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Extended Data Fig. 6 | Increased lethality and pathogenicity of H1N1 PR8 in 
GALNT2-/- mice. a, Using CRISPR/Cas9-mediated gene editing technology, two 
single guide RNAs (sgRNAs) were designed targeting the second exon and the 
region between the second and third exons of the GALNT2 gene. b, Sequencing 
analysis revealed the complete knockout of the second exon of GALNT2.  
c, WT (n = 5) and GALNT2-/- (n = 4) C57BL/6 mice were intranasally treated 
by 2 μg IFN-α2. Lungs were harvested at 3 d.p.i. GALNT2 protein expression 
levels were determined by western blot. Western blots were representative of 

three independent biological repeats. d, WT (n = 5) and GALNT2-/- C57BL/6 
(n = 5) mice were intranasally infected with 350 FFU of PR8 H1N1. Lungs were 
harvested at 3 d.p.i. e, Quantitative PCR analysis of Il-1β mRNA in the lungs 
from (d). f, HE staining of the infected lungs of WT (n = 5) or GALNT2-/- (n = 5) 
C57BL/6 mice infected with PR8 H1N1 at 3 d.p.i. The scale bars are indicative of 
100μm and 1000μm respectively. Data are mean ± s.d. P values from two-tailed 
Student’s t-test in (b), (d). ((ns): no significant, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, 
****P ≤ 0.0001).
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Overexpression of GALNT2 alleviates pneumonia 
induced by IAV and SARS-CoV-2 infection. a, Groups of C57BL/6 mice (n = 2) 
were either transduced with 3.3×1011 GC of AAV9-EV or AAV9-hGALNT2 
intranasally. Lungs were harvested at 14 d.p.i. GALNT2 protein expression levels 
were monitored by western blot. Western blots were representative of three 
independent biological repeats. b-c, AAV9-EV or AAV9-GALNT2 transduced 
C57BL/6 mice (n = 5 or 6) infected with 1000 FFU PR8 H1N1. Three days post 
infection, GALNT2 expression levels (b) and PR8 M (c) gene mRNA in the lungs 
were analyzed by qPCR. Two of five mice in AAV9-GALNT2 group could not be 
detected by RT-qPCR (RT-qPCR Cq values above 38 were considered as negative). 
d, AAV9-EV or AAV9-GALNT2 transduced C57BL/6 mice infected with 1000 FFU 
PR8 H1N1. Three days post infection, lungs were harvested. Representative 
images of infected lungs were shown. e, HE staining of the lungs from (d). The 

scale bars are indicative of 1000μm and 500μm respectively. f, Quantitative 
PCR analysis of Il-1β mRNA in the lungs from (b). g-h, Groups of C57BL/6 mice 
were either transduced with 3.3×1011 GC of AAV9-EV or AAV9-GALNT2 (n = 5 or 
6) intranasally and subsequently transduced with 2.5×108 FFU of Ad5-hACE2 
after 9 days post AAV transduction. Five days after secondary transduction, mice 
were infected with 1×105 FFU of SARS-CoV-2 (WT). GALNT2 and SARS-CoV-2 N 
genes mRNA expression levels in the lungs were determined by qPCR. RT-qPCR 
Cq values above 38 were considered as negative. i, Representative images of 
infected lungs from (g-h). j, HE staining of the lungs of from (g-h). The scale 
bars are indicative of 100μm and 1000μm respectively. k, Quantitative PCR 
analysis of Il-1β mRNA in the lungs from (g-h). Data are mean ± s.d. P values from 
two-tailed Student’s t-test. ((ns): no significant, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, 
****P ≤ 0.0001).
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Overexpression of GALNT2 in A549 has a minimal 
impact on host genes. a, Scatter plot showing relative up- and down-regulated 
genes, identified by RNA-seq analysis of GALNT2-overexpressing A549 cells. 
GALNT2 expression was validated by western blots (Extended Data Fig. 4g).  
b, Proteomics: Volcano plot illustrates GALNT2-regulated proteins from the 
Stable Isotope Labeling By Amino Acids In Cell Culture (SILAC) experiment. 
Greater than 2-fold change in abundance upon GALNT2 overexpression and 

lower than 0.05 adjusted p value were set as the threshold criteria for GALNT2-
regulated proteins (see method). c, Glycoproteomics: Volcano plot illustrates 
GALNT2-regulated O-glycosylation sites from the SILAC experiment. Greater 
than 2-fold increase in abundance upon GALNT2 overexpression and lower than 
0.05 adjusted p value were set as the threshold criteria for GALNT2-regulated 
sites (see method). Pearson correlation coefficients and p-values by two-tailed 
test are indicated.
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Extended Data Fig. 9 | GALNT2-dependent O-linked glycosylation at S810/813 
of spike. a, Soluble GalNAc-T1, T2, T3, T4, T5, T7, T11 and T18 were overexpressed 
in FreeStyleTM HEK293T cells and purified by Ni-NTA chromatography. All 
proteins were analyzed by Western blots. Western blots were representative of 
three independent biological repeats. b, MALDI-TOF analysis of GalNAcylation 
reactions catalyzed by purified GalNAc-Ts on the synthetic spike S2’ (TMPRSS2) 
peptides. Reactions were performed and analyzed as described in the Methods. 
An increase of 203 Da corresponds to addition of one GalNAc residue was 
only detected O-glycosylation by GALNT2. c, Soluble GALNT2 (WT and four 

mutations) were overexpressed in FreeStyleTM HEK293T cells and purified  
by Ni-NTA chromatography. All proteins were analyzed by Western blots.  
Western blots were representative of three independent biological repeats.  
d, MALDI-TOF analysis of GalNAcylation reactions catalyzed by purified GALNT2 
on the synthetic spike S2’ (TMPRSS2) peptides. Reactions were performed (3 h) 
and analyzed as described in the Methods. An increase of 203 Da corresponds 
to addition of one GalNAc residue was obvious detected O-glycosylation by WT 
GALNT2, but an apparent decline in four mutants.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | The S810/813I of spike evades GALNT2 antiviral 
function in a SARS-CoV-2 replicon system. a, Constructing a reverse genetic 
complementary SARS-CoV-2 replicon system. The N gene is deleted from the 
viral genome and replaced with a GFP reporter gene. Through in vitro ligation 
and transcription, a SARS-CoV-2 RNA genome lacking the N gene but carrying the 
GFP reporter gene is obtained. Then RNA genome is electroporated into Caco2 
cells stably expressing the viral N protein (Caco2-N, packaging cell line), allowing 
the production of SARS-CoV-2-NdeI replicon. Here we generated 2 replicons, 
comprising SARS-CoV-2 WT and S810/813I spike mutations. b, Fluorescent 
and bright field images of SARS-CoV-2 replicons, including WT or S810/813I. 
Images were representative of three independent biological repeats. Scale bars 
are indicative of 200 μm. c, Caco2-N cells were infected by WT SARS-CoV-2 or 
S810/813I replicon at MOI of 0.01 for 24 or 48 h in presence of EV or GALNT2. Viral 

titres were determined by TCID50. Data are means ± s.d. from n = 3 independent 
experiments. P values from two-tailed Student’s t-test. d, Caco2-N cells were 
infected with SARS-CoV-2_Ndel-WT and SARS-CoV-2_Ndel-S810/813I viruses at 
MOI of 0.01 for 48 h in presence of EV or GALNT2. Caco2-N cells were infected 
with SARS-CoV-2_Ndel-WT and SARS-CoV-2_Ndel-S810/813I viruses at MOI of 
0.01 for 48 h in presence of EV or GALNT2. The GFP-positive cells were quantified 
of syncytia among total cells in Caco2-N cells. Data are means ± s.d. from n = 3 
independent experiments. P values from two-tailed Student’s t-test. Images were 
representative of three independent biological repeats. Scale bars are indicative 
of 200 μm. e, A schematic shows the S810/813I and S810/813 A of SARS-CoV-2 
recombinant viruses evaded GALNT2 antiviral activity, while reducing the viral 
fitness due to reduced utilization of TMPRSS2 for viral entry.
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