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AMPK phosphorylation of ACC2isrequired for skeletal muscle fatty acid oxidation
and insulin sensitivity in mice
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Abstract
Aimsg/hypothesis Obesity is characterised by lipid accumulationkelstal muscle, which
increases the risk of developing insulin resistaarue type 2 diabetes. AMP-activated protein

kinase (AMPK) is a sensor of cellular energy statnd is activated in skeletal muscle by
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exercise, hormones (leptin, adiponectin, IL-6) phdrmacological agents (5-amino-4-
imidazolecarboxamide ribonucleoside [AICAR] and foehin). Phosphorylation of acetyl-
CoA carboxylase 2 (ACC2) at S221 (S212 in miceAMPK reduces ACC activity and
malonyl-CoA content but the importance of the AMRAGC2—malonyl-CoA pathway in
controlling fatty acid metabolism and insulin sérgly is not understood; therefore, we
characterisedcc2 S212A knock-in (ACC2 KI) mice.

Methods Whole-body and skeletal muscle fatty acid oxidaaon insulin sensitivity were
assessed in ACC2 KI mice and wild-type littermates.

Results ACC2 KI mice were resistant to increases in skélaetascle fatty acid oxidation
elicited by AICAR. These mice had normal adipositd liver lipids but elevated contents of
triacylglycerol and ceramide in skeletal musclejohtwere associated with
hyperinsulinaemia, glucose intolerance and sketetacle insulin resistance.
Conclusionginterpretation These findings indicate that the phosphorylatioAGIC2 S212 is

required for the maintenance of skeletal muscid Bmd glucose homeostasis.
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I ntroduction

Skeletal muscle is the major site of insulin-stiatet glucose disposal (~ 80%); therefore,
metabolic perturbations in this tissue have an i@ influence on whole-body glucose
homeostasis. AMP-activated protein kinase (AMPKjnsevolutionarily conserved
metabolic stress-sensing kinase that regulatesl@e#inergy status by phosphorylating key
substrates [1]. Consistent with its role as angneensor, skeletal muscle AMPK is rapidly
activated in response to exercise and hormonesifact associated with increases in fatty
acid oxidation [2]. Fatty acid oxidation in skeletauscle is regulated by carnitine palmitoyl
transferase (CPT-I), which mediates the transgddrm-chain fatty acids across the outer
mitochondrial membrane by binding them to carnit@®T-I activity is inhibited by
malonyl-CoA, which is produced following carboxytat of acetyl-CoA by acetyl-CoA
carboxylase (ACC). ACC exists as two isoforms, AGD# ACC2 [3]. Liver, brown and
white adipose and the brain contain predominan@CA with low amounts of ACC2, while
skeletal and cardiac muscles contain almost exalysACC?2 [3, 4]. ACC1 and ACC2 are
distinguished by an N-terminal extension of 146ravacids in ACC2 that is thought to
localise this isoform to the outer mitochondrialmieane [5] thus facilitating the regulation
of fatty acid oxidation by malonyl-CoA inhibitiorf €PT-I. Initial reports that ACC2 null
(knockout [KQ]) mice had accelerated fatty aciddation and enhanced insulin sensitivity
appeared to fit with ACC2 having an important rioleéegulating insulin sensitivity [6, 7].
However, two independent reports have recentlytopresd these findings: Hoehn et al [8]
and Olson et al [9] found no change in body masssulin sensitivity of whole-body and
skeletal muscle-specific ACC2 KO mice, respectivélyus the role of ACC2 in controlling
body mass and adiposity, skeletal muscle fatty eaxidation and insulin sensitivity is
currently unclear.

Genetic mouse models have been utilised to batigersgtand the role of AMPK in
controlling skeletal muscle fatty acid oxidatiotudes inAmpk (also known a®rkaa?)
whole-bodya2 andp2 KO, skeletal muscle-specifi2 kinase dead (KD) and skeletal
muscle-specifidmpk 3132 KO (AMPK 132 M-KO) mice, which all have dramatic
reductions in skeletal muscle AMPK activity, haeaifd that fatty acid oxidation is not
impaired [10-13]. A caveat of these models is thamall degree of ACC phosphorylation is
still present, which may be sufficient to inhibiC& activity and increase fatty acid
oxidation. However, changes in substrate use cdmwetewed in isolation because AMPK

has multiple substrates that have an impact orobgdrate and fatty acid metabolism [1]. In



addition, compensatory regulation of AMPK-indepemdgathways, like those involving
sirtuin 1 and tre-1/USP6, BUB2, cdc 16 domain fgmilember 1 (TBC1D1), could increase
fatty acid oxidation [14].

To alleviate these concerns we have recently cteraed mice harbouring targeted knock-in
(Ser-Ala) mutations at both S79 and S212 AMPK phosgation sites on ACC1 and ACC2,
respectively (hamedécc double knock-in mice [ACC DKI]) [15]. Tissues froACC DKI

mice have increased ACC activity and malonyl-Ca&reased rates of liver lipogenesis and
reduced fatty acid oxidation, contributing to aydiver. ACC DKI mice also have reduced
rates of skeletal muscle fatty acid oxidation aadedop modest impairments in muscle
insulin sensitivity. Despite these data indicatingt AMPK phosphorylation of both ACC1
and ACC2 is critical for controlling insulin sensity, the importance of the ACC2 isoform
in controlling whole-body or skeletal muscle fadiyid oxidation and insulin sensitivity has
not been tested. This is especially relevant foumber of reasons: (1) there are
discrepancies regarding the importance of ACCaimtrolling skeletal muscle insulin
sensitivity [6-9]; (2) ACC1 may be able to compardar ACC2 function in the control of
skeletal muscle fatty acid oxidation [9]; (3) itnet currently known whether
pharmacological activators of AMPK that increaselstal muscle fatty acid oxidation (e.g.
5-amino-4-imidazolecarboxamide ribonucleoside [ARJAmediate their effects through the
AMPK-ACC signalling pathway.

To specifically assess the contribution of ACC2 Zphosphorylation in regulating fatty acid
oxidation and insulin sensitivity we characteriged2 S212A Kl (ACC2 KI) mice. We

found that ACC2 KI mice tended to have reduced/fatid oxidation rates in skeletal muscle
and, importantly, this was not increased by AICA&atment. Consistent with these findings
ACC2 Kl mice fed a control chow diet had increabpid deposition in skeletal muscle and
developed insulin resistance, suggesting that AGZI2 phosphorylation is required for the
maintenance of not only skeletal muscle lipid hostasis but also glucose metabolism in
lean healthy mice. However, on an obesity-promotiigip-fat diet (HFD) ACC2 Kl mice
were indistinguishable from their wild-type (WTjtérmates suggesting that the HFD

overwhelmed the genotype differences observedamwefied mice.

M ethods

Animal experiments ACC2 Kl mice were generated and housed as desdddMale mice

at 6 weeks of age were maintained on a chow diéb(&J fat; diet 8640, Harlan Teklad,
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Madison, WI, USA) or an HFD (SF04-027; Specialtg#f® Perth, WA, Australia) for 12
weeks and had free access to food and water. Aliaprocedures were approved by the St
Vincent’'s Hospital Animal Ethics Committee and Mcdfier University Animal Ethics
Committee. Fed and overnight-fasted (12 h) blood e@lected via submandibular bleed and
serum was stored aB0°C before analyses [12].

Basal metabolism cage experiments and the calonolafisubstrate utilisation were
performed as described [12, 16]. Palmitate oxidgatvas measured in isolated extensor
digitorium longus (EDL) muscle, with or without AKR (2 mmol/l) [10].
Hyperinsulinaemic—euglycaemic clamps were perforasedescribed [15, 17]. 2-
Deoxyglucose (2DG) uptake was determined in isdlatdeus and EDL muscles treated with
vehicle or submaximal concentration of insulin (4Q0'ml) . See electronic supplementary
material (ESM) Methods for details.

Analytical methods For western blottingnuscle lysates were prepared and antibodies used as
described. The mRNA expressiohAccl, Acc2, Tnf, I11b, 116, Kc (also known a€xcll),

Ccl2 andll10 was determined in quadriceps muscle. Adipocyte wias determined in white
epididymal adipose sections that had been fixddrmalin, embedded in paraffin and
stained with haematoxylin and eosin [18]. Citratetsaseactivity was determined as
described . The activity of succinate dehydrogemaskecytochrome (cyt) ¢ oxidase and the
assessment of fibre-type distribution were perfatag described in the supplementary
methods. Muscle glycogen content was determingglyassyl units after acid hydrolysis
[19]. Triacylglycerol(TAG) was extracted [20] and lipidomics performed. Tceed®ine the
sensitivity of CPT-1 to malonyl-CoAsaponin permeabilised fibres were prepared as
described [21, 22]. See ESM Methods for details.

Satistics Unless otherwise noted, data were expressed assm&HM. Results were
analysed using Student'sest, paired test or ANOVA procedures, where appropriate, using
GraphPad Prism version 5.01 for Windows, GraphRd#thv@re, La Jolla, CA, USA,

www.graphpad.comSignificance was acceptedpat 0.05.

Results
ACC2 S212 phosphorylation is required for controlling muscle fatty acid oxidation in
response to AICAR ACC2 KI mice had no detectable ACC2 S212 phosplatinm either



basally or following treatment with AICAR, confirmg successful S212 mutation in ACC2
KI mice and that ACC2 is the only detectable AC&fasm present in skeletal muscle (Fig.
1la). The ACC2 Kl mutation did not altAccl or Acc2 mRNA expression, ACC1 or ACC2
protein expression (ESM Fig. 1 a, b) or AMBR activity (Fig. 1b). Malonyl-CoA
decarboxylase, which plays a reciprocal role to A@@e regulation of malonyl-CoA
production [23-25] and is downregulated in ACC2 ND-knice [9], was unchanged in
skeletal muscle of ACC2 Kl mice (ESM Fig. 1c).

We next measured fatty acid oxidation in skeletasafe from WT and ACC2 Kl mice
treated with or without 2 mmol/l AICAR. Fatty acixidation tended to be lower in isolated
EDL muscles from ACC2 KI mice-(24%;p < 0.06) and was increased in isolated EDL
muscles from WT but not ACC2 KI mice in respons@&lGAR (Fig. 1c). These data
highlight the importance of ACC2 S212 phosphorglatin controlling skeletal muscle fatty
acid oxidation with the pharmacological AMPK actmaAICAR. To investigate whether
these differences in muscle fatty acid oxidatiomehan impact on whole-body rates of
substrate use we completed experiments in metabckges wherein mice were injected

with either saline or AICAR. There was no signifitdifference in oxygen consumption (
VO,) or CQ; elimination {/CO,) between genotypes or treatments; however, thratery
guotient (RQ) was significantly reduced in WT bot ACC2 Kl mice (ESM Table 1). The

drop in RQ indicates a greater reliance on fattgt aabstrates in WT but not ACC2 Kl mice
following AICAR injection (Fig. 1d), a finding coigent with changes in ACC
phosphorylation (Fig. 1e). These data indicate pharmacological activation of AMPK by
AICAR increases whole-body rates of fatty acid atidn through the phosphorylation of
ACC2 S212.

ACC2 KI mice have normal appetite and energy expenditure and do not develop obesity when
fed a control chow diet We found that at 18 weeks of age body mass, adypasd adipocyte
size were comparable between WT and ACC2 KI miag ¢a, b). Similarly, oxygen
consumption, activity levels and food intake weot altered in ACC2 Kl mice (Table 1),
indicating that phosphorylation of ACC2 is noticad for controlling whole-body energy

expenditure or intake.

ACC2 212 phosphorylation is required for preventing ectopic lipid accumulation in skeletal

muscle Despite similar adiposity, body mass and energeedjture, modest changes in



skeletal muscle fatty acid oxidation would be dptited to alter skeletal muscle lipid levels
over time. Consistent with this hypothesis, we fibtimt ACC2 KI mice had a 76% increase
in skeletal muscle TAG (Fig. 2c). There were ndeddnces in liver TAG (Fig. 2c), which is
reliant on both ACC1 S79 and ACC2 S212 phosphadoyidtl5]. Muscle lipidomics found
that this increase was not confined to TAG, as @1618:0 and C20:0 ceramides were also
increased in ACC2 KI muscle (Fig. 2d). Consisterihw shift towards lower rates of
skeletal muscle fatty acid oxidation, ACC2 KI mitad reduced muscle glycogen, indicative
of a greater reliance on carbohydrate oxidatiog.(Ee), whereas liver glycogen was not
changed (Fig. 2e). These data demonstrate that 212 phosphorylation is essential for

maintaining skeletal muscle lipid homeostasis.

Lack of ACC2 S212 phosphorylation does not adversely alter mitochondrial functionin

skeletal muscle Mitochondrial dysfunction or reduced mitochondbadgenesis and density
can also lead to a decrease in fatty acid oxidatr@hsubsequent accumulation of bioactive
lipids including ceramides [26]; therefore, we assel these variables. We found that citrate
synthase and succinate dehydrogenase activityexgmession of proteins involved in
oxidative phosphorylation (OXPHOS), were not diéierin ACC2 KI mice (Fig. 3 a—e). This
was despite an increase in cyt ¢ oxidase activithaamodest oxidative fibre-type shift (type
IIb to type a/x myosin heavy chain isoforms) (Bd, g). In addition, maximal mitochondrial
respiratory chain complex function was normal i@ finiesence of various substrates,
including palmitoyl-CoA and palmitate (Fig. 3h)dinating that mitochondrial function was
intact. Altered CPT-I sensitivity to malonyl-CoAs$heen reported [27-29] but there was no
difference in palmitoyl-CoA respiration rates a@dgfor malonyl-CoA between
permeabilised muscle fibres of WT and ACC2 Kl m(Eg. 4). Collectively these data
indicate that the ACC2 KI mutation results in reedidatty acid oxidation rates independent

of intrinsic changes in mitochondrial function.

ACC2 212 phosphorylation is required for the maintenance of skeletal muscle insulin

sensitivity Elevated skeletal muscle ceramides can contritoutieet development of insulin
resistance [30]. ACC2 KI mice had fasting hyperlmaemia (Fig. 5a) and developed modest
whole-body glucose and insulin intolerance (Fity, 8). We subsequently performed
hyperinsulinaemic—euglycaemic clamps (ESM Tabld2ying the clamp ACC2 Kl mice

had a lower glucose infusion rate (GINF) (Fig. &dyl this was due to a reduced glucose

disposal rate (GDR) (Fig. 5e). Hepatic glucose pation and per cent suppression of hepatic
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glucose production were not altered indicating /@€C2 Kl mice had normal liver insulin
sensitivity (ESM Table 2). Serum insulin during tlemp was similar between genotypes
(ESM Table 2). To examine whether adipose tissugkeletal muscle contributed to
impaired insulin-stimulated GDR we measured insatimulated 2DG clearance following
the clamp and found that ACC2 Kl mice had a stri@mglency for reduced skeletal muscle
2DG clearancep(= 0.06, Fig. 5f). There was no difference in adiptissue 2DG clearance
(ESM Table 2). Similar observations of reduced linsstimulated glucose uptake were
observed in soleus and EDL muscles isolated fror®2&I mice and treated with insulin ex
vivo suggesting that the defect in insulin acticasvintrinsic to skeletal muscle and not due to
a change in circulating factors (Fig. 5g9). Thes@ dladicate that ACC2 S212
phosphorylation is important for preventing insuksistance in skeletal muscle but not liver
or adipose tissue.

To investigate the mechanisms contributing to skélauscle insulin resistance in ACC2 K
mice we examined insulin-signal transduction. Wenfibthat, consistent with recent reports
indicating that ceramide-induced insulin resistaincgkeletal muscle is downstream of
canonical insulin signalling [31], Akt and TBC1DABT1D1 phosphorylation were unaltered
in insulin-stimulated muscles (gastrocnemius mukilewing the clamp and isolated soleus
and EDL muscles treated with or without 400/ml insulin) of ACC2 KI mice compared
with WT controls (Fig. 6 a—d). Reduced muscle imsgénsitivity in ACC2 KI mice also
appeared to be independent of changes in GLUTZ4eesfm and muscle inflammation (Fig.
6 e, f). These data suggest that control of mussidin resistance is likely downstream of
TBC1D4 and may involve plasma membrane remodedimiyGLUT4 trafficking as
proposed [32].

ACC2 S212 phosphorylation does not exacer bate the devel opment of HFD-induced obesity or
insulin resistance We also examined the effects of an HFD and fouaddfter 12 weeks WT
and ACC2 KI mice had increased body mass and atipas well as increased serum leptin
levels compared with chow-fed controls but thereen® differences between genotypes
(Fig. 7a and ESM Table 3). We found that whileemgected, the HFD reduced the RQ
compared with chow controls there were no diffeesnoetween genotypes indicating that
ACC2 phosphorylation is not required for the uptagan of fatty acid oxidation in response
to increased substrate availability (Table 1). €h&ere also no genotypic differences in food
intake, activity levels or oxygen consumption (Teal). In contrast to the genotype effect

observed in chow-fed mice, there were no differenreerum insulin or NEFA between WT
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and ACC2 Kl mice fed an HFD (Fig. 7b). Similarieither insulin sensitivity nor glucose
tolerance was different between ACC2 Kl and WT naonean HFD (Fig. 7 c, d). Consistent
with comparable insulin sensitivity when fed thelHRve found that skeletal muscle TAG

and insulin-stimulated glucose uptake were comperadgtween genotypes (Fig. 7 e, f).

Discussion

ACC1 and ACC2 have distinct structures as wella@kilar and tissue specific localisation
but our understanding of their enzymatic contr@limost entirely based on studies involving
ACC1 [33-36]. With the discovery of ACC2 and itsmary localisation to the outer
mitochondrial membrane in skeletal muscle [5], dsvassumed that phosphorylation of
ACC2 S212 by AMPK regulated enzyme activity in anmer similar to ACC1 and that this
may be important for controlling skeletal musclayfacid oxidation. While associations
between AICAR-stimulated ACC2 phosphorylation aattyfacid oxidation have been
reported [8, 10, 37-39], in the current study wevjide direct genetic evidence establishing
that AICAR-induced increases in fatty acid oxidatare dependent on ACC2 S212
phosphorylation (Fig. 1). Importantly, the phenatygifferences in fatty acid oxidation
indicate that ACC2 S212 phosphorylation is the priyrpoint of AMPK regulation of
skeletal muscle fatty acid oxidation.

The phosphorylation of ACC2 S212 is increased &letll muscle in response to multiple
circulating hormones that increase fatty acid otxiglg reduce obesity and improve insulin
sensitivity (for review see [40]); therefore, weplayhesised that ACC2 KI mice might
develop obesity and insulin resistance. HoweverCA®I mice did not become obese
despite having reduced rates of fatty acid oxidgitioskeletal muscle. An important aspect of
our study is that while resting muscle contribut€0% to whole-body resting energy
expenditure we did not detect differences in thedR®CC2 Kl mice. We have found that
the ACC2 KI mutation on its own does not have apant on fatty acid oxidation in tissues
expressing the ACC1 isoform, such as the liver;[fii§refore, detecting small reductions in
basal fatty acid oxidation (~ 15%) in muscle of A&@C2 Kl mice would involve detecting a
2—-3% change in RQ, which is likely below the linotisdetection of indirect calorimetry.
Importantly, even if there was a detectable reducith whole-body rates of fatty acid
oxidation, this would not be sufficient to promdie development of obesity without a
decrease in whole-body energy expenditure as prsljiaescribed [8].

We found that reduction in skeletal muscle fattiglaxxidation was associated with an

increase in muscle TAG, equivalent to that in aesgbmouse fed an HFD for 12 weeks. In
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contrast, ACC2 KI mice had normal levels of livignids. It is now well accepted that
intramuscular TAG is unlikely to cause insulin stance, but instead serves as a protective
mechanism to sequester reactive lipids [41, 42fh&aspillover from the intramuscular
TAG pool into ceramides plays an import role in tleelopment of skeletal muscle insulin
resistance [43-45] as ceramides compromise memiolremics resulting in improper
GLUT4 insertion. In agreement with these finding€,C2 Kl mice had elevated skeletal
muscle ceramides, which was associated with skefetscle insulin resistance that was
independent of defects in insulin-signal transaductiGLUT4 expression and muscle
inflammation. This is consistent with recent repatémonstrating that control of lipid-
induced insulin resistance is downstream of TBC%@#alling and may involve actin
remodelling [31, 32]. Consistent with the developinaf skeletal muscle insulin resistance,
ACC2 Kl mice also developed whole-body hyperinsadimia and impaired whole-body
glucose tolerance and insulin sensitivity. So aduegstion is what was the source of
substrate that ACC2 Kl mice were using in ordepriavide energy if both fatty acid
oxidation and insulin-stimulated glucose uptakeeneduced? We speculate that under
conditions of reduced glucose uptake and redudeddaid oxidation most of the glucose
that is taken up is channelled to oxidation, legJass available for storage as glycogen. This
idea is supported by lower glycogen levels in deélmuscle of ACC2 Kl mice.

We also assessed insulin sensitivity in ACC2 Klanihen metabolically challenged with an
HFD for 12 weeks. Interestingly, the ACC2 Kl mutatihad no effect on insulin sensitivity
when mice were fed the HFD. This may be due tocdedumuscle AMPK and ACC
phosphorylation, which is common in obese mice gt would in turn be expected to
minimise the genotype differences. Additionallyisiknown that pyruvate dehydrogenase
kinase 4, a key enzyme involved in switching glectisfatty acid oxidation by inhibiting
pyruvate dehydrogenase activity (and glucose oxidpf47], is upregulated in response to
an HFD [48, 49]. Further studies investigating AMACC2-independent mechanisms
regulating fatty acid oxidation under high fattycaavailability are warranted.

In conclusion, we demonstrate that S212 phosphowplaf ACC2 is essential for regulating
not only skeletal muscle fatty acid oxidation bisbansulin sensitivity. As skeletal muscle
ACC2 phosphorylation may be reduced in obesitytsipd 2 diabetes [50], our studies
suggest that therapies aimed at restoring or mimgcACC2 phosphorylation may represent

an important therapeutic strategy for restoringlimssensitivity.
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Tablel Resting metabolic variables of WT and ACC2 KI miied a chow diet or HFD

Variable Chow die HFD

WT ACC2 KI WT ACC2 KI

VO, (mlkg*h™
Dark 2,917 +28.7 2,945+33.9 2,111+265 2,290 +22.8

Light 2,214 +20.51 2,207 +23.77 1,759 +16.811,829 £ 17.28

RQ (VCO,/VO,)
Dark 0.91 £ 0.00 0.92 £ 0.00 0.83 £0.00 0.8160
Light 0.89 £ 0.00 0.89 £ 0.00 0.84 £ 0.00 0.83.60
Activity (XAMB beam
breaks/12 h)
Dark 31,641 £51.24 34,280 + 68.18 16,688 + 5.2315,536 + 6.91
Light 5588 +14.2 6,519+18.2 2,740+£742 2,981+855
Food intake (¢

Dark 1.69 +0.00 1.65+0.00 1.31+0.10 1.30@9

Light 1.03 £0.00 1.10+0.00 0.87+£0.11 1.0Q.11

Data are means SEM,n=8
VO,, RQ, food intake and spontaneous activity levaiskulatory activity [beam breaks])

across the-axis of metabolic cages (XAMB beam breaks/12 l@rai2 h data were analysed
for light (07:00-19:00 hours) and dark cycles (09:07:00 hours). Mice had free access to
food and water

None of the variables differ between the ACC2 Ktenand the WT littermates
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Figurelegends

Fig.1 ACC2 KI mice have reduced fatty acid oxidatice-d) ACC2 S212 phosphorylation
relative to total ACC expression)( AMPK a2 activity (o) and palmitate oxidatiorc) in
isolated EDLmuscles treated ex viwith or without AICAR (2 mmol/l). d, €) Whole-body
percentage fatty acid utilisatiod)(and ACC2 S212 phosphorylatiog) (elative to total ACC
in gastrocnemius muscle following intraperitonegéction of mice with saline or AICAR
(0.5 g/kg body weight). Black bars, WT; white bak§€;C2 KI; ND, not detectable. Data are
meanst SEM, n=6-8. 1p<0.05 and **¥p<0.001 andp=0.06 vs WT littermatesp<0.05,

"p<0.01 and"p<0.001 vs basal, same genotype

Fig. 2 Lipids are increased in ACC2 KI skeletal muscie b Body (lefty-axis) and white
epididymal fat pad (WAT) mass (rigittaxis) @) and white adipose tissue cell size (ar&3) (
in 18-week-old chow-fed micec TAG in gastrocnemius muscle and liver, expressd)
glycerol/mg tissue.d) Ceramides (Cer) in tibialis anterior musck®. Glycogen contents in
gastrocnemius muscle (Isftaxis) and liver (righy-axis), expressed ag glycosyl units/mg
tissue. Black bars, WT; white bars, ACC2 KI. Data meang SEM, n=8-14. 1<0.05 and
*** n<0.001 vs WT littermates

Fig. 3 Muscle oxidative capacity is maintained in ACC2rice. @) Citrate synthase (Cs)
activity in quadriceps muscléb) Succinate dehydrogenase activity in tibialis aotgTA)
muscle. ¢—e) OXPHOS protein expression in soleas EDL(d) and quadriceps] muscle.
(f) Cyt c oxidase activity in TA.g) Fibre-type distribution of myosin heavy chainf@mons in
TA. (h) Mitochondrial respiratory chain complex functimnpermeabilised fibres isolated
from gastrocnemius muscle. GM, glutamate + maktegd 1V); GMD, glutamate + malate +
ADP (state Ill); GMDc, glutatmate + malate + ADRyt c; GMDcS, glutamate + malate +
ADP + cyt ¢ + succinate. Black bars, WT; white h#&€C2 KI. Data are meadsSEM (=5
TA; n=8 Cs and OXPHOS)=4 permeabilised fibres)p&0.05 andp=0.07 vs WT

littermates. d/w, dry weight
Fig.4 CPT-I sensitivity to malonyl-CoA in permeabiliseuiscle fibres.d) Palmitoyl-CoA

(P.CoA) respiration rates in permeabilised fibsedadted from gastrocnemius muscle of WT

(black squares) and ACC2 Kl (white squares) miceegponse to varying concentrations of
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malonyl-CoA. b) ICs, for malonyl-CoA. Data are meansSEM,n=4.V__ . maximal rate of

max?

respiration

Fig.5 ACC2 Kl mice have impaired insulin sensitivitg) Fasting (12 h) serum insulirb,(

¢) Glucose (1 g/kg)d) and insulin (0.6 U/kg)d) tolerance tests and AUC (insets), €)
Glucose infusion rate (GINF) over timé) @nd GDR during hyperinsulinaemic—euglycaemic
clamp €). (f) Insulin-stimulated 2DG uptake in gastrocnemiusatel following the clamp.

(g) 2DG uptake in isolated soleus and EDL musclestdskex vivo with or without insulin
(400pU/ml) (B, basal; Ins, insulin). Black bars and sgsa WT; white bars and squares,
ACC2 KI. Data are meansSEM, n=8. *p<0.05, ***p<0.001 andp=0.06 vs WT littermates;

"1h<0.001 vs basal, same genotype

Fig. 6 Canonical insulin signalling is normal in ACC2 #iluscle. &) Akt S473 &) and
T308 ) and TBC1D4/1 T642/596 phosphorylatian in isolated soleus and EDL muscles
treated ex vivo with or with insulin (400J/ml) (B, basal; Ins, insulin)dj Insulin-

stimulated Akt T308 phosphorylation in gastrocnesmuscle following completion of the
hyperinsulinaemic—euglycaemic clamg) GLUT4 expression in soleus and EDL muscles.
(f) MRNA expression of inflammatory cytokines/chenmag in gastrocnemius muscle. Black
bars, WT; white bars, ACC2 KI. Data are mear8EM, n=8-16."""p<0.001 andp=0.09 vs

basal, same genotype

Fig. 7 ACC2 Kl mice fed an HFD have similar insulin sdivity to WT controls. &, b)
Body and white epididymal fat pad (WAT) masa} &nd fasting serum NEFA and insulin) (
in mice after 12 weeks of HFDc,(d) Glucose (1 g/kg)d) and insulin (0.66 U/kg)d)
tolerance tests and AUC (inset®) TAG in gastrocnemius muscle and lived).ZDG uptake
in isolated soleus and EDL muscles treated ex wiilo or without insulin (40QuU/ml) (B,
basal; Ins, insulin). Black bars, WT; white bar§€@2 Kl. Data are meaisSEM, n=8.
'p<0.05 and p<0.001 vs basal, same genotype
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