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	Abstract:

Specific aims:
	The newly identified SARS-CoV, as we all learned, caused an outbreak of severe and often-fatal respiratory illness early this year. Since a reliable diagnostic kit is not yet available for SARS-CoV confirmation, from next flu season onwards, this translates into a real burden on public health officials to distinguish each case of severe common cold from that of SARS for appropriate patient quarantine and medical care. Therefore, first priority for both the PHS and the regulated industry is to rapidly explore all possible ways to develop a reliable diagnostic method to identify SARS-CoV from other respiratory illness causing pathogens. In addition, more specific to CBER, FDA is to make available a method to estimate the potency of candidate SARS-COV vaccines that will be submitted to the Agency for evaluation. SARS-CoV genome encodes several proteins that constitute viral replicase and proteinase complexes from ORF1a and 1b and several subgenomic RNAs-encode structural (E, M, N and S) and accessory proteins similar to other coronaviruses. However, in case of SARS-CoV, the accessory proteins include several virus-specific small protein encoding regions (SPERs) that are unique to SARS-CoV. All 11 isolates of SARS-CoV have conserved three SPERs and this makes these three accessory SPERs worthy of evaluation in addition to the structural proteins mentioned above. In this proposal, we will undertake individual expression of four structural proteins (E, M, N and S) and three SARS-CoV-specific SPERs in a suitable mammalian /human cell line using a mammalian expression plasmid for proper posttranslational modifications of the proteins. Purified virus-specific antigens will be used in screening inactivated patient sera* for respective antibodies. Based on this initial screening of the sera, we will have an idea of which viral antigens will be suitable towards developing a diagnostic tool. This also allows us to see whether SPERs are expressed during infection similar to E, M, N and S structural proteins. We will also develop polyclonal antibodies against purified viral antigens and studies will then be geared to develop an ELISA-based assay using selected viral antigens (after initial screening of all seven antigens) for evaluating the potency of live viral vaccine candidates, which are anticipated at CBER, FDA, in the near future. 

------

 *CBER group IRB application is being submitted to RIHSC for approval and importing appropriate patient sera samples from CDC; experiments will only be initiated after obtaining the approval

We propose to utilize seven recombinant SARS CoV antigens, i.e., four structural proteins (E, M, N and S) and three SPER antigens (Sars44, Sars84 and Sars1222) expressed in, and purified from a suitable mammalian/human cell line for initial screening of patient sera for their immunogenic potential. Based on this screening, we will select the best immunogenic viral antigens to develop 

a) A ‘sandwich ELISA-based’ SARS-CoV-specific diagnostic method and 
b) Generate polyclonal antibodies (pAbs) against selective viral antigens to evaluate their viral ‘replication reduction’ potential to be useful in developing a potency assay to evaluate candidate vaccines.

	Background:

Study design/Plan:
	Human coronaviruses (HCoVs) of group 1 (HcoV-229E) and group 2 (HCoV-OC43) account for ~30% of mild upper respiratory tract illnesses1. Recently in March 2003, a novel coronavirus was discovered that has been associated with cases of severe acute respiratory syndrome (SARS-CoV) in humans. One striking marker feature of SARS-CoV genome is that in addition to common nonstructural and structural proteins that are present in all CoVs, its proteome consists of a number of virus-specific small protein encoding regions (SPERs). This novel genetic diversity uniquely differentiates SARS-CoV proteome from that of all previously described coronaviruses including HCoV. To date, 11 SARS-CoV genomes were sequenced and all the strains have conserved three of such SPERs: Sars44, Sars84 and Sars1222, wherein the number refers to total number of amino acids that could constitute the small protein2. Conservation of these SPERs in all 11 SARS-CoV isolates and their conspicuous absence in the HCoV strongly suggest their biological significance in the SARS-CoV pathogenesis and disease manifestation, such as inter-species transmission events that lead to the origin of SARS outbreak. However, expression levels tissue distribution and function of these SPER proteins have been not experimentally verified yet. Therefore, in addition to the four structural proteins, which are expected to be immunogenic (S protein being identified to elicit neutralizing Abs) and whose functions are known, the three conserved SPERs are also worthy targets of assessment in search of prophylactic measures against SARS-CoV such as antiviral drug design, in addition to their usefulness in the development of virus-specific diagnostics and candidate vaccine potency. 
1. Using appropriate pairs of oligonucleotides with appropriate restriction enzyme sites (RE), Urbani strain3 SARS-CoV-specific four structural protein ORFs (E, M, N and S) and three conserved SPER ORFs (Sars44, Sars84 and Sars1222) will be RT-PCR amplified and cloned into a commercially available mammalian expression plasmid with a polyHis-tag such as pCDNA3.1-6xHis (commercial supplier: Invitrogen). 

2. A suitable mammalian/human cell line such as 293FT with demonstrated high transfection efficiency (commercial supplier: Invitrogen) will be transfected with each plasmid construct representing each of the seven ORFs for constitutive expression of the protein as per standard protocol routinely used in PI’s lab4, 5

3. Using a column of Nickel (Ni)-charged agarose resin (commercial supplier: Invitrogen), which binds to polyHis-tag of the protein, e ach recombinant protein will be purified from the cell debris. Each purified viral protein will be used as an antigen to screen ‘virus-inactivated patient sera’ obtained from SARS-CoV positive patients for detecting antibodies (Abs) against the antigen in question, using appropriate negative control sera.


	Study design/Plan:

(contd…)
	4. Once antibodies against any of the seven, or all are detected in the virus-infected human sera (inactivated), a SARS-CoV-specific ELISA-based diagnostic tool will be developed, using selected purified viral antigen(s). 

5. Based on the success above, polyclonal antibodies (pAbs) against appropriate viral antigens will be raised and assay these pAbs for their ‘viral replication reduction’ potential in cell culture. Once the value of pAbs is established experimentally, an assay will be developed to estimate virus titer using these pAbs on a dilution scale (similar to plaque reduction assay). Once validated, this assay could be used to evaluate the potency of candidate vaccines. 

Note: PI is aware that the RNA extraction for RT-PCR, live virus titration experiments and virus handling described here require BL3+ facilities and PI will consult appropriate CBER, FDA management for safety measures before initiating the project.  PI is also an adjunct faculty at George Washington University and is in a position to utilize GWU BL3 facilities as well, if situation warrants. 
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