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Supplementary Figure 1. Antibody affinity as measured by bio-layer
interferometry. Antibody binding kinetics to recombinant NA from B/Malaysia/2406/04
of mAbs 1F2 (a), 1F4 (b), 3G1 (c), 4B2 (d) and 4F11 (e) as measured by bio-layer
interferometry. (F) shows a summary of the measured Kd, kon, Kgiss @as well as curve
fitting parameters.
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Supplementary Figure 2. IBV escape mutants reveal amino acid residues critical
for mAb binding. (a) To demonstrate mAb reactivity via immunofluorescence, MDCK
cells were infected with wt B/Malaysia/2506/04 virus (MOI = 10), fixed, and stained
using anti-NA mAbs (30 ug/ml). All mAbs displayed clear surface staining, allowing this
assay to be used as a screen for potential binding mutants. A polyclonal cocktail of
purified mouse mADb IgGs against the IBV HA was used as a positive infection control
(pos. control). An irrelevant mouse mAb, 8H9 was used as a negative control (neg.
control). (b) MDCK cells were infected with the generated B/Malaysia/2506/04 escape
mutant viruses and stained with the respective mAb to which the escape mutant was
generated, in a similar fashion to panel A. All mutant viruses — except that generated to
mAb 4B2 - displayed clear loss of binding to the corresponding mAb. Scale bars
represent 200 um. (c) HA titers of wt B/Malaysia/2506/04 virus (wt B/Mal), 4B2 escape
mutant virus (4B2 mut.), and passaged wt B/Malaysia/2506/04 virus (passaged wt
B/Mal) in the presence of mAb 4B2 at 10 ug/ml, irrelevant mouse mAb 3C12 (anti-N8) at
10 ug/ml, or no mAb at 72 hpi. Only the generated 4B2 escape mutant virus grew to
detectable titers in the presence of 4B2. Passaged wt B/Malaysia/2506/04 virus, as
explained in detail in the materials and methods section, is a control virus produced by
serially passaging wt B/Malaysia/2506/04 virus in MDCK cells in the presence of
irrelevant mouse mAb 3C12 alongside wt B/Malaysia/2506/04 virus in the presence of
increasing concentrations of 4B2. The mean and standard error of the mean, obtained
from biological triplicates, are displayed graphically. (d) Critical binding residues
identified in IBV escape mutants — along with the structurally defined binding footprints
from Fig. 2 and the NA enzymatic active site/framework residues — were mapped on
one of the four monomers of the 3D structure of the NA from B/Brisbane/60/2008 virus
(PDB ID: 4CPL). The remaining three monomers of the tetramer are shown in either
light or dark grey. Degrees of rotation are approximate. (e) List of amino acid residues
(position, identity, and percent conservation) identified as critical binding residues by
escape mutant generation. Percent conservation was determined using 944
subsampled IBVs. B/Malaysia/2506/04 numbering is used throughout.



a Lung titers - B/Yamagata/16/88 b Lung titers - B/Victoria/2/87 Lung titers - B/Lee/40
5 mg/kg prophylactic 5 mg/kg prophylactic 5 mg/kg prophylactic

(o]

E E E
B 108 © g 10° B 108
= A = A =
5 108 - S 105]. a " ® 5 100 L4 8 . 9
'y
2. . . 4 ® g . 2 . = ° 2. d° =« = °
£ 10 T 1042 ry - E 104]e
=4 = | | =
& 0y, * v o% T A s ° € 403, ]
% i R * ¥ % de . 4 "g’_ , " —
g . . R ] ° ERl - g0 . = -
a —_— =3 —_— —_— [=% —
10° —— Wl wlr———————e
AR T A ORI AR AR AR N B B S B SBS HS
B P B B B B P P B B P P P B N B Graarararaararayeyweys
AT A IS AL AT AN
KT K 22 07 R hebﬁ\ b?'\‘\Q\\Q NN rg,(’ rs,o N &6(\ bQN‘\Q‘\Q RSN 00T R &bg\é(\‘\thé\fb
Lo S & :
AOOO.CPQ ‘P ,cP .(Po.c'd‘\
& P &
d ADCC reporter assay e ADCC reporter assay
B/Florida/4/06 B/Yamagata/16/88
251 201
-* 1F21gG2a -+ 1F2IgG2a
204 -+ 1F41gG2a -+ 1F41gG2a
5 -+ 3G1IgG2a 5 151 -+ 3G1IgG2a
g 151 & 4B2 IgG2a § # 4B2IgG2a
2 = 4F111gG2b 2 107 -+ 4F11IgG2b
T 107 -~ neg. contr. IgG T - neg. contr. IgG
2 5
54
1] 1 0
2 1 0 1 -2 2 1 0 1 2
mAb concentration log [ug/mL] mAb concentration log [ug/mL]
f Small molecule NA-Star inhibition assay g
with B/Malaysia/2506/04 Therapeutic treatment mAb 1F2 (5 mg/kg) vs. Oseltamivir
initiated at 72 hours post infection
1107
100
- 1F2
-e- 1F2 (Fab)
- 1F4 . 1006
5 - 3G1 5
s = 4B2 2
:E -+ 4F11 ]
£ 50 -¥- 4F11 (Fab) 2 904
g -©- neg. control IgG £
2 -= Oseltamivir §
3
801 - 1F2
- neg. contr. IgG
-=- Oseltamivir
0- 70 S S S L S e e S
2 0 -2 -4 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
concentration log10(ug/ml) days post challenge

Supplementary Figure 3. IBV anti-NA mADbs reduce viral lung titers in mice,
activate ADCC, inhibit NA activity of drug-resistant IBV, and demonstrate superior
effectiveness to oseltamivir. (a-c) Female BALB/c mice (3 per group) were
administered 5 mg/kg antibody prophylactically, challenged with B/Yamagata/16/88,
B/Victoria/2/87, or B/Lee/40 viruses respectively and in identical fashion to Figure 4A.
Mice were sacrificed on day 3 or 6 post-infection for lung titer analysis. Lung titers in
groups treated with anti-NA mAbs are most reduced on day 6 post-infection compared
to negative control mAb 8H9. (d, e) Anti-NA mAb incubated with MDCK cells infected
with B/Florida/04/06 or B/Yamagata/16/88 viruses, respectively (MOI = 3), are able to
engage Fc receptors and activate ADCC in vitro. Fold induction is defined as RLU



(induced by antibody)/ RLU (no antibody control background). Murine mAb 2G12 (anti-
Ebolavirus Gp) is used as a negative control. Technical triplicates were performed. (f)
NI activity against B/Malaysia/2506/04 using the NA-Star assay. Data points are
presented as percent inhibition. Technical duplicates were performed. (g) Female
BALB/c mice (5 per group) were administered either 5 mg/kg of mAb 1F2
intraperitoneally, 5 mg/kg negative control mAb 8H9 intraperitoneally, or placed on a
twice daily, 20 mg/kg, 6 day-long regimen of oseltamivir delivered via oral gavage and
initiated at 72 hpi with B/Malaysia/2506/04. Percent weight is shown and is calculated
based on the initial body weight on day 0.
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Supplementary Figure 4. Competition between different mAbs for binding to B
NA. Antibodies 1F2 (a), 1F4 (b), 3G1 (c), 4B2 (d) and 4F11 (e) were competed against
themselves and each other using an ELISA-based assay. Technical duplicates were
performed.
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Supplementary Figure 5. IBV anti-NA mAbs protect mice from morbidity when
administered prophylactically or therapeutically. Displayed are the weight loss
curves corresponding to the survival curves in Fig. 3. Mice (5 per group) were
administered either 5, 1, or 0.5 mg/kg of mAb intraperitoneally 2 h prior to a 5 mLDsg
challenge with B/Malaysia/2506/04 virus (a-c) or administered 5 mg/kg of mAb
intraperitoneally 2 h prior to a 5 mLDsy challenge with B/Florida/04/06 virus (d). In
therapeutic studies, mice were administered 5 mg/kg of each antibody either 24 (e) or
48 (f) h after challenge with 5 mLDsg of B/Malaysia/2506/04 virus. Percent weight is
calculated based on the initial body weight on day 0. Mice that lost more than 25% of
their initial body weights were humanely euthanized, and the remaining curves were
generated from the weights of the surviving mice only. Murine mAb 8H9 (anti-H6) was
used as a negative control in all experiments.
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Supplementary Figure 6. Neuraminidase inhibition assay against the escape
mutants raised with the five mAbs. Escape mutants generated with 1F2 (a), 1F4 (b),
3G1 (c), 4B2 (d) and 4F11 (e) were each tested for sensitivity to the panel of five mAbs.
The means obtained from technical duplicates are displayed graphically.
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Supplementary Figure 7. Oseltamivir treatment of mice initiated 48 hours post
infection with B/Malaysia/2506/04 virus does not protect from weight loss but



leads to survival of the infection. Female BALB/c mice (5 per group) were
administered 5 mg/kg negative control mAb 8H9 intraperitoneally or were placed on a
twice daily, 20 mg/kg, 6 day-long regimen of oseltamivir delivered via oral gavage and
initiated at 48 hpi. Percent weight is shown and is calculated based on the initial body
weight on day 0. Percentages next to the legend indicate survival.

Supplementary notes

IgG sequences and comparison to IgG germlines

mAb 1F2

IGHV-1 77*01

Query 1 QVHLQOQOSGPEVARPGASVKLSCKASGYTFTDYYLNWVKQRPROGLEWIGQIHPGSTNTYY 60
QV L+0SG E+ +PGASVK+SCKASGYTFTDYY+NWVKQRP QGLEWIG+I PGS +TYY

Germ. 1 QVOLKQSGAELVKPGASVKISCKASGYTFTDYYINWVKORPGOGLEWIGKIGPGSGSTYY 60

Query 61 NEKFKGKATLTADKSSSTAYMQLSSLTFEDSAVYFCA 97
NEKFKGKATLTADKSSSTAYMQLSSLT EDSAVYFCA
Germ. 61 NEKFKGKATLTADKSSSTAYMQLSSLTSEDSAVYFCA 97

IGHJ4*01

Query 107 YAMVCWGQGTAVTVSS 122
YAM WGQGT+VTVSS

Germ. 2 YAMDYWGQGTSVTVSS 17

IGHD3*01

Query 112 WGQGTAVTVSS 122
WGQGT VTVS+

Germ. 5 WGQGTLVTVSA 15

IGKV6-15*01

Query 1 DIVMTQSQKFMSTSVGDRVSVTCKASQNVVTINVVWYQQKPGOSPKPLIYSASYRYSGVPD 60
DIVMTQSQKFMSTSVGDRVSVTCKASQONV TNV WYQQOKPGQSPK LIYSASYRYSGVPD

Germ. 1 DIVMTQSQKFMSTSVGDRVSVTCKASONVGTNVAWYQQOKPGOSPKALIYSASYRYSGVPD 60

Query 61 RFTGSGSGTDFTLTISNVQSEDLAEYCCQQYHSYP 95
REFTGSGSGTDFTLTISNVQSEDLAEY CQQY+SYP
Germ. 61 RFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNSYP 95

IGKJ4*01

Query 96  FTFGSGTKLEVK 107
FTFGSGTKLE+K

Sbjct 1 FTFGSGTKLEIK 12

mAb 1F4

10



IGHV15-2*02

Query 1 QVHLQOQOSGSELRSPGSSVKLSCKDFDSEVFPIVYMRWIRQKPGHGFEWIGDILPSFGRTI 60
QVHLOOSGSELRSPGSSVKLSCKDEFDSEVFPI YM WH+RQKPGHGFEWIGDILPS GRTI

Germ. 1 QVHLQOQOSGSELRSPGSSVKLSCKDFDSEVFPIAYMSWVROKPGHGFEWIGDILPSIGRTI 60

Query 61 YGEKFEDKATLDADTVSNTAYLELNSLTSEDSAIYYCAR 99
YGEKFEDKATLDADTVSNTAYLELNSLTSEDSAIYYCAR
Germ. 61 YGEKFEDKATLDADTVSNTAYLELNSLTSEDSAIYYCAR 99

IGHJ3*01
Query 105 WLAYWGQGTLVIVSA 119
W AYWGQGTLVTVSA

Germ. 1 WFAYWGQGTLVTVSA 15
IGHD2-1*01
YYGNY

(does not align)

IGKV6-25*01

Query 1 DIVMTQSHKFMSTSVGDRVTITCKASQDVSTNVAWYQQOKPGOSPKLLIYWASTRHTGVPN 60
DIVMTQSHKFMSTSVGDRV+ITCKASQDVST VAWYQQOKPGQSPKLLIYWASTRHTGVP+
Germ. 1 DIVMTQSHKFMSTSVGDRVSITCKASQDVSTAVAWYQQOKPGOSPKLLIYWASTRHTGVPD 60
Query 61 REFTGIISGTDYTLTISSVQAEDRALYYCQQHYSAP-—-—--- WTFGGGTKLEIK 107
RFTG SGTDYTLTISSVQAED ALYYCQQHYS P WITFGGGTKLEIK

Germ. 61 RFTGSGSGTDYTLTISSVQAEDLALYYCQQHYSTPIGKI*WTFGGGTKLEIK 112

IGKJ1*01

Query 96 WTFGGGTKLEIK 107
WTFGGGTKLEIK

Germ. 1 WTFGGGTKLEIK 12

mAb 3Gl

IGHV1-9*01

Query 1 QVQLOQOSGAELMKPGASVKISCKATGYKFTSYWIGWVKQRPGHGLEWCGEIFPGSGSINY 60
QVQLOOSGAELMKPGASVK+SCKATGY FT YWI WVKQRPGHGLEW GEI PGSGS NY
Germ. 1 QOVOLOOSGAELMKPGASVKLSCKATGYTFTGYWIEWVKORPGHGLEWIGEILPGSGSTNY 60

Query 61 NEKFKGKATFTADTSSNTAYLQLTSLTSEDSAVYYCAR 98
NEKFKGKATFTADTSSNTAY+QL+SLT+EDSA+YYCAR
Germ. 61 NEKFKGKATFTADTSSNTAYMQLSSLTTEDSAIYYCAR 98

IGHJ4*01
Query 107 YGAMDYWGQGTSLTVSS 123
Y AMDYWGQGTS+TVSS

Germ. 1 YYAMDYWGQGTSVTVSS 17
IGHD1-1*01
Query 102 YYGSSY 107
YYGSSY
Germ. 2 YYGSSY 7

IGKV16-104*01

11



Query 1

DVQITQSPSYLAASPGETITINCRASKSISKYVAWYQEKPGRTNKVLIYSGSILSEGNPS
DVQITQSPSYLAASPGETITINCRASKSISKY+AWYQEKPG+TNK+LIYSGS L G PS

Germ. 1 DVQITQSPSYLAASPGETITINCRASKSISKYLAWYQEKPGKTNKLLIYSGSTLQSGIPS
Query 61 RFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPW 96
RFSGSGSGTDFTLTISSLEPEDFAMYYCQQOHNEYP+
Germ. 61 RFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPY 96
IGKJ1*01
Query 96 WTFGGGTKLEIK 107
WTFGGGTKLEIK
Germ. 1 WTFGGGTKLEIK 12
mAb 4B2
IGHVO9-2-1*01
Query 1 QIQLVQSGPELKKPGETVKISCKASGFTFTDYPMHWVKQAPGKSLKWMGWINTETEEPTY
QIQLVQSGPELKKPGETVKISCKASG+TEFTDY MHWVKQAPGK LKWMGWINTET EPTY
Sbjct 1 QIQLVQSGPELKKPGETVKISCKASGYTFTDYSMHWVKQAPGKGLKWMGWINTETGEPTY
Query 61 SDDFKGRSPLSLETSASTTYLQINNLKNEDTSTYFCVR 98
+DDFKGR SLETSAST YLQINNLKNEDT+TYFC R
Sbjct 61 ADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCAR 98
IGHJ3*01
Query 109 WEFGYWGQGTLVTVSA 123
WE YWGQGTLVTVSA
Sbjct 1 WEFAYWGQGTLVTVSA 15
IGHJ3*02
Query 109 WFGYWGQGTLVTVSA 123
WEFG WGQGTLVTVSA
Sbjct 1 WEG*WGQGTLVTVSA 15
IGHD1-1*01
Query 101 YYYGSTY 107
YYYGS+Y
Sbjct 1 YYYGSSY 7
IGKV1-110*01
Query 1 DVVMTQIPLSLPVSLGDQASISCRSSQSLIHTNGDTFLHWYLQKPGQSPKLLIYKVSNREF
DVVMTQ PLSLPVSLGDQASISCRSSQSL+H+NG+T+LHWYLQKPGQOSPKLLIYKVSNRF
Sbijct 1 DVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRF
Query 61 SGVPDRFTGGGSGTDFTLKISRVEAEDLGIYFCSQSALEFP 100
SGVPDRF+G GSGTDFTLKISRVEAEDLG+YFCSQS P
Sbjct 6l SGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQSTHVP 100
IGKJ2*01
Query 101 YTFGGGTNLEIK 112
YTFGGGT LEIK
Sbjct 1 YTFGGGTKLEIK 12
mAb 4F1l1

12

60

60

60

60

60

60



IGHV5-6-4*01

Query 1 DVKLVESGGDLVKPGGSLKLSCAASGFTEFSAYSMSWVRQTPERRLEWVATINTGGSETYY
DVKLVESGG LVKPGGSLKLSCAASGEFTES+Y+MSWVRQTPE+RLEWVATI++GGS+TYY

Sbjct 1 DVKLVESGGGLVKPGGSLKLSCAASGFTEFSSYTMSWVRQTPEKRLEWVATISSGGSYTYY

Query 61 PDSVKGRFTISRDNAKNTLYLOMSSLKSEDTAMYFCTR 98
PDSVKGRFTISRDNAKNTLYLOMSSLKSEDTAMY+CTR
Sbjct 61 PDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYYCTR 98

IGHJ3*01

Query 107 YFPYWGQGTLVIVFA 121
+F YWGQGTLV V A

Sbjct 1 WEFAYWGQGTLVTVSA 15

IGHD1-1*01
YYYGSSY
(does not align)

IGKV4-68*01

Query 1 QVVLTQSPALISASPGEKVIMTCSASSNVNYMSWYQQRPRSSPKPWIYLTSKLASGVPPR
Q+VLTQSPAL+SASPGEKVTMTCSASS+V+YM WYQQ+PRSSPKPWIYLTS LASGVP R

Sbjct 1 QIVLTOSPALMSASPGEKVIMTCSASSSVSYMYWYQQKPRSSPKPWIYLTSNLASGVPAR

Query 61 FSGSGSGTSYSLTISSMEAEDVATYYCQQWSSDP 94
FSGSGSGTSYSLTISSMEAED ATYYCQQWSS+P
Sbjct 61 FSGSGSGTSYSLTISSMEAEDAATYYCQQWSSNP 94

IGKJ2*01

Query 96  TFGGGTIKVEIK 106
TFGGGTK+EIK

Sbjct 2 TFGGGTKLEIK 12

13

60

60

60

60



