PROCEEDINGS
OF THE
AUSTRALIAN
PHYSIOLOGICAL
SOCIETY

Australian
Physiological
Society

*
«Au

Iy

December 2018

ISSN 0067-2084

VOL. 49



PROCEEDINGS OF THE
AUSTRALIAN PHYSIOLOGICAL
SOCIETY

Volume 49 December 2018

*
«Au
Australian
S

Physiological
Society

Correspondence

Correspondence concerning literary and technical aspects of the journal should be addressed to the
Editor. Correspondence concerning all other Society business should be addressed to the National

Secretary.



Giselle Allsopp
Nicole Beard
Gary Housley
Macsue Jacques
Kimberley Mellor
Richard Mills
Natalie Trevaskis

Julia Choate
David Davey
Séverine Lamon
Renée Ross
Christopher Shaw

AUSTRALIAN PHYSIOLOGICAL SOCIETY INC.

President:

National Secretary:

Gordon Lynch (2017-)
Department of Physiology
The University of Melbourne
VIC 3010

Deanne Hryciw (2016- )
School of Natural Sciences

Griffith University
Nathan QLD 4111
Treasurer: Aaron Russell (2014-18)
School of Exercise and Nutrition Sciences
Deakin University
Burwood VIC 3125
Editor: David Allen (2013-)
Department of Physiology F13
University of Sydney
NSW 2006
Elected Members of Council
(2016-) Deakin University (Student Representative)
(2017-) University of Canberra
(2015-18)  University of New South Wales
(2018-) Victoria University
(2015-18)  University of Auckland
(2017-) QIMR Berghofer
(2017-) Monash Institute of Pharmaceutical Sciences
Appointed Members of Council
(2017-)  Monash University (Education Officer)
(2013-)  University of Sydney (IT Manager and Production Editor)
(2015-)  Deakin University (2015-18)
(2016-)  University of Tasmania (Webmaster)
(2016-)  Deakin University (Assistant Editor)

© 2018 Australian Physiological Society

Proceedings of the Australian Physiological Society (2018) 49



Dedicated to the Memory of
William (Liam) Burke (1922-2018)

Founding Member

Local Secretary, 18th Scientific Meeting - 1st Regional IUPS Meeting, Sydney
Treasurer

National Advisory Committee, Sydney [UPS Meeting

Proceedings of the Australian Physiological Society (2018) 49

May 1960
August 1972
1974-1981
1983

iii



This issue of the Proceedings of the Australian Physiological Society contains abstracts related to
presentations at the 85" scientific meeting of the Society held at the University of Sydney, 25-28
November 2018.
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AuPS 2018 Sydney Meeting

AuPS Invited Lecture
Taming the beast: targeting the L-type calcium channel to reduce cardiovascular morbidity

and mortality
| D G = (0T ) FO PP PRSPPI

Symposium: Ion channel function
Piezol mechano-sensor in vascular physiology and disease
D BEECI ettt ettt et e e e e ettt e et e e abeesenreenane

Mechanoelectrical transduction at the cell-substrate interface
K. Poole, S. Sianati, N. Bavi & J. RICHATASON . .covveieneeee et eeeeeeaaees

A TRiP through the mechanical world of TRPP channels
C.D. Cox, CA. NZ & B. MAITINAC.....ccoittiiiiieiiiiiiiieeeite ettt ettt ettt et e ebt e st esste e e sabeeesaeeesnee

lon channels in pain pathways: insight from venom peptides
I. Vetter, J.R. Deuis, M.R. Israel, A. Mueller & T. DUIEK ......ccoeieeiiieeeeee e

Symposium: Shift work: beneficial effects of exercise and the timing of meals
Timing is everything: exercise & nutrition as 'Zeitgebers’ that influence circadian biology
JUA L HAWICY ..ttt ettt ettt eane s

Can exercise overcome the negative metabolic effects of shift work?
GKLMCCONEIL.....iiieee ettt ettt st e s e b st e b e et e seenanees

Altering the timing of meals to improve metabolic and cognitive performance outcomes in
shift workers
S BANKS .. e et sa e e s

Impact of shift work on sleep, alertness and cognitive function— can "splitting" sleep
reduce the adverse effects of night shift work?
Y B O T €0 ) s SRR

Free communications: Exercise physiology
Effects of hypoxia on skeletal muscle molecular adaptations to heavy resistance training
A.C. Petersen, J.J. Fyfe, M.W.H. Inness, L. Parker, F. Billaut & R.J. Aughey..........ccccccoviiiininnnnen.

MicroRNA expression in female skeletal muscle mitochondria following a single bout of
endurance exercise
H. Dillon, J. Silver, S. Alexander, S. Lamon & G.D. Wadley .........ccccocviiiiiiiniiiiniiienieeeeeeeeeen

Initial orthostatic hypotension: effects of tilt speed and hand position on finger arterial
blood pressure during head-up tilt
S. Green & D. BOUITOM .......cooiiiiiiiieiiee ettt e e ettt e e e st ee e s sntbeeesentaeeeesnsaaeeesnseeas

Proceedings of the Australian Physiological Society (2018) 49



Investigating exosomal microRNA and lipidomic profile in response to acute endurance
exercise in males and females
S. Alexander, S. Lamon, J. McMullen, Y.K. Tham & G.D. Wadley ...........ccoooeiniiiiniiiniiinniiiieens 13P

Expression of putative mechanosensing signalling proteins in skeletal muscle after power

resistance exercise and feeding in resistance-trained men
S.G. Wette, H.K. Smith, G.D. Lamb & R.M. MUIPhY.......ccooiiiiiiiiiiiiiiiieeieeeeeeeeeee et 14P

MiRNA expression in skeletal muscle mitochondria following an acute bout of endurance
exercise
J. Silver, H. Dillon, S. Loke, S. Lamon & G.D. Wadley.........ccccceeeviiiriiiieiieeieeereeeeeeeee e 15P

Symposium: Metabolic implications of vascular dysfunction
Skeletal muscle microvascular blood flow and insulin action
IMLLAL KESKE .ttt ettt e ettt e e et e e e st e e e estaeeeeensaeeeeannbaaee e ntaaeeeannbaeeeeanbaaeeenntreeeeanne 16P

The skeletal muscle endothelium: the barrier within
GV KOIKA e e et e et e e e e e et e e e e e ae s e e e e e e e e e e e enaaaaaas 17P

Metabolic-vascular coupling: pericytes regulate capillary blood flow
D. Premilovac, E. Attrill, N. King, L. Brown & B. Sutherland ...............cccccoiiiiiiiiieen 18P

The physiological importance of flowmotion
S.J. Blackwood, R.M. Ross, S. Rattigan, R.D. Russell, S.M. Richards & M.A. Keske ...........cc......... 19P

Free communications: Skeletal muscle and disease

ACTN3 genotype influences androgen receptor signalling and skeletal muscle mass

regulation in health and disease

K.N. Roeszler, F.C. Garton, L.R. Meehan, C.F. Tiong, PJ. Houweling, P. Gregorevic, J.T.

SEt0 & KN INOITH ..eeiiieicce e et e e e e e e et e e e e e e e e e e e taebaeeaeaeeeeennssraeeeas 20P

Reproducibility and ethical concerns of Notexin as an acute animal injury model
A.L. Pascoe, A.J. Johnston, L. Jenkinson, C. van der Poel & R.M. Murphy ........c.ccoociiniiiinnnnncn. 21P

Therapeutic potential of slow muscle programming by low-frequency stimulation in

dystrophic mice

J.P. Hardee, J.G. Ryall, T. Naim, K.J. Martins, S.M. Gehrig, R. Koopman, G.R. Steinberg

B GLS. LLYNCR ottt ettt et ettt e b e st nhe e e e aee 22p

Dot blotting for fibre type identification of single muscle fibres: a fast, reliable and sample-
sparing method

D. Christiansen, M.J. Maclnnis, E. Zacharewicz, H. Xu, B.P. Frankish & R.M. Murphy ................... 23P

Cholesterol lowering prevents ambulatory dysfunction in muscular dystrophy
Z. White, N. Milad & P. BEINAICREZ .......eeeiiiiiiiieeeee ettt aeeees 24P
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Movements of calcium in skeletal muscle fibres in the absence of calsequestrin
C.R. Lamboley, L. Pearce, D.P. Singh & B.S. LauniKonis ...........cccceevviiriiiieeiiiieieecieceeeeeiee e 25P

Mechanisms of Ca2+ release in human and toad skeletal muscle in response to halothane
D.P. Singh, L. Pearce, C.R. Lamboley & B.S. LauniKonis ..........cccccceeviiiiiiiiiniieeeieeeie e 26P

Free communications: Regulating cellular function
The mechanism of Orai channels dependence on intracellular pH
G.Y. Rychkov, EH. Zhou, M. Adams, L. Ma & G.J. Barritt ...........ccooiiiiiiiiiiiiiieeiicceeeeceeee 27P

TRPM? channels contribute to liver ischemia and reperfusion injury
FEH. Zhou, J. De Haas, K. Kingma, J. Hua, E. Kheradpezhouh, A.D. Burt, G.J. Barritt &
GLY. RYCHKOV .ttt ettt e et e ettt e s bt eesabaeesabaeesabeeesabeesnnbeennns 28P

Human and non-human intestinal NHE3: Human NHE3 demonstrates increased
susceptibility to inhibition and unique regulation by ubiquitin
K.A. Jenkin, S. Lin, Y. Han, P. HE & C.C. YUIL ccovvurneieeeeeeeeeeee et e e e e e e eeeaeeeeeseeaeaes 29P

Mitochondrial ROS generated at the complex-Il matrix or intermembrane space
microdomain has distinct effects on redox signalling and stress sensitivity in /C. elegans/
A.J. Trewin, L.L. Bahr, A. Almast, A.Y. Wei, B.J. Berry & A.P. Wojtovich.......ccccccoviiiiniiiinnnnnen. 30P

Different vasodilator mechanisms in intermediate- and small-sized arteries from the

hindlimb vasculature of the toad, /Rhinella marina/
M.S. Cameron & J.A. DONALA..........ueeee e nnnnnnnn 31P

New insights into the regulation of uterine contractions in human labour
R.I. Siriwardhana, D. Sekali, C. Adams, M.A. Tonta, P.J. Sheehan, H.A. Coleman, S.P.
Brennecke & H.C. ParKinGtOn ........ccuiiviiiiiiiiiiieiie ettt ettt et e e taeesareesbeeesnbeeennseeennnee s 32P

Gestational diabetes mellitus is associated with an altered placental glucocorticoid
receptor isoform profile, increased human placental lactogen mRNA expression and

placental glycogen accumulation
N.L. Kent, O.J. Holland, A.V. Perkins & J.S.IM. CULTE....ccovummeeeiiiiiiiiieeeeeee ettt eeens 33P

Posters

Exploring how compartment-specific changes in NAD biosynthesis influence the response

to endurance training

T.V. Lakeland, A.F. Samsudeen, L.K. Metcalfe, H. Govindaraju & N. Turner .........cccccceceerveennneen. 34P

Acute continuous moderate-intensity exercise, but not low-volume high-intensity interval

exercise, attenuates postprandial suppression of circulating osteocalcin in young

overweight and obese adults

L. Parker, C.S. Shaw, E. Byrnes, N.K. Stepto & I. LeVINger........ccocveeiiiieiiiieiiecieeeeeceee e 35P
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The effect of hypoxia on older adults’ muscle strength and mass responses to resistance
training
G. Allsopp, S. Hoffmann, J. Pasco, A. Russell & C.R. Wright .........cccccooiiiiiiiiiiieee 36P

Evidence from a mouse model that high levels of circulating dihydrotestosterone increases

skeletal muscle mass and force production in isolated fast- and slow-twitch muscles in

males and females but reduces recovery from fatigue in females

L. Kiriaev, S.I. Head, J.W. Morley, K. Walters & D.J. Handelsman............cccccccueeviviencieeniieenieeeen 37P

Sex-specific epigenetic adaptations to endurance exercise
S. Landen, S. Voisin, S. Lamon & N. EYNON ......ccccoiiiiiiiiiiieiie ettt 38P

Determination of heat production in human skeletal muscle from measurements of basal
Ca"2+ movements
C.J. Barclay & B.S. LaUNIKONIS ....c..eiiiiiiiiiiieiccieeeeee et s 39P

Miniature inhibitory postsynaptic current in cerebellar Purkinje cells of old dystrophic

/mdx/ mice
C.Y. Tan, S.L.L. Kueh, S.I. Head & J.W. MOTIEY .....ccccuviiriiiiiiiiiiieeeeeeeteeeeee et 40P

Choline as a nutritional intervention to alleviate the dystrophic pathology in mdx mice
R. Koopman, F. Alves, M.K. Caldow, M.K. Montgomery, J. Trieu, T. Naim, M.J. Watt &
GoS. LYNCR. ettt ettt e b e et b e et b e et e b e st e b e e ae 41P

Elevated MuSK expression restores dystrophin-associated proteins to the sarcolemma of
mdx muscle fibres
J.L. Huang, J. Ban & W.D. PhilliPS ...ccoooiiiiiii et 42P

Free fatty acid receptor 4 activation induces lysophosphatidic acid receptor 1 (LPAI)
desensitization independent of LPA I internalization and heterodimerization
A. Meizoso-Huesca, S. Villegas-Comonfort, T. Romero-Avila & A. Garcia-Sainz.............ccecueeennee. 43p

Evidence of neuromuscular junction remodelling during periods of prolonged muscle
inactivity in amphibians
D. Ge, P.G. NOAKES & NLA . LaAVIAIS . ctttuuneeeeeiietiteeee et e e e e teeeeeeeeeeeereeaaaaeeeseeeseeaaenaaeseeaeans 44Pp

The role of ADAMTSS in extracellular matrix remodelling in diet-induced insulin

resistance

B.T. Tepper, C. Swinton, S.T. Bond, T. Connor, M. Ellis, K. Aston-Mourney, C.S. Shaw,

NI DY (1€ ST A N D = (01 (< i AR USSR 45P

The influence of GWAS-based gene variants on the bone-remodelling marker Osteocalcin

in the Gene SMART study

D. Hiam, S. Voisin, X. Yan, S. Landen, M. Jacques, E. Byrnes, T.C. Brennan-Speranza, I.

Levinger & N. EYNON ...o.oiiiiiiiiiieee ettt ettt st e e ean 46P
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Post-myocardial infarction exercise training improved calcium sensitivity and cardiac
function
J.Q. Zhang, E.A. Wason, M.A. Garza & E. Chung@........cccccoceiiiiiiiiniiniieieetceceeceeceeee e 47P

The role of protein kinase D in cardiac glucose metabolism in diabetic cardiomyopathy
M.C. Renton, K.A. De Jong, L.G. Hall, T. Connor, S.D. Martin, G.M. Kowalski, C.R.

Bruce, C.S. Shaw, S.L. MCGEE & K.E HOWIELL .....eeeiiiiiiiiieee ettt e et s e eeaens 48P
Use of vibration platforms to increase total limb and skeletal muscle microvascular blood

flow

A.C. Betik, L. Parker, G. Kaur & M.A. KESKE ..ouumenoeieeeeeieeeeeeee et e e e e e e eeaeeeeseeaeans 49p

Effect of gestational diabetes on endothelium-dependent vasodilation of human myometrial
and omental arteries

T.V. Murphy, L.R. Leader & S.L. SandOW.......c...coccoiiiiiiiiiniiiiiieceeeeeeeee e S0P
Family history of Type 2 diabetes alters muscle capillary perfusion after a meal

K. Roberts-Thomson, A.C. Betik, L. Parker, G. Kaur, G.D. Wadley & M.A. Keske ..........cccccceevuennne 51P
Divergent autophagy responses in the liver and skeletal muscle of diabetic (db/db) mice

M.G. Morales-Scholz, C. Swinton, K.F. Howlett, R.M. Murphy, S.L. McGee & C.S. Shaw .............. 52P
Posters

Symposium: Metabolic and signalling dysregulation in cardiac stress

Novel mechanisms linking metabolic signaling and mitochondria to the pathophysiology of

heart failure

| B IR N o< USSR 53P

Molecular mechanisms of cardiac metabolic stress pathology
LMD, DEIDIIAZE ....ccueeeiiieieeeee ettt ettt e st e st e sae e sneennneenn 54p

Autonomic dysregulation in the diabetic heart
RURLLAMDEITS ettt et e et e ettt e st e e et e et e e sabe e e eabeeesabeeeaeee s 55P

Orphan G protein-coupled receptor GPR37LI1 and the cardiovascular system: variability

across methods and models

J.L.J. Coleman, M.A. Mouat, K. Jackson, R. Smythe, D. Newington, C. Stanley, R.M.

Graham, R. Stocker, G. Head & N.J. SINItR....cooiiiiiiee et e e s e e eeeeeeeeaaeseeaeaes 56P

Free communications: Skeletal muscle and metabolism
MMP?2 and MMP?9 in wild-type and mdx mice with taurine supplementation
X. Ren, R.G. Barker, G.D. Lamb & R.M. MUIPhY .......coooiiriiiiiiiiiiiiiiececeeeeeeceeee e 57pP

A metabolic role for the Hippo signalling pathway effector Yap in adult skeletal muscle

fibres

K.I. Watt, D.C. Henstridge, M. Ziemann, M.K. Montgomery, D. Samocha-Bonet, N.A.

Mellet, R.S. Lee-Young, R.E. Thomson, A. Hagg, J.R. Davey, H. Qian, A. El-Osta, J.R.

Greenfield, P.J. Miekle, M.J. Watt, M.A. Febbraio, A.J. Cox, K.F. Harvey & P. Gregorevic............... 58P
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Development of a human skeletal micro muscle platform with pacing capabilities
RUJUIMILIS ottt ettt et e ettt e e tb e e bt e esbeesbeeesbeeseeesseesseeesbeeseeessaesseeesseesseensaennneans 59p

Metformin divergently regulates the unfolded protein response and reduces protein
synthesis and autophagy in palmitate-treated myotubes
B.D. Perry, J.A. Rahnert, Y. Xie, D. Espinoza, B. Zheng, P. Zhang & S.R. Price..........cccccecviriinnnn. 60P

Inflammatory regulation by Selenoprotein S is not responsible for the loss of muscle
performance
A.B. Addinsall, C.R. Wright, T.L. Kotsiakos, C. van der Poel & N. Stupka.........cccceeeuveeviiiiniiennneen. 61P

Isoproterenol enhances force production in mouse glycolytic and oxidative muscle /via/
separate mechanisms
S.J. Blackwood & A. KatZ .....cc.cooiiiiiiiiiiiiiicitec ettt 62P

Liver one-carbon metabolism affects the integrated stress response and systemic metabolic
control
T. Gantert, A. Maida, M. Warrier, S.H. ZeiSel & A.J. ROSE ....uuueeeeeeeeeeeeeeeeeeee e 63P

Symposium: The genome and epigenome of the exercising skeletal muscle
What do we know on the genome of the exercising muscle?

New insights into the influence of /ACTN3/ on muscle performance
JUTL SOEO e s e 65P

Developing epigenetic biomarkers - applications for exercise

Racing against the (epigenetic) clock: exercise training slows down epigenetic aging in
skeletal muscle

S. Voisin, N. Harvey, S. Lamon, J. Denham, D. Hiam, M. Jacques, S. Landen, J. Alvarez-
Romero, K. Ashton, L. Haupt, M.E. Lindholm, F. Marabita, D. Rowlands, L. Griffiths & N.

Free communications: Cardiac physiology

Cardiomyocyte ErbB4 receptors are essential for neonatal cardiac hypertrophy and

growth, and also maintain cardiac function in adult mouse hearts

M.E. Reichelt, Z. Lu, R. Cockburn, Z. Wang, T. Paravicini & W.G. Thomas...........ccecceeviiineinnneen. 68P

Glycogen dysregulation and cardiomyocyte dysfunction in a rat model of type 1 diabetes
L.J. Daniels, V.L. Benson, M. Annandale, L.M.D. Delbridge & K.M. Mellor .........cc.ccccoeueiininnnncen. 69P

Functional screening in human cardiac organoids for new regenerative therapeutics

R.M. Mills, B.J. Parker, G.A. Quaife-Ryan, H.K. Voges, E.J. Needham, A. Bornot, M.

Ding, H. Andersson, M. Polla, D.A. Elliott, L. Drowley, M. Clausen, A.T. Plowright, L.P.

Barrett, Q.-D. Wang, D.E. James, E.R. Porrello & J.E. HudSON.........ccccevvviiiniiiiiiiecieeeeeeee e 70P

X Proceedings of the Australian Physiological Society (2018) 49



Acute oestradiol slows conduction and prolongs action potential duration in the left

atrium, but not in cardiomyocyte cultures

S.P. Wells, HM. M Waddell, C. O’Shea, P. Kirchhof, D. Pavlovic, L.M.D. Delbridge &

8 S 2 7] | OO O PO TP 71P

Characterization of RyR2 function in failing human atria
A.L. Denniss, A.F. Dulhunty, P. Molenaar & N.A. Beard ...........ccoooieiiiiiniiiiniiieicceceee e 72P

STBD1 regulation of myocardial glycogen content
E.J. Chan, U. Varma, C.L. Curl, P. Koutsifeli, K.M. Mellor & L.M.D. Delbridge..........cc.cccceeverrnnnen.. 73P

Free communications: Neural mechanisms

Noise-induced hearing adaptation kinetics of the ‘cochlear amplifier maps to P2X_2
receptor-dependent auditory brainstem response temporary threshold shift

J.M.E. Cederholm, A.F. Ryan & G.D. HOUSIEY ........cccceoiiiriiiiiiieiiececceeeeee e 74P

Concatenated GABA_A receptors reveal diverse molecular phenotype of epilepsy-causing

mutations

N.L. Absalom, V. Liao, P.K. Ahring, D.C. Indurthi, M.T. Bowen, J.C. Arnold, LS.

MCGIEgOr & M. ChebiD .....ccuiiiiiiieciieece ettt st e e et e e et e e s beeesnbeeensseeensee s 75P

Cannabinoids increase synaptic vesicle filling at the neuromuscular junction
M. Morsch, D.A. Protti, D. Cheng, F. Braet, R.S. Chung, S.W. Reddel & W.D. Phillips..................... 76P

The neuromuscular junction - the hidden player in MND: studies from MND model mice

and MND patients

P.G. Noakes, S.T. Ngo, K.M. Lee, K. Chand, N.A. Lavidis, K. Kesavan, J. Kumar, E.

Wimberger, T. Tracey, A. Russell, E. Wolvetang, P. McCombe, R. Henderson & L. Jeffree............... 77P

The role of the Alzheimer’s disease protein amyloid beta 42 in heart disease
L.G. Hall, J.K. Czeczor, T. Connor & S.L. IMICGEE .......coouuuumeeeeeeeeeieeieeeeeeeeeeeeeeeeeeee s e e eeeevsaeseseseaeeens 78P

Symposium: The structural basis of electrical signalling: latest developments in the
structural analysis of ion channels and transporters

Structural basis of function and regulation of endolysosomal TRPML channels

M. Li, X. Zhou, K.W. Zhang, D. Su, N.M. Benvin, H. Li, S. Wang, [.LE. Michailidis, X. Li

Cryo-EM structure of a gating modifier—sodium channel complex reveals the complex
molecular basis of allosteric modulation of channel gating

Understanding the mechanisms of hERG channel gating and drug inhibition using cryo-
EM
C. Lau, M. Hunter, A.G. Stewart, M. Clarke, E. Perozo & J.I. Vandenberg............cccccceviieiniiinninnn. 1P
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Investigating the role of conformational change of the pore in Kir channel gating
J.M. Gulbis, K.A. Black, D.M. Miller, O.B. Clarke, A.P. Hill, J.R. Bolla, C.V. Robinson,
B.J. Smith, D. Laver, R. JIN & S. He...unneeeee s 82P

The split personality of glutamate transporters: a chloride channel and a transporter
I. Chen, Q. Wu, R.J. Cater, R.J. Vandenberg, J. Font & R.M. Ryan........ccccccoeoiiiniiiniiiinninnicnee. 83P

Symposium: Maternal Influences on fetal physiology

Maternal microbial and metabolic influences on programming reproductive and metabolic

outcomes

DML SI0DOAA ...ttt sttt ettt et 84P

Maternal effects on offspring metabolism and behaviour — impact of diet and stress
Y eV A IR\ (0 & o PP RURR 85P

Impact of maternal cigarette smoke exposure on brain health, lessons learned from a
mouse model
H. Chen, Y.L. Chan, N.M. Jones, S. Saad & B.G. OlIVET .......uuneeeeeeeeee e 86P

Elevated maternal linoleic acid reduces male fetal survival
N. Shrestha, J.S.M. Cuffe, O.J. Holland, A. Cox, A. Bulmer, A.V. Perkins, A.J. McAinch
GE DL H. HIWCIW oottt ettt ettt e et e et e e e bt e e e bt eeeabbeesabeeesabaeesabeesnnbeennns 87P

Plenary Lecture

Symposium: Rigor and reproducibility in physiological research

Reproducibility: why you should be worried?

N O € 71T [ T TSR 88P

Building rigour in exploratory rodent studies of neuromuscular disease
IMLD . GIOUINAS ittt ettt ettt et e e bt e e bt e e bt e e ettt e eabb e e eabbeeeabeeesabeeeeabeeenbeesneeean 89P

Symposium: Enhancing student engagement: flipping, quizzes, study tools, condensed
units and professional development

Revolutionizing first year: an innovative block model to improve student engagement and
success

K. Tangalakis & S.T. HOWE......cocuiiiiiiiiiiieieeeece ettt 90P
Activating the classroom to enhance student engagement and learning

S. Flecknoe, C. Filby, A. Davies, R. Cooper, K. Schliephake & K. Carroll.............ccccovviniiinennnnnn 91P
Engaging biomedical students with their course /via/ in-curriculum professional

development

J. Choate, M. Demaria, M. Etheve, S. Cran & D. Carroll........ccooovvviiiimmiieeeeeieeiiiieeeeee ettt eeeeens 92P

Biomedical science students active engagement in study tool creation and use
K. Colthorpe, K.W. Lam & L. AINSCOUZN ....cooiiiiiiiiiiiiiiieee ettt et e 93p
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Medical students engaging in physiology /via/ a national quiz competition
A.J. Moorhouse, M. Dunn, H. Suh, K. Parameshwaran, S. Muralidaran, M. Lim & H.M.

Symposium: Immunometabolism and disease

NLRP1 exacerbates colitis-associated cancer through IL-18, with effects on butyrate

producing Clostridiales

S.Lls IMIASEETS ettt ettt ettt et h e et e bttt e bt e et b e ea e e bt e e a bt e bt e et e e bt e ea bt e bt e et e e bt e eabeenee 95p

Eosinophils in adipose tissue energy expenditure
A.J. Knights, E.J. Vohralik, P.J. Houweling, K.L. Hoehn, M. Crossley & K.G.R. Quinlan................. 96P

New insights into inflammasome signalling and inhibition
K. Schroder, D. Boucher, M. Monteleone, R.C. Coll & K.W. CREN ..c.couvveeeieiiiiiieeeeeeeeeeeeeeeee e 97P

The novel designer cytokine IC7Fc protects against obesity-induced metabolic disease
LY BN 1] o)) L 1o SRR 98P

Microbiota components that improve endocrine control of metabolism in obesity and
ageing
8 B BN o] 15 /7<) USSR 99p

Symposium: Adipose tissue - physiology and pathology
Adipocytes re-enter cell cycle
KL SPAIAING .ttt ettt et e et e et e e s bt e e st te e e bt e e sabeeenabeeenabeeenabee s 100P

ldentification of metabolically distinct adipocyte progenitor cells in human adipose tissues
M.J. Watt & A. RAQJENAITAN .........eiiiiiiiiiiieeiie ettt s e e st e e sabee e sabeeesabeesanes 101P

Pericardial adipose accumulation and cardiac pathology — mechanistic insights
JURUBEIL .ttt ettt et h e ettt st en 102P

Education free communications

‘Lets not keep it private: Schooling background and student preparedness transitioning

into university

I. Rutenberg, L. Ainscough, K. Colthorpe, T. Langfield & J. Kibedi..........ccoceveieniiniiiniiiiienee. 103P

Improved student engagement and outcomes using a multi-purpose online platform — an
alternative option for the one-on one tutor in large classes
S. Orgeig, S.S. List, B.J. Mayo, G. Todd, A.M. Stringer & E.J. Parkinson-Lawrence....................... 104P

Matching teaching strategies to learning style preferences in an undergraduate physiology
module
H. Nagaraja, G. Harrison, B.K. Anupama & M.A. BUNMi......cccceeiiiiiiiiiiiiecieeeeeeeee e 105P
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Taming the beast: targeting the L-type calcium channel to reduce cardiovascular morbidity and
mortality

L.C. Hool, School of Human Sciences, The University of Western Australia, 35 Sirling Highway, Crawley, WA
6009, Australia and Victor Chang Cardiac Research Institute, Darlinghurst, NSW 2010, Australia.

Cardiovascular disease is theowd’s mo. 1 killer responsible for premature death and disability on an
unprecedented scale. It is an economic burden that costs Australia $7.5 billion amksalyesult of the
increase in obesity and type Il diabetes is it anticipated that a second epidemic ebsautio morbidity and
mortality is imminent and the burden will increase.wsdeer the mechanisms leading to the morbidity and
mortality remain poorly understood. Calcium is essential to cardiac excitation and contraction. The main route
for calcium influx is the L-type G4 channel (Cgl.2) and mice that are homozygous null for thglCGagene
are embryonic lethal. Acute changes i?Caflux through the channel contribute to arrhythmia and sudden
death, and chronic increases in intracellular calcium through the channelwentilpathological ypertrophy
and heartdilure. We gudy the role of the L-type Gachannel in health and disease. Present work from my
group is providing evidence for the induction of gthmias by the channel during acute hypoxia. By studying
direct regulation of the purified human @2 protein in liposomes, we identified thesteine responsible for
the response. Using the same approach we Hao identified the critical serinevialved in the “Fight or
flight” response that has clarified an area of cmetgy for more than 40 years. Oxidegigress leads to chronic
activation of the L-type C#& channel as a result of persistent glutatpiation and this leads to thea#opment
of hypertroply. We find that actiation of the channel alters mitochondrial function (and energetics) on a beat-
to-beat basisia movement of gtoskeletal proteins. & use this response to “report” mitochondrial function in
models of cardiomyopaytaend to test efficacof therapy to revase cardiomyopath
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Piezol mechano-sensor in vascular physiology and disease
D.J. Beech, School of Medicine, University of Leeds, Leeds, L2 93T, UK.

In mammals the sensing of bloodwlas pvotal for embryonic vascular maturation and adulggiblogy
and disease. Hothis sensing occurs has been surprisingly difficult to decipWeiaverevealed hav calcium-
permeable non-seleed ationic channels formed by Piezol proteins assemble to act as sensors of blood flo
and determinants of vascular structure in murineeldpment and adult physiology (let al., 2014). The
developmental role was found to be so strong that constiteiticletion in the endothelium was embryonic lethal.
Conditional deletion techniques veabeen necessary for detailed studies in the adult where we found that
endothelial Piezol was not essential for liteé becessary for determining blood pressure during whole body
physical eercise (Rodeet al., 2017). We auggested the idea that it beba & an &ercise sensor (Beech &
Xiao, 2018). In both embryo and adult studies we found compeNidgrmce for endothelial Piezol channels as
direct sensors of force, yet exactlyhthey enable sensing of this force — and thus blooa fleemains unclear
Intriguingly, Piezol channels present a dichotomy for the endothelium in conferring betdilator and
vasoconstrictor capabilities, the relatiimportance of which may depend on context (Retds., 2017; Evans
et al., 2018). Small-molecule aetition of Piezol channels has been disced in the form of Yodal and our
studies hee garted to she the tight chemical requirements for this pharmacological effect, yet thase w
sufficient flexibility for us to disceery a competitre antagonist of ¥dal which we refer to as Dookul @bs
et al., 2018). Disease-causing mutations in human PIEZOde Haen linled to Generalized yimphatic
Dysplasia, suggesting importance in human endothelium. Our studies of tissues from patients are also
suggesting relance to human pfsiology and disease (Moylet al., 2018). While there might be potential for
novel therapeutics tgeted to Piezol channels it will be necessary te &atount of the broad roles of Piezol in
a variety of cell and tissue types (Beech & Xiao, 2018).

Beech DJ, Xiao B. (2018)Physiol 596: 965-967.

Evans EL, Cuthbertson K, Endesh N, Rode B, Blythe NM, Hyman AJ, Hall SJ, Gaunt HJylMd]doster R,
Beech DJ. (2018Br J Pharmacol 175: 1744-1759.

Li J, Hou B, Tumea S Muraki K, Bruns A, Ludlav MJ, et al. (2014)Nature 515: 279-282.

Morley LC, Shi J, Gaunt HJ, Hyman AJ, Webster PJ, Williams C, ForbesakeW\0J, Simpson NAB, Beech
DJ. (2018)Mol Hum Reprod In press.

Rode B, Shi J, Endesh N, Drinkhill MJ,eldster PJ, Lotteau SJ, B3ilMA, et al., (2017) Nature Commun 8:
350.
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M echanoelectrical transduction at the cell-substrate interface
K. Poole, S Sanati, N. Bavi and J. Richardson, School of Medical Sciences, University of New South Wales,
NSW 2052, Australia.

The ability of cells to sense and respond to their physical environment is fundamental to a broad spectrum
of biological processes. Cells express an array of force sensors that can transduce mechanical inputs int
biochemical signals, including mechanically eat&d (MA) ion channels. These ion channels form pores in the
plasma membrane and their open probability increases with increasing mechanical wvgyat.t8els hae
been deeloped to ®oke mechanically-actiated currents in order to study MA channel function amglilegion.

MA channels hee traditionally been actbéted by membrane stretch (using high- speed pressure clamp) or
cellular indentation (using a glass probe). More recently we kstablished a technique to apply deflection
stimuli at the interface between cells and their substrate (using elastomeric pillar arrays as force transducers)
Studying the actetion of MA channels using this array of different techniques has highlightedrhportant

contet is in understanding MA channel agtion: the PIEZO1 channel is agdted by stretch, indentation and
deflection and TRPV4 by deflection alone. As such, TRPV4 is onlyagardi by mechanical stimuli when it is
integrated into the cell-substrate intré. In addition, the mechanical properties of the substrate to which cells
are bound can regulate the sensitivity of PIEZO1 and TRPV4,ashaoih dependent orytoskeletal elements

within the cell. V¢ propose that the inggation of transductionia multiple MA channels could engender cells

with a tuneable and dirse repertoire of mechanical sensing.
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A TRIiP through the mechanical world of TRPP channels
C.D. Cox, CA. Ng and B. Martinac, Victor Chang Cardiac Research Institute, Darlinghurst, NSW 2010,
Australia.

Autosomal dominant polycystic kidpalisease (ADPKD) is one of the most yaient lethal monogenic
disorders affecting around 1: 500dilirths. The disease is characterized by wide-sprgagdfermation in the
kidney and other ogans. In excess of 50% of these patients will require renal replacement in their lifetimes with
a huge associated healthcare bill. Greater than 80% of disease caursamgsvcan be traced to the prototypical
members of the polycystic kidpelisease (PKD) protein family; PKD1 and PKD2 (TRPP1)wideer, the exact
function of these proteins remains enigmatic. One suggestion is that these proteins form a mechanigal comple
localized to the cilia, cell-cell junctions and focal adhesions. Here we sought ustlyoladdress the
mechanosensitivity of the PKD2 protein family using electrophysiological technigques.

This family consists of three ubiquitouslypressed members; PKD2, PKD2-L1 and PKD2-L2, that form
part of the TRP channel superiily. In order to probe their mechanosensili we created doxycline
inducible Flp-In stably expressing HEK293T cell lines. In the cell-attached configuration we could ejcit lar
robust mechanically-aatéted PKD2-L1 currentsv@r pressure ranges similar to those that gate the bona fide
mechanically-gted channel Piezol. The activity in cell-attached patclasshighly dependent on the presence
of divalent cations. PKD2-L1 is known to agdte in response to rises in intracellular°Cand then
subsequently desensitize.eVfbund that multiple responses to mechanical stimuli was only possible in the
absence of extracellular €a When 1 mM C& or Ba2+ was present currents rapidly andvarsibly
desensitized. Aatity could still be elicited in the presence oABTA or EGTA in the extracellular solution
indicating that the response was not mediated by exterdali@ax. The activity was boosted by the addition
of cytochalasin D (1(uM) or GsMTx-4 (5uM) and inhibited by colchicine (10M). We dso identify a number
of residues that reside within a hydrophobic lipid-filled cavity that determines the mechanical response of
PKD-2L1.

These data suggest that PKD2-L1 gmtdes mechanical force and that both the microtubydteskeleton
and lipid bilayer play an important role in this processeihe lack of a phenotype of PKD2-L1 knack
mice it is thus essential to see if the prototypical member ofahidyf PKD2, acts as a physiologically rehnt
mechanosensor.

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/4P



lon channelsin pain pathways: insight from venom peptides

. \etter,»2 J.R. Deuis,! M.R. Israel,! A. Mueller! and T. Durek,! Ynstitute for Molecular Bioscience, The
University of Queensland, St Lucia, QLD 4067, Australia and >School of Pharmacy, The University of
Queensland, Wbolloongabba, QLD 4102, Australia.

Millions of years of golution have fine-tuned the ability of enom-dered peptides to rapidly
incapacitate both pyeand predators. dtage-gited sodium channels (NaV) are a particularly atiracti
pharmacological target for these toxins agy/the intimately ivolved in almost all pysiological processes
including action potential generation and conduction. Accordingijom peptides that interfere with NaV
function provide a &y defensve and predatory advantage to a range @iamous species including cone snails,
scorpions and spiders. Enhancedvatibn or delayed inactétion of sodium channels by toxins is associated
with the extremely rapid onset of tetanic/excitatory paralysis, while delayedtiactior pore block leads to
flaccid paralysis in erenomed prg animals. In addition to being perfect weapons, sodium channel toxins may
also represent perfect cures for channelopathies including painyaaréhgome of the most subtype-selesti
pharmacological toolsvailable to date.

We have recently isolated and characterizedvelosodium channel toxins, including highly seleeti
NaV1.7 and NaV1.6 modulators. These toxinsehgrovided nawvel insight into the pathopfsiological
mechanisms of pain and sodium chanralng and may representveblead compounds for the treatment of
disease associated with aberrant NaV signalling.
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Timing is everything: exercise & nutrition as ‘Zeitgebers’ that influence circadian biology
J.A. Hawley, Mary MacKillop Institute for Health Research - ACU, Level 5/ 215 Spring Street, Melbourne,
VIC 3000, Australia.

Circadian biology controls a wide variety of physiologicaérds including metabolism in all gans.
Circadian rlythms are synchronized, in part, by epigenetic ‘Zeitgebers’ (timersyisuch as the light-dark
cycle, the timing and consumption of food and physical activity patterns. At the moleardarclecadian
clocks comprise a set of clock geneganised into a system of inter-related transcriptional feedback loops that
produce daily oscillations in gengpgession. These internal clocks increase the chances ofafvi gpecies
by enabling the ganism to anticipate recurring changes under unpredictabigoamental conditions and
adapt behavioural physiological and molecular processes to the appropriate time of .théowiawe,
entrenched in our 21st century lifestyle is the freedom and flexibilityotl,veat and ‘play’ around the clock
and the poor timing of these (and other) activities leads to disruptions in circadian homeostasis. These
disturbances ha been associated with a host of chronic metabolic disorders. In gaslréigh-fat diets and
unrestricted feedings patterns (consuming foea a >14 hour windev during waking hours) cause metabolic
perturbations that induce transcriptional reprograming within the clock thganem the relationships between
the circadian transcriptome and the metabolome. In contrast, results from recent studies demonstrate tha
restricting food inta& (o a windaev of <10 hours/day) without altering the quantity and quality of the diet can
impart pleiotropic physiological benefits compared to unrestricted feeding. Thus there is potential for diet and
exacise interventions to ‘rescue’ maof the deleterious &cts on circadian biology induced by our modern-
day lifestyle.
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Can exercise overcome the negative metabolic effects of shift work?
G.K. McConéell, Institute of Health and Sport (IHES), Victoria University, Footscray Park, Melbourne, VIC
8001, Australia.

Shift work is common and increasing, with more than 18% of the Australakfovce (1.5 million
people) working outside the “normal’arking hours of 8am to 6pm. This includes doctors, nurses, police, fire
and ambulance ovkers, mine wrkers, truck dwers and pilots. Therefore a significant proportion of the
population is required to function at a time when humare balved to sleep, and instead need to sleep when
our circadian clocks promote wakefulness.

These disrupted schedulesvbadear and immediate implications for population health, as shifkw
increases all-cause mortalitywdeed, rates of type 2 diabetes (T2D) are up to 2-fold higher in shikievs
compared with the general population and shift work is an independenactsk for T2D. & recently found
that only 4 nights of simulated night shift work, in young heailtidividuals led to a25% reduction in insulin
sensitvity measured by the gold standarggirinsulinaemic euglycaemic clamp technique (See Figure) (Bescos
et al., 2017). Importantlythis reduction in insulin sensitivity occurred as a direct consequence of shift work as
sleep amount, physical activity and dietary caloric and faténtae not different to a control day shift group.
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Exercise increases insulin sensitivity in non-shiferkers, but it is not known whethexeecise can
prevent the reduction in insulin sensitivity caused by shifirkv This cannot be assumed because it is possible
that the “stress” of@rcise may not wercome the stress of shiftork. Indeed, it has been shown in mice
undertaking the stress of sleep restriction, that the addition of the “streserabe actually exacerbated the
negdive dfects observed (intestinal polyps).eVete currently examining whether 4 nights ofeise can
prevent the reduction in insulin sensitivity caused by 4 nights of simulated night shift work.

Bescos R, Boden MJ, Jackson Mlrgin AJ, Marin EC, Levinger I, Garnham A, Hiam DSal¢ao-Ebas F

Conte F Owens JA, Kennavay DJ, McConell GK. (2018).Four days of simulated shift work reduces
insulin sensitivity in humangcta Physiologica 223:€13039. doil10.1111/apha.13039
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Altering the timing of mealsto improve metabolic and cognitive performance outcomesin shift
workers

S. Banks, Behaviour-Brain-Body Research Centre, University of South Australia, Magill Campus, S Bernards
Rd, Magill, SA 5072, Australia.

We know that what we eat and womuch we eat has significant health consequences. \We ae
beginning to understand the implications of chononutrition — that when we eat is also important for health and
performance. Meal timing is a va dietary approach that could be used to better manage health in @tifrsy
and &en those people who just eat late into the night. Normal coordinationysfgbbgical processes depends
on internal “clocks”: There is a “master clock” in our brain and peripheral “clocks’gansrsuch as thevir,
heart, pancreas, muscle and adipose tissues. The master clock orchestrates periods ofafsedingnt
peripheral clocks generate 24 hour oscillations of energy storage and utilization. When properly aligned these
clocks optimally rgulate metabolism and behaviour across the 24 hour cycleevao saying up late,
international trael and shift work cause them to desynchronise, altering metabolic rhythms and inducing insulin
resistance and glucose intolerance. Meal timing plays an important role in this desynabiiagular patterns
of fasting and feeding can uncouple the master and peripheral clocksvdfonew data from animal and
human studies suggest that the metabolic consequences of circadtan disruption can be reduced by
appropriately timed eating. Data from a laboratory-based, simulated athifstudy in health humans that
shav metabolic disturbance induced by circadian misalignment can be decreased by altering the timing of
meals. Additionallyatering the timing of meals has benefits for cogritierformance.
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Impact of shift work on sleep, alertness and cognite function— can “splitting” sleep reduce the
adverse effects of night shift work?
M.L. Jackson, School of Health and Biomedical Sciences, RMIT Univeristy, Bundoora, VIC 3083, Australia.

There are currently 1.5 million shiftaskers in Australia, representing 16% of the workforce (Rajaratnam
et al., 2013). Shift vork is associated with greaterdts of obesity cardiovascular disease, type 2 diabetes and
depression, and an increased risk of errors and accidentge(Baal., 2009). A major factor contributing to
these adverse health and safety effects is circadian misalignment aritiemgu$leep. Night shift arkers
typically only obtain around 5 hours of daytime sleep before their sleep is truncated by the combination of
declining homeostatic dre for sleep and increasing circadianverfor wakefulness in the early afternoon (Goel
et al., 2011). The term “split sleepmeans tw or more sleep opportunities in a 24-h period, ranging from a
main sleep and a supplemental nag.(6 and 2 h), through to a main sleep andesal naps, to multiple naps
with no clear main sleep. Spilt sleep schedules are common practice in a number of industries including
healthcare, maritime and transport. Therevidence that split sleep may restore alertness and performance as
effectively as consolidated sleep (Jacksaral., 2014), and that the critical factor in sustaining performance is
total sleep time in 24h. In a laboratory study comparing simulatecidgdy and split sleep conditions, Jackson
et al., (2014) found that participants on the night and split sleep schedules obtained significantly more total sleep
time and less sleepiness duringriwhours than the day sleep condition. There is currently limited evidence of
the benefits of split sleep on health outcomes. The current data suggests that a split sleep schedule may be
useful alternatie 1o a onsolidated daytime sleep schedule in industries that &to this flexibility (Shortet
al., 2015). Evidence of the fefctiveness of a split sleep schedule wilvbgarticular releance for occupational
ervironments in determining the adequate duration afettefe dacement of the sleep opportunities to ensure
optimal productivity health and safety outcomes for shift workers.

Bamger LK, Lockley SW, Rajaratnam SM, Landrigan CR2009). Neurobehavioral, health, and safety
consequences associated with shiftrikvin safety-sensite pofessions.Curr Neurol Neurosci Rep 9,
155-164.

Goel N, Van Dongen HPA, Dinges DR011). Circadian rhythms in sleepiness, alertness, and performance. In
Kryger R, Dement \\Weds. Principles and practice of sleep medicine. 5th ed. St. Louis, MQidE|sp.
445-55.

Jackson ML, Banks S, BelepnkG. (2014). lvestigation of the dkctiveness of a split sleep schedule in
sustaining sleep and maintaining performa@eonobiol Intl 31(10) 1218-1230.

Rajaratham SM, Heard ME, Grunstein R. (2013). Sleep loss and circadian disruption in shik: ealth
burden and managemeiMed J Aus 199(8) 11-15.

Short, M. A., Agostini, A., Lushington, K., & Dorrian, J. (2015). A systematigeve of the sleep, sleepiness,
and performance implications of limitecake $ift work schedulesScand J Work Environ Health 41(5),
425-440.
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Effects of hypoxia on skeletal muscle molecular adaptationsto heavy resistance training

A.C. Peterseh J.J. Fyfe2 M.W.H. Innes$;2 L. Parker? F. Billaut* and R.J Aughey,! Unstitute for Health and
Sport, Victoria UniversityFootscray VIC 3011, Australia?School of Exercise and Nutrition Sciences, Deakin
University Burwood, VIC 3125, AustraligWestern Bulldogs Football Club, FootscrayiC 3011, Australia
and“Département de Kinesiologigniversité Laval, Quebec, QC G1V 0A6, Canada..

We have previously shown that heavy resistance training ypdxia (IHRT) results in greater strength
improvements compared to the same training in normoxia (Ineesd, 2016). Havever, the mechanisms
responsible for enhanced strength gains withTHRve not been iwestigated. V& therefore determined the
effects of IHR on keletal muscle molecular adaptations that contribute to muscle strength.

A pairmatched, placebo-controlled, single-blind study included 18 resistance-trained participants
assigned to either IHRor placebo (PLA) (n = 9 per group). Both groups performed 20 sessien3 aveeks
with either IHR (FiO2 0.143) or PLA (FiO2 0.20). Groups were matched for body mass @@dn; 83.1+
7.5, 80.2+ 12.0 kg), height (1.83 0.05, 1.81+ 0.06 m), one-repetition maximum (1-RM) squat (12422.1,
125.5+ 30.7 kg) and training historiRestingvastus lateralisnuscle biopsies were taken following aremight
fast before and after the training programme. Biopsies were analysed for muscle fibre cross-sectional arec
(CSA), mTOR signalling, proteins wolved in sarcoplasmic reticulum (SR) calcium uptakd release, and
proteins irvolved in force transfer between the sarcomeres and extracellular matrix.

Training increased Type Il fibre CSA in both groups (m&e80% confidence limits (CL), effect size
(ES); IHRT: 16.0 + 25.2%, ES 0.50; PLA: 226 31.8%, ES 0.42). Type | CSA only increased in PLA (6.1
23.3%, ES 0.48); tweever, the changes in Type | or Il fibre CSA were nofatiént between groupsraining
caused no substantial change in total p70S6K in either group. Training caused a possibly trivial decrease in tota
MTOR in PLA, and a possibly small increase in TRHResulting in a greater increase in mTOR for THR
compared to PLA (18.2 27.3%, ES 0.65). The content of SR-associated proteiysirdityridine receptar
SERCAI1, and calsequestrin did not change in either group. In contrast, SERCA2 increasedanlyHR3.5
+ 18.7%, ES 0.33), and this increasaswgreater compared to PLA (4262.2%, ES 0.63). The content of
force transfer protein dystrophin did not change in either groupedan, dpha-actinin increased only in IHR
(47.8+ 67.5%, ES 0.67), and this was greater compared to PLA £6815%, ES 1.10).

The greater strength increases following heavy resistance traininygpaxia compared to normoxia are
possibly due to enhanced SR calcium regulation and force transfer between sarcomeresdratéhela
matrix.

Inness M, Billaut FWalker E, Petersen A, Sweeting A, & Augh® (2016). Heavy resistance training in
hypoxia enhances 1RM squat performareent Physiol7, 502.
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MicroRNA expression in female skeletal muscle mitochondria following a single bout of
endurance exercise

H. Dillon, J. Slver, S Alexander, S. Lamon and G.D. Wadley, Deakin University, 221 Burwood Highway,
Burwood, VIC 3125, Australia.

Background/Rationale: Endurancegeesise produces important cellular stress signals thatgulaie
signalling networks wolved in facilitating positie physiological adaptations within skeletal muscle. A major
adaptation includes an increase in skeletal muscle mitochondrial content, whiakyisedekminant of whole-
body metabolism, health and endurance performance (Hqll2@8&y; Nunnari & Suomalainen, 2012). Small
non-coding RM species, called microRNAs (miRNAS), are essential intracellular mediators of xjgmesson
(Zhang, 2009). MiRNK expression is altered in whole skeletal muscle following acute enduraawse and
these changes Y& keen shown to play a role in mediating the increase in mitochondrial biogenesisedbserv
after endurancexercise (Nielseret al., 2010; Russelkt al., 2013). Emerging \ddence from human muscie-
vitro reveals miRNAs are alsoxpressed in sub-cellular compartments, such as the mitochondriay(Bate
2011). This includes seral miRNAs known to respond taxercise at the whole-musclevid and regulate
mitochondrial function. It is thus congeble that miRM expression might also be altered in skeletal muscle
mitochondria following acute enduranceeeeise. Currentlyno dudies hae investigated the miRIM response
to exercise within the mitochondria. As such, this study aimed to first determine whetheAnhdRBlize in
female skeletal muscle mitochondniavivo, and secondly ivestigate if miRNA expression is altered in sletal
muscle mitochondria following a single bout of enduraneecise.

Methods. Seven healthy females underwent a preliminarpypeaktest whereby participantyded on a
cycle ergometer until aitional fatigue. Bllowing this, participants completed arercise and muscle biopsy
trial. This involved a 60-minute continuous cycle at 70%¥eakwith muscle biopsies taken from thastus
lateralis at rest, immediately poskercise and 3-hours poskecise. Mitochondria were isolated from whole
muscle using the MACS method and analysed for miR-1, -23a, -23b, -133a, -133b and -206 expression. A one
way-repeated measures ANB® was performed to examine differences in miRNxpression at rest,
immediately following ®ercise and 3-hours posk@cise. Mitochondrial &@racts were examined foytosolic
marker COXIV, and mitochondrial markers, COXI, 16s and 12s to determine purity and enrichment.

Results: RT-gPCR analysis of mitochondrial RNextracts showed high enrichment of mitochondrial
markers, CXI, 16s and 12s, and an absence of cytosolic markeKIZOindicating a high-leel of
mitochondrial purity 6 mIRNA species (miR-1, -23a, -23b, -133a, -133b and -206 ) that gidated by
endurancexercise at the whole-musclevig were found to bex@ressed in mitochondria isolated from human
female skeletal muscle inwg. Howeve, miR-1, 23a/b, 133a/b, and 206 expression were not altered in female
skeletal muscle mitochondria immediately afsaid 3-hours after 60-minutes of moderate intensity cycling.

Conclusion: The present study demonstrated for the first time that WiBdh localize in mitochondria
isolated from human female skeletal musicle/ivo. Our data shas that no significant changes in miRN
expression were obserd in human female skeletal muscle mitochondria following 60-minutes of moderate-
intensity eercise. Nonetheless, the detection of miRépecies in human female skeletal muscle mitochondria
opens n& avenues of research gading the biological function of miRNin the mitochondria. Future studies
should ivestigate the rercise-induced response of more mitochondrial mAR$pecies to varying types,
intensities and durations af@cise, in a larger sample size, and at later time points pestise.

Barrey E, Saint-Auret G, Bonnamy B, Damas D, Boyer O, Gidrol X. (2011). Pre-micfoRNd mature
microRNA in human mitochondriaPloS one 6, e20220.

Holloszy, JO. (1967). Biochemical adaptations in muscle effectsxefcése on mitochondrial oxygen uptak
and respiratory enzyme activity in skeletal musgBiol Chem 242, 2278-82.

Nielsen S, Scheele C, Yfanti C, AkerstromNielsen AR, Pedersen BK, Laye M. (2010). Muscle specific
microRNAs are regulated by endurangereise in human skeletal musclePhysiol 588, 4029-37.

Nunnari J, Suomalainen A. (2012). Mitochondria: in sickness and in h€altti48, 1145-59.

Russell AP Lamon S, Boon H, Wda S, Giller I, Brown EL, Chibalin\A Zierath JR, Snew RJ, Stepto N,
Wadley GD, Akimoto T. (2013). Regulation of miRNAs in human skeletal muscle following acute
endurancex@rcise and short-term endurance trainih&hysiol 591, 4637-53.

Zhang C. (2009). Nl functions for small RN moleculesCurr Opin Mol Ther 11, 641-51.
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Initial orthostatic hypotension: effects of tilt speed and hand position on finger arterial blood
pressure during head-up tilt

S. Green and D. Boulton, School of Science and Health, Western Sydney University, Campbel ltown campus,
NSW 2567, Australia..

Initial orthostatic hypotension (IOH) is defined on the basis of transient reductions in systolic blood
pressure (SBP) or diastolic blood pressure (DBP) of at least 20 or 10 mmHg during the first 15-30 s of upright
tilting or standing. The prwalence of IOH in health individuals is high, although most evidence is based on
non-irvasive measurements of arterial blood pressure in a fingage declines in blood pressure are obsérv
while the hand is positioned by the side and automatic adjustment for changeticel distance between the
heart and recording finger (‘*height-correction’) is used. The adgapiahis approach is not clear and reliance
upon a height-correction method might contribute to a transient decline in blood pressure, particularly when the
change in posture is rapid.

Effects of hand position (heart, side) and rate of tilt (fast, slow) on tilt-induced changes in SBP and DBP
were studied in nine subjects (4 males, 5 females; age = 29.0 (9.4) y; height = 1.761 (0.075) m; weight = 75.7
(14.0) kg). The experimental protocoasi b0 minutes long and consisted ofefionsecutre sts of four head-
up tilts (65 °), with each set separated by 4-min periods of calibration of the BP recording system. Each tilting
manoeuvre lasted?22-30 s and was preceded and followed B§ s in the supine position. For each set of tilts
there were four conditions: fast speed with hand on the heart (FH); fast speed with hand by the sidev(FS); slo
speed with hand on the heart (SH); andvsépeed with hand by the side (SS). The order of presentation of
these conditions waseft consistent between sets within a subject but varied between subjects using a
counterbalanced approach. Blood pressure was recorded continuously in the middle finger of the right hand anc
SBP and DBP were measured on a beat-to-beat basisedeh tilt, a time series of SBP and DBP data
beginning 20 s before and ending 20 s after the completion of tiltingament were analysed. For each subject,
measurements of tilt speed, rate of changeeitical distance between recording finger and heart, as well as BP-
related ariables were obtained from each time series, grouped andvdraged to obtain a single estimate of
each variable for each of the four conditiondeéif of tilt speed and hand position on these variables were
analysed using a two-way repeated-measures\V\NO

Fast and slw tilts were completed within 1-2 and 7-11 s and the tilt sp@ed)(was significantly
different between fast tilts (mean (SD): FH = 41.0 (5.6), FS = 40.4 (6.5)) amtl’ddSH = 6.7 (0.4), SS = 6.7
(0.5)). The rate of change irenical distance between the recording finger and heart during tiltasy w
significantly different (P < 0.001) between all four conditions (FH = 0.9 (1.8%ci&S = 2.9 (4.0) crrst, SH
= 0.2 (0.2) cnv?, SS = 41 (0.6) cnsl). Mean SBP and DBP during 20-s baseline periods immediately before
tilting were not significantly dierent between the four conditions. The variabilities of blood pressure about
these mean baseline values, represented by 2SD, were alsofentibetween conditions.iltfinduced
changes in SBP and DBP were referenced to the lower limit of normal variation of these varale=af -
2SD) during the preceding baseline and expressed as a proportion of these lower limits. The decrease in SBI
was ot significantly affected by tilt speed (F = 0.1) and hand position (F = 1.5). By contrast, the decrease in
DBP was significantly affected (P < 0.005) by tilt speed (F = 9.7) and hand position (F = 11.5), as well as a
tendeng to an nteraction between tilt speed and hand position (F =F28,14). The decline in DBP ag
larger for FS (- 17.9 (9.7) %) compared with other conditions (FH = - 6.1 (6.5) %, SH =- 2.3 (4.7) %, SS =- 6.8
(6.8) %). There was also a significant effect of tilt speed and interaction with hand position for the time at which
the nadir in DBP occurred after the onset of tilting, being shortest for FS (5.1 (2.6) s) compared with other
conditions (FH=6.3 (2) s; SH=7.2 (2.6); SS=9.5(3.5) s).

This preliminary evidence demonstrates that tilt speed and hand position influence the maximum decline
in diastolic blood pressure and timing of this response, suggesting that the use of rapid orthostatic manoeuvre:
with hand by the sideverestimates the decline in blood pressure andg@ece of IOH.
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Investigating exosomal microRM and lipidomic profile in response to acute endurance exercise
in males and females

S Alexander,! S. Lamon, J. McMullen,? Y.K. Than? and G.D. Wadley,* tInstitute for Physical Activity and
Nutrition, Deakin University, 221 Burwood Highway, Burwood, VIC 3125, Australia and 2Cardiac Hypertrophy,
Baker Heart and Diabetes Institute, 75 Commercial Road, Melbourne, VIC 3004, Australia.

Introduction: Exercise has manwell-established health benefits, including reduction of disease and all-
cause mortalityDespite not being directly wolved in muscular contraction, tissues such as tree #nhd the
brain display adaptations txecise, including increased mitochondrial function and numbee postulated
mechanism by which this occursvs tissue cross-talk, a process mediated)msemes. Exosomes are small,
membranous vesicles that are ubiquitously expressed by nearly all cells in the humdixdsatyes transport
nucleic acids, proteins and lipids to distal tissues and influence the recipient cell structure and function.
Exosome number increase after an acute bout of enduraewise (Fruhbeist al., 2015; Whithamet al.,
2018). The current study aims to examinavheycling at 70% \O2peak for 60 mins influencesasomal
mMiRNA and lipid abundance in men and women.

Methodology: Sixteen males (age 231#63.7, mearnt SD) and eight females (age 23 @3.4), cycled for
60-min at 70% predeterminedOypeak. Blood samples were taken before, immediately, aftdrthree hours
after exercise from the ante-cubitakin. Exosomes were isolated from separated plasma and treated with RNase
to prevent potential contamination by free nucleic acids. Immunoblotting was performatidate the presence
and purity of exosomes. Exosomal lipid composition was analysed with mass spectraxpeaysion leels of
exosomal miR-1, -16, -23a/b and -133a/b were established by gPCR, using cel-miR-39 as an exogenous control
The data were analysed using one-way MO

Results/Conclusionsimmunoblotting of exosomal marker proteins confirmed the presencesbraes
within the extracted fraction. Lipidomic analysivealed co-isolation of cholesterol esters and yagcerol
within the exosome-enriched fraction. Because of this,ais eemed inappropriate for furthemahestream
lipidomic analysis using the currentasome isolation procedure. miR-1, -16, -23a/b and -133a/b were present
in exosomes from males and females. No significant changes were observed betweancisstard reogery
samples in an species. These muscle-enriched miRNpecies are regulators of mitochondrial biogenesis,
vascularisation and myoblast differentiation and proliferation &letkl and cardiac muscle tissue. More studies
are needed to confirm the effect gbeise on exosomal miRNAs andvwdhey contribute to tissue adaptation.

Fruhbeis C, Helmig S, Tug S, SimorKraemer-Albers E-M. (2015%) Extracell Vesicles, 4, 28239.

Whitham M, Rirker BL, Friedrichsen M, Hingst JR, Hjorth M, Hughes WE, Egan CL, Cron L, Watt kdh&l
RP (2018)Cell Metab, 27, 237-51.
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Expression of putative mechanosensing signalling proteinsin skeletal muscle after power
resistance exercise and feeding in resistance-trained men

SG. Wette,! H.K. Smith,? G.D. Lamb?® and R.M. Murphy,* *Department of Biochemistry and Genetics, La Trobe
Institute for Molecular Science, La Trobe University, Melbourne, VIC 3086, Australia, 2Department of Exercise
Sciences, The University of Auckland, Auckland 1142, New Zealand and 3School of Life Sciences, La Trobe
University, Melbourne, VIC 3086, Australia.

Pawer resistancexercise irvolves high intensity (load and velocity) dynamic muscular contractions and
is frequently performed by athletes to enhance performaacenproved muscle function. @ investigate the
remodelling processes that contri to impraed muscle function, we westigated the expression of putai
mechanosensing signalling proteins implicated in this procegg & al., 2011): titin-linked Muscle Ankrin
Repeat Protein (MARPS) family CARRnkrd 2 and BD\RP, and the Z-disc associated muscle-LIM protein
(MLP) in healtly, resistance-trained men (n = 7) following 90 min of rest (Rest) or power resistancises
with (Ex + Meal) or without (Ex only) feeding during reeny. Percutaneous needle biopsy samples were
obtained from thevastus lateralis of resistance-trained males using local anesthetic (2% Xylocaine), 3 h after
performing each of the three experimental trials on separate days.

Previously we presented results from this study showing that the mR#Vvds of CARP (115-fold) and
MLP ([R.5-fold) were upregulated in human skeletal muscle 3 h post power resistargisee(\\ette et al.,
2012). Based on these results, we performed protein analyses on the same muscle samples to determine tl
protein levels of all MARPs and MLP in whole muscle homogenates after Rest, Ex only and Ex + ®leal. T
assess whether thexeecise elicited a stress response in these resistance-traine@dluatt, the leel of
phosphorylated heat shock protein 27 at serine 15 (pHSP27-Serl5) was measured at Rest and 3 h after Ex on
and Ex + Meal. The l@ls of pHSP27-Serl5 are typically ugtgated 3 h after eccentrixeecise in human
skeletal muscle (Frankenbesgal., 2014).

The 90 min rercise session consisted of 180 intermittent muscular contractions at high intensity (70-96%
maximal strength). Compared to Rest, there i#8- and 12.6-fold increases in pHSP27-SeriBldeat 3 h
post Ex only and Ex + Meal (bofP=0.049, one-way AN®A) respectiely. CARP protein lgels were elegated
[R.7-fold after Ex only=0.049, one-way AN®A) and [17.6-fold after Ex + Mealf=0.326), due to maddly
higher levels (6-40-fold) in three of the sen participants. Pearson correlation analysigeatéed a significant
positve @rrelation between theues of pHSP27-Ser-15 and CARP protein (r = 0.B60.008). Ankrd 2,
DARP and MLP protein l&ls were unchanged (all P > 0.05) following Ex only and Ex + Meal.

These findings indicate that CARP is highly respamdd increased mechanical loading because the
protein levels in skeletal muscle can be substantially increased as early as 3 h after stressful rezs&stasee e
This suggests a specialised role for CARP protein during the early phases of muscle remodelling that occur as
consequence of performing high intensity resistaneecise.

Frankenbeg NT, Lamb GD, Oemaard K, Murply RM & Vissing K. (2014). Small heat shock proteins
translocate to theytoskeleton in human @etal muscle following eccentrixecise independently of
phosphorylationJ Appl Physiol 116, 1463-1472.

Kojic S, Radojvic D & Faulkner G. (2011). Muscle ayiin repeat proteins: their role in striated muscle
function in health and disea<érit Rev Clin Lab Sci 48, 269-294.

Wette SG, Soop M, Birch NP & Smith HK. (2012). Proc Aust Physiol Soc 43, 17P.
http://aups.org.au/Proceedings/43/17P/
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MiRNA expression in skeletal muscle mitochondria following an acute bout of endurance
exercise

J. Slver,! H. Dillon,' S Loke? S Lamon! and G.D. Wadley,* 1School of Exercise and Nutrition Sciences, Deakin
University, 221 Burwood Highway, VIC 3125, Australia and 2chool of Life and Environmental Sciences,
Deakin University, 221 Burwood Highway, VIC 3125, Australia.

Introduction: Mitochondria are primary regulators of energy metabolism, and are crucial for endurance
exacise performance. Enduranceeise notably increases mitochondrial biogenesis ieles&l muscle.
Regulatory components of the mitochondrial biogenesis paghauch asPGC-1a, increase wer 10-fold
following a single bout of enduranceescise (Perryet al., 2010). Small non-coding RNAs, particularly
MiRNAs, hare regulatory roles in the modulation of gengpeession, and are increasingly implicated in the
regulation of mitochondrial biogenesis. Muscle-enriched miRNAs aferdiftially expressed in humanetétal
muscle following endurancexercise, and are increasingly implicated in mitochondrial metabolism (Ressell
al., 2013). Furthermore, emerging evidence demonstrates that someAmiithl transcribed from the nuclear
genome but localize within the mitochondria acrossrde physiological and pathological states (Baateal.,

2011). The presence of miRNAs in the mitochondria suggesvd Ievd of complexity in the regulation of
mitochondrial gene regulation. The present study first optimised the isolation of pure and intact mitochondria
from human skeletal muscle. Then, the study aimed to determine if mMiRNAs were expressede ramdialf
expressed, in skeletal muscle mitochondria in response to enduxencises

Methodology: Twelve males (age 22.2 3.0 y; VO,peak 44.1 7.5 ml.mint.kg?) cycled for 60 minutes
at approximately 70% ®,peak. Muscle biopsies were taken from tastus lateralis pre, immediately post,
and three hours postecise. Mitochondria were isolated from wholekal muscle and treated with RNase-A
to prevent contamination of nuclear and cytosolic RNA. Spectrophotometric determination of citrate synthase
actiity was used to quantify mitochondrial yield and grtgy, whilst mt-COX1 and nuclealCOX4 expression
were quantified using qPCR to confirm mitochondrial pufitye expression of miRs-1, -23a/b, -133a/b, -181c,
-206 and -let-7b was quantified using gPCR

Results/Conclusions. High yields of intact mitochondria were successfully isolated from humelatak
muscle. Furthermor&0OX4 mRNA, 18Sand28SrRNA were absent from mitochondrial samples, indicating the
samples were relagly free from contaminating RNA. Electrophoretic separation of nucleic acids (Agilent
Technologies) reealed mitochondrial RN extracts were enriched in small RN, the majority of which
aligned to miRM sequences. MiRs-1, -23a, -133a, -206 and miR-let-7b were detected in human skeletal muscle
mitochondria for the first time. 8/ row look to verify the hypothesis that mitochondrial miRNAs are
differentially expressed folaing a single bout of enduranceescise. MiRNA-mediated regulation of the
mitochondrial genome is a relaly unexplored field. Ongoing RNA-seq analysis endass to identify knavn
and neel miRNAs within skeletal muscle mitochondria. This will further our understanding of mitochondrial
gene regulation and allothe identification of neel therapeutic targets.

Barrey E, Saint-Auret G, Bonnamy B, Damas D, g& O, Gidrol X. (2011).PLoS One, 6 €0220. doi:
10.1371/journal.pone.0020220

Perry CGR, Lally J, Holivay G, Heigenhauser GJBonen A, Spriet LL. (201Q).Physiol, 588 4795-810.

Russell APLamon S, Boon H, Wda S, Giller I, Brown EL, Chibalin\A Zierath JR, Sne RJ, Stepto N,
Wadley GD, Akimoto T. (2013).J Physiol, 591 4637-53.
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Skeletal muscle micovascular blood flov and insulin action
M.A. Keske, Institute for Physical Activity and Nutrition (IPAN), Deakin University, Burwood, VIC 3125,
Australia.

Skeletal muscle is an important site for insulin-mediated glucose disposal in the post-prandiakstate (K
et al., 2009). The classical action of insulin to increase muscle glucoseeuptattves insulin binding to
receptors on mygtes to stimulate the insulin signalling pathway leading to GLUT4 translocation to the cell
surface membrane, enhancing glucose uptakevada, an additional role of insulin on muscle glucose upak
is its action to increase muscle bloodilthereby improving insulin and glucose defiy to myocytes. Insulin
can increase large blood vesseg(total limb blood flev) as well as small blood vesselg, microvascular)
blood flowv (Vincentet al., 2004; Premiloac et al., 2014). Havever, insulin-mediated glucose uptals nodified
by microvascular blood flav and not total limb blood fl (Vincentet al., 2004). This micreascular action of
insulin is mediated, at least in part, by nitric oxide synthasecévitet al., 2004; Kubotaet al., 2011) and
accounts for 40-50% of insulin-stimulated glucose disposal in skeletal muscteriet al., 2004). Sleletal
muscle micrgascular blood flav is impaired during insulin resistance (Prem#loet al., 2014; Kubotaet al.,
2011) and type 2 diabetes (Russellal., 2017). There is a growing body of literature suggesting that
impairments in micreascular insulin action ha& important physiological consequences in the early
pathogenesis of insulin resistance and can precedeyiayiosulin resistance (Premilac et al., 2014; Kubota
et al., 2011; Bonnert al., 2013). Therefore, interventions targeting the microcirculation @esl muscle is a
novel approach to impree ducose homeostasis in insulin resistant states (Presuig al., 2014; Russelkt al .,
2017).

Bonner JS, Lantier L, Hasenour CM, James FD, BEde, Wasserman DH. (2013Riabetes 62, 572-80.

Keske MA, Clerk LH, Price WJ, Jahn LA, Barrett EJ. (200D)abetes Care 32, 1672-7.

Kubota T Kubota N, Kimaai H, Yamaguchi S, Kozono H, Takahashifioue M,et al. (2011).Cell Metab 13,
294-307.

Premilovac D1, Richards SM, Rattigan S, KeskIA. (2014)Diabetologia 57, 2586-95.

Russell RD, Hu D1, Greenay T, Blackwood SJ, Dwyer RM, Sharman JE, JonestG&l. (2017). Diabetes
Care 40, 1256-1263.

Vincent MA, Clerk LH, Lindner JR, KlibamoAL, Clark MG, Rattigan S, Barrett EJ. (200B)abetes 53,
1418-23.
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The skeletal muscle endothelium: the barrier within
C.M. Kolka, Cedars-Snai Medical Center, 8700 Beverly Blvd, THAL E104, Los Angeles, CA 90048, USA.

Studies of endocrinology and metabolism rely on the vascular systemviss Hefimones and nutrients to
the area of interest, yet bloo@ssels are a dynamic variable that can be impacted by disease. In addition to
blood supply to the area and distribution through tissue, the endothelial bagtiktes access to muscle as
both a structural barrier and a modifiable permeahtemgy. The endothelium in each tissue is different, such
that some tissues argpmsed to blood components more readily than others. Therefore, to understand the true
impact of the distribution and dediry of blood, it is necessary to understand the local, interstitiédogmment,
which is what the tissue is exposed to. Measuring interstitial fluid is difficult, and therewasedearate
techniques ailable. We use the hindlimb lymph vessels to sample the interstitial fluid in the canine model
under inhaled isoflurane anesthesia. Even in heaittiividuals, the leel of insulin in the skeletal muscle
interstitium is approximately half that of the blood. Bloodvfldefects induced by disease states, such as insulin
resistance, cardiascular disease and diabetes, can impact the amount of insulin getting to the tissue, and thus
contritute to the metabolic impairments associated with these diseasdmv@investigated different dietary
interventions that can induce similavéts of obesity but hae dffering effects on metabolism and interstitial
insulin levels, at least partly due to their reporteteefs on the endothelium. Therefore, interventions thgéetar
the vasculature, whether by increasing\@gyi or by altering permeabilitynay provide a neel approach to
improve metabolism and metabolic disease.
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Metabolic-vascular coupling: pericytes regulate capillary blood flow
D. Premilovac, E. Attrill, N. King, L. Brown and B. Sutherland, School of Medicine, College of Health and
Medicine, University of Tasmania, TAS 7001, Australia.

In all tissues, it is critical to be able to match local capillary blooad ftothe metabolic rate of the cells
within the tissue to ensure appropriate iy of nutrients and the remaa of waste products. This relationship
is particularly important in tissues where local metabolism, and hence blaodaftovary widely such as the
brain and skeletal muscle, as inadequate local bloaddica msmatch between nutrient demand and supply
will directly compromise normal function. While the consequences of this metabolic-vascular mismatch can
manifest acutely in the braire.§. stroke), in skeletal muscle this can lead to reduced postprandial glucose
disposal contributing to disturbances in whole body metabolism. Importaoiythe needs/signals from local
tissue metabolism are sensed and integrated by the vascular teeslitatéd increased capillary blood vilo
remains poorly understood.eMavenew data that hightlights the contribution of pericytes, contractile cells that
encircle and ceer capillaries, as potential integrators andulators of capillary blood fle in normal health and
disease states such as serakd insulin resistance.
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The physiological importance of flowmotion

S.J. Blackwood,>? R.M. Ross,® S Rattigan,? R.D. Russell,>* SM. Richards® and M.A. Keske,2® 'Department of
Physical Therapy, School of Health Sciences, Ariel University, 2Menzies I nstitute for Medical Research,
University of Tasmania, Hobart, TAS 7000, Australia, 3School of Medicine, University of Tasmania, Hobart, TAS
7000, Australia , 4Department of Health and Human Performance, College of Health Affairs, University of Texas
Rio Grande Valley, Brownsville, TX 78520, USA and ®Institute for Physical Activity and Nutrition (IPAN),

School of Exercise and Nutrition, Deakin University, 221 Burwood Highway, Burwood, VIC 3125, Australia.

The oscillation of blood fl@ into or within tissues - flowmotion - plays an important role in matching
blood flov to metabolic demand. Flowmotion is influenced byefiifferent factors; tw centrally acting high
frequeny inputs (cardiac and respiratory) and three local fcequenyg inputs (neurogenic, myogenic and
endothelial). During the delopment and progression of disease states such as insulin resistance and type 2
diabetes (T2D) fiemotion is pathologically altered and thereby blood distribution in important metabolic
tissues. Attenuation of fleinto and within skeletal muscle results in decreased glucoseeupbak the blood
which contributes to eleted blood glucose. Previous alterations in flowmotion oleseim insulin resistant
states are highlyaried due different techniques used and stages of disease assessed. Westigation is
required to determine which components offiwotion become dysfunctional during disease progression and
thereby better inform future treatment for the disease. As such, we used Laser Doppetiland tissues
oxygenation measures to assess skin flowmotion in clinically diagnosed T2D ang tatitbls, at rest and in
response to an oral glucose challenge. A number of differences in flowmotion components at rest and during the
oral glucose challenge were seen in T2D, alongside other markers ofvasedlar dysfunction. While this
assessment of skin flowmotion with Laser Doppler Flowmetry allows great insight into the vascular dysfunction
occurring in T2D, whether this is paralleled by changes in flowmotion seen in skeletal persskeis
important to follow-up.
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ACTN3 genotype influences androgen receptor signalling and skeletal muscle mass regulation in
health and disease

K.N. Roeszler,? F.C. Garton,® L.R. Meehan,! C.F. Tiong,! P.J. Houweling,%? P. Gregorevic,* J.T. Seto>? and

K.N. North,>2 *Murdoch Children’s Research Institute, Royal Children’s Hospital, Parkville, VIC 3052,

Australia, “Department of Paediatrics, University of Melbourne, Royal Children’s Hospital, Parkville, VIC

3052, Australia, 3Institute for Molecular Bioscience, University of Queensland, S Lucia, QLD 4067, Australia

and “Centre for Muscle Research, University of Melbourne, Parkville, VIC 3052, Australia.

Muscle wasting due to ageing, disease or chronic iliness is a debilitating condition associated with a
reduction in quality of life and life xpectang. a-Actinin-3 (ACTN3) is a gtoskeletal protein integral to
muscles contractile properties that interacts with a wide array of structural, metabolic and signalling proteins.
Homozygosity for the null allele (577XX) results ACTN3 deficieny in 1 in 5 humans worldwide and is
associated with reduced muscle mass and sprint/power performance in elite athletes and the general populatiol
ACTN3 deficieny is dso a known risk factor forafling in the elderly and a genetic modifier of muscle
disorders.

Using anActn3 knockout (KO) mouse that modeSCTN3 deficieny in humans we hae demonstrated
the traits of reduced muscle mass and strengéha®/exploring the mechanisms resulting in the reduced mass.
Muscle mass regulationviolves a compbe network of pathvays including PI3K/Akt/mTOR and Androgen
Receptor (AR)via androgen signalling. Androgens such as testosterone signal skeletal nmymatieophy
through acwiation of the AR signalling and PI3K/Akt/mTOR pathways. Studies sbhow ACTN3 genotype
influences muscle mass through regulation of the PI3K/Akt/mTOR pathwstudy of elite Russian athletes
(209) showed significantly higher testosterone in male and female athletes carryi(git& R-allele with
ACTN3 genotype explaining >12.5% of variation in testosteromedg Ahmetw et al., 2014). Thea-actinins
are known primary co-aetitors and enhancers for AR activity (Huagtgal., 2004) and are known to interact
with key dayers in the PI3K/Akt/mTOR signalling pathwy; PI3K, PIP2 and mTOR (Lek and North 2010;
Normanet al., 2014). This link betweeACTN3 genotype and testosteronedis in elite athletes has focussed
our studies on these pathways but F@TN3 deficieny influences these pathways has not been explored.

Microarray analyses ka shown a significant reduction in AR\els at a transcriptt25%) in Actn3 KO
muscles, including transcripkgression of androgen resporesigenesOdcl, Amd2, Smox and Itgblbp3. AR
protein levels in both skeletal muscles and testes were also greatly reducedtirintB&O. Localisation of AR
shavn by IHC is also altered, while circulating testosteronsléewere unchanged. Effects of androgen
deprivation were also ivestigated by a castration model (N=6 per genotype/treatment) to determine ho
a-actinin-3 deficieng would influence muscle agting. Mice were gen pre-emptve analgesia (bhprenorphine
0.1mg/kg), anaesthetized with isoflurane before receiving either sham or castragery sdice were
euthanised 12 weeks postgary Our pilot castration studies shothat androgen demdtion may be
detrimental tax-actinin-3 deficient individuals with greater response to muscle atroph

We havealso explored protein synthesis by sigd sensing of translation (SUNSET) pathways including
PI3K/AK/MTOR by Western blotting analyses. A sub group of mice wevengain ntraperitoneal injection of
either puromycin (0.04imol/g) [WT n=8, KO n=7] or vehicle only (PBS) [WT n=6, ®& n=6] were sacrificed,

30 minutes post procedure. Intriguingtgale Actn3 deficient mice also demonstrate increaseéldeof protein
synthesis (P <0.01)specifically in the PI3K/AKT/mMTOR padgs Preliminary findings suggest an up-
regulation of TGB pathway members including SMAD2, 3 and 4.

These findings suggesACTN3 genotype influences muscle mass regulation through reduced AR
awailability and altered regulation of these pathways. UnderstandiwgA@IN3, PI3K/Akt/mTOR and AR
signalling interact, we will provide insights into muscle wasting conditions and their treatments.
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Reproducibility and ethical concerns of Notexin as an acute animal injury model

A.L. Pascoe,! A.J. Johnston,! L. Jenkinson,! C. van der Poel? and R.M. Murphy,! 1La Trobe University School of
Molecular Science, La Trobe University, VIC 3086, Australia and 2School of Human Biosciences, La Trobe
University, VIC 3086, Australia.

Muscle wasting is a destating comorbidity associated with an array of chronic and acute conditions
including, but not limited to, injurydiabetes, immobilisation, can¢eageing, and muscular dystrophies
(Jackman & Kandarian, 2004). The use of animal models which accurately and consistently recapitulate the
clinical and biochemical signatures of human disease is an essential step in understandingastisglarwd
regeneration.

Notexin is a potent phospholipase A2 toxin ded from Australian Tiger snakwvwenom, commonly used
to induce an acute necrotic phenotype (Dixon & Harris, 1996). The current study implementedely rigiati
dose intramuscular injection of Notexin solution (4010 pg/ml in saline) in the rightibialis anterior (TA)
and 40ul saline injected in the left A of C57BI/6 mice. Injuries were performed under isoflurane anaesthesia
(2-5% flav rate, recwery within 5 minutes) with buprenorphine (0.05mg/kg) injected subcutaneously as
analgesic immediately post-injugnd during receery as prescribed by the supervising veterinarian.

Despite apparent recery immediately post-injurydl mice exhibited reduced body and beiocaral
condition by 24-hours post-injurgonstant ongoing surveillance and remedial caas necessarpice were
culled by CO2 asphyxiation at days 3, 7, and 14 post injury and BothuBcles collected (n=3-4 for each
treatment and time point). Tissue architecture and western blot analyses indicatediseé prolonged muscle
necrosis.

The adversevents obsered in the current study are incongruous with previously reported Notexin injury
models (Hardyet al., 2016; Head, Houweling, Chan, Chen, & Hardeman, 2014). These results suggest batch
variability in the poteng of Notexin, as well as highlighting potential shortcomings in the current reporting of
animal injury protocols, with important implications for scientific reproducibility and animal ethics.

Dixon RW, Harris JB. (1996). Myotoxic activity of the toxic phospholipase, notexin, from the venom of the
Australian tiger snakel. Neuropathol Exp Neurol 55, 1230-1237.

Hardy D, Besnard A, Latil M, Jouvion G, Briand D, Thépenier C, Pascal Q, Guguin A, Gayraud-Morel B,
Cavaillon JM, Tajbakhsh S, Rocheteau Ghrétien F (2016). Comparate Sudy of Injury Models for
Studying Muscle Regeneration in Mi¢&.oS One 11(1), e0147198. doi:10.1371/journal.pone.0147198

Head SI, Houweling PJ, Chan S, Chen G, Hardeman EC. (2014). Propertigerdratded mousextensor
digitorum longus muscle following notexin injury Exp Physiol, 99(4), 664-674. doi:
10.1113/expphysiol.2013.077289

Jackman RV, Kandarian SC. (2004). The molecular basis of skeletal muscle atArpld Physiol Cell Physiol
287(4), C834-843. doi10.1152/ajpcell.00579.2003

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/21P



Therapeutic potential of slow muscle programming by low-frequency stimulation in dystrophic
mice

J.P. Hardee, J.G. Ryall, T. Naim, K.J. Martins, SM. Gehrig, R. Koopman, G.R. Seinberg and G.S. Lynch, Centre
for Muscle Research, Department of Physiology, The University of Melbourne, VIC, 3010, Australia.

There is still no cure or ffctive reatment for Duchenne muscular dystpBMD), a progressie and
severe muscle wasting disease. In DMD and i tell-characterized murine models of the diseasdx @nd
dko mice), muscles are fragile, injury prone and compromised in trggnegatie capacity Fast muscle fibres
are more susceptible to damage and pathological progression thvanusole fibres and a potential therapeutic
strat@y is to inducedst-to-slav muscle remodelling so as to confer protection to dystrophic muscles from this
damage. This could be actéd through chronic lwv-frequeny stimulation (LFS) that contracts muscleselik
that in ercise and may be a suitable altervatior some patients confined to wheelchairs (Lynch, 201€). W
tested the hypothesis thatwlmuscle programming through LFSwld ameliorate the dystrophic pathology in
mouse models of DMD.

All experiments were appved by the Animal Ethics Committee of The Weisity of Melbourne and
conducted in accordance with the Australian code of practice for the care and use of animals for scientific
purposes (NHMRC). Mice were anaesthetized witttakine/xylaine (100 mg/kg Ketamine, 10 mg/kg
Xylazine, i.p.) and microelectrodes implanted in wild type (C57BL/d@x anddko mice to facilitate wireless
stimulation of the lower hind limb muscles (10 Hz, 12 h/d, 28 d). At the conclusion of the LFS protocol
adaptations in dystrophic muscles were assessed by complementary moléidaemical, and
immunohistological analysedlibialis anterior (TA) function was also assessed in a separate cohort of
anaesthetized mice (Sodium pentobarbital, 60 mg/kg, i.p.). All mice were killed by cardiac excision while
anaesthetized deeply.

LFS induced adst-to-slav remodelling in dystrophic A muscles gident from increased SDH enzyme
activity, capillary density and presence of small calibre fibres, which occurred independent of histopathologic
alterations. Interestinglyn dko mice the lack of utrophin abrated LFS-induced increases in muscle stem cell
content (Pax7+ cells/mfin dystrophic mice. Whole-genome sequencingtensor digitorum longus (EDL)
muscles reealed 796 and 375 differentiallyxpressed genes by LFS mdx and dko mice, respectely.
Functional annotation vealed common biological processest{§ acid metabolism and angiogenesis) and
signalling pathways (AMPK, G4 and insulin signalling) enriched by LFS in dystrophic muscle. Importantly
the remodelled A muscles ofmdx mice were less susceptible to contraction-mediated damage, indicating that
LFS conferred protection from injury.

Together these exciting findings highlight the utility of LFS to enhance our understanding of the
mechanisms underlying skeletal muscle remodelling andalreghe therapeutic potential of slomuscle
programming to ameliorate the pathophysiology of muscular dystroph

Lynch GS. (2017). InThe Plasticity of Skeletal Muscle: From Molecular Mechanism to Clinical Applications,
ed Sakuma K. pp. 277-292. Singapore: Springer.
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Dot blotting for fibr e type identification of single muscle fibres: a fast, reliable and sample-
sparing method

D. Christiansen,? M.J. Maclnnis,? E. Zacharewicz,' H. Xu,! B.P. Frankish * and R.M. Murphy, 1Department
of Biochemistry and Genetics, La Trobe Institute for Molecular Science, La Trobe University, Melbourne, VIC
3086, Australia, 2Institute for Health and Sport Victoria University, Melbourne, VIC 3011, Australia and
3Department of Kinesiology, McMaster University, Hamilton, Ontario, ON L8S4L8, Canada.

Background: Many skeletal muscle proteins are present in a cell-specific or fibre type-dependent.manner
Stimuli such as »ercise, aging, and diseasevhaeen reported to result in fibre-specific responses in protein
alundances. Thus, fibre-specific determination of the content of specific proteilteprenhanced mechanistic
understanding of muscle ys$iology and biochemistry compared with typically performed whole-muscle
homogenate analyses. This analysisydver, is laborious and typically not performedeVifesent a negl dot
blotting methodology for easy and rapid determination eleikl muscle fibre type based on myosinvigea
chain (MHC) isoform presence, further demonstrating a sample-sparing method of broad fibre type-dependent
protein analyses that should be implemented for future human studies.

Methods: The study participants were hegltimales, non-smokers, and performed structuxetcese 2-3
times per week (n=2). Brieflpamples were obtained from thestus lateralis muscle under local anaesthesia
(1% Xylocaine) using a Bergstrom needle with suction. Samples were freeze-dried for 48 hours, brought to
room temperature, and segments ofvitlial muscle fibres (1-3mm) were collected under a microscope using
jeweller’s forceps in preparation for dot blotting andestérn blotting analysis, as described by Mwurghal
(2011). mllowing confirmation of skeletal muscle fibre type based on myosimyhg@ain (MHC) isoform
presence within indidual fibre sgmentsvia dot blotting, the remaining volume of samples were analyised
Western blotting for the presence of sarco-endoplasmic reticulum calclitasd (SERCA) isoforms, SERCA1
and SERCAZ2a, calsequestrin (CSQ) isoforms, CSQ1 and CSQ2, Actin, AM&extprotein kinase-beta 2
and cytochrome c oxidase sutit 4, demonstrating fibre type-dependent protein abundance between Type | and
Il muscle fibres.

Results and Conclusions:Folowing the prescribed methodolqgthe ability to collect and analyse
skeletal muscle samples for relagiqualitatve and quantitatie measurements of proteins in broad muscle fibre
types is easily accessible. Utilising dot blotting, the rapid determination of muscle fibre type of the collected
s@gments proceeds the pooling of fibrgment samples. Subsequentiyoteins can then be quantified at the
pooled-fibre segment Jel (i.e. Type | or Il) using an inngtive Western blotting technique. Overall, the
significant conclusions from this work are thBt qualitatve determination of muscle fibre type of fibre
seggments from a biopsy can be performed using dot blotting, witlv &dtume of samplei fe. small amount of
protein);2) fibre typing[50 fibre segments using the prescribed methodology reduces thé&@dstd and the
experimental timeB3-fold, compared to traditional &8tern blotting MHC isoform analyse®); breakpoints in
the 95% confidence interval widths occurred between 3 and 9 pooled fijonergs, indicating the correct
number of fibre segments to pool with respect to acgwhprotein quantification. The methodology presented,
and our demonstrated ability to reliably measure thmddnce of proteins of varying abundance in groups of
only a fav fibre sgments, will facilitate impreements in our understanding ofwanuscle fibre type plays a
crucial regulatory role in skeletal muscle physiology.

Murphy RM. (2011). Enhanced technique to measure proteins in singfees¢s of human skeletal muscle
fibres: fibre-type dependence of AMRK-and ,. Journal of Applied Physiology 110, 820-825.
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Cholesterol lowering prevents ambulatory dysfunction in muscular dystrophy

Z. White,»2 N. Milad™2 and P. Bernatchez, 22 University of British Columbia (UBC), Department of
Anesthesiology, Pharmacology & Therapeutics, 2176 Health Sciences Mall, Vancouver, BC V6T 123, Canada
and 2UBC Centre for Heart & Lung Innovation, . Paul’s Hospital, 1081 Burrard &, Vancouver, BC V6Z 1Y6,
Canada.

Background: The pleiotropic, non-lipid lowering effects of statins were recentlyvshto attenuate
muscle wasting in Muscular Dystrop(MD). In the mdx mouse model of Duchenne MD, sastatin
ameliorated intramuscular inflammation and fibrosis, leading to egnmuscle function. Havever, our team
has shown that both mdx and dysfeflirmice, two notoriously mild models of MD, exhibit sere muscle
wasting and loss of ambulation when their plasma lipid profile is altered. Henceype¢hésized that
cholesterol modulation, rather than pleiotropism, is the true mechanism of simvastatin in MD.

Methods: To test the contribtion of cholesterol to MD serity and eauate the feasibility of
repurposing non-statin medications, we use® tmouse models of MD (dysferfif and mdx) with a
humanized plasma lipoprotein profile; this was done by isiictg their Apolipoprotein E (ApoE) gene, a
common model of atherogenesis. Mice were supplemented with a triglyceride-rich diet containing 0.2%
cholesterol (TG/0.2%) to induce dyslipidemia. Cholestenakling and dietary intervention spanned 2 -11
months (mo) for Dyst/ApoE™", and 2-7mo for mdx/ApoE~ cohorts and their appropriate controls. Mice
were sacrificed under terminal anesthesia (3.5% v/v isoflurane, 2L O2). Muscle sections stained witls Masson
Trichrome were used to assess fat and collagen deposition.

Results: Compared to Dysf/ApoE’™ mice on chw, a TG/0.2% cholesterol containing diet caused
increased muscle asting and sere fibro-fatty infiltration in triceps anduadriceps, leading to complete
amhulatory dysfunction in 40% of mice by 11mo of age. Hypercholesterolemia induced similar detrimental
effects in triceps andastrocnemius muscles of mdx/ApoE™ (TG/0.2%) by 7mo of age. Strikinglthe lavering
of cholesterol pneented gait abnormalities and the loss of atation in TG/0.2% fed Dyst/ApoE™’™ mice,
and significantly reduced fibroadipogenic infiltrates in both models lacking ApoE at 11 and 7mo vedgpecti

Conclusion: Our data she that hypercholesterolemia exacerbates muscle damage and the loss of
ambulation in MD. Thus MD patients could benefit greatly from cholesterol lowering medications.
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Movements of calcium in skeletal muscle fibres in the absence of calsequestrin
C.R Lamboley, L. Pearce, D.P. Sngh and B.S. Launikonis, School of Biomedical Sciences, The University of
Queendand, & Lucia, QLD 4072, Australia.

Calsequestrin (CSQ) is the major?Gauffer in skeletal muscle fibres, existing inside the intern&f Ca
store of the fibre, the sarcoplasmic reticulum (SR). Therefore, it was surprising that when a CSQ knock out
mouse vas engineered it remained viable with only reiyi minor deficiencies in xitation-contraction
coupling and total fibre calciumJds (Lambolg et al., 2016). Interestingly though, the mouse shed
significant susceptibility to eironmental heat strak(EHS) and agonists of malignant hyperthermia (Diaeese
al., 2009). Therefore this mouse model mustedfep modifications in its G4 handling to remain viable and
able to respond to stimulation with normal force responses but alsmesca model of EHS that can be
examined. This study aimed to assess th& @avements and steady state localization of'Ga these mice to
gan a better understanding of muscle adaptations under compromi&est@age and EHS susceptibility.

CSQ isoform 1 (CSQ1) knock out mice cofomere established at The Waisity of Queensland. M
type (WT) and CSQ1 & mice were euthanizedia CO2 wverdose and EDL muscles were rapidicised.
Individual fibre sgments from those muscles were mechanically skinned under paraffin oil so yhdillthe
contained their endogenous?taontent. The total amount of endogenous*@antained in each fibre could be
quantified by pre-equilibrating the fibre in a solution with avkm@oncentration of the very fast calciumfier
BAPTA and then transferring the fibre to an emulsion of 1% Triton X-100 andfipaodf(TX-oil) in order to
lyse all membranous compartments and releag€att from within the fibre (Fryer & Stephenson, 1996). The
total amount of CH present in the fibre can be calculated from the knowPTR concentration in the
equilibration solution and the magnitude of the force response upon the lyses. Furthermore, other fibre
seyments, prior to the TX-oil lysing, were (1) totally depleted from their endogenous SRdent by a 2
minute exposure to a solution containing 30 mM caffeine, 0.05 m&t kigd with or without 25 uM FCCRr
(2) loaded to their maximal SR €acapacity by a 4 minute exposure to a solution containingl.2ree C&*
(buffered with 1 mM CaEGA — EGTA). Ryanodine receptor (RyR) &aleak and t-system G uptake
properties of the tubular (t-) system were determined using a recentomkrl technique that utilizes
measuring basal Eamovements into the t-system with t-system-trapped rhod-5N as imaged on the confocal
microscope (Cullyet al., 2018).

Total calcium assays siwed a reduction of40% in both maximal and resting calcium content in CSQ1
KO mice compared to WTSR calcium content in CSQ1® fibres was also reduced by0% compared to WT
but a [b-fold increase in mitochondrial calcium content was measured in CEQfnike compared to WT
Assays of RyR CH leak showed that CSQ1Kfibres were significantly leglcompared to WT and that this
leak could be reduced follong 5 min treatment with a reducing ageneliRTT. A rapid rate of t-system €&
uptale was also observed in CSQDHKibres, consistent with the RyR leak saturating the t-system PMCA with
cat.

These results are consistent with a significant® Géorage capacity of the SR being reduced in the
absence of CSQL1. Our assessment of the compartmentalization of calcium in the muscle fibres 0OCSQ1 K
mice shavs that “half of the total calcium at rest is not stored in the SR. The Rydk of the CSQ1 K fibres
was due to some oxidation of the RyR, which may be dueveml@ad of the mitochondria with €& A model
has been deloped demonstrating othese changes in €ahandling may increase the susceptibility of the
animal to EHS.

Cully TR, Choi RH, Bjorksten AR, Stephenson DG, MwyritM, Launikonis BS (2018). Junctional membrane
C&* dynamics in human muscle fibres are altered by malignant hyperthermia\ea@y&i mutation.
Proc Natl Acad Sci USA doi: 10.1073/pnas.1800490115

Dainese M, Quarta M, yifenko AD, Paolini C, Canato M, Reggiani C, DirksenT,RProtasi F (2009).
Anesthetic- and heat-induced sudden death in calsequestrin-1-knockoutasebel 23, 1710-1720.

Lambolgy CR, Kake Guena SA, Touré,/Hébert C, Yaddaden L, Nadeau S, Bouchat/i#-LaPierre L, Lainé
J, Rousseau EC, Frenette J, ProtaBiitksen R, Pape PC. (2015) Gen Physiol 145 127-153.

Fryer MW, Stephenson DG. (1996]).Physiol 493 357-370.
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M echanisms of Ca* release in human and toad skeletal musclein response to halothane
D.P. Singh, L. Pearce, C.R. Lamboley and B.S. Launikonis, School of Biomedical Sciences, The University of
Queendand, & Lucia, QLD 4072, Australia.

Cé&* release through the ryanodine receptor (RyR) can be directigtadtiby agonists such aslatile
anaestheticse(. halothane). In humans with a RyR mutation, typically used concentrations of halothane can
cause C# release, making them susceptible to malignant hyperthermia (MH). The mechanisf wl&mse
through the RyR of people who are MH susceptible is not well understood. While itvig kKhat direct
activation of RyR opening is dependent on locafOavels, hav Ca?* is interacting with the RyR, and adjacent
RyRs, to open these channels and cause propagatfigtt@a probably underlie an MH episode require
examination.

In skeletal muscle, RyRs can be opened b¥ Galuced C&' release (CICR) or aeftited by luminally
high C&*. The latter mechanism has been referred to as st@road-induced C# release (SOICR). In
amphibian skeletal muscle, ®wRyR isoforms gist and a prominent CICR mechanism is \&twhen
cytoplasmic C4' is raised. In mammalian skeletal muscle CICR is either weak, not present at all or completely
inhibited by an interaction with adjacertdltage sensors. 8\aispected that comparingwdalothane induced
C&* release in toad and human muscle susceptible to MH would assist in distinguishing between the
mechanisms that avk during an MH episode. Therefore we aimed to compare halothane-inducesl€ase
in toad and MH susceptible human muscle fibres under identical conditions.

All experiments performed were apped by The Uniersity of Queensland Human Ethics & Animal
Ethics Committees. Human muscle biopsies were collected under local anaesthesia from the Vastus Laterali
(VL) muscle. Cane toad®3({fo Marinus) were euthanized by double pithing and the lliofibularis (IL) muscle
was extracted. Single fibres were isolated and mechanically skinned under paraffin oil.

We hypothesized that by using mechanically skinned fibres from toad and MHS humans in the same
experimental chamber that yanifferences in C4 release properties under 1 mM halothane would be cdxberv
by rapidly imaging cytoplasmic &4in a K*-based gtoplasmic solution containing rhod-2 and 0.1 mM BGT
(0.1 - 0.2uM [C&*]) on a Zeiss LSM 5Vie microscope (Cullyet al., 2016). T do this we positioned twfibres
perpendicularly to each othénat is, thg crossed wer to form a junction between to thedvpreparations. Ca
waves reaching the junction allowed the effect of locally increased cytoplasniict€de obsersd as a ne
wave was established on the adjacent fibre. The fibres placed in the chamber were placed in the
combinations: toad v toad; human v human; and toad v human.

In toadvs toad experiments, Gawave propagtion into the quiescent fibre from the wetfibre occurred
rapidly (1.02+ 0.08 s; n = 10). In humavs human (MHS muscle), a delay of 4.£70.51 s (n = 7) in the
propagtion of C&* release from the agé © quiescent fibres was observed. In teatiuman fibre eperiments
(n=11), the characteristics ofame initiation in the quiescent fibres were maintained in each taxa. Thé$e Ca
wave popagtion rates differed significantly between toad (®@208 secsys human MHS (4.1% 0.51 s,T-
test, P < 0.05). The delay in initiation of Cavaves in the quiescent fibre from the local Caise in the actie
fibre indicate that the cytoplasmic £ammediately causes &arelease in the toad (CICR) whereas the delay
in human fibres indicates that the SR needs to loa&d ©areach the threshold for luminal aetion of
Céa* release.

Cully TR, Edwards JN, & Launikonis BS (2014). Aetion and propaation of C&" release from inside the
sarcoplasmic reticulum network of mammalian skeletal mudé&aysiol, 592, 3727-3746.
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The mechanism of Orai channels dependence on intracellular pH

G.Y. Rychlovt FH. Zhou! M. Adamsg. L. Ma? and G.J Barritt,? 1School of MedicingUniversity of Adelaide,
and South Australian Health and Medical Resbdnstitute Adelaide SA D05, Australia andCollege d
Medicine and Public Health, FlindsiUniversity Adelaide SA ®01, Australia.

The activity of store-operated €achannels formed by Orail and STIM1 proteins has been shown to
strongly depend on the changes of intracellular pH)(plithin the physiological ranges, Wwever, the amino
acids responsible for this dependenceehat been yet identified (Beodt al, 2014, Gariliouk et al, 2017,
Tsujikawva et al, 2015). Furthermore, it is not kmm whether these amino acids are localized in Orail or
STIM1 polypeptides, and whether €ahannels made of Orail homologues, Orai2 and Orai3, exhibit pH
dependence similar to that of Orail.

In this study we ivestigated dependence of Orai2- and Orai3-mediatéd @arents on pHusing whole-
cell patch clamping of HEK293T cells heterologously expressing STIM1 and either Orai2 or Orai3 proteins.
Intracellular pH has been varied by application ofedént concentrations of sodium propionatgHECOONa)
or ammonium chloride (N}CI) to the bath solution.

It was found that intracellular acidification ached by gplying 60 mM propionate to the bath solution
inhibited Orai2-mediated Gacurrent by(B0-90%, compared to the current recorded under control conditions
(pH, 7.3). Intracellular alkalinisation using 15 mM NEi in the bath strongly potentiated Orai2 current
amplitude, but only when E@Twas used as intracellular €auffer. This dependence of Orai2 amplitude on
pH, was very similar to that xhibited by Orail-mediated current (@giouk et al, 2017). Havever, unlike in
Orail, the kinetics of Orai2aét C&* dependent inaatition was not affected by intracellular acidification. In
contrast, Orai3-mediated store-operated*Qarrrent exhibited no dependence on,dggesting that amino
acids that mediate qHﬂependence of Orail and Orai2 are localized in intracellular C- or N-termini, or the
intracellular loop of these proteins, and are absent in Orai3. Replacement of Orail C- and N-termini with those
of Orai3 did not affect either Orail amplitude or kinetics dependence oR@placement of Orail intracellular
loop with that of Orai3 did, hwever, aolish Orail dependence on ptBurprisingly mutating the only
potentially protonatable glutamates E162 and E164 in the intracellular loop of Orail, which are absent in Orai3,
to glutamine, had no effect on péiependence of Orail current, suggesting that protonatable site is localized in
STIM1.

Beck A, Fleig A, Penner R, Peinelt C. (201@gIl Calcium56, 235-243.

Gavriliouk D, Scrimgeour NR, GrigoryeS, Ma L, Zzhou FH, Barritt GJ, Rycldw GY. (2017). Scientific
Reports7:9829 doi: 10.1038/s41598-017-06371-0

Tsujikava H, Yu AS, Xie J, Yue Z, Yang WHe Y & Yue L. (2015).Scientific Report$:16747 doi:
10.1038/srepl6747
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TRPM 2 channels contributeto liver ischemia and reperfusion injury

F.H. Zhou,? J. De Haas,>® K. Kingma,® J. Hua, %22 E. Kheradpezhouh,»* A.D. Burt,* G.J. Barritt® and G.Y.
Rychkov,*? 1School of Medicine, The University of Adelaide, Adelaide, SA 5005, Australia, South Australian
Health and Medical Research Ingtitute (SAHMRI), Adelaide, SA 5005, Australia, 3Discipline of Medical
Biochemistry, College of Medicine and Public Health, Flinders University, Adelaide, SA 5001, Australia and
“4Eccles Institute of Neuroscience, John Curtin School of Medical Research, The Australian National University,
Acton, ACT 2601, Australia.

Liver ischemia and reperfusion injury (IRI) as result ofgsuy or transplantation is a common clinical
problem. One of the hallmarks of the pathogenesiseflRI is intracellular C& accumulation in hepatgtes.

It is well established that hepatocyte cytoplasmic and mitochondrfaloBacentrations increase immediately
following the onset of reperfusion. The identity of?Cahannels actated by ischemia-reperfusion (I-R) in
hepatogtes, havever, is aurrently not known. Recentvielence suggests that the Transient Receptor Potential
Melastatin 2 (TRPM2) channel, which is aeted in oxidatve gress, could play a major role in €averload

in the liver (Kheradpezhoult al., 2014).

To assess the contution of TRPM2 channels invier IRl we used segmentalvér I-R in WT and
TRPM2-KO mice, as previously described (Abat al., 2009). Mice were subcutaneously injected with
buprenorphine (0.1 mg/kg) prior to the gary While under 1.75-2.5% isoflurane inhalation anaesthesia, each
animal was subjected to 45 min ofjseental lver ischemia by clamping blood floto the lateral and the medial
lobes, follaved by clamp rema@ and reperfusion. After suturing, the incision area was treated locally with
bupivacaine (0.5-1 mg/kg). All animals were subcutaneously injected with amoxycillin (20 mg/kg) before
returning to a cage for reegry. Mice in the sham group were subjected to a similar surgery procediure b
without blood vessel clamping. After 24 h or 72 h reperfusion, each anmsahnaesthetized by intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (8 mg/kg), followed by the collection of blood plasmeeand li
tissue. Plasma samples were used to determine teks lef alanine transaminase (ALT) and aspartate
transaminase (AST) in the blood, wherea®rlitissues fixed in 10% formalin were used for histological
analysis.

As expected, AL and AST enzymes l&ls were significantly elated in WT mice 24 h afterer I-R,
compared to sham group. This was consistent with the presence of necrosis accompanied by vacuolization an
pyknotic nuclei in the regions of the ischemigefilobes. The lier damage assessed by quantitiistological
analysis was found slightly reduced in TRPM@-ice, compared to WT animals 24 h afteetireperfusion.
Similarly, there was some reduction in Aland AST enzyme Mels in TRPM2-KO, compared to WTThe
difference between I-R inducedidr injury in TRPM2-KO and WT mice was ven more evident 72 h after
reperfusion started, where the mean injury area in the ischeraicldbes was 184.97% in TRPM2-1O,
compared to injury area of #3.64% in WT mice. Furthermore, while Aland AST lesels were dramatically
lower than those at 24 h, at 72 hAlevds in WT mice were significantly higher than in TRPMB Knice.
Taken togethey our data suggest that TRPM2 channels play a detrimental role in IRI irvéhéyli promoting
intracellular C&" accumulation and subsequent cell death.

Abe Y, Hines IN, Zibari G, BMick K, Gray L, Kitagawa Y, Grisham MB. (2009). Mouse model ofvér
ischemia and reperfusion injury: Method to study reactkygen and nitrogen metabolitesvivo. Free
Radic Biol Med 46(1): 1-7.

Kheradpezhouh E, Ma L, Morphett A, Barritt GJ, RyohkGY. (2014). TRPM2 channels mediate
acetaminophen-induced/dr damageProc Natl Acad Sci USA 111: 3176-3181.
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Human and non-human intestinal NHE3: Human NHE3 demonstratesincreased susceptibility to
inhibition and unique regulation by ubiquitin

K.A. Jenkin,*? S Lin,* Y. Han,! P. He! and C.C. Yun,3 IDivision of Digestive Diseases, Department of
Medicine, Emory University, Atlanta, GA 30322, USA, 2School of Science and Health, Western Sydney
University, Campbelltown, NSW 2560, Australia and 3Atlanta VA Medical Center, Atlanta, GA 30322, USA.

Introduction: The N&/H* Exchanger 3 (NHE3) is responsible for the majority of the electroneutral
sodium absorption occurring in the intestine. As such, NHE3 has a major role in controlling electrolyte and fluid
balance and is a frequent target of inhibition in yndiarrheal diseases. While mice and rabbiteehaeen used
to investigate the mechanisms of diarrhea,ytlaee less prone to #elop diarrhea than humans. Recenthe
have $hrown that human NHE3, but not non-human NHE3s, interacts with the ubiquitin E3 ligase Nedd4-2. W
hypothesize that this property of human NHE3 contributes to the increaseitysaf diarrhea.

Method and Materials: To investigate this hypothesis, we determined human and non-human NHE3
actiities and ubiquitination iels in response to the NHE3 inhibitors fooik (FSK), cholera toxin (CTX) or
Enteropathogenic E.coli (EPECK vitro, we generated Caco-2/bbe cells transfected with human or rabbit
NHE3, andin vivo we generated transgenic mice expressing human NHE3 in the intestine (ANHBBIn
vitro experiments, inhibitor treatments of 30 and 90 min were directly applied to cells diluted with normal
growth media. NHE3 activity was measured by*Neapendent intracellular pH reay. NHE3 ubiquitination
was evaluated by immunoprecipitation of NHE3 followed by western blot of ubiquitin. Nedd4s2kmoclkd
down in cellsvia electroporation. & in vivo experiments, mice were anesthetised withetakiine/xylazine
cocktail and a 2 - 5 cm section of ileum was tiefdanfl injected with inhibitor treatment or Hanks Buéd
Saline Solution (HBSS)ehicle luffer. Mice were allowed to rewer for 5h post-injection before cervical
dislocation was performed. Closed loops were mmthomeasured and weighed, and villi were dissected and
used for NHE3 activity analysis.

Results: In vitro, we found that 10uM CTX significantly increased human NHE3 ubiquitination. Both
CTX (1-10 uM) and EPEC treatments induced significantly more inhibition of human NHE3 activity in
Caco-2/bbe cells than what was observed in rabbit NHE3 transfected cells. Nedd4-2 kmobkdded the
inhibitory effect on human NHE3, demonstrating the importance of Nedd4-2 in regulating human INHE3.
vivo, NHE3 knockout mice (NHE3-/-) va reviously been shown to display symptoms of diarrheawveer,
our model of hNHES! mice did not she any sgns of diarrhea, indicating that the transgenic hNHE3 is
functional. In anesthetised hNHE3nice, we found that both 5h closed-loop intestinal treatment with inhibitors
EPEC (2x10° CFU) and CTX (10ug) significantly increased water accumulation in the small intestine and
significantly reduced NHES activity compared to wild type mice.

Conclusion: These findings demonstrate that human and non-human NHE3s are differergistyeid
suggesting that the characteristics of human NHES3 regulation may contribute to increased diaariyedanse
humans.

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/29P



Mitochondrial ROS generated at the complex-I1 matrix or intermembrane space microdomain
has distinct effectson redox signalling and stress sensitivity in C. elegans

AJ. Trewin,! L.L. Bahr,® A. Almast,! AY. Wei,! B.J. Berry? and A.P. Wojtovich,'? 'Department of Anesthesiology
and Perioperative Medicine and ?Department of Pharmacology and Physiology, University of Rochester
Medical Center, 575 EImwood Ave, Rochester, NY 14642, USA.

Background: Excess reacte axygen species (@BS) are implicated with numerous diseases, yet
physiological ROS generation is necessary for cellular function and eelagtponses to stress. Mitochondria
are a major source of@5 which can fluctuate widely in response to various environmental and cellular stimuli.
The downstream responses induced BSRnay depend on the duration and rate of oxidant generatiomlemo
as well as the subcellular microdomain in which this occursvede, manipulating ROS Meels to investigate
thisin vivo with traditional pharmacological approaches lacks precise spatial and temporal control angkcan ha
confounding effects on mitochondrial bioenergetics.

Results: We wised CRISPR/Cas9 to fuse the light-semsitROS-generating protein, Supendo(SN) to
the C-terminus of mitochondrial compgldl succinate dehydrogenase sniis B (SDHB-1::SN) and C
(SDHC-1::SN) inC. €elegans. The SDHB-1::SN and SDHC-1::SN fusion proteins localised SN to the
mitochondrial matrix side of the inner membrane, and to the intermembrane space (IMS) vebspaatihad
no impact on complell activity. ROS production by SN proteim vitro was both specific and proportional to
total light irradiance in the 540-59tin spectra and was unaffected barying the biffer pH to resemble the
mitochondrial matrix, IMS or the cytosolic environments Wen determined whethel$ generated at either
side of the inner mitochondrial membrane with 1:1 stoichiometry has distinct effects on redox signuilitog,
Using a GFP transcriptional reporter strain, we assessed activity of SKNQ. @egans homologue of Nrf2),
the master regulator of the antioxidant response @athwe found that SKN-1 transcriptional activityas
dependent on both the site dDR formation and duration of ROS production: with less matrix gener&@&d R
required for actiation. In addition, there as greater phosphorylation of PMK-1, (a p38 MAPK homologue) in
response to ROS generated in the matrix compared to IMS. Fimaliyx generated ROS displayed protection
against subsequent exposure to simulated ischemia reperfusion injury.

Conclusions. Overall, these neel data demonstrate that the physiologic output of ROS depends on the
microdomain in which it is produced. These findings may inform further studies to identdlytherapeutic
strategies for diseasewaiving mitochondrial oxidatie gress.
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Different vasodilator mechanismsin intermediate- and small-sized arteries from the hindlimb
vasculature of the toad, Rhinella marina

M.S. Cameron? and J.A. Donald,* 'Deakin University, Geelong, Australia, School of Life and Environmental
Sciences, 75 Pigdons Road, Waurn Ponds, VIC 3216, Australia and 2Disci pline of Physiology, School of Medical
Sciences, The University of Sydney, NSW 2006, Australia.

In this study myograply was used to determine the vasodilatory signalling pathways, with a focus on
nitric oxide (NO) signalling, in the intermediate-sized iliac artery and the smaller-sized sciatic artery of the toad,
Rhinella marina. Toads were anaesthetized by immersion in a 1% solution of tricaine methanesulfonate
(MS222) until no toe pinch oryareflex was obsered. All experiments imolving R. marina were appreed by
the Deakin Uniersity Animal Ethics Committee. Immunohistochemical analysis showed NO synthase
1-immunoreactiity (NOS1-IR) in penascular nitrergic nems in the iliac arteryand only a sparse distakion
of NOS1-IR in the sciatic arteryFurthermore, NOS3-IR was observed in the vascular smooth muscle of the
sciatic artery but not in the endotheliurAcetylcholine (ACh) was used to facilitate intracellular Ca signalling
in order to actiate vasodilatory pathays. Inthe iliac artery ACh-mediated vasodilation was abolished by
blockade of both the NO and prostaglandin (PG) signalling pathways with the solubldatpiayclase
inhibitor, ODQ (1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (A0M), and indomethacin (1® M),
respectiely. Furthermore, remyal of the endothelium had nofe€t on the ACh-mediated vasodilation in the
iliac artery and generic inhibition of NOS with L-NA (N®-nitro-L-arginine, 3x 104 M) significantly inhibited
the vasodilation. Incontrast to the iliac arten ACh-mediated vasodilation of the sciatic artery was mostly
endothelium-dependent and was not significantlfecséd by NOS inhibition. However, ODQ and
indomethacin, alone and in combination, significantly inhibited the vasodilation, but did not abolists it.
proposed that PGs and a signalling molecule other than NO, possibly carbon monoxide, are vasodilators in the
sciatic artery This study showed that the mechanisms of vasodilation in the hindlimb are dependessain v
size, and the endothelium may become more important as vessel size diminishes.
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New insightsinto theregulation of uterine contractionsin human labour

R.I. Sriwardhana, D. Sekali,* C. Adams,! M.A. Tonta,! P.J. Sheehan,? H.A. Coleman,! SP. Brennecke?® and
H.C. Parkington,! 'Department of Physiology, Monash University, Clayton, VIC 3800, Australia, The Royal
Wbmen's Hospital, 20 Flemington Road, Parkville, VIC 3052, Australia and 3Department of Obstetrics and
Gynecology, The University of Melbourne, Parkville, VIC 3052, Australia.

Our poor understanding of the processesliued in labour contractions results in limited success in
preventing unwanted contractions before term. This leads to preterm labour aveydeli major cause of
perinatal morbidity and mortalityOn the other hand, improving contractions whenytfal in labour is also
restricted. This necessitates caesarean section, which has significant short and long term maternal consequenc
as well as childhood issues for théspfing. Thus, clinically safe andfettive therapeutic options are limited
for both preterm labour tocolysis and dysfunctional labour augmentation. Our aim is to better understand the
mechanisms underpinning contraction in human myometrium before and during term labour.

Myometrium was obtained late in grany in women undegoing caesarean dedry in the Royal
Women’s Hospital, Melbourne. Informed, written consent was obtained prior gesguby trained research
midwives. Membrane potential orytplasmic calcium were recorded simultaneously with contraction in
myometrial strips from wmen at term not-in-labour (n=27) and in labour (n=15). lon channel protein
expression was determined using Western blotting (WB).

Contractile amplitude and duration were determined by the duration of the action potential (AP) plateau
(similarly to heart). W sought to determine the mechanisms underpinning the duration of the AP plateau.
Plateau duration and contraction amplitude were reduced by ,GaC®hich blocks the calcium-avtted
chloride channel ANOL. Immunohistochemistry demonstrated the presence of ANOL1 in human myometrial
strips. ANO1 protein expression was significantly increased in myometrium foonemvin normal labour and
this increase failed to occur in tissues from women wdiled to progress in labauPlateau duration as
lengthened and contraction amplitude increased by VU-590, which blocks the inwardly-rectifying potassium 7.1
channel (K;7.1). K;7.1 efectiveness and WB [(7.1 protein |gels were reduced in normal labour tissuas b
was dgnificantly increased in tissues from women who failed to progress in labour.

Here we reeal the presence of twion channels, ANO1l and k7.1, in term pregnant human
myometrium before and during laboirctivity of ANO1 markedly contributes to thed#opment of a long AP
plateau and a large contraction amplitude. Increased expression of ANO1 in labiitetds stronger
contractions and expeditious delly. In contrast, K;7.1 terminates the plateau resulting in a smaller
contraction. K.7.1 epression appears to be reduced in lapblumting the terminating mechanism, thus
prolonging the AP andatilitating the increase in contraction amplitude required for successful vaginatydeli
When these labour changes fail to occur labour does not progress well, necessitating caesargan deli
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Gestational diabetes mellitus is associated with an altered placental glucocorticoid receptor
isoform profile, increased human placental lactogen mRA expression and placental glycogen
accumulation

N.L. Kent! O.J Holland? A.V. Perking and J.S.M. Cuffé-? The School of Biomedical Sciengae University
of Queensland, St Lucia, QLD 4072, Australia &8dhool of Medical Scieng€riffith University, Gold Coast,
QLD 4222, Australia.

Background: Gestational diabetes mellitus (GDM) occurs in up to 16% of alymaet women and
increases the risk of a range of maternal and fetal complications. The placenta secretes hormones includin
Human placental lactogen (hPL), encoded by CSH1 and CSH2 to alter maternal glucose homeostasis to ensur
adequate glucosevailability for the growing fetus.GDM occurs when the maternal system does not adapt
appropriately to these endocrine changes or as a consequence of placental dysfunction. Glucocorticoid
signalling has been implicated in placental dysfunction and glucocorticoid exposure is known to alter secretion
of hPL, increase glycogen accumulation and alter glucose transport, all of wikcteba implicated in GDM.
However to date, the role of glucocorticoid signalling in GDM is not well characterized. The glucocorticoid
receptor (GR) is encoded by a single gene, Nr3cl which forms at leagr@rtiilGR isoforms in the human
placenta. Recent studiesveacemonstrated that the GR isoform profile regulates tissue-specific glucocorticoid
sensitvity and is implicated in poor birth outcomes. The aim of this study was to determvrgiunocorticoid
sensitivity may be altered in placentae of women with GDM.

Methods. Placentae were collected from heglthomen and from women with GDM at term, ensuring
all other parameters were matched. For initial analysis, only male placentae were analysed while analysis of
female placentae is ongoing. RNwas extracted for gPCR analysis and cytoplasmic and nuclear protein
fractions were extracted for Western blotting (GR) and enzymatic assay analysis. Placental glycogen content
was determined using a commerciallyailable enzymatic assay.

Results Within male placentae from women with GDM, therasva significant increase in theeession
of cytoplasmic GR-A (P<0.05), and an uncharacterized GR immunoreadiind at 69kDaHR<0.05), while
GRa-D expression was reduceB<0.05).Wthin the nuclear fraction, the expression of the 69kDa band and
GRa-D were significantly reducedP€0.05). Additionally male placentae from women with GDM had a
significant increase in Cshl expressiBr@.05) accompanied by an increase in glycogen deposRich(@5).

Discussion/Conclusion The findings from the currentvestigation support the hypothesis that altered
glucocorticoid sensiity is implicated in GDM. The alterations in the GR isoform profile in placentae from
women with GDM are consistent with previous studiasstigating placental dysfunction in maternal asthma
and dexamethasone exposure. The direct relationship between expresisonf Ispecific GR isoforms and the
increased hPL and glycogen content requires furthvestigation. Future studies will manipulate GR isoform
patterns in placental cells tovastigate if glucocorticoid signalling is the primary defect of if otreatérs such
as maternal glucose are likely to contribute to altered GR isoform patterns in GDM.
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Exploring how compartment-specific changes in NAD biosynthesis influence the response to
endurance training

T.V. Lakeland, A.F. Samsudeen, L.K. Metcalfe, H. Govindaraju and N. Turner, Department of Pharmacol ogy,
School of Medical Sciences, UNSW Australia, NSW 2052, Australia.

Introduction: Nicotinamide adenine dinucleotide AN) plays a vital role in the maintenance of health —
as an engyy carrier and as a critical substrate for major systemic regulators such as the sirtuiARRBad P
NAD levds decline with ageing and with metabolic and chronic disease states. Lifestyle intervention through
diet and mercise, as well as pharmaceutical intervention targeting the NAD biosynthetic pathwaysebia
shovn to rescue declining NAD vels. Restoration of NAD lels in various aganisms associates with
increased longevity and a return to youthful and healtlysical function.

Methods: Examining tw mouse models of genetic ugrdation of the NAD biosynthetic enzyme
nicotinamide mononucleotide adenylyl transferase (MWINto target nuclear (NMMT 1) and mitochondrial
(NMNAT3) NAD uprayulation, our group has previously observed alterations in metabolic processes and in
muscle morphology in these animals. NN "9+ mice hae a narked reduction in muscle mass while
NMNAT3 79 mice hae improved hepatic metabolism. In the presenvestigation, both NMMT1 and
NMNAT3 mice and their respeg wildtype littermates were exposed to a six week progressveload
endurance training programme, with endurance capacity and oral glucose tolerance (0GTT) assessed before ar
after the training period.

Results: Despite substantially reduced muscle mass in the transgenic group, both absolute performance
and the relatie performance impreement in response to training were not different between NMNY* and
WT mice (147. 74 40.08 % and 136.6 28.61 % impreement abwe kasal, respectely; meant SEM, n=9).

The NMNAT1T9"* group also displayed signs of imped glucose handling and insulin sensitivity as compared
to their WT littermates. Absolute performance was lowearal for NMNAT3™9* compared to WT mice,
although relatie improvement in response to trainingag not significantly different (98.3736.07 % and 72.29

+ 20.51 % imprgement abege kasal, respeately; n = 8). All groups showed either significant or strong trends
towards reduced peak blood glucoseds during oGTT after the training intervention. Both NIWINL™9* and

the respectie WT mice post gercise intervention displayed &hted insulin release associated with the peak
blood glucose time point. In contrast, the NMN8T9* mice exhibited a high peak insulin release associated
with the peak blood glucose time point, irrespects the training intervention.

Conclusions:Our results suggest that the reduction in lean mass in AIMN/* mice, which appears to
be due primarily to a shift veards oxidatve fibres as previously observed, does not result in a performance
deficit or an inability to adapt to endurance training. Despitéerdiices in the underlying metabolic
phenotypes, both NMAT 179+ and NMNAT 379 mice adapted to training in a similar manner.
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Acute continuous moder ate-intensity exercise, but not low-volume high-intensity interval
exercise, attenuates postprandial suppression of circulating osteocalcin in young overweight and
obese adults

L. Parker,>? C.S. Shaw,'? E. Byrnes,® N.K. Septo®*° and |. Levinger,%*® ingtitute for Physical Activity and
Nutrition, School of Exercise and Nutrition Sciences, Deakin University, Geelong, VIC 3220, Australia,
?Institute for Health and Sport (IHES), Victoria University, Melbourne, VIC 8001, Australia, PathWest QEI |
Medical Centre, Nedland, WA 4111, Australia, “Australian Institute for Muscul oskeletal Science (AIMSS), The
University of Melbourne, Victoria University, and Western Health, Parkville, VIC 3052, Australia, ®Monash
Centre of Health Research and Implementation (MCHRI), School of Public Health and Preventative Medicine,
Monash University, Clayton, VIC 3168, Australia and ®Department of Medicine-Western Health, Melbourne
Medical School, The University of Melbourne, Parkville, VIC 3052, Australia.

Background. Osteoblasts are bone forming cells which are primarilyolted in the synthesis,
deposition, and mineralization of type 1 collagen to form bone duringtlgr@steoblasts also synthesize and
secrete paracrine proteins including osteocalcin (tOC), and the undercarboxylated form (ucOC), which
participate not only in bone mineralization but also glucose homeosasisn tOC and ucOC are suppressed
during conditions of ypemlycemia, such as after the consumption of a meal or an oral glucose tolerance test.
This suppression may contute to increased fracture risk in populations who are insulin resistant. In contrast,
acute &ercise transiently increases tOC and ucOC, and is proposed to enhance glgatzmme Havever,
the effects of acutexercise and rercise-intensity on postprandialvids of tOC and ucOC are unknown.

Methods. Twenty-seen adults that were werweight or obese (age: 80 years; BMI: 3@1 kg-m?;
mearrSEM) were randomly allocated to perform a single sessiomeftdume high-intensity inteld-exercise
(LV-HIIE; 9 females, 5 males) or continuous moderate-intengiggcise (CMIE; 8 females, 5 males) 1 hour
after consumption of a standard brewtf Serum tOC, ucOC, and ucOC/tOC were measured at baseline, 1 hour
and 3 hours after breakfast consumption on a rest dayxéncise) and thex@rcise day (rercise 1 hour after
breakfast).

Results. Compared to baseline, serum tOC and ucOC were suppressed 3 hours after breakfast on the res
day (-1&1% and -&2%, respectiely; P<0.05), whereas ucOC/tOC was\eted (2.51%; P=0.08). Compared
to the rest dgyCMIE attenuated the postprandial-induced suppression of tOC (rest dag%i@ersus CMIE:

-5+2%, P<0.05) and ucOC (rest day: +4% versus CMIE: 11+2%, P<0.05), and increased postprandial
ucOC/tOC (rest day:#2% versus CMIE: 15+1%, P<0.05). In contrast,\-HIIE did not alter postprandial tOC,
ucOC or ucOC/tOC (all p>0.1).

Conclusions. Acute CMIE, lut not LV-HIIE, attenuates the postprandial-induced suppression of tOC and
ucOC. CMIE may be an fefctive ol to control the circulating Wels of tOC and ucOC following meal
consumption in werweight/obese adults.
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The effect of hypoxia on older adults muscle strength and massresponsesto resistancetraining
G. Allsopp,* S Hoffmann, J. Pasco,? A. Russell* and C.R. Wright,* Lingtitute for Physical Activity and Nutrition
(IPAN), School of Exercise and Nutrition Sciences, Deakin University, Geelong, VIC 3220, Australia and
2Barwon Health, Geelong, VIC 3220, Australia.

With increasing age, complanechanisms cause atrgplof skeletal muscle. Older adults typically
experience lav muscle mass and strength, that are associated with increased morbidity and niRetasitgnce
training is an déctive ol to prerent age-related muscle atrgphnd declining strength, and va training
parameters are valuable for improving prografitady. The use of hypoxia (l@ O2) during resistance training
elicits superior muscleypertroply and strength gains in young mendiet al., 2014). This study therefore
aimed to determine the responses of older adults to hypoxic resistance training, and hypothesized that muscl
hypertroply and strength gains would be greater in hypoxia compared to normoxia.

Men and vemen aged 60-80 were recruited into an 8-week blinded randomised trial, performing
resistance training in either normobaric hypoxia (14.4% O2) or normobaric normoxia (20.93%0&pants
trained twice weekly at 70% of their predetermined one repetition maximum (1RM), using four uppeveand lo
body eercises. Aerobic fitness (2max), muscular endurance (isokinetic dynamometer), 1RM and body
composition (DXA) were assessed pre- and post-trainiegods blood was sampled before and after the
8-week program, to quantify pichronic adaptations to haemoglobin, cholesterol and plasma glucoserigllo
the 8-week program. Preliminary results were analysed using repeated measukés @N® normoxia, 9
hypoxia). Afterthe intervention, the hypoxic group showed a greater iveprent in 1RM squat performance
(P=0.046) compared to the normoxic group (56.7 % im@rent compared to 22.6% respeelly). The
hypoxic group also showed trends for greater im@gments in lean mass compared to the normoxic group.
These impreements were \adent despite an unchanged VO2max and muscular endurance. Plasma glucose,
haemoglobin and cholesterol (total, HDL and LDlyds were unchanged after the intervention.

Resistance training inypoxia appears to elicit superior squat strength and potentially lean aiass g
compared to traditional resistance training in adults aged 60-80. This result is consisteppwitb tesistance
training studies in young men aged 18-30¢eéBithe increase in accessibility of hypoxic trainingiesnments,
our preliminary results suggest that resistance training appears saféeatidedbr increasing muscle strength
in older adults.

Kon M, Ohiwa N, Honda A, Matsubayashi, Tkeda T, Akimoto T, Suzuki Y, Hirano Y, Russell AP (2014).

Effects of systemic hypoxia on human muscular adaptations to resisterieectrainingPhysiol Rep 2,
€12033. doi: 10.14814/phy2.12033
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Evidence from a mouse model that high levels of circulating dihydrotestoster one increases
skeletal muscle mass and force production in isolated fast- and slow-twitch musclesin males and
females but reducesrecovery from fatigue in females

L. Kiriaev,! SI. Head ,* J.W. Morley,! K. Walters® and D.J. Handelsman,? 1School of Medicine, Western Sydney
University, NSW 2560, Australia, 2ANZAC Research Institute, University of Sydney, NSW 2139, Australia and
3school of Women's and Children’s Health, University of New South Wales, NSW 2052, Auuatralia.

It is well known that in humans menveanore muscle mass and strength than women. There is strong,
direct evidence that the effects of testosterone on muscle mass and strength are dose-dependent on circulatit
testosterone. Heever, these studies were largely performed in men and it is neither feasible nor ethical to
subject women to high circulating testosteroneltefor sufficiently long periods to test this dose-depenglenc
in healtty women.

In this study we ise a mouse model tovisstigate the dects of high circulating concentrations of the
potent pure androgen DHT directly on muscle mass and function in both mature male and female wildtype
mice. Each mouse was treated with DHT by subdermally implanted silastic tube coniféiding crystalline
DHT which provide prolonged, steady-state DHT &l for months if required. DHT was implanted into
sexually mature females and orchidectomized males to equalize endogenous androgen exposure. vl operati
procedures were performed under anesthesia administered by intraperitoneal injection of a 4 mg/ml solution of
ketamine and xylazine 100microliter/10 g body wt. Fast-twitch EDL muscle amdtsidch soleus muscle
were dissected from the hind limb and tied to a dual force transducer/linear tissue€epalemuscle was then
placed in a bath containing Krebs solution andbed continuously with carbogen. The muscle was stimulated
by delivering a current between twparallel platinum electrodes. Isolated muscle contractile properties were
analysed using the 615A Dynamic Muscle Control and Analysis software (Aurora Sci, Ins.). Muscles were
trimmed and weighed at the end of the protocol.

In DHT treated animals there was a significant increase in mass of EDL muscle from males and females.
Male Blank 9.7mgt 0.3 n=8 Male DHT 11.5mg 0.4 n=8 (P<.001); Female Blank 8.7m@.1 n=10, Female
DHT 12.0mgzx 0.2 n=7 P<0.0001). Insoleus muscles, only treated females sleal a significant increase in
mass (Male Blank 10.0m#§ 0.5 n=10 Male DHT 11mg 0.3 n=8 (ns); Female Blank 9.0 mg0.5 n=8 and
Female DHT 11.5mg 0.4 n=8 P<0.01). There was also &y significant increase in maximum force output
from DHT EDL muscles in both males and females (Male blank 3321GN=6 c.f. Male DHT 386mN: 6 n=8
(P<0.0001); Female Blank 292mN 3 n=10 and Female DHT 377mMN 7 n=7 (P<0.0001): t-
test/'SEM/n=muscles. Interestinglin DHT-treated female mice botholeus and EDL muscles showed a
significant P<0.0001) 16%t5 & 18% + 4, slowing of recweery from fatigue, which was not present in DHT
treated male mice. Increasing circulating androgeeldein female mice and orchidectomized male mice
appears beneficial for power activities but reduces endurance performance in females.
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Sex-specific epigenetic adaptations to endurance exercise

S Landen,! S Wisin,! S Lamon? and N. Eynon,* tinstitute for Health and Sport, Victoria University,
Melbourne, VIC 3011, Australia and ?Institute for Physical Activity and Nutrition, School of Exercise and
Nutrition Sciences, Deakin University, Geelong, VIC 3216, Australia.

Males and females are adapting xereise training diferently, and epigenetics is emerging as a potential
mechanism underpinning thosefdiences. Epigenetic modifications are structural adaptations of chromosomal
regions that bring about altered genegpmession and include mechanisms such adA Diethylation and
microRNAs (miRNAs). While &ercise training is known to remodel theetdtal muscle epigenome, it is still
unknavn whether it does so differently in men and women, leading to sex-specific physiological adaptations. In
the Gene Sietal Muscle Adapte Response to Training (SMART) studye investigated DM\ methylation
and miRM\ expression changes follang an acute bout and four weeks of high-intensity interval training
(HIT) in 25 healtly men; the same analysis on 20men is ongoing. Using a linear model adjusted for age, we
found that epigenetic patterns can predict baseline fitnegs \eith high accurac(adjusted R2 = 0.96), and we
identified 3111 dikerentially methylated loci after 4 weeks of HIIT (FDR < 0.005) in men. The comparison of
male and female epigenetic profiles followingreise may unceer different genes that are contributing to the
exacise response in thexas.
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Determination of heat production in human skeletal muscle from measurements of basal Ca?*
movements

C.J. Barclay and B.S. Launikonis, School of Biomedical Sciences, The University of Queensland, & Lucia, QLD
4072, Australia.

Skeletal muscle is essential for posture andieneent in almost all animals. In mammals it also performs
anothervital role. Skeletal muscle in mammals generates heat that is used to maintain body temperature
independently of the ambient temperature. TWautionary achigement of utilizing skeletal muscle as a heat
generator has seen the spread of mammals to all parts of the glaflan(@Ret al., 2015). Muscle must be a
heat generator in mammals when the muscles are resting. These animals stayewavher thg are lying
still (Rolfe & Brown, 1997). ® understand this, one must understand the processes inside resting muscle fibres
that are responsible for heat generation. These processes must algulaedeas the demand for heat
generation can be transient. The generation of heat in resting muscle is largely attributable to the ATP splitting
actiity of the sarcoplasmic reticulum (SR) @ump (Balet al., 2012) but the mechanisms are not understood.
This enzyme pumps &aback into the SR following Cé release that is essential for contraction and also
pumps C& back into SR at rest, as the SR constantly leaks @eough the ryanodine receptor (RyR) (Cully
et al., 2018). The muscle spends most of its time at rest, sesiang heat from the muscle in this statevpfes
an effectvely constant generation of heat.

Recently the C& leak of the SR through the RyR has been shown in resting human muscle fibres using a
novel confocal imaging technique utilizing a €asensitve dye trapped in the sealed tér (t-) system of
skinned fibre prepared from Bgtrom needle biopsies (Culdy al., 2018). Theseneasurements exploited the
fact that the “junctional space” sandwiched between the SR terminal cisternae and t-systarfCE4] that is
dependent on local RyR €deak.

Assessing RyR (4 leakvia measurements of €auptale into the sealed t-system is the net outcome of
a omplex set of events. 1o understand thesevents to allav the prediction of heat generated by the muscle a
model was devised that divided the system into 7 discrete spaces across the t-systergpBRmcand
junctional space. G4 movements between these spaces wereetinky the RyR, PMCA, NCX and SERCA.
Within the junctional space and cytoplasntGaas tuffered by EGA and inside the SR Cawas kuffered by
calsequestrin. A system of 7 inter-related differential equations using published rate constants and mechanistic
descriptions of PMCA, SERCA and NCX were solved using Maple ao&wrThe initial model was refined
using parameter sweeps to determine influential parameters and optimise the modsitoraelétermined to
influence t-system Cauptalke were PMCA densityPMCA C&* affinity, pH and t-system leak rate.

The model vas then used to quantify the SR leak rate in human muscle. A leak rate between 0.01 and
0.02 s! was mnsistent with experimental measurements (Cellyl., 2018). The model was then used to
quantify C&* efflux from SR to estimate heat production associated witf €gling between SR and
cytoplasm of(D.4 W kg*, which is about half of the likely heat production of quiescent (or resting) human
skeletal muscle.

Bal NC, Maurya SK, Sopariala DH, Sahoo SK, Gupta SC, Shaikh SA, Pant M, Rowland LA, Bombardier E,
Goonasekera SA, Tupling AR, Molkentin JD, Periasamy M. (20N&)Med 18, 1575-1579.

Cully TR, Choi RH, Bjorksten AR, Stephenson DG, MwyriM, Launikonis BS.(2018).Proc Natl Acad ci
USA 115, 8215-8220.

Rolfe DF & Brown GC (1997)Physiol Rev 77, 731-758.

Rowland LA, Bal NC, Periasamy M. (201Bjol Rev Camb Philos Soc 90, 1279-97.

Supported by Australian Research Council

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/39P



Miniatureinhibitory postsynaptic current in cerebellar Purkinje cells of old dystrophic mdx mice
C.Y. Tan, S.L.L. Kueh, S.I. Head and JMérley, Shool of MedicineWestern SydneUniversity NSW 2560,
Australia.

Duchenne muscular dystropi{DMD) is caused by the mutations in the X-linked dystrophin gene
resulting in a deficiencin the protein dystrophin. About 1/3 of boys with DMD display some degree of
cognitve impairments (Cottoret al, 2001). In the cerebellum, dystrophin is normally localized at the
postsynaptic membrane of GABrgic synapses of Purkinje cells. Piausly, we showed a significant reduction
in both the frequencand amplitude of miniature inhibitory postsynaptic current (mIPSCs) in cerebellar
Purkinje cells of adult (3-4 months oldjdxcompared with littermate control (i¢het al, 2011; Kuehet al,

2008). Here, we westigated the mIPSCs of young (3-4 months old) andnattk mice (23-26 months old).
These aging mice were chosen because earlier repovtediomth muscle and brainglneratie progression
in old mdxmice resembles those found in DMD patients (Pastoret & Sebille, 199%t RBe1998).

All experiments were conducted in accordance with the international guidelines on the care and use of
experimental animals and appenl by the Animal Care and Ethics Committee of Western Sydiaversity.

Mice (mdx n=6; littermate control, n=7) were anesthetized with isoflurane then decapitated for cerebellum
collection. Cerebellum section (25(m) was cut parasagittally using a vibroslicer (Leica VT1200s, Leica
Microsystems) and maintained in artificial cerebrospinal fluid at 16°C in the Braincubator (Buskil2014)

until use. Whole-cell patch clamp recording of mIPSCs in Purkinje cells was recorded in the presence of TTX
(0.4 uM) and confirmed with bicuculine (M) at room temperaturek-ire polished patch electrodes used in this
study had resistance range from 2.2 kb 5 MQ when filled with internal solution. All data were sampled at 10

kHz and lav pass filtered at 3 kHz. Recording of mIPSCs were analysed using Clampfit 10.6 and &taph P
Prism 7, and all values are reported as nie&t. Statistical analysis was performed using two-tailed student
unpaired t-test or Kolmogorov-Smimtest and were considered significant atRké.05 level.

Our results showed that the mean freqyesfanlPSCs was significantly reduced in oftix(0.69+ 0.17
Hz, n=9 cells) compared to littermate control (1#60.26 Hz, n=10 cells)P?=0.009 (unpaired student t-test).

The peak amplitude was also significantly smallemiix (45.75+ 0.82 pA) than littermate control (53.23
0.74 pA),P<0.0001 (KImogorov-Smirng test). These results are consistent with the findings in the younger
group ofmdxmice (3-4 months old).

We mncluded that dystrophin deficignceduces both frequep@nd amplitude of mIPSCs in Purkinje
cells of young and aging mice. These results imply that lack of dystrophin disrupts the synaptic transmissions at
GABAergic synapses. This perturbed synaptic transmission may be similar to human disease progression anc
contritute to the cognitie dysfunction in boys with DMD. Cognite impairment in DMD boys is non-
progressie, and it is of interest that the frequgnand amplitude of mIPSCs were similar between young and
old mdxmice.

Buskila Y, Breen PPTapson J, van Schaik A, Barton M & Moyldw. (2014) Extending the viability of acute
brain slicesScientific reports4, 5309. doi:10.1038/srep05309
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verbal, and performance intelligence quotieltev Med Child Neurqgl43(7), 497-501.

Kueh SLL, Dempster J, Head SI & MoyldW. (2011) Reduced postsynaptic GAB receptor number and
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Kueh SLL, Head SI, Morle JW. (2008) GABA , receptor expression and inhibitory post-synaptic currents in
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Choline as a nutritional intervention to alleviate the dystrophic pathology in mdx mice

R. Koopman,2? F. Alves, 12 M.K. Caldow,>? M.K. Montgomery,? J. Trieu,2 T. Naim,*%2 M.J. Watt? and G.S.
Lynch,%? 1Centre for Muscle Research and 2Department of Physiology, The University of Melbourne, VIC 3010,
Australia.

Duchenne muscular dystropliDMD) is a deastating muscle asting disorder caused by a variety of
mutations in the dystrophin gene. It is characterized by progeessscle wasting and weakness leading to loss
of amhulation and premature death from cardiorespiratory complications. A lack of dystrophin protein renders
muscle fibres fragile and prone to membrane tears leading to impairgd hGameostasis, xeessie
inflammation, increased muscle breakdoand altered metabolism in other tissues (Stapletah, 2014). A
cure for DMD may eentually come from correate gene or cell therapies, but in the interim, other treatments
are needed urgently to counteract the progressiscle loss and weakness. Choline, an essendigrgoluble
nutrient, is ivolved in multiple biological processes, including modulation of inflammation and amddigss,
and it forms a substrate for membrane phospholipids. Based on these properties, we tegpedhidsishthat
choline supplementation would ameliorate the dystrophic pathology in mdx mice.

All experiments were appved by the Animal Ethics Committee of The Weisity of Melbourne and
conducted in accordance with the Australian code of practice for the care and use of animals for scientific
purposes (NHMRC). @ assess whether a dietary intervention couldvsibe progression of the dystrophic
pathology three-week old malendx mice (n=40) were fed choline-enriched feed containing 5 g/kg choline
(MCHL,; n=20), or a control purified laboratory feed (MCON; n=20) for four weeks. Rotarod performance, grip
strength and running (wheel) distance were assessed during treatment. At the end of treatment, mice wer
anaesthetized deeply with sodium pentobarbitone (60 mgfky, and selected muscles and theerliwere
excised. Mice were killed by cardiacx@sion, while anaesthetized deeplylaximal sarco/endoplasmic
reticulum C&*-ATPase (SERCA) activity ms measured as a proxy of’Chandling capacity (Gehrigt al.,

2012). Muscle structure was assessed using (immuno)histochemical analyses, ypotsision was assessed
from western immunoblotting, while muscle andtigene expression were analysed by gPCR.

Choline treatment did not impre functional performance imdx mice but in the serely affected
diaphragm, it blunted inflammation [macrophage infiltration (CD68 -3312¢0,05)] and reduced collagen
infiltration (-34.0%,P<0.05). In quadriceps muscles, choline treatment increased maximal SERCAitgcti
(37.8%, P<0.05) and reduced markers of inflammatidmf, F4/80 and Cd206 mRNA, P<0.05). Choline
treatment reducedcta2 mRNA expression (-34.0%P<0.05) lut did not alter triglyceride accumulation or
other markers of inflammation and fibrosis irets of mdx mice.

Together these data suggest that choline supplementation slowed progression of the dystrophic, pathology
evident from reductions in diaphragm fibrosis and inflammation, and it enhanced maximal SERCA activity in
guadriceps muscles. The reduction in fibrosis is clinically xelat for increasing the gtacy of future gene, cell
and drug therapies for DMD.

Stapleton DI, Lau X, Flores M, Trieu J, Gehrig SM, Chee A, Najiayfich GS & Koopman R(2014).PLoS
ONE 9, €91514.

Gehrig SM, van der Poel C, Sayer TA, Schertzer JD, Henstridge DC, Church JE, Lamon S, RuBssieaP
KE, Febbraio MA & Lynch GS. (2012Nature 484, 394-398.
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Elevated MuSK expression restores dystrophin-associated proteins to the sarcolemma of mdx
muscle fibres

J.L. Huang, J. Ban and W.D. Phillips, Physiology and Bosch Institute, The University of Sydney, NSW 2006,
Australia.

Muscle-specific kinase (MuSK) is a receptor tyrosine kinase that is essential fovétapient and
maintenance of the neuromuscular junction. Our recenk im the mdx mouse model of Duchenne Muscular
Dystroply (DMD) suggests that experimentally \wding MuSK epression might protect dystrophic muscle
fibres against eccentric contraction-induced injditye dystrophin-associated protein comp{®APC) links
cytoskeletal actin to the extracellular matrix and \pdes structural support during contraction, reducing
mechanical stress by distuiting force laterally along the sarcolemma. In the absence of dystrophin, members of
the DAPC are unstable and are depleted from the sarcolemma. Loss of partiR@rnizmbers may well
explain some of the fragility of dystrophic muscles. For example, dystrophin binds directly to dystroglycan,
which, in turn, is linked to the basement membrane surrounding the fibmgeteld inactiation of the
dystroglycan gene in mice destabilises the sarcomere and increases the susceptibility of muscle fibres tc
contraction-induced injury and force loss: similar to the fragility found in (dystrophin-deficient) mdx mouse
muscles (Radegt al., 2016). In our previous @rk, intramuscular injection of an adeno-associated veator
(AAV) was used to raise them@ession of MuSK and rapsyn in mdx mouse muscle fibres. This was found to
reduce the eccentric contraction-induced force loss. Here weimastigated the possibility that MuSK can
protect mdx muscles by restoring DAPs to the dystrophic sarcolemma.

Eight-week old male mdx mice were anaesthetized with 4% isofluraneefCAanstralia). After the foot-
withdrawal reflex was fully suppressed anaesthesasuwnaintained with 2-3% isoflurane/oxygen through a nose
cone. A total volume of 20 of 2x10° viral genomes of AX encoding MuSK fused to green fluorescence
proteins (MuSK-GFP) in sterile 0.9% sodium chloridesvinjected unilaterally into thébialis anterior muscle.

The contralateral muscle was injected with emptywA#&ctor to serve as a ontrol. The mouse was\gn an
intraperitoneal injection of buprenorphine (0.03mg/kg; Reckitt, Benckisestralia) for analgesia prior to
recosery from anaesthesia. At 12 weeks, trasrse muscle cryosections were labelled for DAPs by indirect
immunofluorescence and were imaged on a confocal microscope. Theerdtatinsity of sarcolemmal
immunofluorescence in MuSK-GFRgressing mdx muscles and contralateral control muscles was quantified
using ImageJ softare. Sarcolemmal labelling intensities were normalized to (untreated) C57BL10 (genetic
background) control muscles.

Muscles @&pressing MuSK-GFP displayed a 30% increase in the intensity of sarcolemmal beta-
dystroglycan P=0.02; paired Studemstt-test). Utrophin, a dystrophin homologue was also expressed at higher
levels in the sarcolemma of mdx muscles that expressed MuSKaB/Ripared to contralateral control muscles.
Analysis of the intensity of anti-beta-dystroglycan and anti-utrophin labelling byidodi muscle fibres
revealed a positie orrelation between theue of expression of MuSK-GFP and the intensity of thAFD
within the same fibre sarcolemma. These results/ ghat el@ating the expression of MuSK in mdx muscle
fibres can help restore expression of at leastawnponents of the DAPC in dystrophic muscles.yTp®vide
a potential explanation for the protegi df ects of MuSK-GFP against eccentric contraction-induced injury.

Rader EPTurka R, Wllera Y, Beltrdna D, Inamoria K, Petersona TA, Englea J, Proutya S, Matsumuraf K,
Saitof F Andersona ME & Campbell KF2016). Role of dystroglycan in limiting contraction-induced
injury to the sarcomeric ytoskeleton of mature @tetal muscle.Proc Natl Acad Sci USA 113
10992-10997.
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Freefatty acid receptor 4 activation induces lysophosphatidic acid receptor 1 (LPA1)

desensitization independent of L PA1 internalization and heterodimerization

A. Meizoso-Huesch? S. Villegas-ComonfottT. Romero-Avild and A. Garcia-Sainz linstituto de Fisiologia
Celular, Universidad Nacional Autbnoma de México, C.W., Bniversidad N° 3000, 04510 México City,

México andSchool of Biomedical Sciences, The University of Queensland, St, Lucia, QLD 4072, Australia.

Lysophosphatidic acid is one of the main mitogenic compounds of blood serum. Its functions are
mediated by a family of 6 GPCRs (known a®\|.P) expressed dfeérentially among the tissues of the boGn
the other hand, the Free Fatty Acids Receptor 4 (FFA4) is a well-known GPCR of long chain free fatty acids that
has been related to anti-diabetic and anti-inflammatory processes as well asvetapont.

In different cancer types (prostate, breast, aradyd FFA4 actvation has been pxen to dock mitogenic
features of LR, activity. In consequence, the crosstalk between these receptors is of paibbygical
relevance.

The aim of this study was tx@ore the crosstalk between ARNnd FFA4 employing co-expression of
fluorescent protein-tagged receptors on HEK 293 cells. Functional FFA4-mediatgdiésensitization as
assessed by calcium fluorometry of cells in suspension and western blotting. As a ctatisie-negulation
modification, phosphorylation of receptors in response to their agonists was tegtddadtfation induced
phosphorylation of both receptorés expected, LR, actvation induced phosphorylation of AR, but not of
FFA4. LPA, actvation drove internalization of both receptors into heterogeneous types of vesicled. FF
agonist led to internalization of FFA4 but not ofA Psuggesting a desensitization mechanism independent of
the internalization of the recept@imerization of GPCRs in response to a stimulus has been shown to induce
modifications in pharmacological properties of these proteins, leading to changes ffitlyef@ftheir ligands.

In order to test this, fatty acid-inducedA#-LPA, interaction was observed using Forster Resonanceg¥ner
Transfer (FRET) and co-immunoprecipitationyawer, such interaction took place once the desensitizatias w
already established. Data indicate that FFA4vaimtin induces LR, desensitization in an internalization-
independent mechanism and that during the first moments of this desensitization, heterodimerization does no
play a releant role.

Proceedings of the Australian Physiological Society (2018) http://aups.og.au/Proceedings/49/43P



Evidence of neuromuscular junction remodelling during periods of prolonged muscle inactivity
in amphibians

D. Ge! P.G. Noakes'? and N.A. Lavidis,* 1School of Biomedical Sciences, The University of Queensland, &t
Lucia, QLD 4072, Australia and 2Queensl and Brain Ingtitute, The University of Queendland, &, Lucia, QLD
4072, Australia.

At mammalian neuromuscular junctions (NMJs), prolonged inactivity leads vesesedgeneration,
however amphibian NMJs do not shosuch s&ere degenerationven though thg can remain inactie for mary
years of drought imposed inadty. We have previously reported on thexeent of functional inhibition in
neurotransmission imposed during the dry season, along with the possibienment of dynorphin-A. In the
present studywe compared NMJ morphology @ufo marinus obtained from the wild during the wet (January
to April) and dry (August to Neember) southern hemisphere seasons. lliofibularis muscles were isolated, and
prepared for immuno-staining with anti-SV2, a monoclonal antibody that labels synegitite \glycoprotein
SV2. These muscles were also stained for the location of post-synaptic acetylcholine receptors (AChRs) using
Alexa555 conjugteda-bungarotoxin. Confocal microscgpand 3D reconstruction were then used taraine
and compare the pre- and post-synaptic morphologgufid marinus NMJs from the dry (inacte) and wet
(active) seasons. During the dry season, NMJs with largeenierminals reealed a greater number of branches
and increased fragmentation, while medium adgvminals had fewer branches, when compared to NMJs from
the wet seasonFurther we dosened a lower pre- and post-synaptic appositioa EV2-AChR werlap) at
large NMJs during the dry season, compared to the wet seasgethér these observations whihat during
periods of relatie NMJ inactivity (dry season), there exists some NMJ remodelling.
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Theroleof ADAMTS5S in extracellular matrix remodelling in diet-induced insulin resistance

B.T. Tepper,! C. Swinton,* ST. Bond,? T. Connor,® M. Ellis,® K. Aston-Mourney,® C.S. Shaw,! SL. McGee? and
K.F. Howlett, Ynstitute for Physical Activity and Nutrition, School of Exercise and and Nutrition Sciences,
Deakin University, Geelong, VIC 3216, Australia, 22Molecular Metabolism and Ageing Laboratory, Baker
Heart and Diabetes Institute, Melbourne, VIC 3004, Australia and 33Metabolic Research Unit (MRU), Shool of
Medicine, Deakin University, Geelong, VIC 3126, Australia.

Changes in thex¢éracellular matrix (ECM) hae keen linked to diet-induced insulin resistance. Recently
we hare cemonstrated that genetic deletion of ADAMTS5, an ECM remodelling enzyme, results in a greater
level of diet-induced insulin resistance in maleit mot female mice. Our aim was to elucidate whether gender
specific changes in ECM components in skeletal muscle aardcekiplain the difference in diet induced insulin
resistance observed between male and female ADAMTSS deficient mice.

Methods: Male and female MMTS5 knock out (ADAMTS57~; KO) and littermate wild type control
(ADAMTS5**: WT) mice (=9-10 in each group) were fed a eh¢CHOW) or high fat diet (HFD) for 13
weeks. Mice were humanely killeda cervical dislocation. Hind limb skeletal muscle analiwere collected
and analysed for total collagen using a hydroxyproline asealycollagen isoform specific gengpeession
using a regerse transcription polymerase chain reaction. Gene expressiels lef versican, an ECM
proteoglycan anddy ADAMTS5 substrate, was also measured.

Results: In male mice, skeletal muscle total collagass wot different in WT and ®& mice, in both
CHOW and HFD conditions. Hoever, in male mice isoform specific Colla, Col3a, and Col4a gepesssion
was increasedp<0.05, main effect genotype) inKcompared to WTwhilst Colda gene expression was also
further eleated (<0.05, main effect diet) in HFD compared to CWOIn contrast, in female mice, sletal
muscle total collagen and Colla, Col3a and Col4a gene expression was similar between all treatment groups. |
skeletal muscle of male mice, versican gene expression weteelgp<0.05 main effect diet) in HFD compared
to CHOW mice, and was further elged (<0.05 main effect genotype) inKcompared to WTIn female
mice, skeletal muscle versican gene expression was higk@rob main effect diet) in HFD compared to
CHOW mice, but there was no effect of genotype.

In the liver, in male mice total collagen waswer (p<0.05 main effect diet) in HFD compared to CWO
In contrast, genex@ression for all collagen isoforms were highesd.05 main effect diet) in HFD compared to
CHOW; and there was no effect of genotype, expect CoMadavere reducedpk0.05 main effect genotype) in
KO compared to WTIn female mice, total collagen inGKmice was lower [§<0.05) in HFD compared to
CHOW; whilst in HFD conditions, Colla and Col4a gene expressigdslevere lower [(<0.05) in KO
compared to WTIn the liver of male mice, versican gene expression wavasd (<0.05 main dbct
genotype) in KO compared to WTIn female mice, lier versican gene expression was highet0(05) in KO
compared to WT mice under HFD conditions.

Conclusion: aken together these findings shthat eleated gene xpression leels of specific collagen
isoforms and &rsican in skeletal muscle of mal€®Kmice are associated with greater diet-induced insulin
resistance when compared to ADAMTS5 deficient female micevettw, ongoing analysis will determine
whether these changes observed in gene expression translate to changes in protein expression.
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The influence of GWAS-based gene variants on the bone-remodelling marker Osteocalcin in the
Gene SMART study

D. Hiam,' S Woisin,! X. Yan,! S Landen,* M. Jacques,! E. Byrnes,? T.C. Brennan-Speranza,® |. Levinger* and

N. Eynon,>® Y nstitute for Health and Sport (IHES), Victoria University, Melbourne, VIC 8001, Australia,
2Path\West QEII Medical Centre, Nedlands, WA 6009, Australia , SDepartment of Physiology, University of

Sydney, NSW 2006, Australia, “Science (AIMSS), Department of Medicine-Western Health, Melbour ne Medical
School, The University of Melbourne, Parkville, VIC 3052, Australia and ®Murdoch Childrens Research

Institute, Parkville, VIC 3052, Australia.

Introduction: Bone remodelling is tightly controlled by osteoclasts and osteoblasts that balance bone
removal and bone formation, ultimately determining bone mineral density (BMD). This procesé$idaldib
assess therefore circulating bone remodelling markers (BRM) such as Osteocalcin (OC) are commonly used as
surrogate measure. BMD is highly heritable with some estimates reaching 84%. The aim of this study was to
determine whether genetic variants associated with bone health in Geriden@&d&bciation Studies (GA®),
are associated with circulatingréds of OC.

Methods: We neasured hels of total OC (tOC), and carboxylated OC (cOC) in blood of 73 health
Caucasian males from the Gene Skeletal Muscle Adafesponse to Training (SMART) studWe dso
genotyped those 73 men for 14 genetic variants known to be associated with broadband ultrasound attenuatio
(BUA) and/or velocity of sound (VOS) that estimate bone structure and fradititym a published GWAS
(Moayyeriet al., 2014). We aalculated tw genetic Risk Score (GRS) based on thosedtiants and performed
linear regressions after adjusting for age, to test whether th€R8 were associated with tOC, or cOC.

Results: The VOS-based GRS was associated with higher t@&516B=0.168;P=0.029; 95% CI 0.018,

0.317) and higher cOC vels (B=0.196;P=0.038; 95% CI 0.011, 0.380). TheUB-based GRS was also
associated with higher tOC (B=0.18850.037; 95% CI 0.012, 0.361) and higher cOC (B=0.224.038; 95%
Cl10.012, 0.435).

Conclusion: In summarywe found that rgardless of age, individuals whovea ligher GRS for bone
structure and fragility also ke increased circulating Vels of tOC and cOC. This study may lead to better
identification of people at risk for osteoporosis or other bone disorders.

Moayyeri A, Hsu YH, Karasik D, Estrada K, Xiao SM, Nielson C, SrikantretPal. (2014). Genetic

determinants of heel bone properties: genome-wide association meta-analysis and replication in the
GEFOS/ GENOMOS consortiurhlum Mol Genet 23(11) 3054-3068.
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Post-myocardial infarction exercise training improved calcium sensitivity and cardiac function
J.Q. Zhang, E.A. Wason, M.A. Garza and E. Chung, University of Texas at San Antonio, 1 UTSA Circle, San
Antonio, TX 78249, USA. (Introduced by David Allen)

After myocardial infarction (MI), the munded heart undergoes detrimental remodeling, which induces
ventricular dilation, fibrosis, and deteriorated cardiac functionvi®us studies reported Post-Mkeecise
training attenuated remodeling-induced adverse effect. The purpose of this stsidyg iwestigate whether
post-MI endurance training (ET) impres cardiomyogtes C&* sensitivity Ml was surgically induced in 7-wk-
old rats. The survbrs were assigned to 3 groups: Sham (no MI, xacese; n=7), MI-Sed (MI, noxercise;
n=7), and MI-ET (MI, plus endurance training). Exercise trainirgpbé-week after surgery for MI-ETI-ET
exacise entailed 10-16m/min running on a rodent treadmill inclined to 5° for 50 minutes pér digy per
week for a total of 10 weeksAnimals were treated in accordance with NIH Gide for the Care and Use of
laboratory Animals. During the experiment, rats were anesthetized with 2% isoflurane mixed with oxygen.
Buprene& (pain killer, 0.05mg/kg body weight) was administered subcutaneously fodaws after sugery. Our
results showed that both MI-Sed and ET had comparable deftisular end-diastolic dimension\(EDd,
11.81#0.10vs 11.84t0.15mm, p>0.05). MI-ET had shorté?<0.05) LV end systolic-dimension (LVESd) than
their sedentary counterparts (2t0126vs 10.46:0.14mm). As such, the fractional shortening (FS%) was higher
(P<0.05) in MI-ET (17.921.54%) than that of MI-Sed (11.#31.12%). The pCa50, a measure of°’Ca
sensitvity of tension, was higher in MI-ET than that of MI-Sed R®6vs 5.75:0.06). These results suggest
that post-MI endurance training impeal cardiac function. The increased cardiac contractility may be, in part,
due to the enhanced €aensitivity of the cardiomyocytes.
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Theroleof protein kinase D in cardiac glucose metabolism in diabetic cardiomyopathy

M.C. Renton,! K.A. De Jong,? L.G. Hall,? T. Connor,?2 SD. Martin,2 G.M. Kowalski,! C.R. Bruce,! C.S. Shaw;!
SL. McGee? and K.F. Howlett,! Y nstutute for Physical Activity and Nutrition, School of Exercise and Nutrition
Sciences, Deakin University, Geelong, VIC 3216, Australia and “Metabolic Research Unit (MRU), School of
Medicine, Deakin University, Geelong, VIC 3216, Australia.

Diabetic cardiomyopath(DCM) is a specific cardi@scular disease with no kwa cure and is a leading
cause of death in individuals with diabetes mellitus. DCM is progeessith early signs observed prior to the
onset of wert type 2 diabetes mellitus (T2DM) (De Joetgal, 2017) and is linked to impairments in glucose
oxidation. Protein Kinase D (PKD) inagdtion protects against myocardial dysfunction in animal models of
early stage DCM, but the mechanismgolmed are unknown @&@hardoset al., 2015). This study aimed to
determine whether genetic PKD in&etion protects aginst myocardial dysfunction by increasing cardiac
glucose metabolism. Cardiac-specific dominargairee KD (DN PKD) and wild type (WT) mice were fed
either a high fat diet (HFD) or control diet (CMQ (n=5-9 mice per group) for 20 weeks. Genetic ivatitin
of PKD preserved cardiac function, assessed by echocardiggiaphice fed a HFD. An [UC] oral glucose
challenge was performed, and after 60 minutes mice were killed and hearts collected and frozen for later
analysis. In vivo cardiac glucose flux as assessed through [8E] targeted metabolomics, usingasy
chromatograpj mass spectrometryo measure [UHC] labelling of ley ducose metabolism intermediates.
Data showed no significant differences irerall glucose flux into TCA ycle intermediates between DN PKD
and WT mice fed either the HFD or CMOdiet. To confirm these findings, the phosphorylation gfyvate
dehlydrogenase (PDH), a major rate-limiting step in glucose metaboliss, measured, which is a proxy
measure of PDH aefty. No dfferences were found in either PDH total protein or phosphorylatiasle
However, when phosphorylated PDH was adjusted for total PDH proteds|ea significantP<0.05) genotype
effect was found, with greater phosphorylated PDH protein observed in DN PKD mice compared to WT mice.
No genotype effect was found for PDK4 gempression; havever, a sgnificant (°<0.05) diet effect was found
with reduced PDK4 gene expression found in HFD mice compared t0MCidi©e. These findings suggest that
changes in cardiac glucose metabolism are elylito explain the cardio-proteet dfects of PKD inactiation
in mice fed a HFD.

De Jong KA, Czeczor JK, Sithara S, McEwen K, Lopaschuk GD, Appelbe A, Cukieotiyikz M, McGee
SL. (2017).Obesity and type 2 diabetesvbaalditive dfects on left ventricular remodelling in
normotensie  patients-a  cross  sectional  study Cardiovasc Diabetol 16 21. doi:
10.1186/s12933-017-0504-z

Venardos K, De Jong KA, Elkamie M, ConngrMcGee SL. (2015). The PKD inhibitor CID755673 enhances
cardiac function in diabetic db/db mid&loSone 10(3):e0120934. doii0.1371/journal.pone.0120934
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Use of vibration platforms to increase total limb and skeletal muscle miowvascular blood flow
A.C. Betik, L. Parker, G. Kaur and M.A. Keske, Institute for Physical Activity and Nutrition (IPAN), School of
Exercise and Nutrition Sciences, Deakin University, 221 Burwood Hwy, VIC 3125, Australia .

Insulin resistance and cardiometabolic disease are associated with decreased musgéscubécro
perfusion which impairs nutrient dedty to the muscle. Impaired glucose and insulinveg}i contrilutes to
lower glucose uptakinto the skeletal muscle. Exercise increases muscle vagowaar perfusion, hwever,
cardiometabolic disease patients are nwtd willing or able to undertakregular exercise.

Objective: Whole-body vibration (WBV) has previously been shown to increase energy expenditure and
limb bulk blood flav, howeve whether WBYV increases skeletal muscle mresaular perfusion is not known.

Methods: Eleven healtty participants (5 males, 6 females; Age:133.9 years) stood on a WBYV platform
(Galileo Sport, Nwotec Medical GmbH, Pforzheim, Germany) for 3 min at 12.5 Hz whiak eompared to
standing without vibration. Femoral artery bloodwflavas determined from pulseawe Doppler ultrasound
(iU22, Philips Medical, North Ryde, NSWustralia) determination of blood flovelocity and femoral artery
cross-sectional area. Thigh musatas{us lateralis) microvascular perfusion was assessed by contrast-enhanced
ultrasound (iU22, Philips Medical) by infusing Definity® micutibles (Lantheus Medical Imaging, N.
Billeruca, USA) intr&enously and measured for 3 min fallmg WBYV. Oxygen consumption (Metamax,
Cortex Biophysik GmbH, Leipzig, Germany) was measured while standing prior to WBV and during the third
minute of WBV.

Results: Compared with standing without vibration, 3 min of WBV more than doubled femoral artery
blood flov (72 + 4 vs 291 + 47 ml/min,P<0.05) and siletal muscle micrascular perfusion (0.73 0.17vs
2.87+ 0.81 Al/s,P <0.05; Al= Acoustic Intensity). Micnascular perfusion remained edted aboe baseline
for 3 min after cessation of WBYDxygen consumption modestly but significantly increased while goder
WBYV (282+ 0.013vs 419+ 0.023 ml/min P <0.05).

Conclusion: This is the first study to stothat WBYV significantly increases muscle migscular
perfusion in healthadults. We ae currently undertaking studies to determine if this WBV may be of benefit in
populations with impaired micvascular perfusion, such as type 2 diabetes, for improving cardiometabolic
health.
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Effect of gestational diabetes on endothelium-dependent vasodilation of human myometrial and
omental arteries

T.V. Murphy,! L.R. Leader? and SL. Sandow, ' 'Department of Physiology, School of Medical Sciences,
University of NSW, NSW 2052, Australia, 25chool of Women's and Children’s Health and Royal Hospital for
Women, UNSW, NSW 2052, Australia and 3Faculty of Science, Health, Education and Engineering, University of
the Sunshine Coast, QLD 4558, Australia..

Gestational diabetes (GD) is an increasinglywaest complication of pgnang. GD dlters foetal gravth
patterns and increases the likelihood of metabolic disorderdogeng later in life, for both mother and
offspring. Related conditions including high blood pressure and obesity are also nvalenpifellowing GD
(ADA, 2012). Micravascular dysfunction contributes to the deleterious health effects of diabetes, amdyelati
few studies hae examined the effects of diabetes on human misculature. The current studyastigated
endothelial function of myometrial and omental arteries isolated from women with gestational diabetes (GD).

Arterioles were obtained from caesarean-section non-diabetic andoGi@mat term (internal diameter
approx. 200um); GD was defined as by fasting blood glucase5 mmol/L and a glucose tolerance test (GTT)
yielding glucose= 8.0 mmol/L after 2 hours. Proteirkgession in arterial segments was assessed using
immunohistochemistry (IHC). Endothelial function and other functional responses were measured through
pressure myography; arteries were maintained at 60 mmHg, pre-constrictecagafiressin (3 or 10 nM).
Protocols were appved by UNSW and Health District Human Ethics Committees.

In myometrial arteries, IHC showed punctate labelling of the endothelium with anti-NOS antibody and
strong, difuse labelling of the endothelium with antibody to the intermediate-conductarf¢eac@igated
K*-channel (IK.)- GD decreased xpression of both eNOS and IKin the vessels. The maximum
endothelium-dependent vasodilation induced by bradykinin (Controli88.8%, n = 8; GD 69.% 5.6%, n =
12,P<0.05). GD reduced the potenaf bradykinin in omental arteries, but not the maximum response (Control
PEG,, 8.61+ 0.10, n = 9; GD 8.04t 0.12, n = 5,P<0.05). GDdid not alter endothelium-independent
vasodilation (sodium nitroprusside) in eitheesgel. In myometrial arteries from non-diabetic women, nitric
oxide (NO) pathway inhibition with L-NAME (100uM) and ODQ (10 pM) inhibited bradykinin-induced
vasodilation, as did inhibitors of both |K and the small-conductance K(SK.), TRAM-34 (1 uM) and
apamin (0.1uM) respectiely. In contrast NO- and IK -inhibition had no effect on bradykinin-induced
responses in GD, while vasodilation induced by the, BCtivator, SKA-31, was also decreased in GD.

In omental arteries, IHC sthwed weak labelling of the endothelium with anti-NOS antibody arfdsdif
punctate labelling of the endothelium with antibody t@ IKGD had no apparent effect omession of both
eNOS expressionubdecreased IK expression in the vessels. GD decreased the ppteriradykinin without
reducing the maximum response (glgﬁ‘ormal 8.6 0.07, n = 10; GD 8.02 0.12, n = 3P<0.05). In contrast
to myometrial essels, inhibition of the NO pathway did not significantly alter bradykinin-induced relaxation of
omental vessels from normo-glycemic women. Subsequent inhibition of I- apduSkg TRAM-34 and
apamin respeatély, did cause further rightard-shift of the bradykinin concentration-response curve. In
omental arteries from @men with GD, inhibition of NO-mediated vasodilation using L-NAME/ODQ enhanced
the vasodilator potegcof bradykinin (pEG, 8.30+ 0.06, n =3), while TRAM-34 and apamin continued to
inhibit responses.

These studies suggest that GD inhibits endothelium-dependent vasodilation of myometrial arteries
through inhibition of nitric oxide production and IKactivity, while efects in omental arteries seemed limited
to NO-mediated vasodilation only.

American Diabetes Association (2012). Diagnosis and Classification of Diabetes MBlidbetes Care 35:
S64-S71.
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Family history of Type 2 diabetes alters muscle capillary perfusion after a meal
K. Roberts-Thomson, A.C. Betik, L. Parker, G. Kaur, G.D. Wadley and M.A. Keske, Institute for Physical Activity
and Nutrition, School of Exercise and Nutrition Sciences, Deakin University, Melbourne, VIC 3125, Australia.

Muscle microvascular blood flav (MBF) is enhanced in response to insulin or a mixed meal and plays a
key role in muscle glucose uptakMBF is blunted in populations with insulin resistance and type 2 diabetes.
We dmed to determine whether healtpeople with a family history of type 2 diabetes (FH+ydanpaired
MBF when compared to those without a family history (FH-). Thirty (17FH-, 13FH+) age and BMI matched
overnight-fasted volunteers underwent a liquid edxmeal challenge (MMC, 295 kcal). Plasma glucose and
insulin levels were monitoredvery 30 minutes eer 2 hours following the MMC. Brachial artery blood o
(Doppler ultrasound) and forearm muscle mieszular recruitment (contrast-enhanced ultrasoundy w
assessed at baseline and 60 min following the MMC. Both groups had similar plasma glucose andvasulin le
before and during the MMC. Despite similar brachial artery blood, fleH+ exhibited impaired MBF in
response to the MMC. This is the first study showing impaired MBF in lyeldith, using a MMC. Reduced
MBF in FH+ may in part explain elated risk for type 2 diabetes in this population.

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/51P



Divergent autophagy responsesin theliver and skeletal muscle of diabetic (db/db) mice

M.G. Morales-Scholz?2C. Swinton: K.F. Howlett! R.M. Murphy* S.L. McGe#and C.S. Shaw}institute for
Physical Activity and Nutrition, School of Exercise and Nutrition Sciences, Deakin Unjv@esitgng VIC

3216, Australia?Human Movement Science Reskatentre (CIMOHU), University of Costa Rica, San José,
11501, Costa Ric&School of Physical Education and Sports, University of Costa Rica, San José, 11501, Costa
Rica,“Department of Biochemistry and Genetics, k@b€ Institute for Molecular Scienclea Trobe University,
Melbourne VIC 3086, Australia and@Metabolic Reseah Unit (MRU), School of Medicin@®eakin University,
Geelong VIC 3216, Australia.

Autophagy is a conserved catabolic process se@sith nutrient aailability, where intracellular
dysfunctional material is rgcled. Macroautophagy and chaperone mediated autophagy (CMA) are the most
well studied types of autophagy and botholwe the delvery of cellular components to the lysosome for
degradation. Macroautophagwiolves the recognition and engulfment ofarelles or cytosolic components by
the autophagosome before getyy to the lysosome. Alternatily, CMA involves targeting of specific proteins
by the chaperone Hsc-70 and subsequent entry into the lysesathe receptor LAMP-2A. Insulin resistant
(IR) tissues typically display accumulation of autophagy targets such as lipidsgaegreroteins and
dysfunctional mitochondria. Recentljepatic autophagy dysfunction has been observed in IR conditions.
However, the impact of IR on the acute regulation of autophagy by nutneiialaility, as well as its influence
on skeletal muscle remains elesiWe investigated the effect ofvert diabetes on autophagy mark in mouse
liver and skeletal muscle in both the fasted and the fed state.

C57BL6 db/db and control heterozygous (db/+; n=18 per group) mice were fed a standadietfar 8
weeks. Mice were killed by cervical dislocation either in the fed state (ad libitum food access) or aftaista 4 h f
and lver and quadricepsmuscle were collected. The abundance of markers for macroautoidgyand
lysosomes were determined by immunoblotting. Data were analysed usimgnaywANOVA and statistical
significance was set Bk0.05.

In the liver, markers of autophagosome content (lipidated LC3B) and autophagosome degradation (p62)
remained unchanged between all groupswéder, the amount of non-lipidated LC3B decreasBeQ.05) in
db/db compared to control mice indicating avén capacity for macroautophagWoreover, the substrate
tamgeting chaperone (Hsc-70) waswdoegulated P<0.05) in db/db compared to control mice, while the
alundance of the CMA receptor (LAMP2A) remained unchanged, suggesting a potential decrease in CMA
capacity In skeletal muscle, both LC3B isoforms were highBx(.05) in db/db mice, whereas p62iatdance
was unchanged, suggesting increased macroautophagy capacity and autophagosome content in db/db mice
Furthermore, the abundance of LAMP2/svdecreasedP€0.05) in the db/db mice, compared to the control,
and an analogous trend was found for Hsc#80(06), suggesting a lower CMA capacifyhere vas no
difference in ay macroautophagy or CMA markers between the fed and 4 h fasted state in edfledal sk
muscle or Wer.

Taken together these findings demonstrate a tissue specific influence on autophagy pathways in response
to diabetes, where a reduction in macroautophagy capacity invéneodicurs alongside an upregulation of
macroautophagy in skeletal muscle. Work is ongoing to further clarify the ebdseysponses and their impact
in both tissues. These findings will contribute to the existing bodyidémrce on the pathophysiology of type 2
diabetes.
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Novel mechanisms linking metabolic signaling and mitochondriato the pathophysiology of heart
failure

E.D. Abel, FOE Diabetes Research Center and Division of Endocrinology and Metabolism, University of lowa,
Carver College of Medicine, 169 Newton Rd, 4312 PBDB, lowa City, |A 52242, USA.

It is widely accepted that hearilure of dierse etiologies is associated with impaired mitochondrial
bioenegetics (Doenst, Nguyen & Abel, 2013). Wever, recent evidence suggests that the relationship between
mitochondrial dysfunction and heart failure extends beyond redutBdAhigh-energy phosphate generation.
For example, heart failure is associated with reducgmtassion of the transcriptional co-aetbr PPAR gmma
co-actvator 1 alpha (PGC-d), which is beliged to account in part for the impairment in mitochondrial
oxidative apacity that occurs in theaifing heart (Riehle & Abel ED, 2012). Indeed mice, when mice with
reduced expression of PGG-br PGC-JB are subjected to transverse aortic constriction, the transition to heart
failure is rapidly accelerated (Argret al., 2006; Riehleet al., 2011). Havever, when PGC-i is sustained and
mitochondrial bioenergetics preserved, heart failure was not ameliorated (Beabir&014). Interestinglyin
mice with inducible transgenicverexpression of the glucose transporter GLUTL, increasing glycolysis and
utilization was associated with preservation of mitochondrial bioenergetics and attenuatibmeshddeling
(Pereiraet al., 2013). Thus, the metabolic mechanisms linking mitochondrial dysfunction with laéaref
likely transcends bioenergetics and ATP generation, but also inclusglels signaling pathways that are
regulated by metabolic intermediates (Karlstagtdal., 2016; Leeet al., 2016; Nabeebaccug al., 2017) and
may contribute to left ventricular remodeling.

Arany Z, Novikov M, Chin S, Ma Y Rosenzweig A, Spiegelman BM. (2006).ams\erse aortic constriction
leads to accelerated heart failure in mice lackingHRE coactvator 1a. Proc Natl Acad Sci USA 103,
10086-91.

Doenst T Nguyen TD, Abel ED. (2013) Cardiac metabolism in heart failure: implications beydird A
production.Circ Res 113, 709-24.

Karlstaedt A, Zhang X, Vitrac H, Harmanc®, Vasquez H, \&hg JH, Goodell MA, degtmger H. (2016).
Oncometabolite d-2ydroxyglutarate impairsi-ketoglutarate dehydrogenase and contractile function in
rodent heartProc Natl Acad Sci USA 113, 10436-41.

Lee CF Chavez DD, Garcia-Menendez L, Choi, Roe ND, Chiao YA, Edgar JS, GoAYGoodlett DR, Bruce
JE, Tian R. (2016). Normalization ofA®* redox balance as a theyafor heart &ilure. Circulation 134,
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Maintaining PGC-#&t expression following pressureverload-induced cardiac yipertroply preserves
angiogenesis but not contractile or mitochondrial func&&EB J 28, 3691-702.
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Riehle C, Wende AR, Zaha VG, Pires KM, Wayment B, Olsen C, Bugger H, Buchanangl X\\WWoreira AB,
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Molecular mechanisms of cardiac metabolic stress pathology
L.M.D. Delbridge, Cardiac Phenomics Laboratory, Department of Physiology, The University of Melbourne,
Parkville, VIC 3010, Australia.

Enegy stress in the myocardium occurs in ariety of acute and chronic pathophysiologic criste
including ischemia, nutrient depation, and diabetic disease settings of substrate disturbance. Although the
heart is highly adapte and flexible in relation to fuel utilization and routes of ATP generation, maladaptations
in enegy stress situations confer functional deficit. An understanding of the mechanisms which link metabolic
stress to impaired myocardial performance is currently lacking. dgingeevidence suggests that, in parallel
with regulated enzymatic patls which control intracellular substrate suppither processes of ik’
autophagic macromolecular breakdown may be important irgerséress conditions. Recent findings indicate
that cargo-specific autophagic activity may be important ifergifiit stress states. In particylarduction of
glycophagya dycogen specific autophagyas been described in acute and chronicggngiress situations. The
impact of altered cardiomyocyte glucose flux relating to glycophagy dysregulation on contractile function is
unknavn. A cardiomyocyte cytosolic environmentvailving oxidatve dress and altered hexose sugar flux,
predisposing to protein glycation processes, is indicated. Both the occurreBeBlofAcylation events and
the formation of adanced glycation end-products as myofilament post-translational modifications may be
implicated in contractile dysfunction in metabolic stress pathology.
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Autonomic dysregulation in the diabetic heart
R.R. Lamberts, Department of Physiology - HeartOtago. School of Biomedical Sciences, University of Otago,
Dunedin, New Zealand.

Resting heart rate is the strongest predictor of mortality in patients with cardiac disease, and
incompetence in heart rategrdation is an undervalued feature of the diabetic heart. The sympathetic and
parasympathetic branches of the autonomic nervous system are wetl toinfluence heart rategelation,
although also intrinsic regulation of heart rate is emerging.

The data to be presented aimed to determine whether changes in heart rate in type 2 diabetes are intrinsi
to the heart or relate to changes in autonomic nervous coiitrdghis end, we collated and compared heart rate
data (resting, after autonomic inhibition and intrinsic heart rate) from our studies in humans with uncomplicated
type 2 diabetes and from our studies in type 2 diabetic Zucker Diabetic Fatty rats.

We found that in humans resting heart rate was faster in type 2 diabetic compared to non-diabetic
individuals. Comersely, resting heart rate in conscious type 2 diabetic rats with telemetric recordingdaner
compared to non-diabetic littermates, and intrinsic heart rate was alger stoisolated diabetic rat hearts.
Inhibition of the sympathetic system with specfi]adrenoceptor blockers (nadolol, atenolol, CGP20712A)
slowed resting heart rate in rats. \Waver, none of these inhibitions faicted the diabetes-inducedfdience.

The chronotropic respongness tof-adrenoceptor stimulationag increased under conscious conditions in
diabetic animals, but not @#frent to non-diabetics in the isolated hearts. The chronotropic respwss vas
attributable to the3l-adrenoceptor subtype, and not f&adrenoceptor subtype. Determination xjfression
levels of membrane-clock and calcium-clock proteins in the sinoatrial nedaled interesting differences.

In conclusion, the type 2 diabetes-induced changes in heart rate in humans and rats seem mostly related t
intrinsic changes of the heart, rather than caused by alterations of autonomic nervous control.
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Orphan G protein-coupled receptor GPR37L 1 and the cardiovascular system: variability across
methods and models

J.L.J. Coleman,? M.A. Mouat,'? K. Jackson,® R. Smythe,>? D. Newington,* C. Stanley, RM. Graham,? R.
Stocker,1? G. Head® and N.J. Smith,>2 Victor Chang Cardiac Research Institute, Darlinghurst, NSW 2010,
Australia, University of New South Wales, Darlinghurst, NSW 2010, Australia and 3Baker Heart and Diabetes
Institute, Prahran, VIC 3181, Australia.

G protein-coupled receptors (GPCRs\vadeen blockaster pharmaceutical targets for the treatment of
various aspects of cardiescular disease and currently comprise the largest category/shprored drugs.
Thus, the disogery that genetic deletion of an orphan GPCR (no identifiezhti) called GPR37L1 led to an
[62 mmHg increase in murine blood pressure (Btial., 2010) was seen as strong evidence that GPR37L1
might be a druggable target for the treatment of the underlying causes of essential hypertension.

To thoroughly assess the potential mechanism(s) underlying such a profound blood pressure change, we
obtained the original mixed background GPR37L1 null mice @ad., 2010) and also generated our own pure
C57BL/6J mice using the EUCOMM conditional-ready system (Coleahaal., 2015). Our studies of the
original GPR37L1 null mice failed to recapitulate thgpértensie phenotype obseed; indeed we sano
cardiovascular phenotype at all in these mice when we compared them to wreiwitd type controls. In
contrast, baseline characterisation of blood pressure haemodynamics (isoflurane anaesthvesdh bgllo
micromanometry or conscious radiotelemetry measurements) and post-mortem heart morphometryrin our o
GPR37L1 knock-out (R) mice reealed a modest but reproducible veled blood pressure phenotype in
female GPR37L1 R mice only (+11 mmHg micromanometry9 nmHg telemetry; Colemaet al., 2018). The
response to short term cardéscular challenge with Angll (2 mg/kg/d for 7 days) was similarlyually
dimorphic, with male GPR37L1 ®& mice advancing to heartifure, while female GPR37L1 ®& mice were
protected from cardiac fibrosis (Colemgtral., 2018). In a separate cohort of untreated mice that were aged to
52 weeks, we observed no blood pressuréerdiice between & and wild type for either sex, but both
GPR37L1 KO sxes devdoped significant cardiacypertroply, agan indicating that GPR37L1 plays some kind
of role in cardi@ascular homeostasis.

Because our GPR37L1-lacZ reporter micevgia GPR37L1 expression wasgckisively limited to the
brain, particularly glial cells, weypothesized that GPR37L1 must be mediating its ceadaular efectsvia
control of sympathetic tone. 8\&ddressed this in twways: (1) third order mesenteric artery wire myogyaph
and (2) blood pressure radiotelemetry recording with spectral analysis during behavioural and pharmacological
interventions. While our myograghdata suggested that GPR37L1 resistance vessels were lesyesdnsiti
endothelium-dependent relaxation, consistent with owriguisin vivo studies, we were surprised to see that
there were fe& differences in the cardiescular characterisation of both GPR37L0D Kexes in our new
radiotelemetry cohort. W/found no genotype-specific changes in 24 h or spectral analyses of pressure or heart
rate, nor was there an effect of pharmacological ietgren with pentolinium or enalaprilat. Wever, female
GPR37L1 KO mice did hae a ounterintuitvely blunted reaction towersive gress tests (dirty cage swap or
restraint), which may instead report on reduced emotional reactivity rather than sympatretiedse.

In summarywe havecomprehensily phenotyped both male and female GPR371( fkice. For &ery
cohort of mice imestigated, we observed at least one caraBoular difference between wild type and GPR37L1
KO mice, but these endpoints were not consistent between studiegtridute this \ariability to the maginal
blood pressure phenotype that we are measuring (maximum of 11 mmHg difference; gahdge-specific)
and diferences in blood pressure recording protocols. On this basis, we conclude that GPR37L1 isusbt a rob
or druggable target for the treatment of essential hypertension.

Coleman JL, Brennan K, Ngo, Balaji R Graham RM, Smith NJ. (2015)Front Endocrin 6, 105. doi:
10.3389/fendo.2015.00105
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lismaa S, dos Remedios CG, FepeldP, Allen AM, Graham RM, Smith NJ. (2018Riol Sex Differ
20189: 1-13.
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H, Yamazaki S, Minamino,TSanada S, Seguchi O, Nakano A, AnddOtsuka T Furukava H, Isomura
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MMP2and MMP9 in wild-type and mdx mice with taurine supplementation

X. Ren,! RG. Barker,! G.D. Lamb? and R.M. Murphy,! 1La Trobe Institute for Molecular Science, La Trobe
University, Bundoora, VIC 3086, Australia and 2School of Life Sciences, La Trobe University, Bundoora, VIC
3086, Australia.

Duchenne muscular dystropfDMD) is a s@ere and progresg nmuscle vasting disorder which leads to
early death (Bonillat al., 1988; Hoffman, Brown, & Kinkel, 1987). The mdx mouse, which is an established
animal model for DMD, similarly lacks dystrophin and displays a peak in muscle cell necrosis at approximately
3-4 weeks of age, ever in direct contrast to DMD, mdx mice experience musctgeneration into adulthood
(>6 weeks) (Bonillaet al., 1988; Cullen & Jaros, 1988; Spencéroall, & Tidball, 1995). The amino acid
taurine has been shown to increase muscle strength in peak damage 28 day mdx nagdi(Beath, van der
Poel, & Murply, 2017). Matrix metalloproteinase 2 (MMP2) and MMP9 reportedly play a critical role in
differentiation and generation of skeletal muscle fibres through processing extracellular substrates (Chen & Li,
2009) and MMP9, but not MMP2, has been implicated in the pathology of the mdx mouse. In this study we
examined the gelatinolytic activity and widance of MMP2 and MMP9 in 28 day (D28) and D70 wild-type
(WT) and mdx mice, and in D28 mdx mice with or without pre-natal taurine (tau) supplementation.

All procedures were appred by La Trobe Unversity Animal Ethics Committee. Male mdx and WT
mice (C57/BL10ScS) (D28 and D70) were anesthetized with an intraperitoneal injectioploigl®emhutal
(Sodium Pentobarbitone) prior to euthanasia by heart excision, gdstocnemius muscle was collected.
Muscle samples from WT and mdx mice at D28 and D70, and mdx taurine mice (D28 mdx tau) were analysed
using both zymograph(to determine gelatinolytic activity of both pro and aetiorms of MMPs) and \astern
blotting (to determine total MMP protein contents).

Summaries of the results are shown in the Tables.

Table A. Protein abundance and activity of pro- and active-MMP2 and proMMP9 in D28 and D70, WT and
mdx mice, by zymography and Western blotting. Mean = SD, *p<0.05 compared to D70 WT, #p<0.05 compared
to D28 mdx mice, one way ANOVA, Holm-Sidak’s multiple post-hoc test.

ProMMP2 ActveMMP2 ProMMP9
Zymography Western Zymography Zymography Western
D28 WT (n =5) 1.2 0.6* 14£06*# 0.5£0.4 *# 1.7+16 * 1606 *
D70 WT (n = 6) 0.220.1 0.3£0.2 0.05+ 0.02 0.4+ 0.4 1.0+ 0.2
D28 mdx (n = 6) 1.605 24+ 0.4 1.0+0.4 1.0+0.4 1.3+0.2
D70 mdx (n = 6) 0603 * 15+04 *# 0.4+0.2 *# 0.5+0.2 1.0£0.3

Table B. Effect of taurine supplementation on MMP2 and MMP9 activity by zymography, student t-test.
D28 mdx with or without Taurine (Tau) - Zymography

ProMMP2 ActveMMP2 ProMMP9
—Tau (n=5) 1.:0.3 1.0+ 0.4 1.0+ 0.1
+ Tau (n = 5) 0.8:0.2 0.5+t 0.1# 0.8£0.2#

The data indicated that the amount of MMP2 is greater in the necrotic peak phase (D28) of mdx mouse
(Table A), suggesting that MMP2 may play an important role in the necrosis of skeletal muscle fibres in
muscular dystroph This is supported by the obsatwn that the impned muscle function seen withal
supplementation was accompanied by a decrease in the gelatinolylity aftactve MMP2 (Table B). MMP9
shaved age-related ddrences in WT mice, but not in mdx mice, suggesting that it may play a role during the
development of skeletal muscle but is not crucial for thgesheeration / regeneration cycles occurring in the mdx
mouse model.
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A metabolic role for the Hippo signalling pathway effector Yap in adult skeletal muscle fibres
K.I. Watt}%3D.C. Henstridg? M. Ziemanr’* M.K. Montgomery,D. Samocha-BonétN.A. Mellet? R.S. Lee-
Yaung? R.E. Thomsoh? A. Haggl'? J.R. Davg,}? H. Qian}?A. El-Ostad JR. Greenfiel®,P.J. Miekle? M.J.
Watt,! M.A. Febbraic® A.J. Cox? K.F. Harvey’ and P Gregorevic,? 'Department of Physiologf¥he University
of Melbourne Parkville, VIC 3052, Australia?Baker InstituteMelbourne VIC 3004, Australia?Department of
Diabetes, Monash Universjtilelbourne VIC 3004, Australia?Deakin UniversityWaurn Ponds, VIC 3216,
Australia, °Garvan Institute of Medical Resehr Darlinghurst, NSW 2010, Australia afBeter MacCallum
Cancer Cent, Rarkville, VIC 3052, Australia.

The Hippo signalling pathay effector protein Yap enhances adult skeletal muscle mass and limits
skeletal muscle atrophin settings of neuromuscular disease wéwer, the mechanisms that lead to changes in
muscle attributes following alterations in Yap activity remain unctéare, we shw in the limb musculature of
adult mice that Yap regulates thepeession of genes associated with metabolic caparity to the onset of
myopatly. Consistent with this finding, we demonstrate that the myofibre atraipdened following sustained
inhibition of Yap is more pronounced in muscles composed predominately of eaidibties. Silencing ap
results in alteredatty acid metabolism, reductions in skeletal muscle oxieaitential and actition of the
unfolded protein response. In line with these findings, we demonstrate thaw#apreskeletal muscle fibres
are lower in the glycolytic muscles of db/db mice, and in the muscles of Insulin resistant, obese humans.
Restoring ‘ap levels in the striated muscles of db/db mice was associated with an increase in skeletal muscle
oxidative apacity and limited adiposity and hepatic lipid accumulation, independent of changes in lean mass or
food intake. Our findings provide the firstidence for a functional metabolic role for the Hippo pathw
effector Yap in a post-mitotic cell and suggest that modulatiag activity may be an approach to promote
skeletal muscle metabolic attributes.
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Development of a human skeletal micro muscle platform with pacing capabilities
R.J. Mills, QIMR Berghofer Medical Research Institute, Brisbane, QLD 4006, Australia.

Organoid systems are perful tools to rapidly expand our knowledge of human biology and identify
novel therapeutic targets for disease. Three dimensional bioengineetethkknuscle has been recentlywho
to recapitulate manfeatures of nate muscle biology Howeve, current skeletal muscle bioengineering
approaches require large numbers of cells, reagents and, labitimg their potential for large scale studies.
Herein, we use a miniaturized 96-well micro-muscle platformatdlifate semi-automated tissue formation,
culture and analysis of humanedital micro muscles (iMs). Utilising an iteratie sreening approach we
define a serum-free d&rentiation protocol that deés rapid, directed differentiation of human myoblast to
skeletal myofibres. The resultingitMs comprised @anised bundles of striated and functional myofibres, which
respond appropriately to electrical stimulation. Additionalye devdoped an optogenetic approach to
chronically stimulate aM to recapitulate known features afeecise training including myofibreypertrophy
and increased expression of metabolic proteimge togetherour miniaturized approach provides awne
platform to enable high-throughput studies of human skeletal muscle biologxeacide=physiology.

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/59P



M etformin divergently regulatesthe unfolded protein response and reduces protein synthesis
and autophagy in palmitate-treated myotubes

B.D. Perry,%23 J.A. Rahnert,>® Y. Xie,2 D. Espinoza, >3 B. Zheng,? P. Zhang? and SR. Price,>3* 1School of
Science and Health, Western Sydney University, NSW 2560, Australia, 2Department of Medicine, Renal
Division, Emory University, Atlanta, GA 30307, USA, 3Atlanta VA Medical Center, Decatur, GA 30033, USA
and “Department of Biochemistry and Molecular Biology, Brody School of Medicine, East Carolina University,
Greenville, NC 27834, USA.

Circulating levels of saturated fatty acids, such as palmitate (PA), avetetkin type Il diabetes mellitus
and can contribute to signaling which promotes skeletal muscle atiopkeletal muscle, R reduces myotube
diametey induces ER stress, impairs protein synthesis and induces autophagi?A-induced reduction in
protein synthesis may be due to the phosphorylation ofoe#ffi2l actiation of the unfolded protein response
(UPR). Despite the reported actions of AMPK agonistg. AICAR) in relieving eleated ER stress and
inducing autophagythe role of metformin on ER stress, protein synthesis and autophagy remains poorly
understood in skeletal muscle eWivestigated the effects ofAPand metformin on protein synthesis, ER stress
and autophagy in C2C12 skeletal myotubes. (BO0 uM) reduced protein synthesis and increased @lF2
phosphorylation but did not alter phospho-#f0 Unlike AICAR, metformin and R co-treatment further
reduced protein synthesis and increased peelWtformin amplified the PA-induced increase iiF4 protein
expression, but reduced XBP1 s and did not change Yaks lef CHOP and caspase-3 relatito PA done,
indicating that metformin selewdly regulates UPR signaling. Surprisingtpetformin reduced autophagss
indicated by a reduction in LC3BII, and reducetiG5 and ATG12 mRNAs following A treatment. These
findings indicate that metforminwairgently modulates UPR signaling and may lead to a reduction in autophagy
in cultured skeletal myotubes.
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Inflammatory regulation by Selenoprotein S is not responsible for the loss of muscle performance
A.B. Addinsall C.R. Wrigh® T.L. Kotsiakos, C. van der Poéland N. Stupka,’Cente for Molecular and

Medical Reseah, School of Medicing Deakin UniversityGeelong VIC 3216,Australia , ?Institute for

Physical Activity and Nutrition Resedr (PAN), School of Exercise and Nutrition Sciences, Deakin University,
Geelong VIC 3216, Australia andDepartment of Physiologynatomy & MicrobiologySchool of Life

Sciences, Lardbe UniversityBundoora, VIC 3086, Australia.

Emeging interest surrounds the importance of selenoproteinelatakmuscle growth, gelopment and
muscle performance (Moghadaszadsthal, 2013). Selenoprotein S (Sepsl) is one ofeseendoplasmic
reticulum (ER) resident antioxidant selenoproteins and is higtgyeesed in skeletal muscle. Sepsl has been
implicated in ER stress reduction, antioxidant defences and inflammation, where reducedxfession is
thought to be associated with a heightened pro-inflammatory state. Our laboratory reeesitathed the role
of Sepsl in dystrophimdxmice, a model of increased muscle damage and inflammation. The genetic reduction
of Sepsl by 50% amplified the inflammatory stateasf fwitch EDL muscle and reduced myofibre size (Wright
et al, 2017). On a C57BL/6J background, the global genetic reduction or deletion of Sepatseciated with
reduced spontaneousysical activity and impaired isometric force output of isolated fast twitch EDL, but not
slow twitch soleus muscleex wo. Howeve, the mechanistic understanding remains umknorhus, to further
elucidate the role of Sepsl inedftal muscle performance and inflammatory responses, adult Sepsl global
knockout (GKO) knockout (Sepst), heterozygous (Sep¥1) mice and their wildtype (Sep¥1) littermates
underwent a strenuous treadmill running protocol, as strenuous enduraniseeincreases inflammatory
oxidative and ER stress, beforEbialis anterior(TA) muscle function was assessadsitu with an intact blood
and nere aupply.

The animal studies were apped by the Animal Ethics Committee at La Trobe \Wasity, in accordance
with NH&MRC guidelines. On 3 consecwti days, mice underwent a single bout of incrementatoise,
starting at 5m/min and increasing in speed by 5 m/nvieryes min to 25m/min or until @untary cessation.
Approximately 24 h following the third bout okecise, mice were anesthetiséd intraperitoneal injection of
Sodium pentobarbital (6Qg/g), such that thewere unrespongé  tactile stimuli. A muscle function \&s
assesseih situ, where the distal tendon was attached to a force transducer (1300A Whole Mouse Test System,
Aurora Scientific), allawing assessment of isometric muscle force production, fatigueability following 4 min of
intermittent stimulation (100 Hz,very 5 s) and force reeery. Following which, anaesthetized mice were
humanely euthanized by cervical dislocation, and blood and tissues were collected for molecular and
histological analysis.

The genetic reduction or deletion of Sepsdswassociated with a reduction in the distance run and
exacise completion rate in Sep§land Seps? mice compared with Sep¥l littermates. Sepsft and
Seps1’™ mice produced less force than Sepsiittermates, as indicated by awdoward shift in the force
frequeng curve. Havever, muscle strength was unaffected bygreise. Furthermore, in Sepéilittermates, the
exacise protocol had no significant effect ok Tuscle tigability and force recgery. Whereas, in Sep$1
mice the gercise protocol appeared to compromise muscle endurance, such that fatigueability was increased
and force recgery was reduced, when compared xereised Seps1" and sedentary Sep$lmice. In contrast,
sedentary SepsT mice TA muscle endurance was compromised when compared with *Sefigérmates;
however, three bouts of treadmill running stimulated adaptprocesses such that fatigueability and force
recovery no longer differed from Sep&1 mice. Although, this impneement in A muscle endurande situdid
was rot reflected by impnged voluntary treadmill running performance.

The mechanism underpinning thdeets of Sepsl onxercise capacity andAT muscle performance, are
still under irvestigation. Havever, they are not mediated by increased muscle damage and inflammation, as
indicate by muscle morphology and histological and circulating inflammation. In supomafiyndings confirm
that the global deletion of Sepsl compromisesraise capacity and strength of fast twitch muscles.
Furthermore the cellular stress responses to short term stremactiseediffer between Sep¥land Seps1”
mice.

Moghadaszadeh B, Rider BE, war MW, Childers MK, Grange R/, Gupta K, Boukedes SS, Owen CA,
Beggs AH. (2013). Selenoprotein N deficignm mice is associated with abnormal lungrelepment.
FASEB J27, 1585-99.

Wright CR, Allsopp GL, Addinsall AB, McRae NL, Andrikopoulos S, Stupka N. (2017). A reduction in
selenoprotein S amplifies the inflammatory profile of fast-twitch skeletal muscle madkdystrophic
mouse Mediatos Inflamm 2017 doi: 10.1155/2017/7043429
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I soproterenol enhances force production in mouse glycolytic and oxidative muscle via separ ate
mechanisms

S.J. Blackwood and A. Katz, Department of Physical Therapy, School of Health Sciences, Ariel University, Ariel,
Isradl.

Fight or fight is a biologic phenomenon mediated byvattin of 3-adrenoceptors in sketal muscle.
However, the mechanisms whereby force generation is enhanced through adrenergiomat different fibre
types are not fully understood. Accordinglye dudied the effects of isoproterenol (IS®receptor agonist) on
isometric force generation and energy metabolism in isolated nmsolses (SOL) andextensor digitorum
longus (EDL) muscles. Under conditions of maximal force production, ISO enhanced force generatiedlynark
more in SOL (22%) than EDL (8%). Similariguring a prolonged tetanic contraction (30 s for SOL and 10 s for
EDL), ISO enhanced the force x time igital more in SOL (25%) than in EDL (3%). ISO induced a mdrk
activation of phosphorylase in both muscles in the basal state (S83%&,to 25%; EDL110% to 40%), which
was associated with glycogenolysis (greater in EDL than SOL), and, in EDL andgnificant decrease (16%)
in inorganic phosphate (Pi). ATP turaer during sustained contractions (1 s EDL, 5 s SOL) was not affected by
ISO in EDL, but essentially doubled in SOL. The results demonstrate that under conditions of maximal
stimulation 1SO has a minor effect on force generation in EDL that is associated with a decrease in Pi, whereas
ISO has a markedfett on force generation in SOL that is associated with an increase in ATRetuifiaus
phosphorylase functions as a phosphate trap in ISO-mediated force enhancement in EDL and as a catalyzer ¢
ATP aupply in SOL.
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Liver one-carbon metabolism affectsthe integrated stress response and systemic metabolic
control

T. Gantert,! A. Maida,X M. Warrier,?2 SH. Zeisel? and A.J. Rose 23 IMolecular Metabolic Control, German
Cancer Research Center, Heidelberg, 69120, Germany, “Nutrition Research Institute and Department of
Nutrition, University of North Carolina, Kannapolis, NC 28081, USA and 3Department of Biochemistry &
Molecular Biology and Biomedicine Discovery Institute, Monash University, Clayton, VIC 3800, Australia.

Disruption of the ler one-carbon cycle is linked to systemic metabolism, fattgr Idisease and \er
cancey both in model oganisms such as rodents and humans. In particdgéation of ley genes of one-carbon
metabolism, of which are abundantly expressed in tlee lieads to disturbed one-carbon metabolic balance,
fatty liver, and spontaneous vier cancer deelopment in rodents. Among these is the enzyme betaine-
hydroxymetlyl-transferase (BHMT), which catalyses the remethylation of hgsteime to methionine using
the micro-nutrient betaineOf note, despite being lean and hypermetabolic, germline BHMT knockout mice
develop fatty liver disease and spontaneougelicancer Here using genetic loss of function as well as diet
induced dwnregulation, we tested the precise role ofetispecific BHMT activity in Wer and systemic
metabolic control. @ do his we engineered an adenovirus to re-express BHMT back intw¢hdrportantly,
the overexpression construct produced a correctly functioning protein as determined bg-RAGE and
actvity assays. Of note, in the BHMT knockout mice, restoration of BHMT completeysexl the altered
levels of serum betaine and dimethylglycine, thereby demonstrating tivacgfof the approachin vivo.
Furthermore, the disturbedvédr betaine, S-adenosyl-methionine to S-adenosyl-homocysteine ratio, and
phosphatidylcholine wereversed upon restoration of BHMT activity in the knockout mice. In order to test this
in a physiological setting, we tested altered BHMT expression in a dietary model which promoBs$Md
expression. Both studies could demonstrate that BHkfpFession correlates with altered indices of one-carbon
metabolism and blunted agdtion of the integrated stress response, serum fibroblast growth factee®laled
the associated systemic metabolic remodellingkeil together liver one-carbon metabolism fatts
cellular/systemic signalling pathways andvelisystemic metabolic control, independent of potential
developmental effects and in avéir-restricted fashion.
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What do we know on the genome of the exercising muscle?
N. Eynon, Ingtitute for Health and Sport (iHeS), Victoria University, Melbourne, VIC 8001, Australia.

Over the last f& years, researchers e dtempted to identify genomic and epigenetic neask
underlining the complephysiology of the gercising skeletal muscle. Recentlyith the establishment of the
Athlome Consortium (wwvathlomeconsortium.gj, and the Gene SMAR (Skeletal Muscle Adapte
Response to Training) studipere has been significant advances in the field of identifying both genetic and
epigenetic markers influencing skeletal muscle physiology and performance, primarily using Gedeme-W
approaches. Such approachegehd@gready bgun to elucidate the genetic and epigenetic basis of other comple
traits/diseases. It is belied that incorporating epigenetic and genomic data arising from Genddediidies,
with other cost-déctive OMIC (i.e. transcriptomics, metabolomics and proteomics) techniques, together with
detailed individual p¥siological characterization, will enable thevdepment of individualised health
interventions.
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New insights into the influence oACTN3 on muscle performance
J.T. Seto, Neuromuscular Research, Murdoch Children’s Research Ingtitute, Royal Children’s Hospital,
Flemington Road, Parkville, VIC 3052, Australia.

The ACTN3 R577X polymorphism remains the most widely studied and best replicated gear&titt v
shavn to influence human muscle performanzeéActinin-3 deficieny due to homozygosity for the common
null allele ACTN3 577XX) occurs in 1 in 5 people worldwide and is associated with reduced sprintvaed po
performance and enhanced endurance performance in elite athletes and the general popilatientHg/ first
to identify its association with human elite athletic performance and we dmce generated andktensvely
phenotyped thé\ctn3 knockout mouse model, which recapitulates hunsaactinin-3 deficieng, in order to
understand the molecular mechanisms underlyingADEN3 R577X efect on human muscle performance.
Using a systems biology approach, we found that absengeacfinin-3 in skeletal muscle reduces glycogen
breakdevn, enhances calcineurin signalling and alters' @andling properties, resulting in a shift in metabolic
and contractile properties of fast-twitch fibrewaods those of slower oxidag fibres.

Given its influence on muscle mass and strength, we and othagrsdba identifiedACTN3 R577X as a
risk factor for &lling in the elderly and a genetic modifier of muscle disorders such as Duchenne muscular
dystroply (DMD) — demonstrating that findings from athletesvénadrect relevance to human health.
Additionally, the mechanisms we identified in heglthuscles also explain th&CTN3 R577X modifier dict
on disease progression of DMD. The approaches in our studies, refend® gears, provide a useful guideline
for validating nav genetic candidates and understanding their potential impact on health as well as elite athletic
performance.
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Developing epigenetic biomarkers - applications for exercise
J.M. Craig, Centre for Molecular & Medical Research, School of Medicine, Faculty of Health, Deakin
University, Geelong Waurn Ponds Campus, Locked Bag 20000, Geelong, VIC 3220, Australia.

Epigenetics describes the chemical modifications t&ARNd its packaging proteins that modify gene
expression and perpetuated through celisittn. Examples of specific epigenetic modifications includéADN
methylation, cealent histone modification and noncoding RNA.

Coordinated changes in epigenetic stateediie cellular specification that accompanies mammalian
development, from the early embryo to old age wdger, epigenetic state is, to a large extent, plastic and can be
influenced by environmental factors, particularly during earjeldement. Such changes can be ‘remembered’
as cells covert transient changes in gene expression to epigenetic changes that can pentosey@ycles
of cell division. One of the earliest and well known pieces of evidence for this phenomenon came from a study
that showed that DA methylation changes in the growth factor gd@#-2 induces by the Dutch Famine at the
end of the Second dvd War persisted forver sixty years (Heijmanset al., 2008). Therefore, it is not
surprising that long-lasting epigenetic changesehaen observed in skeletal muscle in responsediise
throughout the life course (Graziai al., 2017; Fernandes, Arida & Gomez-Pinilla, 2017; Howlett & McGee,
2017). Such changes aredii to regulate specific metabolic pathways. Furthermore, muscle stem cells isolated
from individuals with varying beels of physical actiity maintain their differential epigenetic stag® vivo
(Sharples, Steart CE & Seaborne, 2016).

An actve aea of research has been to study epigenetic responseertise interventions aimed at
reducing the risk of chronic diseases such as type 2 diabetes. One such studyéd@isetinduced epigenetic
and changes in the glucose transporter GLUT4 which were accompanied by changes xprgesmm@ (Dos
Santoset al., 2015). This shows thatxercise-induced epigenetic changes canehdrect effects on the
metabolic state could potentially protect against type 2 diabetes.

What remains unknown is thetent to which the intensity and duration of physicadreise can dxie
epigenetic changes in genes associated with risk for cardiometabolic and other age-related diseases
Longitudinal clinical trials of ercise interventions thatwolve measurement of physiological and epigenetic
changes in muscle cells will be necessary to address these questions.

Dos Santos JM, Moreli ML, éwai S, Benite-Ribeiro SA. (2015). Thefe€t of eercise on skeletal muscle
glucose uptadin type 2 diabetes: An epigenetic perspextMetabolism 64(12), 1619-28.

Fernandes J, Arida RM, Gomez-Pinilla ®017). Physical xercise as an epigenetic modulator of brain
plasticity and cognitionNeurosci Biobehav Rev 80, 443-56.

Grazioli E, Dimauro |, Mercatelli N, Wang G, PitsiladisD Luigi L, Caporossi D.(2017). Plsical actvity
in the preeention of human diseases: role of epigenetic modificatiBikZ Genomics 18(Suppl 8): 802.

Heijmans BT Tobi EW Stein AD, Putter H, Blauw GJ, Susser ES, Slagboom PE, jubt¢ (2008).
Persistent epigenetic differences associated with prenatal exposure to famine in RuogaNat! Acad
Sci USA 105(44), 17046-9.

Howlett KF, McGee SL. (2016). Epigenetic regulation of skeletal muscle metab@lismSci (Lond) 130(13),
1051-63.

Sharples APStewart CE, Seaborne RA. (2016). Does skeletal muscle tsa ’epi’-memory? The role of
epigenetics in nutritional programming, metabolic disease, agingxaruise.Aging Cell 15(4), 603-16.
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Racing against the (epigenetic) clock: exercise training slows down epigenetic aging in skeletal
muscle

S. Voisint N. Harvey/2 S. Lamor? J. Denham D. Hiam! M. Jacques,S. Landert,J. Avarez-Romerg,K.
Ashtor? L. Haupt? M.E. Lindholmf F. Marabita® D. Rowlands, L. Griffiths® and N. Eynof,YInstitute for
Health and Sport (iHeS), Victoria Universityielbourne VIC 8001, Australia?Genomics Reseeln Centre,
Institute of Health and Biomedical Innovation, School of Biomedical Sciences, Queensland University of
Technology Brisbane QLD 4000, Australia®Institute for Physical Activity and Nutrition (IPAN) School of
Exercise and Nutrition Sciences, Deakin Universigurn Ponds, VIC 3221, Australi#RMIT University,
School of Health and Biomedical Sciences, Bundoora, VIC 3083, AustBaiad Institute of Health and Sport
(BIHS) Bond UniversityRobina, QLD 4226, Australi@Department of Physiology and Pharmacology,
Karolinska Institutet, Stockholm, Swed&ghool of Sport and Exerciddassg University Wellington, New
Zealand andMurdod Children’s Reseach Institute Royal Childrens Hospital, Parkville VIC 3052, Australia.

Ageing constitutes an important health and economic burden on saoibty primary hallmark of ageing
is the alteration of the epigenetic landscape. Regwarciee promotes healfhaging and can alter the
epigenome of skeletal muscle. W@ver, it is unknovn whether gercise promotes healghaging through this
alteration of the epigenetic landscape.

To address this gap, we integrated phenotypic, epigenetic and molecular data from the Gerle SMAR
(Genes and the 8letal Muscle Adapte Response to Training)ercise training studyaong with other open-
access data. Here, we report that higher fithnestslare associated with younger epigenetic profiles ehetdd
muscle. In addition, age- and fitness-associated epigenetic pattgetssiarilar pathways related to muscle
structure and function. FinaJljour weeks of high-intensity interval training caused small shifts in epigenetic
patterns taards a younger epigenome.

Collectively, these results suggest that similarly to caloric restriction, aerséicige training delays age-
related methylation drift in human skeletal muscle. Thisipges fundamental epigenetic knowledge omho
exacise slows den the ageing process at the moleculaelleand it coneys a $rong message gerding the
potential of gercise to attenuate the detrimental effects of ageing.
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Cardiomyocyte ErbB4 receptor s are essential for neonatal cardiac hypertrophy and growth, and
also maintain cardiac function in adult mouse hearts

M.E. Reichelt,® Z. Lu,! R. Cockburn,! Z. Wang,* T. Paravicini? and W.G. Thomas,* 1School of Biomedical
Sciences, University of Queensland, & Lucia, QLD 4067, Australia and 2School of Human Biosciences, Royal
Melbourne Institute of Technology, Bundoora, VIC 3083, Australia.

Activation of ErbB4 by neuregulin 1 (NRG1) promotes cardiomyocyypeltrophy in vitro and
proliferation in neonatal and adult mice, while application of NRG1 atg myocardial infarction reduces
scar size and impves function. Less is known about ErbB4 participation in cardigmettroply. We evaluated
the role of cardiomyogde ErbB4 in deelopmental, ®ercise-, and angiotensin-inducegipertroply. For adult
studies, ErbB4 was deleted imMHC-MerCreMer (cCre T )/ErbB4 floxed (ErbB4ff) mice af2 months of
age with 10 injections of Tamoxifen (20 mg/kg/day). Mice were aged for up to 8 months, exposed to
Angiotensin Il (Ang Il, 1000ng/kg/min, 14 days) oteecised (twice daily swimming, 20 min/session increasing
10 min/day to 90 min follwed by 7 days at 90 min/session). Neonates (Efo8dfErbB4ww) receied
temporal vein injections of A¥9-cTNT-eGFP-iCre (2.1810' viral particles) at p1 and were culled at p6.
Three months after deletion of ErbB4 in adult hearts, contractile function was reduncedo
(echocardiograph 16%) andex vivo (isolated-perfused, 33%), Wever deletion failed to modify heart size,
survival for 8 months or ypertroply in response to Ang Il orxercise. In neonates, the presence of iCre ARN
in hearts confirmed virus infection, and suppression of ErbB4 in ErbB4f/f mice was coincident with increased
NRG1-alpha, and reduced body arehtricular weights. Thus, ErbB4 is critical to cardiggpdrtroply and
growth in neonatal mice, and maintains adult heart function.
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Glycogen dysregulation and cardiomyocyte dysfunction in arat model of type 1 diabetes

L.J. Daniels,* V.L. Benson,! M. Annandale, L.M.D. Delbridge? and K.M. Mellor,1? IDepartment of Physiology,
University of Auckland, New Zealand and “Department of Physiology, University of Melbourne, Parkville, VIC
3052, Australia.

Diabetic cardiomyopathis characterized by early metabolic changesduhkvith disturbances in cardiac
glucose handling and increased glycogen storage (Laugldin 1990) (Nakacet al., 1993). Recent work from
our group has built on early anecdotal obatons of glycogen accumulation in the diabetic heart avehled
a ggnificant relationship between cardiac glycogen and measures of cardiac relaxation, suggesting that glycoger
accumulation may be a major contributor to diastolic dysfunction in diabetic heart pathidiegyauses and
consequences of glycogen accumulation in the diabetic heart remain to be fully understood. The aim of this
study was to ivestigate the effects of glycogen handling on cardiac function, and examine theapsithfv
glycogen metabolism in the diabetic heart.

All animal experiments were performed at the ugrsity of Auckland and appwved by the releant
institutional Animal Ethics Committee in accordance with the guidelines guthtimns of Code of Practice for
the Care and Use of Animals for Scientific Purposes. All animals were anesthetized by isoflurane followed by
cervical dislocation. Cardiomygtes isolated from male type 1 diabetic SpragualBarats (streptozotocin
(STZ), 55mg/kg i.p., 8 weeks duration) were apportioned to glycogen analysis or loaded with Fiira2 Ca
fluorescent dye for assessment of'Qaandling (ratiometric signal F360: 380nm, lonOptix). A separate cohort
of STZ rats were injected with an inhibitor of autophagosome-lysosome fusion (chloroquine (CQ), 50mg/kg i.p)
4 hours prior to tissue collection. Glycogemsvmeasured using an amyloglucosidase enzymatic. dgsstgrn
blots were performed on STZ cardiac tissue probing for glycogen synthase and phosphorylase.

A 2-fold increase in glycogen in the diabetic heart was obsewed.@5). A right shift in the cell
shortening-C#& phase-loops was observed in isolated diabetic cardioytemanith a significantly higherel
of C&* at 50% cell length relaxation (EC50) (1.410.03vs 1.52 + 0.03, P<0.05). Correlation of glycogen
content with EC50 values slved a significant posite relationship (r=0.6025P<0.05). Glycogen synthase
phosphorylation, an inhibitory action of the enzyme, was significantly higher in the STZ rat compared to the
control (1.0+ 0.15vs 6.70 £ 0.74, P<0.05). Glycogen phosphorylase phosphorylation whichvatet the
enzyme was also significantly es#ted in the STZ rat compared to control (£.0.10vs 1.70+ 0.16,P<0.05).
CQ-induced lysosomal blockade increased cardiac glycogen by 45% in contrBk@@5{ but not STZ rats.

This study is the first to shothat glycogen accumulation in the diabetic hedect$ myofilament Ca
function and thus could explain impairments in relaxation. In addition the findings that glycogen synthase is
inhibited and phosphorylase is a&eted suggest that cytosolic regulation of glycogen content is rfatisnf to
counteract the highVels of glycogen present in the diabetic heart. The finding from this study that lysosomal
glycogen breakdsn is disturbed in the diabetic heart provide aehmechanism to explain glycogenasload
in the diabetic heart. Furthervisstigation into the role of glycogen autophagy (‘glycophagy’) in the diabetic
heart is na warranted.

Laughlin MR, Petit WA, Jr., Shulman RG & Barrett EJ. (1990). Measurement of myocardial glycogen synthesis
in diabetic and fasted ratdm J Physiol 258, E184-190.

Nakao M, Matsubara T & Sakamoto N. (1993)feEfs of diabetes on cardiac glycogen metabolism in rats.
Heart and Vlessels 8, 171-175.
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Functional screening in human cardiac organoids for new regener ative ther apeutics

R.M. Mills,*?2 B.J. Parker,* G.A. Quaife-Ryan,%3 H.K. Voges, >3 E.J. Needham,* A. Bornot,® M. Ding,® H.
Andersson,® M. Polla,” D.A. Elliott,® L. Drowley,® M. Clausen,® A.T. Plowright,” |.P. Barrett,® Q.-D. Wang,® D.E.
James,* E.R. Porrello>?810 and J.E. Hudson ,%?2 School of Biomedical Sciences, The University of
Queendand, & Lucia, QLD 4072, Australia, 2Centre for Cardiac and Vascular Bi ology, The University of
Queensland, & Lucia, QLD 4072, Australia, 3QIMR Berghofer Medical Research Institute, 300 Herston Rd,
Brisbane, QLD 4006, Australia, “Charles Perkins Centre, School of Life and Environmental Science, The
University of Sydney, NSW 2006, Australia, °Discovery Sciences, IMED Biotech Unit, AstraZeneca, Cambridge,
UK, ®Discovery Sciences, IMED Biotech Unit, AstraZeneca, Gothenburg, Sweden, “"Medicinal Chemistry,
Cardiovascular, Renal and Metabolism IMED Biotech Unit, AstraZeneca, Gothenburg, Sveden, ®Murdoch
Children’s Research Ingtitute, The Royal Children’s Hospital, Parkvile, VIC 3052, Australia, 9Bioscience Heart
Failure, Cardiovascular, Renal & Metabolism IMED Biotech Unit AstraZeneca, Gothenburg, Swveden and
1ODepartment of Physiology, School of Biomedical Sciences, The University of Melbourne, Parkville, VIC 3010,
Australia.

Human pluripotent stem cell-deed cardiomyogtes are emeing as a powerful platform for
cardiovascular drug disogery and toxicology Howeve, sandard 2D cultures are typically immature, which
limits their capacity to predict human biology and disease mechanigmaldfess this problem, we Ve
recently deeloped a high-throughput bioengineered human cardigahoid (hCO) platform, which prades
functional contractile tissue with biological properties similar toveateart tissue including mature, cejlote-
arrested cardiomyocytes. Here, weetladvantage of the screening capabilities of our mature hCO system to
perform functional screening of 105 small molecules with pgemeratie potential. Our findings real a
surprising discordance between the number of pro-proliferatimpounds identified in our mature hCO system
compared with traditional 2D assays. In addition, functional analysesaiadadetrimental é&cts of mawg hit
compounds on cardiac contractility and/tiim. By eliminating compounds that had detrimental effects on
cardiac function, we identified twsmall molecules that were capable of inducing cardiomyocyte proliferation
without ary detrimental impacts on function. High-throughput proteomics on single cardjawodads reealed
the underlying mechanism driving proliferation, whichvalwed synergistic actation of the meaonate
pathway and a cell ycle network. In wo validation studies confirmed that the vAenate pathway was shut
down during postnatal heart maturation in mice and statin-mediated inhibition of theapathkibited
proliferation and heart growth during the neonatal wimdthis study highlights the utility of human cardiac
organoids for pro-rgeneratie dug deselopment including identification of underlying biological mechanisms
and minimization of adverse side-effects.
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Acute oestradiol slows conduction and prolongs action potential duration in theleft atrium, but
not in cardiomyocyte cultures

SP.Wels 1?2 H.M. M Waddell,* C. O’ Shea,?>3* P. Kirchhof,? D. Paviovic,? L.M.D. Delbridge! and J.R. Bell,!
1Department of Physiology, University of Melbourne, Parkville, VIC 3010, Australia, 2l nstitute of
Cardiovascular Sciences, University of Birmingham, B15 2TT, UK, 3School of Chemistry, University of
Birmingham, B15 2TT, UK and “School of Computer Science, University of Birmingham, B15 2TT, UK.

Background: There is emeajing evidence for a link between pericardial adipose content and atrial
fibrillation risk, although the underlying mechanisms are poorly understoedhae shavn exogenous
oestradiol increases atrial arrhythmia vulnerability — consistent witlerece of increased atrial fibrillation risk
in menopausal women\gn oestrogen-only hormone replacemene Ydvealso demonstrated that pericardial
adipose expresses aromatase (catalyses androgen-oestrogasiaoy) and that total aromatase capacity of
pericardial adipose correlates with atrial gthmia vulnerability We hypothesize that pericardial adipose-
derived cestrogens may increase atrial arrhythmias by prolonging repolarization and slowing conduction.

Aim: The aim of this study was to determineshacute administration of oestrogens modulates cardiac
conduction properties in spontaneously beating cardiomyocyte monolayers and the intact left atrium (LA).

Methods: Spontaneously beating monolayers of neonataleatricular myocytes (NRVMs) seeded onto
microelectrode arrays (59 electrodes, P00 acing) were xposed to increasing concentrations of oestradiol
(innM: 0, 0.1, 1, 10 and 100). Field potentials and locaVaian times were used to generate conduction maps
in Cardio2D+ software (MultiChannel Systems). Adult male mouse LA were stained with potentiometric dye
(Di-4-ANEPPS), electrically paced and superfused with increasing concentrations of oestradiol (in nM: 0, 1 and
100). Optical action potentials were recorded using a high sampling CMOS camera. Condlotiiy and
action potential duration at 70% repolarization (ApDvere analysed using custom-made MATLAB codes.

Results: Oestradiol had no effect on NRVM electrggiology, including: spontaneous beating rate (100
nM oestradiolvs vehicle: 77+ 8 bpmvs 69 + 6 bpm), field potential duration (204#20.7 msvs 182.4+ 13.3
ms) and conduction velocity (20#11.2 cm-8 vs 18.5+ 2.4 cm-8; in all casesP = ns; Noestradio™ 2 MNvehicle =
3). In isolated LA, 100 nM oestradiol caused a significant prolongation in, ARDehicle (AAPD.: 5.8+ 0.9
msvs 1.6+ 1.6 ms;P = 0.037; Noestradiol = 6-8, Nenicle = 4-5) with a trend for reduced conductioelacity
(Aconduction velocity: -13.% 3.6 cm-3 vs-3.1+ 2.0 cm-8; P = 0.073). This reduction in conductiorlacity
was dgnificant in the presence of 1 nM oestraditgnduction velocity: -9.2 1.8 cm-& vs 1.1+ 2.1 cm-&; P
= 0.006).

Conclusions. Oestradiol had no effect on NRVM electrggiology, but caused APD prolongation and
conduction slowing in the intact adult mouse LA. The lack of effect in NRVM may be partly due to
downreyulation of oestrogen receptors in non-oestrogenic culture conditions. APD @tdoniop the mouse
LA is consistent with data from other studies in both single cardioytg®@nd human ECGs, and iselik
facilitated throughl  -mediated delayed repolarization. Oestradiol-induced conduction slowing may antrib
to greater atrial arrhythmia vulnerabilityurther studies will determine whether locally synthesised oestrogens
from pericardial adiposexert paracrine actions on cardiomytbes to increase conduction heterogeneity and
reentrant arrhythmias.
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Characterization of RyR2 function in failing human atria

A.L. Denniss,* A.F. Dulhunty,? P. Molenaar3* and N.A. Beard ,* YFaculty of Science and Technology, The
University of Canberra, Bruce, ACT 2614, Australia, 2John Curtin School of Medical Research, The Australian
National University, Canberra, ACT 0200, Australia, 3Cardio-Vascular Molecular & Therapeutics Translational
Research Group, The Prince Charles Hospital, Brisbane, QLD 4071, Australia and 4Faculty of Health,
Queensland University of Technology, Brisbane, QLD 4000, Australia.

The RyR2 ligind-gated C4&* release channel is found embedded in the membrane of the intracelfilar Ca
store (the sarcoplasmic reticulum; SR), within the heart. RyR2 formsga kacromolecular comple
extending from the ytosolic space into the lumen of the SR, which functions to control cellufdrn@adling
and SR C# release leading to systole. Maintaining robust release &f @aing systole and minimizing
diastolic C&* release, or leak, through the RyR2 is highlgulated and essential to heglttreart function. In
heart &ilure, posttranslational modification of RyR2 is reported to lead to dysfunctional regulation of RyR2,
leading to ®cess diastolic G4 release, delayed after depolarization and arrhythmia (Marad., 2000;
Terentyevet al., 2008; Wlweelet al., 2017). Much of the work defining cardiac €asignaling in the diling
heart has been undertaken ientricular tissue, with the atrial compartment reklyi unexplored. Hwvever,
there is emerging evidence offdifences in the mechanisms which control intracellul& @axes in the atria
and ventricle, such as a reduction in atrial RyR2 protemession, with altered Gatransients (Cotet al.,

2000). Thuspur aims were to characterize RyR2 function in heart failure in from human right atrial tissue.

Human trabeculae from right atria, right ventricle and left ventricle were obtained from patients with heart
failure undegoing heart transplantation. All tissues were snap frozen in liquid N2 within 40 nxplahgation.

SR vesicles (rich in RyR2) were prepared from muscle homogenates and reconstituted into artificial planar lipid
bilayers that separate anchambers which are egulent to the cytoplasmic and SR luminal compartments to
assess RyR2 function @Meelet al., 2017). The impact of heart failure on atrial protein expression, protein-
protein interactions and stress-induced modification were assessed using@D3Mestern blot and thiol

probe assay (Walweet al., 2017).

Our results she that RyR2 protein expressiornvéis in failing hearts were significantly lower in the atrial
compartment, compared with ventricle from matched patients. There were similar increases wedkidhti
modification of RyR2 from both atrial and ventricular samples, but surprisitisdytyperphosphorylation
obsered in failing ventricle was not obsex in atria from matched patients. RyR2 channel activityiimg
atrial SR is significantly lower at systoligtoplasmic C&" conditions than in patient-matched ventricle. Under
diastolic C&* conditions, there were no chambepecific diferences observed in RyR2 activity iailing
hearts. Hwever, diastolic channel aatity was significantly higher than activity recorded from heafiatients,
indicative d diastolic C&* leak in both chambers of failing patients. These results illustrate for the first time,
key chamberspecific changes in RyR2 post-translational modification and channel gatalinigp iuman atria,
and suggest that oxide#i nodification of RyR2 alone is sufficient to induce a diastolic-leak phenotype.

Marx SO, Reiken S, Hisamatsy Jdyaraman ;JBurkhoff D, Rosemblit N, Marks AR. (2000Lell 101:365-76.

Terentyer D, Gyorke |, Belevych AE, Terentyga R Sridhar A, Nishijima Y de Danco EC, Kanna S. Sen CK,
Cardounel AJ, Carnes CA, Gyorke, S. (20@jc Res 103:1466-72.

Walweel K, Molenaar Pimtiaz MS, Denniss A, Dos Remedios C, van Helden MEhunty AF, Lave DR,
Beard NA. (2017)J Mol Cell Cardio 104: 53-62.

Cote K, Proteau S, Teijeira J, Rousseau E. (2Q0@p! Cell Cardiol 32:2051-63
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STBD1 regulation of myocardial glycogen content

E.J. Chan,! U. Varma,! C.L. Curl,! P. Koutsifeli,2 K.M. Mellor2 and L.M.D. Delbridge,! 'Department of
Physiology, University of Melbourne, Parkville, VIC 3052, Australia and ?Department of Physiology, University
of Auckland, New Zealand.

Myocardial glycogen accumulation is associated witlerge functional defects including atrial
arrhythmias and diastolic dysfunction. Glycogen storage diseasggl@revidence that autophagic processes
are crucial in rgulating cardiomyocyte glycogenviis. Glycophagya dycogen specific autophaglyas been
recently described in the heart and a deficit in this pathway may edetttbcardiac glycogen excess (Mekor
al., 2014; Reicheltet al., 2013). Starch-binding domain-containing protein 1 (STBD1) iswa ¢iycophagy
protein, shavn to bind to glycogen and may facilitate breakdown in the autophagosome in COSM9 cell line
(Jiang, Wells and Roach, 2011). The aim of this studg Yo ivestigate the role of STBD1 in galating
myocardial glycogen content and the downstream effects on cardiac function, with a specific focus on diastolic
dysfunction.

A CRISPR model of heterozygous STBD1 knogk (STBD1-KO) was produced and animals were
euthanised at post-natal day 2, and also at 10wks and 30wks of age (pentobarbital, 20mg/kg dose).
Echocardiograph was conducted to assess measurements of diastolic function (E/E’ and maltml v
deceleration time) and systolic function (ejection fraction and fractional shortening) for adult animals 1 week
prior. Allele deletion was erified by comentional PCR. Ventricles were homogenised for glycogen comtant
enzymatic assay.

Post-natal day 2 heterozygous STDB®-kexhibited lower cardiac glycogen content compared to
STBD1-WT animals (17.73%R<0.05) with no obsenble systemic or structural deficits. At 10 weeks, there
were no differences in cardiac glycogen content. The STBDlakimals did hae snaller hearts relate o
body weight (vs WT7.65%,P<0.05), associated with a higher E/E’ (vs V#4.6%,P<0.05), lower mitral alve
deceleration time (vs WT 37.159%<0.001) and no change in ejection fraction and fraction shortening.
Interestingly at 30 weeks, cardiac glycogen content was lower in tBeakimals (vs WT 29.58%,P<0.05).

This study provides first evidence of STBD1 aseg krotein mediating glycogen conteit vivo. In
addition, a decrease in cardiac glycogen may be associated with diastolic, but not systolic function. An
understanding of the mechanisms mediated myocardial glycogen content widg pwel therapeutic tayets
in metabolic diseases affecting the heart.

Jiang S, WIls C, Roach P(2011). Starch-binding domain-containing protein 1 (Stbdl) and glycogen
metabolism: Identification of the Atg8 family interacting motif (AIM) in Stbd1 required for interaction
with GABARAPL 1. Biochem Biophys Res Comm, 413(3), 420-425.

Mellor K, Varma U, Stapleton D, Delbridge L. (2014). Cardiomyocyte glycophagy is regulated by insulin and
exposure to high extracellular glucogen J Physiol-Heart Circ Physiol, 306(8), H1240-H1245.

Reichelt M, Mellor K, Curl C, Stapleton D, Delbridge L. (2013). Myocardial glycophagy — A specific
glycogen handling response to metabolic stress is accentuated in the femalkNela@ell Cardiol 65,
67-75.
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Noise-induced hearing adaptation kinetics of the ‘cochlear amplifier’ maps to P2)eceptor-
dependent auditory brainstem response temporary threshold shift

J.M.E. Cederholm,* A.F. Ryan? and G.D. Housley,* 1Trans ational Neuroscience Facility and Department of
Physiology, School of Medical Sciences, UNSW Sydney, NSW 2052, Australia and 2Departments of Surgery and
Neurosciences, University of California San Diego, and Veterans Administration Medical Center, La Jolla,
California 92093-0666, USA.

ATP-gated ion channels assembled from P2aceptor (P2XR) subunits are expressed in the cochlea and
actvated by eleated sound lteels. P2XR contribute significantly to the delopment of auditory brainstem
response (ABR) temporary threshold shift in wildtype mixgosed to sustained sound around sajekplace
limits (85 dB SPL). In contrast, mice null for tiR2rx2 gene P2rx2() that encodes the P2R failed to
develop this reversible noise-induced hearing loss. Morem when these knockout mice were exposed to louder
noise levels, they exhibited disproportionately greater permanent hearing loss than the wildtype controls; hence
purinegic hearing adaptation is otoproteetiHousley, et al., 2013). Loss of function mutations in the human
P2X,R gene cause vulnerability to noise-induced and age-related hearing éost @., 2013; Faletraet al.,

2014; Motekiet al., 2015), supporting a proteet role for P2XR. The time constant for ddopment of the
reversible purinergic hearing adaptation in wildtype mice wasipusly estimated at ™ 20 minutes based on
shifts in ABR thresholds with cumulaé roise exposure from 10 minutes tootiours (Houslg, et al., 2013).

Here we sought to impve resolution of the kinetics of this purinergic hearing adaptation and to
investigate the contribition of the outer hair cell ‘cochlear amplifier’ to this mechanismechieve tis, rates of
adaptation of hearing sensity with noise exposure were compared between wildtype Re2") mice
(C57BI/6J background; anaesthetizadg. with a cocktail of ketamine (40 mg/kg), xylazine (8 mg/kg),
acepromazine (0.5 mg/kg) or isoflurane (4% induction, 1-1.5% maintenance Yitosihg ABR and cubic
(2f -f,) distortion product otoacoustic emission (D&E) measurements. DPOAEs report changes in the gain of
the cochlear amplifier that stem from alterations in cochlear outer hair cell electromechanical transduction and
associated gen of Corti micromechanics. W found that both the ABR and DPOAE threshold shifts were
largely complete within the first 7.5 minutes of moderate noise exposure (85 dB SPL; 8 — 32 kHz) of wild-type
mice. ABR threshold shift after 7.5 minutes noise was @707 of the 7.92t 1.06 dB threshold shift
measured at 17.5 minutes (means.e.m.; n = 12). Similar)yfor the DPOAE, threshold shift at 7.5 minutes
noise was 0.7& 0.08 of the 14.4 1.6 dB shift at 17.5 minutes (n = 8). As previously noted, the ngjsesare
failed to produce significant changes in either ABR or DPOAE thresholds R2tk2(") mice.

These findings document a consideraldgtér purinergic hearing adaptation to noise thamiqusly
reported. Moreeer, the similarity in kinetics of ABR and DRPXE measurements implicate the ‘cochlear
amplifier’ as the site of action of adaptation, as ABR reflects downstream neural activity.

Fdetra F Girotto G, D’Adamo ARVozzi D, Mogan A, Gasparini P(2014)Gene 534(2)236-239.

Housley GD, Morton-Jones R, Vlajwic SM, Telang RS, &amananthagm V, Tadros SFWong AC, Froud
KE, Cederholm JM, S8akumaran Y Snguanvongchai PKhakh BS, Cockayne DA, Thorne PR, Ryan AF
(2013)Proc Natl Acad Sci USA 110(18)7494-7499.

Moteki H, Azaiez H, Booth K{THattori M, Sato A, Sato ,YMotobayashi M, Sloan CM, Kolbe DL, Shearer AE,
Smith RJ, Usami S. (2013 Otol Rhinol Laryngol 124 Suppl 1177S-183S.

Yan D, Zhu Y, Walsh T Xie D, Yuan H, Sirmaci A, Fujikea T, Wong AC, Loh TL, Du L, Grati M, Vlajlovic
SM, Blanton S, Ryan ARChen ZY, Thorne PR, Kachar B, Tekin M, Zhao HB, Hoys{@D, King MC,
Liu XZ. (2013)Proc Natl Acad Sci USA 110(6)2228-2233.
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Concatenated GABA , receptorsreveal diverse molecular phenotype of epilepsy-causing
mutations

N.L. Absalom,%? V. Liao,*? PK. Ahring,%? D.C. Indurthi,%? M.T. Bowen,>3° J.C. Arnold,%34% |.S McGregor?3°
and M. Chebib,? 1Sydney School of Pharmacy, Faculty of Medicine and Health, University of Sydney, NSW
2006, Australia, 2Brain and Mind Institute, 94 Mallett &, Camperdown, NSW 2050, Australia, 3School of
Psychology, University of Sydney, Faculty of Medicine and Health, University of Sydney, NSW 2006, Auuatralia,
“4Discipline of Pharmacology, School of Medical Sciences, Faculty of Medicine and Health, University of
Sydney, NSW 2006, Australia and ®Lambert Initiative for Cannabinoid Therapeutics, 94 Mallett &,
Camperdown, NSW 2050, Australia.

Recent advances in whole genome sequence émabled the identification of de v mutations that
cause a range of childhood epilepsies. Multiple mutatione een disceered in genes that encode for
sulunits of they-aminolutyric acid receptor type A (GA®,), specifically GABRA1, GABRB3 and GABRG2
that encode thal, 33 and y2 subunits respectiely. These mutations are dominant and will express both wild-
type and mutant subunits, resulting in a mixture of receptors being expressed at the cell surface.

To determine the consequences on receptor function, we created a concaifidted -33-al receptor
and expressed it in Xenopus oocytes. The receptor responded tA &Adsimilar concentration range to
receptors created from free smiits and was posiely modulated by the benzodiazepine clobazare. thén
introduced the2(R323Q),3(E77K), B3(D120N),B3(T157M), 3(S254F) an@83(Y302C) mutations in either
heterozygous or homozygous configurationse \Weasured the change in function by constructing
concentration-response curves to G¥Bnd estimating the maximum open probability (Est Po) by applying
GABA, etomidate and diazepam.

The poteng of GABA at the y2(R323Q) mutation was decreased while the maximum Est &0 w
unchanged. Similarlywhen the33(D120N) andB3(T157M) mutations were introduced at either location the
GABA poteny was decreased, Wwaver when the mutations were introduced at both locations thestati by
GABA was completely abolished. TH8(Y302C) mutation at either location decreased the maximum Est Po
and reduced the potgnof GABA, while mutations at both locations shifted the concentration-responsetoury
the right and further reduced the maximum Est Po.

The B3(E77K) andB3(S254F) receptors displayed a very different phenotype. IntroducirgB(B&7K)
mutation to either location increased the poyeot GABA and was defined as a gain-of-function mutation.
Introducing the33(S254F) at dferent locations either reduced or increased the &pBteny depending on
the location of the mutation.

In most cases, introducing the epilepsy-causing mutations impaired\ @Aigtion, and the introduction
of a mutation at one location caused an intermediate phenotype compared to the introducoamutbtions.
However, there were exceptions to this, where the mutation altered the function of the recdptenttyf
depending on the location, or shifted the concentration-responsetoune left.
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Cannabinoids increase synaptic vesicle filling at the neuromuscular junction

M. Morsch,2 D.A. Protti,? D. Cheng,® F. Braet,3* R.S. Chung,! SW. Reddel® and W.D. Phillips ,2 !Department
of Biomedical Sciences, Macquarie University, NSW 2109, Australia, ?Discipline of Physiology & Bosch
Institute, The University of Sydney, NSW 2006, Australia, *Discipline of Anatomy and Histology, School of
Medical Sciences, The University of Sydney, NSW 2006, Australia, “Australian Centre for Microscopy &
Microanalysis (ACMM), The University of Sydney, NSW 2006, Australia and *Departments of Molecular
Medicine & Neurology, Concord Clinical School, The University of Sydney, NSW 2006, Australia.

In the brain endocannabinoids mediatgaige feedback rgulation of quantal transmitter release when
postsynaptic neurons become depolarized.Hlvebegun to irvestigate the effects of the cannabinoid receptor
agonist WIN 55,212 upon quantal synaptic transmission at the mouse neuromuscular junction €Veirsch
2018).Ex vivo phrenic nere-hemidiaphragm preparations from adult C57BL6J mice were impaled close to the
neuromuscular junction with a sharp capillary microelectrode filled with 3M KCI. Endplate potentials, corrected
for non-linear summation were recorded in the presengecohotoxin to block action potentials. Addition of
10uM WIN 55,212 to the bathing solution caused an acute 1.4 fold increase in the mean EPP amplitude, which
could be fully &plained by a parallel increase in the spontaneous miniature EPP amplitude. Similar increases in
mEPP amplitude were produced by the endocannabinoid anandamide and by a specific inhditieaatf
amide hydrolase, URB597, which blocks degradation of endogenous anandamiddedtseo€WIN 55,212
were occluded by irerse agonists of the CB1 recept&M251, and the CB2 receptohAM630, to the bath
solution. Theincrease in quantal amplitude could beplained by a WIN 55,212-induced increase in synaptic
vesicle diameter/capacityrhese results suggest that cannabinoids may act presynaptically to increase synaptic
vesicle filling. We propose that endocannabinoids might help regulate synaptic potentials to maintain control of
the muscle during sustained muscle use, when quantal number becomes limiting.

Morsch M, Protti DA, Cheng D, Braet Ehung RS, Reddel SWphillips WD. (2018). Cannabinoid-induced

increase of quantal size and enhanced neuromuscular transmissiorRep 8, 4685. doi:
10.1038/s41598-018-22888-4
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Theneuromuscular junction - the hidden player in MND: studies from MND model mice and
MND patients

P.G. Noakes,! ST. Ngo,>*%6 K.M. Lee,! K. Chand,®> N.A. Lavidis,* K. Kesavan,' J. Kumar,! E. Wimberger,? T.
Tracey,»? A. Russell,3 E. Wblvetang,? P. McCombe,*® R. Henderson® and L. Jeffree,* 1School of Biomedical
Sciences, The University of Queensland, &t Lucia, QLD 4072, Australia., 2Australian Institute for
Bioengineering and Nanotechnology, The University of Queensland, S Lucia, QLD 4072, Australia. , *School of
Exercise and Nutrition Sciences, Institute for Physical Activity and Nutrition (I-PAN), Deakin University,
Geelong, VIC 3220, Australia., “Royal Brisbane & Women's Hospital, Herston, QLD 4029, Australia., °Centre
for Clinical Research, The University of Queensland, Herston, QLD 4029, Australia. and ® Queensland Brain
Institute, The University of Queensland, & Lucia, QLD 4072, Australia .

Background: Motor neuron disease is a neurgdeeratre dsease characterized by the death of upper
and lower motor neurons. Individuals affected by MND experiengeresemuscle weakness and atrgph
ultimately resulting in muscle paralysis and death. A centalteén all cases of MND is the withdsal of the
motor nere terminal from its target muscle cells (Malgnde Winter & Verhaagenet, 2014). This decline in the
integrity of neuromuscular connections leads to progressiuscle paralysis and death. Our goal is to
understand the molecular and cellular mechanisms that contribute to the loss of neuromuscular connections ir
MND.

Methods. Muscles from MND model mice (SOD1G93A and TDP43Q331K) and their regpegtd
matched controls were obtained from euthanised mice. These muscles were collected at pre-symptomatic an
disease onset stagese\8so collected human muscle biopsies from early diagnosed MND patients and Non-
MND donors. Both mouse and human muscles were immuno-stained for neuromuscular connections, synaptic
laminins and muscle specific tyrosine kinase (MuSK) (Eeal., 2017). We dso processed human muscle
samples for electron microsgopo examine the ultrastructure of their neuromuscular connections. Human
muscle biopsies were also used to isolate muscle stem cells. Muscle stem cells feestidied into
multinucleated muscle cells. These muscle cells were then assessed for their ability to cluster post-synaptic
acetylcholine receptors (AChRS) in response to recombinant agrin treatmerat @lg8012). Agrin is a motor
neuron secreted molecule that binds to its receptor Muscle specific kinase (MuSK) to induce the formation of
post-synaptic AChRs in muscle (Ghazanéal., 2014).

Results: In MND model mice, we hae dosened declines in synaptic lamining4, -05 and {32, which
are adhesion molecules located between motor neurons and muscét §L.e2017). We havealso obsered
reduced expression in MuSK, which is needed to stabilize postsynaptic specialisations at NMJs, in response tc
the motor neuron factor agrin (Ghazamfet al., 2014). Importantly these changes coincide with altered
synaptic transmission and disassembly of the neuromuscular junction (NMJ), which we and otbers ha
reported to all occur before the loss of upper and lower motor neurons (€len@018). Ourhuman studies
have dso revealed a similar loss of synaptic laminins and MuSK from NMJs of muscles from early-diagnosed
MND patients. The down regulation of synaptic laminins coxfalan the changes at MND-NMJs that werda
obsered including: misalignment of aeé 2nes, encroachment of Schwann cells into the synaptic cleft, and
motor terminal withdraa from muscle. The down gelation of MuSK expression could contribute to the
dispersal of postsynaptic acetylcholine receptor clusters (AChRs) from NMJs in the muscle of MND patients.
This down regulation of MuSK at the NMJs from MND patients also supporis eitro findings, which shw
that muscle from MND patients appear not to respond to agrin, suggesting a fault in the agrin-MuSK signalling
pathway.

Conclusion: Collectively, these data add support the idea that alterations of NMJ adhesion and NMJ-
muscle signalling are early peripheral contributions to MND.

Chand KK, Lee KM, Lee JD, Qiu H, Ws EF, Lavidis NA, Hilliard MA, Noakes PG. (2018)FASEB J. 32(5):
2676-2689.

Ghazanfari N, Morsch M, Reddel SWang SX, Phillips WD. (2014)J Physiol. 592, 2881-2897

Lee KM, Chand KK, Hammond LA, Lavidis NA, Noakes PG. (201&gding (Albany NY) 9, 880-899.

Moloney EB, de Winter FVerhaagen J. (2014Front Neurosci. 8, 252. doi: 10.3389/fnins.2014.00252

Ngo ST Cole RN, Sunn N, Phillips WD, Noakes PG. (2012Cell Sci 095109. do0i10.1242/jcs.095109
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Theroleof the Alzheimer’s disease protein amyloid beta 42 in heart disease
L.G. Hall, J.K. Czeczor, T. Connor and SL. McGee, Metabolic Research Unit, Deakin University, Waurn Ponds,
VIC 3218, Australia.

Background: Heartdilure is a major cause of mortality in obesity and can occur in the absence of other
established risk factors such agpértension. This is known as obese cardiomygpatid an alteration in
cardiac metabolism is thought to be one of thg Eivers of the disease taver, little is known on these
contrituting factors. Serum\els of the Alzheimes dsease protein amyloid beta 42(#2) increase in obesity
and our research group has recently found that mice administ@42l £ increase lels to those seen in
obesity devdop cardiac dysfunction. The aim of our research is to determine the mechanisms of acfidé of A
on cardiomyogtes in order to better understand the pathogenesis of the disease and potentialy unco
therapeutical targets to pemnt and treat it.

Methods: C57BL6 mice were administered 1 mg/kg of eith@42Aor scrambled B42 (ScrA342) via
daily I.P injection for 4 weeks. Echocardiogrgplias performed pre and post administration under isoflurane
anaesthesia. Hearts from these mice were analysed usiAgs&jiencing, western blotting and gPCR. All
animal procedures were apped via the Deakin Animal Ethics Committee. H9C2 cells were cultimedtro
and treated with 125 to 500 nM of3A2 for 48 hours.

Results and Conclusion: Analysis of RNequencing data vealed a number of signalling pathways that
may be important in B42 mediated changes including the megrowth factor and fibroblast growttadtor
signalling pathways. Furthermore, mice administer@d22and 4342 treated cardiomyocytes showaddence
of inflammatory and ER stress responses. Inhibition of protein kinase D (PK[BjRtleated cardiomygtes
impaired these responses, suggesting it may be an important signalling molecule. Future reseavolvevill in
investigating the potential signalling patlays unceered by this research to further assess the rolefdAn
heart disease.
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Structural basis of function and regulation of endolysosomal TRPML channels

M. Li,! X. Zhou,? K.W. Zhang,*® D. Su,® N.M. Benvin,! H. Li,® S Wang,® |.E. Michailidis,* X. Li% and J. Yang ,*3
1Department of Biological Sciences, Columbia University, New York, NY 10027, USA, ?School of Life Sciences,
Tsinghua University, Beijing, China and 3lon Channel Research and Drug Development Center, Kunming
Institute of Zoology, Kunming, China.

The mucolipin transient receptor potential (TRP) channels (TRPML1-3) localize primarily in endosomes
and lysosomes. Tlreconduct C&* and N4 currents from the lumen to the cytoplasm and play important roles
in the endocytic pathay. Mutations of TRPML1 cause mucolipidosis type IV (ML4), a rare butree
lysosomal storage disorder with cogwdtilinguistic, visual and motor deficits. Dysfunction of TRPML3 causes
deafness and pigmentation defects in mice. The activities of TRPML channels are regulated by endolysosoma
Na", Ca?*, pH and PIB. TRPML subunits hee a wique linker, the I-II linker, between the first tav
transmembrane segments. This linker accounts for more than one-third ofuhesslgngth and harbors three
ML4-causing single amino acid missense mutations, suggesti its functional importance. or better
understand the molecular mechanisms of TRPML channgbtiati, permeation and regulation, we determined
high-resolution structures of an isolated I-1l linker and a full-length TRPML channel and carried out structure-
guided functional studies. &\tbtained crystal structures of the TRPML1 I-1I linker at different pH values (4.5,
6.0 and 7.5) that correspond to the pH in lysosomes, endosomes and the extracellular milieu, with resolutions of
2.3 or 2.4 A. The structures at different pH conditions are virtually identical. The linker adoptssiauctural
fold and forms a tetramer with a highly electrgaeve central pore lined by a wel luminal pore-loop.
Mutagenesis studies shiothat C&* and H interact with the luminal pore-loop toxet physiologically
important regulation. The MLIV-causing mutations disrupt the luminal domain structure and cause TRPML1
mislocalization. V& dso solhed cryo-EM structures of full length human TRPML3 in the apo, agonist-bound,
and low-pH-inhibited states, with resolutions of 4.06, 3.62 and 4.65 A, reshecthe agonist ML-SA1 binds
between S5 and S6 and opens an S6 gate. The selectivity filter is lined by a combination of carboxylate side-
chains and backbone carlyts) explaining nonseleet nonovalent cation and Ca permeability The |-l
linker has a structure highly similar to that of the TRPML1 I-1l linker and constitutes aygtitymucolipin
domain (PMD) on the luminal side of the channel. The PMD forms a luminal cap atop the transmembrane
domain. S1 &ends into PMD and forms a 'gating rod’ that connects directly to the luminal pore-loop, which
differs structurally from the luminal pore-loop of TRPML1 and ugdes dramatic conformational changes in
response to e luminal pH. S2 extends intracellularly and interacts witlersg intracellular regions to form a
'gating knob’. These unique structural features, combined with electrophysiological studés,arenev
allosteric mechanism whereby luminal NepH and PIR, regulate TRPML3 by changing S1 and S2
conformations. Our studies veml unique and interesting structural designs and provide blueprints for
understanding and exploring TRPML channel function, regulation, pathogenesis and therapeutic strategies.
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Cryo-EM structur e of a gating modifier—sodium channel complex eveals the complex molecular
basis of allosteric modulation of channel gating
G.F. King, Institute for Molecular Bioscience, The University of Queensland, S Lucia, QLD 4072, Australia.

Over a period of more than 300 million years, spidedved pharmacologically complevenoms that
are dominated by disulfide-rich insecticidal toxins. Insettage-gited sodium channels are one of the primary
targets of these spider toxins. In contrast with chemical insecticides such as DDT and pyrethroids, these toxins
do not taget the pore of the channel but rather allosterically modulate channel gating by interfering with
movement of the channal’ wltage sensor domains. There has been much speculation, based on indirect
experimental evidence, about the molecular mechanism of gating modifier taxim®, &tructural data has been
available. In collaboration with Niengan’s lab at Princeton, we recently setl/the first eer structure of a
gaing modifier toxin compbeed with a \oltage-gited sodium channel. The 2.8 A resolution cryo-EM structure
reveals that the toxin-channel interaction is much more coxmbian envisaged by grprevious model of the
interaction, with the peptide toxin (Dcla) makingykontacts with both the voltage sensor and pore domains.
This structure prnades a template for rational engineering of therapeutics and insecticides that déteagg-v
gaed sodium channels with enhanced pogeand selectrity. In addition, we took advantage of the Dcla-
stabilised channel to savthe structure of the channel comymé with tetrodotoxin (TTX), the lethal pore
blocking toxin found in Japanese farfish and the deadly blue-ringed octopus. The 2.6 A resolution cryo-EM
structure of the TTX-channel comglerovides intimate details of lothis small 300-Da toxin pvents access
of sodium ions to the channel pore, and it demonstrates that cryo-EM igppooaching resolutions suitable
for structure-aided delopment of ion channel drugs.
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Under standing the mechanisms of hERG channel gating and drug inhibition using cryo-EM

C. Lau,%? M. Hunter,22 A.G. Sewart,>2 M. Clarke, E. Perozo® and J.I. Vandenberg,? Victor Chang Cardiac
Research Institute, Darlinghurst, NSW 2010, Australia, 23 Vincent’s Clinical School, University of NSW, NSW
2052, Australia and 3Biophysical Sciences, The University of Chicago, Chicago, IL 60637, USA.

The human ether-a-g-o-go related gene (hERG) potassium ion channel carries the major repolarizing
current in the cardiac action potential. Loss-of-function mutations in the hERGhKnnel result in
prolongation of the cardiac QT inteay and increase the risk of life threatening cardiac arrhythmias such as
torsade de pointes. In addition, thesewfrmias can be caused by drug blockade of the ion conductiongyathw
which reduces the repolarizing current. The first cryo-EM structure of the hERBaknel was published in
2017 (Wang & MacKinnon, 2017). Mever, much of the molecular details of gating and drug binding remain
unknavn. To further elucidate the mechanism of channel gating and drug inhibition of the hERG potassium ion
channel we hae purified hERG protein constructs that contain point mutations to stabilitredif major
gaing states of the channel. Preliminary cryo-EM map (typical micrograph and 2D weesges shown in the
Figure) shws major domains are present and consistent with the published struceueee WAso currently
investigating the use of nanodiscs to further stabilise the channel teabhbiter resolution.

Wang W, MacKinnon R. (2017). Cryo-EM structure of the open human -@iysr-go-related Kchannel hERG.
Cell 169: 422-43.

C. Lau and M. Hunter contributed equally to this work.
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I nvestigating the role of conformational change of the porein Kir channel gating

J.M. Gulbis,}? K.A. Black,? D.M. Miller,%2 O.B. Clarke3 A.P. Hill,* J.R. Bolla,® C.V. Robinson,® B.J. Smith,% D.
Laver,” R. Jin® and S He,® 'Structural Biology Division, The Walter and Eliza Hall Institute of Medical
Research, Parkville, VIC 3052, Australia, 2Department of Medical Biology, The University of Melbourne,
Parkville, VIC 3052, Australia, 3Physi ology and Cellular Biophysics, Columbia University, New York, NY,
10032, USA, “Computational Cardiology Laboratory, Victor Chang Cardiac Research Institute, Darlinghurst,
NSW 2010, Australia, °Physical and Theoretical Chemistry Laboratory, University of Oxford, Oxford, OX1 3QZ,
UK, 8Department of Chemistry and Physics, School of Molecular Sciences, La Trobe University, Melbourne,
VIC 3086, Australia and “School of Biomedical Sciences and Pharmacy, The University of Newcastle,
Newcastle, NSW 2300, Australia.

Potassium channels act astep to pasee K* diffusion across cell membranes, regulating conduction in
response to cellular signals. Their exquisite selectivity foover other cations is achied by drect interaction
between K and the ion selectivity filtewherein each Kis coordinated by eight peptide backbone caylson
and, at the innermost of the four binding sites, threoniyaroxyls. These amino-acid-based ligands are
exchanged for water molecules at eithacd of the selectivity filter and it is thought thdtikins diffuse fully
hydrated between selectivity filter and cytosol, requiring that the pore expandsdrieladsting channels) to
accommodate hydrated*Kons during actiation and conduction.While the cowmentional model of gting
rationalises this by wersible steric occlusion of the ion conduction padiwwith the pore alternating between
wide ‘open’ and narmw ‘closed’ conformations at the inner heliyriglle crossing, this model does not fit all
awailable evidence. @ understand channel function better we decided to test the gating model directly
embarking upon a coordinated structure-function approach utilising andmectifier KirBac3.1 as the subject
of the study Purified recombinant KirBacysteine-pair mutants were crosslinked at specific sites in order to
restrict the width of the pore at the helix bundle constrictigm-{B2) in the conduction patlay Crosslink
formation between inner helices of adjacentusits was verified by polyacrylamide gel electrophoresis,
crystallographic structure analysis and vatimass spectrometnActivity of reconstituted K channels s
analysed by fluorimetric liposomal assays (a population method) and elgsiodpgical single channel
analyses. The data indicate that crosslinked ‘closed’ mutants are able to conducgiostantiate our findings
in silico, the potential of mean force as a one-dimensional function along the conduction pathwayeof nati
KirBac3.1 was calculated. The resultant energetic profiles indicate a wefyel® enegy barrier to conduction
through the narm constriction located at the tyrosine collsupporting the experimental results.
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The split personality of glutamate transporters: a chloride channel and a transporter

. Chen,! Q. Wu,! RJ. Cater,? R.J. Vandenberg,! J. Font! and RM. Ryan ,* 1 Transporter Biology Group, School
of Medical Sciences, University of Sydney, NSW 2006, Australia and Columbia University Medical Center,
Columbia University, New York, NY 10032, USA.

Glutamate is the predominantogtatory neurotransmitter in the mammalian central nervous system and
activates a wide range of receptors to mediate a comglay of functions. To maintain efficient synaptic
signaling and woid neurotoxicity extracellular glutamate concentrations are tightly regulated by a family of
glutamate transporters termed Excitatory Amino Acid Transporter TEAAAltered glutamate transmission,
and specifically disrupted EAAfunction, has been implicated in a range of disease states including;
Alzheimers dsease, episodic ataxia, epilepsy and strokn addition to clearing glutamate from the
extracellular space, EAATs can also function as chloridé) @lannels, which contributes to ionic/osmotic
balance and can affect celkaitability. The dual transporter/channel functions are mediated by distinct
conformational states of the transporter and we mapped the Clpermeation pathway to the interface of the
transport and sclld domain of the glutamate transporters. The EAATs use a unique mode of transport termed
the ‘twisting el@ator’ mechanism and we hypothesize that the dblannel is actieted during the eletor
movement. Our aim is to delop a model for the dual functions of the glutamate transporters through structural
and functional analysis of human (EAAT1) and prokaryotic {(liransporters. & have created a range of
double cysteine mutants in cysteine-less EAAT1 ang, &t explore the meement of the transport domain
during substrate translocation and to elucidate the conformational state/s that support anabemét!
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Maternal microbial and metabolic influences on programming reproductve and metabolic
outcomes

D.M. Soboda, Department of Biochemistry and Biomedical Sciences, McMaster University, Hamilton, ON L8S
41 .8, Canada.

In recent decades, epidemiwdks of chronic disease states including obesibetes, and cardiascular
diseases, whose social and economic impacts frampted a global irestigation into their causes as well as
their consequences. Though initially considered to be determirgyidry genetic and lifestyle factors, this
paradigm would ultimately be insufficient to explain the continued padjmagof non-communicable diseases.
It is now established that perturbations during criticaldepmental windows result in (mal)adaptations that
confer long-term disease risk, rather than health. By extension, alterations in maternal physiology are implicated
by this discwery, as it is he primary determinant of the fetal environment during vulnerable critical windows. In
our work, we heae investigated hav adversity early in life impacts on reproduatiand metabolic outcomes. &V
shaw that both insufficient caloric intekas vell as nutrient excess impairgapan growth and deslopment and
results in premature varian aging through pathays that are defined very early in the neonatalryo
Furthermore, experimental and clinical studiegsehbeen essential to defining the nature and extent of the
influence that the mother'ovn metabolic status has on theveeping fetus. An altered substrate and
inflammatory profile is said to program thefspiing, resulting in a maladapted physiology and increased
disease risk. In this gard, we shw that diet-induced obesity modifies maternal gut microbial communities,
characterized by increasedvéls of the genera Bifidobacterium and Akkiansia. These shifts in gut
community composition may be impacting maternal metabolism through altered production of bacterial
metabolites, including short-chain fatty acids (8€Fimpacting intestinal permeability and immune function.
Maternal metabolic compromise in turn results in an adverse fetal environment that impacts on placental
function and ultimately will lead to (mal) adaptations in the fetus and postnatal offspring.
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Maternal effects on offspring metabolism and behaviour — impact of diet and stress
Margaret J. Morris, Pharmacology, Medical Sciences, UNSW Sydney, NSW 2052, Australia.

Maternal obesity during pgeany is directly associated with fetal growth and confers increased risk of
obesity in adulthood. After demonstrating beneficial effects xafcese after weaning in fspring, we
investigated whether maternateecise prior to and during pregnanitas positve dfects on offspring.

Female Sprague Ddey rats were fed standard choor high fat diet (HFD), yielding lean and obese
dams. After 6 weeks of diet, half weneeecised (running wheels) while half remained sedentary until the end of
pregnang. Mating bgan ater 10 days of xercise and pre-pgnany diet was maintained. Blood, feces and
tissues were collected from bothkeg at pstnatal day (PND) 19ln lean dams, maternakercise significantly
reduced pup birth weighP€0.05). At PND19, body weights were significantly higher in pups from obese dams
(P<0.01) r@adless of pup seand maternal actity. Significant decreases in gut bacterialedsity were
obsered in obeseversus lean dams, with little impact of maternatescise. Maternal obesity significantly
impacted offspring microbiome composition. Maternedreise altered the aimdance of 88 microbial taxa in
offspring of lean dams, with modesffagfts in offspring of obese dams. Behaviour was tested in brothers of
these rats at 6 weeks of age, and increased anxietdieviour was observed in offspring of lean dams who
exacised. Interestingly maternal obesity appeared to attenuate the anxeetgHiiour induced by maternal
exacise.

Thus changes in the maternal gut microbiota induced by HFD were transferred to their offspring and
maternal gercise during prgnang resulted in gut microbiota dysbiosis infsgting of lean damsQOverall
modest lgels of maternal xercise during prgnang decreased metabolic risk conferred by maternal obesity
The impact of gercise during prgnany on the gut microbiome and behaviour warrants furtheestigation.
Current work is examining the association between the gut microbiome and changes in inflammatory and
neurogenic mediators in the brain.
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Impact of maternal cigarette smoke exposure on brain health, lessons learned from a mouse
model

H. Chen,! Y.L. Chan,? N.M. Jones,® S. Saad* and B.G. Oliver,%? 1School of Life Sciences, Faculty of Science,
University of Technology Sydney, NSW 2007, Australia, 2Respiratory Cellular and Molecular Biology, ool cock
Ingtitute of Medical Research, NSW 2037, Australia, 3Kolling Institute of Medical Research, Royal North Shore
Hospital, NSW 2065, Australia and “Department of Pharmacol ogy, School of Medical Sciences, University of
New South Wales, NSW 2051, Australia.

Smoking tobacco cigarettes is the primaryvpnéable cause of morbidity and mortality in humans,
resulting in the premature death ofep 7 million people annuallyThe components of cigarette sneoke
absorbed through the lungs into the bloodstream to cause potential diseases in almost allganrsgstems,
and importantlyin utero effects on foetuses, potentially interruptingar devdopment.

Over the years, my group has used mouse modelséstigate the impact of maternal eigette smo&
exposure on various disorders in thefspfing, including brain and respiratory inflammation, metabolic
disorders, and kidiyedisease. Here, the research on brain health is presented. Epidemiological stuelies ha
shavn that maternal smoking causes long-lasting advefeetgfon the structural or functionamvdpment of
the foetal brain, leading to cognii dsorders, such as memory change and depression. Smoking during
pregnang increases inflammation and oxidatigress in cord blood, both of which are lgtkto neurological
disorders. Therefore, we hypothesized that similar changes may happen to the newborn brain.

Maternal smoking was modelled in Balb/c mice exposed to cigaretteeq@dagarettes twice daily) for 6
weeks prior to mating, during gestation and lactation. Brain inflammatoryersaglg. IL-6 and TLR4) were
increased in male offspring from those dams at adulthood. Endogenous antioxadargdwced with higher
nitrotyrosine lgel and altered mitophagy markers suggesting oxigattress. This was accompanied by
increased apoptotic markers in the brain, associated with reduced grip strength and coordination, as well a
increased anxietyn addition, HIF-1o was dso increased suggesting hypoxia. Nicotine may plagyade, by
reducing placental blood fleading to kipoxia. Indeed, maternal smoking is one of the prominent aistiorfs
contrituting to brain lpoxic-ischemic (HI) injury Mitochondria are very sensii © oxidative dress, and
mitochondrial integrity plays a critical role in neural injury and repair during HI injiMeyfurther modelled Hl
injury in offspring at postnatal day 10 using left carotid artery occlusionwietldoy exposure to 8% oxygen.

By postnatal day 45, HI injury reduced short-term memory and limb coordination, and more tEprimgf

from the dams exposed to cigarette smoke. HI induced more apoptotic changes in brain regions of offspring due
to maternal smoking, and this may be linked to impaired mitophethough smoking cessation is desired to
optimize the foetal outcome, weueadso shown certain antioxidant supplementation duringmaey could
ameliorate some of the aldanges, which may lead to translational applications.
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Elevated maternal linoleic acid reduces male fetal survival

N. Shrestha,J.S.M. Cuffeé, 0.J Holland! A. Cox! A. Bulmer- A.\. Perkins! A.J. McAincH*and D.H. Hryciw
23 15chool of Medical Sciencériffith University Southport, QLD 4215, Australig]nstitute for Health and
Sport, Victoria UniversityMelbourne VIC 8001, Australia®School of Environment and ScienGiffith
University Nathan, QLD 4111, Australia arfhustralian Institute for Musculoskeletal Science (AIMSS),
Victoria University Melbourne VIC 8001, Australia.

Linoleic acid (LA) is an omga 6 ftty acid that is increasing in consumption, withvaied consumption
in women including those of childbearing age. Across species, the consumptiorvabéceleA has been
demonstrated to increase inflammation, and igmaag, dter the s& ratio of ofspring. This study aimed to
investigate whether a maternal diet with\eed LA altered maternal or fetal growth, maternal inflammation,
maternal metabolic indicators, or fetakgatio. Femalé@Vistar Kyoto rats consumed a high LA diet (6.21%) or
control LA diet (1.44%) with matched o 3 ©ncentrations (0.3%), for 10 weeks prior to mating. Animals
were sacrificed at E20, and maternal body ag@noweights, fetal body and gan weights, placental weight,
maternal blood and sex-ratio determined.

Compared with maternal rats consuming a control LA diet, a high LA diet hadlest @fi maternal body
weight and agen weight, water and food consumption, impedance, circulating maternal inflammatory
mediators, fetal body weight andgen weight, placental weight, or maternal and fetal blood glucose. In litters
from mothers consuming a high LA diet, there was a decrease in the number of male offspring.

The se-ratio change is similar to studies in mice and sheep. This study indicates that the consumption of
a maternal diet high in LA may reduce the sualility of male fetuses.Further the mechanism for this is
unknown, but it is not due to an increase circulating maternal inflammatory mediators.
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Reproducibility: why you should beworried?
S.C. Gandevia, Neuroscience Research Australia, Randwick, NSW 2031, Australia.

Because, on simple statistical grounds, the majority of published research findingsharo lbe alse
(loannidis, 2005), it is hardly surprising that the snastudies cannot be replicated. Poor replication is
problematic in biomedical science which commonly hasdmtistical power € g. Dumas-Malletet al., 2016).

We have examples from fields ranging from psychology to genetiége have recently documented poor
replicability for transcranial magnetic stimulation (TMS) and reproduced the finding for transcranial electrical
stimulation (tDCS) €.g. Hérouxet al., 2017).

It is additionally vorrying that researchers seged volunteered that others in the field used sponk
research practices (such as failing tovsltata from all experimental conditions; selecting ‘responders’ to a
protocol, and selecting statistics to optimise resulf$ley even admitted to these practices themselves, but at a
lower rate than their pereed prevalence for others.At the same time the researchers said such practices
should be reported in publications! Our auditvebdheg were not. Apart from exposing a personal ethical
conundrum, the practices push up the number of papers with false findings.

In an attempt to impre dandards, in 2011 the Journal of yBlwlogy and British Journal of
Pharmacology both published editorial advice and 5 guidelines on standards for statistics and research
presentation. Ouprecision audit of 200 randomly selected papers from the 4 years before and after 2011
shaved that editorial adviceafled to change practice:vioquality statistical reporting and data presentation
remained (Diongt al., 2018). Clearly guidelines alone are not enough to ingdandards.

Diong J, Butler AA, Gandevia SC, Héroux ME. (20P80S One 13, 8. doi: 10.1371/journal.pone.0202121

Dumas-Mallet E, Button KS, Boraud, Gonon E Munafd MR. (2016)R Soc Open Sci 4: 160254. doi:
10.1098/rs0s.160254

Héroux ME, Loo CK, Taylor JL, Gandevia SC. (20PL)pS One 12, 4. coi: 10.1371/journal.pone.0175635

loannidis JP(2005)PLoS Med 2, e124. doi:10.1371/journal.pmed.0020124
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Building rigour in exploratory rodent studies of neuromuscular disease
M.D. Grounds, School of Human Sciences, The University of Western Australia, Nedlands, WA 6009, Australia.

Creative eloratory rodent studies of neuromuscular diseases caviderdahe basis for ultimate
translation to human clinical trials. Kever, the final pre-clinical data need to be very strong and reproducible
to justify an e@pensve dinical trial. Unfortunatelytoo mary clinical trials have failed recentlydue in large part
to inadequate pre-clinical data. This is unacceptable and an increasing concern with pressure to conduct clinica
trials from commercial companies, patient eclty groups and also theubiness model that demands
‘outcomes’ from biomedical researcho &dress this problem, standard operating procedures for pre-clinical
research ha been deeloped wer the last 20 years for mardiseases, to increase rigour and enable easy
critical comparison of global rodent data: importantlge of these recommended procedures 18 being
enforced by more journals and funding agencies (Grouwhdd. 2008; Wlimann et al., 2018). These
international deelopments aim to greatly impve te quality and reproducibility of pre-clinical data,
especially for potential clinical translation.

Grounds MD, RadleHG, Lynch GS, Nagaraju K, De Luca A. (2008)wWads deeloping standard operating
procedures for pre-clinical research using the mdx mouse model of Duchenne Muscular Rystroph
Neurobiology of Disease 31: 1-19.

Willmann R, Buccella fDe Luca A, Grounds MD, 227th ENMC workshop study group. (2018Y'ENMC
international workshop: Finalizing a plan to guarantee quality in translational research for neuromuscular
diseasedNeuromuscular Disorders 28: 185-192.
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Revolutionizing first year: an innovative block model to improve sudent engagement and success
K. Tangalakisand ST. Howe, First Year College, Victoria University, P.O. Box 14428, Melbourne, VIC 8001,
Australia.

In 2018 Victoria Unversity is implementing an innvative university-wide approach to all first year units
with the primary aims of enhancing student engagement, success and #tlestudent experience. This model
has been adopted and adapted from Higher Education institutions in the U.S. and Canada, who are consistentl
rated in the top 5% for eagement and retention. Rather than juggling multiple units with competing demands
and deadlines, students undeetake unit at a time, with a dedicated educateer a four week block. Units
have been unpacked and redesigned by multi-disciplinary teams into the block format. Studagesierggall
group actre, immersve, enquiry-based learning in workshops and labsyiding them with deeper learning
experiences and stronger social connections. This model also provides academics with the freedom to teact
students in a creat and pragmatic way.

The results hae keen very gerwhelmingly positve with 88% of first year students poséiout their
learning experience and a 5.7% increase in student retention compared with 2017. The pasgerdses ha
improved dgnificantly across most subjects. In traditionally difficult Human Physiology units in whiclaithe f
rate has been consistently high for maears, the block model has resulted in a 10-33% iwgpnent in pass
rates depending on the cohort.

In Human Physiology taught to 6 different cohorts, the fail rate was 47.7% in 2017 (n = 398 students) and
has been reduced to 14% using the block model (n = 397 students). HigHlegréeles hee remained
consistent, with a similar percentage of high distinctiomarded between ‘traditional model’ and block model
for the same unit (2016 to 2018 all between 3.3 - 7.2%).

In an Anatomy and Bfsiology unit taught to between 500-600 Nursing students, the fail rate dropped
form 40% in 2017 to 17% in 2018 with more studentvinm up a grade. In both years the assessmasat w
identical with the only difference being the block mode ofvegfi
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Activating the classroom to enhance student engagement and learning

S Flecknoe,! C. Filby,! A. Davies,! R. Cooper,? K. Schliephake® and K. Carroll,* 'Biomedical Discovery
Institute, 22 Rainforest Walk, Monash University, Clayton, VIC 3800, Australia, 2Faculty of Education, 19
Ancora Imparo Way, Monash University, Clayton, VIC 3800, Australia and *Faculty of Medicine, Monash
University, Clayton, VIC 3800, Australia.

Strong evidence supports the use ofvackarning in the classroom (Freensiral., 2014). Havever, in
tertiary education, where we are faced with large enrolments, limited class-time and considerable content to
cover, active learning can be ditult to achige. In 2016, we set out to agtite the human bioscience learning
of 270 first year students enrolled in a Bachelor of Health Science (including specialismsanmedics,
Radiation Science, Public Health and Human Services). Using Flipped Pedagogylivered all content
online via a series of video vignettes, cegrsational text and format quizzes. Completiof pre-work vas
compulsory for entry into workshops, which focussed on a hands-on, collaboegtiloration of the learned
content. Contenwas further contgtualised during tutorial classes which were case-based, encouraging
students to apply and consolidate their learniie wsed sureys, focus groups, written reflections, student
grades and learning analytics to gauge the success of this appfrbectindings from our research demonstrate
that actvating the classroom in this manner leads to decreased fail rates,-tigberthinking and impneed
student experience.

Freeman S, Eddy SL, McDonough M, Smith MK, ddéafor N, Jordt H, Wenderoth M2014). Active

learning increases student performance in science, engineering, and mathenoatiatl Acad Sci 111,
8410-8415.
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Engaging biomedical studentswith their coursevia in-curriculum professional development
J. Choate, M. Demaria, M. Etheve, S. Cran and D. Carroll, Monash University, Clayton, VIC 3800, Australia.

Undegraduate biomedical science degree-programs are considered to becatoral, with a dierse
range of career outcomes. Analysis of aimaus sureys found that biomedical students were anxious and
uncertain about their careers, with a pwesitorrelation between students’ self-ratedvltevds of careers
confidence and poor wellbeing (as assessethe Depression, Anxiety and Stress 8yrbASS). In response
to this careers anxietyn n-curriculum, course-wide and assessed professionaopenent program was
developed and deliered into the biomedical course by an integrated team of careers educators and biomedical
academics. Assessmentsgdlve mntributions to a transferable ePortfolio, allowing studentsuitulla record of
their employability-related experiences, skills andwdeolge. Completion of the program increased students’
self-ratings of their careers confidence, enhanced twaieaess of careers options and employability skills and
increased their engagement with theversity careers service, but did not impact on thveléeof Depression,
Anxiety and Stress within the cohort. This progranmvjates a practical and successful approach for students’ to
engage with their professional and careevdi@ment in large cohorts, but it would need to kpamded if it
was to sgnificantly enhance their wellbeing.
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Biomedical science students’ active engagement in study tool creation and use
K. Colthorpe, K.W. Lam and L. Ainscough, School of Biomedical Sciences, The University of Queensland, S
Lucia, QLD 4072, Australia.

One of the key self-regulatory processes that students undertake is the transformation of information into
different forms, referred to as ‘study tools. Creation of such study tools involves the overt or covert
rearrangement of learning materials, it is self-initiated by a student, with the intent to improve their learning
(Zimmerman, 2000). While students are free to choose how and when to create study tools, it appears that
students who actively engage in the creation of study tools are more cognitively engaged in the learning process,
which may be correlated to a higher academic success (Fredricks et al., 2004). The aim of this project was to
determine the extent to which students cognitively engaged with study tool creation and use. The participants
(n=167) were either Bachelor of Physiotherapy or Bachelor of Speech Pathology students studying a physiology
course. As part of the course, each student completed an assignment in which they submitted a study tool they
had created, described how and why they created that tool and what use they made of it. Their submissions were
evaluated to (i) determine the type of tools they created, (ii) the extent to which they actively engaged with
resources, both from the course and more broadly, to create their tools and (iii) the ways in which they used the
study tools. Different types of study tools were created by students, with variation in the depth and breadth of
material covered within them. The extent to which students engaged with different resources also varied.
Finally, students' used their tools to varying extents; for some the creation was the key outcome, whereas others
actively used the tools as aids for study.

Fredricks, JA., Blumenfeld, PC. & Paris, A.H. (2004). School engagement: Potential of the concept, state of the
evidence. Review of Educational Research 74, 59-109.

Zimmerman, B.J. (2000). Attaining self-regulation: A social cognitive perspective, Burlington, MA: Elsevier
Academic Press.
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Medical students engaging in physiology via a national quiz competition

A.J. Moorhouse,* M. Dunn,! H. Suh,! K. Parameshwaran,! S. Muralidaran,* M. Lim! and H.M. Cheng,? 1School
of Medical Sciences, UNSW Sydney, NSW 2052, Australia and ?Department of Physiology, University of
Malaya, Kuala Lumpur, 50603, Malaysia.

A challenge in undergraduate biomedical education isaging students in agg learning in the
disciplines, and a number of @ifent approaches beyond didactic lectures ctattefely address this. Use of
subject quizzes in Medicine wherefdient student teams can compete against each other can potentially tap
into the competitie rature of students and/or their desire to needéedback on their learning in relation to
other peers. The rapid growth of student participation in the Inter-Medical Schools Physiology Quiz (IMSPQ);
Cheng and Hoe, 2016), and the experiences dfsstdfstudents there, has shown that a competitiiz format
is a popular and fective gproach to engage students in the discipline ofsidlogy Together with the
University of NSW IMSPQ patrticipants from 2017, and with support from the IMSPQ hosts \ardityi of
Malaya, we hee established the Australian Physiology Competition (APC) that was held on Mdfc2028 at
UNSW. A total of 57 students from fvdfferent unversities attended the quiz, forming 15fdient teams
representing their respedti wniversities. The competition format (based on the IMSPQ) consisted of an initial
round of 120 Tue/Ralse questions across six sub-specialities with the intention to recognise thoseellzal e
in physiology and to rank indidual student participants. These results were also used to stratify the teams into
rounds for the subsequent team quiz (where student teams wrote answers on their whiteboards), which consiste
of four play-of rounds, tvo ssmi-finals and one grand final round. The winning team was from thersity of
Sydng and was warded a trip to compete at the IMSPQ in Malaysia in August 2018&eldity of Melbourne
placed 2nd, followed by Uwérsity of Nav South Wales. Assessing a broad range of students acréa®lif
universities can provide some insights into possible areas of strengths and weaknesgs®lwgptteaching
and eauate hov effective certain questions are at discriminating good and bad students.x&omle,
neuroplysiology had the highest median score (a score of 10 out of 20) whilentbst lmedian score was in
gastro-intestinal physiology (5 out of 20). Interestinglf/the 14 students who responded to a post-quizgurv
the majority cited renal or neurophysiology as the mo#§tdif topics with a minority selectingagtrointestinal
physiology as most difficult. & have analysed the distribution of questions as a function of student
performance, which has enabled us to identify questions that are good and poor discriminators of student
knowledge.

In summary the inaugural Australian Physiology Competition seems to be a successful way to unite
undegraduate students from different campuses and engage them further in the stugsiadddihStudents
responded that the Competition was a pesitperience and would recommend it to student peeeshife
this develops into an annualvent in the academic calendand we hae dready established plans for the 2nd
national competition on 13 April 2019 (see the APC atebook page at
https://www.facebook.com/AUphysiologycomp/) eMéok forward to seeing you and your students there!

Cheng HM, Hoe SZ. (2016) Update on the growth of the International Intermedical Sclsimidy Quiz.
Adv Physiol Educ 40, 198-199
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NL RP1 exacer bates colitis-associated cancer through IL-18, with effects on butyrate producing
Clostridiales
SL. Masters, 1G Royal Pde Parkville 3052 AUS.

Inflammasomes are cytoplasmic protein conggdhat cleae and actvate the gtokines IL-13 and IL-18.
Different innate immune sensors such as NLRP3 and NLRP6 can form inflammasomes, and regulate the hos
microbiome. In their absence, mice are more susceptible to dextran sodium sulphate (DSS)-induced colitis. In
contrast, we studied mice that lack all alleles of NLRP1, andg gt they are resistant to DSS-induced colitis
and colitis-associated carcinogenesis. This protection can be transferred to co-housed wild-type mice.
Microbiome analysis realed that protecte gecies from the Clostridiales order were increased in the absence
of NLRP1 and that this was associated with increasetyrdie production in the colon. Butyrate
supplementation, or vancomycin treatment to deplete clostridiales, equilibrated the mice aret résolv
phenotype. Humans with an aeting mutation in NLRP1 sigr from an inflammatory skin disease associated
with cancerWe found that mice with an agéting mutation in NLRP1a were more susceptible to DSS-induced
colitis, and colon cancedue to increased IL-18 production. Increased NLRR&rassion was also observed in
biopsies from the colon from patients with ulcamtiolitis, and associated with decreasedele of
Clostridiales. These data suggest aehoole for NLRP1 in irritable bowel disease and colitis-associated gancer
which could be targeted to increase theleof protectve hutyrate producing commensals and treat disease.
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Eosinophilsin adipose tissue energy expenditure

AJ. Knights,! E.J. Vohralik,! P.J. Houweling,? K.L. Hoehn,* M. Crossey! and K.G.R. Quinlan ,* 1School of
Biotechnology and Biomolecular Sciences, UNSW Sydney, NSW 2052, Australia and “Murdoch Children’s
Research Institute, The Royal Children’s Hospital, Melbourne, VIC 3052, Australia.

Obesity is a global problem and represents a significant health and economic burden. Our research
concentrates on understanding the hormones and molecular pathways wibatbdsity Recently a ne
catgyory of brown &t-like cells, so-called “beige” cells residing within whitat,fhas been identified. These cells
burn fuels to generate heat and therefore may reduce obesity by burning rather than storing excess fuels. Cells ¢
the immune system — macrophages, innate lymphoid cells and recently eosinophils — appear to be essential t
the beiging of white adipocytes.

While studying mice with a deletion in the gene encoding the transcription factor KrugpBhditor 3
(KLF3) we made a serendipitous disexy: these mice are lean and are protected from diet-induced obesity
Interestingly these mice shw evidence of an increased capacity for thermogeness when not housed in
cold conditions. The adipgtes were not responsible for this phenomenon so to test wblvément of
adipose-resident blood cells, we performed a bone maremsplantation study and were able to confer the
lean beige phenotype on wild type mice. This suggested that KLF3 defigrenells of the haematopoietic
lineage may dvie leanness in this mouse modé&le interrogated different types of adipose-resident immune
cells and disceered that there are three times as ynaosinophils in KLF3-deficient adipose tissue than in
adipose tissue from wild type littermate mice.

We dso performed genome-wide expression analyses on eosinophils isolated from white adipose tissue
and uncweered widespread gene expression differences, suggesting that not only is the number of eosinophils in
adipose tissue different in the absence of KLF3, but their gene expression profilessexal selogical
pathways are also altered. This suggests that KLF3 is an important regulator of gene expressionignd acti
within eosinophils.Interestingly we saw expression of a number of genes that encode secreted proteims kno
for their role in beiging. Our data suggest that eosinophils may cotetrib beige fat actation by secreting
these actors. Theeosinophils from KLF3 knockout mice, where we see enhanced beiging, expressed higher
levels of these secreted proteindle dso detected expression of a number ofeheecreted proteins in adipose
tissue-dened eosinophils. V& ae nav testing whether these v secreted proteins are able to induce beiging
and energy expenditure in cell culture angivo models.

Our data suggest that adipose tissue-resident eosinophils secrete impottastthat dvie keiging of
adipose tissue. This emphasises the importance of eosinophils in Hadarctf beige &t. Ourstudy of these
factors may provide a platform for thewdpment of nev therapeutic agents to de keiging and combat
obesity.
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New insights into inflammasome signalling and inhibition
K. Shroder, D. Boucher, M. Monteleone, R.C. Coll and K.W. Chen, Institute for Molecular Bioscience,
University of Queensand, Brisbane 4072, Australia.

Inflammasomes are signalling hubs that assemble in response to cell stress or microbial infection, and
provide an actiation platform for the zymogen protease, caspase-1. Upovetamti, caspase-1 triggers the
maturation and secretion of potent pro-inflammatory mediators (interleukinslaid -18) and induces cell
lysis, culminating in the actition of the immune system and antimicrobial defence. Inflammasome signalling
can, havever, dso drive pathology in a range of human auto-inflammatdanflammatory metabolic and
neurodegeneratt dseases. Here we v@al natural mechanisms by which cells shut down inflammasome
signalling to restore homeostasis fallng host-protectie immune responses, andw@ gnall molecule
inflammasome inhibitor can silence pathological inflammasome signalling for therapeutic management of
disease.
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Thenovel designer cytokine I C7Fc protects against obesity-induced metabolic disease
M.A. Febbraio, The Garvan Institute of Medical Research, Darlinghurst, NSW 2010, Australia.

The gp130 receptor cytokines interleukin-6 (IL-6) and ciliary neurotrophic factor (CNTF) canveanpro
obesity and insulin resistance in mice and humatmyever, due to the known pro-inflammatory effects of I1L-6
and the antigenic response in some patients to the clinically used form of CNTF (AxokineTM), both proteins
have limited, if ary, therapeutic utility for treatment of type 2 diabetes (T2D). In an attemptetoame these
issues, we engineered a chimeric gp130 ligand, termed IC7Fc, where one gp130 binding site has \&kbn remo
from IL-6 and replaced with the leukemia inhibitogcfor receptor (LIFR) binding site from CNTF and then
fused with the fragment crystallizable (Fc) domain of immunoglobulin G (IgG), creating aytekine with
CNTF-like, but IL-6R- dependent signaling.eWave demonstrated that IC7Fc significantly impes gucose
tolerance and ypemglycemia and preents weight gain and Jer steatosis in diet-induced and genetically
modified obese mice. In addition, IC7Fc imype® ducose tolerance and is safe in non-human primates. In
comprehensie human cell based assays, wevdhaso shown that IC7Fc treatment results in no signs of
inflammation or immunogenicityThus, IC7Fc is a realistic regeneration biological for the treatment of
obesity and T2D, disorders that are currently pandemic.
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Microbiota components that improve endocrine control of metabolism in obesity and ageing
J.D. Schertzer, Biochemistry and Biomedical Sciences, McMaster University, 1200 Main S West, Hamilton, ON
L8N 3z5, Canada.

The external environment influences chronic disease risk, including olesitiabetes and functional
decline during ageing. The intestinal microbiota has emergedaasoa that can propagate external cues to alter
host metabolism. Heever, the stimuli and biological sensors that underpin host metabolic dysfunction, or
functional decline such as decreased skeletal muscle strength aithstd movement during aging are ll-
defined. Increased inflammation during obesity or ageiagr{flammaging) has been proposed as a carttyiib
to poor endocrine control and sarcopenia, but the participatory immune components are ill-defined.

We sught to define aspects of the microbiota thgulate both insulin and IGF-1 action, since these a
common nodes of prediabetes and sarcopania hypothesized that specific components\defrifrom bacteria
represent post-biotics that alter metabolisne fdiind that a specific component of the bacterial cell vall (
muramyl dipeptide) reduced insulin resistance during both obesity and badteriahgdotoxin) stressWe
identified the innate immune receptor (Nod2) and transcriptional regulator (Wélyed in insulin sensitizing
properties of this post-biotic in mic&\Ve initially hypothesized that germ-free mice \{diel of ary bacteria) and
mice lacking immune sensors for the bacterial cedlll wwould be partially protected from age-related
inflammation and sarcopenia.eWfound that germ-free mice had worse indicators of sarcopenia compared to
corventionally housed, (colonized) specific pathogen free mice.fdnd that Nod1-null mice hadonse
indicators of sarcopenia compared to WT mice.

Our results highlight that commensal bacterial factors can protect against insulin resistance and
sarcopenia.
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Adipocytesre-enter cell cycle
K.L. Spalding Karolinska InstituteIntegrated Cardio Metabolic Cemtr Bickagangen 6, Novum, Huddiag

Sweden.

Obesity is increasing in an epidemic manner in most countries and constitutes a public health problem by
enhancing the risk for diseases such as diabetes, fattydisease and atherosclerosis. Despite this, much
remains to be diseered about the basic physiology of fat cells (adipocytes) andingy respond to changes in
the fat mass. Adipocytes are specialised cells that either store lipid for times of energy need (whiteeggdipoc
or burn lipid in the process of non-skiing thermogenesis (brown adipocytes). yraee believed to be
terminally diferentiated cells, arising from the differentiation of resident pre-adipocyte progenitor cells. Recent
obsenations in my laboratory skhothat a small subset of adipocytes (both mouse and human) are polyploid
with in vitro studies supporting the notion that this is due to de mNA synthesis. These findings challenge
the long-standing dogma in the field that adipies are terminally differentiated cells, incapable of re-entering
cell cycle. These results may require changes in our understanding of metabolic disease in humans.
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Identification of metabolically distinct adipocyte progenitor cells in human adipose tissues
M.J. Watt and A. Raajendiran, Department of Physiology, The University of Melbourne, Parkville, VIC 3010,
Australia.

There remains intense interest in understanding ladipog/tes deelop and in unreeling the
mechanisms that control metabolic and endocrine functions, especially in the fasenatrigion. Adipogte
progenitor cells (APCs) provide the resdrvof regeneratie cells to produce ne adipogytes, although their
identity in humans remains elusi Using fluorescent aetited cell sorting we identified three APCs subtypes in
human white adipose tissues based on their expression of specific CD markers. Gene expression profiling b
RNAseq and metabolic and proteomic analyses was used to assesfetbaatis between these APCs and the
adipog/tes dewed from APCs. The APC subtypes are molecularly distinttgmssess similar capacities for
proliferation and adipogenisis. Adipocytes gedi from APCs with high CD34x@ression exhibit high rates of
lipid flux compared with APCs with @ or no D34 expression, while adipocytes produced from CD34- APCs
display beige-lie aipocyte properties and a unique endocrine profile. APCs were maradafit in
gluteofemoral compared with abdominal subcutaneous and omental adipose tissues, and the distribution of APC
subtypes varies between depots and in patients with type 2 diabetes. These findiioigs gpmechanistic
explanation for the heterogeneity of human white adipose tissue and a potential basis fulatest@dipogte
function in type 2 diabetes.
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Pericardial adipose accumulation and cardiac pathology — mechanistic insights
J.R. Bell, Department of Physiology, University of Melbourne, VIC 3010, Australia.

Obesity has long been recognized as a risk factor for vastdiolar disease, increasing the likelihood of
myocardial infarction, heart failure, apthmias and premature death. Approximately 60% of Australian adults
are werweight or obese, with rates continuing to rise. While there is clearly a systemic influence on the heart in
obesity increasing evidence supports a direct action of pericardial adipose (combined epicardial and paracardial
adipose depots) on the myocardium. Pericardial adipose contentia kmincrease in both obesity and aging,
and adiposity has been linked with cardiac-specific diseases, particularly atrial fibrillation (AF).

Currently the underlying cellular mechanisms linking pericardial adipose and cardiac pathologies are
poorly understood. Studies to datevéndocused solely on structural remodelling of the myocardium, without
assessing electro-mechanical influence. Adimanfiltration will undoubtedly cause a physical disruption to
inter-myogte conduction that may augment heterogeneity and arrhythmogenesis. Liwiidetice also
suggests pro-inflammatory/fibrotic mediators produced locally in the pericardial adkedseagacrine actions
on the myocardium to cause fibrosise Waverecently provided evidence to suggest that pericardial adipose-
derived estrogens may also bevinlved. We howed capacity of pericardial adipose to synthesise estrogens
correlates with atrial arghthmia vulnerability and that exogenous estrogens increase atrial arrhythmesowV
extend these findings to identify the pericardial adiposerelrfactors that lead to electro-mechanical
dysfunction, and demonstrate that modulation of local cardiastemid levels through aromatase action plays
an important role in cardiac disease etiology.
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‘Let’snot keep it private : Schooling background and student preparedness transitioning into
university

I. Rutenbeg, L. Ainscough, K. Colthorpe T. Langfield and JKibedi, School of Biomedical Sciences, The
University of Queensland, St Lucia, QLD 4072, Australia.

Non-government school studentsyeabeen shown to achie lower first-year academic success compared
to students from ge@rnment schools (Birch & Miller2007; Mills et al, 2009). One possible reason for this
discrepang is that students from non-gernment schools are less well adapted to the autonomous learning
required at umersity. The current study irestigated the relationship between schooling background, students’
perceptions about their preparedness fowaisity, their schook wntributions to this preparedness, and
academic achiement.

Paticipants were first year ghiotheray (n=181) and occupational theyan=146) students studying a
biomedical science subject. Thewvere asked to describe their schooling background, thealsleof
preparedness for tertiary studnd hav they thought their schooling background prepared them foresity.
Responses were coded using induecthematic analysis (Braun & Claek2006). Students’ examination marks
were compared to schooling background.

Non-gorernment school students reported being well-prepared more frequently taanngent school
students, who were more éily to feel unprepared. Both cohorts acknowledged that their schooling background
contrituted to the dedlopment of their learning approach at wemgity; hovever, the reasons for this
contritution differed between gernment and non-g@rnment school students. Nonxgonment school
students were more likely to indicate that schoolidied a nurturing environment where yheere taught
learning skills, whereas gernment school students were more likely to indicate that lgwrned these skills
independentlyGovernment school students reeed higher examination marks at the end of semester than non-
government school students, although these results were not significant.

When students transition to tertiary educationy tieed to adapt to the autonomous learningrenment
of university. In the current studygovernment school students were more likely to indicate that deedoped
their learning skills independently during school, rather than being taught these skills. These results suggest tha
government schools may foster independence, which is a valuable attribute when transitioniag sayuni

Birch ER & Miller PW (2007). The influence of type of high school attended owmetsify performance.
Australian Economic Papeis, 1-17.

Braun V & Clarle V. (2006). Using thematic analysis in psycholo@ualitative Reseah in Psychology3,
77-101.

Mills C, Heyworth J, Rosenwax L, Carr S & Roserdpavl. (2009). Factors associated with the academic
success of first year health science studém¢ances in Health Sciences Educatidn205-217.
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Impr oved student engagement and outcomes using a multi-purpose online platform — an
alternative gotion for the one-on one tutor in large classes

S Orgeig, SS List, B.J. Mayo, G. Todd, A.M. Sringer and E.J. Parkinson-Lawrence, School of Pharmacy &
Medical Sciences, University of South Australia, Adelaide, SA 5000, Australia.

In large science classes the majority of factual content is stiltedsdi via lectures. This limits the
opportunity for students and dtab ask questions (Oblinger 2004), which impacts engagement and hence
learning. Yet, it is well known that both small class tutorials (Woodugn@r 2012) and one-on-one tutoring
(Bloom 1984) which enable a greatevdeof student-instructor interaction are mordeetive in increasing
student learning and improving outcomes (Oblinger 2004). Hence, media-rich cebymeddrinstruction in
which the number of student-instructor interactions per hour can be increased dramatically (Oblinger 2004) may
offer a valuable opportunity to impre gudent outcomes in large undergraduate classes.

Here we explore me online software to tak the place of the one-on-one tutor irvesal large class
settings in the Health Sciences to demonstrate wegdraudent enggement and outcomes.eWsed the
commercial cloud-based learning platform Lt hosted by kuraCloud, across a range of courses and study mode:
(> 2000 students), to impre sudent enggement with content, promote asynchronous self-directeitbléie
learning and afford consistent and equitable learning opportunities @ tahorts of on- and fefampus
students.

For the courses Human iology, Physiology Essentials, Human Body 2 and Scientific Basis of Clinical
Practice (SBCP) weekly interaoti mnline revision tasks were deloped that were topic-specific and comprised
guided interactie questions and activities for knowledge recall (multiple choice questiongocatetion, drag-
and-drop labelling) which were folied-up with concept maps and unguided extended response questions
requiring text answers. Interaggi wtorials and reision lessons with a clinical context (authored case studies)
were used to highlight the practice underpinning the thddgse activities were designed to engage students in
their learning and simultaneously assessing their understanding of the content in geinamdiaformative
modes.

For 2nd year Piisiology, Lt was introduced to increase students’ preparation for practical classes. Pre-lab
lessons included theoretical content presented in a modularised fashion with ugeysdtions andx@rcises
that students undertook individually in a formatimanner at their own pace. Student preparation was then
tested in a pre-lab class quiz.

The introduction of Lt increased: 1. student engagement with course content (61%saflogly
Essentials students completed 75-100% of all the online revision tdskasdpf>90% students completed all
pre-lab activities for 2nd year Piology); 2. student satisfaction (7% and 84% impnoent for Human
Physiology 100 and Physiology Essentials, respegii; 3. the number of students achiey a passing grade of
50% or more for the final exam (23%eeage impreement wer 2 years in SBCP and 27% in y&iology
Essentials). For SBCP the results were comparable across both on- and off-campus cohorts.

Lt can be incorporated as a versatile platform that has increased capacity for designing and implementing
interactize tutorial exercises, case studies and sumretssessment. Our results suggest that the aoftvand
the way that it is used, had a profounteetf on the student learning experience and student performance and
helped students to identify their knowledge, strengths and weaknesses, and thus tailor their study practices t
individual needs. Hence, Lt has the capacity to become the one-on-one tutor for students in laggeduatker
courses.

Bloom BS. (1984). The 2 sigma problem: The search for methods of group instructifactseat me-to-one
tutoring. Educational Researcher 13(6), 4-16.

Oblinger DG. (2004). The next generation of educationalagement.Journal of Interactive Media in
Education 2004(1): Art 10. doi: 10.5334/2004-8-oblinger

Wood BW, Tanner KD. (2012). The role of the lecturer as tutor: Doing wihettfe tutors do in a large lecture
class.CBE-Life Sciences Education 11, 3-9.
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Matching teaching strategiesto learning style preferencesin an under graduate physiology
module

H. Nagaraja, G. Harrison, B.K. Anupama and M.A. Bunmi, @elld Public Health, Medical and Veterinary
Sciences, Colte d Medicine and DentistrydJames Cook Universitfownsville QLD 4814, Australia.
(Introduced by Séverine Lamon )

The diversity of students is increasing in the regional medical schools with an increasing number of
metropolitan and international students. It is essential to assess the learning preferences vétdestudient
population to cater to their d&rent learning needs. A considerable amount of research suggests that matching
teaching approaches to learning styles will help to increase studenteauddés in the early years of the
medical program. Peerview of teaching is considered by mato be a pwerful tool for praiding feedback to
teachers and is widely promoted as a mechanism f&faiéng teaching practice in tertiary education.

This study aimed to irestigate first-year medical students learning preferences and to assess the effect of
teaching straffies used to match student learning styles in a physiology module. A questionasire w
administered to the first-year medical students for determining the preferred learning stylgbridA h
curriculum with online plus dce-to-ace delfery mode was introduced in a physiology module for these
students in their challenging first yearvariety of teaching-learning methods was presented in the module to
allow students to engage. A peeviev of teaching ealuation was conducted by internal and external experts to
gather perceptions garding the module contents and presentations. The dominant learning style preference of
first-year medical students was multimodal. Read-write preference was predominant for the unimodal students.
Majority of students were assimilators and accommodators. Feedback showedra pgsétct of changing the
teaching strategy for student learning. The peeeweand students’ academic performance showed that the
innovative taching strategies were effeetin sudent learning in this module.

These results emphasize that the teachers in the early years of the medical prograwenmayskaa
variety of teaching approaches to reach more students in a cohort. It is concluded that matching teaching style:
of instructors with learning style preferences of students has a significant effect on the success of the students i
the first-year undergraduate program.

Proceedings of the Australian Physiological Society (2018) http://aups.og.au/Proceedings/49/105P



Evaluating the redevelopment of a physiology online postgraduate unit

S Lamont and I. Story,? Yinstitute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition
Sciences, Deakin University, Geelong, VIC 3220, Australia and Health Academic Development Unit (HADU),
Faculty of Health, Deakin University, Geelong, VIC 3220, Australia.

Introduction: In 2017, zer 20% of Australian students were enrolled in fully or partially online programs.
In particular 56% of Deakin Uniersity’s post-graduate students selected online ‘Cloud’ learning options. Post-
graduate programs attract older students, who oftenk wWull-time or part-time and k& dild-care
responsibilities within the home. In this context, the emergence of web-based learning technologies has
provided a unique opportunity for fible learning. Nutritional Biochemistry and Physiology is one of the core
topics of the post-graduate Human Nutrition course. In 2017, this unit wasreielas a series of 45-min online
recordings, which recetd poor feedback from students. Inative, online learning environments can help
students to meet their learning objeesi more eficiently, and the existing consensus suggests thiriaf
content in multiple formats (written, auditpipteractve) help by addressing various individual learning styles.
In order to promote self-directed learning and to increase \belb experience of the unit in 2018, we
implemented a series of changes without fundamentally modifying the amount or type of contergsthat w
delivered. The aim of this study was to assess whether thissal-learning orientated mode of dedry would
influence student engagement, performance and satisfaction in the online learning environment.

Methodology: Seenty-five dudents enrolled in the Nutritional Biochemistry andy$tblogy unit in
trimester 1, 2018 participated in the stud@ize participants completed a 24-question onlineesudaring the
final three weeks of the teaching trimesiBemographic and qualitag data were collected.df the qualitatie
part, we used an exploratory descxiptiesign using tended response questions. The students were asked to
reflect about their personal learningerience within this unit, including their perception of the way the content
was celivered, the requested timevilvement and the different learning aites (short lectures, readings,
videos, self-assessing questions and intemaghiges). Student performance, engagement and satisfaction data
were collected from the 2017 and 2018 ‘Cloud’ data. Quantitatita was analysed using descriptgtatistics.
Qualitative was analysed using thematic analysis techniques

Results/Conclusions: Studentenall performance and engagement did not significantly differ between
2017 and 2018; lweever, sudent satisfaction increased significanfihe largest impreements were obseed
for ‘learning experiences’ (42% increase)yémll unit satisfaction’ (56%), ‘workload’ (56%) and ‘teaching
quality’ (97%). For all demographic groups, thevrraode of delery of the unit was preferred to a standard,
45-minute recorded lecture. In terms of meeting the unit learning outcomes, readings were judged the less
effective activity (mean score = 7.2/10), folleed by short recorded lectures (7.4), links to external videos and
websites (7.5) and self-assessment questionnaires (7.9). This reflects a gradation f®nintchctive
actvities (questionnaires, websites, interaetMdeos) being preferred by the students, to passativities
(lectures and readings) being found less efficient. The age parameter was the main variable explaining students
appraisal of the different activities. Students having only experieroedid-fce lectures as a way to deli
content at uniersity before typically found more value in the short recorded lectures. This older age cohort also
more strongly relied on the self-assessment questionnaires as a wai toogfidence before undertaking
graded assessments. In conclusion,weldping an online unit from a standard to an intevacfbrm presented
multiple adwantages in terms of student satisfaction, wattin and enjoyment without impacting their results or
engagement leels. The interactie node of delery provided the students with a greater sense of inclusion
while acknowledging for the heterogeneity of the cohort and the different learning styles associated to it.
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Working as partners. a student-staff collaboration in theredesign of a major biomedical
capstone cour se

V. Hasa,! |. Rutenberg,! C. Panaretos, |. Tucker,? O. Jordan Pearson,® K. Colthorpe! and C. Young,* School of
Biomedical Sciences, Faculty of Medicine, The University of Queensland, & Lucia, QLD 4072, Australia and
2Faculty of Science, The University of Queensland, S Lucia, QLD 4072, Australia.

Within higher education, students’ ability to contribute to the design of teaching content, courses, or
curricula is frequently werlooked, but recent attention has emphasised the need to partner with students in the
co-production of teaching and learning (Hgadeal., 2014; MercesMapstoneet al., 2017). This presentation
outlines our experiences of a studentfggaftnership project to re-design a major biomedical capstone course.

BIOM3200: Biomedical Science is an ungiexduate capstone course for students studying Biomedical
Science at the Umérsity of Queensland, and is taken yern450 students each yedihe course has not been
well reviewed by students in pvous years, with most perceiving the content to be iraaleto their &pected
graduate careersoTaddress this issue, our project aimed to engage student partners in the re-design of the
capstone course to impm@ the student experience for future cohorts.

In April 2018, five dudent partners were recruited to participate in the course re-design: three Biomedical
Science Honours students, who hadvjanesly completed BIOM3200; a Biotechnology Honours student; and a
fourth year Bachelor of Medicine, Bachelor of §eny student. Drawing on Cook-Sather and colleagues
construction of Students as Partners (SAP), emphasis was placed on establishing "a oadakeciptocal
process through which all participants/éahe opportunity to contribute equalBithough not necessarily in the
same ways, to curricular or pedagogical conceptualization, decision-making, implementagstigation, or
analysis" (Cook-Sather2014). Consequentlythe student partners and $tabllaboratvely set the project
parameters and allocated tasks. Thilired collectvely brainstorming the course assessment, resources and
activities, and then jointly compiling or @#oping these components.

As a result of this partnership a significant number of resources (36) wespee including:
assessment tasks; criteria sheets; how-to-guides; submission templates; case scenarios; and on-line lectures. T
student partners were able to gain tangible skills and understanding in project management, teaching pedagog
resource procurement andvdiepment, and team work. In addition, four of the student partners chose to tutor
into the course this yeaFhe staf also found working with the student partners to bearding, as the students
were able to dra on both their disciplinary knowledge and their experiences of learning to collaksbyrati
develop assessment and resources thauld/ enable future cohorts toJeaa msitive learning &perience.
Although, staff acknowledged some difficulties managing studentfstghamics, these were outweighed by the
benefits of working with student partners.

In summary both the student partners and si@dévdoped an appreciation of thelue of working in
partnership to re-design curricula. The student-gpaftnership had clear benefits for the student partnerg, staf
and future student cohorts.

Cook-Sather A. (2014) Student-faculty partnership in explorations of pedagogical practice: a threshold concept
in academic deelopment.International Journal for Academic Development 19, 186-198.

Healgy M, Flint A, Harrington K. (2014) Engagement through partnership: students as partners in learning and
teaching in higher education (pp. 1-77): The Higher Education Academy.

MercerMapstone L, Darakova S, Matthens K, Abbot S, Cheng B, Felten IRnorr K, Marquis E, Shammas
R, Swaim K. (2017) A systematic literatureview of students as partners in higher education.
International Journal for Sudents as Partners 1, 1-23.
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L essons learnt from redesigning a major biomedical capstone cour se
C. Young, J. Bowles, L. Lluka, V. Hasa and K. Colthorpe, School of Biomedical Sciences, Faculty of Medicine,
The University of Queensland, S Lucia, QLD 4072, Australia.

Traditionally capstones are designed to focus on students demonstrating progtamté®mes through
the synthesis, inggation and application of acquired knowledge and skills, rather than on the acquisitian of ne
knowledge and skills (Lee & Loton, 2015). The capstone course for undergraduate students studying
Biomedical Science (BIOM3200) at the Weaisity of Queensland is tek by a large (approximately 450
students per year) andvdise cohort of students who usually specialise in one orafithe discipline areas
within Biomedical Science. Hweever, in previous years, the course consistently resdipoor student
evduations. Consequentha rultidisciplinary working party including representatts from the School of
Biomedical Sciences, Medicine, Public Health, Industry and student partners, was established to revise the
course.

A review of students’ qualitatie feedback reealed a number of core issues with the course including: the
weight and timing of assessment, moderation of marks and provision of feedback; lack of choice aed creati
freedom; and inauthentic assessment which did not reflect the expected graduate destinations of students. In ¢
attempt to address these concerns, three alternate streams were implemented: 1) Scientific Research (for tho
pursuing further study in scientific research); 2) Clinical Professions (those pursuing further study in medicine
and allied health); and 3) Biomedical Industry and Communications (those seeking graduate positions in
industry), with students being freely able to choose their preferred stream.

The course n@ includes tw major pieces of assessment (broken into smaller sueeetssks), so
student can reced imely feedback. The first major assessment focuses on bioethics, with students undertaking
identical assessment tasks, but able to choose a topic aligned with their preferred stream. The second majc
assessment is a Biomedical Project whicledsffor the three streams. The Scientific Research stream (chosen
by 17% of students) geloped a 'Research Proposal’, the Clinical Professions stream (69% of students) a
'Science Tanslation’ assessment, and the Biomedical Industry and Communications stream (14% of students) a
'Project Irnvestment Proposal’. Although, the streams had different assessment, all assessment tasks were
designed to further delop and galuate studens ills in: understanding/knowledge of biomedical science;
inquiry and problem solving; ethical reasoning; quanwtatistical analysis; communication; and personal
and professional responsibilityut did so within the context of their chosen stream. Each week, students were
provided pre-readings, atiiies, and online or Ve lectures relant to their chosen stream, but the primary
contact was in group—based workshops held each week. Multiple on-line resources vwelegedeo help
students understandyanontent or process specific knowledge needed for the various assessment items within
each stream; students had autonongaring the extent to which thieused these resources, encouraging
self-directed learning behaviours.

Although the course is momore compl& to manage, preliminary findings suggest that students are more
encgaged and hae geater support to achie the course learning objeets. Students h& expressed greater
satishction with the course as a result of the increased ¢ choice provided and its increased walece to
their intended graduate destinations.

Lee N, Loton DJ. (2015). Capstone curriculum across disciplines: Synthesising finaotige and polig to

provide practical tools for curriculum design. DINational Senior &aching Fellowship. Final Report.
Office for Learning and Teaching. Sydney: Department of Education.

Proceedings of the Australian Physiological Society (2018) http: //aups.org.au/Proceedings/49/108P



Tertiary physiology educators perspectives on internationalisation of physiology education
S.J. Etherington, School of Veterinary and Life Sciences, Murdoch University, 90 South &, Murdoch, WA 6150,
Australia.

Internationalization of the curriculum has widespread benefits for student learning agkraagt
(Arkoudis et al., 2010). Havever, cross-disciplinary research suggests that science academics are reluctant to
internationalise their courses. This studyeBtigated attitudes to internationalisation of physiology education
(defined as the process of incorporating an international, intercultural and global dimension into the purpose,
functions, delrery and/or outcomes of a physiology program, after Leask, 2015), among tertjaip|pipy
educators.

An online surey, incorporating both fied and open-ended questions, targeted at tertigrsigibgy
educators with > 5 yrs teachingperience, was conducted from June - August 2018 (Murdochetsity
Human Ethics Permit 2018/049). The ®ywas disseminateda email to colleagues in gkiology education,
mailing list announcements (Australian Physiological Socikigher Education Society of Australia) and
snavball sampling. Twenty anonymous responses were collected, mostly frondiradis working at Australian
institutions (n = 17). Respondents generally taught physiology across at le@sutaes (median = 2, range =
1-4), most commonly medicine/dentistry and biomedical science (n = 11 respondents). 18/20 respondents had &
least some clinical teaching.g. health professions, allied health), though slightly more than half (13/20) of
respondents identified their primary teaching as non-clineggll{iomedical science).

Most respondents (73%) agreed that instruction around internationalisation is a responsibility of
Universities and should be incorporated into a degree program. This was despite only half (53%) of respondents
agreeing that pfsiology students would need skills around internationalizatiemy. (intercultural
communication) upon graduation. The latter result was wiaiesurprising gien that the primary courses
identified by respondents were sciences, where international mobility is very common, and health professions
that routinely engage with culturaMéise patients.

Respondents described modest internationalisation of their physiology teaching. Of the 7 examples of
internationalisation providede§). developing intercultural communication), 3 were eggd in a moderate
amount, or more, by more than half of respondents (studamtsng in diverse groups, supportingfettive
group functioning and class materials with internatiorahgples. Barriers to internationalisation identified here
were similar to those described in other disciplines f@tf 2009). Most respondents (73%) agreed that a lack
of time in physiology units was a barrier to internationalisation. Additionafily a minority (33%) were
confident about, or had an educational history that prepared thamcfoporating internationalised content.

When asked where internationalisation should sit within a course structure, the most popular response
was aross most units and in dedicated skills units (53% of respondents). Interestingly only 1 out of 20
respondents agreed that internationalisation shouldvsoged in physiology units, despite multiple responses
being accepted. Thus, the majoritywigvas to internationalise most units in a degree, but not theigibgy
units. On reflection, this model does not seem a feasible approach to internationalisation in science-basec
degrees because other common undtg. (biochemistry microbiology) might be expected to face the similar
challenges (content-heg time poor units taught by discipline experts without training in or confidence around
internationalisation.)

It is proposed then that physiology educators willehta share the institutional responsibilitywiards
internationalisation of the curriculum. Indeed, the physiology educatoreysdrwere not entirely reluctant to
do this; the majority indicated thewould like to (40%) or were neutral about (47%) increasing the
internationalisation of their teaching. Based on these results, internationalisation of physiology education in the
future is likely to depend on: (i) internationalisation strategies that are sengitithe time-constraints in
content-dwen units; and (ii) the ability of physiology educators to access support from internationalisation
experts around internationalisation of their teaching.

Arkoudis S, Baik C, Chang S, Lang |, Watty K, Borland H, Pearce A, Lang J. (E0ibi)g Common Ground:
Enhancing Interaction Between Domestic and International Sudents. Australian Learning & @aching
Council.

Clifford VA. (2009) Engaging the disciplines in internationalising the curriculaml Acad Dev, 14: 133-143.

Leask B. (2015)nternationalizing the curriculum. Oxford: Routledge.
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Work integrated learning in the science curriculum
D.H. Hryciw, School of Environment and Scienderiffith University Nathan, QLD 4111, Australia, and
Institute for Health and Sport, Victoria UniversitMelbourne VIC 8001, Australia.

Graduate empi@bility is an important outcome for students enrolled iversity degree programs, with
higher education focused on therdepment of job ready graduates. A challenge in generalist degredhdik
Bachelor of Science (BSc) is that thegoee program is not focused on qualifying graduates for a specific
profession, and the curricula often feature limited transferable andyemaio focused skills. Wrk-integrated-
learning (WIL) within BSc curriculums varies across differenvensities. Havever the main aim is to delop
graduates’ employability skills, identified by industagd supported by authentic assessment tasks. Examples of
WIL in BSc curricula is typically recogniseda placements, projects, field experience, work simulations,
entrepreneurship and reflections on current work practices. Furiiost assessment in WIL courses
incorporates an early proposal where students identify and outline the tasks to be undertaken, reflection during
the industry focused activity and a final written reflection that is often supported by an oral presentation.
Development of assessment should ensure that authentic, industigntakesks are incorporated intoyawIL
subject. In addition, students should be supported prior to, during and following their Wity aatith post-
activity discussions demonstrating the clear alignment between their scholarship and future career activities.
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Adventures in flipping the classroom
G.D. Wadley, Institute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences,
Deakin University, 221 Burwood Hwy, Burwood, VIC 3125, Australia.

The lecture is a mainstay of Wersity teaching and learning practice.wwer, it's a fassve gproach to
teaching and learning, that, from my experience hasyal struggled to consistently eage students.
Furthermore, my experience with assessments at Deakirersity of 2'9 and 3¢ year eercise plysiology
subjects sheed students were able to recall and comprehend basic physiological concepts and molecular
pathways, but the were a long &y from being able to apply this knowledge or use it oregti For these
reasons, we lgen looking for more déctive, active and authentic ways to teach and for students to learn.
Throughout 2011, | led a small team of teaching staimplement Team Based Learning (TBL) to th&y@ar
undegraduate subject Exercise Metabolism. TBL is an educational “flipped classroomyystiiatelving
individual and team learning with instant feedback, with students beingatedtiby this process to hold each
other accountable for preparation and contidn (Sweet & Michaelsen, 2012). TBL, when compared to
traditional lecture approaches has highemrte of student engagement and evidence of higher scores in
examinations, particularly for lower performing students (Sisk, 20Irdnslating this evidence-based approach
to teaching, students first learn the content through Deakirvetdity’'s mline e-learning platform,
CloudDeakin, and then to apply this kvledge in team-base@de-to-ace interaction. This in-class assurance
and application of knowledge is\#oped and assessed for each topic through student-led learning teams that
are facilitated by academic dtafho are discipline experts.

Data analytics, peer view comments, my own studenvatuation research (@dley et al., 2012) and
Deakin Unversity student eduations all demonstrated imp@d sudent critical thinking, ermgement,
teamwork and learner self-management. Feedback from graduates also confirms highgememg and
enhanced studentxpgerience using TBL and suggests strong retention of knowledge and capabilities.
Unsolicited comments from the national Graduate Destinatiore$uystudents hae gaduated 6 months prior
and are agkd questions about the entire coursey titedied) specifically mention the benefits of the TBL
approach in our subjecthe team based work in exercise metabolism was a great subject- | retained the most
knowledge of it” and “Exercise metabolism, the lecturers would do it online. So in class it was more interactive
with each other” and “I liked the exercise-metabolism unit/the way it was structured and learnt it in groups
rather than attending lectures’.

Over the past sen years TBL has been progressy refined. In response to student feedback, additional
learning resources, learning aities and assessments that are focussed on the intended learning outcome of
“developing team-work skills” hee been implemented. Dissemination of our experiences with implementing
TBL has also inspired colleagues to implement TBL approaches in three othagraddate subjects at Deakin
University.

In summarystudents werwhelmingly prefer the TBL method of learning for this subject compared to the
traditional lecture format, with student engagement also being maintained across the duration of the subject anc
support for impreed critical thinking skills.

Sweet M. InTeam-Based Learning in the Social Sciences and Humanities: Group Work that Works to Generate
Critical Thinking and Engagement (eds) Sweet M and Michaelsen, LK, (2012) pp 18. Sterling: Stylus
Publishing.

Sisk RJ. (2011) Team-based learning: systematic researci.réMNers Educ, 50(12):665-669.

Wadley GD, Story |, Wallace M, Sne RJ. (2012) Team Based Learning to umpgladuates at Deakin
University. Proc Aust Physiol Soc. (2012)43:22P.
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Common principles across physiological systems
W.F. Boron, Department of Physiology and Biophysics, Case Western Reserve University, School of Medicine,
Cleveland, OH 44116-4970, USA.

Although the necessity for knowing facts is a fact of life, the discipline of physiology - more than most
other biomedical disciplines - is based on understanding fundamental principlgs,ofmahich apply to
multiple ogan systems. One example is that thingsMldown enegy gradients. The first such quantiati
description applied to heat dgrier’s law), quickly followed by electricity (Ohm), fluids (Poiseuille), solutes
(Fick), water (osmosis), and charged particles (Nernst-Planck, Goldman-Hodgkin-Katz). In each case, a simple
physical principle applies to multiple gan systems. The Fick principle or principle of continuity (what goes in
= what comes out + consumption/accumulation) iy for measuring blood fie and renal plasma flg, as
well as understanding Qlelivery or why flow dows in ever smaller vessels or airways. Besides thesgsigal
principles, plysiological principles also spangan systems. The necessity to remeonetabolically generated
wastes via one dominant pathw allows us to use arterial.F, to estimate alveolar ventilation, or blood
[creatinine] to estimate GFR. Both the lungs and the kidneys @dstantial capillary reseeg that can come
into play with increased blood flo The cardiwascular and pulmonary systems share multiple similarities
(pulsatile flav, calculation of cardiac output/totalemtilation, branching-tree structures). Proximal and distal
nephron segments share similarities, respagtiwith the small and large intestines. The color of urine and
feces comes from breakdown products of hemoglobin. Starling forces produce lymph and glomerular filtrate.
The blood-brain barrier is similar to blood-gonad barriers. The clearance of solutes by thdikidmearallels
in the clearance of mgrother substances (e.g., bile acids, cortisol, testosterone, lactic acid). Although one can
learn each of these principles separately in eagbnagystem, one might ease the task - and enhance the
insight—by emphasizing broad parallelisms throughout the body.
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Effects of oestrogens on adipose tissues
W.C. Boon, The Florey Institute of Neuroscience and Mental Health, 30 Royal Parade, Parkville, VIC 3051,
Australia.

Adipose tissue is an aei endocrine ogan, it secretes a variety of hormones (including oestrogens) and
inflammatory mediators, that veimportant implications in numerous obesity-associated diseases such diabetes
and metabolic syndrome. The storage and release of these endactime is depot-dependent and influenced
by the oestrogenic and androgenic status of the adipose tissue. Oestrogen receptors mediate both the genon
and non-genomic actions of oestrogens. All threewknoestrogen receptors, ERERB and the G-protein
coupled oestrogen receptor (GPER/GPR30) ageressed in visceral and subcutaneous adipose tissues.
Oestrogen insftitiengy has been linkd to increase body weight and metabolic syndrome after menopause in
women. W wse the oestrogen deficient model - aromatase knockout mouse model to understand the effects of
oestrogens on adipose tissues. It is a model to test speocifjer®us oestrogen dosage without the interference
of uncontrolled endogenous oestrogen production from extra-gonadal tissues.
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