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Fig. S1. PAGE of the firm and a loose mucus layers as used for proteomics identification. Loose (L) and firm (F) mucus was reduced and separated on a 4–12%
SDS/PAGE and stained with Coomassie blue. A complete proteomic analysis of each lane was performed after dividing the lanes in 22 bands as indicated by the
numbered lines. These bands were excised, trypsin-digested, and analyzed by nanoLC-ICR-MS/MS. The sizes of the molecular mass marker (M) are shown and
the interface between stack and separating gel is indicated with IF.
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Fig. S2. Immunostaining of colon sections from WT and Muc2�/� mice using antibodies against proteins identified in the mucus by proteomics. The antibodies
used are described in Table S3. Double staining with anti-MUC2C3 was performed for Bsg and Oit1 of the WT mice. FITC-conjugated anti-rabbit and
Cy3-conjugated anti-goat antibodies were used as secondary antibodies. Clca3, Muc17, Muc2, IgG, and IgA are stained green, whereas Bsg and Oit1 are stained
red. The nuclear DNA is stained blue by DAPI in all pictures.
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Fig. S3. Peptide block of the anti-MUC2C3 antisera. (A) Adjacent colon sections were immunostained with the anti-MUC2C3 antisera and FITC-conjugated
secondary antibody (Upper) or pretreated with 10 �g of the immune-specific peptide per section for 30 min, abolishing the staining (Lower). (B) Immunostaining
with anti-MUC2C3 antisera and FITC-conjugated (green, Left) secondary antibody combined with FISH using the EUB338-Alexa Fluor 555 probe (red, Center) and
the composite of these (Right). (C) Peptide block of the anti-MUC2C3 antisera before staining preformed as in B. (Scale bars, 100 �m.)
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Fig. S4. Controls for in situ hybridization for bacterial 16S rRNA. (A) DAPI staining of epithelial cell nuclear DNA and bacterial DNA (Left) and stained with FISH
using the EUB338-Alexa Fluor 555 probe (red, Right). Sections are from the distal colon. Double staining is seen in bacteria. (B) DAPI staining of epithelial cell
nuclear DNA and bacterial DNA (Left) and stained with FISH using the negative control NON-EUB-Alexa Fluor 555 probe (5�-CGACGGAGGGCATCCTCA-3�) (red,
Right). Staining was performed as in A. (Scale bars, 100 �m.)
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Fig. S5. Weight development and disease activity index of WT and Muc2�/� mice. (A) The weight was observed over time for Muc2�/� mice and compared with
WT. The groups included five male mice, and data are presented as mean � SEM. (B) The same animal groups as in A were also compared by scoring diarrhea
and blood in stool, and the disease activity index was calculated (1). Data from weeks 7 and 16 are presented as mean � SEM.

1. Cooper HS, Murthy SNS, Shah RS, Sedergran DJ (1993) Clinicopathologic study of dextran sulfate sodium experimental murine colitis. Lab Invest 69:238–249.
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Table S1. Peptides identifying mucins in the loose and firm mucus layers

Peptide* Observed mass, Da Charge

Loose Firm

MS/MS† Score‡ MS/MS† Score‡

Muc2
NHVCSTWGDFHYK 556.92§ 3 2 30 1 9
TFDGDVYR 486.72 2 9 40 11 37
FPGLCDYNAFASDCR 606.6§;861.35¶ 3;2 1 16 4 65
DSYKEFAVHLK 446.23 3 3 35 4 51
DDTIYLTHK 553.28 2 1 24
LAVVNGAMVSTPHYSSGLLIEK 768.08 3 1 4 1 35
AGLSLMWNR 532.27 2 4 61 2 56
EDALMVELDSR 647.3 2 2 60 2 60
INKPEVQCEDPEAVQEPESCSSEHR 956.42¶ 3 3 42
LLTSAAFEDCQTR 780.38§;520.59§;756.36¶ 2;3;2 15 90 17 76
VPVESYVR 474.76 2 14 49 21 49
GGACECSTLAEFSR 820.86§;547.58§;772.83¶ 2;3;2 11 72 11 71
QCSHAGGRPENWR 518.90¶ 3 1 6
TASLCPK 412.72§ 2 6 32 2 30
DLPCPETCALEGGSHITTFDGKK 834.39§;845.06¶ 3;3 3 15
KFTFHGDCYYVLTK 609.63§ 3 1 28
FTFHGDCYYVLTK 566.94§ 3 3 21 2 21
TVVLLTDDK 502.29 2 2 32
TVVLLTDDKK 566.33 2 8 40 11 45
RSETPFAR 482.25 2 8 40 4 38
SETPFAR 404.2 2 13 39 12 38
CHLAVDPTEYYKR 567.28§;551.27¶ 3;3 1 49 1 18
CHLAVDPTEYYK 772.37§;515.25§ 2;3 9 44 11 38
GVMLWGWR 510.76 2 1 29 1 34
SLSEGDSHCLK 640.8§;427.45§:616.78¶;411.52¶ 2;3;2;3 8 48 8 50
GFAPVEGCGCPDHTFMDEK 755.98§ 3 1 5 2 11
CSCYHHGLYLEAGDVILR 753.7 3 1 4
LQCTQVK 462.75§;438.73¶ 2;2 9 29 7 37
LIGHTCQYPK 632.83§;422.22§;608.81¶;406.21¶ 2;3;2;3 16 33 15 28
GGCVEEDKCPCIHNK 901.88¶;601.59¶ 2;3 1 38 6 47
DLYSSGESIK 549.77 2 10 33 11 34
GRWECTR 482.72¶ 2 1 15 2 26
IFIGGTELK 489.29 2 17 37 20 37
QLEEGHHVPYITR 789.90;526.94 2;3 7 28 12 51
GTVCGLCGNFDDQTK 884.39§;589.93§;836.36¶ 2;3;2 10 37 10 75
GTVCGLCGNFDDQTKNDFTTR 834.71§;802.69¶ 3;3 4 43
DHMVVTSELDFGNSWK 627.62 3 1 21 3 23
EASTCPDVSHNPDPCSLNPHR 829.37§;797.35¶ 3;3 4 49
EASTCPDVSHNPDPCSLNPHRR 849.38¶ 3 4 39
AEACVFWR 543.76§;519.74¶ 2;2 8 40 7 49
SFETCR 424.19§;400.17¶ 2;2 11 29 9 25
CPEDRIPIYDEDLK 849.39§ 2 1 19 2 16
CPEDRIPIYDEDLKK 860.91;889.42¶;593.29¶ 2;2;3 5 44 12 45
CGCYIEDTR 423.85§ 3 1 18 1 16
CGCYIEDTRYPPGGSVPTDEICK 892.06¶ 3 6 54
YPPGGSVPTDEICK 784.37§;523.25§ 2;3 8 36 3 24
IECHPDEGK 566.76§;542.74¶ 2;2 3 26 4 41
ENGGDRETFTHVCSAPEDICR 1290.05¶;860.37¶ 2;3 1 47 3 60
ETFTHVCSAPEDIECR 682.97§;975.92¶;650.95¶ 3;2;3 5 17 7 57
LSWEELGQK 545.28 2 11 64 14 64
SGDFELIK 454.74 2 19 59 22 59
AVMHSNIPLDQLGQIVVCNK 767.40§;1126.58¶;751.39¶ 3;2;3 3 46 20 79
EVGLVCK 426.74§;402.72¶ 2;2 13 21 15 23
EVGLVCKNEDQEIGGIIPMR 774.39§;758.38¶ 3;3 6 39
NEDQEIGGIIPMR 744.36;496.58 2;3 27 65 28 61
HETQEVQIK 556.29 2 11 48 10 47
MMPIEVEVQVNK 724.86 2 2 54 6 68
QLVALPYK 466.28 2 5 28 6 32
QLVALPYKK 530.33 2 2 19 2 20
ISYNGLSFSIR 628.84 2 1 44 2 49
FAPGYDVCVK 602.30§;401.87§;578.28¶ 2;3;2 8 16 10 24
TCGCVGPDNVPR 476.56§;666.3¶ 3;2 3 36 4 50
EFGEHFEFDCK 498.21§ 3 3 20 3 17
EGGSGIVCQPK 590.30§;566.28¶ 2;2 7 39 6 50
AERPTCLLGFEVK 784.42§:523.28§ 2;3 2 30 6 32
GVCVHQNAEYQPGSPVYSNK 761.36§ 3 5 45 2 50
QQYIILKPGEIHK 522.97 3 3 6 2 8
VPCSAVSVMK 571.29§;547.27¶ 2;2 8 11 7 38

Muc3(17)�

CQCTSLFYGPR 694.81¶ 2 1 66 1 65
Muc13

SVSSAIETAIK 553.31 2 2 54

Peptides from the LC-MS/MS identified mucins in loose and firm mucus from AgPAGE separation. Data from nine alcian blue-stained bands from three mucus
samples are merged. All matched peptides not better identified in other proteins were included for muc.
*Oxidized methionins are italicized.
†No. of MS/MS spectra.
‡Highest individual peptide score observed.
§C modification: S-pyridyletyl.
¶C modification: carbamidomethyl.
�This is the ortholog of human MUC17, annotated as Muc3 in mouse databases.

Johansson et al. www.pnas.org/cgi/content/short/0803124105 6 of 9

http://www.pnas.org/cgi/content/short/0803124105


Ta
b

le
S2

.
Id

en
ti

fi
ed

p
ro

te
in

s
th

at
ar

e
ei

th
er

kn
o

w
n

to
b

e
se

cr
et

ed
o

r
th

at
h

av
e

a
la

rg
e

ex
tr

ac
el

lu
la

r
d

o
m

ai
n

fo
u

n
d

in
th

e
lo

o
se

an
d

fi
rm

m
u

cu
s

la
ye

rs
;

p
ro

te
in

s
kn

o
w

n
to

b
e

p
re

se
n

t
in

p
la

sm
a

an
d

al
l

in
tr

ac
el

lu
la

r
p

ro
te

in
s

ar
e

ex
cl

u
d

ed

A
C

*
Pr

o
te

in
n

am
e

G
en

e
M

as
s,

D
a

Le
n

g
th

,a
m

in
o

ac
id

s

Lo
o

se
1

Lo
o

se
2

Lo
o

se
3

Fi
rm

1
Fi

rm
2

Fi
rm

3

Pe
p

†
U

n
i‡

C
o

v§
Pe

p
†

U
n

i‡
C

o
v§

Pe
p

†
U

n
i‡

C
o

v§
Pe

p
†

U
n

i‡
C

o
v§

Pe
p

†
U

n
i‡

C
o

v§
Pe

p
†

U
n

i‡
C

o
v§

g
i

67
53

01
0

A
n

te
ri

o
r

g
ra

d
ie

n
t

2
A

g
r2

19
,9

79
17

5
3

3
26

4
4

32
4

4
29

3
3

25
6

6
42

6
6

42
g

i
85

67
33

6
C

a-
ac

ti
va

te
d

C
lc

h
an

n
el

3
C

lc
a3

10
1,

00
3

91
3

30
30

38
29

29
39

22
22

28
22

22
27

22
22

32
25

25
32

g
i

50
88

24
59

C
a-

ac
ti

va
te

d
C

lc
h

an
n

el
6

C
lc

a6
10

2,
73

2
92

4
6

6
7

4
4

6
5

5
7

2
2

2
2

2
2

g
i

14
86

92
21

0
Ig

G
Fc

b
in

d
in

g
p

ro
te

in
Fc

g
b

p
15

6,
41

6
1,

39
8

13
13

12
18

18
16

14
14

11
10

10
8

14
14

13
17

17
16

g
i

38
31

56
4

�
-G

lu
ta

m
yl

h
yd

ro
la

se
G

g
h

35
,4

65
31

5
2

2
9

3
3

12
5

5
19

g
i

47
39

61
Im

m
u

n
o

g
lo

b
u

lin
lig

h
t

ch
ai

n
Ig

22
,9

83
20

6
4

1
23

g
i

49
30

00
1

C
h

ai
n

A
,F

ab
–F

ab
co

m
p

le
x

Ig
24

,1
47

21
4

5
1

26
g

i
62

02
74

09
Ig

h
p

ro
te

in
[M

u
s

m
u

sc
u

lu
s]

Ig
h

53
,8

01
48

5
6

6
17

3
3

8
g

i
18

04
38

71
Ig

h
p

ro
te

in
Ig

h
54

,0
34

48
4

3
1

8
g

i
16

32
30

17
Im

m
u

n
o

g
lo

b
u

lin
al

p
h

a
h

ea
vy

Ig
h

46
,9

27
34

4
6

6
23

4
4

17
4

4
17

2
2

9
g

i
37

58
93

05
Ig

h
p

ro
te

in
Ig

h
53

,6
46

48
5

2
1

5
g

i
26

33
05

10
Ig

h
p

ro
te

in
Ig

h
45

,2
16

40
6

3
3

10
g

i
15

63
72

14
Ig

G
1

lig
h

t
ch

ai
n

Ig
l

22
,3

19
20

0
4

1
24

g
i

99
03

26
05

H
ea

vy
an

d
lig

h
t

ch
ai

n
va

ri
ab

le
Ig

h
l

31
,7

30
29

1
2

1
9

g
i

90
89

8
Ig

�
ch

ai
n

V
re

g
io

n
Ig

k
11

,8
81

10
8

2
1

16
g

i
13

35
94

17
A

n
ti

b
o

d
y

�
lig

h
t

ch
ai

n
Ig

k
23

,7
49

21
3

4
2

26
g

i
83

40
57

92
Ig

�
C

p
ro

te
in

Ig
k

26
,2

03
23

5
3

1
15

g
i

11
04

34
Ig

�
ch

ai
n

V
re

g
io

n
Ig

k
24

,5
56

21
9

4
4

23
3

3
17

2
2

10
2

2
8

g
i

66
78

74
0

Lu
m

ic
an

Lu
m

38
,8

24
33

8
2

2
5

2
2

7
2

2
7

m
M

u
c2

M
u

ci
n

2
M

u
c2

31
0,

73
5

2,
70

0
20

20
8

21
21

9
18

18
7

9
9

3
17

17
8

11
11

4
g

i
12

75
31

M
aj

o
r

u
ri

n
ar

y
p

ro
te

in
s

11
an

d
8

M
u

p
17

,7
62

15
1

11
11

82
6

6
53

2
2

17
g

i
22

16
47

70
O

n
co

p
ro

te
in

-i
n

d
u

ce
d

tr
an

sc
ri

p
t

1
O

it
1

25
,2

56
22

3
2

2
9

2
2

9
3

3
13

g
i

13
38

48
88

M
u

co
sa

lp
en

tr
ax

in
Pt

x
24

,7
21

21
9

3
3

20
4

4
30

4
4

30
3

3
20

3
3

20
4

4
30

g
i

21
70

38
32

A
rg

in
yl

am
in

o
p

ep
ti

d
as

e
R

n
p

ep
73

,1
49

65
0

5
5

9
7

7
15

5
5

10
6

6
11

4
4

8
4

4
9

g
i

20
11

02
Se

m
in

al
ve

si
cl

e
se

cr
et

o
ry

p
ro

te
in

IV
Sv

s4
11

,9
57

10
8

2
2

25
2

2
44

4
4

54
g

i
23

94
38

76
Zy

m
o

g
en

g
ra

n
u

le
m

em
b

ra
n

e
p

ro
te

in
16

Zg
16

18
,4

11
16

7
5

5
37

4
4

32
4

4
32

4
4

32
4

4
45

5
5

52
m

M
u

c3
(1

7)
M

u
ci

n
3(

17
)

M
u

c3
(1

7)
10

9,
96

0
1,

02
4

3
3

4
3

3
4

3
3

4
(1

)
g

i
72

09
58

4
V

o
m

er
o

g
la

n
d

in
D

m
b

t1
21

9,
22

3
1,

95
7

5
5

3
6

6
4

2
2

1
(1

)
(1

)
g

i
45

84
22

Po
ly

m
er

ic
im

m
u

n
o

g
lo

b
u

lin
re

ce
p

to
r

Pi
g

r
86

,6
78

77
1

5
5

7
5

5
8

(3
)

g
i

12
96

36
09

Q
u

ie
sc

in
Q

6
su

lf
h

yd
ry

lo
xi

d
as

e
1

Q
so

x1
64

,2
20

56
8

2
2

3
2

2
3

2
2

3
(1

)
(3

)
m

M
u

c1
3

M
u

ci
n

13
M

u
c1

3
60

,0
85

57
3

6
6

13
6

6
13

5
5

11
5

5
10

3
3

6
3

3
7

g
i

28
08

47
0

B
as

ig
in

B
sg

30
,5

39
27

5
3

3
14

2
2

8
5

5
22

4
4

19
g

i
55

15
1

U
vo

m
o

ru
lin

C
d

h
1

78
,6

11
71

1
2

2
5

6
6

14
2

2
4

3
3

6
5

5
14

g
i

97
90

07
3

C
ad

h
er

in
17

C
d

h
17

92
,1

57
82

7
12

12
19

16
16

25
18

18
26

7
7

11
19

19
33

22
22

34
g

i
39

91
17

C
EA

C
A

M
1

C
ea

ca
m

1
57

,4
07

52
1

3
3

8
2

2
6

3
3

5
2

2
5

g
i

67
54

18
0

H
ep

h
ae

st
in

H
ep

h
13

0,
73

6
1,

15
7

2
2

1
2

2
2

3
3

3
g

i
21

31
25

02
M

u
ci

n
-l

ik
e

p
ro

to
ca

d
h

er
in

M
u

p
cd

h
73

,0
68

66
9

3
3

4
5

5
11

4
4

6
2

2
3

2
2

3
2

2
4

g
i

99
92

88
0

N
ic

as
tr

in
N

cs
tn

79
,2

92
70

8
3

3
5

2
2

2
�

2
2

3
g

i
85

66
23

97
Pr

o
to

ca
d

h
er

in
24

Pc
d

h
24

14
3,

39
9

1,
30

8
2

2
2

4
4

3
6

6
5

2
2

2
2

2
2

g
i

19
30

08
Tu

m
o

r-
as

so
ci

at
ed

C
a

si
g

n
al

tr
an

sd
u

ce
r

1
Ta

cs
td

1
35

,7
78

31
4

3
3

18
2

2
11

5
5

25
g

i
82

80
26

24
M

al
ta

se
-g

lu
co

am
yl

as
e

M
g

am
26

,5
92

0
2,

37
9

3
3

1
4

4
1

(1
)

(1
)

D
at

ab
as

e
se

ar
ch

es
u

si
n

g
th

e
M

as
co

ts
o

ft
w

ar
e

in
N

C
B

In
o

n
re

d
u

n
d

an
t(

O
ct

o
b

er
11

,2
00

7,
5,

53
9,

44
0

se
q

u
en

ce
s)

an
d

m
u

ci
n

(w
w

w
.m

ed
ke

m
.g

u
.s

e/
m

u
ci

n
b

io
lo

g
y)

d
at

ab
as

es
ar

e
co

m
b

in
ed

.I
d

en
ti

fi
ca

ti
o

n
:O

n
e

p
ep

ti
d

e
at

99
%

si
g

n
ifi

ca
n

ce
le

ve
l(

in
d

iv
id

u
al

p
ep

ti
d

e
sc

o
re

cu
to

ff
�

47
)

an
d

o
n

e
su

p
p

o
rt

in
g

p
ep

ti
d

e
at

95
%

si
g

n
ifi

ca
n

ce
le

ve
l(

in
d

iv
id

u
al

p
ep

ti
d

e
sc

o
re

cu
to

ff
�

40
).

Pr
o

te
in

s
id

en
ti

fi
ed

in
o

n
ly

lo
o

se
o

r
fi

rm
w

er
e

fu
rt

h
er

an
al

yz
ed

fo
r

p
ep

ti
d

es
w

it
h

io
n

sc
o

re
cu

to
ff

�
25

(m
ar

ke
d

b
y

p
ar

en
th

es
es

).
M

u
lt

ip
le

en
tr

ie
s

fo
r

th
e

sa
m

e
p

ro
te

in
w

er
e

co
m

b
in

ed
,a

n
d

id
en

ti
fi

ca
ti

o
n

in
tw

o
o

f
th

re
e

an
al

ys
es

o
f

at
le

as
t

o
n

e
sa

m
p

le
(l

o
o

se
o

r
fi

rm
)

w
as

re
q

u
ir

ed
fo

r
in

cl
u

si
o

n
.A

ll
id

en
ti

fi
ed

p
ro

te
as

es
ar

e
p

re
se

n
te

d
in

Ta
b

le
S4

.
*A

cc
es

si
o

n
n

u
m

b
er

in
th

e
N

C
B

Ip
ro

te
in

d
at

ab
as

e.
† P

ep
is

th
e

n
u

m
b

er
o

f
p

ep
ti

d
es

id
en

ti
fi

ed
w

it
h

in
d

iv
id

u
al

io
n

sc
o

re
cu

to
ff

�
40

(P
�

0.
05

).
‡ U

n
ii

s
th

e
n

u
m

b
er

o
f

u
n

iq
u

e
p

ep
ti

d
es

id
en

ti
fi

ed
fo

r
th

e
p

ro
te

in
.T

h
e

�
in

d
ic

at
es

id
en

ti
fi

ca
ti

o
n

o
f

th
e

p
ro

te
in

in
o

th
er

sp
ec

ie
s;

(�)
,n

u
m

b
er

o
f

p
ep

ti
d

es
id

en
ti

fi
ed

w
it

h
io

n
sc

o
re

�
25

(a
n

al
yz

ed
fo

r
sa

m
p

le
s

w
h

er
e

lis
te

d
p

ro
te

in
s

w
er

e
n

o
t

id
en

ti
fi

ed
at

P
�

0.
05

).
§ C

o
v

is
th

e
se

q
u

en
ce

co
ve

ra
g

e
o

f
th

e
p

ep
ti

d
es

fo
r

th
e

id
en

ti
fi

ed
p

ro
te

in
se

q
u

en
ce

.

Johansson et al. www.pnas.org/cgi/content/short/0803124105 7 of 9

http://www.pnas.org/cgi/data//DCSupplemental/Supplemental_PDF#nameddest=ST4
http://www.pnas.org/cgi/content/short/0803124105


Ta
b

le
S3

.
A

n
al

ys
is

o
f

lo
ca

liz
at

io
n

,
fu

n
ct

io
n

,
an

d
ex

p
re

ss
io

n
o

f
p

ro
te

in
s

id
en

ti
fi

ed
in

th
e

lo
o

se
an

d
fi

rm
m

u
cu

s
b

y
p

ro
te

o
m

ic
s

as
sh

o
w

n
in

Ta
b

le
S2

A
C

*
Pr

o
te

in
n

am
e

G
en

e
Lo

c†
G

O
te

rm
(f

u
n

ct
io

n
,b

io
lo

g
ic

al
p

ro
ce

ss
)‡

G
en

e
ex

p
r§

H
p

a¶
A

b
�

A
b

st
ai

n
in

g
**

g
i

67
53

01
0

A
n

te
ri

o
r

g
ra

d
ie

n
t

2
A

g
r2

SE
C

LI
,S

I
n

.d
.

–
g

i
85

67
33

6
C

a-
ac

ti
va

te
d

C
lc

h
an

n
el

3
C

lc
a3

SE
C

C
lc

h
an

n
el

ac
ti

vi
ty

,h
yd

ro
g

en
io

n
tr

an
sp

o
rt

in
g

A
TP

as
e

ac
ti

vi
ty

,
ro

ta
ti

o
n

al
m

ec
h

an
is

m
,c

h
lo

ri
d

e
tr

an
sp

o
rt

LI
,S

I
n

.d
.

A
b

C
am

46
51

2
G

C
,M

,L
u

m

g
i

50
88

24
59

C
a-

ac
ti

va
te

d
C

lc
h

an
n

el
6

C
lc

a6
SE

C
C

lc
h

an
n

el
ac

ti
vi

ty
,l

ig
an

d
-g

at
ed

io
n

ch
an

n
el

ac
ti

vi
ty

,c
h

lo
ri

d
e

tr
an

sp
o

rt
LI

,S
I

N
o

o
rt

h
o

lo
g

–
g

i
14

86
92

21
0

Ig
G

Fc
b

in
d

in
g

p
ro

te
in

Fc
g

b
p

SE
C

B
in

d
in

g
o

f
sp

er
m

to
zo

n
a

p
el

lu
ci

d
a,

ce
ll

ad
h

es
io

n
LI

,S
I

LI
,S

I
–

g
i

38
31

56
4

�
-G

lu
ta

m
yl

h
yd

ro
la

se
G

g
h

SE
C

�
-G

lu
ta

m
yl

h
yd

ro
la

se
ac

ti
vi

ty
LI

n
.d

.
–

g
i

47
39

61
Im

m
u

n
o

g
lo

b
u

lin
lig

h
t

ch
ai

n
Ig

l
SE

C
LI

,S
I

n
.d

.
IN

V
A

11
00

1
(I

g
G

)
LP

C
,M

,L
u

m
g

i
49

30
00

1
C

h
ai

n
A

,F
ab

–F
ab

co
m

p
le

x
Ig

SE
C

LI
,S

I
n

.d
.

B
D

55
93

54
(I

g
A

)
EC

,M
,L

u
m

g
i

62
02

74
09

Ig
h

p
ro

te
in

[M
u

s
m

u
sc

u
lu

s]
Ig

h
SE

C
LI

,S
I

n
.d

.
g

i
18

04
38

71
Ig

h
p

ro
te

in
Ig

h
SE

C
LI

,S
I

n
.d

.
g

i
16

32
30

17
Im

m
u

n
o

g
lo

b
u

lin
-�

h
ea

vy
Ig

h
SE

C
LI

,S
I

n
.d

.
g

i
37

58
93

05
Ig

h
p

ro
te

in
Ig

h
SE

C
LI

,S
I

n
.d

.
g

i
26

33
05

10
Ig

h
p

ro
te

in
Ig

h
SE

C
LI

,S
I

n
.d

.
g

i
15

63
72

14
Ig

G
1

lig
h

t
ch

ai
n

Ig
l

SE
C

LI
,S

I
n

.d
.

g
i

99
03

26
05

H
ea

vy
A

n
d

lig
h

t
ch

ai
n

va
ri

ab
le

Ig
h

l
SE

C
LI

,S
I

n
.d

.
g

i
90

89
8

Ig
�

ch
ai

n
V

re
g

io
n

Ig
k

SE
C

LI
,S

I
n

.d
.

g
i

13
35

94
17

an
ti

b
o

d
y

ka
p

p
a

lig
h

t
ch

ai
n

Ig
k

SE
C

LI
,S

I
n

.d
.

g
i

83
40

57
92

Ig
�

-C
p

ro
te

in
Ig

k
SE

C
LI

,S
I

n
.d

.
g

i
11

04
34

Ig
�

ch
ai

n
V

re
g

io
n

Ig
k

SE
C

LI
,S

I
n

.d
.

g
i

66
78

74
0

Lu
m

ic
an

Lu
m

SE
C

LI
n

.d
.

m
M

u
c2

M
u

ci
n

2
M

u
c2

SE
C

Pr
o

te
in

b
in

d
in

g
,a

p
o

p
to

si
s,

in
d

u
ct

io
n

o
f

ap
o

p
to

si
s,

n
eg

at
iv

e
re

g
u

la
ti

o
n

o
f

ce
ll

m
ig

ra
ti

o
n

,n
eg

at
iv

e
re

g
u

la
ti

o
n

o
f

ce
ll

p
ro

lif
er

at
io

n
n

.d
.

LI
,S

I
an

ti
-M

U
C

2C
3

G
C

,M
,L

u
m

g
i

12
75

31
M

aj
o

r
u

ri
n

ar
y

p
ro

te
in

s
11

an
d

8
M

u
p

SE
C

n
.d

.
N

o
o

rt
h

o
lo

g
–

g
i

22
16

47
70

O
n

co
p

ro
te

in
in

d
u

ce
d

tr
an

sc
ri

p
t

1
O

it
1

SE
C

N
eg

at
iv

e
re

g
u

la
to

r
o

f
in

su
lin

se
cr

et
io

n
LI

,S
I

n
.d

.
R

D
A

F3
02

7
Ep

,M
g

i
13

38
48

88
M

u
co

sa
lp

en
tr

ax
in

Pt
x

SE
C

n
.d

.
n

.d
.

–
g

i
21

70
38

32
A

rg
in

yl
am

in
o

p
ep

ti
d

as
e

R
n

p
ep

SE
C

A
m

in
o

p
ep

ti
d

as
e

ac
ti

vi
ty

,h
yd

ro
la

se
ac

ti
vi

ty
,m

em
b

ra
n

e
al

an
yl

am
in

o
p

ep
ti

d
as

e
ac

ti
vi

ty
,m

et
al

lo
p

ep
ti

d
as

e
ac

ti
vi

ty
,p

ro
te

o
ly

si
s

LI
,S

I
n

.d
.

–

g
i

20
11

02
Se

m
in

al
ve

si
cl

e
se

cr
et

o
ry

p
ro

te
in

IV
Sv

s4
SE

C
N

O
N

o
o

rt
h

o
lo

g
–

g
i

23
94

38
76

Zy
m

o
g

en
g

ra
n

u
le

m
em

b
ra

n
e

p
ro

te
in

16
Zg

16
SE

C
LI

,S
I

n
.d

.
–

m
M

u
c3

(1
7)

M
u

ci
n

3(
17

)
M

u
c3

(1
7)

SE
C

-T
M

1
LI

,S
I†

†
n

.d
.

an
ti

-M
u

c3
(1

7)
-S

2
Ep

,M
em

,M
,L

u
m

g
i

72
09

58
4

V
o

m
er

o
g

la
n

d
in

D
m

b
t1

SE
C

-T
M

1
B

la
st

o
cy

st
d

ev
el

o
p

m
en

t,
in

n
er

ce
ll

m
as

s
ce

ll
p

ro
lif

er
at

io
n

,p
o

si
ti

ve
re

g
u

la
ti

o
n

o
f

ep
it

h
el

ia
lc

el
ld

if
fe

re
n

ti
at

io
n

LI
,S

I
n

.d
.

g
i

45
84

22
Po

ly
m

er
ic

im
m

u
n

o
g

lo
b

u
lin

re
ce

p
to

r
Pi

g
r

SE
C

-T
M

1
LI

,S
I

LI
,S

I
–

g
i

12
96

36
09

Q
u

ie
sc

in
Q

6
su

lf
h

yd
ry

lo
xi

d
as

e
1

Q
so

x1
SE

C
-T

M
1

Fl
av

in
-l

in
ke

d
su

lf
h

yd
ry

lo
xi

d
as

e
ac

ti
vi

ty
LI

(S
I)

n
.d

.
–

m
M

u
c1

3
M

u
ci

n
13

M
u

c1
3

TM
1

LI
,S

I
n

.d
.

g
i

28
08

47
0

B
as

ig
in

B
sg

TM
1

Pr
o

te
in

b
in

d
in

g
,a

p
o

p
to

si
s,

in
d

u
ct

io
n

o
f

ap
o

p
to

si
s,

n
eg

at
iv

e
re

g
u

la
ti

o
n

o
f

ce
ll

m
ig

ra
ti

o
n

,n
eg

at
iv

e
re

g
u

la
ti

o
n

o
f

ce
ll

p
ro

lif
er

at
io

n
LI

,S
I

n
.d

.
R

D
A

F7
72

Ep
,M

em

g
i

55
15

1
U

vo
m

o
ru

lin
C

d
h

1
TM

1
C

el
l–

ce
ll

ad
h

es
io

n
,p

ro
te

in
h

o
m

o
o

lig
o

m
er

iz
at

io
n

,p
ro

te
in

m
et

ab
o

lic
p

ro
ce

ss
,r

eg
u

la
ti

o
n

o
f

ca
sp

as
e

ac
ti

vi
ty

LI
,S

I
LI

,(
SI

)
–

g
i

97
90

07
3

C
ad

h
er

in
17

C
d

h
17

TM
1

Pr
o

te
in

b
in

d
in

g
,p

ro
to

n
-d

ep
en

d
en

t
o

lig
o

p
ep

ti
d

e
se

co
n

d
ar

y
ac

ti
ve

tr
an

sm
em

b
ra

n
e

tr
an

sp
o

rt
er

ac
ti

vi
ty

,c
al

ci
u

m
-d

ep
en

d
en

t
ce

ll–
ce

ll
ad

h
es

io
n

,h
o

m
o

p
h

ili
c

ce
ll

ad
h

es
io

n
,o

lig
o

p
ep

ti
d

e
tr

an
sp

o
rt

LI
,S

I
LI

,S
I

–

g
i

39
91

17
C

EA
C

A
M

1
C

ea
ca

m
1

TM
1

Po
si

ti
ve

re
g

u
la

ti
o

n
o

f
M

A
P

ki
n

as
e

ac
ti

vi
ty

LI
,S

I
n

.d
.

–
g

i
67

54
18

0
H

ep
h

ae
st

in
H

ep
h

TM
1

Er
yt

h
ro

cy
te

d
if

fe
re

n
ti

at
io

n
,i

ro
n

io
n

tr
an

sp
o

rt
LI

,S
I

n
.d

.
–

g
i

21
31

25
02

M
u

ci
n

-l
ik

e
p

ro
to

ca
d

h
er

in
M

u
p

cd
h

TM
1

H
o

m
o

p
h

ili
c

ce
ll,

ca
lc

iu
m

io
n

b
in

d
in

g
LI

,S
I

LI
,S

I
–

g
i

99
92

88
0

N
ic

as
tr

in
N

cs
tn

TM
1

Pr
o

te
in

b
in

d
in

g
LI

,S
I

n
.d

.
–

g
i

85
66

23
97

Pr
o

to
ca

d
h

er
in

24
Pc

d
h

24
TM

1
n

.d
.

n
.d

.
–

g
i

19
30

08
Tu

m
o

r-
as

so
ci

at
ed

C
a

si
g

n
al

tr
an

sd
u

ce
r

Ta
cs

td
1

TM
1

Ex
tr

ac
el

lu
la

r
sp

ac
e,

in
te

g
ra

lt
o

m
em

b
ra

n
e

LI
,S

I
LI

,S
I

–
g

i
82

80
26

24
M

al
ta

se
-g

lu
co

am
yl

as
e

M
g

am
TM

2
�

-G
lu

co
si

d
as

e
ac

ti
vi

ty
,a

m
yl

as
e

ac
ti

vi
ty

SI
,(

LI
)

SI
–

*A
cc

es
si

o
n

n
u

m
b

er
in

th
e

N
C

B
Ip

ro
te

in
d

at
ab

as
e.

† L
o

ca
liz

at
io

n
(U

n
ip

ro
tK

B
).

SE
C

,s
ec

re
te

d
;T

M
1,

tr
an

sm
em

b
ra

n
e

ty
p

e1
;T

M
2,

tr
an

sm
em

b
ra

n
e

ty
p

e2
.

‡ G
en

e
O

n
to

lo
g

y
te

rm
s

fo
r

m
o

le
cu

la
r

fu
n

ct
io

n
an

d
b

io
lo

g
ic

al
p

ro
ce

ss
.

§ M
o

u
se

g
en

e
ex

p
re

ss
io

n
fr

o
m

th
e

G
N

F
Sy

m
A

tl
as

.L
I,

la
rg

e
in

te
st

in
e;

SI
,s

m
al

li
n

te
st

in
e;

N
O

,n
o

ex
p

re
ss

io
n

;n
d

,n
o

t
d

o
n

e.
¶
H

u
m

an
p

ro
te

in
ex

p
re

ss
io

n
fr

o
m

th
e

H
u

m
an

p
ro

te
in

at
la

s.
LI

,l
ar

g
e

in
te

st
in

e;
SI

,s
m

al
li

n
te

st
in

e;
N

O
,n

o
ex

p
re

ss
io

n
;n

d
,n

o
t

d
o

n
e.

� A
n

ti
b

o
d

ie
s

u
se

d
fo

r
im

m
u

n
o

st
ai

n
in

g
.S

C
,S

an
ta

C
ru

z;
B

D
,B

ec
to

n
D

ic
ki

n
so

n
;R

D
,R

an
d

D
;I

N
V

,I
n

vi
tr

o
g

en
;A

n
ti

M
u

c3
(1

7)
-S

2
[M

al
m

b
er

g
EK

,e
t

al
.(

20
06

)I
n

cr
ea

se
d

le
ve

ls
o

f
m

u
ci

n
s

in
th

e
cy

st
ic

fi
b

ro
si

s
m

o
u

se
sm

al
l

in
te

st
in

e,
an

d
m

o
d

u
la

to
r

ef
fe

ct
s

o
f

th
e

M
u

c1
m

u
ci

n
ex

p
re

ss
io

n
.A

m
J

Ph
ys

io
l2

91
:G

20
3–

G
21

0.
].

**
R

es
u

lt
o

f
im

m
u

n
o

st
ai

n
in

g
.D

at
a

ar
e

p
re

se
n

te
d

in
Fi

g
.S

5.
Ep

,e
p

it
h

el
ia

lc
el

l;
G

C
,g

o
b

le
t

ce
lls

;L
PC

,l
am

in
a

p
ro

p
ri

a
ce

lls
;M

EM
,m

em
b

ra
n

e-
as

so
ci

at
ed

;M
,m

u
cu

s-
as

so
ci

at
ed

;L
u

m
,l

u
m

en
.

††
M

u
c3

in
G

N
F

Sy
m

A
tl

as
.

Johansson et al. www.pnas.org/cgi/content/short/0803124105 8 of 9

http://www.pnas.org/cgi/data//DCSupplemental/Supplemental_PDF#nameddest=ST2
http://www.pnas.org/cgi/data//DCSupplemental/Supplemental_PDF#nameddest=SF5
http://www.pnas.org/cgi/content/short/0803124105


Ta
b

le
S4

.
A

ll
p

ro
te

in
s

w
it

h
id

en
ti

fi
ed

p
ro

te
o

ly
ti

c
ac

ti
vi

ty
fo

u
n

d
b

y
p

ro
te

o
m

ic
s

in
th

e
lo

o
se

an
d

fi
rm

m
u

cu
s

la
ye

rs
;

p
ro

te
in

id
en

ti
fi

ca
ti

o
n

w
as

as
in

Ta
b

le
S2

A
C

*
Pr

o
te

in
n

am
e

G
en

e
Lo

c†
M

as
s,

D
a

Le
n

g
th

,

am
in

o
ac

id
s

Lo
o

se
1

Lo
o

se
2

Lo
o

se
3

Fi
rm

1
Fi

rm
2

Fi
rm

3

Pe
p

‡
U

n
i§

C
o

v¶
Pe

p
‡

U
n

i§
C

o
v¶

Pe
p

‡
U

n
i§

C
o

v¶
Pe

p
‡

U
n

i§
C

o
v¶

Pe
p

‡
U

n
i§

C
o

v¶
Pe

p
‡

U
n

i§
C

o
v¶

g
i

22
12

27
89

A
cy

lp
ep

ti
d

e
h

yd
ro

la
se

A
p

eh
IC

8,
09

91
71

7
7

7
11

7
7

12
2

2
3

g
i

23
27

16
46

B
le

o
m

yc
in

h
yd

ro
la

se
B

lm
h

IC
53

,2
30

45
5

3
3

8
2

2
5

3
3

8
2

2
5

g
i

47
62

18
In

te
rl

eu
ki

n
-1

�
co

n
ve

rt
in

g
en

zy
m

e
C

as
p

1
IC

46
,0

22
39

9
2

2
5

3
3

7
6

6
16

2
2

5
2

2
5

3
3

9

g
i

31
98

12
73

C
N

D
P

d
ip

ep
ti

d
as

e
2

C
n

d
p

2
IC

53
,3

02
47

5
7

7
17

10
10

28
7

7
19

6
6

15
3

3
8

4
4

11

g
i

31
56

04
49

A
sp

ar
ty

la
m

in
o

p
ep

ti
d

as
e

D
n

p
ep

IC
52

,8
84

47
3

3
3

7
4

4
11

3
3

8
4

4
13

2
2

4

g
i

38
31

56
4

�
-G

lu
ta

m
yl

h
yd

ro
la

se
G

g
h

SE
C

35
,4

65
31

5
2

2
9

3
3

12
5

5
19

g
i

99
89

70
2

K
al

lik
re

in
K

lk
SE

C
-

B
lo

o
d

29
,4

95
26

1
6

6
31

6
6

33
8

8
38

3
3

15
2

2
8

3
3

17

g
i

31
98

11
47

Le
u

ci
n

e
am

in
o

p
ep

ti
d

as
e

3
La

p
3

IC
56

,6
47

51
9

4
4

8
4

4
8

3
3

6
3

3
5

2
2

4

g
i

68
22

67
31

A
m

in
o

p
ep

ti
d

as
e

p
u

ro
m

yc
in

se
n

si
ti

ve
N

p
ep

p
s

IC
10

4,
11

2
92

0
8

8
9

9
9

11
4

4
4

3
3

3
6

6
7

3
3

3

g
i

79
04

70
p

38
–2

G
4

Pa
2

g
4

IC
38

,3
03

34
0

3
3

9
5

5
15

2
2

5
4

4
11

3
3

8
6

6
17

g
i

55
74

14
60

D
J-

1
p

ro
te

in
Pa

rk
7

IC
20

,2
93

18
9

4
4

38
5

5
41

7
7

48
5

5
43

3
3

22

g
i

28
57

01
74

Pl
as

m
a

g
lu

ta
m

at
e

ca
rb

o
xy

p
ep

ti
d

as
e

Pg
cp

SE
C

-

B
lo

o
d

51
,8

51
47

0
2

2
7

2
2

8

g
i

67
55

15
2

Pr
o

ly
le

n
d

o
p

ep
ti

d
as

e
Pr

ep
IC

81
,9

08
71

0
2

2
3

2
2

3
4

4
7

g
i

17
09

75
9

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

2
Ps

m
a2

IC
26

,0
51

23
4

4
4

31
3

3
21

5
5

32

g
i

67
55

19
6

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

4
Ps

m
a4

IC
29

,8
07

26
1

2
2

6
3

3
15

2
2

6
2

2
6

2
2

6

g
i

71
06

38
7

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

5
Ps

m
a5

IC
26

,6
07

24
1

2
2

14
2

2
9

2
2

9
2

2
12

2
2

9

g
i

67
55

19
8

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

6
Ps

m
a6

IC
27

,9
23

24
6

3
3

16
5

5
25

2
2

9
2

2
8

2
2

9
2

2
12

g
i

71
06

38
9

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

7
Ps

m
a7

IC
28

,0
99

24
8

2
2

10
3

3
18

2
2

10
3

3
13

4
4

22

g
i

72
42

19
7

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

1
Ps

m
b

1
IC

26
,6

39
24

0
3

3
20

2
2

14
5

5
31

g
i

31
98

13
27

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

2
Ps

m
b

2
IC

23
,0

65
20

1
2

2
10

2
2

10

g
i

99
10

83
2

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

2
Ps

m
b

2
IC

23
,1

05
20

1
4

4
26

4
4

26
4

4
26

g
i

67
55

20
2

Pr
o

te
as

o
m

e
�

3
su

b
u

n
it

Ps
m

b
3

IC
23

,3
05

20
5

3
3

23
2

2
16

2
2

15
2

2
15

g
i

14
19

83
55

Pr
o

te
as

o
m

e
su

b
u

n
it

,�
ty

p
e

4
Ps

m
b

4
IC

29
,2

55
26

4
2

2
13

2
2

9
3

3
21

g
i

39
14

43
4

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

5
Ps

m
b

5
IC

23
,1

66
20

9
3

3
16

3
3

16
7

7
39

4
4

23
4

4
23

g
i

31
98

20
99

Pr
o

te
as

o
m

e
su

b
u

n
it

�
ty

p
e

6
Ps

m
b

6
IC

22
,0

51
20

2
3

3
14

4
4

19
3

3
14

3
3

14

g
i

21
70

38
32

A
rg

in
yl

am
in

o
p

ep
ti

d
as

e
R

n
p

ep
SE

C
73

,1
49

65
0

5
5

9
7

7
15

5
5

10
6

6
11

4
4

8
4

4
9

g
i

21
61

93
59

Th
im

et
o

lig
o

p
ep

ti
d

as
e

1
Th

o
p

1
IC

78
,9

72
68

7
5

5
9

4
4

7
3

3
5

g
i

73
05

61
9

U
b

iq
u

it
in

-s
p

ec
ifi

c
p

ro
te

as
e

5
U

sp
5

IC
96

,9
09

85
8

4
4

7
2

2
3

*A
cc

es
si

o
n

n
u

m
b

er
in

th
e

N
C

B
Ip

ro
te

in
d

at
ab

as
e.

† L
o

ca
liz

at
io

n
(U

n
ip

ro
tK

B
).

IC
,i

n
tr

ac
el

lu
la

r;
SE

C
,s

ec
re

te
d

;B
lo

o
d

,p
la

sm
a

p
ro

te
in

.
‡ P

ep
is

th
e

n
u

m
b

er
o

f
p

ep
ti

d
es

id
en

ti
fi

ed
w

it
h

in
d

iv
id

u
al

io
n

sc
o

re
cu

to
ff

�
40

(P
�

0.
05

).
§ U

n
ii

s
th

e
n

u
m

b
er

o
f

u
n

iq
u

e
p

ep
ti

d
es

id
en

ti
fi

ed
fo

r
th

e
p

ro
te

in
.

¶
C

o
v

is
th

e
se

q
u

en
ce

co
ve

ra
g

e
o

f
th

e
p

ep
ti

d
es

fo
r

th
e

id
en

ti
fi

ed
p

ro
te

in
se

q
u

en
ce

.

Johansson et al. www.pnas.org/cgi/content/short/0803124105 9 of 9

http://www.pnas.org/cgi/data//DCSupplemental/Supplemental_PDF#nameddest=ST2
http://www.pnas.org/cgi/content/short/0803124105

