Cover Page

The handle http://hdl.handle.net/1887/22212 holds various files of this Leiden University
dissertation.

Author: Wilde, Adriaan Hugo de
Title: Host factors in nidovirus replication
Issue Date: 2013-11-13


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/22212
https://openaccess.leidenuniv.nl/handle/1887/1�

Host factors in nidovirus replication

ADRIAAN HUGO DE WILDE



Host factors in nidovirus replication

Adriaan H. de Wilde
PhD Thesis, Leiden University, 2013

The work presented in this dissertation was performed in the Department of Medical Microbiology
of Leiden University Medical Center. This research was financially supported in part by TOP grant
700.57.301 from the Council for Chemical Sciences of the Netherlands Organization for Scientific
Research (NWO-CW) and by the European Union Seventh Framework Programme (FP7/2007-2013)
under SILVER grant agreement n°® 260644.

Cover: “MHV draakje”; Syncytium formation of MHV-infected cells. Courtesy of Dr. Yvonne van der

Meer
ISBN: 978-94-6169-432-4
Lay-out and printing: Optima Grafische Communicatie, Rotterdam, The Netherlands

All rights reserved. No part of this thesis may be reproduced or transmitted in any form or by any

means without prior written permission of the author.



Host factors in nidovirus replication

Proefschrift

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus prof. mr. C.J.J.M. Stolker,
volgens besluit van het College voor Promoties
te verdedigen op woensdag 13 november 2013
klokke 15.00 uur

door
Adriaan Hugo de Wilde
geboren te Hazerswoude-Dorp
in 1984



PROMOTIECOMMISSIE:

Promotor:

Prof. dr. E.J. Snijder

Co-promotor:

Dr. M.J. van Hemert

Overige leden:

Dr.V.Thiel (Kantonal Hospital, St Gallen en Vetsuisse Faculty, University of Zurich, Zwitserland)
Prof. dr. P. ten Dijke

Prof. dr. A.E. Gorbalenya

Prof. dr. C. van Kooten



“Wat er ook gebeurt, altijd blijven lachen...”






TABLE OF CONTENTS PAGE

List of abbreviations 8
Chapter 1 General introduction 13
Chapter 2 The in vitro RNA synthesizing activity of the isolated 33

arterivirus replication/transcription complex is
dependent on a host factor

Chapter 3 Cyclophilin inhibitors block arterivirus replication by 57
interfering with viral RNA synthesis

Chapter 4 Cyclosporin A inhibits the replication of diverse 77
coronaviruses

Chapter 5 A kinome-wide siRNA screen identifies proviral and 87
antiviral host factors in SARS-coronavirus replication,
including PKR and early secretory pathway proteins

Chapter 6 MERS-coronavirus replication induces severe in vitro 109
cytopathology and is strongly inhibited by cyclosporin
A or interferon-alpha treatment

Chapter 7 General discussion 129
References 143
Nederlandse samenvatting 171
Curriculum Vitae 177

List of publications 181



8 | List of Abbreviations

LIST OF ABBREVIATIONS

-RNA negative-stranded RNA

+RNA positive-stranded RNA

aa amino acid

ACE2 Angiotensin-converting enzyme 2
ActD Actinomycin D

ARDS Acute Respiratory Distress Syndrome
Arf ADP-ribosylation factor

ATP adenosine triphosphate

avg average

BCoV Bovine coronavirus

BHK Baby hamster kidney

BFA Brefeldin A

CDK cyclin-dependent protein kinase
M convoluted membrane

CcopP coatomer protein complex

CsA cyclosporin A

CoV coronavirus

CPE cytopathic effect

cTP cytidine triphosphate

Cy3 indocarbocyanine 3

Cyp cyclophilin

DAA direct-acting antiviral

DDX DEAD-box protein

DENV dengue virus

DMEM Dulbecco’s Modified Eagle Medium
DMSO dimethyl sulfoxide

DMV double-membrane vesicle

DNA deoxyribonucleic acid

DPP4 dipeptidyl peptidase-4

ds double-stranded

DTT dithiothreitol

DUB deubiquitinating enzyme

E protein envelope protein

EAV Equine arteritis virus

EDEM ER degradation-enhancing alpha-mannosidase-like protein
elF eukaryotic translation initiation factor

EM electron microscopy



EMEM
ER
ERGIC
ExoN
FA
FDA

GAPDH
GBF1
GFP
GMEM
HCoV
HCV
HDA
Hela
HEPES
HIV
hnRNP
HPF
HR
HRI
Huh
IBV

ISG

IVRA

kb

kDa

Lys

M protein
MADP1
MDA-5
MERS
MERS-CoV

List of Abbreviations

Eagle’s Minimal Essential Medium
endoplasmic reticulum

ER-Golgi intermediate compartment
exonuclease N

formaldehyde

Food and Drug Administration

genomic

glyceraldehyde 3-phosphate dehydrogenase
guanine nucleotide exchange factor 1

green fluorescent protein

Glasgow Minimum Essential Medium

human coronavirus

hepatitis C virus

host-directed antiviral

Henrietta Lacks
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
human immunodeficiency virus
heterogeneous nuclear ribonucleoprotein
high-pressure freezing

heptad repeat

heme-regulated inhibitor

human hepatoma

infectious bronchitis virus

half maximal inhibitory concentration
immunofluorescence

interferon

IFN-regulatory factor

immunoglobulin G

interleukin

interferon-stimulated gene

in vitro RNA synthesis assay

kilobase

kilo Dalton

lysine

membrane protein

zinc finger CCHC-type and RNA-binding motif 1
melanoma differentiation-associated protein 5
Middle East Respiratory Syndrome

MERS-coronavirus
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MHV mouse hepatitis virus

MOl multiplicity of infection

MP main protease

mRNA messenger RNA

MT methyl transferase

N nucleus

N protein nucleocapsid protein

nsp non-structural protein

ORF open reading frame

PABP poly(A)-binding protein

PBS phosphate-buffered saline

PCBP poly(C)-binding protein

PEG-IFN pegylated IFN-a

PERK PKR-like endoplasmic reticulum kinase
PFA paraformaldehyde

p.i. post infection

p.t. post transfection

PKR double-stranded RNA-activated protein kinase
PLP papain-like protease

PNS post-nuclear supernatant

pp polyprotein

PPlase peptidyl-prolyl isomerases

P-PMO peptide-conjugated antisense phosphorodiamidate morpholino oligomer
PRRSV Porcine Reproductive and Respiratory Syndrome Virus
PTB polypyrimidine tract-binding protein
PV poliovirus

RBD receptor-binding domain

RC replication complex

RdRp RNA-dependent RNA polymerase

RF replicative form

RFS ribosomal frameshift

RI replicative intermediate

RIG-I retinoic acid-inducible gene 1

RLR Rig-I-like receptor

RNA ribonucleic acid

RNase ribonuclease

RNAi RNA interference

RTC replication and transcription complex

RVN reticulovesicular network



S protein
SARS
SARS-CoV
SD
SDS-PAGE
s9

shRNA
SiRNA

ss

TBK1

TfR

TGEV
TRAF3
TRS

UTR

WNV

wt

List of Abbreviations

Spike protein

Severe Acute Respiratory Syndrome
SARS-coronavirus

standard deviation

sodium-dodecyl sulfate polyacrylamide gel electrophoresis
subgenomic

short-hairpin RNA

small interfering RNA
single-stranded

TANK-binding kinase 1

transferrin receptor

transmissible gastroenteritis virus
TNF receptor-associated factor 3
transcription regulatory sequences
untranslated region

West Nile virus

wild-type
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