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This is the book I nearly didn't write. Quite a lot has changed for me since the
fourth edition was published, and when discussions began as to whether to
produce a new edition, [ had my doubts. From my perspective, one of the main
things that has changed is MicrobiologyBytes.com—there, and in related spaces
such as the MicrobiologyBytes page on Facebook, in the words of Elvis
Costello, “Every day I write the book.” So why are you reading this? Although
the Internet is far better than printed books for many things, there is clearly still
a strong demand for this book because sometimes it's good to have a core of
knowledge in one place (e.g., when it comes to revision for exams). Add to that
the translations into other languages (including Chinese) that the last edition
received, plus the Amazon Kindle version, and | can reach a wide and appre-
ciative audience in this format.

Once I had agreed to write a new edition, I wanted to do two things. [ wanted to
update the technical knowledge throughout, but I also needed to completely
rewrite the whole book to make it far more accessible, based on the experience 1
have gained writing online over the past few years. Hopefully I have achieved
that.

I would like to thank all the staff of Elsevier, without whose hard work and
persuasion this edition would never have appeared. Although we have never
met face to face, they reside in my inbox, constantly reminding me that chapters
are overdue.

Alan J. Cann
University of Leicester, UK
alan.cann@leicester.ac.uk
January 2011



g—% 57

R ot - PSPPI 2

ﬁﬁ%?ﬁﬂgﬂ%f] ....................................................................................... 3
FREEEEMITT BB wevenrrermrnnneerreeeem et e ettt et e e e et e e e e e aanaas 4
D e e 6
R 3~ 8
R oy e ok T PP 10
e 2y A 31 T G 11
L - S T 18
= L PP 23

E-F MN

ﬁﬁ%’iﬁﬁg%ﬁ%ﬁ%ﬁ .............................................................................. 25
TR R IR EE R v 27
%%Xi%&% .......................................................................................... 28
IE:_I.‘EMK)F_E,L‘ ....................................................................................... 33
ﬁ%ﬁﬁ% ............................................................................................. 39
E%%ﬁmgﬁ*@ ....................................................................................... 42
B AR E AV I P ZHAIEE - oeeeremren e eremmmin e e e e 48
T | L1 < 3o T PPy 52
RS S EAM A H AT ER «recrevrenrrmmmaaarneee et 53
lr‘é\% ...................................................................................................... 53
F=F EHFA
TR RE B L B ZE R FI I ZRAE < eereeeerereemmemer e et e et 55
G i ev v e e e 57
TR AERE ceerrrme e r e e 61
FEEEGEABAR wevreeerermmrmmee et et e 63
TR ISR B R TLAR R -oooeveeerrerererme e 66
e LI OE g I 3t B R R T P PP EPPTPPRTPRTPRPPRPS 69
JINDNA ZEPEIZH  ceeeeeveemrmmrmrmereeneenten i 70
FCDINA FEPEZH  covvrenreerereen e 75
TEAE RINA JITE  vrerrerrrrrmnresse e ettt it st 78

T RNA JEEE covveerrrrmerrenssmme ettt 81



F AL AT IR TR LI AL - ovvrrrrrrrnrerseriie et e e e e ean e vaaas 84

@ﬁ:%*ﬂ%g .......................................................................................... 88
B R TIR R croveeerrr e 97
,‘E\lf\% ...................................................................................................... 100

EFNE S

TR MR e 103
ﬁ%gﬁjmg{% ....................................................................................... 105
G 11 P O P 109
7 ST P PP PP 110
E2 3 R P 117
R P P PR PPRS 118
%Iﬂgﬂgﬂﬂﬁ%@ﬂg%ﬁ ........................................................................... 121
e TR P RPPRRS: 125
JRUBIL w+ v ee e e e e e e e 127
28 AR R T TPPTay 129
Exgé‘: ...................................................................................................... 131
FHE FRi&
ﬁ{%{%ﬁﬁ‘]i’%ﬂj ....................................................................................... 133
E&E%g[ﬂ B TR TR A v e e 134
B BB o TR TS e v e e e e 135
E&i%g[ﬁmﬁﬁﬁﬁ ........................................................................... 140
I L 1 S P R PP 142
HTE 1 UE DNA KR -orevrerrremeresrnss s s s s ettt et et 143
HSHY 2, BALE DNA JEER vvvererrerrrsermnss s ettt aet ittt ettt ettt s 145
%&43:“% RNA%% .............................................................................. 146
HET 4, B RNA (F)JJEE rvorrerrrmsemrsnsssssssss st ana ettt sttt ettt et 148
HCHY 5, BEE RNA (— ) JFJEF ovverrerrernersrsersnssssnsssttiesias ittt e 151
KR 6.7 DNA AV ZEE RNA (1) FRHE corrrrrrrrrerrrserseros e 153
HH 7,75 RNA F ARG EE DNA JFEE  crveerrrrrerrrerserrms i 153
TR L e T LA oo vv oo 154
BRI SR G K A o 158
B e e 167

BARE R

*E%cpmﬁﬁﬁggé .................................................................................... 169
iil%ﬁﬁﬁ@ﬁé%ﬁaféﬁj%‘i ........................................................................ 174



e R A L IR B 186
] MHC- T A SEIHIBR IR cvrvverrrerreer et sttt ettt ettt r et e r e eaa e 186
CIT Y (O | 1 e 7 v T T 187
%q]fﬁq NK éﬁiﬁﬂ?&%ﬁ@ .................................................................................... 187
TFHE YIS wveveere e e e 187
}mfﬁjéﬂlﬂﬂ[ﬂ%%yjﬁg ................................................................................. 187
jﬁﬁ%{$¥&ﬁﬂj§ ....................................................................................... 188
KR RMA LI BT v veevesreerreensrm e a e ettt 188

PR — T AT o oereereseersmmmmi i i s 188

7Y 1y B < S TP 196
i B LETRERE E R T TP P PP PP PP PP PP P PET PP PERRTRRPIRY: 196
%‘4&@% ............................................................................................. 198
:I%;Et@i}é ............................................................................................. 198
D ACACLEEETTRLTITS 198
PEARJERIL  wevvemmeemenmen o r e e e e te e e et 200

ST L B TIUTT TG T - vvveveere e s e s st e e 201

RINA T oreernenomn et e et e 205

T . 153 = O PP SRS 206

Ry S L e = P PR 208

T 213

E+tE HENH

éﬂiﬂ@?ﬁ{fﬂ@mﬁﬂ ....................................................................................... 216
iﬁﬁ%ﬂﬁa%&“@%["é ....................................................................................... 220
R R SRR e v e e omeree s em e e 2924
%%1¢5‘5ﬂ)\;§;§§ﬁ .................................................................................... 297
TR D I [ veevemrreeremeeeonre e 298
S PR D R AHHEE AL v vveereereeer e 239
DNA B0 | FEIAHBIEE AL -oeeerereor e 235
e 12 O P RRTREE 238
IR R BTG TG v er e em e e 243
B B e e e e e e e e e 250
ﬁi%ﬂ‘,ﬁﬂi)\( .......................................................................................... 251
B3 e L 252

b
it

ENE THBAR:TREERE, TERA:
TEAGBEFIZIERETE  coovrererrrere e 255
T o E AR R R R LR R R LR LR AR 259



R R A O € kL R T 260

B T A e PV 2B R BT B v v evvvveeeemen e esere ot ees e e ettt s e ae s e e e entneeeaineenens 260
ey 3 - 260
A T - <R O 262
Zﬁ?@gﬁl#}iﬁﬁ ....................................................................................... 262
R F = ot oy =0 B 262
e =8 < P 263

NG Y LRARIRITS -+ vvevreemrnereree e eeeansaet e e ate e e et e s s st e ee e enes 264

[T B L e ok L R S PP 267

LT PPt 279

MR 1R C G4BT -oveorrererrm e e 275

B 2: TR R RSP ZE coevvvvvremrremrrrree e e et 285

BHR 3 BB I cerer et 291

] TR R e, 297

(kR #)



PREFACE TO THE FIFTH EDITION ......ccoiiiiiiiiii et ix
CHAPTER 1 INtroducCtion.......cooiiiiiiiiii et 1
TWhat ATE VITUSES? ..ot ee e et e et evs s s nae s 2
ATE VITUSES GHVE? .oviiiiiiiieicees e et ns 3
The History of VITOIOQY .....eeeeeeiieicee ettt 4
Living HOSt SYSTEIMIS. .oiiveeeire it rree ittt sterr e erecvees e ereses s 6
Cell Gulture NMEthOAS: e oo s e 8
Serological/Immunological Methods ........ccccoveevveeeeecereceeee. 10
Ultrastructural StUAIES .....oovevvii e cmeee e 11
MoleCUlar BIOIOOY . ... oo ieeieceeee e eeee et er ettt e e eaes 18
SUITIIIATY - et eete e eeeeveee e e et e s ae st eeen et enbeaneesmenreaseernrnannens 23
CHAPTER 2 PartiCles .ottt eeie s v e e e 25
The Function and Formation of Virus Particles .............c.......... 25
Capsid symmetry and virus architecture ................ccceeueeenen. 27
Helical CapSIAS ....o.vieiieeiveeeeeieeceie e et 28
Icosahedral (iSOMetric) Capsids ..o viereeieseeneesarevnseens 33
ENVeloped VITUSES ....c.cvoovieiieereereeeeeeeee et eeeeeeaneeaeeeeeees 39
Complex VIrus StTUCLUIES .....cccvvvieeeiiee e e e in e 42
Protein—nucleic acid interactions and genome
J9T:1e3:¢: e 11 4 Te (NN 43
Virus receptors: recognition and binding ...........ccccooeeennne. 52
Other interactions of the virus capsid with the host cell ... 53
15300 0411 111 oAU USRS TRON 53
CHAPTER 3 GONOMIES .o vvoiivieiieieiiiiieretvervaavesarae s s e ee et s s eaen e ns 55
The Structure and Complexity of Virus Genomes.................... 55
Molecular genetiCs .o s 57
VATUS GEIBEICS ..o mersnnbis rsvssisssssi s e B 5 61
VATUS INULATNIES ooovete e ievee s eerme s eeeseeaee s eee s s sebesaneesesnesesenees 63
Gemnetic interactions between ViruSes ......occoveveeciireciiineaens 66

Nongenetic interactions between Viruses............cccoee oo 69



CHAPTER 4

CHAPTER 6

CHAPTER 6

Small DNA QENOIMES .....cc.ccoivevveeieeieeeerer e eeeareees e eeeeeeenes 70
Large DINA GONOTNES :irxvemesitas s svsmsssss s isasisaiss ste s e nnined 75
Positive-strand RNA VITUSES ...cc..ovvvvioveeeiciee e 78
Negative-strand RNA VITUSES ....ooiveirirneieeiieeeirn e e, 81
Segmented and multipartite virus genomes............cceeveens 84
Reverse transcription and transposition .............cceceeeeenn.n. 38
Evolution and epldemiology........cocovrviiiiniinieieeee e 97
SUININATY ..o e e ee e eae s 100
2023 030 T0zz 100 o DO 103
Overview of Virus RephCation .......ccoveivvieieerion e eeeie e 103
Investigation of Virus Replication ........c..c.ocoeoereirinvrincneernnnnn. 105
The Replication CYCIE ...t cieeer e s 109
ATLACHIMENT. i ettt et 110
B0 =) 5 =L o) 8 — 117
UTNICOBEITIG vvveveerecvereieeeteeesseraerasseresnensceeeseaeesesmessesassessessenenesanes 118
Genome replication and gene eXpression.............ccoveeevens 121
DASSBITIDIY .o s s ms o S 3 S A SR SRS B 125
MALUTALION ... 2ottt 127
RELEASE ..ottt 129
SUMIMATY ..o s et 131
| 054 0] (151110 ) o NN SR ROPUO ROV TOUPPR 133
Expression of Genetic Information ...........ccueeeeeennieecninoecnnn 133
Control of Prokaryote Gene EXPIession. ... 134
Control of Expression in Bacteriophage A ........ccocovveeervcvecee. 135
Control of Eukaryote Gene EXPression......ccecinnnncinncnen 140
Genome Coding StIategies.......ocoovveevirirercr e nens 142
Class I: Double-stranded DNA.......cccoooeverir e eeercree e 143
Class II: Single-stranded DNA ... 145
Class II: Double-stranded RNA ...........ocoeeievievini e 146
Class IV: Single-stranded (+)sense RNA..........ccceveenne. 148
Class V: Single-stranded (—)sense RNA ... 1561
Class VI: Single-stranded (+)sense RNA with DNA
F517=) 02 01=16 1T 7= OV A 153
Class VII: Double-stranded DNA with RNA
F3 0127 0000=10 17 1 < s e 153
Transcriptional Control of EXpression ..., 154
Posttranscriptional Control of EXpIession............ccooveinnienee. 158
SUITLIIIATY . oot eas e eeae e e ettt oo 167
INEECEION ..ot e s 169
Virus Infections of PLANTS .........cvoveeveeieeee e eeeiee e sveeeave s 169

Immune Responses to Virus Infections in Animals .............. 174



CHAPTER 7

CHAPTER 8

Viruses and APODPLOSIS ..oocvieiiiieiie oo e 179

J191 7<) 8= €0) 0 L= IR T USROS 181
Evasion of Immune Responses by Viruses ..........ccoceeeeveeeeernns 186
Inhibition of MHC-I-restricted antigen presentation ......... 186
Inhibition of MHC-II-restricted antigen presentation........ 187
Inhibition of natural killer cell 1IySiS........c..ooeeeiviiicecireen 187
Interference with apoptosiS .......ccccvviivivveee e 187
Inhibition of CYtOKINE ACHIOM.........cooiviiveeireiceeere e eeeeneas 187
Evasion of humoral IMIMUIHLY ......ccocvevveeiivicee e creeeenr i 188
Evasion of the complement cascade.............cccceevvveveveennnns 188
Virus—Host INLEractions ............ccoooveiiiieeeeee e 188
The Course of Virus INfections .....c.cccvivvnieiieine e 196
ADOTtive INFECHION oo e et 196
ACULE INFECLIONL. ... oottt 198
ChroniC INFECHION oo e 198
Persistent INfECtION ...c..ovoveee et 198
Latent iNfeCTION ...ttt e e e eeene e 200
Prevention and Therapy of Virus Infection ..........ccccoeveeveeveenne 201
RNA Interference (RNAID) ..ot e 205
Virus Vectors and Gene Therapy ......ccccvvveveeneeieeneerieceienan 206
Chemotherapy of Virus INfections........c.eoccvveneen i 208
SUIIIITIATY .ot ee ettt ettt s eae e en e e sae s emenne s 213
PathOgenesiS. .....cccireireeirriee et 215
Mechanisms of Cellular INJury ..........ccoeeveeeeee e 216
Viruses and ImmunodefiCIency ........c.coocvoiveciii e ereeeeer e 220
Virus-Related DiSEaSeS ....ooceviviieeirieeeeare e ec e 224
Bacteriophages and Human DiSease ..........cccccerminicnninnnnn 227
Cell Transformation by VIIUSES ...ccccccvvivrirrvereee e 228
Cell Transformation by Retroviruses ...c...ccoecvvvovieviciiineiniinns 232
Cell Transformation by DNA ViIUSeS ......ccoveeeereeorioeeiieccr e 2356
Viruses and CANCET .....cccoovovioeieeeeeeeeeeeeeete e eesenreseeseee e e 238
New and Emergent VirtuSes ........c..o.oooeeieevenrne e 243
ZIOOTIOSES ..o eeeeeeeeeeetaees e ereeeseeeaaeaassesae e ete e re e e e enne s s areeeis 250
BIOLEITOTISITL. ..o eeeee et eee e e me et sr s emnee e ees e 261
SUIIINATY ..ottt eeeaea e saent e e e e e e emcenecanabe s e e s 262

Subviral Agents: Genomes without Viruses,

Viruses without GeNOIMES ....vveerrerieiicvrrcrire e i e 255
Satellites and VATOIAS ....ccooveiieeee e eeeeiee e eer e e e 2556
PTIOTIS oottt e e e ete e e r ettt 259

Pathology of prion QiSEases .........cccoovvneccriinienieerm s 260

TSE N ATHINALS <ot ee e e e eee e e et e ne e ennes 260



SCIADIE e et 260

Transmissible mink encephalopathy (TME) .........cccccoue..... 262

Feline spongiform encephalopathy (FSE).........cocoocieeeie. 262

Chronic wasting disease (CWD).....c.overmveeioeseeiniee e 262

Bovine spongiform encephalopathy (BSE) ........ccccecrvvienn. 263

HUMAN TSES ..ottt ettt s sane e e 264

Molecular Biology Of PHONS .......ccoovoiieiiicncciie e 267

SUITIITIATY oot e ettt et e en et ene e e e ean e ete e e eae et 272

APPENDIX 1: GLOSSARY AND ABBREVIATIONS .......coooiiiieeeeeee 275
APPENDIX 2: CLASSIFICATION OF SUBCELLULAR

INFECTIOUS AGENTS. ..o ee e 285

APPENDIX 3: THE HISTORY OF VIROLOGY ...oeoiiiiiiiiiien e 291



w We start by asking what a virus is, and we look at how viruses are different
from all other organisms. Are viruses alive? It doesn’t matter to a virus, but
it is a frequently asked question, so we will consider possible answers.

+ Then we spend a short time looking at the history of virology, because the
way our present knowledge was acquired explains how we currently think
about viruses.

= We finish by describing some techniques used to study viruses, ending
right up to date with the most recent methods, which would have sounded
like science fiction when the first edition of this book was published.

This book is about “molecular virology,” that is, virology at a molecular level. It
looks at protein-protein, protein-nucleic acid, and protein-lipid interactions,
which control the structure of virus particles; the ways viruses infect cells; and
how viruses manage to replicate themselves. Later we will also examine the
consequences of virus infection for host organisms, but it is important to
consider the basic nature of viruses first. Before going into detail, it is useful to
know a little about the history of virology, and in particular, how our present
knowledge of viruses was achieved. Understanding this helps to explain how
we think about viruses and what the current and future concerns of virologists
are. That is the reason for this chapter.

There is more biological diversity between viruses than in all the rest of the
bacterial, plant, and animal kingdoms put together. This is the result of the
success of viruses in parasitizing all known groups of living organisms;
understanding this diversity is the key to comprehending the interactions of
viruses with their hosts. The principles behind some of the experimental
techniques mentioned in this chapter may not be well known to all readers, so
it may be helpful to explore the further reading at the end of this chapter to
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become more familiar with these methods or you will not be able to under-
stand the current research literature. In this and subsequent chapters, terms in
the text in bold red print are defined in the glossary found in Appendix 1.

(the WEB icon) tells you that you can find an interactive learning
resource on the web site.

BOX 1.1. DON'T SAY VIRAL TO ME

If you read about viruses, you'll probably come across the word “viral” quite quickly. Most
virologists use it these days, but I hate it. That's because the word virus is a noun. but “viral”
is an adjective describing something relating 1o, or caused by a virus. As far as 'm concerned,
using nouns as adjectives is wrong, but most people don't seem to mind this one. If you
wanted to describe chicken soup, would you say it was chickenal flavored? If you want to
use the word viral, good luck to you, just don't say it to me unless you use it properly, for
example, "antiviral drug”

WHAT ARE VIRUSES?

Viruses are submicroscopic, obligate intracellular parasites. They are too
small to be seen by optical microscopes, and they have no choice but to
replicate inside host cells. This simple but useful definition goes a long way
toward describing viruses and differentiating them from all other types of
organisms. However, this short definition is not completely adequate. It is
not a problem to differentiate viruses from multicellular organisms such as
plants and animals. Even within the broad scope of microbioclogy covering
prokaryotic organisms as well as microscopic eukaryotes such as algae,
protozoa, and fungi, in most cases this simple definition is enough.
However, a few groups of prokaryotic organisms also have specialized
intracellular parasitic life cycles and overlap with this description. These are
the Rickettsiae and Chlamydiae—obligate intracellular parasitic bacteria that
have evolved to be so cell-associated that they can exist outside the cells of
their hosts for only a short period of time before losing viability. A common
mistake is to say that viruses are smaller than bacteria. Though this is true in
most cases, size alone does not distinguish them. The largest virus known
(Mimivirus) is 400 nm in diameter, while the smallest bacteria (e.g., Myco-
plasma) are only 200 to 300 nm long. Nor does genetic complexity separate
viruses from other organisms. The largest virus genome (Mimivirus, 1.2 Mbp
(million base pairs)) is twice as big as the smallest bacterial genome
(Mycoplasma genitalium, 0.58 Mbp), although it is still shorter than the
smallest eukaryotic genome (the parasitic protozoan Encephalitozoon, 2.3
Mbp). For these reasons, it is necessary to go further to produce a definition
of how viruses are unique:




