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Mice  
 
All animals were handled in accordance with protocols approved by the Animal Use and Care 
Committees of Washington State University. Wild-type (WT) C57BL/6 mice, green fluorescent mice 
(EGFP (B6-Tg(CAG-EGFP)131Osb/LeySopJ, Cat#006567), red fluorescent mice  (DsRed (B6.Cg-Tg 
(CAG-DsRed*MST)1Nagy/J, Cat#006015), B6.129-Gt(ROSA)26Sortm1(cre/ERT)Nat/J mice (Cat#004847) in 
which tamoxifen-inducible Cre recombinase is driven by the endogenous mouse Gt(ROSA)26Sor 
promoter, B6.129S-Pax7tm1(cre/ERT2)Gaka/J mice (Cat#017763) in which tamoxifen-inducible Cre 
recombinase is driven by the endogenous mouse Pax7 promoter, B6(Cg)-Prkaa1tm1.1Sjm/J mice 
(Cat#014141) in which AMPKα1 exon 3 was flanked by two loxP sites, and Gt(ROSA)26Sortm4(ACTB-

tdTomato,-EGFP)Luo/J mice (Cat#007576) in which a membrane-targeted tdTomato is floxed to allow EGFP 
expression in cells expressing Cre recombinase were obtained from Jackson Laboratory (Bar Harbor, 
ME). AMPK1-/- 129S2/SvPas (AMPK1 KO) mice were generated as previously described (1; 2). In 
addition, AMPKα1 floxed mice were also generated (Foretz, unpublished data), which were cross-bred 
with tamoxifen-inducible Cre mice to generate conditional AMPKα1 KO (R26Cre/AMPKα1fl/fl) mouse 
strain; in these mice, AMPKα1 is deleted globally in response to tamoxifen. DsRed mice were cross-
bred with R26Cre/AMPKα1fl/fl mice to generate DsRed conditional AMPKα1 KO mouse strain. B6.129S-
Pax7tm1(cre/ERT2)Gaka/J mice were cross-bred with Prkaa1tm1.1Sjm/J mice to generate tamoxifen-inducible 
satellite cell-specific AMPKα1 KO mouse strain (Pax7cre/AMPKα1fl/fl). Obesity in mice was induced by 
feeding mice with high fat diet (60% kcal from fat, Cat#D12451, Research Diets Inc, New Brunswick, 
NJ) for 2 months. Mice fed with low fat diet (10% kcal from fat, Cat#D12450H, Research Diets Inc, 
New Brunswick, NJ) was used as control. 
 
Antibodies and chemicals  
 
Antibodies against AMPKα (#2532), phospho-AMPKα at Thr 172 (#2535), ACC (#3662), phopho-ACC 
(#3661), Tcf4 (#2569), goat anti-mouse Alexa Fluor 555 (#4409), goat anti-rabbit Alexa Fluor 555 
(#4413) and goat anti-rat Alexa Fluor 488 (#4416) were purchased from Cell Signaling (Danvers, MA). 
Anti-embryonic myosin heavy chain (F1.652), anti-Pax7 (PAX7), anti-β-tubulin (E7), anti-MHCI (BA-
F8), anti-MHCIIa (SC-71), and anti-MHCIIb (BF-F3) mouse monoclonal antibodies were obtained from 
the Developmental Studies Hybridoma Bank (Iowa City, IA). Rabbit anti-AMPKα1 antibody 
(ABIN737886) was obtained from Antibodies-Online Inc. (Atlanta, GA). SAG and cyclopamine were 
purchased from Santa Cruz (Dallas, Texas). Rat anti-laminin antibody (4H8-2) was purchased from 
Enzo (Faringdale, NY). Chick anti-GFP antibody (ab13970) was purchased from Abcam (Cambridge, 
MA). Rabbit anti-DsRed antibody (632496) was purchased from Clontech (Mountain View, CA). Goat 
anti-chick Alexa Fluor 488 (A11039), goat anti-rabbit Alexa Fluor 488 (A-11070), goat anti-mouse 
IgG2a Alexa Fluor 488 (A-21141), goat anti-mouse IgG1 Alexa Fluor 555 (A-21127), and goat anti-
mouse IgM Alexa Fluor 350 (A-31552) were purchased from Life Technologies (Grand Island, NY). 
IRDye 800CW goat anti-rabbit secondary antibody and IRDye 680 goat anti-mouse secondary antibody 
were purchased from LI-COR Biosciences (Lincoln, NE). Rabbit anti-laminin (L-9393) antibody, 
cardiotoxin, tamoxifen and Oil-Red O were purchased from Sigma (St. Louis, MO). MC1568 was 
purchased from Selleck (Houston, TX). Basic fibroblast growth factor (FGF2; 233-FB-025) and anti-
mouse Integrin α7 APC was purchased from R&D Systems (Minneapolis, MN). Anti-mouse CD45 PE-
Cy7, anti-mouse CD16/CD32, and flow cytometry buffer were purchased from eBioscience (San Diego, 
CA). Anti-mouse TER-119 PE-Cy7, anti-mouse Sca-1 APC-Cy7, anti-mouse F4/80 Alexa Fluor 488, 
anti- mouse Ly6G/C APC, and anti-mouse CD31 PE-Cy7 antibodies were purchased from BioLegend 
(San Diego, CA). Gill’s Hematoxylin (#26030-10) and Eosin Y–Phloxine B (#26051-21) were 
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purchased from Electron Microscopy Sciences (Hatfield, PA). AICAR was purchased from Toronto 
Research Chemicals (Toronto, Canada). 
 
Cell culture. CD45-/TER119-/CD31-(Lin-)Sca-1-/Integrin α7+ satellite cells were resuspended in F-10 
with 20% fetal bovine serum (FBS), 1% antibiotic mixture and 5 ng/ml FGF2 and seeded on collagen-
coated plates. To induce myogenic differentiation, cells were switched to DMEM with 2% horse serum 
and 1% antibiotic mixture and cultured for 4 days. Lin-/Sca-1+ cells were resuspended in DMEM with 
10% FBS and 1% antibiotic mixture. Adipogenic differentiation of Lin-/Sca-1+ cells was induced by 
supplementing cells with 1 μg/ml insulin, 1 mM dexamethasone, and 0.5 mM IBMX for 6 days followed 
by supplementing 1 μg/ml insulin for 3 days (3). 
 
Fluorescent myogenic cell transplantation and in vivo tracing 
 
CTX was injected into the TA muscle of 3-4 months old mice to induce muscle regeneration (4). After 
one day, mice were ready for cell transplantation; 6 x 104 cells (3 x 104 AMPKα1+/+/EGFP satellite cells 
and 3 x 104  R26Cre/AMPKα1fl/fl/DsRed satellite cells were mixed before injection) in 50 l PBS was 
slowly injected into the TA muscle using a 29 gauge needle (4; 5). Tamoxifen was given to the mice 
intraperitoneally at a dosage of 100 mg/kg of body weight/day on the same day of satellite cell 
transplantation and the following days for a total of 3 days. Two days and 14 days after cell 
transplantation, mice were sacrificed and the TA muscle was collected, fixed in 4% paraformaldehyde 
and frozen in isopentane cooled in liquid nitrogen. Frozen tissue was sectioned (5-10 µm thick). 
Sections were blocked in 5% goat serum in TBS containg 0.3% Triton X-100, stained with chick anti-
GFP antibody (1:1000) and rabbit anti-DsRed antibody (1:500), and corresponding fluorescent seconday 
antibodies. Green fluorescent muscle fibers and red fluorescent muscle fibers on sections at 100 µm 
intervals were counted. 
 
HE staining. TA muscle frozen sections were rinsed in PBS, stained with Gill’s Hemotoxylin, and 
conterstained with Eosin Y following manufacter’s protocol.  
 
Trichrome staining. TA muscle frozen sections were used for Trichrome staining as previously 
described (6).   
 
HPLC measuring ATP and AMP content. ATP and AMPK were extracted from frozen TA muscle 
sample using HOCL4, and neutralized with KOH. Extracts were analyzed by Shimadzu HPLC series 
(Shimadzu, Japan) equipped with CBM-20A communications Bus Modules, DGU-20A 5R degasser, 
SIL-20ACHT auto-sampler, LC-20AD UFLC binary gradient pumps, CTO-20A column oven, FRC-
10A fraction collector and Nexera X2 Diode Array Detector (DAD) (190-600 nm). 
 
Glucose tolerance test and insulin tolerance test. Glucose tolerance test (GTT) was performed after 
overnight fasting. After baseline blood collection, mice were i.p. injected with D-glucose (1 g/kg). 
Insulin tolerance test (ITT) was performed after 6 hours fasting. After baseline blood collection, mice 
were i.p. injected with insulin (0.75 units/kg). Blood glucose levels at indicated time points were 
measured with a standard glucometer. 
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Supplementary Table 1. Primer sequences and their respective PCR amplicon sizes 
     
Genes Amplicon sizes Forward     Reverse  
18S rRNA  110 bp TGCTGTCCCTGTATGCCTCT    TGTAGCCACGCTCGGTCA  
Pax7  115 bp TTGGGGAACACTCCGCTGTGC    CAGGGCTTGGGAAGGGTTGGC  
MyoD  100 bp TCTGGAGCCCTCCTGGCACC    CGGGAAGGGGGAGAGTGGGG  
Myf5  125 bp AAACTCCGGGAGCTCCGCCT    GGCAGCCGTCCGTCATGTCC  
Myogenin 97 bp GAGATCCTGCGCAGCGCCAT    CCCCGCCTCTGTAGCGGAGA  
Tcf4  202 bp ATATTACCCGCTGTCGCCCG    AGTGTGATGGGGAGGGACCA  
IGF-1  176 bp TCTACCTGGCGCTCTGCTTG    AATGCCTGTCTGAGGTGCCC  
AMPKα1    246 bp           TGTCTCTGGAGGAGAGCTATTTGA     GGTGAGCCACAGCTTGTTCTT 
AMPKα2    150 bp           CAGAAGATTCGCAGTTTAGATGTTGT   ACCTCCAGACACATATTCCA 
                                                                                                                                                             TTACC 
CAMKK2  122 bp            CCAGGATTGTGGTGCCTGAAATC    ATTCTCGACCTCCTCTTCGGTCA 
 
LKB1         81 bp              GAGGACGGCATTATCTACACCCA    GCTCTGTCCATTCTGACCCACTT 
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Supplementary Figure 1. Dominant expression of AMPKα1 in satellite cells. 
 
A: Satellite cells were isolated from muscle of tamoxifen treated AMPKα1fl/fl (α1fl/fl) mice and 
R26Cre;AMPKα1fl/fl (α1-/-) mice. p-ACC, ACC, p-AMPKα, and AMPKα levels were tested before (0D 
MG), 2 days (2D MG) and 4 days (4D MG) after induction of myogenic differentiation by western blot. 
 
B: Non-myogenic cells were isolated from muscle of tamoxifen treated AMPKα1fl/fl (α1fl/fl) mice and 
R26Cre;AMPKα1fl/fl (α1-/-) mice. p-AMPKα, and AMPKα levels were tested by western blot. 
 
C and D: Satellite cells and non-myogenic cells from tamoxifen treated AMPKα1fl/fl (α1fl/fl) mice and 
Pax7Cre/AMPKα1fl/fl (Pax7Cre/α1-/-) mice were tested for AMPKα level by western blot. 
 
*P < 0.05; **P < 0.01 versus control; Mean ± SEM; n = 3. Scale bars: 200 μm. 
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Supplementary Figure 2. Reduced AMPK activity in muscle from obese mice during muscle 
regeneration. 
 
TA muscle of mice fed with control diet (CD) and mice fed with high fat diet (HFD) were injured by 
CTX injection. 
 
A: Representative western blot of experiments testing p-AMPKα level and AMPKα level in TA muscle 
at 3 days post-injury. 
 
B: Representative western blot of experiments testing p-AMPKα level and AMPKα level in uninjured 
TA muscle. 
 
C: Representative western blot of experiments testing p-AMPKα level and AMPKα level in isolated 
satellite cells. 
 
D: Real-time PCR testing expression of AMPKα1 and AMPKα2 in satellite cells isolated from uninjured 
muscle (quiescent) and injured muscle (activated), and satellite cells at 3 days of myogenic 
differentiation (3D MG). 
 
E: Amplification efficiencies of primers targeting AMPKα1 and AMPKα2. 
 
F: Real-time PCR testing expression of CAMKK2 and LKB1 in activated satellite cells. 
 
G: HPLC testing ATP and AMP content in muscle at 3 days post-injury and calculated AMP/ATP ratio. 
 
H: Uninjured TA muscle were stained with antibodies specifically against myosin heavy chain (MHC) I 
(green), IIa (red), and IIb (blue). Unstained muscle fibers are type IIX fibers. Muscle fiber compositions 
are compared. Scale bars: 200 μm 
 
I: Isolated satellite cells from control mice and obese mice were induced for myogenic differentiation 
and stained with anti-MHC antibody at 4 days of myogenic differentiation.  Scale bars: 400 μm 
 
*P < 0.05; **P < 0.01 versus control; Mean ± SEM; n = 3.. 
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Supplementary Figure 3.  
 
A and C: FMO controls used to make gates in FACS. 
B: FACS identifying M1 macrophages and M2 macrophages in muscle from WT mice and AMPKα1 
KO mice at 3 days post-injury. 
**P < 0.01 versus control; Mean ± SEM; n = 3. 
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Supplementary Figure 4. Reduced muscle regeneration in Pax7Cre/tdtomato,EGFP mice is rescued 
by AICAR treatment, related to Figure 7 
 
A and B: Section of TA muscle from control Pax7Cre/tdtomato,EGFP mice (CD), obese 
Pax7Cre/tdtomato,EGFP mice (HFD), and obese Pax7Cre/tdtomato,EGFP mice treated with AICAR 
(HFD + AICAR) showing Pax7+ green satellite cells and derived muscle fibers at 3 days (A) and 7 days 
(B) post-injury. 
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Supplementary Figure 5. Impaired muscle regeneration in AMPKα1 KO mice  
 
TA muscle of WT and AMPKα1 mice were injured by CTX injection 
 
A: HE staining of TA muscle at 3 days post-injury showing necrotic muscle fibers (#) and regenerating 
muscle fibers ().  
 
B: IHC staining detecting EMH+ muscle fibers in TA muscle at 3 days post-injury and quantification.  
 
C and D: IHC staining detecting satellite cells in muscle at 3 days (C) and 14 days (D) post-injury. 
 
E: Pax7, Myf5, MyoD, and myogenin mRNA levels at 3 days post-injury. 
 
dpi, days post-injury; Magnified images of area marked by solid yellow line are shown in the corner of 
corresponding pictures outlined by dotted lines; *P < 0.05; **P < 0.01 versus control; Mean ± SEM; n = 
3. Scale bars: 200 μm.  
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Supplementary figure 6. Equal myogenic capacity of green satellite cells and red satellite cells with 
intact AMPKα1 expression in vivo  
 
One day after CTX injection to induce TA muscle injury, 3x104 of AMPKα1+/+/EGFP satellite cells and 
3x104 of R26Cre/AMPKα1fl/fl/DsRed satellite cells were transplanted into each TA muscle of WT mice 
without tamoxifen treatment. TA muscle was isolated at 14 days after satellite cell transplantation and 
immunostaining was performed to identify muscle fibers derived from transplanted satellite cells. 
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Supplementary Figure 7. AICAR treatment fails to enhance muscle regeneration in mice fed with 
control diet.  
 
TA muscle of mice fed with control diet (CD), control mice treated with AICAR (CD + AICAR), obese 
mice fed with high fat diet (HFD) and obese mice treated with AICAR (HFD + AICAR) were injured by 
CTX injection. Muscle was collected 1 h after the last AICAR treatment. 
 
A: Representative western blot of experiments testing p-ACC, ACC, p-AMPKα and AMPKα levels in 
TA muscle at 3 days post-injury.  
B: IHC staining identifying p-AMPKα+ Pax7+ satellite cells in control mice treated with AICAR at 3 
days post-injury and quantification. Scale bars: 100 μm 
C: IHC staining identifying Pax7+ satellite cells in control mice and control mice treated with AICAR at 
3 days post-injury. Scale bars: 200 μm 
D: FACS for Lin-/Sca-1-/Integrin α7+ satellite cells in TA muscle at 7 days post-injury. 
E: IHC staining of EMH+ muscle fibers in TA muscle at 7 days post-injury and quantification. Scale 
bars: 200 μm 
*P < 0.05; **P < 0.01 versus CD; #P < 0.05; ##P < 0.01 versus HFD; Mean ± SEM; n = 3. Scale bars: 
200 μm. 
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