
Expanded View Figures

Figure EV1. ACE2 proteins are detected in the serum exosomes of all six COVID-19 patients.

The identified peptide sequences (red color) of endogenous ACE2 by mass spectrometry analyses using exosomes isolated from the sera of six COVID-19 patients and six
healthy controls (Cohort #3). All six COVID-19 patients but only two of six healthy controls showed exosomal ACE2 proteins in the serum exosomes. Exosomes were
sequentially isolated using ExoQuick kits and then ExoQuick ULTRA columns. Exosomes were further purified by immunoprecipitation using a combination of anti-CD9, anti-
CD63, and anti-CD81 magnetic beads. The protein score is the sum of the highest ions score of MS/MS search for each distinct peptide.

� 2022 The Authors EMBO Molecular Medicine e15904 | 2022 EV1

Huai-Chia Chuang et al EMBO Molecular Medicine



A

B

Figure EV2. UBR4 is identified as an ACE2-interacting protein by mass spectrometry.

A The identified peptide sequences (red color) of endogenous UBR4 by mass spectrometry analyses using ACE2 immunocomplexes. ACE2-overexpressing HEK293T cells
were treated with the proteasome inhibitor MG132 (25 μM) for 2 h.

B Besides Lys26, Lys112, and Lys114 residues, Lys94 residue was also identified as an ACE2 ubiquitination site. Mass spectrometry analysis of the ACE2 peptide
containing the ubiquitination residue Lys94 from ACE2-transfected HEK293T cells treated with MG132.

EV2 EMBO Molecular Medicine e15904 | 2022 � 2022 The Authors

EMBO Molecular Medicine Huai-Chia Chuang et al



A

B

Figure EV3. GLK-induced ACE2 phosphorylation blocks the ACE2-UBR4 interaction and subsequent ACE2 ubiquitination.

A In situ PLA assays of the interaction between Flag-tagged ACE2 and Myc-tagged UBR4 proteins in HEK293T cells. Cells were co-transfected with Flag-ACE2 and Myc-
UBR2 plus either GFP-GLK (green) or GFP-GLK (K45E) kinase-dead mutant (green) plasmids. Nuclei were stained with DAPI. Red dots represent direct interaction sig-
nals. Yellow color represents the co-existence of PLA signal (red) and GLK (K45E) mutant protein (green). Original magnification, ×200. Scale bars, 20 μm.

B In vitro ubiquitination assays using Myc-tagged UBR4 and Flag-tagged ACE2 proteins with E1 ubiquitin-activating enzyme, E2 ubiquitin-conjugating enzyme, and
His-tagged ubiquitin. ACE2 ubiquitination and ACE2 were detected by immunoblotting with anti-His and anti-Flag antibodies, respectively. Data shown are represen-
tative results of three independent experiments.
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Figure EV4. Infection of hACE2 knockin mice and EF1α-hACE2 transgenic mice with SARS-CoV-2 pseudovirus or live SARS-CoV-2.

A PCR analyses of hACE2 knockin allele in the genomic DNA from mouse tails. The PCR product of the 2,379-bp band indicates the hACE2 knockin allele.
B Real-time PCR analyses of knockin human ACE2 (hACE2) mRNA levels in the lymph nodes, kidneys, liver, heart, lungs, small intestine, brain, and muscle from wild-

type or hACE2 KI mice. The human ACE2 mRNA levels were normalized to mouse GAPDH mRNA levels. n = 2 (technical replicates) per group.
C Immunoblotting analyses of GLK, tubulin, and human ACE2 proteins in the lungs, kidneys, spleen, and lymph nodes of wild-type and hACE2 KI mice.
D Immunoblotting of ACE2, GLK, and CD9 proteins in the exosomes isolated from the sera of the SARS-CoV-2 pseudovirus-infected mice. Exosomes were isolated

sequentially using ExoQuick kits and then ExoQuick ULTRA columns. Arrowheads denote glycosylated ACE2 proteins; asterisk denotes unglycosylated ACE2 proteins.
E, F EF1α-hACE2 Tg and wild-type mice were infected intranasally with 2 × 105 pfu of live SARS-CoV-2. n = 4 (biological replicates) per group. EF1α-hACE Tg mice were

treated intranasally with PBS (Mock) as controls. On day 3 postinfection, the mice were sacrificed, and the lung tissues were homogenized for the TCID50 assay (E).
The survival rate of EF1α-hACE2 Tg mice challenged with live SARS-CoV2 was monitored (F). WT, wild-type mice; KI, hACE2 knockin mice; Tg, EF1α-hACE2 transgenic
mice. The number of infected mice was less than 3 from day 7 due to deaths; thus, the statistical analysis of panel F was only performed on data up to day 6 postin-
fection.

Data information: In (B), data are presented as means � SD. In (E), data are presented as means � SEM. *P-value < 0.05 (Kruskal–Wallis test). In (F), data are presented
as means � SEM. *P-value < 0.05 (Mann–Whitney test).
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Figure EV5. GLK inhibitor attenuates ACE2 protein levels, ACE2-containing exosomes, and SARS-CoV-2 pseudovirus infection.

A–D Human ACE2 KI mice were intranasally infected with SARS-CoV-2 pseudovirus on Day 0 and Day 1. Mice were also treated with the GLK inhibitor verteporfin on
Day 0 after infection. n = 3 (biological replicates) per group. Infection efficiencies of SARS-CoV-2 pseudovirus in mouse tissues were measured by IVIS and presented
as luminescence counts on Day 2 (A). Immunoblotting of ACE2 and vinculin in the lung tissues of the infected hACE2 KI mice with/without the GLK inhibitor verte-
porfin (10 μM in 100 μl) treatment (B). Immunoblotting of ACE2 and CD9 in exosomes isolated from the sera (C) and BALF (D) of the infected mice with/without
the GLK inhibitor verteporfin (10 μM in 100 μl) treatment. Arrowhead denotes glycosylated ACE2 proteins; asterisk denotes unglycosylated ACE2 proteins.

Data information: WT, wild-type mice; KI, hACE2 knockin mice.
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