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Disclaimer

Certain statements contained in this presentation (including any oral commentary that accompanies 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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Dyadic Mission: Proteins for World Health

Quality and efficacy In less time, lower costs,

similar to traditional platforms... and higher productivity...

INSIDE®



Industrial heritage provides expertise for rapid scalability & high productivity...

The journey begins in Discovery of C1 GRAS Certification & Re-engineered C1 System Expanded Dyadic
cellulase enzymes System Expanded Applications for Biopharmaceuticals Adoption & Pipeline
= Pioneered use of pumice * R&D of the novel Thermothelomyces  « Building toolkit and * Sale of industrial business to DuPont. « Phase | validates platform
stones in stonewashing heterothallica filamentous fungal commercializing industrial * Glycoengineering * Pharma partnerships
« Transitioned to cellulose protein production system (C1) » Expanded application of industrial * Production of human and animal bioligic + Dapibus™ platform for
enzymes to textile * Bioindustrial applications enzymes in biofuels, animal feed, vaccines and therapeutic food/nutrition
textiles, paper, food and beverage
industries



Filamentous Fungal Platform Market Opportunities:




Dyadic platforms positioned to deliver efficient products in key verticals

C1 Platform Readiness Level: Commercial

* Phase | human data for vaccines

* cGMP capability

* GRAS status

* Protease library and full complement of
glycoengineering tools

* Comparable data to CHO in animal models for
antigens/antibodies

* Demonstrated stability & productivity

* Wide array of infectious disease antigens and
antibodies produced

e 2025 launch of first reagent: rHSA

Dapibus™ Platform Readiness Level: Commercial

* GRAS status

* Industrial heritage

* Demonstrated productivity

* Application testing for food grade cell culture

& media (albumin, transferrin)
DYADIC
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Legend
Available <3-6 Months

Dyadic Alternative Protein product portfolio growing rapidly

* Global CCM market estimated at $4.7B with >12% CAGR
* The Good Food Institute (GFI) estimates albumin, transferrin, and growth factors make up >95% serum-free cell culture media costs
Recombinant CCM products are significantly more expensive than animal derived

Cell Culture Media (Food)

Product Total Addressable Market Application Status
Bovine albumin $100-300MM Support cell growth and protein production C of A complete; Partnered with Proliant Health
Bovine transferrin $100-300MM Regulates the supply of iron to cells C of A complete; application testing 12/2024
Bovine growth factors $1.6B Stimulate cellular processes like proliferation Sampling initiated in Q4 2024
v

Food & Nutrition; Industrial Applications

Product Total Addressable Market Application Status
Bovine Alpha-lactalbumin $300-400MM Food/Nutrition/Reagent C of A complete; sampling initiated
Dairy enzyme $110MM Cheese production Licensed to Inzymes; Q2 2025 launch
Hyaluronidase S900MM Cosmetics Sampling initiated; testing ongoing
Cellulosic Enzymes S1.1Bn Biofuels Partnered with Fermbox; 1H 2025 launch

* Bovine alpha-lactalbumin has potential markets in food and as a research grade material; current yields achieve research grade margins
pyapic®  Sustainable revenue from Alternative Proteins estimated for 2025 as both product supply and licensing agreements underway
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Legend

Available

Dyadic DNA/RNA product portfolio for rapidly growing mRNA enzyme market

<3-6 Months

Product Total Addressable Market Application Status
DNASE-1 (Rnase-Free) $300-500MM Removes contaminating genc?mic DNA from the Certificate of Analysis; ready for non-GMP production and cGMP
RNA preparation process development
TdT terminal transferase $100MM Add nucleotides for preparing DNA templates Stable target; initial yield and quality assessment December 2024
T4 DNA ligase $200MM Used only for template preparation (e.g., cloning) Stable target; initial yield and quality assessment December 2024
RNase Inhibitor (murine) $225MM Protects RNA from degradation during processing Stable target; initial yield and quality assessment December 2024
T7 RNA polymerase $300MM Core enzyme for in vitro transcription Stable target; initial yield and quality assessment December 2024

e Global market for mRNA synthesis raw materials: ~USD 1.72 billion in 2023, CAGR of 2.85%
* Growth predicted in increase due to demand for non-COVID mRNA vaccines
* DNASE-1 (Rnase-free) analysis completed; sampling underway; multiple ongoing licensing discussions;

supply agreement expected Q1 2025

DYADIC
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Efficient, High Yield DNase | Production Using C1 Technology

DNase | was transformed into Dyadic’s platform by standard transformation technology (site directed integration, PAnSES).

Selected clones were fermented under standard conditions
DNase | sample (protein concentration 1.8 mg/ml) is about 100x more concentrated compared to competitor (1 unit/ul).

Yield reached of secreted DNase | after 4 days fermentation is >1g/L

/Fermentation broth - \
(days of fermentation) Purified DNase |

Cost-effective DSP

O O O O

1 25 BEn a

— - His affinity IEX
chromatography chromatograph
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Dyadic DNase | Quality Comparable to Reference Standard

DNase activity measurement

60000000

50000000 o The DNase | activity/protein is comparable

to reference standard.
40000000

30000000 —8— C1 DNase

e Competiior Dase o One unit of DNase | completely degrades 1
B —e— Negative control ug of plasmid DNA in 10 minutes at 37 °C

Fluorescence intensity

10000000

o One DNase | unit is equivalent to 0.3 Kunitz
0 q
0:00:00 0:07:12 0:14:24 0:21:36  0:28:48 0:36:00 0:43:12 0:50:24 unlt:

Time (min) o Currently used Dyadic DNase | has about
30 Kunitz/ul

o - o o Very efficient DNA degradation
Detection kit: Jena Bioscience GmbH, DNase detection kit, Catalog number: PP-410S

Kinetic measurement for 50 min, at 37 °C, with SpectraMax i3X (495 nm /520 nm)

DYADIC
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Dyadic Platforms: Rapid, Affordable, Scalable Production of Quality Proteins

Dyadic Platform Features...

Advanced
genetic
toolbox .
High
productivity

Diverse
methods

of gene
insertion

Fed batch
technology

Precise and effective genetic engineering methods
Rapid methods for Knock-in and knock-out, MTP
growth for screening. Marker recycling

Robust production platform for various proteins
such as antigen-based vaccines, mAbs, Fabs, Fc-
fusions, Bi- and Tri-specifics and enzymes

Single and multicopy integrations
Site directed integration by HR and CRISPR
Random integration by Non-HR

Define or complex media, low viscosity, tailored
fermentation conditions using a wide range of Tamp.
and pH

Proteins are secreted into the medium. No need for
Virus clearance

Dyadic Platform Benefits...

» Clean & Sustainable
No viruses or endotoxin; low carbon footprint

» Quality & Scale
Phase | data w/cGMP material; production scales >100,000L

» Rapid & Low Cost
Shorter processing times; high titers with inexpensive media

Increased Productivity ~1yr.

25
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-m B I

0
Stage 1 Stage 2 Stage 3 Stage 4
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o

l
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Protease production in C1 expression platform (53 of >100 identified)

1. Serine Proteases:
- Diagnostics: Used in clotting disorders (e.g., assays for thrombin and plasmin activity in coagulation).
- Research: Study of protein degradation and signaling pathways, including immune system responses

2. Cysteine Proteases:
- Diagnostics: Detection of diseases (e.g., cancer or inflammatory) for role in apoptosis and protein

degradation.
- Research: Studying cell death mechanisms, antigen processing, and lysosomal functions.

3. Aspartic Proteases:
- Diagnostics: Biomarker detection for neurodegenerative diseases (e.g., B-secretase in ALZ).
- Research: Investigating protein cleavage involved in viral replication and lysosomal degradation.

4. Glutamic Proteases:
- Diagnostics: Less common but used in specific enzymatic assays for fungal infections.
- Research: Exploring fungal biology and enzyme engineering for industrial applications.

5. Metalloproteases:
- Diagnostics: Key markers for cancer metastasis (e.g., matrix metalloproteinases).
- Research: Study of extracellular matrix remodeling, cancer progression, and angiogenesis.

6. Asparagine Peptide Lyases:
- Diagnostics: Emerging use in protein sequencing and diagnostics due to their specificity.
- Research: Protein structure analysis, particularly in mass spectrometry and proteomics.

DYADIC
DYADIC CONFIDENTIAL
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Protease Applications
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Genetic toolbox for rapid, stable, high yield C1 strain development

The advanced genetic toolkit for synthetic biology

\
; \' { Genl Sel.marker

[Sle'elels'sle’ele! tele] %

HTP screening y Precise gene targeting y
( ) \ ’ GenZ Sel.marker A
— R —— v
l' Gen2 Sel.” arker
S — —» ¥
S .,
\ Gene deletion, KO ) Marker recycling )

~, Change in morphology led to hyper-

N

N4
'|:>'-m-_ productivity and low viscosity.
v N
Promoter replacement —§:|:r_“|:>i:|:i—\ Reporter genes
) Target lacus 11 4 K\ )
— T e —
Gene integration y
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Systematic deletion of active proteases in C1 host to improve stability

KO proteases and main secreted proteins (15 genes knocked out of C1 cell)

{

Site
Pharma C1 strair§ drected poeluiases - . .
integration / regulator ﬂAbs stability is increased\
with proteases deletion

Systematic deletion of proteases genes based on:

« Isolation and identification of extracellular proteases
 C1 protease library in Pichia pastoris that allows to test more than 50 proteases Protease activity
«  Effect of different protease inhibitors on protease activity
«  mRNA sequencing data

«  Protease gene annotation HC

HC
fragments {
50 ic

Protease Activity from fermentation cultures 70

Protease Activity from 24-well plates
500
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< 50X
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,,,,,,, *Direct fluoresence-based assay with casein substrate



Glyco Pattern

4 )

* C1 Wild type glyco pattern targets are man3 to man9. Host Strain (Empty) DNA «

« Our aim has been to humanize N-glycosylation pathway and enable (containing humanized (tarw
its use as production host for pharmaceutical proteins that require glycan machinery) »
humanized glycans \. J

~N

Two strategies have been sucessfully developed: A oroducer Strain DNA (Humanized glyco-

1. Empty host strains with humanized glyco-machinery % " (expressing the target machinery expression

2. Genetic construct to convert a wild type glyco strain in humanized " with wt glycans) construct) :
glyco strain by just one round transformation step \_ “-’\&M y

Mand | | ManS eS| Man? | Masd | Mand |

wt glyco pattern (mAb)

AR S i} l‘, i’i

Humanized glyco pattern (mAb)

0%

B
60 %
3]
50%
&0
a0 %
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0% | l . — — a [ -
DYADIC Man2 M ard Mand M3 s HisE ManT Mand Hand a3 G0 Gl 52

98.6% humanized glycans
DYADIC CONFIDENTIAL 92.7% Occupancy



C1 Expression Technology

Efficient transformation methods can be applied:

*Single site directed integration
« By standard integration: 1 or 2 genes into the same site. Two integration sites can be used

« By Cas9 technology: site directed integration at multiple sites
*Random integration: integration at multiple sites
*Episomal vectors

*Transformation procedure based on chemical (PEG)
method with protoplasts or electroporation
-Frequenmes for 1ug DNA:
20 transformants for site specific integration
 Up to 100 transformants for random integration
: ' « ~13,000 transformants for telomeric vector
1 S ) | S S i | G B transformation

Multiple integration sites (random)

1 integration site 2 integration sites

i T l ] Episomes

DYADIC
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Productive stable cell lines of antigen variants are rapidly developed

C1 Site Directed Transformation Method leads to quick generation of stable C1 cell lines

No change in the cell line genotypes expressing the new RBD variants

The same rapid
method will be
needed to

Rapid Response
High Doses

Wuhan RBD variant

NG o

Scalability
Affordability

construct new
cell line with a
new RBD variant

New RBD variant

C1 genome - RBD2

C1 genome

Vaccine time-line development

3 weeks 1 week

1-2 weeks 1 week
Strain MTP ferm., DSP
Plasmid construction and and analytics
construction re-isolation for & RCB
monoclonality generation

Standard

Gene synthesis

1 week 2 weeks 1 week 1 weeks

Gene synthesis Analytical and
MCB/WCB

generation

Emergency, Strain Screening in

construction Fermentors

and Plasmid

Pandemic construction

DYADIC
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2 weeks

1-30 | scale
fermentation

from RCB, DSP
and analytics

Set of strong promoters native and
synthetic

No need for induction

Stable single-copy integration

No need for transient stage

Rapid Development Timelines

High Productivity — large quantities
Purity

Stability

Robust Manufacturing Process
Flexible Commercial Scales

Low Cost

17




Rapid Stable Antigen C1-Cell Line Development - 21 Days

1234567891011121314151617181910212223 C

e C1 was transformed with an expression construct of the Mpox
antigen-ferritin fusion protein
*  Mpox C1 Ferritin Nanoparticle Antigen
* Stable Cell Line Developed & Antigen Expressed in ~ 21
Days
e 4.5 Grams Per Liter Productivity in 7-day fermentation ' ' ..'."
e Transformants were grown in 24-well plate cultures and the Pag’.'..a' ' ....
supernatants were analyzed with Western blotting with C-tag
detection and with stained SDS gels
e A strong signal of expected size (32 kDa) is detected in

’ 123456738 91011121314151617181920>212-223C

Western -
* An abundant band with correct size is detected in stained gel 100 -
* No background is coming from the negative control (C) 75 I . . - - _ : |
* Fermentation M T e rretererr ettt o o
* Antigen purification 37":::::::::::::::::::::::
e -
»
-
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C1 Fed-batch Fermentation — Rapid, Robust, Affordable, Scalable & No Bioburden

IDYADIC

|||||||

CHEMICALLY DEFINED
MEDIUM

Low-cost medium

Fed-batch technology w/ glucose
feeding

Wide range of operating temp
and conditions

Low viscosity culture

~4 - 7 day process

C1 FERMENTATION

SEPARATION, PURIFICATION
Single-Use Stainless Steel AND CONCENTRATION

1L to 500,000L fermentation scale
Protein production requires no

..... Protein is (typically) secreted to
the media

' | : I "'l ' Stable cells & protein in ~7 weeks

M ]
inducer
‘ - |

No viruses or endotoxin

- Low carbon footprint

UPSTREAM PROCESSING FERMENTATION BIOPROCESS DOWNSTREAM PROCESSING

19



Working Cell Bank Advantage: EOF Time & Yield Favors C1 vs. Insect & CHO Cells

Less Time, No Viral Clearing Needed

Approximate Working Cell Bank to End of
Fermentation Times!

CHO e cHo ;54

Baculovirus

I ¢:culovius; 38
C1 (Dyadic) s C! (Dyadic); 9

0 10 20 30 40 50 60

m Cl (Dyadic) mBaculovirus mCHO m

1 Estimated Ranges: C1 7-9 days; Baculovirus 28-38 days; CHO 41-54 days
2 Baculovirus and C1 SBV antigens — Data from EU ZAPI Project

INSIDE”

C1 Higher Productivity

Mean(SBV Antigen Conc In pg/mL) vs. Process

C1 Fermentation Baculovirus Fermentation
9A 8A L

0,28ul 0,38yl
culture supernatant

rrrrrr

SBV yields: 1800 mg/L (time point 121h)



Generic process flow chart for C1 is 7 - 9 days

Generic Process Flow Chart for CHO is 41 — 54 days

DYADIC
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Pre-inoculum:
Mycelium activation

Seed train: inoculum
expansion in flak

Inoculum expansion - bioreactors

Production bioreactor

Passage 1
plate

Pass,;\ge 2
flask

N-3 ~1.6L scale
N-2 ~40L scale

N-1 ~1000L scale

N ~12,000L scale

21



Certolizumab production with C1 in Single use Bioreactor (SUB)

Conditions A

GE’s Xcellerex™ XDR-50 MO

Fab (g/L)

12

=y +SS-A
10 SU-A
8 I
—"T1
L=
6 T ’%’
4 T )},.l.-"
L=
2 st
0
0 20 40 60 20 100 120
Age (h)

Conditions B

Fab (g/L)

1z

—& -5U-A +02
10 sl SU-A w0 02

i} 20 40 60 80 100 120
Age (h)

* Six batches were tested in 2 different
conditions with or without O,
supplementation.

* Conditions B have been shown to be more
productive than A in both SSB and USB.

* Supplementation of O, slightly improve
Certolizumab productivity

Fab (g/L)

DYADIC
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0 20 40 &0 80 100 120
Age (h)
12
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-

8 -
— - - N
= >
=2 5 -
= F
E -

4 P

.
- = -
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-
- - -
0
20 40 &0 80 100 120
Age (h)
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Cygnus developed the C1 HCP ELISA Kit, available to Dyadic and Cygnus customers

« Cygnus - Industry Trusted For Purification, QC & Lot Testing. Long-Term Supply Of Kits w/ Same Ab.

« C1 HCP ELISA Assay to Enhance Quality Assurance in Biomanufacturing
« C1 HCP ELISA Kit, Item # F1025 is commercially available from Cygnus

« Solution for testing C1 HCP impurity during product lot release testing, thereby enhancing the quality

assurance process in biomanufacturing.

« Collaboration with Cygnus resulted in the development of a first-in-class C1 HCP ELISA assay, making
a significant step toward greater adoption of the C1 technology globally.”

) CYGNUS

TECHNOLOGIES
part of Maraval LifeSciences

1©0,0,000 0006 ‘
00,606,060 00

00,0006000
000000060
000000800
QQQQOOQOU

®e

cce
oo.ooooo

60660
860606
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Be confident your

new HCP ELISA
has the same Ab
coverage

“We are very excited about the launch of the highly anticipated C1
HCP ELISA Assay. The assay is expected to play an important role in
facilitating the broad adoption of Dyadic's C1 protein production
platform which enables rapid and efficient low-cost production of
antigens, monoclonal antibodies, and other therapeutic proteins. We
are proud to partner with Dyadic to help accelerate the adoption of
their C1 platform, ultimately aiming to enhance access and
affordability of healthcare for patients in developed and developing
countries.” Christine Dolan, Cygnus Technologies Chief Operating
Officer.
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Demonstrated consistent successful expression of broad array of potent antigens & mAbs from C1-Cells

[ Infectious Disease Monoclonal Antibodies O  CORONAVIRUS
| = COVID-19 =  SARS-CoV-2 S-RBD
- Neutralizes All SARS-CoV-2 Variants of Concern, * Alpha (B.1.1.7), Beta (B.1.351)
Including Omicron BA.1/2. - Gamma (P.1), DeltaB.1.617.2
- Hamster & Non-Human Primate Studies . Omicron B.1.1.529, Omicron BA.5
ZIKA MERS (Middle East Respiratory Syndrome)
RVFV

ANDV (Andes Hantavirus) SARS-CoV-2 gRBD Ferritin Nanoparticles
. Wuhan gRBD Ferritin nanoparticle
. Omicron gRBD Ferritin nanoparticle

Robust Capability

L Infectious Disease Antigens

=  FLAVIVIRUS
INFLUENZA HA & NA . WN (West Nile)
INFLUENZA H1N1, H5, H7 . POWASSAN

. ZIKA

SELECT LIVESTOCK & HUMAN
RABIES
SBV (Schmallenberg)

RVFV (Rift Valley Fever)
IBVD-VLPs (Infectious Bursal Virus Disease) /

DYADIC
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Key Limitations of Existing Recombinant Protein Production Platforms

Cell Line Limitations Baculovirus Cells CHO Cells C1 Cells

Viral clearance for DS release

Lengthy and costly USP/DSP

Long doubling time (>20 hours)

Narrow temp and PH range for production
Up to 3-4x longer production cycle times

Potential limitation of molecule size
(E.g. HIV nanoparticle too large for viral clearance)

Lower antigen productivity
(i.e. Limits rapid large-scale access $ higher costs)

L L LK KKL
L L LKL KLKKX
X X XX XXX

C1 Cell Line Advantages

- Faster stable cell line development

Shorter drug substance production

— Quicker Release of significantly more doses using smaller manufacturing footprint at lower cost
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C1, Faster, More Productive Lower Cost Antigens




= In ~2 months a C1 strain expressing the Receptor Binding Domain (23kDa) of SARS-CoV-2 spike protein
= Stable C1 production strain was developed that expressed the RBD originally at a level of ~1 g/L
= Strain engineering and fermentation optimization elevated the production level to +/- 2 g/l in 4-5 days

= C1fermentation is based on fed-batch technology with glucose feeding

C1 cell line in Ambr250 fermenter system C1 cell line in 1L fermenter system

Marker Days of fermentation Marker Supernatant Purified Marker
1 2 3 4 RBD-CTag :z: C1 RBD strain was run in 5L
! scale fermentation
C1 RBD strain was run in Ambr250 gt i :m The RBD was purified twice
for 5 days ; = with CaptureSelect™ C-tag
10ml column.
. . — . au -438
WB analysis off fermentation broth
: an : o 98% purity
— & 70% recover
- =.i =& g

DYADIC
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Successful DYAI-100 Phase 1 Results: Primary Endpoint Achieved

Phase 1 Study Results:
Double blind placebo-controlled safety study of 30 healthy adults conducted in South Africa.
Primary endpoint of the study was to demonstrate the safety and reactogenicity of DYAI-100 as a single booster vaccine
administered at two dose levels.
Top-line safety data:
Study met its primary endpoint demonstrating that both dose levels are safe and well tolerated.
DYAI-100 induced robust immune responses, including both humoral and cell-mediated responses, in vaccinated individuals.

PELICAN
Individual number of reported solicited local & systemic AEs
12
m Cohortl m Cohort2
n=15 n=15
10
3
6
4
S . | | I [] [] []
Rash amn al_lnjectlon _R_edn_ess a_t S_“? ln.go [ “ Arthralgia Chills Diarrhea Fatigue Headache Myalgia Fever Nausea/Vomiting
site injection site injection site

= Cohort 0 8 2 0 1 0 3 2 3 5 o 0
n=15

ki 1 10 8] 0 0 1 1 2 [ 2 ] 1
DYADIC




C1- Rapid Production of Complex NextGen Antigens in Larger Quantities

Increase in
O C1 expressed secreted VLPs from Gumboro at 2.24 g/L in the extracellular fraction (Infectious bursal disease) yisd o2
P . 2 .,;, ooy tinen trimer»domain»
*  VLPsize: 3000 kDa / 25 nm diameter PSE— Sy et
vez 25
o )
§ Extracellular 2,24 g/L 75 kDa
% wey ’ 15 expression 50 kDa
proten “\",' L w . 37 kDa
;‘?d" et
s o s
J 0 pa—
fime (b} Q Yield is increased by fusion of trimerization domain
O Animal studies to analyze immuno-response are ongoing
C1 Ferritin Nanoparticles (One-Step Production) C1 aMHCII Targeting
Q Al F10-RBD variants shows high molecular weight bands under non-reduced conditions indicating ——— - we
putative oligomerization forms By i
- ; - - £ 20000 E 062509
_8 3 aMHCii- ' E L 1.25
S 5 NA\--; . ‘-& 1 1 -ozsp:g
38 3 @ *r - S
T s % & / Target Titer (5 days)* s

F10-Wuhan-gRBD 3.48 g/L
Flo-omicron BAZ-gRBD 0_7 g/l_ O Production of MHCll-targeted 200

HA NA in C1 is highly efficient 150

o
3

F10- H5-RG71A/RGSA  2.0g/L

50

0

DYADIC - *Bioreactor cultivations (prior to optimization)
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&
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SARS-CoV-2 Spike protein produced at high yield by C1-cells

Production of SARS-CoV-2 Spike protein by C1

Fermentation broth

, (days) o Spike protein is properly expressed and
2 34567 secreted in C1 platform
' * Yield: 1g/L
Anti-sp\;\l;g TRememR s s . Noclipping or degradation is observed

* The minor band detected by WB is also
observed in the spike reference produced
by CHO cells

Binding behavior of spike protein of the SARS-CoV-2 by Bio-

layer interferometry (BLI)
~—  FullspikefromCl  —— ——  Full Spike fromCHO

08 - 06 —

L 04 —
E E r

02 —

a

0 500 1000 1500 0 500 1000 1500
Time (sec) Time (sec)

= 25E-7 — 13E-7 63E-8 = 31E-8 — 16E-8 7.BE-9 = 25E-Fy =— 13E-7 — 63E-8 — 31E-8 — 16E-8 — 738E-8

The binding curves of C1 Spike and BEI Reference CHO spike share

similar features with KD of 1.2 mM
DYADIC
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Ag-specific total IgG levels two weeks after single

immunization with Full-Spike protein from C1

SARS-CoV-2 Spike
protein from C1 is
very immunogenic

Anti-S Total IgG (ng/mL)

108
10°
104
107
102
107
10¢
101

MNP

s
&
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Bl Successful High Yield Expression of RSV Trimers in C1

MTE32 MTE23

]
m
T

= Uvaxbio RSV strain in DML17T3 (14xsrp10 + weak kex2, pyrd’)
= MTEIZ: clone 539-4, varant 1 [(2T733T)

+ Farmentations: 1-litre fed-batch: 30 gL ¥YE balch, 15 g'L ¥E fead, pH 6.8, +32°C, T days

= Analysis of fermentation supermatants by Westaern blolting and stained gal
= Production level appaars 1o be similar with a sampla from first fermentation (MTE23)
= [Possible proleass aclivity detectad from samplas of both fermentalions

= Quanlification fram the ¥ day samples of both fermentations (MTEZ3 and MTE3Z)
+  Bix dilubons of the conlrol protein (25 ng, 50 Ag, 75 ng, 100 /g, 150 ng and 200 fg)
= [Five dilutions of the supernatant samplas (160, 1:80, 1100, 1:150 and 1:200)

= Yield is = 1.7 g/l for both MTE2Z3 and MTB32 T day time point

Sample kewding: 0.5 pl ain n W, and 1.0 pl ain siaired

RSN [red] 161 ab: D25 antibody, 12000, 2 ab: Anli-horran g (Hel,
Rockiand) Dyl ighigan, 1:10000

/AXBIO — DYADIC — VTT CONFIDENTIAL INFORMATION
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I In vivo evaluation of RSV-F (and hMPV-F) constructs in mice

Open trimers vs. prefusion/postfusion mixed trimers vs. uncleaved, prefusion-closed (UFC) trimers

vs. UFCg,
A (Protomer Ca.-RMSD: 0.53 A)
A A 3/B4 hairpin ti
a Immunization B3/B4 hairpin tip

f } f /’\ Immunogen: RSV F or =S
il . hMPV F Protein (10 pg) S - B
I I I I > - (1) Antigen binding
‘.'.-‘

1
JU‘_% | ! ] ! | T | T v Adjuvant: AddaVax (2) Live virus neutralization
(N=10) Wo ¢ W3 ¢ W6 ¢ WO g Total volume: 80 ul
- N
\$‘1, @03 $(b $\ Route: Intradermal injection

b RSV-F trimer vaccine-induced binding antibody responses

Coated with RSV-F sc9-10 DS-Cav1(1TDO0) o _wmx G Coated with hMPV-F UFC,,,-P2-iSS(1TDO)
— LIl Sokkk
****ﬁ ek Fkkk -
106 | *kkk ’g 4 =
1 c | \
105 ! % o % B 0.98 |
. :Q3 % ﬁ & 133020 144346% EAEER RIS @ 186865% 140386 B o 129417 3 37 ) 054 /
9 104 164651 57356112, L o e 63214 35588 | 88670 68107 34116 " S5 3 " { )
E= 3 216 287 ik ! 3 g © ! 10901 O 2 ° !
o 1034 155 159 711 2888 1 6409 1 o
1o g6 % o1l 1 1 c O 21 D486N/E487Q atop the 10 stalk
O 102 €& gﬁ b o L 1 1 © 7 7
L | 1 | Q2 14 L Protomer 1 \g d
101 1 1 1 o 0.12 0.13 0.19 p%
: ® : : 2 0| v B am W o AQ&
10 r— 1.1 -~ 1 1 T T T 1T ~ T T T T T 1 1 T T T 1 1 < | L Migs
w2 w5 w8 Wil ——— ol %
: £
. . . .. . . . . S Q487 N ]
d RSV-F trimer vaccine-induced neutralizing antibody responses € Neutralization against h(MPV ‘°'o«% Nags ) S
RSV-F e N\
ns ns 0 UFCq-P2-NQ
105+ i dkkk I o768 4297 10017 114870 2136 105 R
: 715 |o° : 12342 4910 11758 O UFCg-P2-L2
l 2566 2000 4899 4161 e ;% & UFCqy-P2-NQ
51044 I19%2 X 2324 1 3148 = 104 R2
g o E g > & %& % 1989 - g v UFC P22 Lee, Y. Z., Han, J., Zhang, Y. N., Ward, G.,
A4 .
08 109 : n o EbA G2 © : 08 105 o o Ds-Cavl Braz Gomes, K., Auclair, S., ... & Zhu, J.
— I 1 1 . .
= v ! : : = o SC-TM (2024). Rational design of uncleaved
107 e s : : o~ © sco-10DS-Cavi prefusion-closed trimer vaccines for
“‘P"I""'f‘";’ T T T T T T T T T "~ T T T T T T *~ T T 1 ; ol i
W2 ws - o . human respiratory syncytial virus and
metapneumovirus. Nature
. Communications, 15(1), 9939.
Conclusions: ,15(1),

1.  Overall, DS-Cavl (GSK) and SC-TM (J&J) are the least effective RSV-F trimer vaccines, sc9-10 DS-Cav1 (NIH) is the best
performer with the highest ID., titers across time points, our UFCy;-P2-NQ ranks the second best and is close to sc9-
10 DS-Cav1l at week 8, and our UFCg,-P2-NQ-iSS is equivalent to sc9-10 DS-Cav1.
uvax 2. None of the tested RSV-F trimers can induce cross-NAb responses against live hMPV.



Sanofi Immunogenicity evaluation of C1 rHA-TMD
Results: A/INC/20/99 HI specific response post-1 IM (D27)

HI titer against A/New Caledonia/20/99 (H1N1) virus
(cRBC)

1000

100

10

HI response after Immunization in

mice:

Statistical analysis was not possible
due to too much non responders

Although:

e Clear evidence of the superiority of
C1l-rHA TMD over baculo-rHA
(number of responders and mean
titers)

Percent of responders

A/New Caledonia/20/99 (H1N1)

rHA-TMD rHA Baculovirus JNegative Controls
Myceliophtora (Protein Sciences)

Thermophila c1 c1
(Dyadic - Engen) mock1 | mockz | PBS
Not statistically analyzed 30ug | 30ug
C1-rHA TMD > Baculo-rHA

5 5 5
mO(Omp O mu®(On
3.33 10 30 1 3.33 10 30

pg of A/New Caledonia/20/99 rHA (pBrac}Pord &8sage)

. Dose of rHA
Expression
system |lug 3.33ug 10pg 30ug
Cc1 50% (4/8) |57.1% (4/7)]|100% (8/8)|100% (8/8)
Baculo 62.5% (5/8)(12% (1/8) |50% (4/8) |75% (6/8)
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Production of Cross Protective, Adjuvanted, Self-assembling Nanoparticle
H5-2.3.4.4b A/Astrakhan Subunit Vaccine Candidate

MASS PRODUCIBLE H5-2.3.4.4b FERRITIN NANOPARTICLE ANTIGEN




Production of H5 - Clade 2.3.4.4b A/Astrakhan/3213/2020 Ferritin Nanoparticle Antigen

Fermentation results Larger scale protein purification

C1 Produced ) %
H5 - Clade 2.3.4.4b s 2523
R e A/Astrakhan/3213/2020 neFuk

Ferritin Nanoparticle

el || I

= —':2‘ Stained Time point  Concentration . _

- : Stained
| . (9/L) - -y -

& i' Day 7 1,97 il

r
Wi

d3 da d5 d6 d7-. Parent
DNL170

Western blot Western blot
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Rabbit Intramuscular H5 Subunit Ferritin Nanoparticle Vaccine

VV-45. H5 Antigens, Rabbit, .M. Immune-1, Immune-2 nAb Titers: 09/01/23
Set-1: H5N1 RVPs. Influenza A, American Wigeon/SC/22-000345-001/2021 (Clade 2.3.3.4b)

¢ C1 produced H5 nanoparticles
_ _ s 2g/lin7 days
?;r3e2a\::v'§llcsomml VV-45. Cohort 1. Imm-1/Imm-2 * Prior to optimization

0 5x107 vous | NP-H5-RG71A/RGBA // Cquim-1 (MA)

Immune-1 sera (after 1st boost):

. ] 1.VV45.VVX125.Imm1 mAb Titers: 1 & 2 Boosts
1.VV45.VVX126.Imm1

2 0x10" - — 1.VV45.VVX127.Imm1 R .
1.VV45.VVX128.Imm1 Rabblt Study:

- - Immune-2 sera (after 2nd boost):
—n—1.VV45.VVX125.Imm2

—e— 1.VV45.VVX126.Imm2 1. Day 0: Pre-immune test bleed

1.5x10" T A 1.VV45.VVX127.1mm2 (Preimmune sera)
| | Ty hVvasVVXLZ8imm2 2. Day 0: Primary vaccination .M., 0.2
mL/dose.
1.0x10" - 1040’ — 3. Day 15: Boost 1 vaccination. [.M.,
“ vax 0.2 mL/dose.
I I 4. Day 25: Test-bleed-1 (“Immune-1”
6 010 | T et S sera)

- | //,é:/ . Median titer: .
0.0 - 0.0 ——W‘FM’ - v 11’000 ﬁ
T rEr L | ! T rEr !

Neg. Pos. 10 100 1000 10000 100000 N
Ctrls. Ctrls. -

DYADIC Serum Dilution Factor |
L j—

\\\\\\\

Total Green Object Integrated Intensity (GCU x um#/Image) over 2 day, 6 hours

S
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Confirmation of Neutralizing Antibody Titers: Hemagglutination-inhibition Assay

Two Independent Experiments: Recombinant H5 viruses, A/Vietham/1203/2004 and A/Astrakhan/3213/2020 — Yoshihiro Kawaoka Lab

Virovax Raw Data -- De-randomized and Sorted by Rabbit ID and Cohort

U. Wisc. Ref &
fal Antigen(s)
W | AlVietnam/1203/20 | » vietnami1203/2004 | AlAstrakhan/3212/2020 | AlAstrakhan/3212/2020 | S-isc Ref. and
Randomized u Hi Date: 10-26-2023 | Hi Date: 10-19-2023 | HI Date: 10-26-2023 | 2ndRabbit VVX Cohort] oy oy
Index  |HI Date: 10-19-2023 D
used
Ref. 1
Ref. 2
T1240 <10 <10 160 80 Ref. 3
158 <10 <10 160/320 320 VWX-125 Cohort 1 Cohort 1: NP-Astrakhan-2020 // Cquim-|
134 10/20° 10 640 320/640 VX126 |Cohort 1
179 <10 <10 80 80 VX127 |Cohort 1
171 <10 A0 160 160 VX128 |Cohort 1
140 80 80/160 <10 <10 VX129 |Cohort2  |Cohort 2: NP-H5-VIET04 /I Cquim-I
170 80 80 <10 <10 VX130 |Cohort2
434 80 80 1020 20 VX131 |Cohort2
214 80 80 <10 <10 VX132 |Cohort2
162 160 160 320 3200640 VX133 |Cohort3  |Cohort 3: NP-Astrakhan-2020 + NP-VIET04 // Cquim-|
362 40 40 80 80 VX134 |Cohort3
412 160 160 160320 160320 VX135 |Cohort3
283 160 160 160 160 VX136 |Cohort3
216 20 20 10/20 10/20 VX137 |Cohort4  |Cohort 3: NP-Astrakhan-2020 + NP-VIET04 // Alhydroxiquim-I
184 <10 <10 <10 <10 VX138 |Cohort4
201 20 20 40 20 VX139 |Cohort4
503 20 20 10 1020 VX140 |Cohort4

*Please Note: The forward slash "/" symbol implies that the last well in that dilution series showed only partial inhibition and that the full inhibition endpoint titer appears to have occurred between the two dilutions.
**Regarding the F71/10 positive control sera: A small circular pellet formed in the first well (suggesting a minute amount of inhibition), but it did not flow so 1 would consider it <10. No pellet formed in the Astrakhan virus wells for this sera.

Black Fill = Not done.

DYADIC Wnls§gv%§§a!§
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Summary: Near-identical Cross-Neutralization of Three Clade 2.3.4.4b RVPs

« Confirmed cross-neutralization against
all three circulating strains:

* (a) H5/Influenza A/Astrakhan/3212/2020,
* (b) H5/Influenza A /Texas/37/2024

* (c) H5/Influenza A/Dairy
Cattle/Texas/24-008749-003/2024

Cohort 4 of VV-51 rabbits

DYADIC'
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Summary: Near-identical Cross-Neutralization of Three Clade 2.3.4.4b RVPs

VV-52. Cohort 4. Imm-1. Antigen: NP-H5-RG71A/RG8A (30 pg). Adjuvant: CQUIM-MA (25 ng)

Y
8 7 4.0x10"
= 3OX10 Means + SD g
[(e] of 32 wells . =
>-‘ for each control 1 Lot IAG-558A v
S | —=—4.vv52.vvx253.Imm1
o AS0 =] el 4 \/V/52.VVX254.Imm1
& 2.5x10" - —Am 4 \\/52.VVX255.Imm1
3 1 =—v=—4.VV52.VVX256.Imm1
8, 3.0x10" = A .
g Lot: IAG-670.4A
T 20x10 - 1 —=—4.vV52.VVX253.Imm1
g & o= 4.\\/52.VVX254.Imm1
j 26010 = w—de 4 V52, VVX255.Imm1
5 —y=— 4.VV/52.VVX256.Imm1
O
g 5 : RVP-1217G, (H5/Influenza A/dail ttle/Tex:
> 1.5x10° = 20x10" = w - i
= Lot: IAG-672.4A
s d{ —m—4.VV52.VVX253.Imm1
= o= 4. \/V52.VVX254.Imm1
- 1.5x10" =] =—dhe=4 \/\/52 VVX255.Imm1
2 {oxio" - —v=— 4.VV/52.VVX256.Imm1
5 1
()]
(]
g 1.0x10" =
2 Median
& 5.0x10° - )
< s000" = MFRNT,, titer:
[+}]
o 9,000
9 " Means of Duplicates
% 0'0 N Do— f"] Ll Ll Ll ""'l 'l("l Ll v Ll "'l'l
= eg. Pos.
9 10 100 1000 10000 100000
Ctrls. Ctrls.

\wvdesvriViroVaxDats\Sunil Davidi05.10.24. V.52, Preimm, Imm-1

Serum Dilution Factor

H5:2.3.4.4b, Alberto-IV-Gramide (dose-escalation). CQUIM-MAIDE 10.24, VV-62. Preimm, kma-1, H5-2.3.4. 40, Alberto-IV-Gramide {dose-escalstion), CQUIM-MA op)




Example 1, C1 Antigens Manufactured at Flexible Commercial Scales...Affordably

Key Attribute C1 Cells

* Proactive Solution: With scalability and flexibility, this C1 produced adjuvanted H5 Clade 2.3.3.4.b \/
A/Astrakhan ferritin nanoparticle vaccine candidate to address global health needs

* Rapid, High Yield, Low Cost: Already ~2 g/l in 7-day fermentation w/o strain and fermentation optimization
* E.g. Using a 2K-liter standard microbial bioreactor and a vaccine dosage of 50 mcg (animal studies
used 30 mcg) \/
* Estimated 40 million doses of a C1 produced H5 ferritin nanoparticle C-Tag antigen can be
manufactured and purified in ~ 2 weeks using low-cost chemically defined media.
e Estimated 300 million doses with the use of one 15K-liter microbial bioreactor.

e Sustainable & Affordable Alternative to mRNA: Using Dyadic’s Cl1-cells to develop, manufacture and \/
distribute antigens (stable at 2-8°C ), antibodies and other therapeutic treatments could be a game-changer
in the fight against infectious and other diseases with less restrictive manufacturing and storage conditions.

DYADIC
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Adjuvanted & Unadjuvanted
C1-Produced H5N1 Microneedle Vaccine Candidate

Experimental Schedule

Groups C57BL/6 mice
Naive n=>5 Bleed
NP-H5-RG71A/RGSA (1 ug) MNP — No Adjuvant (ELISA)
NP-H5-RG71A/RGSA (1 pg) + Alum (50 ug) IM
NP-H5-RG71A/RG8A (1 ug) + Novel Adjuvant (5 ug)
NP-H5-RG71A/RGSA (1 ug) + QS-21 (1 ug) + Novel Adjuvant (1 ug Week 9 i’ 5
Immunize Immunize
e ns R
£ 3 —r..s R b

- 1010, ns wk o 1010, ns ns - 1010- ns e ns

i - e 0

@ 10% o Oz0 Q108 w 108 9

=) - = e &

Tg 1084 E" 10654 E'] 108-

~ - -

— ‘1{:]4 = 1044 = 104

g z 7

I 102 £ 102 £ 107

T a <
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Example 2 : C1 Antigens Manufactured at Flexible Commercial Scales...Affordably

Key Attribute C1 Cells

* Proactive Solution: With scalability and flexibility, this C1 produced adjuvanted H5 Clade 2.3.3.4.b \/
A/Astrakhan ferritin nanoparticle vaccine candidate to address global health needs

* Rapid, High Yield, Low Cost: Already ~2 g/l in 7-day fermentation w/o strain and fermentation optimization
e E.g. Using a 2K-liter standard microbial bioreactor and a vaccine dosage of 5 mcg (animal studies
used 1 mcg) \/
e Estimated 400 million doses of a C1 produced H5 ferritin nanoparticle C-Tag antigen can be
manufactured and purified in ~ 2 weeks using low-cost chemically defined media.
e Estimated 3 billion doses with the use of one 15K-liter microbial bioreactor.

e Sustainable & Affordable Alternative to mRNA: Using Dyadic’s Cl1-cells to develop, manufacture and \/
distribute antigens (stable at 2-8°C ), antibodies and other therapeutic treatments could be a game-changer
in the fight against infectious and other diseases with less restrictive manufacturing and storage conditions.

DYADIC 41
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C1: Animal Health Vaccines & mAbs




Dyadic C1 advantages provide opportunity within Animal Health

Global Animal
Vaccines

2023 = $9B

2032 = $18B

TAM of ~$3.4B for
Recombinant

Vaccine Segment
(2030)

Higher yields with lower overall costs

Protein-base Antigens

Total Yield Yield Per Day

Avian Livestock -1 20.0g/L 2.85g/L/d
Avian Livestock -2 1.9g/L 0.27g/L/d
Rift Valley Fever Virus (RVFV) 1.6g/L 0.32g/L/d

H5 Influenza A/Astrakhan/2020 (Ferritin)

1970 mg/L 281 mg/L/d

DYADICC  |Schmallenberg Virus (SBV)

1.8g/L 0.3g/L/d

INSIDE”

Potential Animal Health Vaccines

Market Size (2023)

$120,000,000
$110,000,000 | $35,000,000

$150,000,000

$1,400,000,000
$700,000,000

$85,000,000

$100,000,000

m Avian Influenza (Bird Flu) = Schmallenberg m Rift Valley Fever Virus

= Gumboro u Rabies = Blue Tongue Virus

m Brucellosis m Foot and Mouth Disease




Record Optimization of Expression of an Antigen for Livestock Viral Disease

» Record production of an antigen has been successfully expressed and purified rapidly from C1 cells
» Successful animal study demonstrated high Immunogenicity response

Expressionin C1 Optimization of Antigen Production
25

Antigen X 20.0 g/L/7d

20

15
3d 4d 5d 6d 7d

10

Productivity (g/L)

Stage 1 Stage 2 Stage 3 Stage 4

DYADIC
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C1, Faster, More Productive Lower Cost mAbs




Current costs of producing mAbs are simply too great to support independent production in LMICs

Access Challenges Affordability Challenges

Number of registered monoclonal antibodies in selected countries (includes biosimilars)

U 20 40 &0 80 100 120 L 98
" L - Y Fuszaia
120 3 - Europe and Eastern Europe

China
s
96%

25.9%

nz

n

o | e
Migeria -'ID

e b il r — i Africa
Zimbabwe -? = 2 T
America
Soures: Baaj, A E5%

{2017) Tutta Center
tor the Study of Drug

Sources: LAV] registration analysis (chart) Estimated global

Cofesent Market Report, 2014 (map) market for monoclonal m‘:m‘ Repant
antibodies, 2018
The majority of deaths

from non-communicable
diseases occur in low-

and middle-income countries. Examples of monoclonal antibody manufacturing facilities

in Asia, Africa and South America

DYADIC 46
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C1 mADb Proof of Concept: Nivolumab

Nivolumab strain development for high production level, high stability and Human glycan structure

[ Productivity ] [ Stability ] [ N-Glycan ]

Best

productivity
22.3g/lLin7

Protease activity

0,45
32,54
17,21
29,51

HC

HC
fragments

} 19,94

Sum w/o IS 100
Response w/o IS 101843184
All human-like 99,2

days
fermentation?

LC

|

Constructing Commercial Strains:
Developing highly productive (>20g/L), stable mAb with human type of N-Glycan structure

DYADIC 1. Data from non-glycoengineered C1-cell using engineered protease deficient C1-cell -
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Engineering Nivolumab C1 G2/G1 strain

The use of library of folding factors enhanced the productivity of the Nivolumab G2/G1 strain
New production record obtained: 9.2 g/l Good product quality with excellent N-glycan profile

-~

/
™~
i)

2
o
?
>
Reduced o
[ =
Kda M S F3F4F5F6 @
o
-
150 b - ig
-
75 .
50 * - -
37 > \
2 - ~—
I —
MT771-6
M7184
Glycan Obs. RT (min) Amount, %
\ / Man2 6,22 =
Man3 8,42 3,51
GO 10,63 12,01
Single-step purification using 1 ml Gl 12,05 16,29
Eshmuno A (Protein A) column G1 2 12,25 29,20
) G2 13,55 38,99
% Humanised N-glycans 96,49
Total response 137,9

DYADIC
C * Nivolumab, g/| 9,23
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C1 manufactured monoclonal antibodies are stable and correctly folded

Western Blotting
Days

3 4

» Typically, stable mAbs production levels are between

o 5-10g/Lin 5-7 days

» Best productivity at Ambr system:

o 24.5g/Lin 7 days (3.5 g/l/day)

»> Best productivity so far at 30L scale:

DYADIC
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o 20.6g/Lat157 h (3.1 g/L/day)

Purification
Input — precleared S _

fermentation broth £ ok &

\ Purification
by ProtA
. - - < HC

CHO-produced

Cl-produced
control

mAb

2

5

[o14]
c
6

P00 ng

EHO-produced?

Surface Plasmon Resonance

Cl-produced?

Single cycle
/ — [
i [/ — = e o
— Y= =
ka (1/Ms): 1,033E+5 + 80 ka (1/Ms)? 1,056E+5 + 63
kd (1/s): 3,539E-4 * 6,2E-7 kd (1/s): 4,821E-4 + 7,3E-7
KD (M): 3,424E-9 KD (M): 4,565E-9
Single cycle Multi-cycle
7= [/ o
it . k e ——
ka (1/Ms): 1,069E+5 + 88 ka (1/Ms): 17085E+5 + 230
7 kd (1/s): 5,067E-4 + 8,4E-7
KD (M): 4,669E-9 49

kd (1/s): 3,651E-4 + 8,6E-

KD (M): 3,417E-9




C1 has capability to express bispecific antibodies, nanobodies, other therapeutic proteins

» The best production levels so far are: Bispecific X at 7.62 g/L in 7 days (unoptimized)

» Mass spectrometry analysis indicates that vast majority of Bispecific X is correctly assembled

100- 98073.0

e MS Deconvoluted
spectrum analysis

* Followed the expected
spectrum

|98234.5

97836.0 98396.0

98561.0
98720.0

0+ mass
97500 98000 98500 99000

DYADIC
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Pre-clinical studies with C1 Produced 87G7 Monoclonal Antibody

Nature Communications Study - C1-produced human monoclonal antibody provides protection against

SARS-CoV-2 in hamster and non- human primate models

In vitro assay

Hamster study

Non-human primates

— 40 - 5 R 10° ~ . % | Lung 04 Trachea tissue
E 30 A 293-produced 87G7 E 10 4 . .| 8 10
uo *
€ 3 T:; 20 —
- 20 - n 103 > o © o o
o) (o) o301 — % o
o 10 - @) o ¢ e
g h 101 U Y NI D B [ 40_
N A D e D e D CE Tttt S
< 01ci)7 106 105 104 103 102 107 S P S\ RNy
) Iy I B Iy B . AN o
Q;\O,\ %,\0'\ (Lgfb 660 < o’éo A\ ;5"\9 \000 ,6000\'
. . <
% Activated NK cells z@@ \&‘9 ,\*33’ & o L & @
o\\\ ‘(\A ,\0 O\' Q‘ 2 Q
oQ R \6 60 o9
Qi 6".\6 S $é
Q‘(\‘\\ ‘2‘\ \/o
Q€

HuMabs expressed in genetically engineered C1 filamentous fungus have the potential to supersede mammalian cell-
produced HuMabs for the prevention and treatment acute respiratory virus infections. As was previously shown for C1-

DYADIC produced proteins as vaccine candidates 51
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https://d2ghdaxqb194v2.cloudfront.net/2606/193319.pdf
https://d2ghdaxqb194v2.cloudfront.net/2606/193319.pdf

CHO-like neutralization and binding, but faster and more affordable

Marburg VIRUS

Neutralizing activity aginst Marburg VSV-pseudovirus

Binding to MARV GP

-~ ExpiCHO
- MT797 (38°C)
2- MT805 (28°C)

0 T T T T T 1
5 -4 3 2 a1 0

log1o[pg/mL]

Binding of CHO produced and C1-
produced (2 clones) of anti-MARV mAb
ABV-04 to Marburg glycoprotein

%Neutralization

100 -+ CHO
. = MT797 (38°C)
MT805 (25°C)
60
404
|_D.|::|.-”..r w1 eI m
0 1 ] || 1
-4 -3 2 1 0

logqolng/mL]

Neutralizing activity of CHO produced and
C1- produced (2 clones) of anti-MARV mAb
ABV-04 using a MARV GP-VSV pseudotype
Virus



CHO-like neutralization and binding, but faster and more affordable

ANDES VIRUS ZIKA
VSV-ANDV Neutralization
MTA 293 14.10.2021 SH
N c 1Ly E ‘ ::1[:15:'1)715102021 SH
g 1004 @ o - rANDV-44 (ExpiCHO produced) .% - < funga)
'E -8 rANDV-44 (C1 produced) = @ ZIKV-117 LALA-YTE (CHO)
E 50— -+ DENV 2D22 % 50 @ EBOV-515
5 c
2 production IC5o 3 254
S 0 method (ng/mL) E
-2 0 2 4 rANDV-44| ExpiCHO 4.1 X oA ® *—o ® ° °
50~ rANDV-44 c1 5.4 } - |
] DENV 2D22| ExpiCHO |> 1 pg/mL 1 2 3 4
mAb concentration (log,, ng/mL) .
mAb concentration, log10 ng/mL
RIFT VALLEY
SARS-COV?2 _ _ )
> 1257 [ RVFV-268 C1 vs expi293F production
[
zl S 100 e—o—9o oo o o o o oo
S <
3 £
9 4146 207 2 — CCHF-212
< [e]
& 416-6 306 ; 50 - - C1 RVFV-268
s 50 415-6 175 > -
c 417-5 278 ® —— expi293F RVFV-268
-% - CHO-2381 311 2
N r2D22 S
© g
£ of e ——— o 0 T
1 2 3 4
DYADIC 2 £ -4 -2 0 2
< ,.J MADb conclogo(ng/mL) R

Ab concentration (log ,,ug/mL)
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Quality of mAb C

onfirmed by Independent Experts

UCDAVIS

UNIVERSITY OF CALIFORNIA

DYADIC
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Production of mAbs for use in COVID-19 diagnostic testing using C1, a filamentous fungi production pl=tfarm

Justin H. Wong!, Yakir Ophir!, Katherine Haddad!, Varun Gore!, Anindya Karmaker!, Mark Emalfarb?, Karen A. McDonald!-3, and Somen Nandil:®

McDona\dtNandn Lab’

1Department of Chemical Engineering, University of California, Davis, CA, USA 2Dyadic International, Inc., Jupiter, FL, USA

Introduction

The COVID-19 pandemic has revealed the
need to develop technologies that are
capable of rapidly responding to emerging

e s

biological threats.

- Monodonal antibodies (mAbs) can be
used as both a therapeutic and diagnostic
tool to address SARS-CoV-2 infections

* Monoclonal  antibody  production in i
Chinese Hamster Ovary (CHO) cell o
cultures can be costly, time consuming, Figure 1. Structuref an

antibody, FC: fragment
crystalizzble region; Fab:
fragment antigen binding

and susceptible to viral contamination

Filamentous fungi such as
(Thermothelomyces heterothallica (C1))
are emerging as a p\atform to produ:e
therapeul 3
disadvant;

Figure 2. Microscopy image of filamentous fungi (left) and CHO cells (right). Scale bar
represents 100um

Hypothesis: We can use C1 as an alternative production system
to produce mAbs thatare used in both the treatment and
detection of SARS-CoV-2 infection

Production Process

A Upstream Process (Fed-Batch, Stirred Tank Bioreactor)
Steriization  Inoculation  Growth (TP FeedStart  Harvest
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Figure 3. Biopracess flow chart of C1 mAb production. A. Graphical representation of the
upstrsam process to produce mAbs in 2 fed-batch process. B. Graphical reprasentstion of
the dovinstream process to purfy mAbs, Carffication was carried out using centrifugation,
depth filtrabion, and tangential flow fitration, before purificaion by Protein A
chromatography.

*Global Health Share Initiative, University of California, Davis, CA, USA

Fermentation

Fermentsbion was carried outin 2 B’BFBM blﬁneadnr wﬂh 2 5L glass vessel.
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Figure 4. SDSRAGE gel {top) and Western blot (bottom) of C1 fermentatien to track mAb
accumulation. Banes MWM: moleculzr weight marker; +C: positive &control, human
serum 1gG, 3ug: 20h EFT: 20-hours elspsed fermentation time (EFT); 39h EFT: 33-hours
EFT; 45h EFT: 45-hours EFT; 67h EFT: 67-hours EFT; 72h EFT: 72-hours EFT; 76h
EFT: 7&-hours EFT; 86h EFT: B6-hours EFT, Wastern bot is probed with = gost ant-
humzn 1gG-HRP [Southern a’mch ! u;nu] The.gxpaded molacular weight of
an an(lhﬂyhmw(hﬂs zp .u:.

‘¢¢~,v¢o| 'ﬁé*

Figure 5. SDS-BAGE gel (top) and Western blot (bottom) of C1 fermentatn to track mAb
accumulation, Lemes MWM: molecular weight marker; +C: positive gontrol, human
serum 1G, 3pg: 86h EFT: 86-hours slapsed fermentaton time (EFT); 95h EFT: 95-
hours EFT; 119h EFT: 119-hours EFT: 134h EFT: 134-hours EFT; 142h EFT: 142-hours
EFT; 160h EFT: 160-hours EFT; 167h EFT: 167-hours EFT. Wastern bict is probad with 3
gost anti-human 19G-HRP [Southern Biotech, 2040-05, 1:1000). The expacted molecular
weight of an heavy chain is approximately 50 kDa.

Purification

Purification development using Protein A started on 3 gravity column and the
method was subsequently transferred to an AKTA Pure fast protein liguid
chromatography system.
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Figure 6. SD5-§AGE gel (top) and Westem bict (bottom) of mAb purf@ation from the
AKTA Pure system using 2 Protein A resin. Elution ssmples were dislyzed against 0.9%
NzC| before running. Lanes MWM: molecular weight marker; +C: postive control,
human serum 1gG, 15pg: Loads 76-hour EFT fermentation broth, dilted 2x: Flow
Through: unbaund proteins during column leading; PBS Wash: wash with PES, pH 7.2
Saline Wash: vzsh vith 0.5% NaCl szline; Elution 1: first lution fraction; Elution 2:
second elution fraction; Gravity Column Elution: eluton fraction from gravity column,

Western bit is probed with 2 gost antrhuman IgG-HRP [Southemn Biotech, 2040-05,
nnon] The expected molecular weight of an antibody heavy chain is spproximately 50
kDa.

Functional ELISA
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Figure 7. Titer of mAb producsd as measursd using an indirect ELISA method. Titer of
purified mAbs with an intial concentration of 0.4 mg/mL was determined to be 1:512000.
This titer correspands to 39 pg of mAb per el Dashed line represents the im# of
detection.

Table 1. Concentration of RED and Spike
) produced in various recombinant expression
hosts =s determined by = sandwich ELISA
2 3 using recombinantly produced mAb == the
= cpture  antbody,  Rebbt  Anti-Spike
Y‘(( _{rf\. (sEnzyme, SCVEZ-S-100) s the detection
‘f‘ antbody, and Gost Ant-Human, HRP
(Southen  Biotech,  2050-05) as  the
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Figure 8. Sanduich ELISA sstup. 1:

h'd

capture antibody binds to pl; ] Spike (Purified) CHO
sample addsd to wiell; 3: antigen Receptor Binding Nicotianz
binds o capture antibedy: 4 Domain (RED, Cruds) benthamizna
detection antibody binds antigen; St

Spike (Crude) c1

Ebeled mndary antibody binds to
substrate reaction

wmmdw

Conclusions / Future Directions
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In the current unoptimized
production, a single 3 L harvest
would provide enough purified
material to conduct 120 milion
ELISA tests
= Test mAbs using biolayer
interferometry to determine
binding affinity to various
mutants of RBD
- Test mAbs in lateral flow assay
Fermentation and purification
optimization to improve
productivity and recovery
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Figure 9. Lstersl flow sssay schematic
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C1 Technology for the production of both antigen-Based Vaccines and neutralizing
antibodies

N I / M BL The National Institute for Joseph Hazelton, Noelia Valbuena, Mark Emalfarb and Ronen Tchelet, (rtchelet@dyadic.com)

Innovation in Manufacturing . . . .
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Dyadic project APR-29
NIIMBL Future Recommendations

The APR-29 project demonstrated that Thermothelomyces heterothallica C1 production system has great
potential to contribute to the response to emerging pandemics in the future. Production cell lines can be
constructed fast (in less than 50 days), the productivities for antibodies are good (up to 9 g/l in 5-7 days

fermentation) and the antibody quality provided by the system is suitable for human use.

These features make C1 an outstanding production platform as compared with other recombinant

protein production systems such as yeast or mammalian cell platform:s.



mailto:memalfarb@dyadic.com

C1 produced mAbs have virtually identical structure, properties and activities to CHO produced mAbs

C1 platform produces comparable therapeutic proteins as CHO while overcoming key production limitations

T
C1 mAbs neutralize viruses virtually identical to CHO produced mAbs
Neutralization
C1 mAbs are correctly folded, bind virtually identical to CHO produced mAbs
Binding

C1 produced mAbs have virtually .
_ _ _ o C1 native glycans are more human than yeast
identical properties and activities to
CHO produced mAbs Glycan C1 cells have been glycoengineered to express mAbs with human like glycan

Structure structures (¥99%)
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