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Multinucleation in the conidia of polyploids derived from
Trichoderma reesei QM 9414 by colchicine treatment

H Toyama and N Toyama

Department of Food Technology, Faculty of Horticulture, Minamikyushu University, Miyazaki, Japan

Conidia of Trichoderma reesei QM 9414 were treated with colchicine in order o obtain polyploids (diploids;
tetraploids). Cellulase production by diploids (mononucleate conidia) was almost twice as great as that of the orig-
inal strain, but that of tetraploids (binucleate conidia) was not increased. When these latter conidia were re-treated
with 2.0% (w/v) colchicine, multiple nuclei were produced in each conidium, and their diameter was almost the same
as that of the original nucleus. Cellulase production of the diploid was almost the same in either mononucleate or
multinucleate nature. However, cellulase production by the tetraploid which produced multinucieate conidia was
greater than that of the binucleate tetraploid and that of the diploid. The multinucleation technique can contribute

to enhancing cellulase production.
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Introduction

We previously reported that minute nuclei are generated
from the original nucleus in conidia of Trichoderma reesei
QM 9414 by colchicine treatment. We called the minute
nuclei the ‘smaller nuclei’ [13]. Colchicine produces
micronuclei in animal cells and in plant cells [5,14].
Micronucleation occurred through abnormal nuclear
division [7].

Colchicine is also known as a polyploidy inducer in ani-
mals, plants, and microbes [2,9,10]. Colchicine binds to
tubulin and mitosis is arrested [4], inhibiting the normal
distribution of chromosomes and yielding polyploid nuclei
[3]. Polyploids are also formed by colchicine treatment in
T. reesei QM 9414 [12]. We were interested in determining
whether or not polyploids treated with colchicine promoted
micronucleation. The formation of polyploids, their sub-
sequent micronucleation with colchicine treatment, and
comparative effects on cellulase production are reported.

Materials and methods

Microorganism and media

T. reesei QM 9414 was cultivated on potato glucose agar
(PGA) at 28° C and preserved at 4° C. For colchicine treat-
ment, Natick medium containing 1.0% (w/v) glucose, 0.5%
(w/v) peptone, and colchicine was used (pH 6.0) [8]. For
cellulase production, Natick medium additionally contain-
ing 1.0% (w/v) Avicel (Asahikasei) and 0.5% (w/v) pep-
tone was used (pH 5.0).

Colchicine treatment

Green mature conidia of this fungus (10-day-old culture)
were dried for at least 7 days in a desiccater in a 10-ml
glass centrifuge tube. In the case of autopolyploidization,

Correspondence: H Toyama, Department of Food Technology, Faculty of
Horticulture, Takanabe-Cho, Hibarigaoka, Miyazaki 884, Japan
Received 25 October 1994; accepted 10 May 1995

five loopfuls of these conidia (almost 2.0 x 10® conidia)
were transferred to 3 ml of the medium for colchicine
(0.001% or 0.01% w/v) treatment and incubated on a
reciprocal shaker (120 strokes min™!) for 24 h at 28° C,

In the case of multinucleation, five loopfuls of these con-
idia were transferred to 3 ml of the medium for colchicine
(2.0% wlv) treatment and incubated on a reciprocal shaker
for 10 days at 28° C. Every 24 h, conidia were collected
by centrifugation at 1000 x g for 10 min, and nuclear stain-
ing was carried out in order to observe nuclei.

Nuclear staining

Conidia were treated successively by 5, 3, and 1 N HCI at
60° C before nuclear staining. These pre-treated conidia
were stained with Giemsa solution (Merck) or 4',6-diamid-
ino-2-phenylindole (DAPI) solution (Sigma) [16]. Photo-
micrographs were taken using an Olympus BH-1
(Olympus) microscope with UV-illumination (Olympus
BH-2-RFL-T2) and an Olympus C35AD-4 camera. The
nuclear diameter in 100 conidia was measured using digital
calipers on enlarged photomicrographs. Nuclear number
was also counted in 100 conidia in the enlarged photo-
micrographs.

Measurement of average DNA content of conidia
DNA was extracted by the method of Herbert et al, and
measured by the method of Ceriotti [1,6]. Conidial number
was counted using a haemocytometer.

Measurement of cellulose hydrolyzing activity

One loopful of conidia of T. reesei was grown in 50 ml of
cellulase production medium in a 100-ml Erlenmeyer flask
for 5 days on a rotary shaker (160 rpm) at 30° C. Mycelia
were then removed on a 3G-3 glass filter and the filtrate
was used as the source of cellulase.

Avicel-hydrolyzing  activity, = CMC-Na-hydrolyzing
activity, and B-glucosidase activity were measured using
1% Avicel, 1% CMC-Na (carboxymethylcellulose sodium-
salt) (D.S. 0.7), and 1% salicin (Wako), respectively, sus-
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pended in 0.1 M acetate buffer (pH 5.0) as substrates.
Enzyme (2 ml) and substrate (4 ml) were mixed and incu-
bated for 60 min at 40° C; the enzyme reaction was then
stopped by addition of 0.1 N HCl. The amount of glucose
generated was measured by ‘Glucose-test Wako® (Wako).
Enzyme activity was defined as the amount of enzyme that
produces 1 ymol of glucose per min. Dry weights of myce-
lia were obtained after drying mycelium for 17 h at 80° C.

Results

Autopolyploidization

Green mature conidia were incubated in 0.001% or 0.01%
(w/v) colchicine solution for 24 h at 28° C on a reciprocal
shaker. After the incubation, the nuclear diameter was
changed (Figure 1). The treated conidia were collected and
spread on PGA medium containing 0.1% Triton X-100 fol-
lowed by incubation for 4 days at 28° C. Triton X-100 lim-
ited the increase of the mycelia and promoted restricted
colony formation.

Two colonies that produced a deeper yellow pigment
were isolated. One yielded mononucleate conidia and the
other binucleate conidia. These conidia contained larger
nuclei than the native strain. The colony with spores con-
taining mononucleate conidia via 0.001% colchicine treat-

9.881% colchicine

ment was termed strain A and the binucleate conidia colony
resulting from 0.01% colchicine treatment was termed
strain B.

Multinucleation

The conidia derived from A and B were re-treated with
2.0% (w/v) colchicine for up to 10 days. The treated conidia
were collected by centrifugation and nuclear staining was
carried out every 24 h.

As the incubation proceeded, nuclear diameter and
nuclear number in the conidia changed (Figures 2 and 3).
In the control conidia, the nuclear diameter ranged from
0.55 t0 0.85 wm, and ‘abnormal’ nuclei were termed ‘larger
nuclei’ (diameter greater than 0.85 um) and ‘smaller
nuclei’ (diameter less than 0.55 pum).

Colonies were isolated by plating treated conidia on PGA
plates containing 0.1% Triton X-100 followed by incu-
bation for 4 days at 28° C. Two colonies that generated
multinucleate conidia were selected among 26 (strain A)
and 32 (strain B) colonies, respectively, by nuclear staining.
One derived from strain A was named strain C and the
other derived from strain B was called strain D. The strains
(native-mononucleate conidial strain; the ‘larger nuclei’-
conidia} strain B; multiple nuclei in conidial strain D) were
easily identified by the nuclear staining (Figure 4). The
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Figure 1 Polyploidization in conidia. Conidia of T. reesei were treated
with 0.001% or 0.01% (w/v) colchicine solution (pH 6.0) for 24 h at 28° C
on a reciprocal shaker
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Figure 2 Change in nuclear diameter in conidia of strains A and B dur-
ing multinucleation. Conidia of strains A and B were incubated in a 2.0%
colchicine solution (pH 6.0) for 10 days at 28°C
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Figure 3 Change in nuclear number in conidia of strains A and B during
multinucleation. Conidia of strains A and B were incubated in a 2.0%
colchicine solution (pH 6.0) for 10 days at 28° C

average nuclear number per conidium of strains A and B
was 1.0 and 2.1, respectively, while that of strains C and
D was 2.2 and 3.3, respectively. The nuclear number or
diameter did not change after Giemsa or DAPI staining.

Measurement of average DNA content of conidia
Average DNA content per conidium of the original strain
and conidial strains A-D, showed about a two-fold increase
in strains A and C, while that of strains B and D increased
about four-fold (Table 1).

Measurement of cellulose hydrolyzing activity

Avicelase, carboxymethylcellulase (CMCase), and 8-gluco-
sidase activity were compared among the conidial variants
(conidia A, B, C, and D). Cellulase (all three components)
production of conidial strains A increased (Table 2). And
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Figure 4 Original conidia, the binucleate conidia of strain B, and the
multinucleate conidium of strain D. Original conidia (Top) were derived
from the original strain. The binucleate conidia (Center) were derived from
strain B. The multinucleate conidium of strain D (Bottom) was derived
from the conidia of strain B which were treated by 2.0% (w/v) colchicine
solution for 10 days at 28° C

the cellulase production decreased in strain B but increased
in strain D.

Discussion

In the autopolyploidization, the ‘larger nuclei’ were
regarded as polyploid nuclei and the conidia of strain A
were then diploids and those of strain B were regarded as
tetraploids. The formation of ‘smaller nuclei’ occurred later
after the incubation was induced by colchicine
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Table1 Average DNA content of conidia

Conidia Average DNA content
(x107® pg conidium™)

Original conidia 8.08

Conidia of strain A 17.24

Conidia of strain B 33.29

Conidia of strain C 16.87

Conidia of strain D 32.46

DNA was extracted by the method of Herbert er al, and
measured by the method of Ceriotti [1,6]

Table 2 Cellulase activity in comdia

Conidia Avicelase CMCase B-glucosidase
(IU mi™) (IU ml™) (I0 m™)
Original conidia 5.92 444 2.22
Conidia A 7.40 10.36 9.99
Conidia B 444 2.22 9.62
Conidia C 14.57 12.34 11.55
Conidia D 18.87 18.80 12.21

One loopful of conidia was added to cellnlose medium, and cellulase was
measured after 5 days at 30° C (see Methods)

(micronucieation). The ploidy may vary later in the auto-
polyploidization owing to this.

We considered the mechanism of the change in nuclear
number in conidia. After the second colchicine treatment,
multiple nuclei whose diameter was similar to that of the
haploid nuclei appeared in the conidia. One larger nucleus
apparently yielded muitiple small nuclei/conidium. We
called this phenomenon multinucleation, and named strains
C and D the multinucleate bodies. We suggest that this is
caused by a mechanism similar to micronucleation [15]. In
the original strain, one nucleus was distributed to one con-
idium correctly [11], while approximately equivalent num-
bers of nuclei were distributed to conidia in the multinucle-
ation strains. Further investigation is needed to determine
the mechanism of nuclear distribution.

Cellulase production may be repressed normally in the
tetraploid (strain B) but multinucleation occurring in the
tetraploid may overcome the repression, with an increase
in cellulase production. The mechanism of this repression
is now under investigation. When conidia of this fungus
were immersed in 2.0% colchicine solution lacking nutri-
ents for up to 10 days at 28° C, no increase of cellulase
production and no multinucleation were seen {data not
shown). These results can be inferred to indicate that the
increase of cellulase production in strain D is not caused
by mutation.

Based on the above results, it is suggested that the multi-
nucleate body is a natural attribute of polyploids. It was
concluded that multinucleation of polyploids can contribute
to enhancing cellulose production and perhaps the use of
polyploids in general.
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