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Supplemental Figures S1 to S7

Movies S1 to SS
Movie S1: WT U20S stained with Mitotracker Green and treated with 250ng/ml Rotenone.
Movie S2: AMPK DKO U20S stained with Mitotracker Green and treated with 250ng/ml

Rotenone
Movie S3: WT U20S stained with Mitotracker Green and treated with vehicle (DMSO)

Movie S4: WT U20S stained with Mitotracker Green and treated with 300 [M A769662
Movie S5: AMPK DKO U20S stained with Mitotracker Green and treated with 300 [M A769662

Materials and Methods

Supplemental Text re: MFF alternative splicing
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Fig. S1. Creation of AMPKa1,02 CRISPR/Cas9 DKO cell lines and study of response to ETC inhibitors.

(A) Schematic representation of the DNA sequence targeted by the guide RNA pairs against AMPK a1 and a2.

(B) Protein immunoblot of U20S cells transfected with the indicated guide RNA pairs and selected with puromycin.

(C) Dose response of Oxygen Consumption Rate (OCR) in WT or AMPK DKO U20S cells with increasing concentration
of Rotenone.

(D) Protein immunoblot of the cell lines and conditions shown in Figure 1A. veh: Vehicle (DMSO), rot: 250ng/ml
Rotenone, ant: 10uM Antimycin A.

(E) Analysis of OPA1 processing by protein immunoblot in WT and AMPK DKO U20S cells after 1 hour of the indicated
treatments. Rotenone and Antimycin A induce AMPK activation but do not affect Opa1 processing, unlike CCCP.
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Fig. S2. AMPK is required for mitochondrial fragmentation following A769662 or other AMPK direct activators
in the absence of mitochondrial inhibition.

(A) Time-lapse images of U20S AMPK DKO cells stained with MitoTracker Green and treated with 300uM A769662 at
0 minutes. A magnification of a portion of the mitochondrial network (dotted square) is included (bottom panel). (See
Movie S5).

(B) Induction of AMPK signaling by A769662 and AICAR is lost in U20S AMPK DKO cells and rescued by expression
of wild-type AMPK a1 or a2 cDNA. Protein immunoblot analysis of cell lines and conditions shown in Fig. 2A and B.
veh: Vehicle (DMSO), a76: 300uM A769662, aic: 2mM AICAR.

(C) Protein immunoblot of AMPK a1 o2 MEFs transduced with FlpO (control) or Cre-encoding Adenoviruses (see
Fig. 2D, E) and treated for 1 hour with vehicle (DMSO, V), 100ng/ml Rotenone (R) or 50uM MT68-73 (M).
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Fig. S3. Validation of pMFF S172 antibody

(A) Schematic of MFF cDNA illustrating location of serines 155 and 172 relative to functionally annotated Drp1-binding
domains at amino-terminus and transmembrane domain which localizes MFF to outer mitochondrial membrane.

(B) HEK293Ts co-transfected with empty vector (-), WT or MFF S172A mutant and GST (-) or constitutively active
GST-AMPKa1 (+ CA-AMPKa1) were treated with vehicle (-) or 2mM phenformin (P) for 1 hour and then lysed. FLAG
immunoprecipitations and total cell lysates were immunoblotted as indicated.

(C) HEK293Ts co-transfected with empty vector (mock), or WT MFF and GST (-) or constitutively active GST-AMPKa1
(CA-AMPKat) were lysed and the FLAG immunoprecipitations were treated with lambda phosphatase (+) or left
untreated (-) and immunoblotted as indicated.

(D) Protein immunoblots of HEK293Ts co-transfected with an empty vector (pcDNA3) or the indicated WT or S172A
(SA) human MFF splice isoforms together with GST-constitutively active AMPKa1 (+) or GST alone (-).
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Fig. S4. Analysis of endogenous phosphorylation of MFFS172

(A) Protein immunoblot of Mff++ and Mff- MEFs for endogenous Drp1 receptors (MFF, Fis1, MiD51)

(B) Protein immunoblot of Mff++ and Mff- MEFs treated with vehicle or 2mM AICAR for 1hour showing
phosphorylation of endogenous MFF as detected by MFF P-Ser'72-specific antibody.

(C) Protein immunoblot of WT and AMPK DKO MEFs as in Fig. 2D showing phosphorylation of endogenous MFF 1h

after indicated treatments as detected by MFF P-Ser'72-specific antibody.

V: Vehicle (DMSO), R: 100ng/ml Rotenone, M: 50mM MT68-73.
(D) Protein immunoblot of WT primary hepatocytes treated with 2mM AICAR for the indicated times showing
phosphorylation of endogenous MFF as detected by MFF P-Ser'72-specific antibody.
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Fig. S5 Analysis of the response of 3KD and Mff*cells with or without re-expression of MFF alleles.

(A) Protein immunoblot of WT or 3KD (Mff-Fis17-shRNA Mid51) MEF cells.

(B) Quantification of mitochondrial morphology WT (+/+) or 3KD (MFF/Fis17 shRNA Mid51) MEFs transduced with a
control vector and treated for 1 hour with vehicle or 2mM AICAR or vehicle (DMSO), fixed and visualized with an
antibody to TOM20. Data are shown as mean +/-SEM of three independent experiments with 200 cells counted for
each replicate. n.s.: not significant, **: p<0.01, ***: p<0.001 by two-way ANOVA using Tukey’s multiple comparisons
test for the long and short categories.

(C) Representative images of 3KD cells stably transduced with a control vector (mock) or WT MFF, treated for 1 hour
with vehicle or 2mM AICAR, fixed and stained with an antibody to TOM20. Scale bar:10 um.

(D) Quantification of mitochondrial morphology WT or MFF/ MEFs transduced with a control vector and treated for 1
hour with vehicle or 2mM AICAR and quantified as in (B).

(E) and (F) Protein immunoblots of cell lines from Fig. 4A-C treated for 1h as indicated, demonstrating equivalent
AMPK activation and protein levels in all cell lines used. V: Vehicle, A: 2mM AICAR, R: 250ng/ml Rotenone
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Fig. S6 Phosphomimetic MFF Ser155/Ser 172 alleles behave as gain of function alleles of MFF.

(A) Protein immunoblots of 3KD (MFF-/-Fis1-/- shRNA Mid51 cells) MEFs stably transduced with WT MFF, MFF
S155D-S172D (SD2) or MFF S155E-S172E (SE2).

(B) Representative images of 3KD cells stably transduced with WT MFF or MFF S155D-S172D (SD2) treated for 1
hour with vehicle or 2mM AICAR, fixed and stained with an antibody to TOM20. Scale bar:10 um.

(C) Quantification of the mitochondrial morphology of 3KD cells stably transduced with WT MFF or MFF S155D-S172D
(SD2) or MFF S155E-S172E (SE2). Data are shown as mean +/-SEM of three independent experiments with 200 cells
counted for each replicate. ns: not significant, ***: p<0.001, ****: p<0.0001 by two-way ANOVA using Tukey’s multiple
comparisons test for the long and short categories.

(D) Quantification of mitochondrial morphology in 3KD MEFs stably transduced with WT or SD2 MFF treated for 1 hour
with DMSO (vehicle) or 50uM MT63-78, fixed, visualized with a TOM20 antibody and quantified as in (C).

(E) Quantification of the mitochondrial morphology in MFF -~ MEFs stably transduced with WT MFF or MFF S155D/
S172D (SD2) or MFF S155E/S172E (SE2) treated with 2mM AICAR for 1 hour. Data are shown as mean +/-SEM of
three independent experiments with at least 200 cells counted for each replicate. ****: p<0.0001 by two-way ANOVA
using Tukey’s multiple comparisons test for the long and short categories.

(F) Quantification of mitochondrial ROS levels in 3KD MEFs expressing the indicated MFF constructs and treated for 8
hours with 250ng/ml Rotenone. Data are shown as mean +/-SEM of three independent experiments.**: p<0.01, by two-
way ANOVA using Tukey’s multiple comparisons test.
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Fig. S7 Analysis of enforced MFF expression in dendrites from cortical neurons in utero electroporated

(A) Schematic illustration of the in utero cortical electroporation through microinjection of plasmid constructs in the
lateral ventricles of E15.5 mouse embryos.

(B) Max projection image showing a layer 2/3 pyramidal neuron optically isolated by confocal microscopy in the
somatosensory cortex at P30 following in utero cortical electroporation at E15.5 with the labeled constructs. Hoechst
33258 was used to label all nuclei (Blue), mt-DsRed labels all mitochondria, and mVenus marks cytoplasm of all
expressing cells. Small box demonstrates a collateral of the apical dendrite used for quantification of mitochondrial
morphology. Scale bar = 50um

(C) Quantification of FLAG-tagged MFF protein expression in neurons via Flag epitope staining. Data is shown as
mean * s.e.m. Nyee.ywr= 556 mitochondria, Nyer.pp=447, Nyeraa=297 from 10 images per condition. No significant
difference (ns) was measured between the three conditions by a non-parametric Kruskal-Wallis Anova test with Dunn’s
multiple comparisons.

(D) Molecular model for how mitochondrial stress induces AMPK-dependent mitochondrial fragmentation

Aﬂffﬁ\\ Mitochondrial poisons
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Material and Methods

Plasmids

MFF (Uniprot Q9GZY8 isoform 5) cDNA was generated by RT-PCR from RNA obtained from
IMRO0 cells. A single FLAG tag was inserted at the N-terminus of MFF and the resulting product
was inserted into pCDNA3, pLenti PGK Blast or pQCXIB Gateway destination vectors. For Figure
S3C, Uniprot Q9GZYS isoform 1, 2, 4 were made as above and inserted into pCDNA3. Mock
vectors were generated by amplifying Renilla luciferase by PCR and inserting into pLenti PGK
Blast or pQCXIB Gateway destination vectors. MFF phosphorylation site mutants were generated
by PCR. pEBG-AMPKa.1(amino acids 1a312) is constitutively active by truncation after amino
acid 312 as described previously(/). Untagged human AMPKal or AMPKa2 cDNAs were
inserted into pPCMV/TO puro Gateway destination vector.

Reagents and antibodies

The following antibodies were used: actin (A5441), ULK1 (A7481) and Flag (F7425) from
Sigma, TOM20 (FL-145, Santa Cruz), Drpl (611113, BD Biosciences), and MFF (17090-1-AP,
Protein Tech). The following antibodies were from Cell Signaling Technologies: pAMPK Thr172
(#2535), AMPK a1/2 (#2532), pACC Ser79 (#3661), ACC (#3662), pRaptor Ser792 (#2083),
Raptor (#2280), pULK 1 Ser555 (#5869), phospho(Ser)14-3-3 binding motif (#9601), pAMPK
substrate motif (#5759S). phospho-MFF S172 was developed in collaboration with Amrik Singh
and Gary Kasof at Cell Signaling Technologies. The following secondary antibodies were used:
Alexa488 goat anti-rabbit (A11070), Alexa 488 goat anti-mouse (A11017), Alexa 568 goat anti-
rabbit (A11034) from Life Technologies and HRP-coupled antibodies to mouse (AP124P) and
rabbit (AP132P) from Millipore. AICARwas obtained from Toronto Research Chemicals, A769662
from Reagents Direct and Phenformin, Metformin, Rotenone, Antimycin A from Sigma. MT68-73
was from a kind gift from Dr. Massimo Loda (Harvard Medical School) (2).

Cell lines

WT and MFF "~ MEFS were generated as in (3). To generate the 3 KD MEFs, Fisl/Mff-null MEFs
(3) were transduced with retrovirus carrying MiD51 shRNA. Transduced cells were selected for
viral integration using puromycin resistance. The MiD51 shRNA vector was generated by
annealing and subcloning oligonucleotides (5’
GATCTGCTGTCATTCTTTGTCATAAACTCGAGTTTATGACAAAGAATGACAGCTTTTTG
3’and 5’
AATTCAAAAAGCTGTCATTCTTTGTCATAAACTCGAGTTTATGACAAAGAATGACAGC
A 3’) into the EcoRI and BglII sites of pRetroX (Life Technologies).

AMPKal (Prkaal)™ and AMPKa2 (Prkaa2) "™ mice were obtained from Benoit Viollet (Institut
Cochin, INSERM, Université Paris Descartes) and interbred to create double floxed Prkaal™
Prkaa2™" mice from which MEFs were derived as previously described (4). AMPK a1"" o2""
MEFs were immortalized with SV40 T antigen and were transduced with adenovirus encoding
FIpO (control) or Cre recombinase and used at least 1 week post-transduction. Wild-type and
AMPK o1”, 02" double knockout MEFs were previously described (/). SV40 immortalized wild-
type MEFs used in Figure 3D were described previously (4). All cell lines were cultured in
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DMEM (Corning #10-013-CV) containing 4.5 g/LL glucose, pyruvate and L-glutamine
supplemented with 10% FBS (Hyclone) and Penicillin/Streptomycin (Gibco) in a 37°C incubator
with 10% (U20S, AMPK a1"" 02"" MEFs) or 5% (3KD MEFs) CO,.

For primary hepatocytes, AMPK a.1""/a2" FVB mice with or without Albumin-CreER
expression were injected 3x every other day with 1mg/kg tamoxifen. 17days later primary
hepatocytes were isolated by perfusing livers with Hank’s balanced salt solution (HBSS, KCl, 5.4
mM;KH2 PO4 ,0.44mM; NaCl, 138mM; NaHCO3 4.2 mM; Na2HPO4, 0.34 mM; glucose, 5.6
mM; HEPES, 55 mM; EGTA, 0.6 mM; pH 7.4). Livers were washed at a rate of 5 ml/min using
the vena cava before switching to collagenase buffer (same as above but without EGTA and
supplemented with CaCl2, 5 mM; Collagenase (Sigma C5138); 0.025%)). Cell viability was
assessed by the trypan blue exclusion test and was higher than 75%. 1.8*10° hepatocytes were
seeded in DMEM medium (Corning, 10-017), supplemented with 5%FBS, and penicillin/
streptomycin onto 60mm TPP plates (Light Lab Systems). After cell attachment (4 h), the medium
was replaced by fresh DMEM medium with 5% FBS and the experiments were performed the
following day.

Transfection and Virus Production

Lentiviral and retroviral infection was performed as described previously (5). Wild-type MEFs
were stably transduced with pQXCIB expressing Flag-MFF, FLAG-MFF mutants, or Renilla
luciferase by retroviral infection and selected using blasticidin (Life Technologies). Matched wild-
type and AMPK a1, a2 MEFs and wild-type and 3KD MEFs were stably transduced with
pLenti PGK expressing FLAG-MFF, MFF mutants, or Renilla by lentiviral infection and selected
using blasticidin. Stable re-expression of AMPK al or a2 into U20S AMPK a1 a2 DKO cells
was performed using lentivirus-mediated transduction of the human untagged gene cloned into
pCMV/TO vector and selected with puromycin (Sigma). Transient transfections were done using
Lipofectamine 2000 (Life Technologies) according to manufacturer's instructions. Transfected cell
lysates were harvested 20-24 hours post transfection.

Cell lysis and immunoprecipitation

At indicated timepoints after changing the media with fresh media containing vehicle or drug
treatment, cells were washed with cold PBS and lysed in lysis buffer: 20 mM Tris pH 7.5, 150 mM
NaCl, 1 mM EDTA, ImM EGTA, 1% Triton X-100, 2.5 mM pyrophosphate, 50 mM NaF, 5 mM
[B-glycero-phosphate, 50 nM calyculin A, 1 mM Na3VO4, and protease inhibitors (Roche). For
timecourse experiments, media was changed for 1 hour prior to the addition of the drug treatment

and cells were lysed at the indicated times. Lysates were incubated at 4°C for 15 minutes and
cleared at 16,000g for 15 minutes at 4°C. Total protein was normalized using BCA protein kit
(Pierce) and lysates were resolved on SDS-PAGE gel. Immunoprecipitations were performed by
adding M2 FLAG agarose (Sigma) to equilibrated lysates for 1.5 hours at 4°C. The beads were
washed three times with lysis buffer and then eluted by boiling in SDS lysis buffer for 5 minutes
and resolved by SDS-PAGE gel.

For lambda phosphatase assays, HEK293Ts transiently co-transfected with FLAG-MFFand pEBG-
CA-AMPKal and were lysed and subjected to FLAG-immunoprecipitation. Immunoprecipitates
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were washed three times in lysis buffer and then three times in Protein MetalloPhosphatase buffer
(NEB) and then added to the phosphatase reaction with or without 2ul lambda phosphatase
(NEB). The reaction was incubated at 30°C for 30 minutes and then washed, treated with SDS
sample buffer, boiled and resolved by SDS-PAGE gel.

Kinase assays
Radioactive in vitro kinase assays were performed essentially as described in (4) with minor

modifications. Briefly, HEK293Ts transiently transfected with FLAG-MFF were lysed and
subjected to FLAG-immunoprecipitation. Immunoprecipitates were washed three times in lysis
buffer and then three times in kinase buffer (50 mM Tris pH 7.5 10 mM MgCl, ) and added to the
kinase reaction containing ATP y*’P and 2mM DTT with or without 50ng of active recombinant
AMPK (Millipore #14-840). The reaction was incubated for 5 minutes at 37°C and processed as
described in (4).

Immunofluorescence
For analysis of mitochondrial morphology, U20S cells were grown overnight on glass coverslips,

the media was replaced with fresh media containing drug or vehicle, incubated for 1 hour, fixed in
4% PFA (Electron microscopy sciences) for 15 minutes at room temperature, permeabilized with
0.1% Triton X-100, blocked in 5% BSA and stained with antibodies to TOM?20 followed by
Alexa488-labelled secondary antibodies and counterstained with DAPI. Coverslips were mounted
using ProlongGold (Life Technologies). 3KD and Mff" MEFs were treated similarly except that
the cells were fixed at 37°C for 15 minutes, blocked using 5% FBS and the coverslips were
mounted using Fluoromount G (Southern Biotech). Cells were imaged using a Zeiss LSM 700
confocal microscope. For quantification of mitochondrial morphology of TOM20-stained cells,
scoring was done blind to genotype and treatment. “Fragmented” was defined as cells in which the
majority of mitochondria were spherical (no clear length or width); “Short” were cells with a
majority of mitochondria less than ~10 um; “Long” were cells in which the majority of
mitochondria were more than ~10 um, and “Fused” was defined as cells with highly interconnected
mitochondria with less than 4-5 free ends.

Mitochondrial Drpl colocalization analysis

Cells were processed for immunofluorescence as described above and stained with antibodies to
TOM?20 (FL-145, Santa Cruz) and Drp1 (611113, BD Biosciences) followed by detection using
Alexa 488 anti-mouse and Alexa 568 anti-rabbit secondaries. Images were acquired on a Zeiss 700
confocal microscope at 63x using constant acquisition settings across samples blinded for genotype

and treatment. Images were then analyzed in ImagelJ using the colocalization highlighter plugin. To
generate the colocalization score, images were converted to 8 bits, thresholded and the number of
white pixels, indicating colocalization, were counted using analyze particle and normalized to the
total mitochondrial area in each picture. A total of 4 independent experiments consisting of at least
5 pictures, representing at least 40 cells per condition, were used for each sample.
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Time-lapse microscopy

U20S cells were plated in glass chamber slides (LabTek) and stained for 30min with 100nM
MitoTracker Green (Life Technologies) before addition of the drug. Imaging was started
immediately after addition of the drug on a Zeiss CSU spinning disc confocal at 37°C and 10%
CO,. 6 z-stacks were acquired every 5 min for 2 hours. After acquisition, maximal projection of the
z-stack was performed using ImageJ and exported as uncompressed AVI sequences at 2 frames per
second.

Seahorse assay

Dose response of Rotenone in WT and AMPK DKO U20S cells measured with a Seahorse flux
analyzer. Oxygen consumption 3 min after drug addition was normalized to the value immediately
before the addition of the drug and is shown as a function of drug concentration (log scale).

Primary neuronal culture and ex utero electroporation

Cortices from E15.5 CD1 mouse embryos were dissected in Hanks’ Buffered Salk Solution
(HBSS) supplemented with Hepes (2.5 mM), CaCl, (1 mM, Sigma), MgSO, (1 mM, Sigma),
NaHCO,; (4mM, Sigma) and D-glucose (30 mM, Sigma), hereafter referred to as cHBSS. Cortices
were dissociated in cHBSS containing papain (Worthington) and DNAse I (100 pg/ml, Sigma) for
20 min at 37°C, washed three times and manually triturated in cHBSS supplemented with DNAse.
Cells were then plated at 7.5 x 10 cells per 35mm glass bottom dish (Matek) coated with poly-D-
lysine (1 mg/ml, Sigma) and cultured for 21 days in neurobasal medium supplemented with B27
(1X), FBS (2.5%), L-glutamine (2 mM). One third of the medium was changed every 5 days
thereafter with non-FBS containing medium. Ex utero electroporation (pSCV2 mVenus -
0.75pg/pL, pCAG mito-DSRED - .25pg/uL, 1pug/ul pCAG Renilla, of MFF-WT/AA/DD (final
concentration 2ug/ul)) was performed as previously published in Courchet et al (2013). Cells were
fixed and stained as previously published (5). Antibodies used were chicken anti-GFP (Aves,
1:2000), rabbit anti-RFP (Abcam, 1:1000), mouse anti-Flag (Sigma, 1:500).

In utero electroporation

In utero electroporations were performed as detailed in (5) with the exception that CD1 mice were
used. Briefly, a mix of endotoxin-free plasmid preparation (pSCV2 mVenus -0.75ug/uL, pCAG
mito-DSRED - 25ug/uL, 1ug/ul pCAG Renilla, of MFF-WT/AA/DD (final concentration
2upg/ul)) was injected into one lateral hemisphere of E15.5 embryos using a picospritzer.
Electroporation was performed with gold paddles to target cortical progenitors in E15.5 embryos
by placing the anode (positively charged electrode) on the side of DNA injection and the cathode
on the other side of the head. Four pulses of 45 V for 50 ms with 500 ms interval were used for
electroporation. Animals were sacrificed 30 days after birth by terminal perfusion of 4%
paraformaldehyde (PFA, Electron Microscopy Sciences) followed by 2 hours post-fixation in 4%
PFA. Staining was performed as previously published (5). Antibodies used were chicken anti-GFP
(Aves, 1:2000), rabbit anti-RFP (Abcam, 1:1000), mouse anti-Flag (Sigma, 1:500). Hoechst 33528
(Invitrogen, 1:10000) was used to label nuclei.
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Mouse Neuron Imaging and Quantification

Confocal imaging was performed on a Nikon Ti-e inverted microscope using Nikon’s A1 confocal,
Nikon NIS-Elements and a 100x 1.49NA Nikon objective. Nikon’s NIS-Elements Advanced
Research program was used to draw regions of interest (ROI) around individual mitochondria
along collaterals of the apical dendrite. Elements then extracted area and intensity from each ROI.
All analysis was performed blind to the observer by randomization with a random number
generator. All statistical analysis was performed in Prism.

Mitochondrial ROS measurement

Mitochondrial ROS levels were measured using the MitoSOX probe (Life Technologies).
Following treatment with Rotenone for 7h and loading with 2.5uM MitoSOX for 30 minutes, cells
were trypsinized, resuspended in HBSS and immediately analyzed by FACS in a Canto II analyzer.

Knockout cell generation using CRISPR

Knockouts were generated using the Cas9 nickase strategy as described (6). Briefly, a pair of guide
RNAs (gRNA) targeting the exon 1 was designed for both human PRKAA1 and PRKAA2 genes
using the online design tool at crispr.mit.edu (AMPK al A/B and AMPK a2 A/B, respectively).
Each gRNA duplex was cloned into pX462 vector encoding SpCas9n-2A-puro (Addgene # 48141).
U20S cells were transfected with the gRNA pair to generate single al or a2 KO or transfected
with both pairs together to generate double a1/ a2 KO (DKO). After puromycin selection, single
cell cloning was performed by cell sorting into 96-well plates. Individual clones were screened by
western blot and a clone lacking both AMPK al and a2 protein expression was selected.

gRNA sequences
AMPK al A: GGCTGTCGCCATCTTTCTCC, B: GAAGATCGGCCACTACATTC
AMPK a2 A: TCAGCCATCTTCGGCGCGCG, B: GAAGATCGGACACTACGTGC

Sequencing of CRISPR alleles

A region at the 5° end of both PRKAA1 and PRKAA2 genes was PCR amplified using primers
hA1F: GCTCTCGTAACAAGCCACAG, hA1R: CCAGCCCTGGAAAGAAGG, hA2F:
TCCTCAGAAAGGGCCTCCT, hA2R: GACCTCCAGAAAGGCAGATG. The PCR products
were TOPO cloned using Zero Blunt TOPO PCR cloning kit (Life Technologies) according to the
manufacturers instructions. A total of 40 clones were mini prepped and sequenced by Sanger
sequencing and aligned to the reference sequence. This revealed that the PRKAA1 gene was
modified as follow: an insertion of 41 bp and 19 at positions +28 and +33 relative to the start
codon, respectively; a deletion of 26 bp starting at +26; and an insertion of 78 bp at position +73.
The PRKAA?2 alleles were a deletion of 96 bp starting at position -37 relative to the start codon;
and an insertion of 25bp at position +11 and a deletion of 33bp at position +26. All these alleles
disrupt the open reading frame and result in premature stop codons.
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The MFF gene encodes a number of alternative splice isoforms, several of which were described
when it was first identified (7). However, only a few of these splice isoforms are well annotated in
Uniprot. Notably, one splice junction lies just carboxyl-terminal to one of the two AMPK
phosphorylation sites (Ser'”> in human MFF isoform 1), and this alternative splicing changes the
amino acid residues that follow the serine phosphorylated by AMPK (see lineup below). One
potential impact of these sequence changes is that the different MFF splice isoforms may differ in
their ability to be phosphorylated by AMPK, with isoforms bearing weaker AMPK substrate
sequence motifs being potentially less robustly phosphorylated by AMPK in vivo. It should be
pointed out, though, that the second AMPK phosphorylation site, Ser'”, is present in all MFF
splice isoforms, and AMPK should therefore be capable of phosphorylating all MFF splice
isoforms at this site. We cannot predict a priori whether the MFF isoforms that fit the AMPK
substrate motif less optimally are actually less stoichimetrically phosphorylated in vivo since much
of the AMPK sequence selectivity is still present at Ser'”?, while a second, perfect AMPK site
(Ser'™) still exists in MFF, which may serve to recruit AMPK to phosphorylate MFF at both sites
regardless of how well Ser'”> conforms to the predicted, optimal AMPK motif. One additional
impact of the differential splicing surrounding Ser'”* is that different MFF splice isoforms may be
more or less reactive to the phospho-antibody we generated against P-Ser'’?, which was generated
against a peptide corresponding to Ser'”? in MFF isoform 2. This may explain why our P-Ser'”
antibody does not recognize the higher molecular weight MFF isoforms 1 and 3 in MEFs, which
express several different splice isoforms of distinct molecular weights (see Fig. 3F, S3B, S3C).
Lastly, it is worth noting that these alternative splice isoforms appear fully conserved to mouse and
may extend further back through evolution given that MFF itself is conserved back to C. elegans

(7).
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