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Fungal resources applied in biochemical/biotechnological terms

are widely unused and hardly investigated in Vietnam

So far, more than 1.400 species of higher fungi have been
described for VietnamKiet et al. 2011, Dörfelt et al. 2004 but this is surely
just “the tip of the iceberg” (estimated ~72.000 species in
nature). There is huge biodiversity of fungal organisms in the
country due to diverse habitats, which let expect a promising
potential of species and biocatalysts (enzymes)

Vorführender
Präsentationsnotizen
Nếu ước tính số loài nấm có thể có trên lãnh thổ Việt Nam gấp 6 lần số loài thực vật bậc cao thì số loài có thể lên tới 72000 loài. Điều đó có nghĩa là hơn 90% số loài nấm có thể có của Việt Nam còn chưa được định loài và nêu tên trong danh lục
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Brown rot

Fomitopsis pinicola

White rot

Trametes versicolor Xylaria polymorpha

Soft rot

Degradation of the lignocellulose complex (LCC) 
by wood-rotting fungi

Vorführender
Präsentationsnotizen
Trong số các sinh vật phân hủy lignocellulose, các loài nấm được biết là có hệ xúc tác sinh học hiệu quả nhất và được chia thành 3 nhóm: nấm mục trắng, nấm mục nâu và nấm mục mềm. Trong khi có nhiều nghiên cứu tập trung vào nhóm nấm mục trắng và mục nâu (chủ yếu thuộc ngành Basidiomycota), có rất ít các nghiên cứu trên hệ enzyme chuyển hóa lignocellulose bởi nhóm nấm mục mềm (phần lớn thuộc ngành Ascomycota hay nấm ascomycetes). 



peroxidases

Martinez, Biorenew program
4

Vorführender
Präsentationsnotizen
From the biotechnological point of view, the enzymatic disintegration of the cell wall complex is an attractive and challenging goal, because it would deliver sugars for fermentation (glucose, other hexoses and pentoses) and bioethanol production as well as aromatic compounds as raw material for the chemical industry.



MAIN OBJECTIVES

Overall goal of the project is to obtain whole genomes of some Vietnamese fungi 
for the novel enzymes, which would facilitate the conversion of lignocellulosic 
biomass into biobased products required by the chemical and pharmaceutical 
industries. 

The second goal is to identify the most relevant enzymes by a secrectomic
approach and followed by recombinant study to produce the promising biocatalysts. 
Genes of interest could be also identified by in silico screening. 

The project fostered the exchange of mycological and biochemical knowledge to 
enhance the academic education from both collaborating countries, i.e., in the fields 
of innovative analytical, molecular techniques and exploitation of bioinformatic 
data. 

The project helped to build a bridge between White, industrial-relevant 
biotechnology and ecological research by focussing on functional key aspects of 
fungal biodiversity.
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Vorführender
Präsentationsnotizen
Overall goal of the project is to obtain genomic information on Vietnamese fungi to screen for the novel biotechnologically relevant enzymes, which would facilitate the conversion of lignocellulosic biomass into biobased products incl. platform chemicals, building blocks and organic precursors (e.g. sugars, phenolic resins, alcohols, acids), that required by the chemical and pharmaceutical industries. 
The second goal is to identify the most relevant enzymes by a proteomic (secrectomic) approach. Identification and characterization of enzyme proteins would be possible followed by recombinant study to produce the promising biocatalysts. Genes of interest could be also identified by in silico screening. 



MAIN RESULTS of the current project

• A selection of 57 fungal isolates with potential for lignocellulolytic 
oxidoreductases and hydrolases were selected for subsequent purification and 
characterization

• 22 isolates were completely genome-sequenced, annotated and functionally 
analyzed. 

• The secretomes were analyzed for eight genome-sequenced fungi. In turn, enzyme 
preparations were obtained in order to enzymatically convert various lignocellulose 
substrates (e.g. rice straw, bamboo, pure cellulose).

• Ten enzyme-encoding genes for use in the recombinant production of the 
corresponding proteins. 

• Finally, seven wild-type enzymes (e.g., laccase, UPOs, dye-decolorizing 
peroxidases/DyPs, cellobiose dehydrogenase/CDH, esterases) were produced, 
purified, and biochemically characterized. 

• As part of the project, a species Candolleomyces eurysporus, which also produces a 
new peroxygenase, was described for the first time.
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Vorführender
Präsentationsnotizen
- A selection of fungal isolates (54) was tested in detail for lignocellulolytic oxidoreductases and hydrolases and promising candidates were selected for subsequent purification and characterization... 
22 isolates were completely genome-sequenced, annotated and functionally analyzed using an IonTorrent-IonS5 system or Illumina-Nextseq 500.
- The secretomes on the growth substrate were analyzed for eight genome-sequenced fungi. In turn, enzyme preparations were obtained from these isolates in order to enzymatically convert various lignocellulose substrates (e.g. ground rice straw or bamboo, but also pure amorphous cellulose) in a cell-free system ("in vitro").






Vorführender
Präsentationsnotizen
Unfortunately, the Covid-19 pandemic prevented a more intensive scientific exchange; several planned research stays and meetings had to be cancelled.
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10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21
Candolleomyces efflorescens VT131 ++ ++ ++ + + +
Candolleomyces eurysporus VT138 + ++ ++
Fomitopsis feei VT142 (+) (+) (+)
Physisporinus lineatus VT162 +++ +++ +++ (+) + + + + + + + + +++
Physisporinus sp. VT165 +++ +++ +++ (+) + + (+) (+) + + +++ +++ +++

10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21
Alternaria alternata VT145 ++ ++ ++ + + +
Alternaria alternata VT-H1 +++ +++ +++ + + + ++ ++ ++ + ++ ++ ++ ++ +++
Alternaria alternata VT-H2 + + + (+) + (+) + + (+) (+) ++ +++ +++
Aspergillus terreus VT148 ++ + ++ +++ (+) + + ++ + ++ +++
Aspergillus versicolor VT-H6 + + +
Clonostachys rosea VT118 + + ++ (+) (+) (+) + + (+) (+) (+)
Clonostachys sp. VT124 + ++ ++
Clonostachys sp. VT139 (+) +
Cylindrocladium sp. VT153 + + + + + + (+) (+)
Dicephalospora rufocornea VT134-2 + + ++ ++ ++ +
Fusarium acuminatum VT150 + + + + ++ ++ + + + ++ +++ +++
Fusarium oxysporum VT151 + + ++ (+) (+)
Fusarium oxysporum VT151-1 + + + + ++ + ++
Fusarium oxysporum VT111 ++ ++ ++ ++ (+) (+) (+)
Fusarium proliferatum VT147 + + ++
Galactomyces pseudocandida VT106
Gliocephalotrichum humicola VT158-1 ++ ++ ++ (+)
Lasiodiplodia mahajangana VT137
Lecanicillium saksenae VT-O1 ++ ++ ++
Leptobacillium symbioticum VT124-01
Metarhizium robertsii VT158-2 ++ + +
Neocosmospora solani VT105 ++ ++ ++
Neopestalotiopsis microspora VT-D1 + ++ ++ ++ ++ ++ +
Purpureocillium lilacinum VT164
Schizophyllum commune VT143 ++ ++ ++ ++ ++ ++ ++ ++ +++
Trichoderma hamatum VT126-2 ++ ++ ++ ++ ++ ++ ++ ++ ++ (+) (+) (+) + ++ +++ (+) (+) (+) ++ +++ +++
Trichoderma harzianum VT125 ++ ++ ++ + + ++ + ++ +++ (+) (+) (+) +++ +++ +++
Xylaria anisopleura VT137-2 ++ ++ ++ ++ ++ ++

10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21 10 14 21
Mucor irregularis VT111-2 ++ ++ +++ (+) (+) (+) + ++

AX Casein Cellulose GM Xylan

AX Casein Cellulose GM Xylan

AX Casein Cellulose GM Xylan

Orange G
Mucormycota Stamm     

Tag ABTS Naphtol Tannin Mn2+

Orange G

Ascomycota Stamm     
Tag ABTS Naphtol Tannin Mn2+ Orange G

Basidiomycota Stamm     
Tag ABTS Naphtol Tannin Mn2+

ABTS, naphtol, tannin, Mn2+, Orange G, arabinoxylan (AX), casein, cellulose, galactomannan (GM), và xylan.
(+) Hoạt tính yếu, (++) trung bình và (+++) hoạt tính mạnh.



Basidiomycete Candolleomyces eurysporus, a new species

isolated from Cúc Phương. Bar = 50 µm (A), 10 µm (B-D).

GenBank NCBI:  
MW369459
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Kết quả phân tích genome nấm và các tham số đăng ký trên cơ sở dữ liệu NCBI 
Übersicht über die genomsequenzierten vietnamesischen Pilze einschl. der zugehörigen NCBI-Referenznummern
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https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA647680

https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA647680


Các thông số bộ gene của các loài nấm nghiên cứu giải trình tự
Sequenzierte Pilzisolate und deren Genomparameter und weitere Kenngrößen

Vorführender
Präsentationsnotizen
Contigs là các đoạn trình tự liên tục thu được từ các đoạn reads (đoạn trình tự nhỏ) gối nhau. Scaffolds là tập các contigs được sắp xếp theo trật tự và được nối kết với nhau.
Giải trình tự Illumina tạo ra số lượng lớn các đoạn đọc (read) ngắn (< 300 bp) có chất lượng cao, rất tốt trong việc phát hiện các biến thể. 
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Chú thích chức năng gene
CAZymes (carbohydrate active enzymes, kohlenhydrataktive Enzyme) 

und andere biotechnologisch relevante Zielenzyme der im Projekt genomsequenzierten Pilze.

Vorführender
Präsentationsnotizen
annotation and functionally analysis of genomes
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Kết quả nghiên cứu phân tích secretome
Proteomisch nachgewiesene, sekretierte Enzyme und deren Substrat-Aktivitäten

Vorführender
Präsentationsnotizen
Độ đa dạng protein được tính toán theo Hệ số phong phú phổ chuẩn hóa (normalized spectral abundance factor, NSAF) 
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Expression of acetyl esterase (PpAE) from

Pleurotus pulmonarius MPN18) in E. coli BL21

kDa

80

60

30

20

M       1        2         3        4

MW = 58 kDa
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03 enzyme tái tổ hợp được biểu
hiện trong S. cerevisiae đảm bảo độ
tinh sạch:
- Laccase (Lac) từ Lasiodiplodia

mahajagana
- Unspecific peroxygenase (UPO) từ

Lasiodiplodia mahajangana
- Cellobiohydrolase (CBH) từ Xylaria

curta.
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Cellobiose dehydrogenase (CauCDH)
from Coprinellus aureogranulatus MPG14

MW = 109 kDa & pI = 5.4 
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Unspecific peroxygenase from Candolleomyces euryspous (CeuUPO)

M   1       kDa

Vorführender
Präsentationsnotizen
NCBI currently provides more than 2,500 fungal genomes with thousands of putative UPO sequences. Only nine ascomycetous and 08 basidiomycetous UPOs (excluding protein isoforms) have been purified and characterized to date, resulting in more than 4,800 non-characterized peroxygenase sequences.
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HPSEC-profile of lignocellulosic fragments

after treatment with fungal culture of Xylaria curta

Substrates: - Cellulose (middle, B);

- Lignocellulosic biomass ( A – bamboo, C – rice straw);
Black- control without enzyme, Read – incubation with enzyme;

Green – molecular mass region (kDa)

- 0,5% (w/v) LLC substrate
- 5 mg Ʃ protein
- Na-acetate 500 mM, pH 4,8 
- Ủ 24 oC, 24-168 h

”Enzyme cocktail”
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Oxidization of lignin by Lignin peroxidase (LsLiP) from Lentinus squarrosulus 
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Synergetic conversion of biomass
by “enzyme cocktail” and optimization
• Lignolcellulose (rice straw 3%, w/v)

• “Enzyme cocktail”:
Cellobiose dehydrogenase (CauCDH) 
CMC/glucuronoxylanase (Cell/Xyl) 
Acetyl esterase (AE)

• Products: carbohydrate (glucose, xylose) & 
gluconic acid 

Cellulase/xylanase: Acetyl-esterase: CauCDH:

Cell/Xyl:AE: CauCDH = 18,9:26,8: 49,5 (U/g) topt = 45⁰C, pHopt 5.0, for 48 hrs.

Vorführender
Präsentationsnotizen
Sự khác biệt giữa các giá trị hàm mục tiêu lý thuyết và thực nghiệm là không đáng kể. Điều này một lần nữa khẳng định mô hình xây dựng phù hợp với điều kiện thí nghiệm. 
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PLANNED UTILIZATION OF RESULTS

1. Generating the first set of complete genomes of “Vietnam-specific” macro-fungi
as data-mining basis for diverse biotechnological research approaches and
applications.

2. Enabling Vietnamese scientists to make use of their local mycological and
functional diversity with the perspective to exploit them in the future, e.g. in the fields
of Green Chemistry and Biorefinery (biomass conversion).

3. Developing and transferring advanced analytical and molecular “Omics”
knowledge with/to Vietnam to facilitate continuation and extension of this kind of
research.

4. Investigation and demonstration of applicability of enzyme-based methods to
convert lignocelluloses and plant biomass into valuable and usable platform
chemicals for industrial purposes.

Vorführender
Präsentationsnotizen
The relevant points can be summarized as follows:
1. Since no “Vietnam-specific” fungal genome is available so far, the project will go - already just by its basic concept - beyond the state-of-the-art. Thus, the first full genome sequences of Vietnamese fungi will fill an existing gap in Vietnamese biosciences and form the basis for further developments in this field including large-scale search for new bioactive compounds and biocatalysts with industrially relevant potential (bioprospecting).
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ADDED VALUE OF THE INTERNATIONAL COOPERATION

The partners - TU Dresden (IHI Zittau) and VAST (INPC Hanoi) - intend to continue
the over twenty-years collaboration in the fields of Biotechnology and want to
further contribute to the exchange of scientific knowledge (young scientists, Ph.D.,
MSc. students, postdocs). Since 2003, 20 Vietnamese (INPC-VAST) and 15
German (IHI Zittau) researchers/scientists have been visiting the partners’ institutes
and some of them stayed several times for several months there.

Generally, the bilateral relations between Germany and Vietnam are of a particular
quality. The successful cooperation between both partners has become manifest in
the identification of new fungi, biocatalysts, and metabolites. Altogether, the
partners have published hundreds of SCI/E articles, most of which dealt with fungal
enzymes and their applications.
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Thanks for your attention!
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