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® Had R FebE s Pipi? o (UDNARRNAZ ¢ - fEgas
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& gL AR
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1) % % # (dengue fever)

2) B b (tetanus)

3) BA3+ % (hepatitis B)

4) 247 (tuberculosis)

5) 7 1g b (influenza)

6) & om s 18R LR A 2 i ¥ (Acquired Immunodeficiency
Syndrome; AIDS)

7) E§* (Cholera)

8) BcE & Mef i i i 3 (Severe Acute Respiratory Syndrome;
SARS)

9) 7 P *% (Pertussis)

10) p + *5 X (Japanese encephalitis)
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9 Izﬁ nm Vg
- P 4 Human red
Bacteriophage T4 rd Rables virus blood cell
) 7 170 % 70 nm 10,000 nm
2.0 iin diameter
Adenovirus -~ #
%M Rhinovirus  Bacteriophage M13
20 nm =10 nm
Chlamydia elementary body
F = 300 nm
Bacteriophages Tobacco mosaic virus
12, MS2 250 % 18 nm _ .
24nm Viroid Ayl D
300 x 10 nm ;- iy - {
Prion ! Y
Poliovirus 200::20mm LS ¥ "‘I"_r—’ - — ‘\
30 nm Vaccinia virus L o Ebola virus
300 x 200 = 100 nm 970 nm
Plasma membrane
E. colf
of red blood cell
{a hacteritm) 10 nm thick
3000 x 1000 nm
Copyright © 2004 Paarson Education, Ine.. puliishing == Beriamin Cumminge

Virion (virus particle, 7 4 #-)

Genome £ F] e (%)
Capsid *} %

capsid
genome

} nucleocapsid

tegument layer
Envelope i -

(some viruses)

membrane
gly L’upru[un} envelope
complexes

Copright 1994 - 57 Mecko Reschie

FA AN E > e s 32 B A A P
(nucleocap3|d core) > Hd L F-v enh & (capsid) T+ > §
25 & 30t @ 5 B (envelope)

P #5034 7 P ONARRNA) » 78 3s $50

%
Fortes o TR pa AR anay o~ <R R D AR B
2gF 4

=

RN

X

130
7

a
x
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i+ # ] (viral genomes)

. DNAZ RNA
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B A A ST & R

AR 7 W pd A RATE b FenhkF
A E g BE e A R R R ek b
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VIRION NUCLEOCAPSID STRUCTURES
A)= -+ & ¥4 (Icosahedral symmetry)

--- An icosahedron is composed of 20 facets

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

--- 12 vertices ("8 &)

--- the axes (#h) 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 3YMMETRY

10




— Bz LG et ] Fd %i;:f_(capsomers)fiﬂ«' R BP A R R
£+ 7 12pentons (F 5 = - 5 4§ 12/ F &) > f £ hexons i f
ML hA A B oo Blde A HW%J* (human adenovirus) ¢ 12
pentons 13 240 hexons#t s = o

Adenovirus
symmetry

-'-"”ia-zx} 12 PENTONS

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

B)? s ¥4 (Helical symmetry)
oo Froc H R U R PrRLA et AR T TR @ A% A BRI Sk R
(coiled, ribbon like) iz 4

BN P 1 B i T el *’@ﬁyﬁw { # # "eh(non-enveloped) # % 4% 4
# (tobacco mosaic virus) % + B A4 ™ % 31 rod-like . T

[nn| _P # wen(enveloped) 81 4 fLps # ¢ (1;1]-11\." t i o+ influenza
virus, jr & ;ﬁ,;ﬁm rabies virus) # ’Pé‘f“ { £ ~ { Eflexible» &% F
B picds. ™ 4o telephone cord—4#x

TOBACCO MOSAIC VIRUS

@—nu:w:md

Influenza Virus Rabies virus

(© 1995 Dr Linda Stannard, (Wadsworth Center,

Tobacco mosaic virus (# 3 424tk %)  University of Cape Town.)  NY Dept of Health)
showing a helical capsid structure 12
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C) Complex symmetry 4g 7§+

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
Sciences Division, Queen's University
Belfast)

POXVIRUS FAMILY

Complex symmetry of poxviruses
(Fenner and White Medical Virology

4th ed. 1994)
13

FIVE basic structural forms of viruses in nature

» Naked icosahedral
e.g. poliovirus (-] ¥2Jf - # ), adenovirus (ﬂ:j@@i ), hepatitis A
virus (A3 5+t i ).

» Naked helical
e.g. tobacco mosaic virus (# % 4 4 5 # ), so far no human
viruses with this structure known.

» Enveloped icosahedral
e.g. herpes virus (7 7 4 ), yellow fever virus (% # 5 4),
rubella virus (& B 7% Jp + ).

» Enveloped helical
e.g. rabies virus (J= % 5 J5 # ), influenza virus (7 & o+ ),
parainfluenza virus (&= & 7 # ), mumps virus ("¢ s 4 ),
measles virus (7% J + )

» Complex
e.g. poxvirus (& i + ).

2012/2/7



5 BASIC TYPES OF VIRAL SYMMETRY

nucleccapsid

Ieozahedral micleocapsid
e

P g1 = ; Clisia
il‘ ‘E‘é“}" - iy —— il bl mynr
w2 +

ICOSAHEDRAL ENVELOPED ICOSAHEDRAL

helical nucleacspgid

‘=l i m—
B L .

COMPLEX
l::l;
g nucieccepsld
o
=
HELICAL ENVELOPED HELICAL

Adapled from Schasler o1 al, Moechanisms of Microtlil Disease

:;};ai e 3R

Q4 7 e Hp 7R Rk s #72
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A WE
B F2T 7 A
1. s 4 7 (recognition) = . %t (attachment; adsorption)
- ¥ % 3 &% R (receptor) it &
2. & » (penetration) m ¥z
(1) %5 B o 3 345 »
(2) #-p & A Fliit » A tmoe
3. 4 #(uncoating)
- A o A
4. 4 # 714 7.(gene expression) 2 z F] i 45
- Edpd i 2 AT 3 R dpd BT SE ST
5. =& (assembly)£ = 3 (maturation)
- &t (capsid)$ A Flie e oAk 0 B 17 RUIE S
---¥ "5 4 (enveloped virus) f 7 1 membrane i | § %
6. -z (release)
--- 4} % (budding) & 7 3 %z % f(cytolysis)

17
FET ARG R B L S E

BEE LI fmve 34 % ThRELpA
ICAM-1 Jm ¥ R RV | 2 B 4 (poliovirus)
CD4 T-k = 2k 0 ke s+ & ;a;?;:;,;;i (HIV)
MHC-I FRER Hp + (togavirus), SV40
MHC-II Film & /T B T kA 0 Visnavirus ('5‘1:),33% lentivirus)
Acetylcholine receptor  4¢ 5 fird: @ iE 4 L% 5 4 (rabiesvirus)
EGF 4 £ 7]+ e 4 (vacciniavirus)
Sidic acid (r&7% k) ‘¥ ¢h pE Ak i (glycosylated) -6 i i 4 (influenzavirus)iy

¥ iy e A E S :},i;i (coronavirus)

ICAM: intercellular adhesion molecule ; CD: Cluster of Differentiation ;
MHC: major histocompatibility complex ; EGF: epithelial growth factor
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£ 3 "o & (nonenveloped viruses) =4 i

.o #;

A7 8 2 = 3

e

ADSORPTION

REPLICATION AND MATURATION

(S

{

. & r &3 &

5 g £ (fusion)= 3

&d p & 8% (endocytosis)

PENETRATION
AND
UNCOATING
ih (X

PENETRATION
AND
UNCOATING
i ih

V.8 %

RELEASE

o e

B s 4 (enveloped viruses) g

ADSORPTION REPLICATION AND MATURATION
viral
genome
£ &9 £ £ 6
By fusion By endocytosis By budding By exocytosis
PENETRATION PENETRATION RELEASE
AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY
EXOCYTOSIS

2012/2/7
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s F A A

G Occasionally, the prophage may

Phage DNA o Phage attaches excise from the bacterial chromosome
d agbel ded to host cell and by another recombination event,
(double stranded) injects DNA initiating a Iytic cycle

Bacterial

i, o
\ 7\ / NT )

L 4 \ 1 Mﬂp iR AL
Lytic :
7)) (00) v

@ Cell lyses, releasing Phage DNA circularizes and enters @ Lysogenic bacterium
phage virions lytic cycle or lysogenic cycle B pfﬁ & reproduces normally

/ \ Prophage /4

\

@ New phage DNA and (5) Phage DNA integrates within the
proteins are synthesized bacterial chromesome by recombination,
and assembled into virions becoming a prophage

Capyright © 3004 Fasrsen Educafion. ne., masdishing =s Bapjsmin Gusings

Virus Lytic Cycle®: # (1’15”):

21
mEE Sl £ 0 R
Bacterial Growth Curve Viral Growth Curve

- 200 |- o
E‘ Stationary 3'55
- Phasa _ =
: : y
; % 150 2
i £ £
i :

a g Viral

£ 100 |- £ vield
¥ g &
W E Latent period
¥ &

c 80 =
! - Eclipse period

il
! i \ i i
Tima 5 10 15 20 25 30

Time in minutes

L_/ﬁi‘lJiﬁF g% Hp > o xR T
FoF oo B FRFL rlit,u
i!}* N (eclipse period) 2 2. =5 #p (dark

phase) - 22

2012/217

11



fﬁw{‘é‘é’%% Es LHA RS FREFL W R FAER
B4 E 1u9%'@i@ﬁpzo

‘7 ¥ (bacterial cells)2 33 %

> RL AR A FL AL EER 2 EYARE A HER
(Escherichiacoli ; E. coli)# £ P-i¢ » 20~304 483818 (7 - =0 A 2 4 7 o
PriireaE RE: ARG Y kpglucose) > EF ~ BE - A E o
> mEE & 5t
= % fi 3% 4% (liquid culture) » &2 £ cdp #cd) (exponential phase)™ i ¥
~108 cells/ml -

= FH A L AR A - 7 A5 FE (colony) -

Clone (& 1% 78 & ;5 b): i%%'f«il?ﬁ”'“rp e ERp vt H - e > 305 H
-t ind N A e B AT e LB E - we koo

#F43% (inoculating loop)
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T i A2 fHER R

+ 45 F(E.coli )1 107 @ F AL 7 T w3 £ ik
Imlfig 2 & - 6 feente mde > 20ml i 4 £ %
(aga)® > > EFw P o T3 E i #2(30-300 cfu)
NMAEL00 Fr o FHEA L LLB A R LFHTL
EREFYN oG8

2EGEEYL R TR
FRAkiaia
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Pre-Filter Gas & Odor Filter HyperHEPA Filter
IHealthPro Plus model briyh HI2/13 Cleanroom gradie | ] H h
. Eltimaies oer 90% 2, Adsorbs huachedsof 3, Trops somail ond Ig_ i
of all the paruce gesenus palieist ulertinall partices, F— Efficiency
megs Thie pralongs and adors; especinly Inehuding batteria, T e .
e K the ol ceganc dhses, oliergens and Particle
subiequent filtars, compounds (YOCs) sob-micron sized dust A
Ir
w0 (HEPA)
filter

B ki %
FoR ik
e

ARBIREAERFEDFTLREFFY -
> e e el X ’:‘;‘-ﬂ[:]a‘—_fé H e g %2 ¥ S e T o
> e e s LA :ﬁ;"ﬁ fmve B 4 ’?%ﬂ(protop|ags)§|] BTN
Ra oo f‘-ig";:)]';‘:,i gﬁ‘wﬂi‘{uﬁlﬂﬁﬂ‘ ifbi@ﬁlﬂi‘ i

£
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Bl s A mE R A

2 % A (culture medium) ke = &7 23 5 ’JJ%(pIasma)aV A
= &L (amino acids)

w o M4 % (vitamins)

= 4§ % # (glucose — it £ kik)

w ¥ 7% (buffers — i 435 & &+ k)

=

i« 75 (blood serum — i@ # E 52 & 5
% 4 £ %5 (growth factors)

#4 % (antibiotics — ¥ . fic? 45 1)

W
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> 5 F FERFRER(CAcycle) » A2 % imre 2 LR 78 chi £ e
LA mie 2 ETT R chA fE A A o

> B A& PE- B mve B 3TO5% % F 4r5%- F MER S F MBS P o

>:§Lm%{mwAﬁﬁ#’*{@w4£%£#3$&’?ﬂm

m
.

K ehi & R B APER & A ehpH|
>ﬁﬁ@%@4ﬁﬁjb4éﬁmuyﬂi
T4 - FRHmEREREL T3

> lnre L w2 L Al - B > 2 e
4 & Gldrfiaiwedoif EpHET4~7.6-

%k A 7 DMSO £ 4 i (glycerol) » #-
fmrE R BOR T St b o RIS E JRE O
AR TIORPRAEE Y i p chfe

FREFEE3ARALTRBRFIT > o
e kg kAR A AP R R AR R 0 2 B
Hme A Lend i #.
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MR AT A LA R e bR A S X 5

1. 4 % %z (primary cells)s %

w ¥ (0 ‘a).ffaf%\;z' T4 B A o B e (R o fRE dhe A A
Frehme R L > BEFEH A A= o

w  Z ¢ #8(chromosome)ihficp 2 A5k it F o

» BEAYFIFREA ML G2 L LTS o

= R A {d(lelde)E\‘ I m(survwe)% A o

w w2 BB ¢ 5 4] (7 (contact inhibition) o

w A EEHT Ve bl e %2 e (fibroblast) p o4 s & 15 0 W
& F20~30% o S B AR E = o

= F e & 1wz (differentiated cells)endd 4 o

w M e w sk RR e e BT 0 Mt BE R A A S

"6 % (tumor)

2.7z ¥k (continuous cell lines)

= &3 fragmented 2 reduplicated % ¢ 4 » 7 ¥ 2LE0 2 48
(aneuploid)

RRERACINAR AN FRRABRAAY o
wd R mie b AT L B FAIR % e
A~ E 3 2 dsm(immortal)sd £ 4

E e & i tw ez (differentiated cells) s 4

fwre 4 £ 3 &(modulators)iL 3 F &
we AL > B R A LKA AT B B Y e

‘E':ﬁ__‘i' gﬁ')ﬁlfﬁvf"%f A v"-‘/ﬂ /'f\“’

)4 Hela cells » }liérg'l Wo it iHeladhF g HEmHEL 0 P

195141@Ufé¢ kﬁSOi ce A g g A A

AUk P SR R e o

¥ ¥ ¥ ¥ ¥

i *’ﬁt

¥
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e 2 #ic

= 32 #cd (Hemacytometer)

oo T

[Siae view | ] 0.1 mm depth = }m

02mm

1mm

0%mn

HRTLTHNHAR

e il (9°427):

R RSN

A EE o FFTRF R WA TR .
mEpHA G AEEAS L HE MRS DS - HI R
B LER VR R I o & LA
>l iR AT B
» 4z 5 k4R i (ultrasonic vibration)
> g % & Rk % (freezing and thawing)
w A * g g (1000 Xg) 2 A frimie 2 A B FILpd 8
X S pchime Rl o BMEHCT o pE v A R e
= #d i e 7 4 i 4o (50,000~100,000 Xg) » FF 4 g d 2
AT ko Bk pA URBARRBIFL L E- T MEER
BOE YL o TF MR INL e (e R éﬁ)vf—i LN

mRARFEGRFRYS o EpA T ERR R B .
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it i s

I. £ B 4. (differential centrifugation) Il % & ¥ A& 4 (density gradient centrifugation)
Sample Wmswlll';;lnu;;yaﬂ!s

Centrifuge
until equiibrium
is reached

DEEY 7Y X2 F

T BT SRR T iR 4
L G TTT S

: HE W TN e .
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R G R RV R A a0 2

No Virus  Virus Virus Dilution
é o }, 112
(o)
.”; 1/8
@ 1/16
1/32
1/64
.{ ) 1128 Fig. 9.5 Assay ofinfluenza virus by hemagglutination. The same number of red blood

cellswas added to each well, and duplicate samples of a virus stock were added to the wells

ar the indicared dilutions. Two-fold dilution steps are very convenient to handle and
1/256 require only asmall amount of virus sample. The wells in which there is enough virus

present to agglutinate red blood cells have a gelatinous suspension of the colored cells. In

wells with no virus, or an amount too low to agglutinate the cells, the red blood cells can be
® ) 512 pelleted at the well’s bottom with low-speed centrifugation. If mote virus particles were in

- the original suspension, more dilution would be required to lower the concentrarion
below the critical level for the hemagglutination measured. This would result ina sigher
® | @ ® 1/1024 HA titer, which is just the dilution factor required to dilute the agglutination. (Based on
Z o fig. 2.5 in Dimmock, N ], and Primrose, S.B. ftraduction to modern virology, 4th edn.

Boston: Blackwell Science, 1994.)

IOIO

ﬁ?% @ &I R f‘]"lv\ 17
Enzyme linked i mmunosorbent assay (ELISA)

(A) Indirect ELISA ({4 i#|+uat)

|| wash |l wash Wash
Antigen- Specific antibody Enzyme-linked Substrate is added and
coated well binds to armgen antibody binds to  converted by enzyme into

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

(B) Sandwich ELISA (F& RIFLR;Bl4op 4) of specific antibody
Wash Wash Wash
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

‘\;1\ .«\

Q‘O).)C@"F 6
@O

0:23
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B g A g &
* ﬁré:ﬁ#%fﬁ;‘é (animal inoculation)
WP e dr FBGINA Y T gﬁ@gﬁ;ﬁ}, ) %3‘?.'[]%_% BraisP i di o
”;L’Ja_” 4832 % ;2 (chicken embryo inoculation)
# R H1L~12% IR G B Rk R A 1 0 B E353 o el o
T ¥ 35 % % (cell culture)

Inoculation of
charioallantaic

fnoautation
F ERE ol amniotie X membrans
Caid ‘_\ Rt &:m
Inocutition ) rnm-ulnmn af
of embryo , | jalk sae

- ' RERG 9r
A - PP ~
- ‘ ' th" /P Shell
S L h M-‘nzma \
A ) cavity
(A) (B) i -

B 3-10 LEHERDmEE. A TRESHASEZTR S MW EB) AT
T, REA AR,

R FEA SRR B
M ad AR AT H: 41

s g+ B = (Plaque forming unit; PFU)
R - [faar&ﬂ”" ST R R MB AL 0 A 8T T 2 mie N BT
WA REFL > RXBRZ e )ind 3 - I8P %2 mgh
# - HP % TLxg; S 2 (plagque-forming unit - PFU) » & #
WPERARY EEA L RA R

«‘f}ii—%- & 2 & #<( Multiplicity of infection; MOI)

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

Ripmic e R s g 2 6] °

fm e :@3 % it * (Cytopathic effect; CPE)
AR fwre o & %‘rfx fore BB NBREAR 2 R 2 H B B
fi 4 ﬂ@ Bpeee o 17 0 PR AL wEpRIEY -
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s+ 50 B3# % (plague assays) Diuton__ 105 i0* 107

- : el "~

Fig-10.7 Serial 1i-fold dilurions of 5V vo derermine she tiver

af virus in a stock subucion, The deraibsof the imfeciion are s

doscribedd in the begerd 0 Fig, 10,%, and the calculatlon of the
tites s shovwn in Table 101,

Table 10.1 Anexample of aset of dilwtions for a plaque assay.

Operation Dilution of stock Plagues per dish
0.01ml of stock diluted into 10 ml of buffer 103 Too many to count

1ml ot above diluted into 10 ml of buffer 107 Too many to count

1 mlofabove diluted into 10 mi of huffer 10° 500-1000 (estimated)
I mlof above diluted into 10 ml of buffer 106 (20+100)/2=60

1ml of above diluted into 10mi of buffer 107 (3+8)/2-5
1ml of above diluted inro 10ml of buffer 108 0

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

—Original stock is ~6 x 107 PFU/ml

Fopd #

Fup &+ EH 2 k- 54 f8 % (Viral enzymes)

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

* ¥~ p¥(Protease) --- & &5 4 (retrovirus)
* 4 & pF(Integrase) --- * ¥ 455 4 (retrovirus)

* 4 g pt pF (Neuraminidase) --- &) &k # (orthomyxovirus)

2012/217

22



Antiviral Therapies Directed Against the Virus

{3}
®
.oo. —&\./w,.#
- ML R FRAP

V)
2.3~ 3 [ ! >
- & K" (amantadine), e 35.7}5@‘4

f¢ = @ (arildone)

DNA (antisense DNA)  F##¥ (ribozymes)

NN

6. & k \/
\ 36 A

—

- -‘q‘ﬁﬁm:}%(nucleoside analogues)

3 s
3.4 T §§
-FEE(FN), F & - IFN, -} * $RNA (siRNA), \

&)
&

®j'

~

+ 3 % (Interferon) sy 4 1%

FTHEAAFALL A AT AR 3 MRNAGEE R > SR LR S
SR B PR L T RS 8 AR 5 I STAMERCLE S E R Ly
MRNA® 3 RL e + 7 & 8t 3od [ ens &+ Bt § HAkR fhohimee 45 o

‘virus

host cell

2012/2/7
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Rt B (WHO)*“19804’1 F RS kIR R
B BRFFULFZLEE?LFPE R ORA IrEEARRE?
X R
> B4
> X
> X
> 23
> AR
» WHO
SATRE ¥ Ropd

A LA & E %
fop+ 30~50%
R 10~15%
N 5~15%
eE gk £ 5%

Bl R o 5%
’;J]"\«/I%Aa- < 5%
bR < 5%
@?ﬁ%% *
L 20~30%

2012/2/7
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i i+ (Influenza virus)

TR A Ao dhi o 3R (Hemagglutining H) 2 ¢ 5ol ps

(Neuramlnldase, N)E#4 XL & hi=g - Hx 5 16484 4] (H1~H16) ;

N 4 948 4 7] (N1~N9)

TGRS T 7 B R R S we & G BUK T £ ek sheE il (sialic acid)
Ao Gt d S R e ¢ ) kot e

TH GRS T s A ey T arERRAA @ ARE AL RE
W% e
<~ R % (#k 4 4], antigenic shift)

&*® FIRE 4 e mm N r» o 4’} 4 & FE o (reassortment) & 2 AT
}, s B R A A s g A L F??

% rﬁr\ﬂfmﬁ;ﬁ;* EE L
% (¥ Hc % ; antigenic drift)
w T4 B TN LA A 4 ) R
TR A J& =+ > E_§ 7 # 7 (Oseltamivir) » EU"! & "iéﬁ;;ﬁfi fﬁ#»’ﬁ%]% N
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