
E

BA

D
24 48

0

-1

1

2
3

4

5

Post-infection (hrs)

**** ****
**** ****

FF
U

 / 
m

L 
(L

og
10

)

23

30

55
kDa

42

1 2 3 4 5 6 7 8

 SARS2-N

COM3

GAPDH

COM3-FLAG
COM3

SARS-2

WT KO WT KO

Infection (hrs) 24 48

0.0

0.5

1.0

1.5

SARS2-N (24 hrs)

**

R
el

 p
ro

te
in

 le
ve

l (
fo

ld
)

23

30

55
kDa

42

110

23

1 2 3 4 5 6 7 8 9

SAR2-N

COM3

GAPDH

COM3

SARS-2

ACE2

TMPRSS2

A549 A549-A
WT KO WT WTKO KO

COM3-FLAG

A549-ATC

23

30

55

42

COMMD3

N

GAPDH

COM3-FLAG

Omicron

COM3
A549-A A549-AT A549-A A549-AT

WT WTKO KO

Delta

WT WTKO KO

kDa

F

A549-A A549-AT

0

-1

1

2

3

4

5

6

FF
U

 / 
m

L 
(L

og
10

)

A549-A A549-AT A549-A A549-AT

WA1 Delta Omicron

** **

*** ** ** **

ns ns

ns

*

ns

ns

WT COM3-KO COM3-KO+COM3

Ctrl VSV-G H5N1-HA EBOV-GP

5

4

3

2

1

P
V

 in
fe

ct
iv

ity
(R

LU
, L

og
10

)

**
**

ns ns
ns ns

ns ns

WT COM3-KO COM3-KO+COM3

WT COM3-KO COM3-KO+COM3

Figure 1



BA

F

23

42

30

23

30

kDa

42

1 2 3 4 5 6 7 8

COM3

GAPDH

COM3
BafA1
NH4Cl
ConA

WT KO

pro-CTSL

sc-CTSL
dc-CTSL

200

200

23

30

42

110

55

23

30

42

110

55

LAMP1

CTSL

1 2 3 4 5 6 7 8 9 10 11 12

Percoll gradient fractionation 

COM3

GAPDH

LAMP1

CTSL

COM3

GAPDH

kDa

A
54

9-
A

A
54

9-
A 

C
O

M
3-

K
O

NPC1

NPC1

Input

Cathepsin L Activity 

WT COM3-KO COM3-KO+COM3

100 µm 100 µm 100 µm

G

C D
WT
COM3-KO
COM3-KO+COM3

E CTSL LAMP1 Merge ZOOM

W
T

W
T+

B
af

A
1

C
O

M
3-

K
O

C
O

M
3-

K
O

+C
O

M
3

10 µm

10 µm

10 µm

10 µm

R
el

 m
R

N
A 

le
ve

l (
fo

ld
)

CTSL
0.0

0.5

1.0

1.5

2.0

ns ns

R
el

 p
ro

te
in

 le
ve

l (
fo

ld
)

0.0

0.5

1.0

1.5

dc-CTSLsc-CTSL

** ****

ns ns

0.0

2.0

4.0

6.0

8.0

10.0

pro-CTSL

**

ns23
30

42

30

23

kDa

42

COM3

GAPDH

COM3-FLAG
COM3 WT KO

 pro-CTSL

 sc-CTSL
 dc-CTSL

WT
WT+BafA1
COM3-KO
COM3-KO+COM3

n=39
n=22
n=40
n=79

WT
COM3-KO
COM3-KO+COM3

0

1000

2000

3000

4000

R
ed

 In
te

gr
at

ed

-0.4

0.0

0.4

0.8

P
C

C

**** ****

ns

*

ns

Figure 2



WT Specimen1

F

G
WT
COM3-KO
COM3-KO+COM3

0.0

0.5

1.0

1.5

CI-MPR CD-MPR

R
el

 m
R

N
A 

(fo
ld

)

E

A B

D
C

-4 0 4
log2 Fold Change (KO/WT)

IGF2R

IFITM3

SNX17

NPC1

CTSB

M6PR
RCC2

HMGB2

ILKAP
ANXA8L1

SULT1A3

0

2

4

6
-lo

g1
0(

p-
va

lu
e)

Other proteins

|FC| ≥ 2, P < 0.05
|FC| ≥ 2, P < 0.0061

0.00 0.05 0.10 0.15
Gene Ratio

transport vesicle
endocytic vesicle

coated vesicle
membrane microdomain

melanosome
secretory granule membrane

late endosome
lysosomal membrane

focal adhesion
early endosome Count

0
20

40

Adjusted P

1e−16

1e−11

1e−06

G
O

 (C
C

)

Autophagy − animal
Diabetic cardiomyopathy

Central carbon metabolism in
cancer

Glycolysis / Gluconeogenesis
Endocytosis

Chemical carcinogenesis -
reactive oxygen species

Protein processing in
endoplasmic reticulum

Lysosome biogenesis
Carbon metabolism

Phagocytosis Count
0
15

30

Adjusted P

1e−08

1e−06

1e−04

1e−02K
EG

G

6

0

2

4

V
es

ic
ul

ar
 s

tru
ct

ur
e

ar
ea

 (μ
m

²)

****

-5

0

5

10

15

V
es

ic
ul

ar
 s

tru
ct

ur
e

in
te

gr
at

ed
 e

le
ct

ro
n 

de
ns

ity
 (×

10
10

 A
.U

.)

****

WT KO

-1

0

1

IGF2R
SNX17
IFITM3
NPC1

LAMTOR1
SQSTM1

TMEM106B
CD63

PIP4P1
M6PR

RAB27B
RAB27A

SNX5
CTSB
SNX3
EEA1

SCARB2
IFITM2
RAB7A

SCAMP3
LAMP2
ITGB1
DYSF

ARL8B
HLA-H
HLA-B
HLA-A
PRDX3
ARL8A

RPS27A
PSAP

AP2B1
TUBA1A

UBA1
PDCD6IP

ARPC2
ANXA6

PML
CAV1

HMGB1
RCC2

32.15
12.55
10.69
6.53
6.37
6.21
6.17
5.96
5.62
5.52
5.49
4.70
3.44
3.35
3.34
3.08
2.88
2.87
2.37
2.29
2.09
1.93
1.87
1.83
1.78
1.77
1.76
1.60
1.56
1.36
1.32
0.85
0.77
0.72
0.68
0.65
0.51
0.46
0.33
0.32
0.07

-1

0

1

KO/WT

1 2 3

WT

1 2 3

KO

200

200

42

23
30

42

COM3

GAPDH

COM3-FLAG
COM3

 CI-MPR

 CD-MPR

WT KO

42

23
30

42

kDa

COM3

GAPDH

Clone
COM3

 CI-MPR

 CD-MPR

WT KO
1 2

1 2 3

4 5 6

WT COM3-KO COM3-KO+COM3

10 µm10 µm10 µm

CI-MPR

CD-MPR

CI-MPR
CD-MPR

DAPI

0

5000

10000

15000

G
re

en
 In

te
gr

at
ed

0

2000

4000

6000

8000

R
ed

 In
te

gr
at

ed

-0.4

-0.2

0.0

0.2

0.4

0.6

P
C

C

WT KO KO+COM3

****

****

****

**

WT Specimen2 COM3-KO Specimen2

COM3-KO Specimen1

ns

ns

ns
ns ns

ns

Figure 3



E

F G

A

D

C

B

RAB5A

RAB7A

RAB9A

RAB11
A

LA
MP1

CD63
TG

N46
-0.4

0.0

0.4

0.8

P
C

C ****
**

**
********

****

100 µm

EV COM3-VN+CD-MPR-VC

COM3-VN+CTSL-VC COM3-VN+ACE2-VC

COM3-VN-HA
EV

CD-MPR-VC-FLAG
CTSL-VC-FLAG
ACE2-VC-FLAG

0

5

10

15

20

Po
si

tiv
e 

ce
lls

 (%
)

****
****

100 µm

100 µm100 µm

100 µm

100 µm 100 µm

CI-MPR
LAMP1

DAPI

10 μm 10 μm 10 μm

10 μm 10 μm 10 μm

CI-MPR
EEA1
DAPI

CI-MPR
CD-MPR

DAPI

10 μm 10 μm 10 μm

10 μm 10 μm 10 μm

WT COM3-KO COM3-KO+COM3

CI-MPR
TGN46

DAPI

CI-MPR
CLTC
DAPI

10 μm 10 μm 10 μm

10 μm 10 μm 10 μm

WT KO KO+COM3

-0.4

0.0

0.4

0.8

PC
C

****

*

0.0

0.2

0.4

0.6

0.8

PC
C

**

-0.4

-0.2

0.0

0.2

0.4

PC
C ****

-0.4

-0.2

0.0

0.2

0.4

0.6

PC
C

****

0.0

0.2

0.4

0.6

0.8

1.0

PC
C

****

*

n=27
n=84
n=70

n=32
n=77
n=57

n=49
n=46
n=51

n=28
n=52
n=35

n=19
n=26
n=28

ns

ns

ns

ns

42

42

75

140

42

55

100

COM3-VN-HA
EV

CD-MPR-VC-FLAG
CTSL-VC-FLAG
ACE2-VC-FLAG

COM3-VN-HA

CD-MPR-VC-FLAG
CTSL-VC-FLAG

ACE2-VC-FLAG

GAPDH

BiFC complex

1 2 3 4

kDa

COM3-VN+CD-MPR-VC + DAPI

WT

Rab5A-mRFP Rab7A-mCherry Rab9A-mCherry Rab11A-DsRed LAMP1-mRFP CD63-mCherry TGN46-mCherry

5 μm5 μm 5 μm5 μm5 μm5 μm 5 μm

10 μm 10 μm

WT COM3-KO

CI-MPR
Rab7A-mCherry

DAPI

-0.2

0.0

0.2

0.4

P
C

C ****

WT KO

140
200

140
200

140
200

23

30

42

200

42

23

55

42

140
200

23

30

42

200

42

23

55

42

Rab7A

CI-MPR

1 2 3 4 5 6 7 8 9 10 11 12

Percoll gradient fractionation 

CD-MPR

TGN46

CLTC

COM3

GAPDH

Rab7A

CI-MPR

CD-MPR

TGN46

CLTC

COM3

GAPDH

kDa

30

30

EEA1

EEA1

Input

A
54

9-
A

A
54

9-
A 

C
O

M
3-

K
O

Figure 4



A

23

42

42

200

30

30

42

55
kDa

23

CI-MPR

CD-MPR

COMMD3

pro-CTSL

GAPDH

dc-CTSL

sc-CTSL

CI-MPR
CD-MPR

KO KO
KO KO

KOCOM3
SARS-2

 SARS2-N

A549-A

1 2 3 4 5 6

Trypsin

23

42

42

200

30

200

110

30

42

55
kDa

23

CI-MPR

CD-MPR

COMMD3

pro-CTSL

GAPDH

dc-CTSL

sc-CTSL

CI-MPR
CD-MPR

KO KO
KO KO

KOKOCOM3
SARS-2

 SARS2-N

A549-A

ACE2

NPC1

Trypsin

B

C

100 µm 100 µm 100 µm 100 µm 100 µm

WT CI-MPR-KO CD-MPR-KO CI-CD-MPR-KO COM3-KO
Cathepsin L Activity 

E

F

10 µm

WT CI-MPR-KO CD-MPR-KO CI-CD-MPR-KO COM3-KO

CTSL
LAMP1

DAPI

10 µm 10 µm 10 µm 10 µm

WT n=39

COM3-KO n=40

CI-MPR-KO n=16

CI-CD-MPR-KO n=35
CD-MPR-KO n=13

WT

COM3-KO

CI-MPR-KO
CD-MPR-KO
CI-CD-MPR-KO

-0.4

0.0

0.4

0.8

P
C

C

****

****
**** ****

0

1000

2000

3000

4000
R

ed
 In

te
gr

at
ed

** *

*** **

D

WT
CI-CD-MPR-KO
COM3-KO

Ctrl VSV-G EBOV-GP

5

4

3

2

1

****

ns ns

ns

P
V

 in
fe

ct
iv

ity
(R

LU
, L

og
10

)

*

0

-1

1

2

3

4

5

*
**

** **

W
T

C
D

-M
P

R
-K

O

C
I-M

P
R

-K
O

C
I-C

D
-M

P
R

-K
O

C
O

M
3-

K
O

FF
U

 / 
m

L 
(L

og
10

)

Figure 5



BA

E

23

200

42

42

30

30
23

55
kDa

42

200

1 2 3 4 5 6 7

 SARS2-N

COM3

GAPDH

COM3-FLAG
COM3

SARS-2

COM3-E2C
NTD-E2C
CTD-E2C

 CI-MPR

 CD-MPR

 pro-CTSL

 sc-CTSL

 dc-CTSL

WT KO

COM3-E2C
NTD-E2C
CTD-E2C

C

F

D

Ctrl VSV-G EBOV-GP

5

4

3

2

1

P
V

 in
fe

ct
iv

ity
(R

LU
, L

og
10

)

**
**

** *

ns

ns ns
ns

ns
ns

ns ns ns ns ns

0
-1

1
2

3
4

ns ns

***

ns

COM3-FLAG
COM3 WT KO

COM3-E2C
NTD-E2C
CTD-E2C

FF
U

 / 
m

L 
(L

og
10

)

***

WT COM3-KO COM3-KO+COM3 COM3-KO+NTD COM3-KO+CTD

CTSL
LAMP1

DAPI

10 µm 10 µm 10 µm10 µm 10 µm

CI-MPR
TGN38

DAPI

CI-MPR
CLTC
DAPI

CI-MPR
LAMP1

DAPI

10 µm 10 µm 10 µm10 µm 10 µm

10 µm 10 µm 10 µm10 µm 10 µm

10 µm 10 µm10 µm 10 µm 10 µm

CI-MPR
EEA1
DAPI

10 µm 10 µm10 µm 10 µm 10 µm

-0.4

0.0

0.4

0.8
P

C
C

0.0

0.2

0.4

0.6

0.8

1.0

P
C

C

-0.6

-0.4

-0.2

0.0

0.2

0.4

P
C

C
******** ****

*

**** ****

P
C

C

-0.2

0.0

0.2

0.4

0.6

0.8
*** **** ****

ns

******** ****
*

ns

-0.4

0.0

0.4

0.8

P
C

C

****
****

****

*

n=39
n=40
n=79
n=25
n=20

n=27
n=84
n=70
n=27
n=64

n=32
n=77
n=57
n=42
n=51

n=49
n=46
n=51
n=21
n=28

n=28
n=52
n=35
n=23
n=19

COM3-KO
WT

COM3-KO+COM3
COM3-KO+NTD
COM3-KO+CTD

100 µm 100 µm 100 µm 100 µm 100 µm

WT COM3-KO COM3-KO+COM3 COM3-KO+NTD COM3-KO+CTD
Cathepsin L Activity 

WT
COM3-KO
COM3-KO+COM3
COM3-KO+NTD
COM3-KO+CTD

0

1000

2000

3000

4000

R
ed

 In
te

gr
at

ed

**

**
**

ns

124 1951

HN domain COMM domain

NTD CTD

WT
COM3-KO
COM3-KO+COM3-FLAG
COM3-KO+COM3-E2C

COM3-KO+COM3-CTD-E2C
COM3-KO+COM3-NTD-E2C

Figure 6



TGN

LE

lysosome

MPRs

pro-CTSL

COMMD3
EEClathrin

mature CTSL

Commander
complex

Cytoplasm

Integrin
LRP1...

RE

Plasma membrane

pro-CTSL

CCV

Figure 7



COMMD3-targeting sgRNACOMMD3 locus

CIMPR locus CIMPR-targeting sgRNA

CDMPR locus CDMPR-targeting sgRNA

WT

COM3-KO A549

COM3-KO A549-A-1

COM3-KO A549-A-2

COM3-KO HEK293T-1

COM3-KO HEK293T-2

WT

CDMPR-KO A549-A

CIMPR-KO A549-A

CIMPR/CDMPR-KO A549-A

WT

CDMPR-KO A549-A

CIMPR-KO A549-A

CIMPR/CDMPR-KO A549-A

Fig. S1. Sanger sequencing chromatograms of indicated knockout cell lines.



23

30

55
kDa

42

WTWT 

GFP-SARS-CoV-2

ACE2-A549

MOCK

FL
1-

A 
:: 

FI
TC

-A
F4

88
-G

FP
-A

FSC-A :: FSC-A FSC-A :: FSC-A FSC-A :: FSC-A FSC-A :: FSC-A

500 µm 500 µm 500 µm 500 µm

COM3-KO COM3-KO+COM3

A B

COM3

GAPDH

SARS2-N

Clone
COM3 WT KO

1 2
WT KO

1 2
SARS-2 - - + +- +

1 2 3 4 5 6

ACE2-A549

HEK293TC

23
30

55

42

110

23

ACE2-FLAG - - - + + +

TMPRSS2-FLAG - - - - - -

SARS-CoV-2 + + + + + +

Clone 1 2 1 2

+ + +

+ + +

+ + +

1 2

ACE2-FLAG

TMPRSS2-FLAG

COMMD3

SARS2-N

GAPDH

kDa

1 2 3 4 5 6 7 8 9

COM3 WT KO WT KO WT KO

Fig. S2. COMMD3 knockout impaired SARS-CoV-2 endocytic entry. 
A. Representative fluorescence images of WT, COM3-KO, and rescued A549-A cells infected 
with GFP-expressing SARS-CoV-2 for 24 hours are shown. The percentage of GFP-positive cells 
quantified by flow cytometry is shown below. 
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C. WT and two independent COM3-KO HEK293T cells clones were transfected with an ACE2 
construct alone or together with a TMPRSS2 construct for 36 h, followed by infection with the 
SARS2 WA1 strain at an MOI of 0.1 for 24 h. SARS2 N protein expression was validated by 
western blotting. 
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Fig. S5. MAN1B1-dependent lysosomal degradation is preserved in COM3-KO cells. 
HEK293T cells were transfected with the indicated expression vectors and harvested at 36 h after 
transfection, followed by western blot validation. 
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A. Gene Ontology (GO) Cellular Component (CC) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analyses of significantly downregulated proteins (P < 0.05) 
in COM3-KO compared with WT. 
B. Schematic of the filtering strategy used to identify endosome-associated proteins. 
C. STRING protein-protein interaction (PPI) network of the 41 filtered proteins involving 
(confidence score ≥ 0.600). 



200

23

42

30

23

30

kDa

42

42

1 2 3 4 5 6 7 8 9

CI-MPR

COM3

GAPDH

COM3

CD-MPR

COM3-FLAG

A549 A549-A
WT KO WT WTKO KO

A549-AT

pro-CTSL

sc-CTSL

dc-CTSL

Fig. S7. COMMD3 knockout enhances MPRs expression and blocks CTSL maturation. 
Western blot analysis of CI-MPR, CD-MPR and CTSL expression in WT, COM3-KO, and rescued 
A549, A549-A and A549-AT cells. 




