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Generation of Atf4osb-/- mice. (A) Targeting construct for conditional inactivation of Atf4. White box, exon; black triangles, 
LoxP sites. (B) Southern blot analysis of Atf4-flox clone. The 5’ probe detected a 12 kb WT and 14 kb targeted band while 
3’ probe detected 12 kb WT and 14 kb targeted band. (C) PCR genotyping of Atf4osb-/- mice. WT and floxed allele yield 
600 bp and 640 bp products, respectively. α1(I)collagen-Cre transgenic mice harbor a transgene-specific band.



Name

ob/ob

Adrβ2osb-/-

Adrβ2-/-

ob/ob;Bgp-/-

ob/ob;Esp-/-

ob/+;Adrβ2osb+/-

Adrβ2osb+/-;Atf4+/-

Esposb+/-;Atf4+/-

Crebosb-/-

A-ZIP/F-1

leptin deletion

fat specific overexpression of the A-ZIP/F dominant negative protein   

adrenergic receptor β2 deletion

osteoblast specific adrenergic receptor β2 deletion

leptin and osteocalcin deletion

leptin and Esp deletion

leptin and osteoblast specific adrenergic receptor β2 each one deletion

osteoblast specific CREB deletion

Atf4 and osteoblast specific adrenergic receptor β2 each one deletion

Atf4 and osteoblast specific Esp each one deletion

gene modification

60

45

30

15

0
2             4              8             

Age(week)

B
o

d
y 

W
ei

g
h

t 
(g

) WT (n=)
ob/ob (n=)
ob/ob;esp-/- (n=)

2.5

2.0

1.5

1.0

0.5

0

ob/ob  (n=3)

E
xp

re
ss

io
n

 r
el

at
iv

e
to

 W
T

 (
fo

ld
)

ucp2Gcg pdx1

ob/ob;bgp-/-  (n=3)
bgp-/-  (n=3)

WT  (n=3)

c-myc ccnd1 ccnd2 glut2 sur1 hk1 rab27a

2.5

2.0

1.5

1.0

0.5

0

ob/ob  (n=3)

E
xp

re
ss

io
n

 r
el

at
iv

e
to

 W
T

 (
fo

ld
)

Gcg pdx1

ob/ob;Esp-/-  (n=3)
Esp-/-  (n=3)

WT  (n=3)

c-myc ccnd2 sur1 hk1 rab27a

Atf4-/- Atf4 deletion

Supplementary figure 1

WT (n=7)
ob/ob (n=10)
ob/ob;Ocn-/- (n=5)

40

30

20

10

0

50

c-
p

ep
ti

d
e 

(n
g

 m
l-1

)

***

1.0

0.8

0.6

0.4

0.2

0

WT (n≥5)
KO (n≥5)

In
su

lin
 (

n
g

 m
l-1

)

M1R M2R M3R M4R M5R

A

300

200

100

0

H
A

-l
o

w
-a

ff
in

it
y

o
st

eo
ca

lc
in

 (
%

)

WT 
Ggcx-/- 

400

Eco RI Kpn IKpn I Eco RI

5’ probe 3’ probe

Kpn IEco RI

Ex

Kpn I

 neo

Eco RI

Ex

Kpn I

 neo

Eco RI

Ex

B
2.5

2.0

1.5

1.0

0.5

0
2.8 mM

Leptin (n≥4)

In
su

lin
 s

ec
re

ti
o

n
(n

g
 is

le
t-

1 
h

-1
)

PBS (n≥12)

16.8 mM

 Figure S2

 Figure S4

 Figure S3

 Figure S5

1.25

1.0

0.75

0.5

0.25

0
Gck

E
xp

re
ss

io
n

 r
el

at
iv

e
to

 c
o

n
tr

o
l (

fo
ld

)

PBS  (n=3)
ISO (n=3)

Cdk4Ins2Ins1

 Figure S9

d

2.5

2.0

1.5

1.0

0.5

0
2.8 

Leptin (n≥5)

In
su

lin
 s

ec
re

ti
o

n
(n

g
 is

le
t-

1 
h

-1
)

PBS (n≥5)

16.8 (mM)

Lepr-siRNA

N.S.

N.S.

a

2.5

2.0

1.5

1.0

0.5

0
2.8 mM

ISO (n≥8)

In
su

lin
 s

ec
re

ti
o

n
(n

g
 is

le
t-

1 
h

-1
)

PBS (n≥8)

16.8 mM

Phenylephrine(n≥8)
Clonidine (n≥8) 

N.S.

N.S.

 Supplemental figure S6

1.25

1.0

0.75

0.5

0.25

0
Gck

E
xp

re
ss

io
n

 r
el

at
iv

e
to

 c
o

n
tr

o
l (

fo
ld

)

PBS  (n=3)
ISO (n=3)

Cdk4Ins2Ins1

b

No. of 
pups

ob/ob

ob/ob;
Esp-/-

% of
total

Geno-
type

ob/+;Esp-/-

ob/+ x ob/+

17/143

34/156 21.8

11.9
ob/+;Esp-/-

x

5

4

3

2

1

0

Osteocalcin (n≥3)

E
xp

re
ss

io
n

 r
el

at
iv

e
to

 c
o

n
tr

o
l (

fo
ld

)

PBS (n≥3)

4h

**

2h 8h

 Supplemental figure S7

a

 T
o

ta
l o

st
eo

ca
lc

in
 (

n
g

 m
l-1

)

160

120

80

40

0

200 *

1.25

1.0

0.75

0.5

0.25

0B
g

p
 E

xp
re

ss
io

n
 in

 b
o

n
e

 r
el

at
iv

e 
to

 c
o

n
tr

o
l (

fo
ld

)

Bgp

L

α1(I)-Atf4 (n=4)
WT (n=4)

Atf4-/- (n=4)
α1(I)-Atf4;Atf4-/- (n=4)

* #

A

control (n=7)
α1(I)-Atf4 (n=7)
α1(I)Cre;Atf4fl/fl (n=5)

Supplemental figure 5
Level of osteocalcin in mutant mice. Serum total osteocalcin level in α1(I)Collagen-Atf4 and α1(I)Collagen-Cre;Atf4fl/fl mice.



Supplemental figure 6
Serum uncarboxylated osteocalcin levels in Esp+/- and Esp+/-; Atf4+/-  mice.
Error bars, mean + SEM. *: P<0.05
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Table S1 Insulin sensitivity analysis of eight week-old Atf4osb -/- mice analyzed by

hyperinsulinemic-euglycemic clamps.

Genotype Control (n=3) Atf4osb -/-  (n=3)

Body weight (g) 25.0 ± 1.1 20.0 ± 0.3*

Basal glucose (mg/dl) 120.0 ± 12.7 94.7 ± 9.0

Clamp glucose (mg/dl) 101.7 ± 8.7 118.0 ±14.0

Glucose infusion rate (mg/kg/min) 47.2 ± 4.2 69.3 ± 2.5*

Basal hepatic glucose production (mg/kg/min) 10.4 ± 0.8 13.2 ± 0.9

Clamp hepatic glucose production (mg/kg/min) 2.4 ± 1.1 0.6 ± 1.6

Liver action (%) 77.5 ± 11.2 90.5 ± 9.0

Glucose turnover (mg/kg/min) 49.6 ± 4.2 69.9 ± 3.0*

Whole body glycolysis (mg/kg/min) 32.9 ± 7.6 28.2 ± 1.6

Glycogen synthesis (mg/kg/min) 16.7 ± 7.2 41.7 ± 4.3*

*: P < 0.05
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