Present day challenges

Natural, Environmental
Food Health & Political Challenges
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RUNNING OUT OF USEFULL GENES AVAAAS

Species population indices from 1970 to 2000 for forest, marine, and freshwater ecosystems, as
included in the 2002 WWEF Living Planet Index
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Biotech can provide some answers

Biotech uses scientific and technological innovation to:

e capture the latent value in biological processes and
renewable bioresources

e utilise these resources, processes and eco-industrial
clusters to produce sustainable bioproducts, jobs and
iIncome

e reduce dependence on imports, fossil-based energy and
industrial feedstocks




Biotech In Industry




UNIDO core services

Agro-industries

Cleaner industrial production
® Energy

SME development

Trade facilitation




White Biotech: Product Streams

------------------------------------------------------------
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White Biotech

Ford Looks to Mother Nature to
Cord>

Create Greener, Lighter Plastics

® Efficiency — v

® Less energy

Post-consumer

® Environmental footprin:

Post-industrial ™ systems
recycled fabric

Natural fiber-reinforced plastics Polylactic acid (PLA)




The bio-based economy

“Encapsulates the vision of a future society no longer wholly
dependent on fossil fuels for energy & industrial materials”

Bio- vs. hydrocarbon-based Exploitable sources
economies

Greater compositional variety  Energy crops

Greater range of technologies Food and feed grains;
to add value Forestry; Algae

Greater geographical Crop and forestry residues
distribution of raw materials
and refineries




1920 2000 Forecast (2030)

B Fossile feedstock (coal, petroleum)
1 Bio-based feedstock (algae, plants, etc.)



Linking conservation with income generation

Generating economic value from
biodiversity




PLANT BIODIVERSITY AS AN ECOSYSTEM SERVICE

Provisioning services

Food, medicine, fuel, construction,
clothing, etc.

Regulating services

Climate moderation, disease
regulation, flood regulation

Cultural services

Spiritual, recreational, aesthetic,
inspirational, educational

Supporting services
Soil formation, nutrient cycling, primary production.




SOCIAL, ECONOMIC AND FINANCIAL

RELEVANCE:
the valuing of biodiversity

storm cunningham
Foreword by William H. Hudnut, II

reWealth!

Stake Your Claim in the S2 Trillion reDevelopment
Trend That's Renewing the World

—

Economic value of $2 trillion reDevelopment; revitalising
Ecosystem Services is economies; rebuilding communities;
$30-40 trillion per annum restoring structures; replenishing natural |

resources and degraded lands



Economic Value-Addition to
Biodiversity through Biotech

“Use

(products,
- : .
Discover services)

~Explore

Technological complexity

Cost of investment




Biodiversity conservation: the virtuous
circle

Discover WA Extract/

traits &
biomolecules Develop/Use

| $

Explore Generate
biodiversity income
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Benefits beyond conservation

Technology transfer through partnerships (public &
private)

SME development & job creation through product
development, marketing & distribution

Income generation though licensing agreements,
royalties, etc.

Upgrading of institutional capacities (regulatory
oversight, management of intellectual assets, etc.)




Technologies




Technology: Bioinformatics &

Biotechnology
. 4 e Genetic & biochemical analysis
= e Ethnobotany
. < | e Bioinformatics
v ® High-throughput screening

. 4 e Biotechnology, bioengineering
S.-a-| e Scale-up, quality control, etc.
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in silico

biological
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Technology: Enhanced candidate gene
identification

2
=
Z
ln
=
e

z
£
3

€02 hiah

AT4G33720

AT2G32020
AT3G50930
AT2Go4070
AT5G62480
AT3G22370
AT1G32870
AT1GO3680
AT3G61630
AT3G51440
AT2621640
B AT3G54520
AT5G4 3450

AT2G28820 ¢ sy ste ms
Biolagy

Meta-analyses of abiotic stress-related transcriptome data identified new_gen
that improve yield during drought stress




Technology: Systems biology can facilitate
the transition from traditional to modern
medicine

The role of Systems Biology

Systems Biology studies the
interactions of different
components within an
organism to elucidate relevant
physiological functions and
behavior.

It may help decipher

v" How a herbal mixture may display
diverse activities by interacting with
more than one molecular target, or

v" How multiple active ingredients in a
botanical preparation might act
together synergistically

knowledge Technology




ENHANCING METABOLIC OUTPUT

Technology: Metabolic engineering

OH

Yohimbine
Corynanthe johimbe

Rauvwolfia serpentina

Rischer et al., PNAS (2006)

Catharanthus roseus produces
vinblastine & vincristine

Use: Hodgkin's disease, acute
leukemia, breast cancer

Content in plants: In leaves ~
0.0003 % (500 kg plant material

Is needed to obtain 1 g
vincristine)




Technology adoption potential depends on

level of development

Advanced developing countries:

Innovation potential: Cuba developed the world’s first and
only meningitis B vaccine, South Africa a maize streak virus
resistant corn variety

Developing countries:

Adaptation of imported technology: Imported genetic stock
to improve domestic crops (e.g. Papaya, oil palms and other
crops), licensed technology to develop vaccines

Least developing countries:

Import of embodied technology: Rely on imports of
pharmaceuticals, agricultural seeds, etc.




Which way to go?

IIBN




Biotech Adoption Considerations
for Industry

. Technical / cost improvement potential of industrial
biotechnology options

. Adoption implications: need to change entire production lines
or only distinct steps?

. Technical maturity of biotech solutions
. Genetic modification involved: issue of public acceptance

. Life Cycle assessment

Adapted from: Alan T. Bull, Biotechnology for Industrial Sustainability. Korean J Chem Eng 18(2) 137-148 (2001)



What are requirements for
investment in biochemical assets?

1. Further feedstock price differential needed for sustainable
cost advantage

2. Location match of bio-feedstock supply markets and
distribution markets necessary

3. Strategic priorities need to be competitive with China and the
Middle East

4. Large network site investments need to be captured

5. Uncertainty about cellulose converting technology needs to
resolve

Source: Dr. Rainer Brosch, The Boston Consulting Group (Dec 2007)



Available options

* Biofuels, chemical
feedstock,

forestry and food
Large-scale Small-scale high-

Crops
P biomass added value
processing niche markets

 Fine chemicals:
herbal medicine;
nutriceuticals




v
v

Promising areas of biotech
commercialisation

Chemical feedstock from agro-industrial
residues

Biofuel for rural or local industrial use

Botanicals and nutriceuticals

Rationale:

Using technologies/products which do not
require stringent regulatory scrutiny

Adapting technologies available in the
public domain

Using technology solutions which no not
interfere with food security concerns (waste
material)

Instead on final products, focus on high-
added value product components,
commercialisation via partnerships

Pros

Cons

regulation




The potential

NICHE APPLICATIONS




New markets for neglected crops:
the example of Quinoa

e Highly drought tolerant;

e Health-conscious market emerging;

e Doctors recommend diet switch to
Quinoa in cases of IBS;

e | In 5 Americans have IBS;

e Possible > $billion market if quality
seed were available;

e Great investment opportunity! ..
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Cacao-medical food?

brief communications
————

Theobroma
cacao

Plasma antioxidants from chocolate

Dark chocolate may offer its

here 1s some speculation that dietary

finonalds from checobite, tn particular

(=Jeplcatechin, may promote cardio-
wvascular health as a result of direct anti-
axidant dYam ar through antithrombotic
mechanisms'. Herewe show that ¢
tion of plain, dark chocokde (Rg, 1) renits
In an increase in both the total antioxkdant
capacity and the (~Jeplcatechin content of
blood plagm, but U'n\ these effects are

onsumers health benefits the milk variety cannot match

raduced fran per 100 g for dark and milk
chocobate, respectively. Volunteers must
therefore consume twke as mxh milk
chocolte as dark chacolate to recetve a
similar intake of antioxidants.

‘We recruited 12 healthy vohanteers (7
women and 5 men with an average age of
32.2:+ 1.0 years (range, 25-35 years). Sub-
Jects were non-smobers, had normal blood
Lipid levels, were taking no dmags or vitamin

markedly fscon-
sumad with milk or if mitlk 1s incorporated as
milk chocolite. Our findings Indicate that
milk may nterkere with the absorpian of
anttaxtdants from chocolate in vivo and may
therefore negate the potential health benefits
that can be dertved from eating moderate
amounts of dark chacelate.

"To determine the antioxidant content of
different chocolate varieties, we tock dark
chocolate and milk chocolate prepare from
the same batch of cocoa beans and defatted
them twice with »-hexane before ext racting.
them with 2 mixture of water, acetone and
acetlc actd (70.029.8:0.2 by volume). We
measured thelr i vitro total antiaxidant
capacities wstng the ferric-reducing anti-
axidant potenttal (FRAP) assiy'; FRAP
vahoes were 14742+ 4.5and 78,3+ 3.4 ol

FRAP[% Ing@sa ovar basaing whis] &

Hl EpEatactin AUC ngmi T i) &

DC DC+MK MG
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and had an average welght of
65.8+3.1 ky (range, 46.0-86.0 kg) and
body-mass index of 21904 kg m-*
(range,18.6-23.6kgm ). Ondifferent days,
following a crossover expertmental design,
subjcts consumed 100 g dark chocolate,
100 g dark chocolate with 200 ml full-fat
milk,or200g

equivalent ofup to 40 ml milk).

One hour after subjects had Ingested
the chocokate, or chocolate and milk, we
measured the tatal antioxidant capacity of
thelr phsmm by FRAP assay. Phsma anti-
axtcint lewels increasad significantly after
consumption of dark chocolate alone,
fram 100+35% to 118.4+3.5% (rtes,
P<0.001), returning to basdine values
(95.42+3.6%) afier 4 b (Flg. 22). There was
nosignificant change tn plasina FRAT values
aver the same period afler ingestion of milk
chocokate alane or of dark chocolate with
milk (Fig.2a).

‘The areas under the cunves of (—lepl-
catechin phsim levels plottad agatnst tme*
were measured over the sume d-h period
after ingestion for the three different condi-
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could be due to the formmtion of secondary
bands between checolate Davonolds and
milk proteins™, which wonld reduce the
biologtcal accessibility of the favanolds
and therefore the chocolate’s potentlal antl-
oddant properties invivo.

Qur findings highlight the possibility
that the i vive antioxidant activity of
flavonokls could be lmpalred by ofher
dietary constitvents. Other food combina-
tions nmy also counteract the absorption
and protecthve effects of favonolds. There
s therefore a need to take Into account
dietary habits when designing studies to
assess the assoclation between flavonold-
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Acute dark chocolate and cocoa ingestion and endothelial function:
a randomized controlled crossover trial'™*

Fubaida Faridi, Valentine Yanchou Njtke, Suparng Dutta, Ather Al and David 1 Katz

ABSTRACT

Background: Studies suggest cardioproiective benefits of dark
chocolate containing cocoa

Ohjectiver This stady examines the acute effects of solid dark
chocolate and liguid cocoa intzke on endathelial fanction and blood
pressure in overweight adults.

Desipn: Randomized, placebo-contralled, single-blind crossaver
trial af 45 healthy adults [mean age: 53 y: mean body mass index {in
kp/m®J: 1)), In phase 1, subjects were randomly assigned b consume
a solid dark chocalate bar (coataining 22 g cocoa powderd or a
eocna-free placeha bar (containing 0 g cocna powder). [n paase 2
subjects wene randomly assigned to consume sagar-free cocoa (con-
taining 22 g cocon poader), sugared cocoa (contining 22 g cocoa
powider), or 2 placebo (containing 0 g cocoa powder).

Results: Salid dark chocolate and liquid cocoa ingestion improved
endothelial function (measured as flow.mediated dilatation) com-
pared with placebo (dark chocolate: 2.3 £ 3 4% companed with — L
+ 33%; P = 0001; sugar-free and sugared cocea: 5.7 & 2.6% and
2.0 = LE% compared with — 1.5 £ 28R P < (L001). Blood pres-
sure decreased afier the ingestion of dark chocalate and sugar.free
cocoa compared with placeba (dark chocolate: systoli
mem Hp compared with 2.7 £ 6.6 mm Hg: = 000
=14 %= 1% mm Hg compared with 2.7 + 6.4 mm Hg; P = 0401;

enoarFree carnas cectalic =7 1 4+ 7 Nmm He romnamed with 17 4

Am J Clin Nutr, 88, 58-63 (2008)

Endothelial function refers w0 anerial vasomolor fresponses me-
diated by the relssse of chemicals, including MO (vasodilating ) and
endothelin (vasoconstricting), from the vasculss endothelium (10}
Tevgpained pelesse of MO results in endothelial dysfunction, in which
vessels tend o constrict and impede flow in response wo stimual that
alvould kead w0 dilatation and flow sugmentation {11). Endothelial
fanction can be assessed noninvasively through the induction of
Fyperernde flow and sheer stress 1 stisubae NO rebease (12). Be-
canse of the strong coerespondence between pesipheral and coro-
nary endothelial responses (13, 14), measusement of endothelial-
dependent flow -mediaed dilation of the brachial amery with the use
of high-resolution ultrasound scanning has becomse a standard re-
search assessment method (15).

Although dark chocolate appears o improve endothelial func-
thon, several stdies report impairment of endothelial function
with acute glucose loading (16). Te our knowledge, oo study ks
directly compared the vascular effects of regular compared with
supar-free cocoa ingestion or directly compared the vasculas
effects of solid dark chocolate with liquid cocoa. We therefore
performed a randomized, placebo-controlled, single-blind cross-
over trial to examine the acute effects of cocoa consumption in
solid and liguid (repular and sugar-feee) preparations on endo-
thelial function and blood pressure in apparently healthy persons

at wial of cardinuacsilar diceacns henai
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DEMAND FOR SEEDS AS NON-WOQODY FOREST

PRODUCTS
(2005, FAO)
Country — Africa Asia World total
Product 4 (tonnes)
< Food- 88,823 3,562,991 4,278,035 >
Medicine / 20,400 90,181 121,505
aromatics
Exudates 12,575 1,495,663 1,566,684
Other 11,175 606,782 1,296,819
producis

*mainly oilseeds and nuts;




Market Potential for Botanicals

Worldwide sales of
medicinal plants, crude
extracts & finished
products

v' US $ 15 billion in 1999
v US $ 23 billion in 2002

v US $ 65 billion in 2009
(estimate)

The World Bank projects an
annual growth rate of 10-
15%.

Source: Y. Liu, M-W Wang 2008, Life
Sciences 82: 445-449

World Bank 2005, Capitalizing on the Bio-
Economic Value of Multi-Purpose
Medicinal Plants for the Rehabilitation

of Drylands in Sub-Saharan Africa

Regulation pathways for botanicals in USA

Dietary suppl. Medical food Botanical drug

Intended to
supplement
diet of healthy
population

No pre-market
approval
required

Disclaimer
required

Intended to
meet deficiency
in diseased
population

No pre-market
approval
required

Labeled for use
under
physician’s
supervision

Intended to
treat specific
disease

Pre-market
approval
required

Labeled and
promoted as
drug




UNIDO Biotech Programme targets:

4 )
e Governance e Biodiversity
targets targets
\ : : Microorganisms; /
Benefit sharing : :
industrial crops
Biosafety; IP MO'eCl."a'j
screening;
management; enetic
4 trade facilitation & )

improvement

e Institutional
capacity
building targets

* Technology
targets

-




International Industrial Biotechnology Network

IIBN




oubn The International Industrial
Biotechnology Network IIBN

Objective:
to assist countries in accessing and developing
biotechnologies for sustainable industrial development

Implementation:

Establishment of a South-South cooperation network for the
promotion of industrial biotechnology for sustainable
development

Establishment of a knowledge management hub in Ghent to
serve as network coordinator




Key Recommendations for

Transition to KBBE

Integrated KBBE Policy Includes R&D funding and multipurpose infrastructure development, market
development for bio-based products, facilitation of technology access,
standardised LCA

Research & Innovation Cooperation through public-private networks, concentration on key areas (cradle-
to-market), demonstration plants (close gap scientific feasibility — industrial
applicability)

Support eco-sustainable  Proof-of-concept to attract investors, technology transfer incentives
SMEs

Communication & Involvement of stakeholder to (i) reflect social needs,(ii) increase technology
Education awareness and (iii) built multi-disciplinary welfare

Support renable industry  Foster market growth for renable-based markets, enact renewable-stimulating
conversion regulation

Development of science- To provide testable data on impact-mitigating effects of renewable feedstock
based sustainability production, consumption, use
criteria

Adapted from: Clever Consult BVBA Belgium. The Knowledge Based Bio-Economy (KBBE) in Europe. Achievements and Challenges (Sep 2010)



Programme Components

Awareness raising

Environmental, economic & social impact
assessment of emerging technologies

Public / private partnerships for product
development at pilot scale

Institutional capacity building through research
and training




""" . Briefing
/ . """" Papers
e iibn S/ |
" biotech for development
Awareness Problem
Creation Identification
Stakeholder
Meetings
Public Demonstration Capacity
Outreach Projects building
Policy Technology Training & scientific
recommendations, assessment, project networking
papers, workshops development & (research, technology

implementation management and
regulatory compliance)




‘o iibn Technology Focus

" biotech for development

lIBN focuses on technologies for

* the development of novel bio-products and bio-
processes

 the production of energy and chemical feedstocks for
local use, particularly in regions compromised by
climate change and ecological erosion

 the reduction of the environmental footprint of industry




‘e iibn Network Structure

biotech for development

 Network Secretariat: UNIDO
 Network Coordinator: IPBO

* Network Nodes: research institutes and technology
groups

lIBN seeks the active involvement of industry and in
particular SMEs committed to sharing expertise and
technology resources.

lIBN is funded by the Flemish Government and
welcomes partnerships with other governments or

I With the support of i ~I¥¢
development agenCIGS. the Flthish auEEoritties :é:—?\?j%
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" biotech for development C O n taCtS

T

] @ Institute of F-Jlant Biotef:hnology ,6/?1’ oNTeOWATONS United Nations Indus.tria.I
for Developing Countries o oy Development Organization
Em. Prof. Marc Van Montagu George Tzotzos Ph.D.
lvan Ingelbrecht Ph.D. Biotechnology Programme
Ghent University Wagramer Stral3e 5
K.L. Ledeganckstraat 35 1400 Vienna, Austria
9000 Ghent, Belgium T +43 1 26026 4336
T +32 9 264 5349 F +43 126026 6810
F +32 9 264 8795 g.tzotzos@unido.org

ivan.ingelbrecht@ugent.be




