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Figure S1. Expression and purification of CPA6. (A) Conditioned media (IN) and Talon metal-affinity 
chromatography flow-through (FT) and eluate (E1-3) fractions were resolved by SDS-PAGE. Total 
protein was stained with Coomassie blue and C-terminally HA and His6 tagged CPA6 detected by 
western blotting using an anti-HA antibody. Approximate protein size is shown in kDa on left. (B) Metal 
affinity column eluates were pooled and further purified using heparin affinity chromatography. 
Carboxypeptidase activity was measured by incubating 10 ul of each fraction with 1 ml 0.5 mM FA-Phe-
Phe for 30 minutes at 37°C. IN, input; FT, flow-through; W, wash; E1-3, elution in 50 mM Tris and 600 
mM NaCl, E4-8, elution in 50 mM Tris and 800 mM NaCl; E9, elution in 50 mM Tris and 1 M NaCl. 
Asterisks in (A) and arrow in (B) indicate Coomassie stained bands corresponding to CPA6 protein. 
 
Figure S1 

 
 

 



Figure S2. Binding to potato carboxypeptidase inhibitor (PCI) indicates correct folding of purified 
CPA6. Purified CPA6 (0.5 ml in 50 mM Tris pH 7.5, 500 mM NaCl) was passed through an equilibrated 
0.5 mL column of PCI-Sepharose (IN, input; FT, flow-through). The column was washed with 3 ml of 
wash buffer (50 mM Tris pH 7.5, 500 mM NaCl) and 1 ml fractions collected (W1-3). The column was 
then eluted with 2.5 ml of 50 mM sodium phosphate pH 12.0, 500 mM NaCl, and 0.5 ml fractions 
collected (E1-5). Finally, the column was stripped with 1 ml of 1% SDS (E6). 15 µl of each fraction was 
resolved by SDS-PAGE and HA-tagged CPA6 detected by western blotting. 10 µl of each fraction was 
also incubated with 1 ml 0.4  mM FA-Phe-Phe in 50 mM Tris-HCl, pH 7.8, and 150 mM NaCl for 2 hrs 
at 22°C to determine relative activities. Enzymatic activity is shown below each lane of the western blot. 
nd, not detectable or < 10 mUnits, which is the limit of accurate detection. 
 
 

 
 
 
Figure S3. Effect of zinc on CPA6 catalytic activity. CPA6 cleavage of 0.4 mM FA-Phe-Phe at pH 7.8 
was performed in the presence of 10 nM to 1 mM ZnSO4 for the indicated times at 22°C. Low 
concentrations of ZnSO4 (10 nM to 1 µM) had no effect on CPA6 activity, while 10 µM to 1 mM ZnSO4 
caused an inhibition of CPA6 activity. 
 

 



Figure S4. Purified CPA6 exhibits similar catalytic activity as ECM-bound CPA6. HEK293T cells 
were grown in 6-well plates and transiently transfected with a plasmid encoding CPA6-HAH6. After 
incubation for 48 hours, cells were removed, wells thoroughly washed, and ECM-bound CPA6 incubated 
with 0.4 mM FA-FF in 50 mM Tris, pH 7.8, 150 mM NaCl for two hours at 22°C while slowly shaking. 
Purified CPA6 (two-fold increments from 5.5  to 180 ng) was also incubated in tubes in the same manner. 
CP activity was measured by the change in substrate absorbance at 336 nm. Following these incubations, 
hot SDS-PAGE sample buffer was added to the wells to extract ECM, and to equivalent amounts of 
purified CPA6. These samples were resolved by SDS-PAGE and CPA6 identified by western blotting 
using an antibody raised against the HA epitope. As only 20% of total ECM was loaded on the gel, but all 
ECM incubated with substrate, enzyme activity values for ECM-bound CPA6 are shown adjusted for the 
amount of protein shown on gel. These results suggest that ECM-bound CPA6 exhibits generally similar 
activity as the purified enzyme, and that the low activity observed for purified CPA6 (relative to CPA1, 2, 
and 4; see Table S2) is likely to be physiologically relevant. Abbreviations: nd, not detectable or < 10 
mUnits, which is the limit of accurate detection. 
 



T
ab

le
 S

1.
 N

on
-s

ub
st

ra
te

s o
f C

PA
6 

 Pr
ot

ei
n 

na
m

e 
Pe

pt
id

e 
na

m
e 

Se
qu

en
ce

 
z 

T 
O

bs
 M

 
Th

eo
r M

 
pp

m
 

R
at

io
, C

PA
4/

no
 e

nz
ym

e 

Lo
w

 C
PA

6 
M

ed
 C

PA
6 

H
ig

h 
C

PA
6 

C
er

eb
el

lin
 4

 
63

-7
7 

A
A

N
S

K
V

A
FS

A
V

R
S

TN
 

3 
2 

15
21

.7
9 

15
21

.7
90

 
0 

1.
13

 
0.

79
 

0.
99

 

C
er

eb
el

lin
 4

 
64

-7
7 

A
N

S
K

V
A

FS
A

V
R

S
TN

 
3 

2 
14

50
.7

4 
14

50
.7

53
 

-7
 

1.
04

 
1.

11
 

1.
29

 

C
er

eb
el

lin
 4

 
66

-7
7 

S
K

V
A

FS
A

V
R

S
TN

 
3 

2 
12

65
.6

6 
12

65
.6

73
 

-1
2 

1.
17

 
1.

20
 

1.
14

 

C
hr

om
og

ra
ni

n 
B

 
59

2-
59

7 
(A

P
Q

LD
L)

 
1 

1 
65

5.
35

 
65

5.
35

 
-7

 
0.

93
 

0.
96

 
0.

96
 

C
hr

om
og

ra
ni

n 
B

 
ph

os
ph

or
yl

at
ed

 3
57

-3
74

 
G

LQ
YR

G
R

G
pS

E
E

D
R

A
P

R
P

 
5 

1 
21

79
.1

4 
21

79
.0

73
 

29
 

1.
12

 
0.

69
 

0.
85

 

C
hr

om
og

ra
ni

n 
B

 
35

7-
37

4 
G

LQ
YR

G
R

G
S

E
E

D
R

A
P

R
P

R
 

5,
6 

1 
20

99
.1

5 
20

99
.0

73
 

39
 

0.
92

 
0.

77
 

1.
29

 

C
hr

om
og

ra
ni

n 
B

 
31

3-
33

0 
P

S
P

K
E

S
K

E
A

D
V

A
TV

R
LG

E
 

4 
3 

19
12

.0
5 

19
11

.9
90

 
31

 
1.

17
 

0.
91

 
0.

96
 

C
hr

om
og

ra
ni

n 
B

 
58

8-
59

7 
S

FA
R

A
P

Q
LD

L 
2 

1 
11

16
.5

8 
11

16
.5

90
 

-6
 

1.
13

 
1.

00
 

1.
09

 

E
lo

ng
at

io
n 

fa
ct

or
 1

 b
et

a 
2 

N
-te

rm
in

al
 fr

ag
m

en
t 

G
FG

D
LK

TP
A

G
LQ

V
 

2 
2 

13
01

.7
0 

13
01

.6
98

 
2 

0.
84

 
0.

93
 

1.
36

 

Fi
br

in
og

en
 a

lp
ha

 

N
-te

rm
in

al
 fr

ag
m

en
t (

af
te

r 

si
gn

al
 p

ep
tid

e 
re

m
ov

al
) 

TD
TE

D
K

G
E

FL
S

E
G

G
G

V
R

 
3 

2 
17

95
.8

3 
17

95
.8

22
 

3 
1.

19
 

0.
83

 
0.

98
 

P
ho

sp
ho

lip
as

e 
D

3 
39

6-
40

6 
FV

V
P

TD
E

S
Q

A
R

 
2 

2 
12

47
.5

7 
12

47
.6

15
 

-3
8 

1.
15

 
0.

74
 

0.
83

 

P
ro

en
ke

ph
al

in
 

19
7-

20
8 

S
P

Q
LE

D
E

A
K

E
LQ

 
2 

2 
13

85
.6

5 
13

85
.6

67
 

-1
0 

0.
94

 
0.

86
 

1.
32

 

P
ro

ho
rm

on
e 

co
nv

er
ta

se
 1

 
61

9-
62

8 
G

V
E

K
M

V
N

V
V

E
 

2 
2 

11
02

.5
4 

11
02

.5
69

 
-2

5 
1.

04
 

1.
02

 
1.

12
 

P
ro

ho
rm

on
e 

co
nv

er
ta

se
 2

 
94

-1
04

 (w
ith

in
 p

ro
 re

gi
on

) 
IK

M
A

LQ
Q

E
G

FD
 

2 
2 

12
78

.6
0 

12
78

.6
36

 
-3

1 
1.

32
 

1.
00

 
1.

07
 

P
ro

ho
rm

on
e 

co
nv

er
ta

se
 2

 
C

-te
rm

in
al

 fr
ag

m
en

t 
S

LQ
S

IL
R

K
N

 
3 

2 
10

57
.6

2 
10

57
.6

24
 

-2
 

1.
23

 
1.

14
 

0.
86

 

P
ro

m
el

an
in

 c
on

ce
nt

ra
tin

g 

ho
rm

on
e 

N
eu

ro
pe

pt
id

e 
E

I 
E

IG
D

E
E

N
S

A
K

FP
I-a

m
id

e 
2 

2 
14

46
.6

9 
14

46
.6

83
 

4 
1.

18
 

0.
97

 
1.

17
 

P
ro

S
A

A
S

 
B

ig
 L

E
N

 
LE

N
P

S
P

Q
A

P
A

R
R

LL
P

P
 

3 
1 

17
54

.9
8 

17
54

.9
79

 
1 

0.
96

 
1.

00
 

0.
96

 

P
ro

S
A

A
S

 
Li

ttl
e 

S
A

A
S

 1
-1

6 
S

LS
A

A
S

A
P

LV
E

TS
TP

L 
2 

1 
15

42
.7

9 
15

42
.8

14
 

-1
3 

1.
03

 
0.

81
 

1.
21

 

P
ro

so
m

at
os

ta
tin

 
S

om
at

os
ta

tin
 2

8-
14

 
S

A
N

S
N

P
A

M
A

P
R

E
 

2 
1 

12
43

.5
6 

12
43

.5
62

 
0 

1.
30

 
1.

17
 

1.
09

 



P
ro

V
as

oa
ct

iv
e 

In
te

st
in

al
 

P
ep

tid
e 

11
1-

12
2 

IS
S

S
IS

E
D

P
V

P
I 

2 
1 

12
42

.6
1 

12
42

.6
34

 
-1

7 
1.

05
 

0.
80

 
0.

88
 

Th
io

re
do

xi
n 

1 
16

-2
7 

A
A

A
G

D
K

LV
V

V
D

F 
2 

2 
12

03
.6

4 
12

03
.6

50
 

-8
 

1.
42

 
0.

83
 

0.
83

 

Th
io

re
do

xi
n 

1 
N

-te
rm

in
al

 fr
ag

m
en

t 
V

K
LI

E
S

K
E

A
FQ

E
A

LA
A

 
3 

3 
17

45
.9

0 
17

45
.9

56
 

-3
3 

1.
27

 
1.

12
 

0.
88

 

Th
ym

os
in

 b
et

a-
10

 

E
nt

ire
 p

ro
te

in
 a

fte
r r

em
ov

al
 

of
 N

-te
rm

in
al

 M
et

 

A
c-

A
D

K
P

D
M

G
E

IA
S

FD
K

A
K

LK
K

TE
TQ

E
K

N
TL

P
TK

E
TI

E
Q

E
K

R
S

E
IS

 
7-

9 
8 

49
33

.6
3 

49
33

.5
23

 
22

 
0.

94
 

0.
74

 
1.

08
 

Th
ym

os
in

 b
et

a-
10

 
C

-te
rm

in
al

 fr
ag

m
en

t 
TL

P
TK

E
TI

E
Q

E
K

R
S

E
IS

 
4 

3 
19

87
.9

8 
19

88
.0

43
 

-3
3 

1.
09

 
0.

78
 

0.
91

 

Th
ym

os
in

 b
et

a-
4 

E
nt

ire
 p

ro
te

in
 a

fte
r r

em
ov

al
 

of
 N

-te
rm

in
al

 M
et

 

A
c-

S
D

K
P

D
M

A
E

IE
K

FD
K

S
K

LK
K

TE
TQ

E
K

N
P

LP
S

K
E

TI
E

Q
E

K
Q

A
G

E
S

 
5-

9 
9 

49
60

.4
9 

49
60

.4
86

 
1 

1.
02

 
0.

74
 

0.
91

 

Th
ym

os
in

 b
et

a-
4 

C
-te

rm
in

al
 fr

ag
m

en
t 

P
LP

S
K

E
TI

E
Q

E
K

Q
A

G
E

S
 

3 
3 

18
69

.8
8 

18
69

.9
32

 
-2

8 
0.

78
 

0.
77

 
0.

70
 

Tu
bu

lin
 b

et
a 

N
-te

rm
in

al
 fr

ag
m

en
t, 

is
of

or
m

s 
2-

6 
M

R
E

IV
H

(I/
L)

Q
A

G
Q

 
3 

1 
12

80
.7

1 
12

80
.6

74
 

29
 

0.
91

 
0.

86
 

0.
97

 

V
ac

uo
la

r p
ro

to
n 

pu
m

p 

su
bu

ni
t G

 2
 

C
-te

rm
in

al
 fr

ag
m

en
t 

E
V

R
P

Q
V

H
P

N
YR

V
TV

 
4 

1 
16

92
.9

7 
16

92
.9

13
 

34
 

0.
69

 
0.

73
 

1.
12

 

V
G

F 
48

9-
50

7 
N

A
P

P
E

P
V

P
P

P
R

A
A

P
A

P
TH

V
 

3 
1 

19
14

.0
1 

19
14

.0
10

 
0 

1.
10

 
1.

05
 

1.
20

 

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 

ch
an

ne
l p

ro
te

in
 1

 (V
D

A
C

-1
) 

C
-te

rm
in

al
 fr

ag
m

en
t 

A
G

G
H

K
LG

LG
LE

FQ
A

 
3 

2 
13

96
.7

0 
13

96
.7

46
 

-3
2 

0.
93

 
0.

98
 

0.
97

 

A
ll 

pe
pt

id
es

 w
er

e 
id

en
tif

ie
d 

by
 M

S/
M

S 
se

qu
en

ci
ng

 e
xc

ep
t o

ne
 p

ep
tid

e 
(A

PQ
LD

L)
 fo

r w
hi

ch
 in

su
ff

ic
ie

nt
 M

S/
M

S 
in

fo
rm

at
io

n 
w

as
 a

va
ila

bl
e.

 T
hi

s p
ep

tid
e 

w
as

 te
nt

at
iv

el
y 

id
en

tif
ie

d 
ba

se
d 

on
 m

at
ch

es
 to

 k
no

w
n 

pe
pt

id
es

 a
nd

 p
re

di
ct

ed
 c

le
av

ag
e 

si
te

s a
nd

 th
is

 is
 in

di
ca

te
d 

by
 p

ar
en

th
es

es
 su

rr
ou

nd
in

g 
th

e 
se

qu
en

ce
. A

bb
re

vi
at

io
ns

: z
, c

ha
rg

e;
 T

, 
nu

m
be

r o
f T

M
A

B
 ta

gs
; O

bs
 M

, o
bs

er
ve

d 
m

on
oi

so
to

pi
c 

m
as

s (
af

te
r s

ub
tra

ct
io

n 
of

 th
e 

m
as

s o
f t

he
 T

M
A

B
 ta

gs
); 

Th
eo

r M
, t

he
or

et
ic

al
 m

on
oi

so
to

pi
c 

m
as

s o
f t

he
 u

nc
ha

rg
ed

 
pe

pt
id

e 
w

ith
ou

t T
M

A
B

 ta
gs

; p
pm

, d
iff

er
en

ce
 in

 p
ar

ts
 p

er
 m

ill
io

n 
be

tw
ee

n 
ob

se
rv

ed
 m

as
s a

nd
 th

eo
re

tic
al

 m
as

s;
 ra

tio
 in

di
ca

te
s t

he
 p

ea
k 

in
te

ns
ity

 o
bs

er
ve

d 
fo

r p
ep

tid
e 

in
cu

ba
te

d 
w

ith
 C

PA
6 

di
vi

de
d 

by
 th

e 
pe

ak
 in

te
ns

ity
 fo

r t
he

 sa
m

e 
pe

pt
id

e 
in

cu
ba

te
d 

w
ith

ou
t e

nz
ym

e.
  

 



T
ab

le
 S

2.
 K

in
et

ic
 c

on
st

an
ts

 fo
r 

fo
ur

 C
PA

 e
nz

ym
es

 

 
C

PA
6 

C
PA

4 
C

PA
1 

C
PA

2 

Su
bs

tr
at

e 
k c

at
  

(1
/s

)  

K M
 

(µ
M

) 

 

k c
at

/K
M

   
  

(M
-1

·s-1
 

·1
0-5

) 

k c
at

/K
M

 
re

la
tiv

e 
to

 F
A

PP
 

k c
at

  
(1

/s
)  

K M
 

(µ
M

) 

 

k c
at

/K
M

   
(M

-1
·s-1

 

·1
0-5

) 

k c
at

/K
M

 
re

la
tiv

e 
to

 F
A

PP
 

k c
at

 
(1

/s
)  

K M
 

(µ
M

) 

 

k c
at

/K
M

   
(M

-1
·s-1

 

·1
0-5

) 

k c
at

/K
M

 
re

la
tiv

e 
to

 F
A

PP
 

k c
at

   
 

(1
/s

)  

K M
   

(µ
M

) 

 

k c
at

/K
M

   
(M

-1
·s-1

 

·1
0-5

) 

k c
at

/K
M

 
re

la
tiv

e 
to

 F
A

PP
 

FA
-P

he
-P

he
 

9.
94

 
26

6 
0.

37
 

1.
00

 
44

.3
 

55
.6

 
7.

97
 

1.
00

 
76

.6
 

20
.4

 
37

.6
 

1.
00

 
12

1 
36

.4
 

33
.3

 
1.

00
 

FA
-P

he
-T

rp
 

4.
13

 
33

9 
0.

15
 

0.
41

 
57

.3
 

61
5 

0.
93

 
0.

12
 

81
.3

 
16

6 
4.

90
 

0.
13

 
65

.3
 

16
.3

 
40

.2
 

1.
21

 

FA
-P

he
-L

eu
 

4.
67

 
38

6 
0.

19
 

0.
51

 
13

.4
 

19
.4

 
6.

93
 

0.
87

 
34

.0
 

15
.7

 
21

.7
 

0.
58

 
18

.6
 

39
3 

0.
47

 
0.

01
4 

FA
-P

he
-I

le
 

1.
91

 
30

70
 

0.
00

65
 

0.
01

8 
12

.4
 

23
.3

 
5.

32
 

0.
67

 
9.

77
 

9.
33

 
10

.5
 

0.
28

 
5.

37
 

46
0 

0.
12

 
0.

00
35

 

FA
-P

he
-M

et
 

4.
03

 
78

6 
0.

06
6 

0.
18

 
23

.9
 

40
.0

 
5.

81
 

0.
73

 
51

.8
 

12
8 

4.
03

 
0.

11
 

N
M

 
N

M
 

0.
04

0 
0.

00
12

 

FA
-P

he
-A

la
 

0.
40

 
23

30
 

0.
00

17
 

0.
00

46
 

24
.3

 
37

2 
0.

65
 

0.
08

2 
78

.0
 

30
0 

2.
58

 
0.

06
9 

N
M

 
N

M
 

N
M

 
N

M
 

FA
-P

he
-V

al
 

0.
16

 
36

7 
0.

00
43

 
0.

01
2 

19
.4

 
57

.3
 

3.
38

 
0.

42
 

12
.3

 
8.

95
 

14
.8

 
0.

39
 

N
M

 
N

M
 

0.
03

0 
0.

00
10

 

FA
-P

he
-H

is
 

0.
28

 
72

3 
0.

00
51

 
0.

01
4 

N
M

 
N

M
 

0.
27

 
0.

03
4 

N
M

 
N

M
 

1.
04

 
0.

02
8 

N
M

 
N

M
 

N
M

 
N

M
 

 
N

M
: N

ot
 m

ea
su

ra
bl

e;
 b

el
ow

 th
e 

lim
it 

of
 d

et
ec

tio
n.

 
 

C
PA

1,
 C

PA
2 

an
d 

C
PA

4 
da

ta
 ta

ke
n 

fr
om

 R
ef

. (
22

) 
 T

ab
le

 S
3.

 A
m

in
o 

ac
id

 n
um

be
ri

ng
 o

f s
ub

st
ra

te
 b

in
di

ng
 r

es
id

ue
s f

ou
nd

 in
 p

re
pr

oc
ar

bo
xy

pe
pt

id
as

es
 c

om
pa

re
d 

to
 th

at
 o

f a
ct

iv
e 

bo
vi

ne
 C

PA
1.

 
  

C
PA

/B
 A

ct
iv

e 
Si

te
 A

m
in

o 
A

ci
ds

 
B

ov
in

e 
C

PA
1 

(a
ct

iv
e)

 
20

3
20

7
24

3
24

7
25

0 
25

3
25

5
26

8
B

ov
in

e 
C

PA
1 

Le
u 

31
3

G
ly

 3
17

Ile
 3

53
Ile

 3
57

A
la

 3
60

 
G

ly
 3

63
Ile

 3
65

Th
r 3

78
H

um
an

 C
PA

2 
M

et
 3

11
G

ly
 3

15
Ile

 3
51

Ile
 3

55
A

la
 3

58
 

G
ly

 3
61

Ile
 3

63
A

la
 3

76
M

ou
se

 C
PA

3 
Le

u 
31

1
G

ly
 3

15
Ile

 3
51

Ile
 3

55
Th

r 3
58

 
Se

r 3
61

Le
u 

36
3

A
la

 3
76

H
um

an
 C

PA
4 

M
et

 3
15

G
ly

 3
19

Th
r 3

55
V

al
 3

59
A

la
 3

62
 

Se
r 3

65
Ile

 3
67

Th
r 3

80
H

um
an

 C
PA

5 
M

et
 3

30
G

ly
 3

34
Ile

 3
70

Le
u 

37
4

A
la

 3
77

 
Ile

 3
80

V
al

 3
82

Se
r 3

95
H

um
an

 C
PA

6 
Le

u 
33

1
Se

r 3
35

A
la

 3
71

Le
u 

37
5

Se
r 3

78
 

Se
r 3

81
M

et
 3

83
A

la
 3

96
Pi

g 
C

PB
1 

Le
u 

31
1

Se
r 3

15
G

ly
 3

51
Ile

 3
55

A
la

 3
58

 
G

ly
 3

61
A

sp
 3

63
Th

r 3
76

H
um

an
 C

PB
2 

V
al

 3
07

Se
r 3

11
G

ly
 3

48
Le

u 
35

2
A

la
 3

55
 

G
ly

 3
58

A
sp

 3
60

Th
r 3

73




