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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 forward-looking 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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Nature – Accelerated Article Preview – July 29, 2020
“A vaccine targeting the RBD of the S protein of SARS-CoV-2 induces protective immunity”
The article released in NATURE1 describes that several vaccines (including inactivated viruses, adenoviral vectors
carrying S protein or RNA vaccines) have been tested in monkeys and/or in clinical trials. The articles RBD findings:
•

Showed that a recombinant vaccine combining residues 319-545 of the S-RBD could induce a potent functional
antibody response in the immunized mice, rabbits and non-human primates (Macaca mulatta) as early as 7 or 14
days after a single dose injection.

•

The vaccination also provided protection in non-human primates from SARS-CoV-2 challenge in vivo.

•

Highlights the importance of the RBD domain in the SARS-CoV-2 vaccine design and provides the rationale for the
development of a protective vaccine through the induction of antibody against the RBD domain.

Baculovirus expression system was used by the group of scientists in this publication to produce their SARS-CoV-2 RBD
vaccine candidate.
1 Nature

Article: https://www.nature.com/articles/s41586-020-2599-8
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Dyadic’s Production Of The SARS-CoV-2 RBD Antigen From C1
A number of C1 vaccine candidates being developed are based on a similar SRBD approach to that outlined in the Nature Accelerated Article Preview.
Based on the results outlined in the Nature publication, when combined with other data, we expect the C1
expressed SARS-CoV-2 RBD antigen to provide similar immunogenic protection as the baculovirus expressed SARSCoV-2 RBD antigen, with additional potential advantages in favor of the C1 expressed SARS-CoV-2 RBD such as the
C1 cell lines industrially proven hyper productivity potentially leading to the potential to manufacture billions of
doses of the SARS-CoV-2 RBD antigen more rapidly at flexible commercial scales more affordably:

•

This publication further supports the increasingly likely outcome that one or more of the RBD vaccine
candidates being expressed from C1 are expected to be effective against the COVID-19 virus.

•

Our previous collaboration with Sanofi concluded that the C1 expressed rHA was safe and at least as
immunogenic as the baculovirus-rHA in mice, (See slide # 7 for more details)

•

Dyadic’s on-going ZAPI program demonstrated the following advantages of C1 over Baculovirus:
• Fermentation results – C1 vs. Baculovirus (See slide # 8)
• Cattle trial: safety & complete protection (See slide # 9)
• The C1 platform served as a production host for the Rift Valley Fever Virus (RVFV)
• The RVFV was not able to be expressed from baculovirus (See slide # 10)
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Production of RBD SARS-CoV-2 Protein in C1
➢
➢
➢
➢
➢
➢
➢

Development of RBD – Receptor Binding Domain (23kDa) of SARS-CoV-2 spike protein in 3 months
A stable C1 cell line expressing RBD at a level of 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
Octet assay, demonstrated C1 RBD binding coefficient that has the same binding coefficient as the RBD produced by CHO

Purified C1-RBD after 5L
scale fermentation

C1 cell line in Ambr250
fermenter system
Marker Supernatant

Marker Days of fermentation

1 2 3 4 5

C1 RBD strain was run in
Ambr250 for 5 days

WB analysis off
frmentation broth
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Purified

RBD-CTag

Marker

C1 RBD strain was run in
5L scale fermentation

98% purity
70% recovery
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Comparison of binding kinetic assay between C1-RBD and CHO-RBD
➢

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

hACE2 receptor
RBD Antigen

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
efficiently bound to the C1 expressed RBD. This binding clearly demonstrates that the expressed C1 RBD was properly folded and
has high potential to generate an immune response and protection against the SARS-CoV-2.
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ANIMAL TRIALS WITH C1 EXPRESSED SARS-CoV-2 RBD VACCINE CANDIDATES
➢ IIBR has initiated mice trials using the C1 expressed RBD, if results are positive anticipate IIBR running hamster trials
➢

UPCOMING EU (Former ZAPI Scientists) ANIMAL TRIAL 1: The immunogenicity and efficacy of certain C1 RBD vaccine

candidates will be assessed in the established Syrian golden hamster model2. To this end, groups of hamsters will be
used to assess the immunogenicity and protective efficacy upon challenge.

Timeline of Efficacy Study
1 Animal Trials are expected to be conducted in the EU, awaiting regulatory approval to start trials.
2 Boudewijns, R. et al. STAT2 signaling as double-edged sword restricting viral dissemination but driving severe pneumonia in SARS-CoV-2 infected
hamsters. bioRxiv (2020). doi:10.1101/2020.04.23.056838
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Sanofi C1 rHA-TMD from Dyadic Immunogenicity Study in Mice
Sanofi Conclusions
1. “The full length recombinant HA from the A/H1N1/New Caledonia/20/99 strain produced
in Myceliophthora thermophila (C1 fungi) did not induce any clinical signs in mice” ✓

2. “The full length recombinant HA from the A/H1N1/New Caledonia/20/99 strain produced
in Myceliophthora thermophila (Dyadic) is at least as immunogenic as the baculovirusrHA (Protein Sciences) in mice” ✓
Immune response after single immunizations in mice (% responders)

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)

•
•

1/3rd the amount of the C1 rHA provided
greater immunogenic protection than the
baculovirus expressed rHA in this experiment.
The C1 rHA was produced at significantly
higher amounts than the baculovirus expressed
rHA.

Sanofi Presentation: https://www.dyadic.com/wp-content/uploads/2018/01/Sanofi-Pasteur-C1-Presentation.pdf)
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Fermentation Results of SBV GcN+C-SpyTag with C1
The expression level of SBV GCN+C-SpyTag level produced from the 9xΔ protease deletion
strain was 300-fold high than the expression level in Baculovirus 1
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, 800mg/l (time point 121h)

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

1. As reported by ZAPI
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Cattle Trial Conclusions: C1 Expressed SBV is Safe & Effective
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

Infectious
serum
50µg
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C1, ZAPI project data: C1 achieves high productivity again!
24 MTP results

DNL155 transformants

DNL150
• Production strains obtained
from the RVFV antigen
expression vector were grown
in 24-well plates and
production of the antigen was
analyzed with Western blotting
with antibody against RVFV
antigen.
• 11 transformants from DNL155
and one transformant from
DNL150 are shown, control
protein at the right

➢

The vaccine antigen protein from Rift Valley Fever Virus (RVFV) was expressed from the same expression
vector in a 13xΔ protease deletion strain DNL150 and in the 14xΔ protease deletion strain DNL155.

➢

In DNL 150 the expression level is very low and most of the product is truncated.

➢

In DNL 155 the expression level is much higher and the full-length RVF is produced.

* Note: The RVF was not able to be expressed in baculovirus
DYADIC INFORMATION
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Fast & Stable High Producing C1 Cell Line Development
Rapid Response
High Doses
Scalability
Affordability

1 integra on site

C1 Site Directed Transformation Method leads to generating
stable C1 cell lines quickly:
▪ Single site directed integration
o we can integrate 1 or 2 genes into the same site. Two
integration sites can be used
▪ Speeds time to cGMP manufacturing
▪ Address pandemics and other biological threats quickly
2 integra on site
Episomes

•
•
•
•
•
•

Rapid Development Timelines
High Productivity
High Purity
Robust Manufacturing Process
Flexible Commercial Scales
Low Cost

If the COVID-19 virus mutates and a second-generation SARSCoV-2 antigen is needed, C1 can be used to rapidly develop and
manufacture the antigen in larger quantities more affordably.
DYADIC INFORMATION
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C1 is a safe production cell line
Dyadic's GRAS Notice – C1 was acknowledged as a safe microorganism for the production of A Dyadic
cellulase enzyme for food and feed application by the FDA on September 29, 2009.
Non-Pathogenic
Ø Strain is non-toxic and non-infectious
Ø No toxic byproducts are generated
during production

For Enzyme Production: Generally
Recognized as Safe (GRAS) Status
n

C1-cellulase accepted by FDA on
September 29, 2009

n

GRAS notification letters are
broadly recognized in the food
and consumer products
industries as the safety standard

Not Genotoxic
Ø In vivo trials demonstrated:
Ø No adverse effects
Ø No foreign DNA
Ø Safety confirmed

No Adverse Effects
Ø Mice experiments showed:
Ø No adverse clinical
effects induced by C1
produced vaccines

“The results of the study demonstrate that Dyadic’s C1 M. thermophila is non-infective, non-pathogenic, and non-toxigenic, and supports the
safety of Dyadic’s C1 M. thermophila fungal strain for use in the production of a cellulase product for use in the food processing industry.
Further, the study shows that, in mammals, conditions within the abdominal cavity do not favor the growth of the fungus. Intraperitoneal
injection into mice elicited defense mechanisms (i.e., inflammation and abscess formation) common to the isolation and clearance of foreign
proteins from host tissues”.

Parexel reported to Dyadic (June, 2020) - The development of C1 as a source cell system would require the same
level of CMC analysis as would be required for Pichia and as mentioned earlier C1 has a glycan structure more
similar to the human glycan structure than Pichia which if anything should be an advantage.
DYADIC INFORMATION
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C1 received GRAS certificate
C1 is a Non-Pathogenic, non-toxic and non-infectious.
One of the major consideration in assessing the probable degree of safety was the infectivity/pathogenicity/toxigenicity (*) tests that were
conducted and have direct and positive impact on other C1 application such as Biologic products for Pharmaceuticals.
“The results of the study demonstrate that Dyadic’s C1 M. thermophila is non-infective, non-pathogenic, and non-toxigenic, and supports the
safety of Dyadic’s C1 M. thermophila (formerly Chrysosporium lucknowense) fungal strain for use in the production of a cellulase product for
use in the food processing industry. Further, the study shows that, in mammals, conditions within the abdominal cavity do not favor the
growth of the fungus. Intraperitoneal injection into mice elicited defense mechanisms (i.e., inflammation and abscess formation) common to
the isolation and clearance of foreign proteins from host tissues”.

Opinion of an Expert Panel

“Based on its independent and collective critical evaluation of the data and information available in the
scientific literature and provided by Dyadic, the members of the Expert Panel concur in Dyadic's conclusion
that the cellulase enzyme preparation derived from a Dyadic M. thermophila (formerly Chrysosporium
lucknowense) Eg5#27 fungal strain is GRAS for use in the manufacture of wine, beer and fruit juices as
defined in 21 C.F.R. 170.3 (o)(9) with no limitations other than those that are consistent with current Good
Manufacturing Practice (cGMP)”.
(*) Non-Toxic:
Animals were injected with either Chrysosporium lucknowense UV18-25[PCBHEG5]27 or with cell free supernatant (CFS). CFS was used to study the
possible presence of exotoxins in the culture medium after culturing Chrysosporium lucknowense UV18-25[PCBHEG5]27. No adverse effects were
observed in the animals, indicating that the dose levels of Chrysosporium lucknowense UV18-25[PCBHEG5]27 and the CFS were well tolerated.

DYADIC INFORMATION
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Summary
▪

Myceliophthora thermophila C1 is an industrialized protein production
host that has now been developed for therapeutic protein manufacture.

▪

Characterization of C1 proteases has identified the critical areas for
therapeutic protein production and enabled great reduction of the
protease load in the production strains.

Mabs

24.5

Fabs

14.5

Our glycoengineering programmes delivering high proportions of human
glycoforms G0, G2, FG0 and FG2. Excellent G0 levels have been reached
already through alg3-alg11 deletion strategy.

Fc-fusion proteins

13.2

▪

▪

▪

Monoclonal antibodies have been produced in C1 with levels reaching 24.5
g/l and rates up to 3.5 g/l/day. The binding and neutralization
characteristics of the C1-produced antibodies were very similar to CHOproduced controls. Fab fragments have been expressed at levels up to 14.5
g/l, Fc-fusion proteins up to 13.2 g/l in a 7-day process, Tri-specific
antibodies at 6.1 g/l, a VLP at 2.4 g/l, and a Viral Antigen at 1.8 g/l.
Difficult to express proteins have been produced and secreted from C1 at
superior levels as compared to other most common production systems.
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Product

Production level
g/L

Difficult-to-express
Tri-specific
antibodies

6.1

Viral antigens

1.8

VLPs
(extracellular prod.)

2.4

Bacterial vaccine
protein

6.0
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Reinventing biological
vaccine and drug
development &
production

Thank You

