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SUMMARY

Wood-rotting fungi represent an important component of forest ecosystems. Among them, white-rot fungi

are the most efficient lignin degraders. Biopulping using white-rot fungi in pretreatment of the materials, is one
of the solutions to overcome disadvantages of traditional production methods. Today, the isolation and
screening of lignin degrading fungi capable for application in biopulping are of keen interest in Vietnam. The
use of non—-wood, plant fibres in pulp and paper industry, special, agricultural residuces such as rice and wheat
straw, sugarcane baggase, cornstalks etc is the new production toward, potential, serving sustainable
development. The fungus CP9, which possessed high ligninolytic activity, was identified and studied in
pretreatment of rice straw for biopulping. The fruiting bodies of strain CP9 were effuse on trunk. The
hymenium was porous and brown white with short tubes, the white mycelia penetrated wood block. The colony
was off-white, blossom, irregularly circular. The mycelia were thick and closely bound together. Beside lignin,
this fungus could degrade other substrates such as casein, carboxymethyl cellulose and starch. Biological and
morphological characteristics of the fungus CP9 suggested its placement in subdivision Basidiomycota.
Combined with the results of phylogenetic analysis, which showed 99% similarity of the fungus with species
Leiotrametes lactinea, our strain was named as Leiotrametes lactinea CP9. This fungus could grow well on
rice straw under solid state fermentation. Pretreatment of rice straw using L. lactinea CP9 was based on the
activity of fungal lignin peroxidase and laccase. After 20 days, the residual enzyme activity was of 21.6 and
18.4 nkat/g material for lignin peroxidase and laccase, respectively. Pretreatment significantly improved the

quality of straw, as lignin loss of 38% while cellulosic fibers were comparatively well preserved.
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INTRODUCTION

Based on the nature of degradation, wood rot
fungi can be divided into white-rot, brown-rot and
soft-rot fungi. White-rot fungi are the most efficient
lignin degrading organisms. They are common
inhabitants of trunks and fallen trees and produce
extracellular ligninolytic enzymes (lignin
peroxidases, manganese peroxidases and laccase)
(Husaini et al., 2011). Degradation of lignin is one of
the critical factors in many technical processes
involving wood such as pulping and bleaching in the
paper making. Biopulping, the treatment of plant
materials with natural wood decay fungi prior to
pulping, was envisioned as a method for saving

energy, improving quality of the pulp produced
(Chen, 2014) and decrease the environmental hazard
caused by the traditional pulping process. The
amount of post-harvest rice straw in our country is
extremely large, but it has not been efficiency
recycled. The use of rice straw or other lignin-
containing agro-residues in the pulp and paper
industry has increased substantially in order to
replace wood resources that are limited. This is the
bullish line of production towards serving
sustainable development, especially in developing
countries.

The tradition taxonomical methods for
identifying decay fungi are based on morphological
characteristics, 1i.e. often difficult and time-
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consuming. Nowadays, molecular methods are
widely used for classification and identification of
fungi (Prewitt et al., 2008). The internal transcribed
spacer (ITS) region of rDNA fungal containing the
ITS 1, 5.8S rDNA gene, and ITS 2. The advantages
that make it suitable for molecular identification of
fungi are: (i) in fungi, the ITS region is about 600 -
800 bp long and can be readily amplified with
universal primers that are complementary to
sequences within the rRNA genes; (ii) Having a very
high copy number in the genome of fungi, this
region is easily amplified from small, diluted, or
degraded DNA samples; and (iii) this region is
highly variable among morphologically distinct
fungal species, but it is conservative within the same
species  (Gardes, Bruns, 1993). Therefore,
morphological characterization, combined with the
analysis of phylogenetic relationships, is an effective
tool for identification of fungi. In this work, we have
combined the morphological characteristics with
phylogenetic analysis using ITS1-5.8S-rRNA-ITS2
gene sequences to identify fungus CP9 and evaluated
its ability to pretreat rice straw for biopulping.

MATERIAL AND METHODS

Material

The fungus CP9 was collected from the forests
of Ninh Binh and screened for its high activity of
ligninolytic enzymes.

Methods
Qualitative evaluation of fungal ligninolytic activity

Fragments of thoroughly washed and sterilized
pileus were placed in Petri plates containing MEA
(malt extract agar) medium with 440 pl/L guaiacol
or 100 mg/L Remazol Brilliant Blue R (RBBR). The
inoculated plates were incubated at room
temperature for 7 days. The presence of extracellular
ligninolytic enzmes can be visualized as reddish-
brown zones (on guaiacol plates) or clear zones (on
RBBR plates) appeared around the fungal colonies.

Morphological and growth characteristics

The fungus was grown on 2% malt MEA at
28°C. From day 2 to the end of cultivation (day 7),
the form, size and colour of fungal colonies were
observed and recorded. The mycelia were observed
under Olympus inverted microscope IX71.

The growth rate of mycelia was determined
according to the method described by Schwantes,
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Salttler (1971): V = AX/AT, where V: growth rate of
mycelia (um/h); AX: radius of colony (um); AT:
cultivation time (hours).

Macroscopic characteristics

The macroscopic characteristics of the fungus were
studied by the methods in Trinh Tam Kiet (2011).

Molecular identification

The genomic DNA of the fungus CP9 was
extracted using alkaline extraction method
(Sambrook, Russell, 2001), and subjected to PCR to
amplify the 5.8S rDNA gene using two primers: BF
(5'-CTTGGTCATTTAGAGGAAGTAA-3") and BR
(5’-CAGGAGACTTGTACACGGTCCA-3’)
(Gardes, Bruns, 1993). The thermal cyling progam
was as follows: intial denaturation at 95°C for 5 min,
followed by 30 cycles: denaturation at 95°C for 90
sec, primer annealing at 55°C for 90 sec and
extension at 72°C for 2 min, with a final extension
step of 72°C for 8 min. The PCR reaction products
were examined by electrophoresis in 1% (W/v)
agarose gel and the bands stained with ethidium
bromide. The PCR products were sequenced by Axil
Scientific Pte., Singapore. The sequences of fungus
were compared with similar sequences from
GenBank using BLAST program for identification of
fungal species.

Cultivation and enzyme extraction

Flasks of 250-ml volume containing 50 ml of
2% malt extract broth were inoculated with 3 fungal
disks (6 mm diameter) taken from a 4-day culture of
the CP9 strain. The fungus was cultivated on a rotary
shaker 120 rpm, at 30°C for 5 days to the density of
1x10° - 1x10° conidia/mL.

Ligninase production was carried out in plastic
jars containing 100 g sterile rice straw soaked with
Kirk’s medium (pH 4.5) to 60% w/w moisture. The
flasks were inoculated with 5% w/w fungal seed
culture and incubated in the dark, at room
temperature, for 20 days. Extracellular ligninolytic
enzymes were recovered by adding 60 ml phosphate
buffer pH 5.0 to 3 g pretreated rice straw, and the
flask was shaken at 120 rpm for 30 minutes. The
filtrate was centrifuged at 10,000 rpm for 5 minutes,
and the supernatant was used for enzyme activity
assay (Igbal et al., 2011). Lignin peroxidase and
manganese peroxidase activity were assayed by
method of Mercer et al. (1996). Laccase was
measured by method of Cho et al. (2003). Acid-
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insolube lignin was dertermined according to TAPPI
T 222 om-02 method (2002c). The a-cellulose
content of rice straw was determined according to
TAPPI T 203cm-99 (2009).

RESULT AND DISCUSSION

Ligninolytic activity of fungus CP9

Since ligninolytic enzymes are non-specific
regarding substrates, guaiacol and RBBR are widely
used as indicators to evaluate ligninolytic activity of
microorganisms. On the agar medium supplemented
with these indicators, the oxidation of guaiacol or
RBBR by ligninase of fungus CP9 can be visualized
as 17.0 mm diameter reddish-brown coloration
around the fungal colony, or 14.0 mm diameter
disappearance of blue colour zone, respectively. As
the result, the fungus CP9 showed comparatively
high activity of ligninolytic enzymes.

Biological characteristics of the fungus CP9

In nature, the fruiting bodies of the fungus CP9
are fan-shaped, 3.7-7.5 cm diameter and 0.2-0.5 cm
thick with wrinkled margin. The upper surface of
pileus is smooth, with large, brown concentric zones.
The stype is very short so the pileus seems to attach
to the wood logs/ dead trees. The hymenium is
yellowish, with small and short tubes resembling a
honeycomb (Fig. 1).

The fungus CP9 can utilize various substrates
due to abundant extracellular enzymes produced
such as ligninase, cellulase, protease and amylase.
Production of extracellular enzymes by CP9 as
measured by diameter of clearing or color reaction
zone in mm: amylase: 22 mm; cellulase: 20 mm;
protease: 28 mm. In laboratory, this strain had better
growth on mineral salt medium (MSL) supplemented
with milled rice straw (1% w/v), than on the control
medium (not supplemented with rice straw).

Figure 1. The fungus CP9 in nature.

The result showed that the fungus CP9 was
capable of using cellulose and hemicellulose of rice
straw for growth. The generative hyphae were
septate, with thick wall and clamp connections (Fig.
2). The clamp connections are usually formed during
cell division of secondary mycelia. All fungi that
produce clamp connections are members of
Basidiomycota, but not all Basidiomycota produce
clamp connections (Hood, 2006). Hence, the the
fungus CP9 was placed into the subdivision
Basidiomycota.

The suitable temperature and pH for growth of
the fungus CP9 was at 20-30°C and pH 4-7. This
fungus fully colonized the Petri dish in 7 days at
30°C. The mycelia growth rate was 191.67 pm/h.

Figure 2. Micrograph of the mycelia (clamp connection
shown inside red circle)

The colony was off-white, blossom, and regularly
circular with thick mycelia closely bound together.

Molecular phylogenetic analysis of the fungus
CP9

The ITS region of fungal rDNA has been
successfully applied for identification of wood
decaying fungi. The fungal specific primer ITS1 and
general primer ITS4 are the earliest PCR primer sets
used to amplify fungal ITS regions (White et al.,
1990). Nowadays, other specific primers are also
available (Jebapriya, Gnanadoss, 2014). Genomic
DNA of fungus CP9 was isolated for PCR
amplification. The amplified PCR product contained
a band of 800 bp in length. Using BLAST program
in NCBI database, phylogenetic analysis was done
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by CLC DNA workbench 6.6 programme. Similar
sequences were retreated for comparison with CP9.
The results of phylogenetic analysis are given in Fig.
3. BLAST search of the complete sequence of
ITS region and the phylogenetic analysis showed
that fungus CP9 was closest (99% similarity) to
the species Leiotrametes lactinea, hence the
isolated fungus CP9 was identified as L. lactinea

Nguyen Thi Hong Lien et al.

and named as L. lactinea CP9. Leiotrametes sp.
is a tropical species that belongs to the proposed
novel genus Leiotrametes Welti & Courtec,
nested in the Trametes clade of the core
polyporoid group (Welti et al., 2012). Berrin et al.
(2012) also reported on Leiotrametes lactinea
(Accession No. JX082368) collected from
tropical forests in Guiana (French).

o CP9
Leiotrametes lactinea MEL:2382767(KP012950)

kil

Trametes lactinea CBS 109427 (JN645076)

47

Trametes cinnabarina BRFM (JN645086)

Trametes maxima BRFM (JN645084)

Trametes elegans BRFM (JN645070)
75 Trametes ochracea Ad (FJ903281)
Trametes versicolor sdu-4(JF437649)

af

47

Trametes versicolor ATCC 42462 (JQ070098)
6 Trametes gibbosa 131 (JN182903)
Trametes hirsuta JGLY1+1 (JQ409166)
Trametes mimetes MUCL (JN645074)
w Trametes trogii SYBC-LZ(HQ000043)

Trametes suaveolens BRFM (JN645090)

Trametes pubescens CBS69694(JN645080)

Figure 3. Phylogenetic relationship between the isolate CP9 and other known sequences

Pretreatment of rice traw of Leiotrametes lactinea CP9

For Dbiopulping process, selective lignin
degradation is required. Thus, only fungi having high
ligninolytic enzyme system, yet remarkably low
cellulolytic activity are suitable for biopulping
(Risdianto, Sugesty, 2015). After 20 days
pretreatment of rice straw, L. lactinea CP9 already
colonized the whole material (Fig. 4A). The residual
fungal lignin peroxidase and laccase activity was of
21.6 and 18.4 nkat/g pretreated rice straw. The
pretreated rice straw was brighter and softer than
untreated material (control) (Fig. 4C), and the quality
was significantly improved that favoured biopulping.

B

The lignin content of rice straw was reduced from
22.25% (w/w) before treatment to 13.85%, i.e. lignin
loss of 38% by L. lactinea CP9. A slight reduction of
cellulose was determined, i.e. from initial value of
45.9% (wW/w) to 43.6% after pretreatment. Under the
same conditions, the ability to degrade lignin from
rice straw of L. lactinea CP9 equivalent to some
fungi, which have announced by Taniguchi et al.,
(2005). They reported three white rot fungi
Pleurotus ostreatus, Phanerochaete chrysosporium
and Trametes versicolor that cause 41%, 21% and
37% lignin loss when grown on rice straw for 60
days at 25°C. It can be concluded that L. lactinea
CP9 has a great application potential in biopulping.

Control

Figure 4. Delignification of rice straw in solid state culture: A, Fungus CP9 grown on rice straw after 20 days; B, Micrograph
of the mycelia on rice straw; C, Pretreated rice straw by CP9 (left) and control sample (right).
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CONCLUSION

The fungus CP9 was indentified and assessed of
application potential in pretreatment of rice straw for
biopulping. Based on morphological characteristics
and phylogenetic analysis, this strain is named as
Leiotrametes lactinea CP9. Atempts to use this
fungus in pretreatment of rice straw resulted in
comparative improvement of quality of the material.
After treatment, the lignin loss of 38% was
significant while the loss of cellulose was not (5%).
Further research needs to focus on optimization of
fungal biomass and enzyme production, as well as
development of the pretreatment process.
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NGHIEN CUU PHAN LOAI NAM MUC TRANG CP9 VA KHA NANG UNG DUNG
TRONG SAN XUAT BOT GIAY SINH HQC

Nguyén Thi Hong Lién"?, Nguyén Vin Hiéu', Lwong Thi Hong®, Hy Tuin Anh®, Phan Thi Hong Thao'

lVi_én Cong nghé sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
2H()c vién Khoa hoc vd’ Cong nghé, Vién Han ldm Khoa hoc va Cong nghé Viét Nam
Vien Cong nghiép Gidy va Xenluylé

TOM TAT

Ném muc 12 mot thanh phan quan trong trong hé sinh thdi rumg, trong do nim muc trang 1a cac vi sinh vt
6 kha nang phén huy lignin hiéu qua nhét. Cong nghé san xuét bot gidy sinh hoc sir dyng nam muc tréng trong
tlen xu ly nguyén liéu dang 1a mot trong nhiing giai phap nhim khic phuc cac nhuge diém cta céng nghé san
xuét bot gidy truyén thong Hién nay, phan lap va sang loc cac ching ndm c6 kha néng phan huy lignin nhim
ap dung trong san xuét bot glay sinh hoc 1a moi quan tam dac biét & Viét Nam. Viéc st dung céac loai nguyén
liéu phi gb nhu cac phy phim ctia néng nghiép (than ngé, rom ra va b mia...) thay thé mét phan cac nguyén
lidu gd truyén théng trong san xuit bot gidy dang 14 san phim méi duge hudng t6i nhdm phat trién nong cong
nghiép bén viing. Trong nghién ciru nay, ching ndm CP9 dwoc phan 1ap tir rimg Ciic Phuong c6 hoat tinh phan
hay lignin cao, di dugc phén loai, dinh tén va danh gia kha ning tién xir Iy rom ra nhim tng dung trong san
xuit bot gidy sinh hoc. Nghién ciru mot sé dic diém sinh hoc cho phép xép ching CP9 thudc nganh ndm dam
Basidiomycota. Dya trén phan tich trinh tu ving gen rDNA phién ma trong (ITS), ching nghién ciru c6 do
tuong ddng 99% vai loai Leiotrametes lactinea va dwoc dat tén 13 L. lactinea CP9. Ching CP9 sinh trudng tét
trén co chat rom. Sau 20 ngay tién xir Iy rom véi ndm CP9, hoat tinh lignin peroxidase va laccase lan luot dat
21,6 va 18,4 nkat/ g rom. Ham luong lignin trong rom giam 38%, luong cellulose hao hut khong déng ké. Két
qué ban dau cho thdy chung CP9 c6 tiém ning duoc sir dung dé tién xir Iy nguyén liéu rom ra trong san xudt
bot gidy sinh hoc.

Tir khéa: bét gidy sinh hoc, Leiotrametes lactinea, ndm muc trdng, phan hiy lignin, rom ra
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