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Figure S1: Binding of affinity purified COVA2-15, COVA1-22, 2-15 and 2E8 IgG,
monomeric IgAl1 and IgA2 to SARS-CoV-2 spike protein. (A) Binding of COVA1-22, 2E8
and COVAZ2-15 variants to ELISA plates coated with 100 ng/well full-length trimeric spike
protein (Wuhan, kind gift from Dr. Svend Kjaer, the Crick Institute). Each displayed value is
the mean = SD from three independent measurements. (B) Binding kinetics of 2-15 variants to
RBD were obtained by SPR spectroscopy in multi-cycle kinetic experiments. An anti-His
antibody was immobilized on an CM5 chip, RBD-His was captured (20 RU), and 5 different
concentrations of the respective mAb were injected. The obtained curves were fitted witha 1:1
binding model. Data shown are from one experiment representative of at least two technical
repeats. The calculated Kp values are 3.75 nM for 2-15 migAl, 2.88 nM for 2-15 migA2 and

1.16 nM for 2-15 IgG.
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Figure S2: Normalized size-exclusion chromatograms of affinity-purified monomeric
IgAl and IgA2 variants of COVA2-15 from infiltrated N. benthamiana AXT/FT leaves.

Values were normalized based on the highest signal of each chromatogram.
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Figure S3: Normalized size-exclusion chromatograms of affinity-purified 2-15 and
COVA1-22 1gAl and 1gA2 which were co-expressed with the joining chain and secretory
component in N. benthamiana AXT/FT leaves to obtain multimeric secretory IgA. Values

were normalized based on the highest signal of each chromatogram
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Figure S4: COVAZ2-15 and 2E8 secretory IgAl were transiently expressed in
N.benthamiana plants in pilot-scale 500 g LFW batches. (A) Expression levels were
quantified by sandwich ELISA in crude leaf extracts. SIgA antibodies were detected using anti-
secretory component antibodies for all SIgA variants. Quantification data represent the mean
of two technical repeats of three independent biological repeats £ SD. Normalized size-
exclusion chromatograms of affinity-purified COVA2-15 SIgA1l (B) and 2E8 SIgA1l (C) from

infiltrated N. benthamiana AXT/FT leaves.
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Figure S5: O-glycosylation profiles of N. benthamiana AXT/FT derived recombinant
COVAZ2-15 and 2E8 monomeric and secretory IgA. Mass spectra of the hinge region peptide

are shown and glycosylated peaks are indicated as arabinoses (Ara) and hydroxyprolines (Hyp).
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Figure S6: Dynamic light scattering of COVA2-15 SIgALl before and after aerosolization
using the Omron MicroAir U22 portable mesh nebulizer. The mean diameter and the
homogeneity were measured using a Malvern Zetasizer nano-ZS (Malvern Instruments Ltd.,
Worcestershire, UK) at 25°C. Each sample was measured in triplicates. The homogeneity of
the antibody solution was determined by the polydispersity index (Pdl) from the raw correlation
before (A) and after (B) nebulisation. Size distribution was calculated by the volume report

(C).
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Figure S7: Size-exclusion chromatography light-scattering of COVA2-15 SIgAl (A) and
2E8 SIgA1l (B) before and after nebulization. Overlays of the elution profiles of COVA2-15
SIgALl (nebulization concentration: 0.5 mg/mL) and 2E8 SIgA1l (nebulization concentration:
0.1 mg/mL) before (grey) and after (black) aerosolization are shown. The depicted molar
masses of the tetrameric (blue) and dimeric (red) SIgA species were derived from light-
scattering and are as follows in the formulation/the condensate: COVA2-15 SIgAl: 958/974

kDa, 468/470 kDa; 2E8 SIgA1:728/786 kDa, 409/410 kDa.



Supplemental Tables

Table S1: Transient expression levels of monoclonal IgG and IgA antibodies in N.
benthamiana AXT/FT. IgG, monomeric and secretory IgA1 and IgA2 versions of 4 different
mADbs recognizing the SARS-CoV-2 spike proteins were transiently expressed in plants.
Expression levels were quantified by sandwich ELISA in crude leaf extracts. Detection of
monomeric IgA and 1gG variants was with either HRP-labeled anti-kappa (COVA2-15) or anti-
lambda light chain (2E8, COVA1-22, 2-15) antibodies. SIgA antibodies were detected using
anti-secretory component antibodies for all SIgA variants. Quantification data represent the

mean of two technical repeats of three independent biological repeats + SD.

mAb expression levels [mg/kg LFW]
COVA2-15 IgG 13490 =+ 30.78
COVA2-15 migAl 11250 + 10.12
COVAZ2-15 migA2 103.30 + 12.69
COVA2-15 SIgAl 33.65 * 5.99
COVA2-15 SIgA2 4549 + 15.90
2E8 1gG 100.10 + 17.79
2E8 migAl 7457 + 10.91
2E8 migA2 4540 + 12.65
2ES8 SlgAl 3571 + 8.41
2E8 SIgA2 23.07 + 7.48
2-15 IgG 52.48 + 8.89
2-15 migAl 7457 + 1091
2-15 mlgA2 4540 + 12.65
2-15 SlgAl 10.03 + 2.95
2-15 SlIgA2 1.77 + 0.95
COVA1-22 I1gG 74.84 + 20.00
COVA1-22 migAl 79.47 + 11.11
COVA1-22 migA2 1089 + 2.76
COVAZ2-15 SIgA2 6.36 + 041
COVA1-22 SigAl 029 + 0.34

Table S2: Purification yields of monoclonal 1gG and SIgA antibodies produced in N.
benthamiana AXT/FT after affinity chromatography and size-exclusion chromatography.

Concentration in the pooled and concentrated SEC-fractions were quantified via A280 nm



absorbance. Data represent the mean of three obtained from three independent purifications

from 100 g leaf fresh weight + SD.

mAb purification yield [mg/kg LFW]
COVA2-151gG 36,20 * 6.20
COVA2-15 SIgAl 2590 + 090
COVA2-15 SIgA2 3200 + 4.00
2E8 I1gG 38.10 = 8.10
2E8 SIgAl 19.75 + 0.75
2E8 SIgA2 10.20 + 0.60




Table S3: Quantification of the relative abundance (%) of N-glycans detected on the
heavy chain of IgG and IgA isotypes produced in N. benthamiana AXT/FT. N-glycans are

abbreviated according to the ProGlycAn system (www.proglycan.com). The symbols for the

monosaccharides are drawn according to the nomenclature from the Consortium for Functional

Glycomics.
2E8 mAb migAl SigAl migA2 SIgA2 19G
NLT NVS | NLT NVS | NVT NLT NIT NVS | NVT NLT NIT NVS | NST
non glyc. 0.2 38.3 0.6 36.1 0.0 0.5 0.0 19.9 0.0 0.8 0.0 31.6 | 113
GnGn Zemm 12.8 3.2 7.1 35| 141 6.1 7.6 45 | 184 46 116 5.2 | 60.7
MGn wienn 23.1 3.4 | 155 421184 151 21.0 34| 16.2 108 215 3.8 | 225
MM e 11.1 3.8 9.3 49 | 28.7 7.2 26.7 48 | 214 51 20.0 4.2 1.0
GnGnF R 0.0 4.1 0.0 1.0 2.6 0.0 25 3.7 5.9 0.0 3.0 11 0.7
MGnF tend 0.0 1.7 0.0 0.5 4.8 0.0 6.6 1.3 35 0.0 5.8 0.5 14
MMF ona 0.0 0.0 0.0 0.0 5.5 0.0 8.8 0.0 35 0.0 5.4 0.0 0.0
Man4 oemn 2.7 24 31 21 2.0 2.7 3.8 2.3 2.7 2.7 3.6 1.0 0.0
Man5 e 4.1 4.3 3.4 4.2 2.3 4.5 4.1 1.6 25 4.1 4.2 4.1 0.9
Man6 g 11.0 5.0 | 12.8 5.3 41 104 1.9 6.6 4.1 9.1 2.4 5.8 0.0
Man7 6.5 126 8.0 10.9 6.6 10.0 3.7 235 8.2 8.6 45 144 0.0
Man8 165 12.0 | 181 15.2 7.6 20.6 7.8 188 95 218 106 16.6 0.3
Man9 12.0 6.5 | 22.0 9.0 3.2 230 2.6 7.6 41 323 3.8 9.2 0.2
Man4Gn 0.0 15 0.0 15 00 0.0 2.1 1.0 0.0 0.0 2.4 12 1.2
Man5Gn 0.0 1.1 0.0 1.6 00 00 0.8 11 0.0 0.0 11 1.2 0.0
CoVA2-15 mAb mligAl SlgAl migA2 SIgA2 IgG
NLT NVS | NLT NVS | NVT NLT NIT NVS | NVT NLT NIT NVS | NST
non glyc. 05 385 09 378 00 03 0.0 67.6 0.0 0.7 0.0 48.6 | 20.5
GnGn sieme 17.1 5.6 7.8 3.8 | 166 102 133 5.1 | 17.3 2.6 8.4 1.7 | 435
MGn 19.3 139 | 10.6 6.3 | 147 171 212 9.9 | 14.3 3.6 11.8 23| 213
MM REL 102 121 4.5 19 | 11.2 8.0 234 1.7 | 11.0 1.7 4.0 0.5 3.1
GnGnF e 0.0 4.3 0.0 1.0 3.6 0.0 2.7 3.8 3.6 0.0 0.9 0.2 0.8
MGnF wjeni 0.0 14| 00 0.5 25 0.0 4.7 1.2 1.9 0.0 1.3 0.3 13
MMFE ua 0.0 0.0 0.0 0.0 1.5 0.0 5.2 0.0 1.0 0.0 0.4 0.0 0.0
Man4 17 1.2 21 1.6 24 24 2.7 0.5 3.0 14 4.3 11 0.0
Man5 1.8 2.0 2.8 3.8 3.2 35 3.0 12 5.2 2.6 6.6 2.6 3.2
Man6 5.4 2.0 8.7 5.1 4.8 5.3 2.0 0.9 6.1 4.9 6.2 3.8 0.0
Man7 4.8 9.3 6.3 128 | 11.3 7.0 2.7 23| 143 4.8 6.2 10.0 0.7
Man8 23.4 6.0 | 236 153 | 21.0 21.2 11.7 20| 16.2 191 254 155 17
Man9 15.8 2.4 | 327 8.5 7.4 25.0 5.5 1.9 6.1 585 231 125 2.1
Man4Gn 0.0 0.8 0.0 0.8 00 0.0 15 1.2 0.0 0.0 0.8 0.4 1.9
Man5Gn 0.0 04 | 0.0 1.0 00 00 04 0.8 0.0 0.0 0.6 0.5 0.0
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Table S4: Quantification of the relative abundance [%)] of N-glycans detected on the
secretory component and joining chain of IgA isotypes produced in N. benthamiana
AXT/FT. N-glycans are abbreviated according to the ProGlycAn system
(www.proglycan.com). The symbols for the monosaccharides are drawn according to the

nomenclature from the Consortium for Functional Glycomics.

2E8 mAb SigAl SIgA2
SC JC SC JC
NDT NYT NGT NVT | NIS | NDT NYT NGT NVT | NIS
non glycosylated 0.0 6.3 0.0 0.0 0.0 0.0 6.2 0.0 0.0 0.0

GnGn ilomn 9.1 205 0.0 14.2 1.7 | 10.1 18.6 0.0 11.2 2.1
GnM memw 237 274 0.0 36.3 31| 228 214 0.0 355 4.0
MM === 189 4538 0.0 459 5.4 | 241 539 0.0 4938 5.7
GnGnF L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MGnF afent 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MMF Sond 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Man4 0.0 0.0 0.0 0.0 9.4 0.0 0.0 0.0 0.0 8.9
Man5 s 0.0 0.0 3.8 0.0 | 11.6 0.0 0.0 4.3 0.0 | 16.8
Man6 0.0 0.0 8.5 0.0 | 14.9 0.0 0.0 10.2 0.0 | 145
Man7 12.4 0.0 261 0.0 | 30.4 9.0 0.0 264 0.0 | 27.6
Man8 26.6 0.0 412 0.0 | 15.7 | 21.9 0.0 38.0 9.1 | 134
Man9 9.3 0.0 19.9 0.0 7.7 | 12.0 0.0 191 237 7.0
Man9+Hex 0.0 0.0 0.5 0.0 0.0 0.0 0.0 2.0 0.0 0.0
MU 0.0 0.0 0.0 35 0.0 0.0 0.0 0.0 3.4 0.0
CoVA2-15 mAb SigAl SIgA2
SC JC SC JC
NDT NYT NGT NVT | NIS | NDT NYT NGT NVT | NIS
non glycosylated 0.0 111 0.0 0.0 0.0 0.0 194 0.0 0.0 0.0
GnGn lemn 129 174 0.0 127 0.9 49 134 0.0 121 1.1
GnM =e=s 223 202 0.0 309 16 | 12.8 20.6 0.0 322 2.0
MM e== 270 513 00 536 | 4.6 | 19.8 46.6 0.0 533 4.2
GnGnF Teei 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MGnF atead 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MMF ad 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Man4 0.0 0.0 0.0 0.0 7.4 0.0 0.0 0.0 0.0 5.8
Man5 s 0.0 0.0 3.3 0.0 | 13.9 0.0 0.0 3.2 0.0 | 10.0
Man6 e 0.0 0.0 7.6 0.0 | 11.9 0.0 0.0 7.5 0.0 | 10.2
Man7 s 8.7 0.0 244 0.0 | 22.1 | 119 0.0 217 0.0 | 20.2
Man8 & 22.4 0.0 37.8 0.0 | 17.2 | 36.4 0.0 332 129 | 208
Man9 6.7 0.0 26.7 0.0 | 204 | 14.2 0.0 328 223 259
Man9+Hex i 0.0 0.0 0.3 0.0 0.0 0.0 0.0 15 0.0 0.0
MU 0.0 0.0 0.0 2.8 0.0 0.0 0.0 0.0 25 0.0
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Table S5: Modifications of the hinge-region of plant-produced COVA2-15 and 2E8
monomeric and secretory IgAl. Relative quantification (%) of hydroxyprolines and

arabinose chains in the hinge-region tryptic peptide.

2E8 migAl  2E8 SIgAl COVA2-15migAl  COVAZ2-15 SIgA1l

0 hyP + no Ara 7.3 8.2 2.4 3.5
1 hyP + no Ara 9.5 11.6 7.1 104
2 hyP + no Ara 12.6 14.5 15.2 214
3 hyP + no Ara 11.7 11.6 16.6 214
4 hyP + no Ara 5.3 4.8 11.3 13.6
5 hyP + no Ara 15 14 5.8 6.0
4 hyP + 1 Ara 2.0 1.6 15 11
5hyP + 1 Ara 2.3 25 21 1.4
6 hyP + 1 Ara 0.8 0.7 0.3 0.3
4 hyP + 2 Ara 2.3 2.2 1.8 1.2
5hyP + 2 Ara 1.5 2.6 2.7 1.8
6 hyP + 2 Ara 0.4 0.9 1.0 0.2
4 hyP + 3 Ara 3.1 3.8 1.8 1.1
5hyP + 3 Ara 3.0 3.6 3.7 2.0
6 hyP + 3 Ara 2.7 1.8 1.6 1.1
4 hyP + 4 Ara 1.6 2.3 1.8 1.1
5hyP + 4 Ara 3.0 3.0 3.7 1.6
6 hyP + 4 Ara 2.1 1.8 1.0 0.8
4 hyP + 5 Ara 2.1 1.9 1.0 0.8
5hyP + 5 Ara 3.8 2.9 25 1.4
6 hyP + 5 Ara 3.1 2.0 2.2 0.9
4 hyP + 6 Ara 3.6 2.9 2.0 1.0
5 hyP + 6 Ara 3.2 2.6 2.7 1.7
6 hyP + 6 Ara 1.9 2.0 1.7 0.8
4 hyP + 7 Ara 1.8 15 1.0 0.5
5hyP + 7 Ara 2.2 1.2 1.6 0.9
6 hyP + 7 Ara 1.9 1.7 1.7 0.9
4 hyP + 8 Ara 13 0.6 0.3 0.2
5hyP + 8 Ara 1.4 1.0 1.0 0.4
6 hyP + 8 Ara 1.0 0.8 0.9 0.5
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Table S6: ECso values of COVA2-15 and 2E8 antibody variants for binding to SARS-
CoV-2 VLPs determined by ELISA. Each value is the mean + standard deviation from at

least two independent measurements.

ECs[nM]
oG migAL migA2 SigAL SigA2
COVA2-15
Wuhan 0032 + 0011 0054 + 0030 0149 + 0050 0010 + 0018 0017 + 0009
Delta 9028 + 0019 1951 + 0014 2063 + 0068 0086 + 0026 0542 + 0036
2E8
Wuhan 0271 + 0143 0216 + 0030 08% + 0023 0002 + 0123 0005 + 0068
Delta 1071 + 0133 0439 + 0020 2031 + 0029 0023 + 0030 0029 + 0028

13



Table S7: Kinetic parameters of COVA2-15 and 2E8 monomeric IgA mAbs to RBD. Rate

constants were determined at 5 different concentrations using a 1:1 binding model.

kaMs)  kd(l§  KD@M)
COVAZ2-15 migAl 230920.6 0.00027 1.43
COVAZ2-15 migA2 207058.8 0.00035 1.67
2E8 migA1l 79590.0 0.00100 125.42
2E8 migA2 97574.8 0.00085 89.59
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Table S8: IDso values of COVA2-15 and 2E8 antibody variants for neutralization of
SARS-CoV-2 (England 02/2020). Neutralisation capacity was measured using a PRNT assay
on Vero EG6 cells. mAbs were added in serial 1:10 dilutions starting with 10 pg/mL. A positive
control (Pos; WHO International Standard of anti-SARS-CoV-2 immunoglobulin, 20/136,
NIBSC, UK) was included. 1Cso vales have been determined from duplicates of one
representative out of two experiments with similar results using non-linear regression in

GraphPad Prism.

IC50 [ng/mL]

mAb value +error -error
Positive control 76.1 24,0 18.2
CoVA2-15 1gG 53.4 6.9 6.1
CoVA2-15 migAl 29.7 6.9 5.6
CoVA2-15 SIgAl 135 3.6 2.8
CoVA2-15 migA2m(1) 81.2 8.2 7.5
CoVA2-15 SIgA2m(1) 22.8 5.5 4.4
2E8 1gG n.d

2E8 migAl 1707.0 902.8 590.6
2E8 SIgAl 36.6 37.4 18.5
2E8 migA2m(1) 3210.1 4482.5 1870.5
2E8 SlgA2m(1) 176.1 149.4 80.8
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