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1 Statusofthe Deliverable

The key goal of the current project is to lay the foundations for the future development of a rapid lateral
flow and/or ELISA-type technology to detect exposure to SarsCov2 virus. The assay should be suitable for
use in Africa and- critically — should be manufacturable, at scale in an African setting.

The assay originally envisaged using recombinant viral spike protein as single capture agent for the serum
immunoglobulins, which would subsequently be detected by scFvs raised against human immunoglobulins.
Generation and modification of scFvs against human antibodies — both IgM, to detect early exposure to the
viral antigens, and later Ig classes — was successful —see Deliverables, 5.1.

However, during the experimental phase it became clear that using purified recombinant spike protein, at
scale and in good yield as capture agent was not practical. Thisis due to the technical difficulty of
producing recombinant spike proteins in high yield. Furthermore, it has now become clear that a typical
immune response to SarsCov2 does not just relate to the spike protein and indeed the spike protein is not
even the most immunogenic. In practice, typical polyclonal immune responses to SarsCov2 include
antibodies against other viral protein including, the viral nucleocapsid (estimated to be ~ 100-fold higher
than against spike protein) and ORF8 protein ( ~ 10-fold higher than against spike protein) ( Hachim, A et
al., Nature Immunology, Vol 121, October 2020, 1293-1301).

In view of these facts and the requirements of the project, we created a recombinant ‘universal antigen’
which contains all the key established and characterised viral epitopes recognized by immune serum.
These include multiple epitopes from spike protein, nucleocapsid, ORF8 and viral membrane proteins
(Hachim, A et al., Nature Immunology, Vol 121, October 2020, 1293-1301).. The selection was also based
on selection of non-glycosylated epitopes that can easily be expressed in bacteria at high yield and at low
cost.

2 Summary of the results

The recombinant ‘universal antigen” was successfully cloned into Gateway cloning vector and large amount
of recombinant protein produced and purified. When tested using available commercial antibodies against
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multiple viral epitopes from spike and nucleocapsids, positive signals were elicited using this capture
antigen.

On this basis, we will proceed to assemble a rapid detection system for exposure and successful
immunological reaction against SarsCov2 infection in patients.

3 Description of work performed and obtained results

(Describe the work performed and obtained results towards the deliverable).
A recombinant universal antigen has been designed, following identification of key epitopes (see appendix)
which were included into the construct to generate the universal antigen.

Generation of the universal antigen: The core UA with distinct epitopes are illustrated :
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UA with added cellulose binding domain to facilitate binding to lateral flow paper.

junction marker

1 tcc tea gtt tta cat tca act cag gac ttg ttc tta cct ttc ttt ggt ogt tta ctt get tta cat aga agt tat ttg act cct agt got tct tct tca ggt tog aca

agg agt caa aat gta agt tga gtc ctg aac aag aat gga aag aaa cca cca aat gaa cga aat gta tct tca ata aac tga gga cca cta aga aga agt cca acc tgt

28 6 Vi LHAS ) QDT RIETE POEF LA HREBY LT PReBD 5§ S§6WT

junction marker junction marker

190 get ggt get gea get tat g 3 agt ctt

cga cca cga cgt cga ata cca t cca gaa
20A G AAAY bYNSASFSTFKCVGVS

E I LPY ENTKRT §VDE T K P EX REEITEDVLELEETENKYTLE

junction marker junction marker junction marker

t ogt cox tg gca gat t

ace gg ac cgt

)QELGKYEQYIKWPWYIW ’MADSNGT #*»S RGG

1WA DA

junction marker

gcc tet tot cgt toc toa tea cgt agt cge aac agt tca aga
cgg 0ga aga gca agg ogt agt gea tca geg ttg tca agt tct 00 ca c a oga t
S QA S SRSSSRSRNSSRNSTPGS SRGET S

*A S SRSSSRSRNSSRN BT EPKKDKKKKAD ETQAL

junction marker

754 gat ttc tcc
cta aog agg t
D F S K

junction marker junction marker
GGA GGT GGC AAT AGC ATT MC CCG CAG TTT

’A\L\,WA TCG TAA TTG GGC GTC AM
-

AAM GTT ACC AAT ACA GGT AGC AGC GCA ATC GAT (TG AGC MM CTG ACC CTG CGT TAT TAC TAT ACC GTT GAT GGT CAG AM GAT CAG ACA TTT TGG TGT GAT CAT GCA GCC ATT ATT GGT AGC AAT GGT AGC TAT AAT GGC
TIT CAA TGG TTA TGT CCA TCG TCG CGT TAG CTA GAC TCG TTT GAC TGG GAC GCA ATA ATG ATA TGG CAA CTA CCA GTC TTT CTA GTC TGT AM ACC ACA CTA GTA CGT CGG TAA TAA CCA TCG TTA CCA TCG ATA TTA (CG

1132 ATT ACC AGC AT GTG AM GGC ACC TTC GTT AAM ATG AGC AGC AGC ACA AAT MT GCC GAT ACC TAT CTG GMA ATT AGC TTT ACC GGT GGC ACC (TG GM CCG GGT GCA CAT GTT CAG ATT CAG GGT

C GCC AAA AAT GAT TGG AGC AAT TAT ACC CAG AGC AAC GAC TAT AGC TTT AM AGC GCC
TAA TGG TCG TTA CAC TTT CCG TGG AAG CAA TTT TAC TCG TCG TCG TGT TTA TTA CGG CTA TGG ATA GAC CTT TAA TCG AM TGG CCA CCG TGG GAC CTT GGC CCA CGT GTA CAM GTC TAA GTC CCA G G

CGG TTT TTA CTA ACC TCG TTA ATA TGG GTC TCG TTG CTG ATA TCG AMA TTT T

att82
junction marker
TAAT

1321 AGC CAG TTT GTT GAA TGG GAT CAA GTT ACC GCA TAT (TG AAT GGT GTT CTG GTT TGG GGT AAM GAA
TCG GTC AM CAA CTT ACC CTA GTT CM TGG CGT ATA GAC TTA CCA CAA GAC CAA ACC CCA TTT CTT

Page 3 of 4



AfriDx Deliverable D5.2

These cDNA constructs were cloned into the E Coli expression vector pET-Dest-42-N110 plasmid and
transfected into E Coli The universal antigen is isolated from ~ 11 media, by a simple affinity purification
step Ni columns. Typical yields are: 2-3mg/L (10 His at N-ter and Cellulose binding domain at C-ter).

To this end, we have now recloned the universal antigen to include a C-terminal cellulose-binding domain

that facilitates attachment of the antigen to paper in the correct orientation to allow serum antibodies to
bind.

Conclusions: This work described in deliverables 5.2 isimportant as it establishes the key concept behind
the universal antigen as a pragmatic solution to generating antigen for use in large scale ELISA and lateral
flow assays. Subsequent and continuing work is being carried out, using these key reagents to produce
such assays.

As a result of the project we have established an on-going collaboration with NMIMR and Dr Kofi Bon and a
postdoctoral researcher (funded by Royal Society UK) and in this subsequent work, we have shown that
the universal antigen can indeed bind to anti-(spike protein) and anti-(nucleocapsid) human
immunoglobulins.
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