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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

http://www.dyadic.com/


Dyadic Mission: Proteins for World Health

Quality and efficacy 

ǎƛƳƛƭŀǊ ǘƻ ǘǊŀŘƛǘƛƻƴŀƭ ǇƭŀǘŦƻǊƳǎΧ

In less time, lower costs, 

and higher ǇǊƻŘǳŎǘƛǾƛǘȅΧ



Industrial heritage provides expertise for rapid scalability & high productivity¤
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Filamentous Fungal Platform Market Opportunities:



Dyadic platforms positioned to deliver efficient products in key verticals 

Human Health                              Animal Health

Life Sciences

C1 Platform Readiness Level:  Commercial

Å Phase I human data for vaccines
Å cGMP capability
Å GRAS status
Å Protease library and full complement of 

glycoengineering tools
Å Comparable data to CHO in animal models for 

antigens/antibodies
Å Demonstrated stability & productivity
ÅWide array of infectious disease antigens and 

antibodies produced
Å 2025 launch of first reagent: rHSA

Dapibus  Platform Readiness Level:  Commercial

Å GRAS status
Å Industrial heritage
Å Demonstrated productivity
Å Application testing for food grade cell culture 

media (albumin, transferrin)

üReagents

üAntibodies

üVaccines

üBiofuel

üProteins
üEnzymes

$200Bn

$61Bn

$72Bn

$58Bn

$7.4Bn

$155Bn



Dyadic Alternative Protein product portfolio growing rapidly

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

Cell Culture Media (Food)

Å Global CCM market estimated at $4.7B with >12% CAGR
Å 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

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 $900MM Cosmetics Sampling initiated; testing ongoing

Cellulosic Enzymes $1.1Bn Biofuels Partnered with Fermbox; 1H 2025 launch

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



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

Product Total Addressable Market Application Status

DNASE-1 (Rnase-Free) $300-500MM
Removes contaminating genomic DNA from the 

RNA preparation
Certificate of Analysis; ready for non-GMP production and cGMP 

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

Molecular Biology: DNA and RNA manipulation

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

supply agreement expected Q1 2025



Efficient, High Yield DNase I Production Using C1 Technology

Fermentation broth 
(days of fermentation) 

His affinity 

chromatography

IEX 

chromatography

Purified DNase I

Cost-effective DSP

o DNase I was transformed into 5ȅŀŘƛŎΩǎ platform by standard transformation technology (site directed integration, PAnSES).
o Selected clones were fermented under standard conditions
o DNase I sample (protein concentration 1.8 mg/ml) is about 100x more concentrated compared to competitor (1 unit/ul).
o Yield reached of secreted DNase I after 4 days fermentation is >1g/L 

1        2       3       4



Dyadic DNase I Quality Comparable to Reference Standard

o The DNase I activity/protein is comparable 
to reference standard.

o One unit of DNase I completely degrades 1 
µg of plasmid DNA in 10 minutes at 37 ÁC

o One DNase I unit is equivalent to 0.3 Kunitz 
unit:

o Currently used Dyadic DNase I has about 
30 Kunitz/ul

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 Platforms: Rapid, Affordable, Scalable Production of Quality Proteins

5ȅŀŘƛŎ tƭŀǘŦƻǊƳ CŜŀǘǳǊŜǎΧ

0

5

10

15

20

25

Stage 1 Stage 2 Stage 3 Stage 4

g/
L

Increased Productivity  ~1 yr.

Antigen mAb

Dyadic Platform BenefitsΧ

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

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

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



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:
   - 5ƛŀƎƴƻǎǘƛŎǎΥ .ƛƻƳŀǊƪŜǊ ŘŜǘŜŎǘƛƻƴ ŦƻǊ ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ ŘƛǎŜŀǎŜǎ όŜΦƎΦΣ ʲ-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.

Protease Applications

Spiking library for protease 
screening for C1/Dapibus

DYADIC CONFIDENTIAL



Genetic toolbox for rapid, stable, high yield C1 strain development

The advanced genetic toolkit for synthetic biology

Change in morphology led to hyper-
productivity and low viscosity.

Genetic toolbox

Gen1

Gen2

Gen3
Gen4

HTP screening

Gene integrat ion

Gen3

Gene delet ion, KO

Gen2

Precise gene target ing

Sel.markerGen1

Gen2

Gen2

Ge n 2

Marker recycling

Promoter replacement Reporter genes

Gen1

Sel.marker

Gen1

Sel.marker

Sel.marker



Systematic deletion of active proteases in C1 host to improve stability

é.

.

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

Site 

directed 

integration

KO 

cellulases 

regulator
Pharma C1 strains

Systematic deletion of proteases genes based on:

Å Isolation and identification of extracellular proteases

Å C1 protease library in Pichia pastoris that allows to test more than 50 proteases

Å Effect of different protease inhibitors on protease activity

Å mRNA sequencing data

Å Protease gene annotation
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Glyco  Pattern

DYADIC CONFIDENTIAL

Å C1 Wild type glyco pattern targets are man3 to man9.
Å Ouraimhasbeento humanizeN-glycosylationpathwayand enable

its useas productionhost for pharmaceuticalproteinsthat require
humanizedglycans

Twostrategieshavebeensucessfullydeveloped:
1. Emptyhost strainswith humanizedglyco-machinery
2. Geneticconstructto converta wild type glyco strainin humanized

glyco strainby just oneroundtransformation step

98.6% humanized glycans
92.7% Occupancy 

Host Strain (Empty)
(containing humanized 

glycan machinery)

DNA 
(target)

Producer Strain
(expressing the target 

with wt glycans)

DNA (Humanized glyco-
machinery expression 

construct)

+

+
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C1 Expression Technology

Efficient transformation methods can be applied:

ÅSingle site directed integration

Å By standard integration: 1 or 2 genes into the same site. Two integration sites can be used

Å By Cas9 technology: site directed integration at multiple sites

ÅRandom integration: integration at multiple sites

ÅEpisomal vectors

ÅTransformation procedure based on chemical (PEG) 

method with protoplasts or electroporation

ÅFrequencies for 1ɛg DNA:
Å 20 transformants for site specific integration

Å Up to 100 transformants for random integration

Å ~13,000 transformants for telomeric vector 

transformation

1 integration site 2 integration sites

Multiple integration sites (random)

Episomes
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Productive stable cell lines of antigen variants are rapidly developed

C1SiteDirectedTransformationMethod leadsto quickgenerationof stableC1cell lines

Å Set of strong promoters native and 

synthetic

Å No needfor induction

Å Stablesingle-copy integration

Å No need fortransientstage

Rapid Response 

High Doses 

Scalability 

Affordability

Å Rapid DevelopmentTimelines

Å HighProductivityςlargequantities

Å Purity

Å Stability

Å RobustManufacturingProcess

Å FlexibleCommercialScales

Å LowCost

Wuhan RBD variant New RBD variantThe same rapid 
method will be 

needed to 
construct new 
cell linewith a

newRBD variant

C1 genome C1 genome
IS

RBD1

RBD2

RBD2

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

2 weeks 1 week 1 weeks

Strain

construction
Screening in 

Fermentors

Analytical and 

MCB/WCB 

generation

Gene synthesis 

and Plasmid 

construction

1 week

1 week 3 weeks 1 week 2 weeks

Plasmid 

construction

Strain 

construction and 

re-isolation for 

monoclonality

MTP ferm., DSP  

and analytics 

& RCB

generation

1-30 l scale 

fermentation 

from RCB, DSP  

and analytics

Gene synthesis

1-2 weeks

Standard

Emergency, 
Pandemic

Vaccine time-line development
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Rapid Stable Antigen C1-Cell Line Development  - 21 Days

Å C1 was transformed with an expression construct of the Mpox 
antigen-ferritin fusion protein
Å Mpox C1 Ferritin Nanoparticle Antigen 
Å Stable Cell Line Developed & Antigen Expressed in ~ 21 

Days
Å 4.5 Grams Per Liter Productivity in 7-day fermentation

Å Transformants were grown in 24-well plate cultures and the 
supernatants were analyzed with Western blotting with C-tag 
detection and with stained SDS gels

Å A strong signal of expected size (32 kDa) is detected in 
Western

Å An abundant band with correct size is detected in stained gel
Å No background is coming from the negative control (C) 
Å Fermentation 
Å Antigen purification
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C1 Fed-batch Fermentation ï Rapid, Robust, Affordable, Scalable & No Bioburden

UPSTREAM PROCESSING FERMENTATION BIOPROCESS DOWNSTREAM PROCESSING

CHEMICALLY DEFINED 
MEDIUM

SEPARATION, PURIFICATION 
AND CONCENTRATION

C1 FERMENTATION

ÁLow-cost medium
ÁFed-batch technology w/ glucose 

feeding
ÁWide range of operating temp 

and conditions
ÁLow viscosity culture
Á~4 - 7 day process

Á1L to 500,000L fermentation scale
ÁProtein production requires no 

inducer
ÁProtein is (typically) secreted to 

the media
ÁStable cells & protein in ~7 weeks
ÁNo viruses or endotoxin
ÁLow carbon footprint



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

C1 (Dyadic); 9

Baculovirus; 38

CHO ; 54

0 10 20 30 40 50 60

C1 (Dyadic)

Baculovirus

CHO

Approximate Working Cell Bank to End of 
Fermentation Times1

C1 (Dyadic) Baculovirus CHO

Less Time, No Viral Clearing Needed C1 Higher Productivity

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

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

X300

C1 Fermentation Baculovirus Fermentation
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Generic process flow chart for C1 is 7 - 9 days

Inoculum expansion - bioreactors

Seed train: inoculum 
expansion in flak

Production bioreactor

N-3 ~1.6L scale

N-2 ~40L scale

N-1 ~1000L scale

N ~12,000L scale

Pre-inoculum: 
Mycelium activation

1
 ς

 1
,5

 d
a
ys

0
,7

5
 -2

,5
  

d
a
ys

5
 d

a
ys

Passage 2 
flask

Passage 1 
plate

Generic Process Flow Chart for CHO is 41 ς 54 days
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Certolizumab production with C1 in Single use Bioreactor (SUB)
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Cygnus developed the C1 HCP ELISA Kit, available to Dyadic and Cygnus customers

Å Cygnus - Industry Trusted For Purification, QC & Lot Testing. Long-Term Supply OfKits w/ Same Ab.

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

Å Solution for testing C1 HCP impurity during product lot release testing, thereby enhancing the quality 
assurance process in biomanufacturing. 

Å Collaboration with Cygnus resulted in the development of a first -in-class C1 HCP ELISA assay, making 
c"ukipkhkecpv"uvgr"vqyctf"itgcvgt"cfqrvkqp"qh"vjg"E3"vgejpqnqi{"inqdcnn{0Ҷ

џìĲЮċƖĲЮƻĲƖǃЮĲǂĦŔƣĲĬЮċĤŸƨƣЮƣőĲЮũċƨŰĦőЮŸŉЮƣőĲЮőŔŊőũǃЮċŰƣŔĦŔƓċƣĲĬЮ9ΤЮ
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 
ĦŸƨŰƣƖŔĲƚдѠЮChristine Dolan, Cygnus Technologies Chief Operating 
Officer. 



Demonstrated consistent successful expression of broad array of potent antigens & mAbs from C1-Cells

ÁNow available: H5 (bird flu); mPox*



Key Limitations of Existing Recombinant Protein Production Platforms

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

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)



C1, Faster, More Productive Lower Cost Antigens



Á In ~2 months a C1 strain expressing the Receptor Binding Domain (23kDa) of SARS-CoV-2 spike protein

Á Stable C1 production strain was developed that expressed the RBD originally at a level of ~ 1 g/L

Á Strain engineering and fermentation optimization elevated the production level to +/- 2 g/l in 4-5 days

Á C1 fermentation is based on fed-batch technology with glucose feeding 

Production of the RBD of Wuhan CoV-2 Variant

C1 RBD strain was run in 5L 

scale fermentation

The RBD was purified twice 

with CaptureSelectÊ C-tag 

10ml column.

98% purity

70% recovery

Supernatant PurifiedMarker Marker

RBD-CTag

C1 cell line in 1L fermenter system



Phase 1 Study Results:

Á Double blind placebo-controlled safety study of 30 healthy adults conducted in South Africa. 

Á 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: 

Á Study met its primary endpoint demonstrating that both dose levels are safe and well tolerated.

Á DYAI-100 induced robust immune responses, including both humoral and cell-mediated responses, in vaccinated individuals. 

Successful DYAI-100 Phase 1 Results: Primary Endpoint Achieved
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C1- Rapid Production of Complex NextGen Antigens in Larger Quantities

C1 Ferritin Nanoparticles (One-Step Production)

C1 Trimers

C1 aMHCII Targeting

/м ±[tΩǎ
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SARS-CoV-2 Spike protein produced at high yield by C1 -cells

Ag-specific total IgG levels two weeks after single 
immunization with Full-Spike protein from C1

Fermentation broth 
(days)

Anti-spike 
WB

2 3 4 5 6 7
Å Spike protein is properly expressed and 

secreted in C1 platform
Å Yield: 1g/L
Å No clipping or degradation is observed
Å The minor band detected by WB is also 

observed in the spike reference produced 
by CHO cells 

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

similar features with KD of 1.2 mM

Full Spike from C1 Full Spike from CHO

Binding behavior of spike protein of the SARS-CoV-2 by Bio-
layer interferometry (BLI)

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

Production of SARS-CoV-2 Spike protein by C1

Naive C1 Spike 
MNP



Successful High Yield Expression of RSV Trimers in C1
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In vivo evaluation of RSV -F (and hMPV-F) constructs in mice  
Open t r imers vs.  prefusion/postfusion mixed t r imers vs.  uncleaved, prefusion -c losed (UFC) t r imers

Conclusions:
1. Overall, DS-Cav1 (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 ID50 titers across time points, our UFCR1-P2-NQ ranks the second best and is close to sc9-
10 DS-Cav1 at week 8, and our UFCR2-P2-NQ-iSS is equivalent to sc9-10 DS-Cav1.

2. None of the tested RSV-F trimers can induce cross-NAb responses against live hMPV.
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216 155 287
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71

64651
86574

57356
114452

36752

2888

133030
93335

144346

63214

131112
35588

6409

173785

88670

186865

68107
140386

34116

10901

129417

Ext-P2DB6-D-NQ-foldon-w2
Ext-P2DB6-D-L2-foldon-w2
Ext-P2DB6-GDQ-NQ-foldon-w2
Ext-P2DB6-GDQ-L2-foldon-w2
DS-Cav1-foldon-w2
SC-TM-foldon-w2
Sc9-10 DS-Cav1-foldon-w2

UFCR1-P2-NQ

RSV-F

UFCR1-P2-L2

UFCR2-P2-NQ

UFCR2-P2-L2

DS-Cav1

SC-TM

sc9-10 DS-Cav1

Coated with RSV-F sc9-10 DS-Cav1(1TD0)

W11

W11

Neutralization against hMPV

Lee, Y. Z., Han, J., Zhang, Y. N., Ward, G., 
Braz Gomes, K., Auclair, S., ... & Zhu, J. 
(2024). Rational design of uncleaved 
prefusion-closed trimer vaccines for 
human respiratory syncytial virus and 
metapneumovirus. Nature 
Communications, 15(1), 9939.
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A/New Caledonia/20/99(H1N1)

rHA -TMD

Myceliophtora 
Thermophila 

(Dyadic - Engen)

rHA Baculovirus

(Protein Sciences)

Negative Controls

PBS

5

1 3.33 10 30 1 3.33 10 30

µg of A/New Caledonia/20/99rHA (µBradford dosage)

C1 C1

mock1 mock2

spiked spiked

52
40

10 10

HI response after 1 IM immunization in 

mice:

Statistical analysis was not possible 

due to too much non responders

Although:

ƀ Clear evidence of the superiority of 

C1-rHA TMD over baculo-rHA 

(number of responders and mean 

titers)

Not statistically analyzed 

C1-rHA TMD > Baculo-rHA

C1 C1

mock1 mock2

30µg 30µg

|

Sanofi Immunogenicity evaluation of C1 rHA-TMD

Results: A/NC/20/99 HI specific response post-1 IM (D27)

Expression

system

Doseof rHA

1µg 3.33µg 10µg 30µg

C1

Baculo

50%(4/8 )

62.5%(5/8 )

57.1%(4/7 )

12%(1/8 )

100%(8/8)

50%(4/8 )

100%(8/8)

75%(6/8 )

Percent of responders



MASS PRODUCIBLE H5-2.3.4.4b FERRITIN NANOPARTICLE ANTIGEN

Production of Cross Protective, Adjuvanted, Self-assembling Nanoparticle
 H5-2.3.4.4b A/Astrakhan Subunit Vaccine Candidate



Production of H5 - Clade 2.3.4.4b A/Astrakhan/3213/2020 Ferritin Nanoparticle Antigen
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Larger scale protein purificationFermentation results

Time point Concentration  

(g/L)

Day 6 1,57

Day 7 1,97

C1 Produced

H5 - Clade 2.3.4.4b

A/Astrakhan/3213/2020

Ferritin Nanoparticle 



Rabbit Intramuscular H5 Subunit Ferritin Nanoparticle Vaccine
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\\vvdcsvr\ViroVaxData\Sunil David\08.20.23 VV-45 (NP-H5 Antigens)

 - Preimm, Imm-1\08.20.23 VV-45. Preimm, Imm-1. 

Set-1. Amer. Wigeon (Individual Graphs).opj

Set-1: H5N1 RVPs. Influenza A, American Wigeon/SC/22-000345-001/2021 (Clade 2.3.3.4b) 

VV-45. Cohort 1. Imm-1/Imm-2 

NP-H5-RG71A/RG8A // Cquim-I (MA)

Immune-1 sera (after 1st boost):

 1.VV45.VVX125.Imm1

 1.VV45.VVX126.Imm1

 1.VV45.VVX127.Imm1

 1.VV45.VVX128.Imm1

Immune-2 sera (after 2nd boost):

 1.VV45.VVX125.Imm2

 1.VV45.VVX126.Imm2

 1.VV45.VVX127.Imm2

 1.VV45.VVX128.Imm2

Pos.

Ctrls.
Serum Dilution Factor

Neg.

Ctrls.

VV-45. H5 Antigens, Rabbit, I.M. Immune-1, Immune-2 nAb Titers: 09/01/23

Median titer:

11,000
0.0

5.0x10
6

1.0x10
7

1.5x10
7

2.0x10
7

2.5x10
7

T
o

ta
l 
G

re
e

n
 O

b
je

c
t 

In
te

g
ra

te
d

 I
n

te
n

s
it
y
 (

G
C

U
 x

 µ
m

²/
Im

a
g

e
) 

o
v
e

r 
2

 d
a

y
, 

6
 h

o
u

rs
 

Means + SD 

of 32 wells 

for each control

 

× C1 produced H5 nanoparticles 
× 2 g/l in 7 days

                           * Prior to optimization

Rabbit Study:

1. Day 0: Pre-immune test bleed

(Preimmune sera)

2. Day 0: Primary vaccination I.M., 0.2 

mL/dose.

3. Day 15: Boost 1 vaccination. I.M., 

0.2 mL/dose.

4. Day 25: Test-bleed-1 (ñImmune-1ò 

sera)

mAb Titers: 1 & 2 Boosts 



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

U. Wisc. Ref & 

VV 

Randomized 

Index

A/Vietnam/1203/20

04 

HI Date: 10-19-2023

A/Vietnam/1203/2004 

HI Date: 10-26-2023

A/Astrakhan/3212/2020

HI Date: 10-19-2023

A/Astrakhan/3212/2020

HI Date: 10-26-2023

U. Wisc Ref 

and Rabbit 

ID 

VVX Cohort

Antigen(s) 

and 

Adjuvant 

used

F71/10** <10 <10 <10 <10 Ref. 1

F62/15 160 <10 Ref. 2

T1240 <10 <10 160 80 Ref. 3

158 <10 <10 160/320 320 VVX-125 Cohort 1 Cohort 1: NP-Astrakhan-2020 // Cquim-I

134 10/20* 10 640 320/640 VVX-126 Cohort 1

179 <10 <10 80 80 VVX-127 Cohort 1

171 <10 <10 160 160 VVX-128 Cohort 1

140 80 80/160 <10 <10 VVX-129 Cohort 2 Cohort 2: NP-H5-VIET04 // Cquim-I

170 80 80 <10 <10 VVX-130 Cohort 2

434 80 80 10/20 20 VVX-131 Cohort 2

214 80 80 <10 <10 VVX-132 Cohort 2

162 160 160 320 320/640 VVX-133 Cohort 3 Cohort 3: NP-Astrakhan-2020 + NP-VIET04 // Cquim-I

362 40 40 80 80 VVX-134 Cohort 3

412 160 160 160/320 160/320 VVX-135 Cohort 3

283 160 160 160 160 VVX-136 Cohort 3

216 20 20 10/20 10/20 VVX-137 Cohort 4 Cohort 3: NP-Astrakhan-2020 + NP-VIET04 // Alhydroxiquim-II

184 <10 <10 <10 <10 VVX-138 Cohort 4

201 20 20 40 20 VVX-139 Cohort 4

503 20 20 10 10/20 VVX-140 Cohort 4

*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 I would consider it <10. No pellet formed in the Astrakhan virus wells for this sera.

Black Fill = Not done.

Confirmation of Neutralizing Antibody Titers: Hemagglutination-inhibition Assay 

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



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

DYADIC CONFIDENTIAL INFORMATION

Å Confirmed cross-neutralization against 

all three circulating strains: 

Å (a) H5/Influenza A/Astrakhan/3212/2020, 

Å (b) H5/Influenza A /Texas/37/2024

Å  (c) H5/Influenza A/Dairy 

Cattle/Texas/24-008749-003/2024

Cohort 4 of VV-51 rabbits 



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

Key Attribute C1 Cells

Å 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

Å Rapid, High Yield, Low Cost: Already ~2 g/l in 7-day fermentation w/o strain and fermentation optimization
Å E.g. Using a 2K-liter standard microbial bioreactor and a vaccine dosage of 50 mcg (animal studies 

used 30 mcg)
Å 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. 
Å Estimated 300 million doses with the use of one 15K-liter  microbial bioreactor. 

Å Sustainable & Affordable Alternative to mRNA:  UǎƛƴƎ 5ȅŀŘƛŎΩǎ /м-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.



Adjuvanted & Unadjuvanted 

C1-Produced H5N1 Microneedle Vaccine Candidate

Week 0 3 5

Immunize Immunize

C57BL/6 mice

n = 5
Bleed

(ELISA)

Naïve 

NP-H5-RG71A/RG8A (1 µg) MNP ï No Adjuvant

NP-H5-RG71A/RG8A (1 µg) + Alum (50 ug) IM

NP-H5-RG71A/RG8A (1 µg) + Novel Adjuvant (5 ug) 

NP-H5-RG71A/RG8A (1 µg) + QS-21 (1 ug) + Novel Adjuvant (1 ug)

Groups
Experimental Schedule
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Example 2 : C1 Antigens Manufactured at Flexible Commercial Scales¤Affordably

Key Attribute C1 Cells

Å 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

Å Rapid, High Yield, Low Cost: Already ~2 g/l in 7-day fermentation w/o strain and fermentation optimization
Å E.g. Using a 2K-liter standard microbial bioreactor and a vaccine dosage of 5 mcg (animal studies 

used 1 mcg)
Å 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. 
Å Estimated 3 billion doses with the use of one 15K-liter  microbial bioreactor. 

Å Sustainable & Affordable Alternative to mRNA:  UǎƛƴƎ 5ȅŀŘƛŎΩǎ /м-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.



C1: Animal Health Vaccines & mAbs



Dyadic C1 advantages provide opportunity within Animal Health

Higher yields with lower overall costs

o No viruses or endotoxin

o Low carbon footprint

o Flexible and scalable to high levels

o High purities and yields

o Improved stability

o Shorter processing times

o High titers with inexpensive media

Potential Animal Health Vaccines



Record Optimization of Expression of an Antigen for Livestock Viral Disease

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

Expression in C1 Optimization of Antigen Production

Antigen Yield in C1

Antigen X 20.0 g/L/7d
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C1, Faster, More Productive Lower Cost mAbs



46

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

Access Challenges Affordability Challenges
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C1 mAb Proof of Concept: Nivolumab 

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

Best 

productivity 

22.3 g/L in 7 

days 

fermentation1

Protease activity

HC

LC

HC 

fragments

Productivity Stability N-Glycan

Constructing Commercial Strains:

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

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

MT771-6

M7184

Glycan Obs.RT(min) Amount,%

Man2 6,22 -

Man3 8,42 3,51

G0 10,63 12,01

G1 12,05 16,29

G1_2 12,25 29,20

G2 13,55 38,99

%HumanisedN-glycans 96,49

Totalresponse 137,9

Nivolumab,g/l 9,23

Kda M    S F3 F4 F5 F6

75

50

37

25

150

Reduced

N
o
n
-R

ed
u
ce

d

Single-step purification using 1 ml 

Eshmuno A (Protein A) column
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C1 manufactured monoclonal antibodies are stable and correctly folded

A.	 B.	
07	 11	 12	 13	

m
A

b
X

 

m
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b
X

 

Purification
by ProtA

C1-produced
mAb

CHO-produced
control

HC

LC

Input ς precleared 
fermentation broth F

r. 
4
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r. 
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Purification
Western blotting

4
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2              3            4             5            6
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g

Days

Western Blotting

ka (1/Ms): 1,033E+5 Ñ 80 
kd (1/s): 3,539E-4 Ñ 6,2E-7 

KD (M): 3,424E-9 

ka (1/Ms): 1,056E+5 Ñ 63 
kd (1/s): 4,821E-4 Ñ 7,3E-7 

KD (M): 4,565E-9 

ka (1/Ms): 1,069E+5 Ñ 88 
kd (1/s): 3,651E-4 Ñ 8,6E-7 

KD (M): 3,417E-9 

ka (1/Ms): 1,085E+5 Ñ 230 
kd (1/s): 5,067E-4 Ñ 8,4E-7 

KD (M): 4,669E-9 

Single cycle 

Single cycle 

Multi-cycle 

Multi-cycle 

	CHO-produced	

C1-produced	

Surface Plasmon Resonance

ü Typically, stable mAbs production levels are between 

o 5 ς 10 g/L in 5-7 days

ü Best productivity at Ambr system:

o 24.5 g/L in 7 days (3.5 g/l/day)

ü Best productivity so far at 30L scale: 

o 20.6 g/L at 157 h (3.1 g/L/day) 
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C1 has capability to express bispecific antibodies, nanobodies, other therapeutic proteins

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

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

Å MS Deconvoluted 
spectrum analysis

Å Followed the expected 
spectrum
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Pre-clinical studies with C1 Produced 87G7 Monoclonal Antibody

HuMabs ŜȄǇǊŜǎǎŜŘ ƛƴ ƎŜƴŜǘƛŎŀƭƭȅ ŜƴƎƛƴŜŜǊŜŘ /м ŬƭŀƳŜƴǘƻǳǎ ŦǳƴƎǳǎ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎǳǇŜǊǎŜŘŜ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭ-
produced HuMabs for the prevention and treatment acute respiratory virus infections. As was previously shown for C1-

produced proteins as vaccine candidates 
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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 
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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
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CHO-like neutralization and binding, but faster and more affordable

production 

method

IC50 

(ng/mL)

rANDV-44 ExpiCHO 4.1

rANDV-44 C1 5.4

DENV 2D22 ExpiCHO > 1 ҡg/mL
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Quality of mAb  Confirmed by Independent Experts


