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Influenza A virus: why important?

Avian influenza
• 433 cases, 262 deaths in total 

Seasonal influenza 
• Easily transmissible 
• 3-5 million severe cases annually
• 250 000 to 500 000 deaths annually
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• 433 cases, 262 deaths in total (WHO, June 2009)

• > 60% mortality
• No human-to-human transmission
(but can be acquired, which would cause  a 
pandemics)  
• Vaccine under development

• 250 000 to 500 000 deaths annually
• New vaccine needed for each season
• Last decade: most of strains are resistant to 
rimantadine/amantadine
• 2008/2009: 95% of circulating strains are 
resistant to osteltamivir (Tamiflu)

Molecular mechanisms of the virus “life” must be better understood

New drugs are needed



Life cycle of influenza virus, a (-)ssRNA virus

• Receptor binding and 
endocytosis (step 1);
• fusion of the viral envelope 
and endosome membrane, 
cytoplasmic release of the free 
viral ribonucleoproteins (vRNPs) 
(step 2);
• RNPs transport to the nucleus, 
primary transcription of the viral 
RNAs (vRNAs) (step 3);
• mRNAs export (step 4) and 
translation into viral proteins 
(step 5);
• import of PB1, PB2, and PA 
proteins to the nucleus and 
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Known cellular protein partners of the RNP components are grouped according to the step of the viral life cycle at which they could possibly be involved. 
These include cellular factors involved in cellular transcription (such as RNA Pol II, BAT1, and hCLE), nuclear import (such as RanBP5), nuclear export 
(such as hCRM1), and intracytoplasmic trafficking (such as actin).

proteins to the nucleus and 
assembly into viral polymerase 
complexes (step 6);
• secondary transcription (step 
3�) and replication (step 7) of 
vRNAs;
• export of newly formed vRNPs 
to the cytoplasm (step 8) and 
transport to the cell membrane 
(step 9);
• virion assembly (step 10); 
• budding of progeny viral 
particles (step 11). 
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Viral RNA-dependent RNA polymerase and 
the ribonucleoprotein (RNP)

Torreira et al., 2007
Naffakh et al., 2008

Low resolution 3D structure of the polymerase (A…D) 
and  ribonucleoprotein (RNP) (E...F). Scale bar – 5 nm.

Tentative model for RNP organization
Blue, red, green – polymerase subunits PB1, PA, PB2; 
yellow – nucleoprotein; black – RNA.

4 Workshop de la Fondation Nanosciences 19.06.2009



Current studies: the mechanism for nuclear 
import and assembly of trimeric polymerase
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Fodor et al., 2004

Current experimental design:
• Transiently expressed FP-tagged polymerase subunits (PB1, PB2, PA)
• Live cell confocal microscopy
• Fluorescence (cross)-correlation spectroscopy
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Principle of two-colour FCCS
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Interpretation of FCCS curves
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Nrg – number of particles bearing both red and 
green probes
Nr – number of particles bearing only red probe
Ng – number of particles bearing only green probe
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Localization 
of:

co-expressed 
with:

nucleus/
cytoplasm

PA - 0.84
PB1 1.5
PB2 0.52
PB1 + PB2 8.7
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Localization of the polymerase subunits

PB1 + PB2 8.7
PB1 + PB2DDDDNLS 1.6

PB1 - 0.31
PA 1.6
PB2 + PA 19
PB2DDDDNLS +PA 0.95

PB2 -, PA, PB1 + PA »30
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Fluorescence cross-correlation spectroscopy
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Transcription and replication occur only in the 
context of RNPs

A
1. Parental polymerase bound to (+)template (RNA + NP)
2. Recruiting of newly synthesized polymerase
3. Separation of the 5’- and 3’-termini of the (+)template
4. Replication by multiple newly synthesized polymerase
N. Release of the (+)template after replication

B
1. Parental polymerase bound to (-)template (RNA + NP)
2. Transcription initiation
3. Transcription “elongation”
4. Polyadenylation

Jorba et al., 2009
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· Receptor binding and 
endocytosis (step 1);
· fusion of the viral envelope 
and endosome membrane, 
cytoplasmic release of the free 
viral ribonucleoproteins (vRNPs) 
(step 2);
· RNPs transport to the nucleus, 
primary transcription of the viral 
RNAs (vRNAs) (step 3);
· mRNAs export (step 4) and 
translation into viral proteins 

The events of the of virus life cycle 
which occur with RNPs  

translation into viral proteins 
(step 5);
· import of proteins PB1, PB2, 
and PA to the nucleus and 
assembly into viral polymerase 
complexes (step 6);
· secondary transcription (step 
3�) and replication (step 7) of 
vRNAs;
· export of newly formed vRNPs 
to the cytoplasm (step 8) and 
transport to the cell membrane 
(step 9);
· virion assembly (step 10); 
· budding of progeny viral 
particles (step 11). 
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Why super-resolution is important?
· Critical events of the life cycle occur within RNPs only: transcription, replication
· So far, RNPs studied in vitro (biochemistry etc.) or on fixed samples (electron microscopy)
· Visualization of RNPs in live cell will contribute to understanding:

• RNP trafficking and nuclear import/export
• Assembly of newly synthesized RNPs
• Encapsidation
• Budding of progeny virions

· Super-resolution:
• is live-cell compatible (in contrast to electron microscopy)
• could discriminate RNPs from the background of “free” viral proteins (unlike diffraction-limited 

imaging)

Requirements for a super-resolution technique:
· Live-cell compatible
· Moderate time resolution (in the order of 1 frame/10 s)
· Maximal possible spatial resolution
· Compatible with conventional FPs

· STED
· SIM
· PALM
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Plasmids encoding:
· PB1+ PA in pIRES 
vector
· PB2 
· NP-fluorescent tag
· Model 248nt RNA

co-transfection

Experimental model:
fluorescent-proteins tagged, in vivo assembled 
RNP
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Stephen Cusack Jan Ellenberg
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