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Chapter 4

WHEN ZOMBIES ATTACK!: MATHEMATICAL
MODELLING OF AN OUTBREAK OF ZOMBIE
INFECTION

Philip Munz'; Ioan Hudea'] Joe Imad?} Robert J. Smith?3*
Abstract

Zombies are a popular figure in pop culture/entertainment and they are usually
portrayed as being brought about through an outbreak or epidemic. Consequently,
we model a zombie attack, using biological assumptions based on popular zombie
movies. We introduce a basic model for zombie infection, determine equilibria and
their stability, and illustrate the outcome with numerical solutions. We then refine the
model to introduce a latent period of zombification, whereby humans are infected, but
not infectious, before becoming undead. We then modify the model to include the
effects of possible quarantine or a cure. Finally, we examine the impact of regular,
impulsive reductions in the number of zombies and derive conditions under which
eradication can occur. We show that only quick, aggressive attacks can stave off the
doomsday scenario: the collapse of society as zombies overtake us all.
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Ictidomys tridecemlineatus ‘
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Ictidomys tridecemlineatus,
13-lined ground squirrel

Myotis lucifugus, little brown bat
L)



e Seasonal phenomenon

e Pre-hibernation
hyperphagia

e Gain up to 40% of
body mass

g  Need polyunsaturated
70 fats
7 AR e Find hibernaculum:

dark, near 0°C




e drop in body temperature

ALNANNEN S

e reduced heart rate
e apnoic breathing
* Some muscle atrophy

 periods of torpor lasting weeks

* non-REM sleep

 oleamide increases in brain
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e suppression of carbohydrate
oxidation

* RQ of 0.7 = lipid oxidation

Stewart JM, Boudreau NM, Blakely JA &
Storey KB. 2002. J. Thermal Biol. 27, 309-315.



Entrance into Hibernation

Glis glis, 90.2 g

« Metabolism inhibited
causing Tb to fall

e Metabolic rate falls
to <5% of normal

9 -« Smaller animals cool
8 - down faster
- - * Q,o values up to 15
Eio.
Marmota marmota, 3800 g | ° ReverSible in arousal
e Torpor bout duration
. 4 days to 2 weeks

0 6 12 18 24
time (hours) |



HIBERNAYIN

1. Metabolic rate reduction

2. Control by protein kinases
(SAPKs, 2"9 messenger PKs)

3. Most Genes OFF

4. Selective gene activation
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1. Metabolic rate reduction

2. Control by protein kinases
(SAPKs, 2"9 messenger PKs)

3. Most Genes OFF

4. Selective gene activation
Same as with ALL MRD
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MRNA synthesis
Protein synthesis
lon Pumping

Fuel use (esp. CHO)
O, consumed

ATP turnover | | to <5% of normal

N



[ i+ e Factors]

Nucleus

GENES
ON/OFF

[Trans.F]

KINASES (2nd
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Few ‘SAP’ kinases activated

* thousands of processes OFF

Gene ‘inactivation’ (@ MmRNA )
Few Genes activated (1-2%)



PROTEINIRINASSIEERS

PROTEIN PROTEIN-(P)n

nATP nADP

e Covalent modification by phosphorylation

 Families of protein kinases: PKA (cAMP),
PKG (cGMP), CaM (Ca®*), PKC (Ca?*, PL, DG)

« SAPKSs : daisy chain phosphorylations

* Regulation via interconversion of active
Vs subactive forms of protein substrates

- p38, ERK (1/2), JNK, AMPK, AKT (mTOR)
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e Glycolysis (GP, GS, PFK, PK)
* Fat synthesis (ATP-CL, ACC)

e CHO fuel use (PDH)

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

e the usual suspects, TextBook
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Regulation of skeletal muscle creatine kinase from a
hibernating mammal

Khalil Abnous, Kenneth B. Storey *

Institute of Biockemisiry and Department of Chemistry, Cavleton University, 125 Colomel By Drive. Ottawa, Ont. Canada K15 585
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Abstract

Control over skeletal muscle energetics is critical in hibernation to sustain viability over weeks of cold torpor and to support shivering
thermoge nesis during arousal, Creatine kinase (CK)" has a kev role in muscle enerpetics and this study analvzes muscle CK from ground
squirrels, Spermaphilus richardsonti. CK activity was ~20% lower during hibernation than in euthermia, as was CK protein whereas CK
mRNA was reduced by ~70%. Hibernator CK showed reduced affinity for ATP and creatine, compared with enthermic CK. Incubations
that promoted endopenous protein kinase or phosphatase action, coupled with ion exchange chromatography to separate high and low
phosphate forms, showed that soluble CK from euthermic squirrels was a mix of phosphorylated and dephosphorylated forms whereas
only phospho-CK was detected in hibernating animals. High and low phosphate CK forms had different affinities for ATP and creatine
substrates but did not differ in stability to urea denaturation. About 20-25% of CK was bound to the insoluble fraction of muscle and
bound CK showed different kinetic responses to kinase and phosphatase treatments.

© 2007 Elsevier Inc, All rights reserved.,
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CK, GDH, Hexokinase, G6PDH,
LDH, NADP-IDH, o-GPDH, AMPD,
GAPDH, FBPase, Antioxidant enzymes

Acetylation, Methylation,
SUMOylation, etc.
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Few ‘SAP’ kinases activated

 Gene ‘inactivation’ (.| mRNA )

e Few Genes activated (1-2%)
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- Stable changes in gene activity that do
not involve changes in DNA sequence

CoOrnNinon mecnznlsinss
- DNA methylation
- Histone modification / histone variants
e.g. acetylation, phosphorylation
- Regulatory non-coding RNAS
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« Small RNAs ~22 nucleotides in length
 Highly conserved across species
 Bind to 3’ UTR of mRNAs

 Could be 1000, affect 60 % of genes

* Disease involvement

e Actto:

- Block translation of mRNA
- Target mRNA for degradation



imperfect complimentarity = translational repression
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Mir-1
Mir-133a
Mir-206
Let-7
Mir-26
Mir-451

(Morin, Dubuc & Storey, 2008, Bio
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Selected miRNAs were regulated in heart,
cle & kidney of hibernating 13-lined ground squirrels

MIRNA Fold change Process in higher
vertebrates

Myogenesis

Myogenesis

Myogenesis
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Cell cycle
Hypoxia

ythropoiesis
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Review

The emerging roles of microRNAs in the molecular
responses of metabolic rate depression

Kyle K. Biggar and Kenneth B. Storey*
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ARTICLE INFO ABSTRACT
Arfide histany: Mammalian hibernation includes long periods of profound torpor where the rates of all metabolic processes
Feceived 25 April 2008 are strongly suppressed in a reversible manner. We hypothesized that microRMAs (miRMAs), small non-

coding transcripts that bind to mRMA, could play a role in the global suppression of mREMA translaton when
animals enter torpor. Selected miRMA spedes (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
K de: ground squirrels, Spermophilus mdecemiinesius using KT-PCR. Levels of mir-24 ransripts were significantly
MicroRNA reduced in heart and skeletal musdle of torpid animals as were mir-122a levels in the musde. Mir-1 and mir-
Hi be mation 21 both increased significantly in kidney during torpor by 20- and L3-fold, respectively. Mo changes were
Spermaphibis tridecerm ing us found for the four miRMA specdies analyzed in liver. Protein levels of Dicer, an enzyme imvolved in miRMA
processng were also quantified in heart, kidney and liver. Dicer protein levels increased by 2.7-fold in heart

nuclear export

CYTOPLASM

E, Dvcer
processing
= \
Mature miRNA
within RISC
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Translationally repressed mRNA
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 Few ‘SAP’ kinases activated

* Gene ‘inactivation’ ( | | mRNA )

e Few Genes activated (1-2%)




TRANSCRIPTION FACTOR
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Protein levels
- enzyme assay
- antibodies : protein
- functional analysis
e.g. HIF > EPO »
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e Some Activated :

- Mitochondrial Genes

- AOE

- FABP, CPT, etc.
- Shock proteins (GRP, HSP)
- Transcription factors

« DNA Chip ~1-2% | |
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KennerH B, STOREY

Downstream
Factors

Upstream -
Inducible Upstream Basal
Factors Factors Machinery
‘I Beyond gene chips: transcription factor
profiling in freeze tolerance

In: Hypometabolism in Animals: Hibernation, Torpor and
Cryobiology (Lovegrove, B.G., and McKechnie, A.E., eds.)
University of KwaZulu-Natal, Pietermaritzburg, pp. 101-108.

Institute of Biochemistry, Carleton University, Ottawa, Canada K185 5B6; kenneth_storey@carleton.ca

Abstract

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

chreceae mnnead when ~650% af tatal badv water 1¢ convertad 1o extracalliilar ice have




IRANSGIIEANON
FACIORS

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
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*Novel Enzyme Controls

e Atrophy, Autophagy

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

* Life span extension

e Antioxidant Defense

e Cell cycle suppression

* Unity through evolution
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Abstract

Control over skeletal muscle energetics is critical in hibernation to sustain viability over weeks of
thermogenesis during arousal. Creatine kinase (CK)' hasa key role in muscle energetics and this stu
squirrels, Spermophifus richardsonii. CE activity was ~20% lower during hibernation than in euthe:
mBNA was reduced by ~70%. Hibemator CK showed reduced affinity for ATP and creatine, o
that promoted endogenous protein kinase or phosphatase action, coupled with ion exchange chr
phosphate forms, showed that soluble CK from euthermic squirrels was a mix of phosphorylated a
only phospho-CK was detected in hibernating animals. High and low phosphate CK forms had diff
substrates but did not differ in stability to urea denaturation. About 20-25% of CK was bound to
bound CK showed different kinetic responses to kinase and phosphatase treatments.
© 2007 Elsevier Inc. All rights reserved.
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Regulation of liver glutamate dehydrogenase by reversible phosphorylation in a
hibernating mammal

Ryan A.V. Bell, Kenneth B. Storey *
Instiaute of Bochemistry and Department of Bology, Carlton Universi: 1125 Colanel By Drive, Ottawa, Ontaria, Canada K15 556

ARTICLE INFO ABSTRACT

Article history: utamate d.eh}dmgnase [(..-IJH Ea Iny enzyme that links amino acid and carbohydrate metabolism in
Received 1 June 2010 ganisms are confronted with extreme stresses such as the
i associated wvrh winter. Many small mammals, such as

i K, glutamate, K, ADPand inhibition
data sugrested an activation of the glutamate-oxidizing
quent experiments suggested that the molecular basis of
phosphonylation state of GOH between euthermia and
osphorylated and activated when animals transition inte




Kol Cell Biochem. 2010 Sep;342(1-2):151-61. Epub 2010 May 1.

Epigenetics in anoxia tolerance: a role for histone deacetylases. .

Krivoruchlo & Storey KB,

] ] ] o ) ] Howlabla peling al wwew schoncd et oom
Inztitute of Biochemiztry, Carleton University, Ottawwa, ON, Canada. kriveruchke@gmail.com ‘_;4
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Abstract
The impontance of epigenetics has heen established in many key biclogical processes butth Crychisiogy 1 {H06) 10118 —
mechanism tz animal survival of low cxygen conditicns has never heen examined. To establ ki cony ooty
mechanisms could be invoelved in natural anoxia tolerance, we have examined the anoxia-res
transcriptional silencers, histone deacetylases (HDACs), intissues of a unique model for an . L ; . .
turtle Trachemys scripta elegans. Transcript and protein levels of all five HDACS rose by 1.3- E."i']dEI'lCE r':l'r d IEdLII.'.!Ed Tfﬂﬂﬁmpﬂﬂﬂﬂ' state dUﬂIIE hlhE:mEI.t]Dﬂ
in skeletal muscle inresponse to 20 h of anoxia exposure. In addition, HDAC activity in the m in gIl.'.I'IJIId 1’.1E|l.lil'l’!.3l5l-:r
response to 20 h of anoxia and levels of acetylated histone H2 (Lys 9 orLys 23) decreased to
liver displayed a milder response with HDACH, -4, and -5 protein levels increasing by 1.6-2.1 Pier Jr Morin®, Kenneth B, Storey
acetylated histone H3 levels also decreased to 50-75% of control values. Only HDACS respol Amaiui of Blochreiziey and Deperimen! af Chowiziry, Cavirion Dniorery, 1120 Coloned By Drine. (iiwen, Onl, Comele K75 508
heart; Hdacs transcript levels increased 2.1-2.3-fold and HDACS protein rose by 3.3-fold. Ove

Histone acetylation
(transcﬁptlonal activation)

Closed chromatin Open chromatin

Hiﬂono deacetylation
(gene silencing)

@ 2006 Prous Science
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Oxid Med Cell Longev. 2010 May-Jun;3(3).186-598.

Forever young: mechanisms of natural anoxia tolerance and potential links to longevity.

Krivoruchko A Storey KB.
Inztitute of Biochemiztry and Department of Biology, Carleton University, Ottawa, ON, CA.

Abstract

While mammals cannot survive oxygen deprivation for mare than a few minutes without su
some animals have mastered anaerchic life. Freshwater turtles helonging to the Trachemy
champion facultative anaerches of the vertebrate world, often surviving without ocxygen form
physialogical and bicchemical mechanisms that underlie anoxia tolerance inturtles includ
depression, post-translational modification of proteing, strong antioxidant defenses, activat
transcription factors, and enhanced expression of otoprotective proteins. Turles are also k
and display characteristics of “neqgligible senescence”. VWe propose that the robust stress-t
long term anaerchiosis by turtles may also support the longevity ofthese animals. Many of t

natural anoxia tolerance, such as hypometabolit
to play important roles in mammalian oxygen-re >
axygen could aid inthe understanding and freat
Inthe present review we discuss the recent adv
turtles and the potential links between this toler

STIMULATORY SIGNALS

>

Immune response
Stress response
Antioxidant defenses

Cell growth and differentiation

Anti-apoptosis

CYTOPLASM

Degradation by proteasome

NUCLEUS
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Biochemical adaptations of mammalian
hibernation: exploring squirrels as a
perspective model for naturally induced
reversible insulin resistance

C.-W. Wu, K.K. Biggar and K.B. Storey

Department of Biology, Instiute of Biochemistry, Careton University, Ottewa, ON, Canada

Abstract

An important disesse among human metabolic disorders is type 2 disbetes meltus. This disorder involves multiple
physiclogical defects that result from high blood glucose content and eventually lead o the onset of insulin resistance. The
c.ombl ation of insulin resistance, increased glucoss production, and decre ased insulin secrefion creates a diabstic metabolic
nnnnnnnn t that lkeads to a Metime of management Appropriate models are critical for fhe success of research. As such, a

unique model providing insight into fhe mechanisms of reversible insuln resistance is mammakan hibemafon. Hibemaiors,
such as ground squirels and bats, anre excellant examples of animals exhibifng revers ble insulin resistance, fo whch rapid
increase in body weight is required prior to entry into domancy. Hibematbor studies have shown differential regulation of

specific molecular pathways involved in reversible resistance to insulin. The present review focuses on this growing area of
research and the molecular mechanisms that regulate glucose homeostasis, and explores the roles of the Akt signaling
pathway during hibernation. Here, we propose a Bnk between hibemafion, 8 welkdocumented response o periods of
environmental stress, and reversible insulin resistance, poientislly facliaEed by I\Bydhe ations in the Akt signaling network,
PPAR-¢/PGC-1a regul lam and non-coding RMNA expression. Coincidentally, many of the same pathways are frequeny found
to be dysregulated dur glnsi resistance in human type 2 diabetes. Henoe, the molecular networks fhat may regulate
reversibba insuli n resistance in hibemating mammals represent a novel approach by providing insight into medical treatment of
insulin resistance in humans.

Hibernators show reversible
Insulin resistance

Rapid weight gain,
hyperinsulinemia during
entry into hibernation,
reversed in deep torp

Modifications to
pathways Gl
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Gray mouse lemur

 Novel model of hibernation

— Short term torpor in mild climate (Tb falls to ~20°C)
 Reduction of ERK signaling
« Activation of JNK stress response

y



Adv Clin Chem. 2010;52:77-108.
Metabolic rate depression: the biochemistry of mammalian hibernation.
Storey KB, Storey JM.

Ingtitute of Biochemiztry, Carleton University, Ottawa, Ontario, Canada. kenneth_storevi@carleton.ca

tom,

Abstract

During winter hikernation, small mammals fall into long pericds of deep cold torpor where metabkolic rate is suppressed ﬂ
90% and core body temperature can fall to near 0 degrees . Studies with hibernatars illustrate the molecular regulatory Primates "
mechanisms that coardinate the suppression of metabolic functions during torpor, repriaritize energy use, and L
preserveistabilize macromolecules to support long-term viability during cold torpor. This review explares mechanisms
including postiranslational modification of proteins, differential regulation of enzymes, global suppression of transcription and

translation including a rof gerontology. 2010;55(2):220-30. Epub 2009 Jul 14.
transcription factors. The
relevantto issues in clini
and atraphy resistance. Storey KB.

Ingtitute of Bicchemiztry, Carleton Univerzity, Ottawa, Ont., Canada. kenneth_storev@carlston.ca

Qut cold: biochemical regulation of mammalian hibernation - a mini-review.

Abstract
Hibernating mammals offer an intriguing example of natural torpor and illustrate the regulatory mechanisms that contral
2 cell preservation strategies that support leng-term viakility in a hypometakolic state. These

araving the hypothermic preservation of human argans for transplant, and guidelines that

or as an intervention strategy in human medicine. Recent advances in hibernation research
antribute to metakolic depression by archestrating the global suppression of ATP-

ation including multiple forms of post-translational modification of proteins/enzymes
Cylation), mREMA storage mechanisms, and differential expression of microRMNA species.
¢ also contributed new advances in understanding the range of cell functions that are

jut same critical preservation strategies that aid leng-term viahility in a torpid state. These

perones and the implementation of the unfolded protein response, and the enhancement of

&) to control the actions of extracellular proteases in clotting and inflammation responses.
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Review

An Overview of Stress Response and Hypometabolic Strategies in (aenor-
habditis elegans: Conserved and Conirasting Signals with the Mammalian
System

Benjamin Lant and Kenneth B. Storey =

Institute of Biochemistry, Carleton University, Ottawa, Ont, Canada

[~ Comrespondence to: Kenneth B. Storey, Institute of Bi

Ottawa, Omt. K15 3B6, Canada Tel. +1 613 520 3678, Fax
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Abstract

Studies of the molecular mechanisms th
physiclogical) have long been used to m
madel organism. Caenorhabditis elegans
‘dauer” stage. This period of developme
in metabolic rate, triggered by ambient
ents. L. efegans employs a number of si
unfavourable conditions and survive for |
The suppression of cellular metabolism
survival of nematodes through the dau
nisms that are fundamental to control
general, mammalian systems are highly i

dauer entry

signal transduction pathways of nematod
protein targets in the stress response
maintained, and often differ only in the|
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WOOD FROG
Rana sylvaftica
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* High ‘polyols’
« Acclimation
required

e Glucose X

protection

Higher osmolality
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e Intertidal molluscs &
barnacles

e Amphibians & Reptiles
- Frogs (6 species)
- Hatchling turtles
- Garter snakes
- Lizards (some)
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1.Stress Kinases ON
2.All Cell Processes OFF
3.Enzymes : Modified & “Off”
4. Micro RNA
5.Genes turned OFF - Epigenetics
6.Key Genes ON






A WOMAN WHO
should have died in
1959 has been saved
by modern heart sur-
gery — after spending
the last 30 years in a
deep freeze!

At the age of 26, Helene
Chapparal had been
placed in a state of sus-
pended animation by doc-
tors who lacked the medi-
cal know-how to repair her
ailing heart

That history-making ex-
periment recently became a
success when physicians in
Lyon, France revived the
frozen woman and cor-
rected her heart deformity
using newly-developed sur-
gical technigques!

Dr. Maurice Fougeres,
58, headed the team of

FROZEN IN TIME

Woman put in deep freeze
in 1959 revived by doctors
and given life-saving heart

-

doctors who brought He-
lene back to life. He had
also been present in 1959
when she was frozen.

“l had just graduated
from medical school,” he
says. “I was invited to at-
tend a top secret experi-
mental procedure.

“l walked into the lab
and was stunned to see

A N

© HELENE WAS pu

surgery

the greatest medical
minds of that time clus-
tered around a very beau-
tiful woman lying on an
operating table.”

The young doctor listen-
ed in amazement as the

t in freezing tank similar to one above used by New Cryonics Society

chief surgeon explained
that the woman suffered
from heart disease and
had only hours to live.

The untested procedure
called for her body to be
frozen, and then revived
when medical science had
developed a cure for her
ailment.

“She was placed in a tub
surrounded by dry ice,” re-
calls Dr. Fougeres. “An ar-
tificial respirator kept her
breathing until the last
possible second, in order to
avoid sudden shock which
would have killed her.

Storage room

“When her body temper-
ature neared the freezing
point, her blood was re-
moved and her veins were
filled with a glycerol and
water solution. She was
then covered in foil and
sealed inside a coffin-like
tube containing liquid ni-
trogen at minus 320 de-
grees Fahrenheit.”

Helene's frozen body was
moved to a hospital storage
room, where it remained
for the next 30 years.

Recently, doctors became
confident that modern sur-

gery could easily repair He-
lene’s heart problem. Most
of the older physicians who
had been present when the
woman was frozen had
died, so Dr. Fougeres was
asked to head the medical
team to revive her.

“We began by warming
the patient’s blood and re-
injecting it into her defrost-
ed body,” he notes. “Electri-
cal stimulation was applied
to her heart and brain.

“I guess deep down I
\didn’t believe it was possi-
ble, so when that first,
faint heartbeat was de-
tected, I nearly jumped

out of my skin.
“She lay there
unconscious, but very

much alive. She had not
aged, and was as beautiful
ason that day in 1959."

After several hours, He-

lene was sent into an oper-

® DR. FOUGERES was

present when Helene was

frozen and also when she
was brought back to life

ating room, where sur-
geons repaired her heart
defect. Two days later she
woke up from her deep
sleep for the first time.
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Soviet scientists revived and held a con-
versation with the brain of a man who fell

body earlier this year.

~ In a report to the science
journal Mind and Body, Dr.
Alexei Kolosov conceded that

his conversation with the

was short but called it ground-

breaking because it proved that
human tissue and intelligence
can survive long-term freezing.

The Moscow-based ex-
pert said the brain was re-
moved from the body and
linked to a computer prior
to his attempt to communi-
cate with 1t ;

It then answered ves or
no to six simple questions
before it lapsed into a coma
and died.

“We did not raise the
dead but we came very,
very, close” said the ex-
pert,

“For a few minutes the
brain waves were nearly as
active as those of a living
man.

“Their movement during
questioning indicates that|
the brain was aware and|
even eager to answer. ‘

“We asked such things
as: ‘Are you comfortable?
Do you know where you
are? Do you remember
vour name?’

“By comparing the brain|
waves running through our{
computer it is clear that it]
responded yves or no to each|
question. It was simply a;
very stunning piece of re-
search.”

In & related experiment,
Dr. Kolosov and his col-|
leagues were able to re-
store temporary heart and
lung function to the frozen
man’s body after the brain
had been removed, the
journal said.

“We originally thought

|
|

Organ linked

to computer

and answers

stunned docs”

about attempting to revive

questions

said Dr. Kolosov. "But we
decided that our chances of
success were greater if we
separated the two.”

The frozen man was
identified as Boris Chakov-
sky, a Siberian laborer who
was reported missing and
presumed dead after he
disappeared in 1921,

“His papers were still in
his pockets when his body
was recovered from the ice
last February,” said Dr.
Kolosov.

“We imagine hé slipped
or was pushed into the cre-
vasse, couldn't get out and
froze within minutes,” he
continued.

“Otherwise he would
have suffered brain dam-
age that would have made
it impossible for us to com-
municate with him, even

body and mind as a whole,"|for a few seconds.”

intq an icy Siberian crevasse in 1921 and re-
mained frozen until the discovery of the :




A AT RS AR Tt - N G 2

SCIENCE

Heaven GCan
Wait a While

Awomanlosesherhead

ways been an iffy one, and a handful of

optimists aren’t taking any chances.
Dora Kent, 83, was confined to a nursing
home with severe arthritis and adegenera-
tive braindisease. Butherdevotedson Saul,
48, who had lived with her most of his
life, didn't want his mother to disappear
forever.Soheapparently retained the serv-
ices of Alcor Life Extension Foundation.
Alcor cut off his mother’s head and froze it
_ inliquid nitrogen, against the unlikely day
when science might be able to bring it back
to life and attach it to a new body. But the
Riverside County, Calif., coroner’s office
now suspects Dora Kent may not have been
legally dead when she was beheaded. And
last week a search of the Alcor facility re-
vealed weapons and explosives, one intact
frozen corpse and six headsfrozen in hope of
eventual reunion with other bodies. But
noneof the Heads was Dora’s.

The suspicions of the coroner’s office
were first aroused by Dora Kent's death
certificate, which said she died, unattend-
ed, at a "residence.” But the address listed
was that of the Alcor facility, and officials
there admitted she had been brought in
alive and died on their premises. Alcor offi-
cials now acknowledge that the woman’s

The question of life after death has al-

Frozen in time: Technicians prepare a corpse for cryonic preservation

death should have been certified by an out-
side authority before they proceeded to
remove her head. (Her body was cremated.)
According to deputy coroner Rick Bogan,
however, no tests were performed to es-
tablish “brain death,” a requirement of
California law before any organs or body
parts can be taken.

Ice price: Cryonics, the attempted preser-
vation of human life by storing bodies at
subfreezing temperatures, had a minor
vogue in the selfcentered '70s, and the
American Cryonics Society claims a cur-
rent ship of 100 people who have
committed themselves tobeing frozen after
death. The remains of about 15 people are
believed to be on ice at three storage cen-
ters in California and Michigan. The price
for the promise of coming back to the 21st
century can be as high as $125,000.

Cryonics is not to be confused with cryo-
biology, a recognized branch of medical re-
search that studies the effects of very low

temperatures on living tissue. Advancesin
this field now allow the freezing of blocd.
corneas, bone marrow, sperm and even em-
bryos for use at a later date. But so far.
cryobiologists have been unable 1o make
use of frozen organs such as the pancreas,
kidneys or heart in transplant surgery.
That's why they dismiss the claims of
the body freezers. "There is no scientific
basis on which to say anyone can be frozen
and then reanimated,” maintains Arthur
Rowe, former president of the Society for
Cryobiology and editor of its journal.
Even if the Riverside authorities do lo-
cate Dora Kent's wayward head, bringing
it back tolife might not be a good idea:she'd
probably die again—of shock. The elderly
woman, it turns out, may not have had any
plans to be frozen (let alone decapitatedr;
according to Bogan, the consent forms were
signed only by her son.
Jean SELIGNANN with Maxx Mitiex
in Washington and Linna BucxLey in Los Angcles

Coroner: Woman’s death
, murder; head then frozen

RIVERSIDE, Calif. (AP) — A coroner has reclassified as homi-
cide the death of an elderly woman whose head was surgically re-
moved and frozen in hopes that she could some day be brought
back to life with a new body.

“We're saying this was an 83-year-old lady that was ill and pushed
over the edge by the use of a drug,” Supervising Deputy Coroner
Dan Cupido said Tuesday.

Dora Kent’'s death last December at the Alcor Life Extension
Foundation laboratory in Riverside has been under investigation
since January.

Deputy District Attorney Curt Hinman said he 1s “fairly confi-
dent charges will be filed,” but he did not say who would be
charged, when, or §peciry the charges.

The wom{m's original death certificate indicated she died from
pneumonia in the absence of a doctor, which prompted the coro-
ner’s office to investigate whether she was alive when the proce-
dure to remove her head was started.

Authorities seeking to force Alcor to produce the frozen head
have been blocked by an injunction.




TIME:

“*For BRAIN DEATH from oxygen lack in heart attack or
stroke Is 2-5 minutes
s For corpse to have cryonics started
“*For cooling a human body from 37°C down to 5°C
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CRYONICS: DAWVINGIS

DAMAGE:

i FREEZING a human in dry ice
‘ from 5°C to -80°C

< FREEZING a human from
F -80°C to -196°C
by immersion in liquid ni
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FREEZINGREUIVIIRNES

DOES IT WORK ?

A. Liquid Nitrogen Storage ( -196°C)
- frogs only to -20°C (cell destruction)

- fragility/crush (neurons)
B. Frozen Liquid Expands !
C. Bits and Bobs ..........
D. Time to Preservation (oxygen lack, neurons)
E. You’ve paid UPFRONT for “forever” !
F. Legal implications (thawed by your kids)
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Is it correct to freeze humans and then

bring them back in the future for
“eternal life”?

A. Who would be chosen for this (costly)
procedure?

B. How would we pay for re-animation and
re-integration into society?
- for 20 subjects
- for 2000 subjects
- for 2 billion subjects

C. Spiritual / Religious implications
D. Legal implications
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OIEVN\ S FOR TRANSPLARNT

= I J TURES:

- freeze organs to create organ banks

- stem cell research - grow new organs
C. FAR FUTURE:

- cloning of tissues (one cell --> organ)

- artificial tissues (from non-cell sources)

. AENOTRANSPLANTS

- Dangers and risks?
2. Clone “MNEAR-FIUNANS” for pzriss

- Society plus science (+/- embryos)

- Have your own clone, just in case?

- The rights of a clone?



ol eV S FOR TRANSPLARNT

Tens of thousands wait for a few organs

- who decides?
- should you be able to pay for an organ?

oclery Solutions: Dollars, Sclence, Morals
N, SELL OReANS: $% from rich to poor people
Organs from poor to rich people
Morally correct? How to regulate?

:
&

= Nt B

2. Get organs by “PRESUNED CONSENT
- Will doctors revive or harvest?
- How dead do you have to be?
- Religious / spiritual implications
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* SPERM  TEETH, BONE
 EMBRYOS s BONE MARROW

e SKIN  PANCREATIC TISSUE

* CORNEA * THYROID TISSUE

* VEINS  PARATHYROID TISSUE

 BLOOD CELLS * FETAL TISSUES (some)
e HEART VALVES |+ **RAT LIVER™"






CONT OL REGIONIOESA
TYPICAL EURKARYGIIGASIENE

general

transcription gene
gene regulatorv proteins factors RNA polymerase I regulatory
proteins
— gene X ——— A
-> a _

promoter 1
C >
T RNA transcript

sequence

regulatory ‘ spacer DNA

the gene control region for gene X

Epigenetics = OFF) :
* microRNA
* phospho-RNA Polyme
* Histones modifi
* HDAC / HAT ¢



 DNA/RNA synthesis
e Protein synthesis
* Fuel metabolism
e Jon pumping
e Work done

ATP turnoverlto <5% of normal



[ i+ e Factors]

Nucleus

GENES
ON/OFF

[Trans.F]

KINASES (2n)
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e Few ‘SAP’ kinases activated

 Results: p38, AMPK, JNK, ERK,
PKA, PKC, PERK, Fuel Pathways

e Protein Phosphatases (1, 2A, 2C)

Zhang J, Tessier SN, Storey KB. 2011. In: Hypometabolism: Strategies of Survival in Vertebrates and
Invertebrates. (Nowakowska, A. and Caputa, M., ed.), Research Signpost. pp. 147-182.
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Metabolic Depression :
e Few ‘Stress’ kinases activated

* Gene ‘inactivation’ (] mRNA)
* Few Genes activated

Dieni CA, Storey KB. 2011. Comp. Biochem. Physiol. B 159, 236-243
Dieni CA, Storey KB. 2010. J. Comp. Physiol. B 180, 1133-1142.
Dieni CA, Storey KB. 2009. Comp. Biochem. Physiol B 152, 405-412.
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* Few Genes activated
- Frozen Life'!

- Transcription factors
- shock proteins
- antioxidant enzymes
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Temperature Adaptation
in a Changing Climate

EDITED BY KENNETH B. STOREY AND KAREN TANINO

- Anoxia
¥ ..k tolerance
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CHORUS FROG
Pseudacris triseriata

SPRING PEEPER
Pseudacris crucifer
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Tardigrade
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Expression of myocyte enhancer factor-2 and downstream genes in ground squirrel
skeletal muscle during hibernation.

Tessier SM, Storey KB.

Ingtitute of Biochemiztry & Department of Biology, Carleten University, Ottawa, ON, Canada.

Abstract
Myocyte enhancer factor-2 (MEF 2} transcription factors regulate the expression of a variety of genes encoding cantractile
proteins and other proteins associated with muscle pedformance. We proposed that changes in MEFZ levels and expression
of selected downstream targets would aid the skeletal muscle of thifeen-lined ground squirrels (Spermophilus
tridecemlineatus) in meeting metaholic challenges associated with winter hibernation; e.g., cycles of torpor-arousal, body
temperature that can fall to near 0°C, long periods of inactivity that could 1ead to atrophy. MEF2A protein levels were
significantly elevated when animals were in torpar (maximally 2 .8-fold higher than in active squirrels) and the amount of
phospharylated active MEF2A Thra12 increased during entrance into torpor. MEFZC levels also rose significantly during
entrance and torpor as did the amount of phosphorylated MEFZC Ser287. Furthermaore, both MEFZ members showed
elevated amounts in the nuclear fraction during torpor as well as enhanced binding to DMA indicating that MEF2-mediated
gene expression was up-regulated intorpid animals. Indeed, the protein products of two MEFZ downstream gene targets

B increacedin muscle during tornor (glucose transporter isoforms 4; GLUT4) or early arousal (myogenic differentiation; MyoD).
~ [ MyoD mREMA transcript levels correlated with the rise in protein product levels and provided
MEF2-mediated gene expression in the hibernator. Transcript levels of MefZa and Mefzc
arns with levels of both keing highest during arousal from torpor. The data suggest a

| gene transcription in the selective adjustment of muscle protein complement over the

(

Decregse myocaula mass
Proteh synheels < degradaton
Fotal metabolc shift

Increase myocardal mass
Protein synthesls > degradation
Fetalmetabole snit

- Hypertrophy

Pathological
v ;hypertrophy
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Chrrent Genomics, 2009, 10, 573-584 573

Perspectives in Cell Cycle Regulation: Lessons from an Anoxic Vertebrate
Evle E. Biggar and Eenneth B. Storev®

Institute of Biochemiztry and Department of Biology, Carleton Univerzity, 1125 Colomel By Drive, Ottawa, ON, KI5
JBd, Canada

Abstract: The ability of an animal, normally dependent on aerobic respirati
state for long tenm survivel is clearly a fascinating feat, and has been the
anoxia tolerant turtles are faced with periods of exyzen deprivation, num
take place in onder to facilitate vital reducdons in ATPF conswmpdon. Such =
modifications as well as the implemeantation of ranslation and franscription
though it is clear that anoxic survival relies on the suppression of ATP cons
anoxia tolerant vertebrates remain elnsive. Several anoxia tolerant imvertebra
cell cycle arrest when presentad with apoxic stress. Despite this, the cell oy
tolerant murtles. Understanding bow venebrates respond e anoxia can have i
cellnlar proliferation and hypoxic mmer progression are mescapably linked 1
lecular mechanizme controlling these processes have profound clinical cons
vertebrates and more specifically, the co
, the activation of checkpoint kinasas,
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Evidence for a reduced transcriptional state during hibernation
in ground squirrels *

Pier Jr Morin®, Kenneth B. Storey

fnstitute of Bischemintry and Department of Chemirtry, Carleton Untsersity, 1125 Colonel By Drive, Ovtawa, (nt., Cavada KIS 585

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

Abstract

During mammalizn hibernation, metebolic rate cxn be reduced to <5% of the cuthermic rate as
suppression of multiple encrgy cxpensive metiabolic procosses. (Gene transcription is onc of these
cxamines mechanisms of transcriptional coatrol that could contribute Lo lowering the rate of gen
Histone dezoctylases (HIDAC) have been linked to gone silencing and messured HDAC activity
skeketa]l muscle of hibernating thirloen-lined ground squirrels, Spermophifuy fridecemlineatus, con
comtrols. Westorn hlotling also showed that HDACT and HIDACA protan levels were 1.21-and 1
tively, in muscle from torpid animals. Histone H3 was also cvalusted by Westorn blotting, Total hisig
but two forms of covadently modificd histone H3 that are sssocated with active transcription (phos
acctylated Lys 23) were significantly reduced by 383995 in muscle duning hibernation. Finally, RN
wits measured using & PCR-based approech: activity in muscle from hibemnating squirrels was onl
value. These data sapport an overall docrease in transcriptional activily in skeletal muscle of hi
socomplished by multiple molecular mechanisms

© 2006 Elscvicr Inc. All nghts reserved.
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Transcription SUppression

N RIREernatoranscie
* Phospho-Histone H3 (Serl0) levels reduced

* Histone Deacetylase activity increased 80%
* Acetyl-Histone H3 (Lys23) levels reduced

« HDAC 1 & 4 protein levels increased
 RNA Polymerase Il activity Decreased
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