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ABSTRACT

The conditions for the protoplast fusion of auxotrophic mutants of Trichoderma koningii were deter-

mined. A preparation of commercial enzyme Driselase was used successfully to isolate protoplasts from
the 18 hr old mycelium of 7. komingii. The yields of protoplasts production were ranged from 0.3x
108 to 2.5X 10® protoplasts per mg of damp mycelium of various auxotrophic mutant strains. The rege-
neration frequencies from 9.3x 1072 to 2.0Xx 107! were obtained when the protoplasts from auxotrophic

mutants were plated on the malt extract medium containing 0.6M MgSO4 and 2% agar, and the opti-
mal concentration of PEG for protoplast fusion was 30%. Exposure of protoplasts to PEG for 10 min
was found to be sufficient to induce high frequency heterokaryon formation. Optimal pH of fusion
mixture was determined as 5.5, and 1 mM of calcium chloride in fusion mixture was found to be

sufficient to enhance protoplast fusion frequency. Under optimal condition, the fusion frequency of

the cross between protoplasts from various auxotrophic mutants were 1.6x 1072 and 4.1x1072

INTRODUCTION

The imperfecti fungus, Trichoderma koningii,
has potential applications in commercial proce-
ssing of cellulose (Flickinger, 1980). These
organisms have already been used in numerous
studies on cellulose degradation(Halliwell and

Riaz, 1970;Wood and McCrae, 1972; Halliwell
and Griffin, 1973). However, the genetic study
of these organisms has not been done because
of its asexual nature. Their potential could be
enhanced, if genetic method for producing str-
ains with superior capacities were available.
Recently, protoplast fusion has been considered
to be a useful technique for studying basic and

applied genetics of microorganisms for which
the technique to exchange genetic materials has
not been well developed (Peberdy, 1980), and
cosiderable interests have been focused on the
isolation of protoplasts and their use in fusion
and transformation experiments(Ferenczy, 1981).
However, there are only few reports on the
isolation of protoplasts from industrially impo-
rtant fungus Trichoderma species(Benitez et al.,
1975; Picataggio et al., 1983; Toyama et al.,
1983), and no reports on the fusion of protopl-
asts from T. koningii. We have already reported
on the conditions for the isolation of protoplasts
from the mycelium and conidiospores of T. ko-
ningii(Cho et al., 1981a, 1981b; Park et at.,
1983), and on the electron microscopic observ-
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ation on the protoplasting and regeneration mo-
de of protoplasts from mycelium of T. koningii
(Lim et al., 1983). In this presentation we
describe the conditions for fusion of protoplasts
from the mycelium of T. koningii. We believe
this to be the first original paper on the proto-
plast fusion of T.koningii.

MATERIALS AND METHODS

Organisms and culture

Trichoderma koningii ATCC 26113 and its
auxotrophic mutants derived from the method
as described below were used in this experim-
ent. All the strains were cultured on malt ext-
ract medium containing 20g of malt extract(Di-
fco), 1g of Bactopeptone (Difco) and 10g of
dextrose per liter. Modified Mandel’s medium
(10g of dextrose, 2g of potassium phosphate,
1. 4g of ammonium sulfate, 0.3g of magnesium
sulfate, 0.3g of calcium chloride, 5mg of ferrous
sulfate, 1. 4mg of zinc sulfate, 1.56mg of man-
ganese sulfate, and 2, 0mg of cobalt chloride per
liter) was used for the minimal medium (MM).
For the regeneration complete medium(RCM)
and regeneration minimal medium (RMM), malt
extract and minimal medium supplemented with
0. 6M magnesium sulfate were used repectively,
and for the preparing regeneration agar medium,
2% agar was autoclaved separately to avoid
acid hydrolysis.

Isolation of auxotrophic mutants

Conidiospore suspension of parental strains
(1.0X107/ml) in 0.01% tween 80 was exposu-
red to ultraviolet light(8~9erg/cm?/sec) with
shaking for 25 min to kill over 99% of the pop-
ulation. Auxotrophic mutants were enriched by
the filtration method. The mutagenized conidi-
ospores were suspended in the liquid minimal
medium at a concentration of 10° per ml and
incubated with shaking at 28°C. After 12 hrs
of incubation, the culture was filtered through

the sintered glass filter (40~60xm, KIMAX) to
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Table 1. Lineage of mutants derived from ultraviolet
light mutagenesis

Strain Parent strain Genotype and phenotype
C-1 ATCC 26113 Chatreuse color conidia,
Prototype
A-7 ATCC 26113
AF-1 ATCC 26113
Clul C-1

Arginine requiring
Adenine requiring
Chatreuse color conidia,

Methionine requiring

remove the germlings of parental type cells, and
the ungerminated spores in the filtrate were
collected by centrifugation and resuspended in
the fresh minimal medium. The enrichment
steps were repeated two or three times, and the
spores were plated on the complete agar medi-
um. Conidiospores from the colonies that appe-
ared after incubation were plated to the fresh
complete agar plates, and the resulting colonies
were checked for growth on the minimal agar
plates. The growth factors of mutants were de-
termined by transferring them to various suppl-
emented medium. In this experiment of mutag-
enesis, Oxgall(1.5%, w/v) and sodium deoxy-
cholate(0. 06%, w/v) were added to the solid
medium for the restriction of the colonies. The
list of various mutants derived from ultraviolet
light treatment is shown in Table 1.
Protoplast preparation and regeneration
The preparation and regeneration of protopl-
asts derived from the mycelium of T. koningii
were performed by the methods described earlier
(Cho et al., 1981a, 1981b). Conidiospores(2.5x
10") of each strain were inoculated into Erlen-
myer flask(250ml) containing 50ml of the com-
plete broth medium. Cultures were then incub-
ated on a rotatory shaker at a speed of 200 rpm
at 28°C for 18 hrs, and mycelia were harvested
by centrifugation and then washed twice with
the osmotic stabilizer (0. 6M magnesium sulfate
in 0.01M phosphate buffer, pH5.8), Pelleted
mycelia were treated with Driselase(Kyowa

Hakko Co. Tokyo, 1%, w/v) in the stabilizer
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to give a final concentration 0.1mg of damp
mycelia per ml of enzyme solution and then
reacted for 3 hrs at 30°C with gentle shaking.
Protoplasts were purified from the residual

mycelial debris by filtration through the sintered
glass filter and washed twice with stabilizer
by centrifugation 700xg, at 4°C for 20min,
and washed protoplasts were resuspended in
the stabilizer and plated on the RCM or RMM
for regeneration. The number of protoplasts
was monitored with the aid of hemacyt-
ometer.
Fusion of protoplasts

The protoplasts from two parental strains
were mixed (5. 0x 10° protoplasts, each) and se-
dimented by centrifugation. The pelleted prot-
oplasts were resuspended in the minute volume
of the remaining stabilizer by gentle shaking,
and the protoplasts were treated with 1 ml of
PEG(M.W. 6,000, Sigma) containing calcium
chloride at 28°C. To examine the factors affe-
cting protoplast fusion, the concentration of
PEG (ranged from 10 to 40%, w/v), the pH
of PEG solution(ranged from 3.5 to 10.5),
and the periods of exposure to PEG (ranged
from 10 to 90min) were tested. After incubati-
on, the fusion mixture was serially diluted and
spread on the RCM, and thereafter, regeneration
frequency was determined by the number of
colonies appeared on the RCM in relation to
the number of protoplasts inoculated, and fusion
frequency determined by the number of colonies
appeared on the RMM in relation to the num-
ber of colonies appeared on the RCM plates.

RESULTS

Formation and regeneration of protoplasts
Under the conditions described, the formation
of protoplasts from the mycelium of T koningii
ATCC 26113 was found to be linear for 3 hrs
incubation, and after that, the rate decreased

considerably and protoplast was highly vacuol-
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Table 2. Formation, regeneration, and reversion fre-
quency of protoplasts from auxotrophic

mutants
Strain Yield of proto- Regeneration Reversion
plast production frequency frequency

(genotype) (x10®)* on RCM  on RMM
ATCC 26113 2.1 2.0x107 NT®
(prototype)
AF-1 2.5 1.2x10"  4.6x107
(ade)
A-7 2.0 ND¢ 1.1x1078
(arg)
ClUl 0.3 9.3%x1073 2.8%x107°
(met)

2) 1.0X10° protoplasts per mg of damp mycelium
b) Not tested
¢) Not detected

ated (see Plate 1) with prolonged incubation.
The wild type hyphae from culture grown for
18 hrs yielded approximately 2.1X10® protopl-
asts per mg of damp mycelium, and the same
level of protoplasts yield was obtained from the
mycelia of the auxotrophic mutants except for
the strain CIUI(Table 2). The regeneratien and
spontaneous reversion frequency of the protop-
lasts from various auxotrophic mutants are sho-
wn in Table 2. The regeneration frequency on
the RCM in relation to the number of protopl-
asts inoculated varied from 9,3x107% with the
strain ClUl to 2.0%x 107! with the wild type
strain. In the case of the strain A-7, none of
viable colonies was developed on the RCM.
Except for the wild type strain, all the mutant
strains could not develop the viable colonies on
the RMM in the range of below 107%. The real
spontaneous reversion frequency of the CIUIL
may be much less than this value because plate
counting was performed at the rate of x10° or
less.
Effect of PEG concentration on complement-
ing heterokaryon formation
PEG and calcium chloride ions are widely
used to induce fusion of protoplasts from many
microorganisms. The effect of PEG concentrat-

ion on fusion frequency is shown in Figure 1.
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Fig. 1. The effect of polyethylene glycol concentrat-
ion on the formation of viable colony on re-
generation complete agar medium (@—@)
and the formation of complementing hetero-
karyon on regeneration minimal medium
(O—0). The average result obtained at
the optimum polyethlene glycol concentra-
tion (30%) was taken as 100. The polyeth-
lene glycol was treated for 30 min.

The protoplasts from the mutant strain A-7
and ClUl were mixed, treated for 30 min with
varied concentration of PEG solution containing
10mM calcium chloride, serially diluted and
spread on the RCM and RMM. The protoplasts
from the wild type strain were also treated with
varied concentration of PEG solution containing
10mM calcium chloride and plated on the RCM
plates. After two or three days of incubation,
the number of colonies developed on the RCM
was counted. As shown in Figure 1, the fusion
frequency and viable colony forming frequency
were highest at the concentration of 309 PEG,
concurrently.
Effect of periods of exposure to PEG on pr-
otoplast fusion
The effect of PEG treatment time on protop-
last fusion was examined. Protoplasts from the
wild type strain were treated with PEG(30%)

containing 10mM calcium chloride at various
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Fig. 2. The effect of the exposure period to polyeth-
ylene glycol on the formation of viable col-
ony on regeneration complete agar medium
(@—@) and the formation of complementing
heterokaryon on regeneration minimal agar
medium (O—Q). The maximum value was
taken as 100.

duration, and thereafter, the protoplasts were

plated on the RCM to determine the number of

regenerating colonies. As shown in Figure 2,

the number of regenerating colonies declined

with a prolonged incubation with PEG solution.

Under the same condition, the fusion frequency

on the cross strain A-7 and strain CIUl was

estimated, and found to decline similarly with

a prolonged incubation with PEG; however, the

rate of decrease was relatively slow. It was fo-

und that the fusion frequency was greatest at

10 min.

Effect of pH on protoplast fusion

To determine the optimal pH for protoplast
fusion, the solution of 30% PEG 6,000 contai-
ning 10mM calcium chloride was prepared in
various buffer system. These solutions were used
for the fusion of protoplast from strain A-7 and
strain ClUl(Table 3). The fusion mixture buff-
ered with 50mM glycine (pH 5.5) was shown
to have the highest fusion frequency. For subs-

equent experiments, the fusion mixture buffered
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Table 3. Effect of pH on protoplast fusion frequency*

Fasion e ! frequency % value
Citrate buffer pH 3.5 4.0%x107* 2.7
Glycine buffer pH 5.5 1.5x1072 100.0
Phosphate buffer pH 7.5 3.8x107% 25.3
Tris-HCl buffer pH 9.0 2.6x107 17.3
Carbonate buffer pH 10.5 3.0x107* 2.0

a) Protoplasts from the auxotrophic strain A-7 and
CIUI were used in this fusion experiment, and
the maximum value was taken as 100%.
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Fig. 3. The effect of CaCl, concentration on compl-
ementing heterokaryon formation. The aver-
age result obtained at the optimum CaCl, co-
ncentration (ImM) was taken as 100.

with glycine was used.
Dependence of calcium chloride concentration
The optimal calcium chloride concentration
for protoplast fusion was cxamined by using
30% PEG 6,000 solution containing varied co-
ncentration of calcium chloride ranged from 0
to 500mM. As shown in Figure 3, the calcium
chloride concentration over ImM was sufficient
to enhance the protoplast fusion; however, the
fusion frequency decreased considerably at high

concentration (500mM),
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Complementation of auxotrophic mutants by
protoplast fusion

The treatment of protoplasts from auxotrophic
mutants with 30% PEG and 10mM calcium
chloride in 50mM glycine(pH 5. 5) led to fusion
of protoplasts. The fusion frequency for comp-
lementing heterokaryons of the cross strain A-7
and strain AF-1 and the cross strain A-7 and
ClUI were 4.1Xx107% and 1.6 X 1072 respectively
(see Table 4). For the control experiments,
the protoplasts of two auxotrophic strains were
mixed without PEG-CaCl,-glycine mixture, and
the protoplasts of a single strain mixed with
fusion mixture. In both cases, no complement-

ing prototrophic colonies were observed.

DISCUSSION

In the previous reports, we described the fo-
rmation and regeneration of protoplasts from the
mycelium of T. koningii ATCC 26113 (Cho et
al., 1981a, 1981b; Lim et al., 1983). On the
present report, we have described studies on
the conditions of protoplast fusion. The comm-
ercial cell wall lytic enzyme, Driselase, has been
used to prepare protoplasts from several fungal
species (Picatassio et al., 1983; Finkelman et al.,
1980; Gaupy and Ferve, 1982). The main pro-
tein components of Driselase are f-1,3-and
B-1, 6-glucanase. Protoplasts were successfully
produced from the mycelium of 7. koningi-z;v by
using Driselase as a protoplasting agent. This
result indicates that one of the cell wall com-
ponents of T. koningii may be p-1,3-and S-1,
6-glucan.

The regencration frequency of protoplasts fr-
om the different strains varied from 9.3x1073
to 2.0%107* under the conditions described.
However, the protoplasts from mutant strain
A-7 could not develop any viable colonies, per-
haps due to the defects of cell wall sythesizing
process-by mutagenic treatment of ultraviolet
light.
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Table 4. Fusion frequency of the crosses between
protoplasts from various auxotrophic mutants

Cross(genotype)? Fusion frequency
A-T7(arg) X A-7(arg) NDt
ClU1(met) x ClUl(met) ND?
AF-1(ade) x AF-1(ade) ND®
A-7(arg) x AF-1(ade) 4.1x1072
A-7(arg) xClUl(met) 1.6x1072

a) Abbreviations: ade, adenine; arg, arginine; met,
methionine

b) Not detected

The maximum frequencies of heterokaryon
formation and viable colony formation were
obtained at a 30% concentration of PEG. These
results suggest that incubation with PEG solu-
tion at the concentration below 30% may cause
marked lysis of protoplasts and that over 30%
marked aggregation of protoplasts. The freque-
ncy of protoplast fusion and viable colony for-
mation decreased with a prolonged incubation
with PEG solution. From this result, it is sug-
gested that the longer the period of exposure
to PEG solution was, the larger number of pr-
otoplasts aggregated together.

The optimal pH of fusion mixture for heter-

#
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okaryon formation was 5.5, and the fusion fr-
equency was enhanced by the addition of CaCl,.
A similar effect was shown by the CaCl, concent-
ration ranged 1 to 100mM, however, the fusion
frequency of protoplasts was dropped at a high
concentration of CaCl, (500mM).

The results in Table 4 show that compleme-
nting heterokaryons could be obtained by the
protoplast fusion. The spontaneous reversion
frequencies of protoplasts from various auxotro-
phic mutants ranged from 2.8x10™° to 1.1X
1078, thus the probability that the complemen-
ting colonies may result from spontaneous rev-
ersion is excluded.

The results reported here show that the pro-
toplast fusion technique will be a very effective
tool for the genetic studies of cellulolytic imp-
erfecti fungus 7. koningii.

Isolation and genetic analysis of the stable
complementing hybrids by the protoplast fusion
of T. koningii and interspecific protoplast fusion
between T. koningii and T. reesei have been
done in this laboratory, and the results will

soon be published.
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Plate 1.

Formation, regeneration and aggregation of protoplasts from Trichoderma koningii. a. protrusion
of protoplasts from the mycelium by the treatment of Driselase. (195) ;b. purified protoplasts
slightly vacuolated; c. highly vacuolated protoplasts with prolonged incubation; d, e, yeast-like form
of regenerating prctoplasts; {, aberrant-tube formation of regenerating protoplasts; g. large proto-
plasts aggreagates formed after PEG treatment. All the detailed modes of formation and regener-
ation of protoplasts were reported previously :Cho et al., 1981b; Lim et al., 1983}.





