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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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. A Pre -hibernation
' hyperphagia

A Gain up to 40% of
- body mass

' ANeed polyunsaturated
fats

A Find hibernaculum:
dark, near0 °C
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1. Metabolic rate reduction

2. Control by protein kinases
(SAPKs, 2 "4 messenger PKSs)

3. Most Genes OFF

4. Selective gene activation
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R RATION

1. Metabolic rate reduction

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

3. Most Genes OFF
4. Selective gene activation
Same as with ALL MRD
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A  mRNA synthesis

A Protein synthesis

A lon Pumping

. A Fuel use (esp. CHO)
A O, consumed

ATP turnover 1 .<5% of normal
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PHROTIZNN IKENLASES
PROTEIN PROTEIN -(P)n

NATP NADP

A Covalent modification by phosphorylation

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

ASAPKSs : daisy chain phosphorylations

ARegulation via interconversion of active
Vs subactive forms of protein substrates

Ap38, ERK (1/2), JNK, AMPK, AKT (mTOR)
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A Glycolysis
A Fat synthesis

A CHO fuel use
A Translation
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(GP, GS, PFK, PK)
(ATP -CL, ACC)

(PDH)

(el F2A, eE}
(NaK, Ca -ATPase)

A the usual suspects, TextBook
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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, UGPDH, AMPD,
GAPDH, FBPase, Antioxidant enzymes

P TNEs:  Acetylation , Methylatio
SUMOylation , etc.



IRD) LA [CGES

Few O0SAPO® ki nases act.

AGene 6inactidkbati on

(@)
~~

A Few Genes activated (1 -2%)



LMW ECG OFF GiENES:
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Egliseneiics:
- Stable changes in gene activity that do
not involve changes in DNA sequence

Cammon meaianisms:
- DNA methylation
- Histone modification / histone variants
e.g. acetylation, phosphorylation
- Regulatory non-coding RNAS



Regulatoryl NOM L.

muroNANA

A Small RNAs ~22 nucleotides in length

A Highly conserved across species

ABind to 30 UTR of mRNAS
A Could be 1000, affect 60 % of genes

A Disease involvement

A Act to :

- Block translation of mRNA
- Target mRNA for degradation
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! Selected miIRNAs were regulated in heart,
uscle & kidney of hibernating 13-lined ground squirrels

MIRNA Fold change Process in higher
vertebrates

Mir-1 2.0 Myogenesis
Mir-133a 2.4 Myogenesis
Mir-206 2.6 Myogenesis
Let-7 2.0 Cell cycle
Mir-26 2.4 Hypoxia
Mir-451 2.6 Erythropoiesis

(Morin, Dubuc & Storey, 2008, Biochi
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The emerging roles of microRNAs in the molecular
responses of metabolic rate depression
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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-

Received in revised form 17 July 2008
Accepied 28 July 2008
Available online 5 August 2008

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

sible conral o pelatian L i




DERR

METABOLG

ESSI

~— \ i
4 — PPt

rnation




R D JOS AN Hle 53
AFew O0SAPO® kinases act

ARGene o6inactiJtati ond (

A Few Genes activated (1 -2%)




TRANSCRIPTION FACTOR
@NE CHIPS PROFILING

(COI

Tf |

Protein levels
- enzyme assay
- antibodies : protein
- functional analysis
e.g. HIFA EPO A
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A Some Activated :

- Mitochondrial Genes

- AOE

- FABP, CPT, etc.

- Shock proteins (GRP, HSP)
- Transcription factors

ADNA Chip ~1 -2% 1|
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’l 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.)

KENNETH B. STOREY University of KwaZulu-Natal, Pietermaritzburg, pp. 101-108.

Institute of Biochemistry, Carleton University, Ottawa, Canada K15 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
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A ATF (Glucose Regulated Proteins)
AHIF (O,), HSF (Hsp)

ANFKB (IkB-P), Nrf-2, NRF-1

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

A Methods: EMSA, CHiP
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ANovel Enzyme Controls
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AEpigenetics & adaptation
ALife span extension
AAntioxidant Defense

ACell cycle suppression
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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 ~T0%. Hibemator CK showed reduced affinity for ATP and creatine, compa
that promoted endogenous protein kinase or phosphatase action, coupled with ion exchange chro
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 dif
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 *
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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 nisms 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
phosphorylation state of GOH berween ewthermia and
osphorylated and activated when animals transition inte




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

Krivoruchlko & Storey KB.
nztitute of Biochemiztry, Carleton Univerzity, Ottawa, OM, Canada. krivoruchko@gmail.com

Abstract

The impartance of epigenetics has been estahblished in many key hiological processes but the relevance of this regulatarny

m

mechanism tz animal survival of low oxygen conditicns has never be
mechanisms could be invoelved in natural anoxia tolerance,

n examined. To establizh whether epigenetic

ve have examined the anoxia-res ponsive expression of the
transcriptional silencers, histone deacetylases (HDACSs), intissues of a unique model for anjxia tolerance, the freshwater
turtle Trachemys scripta elegans. Transcript and protein levels of all five HDACS rose by 1.3-4 .6 and 1.7-3.5-fold, respectively,
in skeletal muscle inresponse to 20 h of anoxia exposure. In addition, HDAC activity in the miscle increased by 1.5-fold in
response to 20 h of anoxia and ley
liver displayed a milder respanse s
acetylated histone H3 levels also ¢ -75% of control values. Cnly HD dedto anoxia exposure in the
heart; Hdach transcript levels increased 2.1-2.3-fold and HDACS protein rose by 3.3-fold. Overall, our results show a tissue-

specific pattern of HDAC upregulation in response 10 anoxia exposure in 1.5, elegans, su. gesting thatthese enzymes play

key role in anoxia tolerance, prokably by contributing to the transcriptional silencing neces salsinthis biunometabolic ctata




