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Virulence Factors as a

Novel Route to Therapeutics
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Drug Development Strategy

• Some viral proteins modulate/suppress host immune system

• Facilitate viral infection and influence severity of disease

• Can be homologous or unrelated to host genes

• Targets of viral proteins validated as treatment methods for 

autoimmune/inflammatory illness



Identification of Secreted Viral TNF Receptor

Key First Step in the Development of Enbrel®

Smith et al (1990) Science 248: 1019

Smith et al (1991) BBRC 176: 335

Shope fibroma 
virus-T2

TNFR2 
(p75)

Fc

Enbrel®

(Entanercept)

38 % sequence

identity

Numerous examples of viruses encoding 

chemokine and cytokine binding proteins 



Genomic Scale Search

for Viral Virulence Factors

~18,500 viral proteins

in VLST database 

~6,500 viral protein clusters of 

Similar proteins

>500 putative virulence factors

identified and queued for screening

Bioinformatic Expert System 

selection criteria

•Topology – anchor, secreted, other 

transmembrane

•Homology to human proteins

•Species

•Sequence cluster membership

•N-Linked glycosylation sites

•Virulence

•Pfam motifs

•Non-essential for viral replication

Analyzed 267 viral genomes
•98 pox viruses 
•96 herpes viruses
•62 adeno viruses
•11 asfar viruses



Identification of Host Proteins

Interacting with Viral Virulence Factors

Target 

identification

by LC-LTQ MS

Capture target(s) with 

tandem affinity tags

VF

VF
Screen cell lysates & 
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Transiently express 

tagged viral proteins

Bioinformatic mining for 

virulence factors
Synthesize

viral genes



Data Overload!

• Huge amounts of data generated during target  
discovery
– DNA/protein sequences

– Different vectors, cell lines 

– Expression/purification methodology

• As protein drugs move through development, track 
important changes to the construct and/or process

• Using spreadsheets has limitations
– Version control

– Access control

– Prone to human error

– Limited functionality



Design Goals- Protein Database

Start simple!

– Focus on immediate needs of company

– Build/add functionality as needed

• Easier, cheaper, faster to get up and running

• Less likely to overwhelm users with too many 

functions

– Initially, you may just need a butter knife…

VS



Decide what information to track and format

• DNA info Data Table, Sequence file

• Cell line info                  Data tables

• Cell supernatant Data tables

• Purification details        Data tables

• QC data                        Annotated gel/blot,

SEC traces

Design Goals- Data Tracking



• Determine how different types of data relate?

• Assign unique identifier to each new vector, 

batch, etc.

• Make it possible to backtrack to original data 

(lab notebook)

• Make it function as a request system for 

reagents

Design Goals (Cont.)

VDNA VCELL VSUP VPROT



Protein Tracking Application 

Architecture

PostgreSQL

Database

Network Users

Linux Server

Java Application Server

Web Application

+ AJAX Framework Asynchronous

HTTP

Research File Server
Supplemental QC files



Web-based, accessible to all employees

Quick search, based on record #

“Add” function is password 

protected

Anyone can view, search 

records

Request system for 

batches of protein, sorted 

by type of request

Aids in resource 

management 



DNA Record

•Automatically calculated from mature sequence

•Useful information for purification

•Hyperlink to DNA sequence



Supe Record

•Link to PowerPoint file with 

Western blot

•Endotoxin test results

•Linked back to stable cell line and DNA

•Captures important harvest information



Protein Batch Record

“History” of DNA thru purified 

batch, linking all records

Link to PowerPoint 

file with QC Data

Yield info and amt. 

in inventory

Purification details, 

including 

formulation



Protein Batch QC

Lane Sample                                        

1         MW Marker                                      

2         Supe (NR)                                            

3         AC-Flow Thru (NR)                         

4         AC-Eluate (NR)                              

5         SEC Pool                                                                      

6         VPROT 613(5ug or 1ug, NR)                           

7         VPROT 613 (5ug or 1ug, Red)                   

8         VPROT 618 (5ug or 1ug, NR)                                    

9         VPROT 618 (5ug or 1ug, Red)                     

10       MW SB+2 or Perfect Protein     

11       Gluc-HAC (5ug or 1ug, NR)      

12        VLST007-Fc (5ug or 1ug, NR)                                                                                           

1   2   3   4  5   6   7   8   9  10 11  121   2   3   4  5   6   7  8   9  10 11  12

•Standardized format for all research reagents

•Users can make their own assessment of quality

•Minimizes time spent digging through notebooks



Preclinical Development

Application of Informatics

•Beyond tracking information on research 

reagents, is system useful for process 

development/tech transfer activities?

•Case study:  Development, scale-up and tech 

transfer of CD47-Fc



HumanCD47 ViralCD47

Case study: CD47-Fc

•Viral CD47 interrupts CD47-signalling by 

forming heterodimer

•Make soluble Fc-fusion protein of hCD47



Case study: CD47-Fc

• Extracellular domain fused to IgG1 Fc, 
expressed and purified as dimer

• Multiple constructs evaluated during program

• 7 N-linked glycosylation sites
– Assume process may impact glycoform heterogeneity

• Initial process development performed at VLST, 
tech transfer of process and reagents to CMO



Case Study:  Tracking Construct Variations

• ~115 different vectors were evaluated

– Murine, human and viral constructs

– Different expression systems

– Different affinity tags

– Different truncated versions of binding domain

• Multiple stable cell lines and clones

• Multiple purified batches

• Protein Database used to track of all these 
variations



• Aggregation observed after CEX on analytical SEC 

Different process conditions evaluated, tracked

Case Study: Tracking Process Variations
A

2
8
0

Ret. Time (mL)



Case Study: Examining Impact of 

Glycosylation via IEF-PAGE

• Facilitated tracking data generated by other 

groups (immunologists, analytical CRO’s)

1   2   3   4   5   6  7
Lane   Sample 

1 VPROT 287

2 Serva pI marker

3 VPROT 365       

4 VPROT 366       

5 VPROT 367

6 VPROT 368    

7 Serva pI marker    



Case Study: Tech Transfer to CMO

• Research reference standard sent to CMO 

given ID#

• Samples of protein generated by CMO, 

transferred to VLST, were also entered in 

database

• Facilitated tracking data generated at 

VLST and CMO 



Facilitating Preclinical Development and

Tech Transfer through Informatics 

Conclusions

• Phased approach was successful

• Utilized by majority of lab staff

• Facilitates interdepartmental work

• Continue to add/enhance functions as necessary

• Wiki page for instructions for use

• Disadvantages?  

– Time required for data entry

– Transparency is not always good!
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