1: VIRUS MORPHOLOGY and ANATOMY
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POSSIBLE PARTS of an ICOSAHEDRAL virus
All viruses have the first two. The others are options that might be

Influenza
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present. There are also lots of variations within each option!
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A3 genome tgm
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4) _proteins

(shell made of protein)
(genetic material with instructions)
(made of lipid [cell] membrane)

(needed for making messenger RNA)

g . 5) _m_QTbTr(X (a bit of extra protein under envelope)
4 yoov& z
&ﬁod'\me'v« > @5) (Jl\ \IIC() ?m't&{ NS (for attaching to cell)
WHAT IS PROTEIN?

A long chain of amino acids
is called a polypeptide.

The basic unit of protein is the
amino acid. It is made of atoms,
but the shortcut is to draw a circle.

The polypeptide folds up to
become a structural protein.

WHAT is DNA/RNA made of?

? Adenine
. ! Thymine
Uracil

Cytosine

[ Guanine
S

The sides are made of ribose and phosphate.
The rungs are made of nucleid acid bases.
DNA: Adenine, Thymine, Cytosine, Guanine
RNA: Adenine, Uracil, Cytosine, Guanine



2(a): VIRUS SIZE

At this scale, how big would we Thereare |, 00 O millimeters (mm) in a meter (m).
have to draw these things? Thereare ] ,nO O _microns (u) in a millimeter (mm).
ared blood cell = [qra@'hu;ltﬁ re There are ) ) 000  nanometers (nm) in a micron ().
askincell= _|JPS ek

a paramecium = howuse. - : :
e _\onom“ ﬁeﬁd This long, oval shape represent a bacillus bacterium.

What would be too small to draw?

otoms . small molecules

We might be able to draw DNA as a
very thin line:
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Here is the scale for our drawing, marked in nanometers.
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4(a): BACTERIOPHAGES

OTHER PHAGE T4 attacks Escherichia coli (E. coli) bacteria
MORPHOLOGIES

T4 is perhaps the most
studied of all pages.
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(1) flagellum (2) Bacterial “nucleoid” made of DNA
(3) cell envelope made of membrane and wall
(4) cytoskeleton framework that gives shape to the cell

(5) ribosomes  (6) enzymes (little task “robots”)
(7) includsions (viral production sites)
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(1) Baseplate (2) DNA (3) protein “needle”
The tail sheath contracts and  (4) peptidoglycan (sugars held together by proteins)

c : e ¢ injects the DNA into E. coli (5) lysozymes to digest the peptidoglycan layer
IQ k on AL Qur‘&gce«EPi:;; ‘J() . (6) outer membrane  (7) inner membrane

Phages have two life cycle options: lytic or lysogenic.

LYTIC (causes bacteria to burst) LYSOGENIC (hides in bacteria’s DNA)
The virus replicates quickly (30 minutes) and then causes the cell to The viral DNA is incorporated into the bacteria’s DNA, so when the
burst, releasing 100-150 new viruses. New viruses infect more cells. bacteria reproduces by fission, the viral DNA is also copied.
1) Virus attaches. 2) DNA is injected. 1) Virus 2) DNAis 3) Viral DNA is incorporated
attaches. injected. ;
A 3) mRNA is made . into host
DNA.
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6) New vixuses burst the
cell open
infect anoth 4 9
5) Viral proteins assemble
into complete viruses.
5) Cells multiply many 4) Host cell begins to make a
times, carrying the viral copy of itself (fission). It copies
DNA along with them. viral DNA along with its own.




5(a): HOW VIRUSES ENTER CELLS

There are three steps to the entry process. All viruses do (1) and (2). Viruses with envelopes must also do (3).
1) Attach  2) Release genome into cells 3) Merge viral envelope with cell membrane

1 The surface of all cells is covered with a “forest” of receptors. Some are used to identify the cell, some are
used for attachment to other cells, some take in nutrients, and some are there to send or receive chemical

Each virus has a unique
glycoprotein structure on |
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H‘V QCXQD\I!R{S its surface that happens
to match the shape of a
cell receptor.
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1) Sl Q\ \C OLC\A : a tiny sugar found on the end of many long chains, especially on respiratory system cells
2) BCE 2 _:an enzyme that tells blood vessels to relax, found in lungs, heart, blood vessels, intestines

3) QD 1S5 aka EV K : used to connect to other cells, found mostly in epithelial cells (skin, lungs, ihtestines).
4) ( IZH : a receptor found on T cells to communicate with macrophages (both are white blood cells)

510 A& : (;oxsackie—édenovirus Receptor is necessary for proper formation of the heart, and attaches cells to cells

2 The virus must release its gename. 3 The viral envelope uses a “fusion protein” to merge
(Exception: Reoviruses) with the host cell membrane.

1) A pore can open in the capsid. (EX: polio) 1) Fusion occurs at the surface. (EX: HIV and measles) .. -

2) Fusion occurs after the virus is brought inside the cell.

2) The capsid must fall apart or at least (EX: Influenza)

become very leaky (EX: adenovirus)
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5(b): HOW INFLUENZA ENTERS CELLS

Influenza A is one of the most studied viruses of all time. Its binding site, sialic acid, was the first virus receptor to be
discovered (1985). Its genome and its glycoprotein structures have been completely mapped.
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The ratioomA to “Spikes” are a type of glycoprotein. (Glyco=_Suapyv )
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NA is about 4:1

The RNA
is broken
into 8
pieces.

The HA head has
a“pocket” that
can bindto a = (? é’
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NQ Neuraminidase

is a “snipping enzyme”
that cuts off (cleaves)
sialic acid molecules.
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Non-structural (This enzyme will be

proteins are like tools 3 needed to exit cell.)
that the virus carries. M2 W .
See info page for details. proton pump _H_& Hemagglutinin (heme= blood, agglutinate= clump)

Influenzas are named according to the structure of their HAs and NAs. As the virus replicates (billions upon billions
of times) small changes occur. The first variations that were mapped were called H1 and N1. (This corresponds to
the flu pandemic of 1918.) As more variations were found, they were named by number (H2, H3, H4, etc.).

HOW THE INFLUENZA VIRUS IS TAKEN INTO CELLS

A ring-shaped
protein squeezes
here and pinches

off the endosome.
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6: INSIDE A CELL

What does a cell look like from a virus’s viewpoint?

: What materials and
tools are available?

Where are the best
locations to work?

Are there any dangers?

Will the cell’s neighbors
find out that I’'m here?
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Lysosome: recycling
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(nucleolus)

Endoplasmic
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makes lipid
membrane

Ribosome: protein factory
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RAW MATERIALS

Most structures in our environment
are made from metal, glass, plastics,
and plant fibers. Cells have 4 basic
materials that all their stuff is made of.
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TOQLS["TASK ROBOTS” (need energy)

They are usually made of protein but can have one of
the other ingredients mixed in. Tools/robots can only
operate on ONE type of molecule.
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STRUCTURES

Not all cellular structures are similar to the
structures in our own environment but a
surprising number are.
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string W
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The energy to run these tools comes
from the cell’s “rechargeable batteries.”
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Energy is released when the third phosphate is
popped off. Energy is needed to put it back on.



7(a): INSIDE A CAPSID

All viruses have a genome, which can be either DNA or RNA.
Many viruses also have one or more protein “tools”inside the capsid (tools it will need immediately after entry).

HIV-1 : SMALLPOX

attachment i s ¥ . nucleoproteins

proteips

PolyA tail

7 Protease &)

DNA

wottnd ® Integrase [ >
around

protein @ Reverse Transcriptase ﬁ]
spools (for turning RNA into DNA)

CORONA

£)

@2 @ over 100 enzyme tools!
@ lateral bodies (function unknown)

envelope with attachment “tubules”
. Gt

Viruses do not ha\)e:
1) Rihosomes
2) Raw matecials

5 @ Huge genome - 30,000 bp 3) v Qr
ﬁ e L S s e ar(?und RNA(+) is wrapped around nuceloproteins
nucleoproteins

2

ORNA
polymerase

Virologists draw viral genomes as a straight line when they want to show where information is located.
Each segment represents the instructions for one thing, sort of like a chapter in a book.

Both RNA and DNA are directional.
One end is called 5-prime and the other is 3-prime. As a general rule, the genome is
read and used in this direction.
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8(a): HERPES SIMPLEX-- A DNA VIRUS

Herpes simplex viruses (HSV) HERPES VIRION (150-200 nm)
include: HSV-1, HSV-2,
Varicella zoster (chickenpox),

Epstein-Barr virus, and

. : Someftegument:
‘| tegument proteins proteins will

cytomegalovirus (HCMV). 1 DNA help capsid
i get through
DNA genomes have_ 120,000 A Aakansinl -
to 240,000 base pairs.
. Has several
types of spikes.

One of the cell receptors

it binds to is “heparan sulfate”

a very common receptor that
many things bind to.

“interferon.”

= -
@,\ L g *e Many cell mRNAs are destroyed, including for the production of
- '] S .

A long string
of many genomes
is called a concatamer.




8(b): POLIO-- AN RNA VIRUS

Poliovirus is a positive sense RNA virus and is a member of the Picorna family of viruses. Its genome contains about
7,500 base pairs, and its replication process takes place entirely in the cytoplasm (cytosol). vl el
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IRES

Destroys a small protein
essential for starting the
process of translation.

@ Formation of

Replication Complexes
(ER and Golgi begin to
break into vesicles.)

____________

Polio’s RNA
polymerases attach

to vesicles and make
copies of genome

This cell would be an epithelial (surface) cell in the intestines. NOTE: It takes two rounds
After infecting many intestinal cells, the viruses will go into the blood and of copying to get a (+) sense
then make their way to nerve cells, especially motor neurons in the spine. strand for the capsids.

This is how virologists draw the polio genome. They like to show the IRES, but also like to use a line to show genes.

Sreuctural ol e

Replication :
Complexes R) l ;

IRES: Internal Ribosome Entry Site VP VPZ VP3 2a 28 9t 3R 3C 20 ' ‘9412
(This structure mimics cellular proteins 6

needed to start translation process.)



9: THE BODY FIGHTS BACK

This lesson is not a complete overview of the immune system. We'll focus on the fight against viruses, although much
of this information would apply to other pathogens as well. The body has several layers of defense. Most viruses are kept out
because of physical barriers, but if some get past those, we have two more levels of defense: the innate (non-specific) immune
system, and the adaptive (specific) system.

1) PHYSICAL BARRIERS e Y woF . v el
These work so well that under normal K ﬂ\b nwe ,
circumstances we go about our lives I ‘ _ ‘ ov&k.
oblivious to the vast number of viruses ;

in our environment. N i ‘: {) f \Mgshnﬁ
2) ROAMING "EATERS" (phagocytes) 3) SENSORS that detect viruses EXAMPLES.

If viruses get past our physical barriers, they are met by roaming TURS  Forurd oo e RIG-1 MDA-5

immune cells that eat all foreign substances they find. :
g 3 ‘y l.m .ou'f5|de of_ phagocytes, and Found in the cytoplamsm of all cells.
Iysosome (d“jﬁﬁﬂ virad ¢ inside the_" endosomes. They detect viral RNA (usually dsRNA).

stacts a Signaling
Cascode to make FN

Macro phaqe, (Soum) Du\c\nhc call

4) INTERFERON The sensors trigger the production of interferon, a chemical message that causes the production of many anti-viral
proteins, and also alerts other cells to the presence of the virus.

5) NATURAL KILLER CELLS NKcells are a type of white 6) KILLER T CELLS Killer T cells must get permission from helper T cells.
blood cell called a lymphocyte. | (ngwﬁe\ A“-‘C"
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7) B CELLS and their ANTIBODIES

e '
60 .

oy

- \F\\f‘ 9

.’|'

/ Macrophe}ges The B cell starts making
present viral proteins T helper finds B cell with many antibodies, which
. to T helper cells. matching antibody. stick to the virus.



10: VACCINES and ANTI-VIRALS

VACCINE: The goal is to imitate an infection by giving the macrophages viral antigens (either parts or whole) so
they can present them to T cells who then tell B cells to make antibodies against them. Some B's will be memory cells.
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Vaccines can be prepared in 4 ways:

AcTIVE Clive

1) Attenuated

The genome has mutated so

the virus can't cause illness.

Virus retains some ability to
replicate. Pabin) "
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2) Whde virys

The virus has been treated
with chemicals to "kill" it,
but the T cells still recognize
the proteins.

Eractional

a2 Recombinant

Only small parts of

Salle) capsid protein.

if\‘ ol‘uh

virus are used, such as a
piece of the spike, or one

ex:_influenza,

the Cloning techniques are used
to make yeast cells produce
either empty capsids, spikes,

or strands of RNA.

Hep A, rabies
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ANTI-VIRALS: The goal is to block or break a viral structure without harming any host cells. This is tricky!
Here are three of the most successful strategies so far (though resistance is already a problem).

Strategy #1: Nucleoside analogue
mim\C

These try to stop the replication of viral
DNA or RNA by giving the virus a supply
of fake rungs that do not have a sugar.

Ex: Acyclovir is a guanosine (G) mimic

Other examples:
1) AZT (for HIV) mimics "T."
2) Remdesivir (for Ebola) mimics "A."

Strategy #2: Block action of NA (Influenza)

Block the snipping action of neuraminidase
so influenza viruses can't bud out of cell.

Ex: Tamiflu and Relenza
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Strategy #3: Stop fusion (HIV)

The HIV drug Fuzeon is a protein that
binds to HIV's fusion mechanism.
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Can't prevent attachment, but prevents fusion.

Influenza viruses are now
resistant to Amantadine, ®
so it is no longer used.

Strategy that used to work: Block Influenza's M2 ion channel




