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 The objective of this study was to identify and study the effect of colchicine treatment on 
the growth and enzyme production of Pycnoporus coccineus KKUPN1.  Molecular identification 
using universal primer ITS1 and ITS4 found that KKUPN1 was Pycnoporus coccineus  (ID: 
KU202741).  The effect of colchicine when culturing P. coccineus KKUPN1 in Czapex doc broth 
and potato dextrose broth (PDB) containing 0, 0.05 and 0.1% (v/v) colchicine for 7 and 14 d 
was studied.  The result showed that in the early stage all treatments containing colchicine 
gave better growth than the treatments without colchicine.  However, 5 d after inoculation, 
the growth rates were not significantly different in all treatments.  The colony morphology 
of P. coccineus KKUPN1 isolated from Czapex doc broth containing colchicine showed the 
production of orange-red pigment that was not present from the medium without colchicine. 
In PDB containing 0.05 and 0.1% (v/v) colchicine for 7 d, the colonies had orange-red pigment 
from the edge of the colony to the center, while 0% (v/v) colchicine produced sparse mycelia with 
slight pigment.  The enzyme test of P. coccineus KKUPN1 cultured in Czapex doc broth or PDB 
with colchicine added produced results that showed they did not produce a hemicellulolytic 
enzyme and a lignin modification enzyme, but could produce a cellulolytic enzyme that was 
detected by CMC agar and esculin agar but could not be detected by cellulose agar.
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 Pycnoporus coccineus (Scarlet Bracket) is 
a cosmopolitan group of white rot fungi belonging 
to the kingdom Fungi, division Basidiomycota, 
class Agaricomycetes, order Polyporales, family 
Polyparaceae.  Scarlet Bracket is one of the most 
common and colorful brackets that can be found 
even in dry weather growing on sticks and wood. 
The fruiting-body is orange scarlet, fan shaped, 
firm bracket attaching along the straight edge to 
the wood.  It can be solitary but more common in 

large groups on sticks and logs, and refreshed after 
rain.  The white-rot fungi of the genus Pycnoporus 
are red polypores, divided into four species: 
Pycnoporus cinnabarinus, native to the North 
Temperate Zone; Pycnoporus coccineus, which 
occurs mostly in countries bordering the Indian 
and Pacific Oceans; Pycnoporus sanguineus, 
found in tropical and subtropical regions of 
the northern and southern hemispheres; and 
Pycnoporus puniceus in Africa and India1, 2.  In 
Thailand there are 10 species of Pycnoporus3. P. 
sanguineus has been intensively studied because 
of its metabolites production and the production 
of several extracellular enzymes belonging to the 
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Fig. 1. Sequence alignment of Pycnoporus coccineus KKUPN1 (KU202741) and KP255840.119

category of oxyredutases that are known to be 
mainly responsible for the degradation process 
of lignocellulosic waste.  The fungus produces an 
important secondary metabolite that is cinnabarin4. 
White rot fungi are good lignin degraders and have 
the potential to be used in industry5. Industrially 
important extracellular enzymes from filamentous 
fungi, such as laccases, are often N-glycosylated 
with high mannose structures. In nature, the role 
of these laccases is to degrade lignin to gain access 
to the other carbohydrates in wood (cellulose and 
hemicellulose)6. Vegetal biomass is composed 
of three main polymers: lignin, cellulose and 
hemicelluloses. Cellulose is organized as glucose 
polymeric long lineal chains, arranged in different 
levels of fibrils that are associated by intramolecular 
interactions. Hemicelluloses, in contrast, are 

ramified polymers composed of different types of 
carbohydrates and phenolic compounds, among 
which, xylan, glucan and arabinoglucan form the 
sugar backbone of the structure7. 
 Colchicine is an effective chemical 
mutagen. It binds to tubulin and prevents its 
polymerization into microtubules8. Colchicine 
inhibits the formation of spindle fibers and 
effectively arrests mitosis at the anaphase stage. 
At this point, the chromosomes have multiplied 
but cell division has not yet taken place resulting 
in polyploidy cells.  Colchicine treatment is the 
classical method of inducing the doubling of the 
chromosome number9. This was studied to enhance 
the degrading ability of the microcrystalline 
cellulose in the mycelia of Lentinula edodes by 
incubating the mycelia in an autopolyploidization 
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medium containing colchicine for more than one 
week at a low temperature.  The results showed 
that almost all of the microcrystalline cellulose in 
the agar medium was degraded by the colchicine 
treated strain10. Autodiploid strains were induced 
by colchicine treatment of Aspergillus niger WU-
2223L, a citric acid producing strain. In shaking 
culture, the autodiploid strain yielded higher citric 
acid than the parental strain11. The objective of 
this study was to identify and study the effect of 
colchicine on the growth and enzyme production 
of Pycnoporus coccineus KKUPN1. 

MATERIALS AND METHODS

Microorganisms and Identification
 P. coccineus KKUPN1 was obtain from 
the Fungal and Mushroom Laboratory, Plant 
Pathology Section, Department of Plant Science 
and Agricultural Resources, Faculty of Agriculture, 
Khon Kaen University.  For identification, P. 
coccineus was incubated on potato dextrose agar 
(PDA) at 28ºC for 7 d, after which a plug (0.7 cm in 
diameter) of the fungal mycelium was transferred 
to 50 ml of potato dextrose broth (PDB) in a 250 

Table 1. Growth rates of Pycnoporus coccineus KKUPN1 after induction by colchicine. 

Colchicine    Colony diameter (cm)
treatment   Days after incubation
 1 2 3 4 5

Czapex dox broth     
0% 7days 0.69±0.22 b 2.31±0.24 c 4.19±0.28 c 6.53±0.28 ab 8.50±0.00 ns

0.05% 7days 0.75±0.24 b 2.32±0.16 c 4.47±0.18 bc 6.51±0.27 ab 8.50±0.00 ns

0.1% 7days 0.81±0.15 ab 2.60±0.12 ab 4.57±0.20 b 6.61±0.22 ab 8.50±0.00 ns

0% 14 days 0.73±0.25 b 2.49±0.17 bc 4.28±0.13 c 6.35±0.07 b 8.50±0.00 ns

0.05% 14 days 0.83±0.21 ab 2.58±0.14 ab 4.71±0.20 ab 6.76±0.21 a 8.50±0.00 ns

0.1% 14 days 1.03±0.12 a 2.78±0.04 a 4.86±0.10 a 6.81±0.02 a 8.50±0.00 ns

CV (%) 22.07 6.19 4.23 3.07 0.00
PDB     
0% 7 days 1.19±0.16 a 2.42±0.19 ab 4.48±0.13 b 7.53±0.26 b 8.50±0.00 ns

0.05% 7 days 1.08±0.33 ab 2.28±0.38 ab 4.48±0.54 b 7.58±0.63 b 8.50±0.00 ns

0.1% 7 days 1.04±0.01 ab 2.05±0.06 b 4.14±0.12 b 7.12±0.20 b 8.50±0.00 ns

0% 14 days 0.75±0.34 bc 3.07±0.64 a 6.12±1.23 a 8.50±0.00 a 8.50±0.00 ns

0.05% 14 days 0.42±0.07 c 2.20±0.62 ab 5.52±1.08 ab 8.25±0.61 a 8.50±0.00 ns

0.1% 14 days 0.90±0.50 ab 2.42±1.11 ab 6.75±2.07 a 8.50±0.00 a 8.50±0.00 ns

CV (%) 32.44 25.24 20.99 4.85 0.00

Note: Different superscripts within the same column indicate a significant difference (P < 0.05)

Table 2. Width of Pycnoporus coccineus KKUPN1 mycelium and 
arthrospores after induction with colchicine

Colchicine                      Mycelium diameter (µ)                                  Arthrospore (µ)
treatment Czapex dox  PDB Czapex dox  PDB
 broth  broth

0% 7days 2.10±0.52 c 3.30±1.06 bc 1.5-2.5 x 2.5-5.0 1.5-2.0 x 3.0-5.0
0.05% 7days 2.95±0.60 ab 4.25±1.32 ab 1.5-2.0 x 3.0-5.0 2.0-2.5 x 3.0-6.0
0.1% 7days 2.95±0.50 ab 4.35±0.88 a 1.0-3.0 x 3.0-5.0 2.0-3.0 x 3.0-6.0
0% 14 days 2.50±0.67 bc 3.05±0.64 c 1.5-2.0 x 3.0-4.5 1.0-2.0 x 3.0-5.5
0.05% 14 days 3.45±1.26 a 3.75±0.72 abc 1.5-2.0 x 3.5-6.0 2.0-2.5 x 3.0-6.0
0.1% 14 d 3.55±0.44 a 4.10±0.61 ab 1.5-2.0 x 3.5-6.0 2.0-3.0 x 3.0-6.0
CV (%) 24.60 23.89  
 
Note: Different superscripts within the same column indicate a significant difference (P < 0.05)
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Fig. 2. Colony morphology of Pycnoporus coccineus 
KKUPN1 on PDA after induction with colchicine 
treatment in Czapex dox broth and PDB medium. A-F in 
Czapex dox broth and G-L in PDB. A, G: 0% colchicine 
7 d; B, H: 0.05% colchicine 7 d; C, I: 0.1% colchicine 7 
d; D, J: 0% colchicine 14 d; E, K: 0.05% colchicine 14 
d; F, L: 0.1% colchicine 14 d.

Fig. 3. Pycnoporus coccineus KKUPN1 mycelia. A-F in 
Czapex dox broth and G-L in PDB. A, G: 0% colchicine 
7 d; B, H: 0.05% colchicine 7 d; C, I: 0.1% colchicine 7 
d;  D, J: 0% colchicine 14 d; E, K: 0.05% colchicine 14 
d; F, L: 0.1% colchicine 14 d. (←  = 5 µ)

ml Erlenmeyer flask.  Cultures were grown at 28ºC 
with shaking at 120 rpm for 7 d.  The mycelium 
was filtered from the liquid medium through 
filter paper (Whatman No. 1) and kept at -20 ºC 
for 24 hr before DNA extraction.  Total DNA 
extraction was prepared by a modified method 
of Lee et al12 and Zang et al13 For amplification 
of the ITS1-5.8S-ITS2 regions, genomic DNA 
were amplified using universal primers ITS1 (52 
-TCCGTAGGTGAACCTGCGG-32 ) and ITS4 
(52 -TCCTCCGCTTATTGAT ATGC-32 )14. The 
PCR reaction mixture and the PCR thermal cycle 
were according to the protocol of Sutthisa et al15.  
Amplification was performed in 50 µl of reaction 
mixture containing 100 ng genomic DNA, 2.0 
µM of each primer, 0.25 units Taq polymerase, 
2.5 mM MgCl2, 0.2 mM of each dNTP (dATP, 
dCTP, dGTP and dTTP), 10 µl 5X PCR buffer and 
sterile distilled water to a final volume of 50 µl. 
Amplifications were performed in a Gradient DNA 

Thermal Cycler programmed with the following 
parameters: 95°C for 5 min; followed by 30 cycles 
of 94°C for 30 sec, 55°C for 30 sec and 72°C for 
1 min; and a final incubation at 72°C for 5 min. 
Amplification products (5 µl of a 50 µl reaction) 
were electrophoresed in 2% agarose gels with TBE 
running buffer, stained with ethidium bromide 
and either scanned into a computer imaging file 
or photographed16. PCR products were sequenced 
by First BASE Laboratories Sdn Bhd.
Colchicine Treatment
 P. coccineus KKUNN01 grown on PDA 
at 28ºC for 7 d was transferred into PDB and 
Czapex doc broth medium containing 0, 0.05 and 
0.1% (v/v) colchicine solution in test tubes and 
incubated at 28ºC.  After 7 and 14 d the mycelium 
were transferred to PDA in 9 cm diameter petri 
dishes and the mycelia growth were observed and 
colony diameters were measured.   
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Fig. 4. Arhrospores of Pycnoporus coccineus KKUPN1. 
A-F in Czapex dox broth and G-L in PDB. A, G: 0% 
colchicine 7 d; B, H: 0.05% colchicine 7 d; C, I: 0.1% 
colchicine 7 d; D, J: 0% colchicine 14 d; E, K: 0.05% 
colchicine 14 d; F, L: 0.1% colchicine 14 d. ( ← = 5 µ)

Mycelia Stain
 Mycelia mats were stained with Giemsa 
stain by flooding absolute methanol to cover the 
mycelia mat for 3 min and then drying. Then the 
slides were dipped in working Giemsa stain for 30 
min, after staining the mycelia mat was rinsed with 
distilled water, left to dry and photographed under 
a microscope (Zeiss Primo Star).  Measurements 
of the width of the mycelium and arthrospores (50 
sporres) were observed.
Enzyme Production
 The detection of the enzyme production 
was according to the methods of Pointing17 and 
Abdel-Raheem and Shearer18, including:
 Cellulolytic enzyme assays: Three 
methods were used to detect the cellulolytic 
enzymes, including cellulose agar clearance, 
dye staining of carboxymethylcellulose agar and 
esculin plus iron agar.
 Hemicellulolytic (xylanolytic) enzyme 
assays: Dye staining of the xylan agar was used to 
detect the hemicellulolytic enzyme. 

 Lignin modifying enzyme assays: 
Staining after growth on lignin agar was used to 
detect the lignin modifying enzyme.

RESULTS AND DISCUSSION

Identification
 The amplification of the genomic DNA of 
P. coccineus KKUPN1 by universal primers ITS1 
and ITS4 produced a single amplification product 
of approximately 591 bp. When comparing the 
nucleotide sequences to the GenBank database it 
revealed a similarity with Pycnoporus coccineus 
strain IUM0049 (GenBank ID: KP255840.1) with 
100% identity (Figure 1), and the sequencing files 
are stored in GenBank under the accession number 
KU202741.1.
Colchicine Treatment
 The mycelial growth rate of P. coccineus 
KKUPN1 after culture in Czapex doc broth and 
PDB medium containing colchicine for 7 and 14 
d showed that during the early stage of mycelial 
growth the growth rates were slightly different.  
The treatment with added colchicine tended to give 
growth that was greater than without colchicine.  
Then 5 d after inoculation, for the mycelial growth 
rate there were no significant differences between 
all the treatments (Table 1). It has been reported 
that the nuclei of Pleurotus ostreatus increased in 
diameter after treatment with colchicine solution 
and P. ostreatus yields were increased by up to 
82% compared to the control.  The stem and the 
diameter of the basidiocarp also enlarged in the 
colchicine-treated P. ostreatus20.
 The colony morphology of P. coccineus 
KKUPN1 isolated from the Czapex doc broth 
containing colchicine showed the production of 
an orange-red pigment in contrast to the medium 
without colchicine. The growth of the mycelia 
radiated from the center of the colony.  During 
the early stage, P. coccineus KKUPN1 produced a 
powder-like mycelia. Subsequent phases developed 
orange-red pigment in circles as the colony grew. 
P. coccineus KKUPN1 cultured in PDB medium 
containing 0.05 and 1% colchicine for 7 d showed 
a lot of orange-red pigment from the edge of the 
colony to the center.  The control treatment (0% 
colchicine) produced sparse mycelia with only a 
little pigment.  Therefore, when cultured in the PDB 
medium containing 0 and 0.05% colchicine for 14 
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d it produced sparse mycelia with a little pigment, 
while the 0.1% colchicine produced more orange-
red pigment. However, it was still less than in the 
7 d cultures (Figure 2). A previous report indicated 
that the colony diameter of P. coccineus (Fr.) Bod. 
and Sing. was about 7.5 cm 2 w after inoculation 
on PDA.  The colony contained four morphological 
areas: powder-like, cottony, synematoue and 
pore-fruiting with bright orange pigments21. The 
mycelial growth and colony characteristics of 
Pycnoporus sanguineus grown on PDA medium 
were observed 7 d after inoculation at 25±1ºC.  The 
colony grew moderately rapid and usually covered 
the 9 cm petri dish in 4 d.  The mycelia were 
white at first, slightly raised, thin and translucent, 
with some appressed opaque white areas.  Color 
began to appear after 3 to 4 d, as granules of 
moderate orange over the inoculum22. The colony 
morphology of Pycnoporus cinnabarinus on YM 
medium at 20°C after 13 d was white to cinnamon, 
flat, velutinous or powdery.  The hyphae were 
hyaline or pigmented, monomitic and with simple 
septate.  Chlamydospores were intercalary and 
ovoid. Arthrospores were cylindrical and hyaline.
 The P. coccineus KKUPN1 cultured in 
Czapex doc broth or PDB containing colchicine 

showed that the mycelial of P. coccineus KKUPN1 
was wider than when grown without colchicine. 
The mycelia of P. coccineus KKUPN1 cultured 
in PDB medium containing colchicine was wider 
than that cultured in Czapex doc broth medium 
containing colchicine at both 7 and 14 d (Table 
2; Figure 3).  It was also found that it produced 
short rod arthrospores that were not different in 
all the treatments. The arthrospore sizes varied 
from 1.0-3.0 x 2.5-6.0 µ in the Czapex doc broth 
containing colchicine and from 1.0-3.0 x 3.0-6.0 
µ in PDB containing colchicine (Table 2; Figure 
4).  The advancing hyphae at the colony periphery 
of P. coccineus were 2.0-2.5 µ in diameter with 
frequent clamp connections.  The surface hyphae 
of the powder-like areas were 1.5-2.2 µ in diameter, 
frequently branched and septate21. Those in the 
culture media were from single cell arthrospores23.
Enzyme production
 The enzyme activity test for P. coccineus 
KKUPN1 culture in Czapex doc broth or PDB 
containing colchicine had results showing that 
P. coccineus KKUPN1 did not produced a 
hemicellulolytic enzyme via dye staining of xylan 
agar. A positive reaction indicated the degradation 
of the substrate by endoxylanase and b-xylosidase.  

Table 3. Enzyme production of Pycnoporus coccineus after induction with colchicine

Colchicine  Hemicellulolytic  Lignin   Cellulolytic enzyme 
treatment enzyme modify enzyme
 Xylan agar Lignin agar Cellulose agar CMC agar Esculin agar

Czapecdox broth     
0% 7 days  - - - 0.33±0.06 c1/ ++
0.05% 7 days  - - - 0.53±0.06 b ++
0.1% 7 days - - - 0.60±0.10 ab +++
0% 14 days - - - 0.33±0.06 c ++
0.05% 14 days - - - 0.63±0.12 ab ++
0.1% 14 days  - - - 0.67±0.06 a ++
CV (%)    21.13 
PDB     
0% 7 days  - - - 0.37±0.06 cd +
0.05% 7 days  - - - 0.50±0.10 bc ++
0.1% 7 days - - - 0.60±0.17 ab +++
0% 14 days - - - 0.30±0.00 d +
0.05% 14 days - - - 0.67±0.15 a ++
0.1% 14 days - - - 0.63±0.06 ab ++
CV (%)    21.13 

Note: Different superscripts within the same column indicate a significant difference (P < 0.05).
- = no reaction, + = slight reaction, ++ = moderate reaction, +++ = strong reaction
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Fig. 5. Cellulolytic enzyme assay by dye stained of 
carboxymethylcellulose agar of Pycnoporus coccineus 
KKUPN1. A-F in Czapex dox broth and G-L in PDB.   
A, G: 0% colchicine 7 d; B, H: 0.05% colchicine 7 d; 
C, I: 0.1% colchicine 7  d; D, J: 0% colchicine  14 d; E, 
K: 0.05% colchicine 14 d; F, L: 0.1%  colchicine 14 d.

Fig. 6. Cellulolytic enzyme assay by esculin plus iron 
agar of Pycnoporus coccineus KKUPN1. A-F in Czapex 
dox broth and G-L in PDB. A, G: 0% colchicine 7 d; B, 
H: 0.05% colchicine 7 d; C, I: 0.1% colchicine 7 d; D, 
J: 0% colchicine 14 d; E, K: 0.05% colchicine 14 d; F, 
L: 0.1% colchicine 14 d

Lignin enzyme production was determined to be 
negative when using lignin agar.  This assay can 
be useful in determining the ability of a fungus to 
utilize a lignin substrate.  The method indicates the 
degradation of phenolic components in lignin17. 
The cellulolytic enzyme can be detected by CMC 
agar and esculin agar but it is negative in cellulose 
agar because the clearance of the cellulose within 
the growth media is difficult to assess.  The 
CMCase activity of P. sanguineus was higher than 
the activity towards crystalline cellulose7. 
 The CMC agar test showed that a high 
concentration of colchicine and long exposure 
to colchicine resulted in the high production of 
cellulolytic enzymes in both the Czapex doc broth 
and PDB medium (Table 3; Figure 5). CMC is a 
substrate for endoglucanase and can be used as a 
test for endoglucanase and b-glucosidase activity24.
 The esculin agar test showed that with a 
concentration of 0.1% colchicine for 7 d in both 
media, P. coccineus KKUPN1 could produce the 

most cellulolytic enzyme with a black color in 
the medium.  While the other treatment showed 
no difference, except in the control treatment 
(0% colchicine) at 7 and 14 d in the PDB, which 
could produce a minimal amount of enzyme 
(Table 3; Figure 6).  The hydrolysis of cellobiose 
to glucose is achieved by b-glucosidase.  This 
enzyme is probably ubiquitous among cellulolytic 
fungi producing hydrolytic endoglucanase or 
cellobiohydrolase.  The activity of b-glucosidase 
can be detected by the growth of the test fungi on 
agar containing esculin as the sole carbon source.  
The splitting of the substrate by the enzyme yields 
glucose and a coumarin product that reacts with 
iron sulphate to produce a black color in the growth 
medium17, 18.
 Mutagens enhanced the enzyme production 
of Pycnoporus cinnabarinus.  Colchicine and 
ethidium bromide showed increases in enzyme 
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production with increased concentrations25. White 
rot fungi have the capacity to exploit all wood 
components due to the secretion of a variety of 
lignocellulolytic enzymes26. White rot fungi are 
good lignin degraders and have the potential to 
be used in industry.  Phellinus sp., Daedalea sp., 
Trametes versicolor and Pycnoporus coccineus 
have been selected due to their relatively high 
ligninolytic enzyme activity. Cellulase enzyme 
assays showed no significant cellulose activity 
detected in the enzyme preparations of T. versicolor 
and Phellinus sp. This low cellulolytic activity 
further suggests that these two white rot strains 
are of more interest in lignin degradation5. The 
cellulolytic properties of two white rot fungi, 
Bjerkandera adusta and Pycnoporus sanguineus, 
cultivated on wheat straw agar medium, were 
characterized and compared.  Enzymes from P. 
sanguineus were more robust as they better resisted 
a 1 h incubation at high temperatures (up to 80ºC), 
and exhibiting activity and stability in a pH range 
from 2 to 8. B. adusta and P. sanguineus when 
grown on a natural cellulosic substrate (wheat 
straw) had a number of cellulolytic activities with 
different characteristics7. Pretreatment of cellulosic 
substrates with white-rot fungi achieved high levels 
of saccharification of the holocellulose27.

CONCLUSIONS

 The work studied the inoculation of P. 
coccineus KKUPN1 (ID: KU202741) in media 
containing colchicine at different concentrations 
and for different durations.  We found that at the 
early stage all treatments that contained colchicine 
tended to grow better than without colchicine, but 
after that the growth rates were not significantly 
different. Colchicine effected the pigmentation 
and mycelial width. In our studies we found 
that P. coccineus KKUPN1 did not produce a 
hemicellulolytic enzyme or a lignin modifying 
enzyme, but could produce a cellulolytic enzyme 
that was detected by CMC agar and esculin agar but 
could not be detected by cellulose agar. However, 
more study is necessary.
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