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Introduction

v' What is Biotechnology?

- Purposeful design and modification/assembly of bio-oriented
materials (e.g., proteins/enzymes, microorganisms, plant/animal
cells, tissues, stem cells etc..) and unit processes to benefit humans

or make a profit.

- Use and applications of biological system (cells, tissues etc..) or
biomolecules (enzymes/proteins, antibodies, DNA/RNA) and key

technologies to produce valuable products at commercial scale and
to treat diseases:

> Cost-effectiveness - economically feasible



> Definition of Biotechnology based on the use of techniques and
methods

v" Traditional Biotechnology (Before 1970)

- Broad definition of Biotech : Using a biological system to make
products

- Food processing : Fermented foods, Brewery, Dairy products, etc.

The process of brewing beer : conversion of starch to sugar followed
by addition of specific yeast

- Agriculture : Modifications of living plants for improved vyield of
food crops via artificial selection and hybridization
ex) Crops with reduced vulnerability to frost, draught, and the cold

v' Simple process
- Direct use of or isolation from original biological sources
- Fermentation



v" Modern Biotechnology (After 1970s)

 Use of recombinant DNA technology since 1973
- Stanley Cohen and Herbert Boyer perfect techniques to cut and paste DNA
(using restriction enzymes and ligases) and reproduce the new DNA in bacteria.
« Combined use of different disciplines:
-Biology-based knowledge : Cell biology, genetics, molecular biology, etc

-Knowledge linked with practical applications :Biochemical Eng,
Bioinformatics, computational design, etc.

« Use of genetically altered organisms

- Enabling the production of existing medicines or products easily and
cheaply (ex: insulin ; price between recombinant human insulin and synthetic
pig insulin ?)

- Traditional Biotechnology industries : adopts new approaches and modern
techniques to improve the quality and productivity of their products



Branches of Biotechnology

Blue biotechnology : Marine and aquatic
applications of biotechnology

Green biotechnology : Agricultural applications
Red biotechnology . Medical applications
White biotechnology : Industrial applications



Detection
Forensics

APPLICATIONS

Pharmaceuticals/Health Care
Biopharma

Gene therapy
Gene “knockout” testing
Fermentation technology \/7/1\

Aquaculture

<
DNA fingerprinting { Regulatory Approval/Oversight
Disease DNA detection Food and Drug Administration (FDA)
Species member ID Environmental Protection Agency (EPA)
U.S. Department of Agriculture (USDA)
\ /'/ Occupational Safety and Health

Agricultural Biotechnology, paminisiiation (SSHA)

Transgenic crops
DNA tracking of seeds

Transgenic animals

Drug Development
) Bioinformatics
Environmental and Aquatic High throughput screening

Cell culture and human testing

Bioremediation
Transgenic modifications \—\——\)

Bioextractions

Mathematics

Genetic Engineering Through
Molecular Biology and
Analysis Through
Bioinformatics

Computer Science
Human, animal/plant
physiology Chemical
engineering

Physics

Molecular and Genetics
cell biology

| | Biochemistry
mmunology  gyatistics Microbiology



New paradigms in Biotechnology

v Advent of Bio-based Economy
v Genome and proteom wide analyses: Global analysis
v Integration of high throughput analysis system

« Massive and high speed analysis system
- Genome and proteom-wide approach : Systemic approach
- High amounts of relevant knowledge

Genomics (Gene chips) : 1 million genes / chip
- Gene (MRNA) expression profiling in high throughput way
-Single nucleotide polymorphism (SNP)

Proteomics (2-D gel, LC/MS, protein microarray)
- Functional genomics
- Bio-molecular interactions (Interactom)

Development and commercialization of target products
- Bioinformatics
- Drug target identification via high throughput screening



Bio-based economy: Impact on global economy

v" Shift from petroleum-based economy

- Exhaustion and soaring price of petroleum (> $ 100 /gallon)
- Environmental issue
Global warming (greenhouse gas, CO, , emission)
Pollution

« Development of renewable source-based Bioprocess
« Replacement of chemical processes with Bio-based ones

White Biotechnology



€€ an economy using biological
resources from the land and
sea, as well as waste, as inputs
to food and feed, industrial and
energy production. It also
covers the use of bio-based
processes for sustainable
industries J)

Bioeconomy




Value chains from renewable sources
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Bioeconomy: biomass production
and biobased manufacturing

Response to global challenges
« Limit of fossil resources
* Climate change

* Environmental protection

Fuels, chemicals, mdgdic
als and materieﬁetc

L 4

| | | |
1850 1900 1950 2000 2050



The EU and German National Research Strategy
BioEconomy 2030
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Microbes as the presently main bloproductlo :
n system: inherent limitations 4

- -’/‘ ’

Substrate

' "« Intracellular process - ,_:_,/::
still difficult to control ’ .

Sin=—=>M, —> M, —> P
* Yield max. ca. 50% (wt.) due
to coupled reduction and oxidation

e Evolved for growth, not for your produ
- Limited product

 Process in agueous solution Products

-

> High cost for recovery = (e.g. alcohols,
 Cell wall as a barrier - organic acids,
_ _ amino acids,
CO, and other polymers etc.)

byproducts



New bioproduction systems: Examples

) Biorefinery of com
plex or waste mate

Light, H,0, CO, UM
\ / ":@

New substrates

Key issues:
Yield, titer and productivity
Sin —>M1 — Mn =
Synthetic metabolic pathway a
nd designed cell factory

Improved vield
& productivity
New product



Process examples to address the key
Issue of bioeconomy: product vield
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Achieve the highest H, yield by a synthetic
biology approach

In natural fermentation: max. 4 H, pro glucose consumed

Synthetic: 13 enzymes assembled together (P. Zhang et al. 2007)!
12 H, pro glucose unit: CzH,,05 +7H,O = 12 H, + 6CO,

Enzyme

Phosphorylation

PPP
+6 pi Starch phosphorylase

6 G1P

Phosphoglucomutase

G6P Dehydrogenase

6 G6P |«

gGPG Dehydrogenasi -

6 Ru5P
|
|
A 4

5 G6P




From one-pot to modular and molecular
systems to enhance titer and productivity

-+ Cross-over and

feedback inhibitions

« Mostly batch process

Substrate E Product

S

S Tl

Future:

Advantages, e.g.,

Vision:
Modular, compartmentalized Biomachinery
Advantages, e.g.,
« Biocatalysts at their optimal conditions « High efficiency by

» Feed-back inhibitions and other problems avoided chanelling
» Well suitable for continuous process

» Molecular production
» Decentralized production

Cumana et al. (2013) Engineering in Life Sciences. (in print)
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N1SWAILIIAEMNTTULALATEFND Bio-based Industry vasUszmalng

Value

Creation
Fy

Bio-
resOurces

Bio-diversity
[Comparative
Advantage)

Bio-based
Industry
[Competitive
Advantage)

Thailand 4.0
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Bio-based medicingguf’

- -
. e e

L]
]
A
2
N

M

Thailand 1.0
Agriculture 1.0

Value
Added

Thailand 3.0 New Wave
Heavy industry Sustainability
- Petrochemicals
- Bio-fuels
Thailand 2.0 .
— Competency for Competitiveness
Light industry
- Food industry
Innowation |
Competitive Research | B'“'hz_'EEd
Advantage i plast_ms;'
Sis ol o | chemicals

Comparative
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Comparative
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Important components of a bioeconomy

Integration
of biotechnology

applications
across sectors

Bioeconomy
Advanced

knowledge of
genes and

complex cell
processes

Renewable

biomass

The Bioeconomy to 2030: designing a policy agenda



On Nov 17, 2015 - The Cabinet has approved a list of 10
industries as Thailand's new economic growth engines

5 New
Industries

Innovating
5 Existing
Industries

5+5 Strategic Industries

Medical Aviation '
Robotics Hub and
Logistics

Biofuels and
Blomedicals

Agriculture | the future
Wellness and & Biotech

Tourism

Next

generation Smart :
automotive Electronics Med'caL

Food for

http://www.nationmultimedia.com/breakingnews/Somkid-to-lead-roadshow-seeking-investments-in-10--30273238.html




NHASHAZINAI U a8y ININ

RAAINNTIULAY (First S — Curve)

o = iy A v a A ¢y
imnalulagmMannstugs NImslymatinnsAnazvivoyanuy
ORI UIA

Aav SR A v v dA o da
M3IdgazMIaInumMamalulagyinw e s gaiug iy da 7
= U dd?
ANFIAMTAV
=~ d' v 1 2 4 a a éf
Ny IUNAIUANTadA 1] I laNalT NN IN Hanang I
MINAATTANANINIAYAVFIINYIA  A1500NHYNTIINIAATIINYIA

Aa v Jd A v a'
HNARINUNIINYINBIITINV I (Qx‘lﬁ@fJN NUNIHINY 8NHUIN ﬁJuéiu)



mlssilerms

RANNTIUIAY (First S — Curve)

msfisnasgiumsasaeviounduduainnlaendoeis
mﬁ%’mgazwamimmnmﬁaqmmw
wandamemsulssUiliTilsfumadon wu TusAunuas
mmiuazgﬂémﬁuqﬂlmw 9 1HITNIMIUNNE
UINNTINOINS

91%15a 5N



5 Aa A A
FFOINANT IN TNUASIANT INTN

PATIHNIINOUINA (New S - Curve)

L A
* IFAWAIBININ
* WAAANTININ

® YATHNITHIANTINNATUIIDS



© DELIVERING THE BIOECONOMY
Eastern Seaboard is the successful case that can be applied to Bioeconomy

development

Bio-based Cluster

“Increase quality of
income distribution”
" IHAHAALNEATAT
Petrochemcial Cluster  |* Wuilsoiug

= FulssaninaEu

" AaRAUNUaR&EIWATIY
= Integrated value chain
= Business model
= Master plan

“Increase overall
GDP and GNI”

* a@n TN
" AAAUVUAAAIWATIY
= apaunTsniliasad

= Integrated value chain
= Business model

= Master plan

Bio-resources

Bioeconomy

Natural gas resources

Eastern Seaboard Model



Existing Thai Biobased Industry

Commercial production of biofuels, chemicals, and materials

Agriculture

Sugarcane

=

Cassava

Palm

Types Products
Raw = Ethanol i
S . 1,058 mil L/yr
White Biofuels !
Sugar + Biodisel 1,168 mil L/yr
|
Cassava _ » Biogas 1,523 mill m3/yr
Pellets BIGEHEI’Q’}" + Biomass to |
/Chip Electricity 2,321 MW
MNative :
Starch = Lactic acid
o200 100,000 t/yr
Modified L ] |
Starch = Citric acid 15,000 t/yr
|
= Glycerine ;
_ ) 117 mil L
Biochemicals | miL/ye
= Sorbitol
43,000 t/yr
Palm oil - Lysine |
47,000 t/yr
] ] |
= Oliochemicals 120,000 t/yr
1] L I
Bioplastic - PBS 20,000 t/yr

Source : Petroleum Institute of Thailand and Sasin Management Consulting,2015
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Increase value chain for sugar cane

LR
Raw Sugar
(9 MT)

J

10 % of Exp

GO GREEN

f 1
: |
| i
I i
i Export Value E
q(t (7 MT) 10,000 MB/year |
r_
RﬂW_ Plastic &
Material Biochemical
(0.7 MT) Industry
F
140,000
\ MB/year

Source : Petroleum Institute of Thailand
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