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ABSTRACT

Dengue virus (DENV) infection of humans is characterised by immunopathology with
elevated levels of many inflammatory mediators. Tumour necrosis factor alpha (TNF-a)
plays a significant role in the pathogenesis of DENV infection with elevated levels of
TNF-a in the sera of DENV infected patients that parallel the severity of disease and
release of TNF-a coincident with the peak of DENV production from infected monocyte-
derived-macrophages (MDM) in vitro. However, the effect of TNF-a on DENV
replication is not fully clarified. In this study we aimed to determine (1) the effect of TNF-
o on DENYV replication and (2) the changes in host cell protein expression, in response to
DENV-infection. Since macrophages are a primary cell target in vivo for DENV-infection,
this study mainly used primary monocyte-derived-macrophages (MDM) and macrophage-
like cell lines (K562, U937) to represent this cell type. Initially methods were developed
for specific analysis of DENV replication, including a tagged RT-PCR method for
quantitation of DENV positive (+ ve) and negative (- ve) strand RNA.

Next the potential antiviral role of TNF-a in regulating DENV replication in MDM was
investigated. While pre-treatment of MDM with TNF-o had a minor inhibitory effect,
addition of TNF-a to MDM with established DENV-infection had no effect on DENV
replication as measured by DENV RNA levels or virion production. Blocking endogenous
TNF-a using TNF-o antibodies or TNF-a. SiRNA also had no effect on infectious DENV
production or RNA synthesis. Together, these results demonstrate that DENV replication
in MDM is not affected by TNF-a. Additionally, normal cellular TNF-o signalling,
measured by quantitation of TNF-a-induced stimulation of transcription from a nuclear
factor-kappa B (NF-kB) responsive reporter plasmid or NF-kB protein nuclear
translocation, was blocked in DENV-infected MDM. Thus, DENV replication in MDM is
not affected by TNF-a, and infected cells do not respond normally to TNF-a stimulation.
It is therefore unlikely that the increased production of TNF-a seen in DENV-infection and
correlating with DENV pathology contributes directly to DENV clearance by inducing
anti-viral defence mechanisms and reducing DENV replication in MDM. These results
also highlight an example of viral subversion of potential anti-viral cellular responses.



Secondly, the host cell response to DENV-infection was analysed, presenting the first
proteomic analysis on the cellular response to DENV-infection. The differential proteomes
of K562 cells with or without DENV infection were resolved and quantitated with two
dimensional differential gel electrophoresis (2D PAGE). One 72 kDa protein, was
identified by mass spectrometry to be GRP78 (a member of HSP70 protein family) and
was up-regulated 2 to 3 fold in infected cells. Up-regulation of GRP78 in DENV-infected
cells was confirmed by immuno-staining and confocal microscopy. GRP78 and HSP70
have previously been identified as a component of the DENV receptor complex and
blocking of these proteins has been found to inhibit DENV entry into the cell. By confocal
microscopy we found that cytoplasmic GRP78 and HSP70 were also up-regulated in
DENV-infected cells. The role of cytoplasmic GRP78 and HSP70 in DENV-infected cells
has not been established; however there are precedents in other viral infections that
cytoplasmic GRP78 and HSP70 could enhance viral protein production.

Thus, this thesis shows that (1) the high levels of circulating TNF-a seen in DENV-
infection does not influence DENV replication (2) the cellular responses to TNF-a are
altered in DENV-infected cells and (3) we have identified two protein chaperones and
stress response proteins (GRP78 and HSP70) that are up-regulated during DENV-
infection. With the advancement in proteomic techniques since initiation of this project
future proteomic analysis could further identify other novel host factors that may either
regulate DENV-infection or be involved in a host cell response to DENV-infection and

help our understanding of DENV pathogenesis at the protein level.



DECLARATION

This work contains no material that has been accepted for the award of any degree or
diploma in any university or other tertiary institution and to the best of my knowledge and
belief, contains no material previously published or written by another person, except

where due reference has been made in the text.

In accordance with the University of Adelaide regulations, I give my consent to this thesis

being made available for photocopying and loan if accepted for the award of the degree.

Satiya Wati


a1001984
Text Box


Acknowledgements

I would like to firstly gratefully acknowledge my chief supervisor Dr Jillian Carr for her

brilliant supervision. With her vast knowledge and much focussed manner of scientific

thinking, she has been an admirable mentor. | would also like to thank my co-supervisors

Professor Christopher Burrell and Dr Li Peng for their combined support and critical

reading of this thesis.

There are a number of other people without which this PhD would not have been possible

and 1 would like to thank in particular

Red Cross Blood Bank for providing buffy coats for isolation of macrophages

Mr Peter Zilm (Dental School, University of Adelaide) for all his expert advice and
help with the proteomics aspect of this project

The HIV past and present lab members where this work was undertaken (especially
the great coffee breaks with Adrian and Sarah)

Dr Tuckweng Kok (IMVS) for initiating the idea of taking on this study and
providing on going assistance and entertainment

Grace Chang (IMVS) and IDL staff

Dr Ghafar Sarvestani for assistance with the confocal microscopy

Miss Pete Grant (IMVS, photography) for her assistance in presentation of figures
for this thesis

Dr Karla Helbig, Miss Erin McCartney and Mrs Sharon Blake for proof reading
this thesis

The Hepatitis C lab staff members where | am currently employed and finished off
writing this thesis

School of Molecular Biosciences, University of Adelaide for giving me the

scholarship to pursue this study

Finally I am forever indebted to my mum and late dad for their encouragement to take up

this PhD. To my mum | owe her tremendous gratitude for encouragement and support

throughout these 4 years which has been unconditional and never ending. Without the help

of both my wonderful parents | would have not been able to get this far. Thank you.



ABBREVIATIONS

2D — 2 dimensional

°C — degrees Celsius

g — (units) gravity force

(+ ve) - positive

(- ve) - negative

approx - approximately

ALT - alanine aminotransferase

AST — aspartate aminotransferase
ATCC — American Type Culture Collection
ATF6 — activating transcription factor 6
BME - Basal media Eagle

bp — base pairs

BSA — bovine serum albumin

BVDV - bovine viral diarrhea virus

C - complement

CAP - capsid

CPE - cytopathic effect

CS - cyclisation sequence

CT - cycle threshold

DENV - dengue virus

DEPC - diethylpyrocarbonate

DF — dengue fever

DHF — dengue haemorrhagic fever
dH,0 — de-ionised water

DMEM - Dulbecco modified Eagle medium
DNA - deoxyribonucleic acid

dNTP - 2’- deoxynucleoside 5’-triphosphate
ds — double stranded

DSS - dengue shock syndrome

DTT - dithiothreitol

E - the envelope glycoprotein

EDTA - ethylene diamine-tetra-acetic acid

Vi



ELISA - enzyme linked immunosorbent assay
ER — endoplasmic reticulum

FBS - fetal bovine serum

FITC — fluorescein isothiocyanate

GRP78 — glucose regulated protein 78

HBBS — Hanks balanced salts

HBBS+ - Hanks balanced salts with CaCl, and MgSO,
HBYV — Hepatitis B virus

HCL - hydrochloric acid

HCV - hepatitis C virus

HIV — human immunodeficiency virus

HCMYV - human cytomegalovirus

HUVEC - human umbilical vein endothelial cell
hNRBP - human nuclear receptor binding protein
hr — hour (s)

HSP — Heat shock protein

HSV — Herpes Simplex virus

IEF — Isoelectric focussing

IgG — immunoglobulin G

IL - interleukin

INF- Interferon

IRE1 - ER trans-membrane protein kinase/endoribonuclease
JE — Japanese encephalitis virus

kb — kilobase

kDa - kilodaltons

LPS - lipopolysaccharides

LUC - luciferase

M — membrane protein

MDM - monocyte derived macrophages

MEM — minimum essential medium

min — minute (s)

ml - millilitre

mM — millimolar (millimoles per litre)

MOI - multiplicity of infection

MRNA — messenger RNA

Vii



MS — mass spectrometry

MW — molecular weight

NF-kB — nuclear factor-kappa B

ng - nanogram

NMR - nuclear magnetic resonance
NO - Nitric oxide

NS- non structural proteins

OD - optical density

oligo - oligonucleotide

OIN - overnight

ORF - open reading frame

PAGE - polyacrylamide gel electrophoresis

PBS - phosphate buffered saline

PBMC - peripheral blood mononuclear cells

PCR - polymerase chain reaction
PERK - PKR-like endoplasmic kinase
pfu — plaque forming units

pg - picograms

PMA — phorbal myristate acetate

pmol - picomoles

PrM- the precursor to the membrane protein

RF — replicative form

RI — replicative intermediate

RNA - ribonucleic acid

RT — reverse transcription

SDS - sodium dodecyl sulphate

sec — second (s)

SiRNA - small interfering RNA
SRBC - sheep red blood cells

ss — single stranded

TNF-a - tumor necrosis factor alpha
ug — microgram

uM — micromolar (micromoles per litre)
UPR — unfolded protein response

UTR - untranslated region

viii



MW — molecular weight

v/v — volume per volume

WHO - World Health Organisation
w/v — weight per volume

WNV — West Nile virus



PUBLICATIONS AND PRESENTATIONS ARISING

PUBLICATIONS

2007 Satiya Wati, Peng Li, Christopher Burrell, Jillian Carr. Dengue virus (DV)
replication in monocyte derived macrophages is not affected by TNF
alpha, and DV infection induces altered responsiveness to TNF alpha
stimulation. Journal of Virology 81 (18):10161-10171

CONFERENCE PRESENTATIONS

2007 Satiya Wati, Peng Li, Christopher Burrell, Jillian Carr.
Australian Society of Virology meeting, Fraser Island, Queensland
9-13th December. Poster presentation. Abstract # 244
Cellular responses to dengue virus (DENV) infection (in vitro) studies

2007 Satiya Wati, Peng Li, Christopher Burrell. Jillian Carr
Australian Society of Microbiology meeting, Adelaide
9-13" July. Poster presentation. Abstract # 14.12
Dengue virus (DV) replication in monocyte derived macrophages is not
affected by TNF alpha, and DV infection induces altered responsiveness
to TNF alpha stimulation. The role of exogenous TNF alpha in dengue
virus replication

2004 Satiya Wati, Jillian Carr, Peng Li, Christopher Burrell
Australian Society of Virology meeting, Philip Island, Victoria
9-12" December. Poster presentation. Abstract # 244
The role of exogenous TNF alpha in dengue virus replication



CHAPTER L. e 1

INTRODUGCTION ..ottt e e et e e st e e e ssreessaeesaeeeanseeeans 1
1.1 DENGUE VIRUS (DENV) .....iiiiiieieiieieeie ettt sae e snee e 1
1.2 EPIDEMIOLOGY ..ottt 1

1.2.1 Worldwide distribution of DENV and threat to public health .............cccocoovviniiiciee e, 1
1.2.2 DENV prevalence i AUSITAlIA........cccoivriieiieieiee s 2
1.23 Vaccine development, prevention and control of DHF/DSS ..o 3
1.3 CLINICAL PRESENTATION .....iiiii ittt 5
1.4 VIRUS CLASSIFICATION. ....ciiiiiie it 6
15 DENV STRUCTURE ...ttt 6
151 DENV structural and non StruCtural Proteins..........ccoooeieiinieiiiie e 7
1.5.1.1 Structural proteins C, M and E.........ccccccevveiieieiiieie e 7
1.5.1.2  NON StruCtural ProteiNS........cccueiueiiiiieie e 8

1.6 DENV REPLICATION CYCLE. ...ttt 10
1.6.1 DENV binding to reCceptors @and ENIY .........cc.coiriiiiriieiieieneeie et ee e 10
1.6.1.1  DENV FECEPIONS .. ueiiiiieiiiiieeitiie ettt be e rre e nin e ane e 10
1.6.1.2  DENV BNEIY .ttt ettt snee s 11

1.6.2 DENV uncoating, translation, RNA transCription.........ccccooe i 11
1.6.2.1  UNCOALING.....ceiiieiiiie ittt sttt sre et e e e neanes 11
1.6.2.2  TranSIatioN......cccveiiiie e 11
1.6.2.3  Viral repliCation.......c.cccvecuiiieiieie e 12

1.6.3 Assembly and release of DENV PArtiCleS .......c.cveivreiiiisieseeieieeses s e 13
1.7 DENV TARGET CELLS ..ot 13
1.7.1 o 0] o] AT TSRS 14
1.7.1.1  Macrophages and DENV replication ...........ccccoocevenineniniininincieee, 14

1.7.2 DENAIIEIC CIIS ...ttt 15
1.7.3 B ANG T CRIIS ..o 15
1.7.4 ENAOTNEIAI CEIIS.....veieiiieiiceecte et bbb be et sbe e ere e ebe s 16
1.75 Hepatocytes and KUPTFEr CEIIS .......oivii i 16
1.7.6 (@1 4T oT=Y |10 o T3S 17
1.7.7 Target CellS — SUMMAIY .....ccveieiie ettt re e e e e seenresreene s 17
1.8 PATHOGENESIS OF DENV-INFECTION .....ccccoiiiiii e 18
1.8.1 The effect of DENV serotypes and genotypes on DENV pathogenesis.........cccoceeeveveieiiennnns 18
1.8.1.1 The role of viral proteins in DENV pathogenesis...........c.ccoovvvvviviiennenn. 19

1.8.2 The host response and DENV pathOgeNESIS ........ccoriiiiiriiiiiiieriese et 19
1.8.2.1 Role of antibodies in pathogenesis .........cceeveveiiieiieie e 19
1.8.2.2 Role of circulating mediators in immunopathogenesis............cccceeervenne. 21
1.8.2.3 IFN response in DENV-INfeCtion..........ccccocovveviiic i 23
1.8.24 TNF-aand DENV-INFECLION .....cccoveiiiieiiesieeee e 24
I T T (01 A 0] 0] (-] [ S SS 26

1.9 SUMMARY .ttt 27
1.10 HYPOTHESIS AND AIMS ...t 28
111 OUTCOMES ...t ba e annes 28

CHAPTER 2.ttt e e e st e e st e e e s aa e e e s ne e e e nseeeanaaeaneeeas 29

MATERIALS AND METHODS ...t e 29
2.1 MATERIALS ..o et e e ae e anes 29

211 Antibodies and diUtIONS USEA ..........ccvriririieiirieere e 29



2.1.2 (=1 | 30

2.1.3 COMMETCIAL KITS ...ttt bbbttt 30
214 Commonly used buffers and SOIULIONS ..........ccoiiiiiii e 30
2.2 CELL CULTURE ..ottt e e e a e nnaane e 34
2.2.1 Isolation and culture of primary MDM ........ccccvcieiiiiie e 34
2.2.2 Cell INeS and Cell CUITUIE ..o 35
2.3 DENV-INFECTION OF CELLS ..o 35
2.3.1 Preparation and titration of DENV StOCK ........cccoiiiiiiiiiiiecccc e 35
2.3.2 Quantitation of infectious virus by plague aSsay..........cccvvvevereerereririese e 35
2.3.3 Culture and infection of MDM and cell lines with DENV-2 (MONG01) .........cccceevvvneniniennen. 36
234 Characterisation of DENV-Iinfected MDM .........cccooiiiiiiiiiniinieeesese e 37
2.3.4.1 Preparation of opsonised Sheep Red Blood Cells (SRBC).........c.ccuc....... 37
P B o 4= Vo T 10y (0] OSSR 37
2.4 EXTRACTION OF RNA AND REVERSE TRANSCRIPTION (RT) REAL-
TIME PCR TECHNIQUES..... ..ottt e 38
24.1 Generation of DENV capsid construct and in vitro transcribed RNA .......c.cccocoivviiiiiinnnnn, 38
2.4.2 RINA EXEFACTION ...ttt b e ettt bbbt b e ebe e e b e 38
2.4.3 Tagged RT real-time PCR for (+ ve) and (- ve) DENV RNA strands ..........ccccocevvvrivvivninnnannns 39
2.4.4 RT-real time PCR for cyclophilin AMRNA ..o 39
245 RT-real time PCR for TNF-00 MRNA ......coiiiiit et 40
2.5 ANALYSIS OF THE EFFECT OF TNF-a ON DENV-REPLICATION ........ 40
2.5.2 Blocking TNF-ou using TNF-0L antiDOIES ........cccoieiiieiicieicc e 41
2.5.3 Transfection of SIRNAS INt0 MDIM .......cooiiiiiiiiieiie e e 41
2.5.3.1 siRNA transfection efficiency in MDM .........cccccooiiiiiininiicee 41
2.5.3.2  Blocking of TNF-a MRNA using SIRNA........ccccceiiiiieiiee e, 42
254 DENV-infection and lipopolysaccharide (LPS) stimulation of siRNA transfected cells......... 42
255 L929 CYLOLOXIC BIOASSAY ...v.vevevereeriitirieiestesieieate sttt sttt ettt ebesr et ebesn e enenn e ere e 42
2.5.6 Quantitation of TNF-a-stimulated NF-kappa B (NF-kB) mediated luciferase (LUC) reporter
GENE TFANSCIIPTION. ...cueteeetisteeet ittt b bbbt b et s bbbt bbbt b bbbt et en et nes 43
257  DC™ Protein Assay (Biorad catalogue number 500-0121)...........cccevvrverermerrereesrerreeresneenenenn. 44
258 Analysis of TNF-a stimulation of NF-kB nuclear localisation using confocal microscopy.... 44
2.6 PROTEOMICS ...ttt et e e e s ba e e e e s earaee s 45
2.6.1 Sample preparation for proteomic analySiS.........ocoriiririiriniireee e 45
2.6.2  RC DC™ Protein Assay kit 1 (Biorad catalogue number 500-0121) .........c..cccovrererrrrrrerrrnns 45
2.6.3 Two-dimensional electrophoresis (2D-PAGE) ...t 46
2.6.4 Image acquUISItion aNd ANATYSIS ......coueiuiiiiiiieiee et e 46
2.6.5 MALDI TOFF/TOFF mass spectrometry and protein identification ..............ccoccoceioiiiniennns 46
2.6.6 WESEEN DIOt FOr HSPT70 . ....cviiie et 47
2.6.7 Immuno-staining and confocal MICIOSCOPY ......cvciverieieiiiisiecieee et se e sre e saesnea 48
2.6.7.1 Detection of DENV antigens in K562 and U937 cells..........cccccevverneennenn. 48
2.6.7.2  Detection of HSP70 and GRP78 in DENV-infected and mock-infected
K562 and MDIM CeIIS ..ot 48
2.7 LIST OF SUPPLIERS. ...ttt e e e 49
(O o N ol I = SRS 51
DEVELOPMENT OF AN IMPROVED RT REAL-TIME PCR TO DETECT DENV
(+ve) AND (- V) STRAND RNA ..ottt sttt eas 51
3.1 INTRODUCTION ...ttt e a e e e e e s snnneee s 51
3.2 RESULT S e e et e e s et e e e e e st ra e e e araeeaeans 52
3.2.1 Generation of in vitro transcribed DENV RNA ...ttt 52
3.2.2 DNA contamination of RT reaction from pGEM-DENV-2CAP .........ccccocvivviviiveeereerese e 53
3.2.3 Lack of strand specificity — Possible false priming arising during in vitro transcription......... 53



3.2.3.1 Removal of all unlinearised pPGEM-DENV-2CAP DNA, 3’ overhangs

aNd the SPB PrOMOLET.......cciiiieie ettt e e e nte e 53
3.3.3.2  Purification of in vitro transcribed RNA template...........ccccoovvieinnnnn. 54
3.24 Lack of strand-specificity — possible non primer-mediated generation of RT products during
LU L R I (- Tod 1T FO OO PR U 55
3.2.4.1 Increased temperatures and different RT enzymes to increase specificity of
SO PTPRUROSPSRSPN 55
3.2.4.2  Other optimisation methods to reduce non primer-mediated generation of
DENV/(+ ve) and (-ve) Strand RNA ..o 55
3.25 Tagged RT real-time PCR for quantitation of DENV (+ ve) and (- ve) strand RNA............... 56
3.25.1 Development of a tagged RT real-time PCR ..........ccccooevivevveiciieniecns 56
3.2.5.2  Specificity of detection of (- ve) strand RNA from infected cells using the
tagged RT real-time PCR........cooiie e 57
3.2.5.3  Sensitivity of DENV (- ve) and (+ ve) strand-specific tagged RT-PCR...58
3.3 DISCUSSION ..ottt ettt besresreene e ee e 58
(O 1 o =l = OSSP 60

DENV REPLICATION IN MDM IS NOT AFFECTED BY TNF-a, AND DENV-
INFECTION INDUCES ALTERED RESPONSIVENESS TO TNF-a

STIMULATION . et e st e e e e et e e e e e bt e e e e e st it e e e e s aaaeeeeeennes 60
4.1 INTRODUCTION ...ttt et e sbae e e e s eaaae e e e e nreas 60
N o 1 B 1 I SRR 60

42.1 Characterisation of a DENV MDM infection model ..o 60
4.2.1.1 Characteristics of DENV replication in MDM..........ccccocovoiiiiiinniniinnnnn, 60
4.2.1.2 Characteristics of DENV-infected MDM..........cccccooveviiiieneeieiieineie e 61

4.2.2 Addition of exogenous TNF-a prior to or after established DENV-infection does not

dramatically affect DENV replication in MDIM ... s 62

4.2.3 Inhibition of endogenously produced TNF-a has no significant effect on DENV replication in
MDM 64

4.2.3.1 Blocking TNF-a by siRNA knockdown has no effect on DENV

FEPIICALION ...ttt bbbt 64
4.2.3.1.1 Optimisation of TNF-« stealth siRNA to give maximum TNF-«
knockdown64
4.2.3.1.2 siRNA reduction of TNF-a had no effect on DENV replication ........ 65

4.2.3.2 Blocking actions of endogenously released TNF-« had no effect on

DENV FEPHCATION ..ocvviiiieiiece ettt sae e nnes 66

424 DENV-infected cells do not respond normally to exogenously added TNF-c.......cccccccvrienene 66
4.2.4.1 DENV-infection inhibits TNF-a-stimulated, NF-kB mediated reporter

GENE TrANSCIIPTION ...ttt 66

4.2.4.2 DENV-infection inhibits TNF-a-stimulated translocation of NF-kB

cellular proteins iNto the NUCIBUS............coi e 67

4.2.5 Does DENV non-structural protein 5 (NS5) inhibit TNF-o signalling as occurs with HCV?.69

4.3 DISCUSSION ...ttt ettt sre e be et neenae e 69

(O N e I L PSS 75
HOST CELLS RESPOND TO DENV-INFECTION BY UP-REGULATION OF

GRP78 AND HSPT0......eiiiiieiiei ettt b et a e sne s 75

5.1 INTRODUCTION ...ooiiiiiiiiieieiiesee ettt 75

5.2 RESULTS ..ottt sttt st et sre et e esne e eeeneennes 76



521 Identification of a good macrophage model for proteome Studies............ccoevevereerereveniesnnnnas 76
5.2.1.1 The monocytic cell line U937 was not highly susceptible to DENV-

infection and did not represent a good macrophage proteome model .................... 76
5.2.1.2 K562 cells were highly susceptible to DENV-infection and represent a
good MDM proteome MOUEL ........c.ecveiieie e 77
5.2.2 Proteomic analysis of DENV-infected and uninfected K562 cellS ........c..cccoevveveievcnvinnenne, 77
5.2.2.1 Identification of the up-regulated protein as GRP78 by mass
spectrometry and Mascot database-search ............cccocvvveiiieveiiesc e, 78
5.2.3 Confirmation of up-regulation of GRP78 in DENV-infected K562 and MDM cells .............. 79
524 Up-regulation OFf HSPT70.........ooiiiiiieereee bbb 79
5.2.4.1 Up-regulation of HSP70 in DENV-infected K562 cells...........c..c..c......... 79
5.2.4.2 Both intracellular and membrane associated HSP70 is up-regulated in
DENV- INTECHION ...ttt 80
5.3 DISCUSSION ...ttt bttt e e s 80
CHAPTER Bttt b et et e et e bt et e b e ne e nbe e e nnes 86
GENERAL DISCUSSION .....ooiiiiiieieiieie ettt sneesre et sseessaessesneesseenseanes 86
6.1 DISCUSSION AND SUMMARY ..ottt 86
6.2 MAIN CONCLUSIONS OF THISTHESIS ..o 87
6.3 IMPLICATIONS OF THESE FINDINGS.......ccccooiiiiiiiieieceeee e 87
6.3.1 Altered TNF-a responses may allow DENV to evade the immune response...........cc.ccocvevvneen 87
6.3.2 Future identification of the DENV-specific protein that mediates DENV inhibition of TNF-a.-
stimulated NF-KB @CIVALION .........coiiiiiieieiese sttt sttt esee e et e nrenns 87
6.3.3 Up-regulation of GRP78 and HSP70 in DENV-infected cells may assist viral replication and
(AL LS 0 €= Lo IO OO U SRR 88
6.3.4 Proposed host cell - DENV interactions and cell death ..., 88
6.4 CONCLUSION ....ooiiiiiiie ettt nnes 89
REFERENQCES....... ..ottt sttt b e te et e s e saeeneesreenseanee s 90

Xiv



Thesis Amendmentis
Abbreviations — pxii should include CT - cycle threshold

Chapter 1 - Introduction

Section 1.2.2 p2 should read Since then epidemic outbreaks have been restricted to
North Queensland and the Torres Strait islands and a summary ol DENY outbreaks
reported in Queensland in the last ten years to date is summarised in Table 1.1,

Section 1.4 p6 should read The Flaviviridae family contains three genera: (1)
Flavivirus {e.g. dengue virus, yellow fever virus, Japanese encephalifis virus (J11V)
and tick borme encephalitis virus.

Section 1.4 p6 should read Members of the Flavivirus genus are distinguished by
presence of a type | cap structure (m7GpppAmp) at the 5° end of the genome, a highly
structured 3’ untranslated region (UTR) {Brinton and Dispoto, 1988) and by the
absence of a 3"-terminal poly {A) tract (Chambers ¢f «l., 1990).

Section 1.5 p7 DENV genome comprises of approximately 10,600 nucleotides.

Section 1.5.1 p7 should read.....the DENV poly-protein includes viral serine
proteases (NSZB-NS3) and host cellular proteases.

Section 1.6.1.1 p10 should read Heparan sulphate and GRP78 (BiP)

..........

Section 1.8.2.4 p26 should include TNF-o also has been implicated in transicotly
changing permeability of the blood-brain barrier and hence allowing West Nile virus o
cross the central nervous system (Wang ef af., 2004).

Chapter 2 — Materials and Methods
Section 2.6.7.2 pd8 should include DENY anti-mouse monoclonal antibodics were used

instead of DENV positive patient sera in K562 and macrophages due to high background
1ssues.

Chapter 6 — General and Discussion

Section 6.1 p86 should read /n vitro, TNF-o release coincides with the peak of
DENYV production from infected MDM (Carr ef g/, 2003) and high levels of TNF-«
are released from other cells of the immune system such as B and T cells when
exposed to DENV (Lin ef al., 2002b; Mangada et al., 2002; Mangada and Rothman,
2005).

References should include
Wang, T., Town, T., Alexopoulou, L., Anderson, J. F., Fikrig, E. and Flavell, R. A,

(2004) Toll-like receptor 3 mediates West Nile virus entry into the brain
causing lethal encephalitis. Nat Med 10(12), 1366-1373
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