
F G H I

J K L M

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

) ●

Ctrl
5-HT(0.2)
Fent(10)
5-HT/Fent(0.1)
5-HT/Fent(1)
5-HT/Fent(10)

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

) ●

Ctrl
5-HT(0.2)
Fent(10)
5-HT/Fent
5-HT/Fent/NTX

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

) ●

Ctrl
5-HT(0.2)
Fent(10)
5-HT/Fent
5-HT/Fent/CTOP

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

) ●

Ctrl
5-HT(0.2)
NTX(10)
5-HT/NTX

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

) ●

Ctrl
5-HT(0.2)
CTOP(10)
5-HT/CTOP

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

)

●

Ctrl
5-HT
DA(10)

5-HT/DA(0.1)
5-HT/DA(1)
5-HT/DA(10)

0 1 5 15 30 60 12
0

●

●

●

●

●

●

●

1.0

1.5

2.0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

)

●

Ctrl
5-HT(0.2)
DA(10)
5-HT/DA
5-HT/DA/NTX

●

●

●

●

●

●

●

1.0

1.5

2.0

0 1 5 15 30 60 12
0

Time (min)

pR
II 

in
te

ns
ity

 (A
U

)

●

Ctrl
5-HT(0.2)
DA(10)
5-HT/DA
5-HT/DA/CTOP

A

Figure 1

Image analysis

Isolation Stimulation  & Assay
- e.g Fsk + Fent
- neuronal marker (UCHL1)
- phospho-specific ABs (pRII)
- Subgroup markers (RIIβ)

Image aquisition
- Cellomics ArrayScan XTI
- 49 fields x 96 wells x 
  4 channels = 18816 images

Cell culture (24 h)
Neurons Marker Kinase activation

Single cell 
data

DRGs

B C D E

0

1.0

1.2

1.4

1.6

1.8

10-9 10-8 10-7 10-6 10-5

5-HT

0
Conc. (M)

SC-53116

Ctrl

******
****

****
****

*
pR

II 
in

te
ns

ity
 (A

U
)

0

1.0

1.2

1.4

1.6

1.8

10-9 10-8 10-7 10-6 10-5

Ctrl

0
Conc. (M)

GR113808
5-HT/GR113808

pR
II 

in
te

ns
ity

 (A
U

)

0

1.0

1.2

1.4

1.6

1.8

10-8 10-7 10-6 10-5 10-40
Conc. (M)

5-HT/DA
5-HT/Fent

Ctrl

pR
II 

in
te

ns
ity

 (A
U

)

****

**

***
**** ****

********

****

**

****

*

****

****

****

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

§§§

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

**
*** *** ***

**

§

§§§ §§§

§§

§§§

§§§

§§§
§§

§§§

C
trl

5-
H

T

UCHL1 pRII



UCHL1 only UCHL1/pRII UCHL1/RIIβ

20
00

40
00

0

1000 2000 30000 1000 2000 30000 1000 2000 30000pR
II 

in
te

ns
ity

 (A
U

)

RIIβ intensity (AU)

Ctrl 5-HTFsk PGI2

1000 2000 30000 1000 2000 30000 1000 2000 30000 1000 2000 30000

20
00

40
00

0
20

00
40

00
0

pR
II 

in
te

ns
ity

 (A
U

)

RIIβ intensity (AU)

C
trl

Fe
nt

an
yl

C

B

A

D

Figure 2

1.0

1.5

2.0

pR
II 

in
te

ns
ity

 (A
U

)

C
trl

Fe
nt

Fs
k

Fs
k/

Fe
nt

5-
H

T
5-

H
T/

Fe
nt

P
G

I 2

P
G

I 2/F
en

t

RIIβ(-)

1.0

1.5

2.0

C
trl

Fe
nt

Fs
k

Fs
k/

Fe
nt

5-
H

T
5-

H
T/

Fe
nt

P
G

I 2

P
G

I 2/F
en

t

pR
II 

in
te

ns
ity

 (A
U

)

RIIβ(+)

****
****

****



A B C D
UCHL1 (Ctrl) pRII (Ctrl) UCHL1 (Fsk) pRII (Fsk)

0
0.

00
1

0.
00

2
0.

00
3

0 1000 2000 3000
Cell size (µm2)

N
um

be
r o

f c
el

ls
 (P

D
E

)

Nav1.7+/+

Nav1.7-/-

Nav1.8+/+

Nav1.8-/-

0
0.

00
1

0.
00

2

0 1000 2000 3000
UCHL1 intensity

N
um

be
r o

f c
el

ls
 (P

D
E

)

Nav1.7+/+

Nav1.7-/-

Nav1.8+/+

Nav1.8-/-

Figure 3

H I J K

pR
II 

in
te

ns
ity

 (A
U

)
20

00
40

00
60

00
0

20
00

40
00

60
00

0

0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
RIIβ intensity (AU)

0 µM 0.008 µM 0.04 µM 0.2 µM 1 µM

N
a v1

.7
+/

+
N

a v1
.7

-/-

5-HT

pR
II 

in
te

ns
ity

 (A
U

)

0

1.0

1.2

1.4

1.6

10-9 10-8 10-7 10-6 10-50

Conc. (M)

Nav1.7+/+

Nav1.7-/-

PGI2

Nav1.7+/+

Nav1.7-/-

0

1.0

1.2

1.4

1.6

10-9 10-8 10-7 10-6 10-50

Conc. (M)

pR
II 

in
te

ns
ity

 (A
U

)

Fsk

0

1.0

1.5

2.0

2.5

10-7 10-6 10-5 10-40

Conc. (M)

Nav1.7+/+

Nav1.7-/-

pR
II 

in
te

ns
ity

 (A
U

)

Nav1.7+/+, Ctrl
Nav1.7-/-,  Ctrl

Nav1.7+/+, cAMP-AM
Nav1.7-/-,  cAMP-AM

0

1.0

1.5

2.0

2.5

10-7 10-6 10-5 10-40

Conc. (M)

pR
II 

in
te

ns
ity

 (A
U

)

Sp-8-Br-cAMPS-AM

G

H
tr4

 m
R

N
A 

(r
el

at
iv

e 
to

 G
ap

dh
)

1

0

2

3

*
P = 0.023

Nav1.7+/+

Nav1.7-/-

E
H

tr4
 m

R
N

A 
(r

el
at

iv
e 

to
 G

ap
dh

)

1

0

2

3 Nav1.8+/+

Nav1.8-/-

F



0
0.

00
05

0.
00

1

0 1000 2000 3000
RIIβ intensity (AU)

N
um

be
r o

f c
el

ls
 (P

D
E

) Nav1.7+/+

Nav1.7-/-

A B C

R
IIβ

 in
te

ns
ity

 (A
U

)
10

00
20

00
0

0 500 1000

30
00

40
00

1500 0 500 1000 1500
Area (µm2)

Nav1.7+/+ Nav1.7-/-

RIIβ(-) RIIβ(+)

0
10

00
20

00
30

00 Nav1.7+/+

Nav1.7-/-

****

R
IIβ

 in
te

ns
ity

 (A
U

)

Fsk

●

●
● ●●

●

1.0

1.5

2.0

0 1 5 15 30 60

Fsk

1.0

1.5

2.0

0 1 5 15 30 60

Ctrl Fent NTX 5-HT 5-HT / Fent 5-HT / Fent / NTX

● ● ● ●● ●
● ● ● ●● ●

●
● ● ●● ● ●

●

●
●

●

● ●

●

● ●

●

●
●

●

●
●

●

●1.0

1.2

1.4

0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60

Time (min)

pR
II 

in
te

ns
ity

 (A
U

)

● Nav1.7+/+

Nav1.7-/-

Ctrl Fent NTX 5-HT 5-HT / Fent 5-HT / Fent / NTX

1.0

1.2

1.4

0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60 0 1 5 15 30 60

Time (min)

pR
II 

in
te

ns
ity

 (A
U

)

Nav1.8+/+

Nav1.8-/-

D E F G H I J

K L M N O P Q

Ctrl Fent NTX

20
00

40
00

60
00

0

Area (µm2)

0 1000 2000

5-HT 5-HT / Fent 5-HT / Fent / NTX Fsk

20
00

40
00

60
00

0

pR
II 

in
te

ns
ity

 (A
U

)

0 1000 2000 0 1000 2000 0 1000 2000 0 1000 2000 0 1000 2000 0 1000 2000

N
a v1

.7
+/

+
N

a v1
.7

-/-

R

Figure 4

*
***

**

* **
*



Figure 5

pR
II 

in
te

ns
ity

 (A
U

)
20

00
40

00
60

00
0

20
00

40
00

60
00

0

0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
RIIβ intensity (AU)

0 µM 0.02 µM 0.08 µM 0.4 µM 2 µM

N
a v1

.7
+/

+
N

a v1
.7

-/-

Nav1.7+/+, Fent
Nav1.7-/-,  Fent

Nav1.7+/+, Fsk/Fent
Nav1.7-/-,  Fsk/Fent

C D

0

1.0

1.2

1.4

1.6

10 -9 10 -8 10 -7 10 -6 10 -50
Conc. (M)

pR
II 

in
te

ns
ity

 (A
U

)

pR
II 

in
te

ns
ity

 (A
U

)
20

00
40

00
60

00
0

20
00

40
00

60
00

0

0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
RIIβ intensity (AU)

0 µM 0.02 µM 0.08 µM 0.4 µM 2 µM

N
a v1

.7
+/

+
N

a v1
.7

-/-

Nav1.7+/+, Fent
Nav1.7-/-,  Fent

Nav1.7+/+, 5-HT/Fent
Nav1.7-/-,  5-HT/Fent

A B

0

1.0

1.2

1.4

1.6

10 -9 10 -8 10 -7 10 -6 10 -50
Conc. (M)

pR
II 

in
te

ns
ity

 (A
U

)



CB

A

Figure 6



Morphine
Fentanyl
DAMGO

AC

Sensory neuron

βγαiβγ αs

MOR

Na+

PKA-II

RII
RII

C

C

cAMP

NTX

5-HT4

5-HT

Nav1.7

Enkephalins

PenkHtr4

Figure 7

DA / Fen ?

?

Anti-nociceptive Input

Pro-nociceptive Input


	JI09_MOR_Figure_01_03
	JI09_MOR_Figure_02_03
	JI09_MOR_Figure_03_05
	JI09_MOR_Figure_04_07
	JI09_MOR_Figure_05_05
	JI09_MOR_Figure_06_02
	JI09_MOR_Figure_07_02_TH

