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Benefits of fungal systems

• Host cell growth is extremely fast

• Media requirements are very simple and low-cost

• Protein secretion rates are among the highest of all 
organisms
– Recombinant protein yields are known to exceed  30 g/L

• Fungi are eukaryotic and unlike bacterial systems, 
protein refolding is rarely an issue and glycosylation is 
more mammalian-like.

• Fungi are used to produce industrial enzymes, small 
molecules, and biologics 
– NovoNordisk’s Levemir® (insulin), Merck’s Gardasil® HPV 

and Recombivax® HBV vaccines, and Agennix’ therapeutic 
talactoferrin.
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NeuBIOS™

• Proprietary fungal 

expression platform for 

producing protein biologics 

including monoclonal 

antibodies and vaccines

• Utilizes the filamentous 

fungus Neurospora crassa

• Extremely fast and cost-

effective production platform

• Strong patent protection
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NeuBIOSTM –

Neurospora Biological Operating System

SecretionDNA  

• A “Plug and Play” platform for low cost production of 

protein biologics

– Hardware = The Fungal Cell  The genome + biochemical pathways

– Software = Expression Cassettes  Integrated into the native genome

– Input = Heterologous Genes

• Strains grown in optimized bioreactors make up the 

NeuBIOSTM production factory
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Host Strains - Modified to Reduce Protease 

Activity and Improve Secretion

N. crassa Strain ►
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Morphology  ► wt wt wt wt col-4 col-4 wt wt wt col-4 col-4 wt col-4 col-4

Gene KO ▼

apr-2

apr-3

apr-4 Not yet available

apr-6

apr-7

apr-8

apr-9

apr-10

apr-11 Not yet available

apr-12

apr-13

mpr-3 Not yet available

mpr-4

pep4 Available from FGSC May 2009, but to be made in-house

spr-3

spr-4

spr-5

spr-6

spr-7

spr-8 Available from FGSC May 2009, but to be made in-house

cre-1 (regulatory gene)

gla-1 (enzyme)

Colored box indicates gene has been KO’d in N crassa strain
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Host Strain Improvement –

Regulatory Gene KO

• Knocking out cre-1 improves overall protein 

secretion 10-fold 

SDS-PAGE comparing total 

secreted protein from strains   

± cre-1 repressor gene 

– 50% of total protein secreted 

is a specific glucoamylase

1      2     3

KOWTglobal regulator cre-1 KO
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Recombinant Vaccine Antigen Production

• Neurospora host strain transformed with an expression 

cassette coding for a recombinant protein
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Heterokaryon Production Strain

• Sibling host strains are transformed to produce different 

proteins

Protein X Producing Strain Protein Y Producing Strain

• Then host strains are fused to express both proteins

Protein X and Y Producing Strain
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Heterokaryon Technology

• Allows the production of flexible combinations of subunit 

heteromeric proteins such as monoclonal antibodies

• Can also be applied to produce multivalent viral vaccine 

mixtures

• The ratio of each set of nuclei in the heterokaryon can be 

artificially and stably set allowing the empirical “tuning” of 

the expression levels of the subunits by effectively 

changing the gene dosage.

Fusion Cell Growth
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NeuBIOS™ Platform –

Production of Biologics

• Vaccine Production

– Subunit antigens;  influenza HA, NA

– Virus-like particles;  influenza HA, NA, M1 containing 

VLPs

• mAb Production

– IgG1

– IgG2

• Other protein pharmaceuticals
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Recombinant Proteins Produced by 

Neugenesis in Neurospora

Proteins

Secreted
Western 

Reactive
Bioactive

Viral

Flu H5N1M1 √ √ √

Flu H1N1M1 √ √ √

Flu H1 √ √ √

Mammalian

rhM-CSF √ √ √

Lactoferrin √ √ ND

HSA √ √ ND

Chymotrypsin √ √ √

Relaxin √ √ ND

DSPA √ √ √

Plant

Zeamatin √ √ √

Monoclonal Antibodies

Secreted
Western 

Reactive
Bioactive

IgG1

*A √ √ √

B √ √ √

*C √ √ √

D √ √ ND

E √ √ ND

F √ √ ND

G √ √ ND

IgG2

**H √ √ √

scAb

I √ NA ND

* Humanized mAbs

** Fully human mAb
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Monoclonal Antibody Produced in 

Neurospora is Intact and Binds to Ligand

Std    M   Fr.16

Identity/Fragmentation:

Prot. A + CM IEX, Western
Activity: 

Ligand Binding by Competitive ELISA
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Influenza HA Produced in N. crassa is 

Intact, Binds to specific Abs, and Bioactive

N. crassa HA

Fragmentation: Single-step < 10%  

Neurospora expressed 

HA shows a very similar 

multimer ladder compared 

to an HA standard.

Identity/Folding: 

Blue-Native Gel Western Blot

50 ng 

HA std.

2 84 3216 64 128Serial dilutions Negative 

control

Hemagglutination Activity Assay

The HA produced 

in Neurospora is 

bioactive.
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Heterokaryon Technology to Produce 

Flu VLPs

• Generate M1 producing host strain

• Transform M1 strain separately with HA and NA constructs

• Fuse HA+M1 and NA+M1 strains to generate HA+NA+M1 

heterokaryon producing VLPs

M1 Producing Strain

HA+M1Strain

NA+M1 Strain

HA+NA+M1 Strain
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Advantages

• Avian flu strains kill birds, including chickens used to 
generate eggs for traditional flu vaccine production.  The 
NeuBIOS™ system does not use eggs for vaccine 
production

• Egg-based production requires growth of dangerous  
pandemic virus strains, putting workers at risk.  The 
NeuBIOS™ system does not require virus growth

• Egg-based production yields for pandemic flu strains are 
often lower due to poor virus growth in eggs.   The 
NeuBIOS™ system produces recombinant antigens, and 
yield is unlikely to be affected

• Vaccine against new variants can be produced in weeks 
rather than the current 6-9 months

NeuBIOS™ for Influenza Vaccine Production
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NeuBIOS Platform is More Efficient for Flu 

Vaccine Production

Production Method

HA mg/L       

(Final Yield)

Vaccine 

Doses/L

L  to generate 

10 MM Doses

Eggs 7 470 21,277 

Mammalian Cell Culture* 2.7 180 55,000

NeuBIOS** 100 6,667 1,500

Numbers based on production of monovalent bulk and 15 ug HA dose.  

*MMC information from the Novartis website.

** NeuBIOSTM calculations use a conservative yield estimate for the system
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NeuBIOS Provides Shortened Timeline for 

Flu Vaccine Production
Months 1 2 3 4 5 6 7 8 9

NeuBIOS Platform

4.75 months

3.5 months if strain already available

Mammalian Cell Culture Platform

5.25 months

Egg-based Production Platform

6.5 months

gene sequence available

generate transformed production strain

scale up for production

production of bulk antigen

blending, fill, finish, release

SRID reagents available

Vaccine strains chosen

generate seed lots

production of bulk antigen
scale up for production

blending, fill, finish, release

generate seed lots

production of bulk antigen
scale up for production

blending, fill, finish, release
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Cost per Dose –

The System is Very Inexpensive
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Non-capital Costs Fall Rapidly with 

Increased Antigen Concentrations
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• Non-pathogenic host organism

• Animal-free system

• Ability to store production strains

• No virus growth required

• Short fermentation time

– Less than 7 days 

• Uses minimal media and simplified protein recovery

NeuBIOS
TM

Platform Summary
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• High production yield potential

• Development times for new variants as short as 12 weeks 

• Tailored multivalent vaccines

– mix and match antigens 

• Scalability and flexibility

• Reduced capital requirements 

– bioreactors <1000 liters

• Production efficiency translates to significant cost savings

NeuBIOS
TM

Platform Summary
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