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BA.1 and BA.2 variants

The pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) continues to sweep the globe
with devastating consequences on human lives and world
economy. As an RNA virus, SARS-CoV-2 has a relatively high
mutation rate and is rapidly evolving. Thus, new SARS-CoV-2
variants continued to emerge, 5 of which were designated by
the World Health Organization (WHO) as variants of concern
(VOCs), Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta
(B.1.617.2), and, recently, Omicron (B.1.1.529)." First
identified in Botswana and South Africa in November 2021,
the original Omicron, BA.1, then spread to every corner of
the world and quickly replaced the previously dominant
Delta strain to become the most prevalent SARS-CoV-2
circulating variant across the world. BA.1 is reported to
escape most therapeutic monoclonal antibodies against
SARS-CoV-2.% Consistently, sera from convalescent donors
and vaccinated individuals contain very low to undetectable
levels of neutralizing antibodies against BA.1.> Therefore,
new therapeutic agents are urgently needed.

By phage display technique, antibody libraries gener-
ated from RNAs extracted from peripheral lymphocytes of
fully or booster-vaccinated individuals in our research
group were constructed. The recombinant wild-type (WT)
receptor-binding domain (RBD) of the SARS-CoV-2 spike (S)
glycoprotein was used as the target protein to screen the
phage antibody library for potential hits. A panel of high-
affinity binders to the RBD in single chain variable fragment
(scFv) format were identified and two high-affinity candi-
date scFvs were converted into and expressed as two full-
size IgG1 antibodies, XKO1 and XK02. XK01 and XK02 bound
strongly to the WT SARS-CoV-2 RBD with half-maximal
effective concentration (ECsq) values of 0.012 and
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0.018 pg/mL, respectively, as measured by enzyme-linked
immunosorbent assay (ELISA), suggesting both monoclonal
antibodies have a higher binding avidity than that of ACE2
(ECso = 0.048 pg/mL) (Fig. 1A—C). To verify this result and
further evaluate the binding affinity, we monitored
real—time association and dissociation of XKO1 and XKO02
binding to the WT SARS-CoV-2 RBD (RBDwy) by surface
plasmon resonance (SPR). XK01 and XKO02 exhibited tight
binding to RBDwr with equilibrium dissociation constants
(Kp) of 93 nM for XKO1 and of 109 nM for XKO02, respectively,
both of which are superior to that of ACE2 with RBDyr
(Kp = 348 nM) (Fig. 1D—F).

Based on the data obtained by ELISA and SPR, both XK01
and XK02 monoclonal antibodies probably have potential
neutralization efficacy against SARS-CoV-2. As expected,
both antibodies showed potent neutralizing activities
against virus pseudotyped with the WT SARS-CoV-2 S with
half-maximal inhibitory concentration (ICso) values of
0.098 nug/mL for XKO1 and 0.072 pg/mL for XK02, respec-
tively (Fig. 1G, H).

In the case of BA.1, the binding kinetics of the Omicron
SARS-CoV-2 RBD (RBDgp.1) to the ACE2 receptor was
measured by SPR, which showed that RBDgs 4 bound
potently to ACE2. The Kp values of RBDg4 4 with ACE2 were
245 nM for XKO1 and 438 nM for XK02, respectively (Fig. 1l,
J), indicating the binding affinity of both antibodies for
RBDga 1 was higher than that of the ACE2 receptor
(Kb = 527 nM) (Fig. 1K). Notably, this observation is very
similar to that is observed for RBDyy. Unexpectedly, both
monoclonal antibodies showed no loss but increased po-
tency of neutralization against BA.1 S pseudotyped virus
with 1Csg values of 0.011 pg/mL for XKO1 and 0.024 pg/mL
for XK02, respectively (Fig. 1L, M).

Soon after the emergence and global spread of BA.1,
BA.2 has initiated outcompeting BA.1 and has become the
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Binding and neutralization activities of XKO1 and XK02 against SARS-CoV-2 wild-type (WT) and Omicron variants. (A—C)

Binding curve of XK01 (A), XK02 (B) and ACE2-hFc (C) to the WT SARS-CoV-2 RBD (RBDwt) measured by ELISA. (D—F) Binding kinetic
of XK01 (D), XKO2 (E) and ACE2-hFc (F) with immobilized RBDy, measured by SPR. The experiments were performed in duplicate
with similar results and a representative experiment is shown. (G, H) WT SARS-CoV-2 S pseudovirus neutralizing activities of XK01
(G) and XK02 (H). (I-K) Binding kinetic of XK01 (l), XK02 (J) and ACE2-hFc (K) with immobilized RBDg, 1, measured by SPR. The
experiments were performed in duplicate with similar results and a representative experiment is shown. (L, M) Potent neutrali-
zation of Omiron BA.1 S pseudovirus by XKO1 (L) and XK02 (M). (N, O) Potent neutralization of Omiron BA.2 S pseudovirus by XK01

(N) and XK02 (0O).
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dominant Omicron subvariant circulating worldwide, which
prompts us to evaluate the ability of XKO1 and XK02 mono-
clonal antibodies to neutralize the BA.2 subvariant. Still,
both monoclonal antibodies maintained high neutralizing
potency against virus pseudotyped with BA.2 S with ICsq
values of 0.025 pg/mL for XKO1 and 0.015 pg/mL for XK02,
respectively (Fig. 1N, O), despite there are as many as 20
different mutations between BA.2 and BA.1 S proteins.
Unfortunately, XK01 and XK02 did not function syner-
gistically with each other to enhance neutralization activ-
ities against WT and Omicron BA.1 SARS-CoV-2 (data not
shown). Furthermore, both XK01 and XK02 exhibited little
neutralizing potency against SARS-CoV S pseudovirus (data
not shown) at the highest tested concentration (15.0 pg/
mL). Structural studies clearly revealed that the RBD of
SARS-CoV-2 is composed of a core subdomain and an
external subdomain also known as receptor binding motif
(RBM) which loops out of the core subdomain to directly
engage ACE2. The amino acid sequence identity of the RBD
core subdomain and RBM between SARS-CoV and SARS-CoV-
2 is more than 85% and less than 50%, respectively.* Almost
all isolated neutralizing antibodies recognizing epitopes in
the conserved core subdomain can cross-neutralize SARS-
CoV-2 and SARS-CoV infections and are thought to maintain
neutralizing potency against previous SARS-CoV-2 VOCs,
while those targeting the RBM region with high sequence
variations always exhibit no or limited cross—neutralization
activity against both viruses. Based on these observations,
it can be speculated that both XK01 and XK02 monoclonal
antibodies neutralize WT and Omicron SARS-CoV-2 in-
fections by competing with the ACE2 receptor for binding to
the RBM and thus blocking attachment of the virus to the
host cell surface, although the exact mechanisms of action
of both neutralizing antibodies remain to be defined.
Universal vaccine and broadly neutralizing antibodies
and/or variant-specific vaccines and neutralizating anti-
bodies are urgently needed to counteract the emerging
SARS-CoV-2 variants of immune escape.® S proteins of the
Omicron BA.1 and BA.2 variants have approximately 37 and
31 mutations compared with the ancestral SARS-CoV-2
virus. The RBDs alone have 15 and 16 mutations, respec-
tively, of which 5 and 8 lie in the conserved core domains,
respectively, and the rests are in the RBM regions, enabling
both Omicron subvariants to escape the majority of existing
RBD-targeted neutralizing antibodies. Furthermore, use
and development of broadly neutralizing antibodies may be
challenged by the emergence of growing mutations in the
conserved core of current and future emerging variants
under the immune pressure exerted by vaccines or previous
infections. For example, Sotrovimab (VIR-7831), the pro-
totypic member of a canonical class of broadly neutralizing
antibodies, has markedly reduced efficacy against BA.2
while maintaining much of it’s neutralizating activity
against BA.1 in pseudovirus neutralization assays, and thus
its emergency use authorization has been withdrawn.
Therefore, discovering variant-specific neutralizing anti-
bodies is a more feasible strategy. Here, we isolated two

such neutralizing antibodies, for which affinity maturation
can be used to further improve their affinity and increase
the virus neutralization potency.

In conclusion, two SARS-CoV-2 neutralizing antibodies
selected from vaccine recipients by phage display are suc-
cessfully isolated. Importantly, these two monoclonal anti-
bodies maintain high neutralizing potency against both BA.1
and BA.2, the two most common subvariants of Omicron.
The identification of these two neutralizing antibodies in
this study provides promising starting points to be added to
the limited list of antibodies with a high potential to
effectively counteract the dominant circulating SARS-CoV-2
Omicron VOCs.
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