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Chasing the Fickle Swine Flu
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Rapid respornse. Robert Webster {lclt] and Richaid Webly work to trace
the dramatic evolution of swine flu in North America.
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The virus hunters.......
Ca 1968
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Large-Scale Sequence Analysis of
Avian Influenza Isolates

~ -
John €. Obenauer? Jackie Denson,? Perdeep K. Mehta,! Xiaoping Su,* Suraj Mukatira * SC l I]C
v . ( : ( :

David B. Finkelstein," Xiequn Xu, linhua Wang," Jino Ma,' Yiping Fan,
Karen M. Rakestraw,” Robert . Webster?* Erich Hoffmann,? Scott Krauss,? Jie Zheng,* [

Ziwel Zhang* Clayton W. Naeve™**

Evelution eRinfllenzatANVIGISES

Point mutations
Reassortment
Insertions and deletions
Recombination
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Tihe Ecology of infiuenzaViruses

e That there are a
limited number of
host specific
lineages of
influenza viruses P
e There is
geographical
separation into
Eurasian and
American lineages "s
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» 1996 H5N1 in
geese in Guangdong

»1997 6 of 18
humans die of H5N1

»2002/3 Re-
emergence and
spread in Asia

»2005 — May — H5N1
kills Barheaded
geese in Qinghai
China

CUTENESTAMIS

Influznzz Glovzl Orgzanizations

Global:

Humans:

Lower Animals:

WHO > Geneva
FAO » Rome
OIE > Paris

Annual Epidemics

»Vaccines H1IN1, H3N2, B

Pandemics

»2 to 3 per century

»Origins and Spread in
Wild Birds

»>Disease in domestic
poultry, pigs, horses

1918 Spanish
20-50 million

1957 Asian 1868 Hong Kong
1 million 0.5 million
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How: Did the HSNAVikusiSpread
Westwards, So Quickly

Migratory birds/globalized i
poultry industry =

Cold winter, Baltic Sea
froze

Europe — 700 wild bird
outbreaks

—4 commercial bird
outbreaks

Africa

—Introduction to Nigeria
—Not in wild birds

—Will it burn out?

Does HoN1/025Replicate andiiransmit
inPIgs

Infected Contact

Vietnam/1203/04 =

Ck/Vietnam/C-58/04

—H
DKI/TH/D4AT/04 -
-

GS/TH/G7CS/04

Will H5N1 Acquire Transmissibility?

How: Pathogenic Isthis
Virus?

Kills chickens in less than one day
Kills ducks in 4 2days

High risk of death in humans

— Diarrhea

— Respiratory symptoms

High Risk of death in ferrets

— Respiratory symptoms

— Diarrhea

— Hind Leg paralysis

Expanding HostiRangeforinfiuenza

e
H5N1 in Thailand |,

;&fm

Experimental transmission in
domestic cats
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The St. Jude Influenza Genome Project

« The first large-scale bird flu genomics effort - launched 11/1/2005
— Dr. Robert Webster's avian influenza virus collection
— Hartwell Center biotechnology/bioinformatics expertise/resources
— Computational Horsepower

www.stjudeflugene.org

The St. Jude Influenza Genome Projec

SJ Influenza Virus Repository

» Sampled 417 viruses (all known serotypes)
« Synthesized 534 segment-specific primers
+ Sequenced 124,000 templates

N
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NS1 contains a PDZ ligand

« High level of variability relative to other core proteins.

« Many examples of specific proteotype pairs (non-random reassortment

and/or compensatory mutations) among core proteins.

« Surprising conservation of core gene combinations revealed by specific proteotype
pairs.

« Normal function: abrogate the host cell antiviral response (IFN, NF-«xB, PKR).

e. travel together)
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Influenza Genome Project

aNS1 in combination with HA, and perhaps other genes, contributes to high
virulence of H5N1 strains.
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Science 311:1576-1580, 2006

A completely novel mechanism by which avian influenza interacts with cells.
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PDZ domains

« PDZ domains are one of the most
commonly found protein-protein
interaction domains in organisms
from bacteria to humans. Typically,
PDZ domains play important roles
assembling signal pathway
components into large
supramolecular complexes.

.

The PDZ domain is a small protein
interaction module that specifically
recognizes the carboxyl terminus of
proteins.

In our laboratory, we have studied
the PDZ domain of Dishevelled, the
first PDZ domain of PSD95 and the
seventh PDZ domain of GRIP1.

.

« Bioinformatics analysis
— Comparative genomics of avian and human influenza
— Co-evolution analyses
— SNP analyses
* Role of PDZ proteins in influenza infection
— Characterization of PDZ ligand by NS1 mutagenesis

combination with other viral proteins)

The St. Jude Influenza Genome Project

— Identification of cell NS1 binding partners using proteomics methods.
— Effect of avian vs human NS proteins on cell pathways (alone and in

e
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Chemical Shift Perturbation
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NMR studies showed that the C-terminal peptides of NS1
proteins interact with PDZ domains at the conversional
peptide binding site with different binding affinities.

GSESEV GSEPEV GSKSEV GSRSKV (low-
(2003) (1997) (1918) pathogenic)
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GRIP1 - - = :

Future studies

» Functional studies - In humans, there are about
800 PDZ domains within about 400 proteins.
Using computational, protein array, NMR and
other biophysical approaches, we want to identify
the “true” binding partner(s) of NS1 proteins.

« Diagnostic tool - Combining mutagenesis with our
structural biology studies, we would like to design
‘super PDZ domains’ to recognize specific NS1
proteins with high binding affinity.

H5N1 pathogenicity
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Inactivated flu vaccines
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Formulation

Problems with H5N1

1) kills embryonated eggs

Formulation

Problems with H5N1

1) kills embryonated eggs
2) highly pathogenic to humans

Formulation

The Pol-1/Pol-II 8 Plasmid System for Reverse
Genetics of Influenza viruses

Plasmids expressing
(-)VRNA, (+)mRNA / Proteins
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Human cells

H5N1 Pathogenicity
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Seed strains to H5N1
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Safety and Immunogenicity of an Inactivated Subvirion
Influenza A (H5N1) Vaccine

Summary

= Can respond rapidly to influenza threats with reverse genetics
Requires -containment facilities
-access to validated cell bank
-access to virus
-production facilities

= Need to determine best use of vaccines and antivirals

= Influenza is not going away

End
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