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Objective

• To develop 1918 GFP construct capable 
of replicating in vitro and in vivo
– Tool

– Dissemination studies
– Mannequin inhalation studies

– Rapid in vitro assays
• Drug testing
• Titrations



Introduction

• Outbreak in 1918
• Responsible for 20-40 

million deaths world wide
– Twice as many casualties 

than WWI
– ½ populatin of Europe
– Targeted Healthy adults

• Cytokine storm

• Healthy developed 
immune system targeting 
own lung tissue

• Organ damage and liquid 
build up in lungs



Introduction

• Inlfuenza A: Avian 
Influenza
– Serotype H1N1 

• Haemagglutinin (HA) type 1
• Neuominidase (N) type1

• Spherical, pleomorphic in 
appearance 120 nm

• 8 segmented -RNA virus
– Each segment contains 

genes for Viral proteins



Introduction

• Segemnets 
encapsulated in 
Nucler proteins



Previous GFP Influenza Constructs

• Green Fluorescent Protein
• Aequorea coerulescens (excitation maximum = 

475 nm; emission maximum = 505 nm) 

• GFP has been inserted into other 
Influenza genomes
– Shinya et al. (2004) truncated Neurominidase 

tandem GFP
– Kittel et al (2005) developed recombinant 

virus in NS1 region



A Brief History
• 1997 Brevig Mission, Alaska

– 72 of 80 Inuit population Died
– Johan Hultin 
– exhumed body of “Lucy”
– overweight condition 

preserved fully intact 1918 
influenza

– Full genome sequenced
• 1998 Kristy Duncan (Canada) 

expedition to Norway 
• Exhume 4 of 5 individuals 

preserved in ice who died of 
Spanish Influenza
– Bodies to decomposed 



A Brief History

• Darwyn Kobasa 2005
– Took vaccine Influenza A strain 
– Recombinant Virus expressing 1918 Neurominidase 

(N1) and Haemoglutination (H1) genes
– Result:

• Vaccine strains expressing HA had increased virulence in 
Mice

• Constructs expressing BOTH NA and HA produced affects 
similar cytokine to reports of Pandemic in animal model

• Full 1918 reverse genetics system developed 
and infective



Generating Recombinant Virus

• Delivery of DNA 
plasmids encoding for 
vRNA and vProteins
– RNA transcribed from 

Plasmids via T7 RNA 
Pol I (just RNA)

– RNA Transcribed 
(RNA Pol II 
promoter� mRNA) 
and translated into 
viral proteins



Methods and Materials

• PCR amplification 
of NS1 and NS2 
fragment with 
primers containing 
BsmB1 restriction 
sites

• TA cloning of 
fragment into 
shuttle vector 
pCR2.0

BsMB1 BsMB1

200 400 600 800 1000

NS2

1918 NS1



Methods and materials

• Incorporation of new 
features via sight 
directed mutagenesis
– CRS 
– Bbs1 site for GFP 

insertion

• Mutations contained 
within PCR primers



P—ETDG-

DIDGG--P

• PCR mutation of NS1 125 aa downstream
– Insertion of Cytokine recognition sequence



• Circularization of linear PCR product via ligase

• PCR amplification of pCR2 and incorporation of 
Bbs1 sites at end of CRS sequence

DIDGGETDG
NS1 NS1 NS2



PCR Amplify

Bbs1 Bbs1

Digest Bbs1

4870bpBbs1 Bbs1

4870bpBbs1 Bbs1 Bbs1 Bbs1

Ligation
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Methods and Materials

• Subcloning of  pCR2.0 into pPOL vector 
using BsMB1 restriction sites
– pCR2 high copy, easy to work with

– pPOL vector is the active vector , low copy 
number





Methods and Materials

• Cytokine recognition sequence 

DIDGGETDG

NS1 NS1 NS2GFP

Cleavage Sites

NS1
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GGETD
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Cellular  Processing



Results and Future Work

• All constructs developed
• Rescue of  Recombinant SP GFP in BSL 4 

to date:
– 1st attempt with MDCK unsucessful (due to 

interferon)
– 2nd attempt with Vero cells (interferon 

defficient)



Future Work

Future Work
• Tool
• Inhalation studies with mannequin

– Mask evaluation
– Inhalation dispersion upper and lower 

respiratory pathway

• Decrease time in vitro assay
– Next day observation of cells
– Cell signaling
– Host pathway


