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University Research Unit
• Research-intensive

• Student-centred

• Produce valuable recombinant 

proteins, mainly in plants

• Early-stage products



Plant Virology, 1981

Plant Biotechnology,

1990s

Geminivirology, 1985

Vaccines, 2000

Human Virology, 1988

Biopharming Research Unit,

2013

NRF

Intervention

1999: ceased 

funding us

First patent:

Virus-resistant

tobacco Next patents:

HPV and HIV 

vaccines

Patents on animal 

vaccines, enzymes, 

antibodies

Married Anna-Lise

SAAVI and 

Innovation 

Fund 

AwardsWorked with Jennifer 

Thomson

Secrets for success:

Luck, Opportunity, Agility

DIVERSIFYING FUNDING 

SOURCE!!

And Time



Innovation & IP





• You can’t sell it if you haven’t protected it

• No-one else will want it if it isn’t protected

• You might actually earn some money – for 
you, your group and the institution

• Your invention may actually be used: UCT is 
spinning out companies that may help



We are a spin-off 
company of the 

University of Cape Town 
aimed at 

commercialising the bio-
tech developed by their 
Biopharming Research 

Unit (BRU) for the 
production of 

recombinant proteins









Licencing income at UCT



With some cautionary tales



• Do applied research: you can publish good work 

AND patent it

• Get funded by industry or bodies like TIA

• DON’T PUBLISH BEFORE YOU PROTECT!!

• DON’T TALK ABOUT IT IN PUBLIC!

• REALLY!!
• Write it up like a paper and submit it with a disclosure form 

to RC&I at UCT / your IP office
• Commit to a several-years-long project of seeing the 

same thing again and again and again…



A Real Problem:

Engineering resistance in maize to 
maize streak virus: a successful end 

to a 20-year battle



Patented: Funded 

by and licenced to 

Pannar Ltd



Proteins Expressed at UCT over 20 
years:

▪ Human papillomavirus (HPV) proteins:

▪ L1, L2 and E7 and chimaeric L1 and PsVs

▪ HIV-1C Gag and Env

▪ Avian influenza (HPAI) H5 + H1 haemagglutinin

▪ Human rotavirus capsid proteins

▪ Bluetongue virus capsid proteins and VLPs

▪ African horse sickness virus proteins and VLPs

▪ Beak and feather disease virus capsid protein

▪ SCFv antibodies / Horseradish peroxidase



Properties of the HPV L1 capsid 
protein

L1 protein can self-
assemble into virus-like 
Particles (VLPs) that are 
antigenically identical to 
virions - and are 
already released 
(Merck’s Gardasil, 
GSK’s Cervarix - made 
via yeast and 
baculovirus)

COST = US$70-120 x 3

Natural 
capsid:
L1+L2
+DNA

Capsid 
consisting 
only of L1

Plant Vaccine Group                                                                                                          University of Cape Town





Expression and purification of L1 proteins of 10 HPV types in 

plants
Vacuum infiltration of L1-

expressing constructs in 

Agrobacterium into 

Nicotiana benthamiana 

plants

Discontinuous 

Optiprep™ 

density gradient 

purification

45%

39%

33%

27%

Total VLP yields per kg of fresh 

weight biomass of ~6 mg/kg 

were obtained from fractions 3-

5

Total yields of L1 were 100-500 mg/kg 

fresh weight

Plant-made HPV L1 VNPs as Vaccines

Alta van Zyl*, Paulina Naupu, BRU



This is the first 

demonstration of the 

production of ANY

mammalian DNA 

pseudovirion in plants 

It is also the first 

evidence that DNA 

vaccines can be made 

in plants



Influenza Vaccines / Reagents

“At a conference in Cape Town in 2005 [1st Virology 
Africa], a WHO influenza expert warned us

“When the pandemic comes, you in the 
developing countries will be on your own”

We applied for extraordinary funding from the PRF 
in SA to explore the possibility of making a 
pandemic flu virus vaccine in South Africa.”

E Rybicki (2015).  From plant virology to vaccinology: 

The road less travelled.  Human vaccines & 

immunotherapeutics 11 (11), 2517-2521, 2015



UCT Work: Influenza A virus
Structural proteins
• HA – glycoprotein, virus 

attachment (defines 
subtype)

• NA – glycoprotein, virus 
release (defines subtype)

• M1 – matrix 1 protein, viral 
budding

• M2 – matrix 2 protein, viral 
uncoating

• NP – nucleoprotein, nuclear 
import

• PB1, PB2, PA – polymerase 
subunits

www.cytokinestorm.com 

HA

NA

NP

M1

M2

NS2

NS1

PB1, PB1-F2, PB2, PA

HA

HA – glycoprotein, 

major antigen

(Bouvier & Palese 2008, Suri 2007)



We managed, after synthesis of two versions of a single gene, 
to produce by transient and transgenic expression in plants, 
two variants of a highly pathogenic avian influenza virus HA 
protein which could have vaccine potential. 
This is a proof of principle of the potential of plant-produced 
influenza vaccines as a feasible pandemic response strategy 
for South Africa and other developing countries.



The invention relates to a method of 

producing a HPV polypeptides and/or 

an influenza virus H5 polypeptide in a 

plant





H5 HA Budding as VLPs in Plants

Greatly increased 

immunogenicity

Use as platform for 

display of other GPs or 

epitopes:

- HIV Env

- Ebola GP

- Coronavirus S

- Rabies G

- Rift Valley fever virus Gn

- Influenzavirus A M2e





Used for HIV vaccines – and 

SARS-CoV-2??







Expression and purification of BTV and AHSV 

VNPs

Plant-made Orbivirus VNPs as Vaccines

Sue Dennis, AHSV 4&5



Where should we go??  

Rapid-response vaccines:

Speed of production, low cost and rapid scalability 

allow very rapid cGMP production of vaccines to:

• Emerging disease agents such as influenza 

Ebola / Marburg, CCHF viruses

• SARS-CoV-2….

“Orphan” vaccines:

Viruses like Lassa fever

Therapeutic vaccines for HPV-related cancers, HIV

Later: Biosimilars or generics:

HPV, HBV, HAV, brucellosis, E coli, cholera, TB….



With special thanks to the HPV green 
team, present and past:

A.-L. Williamson, Inga Hitzeroth, Ann 
Meyers, Alta van Zyl, Paulina Naupu, 
Renate Lamprecht, Megan Hendrikse, 

Aleyo Chabeda

Sue Huddy, Paul Kennedy, Benjamin 
Singo, James Maclean, Arvind Varsani, 

Thomas Kohl, Ramon Pereira
Cathy Pineo, Mark Whitehead, Guy 

Regnard, 

And to:
Marc-André D’Aoust & Medicago Inc.
Rainer Fischer, Thomas Rademacher - RWTH 

Aachen University / Fraunhofer Inst
Neil Christensen – Univ Pennsylvania


