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Abstract 
 
The African continent like all other parts of the world with high infection/low vaccination rates can, and will, 

be a source of novel SARS-CoV-2 variants. The A.23 viral lineage, characterized by three spike mutations 

F157L, V367F and Q613H, was first identified in COVID-19 cases from a Ugandan prison in July 2020, and 

then was identified in the general population with additional spike mutations (R102I, L141F, E484K and 

P681R) to comprise lineage A.23.1 by September 2020—with this virus being designated a variant of interest 

(VOI) in Africa and with subsequent spread to 26 other countries. The P681R spike substitution of the A.23.1 

VOI is of note as it increases the number of basic residues in the sub-optimal SARS-CoV-2 spike protein furin 

cleavage site; as such, this substitution may affect viral replication, transmissibility or pathogenic properties. 

The same P681R substitution has also appeared in B.1.617 variants, including B.1.617.2 (Delta). Here, we 

performed assays using fluorogenic peptides mimicking the S1/S2 sequence from A.23.1 and B.1.617.2 and 

observed significantly increased cleavability with furin, compared to sequences derived from the original 

Wuhan-Hu1 S1/S2. We performed functional infectivity assays using pseudotyped MLV particles harboring 

SARS-CoV-2 spike proteins and observed an increase in transduction for A.23.1-pseudotyped particles 

compared to Wuhan-Hu-1 in Vero-TMPRSS2 and Calu-3 cells (with a presumed “early” entry pathway), 

although lowered infection in Vero E6 cells (with a presumed “late” entry pathway).  However, these changes 

in infectivity were not reproduced in the original Wuhan-Hu-1 spike bearing only the P681R substitution. Our 

findings suggest that while A.23.1 has increased furin-mediated cleavage linked to the P681R substitution—

which may affect viral infection and transmissibility—this substitution alone is not sufficient and needs to occur 

on the background of other spike protein changes to enable its full functional consequences.  
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the agent causing the current COVID-19 

pandemic (1). SARS-CoV-2 was first identified in late 2019 and has since spread rapidly throughout the world. 

The virus has evolved into two main lineages, A and B and multiple sublineages. While the B lineage became 

the dominant virus following its introduction into Northern Italy and spread through Europe/UK in February 

2020, both A and B lineages remain in circulation globally (2). Both lineages have undergone significant 

diversification as they expanded; this expansion is apparently linked to a key S gene mutation, D614G in lineage 

B and Q613H in lineage A—an apparent example of convergent evolution that resulted in a more stabilized 

spike protein, with D614G linked to modest increase in virus transmissibility (3). The D614G/Q613H have 

now become established in circulating B/A lineage.  

Compared with the lineage B viruses that have successfully evolved into multiple variants of concern (VOC), 

including B.1.1.7 (Alpha) B.1.351 (Beta), B.1.1.28.1/P.1 (Gamma), B.1.617.2 (Delta), most of lineage A viruses 

remain at fairly lower frequency and were more prevalent at the beginning of the pandemic in Asia. However, 

the A.23.1 viral lineage is one of a few lineage A viruses that has spread over 46 countries and was listed as 

variant of interest (VOI). A.23.1 evolved from the A.23 virus variant first identified in Uganda in July 2020 and 

is characterized by three spike mutations F157L, V367F and Q613H (4). Subsequently, the evolving A.23.1 

lineage acquired additional spike substitutions (R102I, L141F, E484K and P681R), as well as in nsp6, ORF8 

and ORF9. By July 2021, the A.23.1 lineage has been observed in 1102 genomes reported from 46 countries 

(GISAID, Pango Lineage report, https://cov-lineages.org/global_report_A.23.1.html). 

Among several mutations in the A.23.1 lineage, the P681R mutation is of great importance as it is part of a 

proteolytic cleavage site for furin and furin-like proteases at the junction of the spike protein receptor-binding 

(S1) and fusion (S2) domains (5). The S1/S2 junction of the SARS-CoV-2 S gene has a distinct indel compared 

to all other SARS-like viruses (Sarbecoviruses in Betacoronavirus lineage B)—the amino acid sequence of SARS-

CoV-2 S protein is 681-P-R-R-A-R|S-686 with proteolytic cleavage (|) predicted to occur between the arginine 

and serine residues depicted. Based on nomenclature established for proteolytic events (6), the R|S residues are 
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defined as the P1|P1’ residues for enzymatic cleavage, with residue 681 of A.23.1 spike being the P5 cleavage 

position. The ubiquitously-expressed cellular serine protease furin is highly specific and cleaves at a distinct 

multi-basic motif containing paired arginine residues; furin requires a minimal motif of R-x-x-R (P4-x-x-P1), 

with a preference for an additional basic (B) residue at P2; i.e., R-x-B-R (7). For SARS-CoV-2, the presence of 

the S1/S2 “furin site” enhances virus transmissibility (8, 9). For the A.23.1 S, P681R provides an additional 

basic residue at P5 and may modulate S1/S2 cleavability by furin, and hence virus infection properties (10). 

Notably, the P681R substitution appears in several other lineages, most notably B.1.627.2 (Delta) but also AY.2 

(N=115), B.1.551 (N=156), AU.2 (N=302), B.1.1.25 (N=509), B.1.466.2 (N=538), suggesting that the 

substitution may provide an advantage for viruses encoding the substitution.  

We previously studied the role of proteolytic activation of the spike protein of the lineage B SARS-CoV-2 

isolates Wuhan-Hu1 and B.1.1.7 (11). Here, we used a similar approach to study the role of the proteolytic 

activation of the spike protein in the context of the A.23.1 lineage virus, with a focus on the P681R substitution 

to better understand the role of this change at the S1/S2 (furin) cleavage site.  

Methods 

Furin prediction calculations. Prop: CoV sequences were inputted into the ProP 1.0 Server hosted at: 

cbs.dtu.dk/services/ProP/ PiTou: CoV sequences were analyzed using the PiTou V3 software hosted at: 

http://www.nuolan.net/reference.html. 

Fluorogenic peptide assays 

Fluorogenic peptide assays were performed as described previously with minor modifications (12). Each 

reaction was performed in a 100 µl volume consisting of buffer, protease, and SARS-CoV-2 S1/S2 WT 

(TNSPRRARSVA), SARS-CoV-2 S1/S2 B.1.1.7 (TNSHRRARSVA) or SARS-CoV-2 S1/S2 A.23.1 

(TNSRRRARSVA) fluorogenic peptide in an opaque 96-well plate. For trypsin catalyzed reactions, 0.8 nM/well 

TPCK trypsin was diluted in PBS buffer. For furin catalyzed reactions, 1 U/well recombinant furin was diluted 

in a buffer consisting of 20 mM HEPES, 0.2 mM CaCl2, and 0.2 mM β-mercaptoethanol, at pH 7.5. 
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Fluorescence emission was measured once per minute for 60 continued minutes using a SpectraMax 

fluorometer (Molecular Devices) at 30°C with an excitation wavelength of 330 nm and an emission wavelength 

of 390 nm. Vmax was calculated by fitting the linear rise in fluorescence to the equation of a line. 

Synthesis and cloning of the A.23.1 spike protein. The sequence for the A.23.1 spike gene from isolate 

SARS-CoV-2 A.23.1 hCoV-19/Uganda/UG185/2020 (EPI_ISL_955136) was obtained from GISAID 

(https://www.gisaid.org/), codon-optimized, synthesized and cloned into a pcDNA 3.1+ vector for expression 

(GenScript). line. 

Site-directed Mutagenesis  

Primers (ACCTGGCTCTCCTTCGGGAGTTTGTCTGG/CCAGACAAACTCCCGAAGGAGAGCCAGGT) for 

mutagenesis were designed using the Agilent QuickChange Primer Design tool to create the P681R mutation 

(CCA->CGA).  Mutagenesis was carried out on a pCDNA-SARs2 Wuhan-Hu-1 S plasmid using the Agilent 

QuickChange Lightning Mutagenesis kit (The original plasmid was generously provided by David Veesler, 

University of Washington USA). The mutated pcDNA-SARS-CoV-2 Wuhan-Hu-1 P681R S plasmid was used 

to transform XL-10 gold ultracompetent cells, which were grown up in small culture, and then plasmid was 

extracted using the Qiagen QIAprep Spin Miniprep Kit. Sanger Sequencing was used to confirm incorporation 

of the mutation.  

Pseudoparticle Generation 

Pseudoparticle generation was carried out using a murine leukemia virus (MLV)-based system as previously 

described with minor modification (13). HEK293T cells were seeded at 2.5x105 cells/ml in a 6-well plate the 

day before transfection. Transfections were performed using polyethylenimine (PEI) and 1X Opti-Mem from 

Gibco. Cells were transfected with 800 ng of pCMV-MLV-gagpol, 600 ng of pTG-luc, and 600 ng of a plasmid 

containing the viral envelope protein of choice. Viral envelope plasmids included pcDNA-SARS-CoV-2 

Wuhan-Hu1 S as the WT, pcDNA-SARS-CoV-2 Wuhan-Hu-1 P681R S, and pcDNA-SARS-CoV-2 A.23.1 S. 

pCAGGS-VSV G was used as a positive control and pCAGGS was used for a Δ-envelope negative control. At 
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48 hours post-transfection, the supernatant containing the pseudoparticles was removed, centrifuged to remove 

cell debris, filtered, and stored at -80°C.  

Pseudoparticle Infection Assay  

Infection assays were performed as previously described with minor adjustments (13). Vero E6 and Vero-

TMPRSS2 cells were seeded at 4.5x105 cells/ml in a 24-well plate the day before infection. Calu-3 cells were 

seeded at 10 x105 cells/ml in a 24-well plate three days before infection. Cells were washed three times with 

DPBS and infected with 200 µl of either VSV G, SARS-CoV-2 S, SARS-CoV-2 P681R S, SARS-CoV-2 A.23.1 

S, or Δ-envelope pseudoparticles. Infected cells incubated on a rocker for 1.5 hours at 37°C, and then 300 µl 

of complete media was added and cells were left at 37°C. At 72 hours post-infection, cells were lysed and the 

level of infection was assessed using the Promega Luciferase Assay System. The manufacturer’s protocol was 

modified by putting the cells through 3 freeze/thaw cycles after the addition of 100 µl of the lysis reagent. 10 

µl of the cell lysate was added to 20 µl of luciferin, and then luciferase activity was measured using the Glomax 

20/20 luminometer (Promega). Vero E6 and Vero-TMPRSS2 infection assays were replicated four times. The 

Calu-3 infection assays were replicated three times. Each assay was performed as technical replicates, with the 

same batch of pseudoparticles used for all of data. 

Western blot analysis of pseudoparticles. A 3 ml volume of pseudoparticles was pelleted using a TLA-55 

rotor with an Optima-MAX-E ultracentrifuge (Beckman Coulter) for 2 hours at 42,000 rpm at 4°C. Particles 

were resuspended in 30 µl DPBS buffer. Sodium dodecyl sulfate (SDS) loading buffer and DTT were added to 

samples and heated at 65°C for 20 minutes. Samples were separated on NuPAGE Bis-Tris gel (Invitrogen) and 

transferred on polyvinylidene difluoride membranes (GE). SARS-CoV-2 S was detected using a rabbit 

polyclonal antibody against the S2 domain (Cat: 40590-T62, Sinobiological) and an AlexaFluor 488 goat anti-

rabbit antibody. Bands were detected using the ChemiDoc Imaging software (Bio-Rad) and band intensity was 

calculated using the analysis tools on Biorad Image Lab 6.1 software to determine the uncleaved to cleaved S 

ratios.   
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Results 

Bioinformatic and biochemical analysis of the SARS-CoV-2 A.23.1 S1/S2 cleavage site   

Along with other changes in the spike protein, A.23.1 and B.1.617.2 (Delta) contain a P681R substitution at the 

S1/S2 interface (Figure 1A), which may modulate spike protein function based on changes to the furin cleavage 

site and downstream changes in the levels of cleaved products and in virus-cell fusion activation. To gain insight 

into proteolytic processing at the S1/S2 site of the SARS-CoV-2 spike protein, we first took a bioinformatic 

approach utilizing the PiTou (14) and ProP (15) cleavage prediction tools, comparing the spike proteins from 

A.23.1 to B.1.1.7 and the prototype SARS-CoV-2 Wuhan-Hu-1, as well as to SARS-CoV,  MERS-CoV and 

selected other human respiratory betacoronaviruses (HCoV-HKU1 and HCoV-OC43); Figure 1B. Both 

algorithms predicted a significant increase in the furin cleavage for A.23.1 and B.1.617.2 (Delta) compared to 

Wuhan-Hu1 and B.1.1.7; in comparison, SARS-CoV is not predicted to be furin-cleaved; as expected MERS-

CoV showed a relatively low furin cleavage score, with HCoV-HKU1 and HCoV-OC43 showing relatively high 

furin cleavage scores. 

 

Virus S1/S2 Sequence Furin Score 
PiTou 

Furin Score 
ProP 

SARS-CoV-2 (A.1/B.1) 672-ASYQTQTNSPRRAR|SVASQS-691 +9.196 0.626 
SARS-CoV-2 (B.1.1.7) 669-ASYQTQTNSHRRAR|SVASQS-688 +9.907 0.757 
SARS-CoV-2 (A.23.1) 669-ASYQTQTNSRRRAR|SVASQS-688 +12.209 0.704 
SARS-CoV-2 (B.1.617)  
MERS-CoV 

  669-ASYQTQTNSRRRAR|SVASQS-688 
  738-LPDTPSTLTPRSVR|SVPGEM-757 

+12.209 
+5.155 

0.704 
0.563 

HCoV-HKU1 747-YNSPSSSSSRRKRR|SISASY-766 +14.634 0.918 
HCoV-OC43 (clinical) 750-GYCVDYFKNRRSRR|AITTGY-769 +10.10 0.736 

 
Figure 1 A). Summary of notable functional domains and sequence changes in the spike gene of A.23.1 compared to 
Wuhan-Hu-1 and B.1.617.2 (Delta) B). Furin cleavage score analysis of CoV S1/S2 cleavage sites. CoV S sequences were 
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analyzed using the ProP1 1.0 and PiTou2 3.0 furin prediction algorithm, generating a score with bold numbers indicating 
predicted furin cleavage. ( | ) denotes the position of the predicted S1/S2 cleavage site. Basic resides, arginine (R) and 
lysine (K), are highlighted in blue, with histidine in purple. Sequences corresponding to the S1/S2 region of SARS-CoV-2 
(QHD43416.1), SARS-CoV (AAT74874.1), MERS-CoV (AFS88936.1), HCoV-HKU1 (AAT98580.1), HCoV-OC43 (KY369907.1) 
were obtained from GenBank. Sequences corresponding to the S1/S2 region of SARS-CoV-2 B.1.1.7 (EPI_ISL_1374509) and 
SARS-CoV-2 A.23.1 hCoV-19/Uganda/UG185/2020 (EPI_ISL_955136), were obtained from GISAID. 
 

To directly examine the activity of furin on the SARS-CoV-2 A.23.1 S1/S2 site, we used a biochemical peptide 

cleavage assay to directly measure cleavage activity in vitro (12). The specific peptide sequences used here were 

TNSRRRARSVA (A.23.1 S1/S2) and TNSPRRARSVA (Wuhan-Hu-1 S1/S2). We tested furin as the protease, 

along with trypsin as a control (Figure 2). As predicted, furin effectively cleaved the Wuhan-Hu-1 (WT) peptide 

but with a significant increase for the A.23.1 S1/S2 peptide. As expected, trypsin also effectively cleaved A.23.1 

S1/S2 (results not shown?) . This comparative data with SARS-CoV S1/S2 sites reveals that the P618R 

substitution significantly increased cleavability by furin, with increases beyond that seen for B.1.1.7 (P681H) 

(12).   

  

Functional analysis of virus entry using viral pseudoparticles  

To assess the functional importance of the S1/S2 site for SARS-CoV-2 entry, we utilized viral pseudoparticles 

consisting of a murine leukemia virus (MLV) core displaying a heterologous viral envelope protein to partially 

recapitulate the entry process of the native coronavirus —the pseudoparticles also contain a luciferase reporter 

gene as well as the integrase activity to allow that integration into the host cell genome to drive expression of 

luciferase, which is quantifiable (13). Using the HEK293T cell line for particle production, MLV pseudoparticles 

containing the A.23.1, Wuhan-Hu-1 SARS-CoV-2 S protein (WT), a P681R point mutant of Wuhan-Hu-1, 

Figure 2. Fluorogenic peptide cleavage assays of the SARS-CoV-2 
S1/S2 cleavage site. Peptides mimicking the S1/S2 site of the 
SARS-CoV-2 Wuhan-Hu-1 (WT) and A.23.1 variants were 
evaluated for in vitro cleavage by furin, compared to a control 
without protease. 
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positive-control particles containing the vesicular stomatitis virus (VSV) G protein, and negative-control 

particles (Δenvpp) lacking envelope proteins (not shown) were prepared. 

We examined infection properties of these SARS-CoV-2 pseudoparticles in cell lines representative of both the 

“early” and “late” cell entry pathways (Figure 3).  Furin is predicted to cleave during virus assembly and 

“prime” the spike protein for subsequent entry.  SARS-CoV-2 is predicted to enter cells using cathepsin L and 

the “early” pathway, whereas Vero-TMPRSS2 and Calu-3 cells are predicted to use a “late” pathway, with spike 

being activated for fusion by TMPRSS2 or other TTSPs—as the entry mechanisms of SARS-CoV-2 can be 

highly cell-type dependent (1). Specifically, we used the Vero-TMPRSS2 and Calu-3 (“early pathway”) and the 

Vero E6 (“late pathway”) cell lines, which are predicted to activate the SARS-CoV-2 S2’ using TMPRSS2 and 

cathepsin L respectively. While Vero-TMPRSS2 and Calu-3 cells gave overall significantly higher luciferase 

signal indicative of more efficient entry, we observed lowered infection in Vero E6 cells. As expected, VSVpp 

(positive control) pseudoparticles infected both cell lines with several orders of magnitude higher luciferase 

units than the values reported with Δenvpp infection (negative control).  We observed no difference in infection 

between pseudoparticles displaying spike protein with the P681R substitution in Calu-3 cells and lowered 

infection on Vero E6 and Vero-TMPRSS2 cells.    

 

  

 

The pseudoparticles were also probed for their S content via western blot and densitometry. For both A.23.1 

and Wuhan Hu-1 P681R particles, we detected increased cleavage of the spike protein compared to Wuhan-

Hu1 (WT); see Figure 4. 

Figure 3. Pseudoparticle infectivity 
assays in Vero E6, Vero-TMPRSS2 or 
Calu-3 cells. Cells were infected with 
MLVpps harboring the VSV-G, SARS-
CoV-2 S (WT), SARS-CoV-2 S A.23.1 
variant, SARS-CoV-2 S WT with 
P681R mutation. Data represents 
the average luciferase activity of 
cells of three (Vero E6 and Vero-
TMPRSS2) or two (Calu-3) biological 
replicates. 
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Cell-cell fusion assays of A.23.1 spike 
 
In order to see if the P681R substitution provided any advantage for cell-to-cell transmission or syncytia 

formation, we performed a cell-to-cell fusion assay in which VeroE6 or Vero-TMPRSS2 cells were transfected 

with the WT, A.23.1 and Wuhan-Hu-1 P681R spike gene. We then evaluated syncytia formation as a read-out 

of membrane fusion (Figure 5). We observed an increase in the syncytia formation following spike protein 

expression for either A.23.1 or Wuhan-Hu-1 P681H, compared to Wuhan-Hu-1 (WT). Vero-TMPRSS2 cells 

generally formed more extensive syncytia than VeroE6 cells, with similar trends observed.  These data provide 

evidence that the P681R mutation increases membrane fusion activity of the SARS-CoV-2 spike protein under 

the conditions tested.  

 
 
 
 

Figure 4. Western blot analysis of SARS-CoV-2 
pseudoparticles generated with SARS-CoV-2 Wuhan 
Hu-1 S (WT), SARS-CoV-2 S A.23.1 variant, or SARS-
CoV-2 S WT with P681R mutation.  Uncleaved (S0) and 
cleaved (S2) bands are indicated. SARS-CoV-2 S was 
detected using a rabbit antibody against the SARS-
CoV-2 S2 region; hence cleaved S1 is not visible. 
Equivalent MLV content was confirmed using a mouse 
antibody against MLVp30 (not shown).  

- S0 
 
 
 
- S2 

   WT      A.23.1   P681R 
 
 
 

Figure 5. Cell-cell fusion assay of SARS-CoV-2 Wuhan-Hu-1 S (WT), SARS-CoV-2 S A.23.1 variant, or SARS-
CoV-2 S WT with P681R mutation.  S- = non-transfected cells. SARS-CoV-2 S was detected using a rabbit 
antibody against the SARS-CoV-2 S2 region.  
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Discussion 
 
Since late 2020, the evolution of the SARS-CoV-2 pandemic has been characterized by the emergence of viruses 

bearing sets of substitutions/deletions, designated “variants of concern” (VOCs) and “variants of interest” 

(VOIs). These variants appear to have expanded following the selection for substitution or deletions in the 

spike protein, such as D614G and Q613H as well as other viral proteins. The substitutions encoded by VOCs 

and VOIs alter virus characteristics including enhanced transmissibility and antigenicity, some provide a direct 

advantage to avoid the changing developing immune responses in the population due to prior exposure or 

vaccination as well as the social dynamics of the human population (16-20).  

To date, the most prevalent SARS-CoV-1 VOC of 2021 has been B.1.1.7 (Alpha), which among other changes, 

encoded a P681H substitution in the spike S1/S2 furin cleavage site and has been linked to increased 

transmissibility due to the presence of the additional basic amino acid, histidine (H). However, histidine is 

unusual in that it has an ionizable side chain with a pKa near neutrality (21), and so is not conventionally 

considered a basic amino acid.  

Most recently, a new VOC (B.1.617.2, or Delta) has replaced B.1.1.7(Alpha) as the dominant circulating virus 

globally, which like A.23.1 and  (sub-lineages B.1.617.1 and B.1.617.3)  encodes a P681R substitution, and is 

more conventionally “polybasic” in the S1/S2 cleavage motif (than the P681H of B.1.1.7 (Alpha) and is 

suggested to enhance transmissibility and pathogenesis (22, 23). However, the A.23.1 variant pre-dated B.1.617 

as a P681R-containing VOC/VOI by several months. The A.23.1 emerged in Uganda in October 2020, to 

become the dominant virus in the country (up to 100% prevalence on January 2021) (Figure 6). However, 

during the early months of 2021, A.23.1 prevalence declined to <1% prevalence in May  2021 and other variants 

were observed in Uganda, including VOC B.1.351 and VOI B.1.525, both without the P681R substitution. 

Similar to other regions of the world, the B.1.617.2 (Delta) lineage encoding P681R appeared and by June 

became the dominant observed lineage. (Figure 6) 
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Figure 6. Uganda SARS-CoV-2 cases and lineages, October 2020 to June 2021. Panel A. 7-day average positive cases 
numbers were plotted by day, the peak of 750 cases/ per day observed in the first wave of infections in January 2021 
is indicated with a dotted line. Case data were obtained from Our World in Data (https://ourworldindata.org/). Panel 
B. Monthly SARS-CoV-2 lineage data for Uganda. All Uganda full genome sequences from GISAID 
(https://www.gisaid.org/) were retrieved, lineage types using the Pango tool (https://cov-
lineages.org/resources/pangolin.html, (2) and the fractions of the months total genomes were plotted by month. 
Fractions were indicated in each cell and cells are colored (white to dark red) by increasing fraction.  

 

Overall, these epidemiological data support the importance of the P681R substitution for community wide 

transmission.  Both SARS-CoV-2 lineages that became the dominant lineages in Uganda encode this 

substitution, however several VOC and VOI lineages lacking the substitution, e.g., B.1.1.7 (Alpha), B.1.351 

(Beta) and B.1.525 (Eta), also entered the country but did not achieve dominance (Figure 6).  The subsequent 

decline of the P681R lineage A.23.1, combined with the in vitro analyses reported here clearly showed that the 

P681R alone is not sufficient to drive such dominance. Furthermore, the in vitro analyses reported here show 

that the substitution strongly influences furin-mediated cleavage, with these results being consistent with other 

studies (23, 24). However, it is very clear that P681R is not the sole driver of virus transmissibility, a finding 

reinforced by the molecular studies described here. It would be of interest to understand associated spike 
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changes that cooperate with P681R. The introduction of P681R alone into the WT Wuhan-1 spike did not 

produce the full activity of the A.23.1 spike (Figure 3).  

While P681R does make the S1/S2 cleavage site more basic in nature, such variant cleavage sites are still not 

“ideal” for furin—as originally found in the prototype furin-cleaved virus mouse hepatitis virus (MHV) 

(RRARR|S) (24). The introduction of an arginine residue does appear to be making S1/S2 more “polybasic” 

as the pandemic continues and transmissibility increases. While we should not  over-simply the complex process 

of spike protein activation, it will be interesting to see whether this progression of basic residue addition 

continues with new variants, towards that seen in established community-acquired respiratory (CAR) 

coronaviruses such as HCoV-HKU-1 or HCoV-OC43, with S1/S2 sequences of RRKRR|S and RRSRR|A 

respectively. 
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