
TA EDL SOL

hSesn1

Se
sn

1 
/  

Tu
bu

lin

Freq(Hz) Freq(Hz)

0

50

100

150

200

250

Sesn1

Tubulin

Freq (Hz)

0 50 100 150
0

50

100

150

200

250

0 50 100 150
0

50
100
150
200
250

0 50 100 150
0

50

100

150

200

250

0 50 100 150
0

50

100

150

200

250

Bo
dy

 w
ei

gh
t (

g)

W
ei

gh
t (

m
g)

GC EDL

0

5

10

15

20
SOL

*

(T
PM

)

0

1

2

3

Sesn1
Sesn2
Sesn3

ba

c

e

g

Freq (Hz)

R
el

at
iv

e 
m

R
N

A
   

ex
pr

es
si

on

m
R

N
A 

ex
pr

es
si

on
Sesn1WT

Sesn1SkM-Tg Sesn1SkM-Tg

Sesn1SkM-Tg

Sesn1SkM-Tg

Sesn1WT

Sesn1WT

Sesn1WT

Sesn1WT

Sesn1WT

Sesn1WT

Sesn1WT

Sesn1WT Imm

Sesn1WT Imm

Sesn1SkM-Tg

Sesn1SkM-Tg

Sesn1SkM-Tg

Sesn1SkM-Tg Imm

Sesn1SkM-Tg

Sesn1SkM-Tg Imm

Ab
so

lu
te

 fo
rc

e
   

 E
D

L 
(m

N
)

Ab
so

lu
te

 fo
rc

e
 s

ol
eu

s 
(m

N
)

M
ax

 s
pe

ci
fic

 fo
rc

e
   

  (
m

N
 m

m
-2
)

**

h

0
20
40
60

80
100
120

Sesn1WT

Sesn1WT Den
Sesn1SkM-Tg

Sesn1SkM-Tg Den

C
SA

 (%
 o

f b
as

al
)

*

*
i

Sesn1WT

Sesn1WT Den
Sesn1SkM-Tg

Sesn1SkM-Tg Den

Ab
so

lu
te

 fo
rc

e
   

 E
D

L 
(m

N
)

*

*

Ab
so

lu
te

 fo
rc

e
 s

ol
eu

s 
(m

N
)

Ab
so

lu
te

 fo
rc

e
 s

ol
eu

s 
(m

N
)

d
Sesn2

0.0

0.5

1.0

1.5 Sesn3

0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
   

ex
pr

es
si

on

Sesn1WT

Sesn1SkM-Tg

0
2
4

100000
150000
200000
250000
300000

0.0

0.5

1.0

1.5

2.0

2.5

0

10

20

30

40

50

0
25
50
75

100
125
150
175

0

5

10

15

20

0
50

100
150
200
250
300

f

0
2
4
6
8

10
12 Sesn1WT

Sesn1WT Imm
Sesn1SkM-Tg

Sesn1SkM-Tg Imm

%
 A

re
a 

Si
riu

s 
R

ed *
*

**

j

0

50

100

150

M
yo

nu
cl

ei
 / 

10
0 

fib
er

s

Sesn1WT

Sesn1WT Imm
Sesn1SkM-Tg

Sesn1SkM-Tg Imm* *

kDa

55

55

Supplementary Figure 1. Functional characterization of muscles from Sesn1SkM-Tg mice
a, RNAseq-determined Sesn1-3 mRNA expression levels in skeletal muscle of young mice. b, qPCR (left) and Western 
blot analysis and its quantification (right) of human Sesn1 mRNA and protein expression respectively in skeletal muscle 
from Sesn1WT and Sesn1SkM-Tg young mice (4 months old). c, qPCR analysis of Sesn2 and Sesn3 expression in TA muscles 
of Sesn1WT and Sesn1SkM-Tg young mice. d, Body and muscle weight of young Sesn1WT and Sesn1SkM-Tg mice. e, Force-fre-
quency curves of EDL and soleus muscles from Sesn1WT and Sesn1SkM-Tg mice in basal conditions. f, Quantification of 
Sirius Red staining of TA muscle sections from young Sesn1WT and Sesn1SkM-Tg mice in basal state and 10 days post-im-
mobilization. g, Force measurements in soleus muscles of Sesn1WT and Sesn1SkM-Tg mice in basal conditions and after 10 
days of limb immobilization. Charts show force-frequency curves (left) and maximum specific force (right). h, Myonu-
clei number in TA muscles from Sesn1WT and Sesn1SkM-Tg mice in basal conditions and after 10 days of immobilization. i, 
Mean fiber CSA of TA muscles from Sesn1WT and Sesn1SkM-Tg mice in basal conditions and at 10 days post denervation. 
Results are expressed as percentage of CSA in basal conditions. j, Force measurements in EDL muscles of Sesn1WT and 
Sesn1SkM-Tg mice in basal conditions and after 10 days of denervation. All data are shown as mean with SEM. Compari-
sons by paired (i) or unpaired (others) Student t-test (*p<0.05 and **p<0.01). TA, tibialis anterior; SOL, soleus and GC, 
gastrocnemius. N=5-7 mice per genotype for e, n=3-4 mice per group for f and h, n=3-7 animals per group for g and 
n=4-6 mice for i-j. Source data are provided as a Source Data file.
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Supplementary Figure 2. Functional characterization of muscles from Sesn2SkM-Tg mice
a, Western blot and quantification of Sesn2 protein levels in skeletal muscle from Sesn2WT and Sesn2SkM-Tg mice. b, 
Body and muscle weight of young Sesn2WT and Sesn2SkM-Tg mice (4 months old). c, Force-frequency curves of EDL and 
soleus muscles from Sesn2WT and Sesn2SkM-Tg mice in basal conditions. d, Force measurements in soleus muscles of 
Sesn2WT and Sesn2SkM-Tg mice in basal conditions and after 10 days of limb immobilization. Charts show force-frequen-
cy curves and maximum specific force. e, f, Western blot analysis and quantification of Sesn1 and Sesn2 expression in 
TA muscles transduced with AAV-Sesn1 (e) or AAV-Sesn2 (f). g, Mean myofiber CSA in TA muscles transduced with 
AAV-Sesn1C130S or AAV-Control and immobilized for 10 days. All data are shown as mean with SEM. Comparisons 
by unpaired Student t-test (*p<0.05). Sample numbers were n=3-5 mice per group for c-d, n=3 animals for g. Source 
data are provided as a Source Data file.
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Supplementary Figure 3. Functional characterization of muscles from Sesn1KO mice
a, Representative Western blot showing Sesn1 protein levels in WT and Sesn1KO mice. b, Representative H/E staining 
pictures of TA muscle sections from WT and Sesn1KO mice (left), quantification of mean myofiber CSA (center) and 
myofiber-size frequency distribution (right panel). Scale bar=50 µm. c, Body weight of young WT and Sesn1KO mice.
d, Force-frequency curves of EDL and soleus muscles from WT and Sesn1KO mice in basal conditions. e, qPCR 
analysis of Sesn2 and Sesn3 mRNA expression in skeletal muscle from WT and Sesn1KO mice. f, Percentage of type 
I, IIA/IIX, and IIB fibers, based on myosin heavy chain (MHC) expression, in TA muscle sections from Sesn1WT 
(top) and Sesn1SkM-Tg mice (bottom) in basal conditions and after 10 days of immobilization (left). CSA of type 
IIA/IIX and IIB fibers in basal conditions and after 10 days of immobilization (right). g, Mean CSA of type IIA/IIX 
and IIB fibers in TA muscles from WT and Sesn1KO mice in basal conditions and after 10 days of immobilization. All 
data are shown as mean with SEM. Comparisons by unpaired Student t-test (*p<0.05). Sample numbers were n=5-7 
mice for b-d and n=3-5 mice per condition for f-g. Source data are provided as a Source Data file.
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Supplementary Figure 4. Sestrin regulates the expression of critical atrogenes in disused muscles
a, Unsupervised hierarchical clustering heat map of normalized gene expression in 3-day immobilized TA muscles 
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Selected clusters are shown. Cluster A/B shows genes downregulated/upregulated in immobilized WT muscles 
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gene set (defined in a) and a full set of genes implicated in proteostasis pathways32. The bar chart shows sestrin-regu-
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Supplementary Figure 5. Sestrin regulates the expression of proteasome-related genes in atrophying muscles
a, Quantification of the Western blot analyses of FoxO1, FoxO3 and AKT phosphorylation levels  in muscles of WT 
mice in basal conditions and after 3 days of immobilization. b, Atrogin1, MurF1, and cathepsin L mRNA levels in 
muscles from Sesn2WT and Sesn2SkM-Tg mice in basal conditions and 3 days post-immobilization. c, Luciferase activity in 
TA muscle homogenates from Sesn1WT and Sesn1SkM-Tg mice electrotransferred with the FHRE-luciferase reporter 
plasmid and immobilized for 3 days. d, Atrogin1, MurF1, and cathepsin L mRNA levels in muscles from WT and 
Sesn1KO mice in basal conditions and 3 days post-immobilization. e, Mean fiber CSA of TA muscles from WT mice 
treated with vehicle or the proteasome inhibitor bortezomib in basal conditions and at 10 days post-immobilization. f, 
mRNA expression levels of FoxO1,3,4 in skeletal muscle from FoxO1,3,4WT and FoxO1,3,4SkM-KO mice. All data are 
shown as mean with SEM. Comparisons by paired (c) or unpaired (others) Student t-test (*p<0.05). Sample numbers 
were n=3-7 mice per group for b and d, n=3-6 mice for c, n=4 mice per condition for e and n=3 mice for i. 
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Supplementary Figure 6. Sestrins inhibit mTORC1 and maintain autophagy in disused muscles
a, Western blot analysis of S6 and ULK1 phosphorylation in TA muscles from WT and Sesn1KO mice in basal condi-
tions. b and c, Western blot analysis and quantification of LC3I and LC3II content in TA homogenates from Sesn2WT 
and Sesn2SkM-Tg mice in basal conditions (b) and after 3 days of immobilization (c). The right chart shows the fold 
increase in LC3II content in colchicine (Colch) treated versus vehicle-treated mice (autophagic flux). d, Western blot 
analysis of LC3I and LC3II in homogenates of WT and Sesn1KO TA muscles in basal conditions. e, Western blot analysis 
of AMPK phosphorylation in muscles transduced with AAV-Sesn1 or AAV-Control in basal conditions. f, Western blot 
analysis of mTORC1 signaling activation in TA muscles electrotransferred with control short hairpin (sh) and sh against 
TSC2 (shTSC2); blots were probed for phosphorylated p70S6K and S6 and total S6. All data are shown as mean with 
SEM. Comparisons by paired unpaired Student t-test (*p<0.05). For b-d values were normalized to control vehicle 
conditions. Sample numbers were n=3-4 animals per condition for a-c and f, n=4 mice for e and n=5 mice for d. 



Supplementary Figure 7. Autophagy induction prevents disuse-induced muscle atrophy
a, Western blot analysis of mTORC1 inhibition and autophagy induction in WT mice treated with rapamycin or vehicle 
(DMSO); blots were probed for phosphorylated and total S6 and LC3. b, qPCR analysis of Atg7 overexpression in WT 
TA muscles electrotransferred with a plasmid encoding Atg7 and then immobilized for 10 days. c, Mean myofiber CSA of 
fibers from TA muscles of WT mice treated as in h. Right panels show representative confocal images of TA muscle from 
LC3-GFP mice electrotransferred with a plasmid encoding Atg7 and treated with colchicine to assess autophagosome 
accumulation. Scale bar=10 µm. d, mRNA expression levels of Atg7 in skeletal muscle from Atg7WT and Atg7SkM-KO mice. 
e, Quantification of Sirius Red staining of TA muscle sections from 24 month-old WT mice transduced with AAV-Sesn1 
for 28 days. f, Number of myonuclei in TA muscle of old mice transduced with AAV-Sesn1 for 28 days. All data are 
shown as mean with SEM. Comparisons by paired (e) or unpaired (others) Student t-test (*p<0.05). Sample numbers 
were n=3-4 animals per condition for a-d, n=4 mice for e and n=5 mice for f. 
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