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incompatible with a smaller, more agile military. The Ruggedized Antibody Program (RAP) is an integrated portfolio of research CDR 2 CDR 2
and development efforts designed to enhance currently fielded antibody products through affinity maturation and stabilization . .KGLEWVC TISTGGGYTYFPDSVK GREFTCS.. .RPGQSPRLLIY KVSNRFS GVPDRFSGSGS. .
with the goal of producing detection products which can tolerate temperature extremes while maintaining function. Under this - HOLEWVE SISDYGSITSYADSVE —CRETCS. . - RPGQSPRLLLY WASTRES GVPDRESGSGS. .
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program, antibody sequences from the Critical Reagents Program are provided to contracted performers who apply their . .KGLEWVC SISTGGDTHYQDSVK  GRFTCS.. . .RPGQSPRLLIY RTSNLAS GVPDRFSGSGS. .
technologies to improve the stability and specificity of the antibody. Edgewood Chemical Biological Center provides program CDR 3 CDR 3
support, standardized antigens, and uniform testing of the starting material and improved products from performers. - -EDTAVYYCAR QGDFGDWYFDV WGAGTTVTV.. -EAEDVGVYFC SQSTHVPWT FGGGTKLEIK..
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In ad.dltl.on to contracting antlbody haydenmg work, t.he.RAP IS researching means to use antibody fragments in detgctlon T AUYYOAR TIULGYDEAY  HCACTTUTY e
products in lieu of full-length antibodies in order to capitalize on the greater speed and lower cost of synthetic antibody EDTAVYYCAT NRGWYEDY  WGAGTTVTV. . _EAEDVGVYFC OQYHSYPPT FGGGTKLEIK. .
screening and production techniques. Finally, work is underway to both engineer existing antibodies, and to identify novel
antibodies against target antigens, and graft these antibody fragments or complementarity-determining regions into known

thermostable full-length scaffolds developed by collaborators (AnaptysBio, AxioMx Inc.) in cases where antibody fragments are

- Antigen Production

Targets for the RAP program include a variety of bacterial toxins (ricin and SEB), as well as antigenic viral proteins, such as surface
proteins for Ebola, Chikungunya, and Crimean-Congo hemorrhagic fever. Toxins are obtained through commercial sources, while
non-toxic viral proteins are produced in-house via recombinant expression in the eukaryotic Expi293 cell line (Thermo Fisher) in
order to retain native glycosylation patterns.

Ebola Virus Antigen Production
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Table 2. We are grafting the complementarity-determining regions (CDRs) of antibodies with desirable antigen affinities and specificities into thermostable/robust g

IgG molecules. Predicted CDRs of target-binding antibodies were converted into coding DNA and incorporated into a single-stranded megaprimers (~500bp). New
CDRs were PCR amplified into heavy and light chain plasmids coding for the thermostable Anaptys or AxioMx IgG backbone, and were subsequently sequence
verified by the Synthesis & Sequencing Facility at the Johns Hopkins University School of Medicine.

Figure 4. Phage display strategy to optimize CDR recognition. An scF, library expressed on the surface of phage was used to identify scFvs binders which are
derived from a newly designed thermostable IgG scaffold. CDR regions from the binding scF,s can be directly incorporated (grafted) back into the full-length
thermostable IgG with little to no distortion of CDR conformation.

ELISA

The Ebola virus glycoprotein (EBV GP) is a highly ranked target for antibody development in the RAP program. Purification of Phage Expression  Ratio Binding: BioLayer Interferometry
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Figure 1. A representative chromatogram of EBV GP elution from consecutive Q columns (left) and an SDS-PAGE gel of the purified fractions (right). Due to its high
level of glycosylation, purified EBV GP has an approximate molecular weight of 100 kDa, whereas the molecular weight is 73 kDa.

Positive Binders

Figure 2. ELISA data showing EBV VP40 binding of antibodies derived from existing CRP hybridomas lines (Antibody 1 and 2) and corresponding grafted antibodies ;dentcilﬁze:L‘ll; . 215 224
containing CDRs from these antibodies grafted into a thermostable IgG scaffold (Antibody Graft 1 and 2). Binding was assessed against purified EBV VP40 protein ou:nd BLI

(left) and inactivated Ebola virus (right). The antigen only control (left, black) shows the 405 nm background absorbance in the absence of antibody. Antibody 1
retained most of its EBV VP40 protein binding affinity upon grafting into the thermostable scaffold, whereas Antibody 2 lost its ability to bind to this antigen. The
grafted antibodies both displayed weaker binding to the inactivated virus when compared to the unmodified antibodies.
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Figure 3. 5800 RU of Rivax was covalently tethered to a Biacore Series S CM5 Sensor Chip using standard amine coupling chemistry. A linear curve was created using
unheated sample diluted in PBS. Samples were heated to 70°C for 0, 15, 30, 45, and 60 minutes. Samples were diluted using two different dilution factors and

those of the authors and are not official ECBC positions or policy.

Table 1. Complementarity determining regions (CDRs) that were identified via the Rosetta Antibody software (Gray Lab, JHU) or manual alignment based on
sequence conservation. Sequences of the mRNAs expressed in various hybridoma lines supplied by the CRP were obtained by PCR-amplifying the antibody variable
regions using primers designed by Essono et al. 2003, and then sequencing the PCR products.

injected in triplicate for thirty seconds at 10pl/min. All antibody grafts maintained binding activity upon heating to 70°C, demonstrating their thermal stability.
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