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LONZQ

L onza Overview

Trusted supplier to the pharmaceutical, biotech and
specialty ingredients markets

Founded in 1897 with headquarters in Basel, Switzerland
Sales of CHF 3.64 billion in 2014

Global operations:
Located in more than 40 major sites
Employs approximately 9,800 people

Our service and product range addresses large number of markets:
Pharma and Biotech Markets
Water Treatment
Consumer Care
Wood Protection
Industrial solutions

Agro Ingredients



LONZQ

BU Agro Ingredients
Service and Product Offerings

Advanced Chemical Manufacturing in Visp, CH

Exclusive manufacturing of intermediates and active
Ingredients

Supply of non-exclusive key building blocks

Global Molluscicide Business
Metaldehyde as active ingredient “feta_
Own formulated products ~ ax(@ela’

Regional Specialties in South America (¥ |




LONZQ

Agro Formulation Ingredients

Compatibility
Activator Adjuvants Preservatives
Adjuvants Improve Compatibility with

Maintain Integrity of
Formula
Increase Shelf Life

Electrolytes, Cationics,

Increase Effectiveness and Acidic Actives

Reduce Active Level

Specialties for

Seed Treatment
Antifreeze, Emulsifier,
Flowability Enhancer,
Binder, Stabilizer,
Preservatives

Lonza Agro Ingredient Products
Designed for Crop Protection Formulations

........
e,



LONZQ

Proxel ® — Wet State Preservation

Lonza’s cost effective preservative based on well-established
active ingredient 1,2-Benzisothiazolin

Broad spectrum of activity

Stable over wide pH range

Excellent thermal stability (157°C) /
Long term effect

Strong toxicology package & broad regulatory approvals

In combination with excellent consultancy and service support to
guarantee best application results in your products

Broad application today in many final formulations
Bacillus Thuringensis species
Rhizobium based Inoculants

Oct-15



LONZQ

Biotechnology @ Lonza

Major R&D and Production Sites
> 15 Employees

,Castleford
/,Blackley
Wayne, PA //,Cambridge
South Plainfield, NJ ///. Braine
Rochester, NY. )Allendale, NJ Huddersfield /,’/;'/ /Nerviers
Williamsport, PA . Winnersh\\.; /y/CoIogne
Slough———""%*  weKoufim
\ F_{ockland,ME Amboise s =Vic
Mapletan, IL e - i.’ortsmou\h,NH «Porrifio 4

Walkersville, MD=e *
Charleston, TN_-._AIphareua, GA

Houston, TX=e ghley, GA

+ Mumbai

manufacturing in Koufim,
Czech Republic

~ 200 people in all different
functions at Koufim and Visp

Fermentation development and
optimization in Visp, Switzerland

Oct-15



From Feasibility to Manufacturing

Strain
provement

Fermentation
Development

DSP &
Formulation

Scale Up &
Piloting

LONZQ

Manufacturin
Regulator

I

/,’//4’ ! , ’ ]

= Classical Mutation

= Metabolic Engineering

= Diverse & Advanced
Microbial Expression
Toolbox

= Biocatalytic toolbox

= Scale-down Studies
Optimization

= Fermentation & Media
Optimization

= Integration into a Multi-
Steps Chemical
Process

DSP Development &
Optimization

Bioprocess
Integration

Formulation
Development

= Pjlot Validation Process

= Scale-up Criteria
Definition for Industrial
Tech Transfer

= Equipment Selection for
best fit to Manufacturing

= Process Tech Transfer
= Engineering Batch

= Support Regulatory
Registration

= Commercial Production

= A one-stop-shop at every stage of your project along the value-chain
= Full life cycle management from product launch to maturity
= Continuous process optimization from the beginning

Oct-15



LONZQ

Optimization of Fermentation Processes

= Dedicated team of R&D, QC, and production with support from any other
organization unit required, e.g. engineering, expert teams, sourcing, ...

= Detailed production process analysis as starting point
= Definition of optimization plan in close cooperation with our customers

to account for any registration impact

to consider impact on stability/formulation requirements

= 1:1 implementation in production scale, otherwise full lab/pilot support
available (up to 75 | on lab-scale, 1.5 m3 on pilot-scale)

= Achieving the most reliable and economical solution




LONZQ

State-of-the-Art Manufacturing Assets in Kourim

80’000 m? site including infrastructure

5 individually operated lines for commercial
scale production with total capacity of 475 m3

2 x 15 m? (Bio Safety Level 2)
3x15m3
2 x 50 m3
3x50m3
2X 75 m3

Ex-Proof DSP facilities for solvent handling

On-site waste water treatment plant

3’400 m?2 warehousing, storage conditions
under ambient, 2 to 8 °C, and -20°C

Oct-15



LONZQ

State-of-the-Art Manufacturing Assets in Kourim

= Associated downstream process equipment

Storage tanks
Electrodialysis
Frewitt mill

Chromatography
columns

= QC and Microbiology lab supporting production

HPLC /UPLC/ GC

Spectroscopy (UV,
IR, NIR)

Titration (Karl-
Fischer, ...)

Crystallizer
Centrifuges
Vacuum dryer

Filtration units
(depth, ultra, nano,
micro)

ELISA

Bioprofile — IPC for
fermentation

Testing of microbial
contaminants

Spray dryer
Liophilization
Evaporator

Homogenizer

Filling lines

SDS-Page

Enzyme activity
assays

Particle size
distribution




LONZQ

Fermentation Processes and Microorganisms

Bacteria Fungi

Bacillus (Ientus, subtilis) (GMO) Aspergillus sp.
Gluconobacter Penicilium sp.
Rhizobium Trichoderma
Pseudomonas Phanerochaete
Streptomyces sp. Chrysoporium
Burkholderia sp Phichia sp. (GMO)
Acetobacter sp. (mutated) S. cerevisiae

Nonomuraea sp

Heamophillus sp. (BSL 2) Microalgea
E. Coli (K12, CMG 2576, ... (GMO) Ulkenia (mutated)

More then 40 processes transferred to
industrial scale within last 10 years

Oct-15



LONZQ

Examples of Biotechnology @ Lonza

12
Oct-15



LoONnZza
Strain Improvement / Fermentation Development

Sec. Metabolite Production with Actinomycete

Strain Improvement [

*

.« Ll Classical mutation (non GMO)
T|ter |mprovement ~75 t|mes Rational & random mutagenesis
W|th|n 2 years Genome shuffling (protoplast fusion)
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2. HTP mutant screening

Identification of improved mutants
in 48 or 96 microwell plate scale
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Time [month] 3. Improved strain testing @

bioreactor scale

. N | ) Selection of potential strain candidates
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Process Optimization
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LoONnZza
Process Technology Transfer

Scale-up of an E. coli fermentation

Bioreactors at Different Scales

%L (
B |
4 g,‘l . ,
1.7 l ® W
2 | R.‘ %
i"e o
Parameters 1L 20L 1000L 15000L (1) 15000L (2)
Stirrer speed [rpm] 1200 1100 275 145 145
Liquid volume [L] 0.5 15 800 10000 10000
Gas flow [L/min] 0.5 12 480 8000 8000
P.1,2,3/V [W/m?] 7310,12190, 14620 3790, 6320,7580 2710,4520,5420 2580, 4290, 5150 1010, 1680, 2020
Kia (P1,2,3) [1/s] 0.27,0.38,0.44 0.23,0.33,0.38 0.22,0.31,0.35 0.25,0.36,0.41 0.13,0.19,0.21
Mixing time [s] 14 3 I 12 23

Holdup 1 (2) 1% 6(4) 8(4) 12(6) 20(11) 16(7)




Process Technology Transfer
Scale-up of an E. coli fermentation
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Manufacturing Optimization
Focus: Yield and Fermentation Time

Detailed process analysis
with focus on

Yield generation and yield
loss

Fermentation time
Energy consumption

Defined optimization plan

Increase biomass yield in
seed step

Optimize fermentation media
Modification of feeding profile

Stepwise and direct
Implementation on large
scale fermenter

LONZQ

Titer, g/I
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Final batches after
optimization plan

Improvement along

optimization plan
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optimization plan
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LoNnza
Manufacturing Optimization

Focus: Reduction of Cycle Time

Detailed process throughput % ________ °
analysis and identification m Cycle time
of bottle-necks 20 4
Defined optimization plan 2 15 —3 §
Process adaptation from g £
centrifuge to membrane 8 10 123
filtration ©
Optimize fermentation media 5l L,
preparation procedure
Re-arrangement of number of
fermenters and eqUipment ’ January IFo?:bruaryI March | April | May | June ’

scale

More than 50% reduction in cycle time achieved
within an optimization project of 6 months

Stepwise and direct
implementation on large
scale




LONZa
Lonza’s Polypass™ - From Shake-Flask o

to Formulated Product within One Year

Starting point: A cryo vial and a patent application Fermentation

Lactobacillus reuteri (probiotic strain) has the ability to co-aggregate with the
pathogenic Helicobacter pylori (causes gastritis and gastric ulcer) under Maturation

physiological conditions (stomach)
_ _ Harvesting
Translate Market needs into defined product applications and appropriate

r t formulation
product formula Standardization in Matrix

Process development at lab scale, Lonza LSI R&T Visp, Switzerland
Proof of concept and feasibility study for large scale production

Spray Drying

Packaging
Scale-up with pilot trials at Lonza Kourim, Czech Republic
Proof of technical feasibility and demonstration at pilot scale
Optimized fermentation conditions
Carrier screening to avoid auto-aggregation in formulated product
Spray drying optimization
Providing final product samples (registration and application test)

Pylopass™

JeaA T :ezuo @ awi ljuswdoanag

Commercial production and market launch
Implementation at large scale production ;
Confirmation of defined requirements (technical, regulatory, customer specs) L. reuter;'_/(Py/;)passW()j = blue

. pylori = re

Appropriate packaging, storage and logistics / technical support for customers SEM magnification = 13000 x

18
Oct-15

V.




LONZQ

Exclusive Biotechnological Manufacturing

(3) Clariva’Complete ) Clarivapn

Beans

= Pasteuria nishizawae is a naturally, via fermentation derived = Soybean cyst |
nematicide against the Soybean Cyst Nematode (SCN) nematode ané’ eqg

= US market launch by Syngenta in summer 2013

= Successful execution of technology transfer and production
of this biopesticide at Lonza’s Kourfim site (CZ) since 2012

= Continuous process improvement on-going in joint-

cooperation with our customer Syngenta Pasteuria nishizawae
spores



http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.syngentacropprotection.com/clariva-complete-beans-seed-treatment?tab%3Ddetails&ei=C6qbVZziDsq1UYaogaAL&bvm=bv.96952980,d.d24&psig=AFQjCNGYpeUyGFRn4S1smldx9iQ7dZGG-A&ust=1436351360013986
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.syngentacropprotection.com/clariva-complete-beans-seed-treatment?tab%3Ddetails&ei=C6qbVZziDsq1UYaogaAL&bvm=bv.96952980,d.d24&psig=AFQjCNGYpeUyGFRn4S1smldx9iQ7dZGG-A&ust=1436351360013986

Lonza’s Large Scale Fermentation
Manufacturing Service

Final fermentation and down stream process development
starting with any initial lab process package by our customer

Technology transfer into Lonza’s assets based on any
development stage

Customer lab process
Customer pilot trials
Large scale experience

Proposal for potential process adjustments (process wise,
and technology wise) to further improve economically
attractiveness

Full life cycle management from the initial market launch
volumes until large volumes at maturity

Thorough, continuous process improvement in close
cooperation with customer




Why Outsource with Lonza

= Proven track record in the agricultural industry as reliable and trustworthy
partner, and experience from more then 30 years of commercial fermentation

= Strong expertise in regulatory requirements for the agricultural industry
= Excellent know-how in prevention of cross contamination

= Avoid large investments in your own capacity

= Speed to market, and high flexibility in your order volumes

= Full guarantee of your know-how and IP

= Full access to Lonza’s process optimization results for your own manufacturing

Security of Your Supply Chain
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Michael Helwig

Head Global Product Application Development
BU Agro Ingredients

Minchensteiner Strasse 38

CH-4002 Basel

michael.helwig@Ilonza.com

+ 41 61 316 8705 (office)
+ 41 79 818 5249 (mobile) I o n z a
http://www.lonza.com/products-services/agro-ingredients.aspx

All copyrighted material has been reproduced with permission from their respective owners, all other materials ©2015 Lonza.

All trademarks belong to their respective owners and are only being used to present market trends. o ig
ct-
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Agro Ingredients

Large Scale Fermentation Manufacturing
Services for the Biocontrol Industry

Business Unit (BU) Agro Ingredients

October 2015

Lonza Ltd. Basel, 22 July 2015, ©2015 Lonza



LONZQ

L onza Overview

Trusted supplier to the pharmaceutical, biotech and
specialty ingredients markets

Founded in 1897 with headquarters in Basel, Switzerland
Sales of CHF 3.64 billion in 2014

Global operations:
Located in more than 40 major sites
Employs approximately 9,800 people

Our service and product range addresses large number of markets:
Chemical and biological active pharmaceutical ingredients
Stem-cell therapies
Pool treatment chemicals & drinking water sanitizers
Cosmetic & nutritional ingredients
Agrochemical products
High-performance materials
Microbial control solutions

Wood preservatives



LONZQA

egments

LONZA

Specialty Ingredients
Market Segment

Pharma&Biotech
Market Segment

Our Markets: QOur Markets:

Consumer Care incl. Mammalian Manufacturing

Personal Care & Preservation

Nutrition

Hygiene

Microbal & Chemical Manufacturing

Agro Ingredients Bioscience Solutions

Water Treatment Emerging Technologies

Industrial Solutions Custom Development

Wood Protection

Accounting for the global megatrends and leveraging Lonza’s broad technology
base and our long-year track record in the agricultural industry,
anew BU Agro Ingredients was founded in 2013.

“Science and Technology for securing

food in a growing world”

25
Oct-15




LONZQ

BU Al - Global Business Organization




LONZQ

Advanced Chemical Manufacturing

= Exclusive manufacturing of advanced intermediates
and active ingredients

Combined with development, scale-up and
optimization services

= Supply of non-exclusive key building blocks

Backward integrated site in Visp, Switzerland, with complex multi-purpose

plants, broad technology portfolio, and integrated waste management facilities 27
Oct-15




LoONnZza
Continuous expansion of Hastelloy

capacity to account for F-chemistry

16 m3 Hastelloy batch Inside multi-product Hastelloy divided
reactor, up to 16 bar, wall column for highest purity products

Coupling station for connection to Unloading station Halar centrifuge for solid separation

glass line, and stainless steel line
Oct-15



LoONnZza
Start-up of continuous nitrosation plant in 2014

to manufacture Butyl nitrite and other nitrites




LONZQ

N-Fertilizer Production in Visp

Sales of N-based fertilizer in
Switzerland via Agroline




LONZQ

Molluscicide -
Global Market Player for 60 Years ox@elcr

/ch:* Global launch of Lonza’s formulated products
0~ ™0
H3C—< >‘CH3 Manufacturing plant for

O\|/O Lonza Slug Pellets in Visp
CH, meta | w o
Market leader for supply of e (B R ——
Meta® metaldehyde o i, oY Slug Pellets
as active ingredient G

Meta® metaldehyde and its derived product
offer fit into the IPM strategy and offer an
efficient control to hobby gardeners
professionals, and farmers, e.g. in rice
treatment against Golden Apple Snail




LONZQ

Frexus® - Application Brand

Pre- and post-harvest treatment
Coffee beans
Fruit & vegetables

Preservagao dos Alimentos

Preservagao dos Alimentos
¢ Seguranca Alim

¢ Seguranca Alim

Adjuvants for tank mix G
pH-reducer B e | | e [P s

S u rfaCtant Retention . Anti-bouncing Wetting
® o -
Biocides for fighting —ale o
p I ant d | seases Dynamic surtace tension Static surtace tension Contact angle
Penetration Fixation

Absorption Structure of particles
ﬁ S o
Uptake Evaporation/ Adhesion Spreading
Frexus® pH AGRO "IARA TODAS AS CALDAS A .
Yonzo Improvements through application of Frexus® pH Agro

Frexus® product line is not registered in USA om_fg




LONZQ

Agro Formulation Ingredients

Compatibility
Activator Adjuvants Preservatives
Adjuvants Improve Compatibility with

Maintain Integrity of
Formula
Increase Shelf Life

Electrolytes, Cationics,

Increase Effectiveness and Acidic Actives

Reduce Active Level

Specialties for

Seed Treatment
Antifreeze, Emulsifier,
Flowability Enhancer,
Binder, Stabilizer,
Preservatives

Lonza Agro Ingredient Products
Designed for Crop Protection Formulations

........
e,
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LONZQ

Proxel ® — Wet State Preservation

Lonza’s cost effective preservative based on well-established
active ingredient 1,2-Benzisothiazolin

Broad spectrum of activity

Stable over wide pH range

Excellent thermal stability (157°C) /
Long term effect

Strong toxicology package & broad regulatory approvals

In combination with excellent consultancy and service support to
guarantee best application results in your products

Broad application today in many final formulations
Bacillus Thuringensis species
Rhizobium based Inoculants

34
Oct-15



LONZQ

Biotechnology @ Lonza

Major R&D and Production Sites
> 15 Employees

,Castleford
/,Blackley
Wayne, PA //,Cambridge
South Plainfield, NJ ///. Braine
Rochester, NY. )Allendale, NJ Huddersfield /,’/;'/ /Nerviers
Williamsport, PA . Winnersh\\.; /y/CoIogne
Slough———""%*  weKoufim
\ F_{ockland,ME Amboise s =Vic
Mapletan, IL e - i.’ortsmou\h,NH «Porrifio 4

Walkersville, MD=e *
Charleston, TN_-._AIphareua, GA

Houston, TX=e ghley, GA

+ Mumbai

manufacturing in Koufim,
Czech Republic

~ 200 people in all different
functions at Koufim and Visp

Fermentation development and
optimization in Visp, Switzerland

35
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LONZQ

What drives increasing interest in biologicals

Market Value Trend

CAGR > 15% $438

2020

“Big 6" begin
acquiring access to
biologicals
Co's closed downsked or

drversiied. bicicgeals were Co's Increase
rﬂhg&ﬂ %0 riche markats I DOOgicals research

Hiological cemand
s 1O materisize

Infhux of startup

companies | |

1980's 1990's 2000 AIE 2020's

1O PESTICIDES

MART

N CHL-A
n o BASF- &:ﬂ Bayer (lopSuane

‘\ The Chemical Company .
l): BECKER '''= ™

‘ AGRAQUEST |
UNDERWOOD | |

—

e
|@OPPERT

BIDLOGICAL SYSTEMS

VALENT BIOSCIENCES.
W

ooooooooooo

Nematode CERT]S
Marrone
(T e R (3 Bio Innovations

Natural Products for Pest Management

novozymes

Rethink Tomorrow

|| Ea ¥

(A e
- 'be;tisfoﬁ*better orld MONSANTO @



LONZQ

What drives increasing interest in biologicals

» Public perception

» Reduced chemical residues

» Sustainability

» Worker safety / Short re-entry

» Registration advantage

~ Resistance management

» Performance

» Less high development costs

» Fast growing segment

» Short-Cut for chemical pesticides




Agro Ingredients I.OI'\ZO

What drives increasing interest in biologicals




Agro Ingredients Lonzq

What drives increasing interest in biologicals

Biologically derived intermediates, and biotransformation catalysts can help to replace complex
chemical route to same end-molecule. Large market for biologcally derived products like Spinosad,
which are no biopesticides, but experience certain registration advantages.

Short cut for
Chemical Pesticides

" I .- "
e ‘l~rlaf.‘li'~ ”,‘




LONZQ

Global Market of fermentation based bacterial
and fungal products (“new biopesticides”)

700 Bacteria: Total Market in 2012 of 391 mil USS

3%

® North America

519

M Europe
™ Asia & Australia

M Latin America

391

m Africa & Middle east

Fungi: Total Market in 2012 of 147 mil US$

3%

Global Market, Mil US$

® North America
M Europe

™ Asia & Australia

2012 2014 2017

M Latin America

 Africa & Middle east

W bacteria mfungi

Biopesticides against nematodes in seed treatment of large crops (soy-bean, maize, ...) as
most fast growing segment.

Most important growing fungi is Trichoderma e.g. for control of seeding diseases. "
Source: CPL 2013 ©ct-15



LONZQ

Recent Acquisitions

&
syngenta
7\ /\
Bl devGen @PASTEURIA

$523 million $123 million

novozymes'

/\

¥ NATURAL INDUSTRIES

o
syngenta novozymes

Syngenta, Novozymes Ink Deal To
Distribute Taegro

’] TECHNOLOGIES |

n i BASF (y Bayer CropScience
7\ /\

/\
BECKER :::::

prophyta

MONSANTO @

/\ /N /\

Acquires Multiple a;
RNAi Providers

AGRAQUEST

5425+ million

$1 billion

FMC
A

Center for Agricultural and

Environmental Biosolutions a g ra dl S

RATECH#

amnm Vanguard Corporation TYRA B S Yo

Gowan’

... becomes exclusive :
distributor of Polyversum American Vanguard Invests in
biofungicide IyraTlech Natural Product Technologies
41
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LONZQ

Market summary

» Governmental initiatives, and food companies are pushing farmers to
apply biological solutions (chemical pesticide free solutions)

» Strong reaction of all big Ag companies via recent and still on-going
acquisitions and partnerships with innovative biocontrol companies

» Still niche character, < 5% share within global plant protection market
2-3 bil US$ market for fermentation derived products

» Qver-proportional high growth rates with CAGR > 15%
~ Further strong push expected through step-in of big Ag companies

~ Increasing demand for fermentation capacity




LONZQ

Biotechnology @ Lonza

Major R&D and Production Sites
> 15 Employees

,Castleford
/,Blackley
Wayne, PA //,Cambridge
South Plainfield, NJ ///. Braine
Rochester, NY. )Allendale, NJ Huddersfield /,’/;'/ /Nerviers
Williamsport, PA . Winnersh\\.; /y/CoIogne
Slough———""%*  weKoufim
\ F_{ockland,ME Amboise s =Vic
Mapletan, IL e - i.’ortsmou\h,NH «Porrifio 4

Walkersville, MD=e *
Charleston, TN_-._AIphareua, GA

Houston, TX=e ghley, GA

+ Mumbai

manufacturing in Koufim,
Czech Republic

~ 200 people in all different
functions at Koufim and Visp

Fermentation development and
optimization in Visp, Switzerland

43
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From Feasibility to Manufacturing

Strain
provement

Fermentation
Development

DSP &
Formulation

Scale Up &
Piloting

LONZQ

Manufacturin
Regulator

I

/,’//4’ ! , ’ ]

= Classical Mutation

= Metabolic Engineering

= Diverse & Advanced
Microbial Expression
Toolbox

= Biocatalytic toolbox

= Scale-down Studies
Optimization

= Fermentation & Media
Optimization

= Integration into a Multi-
Steps Chemical
Process

DSP Development &
Optimization

Bioprocess
Integration

Formulation
Development

= Pjlot Validation Process

= Scale-up Criteria
Definition for Industrial
Tech Transfer

= Equipment Selection for
best fit to Manufacturing

= Process Tech Transfer
= Engineering Batch

= Support Regulatory
Registration

= Commercial Production

= A one-stop-shop at every stage of your project along the value-chain
= Full life cycle management from product launch to maturity
= Customer focused project set-up and execution

44
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R&D Team Visp

= 30 scientists, strong support from chemistry and process engineering team

» Broad and well-established external network

= Focus on initial process development and support of technology transfer to Koufim

HTP Screening
&
Biotransformation

Fermentation Enzyme & Whole Cell
Technology Immobilization
Bioorganic
Chemistry

Lonza

Fermentation & Biocatalysis

Route Selection ¢

Integrated
Bioprocess

LONZQ

Downstream

Processing
Internal & Collaboration

———>» Lonzainternal expertise
— — —» [Established external collaboration

Strain Development
(Internal & Collaboration)

Enzyme Engineering
(Collaboration)

Molecular Biology

45
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LONZQ

R&D Team Visp — Lab Equipment

Microbiology equipment
shakers, thermostats, laminar flow
MTP incubators

Fermentation equipment
Parallel bioreactor systems (Dasgip)

Several 3.5L, 20L, 30L, 75L scale
bioreactors

Analytical equipment

HPLC, GC, UV-VIS spectrophotometer,
ELISA, centrifuges

GC-FID, HPLC, UPLC,
lon Chromatography
Glucose Analyzer
Spectrophotometers
Microscope

Downstream equipment

Laboratory MF / UF / NF
units, evaporators,
crystallizers

Lyophilizer, spray dryer,
vacuum dryer

Electro dialysis, preparative
chromatography

continuous centrifuge,
homogenizer 46




LONZQ

Manufacturing Service and Technology
(MSAT) Team in Kourim

Dedicated team of 20 scientist ensuring full production life-
cycle management

= Equipment available
10 x 20L, 2 x 75L lab scale fermenters
1.5 m3 pilot fermenter

Associated downstream processing to mirror original
customer processes at lab scale and to propose alternative
options

= EXxisting collaborations with universities and external
R&D institutes (equipment and services, e.g. special
analytics)

= Focused on:
Process take-over from customer and from Visp R&D
Technology Transfer into production assets
Continuous process support and optimization




LONZA
MSAT Kourim

Optimization of Fermentation Processes

= Dedicated team of MSAT, QC, and production with support from any other
organization unit required, e.g. engineering, R&D, sourcing, ...

= Detailed production process analysis as starting point
= Definition of optimization plan in close cooperation with our customers

to account for any registration impact

to consider impact on stability/formulation requirements

= 1:1 implementation in production scale, otherwise full lab/pilot support
available

= Achieving the most reliable and economical solution




LONZQ

State-of-the-Art Manufacturing Assets in Kourim

80’000 m? site including infrastructure

5 individually operated lines for commercial
scale production with total capacity of 475 m3

2 x 15 m? (Bio Safety Level 2)
3x15m3
2 x 50 m3
3x50m3
2X 75 m3

Ex-Proof DSP facilities for solvent handling

On-site waste water treatment plant

3’400 m?2 warehousing, storage conditions
under ambient, 2 to 8 °C, and -20°C

49
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LONZQ

State-of-the-Art Manufacturing Assets in Kourim

= Associated downstream process equipment

Storage tanks
Electrodialysis
Frewitt mill

Chromatography
columns

= QC and Microbiology lab supporting production

HPLC /UPLC/ GC

Spectroscopy (UV,
IR, NIR)

Titration (Karl-
Fischer, ...)

Crystallizer
Centrifuges
Vacuum dryer

Filtration units
(depth, ultra, nano,
micro)

ELISA

Bioprofile — IPC for
fermentation

Testing of microbial
contaminants

Spray dryer
Liophilization
Evaporator

Homogenizer

Filling lines

SDS-Page

Enzyme activity
assays

Particle size
distribution




LONZQ

Fermentation Processes and Microorganisms

Bacteria Fungi

Bacillus (Ientus, subtilis) (GMO) Aspergillus sp.
Gluconobacter Penicilium sp.
Rhizobium Trichoderma
Pseudomonas Phanerochaete
Streptomyces sp. Chrysoporium
Burkholderia sp Phichia sp. (GMO)
Acetobacter sp. (mutated) S. cerevisiae

Nonomuraea sp

Heamophillus sp. (BSL 2) Microalgea
E. Coli (K12, CMG 2576, ... (GMO) Ulkenia (mutated)

More then 40 processes transferred to
industrial scale within last 10 years
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LONZQ

State-of-the-Art Manufacturing Assets in Kourim

Centrifugation Unit Spray Dryer (Upper part) Control room

52
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LONZQ

Examples of Biotechnology @ Lonza
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LONZQ
Focus on Strain and Fermentation

Improvement at the Same Time

Strain Improvement [

1. Classical mutation (non GMO)

Rational & random mutagenesis
Genome shuffling (protoplast fusion)

2. HTP mutant screening

"""""""""""" ® 3 best improved mutant Identification of improved mutants

® 2nd hest improved mutant ‘ / in 48 or 96 microwell plate scale

Product Yield

I o 15t best improved mutant

""""""" ®Sarting point: original strain / standard fermentation process>

Monthly improvement

L N 3. Improved strain testing @
%, ) bioreactor scale
’. e ‘ Selection of potential strain candidates
L 2 e .
*

L 4

Process Optimization
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LoONnZza
Focus Strain/Fermentation Improvement

Sec. Metabolite Production with Actinomycete

Strain Improvement [

“

‘ 1. Classical mutation (non GMO)
T|ter |mprovement ~75 t|mes Rational & random mutagenesis
W|th|n 2 years Genome shuffling (protoplast fusion)

[=2]
(=]

-~
=]

2]
[=]

W
(=]

2. HTP mutant screening

w
(=]

Identification of improved mutants
in 48 or 96 microwell plate scale

%)
[=]

Product titer - improvement factor[-]
= B
[=] (=]

.123456TB9101112131415161718192021222324 _".I.L_:‘ 3
Time [month] 3. Improved strain testing @

bioreactor scale

* —2 B - Selection of potential strain candidates

<

L 4

Process Optimization
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LONZAa
Scale-up of an E. coli fermentation for a dietary

iIngredient production in 30L scale

4 x 1L Dasgip Fermentation Verification and Scale-up runs
fermentation system « Validation runs at 1L and 30L scale to test the process robustness
: Material production for primary recovery optimization and validation runs

45 -

40

1stverification run @ 1L scale
2nd verification run @ 1L scale
3 verification run @ 1L scale

1st verification run @ 30L scale
2nd verification run @ 30L scale
o 3rd yerification run @ 30L scale
15t broth production @ 30L scale
2" proth production @ 30L scale
3" broth production @ 30L scale
4t proth production @ 30L scale

BEXX

Product concentration [g/L]

j4 44

96 , 144
30L Bioreactor Time [h]



Scale-up of an E. coli fermentation

Bioreactors at Different Scales

LONZQ

Different scales of bioreactors at Lonza Production site in Visp (CH) and their comparison based on the gassed
stirrer power consumption, liquid mass transfer coefficient, mixing time and hold up at similar conditions.

Reactor volume
Parameters 1L 20L 1000L 15000L (1) 15000L (2]
Stirrer speed [rpm] 1200 1100 275 145 145
Liquid volume [L] 0.5 15 800 10000 10000
Gas flow [L/min] 0.5 12 480 8000 8000
P.1,2,3/V [W/m?] 7310,12190, 14620 3790, 6320,7580 2710,4520,5420 2580, 4290, 5150 1010, 1680, 2020
Kla [P561,2,3] [1/s] 0.27,0.38,0.44 0.23,0.33,0.38 0.22,0.31,0.35 0.25,0.36,0.41 0.13,0.19,0.21
Mixing time [s] 14 3 I 12 23
Holdup 1 (2) %] 6(4) 8(4) 12(6) 20 (11) 16(7)

J. Wenger, B. Sommer, S. Nufiez, H. Engelking, T. Bartek, M. Funke, M. Eiting, T. Schmidt, Lonza Ltd, Visp, Switzerland



Scale-up of an E. coli fermentation

LONZQ

Five examples of the fermentation results for different proteins and different processes, which were scaled-up from different laboratory (1 — 20L) to different
production (20 — 15000L) scales and box plot diagram summarizing results shown in each example.

Frotein 1 [P1] [mg/(L*0D10]]
=

Batch

® Scale: 1L O Scale; 20L Scale; 1000L

Project 4
= 70

B0— — — — — . —— - — % _

e L, ° Q.‘. o

Protein4 (P4) [mg/(L*0D10)

® Scale: 201 © Scale: 15000L

J. Wenger, B. Sommer, S. Nufiez, H. Engelking, T. Bartek, M.

Project 2

Protein 5 [P5) [mg/(L*0D10]]

® Scale: 20L  © Scale: 15000L

Funke, M. Eiting, T. Schmidt, Lonza Ltd, Visp, Switzerland

Protein X [mg/[L*0010]]

® Scale: 20L © Scale; 1000 L




Spray drying of biologic material -
Development program (High level)

0. Starting point: e.g. Idea of cost effective Spray drying instead of more expensive methods
Assumption: 20%wt solution of biomass from last DSP step before drying step
Evaluation of technical information package from customer (analytical methods, spec, etc.)

1. Define the requirements of final product (basic formulation for Al) > Lead: Lonza R&T, Switzerland
Technical requirements: Specification for final product formulation (water content, specific activity, etc.)
Product stability requirements (Carrier y/n, packaging material, etc.)

Regulatory requirements (ISO, Food, GMP, Halal, Kosher, etc.)
Estimation of costs for drying method (e.g. Spray drying, different process scenarios)

2. Process development at Laboratory scale - Lead: Lonza R&T, Switzerland
Proof of concept (performing 15t lab trials, establish analytics, check thermal product stability)
Parameter screening for main process parameters (basic temperature profile, etc.) =

Process parameter optimization (Feed concentration, yield, water content, stability, activity, Particle size, addition py, Se Anhydro Spray dryer
of stabilizers / adjuvants, etc.), approx. 10 - 20 spray drying trials

3. Scale-up with pilot trials 2 Lead: Lonza MSAT team, Kourim, Czech Republic
Technology process transfer R&T - MSAT team at Lonza’s production site (up to 3 lab runs)
Proof of technical Feasibility and Demonstration at Pilot Scale (up to 3 demo runs in pilot spray dryer)
Providing of first semi-industrial product samples (for laboratory use only)

4. Scale-up and validation at industrial scale (> 10 m3/ fermentation batch)
Implementation of validated pilot process at production scale (up to 3 engineering batches)
Extended Product analysis (Microbial purity, storability, activity, etc.) :
Providing of first commercial material (Final validation of technical specifications) Indusirial scale Spray dryer Lonza CZ

. . _ o 59
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Spray drying development
Process parameter scouting

Parameter| Aspirator Humidity Inlet Spray Feed Solid Organic solvent
drying gas | temperture gas flow rate concentration | instead of water

Dependance {} {F ﬂ}
Outlet
temperature

Particle

size

Humidity

in final @ t — t 4; @
product

KRR IR

Legend:

High |:| Increasing

influence pa

rameter

Moderate - Increasing
variable

influence

2= | = | <=

Minor I:I Decreasing
variable

influence

=== No influence

nnnnnnnnnnn

LONZQ

12 spray drying runs (8 DoE runs +
centerpoints + reserve) on Blichi Lab
equipment

Parameter screening of max. 4
variable parameters

Parameters to be defined

Supply of dried powder to formulation
development / Analytics

Evaluate and confirmation of optimal
drying temperatures and time
conditions

Evaluate response at minimal and
maximal parameter ranges

Determine variance of process and
analytics

Results presented as PowerPoint
slides (not including all online and
offline data)
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LONnza
Manufacturing Optimization
Focus: Yield and Fermentation Time

w
N

Detailed process analysis with
focus on

Yield generation and yield loss
Fermentation time
Energy consumption

Defined optimization plan

Increase biomass yield in seed
step

Optimize fermentation media
Modification of feeding profile

Titer, g/|
[ = ] N N
0 N o)} o E- [0}
| | | | |

N
|

o

Stepwise and direct 0 1 2 0 w0 s e 7
implementation on large scale —fermentationtime.h
fermenter Yield and fermentation time

before optimization program
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Manufacturing Optimization

LONZQ

Focus: Yield and Fermentation time |l

Titer, g/|

32

N
(0]

(N}
5

N
o

=
a

=
N

Final batches after
optimization plan

Improvement along
| optimization plan

Standard batch before
optimization plan

10 20 30 40 50 60 70
Fermentation time, h

50% reduction of
fermentation time to
achieve same titer

3-times higher titer after
2/3 of fermentation time

Significant cost reduction
within 6 month of process
improvement project
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LoNnza
Manufacturing Optimization
Focus: Reduction of Cycle Time

Detailed process throughput 5
O Number of batches

analysis and identification 2 Cycle time
of bottle-necks 20 a

Defined optimization plan

Process adaptation from
centrifuge to membrane
filtration

Optimize fermentation media
preparation procedure 5 1
Re-arrangement of number of
fermenters and equipment

Scale January IFebruaryI March | April May June

w

Cycle time (days)

15

Batches No

8]

10

_ _ 0 . : :
StepW|se and direct M_or_e than 5Q /o_ reductlon_ln cycle time achieved
. : within an optimization project of 6 months
implementation on large

scale
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Lonzda
Lonza Development of Commercial [ Pylopass @)

Product

Starting point: A cryo vial and a patent application

Lactobacillus reuteri (probiotic strain) has the ability to co-aggregate with
the pathogenic Helicobacter pylori (causes gastritis and gastric ulcer) ERARARIRARANSE
under physiological conditions (stomach)

Translate Market needs into defined product applications and
appropriate cell formulation

Process development at Lonza LSI R&T Visp, Switzerland
Proof of concept (performing 1st lab trials, establish analytics)

Feasibility study for large scale at lab scale ( 20L lab scale)

Scale-up with pilot trials at Lonza Kourim, Czech Republic

: = _ ) L. reuteri (Pylopass™) = blue | H. pylori=red
Proof of technical feasibility and demonstration at pilot scale | SEM magnification = 13000 x

Providing of final product samples (registration and application test)

Commercial production and market launch
Implementation at large scale production
Confirm defined requirements (technical, regulatory, customer specs)

Appropriate storage and logistics / technical support for customers o

Oct-15



From Shake-Flask to Formulated
Product within One Year

Fermentation development
Scale-up from flask to bioreactor
Medium & fermentation process optimization
4 times increased yield at 10 times reduced media costs

Harvesting
Biomass conditioning & concentration
Membrane filtration vs. centrifugation
Stability and storability of the biomass

Formulation & Spray drying
Carrier screening to avoid auto-aggregation problem

Spray drying optimization: temperature profile, feed
concentration

Pylopass ™ comes as a free flowing powder, stabilized
in a special matrix

Packaging
Develop suitable packaging material for product stability,
microbial purity, storability, activity requirements

LONZQ

pyioposs @)

Fermentation
&
Maturation S
=)
©
Harvesting §
Standardization in Matrix %
Q)
—
Spray Drying =
o
Packaging P
<
D
L

Pylopass™

N
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Spray Drying Carrier Screening

Screening for a suitable
carrier for the
stabilization and
standardization of the
active biomass

= Problem to overcome
Problem with auto-aggregation
Activity loss after spray drying
Formulation issues without carrier

= Carrier selection and
Screening
High water soluble
Cheap
Food approved
Activity conservation
Compliance

= Spray drying optimization
Temperature profile
Feed concentration
Residual moisture

Spray drying @ lab scale

Carrier Inlet Air
Type Temperature
Spray dryer
- Carrier 1 High
NO
- Carrier 2 High
NO
-/ + Carrier 2 High
NO
++ Carrier 3 High
YES
datdL Carrier 3 High
YES

Outlet Air
temperature
Spray dryer

Low

High

Low

High

Low

concentration

LONZQ

Co-Aggregation Activity level

Negative  Positive
0% _100%

Product testing

Microscopic
picture of co-
aggregation

Feed Auto-

Aggregation Aggregation
level Activity
<25% > 50%

High Negative Negative
-1 0% -/ 0%
Low Negative Neutral
-1 0% +- 1 25%
High Negative Positive
-1 0% +/50%
Low Negative Positive
-1 0% ++ [ 75%
High Negative Positive
-/ 0% +++ /
100%




Lonza

L) - e v =
Lonza’s Lar_ge Scale_ Fermentation  gepr:. e
Manufacturing Service

Final fermentation and down stream process development
starting with any initial lab process package by our customer

Technology transfer into Lonza’s assets based on any
development stage

Customer lab process
Customer pilot trials
Large scale experience

Proposal for potential process adjustments (process wise, and
technology wise) to further improve economically attractiveness

Full life cycle management from the initial market launch volumes
until large volumes at maturity

Thorough, continuous process improvement in close cooperation
with customer

Take-over of responsibility for specific customer requests, e.g.
new raw material sources, specification adjustments, ...




Why Outsource with Lonza

Proven track record in the agricultural industry as reliable and trustworthy partner, and experience
from more then 30 years of commercial fermentation

Highest standards for process and worker safety, environment and quality assurance

Unique combination of biotechnological and chemical platform

Strong expertise in regulatory requirements for the agricultural industry

Excellent know-how in prevention of cross contamination

Excellent, state-of-the-art scientific know-how and outstanding customer focused project management
Avoid large investments in your own capacity

Speed to market, and high flexibility in your order volumes

Full guarantee of your know-how and IP

Full access to Lonza s process optimization results for your own manufacturlng




LONZQ

Customer Project Acquisition Process

Pre-Evaluation
— Feasibility in existing a
— Gap analysis

2 — Ernpirical cost estimate

— Price indication

Evaluation
— Complete feasibility study
— Initial laboratory experiments
— Detailed cost calculation
— Project proposal;
Milestones

Timelines .
Pricing Customer Inquiry

Ssels

— Exact structure & specifications
— Quantity range & forecast

— Target price

Project
— Thorough process research
& development
— Complete risk analysis
— Cornplete safety, health
& environment study
- Waste management concept
— 5Scale-up & technology transfer
— Full scale trial production campaign

Product
— Commercial
manufacturing

Increasing level of
information exchange
within each new stage

Agreement on basic
principles of manufacturing
contract in stage 3
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LONZQ

Customer Project Execution

One commercial key contact at Lonza

First contact for all customer needs

Provides technology-based proposals with
shortest time to market

Responsible for contract negotiation CUSTOMER
Lonza’s Project Leader Project Commercial
. . . Executio spects
Drives projects to agreed goals, milestones and
tlmetllnes in close cooperation with our Project Business
customers | eader ' | Manager

Takes care on specific customer requests

Ensures continuous process optimization

- R&D - Finance
, T . . - Analytics - Expert teams
Backed by Lonza’s reliability, quality and service 4 _
; . - Production - Any Lonza
guarantees, we help our customers securing their  Engineering dept. required

supply chain and to achieve success in the market - Sourcing - External teams
with maximizing the financial benefit of their products. - SHE team
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