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http://htwins.net/scale2/

Virus Shapes and Size

..

225 nm .
Bacteriophage T4 Rabies virus
‘-‘]fufs% :ﬁ T4 = Fal 170 X 70 nm
Adenovirus M13 w5 748
0 nNm fpd Bacteriophage M13
hinovirus 800 x 10 nm
.. ,30nm Chlamydia elementary body
ARAGF o 300 nm
° Tobacco mosaic virus
Bacteriophages 250 x 18 nm W——
f2,MS2 f2, MS2 A Viroid %5 +
At 2anm 0 300 x 10 nm
Poliovirus LR o 3 4
200:%:20/rum Vaccinia virus Ebola virus

¥R T O SRR HA 300 x 200 X 100 nm 970 nm

Plasma
membrane
of red blood cell
10 nm thick

= =+ (virus particle, virion)
Genome # 7] e (%8)

Capsid *

capsid

nucleocapsid
genome

tegument layer

Envelope % %
(some viruses)

membrane
gl)‘copmlcin} envelope
complexes

Copyright 1994 - ‘97 Marko Reschbe.
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& z F] e (viral genomes)

1. DNAZ RNA
2. fm A H

3. KA F AT

4.3 fd AU & gk

5.4 ATEY ¢ Wikpd W UAE Bd R
6.4 #F et e i flpE AT RATE AR k)

22 s 3 4 3

Fd R SRR 2 Y
A)= -+ & ¥ (Icosahedral symmetry)
d 20 %= A s s —B - LG et ] 2
#p(capsomers)snt | 2 #ep @ o ek E R G
12 pentons (7 #48) (F15 = L o 43 12B 5 2) >
e ¥ _hexons(= #848) i p “gi:},;ai kol m B oo
4o 4 #g%m 4 (human adenovirus) @ 12 pentons
123 240 hexons#t e = o

p

Adenovirus
symmetry

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

HEX@NS of Cape Town.)
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B)8 ¥4 (Helical symmetry)

O Fev Fr=c @z fphan gt 4p 3 8% @ 253048 BE0u 5k
(coiled, ribbon like) sz 4 -

L # 3 beif ficenid S Aip 4 28 8 ea(non-enveloped) # ¥ 4 4
4 (tobacco mosaic virus) %7 <+ &4t ™ & R rod-like i o

&3 & %h(enveloped)i? et flp + ¢ (W4e @ ik g s 4 influenza
virus, 1% 54 rabies virus)# b { £~ { & 7§04 ca(flexible)
v BR S M Aol T 3 S (telephone cord)— 4k o

O et

TOBACCO MOSAIC VIRUS

; Influenza Virus Rabies virus

(© 1995 Dr Linda Stannard, (Wadsworth Center,
Tobacco mosaic virus (7# 34 4t + ) University of Cape Town.)  NY Dept of Health)
showing a helical capsid structure 11

C) 4#f & ¥4 (Complex symmetry)
PEACRP S RO TY AR 20 fF
b4e t B & (POXViruses)

COMPLEX SYMMETRY

e

POXVIRUS FAMILY Pox virus seen by negative staining

Complex symmetry of poxviruses (© Stewart McNulty, 1994 Veterinary
(Fenner and White Medical Virology Sciences Division, Queen's University

4th ed. 1994) Belfast )
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FIVE basic structural forms of viruses in nature

» Naked icosahedral
e.g. poliovirus (-] h’ﬂ}rﬁtfﬂ-ﬁﬁ—% ), adenovirus (B;]U}iai ), hepatitis A
virus (A3 ).

» 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 (4 7 5 ), yellow fever virus (5 # J # ),
rubella virus (4& & 7% :;l,%,i ).

» Enveloped helical
e.g. rabies virus (J % 5 # ), influenza virus (7 & 5 + ),
parainfluenza virus (&7 & s+ ), mumps virus (%8? L),
measles virus (7% i + )

» Complex
e.g. poxvirus (& # ).
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5 BASIC TYPES OF VIRAL SYMMETRY

nucleocapsid

icosahedral nucleocapsid

lipid bilayer

ICOSAHEDRAL ENVELOPED ICOSAHEDRAL

hellcal nucleocapsid
Seire Voown
e

\":-’_: “emase undth

—
HELICAL ENVELOPED HELICAL
Adapted from Schaeler et al., Mechanisms of Microbial Disease 14
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& 4F Wi
i g AT e 35T A A
1. :}%% F¥%(recognition) % = *¢(attachment; adsorption)
- ¥ 0 B E(receptor) i &
2. & » (penetration) w *&
(1) #-5E s & AR
(2)#pp A Flleit » A e
3. 2 #(uncoating)
- B O ]
. 4 A& F14 7. (gene expression) £ Ak e 4 Bl
- E A pA kd 2 AT 2 R GpA AT RSE S BT
5. & & (assembly)¥ = 34 (maturation)
- b (capsid) @ A Flie e £ A 0 T RIEY
--- B %o & (enveloped virus) i 1 membrane ¥ 3| & %
. #z(release)
--- 5 (budding) ¢ 7 i w3 fZ(cytolysis)

N

»
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HLES T

CD4

EGF

MHC-
MHC-

ICAM-1

Acetylcholine receptor

Sialic acid (v&i% fik)

vy A (E

Tt = 3o it e & 5
5%

PUR BRI B = 3k A
W i led

4L

fmve ob pE AL 1 (glycosylated) F-v
¥ ilovy i o

| S B+ (poliovirus)

& wpd (HIV)

55 4 (togavirus), SV40
R 5 4 (visna virus)

=% 5+ (rabies virus)

J& i+ (vaccinia virus)

i a4 (influenza virus),
St 4 (coronavirus)

ICAM: intercellular adhesion molecule m?& & 3k A +
CD: cluster of differentiation 4 it #% (4 it #¥)
HIV: human immunodeficiency virus * %8 4 % 4 l‘é%/,i;i
MHC: major histocompatibility complex 1 & o %4p % #£47 & -
SV40: Simian virus 40 2?@?%:}135 340
EGF: epithelial growth factor % & # & %]+
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£ % " & (nonenveloped viruses) sig §
| e ¥

3

.47 B & = 3

ADSORPTION

REPLICATION AND MATURATION

{

I &~ 23 &

& (fusion)=> ;¢

J&d pB ¥ % (endocytosis)

IV.§8 %

% 1 fm¥e 8 fz(disintegration)

PENETRATION
AND
UNCOATING

&,

RELEASE

PENETRATION
AND
UNCOATING
ih ih

%I%ﬁiﬁl

B
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¥ "+ (enveloped viruses) =i i
| ¥ #if 1AF Tz = 3

ADSORPTION REPLICATION AND MATURATION

viral
genome

1B~ g2 3 IV.$8 2
& g & (fusion)™ 3¢ 5d 5 i % (endocytosis) 1. g % (budding) & %5 ff 1T * (exocytosis)
PENETRATION PENETRATION RELEASE
AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY

EXOCYTOSIS

19
Sl v
v AT )
o Occasionally, the prophage may
Phage DNA 6 Phage attaches excise from the bacterial chromosome

to host cell and by another recombination event,
(double stranded) injects DNA initiating a lytic cycle

Bacterial
chromosome
Many cell
|v1smns 3
{ " ﬂy fﬁ"@» ER S
Lytic n
Lysogenic
cycle cycle @

Cell lyses, releasing Phage DNA circularizes and enters @ Lysogenic bacterium
phage virions lytic cycle or Iysogemc cycle reproduces normally

\ Prophage
@D

@ New phage DNA and Phage DNA integrates within the
proteins are synthesized bacterial ch by bi
and assembled into virions becoming a prophage

Copyright © 2004 Pearson Education, Inc., publishing as Benjarmin Cummings.

Lytic v. Lysogenic Cycles of Bacteriophages#: * (4:22):
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https://www.youtube.com/watch?v=hFwA0aBX5bE

Humber of Bacteria {log)

Bacterial Growth Curve Viral Growth Curve
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RN RS

-

Jw b
> ;’Tg;‘zmﬁ;é;,.“%% ;R &m?]’ﬁq4 E o 4 B2 g o & sﬂggﬁ
(Escherichiacoli ; E. coli ) # £ i » 20~304 4h3ki8 (7 - = Iv\’;d

#¢ (bacterial cells)z 32 %

>i*%‘3£ﬁlrﬂbi§éi@iﬁi§/ﬁ(ii# % pglucose) » mF ~ BE > B E o
'“’F] e
= % {33 % (liquid culture) » %2 & hdp ety (exponential phase) ™ i
~108 cells/ml -
= A L FA & > 7 A5 FiE (colony) o

GLIA) R A R e EORp N E - e > 3953

Clone (ﬁ TEdy I 2
m e e B A Fle L EH - mE R o
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#4487 (inoculating loop)
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http://www.wonderhowto.com/how-to/video/how-to-streak-a-plate-and-see-bacterial-culture-growth-259933/view/

T w33 & A A4 HRi2 (dilution plating) R TS

< %4 F(E. coli )11 107 i F AR 7 T w 35 & ehib % >

Imlki 2 & - 448 & dcentk &4 ~ 20 mi J% & 7§ 75 (agar)

P B rgEe P oo ¥ HehpiE #(30~300 cfu) f

B10%s A o FEA L AREd NELATLIE
KR AN RN REL L R b

R

% &~ (Laminar flow hood)

¥ ¥
Tl

E:D
)
%

Pre-Filter Gas & Odor Filter HyperHEPA Filter
{HealthPro Plus model only)  HI2/13 Cleanroom grade |
1. CEiminaies over 90% 7, Adsorbs hundredsof 3, Traps smoll and i }
of all the particle goseous pollutants ultra-small particles,
mass, This prolongs and odors, especialiy in erig, T
the life the volatile organic viruses, allergens and

subsequent fifters. compounds (YOCs) sub-micron sized dust,

a0

4ok
UV light

High
Efficiency
Particle
Air
(HEPA)
filter

B rTA 7
Freaih
K
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http://education.wichita.edu/saltymicro/ecology_interactives/serial_dilution.html
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Hg e g2 %

Aot a i dEd g R R R OB ReFEY o
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> e i e

2 (protoplasts) 3] 3¢ +e 11 55 % -

RRE %' e O P
YNl
LLL
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B0 B e g A

-»\

IR ALY =y R

184 5 mﬁ# 4oz

sk g o 1> s
A RE e 1 R

# % A (culture medium) e = & 123 o

W

s dl f& (amino acids)

ﬂﬁ(plasma) SN

w4 % (vitamins)

= ¥ % # (glucose — it & ki)

w ¥ ek (buffers — @ f 8 & &~ L)

= i (blood serum — i@ ¥ E P2 R B w0 7 G F
% 4 £ %3 (growth factors)

= f4 % (antibiotics — #F & A ¥ 5 4)
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K LD g
% Z 7 A A (B4
AN = @ A 7 7 (Dimethyl
sulfoxide, DMSO) g

+ 7 (glycerol)

AR EER G -7 AL M N  Bme
[ A ‘m”:’:‘«’}”\fe EE S
L6k ik B P 0 % g S
BEE R R AR e b
7k & szifl - ?ﬁ/’]\/%é&i’zgﬂ*&
fmie kBt LR o

MR AV A AR MR MR S L 5

1. 4= & % (primary ceIIs) P2
WF I (P 52) B E‘ﬁ#"
Ay B en ﬁm”eﬁniﬁ.#—% 3

24 ¢ %8 (chromosome)sficp % 7 ,1%1 W oo
BAAYZZFRERGR F2 L ETFF o

# /n\éJ(dIVIde).e % & (survive) * A o

e 4 £ A E € 3 B4 (F* (contact inhibition) -

2EE 67 Lo bldoid e oz (fibroblast) p o~ 338 % 15 > i A~ 4
20~30=% > S BArFE - o

& e & 1t ez (differentiated cells)shdd 4 o

Beptmre i w KRR b BN e sE e A4
@ % (tumor) o

EZ

%%%EZ@(

¥ oW

32
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2. %% ¥k (continuous cell lines)

= £ 3 fragmented 2 reduplicated % ¢ %8 > 7= 2L A0 48
(aneuploid)

A BEFESBA IR AR AML FRRAEAAT o
woi AR R B e b HARIT e (LG IR % o
= A A B4 A f3eh(immortal) g £
w2 g R & i ke (differentiated cells) s i
= #iwme 4 £ 3 & H(modulators)i § F

?ﬁfﬂm”ffﬂﬁé/\ iﬁvﬁp/w\aww}ir#ﬁ}‘mfé penge e v o
J?%‘/Zi m p gﬂ’ﬁtﬁ—'*ﬂ gu ,f ¢b/ﬁ /’f\‘ °

= blde HeLacells » i p - = ¢ 5 Helash+ ¢ s &
p1951E 43 & 1 4 ¢ AZuE65E - & 5 A 4 g B g
A B R Pl SR v e o

33

e

x I #cd (Hemacytometer)

!
-
f
|

5 O S P RTINS

TUmm 02 mm  0.28mm

fm e 3t #c R 5 (6:30):
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https://www.youtube.com/watch?v=pP0xERLUhyc

i 2 i
mAimE o SATRF R WA T TR o

= EpA LR A S A AR A - S

Lo lmbe 10T 53 R ko e
ISR AN R
» 114z 4 4 7 (ultrasonic vibration)
>Rk k%8 2 (freezing and thawing)
= at * E s (1000 xg) Popa 1rﬁm"e R L P
4 Beenime R o) B l«;@ ?HW%?+%J%M°
w7 R i 4 (50,000~100,000 xg) 0 #ﬂ
I
/2%..1’?]’/ LR TR o ML 2 ?3—3— MR éu?%f/?‘fv I e d;'
BE A o T L A m;g‘.ﬁ(zmezz-w :fi)f—i v @ ,5'2':@51 i

@ﬁ]‘li’é%i%fi’fﬂv&%ﬂ:'u’lﬂﬁihﬂ' AR B R E L o

- i s

I. £ 2 3.« (differential centrifugation)

—_— i 7 B
Sampe Virus wil “float" at its

buoyant density

e
( 600X g
10 min

=
3

Filtered
odinnlial Nuclei in pellet %’
6
o BO®Xa R <
15 min 8 Cemﬂfuge I
g unti equifbrium
3 lsreached
0]
Mnochondna
chloroplasts, lysosomes 1.28 glcm3
and peroxisomes b ae
(100,000 X 92
15 min
Plasma membrane
microsomal fraction
Supernatant -300 000 X
Virus will
30—60 min remain in
Virus in pellet suspension
(also ribosomes during low
small orangelles) “g" spins

Final

C
(

Il. % & ¥ & g« (density gradient centrifugation)
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T+ MR T ATRLB T o 4
- e | R

No Virus

{

\

([ ®

Virus

Ol

{ ®

| ®

G R T R R d

Virus Dilution

1/2

1/4

1/8

116

1/32

1/64

1/128

1/256

1/612

1/1024

N

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 indicated 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, oran 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 higher
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 10 modern virology, 4th edn.
Boston: Blackwell Science, 1994.)

2018/5/24
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FE % 5 L A 37
Enzyme linked immunosorbent assay (ELISA)

(A) Indirect ELISA (4 ip|$ukdl)

L]

Antigen-
coated well

Wash Wash < <

Enzyme-linked
antibody binds to
specific antibody

Specific antibody
binds to antigen

Wash

Substrate is added and
converted by enzyme into
colored product; the rate

of color formation is

proportional to the amount

(B) Sandwich ELISA (& RI4LR ;b4 4 )

Wash Wash = o
Y vy A, R
Monoclonal Antigen binds A second monoclonal
antibody- to antibody antibody, linked to
coated well enzyme, binds to

immobilized antigen

Q‘M@ O\l( W ® {\. )
@ C’C’ XK \/ ) \’.‘y"
Q,’x‘l.‘@( 3 @)

[ ¥ ) @
“: SRl \; S S ’ N ZEMAN, LT

ELISA ¥ ¥ (1:48) :

Wash

of specific antibody

£+ Es
K
B |

Substrate is added and
converted by enzyme into
colored product; the rate

of color formation is
proportional to the
amount of antigen

Ll .‘[fa F &
T % 4 4482 (animal inoculation)
LIS X3 Rl
T Fir s 48 %02 (chicken embryo inoculation)
# R LL~123 chEpa ek s R e ROR o B BB 1
T iz 3 4 i (cell culture)

B E

E\:»z;ng\p\—r;;@&ﬁ)}%* ) ,3}}};5},

RS

P A3~5% > Ll o

A

]

Inocutation of

Inoculation chorioallantoic
¥ ELRE of amniotic membrane
ooy PEN S 3.3
e ¥ ¢
Inoculation Inoculation of
of embryo yolk sac
ERs 57 3%
Albumin / e Shell
Allantoic Air sac
(B) cavity

B 3-10 UASEFEERBMKRS. A TRHEFITARRE ZTREBLI0E B)FR

=, BREUEERYERE,

PUEL R R TR E AR R 54 A (2:54):
ey A 4 A SR ERR A v 4 (3:38):

40
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https://www.youtube.com/watch?v=RRbuz3VQ100
http://www.youtube.com/watch?v=vnPC4IigMxY
http://www.youtube.com/watch?v=XeG2C1o2mVg&NR=1

w245 = B i (Plaque forming unit; PFU)

PR - AR R LG A e o @ ST T e p (T AR
Boowa 3EHA 0 RRXBBRZ we At - I8P %2 mgk o
& - %P % T Lmela; 2 8 =~ (plague-forming unit » PFU) » ¥ *
WERARY AREAY 2RI

4 g £ (Multiplicity of infection; MOI)

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

Ripmie e p B Fchpd g 200 bl

‘m % 5 % »< s (Cytopathic effect; CPE)
DpA R Rlmre o f e bR REAE S AR 2 R B
AA PR 372 o P ERG L i m Rk o

41

i+ B3 % (plague assays) Diluion 10 106

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
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

0.01mlof stock diluted into 10 ml of buffer 108 Too many to count
1mlof above diluted into 10 ml of buffer 104 Too many to count

1 mlof above diluted into 10 ml of buffer 10° 500-1000 (estimated)
1 ml of above diluted into 10 ml of buffer 106 (20+100)/2 =60
1ml of above diluted into 10ml of buffer 107 (3+8)/2=5
1ml of above diluted into 10 ml of buffer 10° 0

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

—QOriginal stock is ~6 x 107 PFU/ml

2018/5/24
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Fopid F 4
Fopd ¥ 2 Hfeh-- 54 p & (Viral enzymes)

* 1% p& & & f=(Nucleic acid polymerases)
* DNA-dependent DNA polymerase - DNA viruses
* RNA-dependent RNA polymerase - RNA viruses
* RNA-dependent DNA polymerase (RT) - Retroviruses
* ¥-d p#(Protease) --- & &5 4 (retrovirus)
q,\ & p=(Integrase) --- & ﬁfr}?z% (retrovirus)

o 4 & vepi fiF (Neuraminidase) --- & /azé-},’ii # (orthomyxovirus)

43

Antiviral Therapies Directed Against the Virus

o. %e
$3
L) °
e g0 1. s/ sowg
- b, %R BRSPS

L V']
2.5 22 [ ea
- 4 #]7& (amantadine), 9’ 3 5.5 8
- ﬁ{-}’#ﬁ’fu;ﬁ(nucleoside analofpues)

i@ = g (arildone)

s
344 AR §§ .
-*ER(FN), F & - IFN, - * #RNA (siRNA), @.
DNA (antisense DNA)  F:#p% (ribozymes) \ : o. > ..
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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 reassortment may occur, resulting in a potential

new pandemic Influenza A strain.
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https://www.youtube.com/watch?v=Y4pMyV-LJOU

