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Orexin regulates mitochondrial dynamics in avian muscle
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The growing obesity epidemic has sparked numerous studies on the identification of molecular signatures that
regulate energy homeostasis using different experimental animal models. Orexin, which acts via two G-protein
coupled receptors, orexin receptor 1 and 2, has been originally identified as feeding-related hypothalamic
neuropeptide that regulate energy balance in mammals. Recently, using chicken, non-mammalian species that
are characteristically hyperglycemic and prone to obesity, we made a breakthrough by identifying the orexin
system in avian muscle and unraveling its effect on mitochondrial dynamics and function. Therefore,
understanding orexin signaling and function may help to identify novel therapeutic opportunities for treating
metabolic disorders related to mitochondrial dysfunction.
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Orexin, also named hypocretin, was discovered in 1998 by
orphan  receptor technologies [™2. Prepro-orexin is
enzymatically cleaved in two mature peptides, orexin A and
orexin B which are 33- and 28-amino-acid peptides. Orexins
signal through two serpentine G-protein coupled receptors,
orexin receptor 1 and 2 (ORXR1/2) which contain seven
putative transmembrane helices . In mammals, ORXR1
preferentially binds orexin-A, whereas ORXR2 binds both
peptides with similar affinity (. Orexins control several
physiological processes in mammals including food and
water intake 1, wakefulness [, circadian clock B, glucose
homeostasis [, lipid metabolism [, and neuroendocrine
response to stress [l In avian (non-mammalian) species,
however, the role of orexin is not well defined.

Compared with mammals, chickens are characteristically
hyperglycemic with their blood glucose levels averaging
three times that found in humans [°l. Genetic selection for
accelerated growth rate driven by economic demands has
resulted in hyperphagic broiler chickens that are prone to
obesity. Broiler chickens ravenously consume approximately

4.1 kg of feed to achieve a 40-fold increase in body weight
arising from breast muscle and abdominal fat during a period
of 42 days ¥l Chickens are insulin resistant and lacking
glucose transporter GLUT4 [19, They require higher doses
(more than four times compared to mammals) of insulin to
achieve hypoglycemia . As in human, chicken liver, not
adipose tissue, is the primary site for lipogenesis. However,
and in contrast to human, chickens do not have brown
adipose tissue (BAT). These distinctive hallmarks make
chicken an interesting animal model to study the role and
mode of orexin action in energy homeostasis regulation.

We recently found that orexin and its related receptor
ORXR1/2 (mRNA and protein) are expressed in avian
muscle tissue and cells [*2, Interestingly, we detected orexin
protein not only in avian muscle cell lysates, but also in the
medium with a steadily accumulation over a 48h-period
indicating that orexin is a secretory protein. This hypothesis
was supported by the absence of orexin expression in the
medium and increased intracellular expression following the
administration of brefeldin A, the inhibitor of translocation

Page 10of 3



Receptors & Clinical Investigation 2015; 2: €632. doi: 10.14800/rci.632; © 2015 by Elizabeth Greene, et al.
http://www.smartscitech.com/index.php/rci

of secretory proteins from the endoplasmic reticulum to the
Golgi apparatus. The first 33 amino acids of prepro-orexin
exhibit characteristics of a secretory signal sequence and
orexin has been found in the circulation, however it is not
known yet what portion of orexin comes from the muscle and
what portion comes from other organs.

Treating the avian muscle cells with human recombinant
orexin A or B (hr-OrxA/B) differentially regulated the
expression of orexin and ORXR1/2. Indeed, hr-OrxA
increased the expression of ORX and ORXR1 but not
ORXR2, however hr-OrxB decreased ORX and ORXR2 and
increased ORXR1 mRNA and protein levels. The mechanism
underlying this divergent effect is not known at this time, but
it might be related to the different structure of hr-OrxA and B
(presence of disulfide bonds in orexin A and not in orexin B),
their binding affinity, and/or to the function of the
cytoplasmic tails and the desensitization of ORXR1/2 121, In
line with these divergent effects, orexins differentially
regulated  mitochondrial ~ biogenesis [MtDNA, mt
single-stranded DNA binding protein 1 (mtSSBP1), oxphos
complex IV subunit I (CoxIV), and Cox5a]- and function
[uncoupling protein (UCP), adenosine nucleotide translocator
(ANT), nuclear respiratory factor (NRF1), nuclear sarcoma
viral oncogene homolog (Ski), peroxisome
proliferator-activated receptor alpha/beta (PPAR0/B), PPARS
coactivator 1 alpha/beta (PGC-1a/p) and forkhead box
protein Ol (FoxO1l1)]-related genes and thereby
mitochondrial bioenergetics (ATP synthesis, proton leak and
reserve capacity). Interestingly, orexins also differentially
regulated mitochondrial fusion- and fission-related genes.
While hr-OrxB increased mitofusion, as indicated by the
up-regulation of mitofusin 2 (MFN2), optic atrophy (OPA1)
and OMAL1 zinc metallopeptidase (OMAL) gene expression,
hr-OrxA promoted mitofission as reflected in the increased
expression of mitochondrial fission process (MTFP1),
dynamin-related protein 1 (DNM1) and mitochondrial fission
regulator 1 (MTFR1) genes 81,

Mitochondria are dynamic organelles that constantly fuse
and divide, and an imbalance of these two processes
dramatically alters mitochondrial morphology and function.
Skeletal muscle mitochondria function is nearly linked with
insulin resistance and mitochondrial number and size are
declined in the skeletal muscle of obese and type 2 diabetic
patients compared with lean healthy subjects [l
Furthermore, a down-regulation of MFN2 expression
accompanied with 25% reduction in the muscle

mitochondrial network was observed in obese Zucker rats
[14]

Taken together, we [2 made a breakthrough by
identifying orexin system expression in chicken muscle and

its pivotal role in mitochondrial function and dynamics.
Because a lack of BAT, the chicken muscle is the main site
for thermogenesis and because mitochondrial functions are
involved in many (patho)-physiological processes, our
findings open new perspectives on the role of orexin in
muscle energy metabolism. Further studies dissecting the
role of orexin in chicken muscle development, myogenesis,
insulin sensitivity and glucose uptake are needed. Insights
into these molecular mechanisms could help not only to
develop new therapeutic strategies in molecular medicine but
also to improve animal health and feed efficiency.
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