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1) % & # (dengue fever)

2) B b (tetanus)

3) BA**+ ¢ (hepatitis B)

4) # 4% (tuberculosis)

5) 7R h (influenza)

6) € %um s 6% AEF >g%# (Acquired Immunodeficiency
Syndrome; AIDS)

7) E§* (Cholera)

8) B & Mr¥ g g ix ¥ (Severe Acute Respiratory Syndrome;
SARS)

9) 7 P % (Pertussis)

10) p ~ %5 & (Japanese encephalitis)
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Z‘{ 1225 nm
. Human red
y Bacteriophage T4 Rabies virus blood cell
® 170 x 70 nm 10,000 nm
e in diameter
Adenovirus
90 nm Rhinovirus Bacteriophage M13
30 nm 80010 nm
Chiamydia elementary body
K —— 300 nm
Bacteriophages Tobacco mosaic virus
2, MS2 250 x 18 nm —_— P
24 nm Viroid et &
300 x 10 nm 3 f “'Y_Y
R ;:‘“ ) )/)J.

Prigﬁ —g o
200 x 20 nm ’ fr‘i‘"1/<ﬂ-
A

Polio\;irus — L 3
30 nm Vaccinia virus \_}L.}—)’ Ebola virus
300 x 200 x 100 nm : 970 nm

Plasma membrane
E. coli
of red blood cell
(a bacterium)
3000 x 1000 nm 10 nm thick

Capyright & 2044 Pearsen Education. Ing., publishing as Beriamin Cummings.

Virion (virus particle, 4 #- )

capsid

nucleocapsid
genome

Genome # 7]’ (%8)

Capsid *F

tegument layer

membrane
.'—'J\cnlarnqciu} envelope

complexes

Envelope ¥ -
(some viruses)

Coprpright 1994 « 97 Merka Rieschie
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i = z ] (viral genomes)

DNA: RNA
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VIRION NUCLEOCAPSID STRUCTURES
A)= + & BEF (Icosahedral symmetry)

--- An icosahedron is composed of 20 facets

--- each an equilateral triangle (% :# = % 2)

--- 12 vertices (78 2-)

--- the axes (#) of rotational symmetry is
said to have 5:3:2 symmetry

« An axis of two-fold rotational symmetry through
the centre of each edge

¢ An axis of three-fold rotational symmetry through
the centre of each face

< An axis of five-fold rotational symmetry through
the centre of each corner (vertex)

AXES of SYMMETRY

10



— = LG 4 ens o] £d 4 (capsomers)iht ] & Bcp A T Bk
7+ 3 12pentons (F15 = -+ o 47 12 8 2) > e § hexons i f
Mm A chs s B e blde A g0E 4 (human adenovirus) ¢ 12
pentons 14 2 240 hexons#t e = o

Adenovirus /
symmetry

Negative staining of human adenovirus
(© 1995 Dr Linda Stannard, University of Cape Town.)

B)¥? ¥4 (Helical symmetry)

v Foc H R R PRt AR T TR A AR B SR R
(coiled, ribbon like) s 4

7 g S ficeni s 4ip 4 e i ren(non-enveloped) 75 5748 4t
4 (tobacco mosaic virus) & & + K #csL™ T 3R rod-like s -

&5 g sen(enveloped) i et fhpm 4 ¢ (B14e @ ik g o & influenza
virus, 1% J5f5# rabies virus)# ‘b B { £ - { & flexible » 2% +
Bg ficdn ™ 4o telephone cord—4x

TOBACCOMOSACVIRUS | ¢

_ e i
B 011 N

Influenza Virus Rabies virus
(© 1995 Dr Linda Stannard, (Wadsworth Center,
Tobacco mosaic virus (7 % 4844 %4)  University of Cape Town.)  NY Dept of Health)
showing a helical capsid structure 12




C) Complex symmetry 47 72 $+ 4

These are regular structures, but the nature of the
symmetry is not fully understood. e.g. poxviruses.

COMPLEX SYMMETRY

Pox virus seen by negative staining
(© Stewart McNulty, 1994 Veterinary
POXVIRUS FAMILY Sciences Division, Queen's University

Complex symmetry of poxviruses Belfast)

(Fenner and White Medical Virology
4th ed. 1994)
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FIVE basic structural forms of viruses in nature

» Naked icosahedral
e.g. poliovirus (- “2Jf - # ), adenovirus (H'M%i ), hepatitis A
virus (A31# 4 ).

» Naked helical
e.g. tobacco mosaic virus (# % 4 4t 4 ), so far no human
viruses with this structure known.

» Enveloped icosahedral
e.g. herpes virus (4 7 7 4 ), yellow fever virus (% # 7 /% ),
rubella virus (& B 7% 7 + ).

» Enveloped helical
e.g. rabies virus (J* 55 4 ), influenza virus (7 & s+ ),
parainfluenza virus (&| 7 g :%i ), mumps virus (ﬂmﬁs N :)I%i ),
measles virus (7 ¥ + )

» Complex
e.g. poxvirus (& ).



5 BASIC TYPES OF VIRAL SYMMETRY

nucleccapsid

lcosahedral nucleocapsid
- e———

lipid bil ayer

ICOSAHEDRAL

helical nucleocapsid

Nt Feowin

7 B e kg
L COMPLEX
g E nucleccapsid
— lipid bil ayer
__;" t. _,._f':' glycoprotein spikes
o = peplomers

HELICAL ENVELOPED HELICAL

Adapled from Schaeter et al., Mechanisms of Microblal Disease

:}}%i Ik BE

Q7 iR F7RL 2 A 7




T+ A Wiy

LB 45T P

1. :}}%i FEak(recognition) % = *f(attachment; adsorption)
- B A X E(receptor) i &
2. & »~ (penetration) w &
(1) 45 B o & A B ~
(2) #pp & A Flleil » A e
3. 2 #(uncoating)
--- # ",ft b B
4. 74 $h %14 m.(gene expression) 2 A F] i 47 4
- B A R R AR R R AGRA AT S 47 R
5. i & (assembly)#£ = 3 (maturation)
- b (capsid)er A Flle i £ ok o 1T RTES
-~ % 4 (enveloped virus) p i 1 membrane % 2] § 5
6. f#z(release)
--- 11 5 (budding) &t 75 A iw¥e i3 & (cytolysis)
17
FUT HEF R G L e % F
BEELH tmie RETER T
ICAM-1 Gmre T o ia;ﬁrrli,u:)ﬁsi (poliovirus)
CD4 T-#k = ok iR A 3 & wopd (HIV)
MHC-I FRER #5k 4 (togavirus), SV40
MHC-II Ful &I/ Bk T A i Visnavirus ('&:}ﬁa% lentivirus)
Acetylcholine receptor  #¢ 5 fird- @ 1f ¥ 1% 54 (rabies virus)
EGF 4 £ 73 fﬁ_«‘)??—% (vaccinia virus)

Sialic acid (*&% fiz) fm¥e ohpE gk i (glycosylated) 36 it Jm & (influenza virus b

¥y Tr frh A S5t 4 (coronavirus)

ICAM: intercellular adhesion molecule ; CD: Cluster of Differentiation ;
MHC: major histocompatibility complex ; EGF: epithelial growth factor




& B %0 4 (nonenveloped viruses) s

|53 ¥

.45 R g2 = 3

e

£

ADSORPTION

REPLICATION AND MATURATION

£ (S

54 g & (fusion)= ¢ id p 3 iF* (endocytosis)

{

Brsd g

V.8

PENETRATION PENETRATION
AND AND
UNCOATING UNCOATING
(3] [ ¥ ih [}

RELEASE

B ode e

B |
H %o 4 (enveloped viruses) g 4
ADSORPTION REPLICATION AND MATURATION
O z viral
genome
£ & £ 6 £ 6
By fusion By endocytosis By budding By exocytosis
PENETRATION PENETRATION RELEASE
AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY
EXOCYTOSIS
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Humhaxr of Bactaria (low)

AT

Phage attaches

Phage DNA o B el et

(double stranded) injects DNA
Bacterial
chromosome

Lytic
cycle

’{ , /aff*l”*iﬁﬂ

@ Cell lyses, releasing
phage virions

Virus Lytic Cycle® % (1’15

N

e QOccasionally, the prophage may
excise from the bacterial chromosome
by another recombination event,
initiating a lytic cycle

Many cell
\dmslons

,ﬁ% TER< Sl
Lysogenic
cycle

Phage DNA circularizes and enters

@ Lysogenic bacterium

lytic cycle or Iysogemc cycle reproduces normally

\

@ New phage DNA and
proteins are synthesized
and assembled into virions

Copyright © 3004 Pearsen Education, Ire., publishing as Bergamin Cumemings

"):

Bacterial Growth Curve

Stationary

Infectious units per host cell

Time

Prophage

@

Phage DNA integrates within the
bacterial chromosome by recombination,
becoming a prophage
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Viral Growth Curve
200 - 5
&
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Iy
150 — é’
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? Viral
so0; éﬁ’ yield
Latent period
50 —
Eclipse period
Y
1 1 | | ‘ ‘
5 10 15 20 & e
Time in minutes
AR S B 0 X R BRI F] A

A e o LA BRI T
#p | (eclipse period) 2. % # (dark
phase) - o
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‘74072 (bacterial cells) 2 # &

>#Qmﬁﬁug%;#gwﬁﬁi%%&’iéﬁﬁﬁao%%ﬁﬁ
(Escherichia coli ; E. coli )4 & $-i » 20~304 ﬁi}asgﬁ— ER R
P rAARELE RRZEARGLE Y X pglucose) s S F ~ BE > B E o
> n ‘p%]‘i‘—; ES
= % i #5 % (liquid culture) » &2 & «afy #H) (exponential phase) ¥ if ¥/
~108 cells/ml -

= FAE S L FHa & > ¥ A58 7% (colony) o

Clone (& £ % 7% ;5 fa): 2 & B ehrg we ZRp *tH - we » 9535 8
—mrEend o g e el B AT R B ZH - e dp koo

&4 % (inoculating loop)

h-259933/view,
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EAEERN
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AR 52 deentt S » 20 ml i i % %
(agar)® » F @ rFmx @ o
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Pre-Filter Gas & Odor Filter HyperHEPA Filter
[HealthPro Plus model antyd  HI 2413 Clearraom grade High
Do Elviotes over 5% B, Advarbs bedvedssf 3, Trops smail ond } Ig_ .
of ol the pariick Feseuus palutass slbsry-srmall frrclicles, e Efﬂ C|ency
mase This plaags and aders, eheaty g bacteri, I e .
he K the P Ap— wiuses, abgens and Particle
submeguent frer. eompand (VOC s meeron wrzed Ut .
Air
-0 (HEPA)
! filter

B Aea %
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I

A

fo 4 fm e 32 &

A fitopd i dEd BARRESFL kEFFY

PP e X g R H e s K 2R E T .

> B4 v iy 1A K lwe BRen i 4 F R (protoplasts) 4] st e ra s & e
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AR TR 4 S
F 4 F AR (protoplasts) ;, i




B s A S me R A&

# % A (culture medium) ke = %7 13 0 5f£(plasma)$ ~

w el Fe (amino acids)

= 4 & (vitamins)

= ¥ § # (glucose — ii & % i)

w %t (buffers — s f 32 % 3L = k)

= i if (blood serum - ¥ 274 A B wF 0 75
5 4 & #]3 (growth factors)

$u4 % (antibiotics — ¥ 4. fc? 35 %)
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MR AV A AR E MRS K 8
1. 4~ &%z (primary cells)s: %

YO (o) e RERTH B b o A B 8 o JlRE DR A3
Wrlehmre g % > REBEF BB T o

% ¢ 8 (chromosome):rficp % Aj 4k i § o
REAYFEFREARSE FELLFT -

A%~ % (divide) & 35 7 (survive) = 4 o

wmee 3 £ g f5 85 € § #2474 (£ (contact inhibition) -

2 LA AT e b4k e 2 0 (fibroblast) i 4 4esg % 1 0 i
A H20~30% - EERIF LS o

R e A~ it iz (differentiated cells) i o

et ot E 5 2 KRR P RN 0 S i e R A Y
* % (tumor) ©

¥

¥ ¥ ¥ ¥

W

¥

&

m*¢ ¥k (continuous cell lines)

£ 5 fragmented % reduplicated % ¢ %8 » 7 W 2LEC 2 40
(aneuploid)

RRBERA D NAE RS FERAuELY -

2 kAl mre b JERIT e L IR % o
A&+ E 3 3 fsen(immortal)snd £ i

7 ¢ ;e A~ i wz (differentiated cells) s 14

$timre 4 £ 3 & H(modulators)it 3 F g

PR RS~ B Rde s kR R AR P 0 M 2
AEAE GREP LB AR o

bl4c HeLacells » i p »t- = & S Helash+ g ik p & f
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» I #icd (Hemacytometer)

- Coverslip
] 0.1 mm depth
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1mm
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I. £ # 4.« (differential centrifugation) Il % A& 4 A& 4t (density gradient centrifugation)
Virus wil float* at its
buoyant density
10 min
: 1,04 glem®
Nuclei in pellet Q
(7]
c "
@ |
-‘ kel ﬂ
‘51:0;: - o Centrifuge
8 unilequibrium
3 isreached
0
M‘;:hondria
chloroplasts, lysosomes 1.28 g«‘cm’

and peroxisomes

100,000 X g
15 min

Plasma membrane,
microsomal fraction
Supernatant
Virus will
30-60 min remain in
Virus in pellet suspension
(also ribosomes during low

small orangelles) *g" spins




ke = Rl

No Virus  Virus Virus Diluticn
C@@® -
C@® -
@@ -
Ca @ @ e
Gl ‘ ' ) t ‘ [T
- -
OICIORE
< ® @ @ 1128 Fig. 9.5 Assayofinfluenza virus by hemagglutination. The same number of red blood
] cellewas added to each well, and duplicate samples of a virus stock were added ro the wells
ar the indicared dilutions. Two-fold dilution steps are very convenient to handle and
® @ ) ® ] 11256 require only a small amount of virus sample. The wells in which there is enough virus
<. ' present o agglurinare red blood cells have a gelatinous suspension of the colored cells. In
wells with no virus, or an amount too low 1o agglutinare the cells, the red blood cells can be
® L ] ® 1512 pelleted at the well's bottom with low-speed centrifugation. If more virus particles were in
~ ~ the eriginal suspension, more dilurion would be required ro lower the concentration
below the critical level for the hemagglutination measured, This would result in a bigher
e )(® )| ®) 11024 HA titer, which is just the dilution factor required ro dilure the agglutinarion. (Based on
- ey fig. 2.5 in Dimmock, N.J., and Primrose, S.B. Jvsroduction ro modern virology, dth edn.

Boston: Blackwell Scicnce, 1994.)

R R A e
Enzyme linked immunosorbent assay (ELISA)
(A) Indirect ELISA (4 ip|3:48)

Wash Wash <75 o
Antigen- Specific antibody Enzyme-linked Substrate is added and
coated well binds to antigen antibody binds to  converted by enzyme into

specific antibody colored product; the rate
of color formation is
proportional to the amount

(B) Sandwich ELISA (¥ RIFLf bl 4om 4 ) of specific antibody

TR Wash Wash B .; 4 Wash E} e
v v . ¢ ¢ |
Monoclonal Antigen binds A second monoclonal Substrate is added and
antibody- to antibody antibody, linked to  converted by enzyme into
coated well enzyme, binds to colored product; the rate
immobilized antigen of color formation is

proportional to the
amount of antigen

0:23



B eop A g &
T #4482 (animal inoculation)
B NP IRy s LT B AR RA  BpA R R
T frredfdss % 0% (chicken embryo inoculation)
B 11~123% SEA A RS e kR B 16 0 %353 o ek B o
T ‘w12 & ;% (cell culture)

P

< o
B

257 Inoculation of

Inoculation chorioallanicic
¥ BLEE of amniolic membrane
ony PER X3
P o _ s | £
Inoculation Inoculation of
of embryo yolk sac
REB 9k
e
Abumin Bl
Allantoic Alr aac
B cavity
® S 4 3

B 3-10 VASEECRRSS R BN, (A TR A MR 2T [/ &5 & B) A
™, WEUEAATEN,

LR B KR R Y

w
llﬁm”é%%ié,ﬁfg‘-}i E: 41

w25+ B (Plague forming unit; PFU)

PR - RANRSCORNE R FA % 0 A S TF 2 e MR FA
WoMaRfEml BB we i s - FIEP Raw
8, X - FZP %R TLEHEA S H = (plaque-forming unit - PFU) »
FERPERLRY FR A LpA R

i+ g %42 (Multiplicity of infection; MOI)

: the average number of PFUs per cell.
MOI =1, means 1 PFU per cell

Lipwedp SR F st g 20 b -

fm¥e g5 % 1v % (Cytopathic effect; CPE)
CpAR R §E R AR R PHEAR - 2 K2 AR
ALP ARG LI 0 PR e pRiEr .




i SR % (plaque assays) o105 w8 wl

. -

Fig. 10.7 Serial 10-fold dilutions of HSV to derermine the titer
of virus in astock solution. The details of the infection are as
described in the legend to Fig. 10,5, and the calculation of the
titerisshown in Table 10.1.

Table 10.1 An example of a set of dilutions for a plaque assay.

Operation Dilution of stock Plaques per dish

0.01ml of stock diluted into 10 ml of buffer 108 Too many to count

T mlof above diluted into 10 ml of buffer 10° Too many to count

1ml ofabove diluted into 10 ml of buffer 10° 500-1000 {estimated)
1mlofabove diluted into 10 ml of buffer 106 (204 100)/2=60
1mlofabove diluted into 10ml of buffer 107 (3+8)/2-5
1ml of above diluted into 10 ml of buffer 108 0

1mlof above diluted into 10 ml of buffer 10° 0

—Original stock is ~6 x 107 PFU/ml

Fopd B8
Fop & ¥ 2 - 54 pE & (Viral enzymes)

* 1k B & p*(Nucleic acid polymerases)
* DNA-dependent DNA polymerase - DNA viruses
* RNA-dependent RNA polymerase - RNA viruses
* RNA-dependent DNA polymerase (RT) - Retroviruses

* - pi¥(Protease) --- 5 #4054 (retrovirus)
* 4 & pe(Integrase) --- & &0y 4 (retrovirus)

« #¢ 5 veps pF (Neuraminidase) --- &l 4k 4 (orthomyxovirus)




Antiviral Therapies Directed Against the Virus

o %
o °
o..' 1. e/ o
- pA, R B R

7
2. 2 & [ / > \
- & K5z (amantadine), 6 ;5.1,??1

f? = gk (arildone)

- ﬁﬁ“#ﬁﬁl#(nucleoside analogues)

3 s
3468 4463 §§ pon
-FEE(FN), 7 & - IFN, - * 3#RNA (siRNA), °
DNA (antisense DNA)  T%### (ribozymes) \ O@'

N & o
oxe VTG {3}
k - 36 e drilAl j. o

*+ 3 # (Interferon) shfups & 1

THEEFAFALL R A2 T AR A mRNAGEER sl p A L B
HETH R BRI E R A SRR AR A Rpd R e
MRNA® f2p 3% > 7 i ri%'r:;ﬁai B ?mg o R B g B 4 inim e B o

‘ wirus

host cell




R i j_ yﬁk(WHO)%lgsoﬁ 2
G B35 ML F R A ERDL P

T
N
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>
>
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>

JES- SRR R
s £ E B
B 30~50%
kR 4 10~15%
R 5~15%
e L ks 5%
BlOLR B+ 5%
ot < 5%
o+ < 5%
R 4 P
il 203090




ik 4 (Influenza virus)

TR A A G i Iﬁzﬁﬁn - (Hemagglutinin; H) = 4 30zt is
(Neuraminidase; N) 2% # R %1 & chiz} o H: 5 16484 3]
(H1~H16) ; N£ 3 95@1&\ 4] (N1~N9)
T A GRRLRET 2 2% B A e £ BRI £ d ik sy ek e (sialic acid)
AA 3 94%.«;)[;5}} F R e ¢ ) ko o
TR GREE . T bR A el T R EAR  BARE AL RS
W oo
TX3% (#'ﬁﬁ" # 4l; antigenic shift)
] fﬂh 442K mu R f»r o i’:é 4 3 F) £ e (reassortment) & 2 3744
E; .ﬂ;\ oA s iE A A 12;7
®AFFERLA ﬁvﬁefr P A2 RTRA
R (LR s antigenic drift)
® Flpd h T B AR 2 ] SRR
T oo A J& + > E_B 2 # § (Oseltamivir) th’ IR iR e W 0 €
e AR )Ff;—a- g ORFEFFE NG 0 @ X R A A e g
a ﬁiﬁﬂﬁdﬁ%* R SRR S S L GRS IRTS ~F E R R L Tt

‘ET*.‘
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T €% U REE Fis X LB L R *—1(Acqu|red Immuno-Deficiency
Syndrome) > # #i % AIDS © {d ARE AR AL L;fwf (Human
Immunodeficiency Virus > HIV » i3 § & % Iﬁ%) Zoar il 4= e e

THIVE 5d m 24 2 20 TR AGFLA e 5 CDAHTm% o
®E L ﬁ’!:}l;si BB AR KAX S > CDAMwre e & R € BB > > Fla ¢ L4y
SRS T o ki CDAR T S 200/ A it xR -
® AR 2P R op R 4 0 Fla |5’f‘ LRPBER G R
N G AKER S Eepd R A ke E R wﬁ%ﬁi&
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2. In the laboratory,

1. Cells are remowved .
frormn patient. a wirus is altered
=0 that it cannot
reproduce.
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7. The genetically
altered cells produce E’ . hogene is

the desired protein inserted into

at hormone. < the wirus.
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&. The altered cells are
injected into the patient.
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‘ e’ 4. The altered wirus is

mixed with cells from
the patient.
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5. The cells from the patient
becorme genetically altered.
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