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SAFE HARBOR REGARDING FORWARD-LOOKING STATEMENTS
Certain statements contained in this presentation are forward-looking statements within the meaning of Section 27A of the Securities Act of 1933 and
Section 21E of the Securities Exchange Act of 1934, including those regarding Dyadic’s expectations, intentions, strategies and beliefs pertaining to
future events or future financial performance. Actual events or results may differ materially from those in the forward-looking statements as a result of
various important factors, including those described in Dyadic’s most recent filings with the SEC. Undue reliance should not be placed on the forwardlooking statements in this presentation, which are based on information available to us on the date hereof. Dyadic assumes no obligation to update
publicly any such forward-looking statements, whether as a result of new information, future events or otherwise. For a more complete description of
the risks that could cause our actual results to differ from our current expectations, please see the section entitled “Risk Factors” in Dyadic’s annual
reports on Form 10-K and quarterly reports on Form 10-Q filed with the SEC, as such factors may be updated from time to time in Dyadic’s periodic
filings with the SEC, which are accessible on the SEC’s website and at www.dyadic.com
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Novel, industrially proven hyper productive C1 expression
system for biotherapeutics such as vaccines and antibodies

WHAT IS C1? THERMOTHELOMYCES HETEROTHALLICA

C1 genome fully sequenced, annotated, and full set of genetic tools

Rapidly develop stable C1 cell lines using site specific integration

High-yield, low cost, rapidly scalable, rVaccine & antibody gene
expression platform – Single Use or Stainless-Steel bioreactors
C1 is a thermophilic fungus originally isolated from
alkaline soil in Russia; it has a unique morphology
allowing for hyper productivity and growth under low
viscosity using a broad range of fermentation
conditions at flexible commercial scales

Rapid downstream purification method leads to high purity

Safe & Effective Biologics - generally recognized as safe (GRAS)
certification from US FDA, no negative clinical effects seen in animal studies
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C1 COMPETITIVE ADVANTAGES
High Yield & Purity of Target Protein Secreted
Greater retention of target secreted protein
through rapid downstream processing
More human glycan structures compared to
yeast and typical fungi
Requires only low-cost synthetic media

No endotoxins, viruses or mycotoxins which
simplifies processing compared to E.coli, CHO
and other organisms

Shorter Development & Production Cycle

Unique Morphology
Translates into better growth conditions
• Higher yields of secreted protein
• Lower viscosity
• Robust & versatile production process

Wide Fermenter Operating Conditions
For pH and Temperature
• pH 5 - 8
• Temp 20 - 45 C

Develop genetically stable g/l/d C1 cell lines in ~ 8 weeks
• Savings of nearly 1-3 months over CHO
Fermentation Cycle time 5-7 days
• 1/2 to 1/3rd the time of CHO
Higher productivity
• Compared to CHO, Yeast & Baculovirus

Manufacturing can be done at flexible commercial
scales, ranging from microbioreactors, single use
up to stainless-steel 20,000l bioreactors and above
No negative clinical effects seen in animal studies
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Glycoengineering - Advantage of C1 over Yeast and CHO
Dialing Up Or Down C1 Glycan Structures For Improved Immunogenicity
▪ The native C1 glycan structure is more mammalian-like than that of yeast
▪ Native C1 glycans are mostly high mannose type (Man3-Man9) including low amount of hybrid glycans
▪ We have successfully completed initial glycoengineering of C1 cells
▪ We now have Four (4) Novel C1 Cell Lines with different glycan patterns
▪ (i) Man3-9 , (ii) Man3, (iii) G0 and (iv) G2

Typical Yeast Glycan Structure

Dyadic C1 Native Glycan Structure

C1 Engineered Glycoform Structures

Man30-50

Man3-9

Man3

G0

G2
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Fast & Stable High Producing Genetically Stable C1 Cell Line Development

Rapid Response
Very High # of
Doses
Flexible Scalability
Affordability

1 Integration site

C1 Site Directed Transformation Method Leads To Generating Genetically Stable C1 Cell Lines In ~ 2 months:
• Plug & Play Site Directed Integration
•

We can integrate 1 or 2 genes into the same site. Two integration sites can also be used.

•
•

Speeds time to cGMP manufacturing
Addresses pandemics and other biological threats quickly

• Rapid Development Timelines

2 Integration site
Episomes

• High Productivity
• High Purity
• Robust Manufacturing Process
• Flexible Commercial Scales

• Low Cost
If the COVID-19 virus mutates and a second-generation SARS-CoV-2 antigen is needed, C1 can
be used to rapidly develop and manufacture the antigen in larger quantities more affordably.

Flexible, scalable, easily tech transferred to existing microbial production facilities

Fed-batch process

48 hrs

24 hrs

120-168 hrs

Fed-Batch
technology

Seed flask

Glucose
feeding

Inoculum
Seed
Tank

200L – 500m3

Assembly

Filling

Fully defined cheap medium

•

Fed-batch technology with glucose feeding

•

Wide range of conditions available pH: 5-8, Temp: 20 - 45°C

•

Low viscosity culture due to unique morphology in the fermenter

•

(Typically) 4-7 day process

•

1L to 500,000L scale, stainless steel or single use stirred tank fermenters

•

At the end 30-40% biomass, 60-70 % supernatant (titers refer to the supernatant)

•

Protein production requires no inducer

•

Protein is (typically) secreted to the media

FERMENTER
Deﬁned
medium

Packaging

NH4OH for
pH control

•

Formulation

centrifugation,
Protein A,
Puriﬁcation

Harvest Tank

Processing
& Recovery

From MTP to Large scale
antigen, Fc-fusion, mAbs and
other protein productivity
Antigens – up to ~ 350 mg/l/day
Fc-fusion – up to ~ 1.8/g/l/d
mAbs – up to ~ 3.5 g/l/d

C1 PRODUCTIVITY ADVANTAGE
Impressive Yield and Purity Demonstrated for Therapeutic Vaccines & Proteins

Trispecific

Fab (Certolizumab)
14.5 g/l
164 Hours
2.1 g/l/day

mAbs
24.5 g/l
168 Hours
3.1 g/l/day

Fc-Fusion
18.1 g/l
168 Hours
2.58 g/l/day

6.12 g/l
144 Hours
1.02 g/l/day

Proof of Principal for Antigen Classes Routinely Used in Vaccines

Hemagglutinin (HA)
413 mg/l
137 Hours
72 mg/l/day

Antigen
1,780 mg/l
121 Hours
350 mg/l/day

Virus-Like Particles
2,200 mg/l
110 Hours
500 mg/l/day

SYSTEM IS A VERSATILE “WORKHORSE” That Expresses a Vast Range of Proteins
9

Success in Expressing High Level of C1 Expressed SBV Antigen for ZAPI
Zoonotic Anticipation Preparedness Initiative (ZAPI), is a research and development
program sponsored by the EU with the goal of developing a platform suitable for the
rapid development and production of vaccines and protocols to fast-track registration
of developed products to combat epidemic Zoonotic diseases that have the potential
to effect the human population.
• Developing a platform for the development and production of vaccines and other biologics to combat pandemic
•

Zoonotic diseases
•

•

•

Two antigens were developed and expressed by C1:
•

An antigen against Schmallenberg Virus (SBV)

•

An antigen against the Rif Valley Fever Virus (RVFV).

Both antigens were expressed at very high levels: SBV - 1.8 g/L and RVFV - 1.2 g/L (5-day fermentation)
•

The antigens were also assembled to Nano-particle expression molecules

•

The C1 expressed SBV Nano-particle antigen was successfully tested in animal trials

•

The RVFV antigen will be soon tested in animal trials

ZAPI Animal studies concluded that Dyadic’s C1 expressed SBV antigen demonstrated very strong performance
in protecting both cattle and mice from the Schmallenberg virus

•

Nano-particle
Expression molecule

SBV antigen produced from C1 was more stable and was produced at 300 times greater levels than the
SBV antigen produced from baculovirus

BRUNE KD et al., Bioconjug Chem. 2017

Fermentation Results of SBV GcN+C-SpyTag with C1

The expression level of the C1 SBV GCN+C-SpyTag antigen was produced at 300 times the expression level
compared to baculovirus cells, with greater stability in three days less time.

Baculovirus Fermentation

C1 Fermentation

300ng

100ng

94h

72h

146h

200ng

GcN+C

8Δ
121h

99h

76h

9Δ

250kD
150
100
75

X300

50
37

25
20

15
10

0,28µl
0,38µl
culture supernatant

SBV yields: 1,800 mg/l (time point 121h)

SBV yields: 6 mg/l (time point 192h)

DYADIC CONFIDENTIAL INFORMATION

ZAPI Cattle trial: Conclusions
Challenge D35

• MPSP complex (particle-display) vaccines:
• protection after 1 immunization in mice
• sterile immunity in cattle target species
• Success/performance:
• LS-GcH + LS-GcHS: complete protection, sterile
immunity!
• C1-expressed SBV GcHS fully functional for
protection in cattle

Conjugation products
Nanoparticles + SBV

• No adverse effects

Infectious
serum
50µg

Potential advantage of commercial scale production of SBV antigen by C1

• The production volume that will be needed to produced 1 batch of 100K, 1,000K and 10,000K SBV doses with C1 (1.75 g/L) in
121 hours (five-day fermentation)
• C1 fermentation is based on Fed-batch technology with glucose feeding and low-cost synthetic media

Doses per batch (20ug/dose)

100 K

1 000 K

10 000 K

Total volume (g)

2

20

200

Productivity (g/L)

1,75

1,75

1,75

Recovery (%)

75

75

75

Working volume (%)

80

80

80

Fermentation volume needed
for 1 batch run with C1

2L

20L

200L

C1 expressed Hemagglutinin, another example of the potential of C1
Seasonal Flu
•

C1 previously successfully tested in an immunogenicity study of Recombinant Hemagglutinin (HA) from the A/H1N1/New
Caledonia/20/99 strain conducted by Sanofi Pasteur demonstrated that:
•

Sanofi Pasteur Conclusions:
• (1) C1 was safe and well-tolerated in mice; did not induce any clinical signs in mice. (1)

•

(1)

(2) the full-length recombinant HA produced by C1 is at least as immunogenic as the baculovirus-rHA (Protein
Sciences) in mice”. (1)
EXPRESSION
SYSTEM

DOSE OF RHA
1 U/G

DOSE OF RHA
3.3 U/G

DOSE OF RHA
10 U/G

DOSE OF RHA
30 U/G

C1

50% (4/8)

57% (4/7)

100% (8/8)

100% (8/8)

Baculovirus

62% (5/8)

12% (1/8)

50% (4/8)

75% (6/8)

https://www.dyadic.com/wp-content/uploads/2018/01/Sanofi-Pasteur-C1-Presentation.pdf

University of Oslo consortium: Study ongoing to determine viability of C1 to express APC-targeted
Influzena virus antigen proteins
•
•

Expression of HA by C1 was successful, high stability and productivity
Analytics ongoing

Dyadic Has And Continues To Gain Knowledge & Generate Data From Various Pharma R&D Collaborations
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Need for rapid, safe & scalable vaccine manufacturing platforms to combat infectious & other diseases

Need

Aim

Strategy

The unprecedented worldwide
COVID-19 pandemic highlights
the need for vaccine
approaches that are not only
safe and effective but can also
be scaled up and easily tech
transferred to rapidly meet the
global need for billions of
doses of affordable vaccines.

To develop an
affordable, scalable,
safe and protective
vaccine production
platform to combat
infectious and other
diseases such as the
COVID-19 pandemic and
allow for fair and
equitable access around
the globe.

Using the C1 fungal expression system
to express a variety of SARS-CoV-2
vaccine candidates to demonstrate
that a vaccine expressed from C1 can
be an effective low-cost vaccine
candidate that can be rapidly
manufactured, tech transferred to
multiple locations, which can be
produced at flexible commercial
scales to meet the global need for a
Covid-19 vaccine.

The C1 Manufacturing Platform based on a hyper productive, industrially proven novel
morphological mutant of the fungus Thermothelomyces heterothallica)
Dyadic’s C1 gene expression platform provides an efficient and commercially cost-effective solution to rapidly develop and
produce large quantities of vaccines, drugs and reagents faster with greater productivity and more affordably for human and
animal health.

INFECTIOUS DISEASE ANTIGENS AND mAbs EXPRESSED FROM C1
SARS-CoV-2 Receptor Binding Domain (RBD) Antigen
RBD
Marker Days of fermentation

RBD-SpyTag
Marker

SARS-CoV-2
Nucleocapsid Antigen

SARS-CoV-2 mAb
Protein

Time (days)

1 2 3 4 5
Transformants

RVFV Antigen

H1N1 (HA) Protein

SBV Antigen
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Production of RBD SARS-CoV-2 Protein in C1
➢
➢
➢
➢
➢
➢

In 2 months we developed cell line expressing the Receptor Binding Domain (23kDa) of SARS-CoV-2 spike protein
C1 stable cell line expressed the RBD at a level of ~ 1 g/L was developed – no need for transient stage
C1 fermentation is based on Fed-batch technology with glucose feeding and cGMP synthetic media
Fermentation was run for 5 days in the Ambr250 system and in 5L fermentor scale
The RBD antigen was secreted to the media – no need for induction
Ongoing fermentation process optimization is likely to lead to even greater productivity aiming to reach 1.5 g/L or higher

C1 cell line in Ambr250 fermenter system
Marker Days of fermentation

Purified C1-RBD after 5L scale fermentation
Marker Supernatant

1 2 3 4 5 C1 RBD strain was run in
Ambr250 for 5 days
WB analysis off fermentation
broth

Purified

RBD-CTag

Marker

C1 RBD strain was run in
5L scale fermentation
The RBD was purified
twice with
CaptureSelect™ C-tag
10ml column.

98% purity
70% recovery
DYADIC INFORMATION
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Evaluation of RBD Produced by C1
➢

Biomolecular Binding Kinetics Assays: The equilibrium dissociation constant (KD) of C1 SARS-CoV-2-RBD-Ctag binding to
recombinant hACE2 was calculated to be 4.9 Nm, which is comparable to that of the CHO SARS-CoV-2-RBD: 5.11 Nm.

Biosensor

Biosensor

hACE2 receptor
RBD Antigen

hACE2 receptor
RBD Antigen

OCTET assay: RBD antigen binding assay. A ACE2 receptor is immobilized on the biosensor, followed by the binding of the RBD
antigen. The binding coefficient is measured by the Biosensor

➢

➢

In addition, all RBD neutralizing mAbs (that bind to different RBD epitopes) that were identified in patients infected by SARS-CoV-2
were efficiently bounded to C1 RBD-Ctag. This binding clearly demonstrates that C1-RBD was properly folded and has high potential
to generate immune response and protection against the SARS-CoV-2.
Recently – mice study confirmed that RBD antigen produced by C1 induced the production of neutralizing antibodies against the
SARS-CoV-2 in mice. More studies are on the way.

DYADIC INFORMATION
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Defining optimal molar ratio RBD-ST : Mi3-SC
Efficiency of coupling of RBD-ST & Mi3-SC at different molar ratios

4 000,00
3 500,00

3 474,57

3 000,00

2 513,41

2 500,00

RBD-ST

Molar Ratios (arbitrary numbers)
M 1

2

3

4 5

6 7

2 000,00

1 568,64

1 500,00

8 9 M

1 166,91

986,35

1 000,00
189,21

500,00

414,74

149,43

130,63

0,00
1

RBD-ST – Mi3-SC: 62 kDa

Mi3-SC
Mi3-SC: 33.8 kDa
RBD-ST: 28 kDa

2

3

4

5

6

7

8

9

4 500,00
4 004,37
4 000,00
3 500,00
3 000,00
2 500,00
2 000,00
1 596,09
1 500,00
1 094,80
509,65 916,79
1 000,00 534,09
464,30
357,44 336,15
500,00
0,00
1 2 3
4 5 6 7 8 9

6 000,00
4 999,07
5 000,00
4 000,00

Mi3-RBD
The optimal molar ratio of RBD-ST & Mi3-SC seems to ensure coupling of the
majority of RBD (71,61 %) with Mi3-SC (70,91%).

2 922,66 2 896,12

3 000,00
2 000,00

1 478,85
1 019,22
843,32 759,17
1 000,00
0,00
1

DYADIC INFORMATION

813,16

673,81

2

3

4

5

6

7

8

9

19
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Commercial production of RBD with C1 cell line

Predicted RBD fermentation capacities for different dose requirements without and with coupling to
multimeric protein scaffold particle (MPSP)
•

(Calculated according to RBD 1.5 g/L estimated RBD yield at commercial scale)

C1 productivity (1.5 g/L)

Doses without MPSP (20µg, 20µg and 20µg)
10M

600

Total volume (g)
Productivity (g/L)
RBD purification Recovery (%)

100M

6 000

1000M

1.5
70

1.5
70

1.5
70

80

80

4 X 200

4 X 2,000

100M

300

3 000

1000M

30 000

80

1.5
70
3:1
70
80

1.5
70
3:1
70
80

1.5
70
3:1
70
80

8 X 10,000

3 X 50

3 X 500

3 X 5,000

Coupling recovery (%)
Fermentation volume and no. of batch
run with C1 (L)

10M

60 000

Coupling ration (MPSP:RBD)
Total fermentation volume (%)

Doses with MPSP (15µg+15µg)

ANIMAL TRIALS WITH C1 EXPRESSED SARS-CoV-2 RBD VACCINE CANDIDATES
➢ IIBR conducted mice study with RBD that was produced by C1. They injected C1 RBD-C-tag 3 times (a prime and 2
boosts) to 10 mice with an adjuvant 1.
➢ Currently, they are evaluating the last blood samples that were taken at day 50 and the final analysis of the
results will be ready in a week or ten days.
➢ Notably, the interim results show excellent immunogenicity responses with very high titers. In addition, plaque
reduction neutralization test (PRNT) confirmed that the RBD induced neutralizing antibodies against the virus.
➢ No adverse effects were observed to any of the mice.
➢ Based on the promising results in terms of the efficacy, the IIBR are planning to initiate an animal study using
transgenic mice expressing the Human Ace2 instead of hamsters.
➢ UPCOMING EXPECTED EU (Former ZAPI Scientists) ANIMAL TRIAL:
➢ The immunogenicity and efficacy of certain C1 expressed RBD vaccine candidates will be assessed in the established
Syrian golden hamster model.
➢ To this end, groups of hamsters will be used to assess the immunogenicity and protective efficacy upon challenge 2.
➢
➢

1. IIBR Animal Trial Data May Be Made Available Under Confidentiality.
2. EU Hamster Animal Trial Interim & Final Trial Data May Be Made Available Under Confidentiality

DYADIC INFORMATION

21

OPEN FOR ADDITIONAL NEW COMMERCIALIZATION OPPORTUNITIES
Our previous and ongoing work with existing collaborators including ZAPI and the Israel Institute for Biological Research
(“IIBR”), has provided new opportunities:
Rapidly developed a C1 cell line which produces large amounts of a SARS-CoV-2 Vaccine Candidate which the IIBR,
European partners and others.
Dyadic was selected by the Frederick National Laboratory to engineer its patented and proprietary C1 cell lines to produce a
number of COVID-19 vaccine candidates which will be utilized by the Vaccine Research Center (VRC) part of the National
Institute of Allergy and Infectious Diseases (NIAID), at the National Institutes of Health.
CERTAIN COVID–19 & Other Vaccine & mAb Projects
• Israel Institute for Biological Research (IIBR)
• ZAPI
• UfoVax (Scripps Spinout Company)
• Cr2o, Utrecht, TiHo Hannover (Select ZAPI
Scientists / Institutes)
• Vaccine Clinical Materials Program, Frederick
National Laboratory
• Additional Ongoing Collaborations & Discussions

C1, Responsible Biologic Vaccine, Drug & Reagent Manufacturing Platform
Dyadic’s C1 Manufacturing Platform based on a hyper productive, industrially proven novel morphological mutant of the fungus
Thermothelomyces heterothallica provides an efficient and commercially cost-effective solution to rapidly develop produce and
purify large quantities of vaccines, drugs and reagents faster with greater productivity more affordably for human and animal
health.

Attributes

C1 Solution

Speed, Yield & Purity

Stable C1 cells can be developed in ~ 2 months that express very high levels of antigens which can be
purified to ~ 98% in a few days.

Global Manufacturability

Flexible, scalable and can be easily tech transferred across the globe to organizations with existing cGMP
microbial production capabilities.

Safe & Effective Vaccines
Expected

Proof-of-concept studies with HA, SBV, RVFV and SARS-CoV-2 vaccine candidates, demonstrated there is
the potential for enhanced efficacy and immunogenicity. Animal trials to date in mice & cattle
demonstrate safety of the C1 expressed antigens tested (HA, SBV & RBD).

Cost per dose

Given C1‘s hyper productivity, ease of tech transfer and flexible commercial scale manufacturing the
eventual per dose pricing is expected to be significantly impacted.

Consortium Available For
SARS-C0V-2 RBD Vaccine
Candidate(s)

Includes world-class Coronavirus research team, novel manufacturing platform, cGMP commercial
manufacturing partners, and a commercial partner with infectious disease vaccine development
expertise.

SOLID FINANCIAL POSITION WITH
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DYADIC LEADERSHIP
Mark Emalfarb

Dr. Arin Bose

Founder, CEO

Board Member

Inventor 25+ U.S. and foreign biotechnology patents

34 years bioprocess development & clinical manufacturing | National Academy of Engineering

Ping Rawson

Dr. Barry Buckland

CFO

Board Member

20+ years of finance/accounting experience

29 years R&D leadership | National Academy of Engineering

Ronen Tchelet

Michael Tarnok

VP, Research & Business Development

Chairman of the Board

15+ years in research/pharmaceutical industry

Seasoned pharma industry finance/operational executive

Matthew Jones
Managing Director, Business Development & Licensing
20+ years life science & biopharma industry leadership

Highly energized team with deep industry expertise driving robust portfolio and pipeline of opportunity
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KEY TAKEAWAYS
1

2

Next-generation platform biotech company driving its proprietary C1 gene expression
technology, for global LifeScience partners, favorably aligned with global trends; significant
runway for shareholder value creation
Disruptive protein expression technology to help accelerate vaccine & drug development and
improve productivity, reporting robust scientific data regarding protein expression yield, stability
and purity

3

Partnered with well-established, global biological R&D organizations, top-tier animal and human
health pharmaceutical companies, as well as governmental agencies and institutions globally

4

Opportunistic business development approach with emphasis on large and growing addressable
human and animal health markets; many shots on goal

5

Strong financial position with $32.1 million in cash and investment securities, no debt and
complemented by partner funded on-going R&D collaborations (1)

6

Highly experienced and energized management driving process and execution excellence
(1) As of June 30, 2020
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