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QT 7 g i & E s 4

A A

% & # (dengue fever)

L5 B (tetanus)

B#]*+ X (hepatitis B)

i 2% (tuberculosis)

ot 7R B (influenza)

-

CRGE I fe X L& F > iEE (Acquired
Immunodeficiency Syndrome; AIDS)

7 3* (Cholera)

B & & et ey g i 3 (Severe Acute
Respiratory Syndrome; SARS)

B P *% (Pertussis)

P A %5 %X (Japanese encephalitis)

-k & (Varicella)
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Spherical
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Helial A8 KB complex
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Virus Shapes and Size

§

s

. B S
Bacteriophage T4 Rabies virus
s 4 ) ¢ T4 v Rl 170 x 70 nm
Adenovirus M13 *& ) %8
90 nNm j :@ai @ Bacteriophage M13
hinovirus 800 x 10 nm  H % 7
oo, 300mM Chlamydia elementary body
RS a— 300 nm
° Tobacco mosaic virus
Bacteriophages 250 x 18 nm —
f2,MS2f2,MS2 ¥ 2 % i Viroid 7+
S FH 24 nm S 300 x 10 nm

L =

v Prion . 5o 4

Poliovirus
.30 nm 200:x 20 am Vaccinia virus
FREA PO SRR A+ 300 x 200 X 100 nm

Ebola virus
970 nm

Plasma
membrane
of red blood cell
10 nm thick
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10nm 5



:1,%-% %g ¥ (virus particle, virion)
~ Genome £ 7] %2 (%8) (% &)

capsid
Capsid #F 2 (% %)

} nucleocapsid

genome

Ame T

tegument layer
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Envelope % %
 (some viruses)
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T F 75 7] 2 (viral genomes)

1. DNAz RNA
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e Z s 3 L 2 4b

B S B2 A
A)z L & WEFH (Icosahedral symmetry) A [\
d 20 2= £ > —BF - g fahs ) &4 =
Hok (capsomers)sh~ o & #cp @ T fk jEH G
12 pentons (7 #%48) (F15 = + o %873 12 E 2k) -
e & hexons(= #48)e#ic P SEp 3 5 a B o B
4o A 5E :f];ai (human adenovirus) ¢ 12 pentons
% 240 hexons#t e = o

/

Adenovirus
Symmetry

Negative staining of human adenovirus
(© 1995 Dr Linda Stannard, University

J HEXONS  of Cape Town.)
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B)&% %= ¥4 (Helical symmetry)

L 3 e H R R PRy Bt AR T TR @ A A AF BRI Sk A R
(coiled, ribbon like) mfﬂ# o

B B TR LR S LR 2 'm(non -enveloped) ¥ 4§ 4%

# (tobacco mosaic virus) & & + ¥icd ™ & R: 7k (rod-like) & ﬁ&.
&3 & "eh(enveloped) i ﬁ]i:}ﬁai (e R ‘1%_* influenza
virus, JL+ J5 5% rabies virus)H “h B L £ -~ { & "’s; ¥ e flexible)
» BT B ACE T e T3 A (telephone cord) o

TOBACCO MOSAIC VIRUS

Influenza Virus Rabies virus
(© 1995 Dr Linda Stannard, (Wadsworth Center,
Tobacco mosaic virus (# % ﬁgﬁ'}\lﬁ’a ) University of Cape Town.)  NY Dept of Health)
showing a helical capsid structure 11




C) 4F & ¥4 (Complex symmetry)
T AR EHFEEOE T AR 2T 1E
b 4e © B s & (poXviruses)

COMPLEX SYMMETRY

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

Complex symmetry of poxviruses
(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 (] s2 /¢ 8% # ), adenovirus (Hﬁu}%i ), hepatitis A
virus (A3 "+ :;]%:?; ).

» Naked helical

e.g. tobacco mosaic virus (#* i’ﬁ‘zq‘ﬁ;ﬁai ), so far no human
viruses with this structure known.

» Enveloped icosahedral
e.g. herpes virus (¢ 7 J5 = ), yellow fever virus (% # 5 % # ),
rubella virus (4t B2 5+ ).

» Enveloped helical
e.g. rabies virus (JL~ J5 % # ), influenza virus (7 & % # ),
parainfluenza virus (&7 g 5 # ), mumps virus (%Mj{ Ko ),
measles virus (7 J = )

» Complex
e.g. poxvirus (V& s+ ).
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S BASIC TYPES OF VIRAL SYMMETRY

nucleocapsid

Icosahedral nucleocapsid

lipid bilayer

ICOSAHEDRAL ENVELOPED ICOSAHEDRAL

helical nucleocapsid

Schie Vrowen
m\:.. = hemase undth

lipid bilayer

gliycoprotein spikes
= peplomers

HELICAL ENVELOPED HELICAL

Adapled from Schaeler et al., Mechanisms of Microbial Disease 14
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# 7] 2 (genome) ; DNA or RNA
*t 2 F-v (capsid protein )£t 7] > 3¢
R 785 2 # 247 envelope?

WAL A (BT s X E R BL)
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R 244275 2 mRNAGS U
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= A4E WY

R R R A I R
i & 3 (recognition) % # fit(attachment; adsorption)

1.

2.

- 2275 3 ¥ B(receptor)i &
% » (penetration) w7z

(1) %4 B 54 A3

(2) ¥4 ATt » A mve

. 2 #(uncoating)

e A B R

Ja# #A 12 .(gene expression) # # F] i 4f 4

- E A REA G 2 A B 3 R SE A ARl a g S BTk

. 2 & (assembly) £ = 3% (maturation)

- b a(capsid) & A Flle £ oA ke 0 BT AR
---if %o & (enveloped virus) p 7 2 membrane i 1|

. Bz (release)

-4 % (budding) & 7 i % i3 f2(cytolysis)

Ralks
5
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FET EBH R L e Rt B
BEXE R dmve ¥ % v RL2 BE
ICAM-1 fove BRI H | S B & (poliovirus)
CD4 T-k & Tk ot o P AEe A 5 & o4 (HIV)
MHC-I R IR % & (togavirus), SV40
MHC-II PR &R/ B = ke i A B RS & (visha virus)
Acetylcholine receptor  #! 5 firds i@ ifuiﬂ” Jr % g s+ (rabies virus)
EGF 4 £ 7+ o (vaccinia virus)

Sialic acid (v&% fi&) fme *h pE 2k i (glycosylated) 3-¢ i s & (influenza virus),

I ko3 s A %5t 5 # (coronavirus)

ICAM: intercellular adhesion molecule ‘m?z B k4 +

CD: cluster of differentiation 4 it # (% it #¥)

HIV: human immunodeficiency virus * &g & & 4 Fizgs =

MHC: major histocompatibility complex 2 & i 54p % 1447 & +»
SV40: Simian virus 40 jg j% J + 40

EGF: epithelial growth factor % 4 # & ]+ 17



# £ "%+ (nonenveloped viruses) g 4
R=4r .47 & &2 = 3

REPLICATION AND MATURATION
ADSORPTION
[ £ [ |
. &~ 213 3 \VA: £

&d g & (fusion)= 3¢ x4 p 5 18% (endocytosis) 73 A sm¥e & f2(disintegration)

PENETRATION _ ® PENETRATION _ ® RELEASE

AND
UNCOATING

£

AND
UNCOATING

£ £




£ %5 4 (enveloped viruses):4g

| e5 %t 11145 B 22 = 3
ADSORPTION REPLICATION AND MATURATION
viral
genome
&6 &6 0 eaged
I, &=~ 24 & IV
fgd g (fusion)> 3¢ gd p 5 8% (endocytosis) 1 # % (budding) = ;¢ #¢ # 1T * (exocytosis)
PENETRATION PENETRATION RELEASE

AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY
EXOCYTOSIS

6 Mas | M8 £ 64
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Humber of Bacteria {(log)

‘z
\

Bacterial Growth Curve

& 7k 3P

Stationary
Phase

13y

Log
Phase
i &8

w782 o &

Time

Infectious units per host cell

2

A4 R b A

—

Viral Growth Curve

200 o p—
S
\§ A
0
B
A5
= 2
150 A
N
g
N
2 Viral
100 |- g yield
- a8 &
_ Latent period =
50 —
Eclipse period
‘Jﬁprﬁp
| | I I | Y
5 10 15 20 25 30

Time in minutes

&%REF SRSV S NES - K IRl lEP 3
i#;,wHX%aﬁ;rf%

ﬁF | (eclipse period) -« 2 = #p (dark

phase) - 51



fm 7 s e (bacterial cells)z. 32 %

> REMmEFAIREUNE R FEMFATZ EER > 2 L RRE o G R

(Escherichia coli ; E. col|)4 £ Peik > 20~304 daiiEiT - A B4 g o
> EEHEARELERREAKRGLF kpglucose) r &5 F

STk e X
> mEE A

= % {35 & (liquid culture) » &2 & ohip B (exponential phase)™ i 1|
~108 cells/ml -

= FH S L FE & 0 7252 % (colony)

@ity e LR v E - dwte o 3553
- AP o

r /2 hd
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¥4 % (inoculating loop)

Figurc 1


http://www.wonderhowto.com/how-to/video/how-to-streak-a-plate-and-see-bacterial-culture-growth-259933/view/




T w3 & AR % 2 (dilution plating)

* B E(E coli )10 @ FiFFEF T B RS S
1mlf ik 2 & - H-f & Boet 54~ 20 ml % 1 2§ 75 (agar)
¢ R rEr ¢ oo Tt genE i #(30~300 cfu) 43
1008 Ar o FEAPZARLINFLFTLA L
BRI ‘ '

R



http://education.wichita.edu/saltymicro/ecology_interactives/serial_dilution.html

Pre-Filter

Eliminates cver 90%
of all the particle
mass, This pralongs
the life the
subsequent filters.

Gas & Odor Filter
[HealthPro Plus model only)

Adsorbs hundreds of
guseous pollutants
and adors, especially
volatile organic
compounds (VOCs)

w0

HyperHEPA Filter
HI2/13 Cleanroom grade

3. Traps small and

ultro-small particles,
including bacteria,
viruses, allergens and
siub-micron sized dust,

B oh sk

AN

UV light

}High

Efficiency
Particle
Air
(HEPA)
filter

F e i

o
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> A g me ihk A B R H e

> g e gy Ak
ﬁm’ﬁ*figﬁpfmﬂﬁﬁﬁﬁﬁﬁpf°

A. Isolated and purified protoplasts from sweet orange ovule-derived embryogenic
callus, in suspension cultures (bar = 10 pm); b, isolated and purified protoplasts fironn
leal mesophyll of scedlings germinated do witre (bar = 10 pum);: . protoplasts just after
the addition of PEG solution. The arrow shows a fusion between an embryvogenic
suspension and a leal mesophyll cell derived protoplast (bar = 10 )z
d. imitial cell division, approximately 10 days after protoplast fusion and plattimg
{bar = 10 pm):z e cell cultures with small colonies (bar = 10 pm): f. vigorows colonies
after transferring to solidified medium (bar = S mm); g. somatic embryo indwuction
(har = 0.5 cm): h. shoots transferred to rooting medivm (bar = 0.5 cm);: i. regenerated
plant, transferred to commercial potting mixture, in greenhouse (bar = 2.5 cm ).
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g s AR B R

¥ % 7 (culture medium)he = 5 i >t ot % (plasma) = 4

=

=
=
=
=

W

i L f2 (@amino acids)

w4 % (vitamins)

7 & # (glucose — it & X iR)

% e (buffers — ¥ 432 & 2 ~ fiR)

& % (blood serum — i@ ¥ £ 722 & 854 F > 3

4

5 4 £ 7]+ (growth factors)
w4 % (antibiotics — % ¢ fic# 5 %)

£

i

?\/
2F
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S %, /3\ ,ﬁ A /ﬁ; i FE;%}I (1;1 | 4
X\ = 7 A& L7 (Dimethyl

sulfoxide, DMSOQO) g

+ 7 (glycerol)
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W AT A LA s 2 e ki £ A X

1.

4~ % oz (primary cells)z %

w i F AR 52) i A 7 4%# LR L BT o g

%%%%%

W

A R B enim e BER R ‘@ » BT
2 ¢ %8 (chromosome)sdicp % ﬂ;;}%L oo
BALY R I BRASE FRLERS
# 2 & % (divide) & 73 & (survive) = A o

e 2 BB E € 3 FfPr4] (F* (contact inhibition) -
A2

»‘\f,;
-
[
g
\‘E‘
!
o

‘;ﬁ.\\

pa

—

20~-30=% > SR B ArRE S o
e & it ke (differentiated cells) ergF 4 o
Spltmird e BH KR P AN > et a 3ER T €A -

L

4 AN

iwﬂ

£ &3 "o bldeigh R i (fibroblast) p 4 3132 % & > &c 4 4

P4 %z (tumor) o
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2. m*s ¥k (continuous cell lines)

= £ 7 fragmented 2 reduplicated % ¢ 8 » 7~ 2L 501 48
(aneuploid)

BARFREA I w2 R AL FRERESERAY o
Ho fmre 2 b oo $ERIT e 2 G Rl e o
w2~ R 5 7 f7s(immortal) 02 & 4F
w A ¢ FIRe a0 vz (differentiated cells) s
w ¥iwmie 4 £ A & F(modulators)ix 3 F &

w R KRR B s R IRAP AN E ¢ o K
miEdEm Y gRRB Y LB 8 SR

= ]4e Hela cells » k& 5 KO At HeLaﬁn; ¥ S ]gp;?; B
B 1951& A FE ‘@,L ﬁ@65ﬁ IR Nk
7oA M LN = % > m e endE M o .
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https://www.youtube.com/watch?v=pP0xERLUhyc
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B - A S R
l. £ 8 3. (differential centrifugation) Il. % & # & %< (density gradient centrifugation)

Sample Virus will float" at ts

Ceooxg> I buoyant density
. 10 min
Filtered @\ =

|

2
=2

homogenate Nuclei in pellet

2
9 -~ [1.18 glom®
0 8 —
15,000 X g 0 :
u 15 min 0 Centnfuge
§ unt equiibrium —
3 s reached
()
 /
Mitochondria,
chloroplasts, lysosomes 1.28 g/cm3
and peroxisomes

100,000 X g>
in

>
15m/@

Plasma membrane,
microsomal fraction

Supernatant — E ~300,000 )5,9—2
Virus will
30-60 min remain in
Virus in pellet
Final

suspension
(also ribosomes — 53

during low
small orangelles) "g" spins







Y

No Virus Virus Virus Dilution
< i } 1/2
( & ) 1/4
‘ & } 1/8
( b ) 1/16
& 1/32
57
< & ] 1/64
{ ® 1/128
BT
‘ & ) 1/256
‘ & ) 1/512
‘ £ ] 1/1024

o1
(=

q‘l‘

Fig. 9.5 Assay of influenza virus by hemagglutination. The same number of red blood .
cells was added to each well, and duplicate samples of a virus stock were added to the wells
at the indicared dilutions. Two-fold dilution steps are very convenient to handle and
require only a small 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
pelleted at the well’s bottom with low-speed centrifugation. If more virus particles were in
the original suspension, more dilution would be required to lower the concentration
below the critical level for the hemagglutination measured. This would result in a Aigher
HA titer, which is just the dilution factor required to dilute the agglutination. (Based on
fig. 2.5 in Dimmock, N.]J., and Primrose, S.B. Introduction to modern virology, 4th edn.
Boston: Blackwell Science, 1994.)




ﬁﬂ—%@ B AR Kﬁ’é’\ RS
Enzyme linked immunosorbent assay (ELISA)

(A) Indirect ELISA (# iB|+u4Y)

WaSh ‘ods “’dS
—_—
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 (F& Rl FC i B 41?7;%}* ) of specific antibody
Wash ey €
S
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

@49'}‘3® O\M W & e
@‘(JC\) i Y ’/!»A/i
COOObgwqfa

.\ -\ :

= = = T i —

ELISA g/ % (1:48) :



https://www.youtube.com/watch?v=RRbuz3VQ100

B o A s &
T # P 4& 42 (animal inoculation)
¥R P GIA Iy AT RS 0 BRE RAGE ke
T HrFriFAEE %2 (chicken embryo inoculation)
% M‘%ll ~12% SFRPL RS B Rk B fimS 80 B 35X o ek B o
T lwre 12 %% (cell culture)

J

Inocutation of
Inoculation chorioallantoic
¥ BLRE of amniotic membrane
cawvi
i TR Y3
J =
Inoculation | Inoculation of
of embryo yolk sac
P . ( ’ \ KB& gF *
P 4 e ‘ - . .f .: \
e : h £ B Shel
e “ Alla'ntoic Air sac
(A) (B) cavity

g e

B 3-10 UHHEREREHMHES. A TRHBFITAEREZTREBALI0E (B) AT
™, REREREAYME,

-

MHR R R G ERR Ay 4 A (2:54):
Yimie it A 4 A R EIL R B # 5 (3:38):


http://www.youtube.com/watch?v=vnPC4IigMxY
http://www.youtube.com/watch?v=XeG2C1o2mVg&NR=1

s gk = ¥ > (Plaque forming unit; PFU)
- AR R R SR A e A (ST e p e R
WooaafEni o BXARZ we i 2 - FIEF F2x %!; )
& - P %L xekd 2 - (plague-forming unit » PFU) >
WP AR ER A L mE Ak

& | AA £ (Multiplicity of infection; MOI)
: the average number of PFUs per cell.
MOI = 1, means 1 PFU per cell

."é;iﬁ:@mégﬁp B R %Lr‘fﬂ}?a,%_ BeF 2 ) o
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Fig. 10.7 Serial 10-fold dilutions of HSV to determine the titer
of virus in a stock solution. The derails of the infection are as
described in the legend to Fig. 10.5a, and the calculation of the
titer is shown in Table 10.1.

Table 10.1 Anexample 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 10° Too many to count
1ml of above diluted into 10 ml of buffer 104 Too manyto count

1ml of above diluted into 10 ml of buffer 10° 500-1000 (estimated)
1ml of above diluted into 10 ml of buffer 10° (20+100)/2=60

1 ml of above diluted into 10ml of buffer 107 (3+8)/2=5

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

1mlof above diluted into 10 ml of buffer 107 0

—QOriginal stock is ~6 x 107 PFU/ml



E,]J% F % 1

o+ 25 2 k- i+ fE % (Viral enzymes)

* +% 4 % & fF(Nucleic acid polymerases)
* DNA-dependent DNA polymerase - DNA viruses
* RNA-dependent RNA polymerase - RNA viruses
* RNA-dependent DNA polymerase (RT) - Retroviruses

* v p¥(Protease) --- & # &k 4 (retrovirus)
* 4 & pr(Integrase) --- # i &% & (retrovirus)

« # g vepk pF (Neuraminidase) --- &|4kJ% 4 (orthomyxovirus)
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Antiviral Therapies Directed Against the Virus

1.y v
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2.5 2 &

- & k)%= (amjantadine),
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@q S5t

- 1% § ¥ 024 (nucleoside analogues)

s
3.4% 4 4.9%F s § 2%
_ 24 (FN), F A - IFN, -} * 3 RNA (SiRNA), \
DNA (antisense DNA) ¥ p¥ (ribozymes)
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5| AR B B Rk

A LA 5 & (b
# = (Rhinovirus) 30~50%
7 5 & (Corona virus) 10~15%
ik i+ (Influenza virus) 5~15%
3 i 7 & 5 4 (Respiratory syncytial virus, RSV) 5%
v & 4+ (Parainfluenza virus) 5%
B =+ (Adenovirus) < 5%
5 & (Enterovirus) < 5%
& 5 B & (Metapneumovirus) 7
i 20~30%
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g+ (Influenza virus)

T R :1,;3:3; A 788 2 8 f HLRNA » Jh g yﬁ,i Zm i n IRk 3
(Hemagglutinin; HA) 2 #¢ % 5=fs fis (Neuraminidase; NA) #_ %% 4 R % 4
¥ o Hx 5 184 4|(H1~H18) ; Nx 3 114 4 3] (N1~N11) -

T A GIRFLAFT Y2 DX R L e 4o LK Y £ F ek s ik e (sialic acid)
A RN EE S e P e ks i o

T A GRS T R ES e B R AL BLRS AL RS
RR o

T X 2% (Fh # A, antigenic shift)
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The swine becomes infected with the bird strain and human
strain of Influenza A. When the viruses reproduce, genetic

mixing or reassoriment may occur, resulting in a potential
new pandemic Influenza A strain
Bird virus
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Cumulative probable cases in the Western Pacific Region of WHO (November 2002 to July 2003)
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