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* Turn off anything that beeps or rings.

 Reading any material that is not related to the class,
texting, or checking the internet during the class is
rude and will not be tolerated.

* Please refrain from eating during class. Having
something to drink is fine.

* Ask questions - it will help to clarify the issue not only
for you but for your peers as well!

* I|n class discussions, be respectful of other students'
opinions.



* Jearn elementary molecular virology

e appreciate role of structural information in
understanding of biological processes

* J|earn to read and evaluate scientific papers

* learn history of some fundamental discoveries
in biology

* be able to evaluate what is an important
research question
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CHALLENGES IN IRREPRODUCIBLE RESEARCH:
- more than 50% of drug-related research
articles in high profile journals contain
irreproducible data

Reasons for irreproducibility:

- Under supervised students and post-docs
- “Publish or Perish” threat

- wrong design of experiments — “know your statistics”



WILHELM CONRAD RONTGEN (1845- | #ls.
1923) A 4

1901 Nobel Laureate in Physics

discovery of the remarkable rays
subsequently named after him




Interesting X Important

1. It asks about something other people care about
2. It builds on what you and others already know
3. It allows you to learn something you don't already know

What are evolutionary relationships of anaerobic
protists?

What is the probability that current Ebola epidemics is
going to spread outside of Africa?



* Read assigned readings before the day for
which they are assigned

* Bring five-sentence essay describing the
importance of a scientific paper to each
lecture

e Participate in discussions

* Submit two mini-assighnments

| am here to help, learning is up to you!
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Course textbook:

14 copies are available in campus library

JOHN CARTER | VENETIA SAUNDERS

VI ROLOGY

Principles and Applications
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Viruses infect: e Other vertebrates ¢ Invertebrates

Foot and mouth disease 2 Leatherjackets infected
with Tipula iridescent

Delayed emergence of potato Damaged potato Mushroom virus X 4 Escherichia coli cell with
caused by tobacco rattle virus (spraing) caused by phage T4 attached 5
infection 3 tobacco rattle virus

infection 3
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Virosphere!

avertebrates




e Phage typing of bacteria

e Sources of enzymes (polymerases, T4 ligase,
reverse transcriptase)

e Pesticides (baculoviruses — lepidoptera,
hymenoptera, myxoma virus - rabits) SPECIFICITY!
e Anti-bacterial agents (S. aureus phage phi812)

e Anti-cancer agents (adeno-associated viruses)

e Gene vectors (capsids used as vehicles for gene
delivery)

e Mass protein production
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Phage T2 and E. coli were used to provide evidence that genes are
composed of DNA.

The first enhancers to be characterized were in genes of simian
virus 40 (SV40).

The first transcription factor to be characterized was the
transplantation (T) antigen of SV40.

The first nuclear localization signal of a protein was identified in the
T antigen of SV40.

Introns were discovered during studies of adenovirus transcription.
The role of the cap structure at the 5’ end of eukaryotic messenger
RNA was discovered during studies with vaccinia virus and a
reovirus.

The first internal ribosomal entry site to be discov- ered was found
in the RNA of poliovirus.

The first RNA pseudoknot to be discovered was that in the genome
of turnip yellow mosaic virus. "



Most viruses are 25-400nm in size

% 107




E. ,cc.j'ljf'(bacterium)
(1000 nm x 3000 nm)

' |
) P
A

(AN
I\

Red blood cell
(10,000 nm in diameter)

2500 nm

WL /) L
P
t 9/ e
hiv ///r;',v't?‘"/ - ‘
W

Bacterial
ribosomes
(25 nm)

Smallpox virus
(200 nm x 300 nm)

Vi Poliovirus
&/ (30 nm) ¢ . \
/ Bacteriophage T4
- (50 nm x 225 nm)
Bacteriophage MS2 et
} 24 nm) Tobacco mosaic virus

300 nm {15 nm x 300 nm)




Units of length

Meter 1

Centimeter 100 L

Ailimmeter 1.000 10 1

bAICron 1,000,000 10,000 1,000 1

Manometer 1.,000,000,000 10,000,000 1,000,000 1,000 L
Angstrom 10,000,000,000 | 100,000,000 | 10,000,000 10,000 10
Angstrom 1

Manometers | 1 1

FAICrans 0001 07 L

bilimeters 000001 200001 01 1

Centimeters Q0000001 Q00oo0m 1007 ) 1
l==]gs L000o0oooot | .oooo0ooo 20000 07 1
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" » Mimivirus

Figure 1.3 Virions of mimivirus, one of the largest viruses, and a
parvovirus, one of the smallest viruses.

© 2012 John Wiley & Sons Ltd.
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Do not have cellular

Have genes
5 structure
They evolve No metabolism
Subject to natural Require host cell for pro-
selection creation
New viruses assemble
Procreate

from parts



A virus is a very small, non-cellular
parasite of cells. Its genome, which
is composed of either DNA or RNA,
IS enclosed in a protein coat.



e discuss reasons for studying viruses
e explain how viruses differ from other
organisms

e define the term ‘virus’

© 2012 John Wiley & Sons Ltd.
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Virus Isolation and Culture

Phage plaques
in a lawn of
bacterial cells 2

/ Animal virus plaques
in a cell culture !

Separation of virus particles
in a density gradient 3

Fluorescence Microscopy Confocal Microscopy
Virus-infected cells An endosome (labelled red)
detected using a containing virus protein
virus-specific antibody (labelled green)
labelled with a in an infected cell 3
fluorescent dye 4
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Sites into which viruses can be inoculated Inoculation of an egg

amniotoic cavity

yolk sac

chorioallantoic membrane

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Normal cells from Cancer cells from
human or animal human or animal

|

Primary cell culture

subculture

Cell line

Immortalization using
a virus or a chemical

Continuous cell line

© 2012 John Wiley & Sons Ltd.
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Plaques formed by influenza virus in a cell
monolayer

cell monolayer
inoculated with virus agarose overlay

A cell monolayer is inoculated with virus
and overlaid with agarose.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Hela 300 tis bb./ml, 10.2.14 HRV16 from stock 28.11.13,
Fixed after 72h PFU 5.103

BEST OF CMC




Figure 2.6  Plaques formed by a phage in a bacterial lawn. The
control plate on the left was inoculated with only
the bacterial host. The plate on the right was inoculated
with phage and bacterial host.

© 2012 John Wiley & Sons Ltd.
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junction of
stacking gel and —*
resolving gel

dye front »

Figure 2.9  Diagram illustrating separation of proteins and estimation of their molecular weights using SDS-PAGE. Lanes 1 and 3 contain
standard proteins of known molecular weight. Lane 2 contains the four capsid proteins of a picornavirus.
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tartrate CsCl
gradient gradient CsCl gradient — middle fraction




1.F tartrate
2.F tartrate
3.F tartrate
4.F tartrate
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4. Solve structure




0.1 M Cadmium Chloride 0.2 M Na/K Phosphate

0.1 M Na acetate pH 4.5 0.1 M BisTris Propane pH 7.5
15 % PEG 400 20 % PEG (w/v)3350
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Fluorescence (F2/F1)
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Mimivirus
(1,181,404 bp)

H EsV-1
cytomegalovirus (335,593 bp)
(229,354 bp)
Lambda
(48,502 bp)
X174
MS2 (5375 1)
Lambda (3569 b)
(12 bp) |
Year 1971 1975 1977 1982 1990 2001 2004
The first genome sequenced
The first DNA sequenced — S
KEF: dsDNA

ssDNA

ssRNA 52




e outline methods for

o cultivation of viruses;

o purification of viruses;

o detection of viruses and their
components;

o assay of virus infectivity;

o investigation of virus gene function;
e assess the value of virus genome sequencing.

© 2012 John Wiley & Sons Ltd.
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DNA genomes

RNA genomes

ss, linear

ds, linear

ss, circular

ds, circular

55, linear

ds, linear

55, circular

Examples

Parvoviruses

Poxviruses

Phage ¢pX174

Baculoviruses

Tobacco mosaic virus

Reoviruses

Hepatitis delta virus
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Viruses
Hepatitis B virus
Phage A
Mimivirus
Cells

Mycaplasma genitalium

Escherichia coli

Human

Figure 3.2 Genome sizes of some DNA viruses and cells. Not to scale.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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(a)

Figure 3.5 Secondary structures resulting from intramolecular base-pairing in single-stranded nucleic acids. (a) Stem-loops and
bulges in ssRNA and ssDNA. (b) Formation of a pseudoknot in ssRNA. A pseudoknot is formed when a sequence in a
loop (L1) at the end of a stem (51) base-pairs with a complementary sequence outside the loop. This forms a second loop

(L2) and a second stem (52).

(b}

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Yirus Genome

protein ¥
dsDNA .
3 5 protein
Y
protein
capped RNA
ssDDMNA protein 5' 3

Examples

Adenoviruses
Phage PRD1 (E. coli)

Hepatitis B virus

Parvoviruses

Figure 5.4  DNA virus genomes with one or both ends modified. The 5' end of some DNAs is covalently linked to a protein.
One of the hepatitis B virus DNA strands (the (+) strand) is linked to a short sequence of RNA with a methylated

nucleotide cap.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Virus Genome Examples

5 ¥

ssRNA protein ~___________ Poliovirus
" Cowpea mosaic virus
protein 5’ ¥ Barley yellow dwarf virus
5 ¥ SARS coronavirus
‘ Ay Retroviruses
L Black beetle virus

5 éé 3 Cucumber mosaic virus

tRNA-like
structure
5 ¥
dsRNA ‘—— Rotaviruses
¥ 5
protein 5 ¥ Infectious pancreatic
¥ 5 protein nEcrosis vins

Key: i methylated cap

A, polyadenylate sequence

Figure 3.5  RMA virus genomes with one or both ends modified. The 5’ end may be linked to a protein or a methylated nucleotide cap.
The 3" end may be polvadenylated or it may be folded like a transfer RNA.
© 2012 John Wiley & Sons Ltd.
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Figure 5.6 A zinc finger in a protein molecule. A zinc finger
has recurring cysteine and/or histidine residues at regular
intervals In this example there are two cysteines and two
histidines.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Nucleic acid Type of
repeat !
. dsDNA
XY XY DTR
xy Xy
dsDNA
XY ¥yX ITR
xy YX
Xy ssDNA . -
XY sRNA (+) XY DTR
XY, ssRNA (—) yx ITR

Figure 3.7 Terminal repeats in virus genomes.
! DTR: direct terminal repeat.
ITR: inverted terminal repeat.
X and x represent complementary sequences.
Y and y represent complementary sequences.
ssENA (+) has the same sequence as the virus mRNA.
ssENA (-) has the sequence complementary to the virus mRNA.

The RMNAs of ssRNA viruses with ITRs can circularize; a “panhandle™ is formed by base pairing between the complemen-

tary sequences at the termini.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter

Examples

Some herpesviruses
T phages

Adenoviruses
Tectiviruses (phages)

Some parvoviruses

Retroviruses

Influenza viruses
Bunyaviruses
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) icosahedron

oy

Figure 5.8 Symmetrical structures. All these types of symme-
try are seen amongst viruses. The most common are helical
and icosahedral symmetries.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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(a) (b) (c)

protein
molecules

i
-

100 m

Figure 3.9  Helical symmetry. (a) Structure of a capsid with
helical symmetry. The ssRNA coil is coated with repeated
copies of a protein. (b) Part of measles virus nucleocapsid.
The complete nucleocapsid is folded and enclosed within
an envelope. (c) Beet yellows virus particle. The virion is
a long flexible rod, at one end of which there is a “tail”
(arrow) composed of a minor capsid protein, detected here
by specific antibodies labeled with gold.

Sources: (b) Reconstructed image from cryo-electron microscopy.
courtesy of Dr David Bhella (MRC Virology Unit, Glasgow).
Reinterpretation of data in Bhella er al. (2004) Journal of
Molecular Biology, 340, 319 (by permission of Elsevier Limited).
(c) Courtesy of Professor Valerian Dolja, originally published in
Alzhanova ef al. (2001) The EMBO Journal, 20, 6997 Reproduced
by permission of Nature Publishing Group.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Viewing toward: Axis of rotational

symmetry
vertex 5-fold
triangular face 3-fold
edge 2-fold

Figure 3.10  The three axes of symmetry of an icosahedron.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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(a) (b)

Figure 3.11 Capsid constructed from sixty protein molecules.
(a) Arrangement of protein molecules, with three per tri-
angular face. (b) Virions of satellite tobacco mosaic virus.
The bar represents 5 nm. Image created with the molecu-
lar graphics program UCSF Chimera from the Resource
for Biocomputing, Visualization, and Informatics, at the
University of California, San Francisco.

Source: Courtesy of Tom Goddard.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Figure 3.12  Turnip crinkle virus capsid. The capsid is built from
180 copies of the coat protein in three quasi-equivalent
conformations: some protein molecules (green) are around
the fivefold symmetry axes, while the remainder (pink and
blue) are around the threefold symmetry axes. An icosahe-
dron is superimposed.

Source: Bakker et al.(2012) Journal of Molecular Biology,417, 65-78.
Reproduced by permission of the authors and Elsevier Limited.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Cowpea mosaic virus capsid

Figure 3.13  Capsid constructed from two protein species. The
cowpea mosaic virus capsid is constructed from one pro-
tein species (blue) that forms 12 “pentamers,” and from
a second protein species with two domains (green and
red) that forms 20 “hexamers.” The football is similarly
constructed from 12 “pentamers” and 20 “hexamers.” The
cowpea mosaic virus image is from the VIPER database
(Shepherd et al., 2006).

Source: The image was reconstructed using the data of Lin ef al.
(1999) Virology. 265, 20. Reproduced by permission of Elsevier
Limited.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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e Tob g wpea Chlorotic Densovirus Feline Bacteriophage MS2
Mosaic Virus Mosaic Virus Mottle Virus Panleukopenia Virus g

EYE XX

Human Papillomavirus  Bacteriophage G4 Footand Mouth ~ Hepatitis B Virus Bacteriophage Norwalk Virus
L1 Capsid Disease Virus Phi-X 174 procapsid

49O

Human Rhinovirus 16 ~ Nudaurelia Capensis Dengue Virus Bluetongue Virus
and cellular receptor Omega Virus inner layer

Bacleriophage PRDI Reovirus Core

Bacteriophage HK97
Rice Dwarf Virus
Paramecium Bursaria Chlorella Virus
oo
50nm

Figure 3.14  Capsids with icosahedral symmetry. Some of the wide ranges of capsid architectures and sizes are illustrated. The
images were created with the molecular graphics program UCSF Chimera using data from cryo-electron microscopy and
X-ray diffraction.

Source: Goddard et al. (2005) Structure, 13.473. Reproduced by permission of Elsevier Limited.

© 2012 John Wiley & Sons Ltd.
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Figure 5.15 Transmission electron micrograph of negatively stained
virions of invertebrate iridescent virus 1.

© 2012 John Wiley & Sons Ltd.
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Figure 3.16  Papillomavirus capsid reconstruction.

Source: Trus et al. (1997) Nature Structural Biology, 4,413, with the
permission of the authors and Nature Publishing Group.

© 2012 John Wiley & Sons Ltd.
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penton fiber

S

Figure 5.17  Adenovirus virion. At each of the 12 vertices of
the virion there is a penton, and attached to each penton
there is a protein fiber with a knob at the end. The rest
of the capsid is constructed from hexons. See Figure 12.1
for an electron micrograph of an adenovirus.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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head

internal core

connector f
tail ﬁbery

Figure 5.18  Structure of phage T7. Each of the components is
composed of one or more distinct proteins.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Baculovirus

Figure 3.19  Virions containing conical and rod-shaped capsids.
Sources: HIV-1 virions from Wei and Yin (2010) Journal of
Structural Biology, 172,211. Reproduced by permission of Elsevier
and the authors. Baculovirus virions are those of Aglais urticae
nucleopolyhedrovirus. From Harrap (1972) Virology, 50, 124.
Reproduced by permission of Elsevier Limited.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Virion Shape Examples

Enveloped Viruses

Sphere Influenza virus

Bullet - Rabies virus

Rod C } Baculoviruses
Thread ~— — . . /‘//9 Ebola virus

Viruses with an Internal Lipid Membrane

capsid
Iridoviruses

lipid membrane

Key:  Components in black represent lipid bilayers: DEUDHDH

Components in red represent protein.

Figure 3.20  Lipid-containing viruses.

© 2012 John Wiley & Sons Ltd.
www.wiley.com/college/carter
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Figure 3.21  Baculovirus occlusion bodies. (a) Transverse section through an occlusion body of a granulovirus of the Indian
meal moth (Plodia interpunctella). The nucleocapsid surrounded by its membrane can be seen at the center, surrounded
by the crystalline protein that forms the occlusion body. The bar represents 0.1 pm. (b). (c) Nucleopolyhedrovirus of the
leatherjacket (Tipula paludosa). (b) Light micrograph of occlusion bodies. (c) Electron micrograph of a thin section of an
occlusion body. The virions are randomly embedded in the crystalline protein.

Sources: (a) Arnott and Smith (1967) Journal of Ultrastructure Research,21,251. Reproduced by permission of Elsevier Limited. (b), (c)
Courtesy of Dr Liz Boslem.

© 2012 John Wiley & Sons Ltd.
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