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Supplementary Table 1 — Summary of affinity measurements and neutralization assays

Ko (nM) ICs0 (Mg/ml)
Sbh12 242 +45 3.7
Sbh23 106+ 2.0 0.6
Sb23-Fc 0.22 £ 0.0001 0.007
Sh42 5.0x£0.9 11
Sbh42-Fc 0.19 £ 0.00002 0.07
Sh76 58.1+114 9.05
Sh95 439+119 ND
Sb100 38.7+£5.6 24
Sbh23/12 0.53+ 0.0004 0.008
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Supplementary Table 2 — Sequence of primers used in this study

Primers for PCR amplification of Fw gacaaaactcacacatgcc
PCMVEXxt-Fc plasmid Rv ggatccctgaaaatacaggttt

SLIC cloning Sb23-Fc or Sh42-Fc: Fw gaaaacctgtattttcagggatcccaggttcagctggttgag
Primers to amplify Sb23 or Sh42 Rv cggtgggcatgtgtgagttttgtcgctcacagtcacttgggt

SLIC cloning Sb23/Sb12: Primersto  Fw_1 ggcggtagcggcggaggaggcagcggaggacaggttcagetggttgag
amplify Sb12 and introduce a GS Rv_1 gctcacagtcacttgggtac
linker Fw_2 caaggtacccaagtgactgtgagcggaggaggcggtageggcgga
Rv_2 cctcttctgagatgagtttttgttcgccagctcttcctgegctcacagtcacttgggt

Mutagenic primers to introduce a Fw tgactgtgagcgcaggaaaagcttgcgaacaaaaactcat

Hindlll restriction site on pSBinit Rv atgagtttitgttcgcaagcttttcctgcgctcacagtca

plasmid containing Sb23
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Supplementary Fig. 1

a

== RBD
SPIKE

mm VBP

0.8+

Sb17

Sb12

0.6

Sb7

Sb22
Sb23

0.2+

Absorbance (650 nm)
o
-
]

b == RBD
1.5
SPIKE
£ == MBP
c
010_
8 q $ 3
= 8 & A
o L
Q o
c w0
8
. 0.5+
172}
Ke}
<
0.0
E‘—L‘—u!—2NmNgmmm:{r#mﬂ'gmmmgmﬁwgat;ggﬁ%g%m%oo‘?Orr:NNNg
owoLcowoLCoWgIoOWO<LoWwOIowWao hToLImbLomBoL
c m= RBD
0.5 2 o
5 E SPIKE
wn w0
£ 0.4- a == VBP
c w
3
© 0.34
(o]
e
_césO.Z—
Q
2
2 0.1
0.0

RBD-specific sybodies were determined by ELISA.

94 individual colonies from each of the three libraries, concave (a), loop (b) and convex (c)
were randomly selected and screened against the two target proteins, RBD and spike. The same
procedure was performed for the MBP, used as background control signal. RBD or spike
signals with ratios above 1.5 compared to the MBP signal, were considered as hits. The
corresponding ELISA signals are labelled according to the sybodies that were illustrated or

characterized in this work.
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Supplementary Fig. 2
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Expression and Purification of 62 unique sybodies.

From 85 unique binders, 62 were expressed and purified. The purified sybodies were analysed
by SDS-PAGE (a) and gel filtration using a SRT SEC-100 column (b). Sybodies 12, 23, 42,
76, 95, and 100 were expressed and analysed at least two independent times. All other sybodies
were only expressed and analysed once. Very few sybodies exhibit column interaction (sticky
binders), eluting at or after the permeation limit of columns. ¢ Elution volume of all purified

binders, grouped by library.



114  Supplementary Fig. 3

115
a
100000+
10000+
1000+
=3
E —
- —
100+ ]
104— | . 4] - -
[a] o o [] [=]
1 = = = =
12 457 6 8 912 13 15 16 17 18 21 22 23 25 27 28 30 32 33
Sybody
b
100000+
10000+
__ 1000+ ]
£
N —
1004
101 E I
o
1 z
38 3? 394042 43 44 45 46 47 50 54 51 52 56 57 58 60 61 62 63 67 76 88
Sybody
c
100000+
10000+
1000+
=
£
&

100+
104—
1

68 71 75 78 81

ML

83 84 85 86 90 93 94 d5 97 100
Sybody

116



117
118
119
120
121
122
123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

Affinity screening of 62 sybodies.

BLI sensorgrams of immobilized SARS-CoV-2 RBD with individual sybodies were recorded
at one concentration (500 nM). The binding curves were fitted to a 1:1 binding model and Kp
values were estimated and plotted according to the different libraries concave (a), loop (b) and
convex (c). ND, not determined. The most promising binders, further characterized in this

study, are highlighted.
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150  Neutralization capacity of selected sybodies.

151  SARS-CoV-2 pseudoviruses were incubated with a dilution series of target sybody and
152 grouped according to sybodies that showed the lowest ICso values (a), sybodies that showed
153  ICsp values above 3 pg/ml (b) or sybodies that showed ICso values above 10 pg/ml (c). d
154  Neutralization potential of Sb42 is increased when fused to an antibody-derived Fc domain.
155  Data for all assays are mean=+SD of two replicate experiments. € BLI sensorgrams of

156  immobilized SARS-CoV-2 RBD with 2-fold serial dilution of 20 nM Sbh42-Fc.
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2D Classification (cryoSPARC v2.15.0)

Supplementary Fig. 5
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Overview: EM processing performed for the ‘1-up’ and ‘2-up’ reconstructions.

For clarity, the representative micrograph is denoised using Warp *.
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Supplementary Fig. 6

(a)
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(b)

c_105 (Fab) binding surface

Sb23 binding surface
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Comparison of Sb23 and FAB_C105 binding.

(a) Cryo-EM reconstruction of FAB_C105 2 that shows that binding of the RBD in the down
state is sterically occluded. (b) top view of SARS-CoV-2 spike showing and comparing the
epitopes of Sb23 and FAB_C105.
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Supplementary Fig. 7
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Selected sybodies recognize two distinct epitopes on RBD
BLI sensorgrams of immobilized SARS-CoV-2 RBD in the presence of 100 nM Sb23 with 750
nM of the indicated sybody. Sh12, 76 and 100 recognize a different epitope on RBD than Sh23

(a) while the other screened sybodies appear to have the same or overlapping epitopes (b). BLI
sensorgrams of immobilized SARS-CoV-2 RBD with ACE2 in the presence 100 nM Sb12 (c),
or 100 nM Sb42 (d), or 100 nM Sb76 (e), or 100 nM Sb100 (f). The assay was performed in a
concentration range of 200-12.5 nM ACE2 and fit of the data to a 1:1 binding model is shown

in red. g SARS-CoV-2 spike pseudotyped lentivirus was incubated with a dilution series of

Sh23/Sh12 or Sh23 plus Sh12 added in 1:1 molar ratio. The assay was repeated at least in

duplicates and the error bars represent the standard deviation. h BLI sensorgrams of
immobilized SARS-CoV-2 RBD with 2-fold serial dilution of 30 nM Sb23/Sh12.
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Supplementary Fig. 8
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Purification and biophysical characterization of antigens.

Purified proteins showed no signs of aggregation and remained stable and monodisperse. a
Schematic illustration of the SARS-CoV-2 spike protein. Subunit S1 comprises the N-terminal
signal sequence (SS), the N-terminal domain (NTD) and the Receptor Binding Domain (RBD),
while subunit S2 consists of the fusion peptide (FP) and two heptad repeats, HR1 and HR2. At
the C-terminus the construct contains a T4 fibritin trimerization motif, followed by a HRV3C
protease cleavage site, an 8xHistidine tag and a Twin-Strep tag. Representative gel-filtration
chromatogram of the spike protein. Inset: Instant blue-stained SDS-PAGE analysis of the size
exclusion chromatography run. Lane 1: protein molecular weight marker. Lanes 2 - 6: fractions
eluted from the Superose 6 column. Line 7: fractions contained 3C protease. b The RBD
comprising residues 319 - 566 was used for sybody selections. A representative gel-filtration
chromatogram of RBD is shown. Inset: Instant blue-stained SDS-PAGE analysis of the size
exclusion chromatography run. Lane 1: protein molecular weight marker. Line 2: pooled
fractions from IMAC purification. Lanes 3 - 10: fractions eluted from the HiLoad Superdex
200 column. ¢ The human receptor ACE2 comprising residues 18 - 616 was used for

competition assays. A representative gel-filtration chromatogram of the ACE2 protein is
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shown. Inset: Instant blue-stained SDS-PAGE analysis of the size exclusion chromatography
run. Lane 1: protein molecular weight marker. Lane 2 pooled fractions eluted from the
Superdex 200 column. All the three proteins (RBS, Spike and ACE2) were expressed and
purified at least three times and showed identical SEC profiles. d Far-UV-CD spectra of the
human ACE?2 receptor (red), SARS-CoV-2 RBD (blue) and SARS-CoV-2 spike (black) with
the corresponding secondary structure content. e Thermal stability analysis of RBD, spike and

ACE?2. Data represents the mean + SD of three replicate experiments.
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