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Influenza

* A contagious, acute respiratory
illness caused by influenza virus

* Human epidemics occur
seasonally in most parts of the
world

e 20 % of Canadians may be
infected in any given season

* The virus also infects birds, pigs,
horses, dogs and whales
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Highly Pathogenic Avian Influenza
Viruses (HPAI)

H5N1 emerged in domestic poultry in late 1990’s
In Hong Kong

Transmissible to humans

— Killed six people between 1997 and 1998

— Of the 144 cases confirmed to date in Egypt, 48
have been fatal (WHO — June 2, 2011)

Public health threat — pandemic

HPAI viruses are a constant threat to Canadian
poultry




HPAI Prevention in Chickens

Vaccination of chickens against HPAI H5N1

— vaccination against influenza is not allowed in
Canada

Biosecurity
Novel vaccines
Reliable diagnostic methods

— robust and economical serological test to monitor
HA-specific antibodies in chickens



Influenza Virus Characteristics

NA (neuraminidase)

80-120 nm in size el
PB2, PB1, PA

Enveloped

Helical nucleocapsids

Genome

— linear, ss RNA

— negative polarity
— eight segments
Proteins

— HA, NA, M1 etc.

HA (hemagglutinin)

/ M2 (ion channel)

MI (matrix protein)

Lipid bilayer

NP (nucleocapsid protein)

Segmented (—) strand RNA gene

Principles of Virology, 2" Ed
Appendix A, Figure 8, page 815



Influenza virus Hemagglutinin (HA)

Major envelope protein

Amino terminal signal
peptide (SP)

Carboxy terminal HA, HA,

transmembrane domain (TM)

HA, 64 kDa (with TM) N- | 5P HA, [ -C
\_Y_

HA, cleaved to H, and H, 16 a.a. 38 a.a.

Anti-HA is protective 64 kDa



Fowl| Adenovirus-HA (FAdV-HA)
a vaccine in development

We generated a prototype vaccine expressing
A/chicken/Hubei/489/2004 (H5N1) HA in a non-
pathogenic fowl adenovirus vector (FAdV)

Diagnostic test: to measure HA-specific antibody
response to FAdV-HA in chickens

Baculovirus Expression Vector Systems (BEVS) to
generate large amounts of HA antigen to be used
in an ELISA to measure Ab



Baculovirus Expression Vector System
(BEVS)

Budded wvirus (BY

dsDNA virus 100 to 180 kbp

Commonly used expression
vector for foreign protein
production

Used in research and in GPed
industry (e.gs. vaccines,
diagnostics)

— E.g. Ingelvac CircoFlex vaccine
against porcine circovirus VP39

in envelope
VP39 in nucleocapsid

Cap structure 2@l g L

Capsid base



Advantages of BEVS

High titre virus

Genomic manipulations done in bacteria via a
bacmid system to generate recombinant virus

High level production of foreign protein through a
strong polyhedrin promoter

Protein expressed (e.g. HA) is biologically active (e.g.
hemagglutination and immunity)

Potential to use infected cell lysate as source of HA
antigen in serology (instead of purifying HA)

Several BEVS protein expression strategies available
Economical for high level protein production



HA (from H5N1) Expression in Baculovirus

Research goals

* Compare HA expression in baculovirus via
three different mechanisms
- protein over-expression
- envelope (GP64) display
- capsid (VP39) display

* Determine which HA-expression system is the
most efficient/economic for the production of
HA antigen to be used in diagnostic assays
testing for HA-specific antibodies




HA Expression: Method 1
protein over-expression (cell)
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HA Expression: Method 2
GP64 display (virus envelope)
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HA Expression: Method 3
VP39 display (virus nucleocapsid)

HA
Budded
Virion
Nucleocapsid
with VP39:HA
ELISA HA
Plate

Oker-Blom, Airenne and Grabherr
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HA Over-Expression

HA tagged with FLAG (HA ,¢) for use with anti-FLAG Abs
HA ,c expressed from polyhedrin promoter (PhP)

HA is a membrane protein (through TM) (but insoluble)
Solubilised HA is needed for ELISA

Comparison of lysis buffers [NP40 and radio immuno-
precipitation assay buffer (RIPA)] over 96 hours post-
infection (hpi) to optimize HA production/solubility

HA, | HA,
PhP —— N{ sp HA, ™ |FLAG C
\_Y—
16 a.a. 38 a.a.

64 kDa 1 kDa



RESULTS
HAg A OVer-expression

Hi-5 Cells, Soluble Fraction

G\
AcHA:FLAG C\\."rw P&.b('
48 72 96 96 96 hrs post infection
MW
72 kDa — oFLAG
— -—-m
SED NS antibody

N R N R N R N R N R

N=NP40 R=RIPA



RESULTS

GP64:HA. ,; display

* HA C-terminal transmembrane (TM) domain removed

* N-terminal signal peptide of HA retained
* Fused HA, ,; to amino terminus of GP64

* GP64:HA ,; driven by polyhedrin promoter (PhP)
* VVirions also retained wild-type GP64

PhP— N{SP HA FLAG GP64 ™ |C
60 kDa 1 kDa 64 kDa T
125 kDa g

leader fusion



GP64 Display of GP64:HA,
Sf-21 whole cell lysate (anti GP64)
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FLAG
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™ |
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MW 1 2 3 4 N sp
~ aGP64
— antibody

HA ,.:GP64, 125 kDa

72 —

TR - e < N-

SP
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™

1. Ac:HA'FLAG:GP64
2. Mock Infected

3. AcCCHIA:FLAG

4. Ac ACC

GP64, 64 kDa




GP64 Display of GP64:HA,
Sf-21 whole cell lysate (anti FLAG)

mwv 1 2 3 4

130 — m AL GP64:HA: Aq
72 —— GP64
aFLAG
antibody

<€— 40 kDa (CHIA, ,; control)

1. AccHAFLAG:GP64
2. Mock infected

3. ACAPCCHIA:FLAG
4. Ac ACC



RESULTS
VP39:HA ,; display

* VP39 protein tolerates fusions to both N and C termini
* Removed TM domain and signal peptide on HA

* VP39:HA, 5 driven by polyhedrin promoter (PhP)

* Virions also retained wild-type VP39

C-terminal VP39
Php = N HA FLAG | VP39 |c

N-terminal VP39
PhP —— N- VP39 HA ELAG |-C _ e _

39 kDa 60 kDa 1 kDa

100 kDa



VP39 Display of VP39:HA( \4
Sf-21 Whole cell lysate (anti VP39)

MW 1 2 3 4
T VP39:HAFLAG

72 — .
"4 VP39
e
aVP39 antibody -

1. AcVP39: FLAG:HA
2. ACHA:FLAG:VP39
3. Mock Infected

4. AcCHIA:FLAG

5. AcCACC



VP39 Display of VP39:HA( \4
Sf-21 whole cell lysate (anti FLAG)

mw 1 2 3 4

9 —. — VP39:HA, .
72

- CHIA , control

aFLAG antibody

1.AcVP39:FLAG:HA
2. AcHA:FLAG:VP39
3. Mock Infected

4. AcCCHIA:FLAG

5. ACACC



Summary

* Generated Rec baculoviruses expressing HA; ,; via

- Protein over-expression
- Surface (GP64) display

- Capsid (VP39) display
* All three viruses expressed HA. ,. (by Westerns)
 Three potential sources of HA for use in a diagnostic
assay to detect HA-specific antibodies (e.g. ELISA)
- Whole cell lysate

- Purified virions (envelope and capsid display)
- Purified HA
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Bac-to-Bac (Invitrogen)

Bacmid system allows for manipulation (e.g. addition
of HA) of bacuolvirus genome in bacteria
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