in 1 ml of 
osmotic buffer (see above) containing 2.5 mg of the crude 
enzyme preparation; the mixture was incubated at 28 ~ 
in closed tubes for 6 h and protoplasts were counted using 
a haemocytometer [6]. 

Analytical methods 

Total dry matter (TDM) 
TDM was determined by drying the culture samples 

for 24 h at 105 ~ 

Total sugar concentration (TS) 
TS was measured in culture filtrates by a modified 

Scott's method [1, 15]. 

pH value 
This was measured in withdrawn samples using a pH 

meter. 

In lyophilized crude enzyme preparations (CEP), pro- 
tein content (PC) was determined by a modified Folin- 
Lowry method [14]. 

Estimation of enzymes 
fl-glucanase (fl-1,3(4) glucan glucanohydrolase, EC 

3.2.1.6.). The enzyme was assayed using a modification of 
the method of Huotari et al. [7]. 0.5 ml of suitably diluted 
enzyme solution was mixed with 0.5 ml substrate solution 
(0.1 ~o w/v laminarin) in 0.05 M sodium citrate buffer, pH 
5.8, and the mixture incubated for 15 rain at 37 ~ 

e-glucanase (c~-1,3(4) glucan glucanohydrolase, EC 
3.2.1.6I). To 0.5 ml of suitably diluted enzyme solution, 
0.5 ml substrate solution containing 0.1 ~o (w/v, in sodium 
citrate buffer pH 4.8) nigeran was added and the mixture 
was incubated for 30 rain at 37 ~ [9]. 

Endo-fl-l,4-glucanase (EC 3.2.1.4). The enzyme was 
estimated by incubating tubes (at 37~ for 30rain) 
containing appropriate dilutions of 0.5 ml of crude en- 
zyme and 0.5 ml of 1~o CMC solution in 0.1 M acetate 
buffer at pH 4.8 [9]. The amount of reducing sugars in 
each of the above reactions was estimated with DNS 
reagent according to the method of Miller [11]. 

Chitinase (EC 3.2.I.14). To suitably diluted 0.5 ml of 
enzyme sample, 0.5ml of 0.1Yo (w/v) suspension of 
colloidal chitin prepared in 0.05 M sodium citrate buffer 
(pH 5.8) was added and the mixture was incubated for 2 h 
at 37 ~ C. Then the amount of released N-acetylaminoglu- 
cosamine was assayed according to the method of Reissig 
et al. [13]. 

Protease. To 2.5 ml of 2Yo casein in 1 M phosphate 
buffer (pH 7.5) 0.2 ml of suitably diluted enzyme was 
added and the mixture was incubated for 10 rain at 37 ~ 
Then 5 ml of TCA was added and the mixture was centri- 
fuged after 10 min. Concentration oftyrosine liberated in 
the supernatant was measured by the method of Lowry 
et al. [8]. 

RESULTS AND DISCUSSION 

Choice of microorganism for enzyme induction 
Two microorganisms were compared as inducers of 

specific mycolytic enzyme production in T. vMde: C. luna- 
tus which in our investigation is the target strain for proto- 
plast release, and R. nigricans which belongs to the chitin- 
chitosan group of filamentous fungi.This could, therefore, 
serve as a potential inducer of additional mycolytie 
activities in T. viride which may be necessary for efficient 
release of stable protoplasts from C. lunatus. 

As shown in Table 1, R. nigricans proved to be a more 
effective inducer of mycolytic enzymes (designated as 
RTE) even at lower concentrations. On increasing the 
concentration of the crude mycelial preparation in a pro- 



TABLE 1 

Influence of different type and concentrations of inducer on 
T. vMde mycolytic enzyme production 

Inducer C. lunatus R. nigricans R. nigricans 

Inducer conc. (mg/1) 10 2.5 10 
Mycolytic enzyme 
Preparation (mg/t) 105.2 86.5 445.7 
Protein content (~o) 62 39 43 
No. protopl./ml __< 10 4 4 • 10 4 3 x 105 

TABLE 2 

Individual specific enzyme activities in mycolytic enzyme prepa- 
rations RTE and CTE. Comparison with Novozym 234 

Specific enzyme Novozym 234 b RTE CTE 
activity a 

/3-1,3 glucanase 0.7 0.218 
~-1,3 glucanase 6.57 x 10 -2 2.65x 10 a 
Endo-/3-1,4 

glucanase 1.61 x 10 -2 
Chitinase 2.25 • 10 .3 2.04 x 10 -3 
Protease ~ 300 33.3 

0.115 
2.49 x 10 2 

1.16 x l0 2 
0.72 x 10 3 
61.1 

Specific enzyme activity, (/~mol/mg protein rain). 
b Novozym 234, data from Hamlyn et al. [15]. 
~ Protease, equivalent to/zg trypsin/mg enzyme/min. 
R T E -  R. nigricans- T. viride enzyme/rain. 
CTE - C. lunatus-T, vMde enzyme. 

duction medium, the amount of the final product  
increased and the effectiveness on the release of proto- 
plasts was improved. 

Comparison of the protein content in the mycolytic 
enzyme preparat ions shows that  C. lunatus as an inducer 
gave a"cleaner"  product ,  while different concentrations of 
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R. nigricans had no notable influence in this respect. 
However,  it is obvious (see Table 1) that  using CTE, 
(C. lunatus-T, vMde enzyme) the release and stability of 
protoplasts  were impaired. The reason for this pheno- 
menon can be found in Table 2. The level of chitinase 
activity in RTE is much higher than in CTE and is com- 
parable  to that  in Novozym 234. On the other hand, the 
level o fpro teases  in RTE is much lower than in CTE and 
Novozym 234. 

Production of  lyric enzymes in a laboratory fermenter 
Parameters  followed during the batch fermentation 

process in a bubble column are shown in Table 3. Samples 
were withdrawn at indicated times, and total dry matter  
(TDM),  total sugar concentrat ion (TS), pH value and the 
amount  of crude enzyme preparat ion (CEP) were deter- 
mined. The fermentation product-mycolytic enzyme pre- 
parat ion (MEP) is represented as the amount  of isolated 
protein, calculated from the protein content (PC) in the 
lyophilized crude enzyme preparation.  The quantity of 
T. vMde mycolytic enzymes gradually increased during 
the first four days of cultivation, while on the fifth day of 
production a remarkable  enhancement was noticed. 

When testing the effectiveness of the products  of the 
first four days,  we observed that  it was insignificant; the 
greatest  number  of protoplasts  (NP) was released by ap- 
plication of  the final myeolytic enzyme preparat ion,  
showing improvement  in product  quality at the end of  the 
fermentation. 

Although there was no important  difference among the 
protein contents of the crude enzyme preparat ions 
isolated during production,  we can assume that  not until 
the fifth day all enzymes, essential for cell wall lysis, were 
synthesized. In this respect,  it is not  excluded that  the 
product  contained an addit ional complex of autolytic en- 
zymes,  which in some other cases was observed to be 
helpful in protoplas t  release [12]. 

TABLE 3 

Parameters during the production of lytic enzymes in a laboratory fermentor. TDM, total dry matter; TS, total sugars; CEP, crude 
enzyme preparation; PC, protein content; MEP, mycolytic enzyme preparation; NP, number of protoplasts. 

Time (h) pH TDM (g/l) TS (g/l) CEP (mg/1) PC (~o) MEP (mg/1) NP (No./ml) 

0.5 5.31 5.00 2.08 45.64 9.6 4.40 0 
23 4.43 4.96 0.63 42.66 24.1 10.30 < 10 4 

47 5.94 3.03 0.35 122.35 27.0 36.14 < 104 
73 7.59 2.79 0.30 168.23 26.9 45.36 < 104 
97 8.13 2.76 0.28 244.71 22.2 54.40 < 104 

121 8.30 3.11 0.29 543.12 23.1 123.65 104-105 
145 8.41 2.66 0.37 349.9 a 22.2 3 X l 0  6 

a Practical data (all others are calculated from sample volumes). 
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The growth of T. viride was moderate, as evident by the 
slow decrease of total dry matter, which represents the 
sum of T. viride and R. nigricans cell mass. Also indicative 
of the moderate mycelial growth is almost constant total 
sugar concentration during the major phase of the fermen- 
tation. The pH value slightly decreased at the beginning, 
while after the first day it showed an atypical tendency to 
increase. Stagnation of the pH curve at the end of fermen- 
tation indicated a significant rise of enzyme production 
phase and was concordant with moderate growth and 
sugar consumption. 

Effect of enzyme concentration 
Considering the low protein content in the isolated 

product, we tested higher concentrations of the mycolytic 
enzyme preparation RTE. Commercial Novozym 234 was 
used as a comparative substance. After enzyme treatment 
protoplasts were separated from mycelial debris by fil- 
tration through sintered glass (porosity 1). Protoplasts 
were pelleted (1000 rpm, 10 rain) and counted in the re- 
suspended pellet and in the supernatant [2]. The results 
are summarized in Table 4. 

Within the range tested, the protoplasts yield in- 
creased with increasing enzyme concentration. However, 
a lot ofprotoplasts were present in the supernatant (more 
t h a n  10 7 per ml by using T. viride enzyme) and they were 
apparently bigger than those collected in the pellet. This 
may be due to vacuolisation ofprotoplasts which prevents 
sedimentation. 

DeVries and Wessels [3] reported that the relative 
density of the protoplasts depends on the osmotic 
stabilizer; in further investigations we shall follow our 
mycolytic mixtures in this respect. 

When comparing the effectiveness, crude T. vMde my- 
colytic enzyme preparation and Novozym 234 were used 
in concentrations at which the protein concentration was 
nearly at the same level. The yield ofprotoplasts obtained 
with RTE (1.7 x 107ml) was about 4.6 times that of the 

TABLE 4 

Influence of different concentrations of RTE (R. nigricans- 
T. vMde enzyme) on number of released protoplasts and com- 
parison with commercial product 

Enzyme RTE RTE RTE Novozym 234 

Enzyme concentration 
(mg/ml) 5 10 20 5 

Protein concentration 
(mg/1) 1.1 2.2 4.45 4.15 

No protoplast 
x 10- 6/ml 0.2 5.2 17 3.7 

commercial enzyme, which in our opinion is very favour- 
able for preparation of large amounts of protoplasts from 
C. lunatus, neces s ary for biochemical investigations of in- 
tracellular steroid hydroxylating enzymes. This mycolytic 
enzyme preparation, derived from inducer of which the 
cell wall composition was different and more complex 
than that of target strain, contained high level of chitinase 
and some other activities, essential for efficient cell wall 
degradation and protoplast release from C. lunatus. Its 
relative low protease activity was sufficient to contribute 
in cell wall degradation, but low enough not to impair the 
stability of resulting protoplasts. The protoplasts were 
stable enough to be useful in genetic manipulations in 
potential experiments of strain improvement. Addi- 
tionally, our preparation was, besides its main purpose, 
also effective in releasing protoplasts from some other 
biotechnologically important fungi, such as Claviceps sp. 
and in lower yields from Aspergillus sp. (Valinger R., Pliva, 
YU,-personal communication). 

As a result, we consider the present study as a possible 
introduction to prepare larger amounts of specific mycoly- 
tie enzyme mixtures in laboratory fermenters, which 
should be comparable to other broad range commercial 
preparations like Novozym 234, but more effective in 
particular cases with specific filamentous fungi such as 
C. lunatus. 
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