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Ã 8,450 cases and 810 deaths in 33 countries over 5 continents from 2002 to 
2003

Ã SARS-CoVstill persists in nature

Ã Highly contagious, strong age dependency, spread primarily by airborne 
droplets 

Ã Terminal events: severe respiratory failure, multiple organ failure, sepsis. 

Ã 2002-2003 SARS outbreak was controlled by public health measures 

Ã SARS outbreak is a prime biomedical model for future 
pandemic events that may not be as easily controlled by public 
health measures 

Ã Not IF but WHEN will the next outbreak happen ð

Ä Who will bring it into the USA? Members of the .GOV? Tourists? 
Animals? 

Ä Who will get infected first? 

Ã Research community will be held responsible
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Overview
Ã FSPS: functional and structural proteomics of SARS CoV

related proteins

Ä Achieve full structural and functional coverage of the SARS CoV
proteome

Ä Worldwide efforts have now achieved partial coverage of half 
the proteins

Ã Methodology

Ä Biology driven high-throughput structural genomics

Ã Conclusion

Ä Biology-driven HT methods can lead to high value outcomes

Ä Viral proteins and host proteins are challenging targets due to 
frequent protein-protein and protein-RNA interactions, and 
minimal homology with other proteins

Ä Next generation technologies being currently developed and 
implemented to specifically address viral proteomes 
(http://visp.scripps.edu)
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FSPS Results

Ã Currently 14 of the 30 

proteins have some structural coverage (worldwide)
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SARS-CoVGenome and Proteome
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Structural and accessory genes

Structure of the Virion
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Sequence singletons.  Bioinformatics doesnõt help much. 

Cysteine rich, multidomain with poorly folded regions. 
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Structural coverage of SARS-CoV proteome
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SARS-CoV nsp3
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SUD RNA BD znf unk
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Nsp3a (1-112)

Sequence is a SARS specific singleton

Residues 112-183 is rich in acidic residues 

and unfolded by NMR

Adopts a ubiquitin-like fold

Structurally related to ISG15.

WuthrichLab TSRI
Serrano et al, unpublished

Nsp3a binds ssRNA 
Kd ~20mM

5'-GAUA-3',
Sequence specific binding

Flanked by various sequences
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Structure of nsp3b (A macro domain fold)
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Member of macro H2A domain fold.
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Saikatendu KS, et al,  

Structure 2005 13:1665-1675. 

RNA
(genomic/sub-genomic)

nsp15 RNA products with 2õ-3õ 

cyclic phosphate ends

APPR-1ó-p
nsp3b

ADP-ribose+ Pi

CPD

5Ë 3Ë

3Ë 5Ë

Viral RNA 

maturation

¶Efficient Poly-ADP-ribose binding module

¶Role in host response to viral infection

¶Poly(ADP-ribosyl)ation acts as a stress 

signal to induce apoptosis and/or necrosis 
Egloffet al., J. Virol, 2006, 80:8493-8502

Function of nsp3b (ADRP phosphatase)
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Ratia K, Saikatendu KS, Santarsiero BD, Barretto N, Baker SC, Stevens RC,& Mesecar AD. Proc Natl Acad Sci USA. 2006 103:5717-5722

3-domain enzyme core

1.85Å MIR (Br, Pt)

PDB Id: 2FE8

TSRI collaboration with UIC (Andy Mesecar)
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Structure of nsp3d (papain-like protease)
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SUD RNA BD znf unk
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Function of nsp3d (papain-like protease)

Cleaves replicase polyprotein to generate nsp1, nsp2 and nsp3

Polyprotein processing

Comparison of SARS Plpro with 

human cellular de-ubiquitination enzymes

USP14 and HAUSP

PLpro is a potent

deubiquitinating enzyme
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Nsp3a   15   wevqgYKNVRITfeldervd kvln ekc SVYTVESgtE VTEFAcvvaeavvkt    65  

Nsp3d  722   - mevkTIKVFTT vdntnl --------- HTQLVDMsmTYGQQF----------   753  

 

Nsp3a   66  lqpv sdlltnm gid ldews vat FYLFDDageenf -------- SSRMYcsfyp   109  

Nsp3d  754   ---------------------- GPTYLDgadvt kikphvnhe GKTFFvl ---   780  

The N terminal domain of nsp3d is structurally related to nsp3a.

Both belong to ubiquitin-like fold

Possible functions of the two ubl domains of nsp3

ÅProtect viral proteins from degradation.

ÅRegulation of deubiquitination activity of PLpro.

ÅSuppress cellular ISG15-type interferon responses
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Functions of full length nsp3

Nsp3a is a ubiquitin-like structure and binds RNA.

Nsp3b dephosphorylatesADP-ribose-1ó-phosphate.

Structural basis of nsp1/2, 2/3, 3/4 sites by PLpro(nsp3d).

RNA binding properties of nsp3c and nsp3e established.

Detection of nsp3 in mature virionssuggests that it is a 

structural protein.

Nsp3 likely modulates cellular deubiquitination/ ISGylation

pathways of infected cells.
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Spike core
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U. Lubeck 

éand others  
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Tsinghua U.
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sars9a CTD
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Prabakaran/ Dimitrov, NIH
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Huang/Olejniczak, 

Abbott Labs
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TSRI

Neuman et al.
TSRI

Structural 

proteins 

in virion
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Serrano et al.
TSRI
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TSRI

nsp10

Joseph et al.
TSRI
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Ratia et al.
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