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PATENTS:

US 61/755,256 provisional (AzTE M13-014L) filed on 1/22/2013

PCT (Attorney docket #055743-469010) filed on 1/22/2014

Mason HS, Winkle S, Rosenthal S-H, Diamos A

Geminiviral vector for expression of Rituximab

This patent describes an optimized geminiviral vector system for the production of the
monoclonal antibody Rituximab.

US 13/060,414 (AZTE:043USP1)

Mason HS, Huang Z, Chen Q, Arntzen CJ, Hjelm B, Yuan S.

“A DNA replicon system for high-level rapid production of vaccines and monoclonal antibody
therapeutics in plants”

Application Number 61092318, Filed 08/27/2008

Notice of claims allowed 04/17/2013

This patent describes a novel viral vector system that very useful for production of oligomeric
proteins that must assemble from separate subunits, such as monoclonal antibodies for use a
protein drugs. It overcomes difficulties posed by other plant viral replicon systems which involve
competition between co-delivered vectors. This new geminiviral system drives non-competitive
co-amplification of multiple replicons to allow accumulation of multiple recombinant proteins in
the same cell. The system is an improvement over US Patent 6,392,121 in that it allows multiple
foreign genes to be co-expressed.

US 13/578,575 (M10-018L)

Mason HS, Bhoo SH, Park SH, Arntzen CJ

“Methods and Compositions Related to Glycoprotein-Immunoglobulin Fusions”

Filed 10/29/2012

This patent describes a novel strategy to express hepatitis C virus envelope glycoproteins E1 and
E2 as fusions with immunoglobulin heavy and light chains, which mediates assembly to produce
E1/E2 heterodimers. The process improves the expression and stability of E1/E2 as soluble as a
soluble antigen rather than a membrane-bound protein.

PCT/US2012/034707

Mason HS, Hong F, Bjorklund GR

"Methods of Protein Production”

This patent describes production systems that enhance correct folding of ER-targeted proteins in
plants, via up-regulation of ER chaperones including calreticulin and calnexin.
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SERVICE (2015)

Member of ASU Committees:

ASU Institutional Biosafety Committee

ASU Research and Creative Activities Committee
SoLS Research and Training Initiatives Committee
SoLS Safety Committee

Member Editorial Boards for: BioMed Central; Plant Biotechnol J.

Reviewer of manuscripts for journals:

Biotechnol. Bioeng. (ms #15-659)
Biotechnol. Adv. (ms #]JBA-D-15-00049; JBA-D-15-00302)
J. Virol. Methods (ms# VIRMET-D-15-00084)

Plant Biotechnol. J. (ms #PBI-00118-2015; PBI-00118-2015.R1; PBI-00181 2015; PBI-
00181-2015.R1; PBI-00515-2014.R1; PBI-00651-2014)

PLOS One (ms # PONE-D-15-38175)

Proc. Natl. Acad. Sci. USA (ms # PNAS 2015-13311)
Vaccine (ms #JVAC-D-15-00180; JVAC-D-15-00180R2)
Virol. J. (ms # VIRIJ-D-15-00266; VIRJ-D-15-00266 R1)

GRADUATE STUDENT MENTORING
Chair of Committee and Director of Research for Graduate Students:

Andrew Diamos, Microbiology Ph.D. candidate, degree expected 2017, ASU
Dissertation prospectus: Replication, movement, and genetic optimization of geminiviral
vectors for vaccine antigen and monoclonal antibody production in plants

Sun Hee Rosenthal, Plant Biology Ph.D. 2012, ASU
Dissertation: Improving Expression Vectors for Recombinant Protein Production in Plants

Fan Hong, Biodesign M.S. 2011, ASU
Thesis: Molecular Chaperones of the Endoplasmic Reticulum Promote Hepatitis C Virus E2
Protein Production in Plants

Emel Topal, Plant Biology Ph.D. 2010, ASU
Dissertation: Subunit vaccine to prevent Escherichia coli O157:H7 intestinal attachment and
colonization

Waranyoo Phoolcharoen, Plant Biology Ph.D. 2010, ASU
Dissertation: Plant-produced Ebola Immune Complex as an Ebola Vaccine Candidate

Shuo Yuan, Plant Biology M.S. 2009, ASU
Thesis: Generating and characterizing ethanol-inducible Rep-providing transgenic Nicotiana
benthamiana /ines

10
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Lolita George, Ph.D. 2008, Plant Biology, ASU

Dissertation: Examination of coding sequence elements that limit the expression of a norovirus
capsid protein in plants

Kate (Gorlewski) LePore, Ph.D. 2008, Plant Biology, ASU

Dissertation: Improved mucosal targeting of plant-derived vaccine antigens by fusion to a
bacterial invasin protein

Julia Pinkhasov, Ph.D. 2006, Plant Biology, ASU

Dissertation: Investigations into a mucosal targeted breast cancer vaccine: Fusion of the
epithelial mucin 1 antigen to mucosal carrier peptide and its efficacy in breaking
self-antigen tolerance

Xiuren Zhang, Ph.D. Candidate Ph.D. 2003, Plant Biology, Cornell University
Dissertation: Norwalk virus vaccine production in transgenic tomato and potato

Punchapat Sojikul, Ph.D. 2002, Plant Biology, Cornell University.
Dissertation: Improvement of hepatitis B surface antigen expression in plant cell culture system

Yong-Sun Moon, Ph.D. 2002, Horticulture, Cornell University
Dissertation: Geminivirus-mediated enhanced foreign gene expression in plant systems

Chair Ph.D. Graduate Committee in progress:
Andrew Diamos, Microbiology (candidate, expected 2017), ASU
Rowida Abdelgalel, Microbiology (expected 2016), ASU

Member of Committee for Ph.D. Graduates:

Lydia Meador, Ph.D. 2016, Biological Design Program, Ph.D. ASU
Dissertation: Searching for an HIV Vaccine: A Heterologous Prime-boost System Using
Replicating Vaccinia Virus and Plant-produced Virus-like Particles

Arpan Deb, Ph.D. 2016, Molecular & Cellular Biology, ASU
Dissertation: Towards A Structural and Functional Insight into The Human Immunodeficiency
Virus (HIV) — 1 Membrane Protein, Vpu

Katherine Larrimore, Ph.D. 2015, Molecular & Cellular Biology, ASU
Dissertation: Plant-Made Biologics: Human Butyrylcholinesterase Mutants for the Treatment
of Cocaine Addiction-Related Diseases

Sarah Kessans, Ph.D. 2011, Molecular/Cellular Biology, ASU
Dissertation: Expression, characterization, and immunogenicity of plant produced
GAG/DGPA41 virus-like particles

Mrinalini Muralidharan, Ph.D. 2009, Molecular/Cellular Biology, ASU
Dissertation: Characterizing pea acetylcholinesterases

Lisa Lopez, Ph.D. 2008, Molecular/Cellular Biology, ASU
Dissertation: Importance of conserved cysteine residues in the coronavirus envelope protein

Stacey White, Ph.D. 2008, Molecular/Cellular Biology, ASU
Ye Ye, Ph.D. 2007, Molecular/Cellular Biology, ASU
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Dissertation: Role of the Coronavirus E Viroporin Protein Transmembrane Domain in Virus
Assembly

Brian Geyer, Ph.D. 2007, Molecular/Cellular Biology, ASU
Dissertation: Transgenic Plant-Derived Recombinant Human Acetylcholinesterase-R

Samuel P. Fletcher, Ph.D. 2005, Plant Biology, ASU

Dissertation: Chemical Warfare Countermeasures: Expression of Human Acetylcholinesterase
in Plants

Nicole Judge, Ph.D. 2003, Microbiology, Uniformed Services University of the Health

Sciences,

Dissertation: Development and characterization of a transgenic plant-based vaccine to reduce
shedding of Escherichia coli O157:H7

Rachel Chikwamba, Ph.D. 2002, Agronomy, lowa State University
Dissertation: Maize as a production and delivery vehicle of edible vaccines against the
enterotoxigenic Escherichia coli and the swine transmissible gastroenteritis

Mark Smith, Ph.D. 2001, Cornell University
Dissertation: Plant-derived oral hepatitis B vaccine: Characterization of the production
system, the antigen and its formulation

Donna Esposito, Ph.D. 2000, Molecular & Cellular Biology, Cornell University
Dissertation: Mechanisms of chloroplast translation initiation in Chlamydomonas reinhardtii

Belgin Dogan, M.Sc. 2000, Cornell University
Thesis: Process options in hepatitis B surface antigen extraction from transgenic potato

Member M.S. Committee Graduate:
Irene Cherni, M.S., 2008
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RESEARCH SUPPORT, CURRENT

“Novel Dengue Vaccine Strategy with Prime-Boost using Vaccinia Virus and Recombinant
Immune Complex”

ASU SoLS RTI # SOLS LM5 1079 HM 12/1/15 to 8/31/16

Mason, H. & Jacobs, B. co-PIs $4,900

The project will test a new vaccine strategy using prime-boost with plant-made recombinant
dengue virus antigen and vaccinia virus-vectored vaccines. A mouse immunization study will
evaluate the potential and develop a grant proposal for further funding.

RESEARCH SUPPORT, COMPLETED

“Plant-derived vaccines against hepatitis C”

1 U19 AI066332-01 (Arntzen, C. & Mason, H., co-PIs) 8/1/05 to 7/31/12 10%

NIH $700,000

The goal of this project is to develop plant-based systems for robust expression of candidate
vaccine antigens of hepatitis C virus. Antigens will be expressed in plants, qualified by a battery
of assays, and tested for immunogenicity in animals.

“Influenza vaccine production in plants”

Mason, H. 2/1/11 t0 9/30/11  10%
GreenVax (G-CON), Inc. $50,000

The goal is to demonstrate expression of influenza virus HA, NA, and M1 proteins and assembly
of virus-like particles in plants using the geminiviral replicon transient system.

“Development of a vaccine for Ebola virus in plant systems”

Arntzen, C. (Mason, H. & Ma, J., co-Pls) 3/15/05 to 02/28/11 5%

NIH $402,668

The goal is to create fusion proteins with Ebola virus glycoprotein GP1 and monoclonal antibody
against GP1, express in plants, verify the assembly of “recombinant immune complexes”, and test
for vaccine efficacy by immunization of model rodents.

“Plant-Derived Hepatitis B Vaccine from Biomanufacturing System to Clinical Trial”
Mason, PI 10/10/08 — 12/31/10 5%
Quantum Tubers Corportation (NIH-SBIR) $50,155

This project will optimize methods to extract and stabilize hepatitis B surface antigen from
transgenic plant material.

“Hepatitis E virus capsid protein expression in plants”

(Takeda, PI; Mason, co-PI) 12/1/07 to 7/30/10 5%
Japan Health Sciences Foundation $58,000

This project aims to develop a plant-derived vaccine for hepatitis E virus, using plant viral
replicon systems for transient expression in tobacco leaf and characterization of virus-like particle
formation.

“Mucosally targeted plant-based STI vaccine”

Mason, H. (Mor, T, co-PI) 9/1/04 to 8/31/09 5%
NIH U19-A1062150-01, Project 2 $247,605
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The goal of this project is to express antigens of sexually transmitted viruses (hepatitis B, HIV,
HSV, HPV) as various mucosally targeted fusion proteins in plant systems, and evaluation of
antibody responses in pre-clinical studies with mice, ultimately developing clinical trials. Studies
will address the question of the importance of mucosal antibodies in prevention of STI.

“Development of Next-generation HPV Vaccines: a Collaboration between ASU Biodesign
Institute and Arizona-based Virionics Corporation”

Mason, PI 7/1/08 to 6/30/09 5%
Science Foundation Arizona $100,000

This project will evaluate the potential for plant virus based expression of human papillomavirus
L1-E7 fusion protein as a prophylactic and therapeutic vaccine.

“Subunit oral vaccine for hepatitis B virus”

Thanavala, Y. (Mason, H.S., co-PI) 1/1/03 — 11/30/08

NIH RO1 AI042836-04A1 $67,000

The goal of this project is to evaluate strategies for enhanced expression and mucosal targeting
of hepatitis B surface antigen in plants, to demonstrate oral immunogenicity of plant-derived
antigen, and to track orally delivered antigen in mice.

“Pathogenicity of Shiga Toxin-Producing E. coli”

O’Brien, A. (Mason, co-PI) 10/1/03 to 8/31/08

NIH 5R01A120148-22 $40,000

The goal of this project is to express candidate vaccine antigens of enteropathogenic E . coli,
including shiga-like toxoids and intimin, in plant systems for testing by oral delivery in mice.

“Plant production of vaccines and antibodies for protection against biowarfare agents”
Arntzen, C (Mason, co-PI)

Department of Defense 6/01/02 to 5/31/06

The goal of this project is to develop plant expression of Yersinia pestis vaccine antigens.

“Small round structured virus capsid protein expression in plants”

Takeda, N. (Mason, co-PI)

Japan Health Sciences Foundation 4/01/02 to 12/31/06

The goal of this project is to develop a plant-derived vaccine for small round structured viruses,
using co-expression of capsid proteins of multiple subtypes in potato and tomato.

“Oral immunization against anogenital HPV disease”

Rose, R. (Mason, H.S., co-PI)

NIH 1R01 CA84105 4/1/00-3/31/05

The goal of this project is to express HPV L1 and L2 capsid proteins in transgenic potato and
tomato, examine assembly of virus-like particles and antigenicity of recombinant protein.

“Overcoming Barriers to Protein Production in Plant Cell Cultures”

Shuler, M. (Mason, H.S., co-PI)

NSF BES-0109936 11/01/01 to 10/31/05

The goal of this project is to use plant suspension cultured cells to evaluate points of limitation
for expression of recombinant proteins in plant cells.

14



Hugh Mason, Ph.D.
15

“Transient Protein Expression in Plant Tissue Culture”

Mason, H.S.

NSF-GOALI BES 0134490 10/01/01 to 9/30/05

The goal of this project is to develop a plant tissue culture system for rapid evaluation of
recombinant protein expression in plant cells, using callus cell cultures or hairy root cultures
transiently infected with recombinant virus or Agrobacterium.

“Expression of ETEC enterotoxin in tomato fruit and development of a prototype transgenic
tomato for dissemination as an oral vaccine in developing countries”

Friedmann, M. (Mason, H.S., co-PI)

BARD IS-2979-98 1/1/99-12/31/02

The goal of this project was to create transgenic tomato plants that express nontoxic mutant
forms of the E. coli heat-labile enterotoxin in fruits, and to use plant breeding to develop tomato
lines for production and delivery of vaccines against ETEC diarrhea.

“High-level plant expression of vaccines and antibodies”

Mason, H.S.

DARPA N65236-98-1-5411 3/15/98 - 3/14/01

The goal of this project was to develop a plant virus-based expression system for heritable
controlled gene amplification and enhanced expression of recombinant vaccines and antibodies
in plants.

“Subunit oral vaccine for hepatitis B virus”

Thanavala, Y. (Mason, H.S., co-PI)

NIH AI42836 9/1/98 - 8/31/02

The long term goal of this project was to evaluate strategies for enhanced expression of hepatitis
B surface antigen in potato, tomato, and cultured tobacco cells, and to demonstrate oral
immunogenicity of transgenic plant tissues.

“Plant-derived vaccine for hepatitis E virus”

Takeda, N. (Mason, H.S., co-PI)

Japanese Society of Pharmacopoeia 1/1/99 - 12/31/01

The long term goal of this project was to express the capsid protein of hepatitis E virus in potato
and tomato, with evaluation of virus-like particles and oral immunogenicity in mice.

“Plant-expressed influenza virus vaccine for poultry”

Mason, H.S.

USDA 97-35204-5066 11/1/98 - 10/31/00

The long term goal of this project was to express the hemagglutinin protein of avian influenza
virus in cultured tobacco cells, with evaluation antigenicity and immunogenicity in chickens.
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