EPIGENETICS,
GENE REGULATION
&
HYPOMETABOLISM




Epigenetics Publications in PubMed

The number of publications in
the field increased dramatically
in the last 10 years.

Genetic Engineering and Biotechnology News Feb 1, 2013 (Vol. 33, No. 3)



METABOLIC RAT

P

0 5{"

.
»

L ¢l
Y2 AR
——i ] EASENRNTYR D

Hibernation




+ MAMMALIAN HIBERNATION

* Key characteristics :
— metabolic rate depression

(hypometabolism)

— low body temperatures

— Hibernation is a NATURAL
model system

* Purpose is to overcome food
shortages and the high
energetic costs of endothermy
(warm-blooded)
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Animal studies by Dr. JM Hallenbeck and Dr. DC McMullen, NIH

Figure adapted from Nelson et al. 2009
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ANOXIA TOLERANCE




FREEZE TOLERANCE




PRINGIEISESROENVIRD

1. Metabolic rate reduction

2. Control by, protein Kinases

(SAPKs, 27" messenger PKS)

3. Most Genes OFF
4. Selective gene activation

Same for ALL systems
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p38, ERK (1/2), JNK, AMPK, AKT (mTOR)




- ALL PATHWAYS; REGULATIONIN MINUTES,
- REVERSED BY ' PROGEINIPHOSPHATASES

- METABOLIG COSI=<N IO AL ENERGY

- MANY ' NEW ENZYMESTARGENS'DISCOVERED

e Glycolysis (GP, GS, PFK, PK)
e Fat synthesis (ATP-CL, ACC)

e CHO fuel use (PDH)

* Translation (elF2a, eEF2)
v- lon pumps (NaK, Ca-ATPase)




PRINGIEISESROENVIRD

1. Metabolic rate reduction

2. Control by, protein Kinases

(SAPKs, 27" messenger PKS)

3. Most Genes OFF
4. Selective gene activation

Same for ALL systems



Regulation of: Gene lranscription

Transcription Factors Transcription

e

RNA
TBP
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Factors Factors Machinery Factors

1 Beyond gene chips: transcription factor
profiling in freeze tolerance

KENNETH B, STOREY

Institute of Biochemistry, Carleton University, Ottawa, Canada K18 5B6; kenneth_storey@carleton.ca

Abstract

The Wood Frog, Rana sylvatica, is one of several terrestrially hibernating anurans that
ance. The multifaceted biochemical responses to the cellular

COYNMYETrTert 170 % AT~ . T NALVE




TRANSGRIENIONEAGHIORS

 ATF (Glucose Regulated Proteins)

* HIF (O,), HSF (Hsp)

* NFkB (IkB-P), Nrf-2, NRF-1

« PPAR, PGC, RXR, chREBP, CREB-P
STAT, SMAD, p53-P, HNF, AP (1,2)

Methods: EMSA, CHIP



PRINGIEISESROENVIRD

1. Metabolic rate reduction

2. Control by protein kKinases
(SAPKs, 27" messenger PKs)

4. Selective gene activation

Same for ALL systems



1. DNA Methylation. Methylation of cytosines
at CpG dinucleotides in promoter regions.
Methylation attenuates gene expression.

THE CELL 5e, Figure 7.41

Epigenetics refers to the study of
heritable changes in gene expression
that are not dependent on gene DNA
sequence.

2. Histone Modification. Post-translational
modifications on histone tails affect histone:DNA
interactions to influence accessibility of promoter
regions to transcriptional machinery.

Protein-coding region miRNA 3. Non coding RNAs. microRNAs base-pair with
of target gene mRNA I'I'I'I'I'I'I'I'I'(m

3UTR complementary sequences in mMRNA to achieve
“q | translational repression or target degradation




DNA METHYLATION
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J Repression by inhibition

J ‘ Active Transcription

of TF binding

Hypermethylation
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Core of 8 Histones

3 main types of modifications:
* Methylation
* Acetylation
* Phosphorylation

HISTONE MODIFICATION

Nucleosome:

- Made of 8 histone proteins
(Octamer) + linker protein

« Chromatin wraps around the
histones (“beads on a string”)

active/open chromatin inactive/condensed chromatin

)8 d)
I,
D)1/

Higher compaction = Lower expression




This code is maintained by:
“WRITERS,” enzymes that can methylate and acetylate
“ERASERS,” enzymes that can demethylate and deacetylate

“READERS,” enzymes that recognize, bind and recruit other
proteins to the modifications

Transcription | |

Transcription

The recruited proteins then act to alter chromatin structure to
promote or repress transcription.




H3-Acetyl-Lys27
H3-Trimethyl-Lys4
H3-Monomethyl-Lys27
H3-Monomethyl-Arg8
H3-Dimethyl-Lys27
H3-Dimethyl-Arg8
H3-Di/Trimethyl-Lys27
H3-Acetyl- Ly59 | ¥ ¥
H3-Trimethyl- Ly§27 o > 4
H3-Panmethyl-Lys9 2
H3-Phospho-Ser28 |
H3- Monomethyl Lysg‘ <.

H3-Phospho’Ser3tt™ ... ’

H3-Dimethyl-Lys9
H3-Acetyl-Lys36
H3-Trimethyl-Lysg
H3-Dimethyl-Lys36
H3-Phospho-Ser1o
H3-Trimethyl-Lys36
H3-Phospho-Ser28
H3-Dimethyl-Arg2
H3-Monomethyl-Lys18

PhT120

Me K99
Me K95

Ac/Me Me

K27 K36

'R26S28

Me Ph

K26 Ac/Me

S3 Ph
NH,

H3-Monomethyl-Lys79H3-
Phospho-Thr3
H3-Acetyl-Lys23
H3-Dimethyl-Lys79
H3-Acetyl-Lys4
H3-Monomethyl-Lys23
H3-Monomethyl-Lys122
H3-Monomethyl-Lys4
H3 Dimethyl thylLys23
H3 Dlmethyl Lys4
H3-Phospho-Thr45s
H3-Phospho- Thr11
_"H3-Acetyl- l-lys56+,
H3 Acetyl Lys14
H3-Monomethyl-Lys56
H3-Dimethyl-Lys14
H3*Dimethyl-Lys56
H3-Dimethyl-Arg17
H3-Acetyl-Lys64
H3- Acetyl-Lys18
H3-Acetyl-Lys79
ETC.......




EPIGENETIC MODIFICATION:
NON-CODING RNAs

A non-coding RNA is a functional RNA molecule that is not
translated into a protein.

siRNAs, microRNAs (~22 nucleotides; fine tune gene expression)

A mechanism for post-transcriptional gene regulation.




imperfect complimentarity = translational repression
o4 ORF — AAAAAA
ot o

mature
microRNA

AN

Drosha

pre-microRNA

Ago-2 (Slicer)l

pri-microRNA

o ORE M AAAAAA

perfect complimentarity = RNA interference

Cuellar TL, McManus MT. J Endocrinol. 187(3):327-332, 2005.




Epigenetics: the missing

information?

Lack of identified genetlc
determinants that fully explain the
heritability of complex traits.

Inability to pinpoint causative genetic
effects in some complex diseases.

Organisms that face extreme environmental challenges
are of particular interest because they survive under
conditions incompatible with viability of humans

.. and yet there can be only tiny differences in
underlying DNA sequences.




NURNINGMOEEMGIEN EST
ROLENOEREFIGENENICS

- Stable changes in gene activity that do
not involve changes in DNA sequence

- DNA methylation

- Histone modification / histone variants
e.g. acetylation, phosphorylation

- Regulatory non-coding RNAs

- “Hiding messages”



- Global changes in methylation of gene
promoters to reduce transcription rates

Global changes in histone modifications to
reduce accessibility to promoter regions by
transcription machinery

Transcription and translation are ATP-expensive
Epigenetic modifications could alter rates of

transcription/translation to produce energy savings in
hypometabolism

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Other post-transcriptional controls can apply -
* formation of stress granules &
* action of RNA binding proteins




DNA Methylation

Changes in DNA methylation

motif silences genes

ot eloncon songe RS ' | modifies gene transcription

NH,

N ﬁ
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Cytosine

Affects: development,
et L disease, phenotypic plasticity,
sam@  saH seasonal changes, behaviour,
etc.

Integr Comp Biol. 2014 Jul:54(1y68-76_doi- 10.1093/ch/icud34. Epub 2014 May 10
The dynamic nature of DNA methylation: a role in response to social and seasonal variation.
emald RD?, Storey KB?, Szyf M®.

® Author information

Abstract

An organism's ability to adapt to its environment depends on its ability to regulate and maintain tissue specific, temporal patterns of gene transcription
in response to specific environmental cues. Epigenetic mechanisms are responsible for many of the intricacies of a gene's regulation that alter
expression patterns without affecting the genetic sequence. In particular, DNA methylation has been shown to have an important role in regulating
early development and in some human diseases. Within these domains, DNA methylation has been extensively charactenized over the past 60 years,
but the discovery of its role in regulating behavioral outcomes has led to renewed interest in its potential roles in animal behavior and phenotypic
plasticity. The conservation of DNA methylation across the animal kingdom suggests a possible role in the plasiicity of genomic responses to
environmental cues in natural environments. Here, we review the historical context for the study of DNA methylation, its function and mechanisms, and
provide examples of gene/environment interactions in response to social and seasonal cues. Finally, we discuss useful tools to interrogate and dissect
the function of DNA methylation in non-model organisms.

© The Author 2014. Published by Oxford University Press on behalf of the Society for Integrative and Comparative Biology. All rights reserved. For
permissions please email: journals.permissions@oup.com.

Alvarado, S., Fernald, R.D., Storey, K.B., and Szyf, M. 2014.



DNA Methylation &
Mammalian Hibernation

J Exp Biol. 2015 Apr 23. pii: jeb.116046. [Epub ahead of print]

Dynamic changes in global and gene specific DNA methylation during hibernation in adult thirteen-lined ground
squirrels, Ictidomys tridecemlineatus.

Alvarado §', Mak T2, Liu §°, Storey KB? Szyf M*.

+ Author information

Abstract
Hibernating mammals conserve energy in the winter by undergoing prolonged bouts of torpor, interspersed with brief arousals back to euthermia.
These bouts are accompanied with a suite of reversible physiological and biochemical changes; however, much remains to be discovered about the

molecular mechanisms involved. Given the seasonal nature of hibernation, it stands to reason that underlying plastic epigenstic mechanisms should
exist. One such form of epigenomic regulation involves the reversible modification of cytosine bases in DNA by methylation. DNA methylation is well- [
known to be a mechanism that confers upon DNA its cellular identity during differentiation in response to innate developmental cues However, it has Ch a nges I n
recently been hypothesized that DNA methylation also acts as a mechanism for adapting genome function to changing external environmental and

experiential signals over different time scales, including during adulthood. Here, we tested the hypothesis that DNA methylation is altered during
hibernation in adult wild animals. This study evaluated global changes in DNA methylation in response to hibernation in the liver and skeletal muscle of D N A
thirteen-lined ground squirrels along with changes in expression of DNA methyltransferases (DNMT1/3B) and methyl binding domain proteins (MBDs).
A reduction in global DNA methylation occurred in muscle during torpor phases whereas significant changes in DNMTs and MBDs were seen in both

o
tissues. We also report dynamic changes in DNA methylation in the promoter of the myocyte enhancer factor 2C (mef2c) gene, a candidate regulator m eth y I atl 0 n

of metabolism in skeletal muscle. Taken together, these data show that genomic DNA methylation is dynamic across torpor-arousal bouts during

restrict gene
transcription
during torpor

Alvarado, S., Mak, T., Liu, S., Storey, K.B., and Szyf, M. 2015. in press




~ Global changes in methylation of gene
promoters to reduce transcription rates

Global changes in histone modifications to
reduce accessibility to promoter regions by
transcription machinery

Transcription and translation are ATP-expensive
Epigenetic modifications could alter rates of

transcription/translation to produce energy savings in
hypometabolism

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Other post-transcriptional controls can apply
* formation of stress granules &
 action of RNA binding proteins




Available online al www scencedirect.com
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Evidence for a reduced transcriptional state during hibernation
in ground squirrels ™

Pier Jr Morin®, Kenneth B. Storey

Institute of Biachemiztry and Department of Chemirtry, Carleton Untsersity, 1125 Colonel By Drize, Ovtawa, Ont., Cavada KIS 585

Roccivad 14 Murch 20060 sccepled 4 August 2006
Avsdlalic online 13 Scptomber 2006

Abstract

During memmalian hibernation, metabolic rale can be reduced to < 5% of the cuthermic rate as = resalt of coordmated
suppression of multiple encrgy cxpensive metabolic procosses. (ene transcription is onc of these and the present study
cxzmines mochanisms of transcriptional control that could contribute 1o lowering the rate of gene cxpression in torpor.
Histonc descctylascs (HDAC) have boen Iimked to gene silencing and messured HDAC activity was LE2fold higher in
skektal muscle of hibernating thirtoen-lined ground squirrels, Spermophiluy fridecemlineats, compared with cuthermic
comtrols. Westorn hlotting also showed that HDAC] and HIDACA protan levels were 1.21-and 1.48-fold higher, respoc-
tively, in muscle from torpid animals. Histone H3 was also cvalusted by Westorn blotting. Total histone H3 was unchanged
but two forms of covalently modificd histone H3 that are sssociated with active transcription (phosphorylated Ser 10 and
acctylated Lys 23) were significantly reduced by 383925 in muscle duning hibernation. Finally, RNA polymerasc 11 activity
wits moasured using @ PCR-based approech: activity in muscle from hibemating squirrels was oaly 57% of the cuthermac
valuc. Thow data sapport an overall docresse in transcriptional activity in skeletal muscle of hibernating animals that is
socomplished by multiple molecular mechanisms
© 2006 Elsevicr Inc. All nghts reserved.

Histone
deacetylases
allow histones

to wrap
around DNA

more tightly
during torpor




Transcription Suppression
in Hibernation

* Phospho-Histone H3 (Serl0) levels reduced
Snnloles irzifserioior)
* Histone Deacetylase activity increased 80%

e Acetyl-Histone H3 (Lys23) levels reduced
A BOHNNNIPISARSCHPHENR™

* HDAC 1 & 4 protein levels increased
 RNA Polymerase Il activity decreased




Mol Cell Biochem (2010) 342:151-161
DOT 10.1007/511010-010-0479-5

Epigenetics in anoxia tolerance: a role for histone deacetylases

Anastasia Krivoruchko - Kenneth B. Storey

Histone

deacetylases
a re inVOIved 10/ Accepted: 17 April 2010/ Published online: 1 May 2010
. ness Media, LLC. 2010
in natural
ance of epigenetics has been estab- by contributing to

anOX|a plogical processes but the relevance of  this hypometabolig
ism to animal survival of low oxygen §
t O I e ra n C e been examined. To establish whether Kevwords  Trac B8
s could be involved in natural anoxia Anoxia tolerance | R
tolerance, we have examined the anoxia-responsive expres-  Epigenetics - Hist
sion of the transcriptional silencers, histone deacetylases
(HDACs), in tissues of a unique model for anoxia tolerance,




Relative transcript levels

Relative transcript levels

A. MUSCLE HDAC TRANSCRIPT LEVELS

I Control
[/ 5 h Anoxic
[ 20 h Anoxic

HDAC1 HDAC2 HDAC3 HDAC4 HDAC5

B. MUSCLE HDAC PROTEIN LEVELS

I Control
[/ 5 h Anoxic
[ 20 h Anoxic

HDAC1 HDAC2 HDAC3 HDAC4

C. MUSCLE HDAC ACTIVITY

IN )
S )

HDAC Activity (RFU/ug)

N
o

Control 5h Anoxic 20 h Anoxic

D. MUSCLE HISTONE 3 ACETYLATION

I Control
[ 5 h Anoxic
[ 20 h Anoxic

Relative acetylation levels

Acetyl-Lys 9 Acetyl-Lys 23




~ Global changes in methylation of gene
promoters to reduce transcription rates

Global changes in histone modifications to
reduce accessibility to promoter regions by
transcription machinery

Transcription and translation are ATP-expensive
Epigenetic modifications could alter rates of

transcription/translation to produce energy savings in
hypometabolism

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Other post-transcriptional controls can apply
* formation of stress granules &
 action of RNA binding proteins
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Review enzyme show
The emerging roles of microRNAs in the molecular organ-speciﬁc

responses of metabolic rate depression .
changes in
Institute of Biochemistsy and Department of Biology, Carletan Univesity, 1125 Colansd By Drive, Otiawa, ON, Canada K15 5B6

Kyle K. Biggar and Kenneth B. Storey*
o
* Comespondend: to: Kenneth B Storey, Tel: + 613 520-3678; Fad: +61 3 520-374%; Email: kenneth Slorey@carlelona l I l a | I I I I I a I l a n
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Biochimica et Biophysica Acta Mechaniiony

journal homepage: www.elsevier.com/locate/bbagrm

Differential expression of microRNA species in organs of hibernating ground
squirrels: A role in translational suppression during torpor

Pier Jr. Morin, Adrian Dubuc, Kenneth B. Storey *

Istinuge of Bischemistry and Deparmment of Chemnisiry, Carleton University, 1125 Colanel By Drive, Oawe, Ontaria, Canada K15 SBS

ARTICLE INFO ABSTRACT

Arfide histary: Mammalian hibernation includes long periods of profound torpor where the rates of all metabolic processes
Received 25 April 20048 are strongly suppressed in a reversible manner. We hypothesized that microRNAs (miRNAs), small non-
Received in revised lorm 17 July 2003 coding transcripts that hind to mRMNA, could play a role in the global suppression of mRMA translation when
e ﬁmsﬂﬁmzm animals enter torpor. Selected miRNA species (4-9 of the following: mir-1, mir-24, mir-15a, mir-16, mir-21,
mir-122a mir-143, mir-146 and mir-206) were evaluated in four organs of euthermic versus hibernating
" e ground squirrels, Spermophilus mdecemiinesius using KT-PCR. Levels of mir-24 transaripts were significantly
MicraRNA reduced in heart and skeletal musdle of torpid animals as were mir-122a levels in the musde. Mir-1 and mir-
Hibe mation 21 both increased significantly in kidney during torpor by 20- and 13-fold, respectively. Mo changes were
Spermaphilis tidecemling ns found for the four miRMA specdies analyzed in liver. Protein levels of Dicer, an enzyme imvolved in miRNA

processng were also quantified in heart, kidney and liver. Dicer protein levels increased by 2.7-fold in heart




MIRNAs were regulated in
2rnating 13-lined ground sqL

MIRNA Fold change Process in higher
vertebrates

Mir-451 Erythropoiesis

(Morin, Dubuc & Storey, 2008, Biochim Biophys Acta 1779:628-633)




Current Genomics, 2009, 10, 573584 13 SPECIALFO

Perspectives in Cell Cycle Regulation: Lessons from an Anoxic Vertebrate

Evidence for cell cycle suppression
Kyle K. Biggar and Kenneth B. Storey® and microRNA regulation of cyclin D1
during anoxia exposurein turtles

Institute of Biochemistry and Department of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, ON, KIS
5B6, Canada

Kyle K. Biggar and Kennath B. Storay*

Abstract: The ability of an animal, normally dependent on acrobsc respiration, to suspend breathing and enter an anoxic

state for long term survival is clearly a fascinating feat, and has been the focus of numerous biochemical studies. When

anoxia tolerant turtles are faced with periods of oxygen depavation, numerous physiological and biochemical alteraticns

take place in order to facilitate vital reductions in ATP consumption. Such strategies mclude reversible postetrunsiatonal

modifications as well as the implementation of translation and transcription coatrols facilitating metabolic depression. Als

though it & clear that anoxic survival relies on the suppressson of ATP consuming processes, the state of the cell cycle m

anoxia tolerant vertebrates remain elusive. Several anoxia tolerant invertebrate and embryonic vertebrate models display The red-eared slider turtle (Trachemys scripta elegans) has a well-developed natural tolerance for axygen deprivation

cell cy:lc arrest when pr:samsd with anoxic stress. Dﬁplt: thla the cdl c)cl: has not yet been characterized for anoxia that derives from biochemical adaptations, including anoxia-induced suppression of metabolic rate. We hypothesized

i - e - - - ]» clinical smplications. Uncontrollable that mechanisms that suppress ATP-expensive cell cycle activity would contribute significantly to establishing the

1 i cbrate tissues. Consequentially, the mo- hypometabalic state during anaerabiosis. Cyclin D1 is a critical regulator of the G, phase of the cell cycle and is regarded

ces. This review article will discuss the as key to initiating cell prodiferation. The relative protein expression of cyclin D1 was analyzed in beth whele-cell and

of the retinoblastoma pathway. llle mo= nu-:lea flacnuns of liver, lu:lrw:,I and skeletal muscle from turtles exposed to 5 or 20 h of submergence anoxia. Expression

 possibility of translational o el o gl significantly under ancia in liver and kidney as compared

in muscle. The relative phosphorylation state of cyclin D1

es. Since phosphorylation of threonine 286 is necessary for

Anoxia elevated s

f of cyclin D1 showed the presence of both an All-rich region
A-15a. Levels of both microRMAs increased in liver and kidney

MIiR-16-1 & MiR-15q |
to suppress cyclin
D1 protein, a key
regulator of cell
cycle initiation

Instituta of Biochemistry and Departmant of Eicdagy: Carlaton Urivarsity; Ottawa, ON Canada

Key words: Trachenrys scripsa elegans, anoxia, microRNA, cyclin, metabolic rate depression
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Dehydration mediated microRNA response in the African clawed frog Xenopus laevis
Cheng-Wei Wu, Kyle K. Biggar, Kenneth B. Storey *

It e of Rioschens sty and Department of Bology, Garketon Untiversity, 1125 Colanal Ty Drive, Ditawa, ON K15 506, Ganada

ARETICLE INFOD

Article hitany:
Acvepted 17 |uly 2013
Available anline 17 August 2013

Keywards:

Metahalic rate depeession
Amphibizn

lavrmyinex

Mon-coding RNA

ABSTRACT

Exposure to variousemviron mental streses induces metabolic @ te depresgion in many amimal species, an adap-

tation that conserves energy until the environment is ag@in conducive to nomal life. The Africa

Xenopus laevis, is periodically subjected to arid summers in South Afric, and utilizes a o
hypometabolic state of estivation as a mechanism of kong term survival During estivation, frogs DehYd ratl on Ied
dieal with substantial dehydration as their ponds dry out and X loevis can endure > 30 loss of ity

‘W hypothesize that microR MAs play a vital role in egtablishing a reversible hypometabolic state a ° °

to dehydration stress that is associated with amphibian estivation. The present sudy analyzes

while body dehydration on microRNA expresson in three tissues of X. laevic Compared to cond] to d Ifferentlal
miR- 1, miR- 1250, and mik-16-1 decreased to 37 4 6,64 + 8, and B0 4 4% of control levels during

in liver. By contrast, miR-210, miR- 340 and miR-27 were significantly elevated by 3.05 + 045,21 L]

136 + 0.05-fold, respectively, in the liver. In kidney tissue, miR-29b, miR-21, and mifk-203 we expre55|on Of
140 + 009,131 4+ 0.05,and 217 4+ 0.31-fold, respedively, in response to dehyd ration whereas

miR-34a were elevated in ventral skinby 135 + 0005 and 1.74 4+ 0.12-fold, respectively. Bioinfio

) [
ofthe diferentially expres=ed microf NAs suggests that these are mainly invohred in two processed mlcroRNAS In
son of splute camier proteins, and (2] regul ation of mitoge n-activated protein kinase signaling.

first raport that shows a tisue sperific mode of microRNA expresion during amphibian debydrat
X. laevis organs

evidence for microRMAs as crucial regul abors of metabolic depression.



Cryobiology 59 (2009) 317-321

Contents lists available at ScenceDirect CRYOBIOLOCY

Cryobiology

journal homepage: www.elsevier.com/locate/ycryo

MiRNAs & Dicer

MicroRNA regulation below zero: Differential expression of miRNA-21
and miRNA-16 during freezing in wood frogs enzyme ShOW

Kyle K. Biggar, Adrian Dubuc, Kenneth Storey * Orga n'SpeCIfl C
Insfitute of Bocheristry and Department of Bology, Carketan University, 1125 Colanel By Drive, Otawe, Ont, Canada K15 o

changes in
ARTICLE INFOD ABSTRACT

Article histary: Matural freeze toderance depends on numerouws biochemical adaptations that address the moulti freeze tOIera nt

Received 1 July 2009 imposed on celk by freezing and preserves viability by suppressing energy-expensve cell fun

Accepled 31 August 2009 frozen state. We hypothesdzed that micmRMAs, small non-coding RMA transcripts that bind to

Available anline & September 2005 act to establish mpid biological contrals that aid the reorganization of metabaolic pricrities for rO gs
vival. Selected microf MA species| miR-16and miR-21 ) wereevaluated using RT-PCR inliverand s

cle of wood frogs { Rona sydvaetics) comparing cont mols (5 =C acclimated ) with animal s frozen for 2

) . Lewels of miR-21 increased significantly during

::;:b;:: freeze talerand: respectively. MiR-16 transcripts also rose significa

Pait-trameriptional contral of gene skeletal muscle Protein levels of Dicer, a type I K

expresm in the cytoplasm, were unc hanged inliver and dec

Metabalic rale depresion the first report of differential regulation of microl

Anti-apoploss mechanism for mpid, yet reverdble, gene silencing

Cell eyele contral Crown Copyrig
Dricer

Keywands:
Fana syhvatim



rtebrate microR
r method for detecti
amplification

Analytical Biochemistry 416 (2011} 231-233
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Notes & Tips

Amplification and sequencing of mature microRNAs in uncharacterized animal
models using stem-loop reverse transcription-polymerase chain reaction

Kyle K. Biggar, Samantha F. Kornfeld, Kenneth B. Storey * I : " A ailabile online a1 waw Stencednec cam
9 ' SciVerse ScienceDirect NN s
BIODNFORMATICS

Institute of Biochemistry and Department of Biology, Cadeton University, Ottawa, Ontarfo, Canada K15 5B
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ARTICLE INFO ABSTRACT wavn e e e comnlo el ph

Original Research

Artide history: Expression of mature microRNA { miRNA) trf
U= ived 8 April 2011 ) model systems but is difficult to evaluate u A . . .
- i bh:l o MicroRNA Regulation in Extreme Environments:

mals

MicrORNAS esed Differential Expression of MicroRNAs in the Intertidal Snail Littorina
viding littorea During Extended Periods of Freezing and Anoxia

respon d to Kyle K. Biggar™”, Samantha F. Kornfeld®, Yulia Maistrovski, Kenneth B. Storey

Ferrisin of Blochtwierry & Daparowerl of Blolygy, Corlass Udsemiry (Muws ON KI5 586 Comds

[ Recavad 26 Joly 1T sevsad 1 Sopiemaher ML, accapiad 17 Sept ek 2007
anoxia & .

Absir

f i . l I
re e Z I n g l Several recemt studies of verebrate adapation 1o environmental stress have suggested roles for micto RN As (miRNA5) in regulating glo

hal suppression of protein synthesis and/or restructuring protein expression petterns. The present study is the first to characerize stress

respaonsive alerations in the expression of miRMNAs during natral frezing or anoxia expasures inan imertshrate spacies, the imertidal

L[] o L]
I l l t e rt I d a I S l I a I I S gastropad Limaring biraras. These snails are exposed to anoxia and freering conditions as ther environment consently flucmates on
hath a tidal and sssonal hasis. The expression of selected miRMAs thatare known to influence the cell cyde, cel hlar signaling pathways,




MicroRNAs in Littorina littorea
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Up-requlated by Freezing & Anoxia
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Micro RNAs in Littorina littorea
HEPATOPANCREAS:
Up-reqgulated by Freezing & Anoxia
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MICRO RNA: Drosha & Dicer
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Short communication

Large-scale identification and comparative analysis of miRNA expression
profile in the respiratory tree of the sea cucumber Apostichopus
japonicus during aestivation

Muyan Chen **, Kenneth B. Storey "

* Fisheries Callege, Crean University of China, Qingdaa, PR China

& Institute of Biachemistry, Carletn University, 1125 Calonel By Drive, Ottmwa, ON K15 5%, Canada oriuﬁmm Freely avallable online @PLOS ONE

ARTICLE INFO ABSTRACT

- ] High-Throughput Sequencing Reveals Differential
e - st e EXpression of miRNAs in Intestine from Sea Cucumber

Accepted 8 |anuary 2014 aver mRNA translation. The present study analyzed profiles

Available online xox P . . | - - -

tree using Solexa deep sequencing technology. We ident d A t t
Keywards: mikMNAs spedfic to sea cucumber. Animals sampled during u rl n g ES |Va |0 n
— uous torpor) were companed with animals from a non-aes

aestivation and reurned o an active state). We identified

vf Muyan Chen'*, Xiumei Zhang', Jianning Liu®, Kenneth B. Storey®
1 Fis hefies College, Qvean University of China, Qingdaa, PR China, 2LC-80 C0., LTD. Hangzhou, PR China, 3institue of Bbchemistry, Carleton Univesity, Ottawa, Ontarin,

Tissue specific []==
over-expression Abstrac

The regulatory role of miRNA in gene expression is an emerging hot new topic in the control of hypometabolism. Sea
cucumber aestivation is a complicated physiological process that includes obvious hypometabolism as evidenced by a

of Se I ected deease in the rates of oxygen consumption and ammonia nitrogen exaetion, as well as a serious degeneration of the
intestine into a very tiny filament. To determine whether miRNAs play regulatory roles in this process, the present study

analyzed profiles of miRMA expression in the intestine of the sea cucumber (Apostichopus japonicus), using Solexa deep
G G sequencing technology. We identified 308 sea cucumber miRMAs, including 18 novel miRNAs specific to sea cucumber.
m l cro S In Animals sampled during deep aestivation (DA) after at least 15 days of continuwous torpor, were compared with animals
from a non-aestivation (NA) state (animals that had passed through aestivation and returned to the active state). We
° ° identified 42 differentially expressed miRNAs [RPM (reads per million) =10, [FC| {fold change() =1, FDR (false discovery rate)
estlvatl On =0.01] during aestivation, which were validated by two other mitNA profiling methods: miRNA microaray and real-time
PCR. Among the most prominent miRMA species, miR-200-3p, miR-2004, miR-2010, miR-22, miR-252a, miR-252a-3p and mik-

92 were significantly over-expressed during deep aestivation compared with non-aestivation animals. Preliminary analyses
of their putative target genes and GO analysis suggest that these miRMAs could play important roles in global

transcriptional depression and cell differentiation during aestivation. High-throughput sequendng data and microarray data
have been submitted to GEO database.
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phosphorylation or
acetylation of
histone tails to

suppress gene
expression under
hypoxia

Metabolic suppression during protracted
exposure to hypoxia in the jumbo squid,
Dosidicus gigas, living in an oxygen minimum
Zone

Brad A. Seibell -, N. Soren Hafker2, Katja Tribenbach3, Jing Zhang4,
Shannon N. Tessier4, Hans—Otto Portner2, Rui Rosa3 and Kenneth B. Storey4

ABSTRACT v
The jumbo squid, Dosidicus gigas, can survive extended forays into the oxygen
minimum zone (OMZ) of the Eastern Pacific Ocean. Previous studies have
demonstrated reduced oxygen consumption and a limited anaerobic
contribution to ATP production, suggesting the capacity for substantial
metabolic suppression during hypoxic exposure. Here, we provide a more
complete description of energy metabolism and explore the expression of
proteins indicative of transcriptional and translational arrest that may
contribute to metabolic suppression. We demonstrate a suppression of total
ATP demand under hypoxic conditions (1% oxygen, F,,=0.8 kPa) in both
Juveniles (52%) and adults (35%) of the jumbo squid. Oxygen consumption rates
are reduced to 20% under hypoxia relative to air-saturated controls.
Concentrations of arginine phosphate (Arg-P) and ATP declined initially,
reaching a new steady state (~30% of controls) after the first hour of hypoxic
exposure. Octopine began accumulating after the first hour of hypoxic
exposure, once Arg-P breakdown resulted in sufficient free arginine for
substrate. Octopine reached levels near 30 mmol g~' after 3.4 h of hypoxic

J. Exp. Biol. 217:2555-68; 2014




~ Global changes in methylation of gene
promoters to reduce transcription rates

Global changes in histone modifications to
reduce accessibility to promoter regions by
transcription machinery

Transcription and translation are ATP-expensive
Epigenetic modifications could alter rates of

transcription/translation to produce energy savings in
hypometabolism

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Other post-transcriptional controls can apply
* formation of stress granules &
 action of RNA binding proteins




J Comp Phyeiol B. 2012 Aug,182(8):848-59. doi: 10.1007¥/200360-012-0662-y. Epub 2012 Apr 13.

HIF-1a regulation in mammalian hibernators: role of non-coding RNA in HIF-1a control during torpor in ground
squirrels and bats.

Maistrovski ¥, Biggar KK, Storey KB.
Author information

Abstract
A potential role for non-coding RMAs, miR-106b and antisense hypoxia inducible transcription factor-1 (HIF-1a), in HIF-1a regulation during
mammalian hibernation was investigated in two species, the thiteen-lined ground squirrel (lctidormnys tridecemlineatus) and the little brown bat (Myotis
lucifugus). Both species showed differential regulation of HIF-1a during hibernation. HIF-1a protein levels increased significantly in skeletal muscle of
both species when animals entered torpor, as well as in bat liver. HIF-1a mRMNA levels correlated with the protein increase in bat skeletal muscle and
liver but not in squirrel skeletal muscle. Antisense HIF-1a transcripts were identified in skeletal muscle of both hibernators. The expression of
: : le of torpid bats compared with euthermic con : : welailahy

translation in this tissue during torpor. The ex

th skeletal muscle and liver of bats and in gro

| post-transcriptional mechanisms of HIF-1a rg#
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Arch Biochem Biophys. 2002 May 15,401(2).244-54.

The translation state of differentially expressed mRNAs in the hibernating 13-lined ground squirrel (Spermophilus
tridecemlineatus).

Hittel D', Storey KB.

Author information

Abstract

The translation state of differentially expressed mRNAs were compared in kidney and brown adipose tissue of the hibernating ground squirrel,
Spermophilus tridecemlineatus. Polysome analysis revealed a striking disaggregation of polyribosomes during hibernation and the redistribution of

Coxd [cytochrome ¢ oxidase subunit 4) and Oct2 (organic cation transporter type 2) transcripts into monosome and mBEMNP fractions of kidne
cytoplasmic extracts. Additionally, OCT2 protein levels decreased in kidney of hibemnating animals |

[
rate compared with euthermic kidney. There was no translational depression in brown adipose tissus Brown adlpose
-binding protein (H-FABP), that is up-regulated during hibernation, was increasingly abundant in the t .
the gxistence of a tissue-specific mechanism for th re alns pOI Somes
Polysomes y
& translation of

dissociate & . o
mMRNA moves to €y proteins
e.g. FABP

monosome &
RNP fractions
during torpor
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Cell Stress and Chaperones 2014; 19(6):813-25.

ORIGINAL PAPER

The involvement of mRNA processing factors TIA-1, TIAR,
and PABP-1 during mammalian hibernation

Shannon N. Tessier - Timothy E. Audas - Cheng-Wei Wu -
Stephen Lee - Kenneth B. Storey




RNA Binding Proteins &
Mammalian Hibernation
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WHERE DO WE GO
HERE?

e Applications of MRD research
e Novel phosphorylations

e Atrophy, hypertrophy
-- autophagy for survival

e Turning it all off -- microRNA
e Epigenelics & adaptation

e Life span extension

e Antioxidant Defense

e Cell cycle suppression

e Unity through evolution
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Big Science Edition:

1. GENOMES: Sequence all the genes to feel better !

The western painted turtle genome, a model for the evolution of
extreme physiological adaptations in a slowly evolving lineage.

Shaffer HB,...Storey KB, et al., Genome Biol. 2013
14(3): R28

2. Protein 2D: What about the Proteins
OMICS - Proteomics
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Genome Biol. 2013 Mar 28;14(3):R28. [Epub ahead of print]

The western painted turtle genome, a model for the evolution of extreme physiological adaptations in a slowly
evolving lineage.

Shaffer HB', Minx P, Warren DE, Shedlock AM, Thomson RC, Valenzuela M, Abramyan J, Amemiva CT, Badenhorst O, Biggar KK, Borchert GM, Botka CW,
Bowden BM, Braun EL, Bronikowski AM, Bruneau BG, Buck LT, Capel B, Castoe TA, Czerwinski M, Delehaunty KD, Edwards SV, Franick CC, Fujita MK, Fultan

L, Graves TA, Green RE, Haerty W, Hariharan R, Hernandez O, Hillier LW, Holloway AK, Janes D, Janzen FJ, Kandoth C, Kona L, de Koning AJ, Li'Y, Literman
R, McGaugh SE, Mork L, ©°'Laughlin M, Paitz BT, Pollock DD, Ponting CF, Radhakrishnan S, Raney BJ, Richman JM, 5t John J, Schwarz T, Sethuraman A,

Author information

Abstract

BACKGROUND: We describe the genome of the western painted turtle, Chrysemys picta bellii, one of the most widespread, abundant, and well-
studied turtles. We place the genome into a comparative evolutionary context, and focus on genomic features associated with tooth loss, immune
function, longevity, sex diffierentiation and determination, and the species’ physiological capacities to withstand extrerne anoxia and tissue freezing.

RESULTS: Our phylogenetic analyses confirm that turtles are the sister group to living archosaurs, and demanstrate an extraordinarily slow rate of
of the painted turtle to withstand complete anoxia and partial freezing appears to be associated
tify candidate genes for future functional analyses. Tooth loss shares a common pattern of

genes with birds, although the rate of accumulg*
erally reflect phylogeny rather than convergeng

Painted turtles:

* Adults endure
extreme anoxia

*Hatchlings are
freeze tolerant
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