
1

Influenza fromInfluenza from
Genome to VaccineGenome to Vaccine

St. Jude Director’s Rounds:St. Jude Director’s Rounds:
02 June 200602 June 2006

Robert G. Webster, PhDRobert G. Webster, PhD
Clayton Clayton NaeveNaeve, PhD, PhD

JieJie ZhengZheng, PhD, PhD
Richard Webby, PhDRichard Webby, PhD

Influenza fromInfluenza from
Genome to VaccineGenome to Vaccine

St. Jude Director’s Rounds:St. Jude Director’s Rounds:
02 June 200602 June 2006

Introduced byIntroduced by
William E. Evans, William E. Evans, PharmDPharmD

DirectorDirector
St. Jude Children's Research HospitalSt. Jude Children's Research Hospital

Danny Thomas Lecture Series – Director’s Rounds

Influenza from genome to vaccine

The virus hunters……. 
Ca 1968

The CPU hunter……. 
Ca 1984 EVOLUTION



2

The virus hunters……. 
Ca 1968
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• Point mutations
• Reassortment
• Insertions and deletions
• Recombination

Evolution of Influenza A VirusesEvolution of Influenza A Viruses
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WHO Collaborating Centers for Reference & WHO Collaborating Centers for Reference & 
Research on InfluenzaResearch on Influenza

4 Human/1 Animal4 Human/1 Animal

Memphis
Atlanta

London Tokyo

Melbourne
Origins and Spread in 
Wild Birds
Disease in domestic 
poultry, pigs, horses

Annual EpidemicsAnnual Epidemics
Vaccines H1N1, H3N2, B

PandemicsPandemics
2 to 3 per century

WHO          ►
FAO           ►
OIE            ►

Lower Animals:

Humans:

Global: Geneva
Rome
Paris

Influenza Global OrganizationsInfluenza Global Organizations

The Ecology of Influenza VirusesThe Ecology of Influenza Viruses

• That there are a 
limited number of 
host specific 
lineages of 
influenza viruses

• There is 
geographical 
separation into 
Eurasian and 
American lineages

Spread of H5N1 Influenza in Asia 2004Spread of H5N1 Influenza in Asia 2004-- 20062006

Japan

South Korea
China

Vietnam

Cambodia

Laos

Thailand

Indonesia

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

Current status: Current status: 
Human Cases: Human Cases: 224224
Human Deaths: 127Human Deaths: 127

Spread of H5N1Spread of H5N1
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How Did the H5N1 Virus Spread How Did the H5N1 Virus Spread 
Westwards So QuicklyWestwards So Quickly

• Migratory birds/globalized
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? ““The Trojan Horses”The Trojan Horses”

How Pathogenic Is This How Pathogenic Is This 
Virus?Virus?

• Kills chickens in less than one day
• Kills ducks in 1- 2 days
• High risk of death in humans

– Diarrhea
– Respiratory symptoms

• High Risk of death in ferrets
– Respiratory symptoms
– Diarrhea
– Hind Leg paralysis

A/Vietnam/1203/04 (H5N1)A/Vietnam/1203/04 (H5N1)

Does H5N1/04 Replicate and Transmit Does H5N1/04 Replicate and Transmit 
in Pigs?in Pigs?

0lllDK/TH/D4AT/04

0lllGS/TH/G7CS/04

0lllCk/Vietnam/C-58/04

0lllVietnam/1203/04

ContactInfected

Choi et al 2005Choi et al 2005

Expanding Host Range for InfluenzaExpanding Host Range for Influenza

H5N1 in Thailand

Experimental transmission in 
domestic cats

Kuiken et al, Science 2004Kuiken et al, Science 2004

Will H5N1 Acquire Transmissibility?Will H5N1 Acquire Transmissibility? HAPPY NEW YEAR OF THE DOGHAPPY NEW YEAR OF THE DOG
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The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project

Clayton W. Naeve, Ph.D.
Director’s Rounds
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The St. Jude Influenza Genome ProjectThe 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

The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project

76,000 cpu-hours on
420-cpu linux cluster

www.stjudeflugene.org

.

The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project

SJ Influenza Virus Repository

• Sampled 417 viruses (all known serotypes)
• Synthesized 534 segment-specific primers
• Sequenced 124,000 templates
• Produced 58,550,436 bp raw data
• Assembled 2,823 complete genes (4,719,005 bp finished sequence)
• Assembled 250 complete genomes

• Sampled 417 viruses (all known serotypes)
• Synthesized 534 segment-specific primers
• Sequenced 124,000 templates
• Produced 58,550,436 bp raw data
• Assembled 2,823 complete genes (4,719,005 bp finished sequence)
• Assembled 250 complete genomes

NCBI
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• NS plays an important role in virus biology.
• Identified 8 new clades in PB1, PB2, PA, and NP genes.
• Identified virus “families” that share specific combinations of genes.
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• Proteotyping identified genes that co-reassort (i.e. travel together).
• Proteotyping identified 50+ protein-protein pairs.
• Proteotyping identified virus “families” that share specific combinations of genes.
• Proteotyping identified proteins exhibiting compensatory mutations.
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• 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-κB, PKR).

NS1 contains a PDZ ligand

The St. Jude Influenza Genome Project The St. Jude Influenza Genome Project 
Distribution of PL in 1,196 NS1 proteins

Avian NS1 (ESEV) Human NS1 (RSKV)

A.

I

II

III

IV

B.

Mr V V+aNS1 MrV V+hNS1

- 30kDa

The St. Jude Influenza Genome Project The St. Jude Influenza Genome Project 
Binding of His-tagged aNS1 and hNS1 to PDZ domains
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The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project

• A completely novel mechanism by which avian influenza interacts with cells.
• aNS1 in combination with HA, and perhaps other genes, contributes to high 

virulence of H5N1 strains.

Obenauer et al., Large Scale Sequence Analysis of Avian Influenza Isolates
Science 311:1576-1580, 2006

The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project
• 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
– Identification of cell NS1 binding partners using proteomics methods.
– Effect of avian vs human NS proteins on cell pathways (alone and in 

combination with other viral proteins)

The St. Jude Influenza Genome ProjectThe St. Jude Influenza Genome Project
• Hartwell Center for Bioinformatics & Biotechnology

– John Obenauer, Ph.D.
– Jackie Denson
– Perdeep Mehta, Ph.D.
– Xiaoping Su, Ph.D.
– Suraj Mukatira, Ph.D.
– David Finkelstein, Ph.D.
– Tony Xu, Ph.D.
– Jinhua Wang, Ph.D.
– Jing Ma, Ph.D.
– Yiping Fan, Ph.D.
– Karen Rakestraw
– Jianling Armstrong
– Stephanie Tate
– Caroline Aldridge
– Momodou Sanyang
– Scott Olsen
– Patrick Rodriquez
– Bob Cassell

• Robert G. Webster, Ph.D., Infectious Diseases Virology Division
– Erich Hoffman, Ph.D.
– Scott Krauss

• Jie Zheng, Ph.D., Structural Biology
– Ziwei Zhang

• Funded by ALSAC, CCSG, US Public Health Service, and the 
Hartwell Foundation

Influenza fromInfluenza from
Genome to VaccineGenome to Vaccine

St. Jude Director’s Rounds:St. Jude Director’s Rounds:
02 June 200602 June 2006

JieJie ZhengZheng, PhD, PhD
Structural BiologyStructural Biology

St. Jude Children’s Research HospitalSt. Jude Children’s Research Hospital

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.

+

H

N

H

N

H

15N

H

15N

Chemical Shift PerturbationChemical Shift Perturbation
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PSD95 PDZ1 / GSESEV

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.

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. Richard Webby, PhDRichard Webby, PhD
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Formulation

Inactivated flu vaccines

Formulation

Problems with H5N1

1) kills embryonated eggs

Formulation

Problems with H5N1

1) kills embryonated eggs
2) highly pathogenic to humans

H5N1 Pathogenicity

A polygenic trait
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GMP Processing 
Rooms at St Jude

C

HA

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
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