iScience, Volume 25

Supplemental information

Shared and unique phosphoproteomics responses in
skeletal muscle from exercise models

and in hyperammonemic myotubes

Nicole Welch, Shashi Shekhar Singh, Ryan Musich, M. Shahid Mansuri, Annette
Bellar, Saurabh Mishra, Aruna K. Chelluboyina, Jinendiran Sekar, Amy H.
Attaway, Ling Li, Belinda Willard, Troy A. Hornberger, and Srinivasan Dasarathy



N
TR‘R@edla

X&V Phospho Log Ratio
vv\ 6.131 Q811B1
-5.346 Q811B1

Phospho Log Ratio .
-3.186 Q3USBY7 —Syataxin N

Ravit
— ,BL/C\LQ
- P
N4
thymidine kifiase \ \\
2 oy AN
~~o N 14KB
IS~ A N\
histone deacetylase
e\
Nl
C@rin
~
SUMOZUbcS E2
Phospho Log Rati
-5.819 Q9WV06
-4.586 Q9WV06
Phospho Log Ratio
-2.409 Q9DB52
-2.278 Q9DB52
PKC alpha/beta
&
P .
24hAmAc MED13L= Phospho Log Ratio
2.532 Q6JPI3
2 .
v
TRAwedla
Phospho Log Ratio
-3.289 Q62504
4.198 Q62504
XYLT4,| Phospho Log Ratio 4.186 Q62504
-6.059 Q811B1
Phospho Log Ratio
P/c\u -3.368 Q3USB
Phospho Log Ratio }}/ Sy@in /r\\
-2.399 Q3UHF7 / Ly
i Rébi1

Y eal
thymld@kl{@s\e\

~< \

o\
N-C@/henn

\

Phosphtl) Log Ratio
-2.159 E9Q394

-~
atio
35

o6

PABI

PIQ}(B Phospho Log Ratio
-0.805 Q8BKC8

S.Fig 1



>

B. S. Fig 2

24h AmAc

10 NS
r’=0.01 24h AmAc 24h AmAc
hospho- roteomics
n b
o . proteomics
S H
[e L4 ° °
22
L]
% .
o -3 . s 6 Phosphoprot.
-§g o e . [ ] Proteomics
L
-g ¢ ° ° +1
o
’ Pdhat——
-10
Sic9a3r1 I
24h AmAc
Proteomics
(log,ratio) Zc3h18—
Pathways enriched in proteins -log(p-value) Srsf6
regulated at phosphoprotein level only 1 2 3
Role of BRCA1 in DNA Damage Response Rtn4
Hereditary Breast Cancer Signaling m—— |
Ribonucleotide Reductase Signaling
Glucocorticoid Receptor Signaling m—— H1-1
CREB Signaling in Neurons m— ]
SPINK1 Pancreatic Cancer Pathway m—
DNA Methylation and Transcriptional Repression Signaling Rrp9|:
Molecular Mechanisms of Cancer m——
Regulation of the Epithelial Mesenchymal Transition by Growth Factors ms
Regulation of the Epithelial-Mesenchymal Transition Pathway s Atp2b1 —
Hyoul———
H1-5—
I—
Macf1
Histth2bp——
Stx7
Pathways enriched in proteins Jlog(p-value
regulated at protein level only ¢ 10 v 23 30 Thrap3———
EIF2 Signaling
Calcium Signaling a— Rp56|:
Dilated Cardiomyopathy Signaling Pathway su——
Actin Cytoskeleton Signaling uu—8 Actn3——
Oxytocin Signaling Pathway e
Regulation of elF4 and p70S6K Signaling s Snd1 1
RHOGDI Signaling s
BAG2 Signaling Pathway pums Tnks1bp1
CLEAR Signaling Pathway e
Phagosome Maturation pus Mta2 —




S.Fig 3

A. 6hAmAc Unique DEpP
IPA canonical pathway enrichment o-log(%-\éalue)1 6
Inhibition of Matrix Metalloproteases|——————— ]

White Adipose Tissue [
Browning Pathway

Enrichment

DAVID functional annotation | scores

DAVID functional annotation Cluster 1

I TRAF3 interacting protein1 (Traf3ip1)
Pericentriolar material 1 (Pcm1)

[ [ septin 11 (Sept11)

Dystonin (Dyst)

Kinesin light chain 1 (Kic1)

Cortactin (Cttn)

FERM, RhoGEF (Arghef) and plekstrin domain protein 1 (Farp1)

u Plekstrin homology domain containing, family H member 2(Plekhh2)

u microtubule-associated protein 1B (Map1b)

[ Present in this cluster
[l Not present in this cluster

RAS, guanyl releasing protein 2 (Rasgrp2)
Nuclear receptor binding protein 1 (Nrbp1)
Ubiquitin specific peptidase 9, X chromoxome (Usp9x)

Cell projection/cytoskeleton (2.24)
Zinc-ion bindingd (1.35)
Microtubuld (1.18) oy L1911
WD40 repeaf (0.66)
Pleckstrin homology domain (0.64)
B. 24dhAmAc Unique DEpP -log(p-value)

IPA canonical pathway enrichment 0.0 0.8 1.6 24

Glucocorticoid Receptor Signaling 1
Role of BRCA1 in |
DNA Damage Response |

CREB Signaling in Neurons 1

DAVID functional annotation Cluster 1 [l Present in this cluster
[l Not present in this cluster
[ Xin actin-binding repeat containing 1(Xirp1)
.. Sorbin and SH3 domain containing 1(Sorbs1)
Il Septin 7(Sept7)

=

Paralemmin (Palm)

NIMA (never min mitosis gene a)-related expresed kinase 4 (Nek4)
Rho/rac guanine nucleotide exchange factor (GEF) 2(Akap12)
Kinesin family member 18B(Kif18b)

FYVE, RhoGEF and PH domain containing 6(Fgd6)

Formin binding protein 1-like(Fnbp1l)
Microtubule-associated protein 1 A (Mapla)

Chromodomain helicase DNA binding protein 4 (Chd4)
Microtubule-associated protein 4 (Map4)

Bicaudal D homolog 2 (Bicd2)

Cytoskeleton

Cell projection

Spectrin alpha, non-erythrocytic 1(Sptan1)
Heat shock protein 90 alpha (cytosolic), class B member 1(Hsp90ab1)
Myosin, heavy polypeptide 9, non-muscle(Myh9)

Catenin (cadherin associated protein), alpha 1(Ctnna1)

Catenin (cadherin associated protein), delta 1(Ctnnd1)

Reticulon 4(Rtn4)

NOPS56 ribonucleoprotein(Nop56)

Drebrin 1(Dbn1)

Eukaryotic translation initiation factor 4, gamma 1(Eif4g1)

Cobl-like 1(CoblI1)

Talin 1(TIn1)

La ribonucleoprotein domain family, member 1(Larp1)

STE20-like kinase(Slk)

Ataxin 2-like(Atxn2l)

PTPREF interacting protein, binding protein 1 (liprin beta 1)(Ppfibp1)
Staphylococcal nuclease and tudor domain containing 1(Snd1)
Septin 2(Sept2)

Leucine rich repeat (in FLII) interacting protein 1(Lrrfip1)

Filamin, beta(FInb)

Thymopoietin(Tmpo)

Eukaryotic translation elongation factor 1 delta (guanine nucleotide exchange|
protein)(Eef1d)

Enolase 1, alpha non-neuron(Eno1)

|| Tankyrase 1 binding protein 1(Tnks1bp1)
] Tight junction protein 1(Tjp1)
I Ribosomal protein L15(Rpl15)
|| Serpine1 mRNA binding protein 1(Serbp1)
|| Myosin phosphatase Rho interacting protein(Mprip)
|| Plectin(Plec)
... Parvin, alpha(Parva)
L Cell-cell adherens junction
Cadherin binding involved in cell-cell adhesion
Cell-cell adhesion
Enrichment
DAVID functional annotation | scores
Cell-cell adhesion | (1.94)
Calmodulin-binding | (1.09)
G-protein coupled signaling | (0.80)
Zinc-ion binding | (0.76)
Protein serine/threonine/tyrosine kinase activity | (0.71)
Immunoglobulin-like domain | (0.69)
Pleckstrin homology domain | (0.62)
PWWP | (0.62)

C. 6h and 24hAmAc Shared -log(p-value)
IPA canonical pathway enrichment 0.0 0.8 1.6
Axonal guidance signaling[——————————]
Assembly of RNA polymerase Il complex ——————

Glycoaminoglycan-protein IEEERERRRE=ERR|
linkage region biosynthesis

DAVID functional annotation Cluster 1 [ Present in this cluster

[l Not present in this cluster

W Rho guanine nucleotide exchange factor (GEF) 12 (Arhgef12)
| Breakpoint cluster region (Bcr)
| Rho guanine nucleotide exchange factor (Arhgef7)
| SH3 binding domain protein 5 like (Sh3bp51)
" Phospholipase C-like (Plcl1)
Myosin IXa (Myo9a)
Il Akinase (PRKA) anchor protein 13 (Akap13)

n
n
F 0 Tensin 2 (Tns2)

TProtein kinase C, alpha (Prkca)
Intracellular signal transduction

C1
Protein kinase C-like,
Phorbol ester/diacylglycerol binding

Enrichment
DAVID functional annotation | scores
Protein kinase C-like phorbol ester/diacylglycerol binding | (1.70)
Pleckstrin homology domain/
intracellular signal transduction | (1.56)
SH3 domain | (1.21)
mRNA splicing | (1.01)
Ankyrin repeat-containing domain | (0.66)
C2 caldium-dependent membrane targeting | (0.64)
Cell differentiation | (0.62)
Rho GTPase activator activity | (0.60)




AL 123456789
= _ N

e e

CDC25C
ITPR3

123456789

PPP1R14C
TNNI1
PDE2A
ADCY8
ADCY7
SMO
CREB3L1
FLNC

CONSOORWN=

C2C12 ATACseq 3hAm vsUnT
C2C12 ATACseq 24hAm vsUnT
C2C12 RNAseq 3hAm vs UnT
C2C12 RNAseq 24hAm vs UnT
C2C12 Proteomics 3hAm vs UnT
C2C12 Proteomics 24hAm vs UnT
Mouse RNAseq Am vs PBS
Mouse Proteomics Am vs PBS
Human RNAseq CIR vs CTL

Iog;atic:’o q b

123456789

1. C2C12 Phosphoproteomics 6hAm vs UnT
2. C2C12 Phosphoproteomics 24hAm vs UnT

Iogzratioh
1

S.Fig 4

”,

o0 WUnT
6hAm 2
24hAm



A. CDKs
[ e ———
= == mUnT LA
1 = H6hAm pP |,
e e . W24hAm pP
o — H —
i ==
“s{‘ + “»1" IE  —
€ = € =
B. Polo-like kinase munT LA
signaling m6hAmpP _,
n el —
HEE [
Hsp90ab1 S261 Hsp90ab1 S261
I Smc3_S1067 Smc3_S1067
& Siogme 0 ISt
Anapcd S777 Anapcd S777
Anapc4”S779 + Anapc4”S779
Cdc23 5588 Cdc23_S58
Cdc23-T596 Cdc23_T596
i g B e
KIf23-S425 [E Kif23_S423
SIk-5348 zc Sik-5348
:é{!a_pzc’l‘ .38217347 :F Anapc’l‘ ’:;5217347
a S <
Hapb0aby 255 F Hapb0abl S255
Sl e
Hepoob1 '$306 W Hepoobt 'S306
O
Hsp90ab1_S226 ||| Hsp90ab1_S226
9 ~S255 ||| 90ab1-5255
3737 -5231
7 ‘ 7
mc.
el =
Kif23 S155 KifZ3 5155
G S B e
EE iz o
i3 S = Kif23 586
= HspdUbi S447 | ‘ HspdUb1 S447
= T \ Sik S64T

D. HIPPO signaling
I 2= 00020 ; m6hAm pP
— : m24hAm pP
. |
hr= Li
E
= ==

T

S.Fig 5

o~

- - - (.

C. ST v e @ Tl S
- - -l JFu.e BN I3+ Aot
3 RE 2N B8RRI 0B o !
™ aOmmNs N N =T - -0
8 SI“"” 86 wﬁ 3 § ? °"I'-"nlml.g- "’l"l'% ﬁlg glzl'-'g 5 § T ?’é ]
"“"’vIENINvI""”N'gggﬁ Fosao?8s3nrFnad
NePNece I¥NpEX THeSanx |l lo=0nk-
~ .t oE®as e E%N 2Pt 25 QR EQ =S5 P
1 25888088 0gxcsa 808 GE00XaES
0o oNa<AXFFNOOS-I<Fa<OFIOLAMAA -
Gys1.8653_1,/////////7//NNNNNANNNNNANNANNNNNNN
Pxn_S302_1,//// /7 /77 /NNNNNNNNNNNNNNNANNNN
PtonT4_S594_1,// ./ / / /7 7/ NSNNNNNNNNNNNNANNNNNN
Braf_$135_1.///// 7/ /NNNNNNNNNNNNNANNNNNN
Ptpn12_S608_1."//.////NNNNNNNNNNNNNNNNNNN
Akapi2_8631_1.//////NNNNNNNNNNNNUNNNANNNN
Ptoni4_S593_1 /////Z NNNNNNNNNNNNNANNNNN
Kif23_5423_2 /7 / /NNNANNNN NN NN
A __Tns2_5832_1 ./ /NNNNNANN NN
TGFB1 Tgfbrz_5576_1 ./ NNNANNNNNNNNNNNNNNN
siCS348-2 L NNNNINNNNNNNNNNNNNNN
SUK* 1 Camk29 13821/ //////// /S /7 /7
D Camk2g_S384 1./ /// 7/ / /S /7 /77
CHEK2 S Map2k2_S295 1./ // /7 // /S ALl / /S
Tns2.T1031./ /S S /S /A, S /S
RLK Akap13_ 8121817/ / /S /S /S S/ /77
Ttn_S814 1./ //// /S /S S/
Ptoni2_8434 1./ ////////////
Akap13_T24311./// /7 /7 / /S /S
Stag2_S337. 2/ /S / /S S
Ttn_ 52641/ ////////
Hsp90ab1_S445 2 ./ // /7 / /7 /
amk2g _T388_1 ./ /// /7 /7
Finb_S1505 1 ///////
Pic1_T557 1 . /////
PIci2_T585_1 ./ ////
Prkca_T11.1.////
Ppp1r7_S24 1./ /
Ttn_S$33861_1."/
Ttn_T33859_1.

QU ezR
REK

ESPL1-PTTG1
ésﬁm:@z
SM@%PM
2 E. HIF1asignaling HUNnT 'ﬁ
0 m6hAmpP
=== 2énm P




S.Fig 6

PKA Signalin‘ PKA Signalin|

Synaptogenesis Synaptic long-term
potentiation

Synaptic long-term

Potentiatioun“

nsulin receptor Insulin receptor
signaling signaling

PKA Signaling

Synaptic long-term

Isrg:glr;r:geceptor potentia

Synaptogenesis Synaptogenesis

Synaptogenesis Synaptic long-term
otentiation

9%9

) - Insulin receptor . - Insulin receptor
PKA signaling signaling PKA signaling signaling?



A.

Category
UP:Keywords
UP:Keywords
UP:Keywords
UP:Keywords
KEGG Pathway
GO:MF

GO:BP

GO:CC

GO:BP

GO:MF

GO:BP

GO:BP

GO:CC

GO:BP

GO:BP

KEGG Pathway
UP:Keywords
GO:MF

KEGG Pathway
UP:Seq Feature
UP:Keywords
UP:Seq Feature

B.

Category
UP:Seq Feature
GO:BP

C.

Category
UP:Keywords
GO:BP
UP:Seq Features
Go:CC
GO:MF
GO:BP
UP:Keywords
Go:CC
GO:MF
GO:MF
UP:Keywords

D.
Category
GO:MF
GO:MF
GO:BP

E.

Category
UP:Seq Feature
UP:Keywords
GO:MF
Interpro
GO:CC
Interpro
GO:CC
Interpro
UP:Keywords
SMART
GO:MF
SMART
UP:Keywords
UP:Seq Feature
GO:CC
GO:CC
UP:Keywords
GO:CC
UP:Seq Feature
GO:MF
GO:CC
GO:CC
Interpro
Interpro
GO:CC
GO:MF
GO:CC
UP:Keywords
GO:BP
UP:Keywords

Cluster 1. Persistent increase
Term
Synapse
Transcription
Cell junction
Transcription regulation
mmu04510:Focal adhesion

GO0:0001077~transcriptional activator activity, RNA polymerase I

core
promoter proximal region sequence-specific binding
G0:0008285~regulation of cell proliferation

G0:0030054~cell junction

G0:0007026~regulation of microtubule depolymerization
G0:0042826~histone deacetylase binding
G0:0006351~transcription, DNA-templated
G0:0030155~regulation of cell adhesion
G0:0043197~dendritic spine

GO0:0030900~forebrain development

G0:0006355~regulation of transcription, DNA-templated
mmu04810:Regulation of actin cytoskeleton
Guanine-nucleotide releasing factor

G0:0003677~DNA binding

mmu04022:cGMP-PKG signaling pathway repeat:3
Synaptosome

zinc finger region:Phorbol-ester/DAG-type Repressor repeat:1

Cluster 2. Late increase
Term
Compositionally biased region: Pro-rich
Response to food

Cluster 3. Late decrease
Term
Acetylation
G0:0098609~cell-cell adhesion
short sequence motif:Nuclear localization signal
G0:0005913~cell-cell adherens junction
G0:0098641~cadherin binding involved in cell-cell adhesion
GO0:0035264~multicellular organism growth
Citrullination
G0:0005737~cytoplasm
G0:0044822~poly(A) RNA binding
G0:0003779~actin binding
Chromosome

Cluster 4. Transient change

protein binding
protein domain specific binding
regulation of transcription, DNA-templated

Cluster 5. Persistent decrease
Term
compositionally biased region:Pro-rich
SH3 domain
G0:0098641~cadherin binding involved in cell-cell adhesion
IPR001452:Src homology-3 domain
G0:0005913~cell-cell adherens junction
IPR019787:Zinc finger, PHD-finger
G0:0030426~growth cone
IPR001965:Zinc finger, PHD-type
Cell junction
SM00326:SH3
G0:0051015~actin filament binding
SM00249:PHD
Actin-binding
compositionally biased region:Ser-rich
G0:0005886~plasma membrane
GO0:0031674~I band
Alternative promoter usage
G0:0005622~intracellular
zinc finger region:PHD-type
G0:0003779~actin binding
G0:0043197~dendritic spine
G0:0030054~cell junction
IPR019786:Zinc finger, PHD-type, conserved site
IPR011011:Zinc finger, FYVE/PHD-type
G0:0042995~cell projection
G0:0005516~calmodulin binding
G0:0043005~neuron projection
Cell projection
G0:0035556~intracellular signal transduction
Calcium

-log(p-value)

1 3

o
N

-log(p-value)
1

‘|°
N

-log(p-value)
0 1 2

-log(p-value)
2 3 4

o

5

S.Fig7



8
10 r’=0.16*** ° r?=0.85***
gas ol ESD © .
© 2 e . -: ] (X3 .' £P%® - "r"
E aidiag i, 535 o
Qol-2 P - . 5 Zo0o-4 10
° =~ © 00.‘:
Daytime V ° .
-10 MIC -6 Daytime
180 887 ;
(log,ratio) exercise
(log,ratio)
7 r2=0.13* 3 r2=0.47%+
g~ “ees o
En.0 ¢ — . 00
E § E . . . E é ? ‘:’.: .
589 aiem. . 3L &
z°2 S IR R $% 510 — . 15
-1 4 &2 ot
E mic Treads e 2 xercise
(log,ratio) (log,ratio)
3 . r2= 0.26*** 25 | 17=0.44"
— " : _ .
=X = ':or. e =X73 g .
.2 . ® 3 LY © 9 N
Eexg . i&ﬁ‘mw* . Eex SR
© 2 = -2 . . R © 2 . i .
o fﬂ =4 .ot'- L [ l°D o 4 )
|: ‘\D’ g— lad -. ; 9:0, - oy ° . 10
o . :a. .
Tread (9 -3 MIC -115 Nighttime
(log,ratio) Tread time  exercise

(log,ratio)

S.Fig 8



A.

502 %
Ankrd2_317
Naca_1271

oIN
awnfeq
awmybIN

e

(xew 9,69)
wpeai}

JIN
awnheq
awmyBIN

Ppp1r7_45
Aspscr1_279
Ogfr_403
Dffa_28
RCSD1_83

PKA signaling
12345

PL
PPP1R12A
LIPE

PXN
PPP1R11
PPP1R14B
RAF1

e

PHKB
KRKARZB

AKAP12

PPP1R14A
PPP1R3C
PTPRC

| H1-2
PRKCD

FLNB
ﬂ MAP2K1
8A

3
SIX
2
o

A
39329302
() >x

b et

N

———r T 1
WU UUUSTVOUTUTTY
>>IOTVD grs

v W
N W
-

PALM2AKAP2
PRKD3

| PDE6C

, PRKACB
H1-1
PTPRQ

B. Iogzratio_s!2 y
Did not reach expression threshold
1. Human exercise
2. MIC
3. Nighttime exercise
4. Daytime exercise
5. Treadmill (65% max.)

p38 MAPK signaling SNARE signaling

12345
= APT MYH4
— HMGN1 0 MYL2
J— CREB1 B MyHe
— EF2K ! MYL1
— RPS6KB1 — CANMK2B
T— NK1 — CAMK2G
i RPS6KB2 — CACNB1
- RPS6KA3 — YH7
PB1 i MYO18B
MAPKAPK2 ] DCY9
APK12 — CAMK2D
MAP2K4 YO18
f MAPK12 ] PRKAR1TA
M SPB YH9
MAP2K6 PRKAR2B
RAF6 SNAP29
I IRAK1 o GTA
ADD CAMK2A
. HSPB7 MYH11
MKNK2 H HSPAS
b EF2D YN1
I PLA2G4A n DNAJC5
F2A YH3
PLA2G4C o PRKAR2A
B2 RKAG
DAXX . YH2
RPS6KA2 i AMP
RPS6KA5 m CACNB4
i i MHY13
e A
r NFKB1 PRKACB
— ACA Hs
MYHa
NN Insulin secretion
U— YL2 signaling
i [ MYHe 12345
YH7 _— PDHA1
— YL1 — B CREB1
|| CREB1 E— CAMK2B
l—] PARVA AMK2
ACTA1 — EIF4EBP1
i Actn3 S6KB1
UN — MK2
3 IRS1 KCQ
| TOR RPS6KB2
PPP2R5A L[ TOR
PK1 L EIF4G1
oA A
YO18B ' LCL2
APK9 PRKAR1A
— MAP2K6 UR1
PPP1R12A ITPR1
ll MYH9 { RP14
il PXN PRKAR2B
! MYH3 ACNB1
i MAPK1 — EIF4G3
- CFL2 RKCA
FLNB CACNA1S
- MYH11 DGY9
L IRS2 - PRKCD
VviM SR3
LNA RKD1
TGFB1I1 CAMK2A
H TNNB1 APK1
ESK1 ABCC9
PPP2R3A L CRTC2
PPP2R5D EIF4EBP2
PPP1R14B - PRKAG
i ACTC PLCL1
MYH PLCB:
1 MAPK3 PRKAR2A
NBP1 | FYN
o e
ACTN3 ! AMP3
s SlcoAs
TMSB10 - AlP1
| MYH7B | SRP72
[ ST [ CACNBa
I
MYH8 [ DHX
. [ STAT5A
Synaptic long term KCNB1
potentiation signaling [ CHR
12345 pppiRy I ERIb?
" CREB1 RPS6KAS5
| — PPP1R3A | CNJ8
— e | EIF4G2
— caMion PRKACB
- RKC. . .
— PRKCQ APRIL signaling
= CAMK2G 12345
4 i PLCL2 N NFKB:
i PPP1R11 NFATC1
! PPPIR14B . UN
h PRKAR2B MARS4
u PRKAR1A u MAPK12
¢ MAP2K2 APK1
. ITER1 - NFATC2
A 51731'5'1 2A 4 BKE
h CAMK2A ; MR
— PPP1R1A
art PRKCD
! MAP2K1
CHF1
. PRKD1
i T PPP1R14A
t PPP1R3C
I MAPK3
{ PPP3CB
{ PRKAG2
1. PPP3CA
[ KC|
it PPP1R10
{ PPP3CC
U PLCB3
PPP1R3D
PRKAR2A
T PLC1
{ PRKACB
! PRKD3

Calcium signaling

AMPK sigSnaIing

123
myns —— 23#31BciDe
TNNI1 —— B CKM
MYL2 — EIFAEBP1
I MYH6 — EEF2K
I TRDN T RPS6KB1
CREB1 ] CACA
CAMK2B I FOX04
CAMK2D M CREBi1
YH7 PFKFB1
CACNB1  —— AKT1S1
CAMK2G I PRK
NFATCA1 TSC2
m1 f MTOR
ACTA1 | STIM1
TNNT3 — ACAC|
YL1 i MAPK14
MYO18A - S1
ATP2A1 [ ¢ MAPK1
NNI2 ] FKM
R1 - SMARCC1
PRKAR1A 1 LIPE
PRKAR! Yy PRKAA1
ITPR1 TSC1
MYH9 Folr GYS1
MYO18 RPTOR
CACNA1S T MAPK12
NNC2 1 FKL
YH3 PRKAR2B
ATP2A2 1
NFATC2 PRKAR1A
APK - K1
CAMK2A F2
ATP2B1 Ll PRKAB2
YH2 PP2R5A
ATP2B3 _ OFO1
MEF2D ADRB3
MYH11 CRTC2
MEF2A i IRS2
MAPK3 SMARCA4
CASQ1 CHRND
HDAC?2 r NOS3
ACTC1 PPM1G
CASQ2 L SMARCC2
HDAC1 SLC2A4
CHP1 PRKAG2
CHRND PPP2R5D
PPP3CC PRKAG3
PRKAR2A n ADRB2
CAMKK1 PRKAR2A
HDAC11 PPM1A
RKAG2 PPP2R3A
PPP3CB 1 PPM1J
PPP3CA EP300
DAC6 ! AK3
CACNB4 2
H m2 i PRKACB
YH1 B7A
L
PRKACB Autophagy
YHS signaling
MYH7B
EP300 12345 o
YH1 — W NERB
ATP2B2 [— m gRER
NCK 4 CDKN
ASPH e
— AKT1S1
'mTOI'R SQSTM1
signaling
12345 ¥V|';PK'2A A2
l EIF3B | OPTN
EIF4B o TSC2
RPS6KB1 IRS1
! MTOR
EIFAEBP1 ! MAP2K4
EIR4G1 1 PTO
AKT1S1 [ 1 MAPK12
RPS6KB2 AP2K
DGKZ PRKAR1A
EIF3A = PRKARZ2E
RPS6KA3 F1
RPTOR P14K2A
TOR HP1
IRS1 MAP2K1
PRKAA2 RNT
C2 FOXO1
| PPP2RSA  — NIP3
RKAB: GORASP:
EIF4G3 KAB
RKCA PPP2R5A
' ULK1 NAP29
A PRKCQ APK1
! EIR4EBP2 R
APK1 SC1
MAPK3 H RB1CC1
PRKAA1 | PRKAG2
C1 PPP3CB
PRKCD u MAPK9
FNBP1 TRAF6
RPS17 ATG2B
RKD1 ATGIA
RICTOR PPP3CA
RKCB A BIRCE
EIF3L MAPK3
RPS6KA2 IRS2
EIF3J DAPK2
RPS2 1 PRKAG3
PRKAG2 PPP2R5D
EIF3C PRKAR2A
PRKAG3 PPP3CC
PPP2R3) ATG2A
PPP2R5D [ PPP2R3A
PPM1J BAD
RPS6KAS5 [ RAB7A
PRKD PRKACB
RPS10 I PPM1J
EIF4G2 TFEB
| RIPK2
Glycolysis
signaling
12345
— "W GAPDH
= PKM
. ENOG
PGK1
- PGAM2
- PFKL
- FKM
ALDOA
TP
GPI
ENO1

S.Fig9

Tight junction
signaling

12345

MYH4

NFKB1

MYL2
| |

T TTI]

"

Circadian rhythm
signaling

1232 5EIF4EBP1
| CREB1

K
CAMK2B
PRKCQ
NOS1
CAMK2D
CAMK2G

AKT1S1
RPTOR

PR
RPS6KA5



-2 ;
A. AKAP munT 7 B. = S.Fig 10
6hAm 0 1. Human
-2 AKAP DPPS 2. Treadmill (65% max.)
ﬁlﬁ 24hAm =2 3. 24h AmAc
| 4. 6h AmAc
N Akap12_T583 -~ [ | Akap12_T583
Akap13-51613 Akap13_S1613 Akap12_282 2' g'c- .
Akap12_S631 Akap12_S631 Akan6. 380 - Daytime exercise
Akap13_S2365 Akap13_S2365 Akap1§ 631 7. Nighttime exercise
Akap13_S2361 Akap13_52361 A s
i Akap13_S1611 | Akap13 S16i11 AKAP1S So7
Akap8_S320 ap8_. —
Akagsjsssm Akap9_S3694 ﬁngisgg;_,
ﬁ Akap8_S325 ﬁ Akap8_S325 AKAPTS 252
] [ Akap8_S336 ] I Akap8_S336 Akap2 Sa20
Akap12Z_S1292 Akap12._S51292
= Akap12_T1648 || Akap12_T1648 AKAP1_S128
Akap12_S630 Akap12_S630 AKAP1_S107
Akap12_5584 [/ Akap12_8584 [ | Akap1_378
Akap13_S2308 Akap13_52308 E Akap13_1218
Akap13_S2692 t Akap13_52692 Akap13_2431
Akap13_S583 Akap13_S583 Akap6_1328
Akap12_T594 Akap12_T594 — Akap6_1651
Akap13_T2431 Akap13_T2431 Akap6_1816
Akap2_S740 Akap2_S740 Akap6_2251
Akap12_S598 Akap12_S598 . Akap12. 598
Akap13_51218 Akap13_S1218 T B Akap2 152
Akap13_S1077 Akap13_S1077 -
ﬁ H Akap12_5350 ﬁ H Akap12_S350 1 2 3 4 5 6 7
— Akap13_S583 1 Akap13_S583

C. Enriched pathways in DEpP shared in AmAc and exercise (by model)

6hAmAc
242AmAc
Mi -log(p-value
Daytime forced exercise J s
. Nighttime forced exercise ~ °-log(p-value)<1.3
. Treadmill (65%)
Human exercise
2 3 4 56 7 Canonical Pathway
..... Ferroptosis signaling pathway
. . [ - |mTOR signaling
..... Autophagy
- . .[&% . |Regulation of elF4 and p70S6k signal
. I ----- Chemokine signaling

= Noakwh=

5 e B HIF1a signaling

<« « - - - |Neuregulin signaling

< . <M. . .|ATMsignaling

i Ba E EIF2 signaling

« .. . . .|Axonal guidance signaling
------- G-protein coupled receptor signaling
....... Integrin signaling

3 BB Circadian rhythm signaling
------- ERBBA4 signaling

~~~~~~~ Protein kinase A signaling

D. DEpP by AmAc dataset shared with exercise
(24hAmAc representatitve)

. £
4. 5.

-log,,(padj)

| — —— —_—
GO:MF GO:BP GO:CC REAC
KEGG

ing

- [l Biotin-carboxyl carrier protein assembly

6hAmAc shared with exercise 24hAmAc shared with exercise

RNA binding
Cytoskeletal protein binding

Tubulin binding

Enzyme binding

Protein binding

Guanyl-nucleotide exchange factor activity
RNA splicing
mRNA processing

mRNA splicing

mRNA transport

RNA processing

mRNA metabolic process
Establishment of RNA localization
Cell death signaling via NRAGE, NRIF, and NADE

RNA binding
Calmodulin binding
Cytoskeletal binding

Actin binding
Structural constituent of muscle
Cadherin binding
Cell adhesion molecule binding
HIF1a signaling



Network 1

S.Fig 11

Network 2

Network 3

Network 4
6 ra2b

dhhc5
n nkrd2

ecﬂ




A. DEpP DPPS B. DEpP DPPS
Any AmAc Any AmAc Any AmAc Any AmAc
‘ .
Mouse Mouse Human Human
exercise exercise exercise exercise
C. DEpP 24hAmAc DPPS 24hAmAc
‘ I l Human A Human
6hAmAc, %v exercise 6hAmA W‘v exercise
D. DEpP 24hAmAc DPPS 24hAmAc
Mouse Mouse
6hAmA vv exercise 6hAmA vv exercise
v 894 v
Any mouse Any mouse
E. DEpP exercise DPPS exercise
'88 ql:’ ‘P !E’:’ Human
Any AmAg a l-)l(:l:::?:e Any AmA ‘ exercise
F. DEpP DPPS
300
[
N
(7]
=200
k]
k3]
@
4
i
£
100
0
mm Nighttime exercise

mm 6hAmAc
mm Daytime exercise
mm 24hAmAc

600 300 O
Set Size

L]
L] ]
s MIC .
s Human exercise ] ]H I
e Treadmill (65% max)

1500 750 O
Set Size

m 6hAmAc
m Nighttime exercise

Intersection Size

1000 |

500 |

m Daytime exercise
mm 24hAmAc
mm MIC
s Human exercise
e Treadmill (65% max) o

1

S.Fig 12
1166
856
657
385
138 71
112
I, T,
12718 47 12 4
Wi el s 2 2




o B | x
o
2 m y N
S
o O %
X o
o £ X R
c .= ﬂ
© -
Eos_| &f
I=SZ% W_w
s X OD> E X'®
c o
o BN
e B ¢
g% .
5 E 4
25| %
o MAv—nl.v X =X
<0%F
ELE x L%
< EES XX
<E X_ X
=135 =
Sc0o mvm_
NEfa) X By
o 4+
g7
<o
X®
B X
= %
X =
N_XOO
QX
X
X
X
"X
R
> <&
O X
o_v e
-]
SR
®,_X
+&
o x® X
X
x@@&
o X8
X
DX O %

+ AvA.Wv VMME& X

> ofv._w_ M.MxM@
= EEX@
Awwmwwvmrmw

+ XDprEg

XX
xr B

B%
=

XR
X XX

£ %
B w

@x

OER

o
ones’bo

X

o X KX D

>+

- z439dvy

- yr3ad
|- £2advdd
- 24dva

L NN
oL INEEE
o
"osl—%zﬁz
X~ =
< o

- gVv.

>4
o
o

Human Gene



A. DEpP A0 DPPS B. S.Fig 14
DEpP Any
1000 A
1000 % exercise
) )
S g vv
b 4
2 8 A
o £ ny v
2 -
£ 550 500 ammonia
500 . Telomere
A0 maintainance
l335
DPPS Any
exercise
‘ %5"7‘0‘7‘%1& A I Any Ammonia
0 [ T T e 9
Il Any ammonia ° I Senescence L] I A q;
' ny
[ Human exercise ° I BN Human exercise @ I ammonia W
Il Senescence I Hite- ° T_elz)r_nere
. ——
1200 4000 maintainance
. Vito O Set Size
1000 500 0
Set Size
C.DEpP DPPS
3000
3000
8 8
7 »
s s
5 2000 S 2000
¢ 8
1] i
£ £
1000 1000
0. 0
[ Any ammonia ° B Any ammonia ° I
[l Human exercise ° I Il Human exercise ° I
[l Kinases ° I I Il Kinases ° I
ipti Transcription [ ]
— .frargt'::sr(smp"on ° — factors P
3000 1000 0 3000 1000 O
Set Size Set Size
D.DEpP AsAT DPPS
1500 3000
2630
8 2000
g fe o
@ 1000 5 o
3 2 452!
] @
g e 2
4 c
4 = 2
£ 1000 J {1\
£ 266
31A
«19
500 I '\iﬂ
BA
0 l“'}‘»‘l‘\%‘ﬁ\“euzu«
336 )
mEm Any ammonia I
‘9$ = Senescence ° I
I‘l‘\"« mmmm Mito. ° I
Telomere
AAI 9 — maintainance S I
o 109 A _ Any exercise ®
Il Any ammonia 30003et s1i220 0
Il Senescence °
it .
I Any exercise ° I
I Teomere o
maintenance
2000 1000 0

Set Size



A. TCAcycle 1.5 B. i
®UnT TCA cycle (all models) S.Fig 15
] 6hAm =15 2
| |Acly_s455 Acly_S455 24hAm o
" Pdha1_s293 Pdha1_S293 »
Pdha1_S300 Pdha1_S300 =
Dist_T338 Dist_T338 PDHA1_232 1.Human
Pdha1_S295 Pdha1_S295 PDHA1 T231 :2; I:"?]zxirm‘l\l(l:(%%)
o Aco2_S559 PDHA2_S291 4. Nighttime exercise
Mdh1_S333 Mdh1_S333 Oadh 102 5. Daytime exercise
Pdha1_s293 Pdha1_$293 gdh_ 6. 6h AmAc
) Pdha1_300 7. MIC
OxPhos 1234567
?ﬁﬁ Ox Phos (all models)
ﬁjm Dist_T338 | Dist T338  mUnT % ~§
I Bckdha S334 [ Bckdha_S334 2
Pdhal_5295 tha;_gggs 6hAm ™
] ] Acaa2_S28 | | |Acaa
I e s1s ir Iscu_S75 24hAm Vdac1_70 1. Treadmill(65%)
Vdac1_S115 Vdac1_S115 Siczsad a0 o peadm
| Bckdha_S344 | Bckdha_S344 e :
S a3 sic2sas_150 o 24h AmAc
| I PdhaT_S293 PdhaT_$293 Slo2bad 4. MIC
o mngie (B Ceaner o e SGhAmAc
{ ué‘éra S401 %** Uqcrc1_S401 sLc2sA4 42 6. Daytime exercise
| Hspa9_$662 Hspa9_$662 ACADVL s489 7. Nighttime exercise
Hspa9_T667 ~ Hspa9_T667 BCKDHA_S337
Uqcre.T406 H:,Uqc'c‘r_”oe ] Timm50_235
Uqcre1_T419 Uqcre1_T419 POt 5as
Immt_S182 [ Immt_S182 B
1 Uqcrc1_S416 1 | |Uqcrc1_S416 IMMT_$400
Uqcrc1_T407 — Ugcrc1_T407 PDHAT T231
Affm_ §T121 %2113_5&21 | Vdac1_115
ac. Lrpprc_932
Tomm22_S15 EI pprc_|
k F :Emgﬁ—glg k tztamrqnsﬁgs Slc25a11_202
ST T B T ac
3?5311—3—1111»; T Glud1-5128 1234567
l Ugcrh_S59 0 Ugcrh_S59
Vdac2_S116 Vdac2_S116
HE = Mdh1 8333 L1 Mdh1 "$333
| Pdhai_S293 Lj \ |"elhafl_5293
] Supv3l_s725 U | | Supv3M_8725
C. Senescence D.Senescence (all models)
-
munT Wﬁi 31
6hAm _, B =
24hAm _. 1. Treadmill(65%)
= 2. MIC
—] 3. Human
4. 24h AmAc
= 5. 6hAmAc .
6. Daytime exercise
7. Nighttime exercise
it "
E -
-
= 1234567
ERK/MAPK

p38 MAPK



Insulin receptor
signaling

S.Fig 16

Extracellular space T\
— — DAY — - Other
TBC1D16 GIGYF1  CFl2 ADAM@WPé}gQ ém{ \sn@ zC3m3 PLXDC2 ll\ﬁNLZ
Plasma memb:V N
oy N
TP2B2 . FHi3 N1 _EPB4IL2 USPOX PP LRPAP TEX2
Dst - INFPSFST Conre TRAKZCald1” BN rypRORES2 slcten ‘% )
<y RALT REPST gy .
\j SH3BPSL
Cytoplasm .
- SLC25A4 RASA4B
i i i DAPK2 TOMI o RPL1S
Calcium signaling) TOMM34/4iYOT TRAE3ISMYD2 < pppaRr2
FF [y / | N/ TNNTS RCSD1
~_ /SYNPGPPPIR3AL Y/ I . N
\ MYLK4 ] Exoc7CLIP1 RTNA &
N Swyvowz c F1z5 - T PLEIsA
13 g} APBA3 RF"
AK1 A BOLAL13 BETY v, V oRIAALNEH o UHRF1BP1
G-protein coupled =\ S Nedac, ol FAmgaH—SHC1 = ~— RPIRKAS
-protein coupled =S =aps, CAV w . SYNPO 3
receptor signaling —x~—BADS £ 5 IY: MAP4KANK1 o STYXL2
T o i ot T s (7
\"Q‘?/\\ SR SREANCS| [ 2PHAt iy Uk e o FHUTEIF4GT U@RS
/ MYH4 V
1

=5

Protein kinase A/ /7 _~o-
signaling VPS26B:

ERK/MAPK 7

[ 5 N00DC—— — YUK
=_.CCD! 91. NP4 — STKI1IP, v "JIP L
/ N EPS15 HZ’PKNZ‘RQGKW SICOAT
STCAM IRSA
— = : R \
| & UL

NOPCHAP1

signaling /Nucleus

.
APTXZC3HC1 gapg BODIL1 SSB  \ZMYM4 DFFA SRz

2 - PN
MNAZDHHC5 . _ BEST3 'V JPT1

e
ﬁ<U$45 A@m
.
MYCT1 SRSF7
ATRX)
LARPZMARCAD1 MLF
— e
PPPIR? Py ATEA Srsf5 (HDAC5ANKRD2

N\
ARFGAP2 b‘lﬁﬁ

)
a

.
Lo t™ L sRsFa  GLVR 14 PCBP1 TNKS1BP1
BE20 Cokz ~ GTF2I
\ v CLK4 ZFP36

v

AMP signaling




S.Fig 17
Persistent increase
PKA kinase substrate motif
PKC kinase substrate motif
GSKa3 kinase substrate motif
Casein kinase | substrate motif
DNA dependent Protein kinase substrate motif
Plk1 PBD domain binding motif
MDC1 BRCT domain binding motif
Calmodulin-dependent protein kinase Il substrate motif

0.0 1.0 2.0
-Log,,(p-value)

Late increase

Casein kinase Il substrate motif
PAK2 kinase substrate motif

00 10 20
-Log, (p-value)

Transient change
MAPKAPK1 kinase substrate motif

Akt kinase substrate motif {umm—m
PKC kinase substrate motif

CDK kinase substrate motif

00 10 20
-Log, (p-value)

Late decrease
Casein kinase | substrate motif
Adrenergic Receptor kinase substrate motif
00 05 1.0 15 2.0
-Log, (p-value)

Persistent Decrease

PKA kinase substrate -

PKC kinase substrate -

Chk1 kinase substrate 1

AMP-activated protein kinase substrate 7

Casein kinase Il substrate 7

Calmodulin-dependent protein kinase Il substrate ]
14-3-3 domain binding |

Calmodulin-dependent protein kinase IV substrate
AMP-activated protein kinase 2 substrate

G protein-coupled receptor kinase 1 substrate
BARD1 BRCT domain binding

ERK1,2 kinase substrate

MDC1 BRCT domain binding 7

Plk1 PBD domain binding ]

WW domain binding ]

GSK-3, ERK1, ERK2, CDKS5 substrate |

PKC epsilon kinase substrate

RAF1 kinase substrate -

Casein kinase | substrate -

Pyruvate dehydrogenase kinase substrate ,

T T T T

4 8
-Log,(p-value)



A. B. S. Fig 18

oy UnT1 o16h AmAc1 | _.24h AmAc1 C2C12 myotube Identified
W31 W3 WF biological replicate phosphosites
%c %o, §°7 UnT 1 5086
Oo]] OR SH 6hAmAc 1 4541
ol ol ; o,J“AMM 24hAmAc 1 1026
0
UnT 2 6hAmAc2 _24h AmAc 2 UnT 2 5121
=3 8 g 6hAmAc 2 5030
£ 2 £ 24hAmAc 2 5101
So] 3o F=3
38R 388 RH UnT 3 5260
ol ol o 6hAmAc 3 5177
0 0 0 24hAmAc 3 5179
o, UnT3  _ 6hAmAc3 _ 24hAmAc3
g o o1 N ® 4 o
> % s g g
381 38 38 EE E E E
£ < < < <
ol ol ol S 3§ &§ & &
0 0 0 D.:BEB_.- as” 0787 o e
o] # 2anAmAc 24h AmAc 2 ] EadlE el
g~ 24h AmAc 3 | jj & X 5 & 4
l‘N’- =3 o i L0685 | D E6] ’ 7. ‘
: A A
§ (=3 ; : g 03% o 0389 0932 0.805 "0.906,, 4
g ol 6hAmAc 2| i oF I !/i
g ' 6h AmAc 038 7 . "-o_sss ) 0l L
S gl ] 6h AmAc 3 i ’( F
“30 20 -10 0 10 20 30 YOS 00 "ok g
Component 1 (70.3%) unT 11 i’ fy g
10 12=0.85"* D : g
UnT 2|3
o &%
° [ ]
2’8 . K $ UnT 3 | j
5-‘5“-15 10
£ ﬂ °
32 °
N .‘8'. ° °
..
(X ]
-10
6h AmAc

(log,ratio)



Supplementary Figure Legends

S.Fig 1. Most significant protein networks in the hyperammonemic datasets showed connections to
PKA pathway proteins, related to Fig.1. Differentially expressed phosphoproteins (DEpP) were identified in
C2C12 myotubes treated with 10mM ammonium acetate (AmAc) for 6h and 24h. Interaction networks were
generated from the DEpP followed by feature extraction to include molecules connected to protein kinase A
within each dataset. All myotube experiments were done in n=3 biological replicates (one 24hAmAc replicate
was removed from downstream analyses due to outlier status). Statistical significance cutoff for DEpP was
padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction). Red color = increased phosphorylation

compared to untreated. Green color = decreased phosphorylation compared to untreated controls.

S.Fig 2. Comparison between untargeted proteomics and phosphoproteomics data in
hyperammonemic myotubes, related to Fig.1. A. Scatterplot of phosphoprotein expression data compared
to proteomics expression data from the same protein in C2C12 myotubes treated with 24h 10mM ammonium
acetate (AmAc). B. Venn diagram of unique and shared phosphoproteins and proteins, correlation bar graph
showing direction of expression change vs control (positive vs. negative) for each shared
protein/phosphoprotein that is differentially expressed at 24hAmAc in myotubes, and enriched pathways in
differentially expressed phosphoproteins (DEpP) that are not regulated at the protein level and differentially
expressed proteins (DEP) that are not regulated at the phosphorylation level. All experiments were done in n=3
biological replicates (one 24hAmAc replicate was removed from downstream analyses due to outlier status).
Statistical significance cutoffs were p adj<0.05 for phosphoproteomics and p<0.05 for proteomics to allow for

similar numbers of differentially expressed molecules (vs untreated controls). NS= not significant.

S.Fig 3. Phosphoproteomic landscape during hyperammonemia, related to Fig.2. A-C. Pathway
enrichment using IPA and DAVID, and heatmaps of the most enriched DAVID functional annotation clusters
identified in the differentially expressed phosphoproteins (DEpP) unique to 6h ammonium acetate (AmAc)
treatment, unique to 24hAmAc or those shared between 6hAmAc and 24hAmAc phosphoproteomics datasets
in C2C12 myotubes. All experiments were done in n=3 biological replicates (one 24hAmAc replicate was

removed from downstream analyses due to outlier status). Statistical significance cutoff for full datasets using



IPA was performed using both logzratio>|2.5] and padj<0.05 (Student’s t-test with Benjamini-Hotchberg false
discovery rate correction (BH-FDR)). Foreground DEpP in DAVID analyses was padj<0.05. IPA pathway
significance cutoff was the default -log(p-value) > 1.3. Perseus 1D analysis significance cutoff was the default
BH-FDR>0.02. Green color = DEpP identified in the data subset, Black color = DEpP not identified in the data

subset.

S.Fig 4. PKA signaling is altered by various molecules across molecular layers in C2C12 myotubes and
in skeletal muscle, related to Fig.2. A. Heatmap showing protein kinase A (PKA) pathway genes that were
differentially expressed during 6h and 24h of hyperammonemia (Am) in myotubes (vs. untreated; UnT) in
assay for transposase accessible chromatin (ATACseq); and in transcriptomics and proteomics in
hyperammonemic myotubes, mice (vs. phosphate buffered saline (PBS)-treated control mice) and human
patients with cirrhosis (CIR) (vs healthy subjects (CTL)). B. Heatmap of PKA pathway differentially expressed
phosphoproteins (DEpP). C. Unsupervised and supervised heatmaps showing phosphosite expression in
untreated (UnT) myotubes and 6h and 24hAm myotubes in the PKA pathway. All experiments were done in
n=3 biological replicates (one 24hAmAc replicate was removed from downstream analyses due to outlier
status). Statistical significance cutoff for differentially expressed molecules was performed using the following
statistical cutoffs: for ATACseq p<0.005; RNAseq and phosphoproteomics in cells p adj<0.05; proteomics in
cells and tissue, and RNAseq in tissue p<0.05 ((Student’s t-test with or without Benjamini-Hotchberg false

discovery rate correction.

S.Fig 5. Phosphoproteins identified within highly enriched pathways, related to Fig.2. A,B. Unsupervised
and supervised heatmaps showing phosphosite expression in myotubes treated with 6h and 24h of ammonium
acetate (AmAc) that are components of cyclin dependent kinase, and polo-like kinase (PLK) signaling during
6h and 24h hyperammonemia in myotubes. C. Correlation matrix and interaction network of DPPS in the
hyperammonemic (6h and 24h) datasets that were components of either PKA signaling or PLK signaling
(Numbers show the phosphosite; #1 refers to PKA and #2 refers to PLK. D,E. Unsupervised and supervised
heatmaps showing phosphosite expression in myotubes treated with 6h and 24h of ammonium acetate (AmAc)

that are components of HIPPO signaling and hypoxia inducible factor 1a during 6h and 24h hyperammonemia



in myotubes. All myotube experiments were done in n=3 biological replicates (one 24hAmAc replicate was
removed from downstream analyses due to outlier status). Statistical significance cutoffs were p adj <0.05 for
the differentially phosphorylated phosphosites. Numbers next to gene names refer to the phosphorylated

residue within the mouse protein.

S.Fig 6. Venn diagrams comparing molecules identified in critical signaling pathways in myotubes,
related to Fig.3. Venn diagram identifying unique and shared molecules across the protein kinase A (PKA),
synaptogenesis, synaptic long-term potentiation, insulin receptor signaling in the Ingenuity Pathway Knowledge

Database.

S.Fig 7. Enriched GO, KEGG, and Uniprot processes within hyperammonemic myotube
phosphoproteomics clusters, related to Fig.3. Differentially phosphorylated phosphosites (DPPS) in C2C12
myotubes treated with 6h and 24h ammonium acetate (AmAc) compared to controls were identified and
clustered according to their temporal pattern of change. Uniprot (UP) keywords, UP sequence (seq) features,
Gene ontology biological processes (GO:BP), molecular functions (GO:MF), cellular components (GO:CC) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways enriched in the A. Persistent increase
(increased phosphorylation at both 6h and 24hAmAc compared to controls), B. Late increase (increased
phosphorylation only at 24hAmAc compared to controls) clusters of DPPS. C. Late decrease (decreased
phosphorylation only at 24hAmAc compared to controls) cluster of DPPS. D. Transient change (significant
change in phosphorylation at 6hAmAc compared to controls but no difference between 24hAmAc treatment
and control levels of phosphorylation) and E. Persistent decrease (decreased phosphorylation at both 6h and
24hAmAc compared to controls) clusters of DPPS. All experiments were done in n=3 biological replicates (one
24hAmAc replicate was removed from downstream analyses due to outlier status). Statistical significance

cutoff for DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction).

S.Fig 8. Scatterplots correlating mouse exercise phosphoproteomics datasets, related to Fig.4.
Scatterplots, linear regressions, and Venn diagrams comparing differentially phosphorylated phosphosites

(DPPS) expression (logz ratio) from published mouse exercise skeletal muscle phosphoproteomics datasets.



Statistical significance cutoff for DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction).
MIC= maximal (max.) intensity contraction, Treadmill (65% max.) exercise = mice exercised at 65% of their
max. running speed on a treadmill, Daytime exercise = mice that underwent high-intensity treadmill running
during the zeitgeber time (ZT)0 period of “lights on”, Nighttime exercise = mice that underwent high-intensity

treadmill running during the ZT12 period of “lights off”. p<0.05; *** p<0.001

S.Fig. 9. Shared differentially expressed phosphosites during exercise showed unique and shared
pathway responses, related to Fig.4. A. Heat maps showing skeletal muscle DPPS shared in all mouse
models and shared within the male mouse models of exercise. B. Gene heatmaps of enriched pathways within
the exercise datasets. Red is an increased expression and green is decreased expression related to respective
controls. Duplicate DEpP were resolved using the greatest absolute value logzratio. Numbers next to gene
names refer to the phosphorylated residue within the mouse protein. MIC= maximal (max.) intensity
contraction, Treadmill (65% max.) exercise = mice exercised at 65% of their max. running speed on a
treadmill, Daytime exercise = mice that underwent high-intensity treadmill running during the zeitgeber time
(ZT)0 period of “lights on”, Nighttime exercise = mice that underwent high-intensity treadmill running during the

ZT12 period of “lights off”.

S.Fig 10. Regulatory interaction of protein kinase A components in the exercise and hyperammonemia
datasets, related to Fig.5. A. Unsupervised and supervised heatmaps of phosphosite expression of A-kinase
anchoring proteins (AKAP) in myotubes treated with 6h and 24h of ammonium acetate (AmAc). B. Heatmap of
differentially phosphorylated phosphosites (DPPS) of AKAP across all datasets. C. Heatmap of enriched
canonical pathways in each dataset from the subset of DEpP that are shared between at least one
hyperammonemia dataset and at least one exercise dataset. D. Temporal analysis of enriched processes in
DEpP at 6h and 24h AmAc with shared DEpP from any exercise dataset. All myotube experiments were done
in n=3 biological replicates (one 24hAmAc replicate was removed from downstream analyses due to outlier
status). DEpP/DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction) for ammonia and
mouse data and padj<0.05 and expression fold change >|1.5| for human data. MIC= maximal (max.) intensity

contraction, Treadmill (65% max.) exercise = mice exercised at 65% of their max. running speed on a



treadmill, Daytime exercise = mice that underwent high-intensity treadmill running during the zeitgeber time
(ZT)0 period of “lights on”, Nighttime exercise = mice that underwent high-intensity treadmill running during the

ZT12 period of “lights off”.

S.Fig 11. Protein-protein interaction networks identified by functional enrichment analysis (STRING) of
highly correlated differentially expressed phosphoproteins (DEpP), related to Fig.5. C2C12 myotubes
were treated with 6h and 24h of ammonium acetate (AmAc) and skeletal muscle from models of exercise in
mouse and humans. STRING was used to identify interaction networks using known protein-protein
interactions between DEpP. All myotube experiments were done in n=3 biological replicates (one 24hAmAc
replicate was removed from downstream analyses due to outlier status). DEpP was padj<0.05 (Student’s t-test
with Benjamini-Hotchberg correction) for myotube data and padj<0.05 and expression fold change >|1.5| for

human data.

S.Fig 12. Unique and shared differentially expressed phosphorylation across hyperammonemia and
exercise datasets, related to Fig.5. A. Venn diagram showing differentially expressed phosphoproteins
(DEpP) and differentially phosphorylated phosphosites (DPPS) present in at least one of the 6h or 24h
ammonium acetate (AmAc)-treated myotube datasets compared to DEpP/DPPS present in at least one of the
mouse exercise datasets. B. Venn diagram of DEpP and DPPS shared between any AmAc dataset and the
human exercise dataset. C. Venn diagram of DEpP and DPPS shared between the 6h AmAc dataset , the 24h
AmAc dataset, and the human exercise dataset. D. Venn diagram of DEpP and DPPS shared between the 6h
AmAc dataset , the 24h AmAc dataset, and at least one of the mouse exercise datasets. E. Venn diagram of
DEpP and DPPS shared between at least one of the hyperammonemia datasets, at least one of the mouse
exercise datasets, and the human exercise dataset. F. Upset plot showing unique and shared DEpP and
DPPS between each phosphoproteomics dataset analyzed. All myotube experiments were done in n=3
biological replicates (one 24hAmAc replicate was removed from downstream analyses due to outlier status).
All mouse and human experiments from previously published manuscripts were done in at least n=3
individuals. DEpP/DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction) for ammonia

and mouse data and padj<0.05 and expression fold change >|1.5| for human data. MIC= maximal (max.)



intensity contraction, Treadmill (65% max.) exercise = mice exercised at 65% of their max. running speed on a
treadmill, Daytime exercise = mice that underwent high-intensity treadmill running during the zeitgeber time
(ZT)0 period of “lights on”, Nighttime exercise = mice that underwent high-intensity treadmill running during the

ZT12 period of “lights off”.

S.Fig 13. Shared DPPS on DEpP across all exercise and hyperammonemia datasets, related to Fig.5.
Dot plot showing the expression level (log2ratio) of each differentially phosphorylated phosphosite (DPPS) on
shared differentially expressed phosphoprotein (DEpP) in the hyperammonemia phosphoproteomics dataset,
the human exercise phosphoproteomics dataset, and the following mouse exercise datasets: nighttime
exercise, daytime exercise, treadmill exercise at 65% of maximal (max.) running speed, and max. intensity
contractions (MIC) in the skeletal muscle of an anesthetized mouse. All myotube experiments were done in
n=3 biological replicates (one 24hAmAc replicate was removed from downstream analyses due to outlier
status). DEpP/DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction) for ammonia and
mouse data and padj<0.05 and expression fold change >|1.5| for human data. Daytime exercise = mice that
underwent high-intensity treadmill running during the zeitgeber time (ZT)0 period of “lights on”, Nighttime

exercise = mice that underwent high-intensity treadmill running during the ZT12 period of “lights off”.

S.Fig 14. Comparative phosphoproteomics analysis of the unique and overlapping differentially
expressed phosphoproteins (DPPS) and differentially phosphorylated phosphosites (DEpP), related to
Fig.6. Untargeted phosphoproteomics was performed in C2C12 myotubes with 6h and 24h of ammonium
acetate treatment. These data were compared to previously published phosphoproteomics data from muscle
from human subjects and mice before and after exercise. A. Upset plots showing unique and shared genes
between the human exercise DEpP/DPPS dataset, at least one hyperammonemia DEpP/DPPS dataset, a
senescence gene database, and a mitochondrial gene database. B. Venn diagrams showing unique and
shared genes between at least one exercise DPPS dataset, at least one hyperammonemia DEpP/DPPS
dataset, and a telomere maintenance gene database. C. Upset plots showing unique and shared genes
between at least one exercise DEpP/DPPS dataset, at least one hyperammonemia DEpP/DPPS dataset, a

kinase database, and a transcription factor database. D. Upset plots showing unique and shared genes



between at least one exercise DEpP/DPPS dataset, at least one hyperammonemia DEpP/DPPS dataset, a
database of senescence-related genes, a database of mitochondrial genes, and a database of telomere
maintenance genes. DEpP/DPPS was padj<0.05 (Student’s t-test with Benjamini-Hotchberg correction) for
ammonia and mouse data and padj<0.05 and expression fold change >|1.5| for human data. All myotube
experiments were done in n=3 biological replicates (one 24hAmAc replicate was removed from downstream
analyses due to outlier status). All mouse and human experiments from previously published manuscripts were
done in at least n=3 individuals. Mito. = Verified mitochondrial genes from the MitoCarta3.0 database. Any
ammonia = DPPS was present in at least one of either the 6h or 24hAmAc datasets. Any exercise = DPPS

was present in at least one of the exercise datasets (mice or human).

S.Fig.15. Phosphorylation of mitochondrial and senescence pathway genes, related to Fig.6. A.
Supervised and unsupervised heatmaps of phosphosite expression of tricarboxylic acid (TCA) cycle and
oxidative phosphorylation (OxPhos; electron transport chain) components in myotubes treated with 6h and 24h
of ammonium acetate (AmAc). B. Heatmap of differentially phosphorylated phosphosites (DPPS) of TCA cycle
and OxPhos. components in myotubes treated with 6h and 24h of ammonium acetate (AmAc) and any
exercise dataset. C. Supervised and unsupervised heatmaps of phosphosite expression of senescence
components in hyperammonemic myotubes. D. Heatmap of DPPS of senescence components in myotubes
treated with 6h and 24h of AmAc and any exercise dataset. E. Venn diagrams identifying unique and shared
molecules across the protein kinase A (PKA), synaptogenesis, synaptosome associated protein receptor
(SNARE) and APRIL (A proliferation-inducing ligand), extracellular signal regulated kinase (ERK)-mitogen-
activated protein kinase (MAPK), and p38 MAPK pathways in the Ingenuity Pathway Analysis Qiagen

Knowledgebase.

S.Fig. 16. Connectivity network of multiple levels of interactions and regulation by canonical during
exercise and hyperammonemia, related to Fig.7. Motifs were identified for the hyperammonemic, mice and
human exercise differentially phosphorylated phosphosites (DPPS) and proteins with protein kinase A (PKA)
binding sites were mapped based on canonical pathway enrichments in the Ingenuity Pathway Knowledge

Database.



S.Fig 17. Motifs enriched in temporal clusters of differentially phosphorylated phosphosites, related to
Fig.7. Persistent increase (increased phosphorylation at 6h and 24h of ammonium acetate (AmAc) treatment
compared to controls), Late increase (increased phosphorylation at 24h AmAc compared to controls but no
change at 6hAmAc compared to controls), Late decrease (decreased phosphorylation at 24hAmAc compared
to controls but not at 6hAmAc compared to controls, Transient change (change in phosphorylation at 6hAmAc
and return to control levels of phosphorylation at 24hAmAc), Persistent decrease (decrease in phosphorylation
at both 6h and 24hAmAc compared to controls) clusters of differentially phosphorylated phosphosites (DPPS)
were analyzed and motifs enriched in each of the five DPPS clusters were identified. All experiments were
done in n=3 biological replicates (one 24hAmAc replicate was removed from downstream analyses due to
outlier status). Statistical significance cutoff for DPPS was padj<0.05 (Student’s t-test with Benjamini-

Hotchberg correction).

S.Fig 18. Quality control for C2C12 hyperammonemia phosphoproteomics datasets, related to STAR
Methods. A. Read counts for phosphorylated peptides in each dataset. Red box indicates the outlier sample.
B. Number of phosphorylated peptides identified in each biological replicate and each treatment group for the
phosphoproteomics dataset of C2C12 myotubes treated with 10mM ammonium acetate (AmAc) including the
outlier sample. C. PCA plot for the hyperammonemic myotube phosphoproteomics dataset with outlier sample
removed. D. Correlation quality control plot for the hyperammonemic phosphoproteomics dataset with outlier
sample removed. E. Scatterplot comparing shared differentially phosphorylated phosphosites (DPPS) between
the 6hAmAc phosphoproteomics dataset and the 24hAmAc phosphoproteomics dataset. All myotube
experiments were done in n=3 biological replicates (one 24hAmAc replicate was removed from downstream

analyses due to outlier status).



ST1. Index to Supplementary Tables

S.Table Number Figure supported Topic

ST1 None Index to Supplementary Tables, related to STAR Methods

ST2 Fig.1,A-C AmAc phosphoproteomic landscape, related to Fig.1

ST3 S.Fig.1 AmAc network data, related to Fig.1

ST4 S.Fig.2,A,B AmAc phosphoproteomics vs proteomics, related to Fig.1

ST5 Fig.2,A,B AmAc functional enrichment, related to Fig.2

ST6 S.Fig.3,A-C AmAc pathway and heatmaps, related to Fig.2

ST7 S.Fig.4,A-C AmAc PKA heatmaps, related to Fig.2

ST8 S.Fig.5,A-E Highly enriched pathway components, related to Fig.2

ST9 S.Fig.6 Molecules shared between pathways, related to Fig.3

ST10 Fig.3,A-F Cluster IPA pathways, related to Fig.3

ST11 S.Fig.7,A-E DAVID annotated hyperammonemia clusters, related to Fig.3

ST12 Fig.4,A-E Differentially expressed phosphoproteins in exercise
datasets, related to Fig.4

ST13 S.Fig.8 Mouse vs. mouse scatter plots and Venns, related to Fig.4

ST14 S.Fig.9,A,B Exercise heatmaps, related to Fig.4

ST15 Fig.5,A,B,E,F,G,H AmAc and exercise comparison analyses, related to Fig.5

ST16 S.Fig.10,A-D AKAP for exercise and AmAc shared DPPS, related to Fig.5

ST17 S.Fig.11 STRING for exercise and AmAc shared DPPS, related to
Fig.5

ST18 (text only) PKA signaling pathway molecules, related to Fig.2

ST19 S.Fig.12,A-F Venn diagrams comparing DEpP/DPPS in AmAc myotubes
and mouse & human skeletal muscle with exercise, related to
Fig.5

ST20 S.Fig.13 All phosphosites scatter, related to Fig.5

ST21 Fig.6,A-D Comparison of AmAc and exercise datasets with verified
databases and shared canonical pathways and DPPS,
related to Fig.6

ST22 S.Fig.14,A-D Comparison of DEpP, DPPS to verified databases, related to
Fig.6

ST23 S.Fig.15,A-E Mitochondrial and senescence heatmaps, related to Fig.6

ST24 Fig.7,A-E Motifs and predicted kinases identified in all datasets, related
to Fig.7

ST25 S.Fig.16 Proteins shared in PKA motif prediction, related to Fig.7

ST26 S.Fig.17 Motifs enriched in hyperammonemic clusters, related to Fig.7

ST27 (text only) Searchable all mouse & human data, related to STAR
Methods

ST28 S.Fig.18 Ammonia phosphoproteomics QC, related to STAR Methods

Abbreviations: AKAP: A-kinase anchoring protein, AmAc: Ammonium acetate, DEpP: Differentially expressed
phosphoprotein, DPPS: Differentially phosphorylated phosphosite, Fig: Figure, S.Fig: Supplementary figure;
ST: Supplementary Table; IPA: Ingenuity Pathway Analysis; PKA: Protein kinase A; QC: Quality control
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