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ABSTRACT

Improved methods for the isolation and purification of conidial protoplast were investigated

and conidial protoplast from auxotrophic mutants were fused. The reaction time for isolation

of protoplasts from the swollen conidiospores

preincubated in liquid minimal medium supple-

mented with 2~deoxy-D-glucose was shorten by reaction with mixture of 24/ driselase and 2%,
S-glucuronidase (1 : 1). The conidial protoplast could be highly purified by using 5°, Ficoll 400
as a centrifugation medium. Nucleus of the conidial protoplast was stained with Giemsa stain

and the conidial protoplast had one nucleus. It was also confirmed that the conidial protoplast

was true protoplast with no cell wall remnant at the outside of plasma membrane. Fusion

frequencies of the conidial protoplast from auxotrophic mutants ranged from 3.4x 107! to 4.9x%

107%. These values were higher than those of mycelial protoplast by a factor of 5 to 28.

INTRODUCTION

Induced fusion of microbial protoplast is
widely used in both basic and applied areas.
A short review of the whole area of induced
fusion in microbial protoplast was given by
Ferenczy (1981).

Cellulolytic fungus 7richoderma koningii
has 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. As one of approaches
towards genetic study and strain improvement

in industrially important strain, genus 7richo-

derma, protoplast fusion technology has been
recently applied. Only a few studies, however,
reported on the isolation (Benitez ef al., 1975;
Picataggio ef al., 1983; Cho et al., 1981a, b;
Lim et al., 1983) and fusion of protoplast
from mycelium of Trickoderma spp. (Hong
et al., 1984a, b;Park ef al., 1984 a,b,c).
Most of fusion experiments in filamentous
fungi have been done with protoplast from
mycelium (Ferenczy ef al., 1975; Anné and
Peberdy, 1976; Ohnuki ef al., 1982). Protoplasts
from myceliuin vary in size, in number of
Such

heterogenous protoplast suspension from the

nucleus, and in organelle constitution,

filamentous fungi are less suitable for high
frequency heterokaryon formation, recombina-

tion, and regeneration experiments (Bos and
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Slakhorst, 1981). These difficulties might be
overcome by the isolation of protoplast from
conidiospores. Recent reports concerned with
the isolation of protoplast from conidiospores
in filamentous fungi are the cases; Aspergillus
Slavus (Moore and Peberdy, 1976), Aspergillus
nidulans (Bos and Slakhorst, 1981), Tricho-
derma reese; (Toyama et al., 1983), and
(Park ef al, 1983,
1984c). There are only few reports on fusion

Trichoderma koningii

of protoplast from conidiospore (Toyama et
al., 1984), and there is no reports on the fusion
of conidial protoplast in Trickoderma koningii,

We report here modifications of previous
methods (Park et af., 1983) for isolation and
purification of conidial protoplast and the
fusion frequency of conidial protoplast in

cellulolytic funzus, Trichoderma koningii.

MATERIALS AND METHODS

Organisms

Trichoderma koningéi ATCC 26113 and its
auxotrophic mutants obtained by the methods
described below were used in this experiment.

Media

Malt extract medium and modified Mandei's
medium were usad as the complete (CM) and
minimal medium (MM), respectively (Hong
et al., 1984a,b). For the regeneration complete
(RCM) and regeneration minimal medium
(RMM), the CM supplemented with 0.6 M
MgSO, and the MM supplemented with yeast
nitrogen base without amino acid (g, 65%,
Difco) and 0.6 M MgSO, were used. For pre-
paring regeneration agar medium, 2% agar
was autoclaved separately to avoid acid hydro-
lysis, and Triton X-100 (0.05%, v/v) was
added to the solid medium for the restriction
of colony size (Park ef al., 1984a). For the
preincubation of conidiospore, liquid minimal
medium supplemented with 2-deoxy-D-clucose

(25 pg/ml, w/v) was used. If re:uired, vita-
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mine free casamino acid (2 mg/ml) and
adenine (5 ug/ml) were added to the prein-
cubation medium for swelling of conidiospores
from auxotrophic mutants.

Mutagenesis

Auxotrophic mutants were derived by muta-
genesis with ultraviolet light (UV) and N-
methyl-N’-nitro-N-nitrosoguanidine ( NTG).
The conditions of mutagenesis with UV has
been described previously (Hong ez al., 1984b),
The conditions of mutagenesis with NTG is
as follows: Conidiospore suspension of parental
strains (1.0x107/ml) in Q.01 M phosphate
buffer (pH 5.8) containing 0.01% tween 80
was treated with NTG (0.2 mg/ml) for 50
min at 30°C to kill 99% of the population,
Auxotrophic mutants were enriched by the
filtration methods (Hong ef al., 1984 b). The
lineage of auxotrophic mutants is shown in
Fig 1.

Protoplast preparation

Protoplasts were prepared from the conidios-
pores of T. koningii according to the methods
described before (Park ef al, 1983) with
minor modifications. The conidiospores prein-
cubated for 8.5 hrs in liquid minimal medium
containing 2-deoxy-D-glucose (2-DG)
harvested by centrifugation (750x g, for 15

were

min), and washed twice with osmotic stahi-

ATCC 26113
uv

| T
AF-1 C-2 CF-1
(ade) (thi) (yel)
NTG NTG NTG

|

| |
AFT-1 CUT 121 CFT-1

(ade, lys) (whi, lys, met)  (yel, arg)

Fig. 1. Lineage of mutants derived by mutagenesis
with UV and NTG treatmert. Abbrevia-
tions; yel: yellow color conidia; whi:
white color conidia; ade: adenine requi-
ring: arg: arginine requiring: ivs: lysine
requiriag; met: methionine requirirg,
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lizer (0.6 M MgSO, in 0.01 M phosphate
buffer pH 5.8). The washed swollen conidio-
spores were treated with combinations of
driselase and g-glucuronidase. To test the
effect of cell wall lytic enzymes, combined
solutions of driselase and S-glucuronidase (1%
driselase, 2% driselase, 1% f-glucuronidase,
2% p-glucuronidase, and one to one volume
mixture of 2% driselase and 2% A-glucuroni-
dase) were added to the pelleted conidiospores
and reacted at 28°C. The reaction mixture was
sampled periodically and number of protoplasts
was determined with the aid of haemacyto-

meter.

Purification of protorplasts

One or two milliliter of reaction mixture
was overlayed onto 5 ml of Ficoll solution
(5%, w/v) dissolved in osmotic stabilizer in
10 ml centrifuge tube, After centrifugation
with horizontal rotor (400x g, for 30 min with
slow accelerator), the upper layer was remo-
ved into a new centrifuge tube with sterilized
Pasteur-pipette. The purified protoplasts were
washed twice with osmotic stabilizer by

centrifugation,

Staining of protoplast

The purified protoplasts were fixed with
3% glutaraldehyde in osmotic stabilizer for
4~6 hrs at 4°C, and washed with distilled
water. The fixed and washed protoplasts were
allowed to stand in 5 N HCIl at 60°C for 10
min, and washed with and resuspended in
distilled water. One loopful of protoplast
suspension was smeared on a slide glass, and
freeze-dried in freeze-dryer (Labconco), The
freeze-dried specimen was soaked in various
staining solutions for 1 hr at room tempera-
ture. Thereafter, excessive stain was decolo-
rized with 95% ethanol solution. The specimen
was examined with a multipurpose light
microscope and photographed (Nikon Nippon
Kogku K.K., Japan).
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Preparation of specimen for electron micro-
scopy:

Protoplasts were fixed with 3% glutaral-
dehyde in 0.01 M sodium phosphate buffer
(pH 7.4) containing 0.6 M MgS0O,. The
mixture was then gently stirred, allowed to
stand overnight at 4°C, washed twice with
buffer, and pelleted by centrifugation. After-
wards, these pellets were resuspended in
osmium tetraoxide (1%), allowed to stand for
2 hrs and rinsed with buffer. For transmission
electron microscopy (TEM), the post-fixed
sample was pelleted and solidified with pre-
warmed agar (2% in buffer). Agar block was
cut on a slide glass into pieces approximately
by 1 mm? These blocks were suspended in
0.5% uranyl acetate, and dehydrated using a
series of ethanol solution of increasing con-
centration (60, 70, 80, 90, 95%) and absolute
ethanol twice for 20 min. The specimen was
then embedded in an epoxy resin, Epon. After
polymerization by incubating for 3 days at
65°C, the section was cut on a microtome and
Sorvall MT-2 ultramicrotome with glass kni-
ves, stained with uranyl acetate, and examined
with an electron microscope (Hitachi H-500,
Japan). In preparing the specimen for scan-
ning electron microscopy (SEM), the sample
post-fixed with osmium tetraoxide was filtered
through a membrane filter (0.45 pm) and
dehydrated using- a series of the ethanol
solution. These samples on the membrane
filter were treated with isoamylacetate for 30
min and dried with a critical point dryer
(Hitachi HCP-2) using liquid CO,. The dried
sample was then coated with gold on alumi-
nium stub and examined with a scanning
electron microscope (Hitachi S-450, Japan),

Fusion of protoplast

Protoplast fusion was carried out by the
methods described previously (Hong ef «l.,
1984h), Protoplasts from twop arental strains

were mixed (5.0x10°% each) and sedimented
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by centrifugation. The pelleted protoplasts
were resuspended in the minute volume of the
remaining stabilizer by gentle mixing. The
protoplasts were treated with 1 ml of pre-
warmed 30% polyethylene glycol 6,000 (con-
taining 10 mM CaCl,) in 0.05 M glycine (pH
5.5) and incubated for 10 min at 28°C. After
incubation, PEG-treated protoplasts were
serially diluted and plated on the RCM and
RMM, and incubated at 28° C. Frsion frequency
was calculated by dividing the number of
colonies per milliliter appeared on the RMM
by the number of colonies per milliliter on
the RCV,

RESULTS AND DISCUSSION

Effect of cell wall lytic enzymes

According to the results shown in Fig. 9
and reported previously (Park et al., 1983),
the yield of protoplast production with drise-
lase (1%, 2%) was slightly higher than that
of pA-glucuronidase (1%, 2%). However, the
yield of protoplast production with mixture
of 2% driselase and 2% g-glucuronidase solu-
tion (1:1) was almost the same as that with
2% driselase and protoplast production
reached maximum value within 2 hrs reaction,
differently from the case of 2% driselase. In
general, regeneration frequency of protoplast
was declined with prolonged incubation with
cell wall lytic enzyme, probably because small
amount of contaminated proteolytic enzymes
in lytic enzyme preparation might cause lethal
damage to protein or lipoprotein components
of plasma membrane (Gaupy and Fevre, 1982).
The protoplast was highly vacuolated after
3hrs incubation and it could hardly pelleted in
washing step. Consequently, it would be better
to be able to shorten the reaction time with
cell Iytic enzymes. For fusion experiment, the
mixture of driselase and g-glucuronidase was
used as a protoplasting system.
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Fig. 2. Yield of protoplast production treated with
combinations of enzymes. Conidiospores
preincubated in liquid minimal broth for
8.5 hrs were reacted with various combina-
tions of cell wall Iytic enzymes. The yield
of protoplast production were determined
periodically with the aid of haemacyto-
meter.

Purification of protoplast

Sucrose (30% in stabilizer) used to separate
the protoplasts from conidial cell wall debris
and undigested conidiospores (Bos and Slak-
horst, 1981; Park ef al., 1983) was not good
enough to obtain highly purified protoplast
preparation. To enhance purity of the proto-
plast, we used Ficoll 400 (m.w. 400, 000,
Pharmacia Fine Chemical) as a centrifugation
medium. A copolymer of sucrose and epichlo-
rohydrine, Ficoll, is particularly suitable for
density gradient centrifugation of membrane-
bound particles. High density solution with

low osmotic pressure can be prepared with it.
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Thus Ficoll has been used to purify protoplast
and membrane-bound vesicles, Varied concent-
ration of Ficoll solution in osmotic stabilizer
{5,10,20%) was examined for purification of
protoplasts. The protoplasts were successfully
separated from the conidial cell wall debris
and undigested conidiospores using 5% Ficoll
as the centrifugation medium,.
Nucleus staining of protoplast

the purified protoplast was

Nucleus of
stained with several staining solution. The
purified protoplasts were fixed with glutaral-
dehyde and allowed to stand in 5 N HCl at
60°C for 10 min. Thereafter, nucleus of the
protoplast was stained. Treatment of the fixed
protoplast with 5 N HCl was essential step
for good staining. For the attachment of
protoplast on slide glass, protoplast suspension
was smeared on slide glass and lyophilized.
This
effective than egg albumin method. Several

procedure was more convenient and
stains were tested for nuclear staining. The
nucleus was stained with Giemsa, lacto-orcein,
and acetacarmine, however, best result was
obtained with Giemsa staining. The nucleus
of the protoplast was easily observed when
the glutaraldehyde-fixed protoplasts were
allowed to soak in 5 N HCl for 10 min at
60°C and stained with Giemsa solution for

=or

1 hr, and washed with 95% ethanol (Fig. 3).
Because most of the stained protoplasts have
one nucleus, it is possible that regeneration
frequency of the conidial protoplast was
higher than that ol heterogeneous mycelial
protoplast (Cho ef al, 1981a; Lim ef al.,
1983).
Electron microscopic observation of conidial
protoplast formation
After cell wall lytic enzyme treatment to
the

liquid minimal medium supplemented with

swollen conidiospores preincubated in

2-DG, process of protoplasting from the con-
idiospores was observed with scanning and
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transmission electron microscopy. In SEM
observation, protoplast in the releasing process
and protoplast released were observed (Fig.
4). In TEM observation, various structure
such as partially broken conidial cell wall,
peripheral vesicles, vacuoles with electron
dense material, protruding vacuoles, protoplast
in the releasing process, protoplast without
cell wall material, and ghost of the conidial
cell wall were observed (Fig. 5). These results
indicated that the protoplast was not produced
by complete digestion of conidial cell wall but
released by protrusion through pore of coni-
diospore (Park ef al, 1983, 1984 ¢). It was
also confirmed that the conidial protoplast
was not the sphaeroplast with cell wall rem-
nant but true protoplast with no cell wall
remnant at the outside of plasma membrane,
Fusion of conidial protoplast

Conidial protoplast fusion between auxotrop-
hic mutants was carried out according to the
conditions for mycelial fusion
(Hong et al., 1984b). As shown in Table 1,
fusion frequencies for complementing hetero-
karyons of the cross CFT-](arg) x AF-] (ade),
CUT 121 (lys, met) x AF-1 (ade), and CUT 121
(lys, met) x AFT-1 (ade, lys) were 4,8%1071,
3.4%10™ 4.9%107%,
expected, these values of fusion frequency were

protoplast

and respectively. As

Table 1. Fusion frequency for complementing
heterokaryon formation between protop-
last from auxotrophic mutants

Cross F_usionwfiegmncy

(genotype) Conidial Mycelial

CFT-1x AF-1 4.8x10"! 1 7><;O‘2vﬁ
(arg) (ade)

CUT 121 x AF-1 3.4%x107! 7.4x1071

(lys, met) (ade)

CUT 121 X AFT-1 4.9x107* NDe

(lys, met) (ade, lys)

a) All the abbreviations are given in the legend
to Fig. 1

b) Park et al., 1984 b

¢) Not determined,
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higher than those of mycelial protoplast by
a factor of 5 to 8,

In cross between CL T 121 (lys, met) x AFT-1
(ade, lys), prototrophic colonies were detected
on RMM. This result suggests that the muta-
tion site ¢f both strains on the gene concerned
with lysine biosynthesis may be different and

the defect on lysine gene in both strains may

s
A
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be overcome by complementing heterokaryon
formation through protoplast fusion.

The results reported here indicate that high
frequency heterokaryon formation can be
achieved by conidial protoplast fusion, and
determination of complementation group-
among auxotrophic mutants can be done with

protoplast fusion technique,
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Fig. 3.

Fig. 4.

Fig. 5.
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Nucleus staining of conidial protoplast. After treatment of glutaraldehyde-fixed protoplasts in 5M
HCI for 10 min at 60°C, protoplasts were stained with Giemsa for 1 hr. Nucleus is indicated witn
arrow.

Scanning electron microscopic observation of protoplasting form swollen conidiospore. Protoplast
in the relesing process and released protoplast are shown. W: cell wall; P: protoplast.
Transmission electron microscopic observation of protoplasting from conidiospores. Various
structures such as partially broken conidial cell wall (arrow), peripheral vesicles (Ve), vacuole
with electron dense material (EDM), protruding vacuoles (Va), protoplast in releasing process
(A), protoplast without cell wall remnant (P), and ghost of the conidial cell wall (Gh) are
observed (X 3,500).




