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Biobased economy refers to all economic activity derived
from activity focused on biotechnology.

In other words, understanding mechanisms and processes

at the genetic and molecular levels and applying this
understanding to creating or improving industrial processes.

O Renewable resource

O Green & Clean processing
O Environmental

& Economic sustainability
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Bio-economy as a driving force for Thail=nd 4.0
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Value-chain for bio-based industry
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Enzyme: a key to bio-industry at global scale

Enzymes are indispensable components in

commodity and specialty products.
* Biocatalysts in bio-processes
e Additives in products for desirable

properties
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Global enzyme market: 9,000 M S (2020)
with the growth rate of 6.8%/year

Source: Freedonia Group, 2011
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Enzyme & Bio-business in Thailand

Enzyme import value: 2550-2555
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Enzymes for green industry po Animal Feed

Enhancing nutrition/

From diversity to industry digestibility
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Specialty enzymes
Healthcare products

Local enzyme market = 2,500 M THB
Global market = 4.4 Billion USD
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Thailand Bioresource Research Center (TBRC)

TB RC A focal microbial bank network for
microbial utilization in ASEAN
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Cultured microbes Uncultured microbes Public database

99%

Termite gut

Fosmid: 2 Gb Genome
Peat swamp forest Metagenome
Shotgun: 13.5 Mb [NCBVSRA]
454 Pyrosequencing ‘

Bioinformatic tools
« Seqguence
o Structure

Stable lignocellulolytic

A\ microbial consortium

S Shotgun:34.9 Mb
Titanium pyrosequencing

4 o Industrial bagasse

Strain improvement collection site
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Enzyme production platform

Solid state fermentation (SSF): simple bulk fermented products
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Recombinant
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e Batch

* Fed-batch
* Continuous

processing
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Lignocellulose structure & decomposition
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Pulp & Paper industry
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ENZBleach: Alkaliphilic xylanase from termite gut metagenome

Pilot-scale industrial
process
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Textile industry
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Eco-friendly textile processing model

Singeing: Cellulase Bleaching: Xylanase

Energy @ Energy @
Chemical @
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treatment:
Scouring: Pectinase  bioremediation

Desizing: Amylase
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DoE (SSF) Pre-pilot-scale
A. aculeatus production by SSF &
downstream processing

Enzyme for simultaneous
starch removal and surface

) h&e' wax cleaning

Desizing: amylase

A
Tegawa scale 6-7

Scouring: pectinase
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Water permeation <30 s
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Animal feed industry
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Screening of fiber digesting  Enzymes for animal feed & products
enzymes for increasing

digestibility of animal
feegstuff

"Optlmal @40°C, pH 4-5
F?T?H 5801 90°C for 1-5 min

~ Aspergillus: » »
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DOE (SSF)

Cel/Xyl/Man Pre-pilot SSF

Phytase

"o Sl gene
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ENZBoOSt: Thermotolerant high-activity mannanase (WT/Rec)

A. niger E)l\(/)lEé?,]SFr)] Pilot-scale
BCC4525 annanase producticIDn by SSF
in- vitro

» I3

digestibility test: A
» fiber @Qj

«inhibitor (1)
Encapsulation & nutrient @ ||» Feed additive
formulation Recombinant
P. pastoris

Highest activity of mannanase from W.T. fungi
previously reported
Optimal activity @80°C with wide T range (40-80°C)
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Bioethanol from cassava
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Lower processing cost

Viscosity reduction in very high gravity fermentation
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VHG fermentation of cassava root mash (32% solid) pretreated with 0.5%

ME-II at 45°C for 2 h and ferment with Thermosac at 32°C, pH 4.5 for 96 h.
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Enzymes for healthcare and pharmaceuticals




Screening of melanin hydrolyzing enzyme from fungal origin
and its use in cosmetic industry
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Sample collection at mountain area with
shady grove park in Thailand
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Some important therapeutic enzymes and their application

Enzyme Application Sources

L-Asparaginase Anti-tumour Pseudomonas acidovorans
Acinetobacter sp.

L-Glutaaminase Anti-tumour Beauveria bassiana
Vibrio costcola

L-Tyrosinase Anti-tumour Trichoderma reesei
Streptomyces ingrifaciens

Superoxide dismustase Anti-oxidant, anti-inflammatory  Mycobacterium sp.

Penicillin acylase Synthetic antibiotic production  Penicillium sp.

Collagenase To treat burns skin ulcers Clostridium histolyticum

Lipase Digest lipids Aspergillus oryzae

Streptokinase Anti-coagulant Serratia marcescens

Urokinase Anti-coagulant

Laccase Detoxifier Trametes versicolor

o-galactosidase Treatment of a-galactosidase

deficiency (Fabry’s disease)
Chitinase Anti-fungi and anti-bacteria
Lysozyme Anti-bacteria

Garung et al., 2013, Sabu, 2003; Vellard, 2003, Zaidi et al., 2014



Microbial bio-products: from lab-to-industry: Gii project
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