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B+ (hepatitis B)
i 2 4% (tuberculosis)
o 72 b (influenza)

€ o 5 18 % LR 4k L 1 ¥ (Acquired
Immunodeficiency Syndrome; AIDS)

Z 3" (Cholera)

FeE & Moef iy g 13 3 (Severe Acute
Respiratory Syndrome; SARS)

B P ¥% (Pertussis)
P A % % (Japanese encephalitis)
-k & (Varicella)
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& 24 Human red
2 Bacteriophage T4 V. Rabies virus blood cell
g V4 170 x 70 nm 10,000 nm
S / in diameter
Adenovirus = /

90 nm Rhinovirus Bacteriophage M13
30 nm 800 x 10 nm
Chlamydia elementary body
. S 00 nm
B le.Mrsza Tob ic virus )
y 250 x 18 nm —_— .
24 nm . ‘_\r

Viroid

f
300 x 10 nm lr, o ¢ %
8 < = - !
» Prion ’Fff“' —
Poliovirus

200 x 20 nm i \& _&-3’
= rr 8
30 nm Vaccinia virus ‘\__,X}V“

300 x 200 x 100 nm 970 nm

Plasma membrane
(a bi;f;ﬁ,m) of red blood cell
3000 x 1000 nm 10 nm thick

Copyright & 2004 Pearson Education, Inc., publishing as Berjamin Cummings.

Virion (virus particle, 74 #-)

Genome # F] e (%8)

capsid
genome

nucleocapsid
Capsid *
tegument layer
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Ji & z& F] ke (viral genomes)
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VIRION NUCLEOCAPSID STRUCTURES
A)= + & WHEH (Icosahedral symmetry)

--- An icosahedron is composed of 20 facets

--- each an equilateral triangle (% ¥ = % )

--- 12 vertices (7% 2+)

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

 An axis of two-fold rotational symmetry through

(A‘ : A?’ the centre of each edge

w * An axis of three-fold rotational symmetry through
= the centre of each face

L\ 4

S - « An axis of five-fold rotational symmetry through

LXES of SYMMETRY

the centre of each corner (vertex)

10



— = L & Ageht ) Ed & (capsomers)sis o 2 P @ T A d
7% 3 12 pentons (7 #848) (%15 = - 5 487 12 E8k) > e
hexons(+ AS#8) i P " s 4 = ] @ & o Bt éxﬁﬂpﬁs* (human
adenovirus) ¢ 12 pentons 122 240 hexons#t e =

y

Adenovirus
symmetry

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

11

B)¥t ¥ ¥4 (Helical symmetry)

oo Foc H R PEa Bt AR T TR @ A5 S BRI Sk R
(coiled, ribbon like) sz 4 -

(88| 3 B e} *@ﬁg_)ﬁ # T\Kﬂ £ "en(non-enveloped) # % 4% 4 7
(tobacco mosaic virus) & + B ics ™ & IR rod-like 41‘#

L %5 % wen(enveloped)i? et L+ ¢ (Bl4e @ g Jm # influenza
virus, Jr* 55 4 rabies virus)# ‘b & { £ - { Kflexible » 2%+
2 Hedt ™ 4e telephone cord—4x -

TOBACCO MOSAIC VIRUS

nucleic acid

Influenza Virus Rabies virus
o (© 1995 Dr Linda Stannard, (Wadsworth Center,
Tobacco mosaic virus (# & 4 4¢5+)  University of Cape Town.)  NY Dept of Health)
showing a helical capsid structure 12
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C) Complex symmetry 4§ 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)
13

FIVE basic structural forms of viruses in nature

» Naked icosahedral
e.g. poliovirus (-] ﬁi’ﬁﬁﬁ{-:},’iﬁi ), adenovirus (Hfjls},a‘a% ), hepatitis A
virus (A ¥ ).

» Naked helical

e.g. tobacco mosaic virus (7 iﬁ;ﬁz%‘,’i:@% ), so far no human
viruses with this structure known.

» Enveloped icosahedral
e.g. herpes virus (4 7 ;4 ), yellow fever virus (% #5 4),
rubella virus (1€ Bg 7 T #).

» Enveloped helical
e.g. rabies virus (J X 5 5 # ), influenza virus (7 & 7 4 ),
parainfluenza virus (&) g :)ﬁq-% ), mumps virus (’iuﬁl N .7,;34% ),
measles virus (7% i + )

» Complex
e.g. poxvirus (& # ).

14
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5 BASIC TYPES OF VIRAL SYMMETRY

nucleocapsid

Icosahedral nucleocapsid

lipid bilayer

ICOSAHEDRAL

helical nucleocapsid

Nt Prowe
-u\ (m zremace anteh

N COMPLEX
g nucieocapsid
‘CJF; lipid bilayer
- — Qlycoprotein spikes

= peplomers

HELICAL ENVELOPED HELICAL

Adapted from Schaeler et al., Mechanisms of Microbial Disease
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1. Js# 7%:#(recognition) % = fif(attachment; adsorption)

- g1 73 4R ¥ E(receptor) &
2. & » (penetration) m &

(1) %5 B 43R5

() #p4 A Feir » A e
3. 2 #(uncoating)

- #f 4

4. 4 & %1% s(gene expression) 2 A ¥l 48 4l
- B A ke 2 AT 3 R Aldupa AT s S B3 F

5. i & (assembly)# = 34 (maturation)

-4 *ha(capsid) s A Flie e & p A R BT AR
---% %o 4 (enveloped virus) 7 1 membrane ¥ 3| £ %

6. -z (release)
-5 (budding) & 7% i im*e 3 fZ(cytolysis)
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=
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KuLES T

ICAM-1 dmve T

CD4 T-sk = 3o 0 e s 3
MHC-I LR B IR

MHC-II R BRI BB = sk i

Acetylcholine receptor
EGF

Sialic acid (&% &)

i g et R
R E

imre b fE 3k i (glycosylated) 3-v
Hib iy hend o

| S2Jfr B & (poliovirus)

& iwop 4 (HIV)
#5 4 (togavirus), SV40
Visnavirus (i # lentivirus)
T+ 4 (rabies virus)
&4+ (vaccinia virus)

g a4 (influenza virus),
%5t 4 (coronavirus)

ICAM: intercellular adhesion molecule ; CD: Cluster of Differentiation ;
MHC: major histocompatibility complex ; EGF: epithelial growth factor
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£ £ " 4 (nonenveloped viruses) shig &
L33 % 145 52 & 3

£a

REPLICATION AND MATURATION

# ADSORPTION

£ £

NSN3 \VA: %

gd g & (fusion)= ¢ gd p 5 iF% (endocytosis) | peiense

PENETRATION

AND

UNCOATING
(¥

PENETRATION
AND
UNCOATING
44 (8] £4

W odr el

% "5 4 (enveloped viruses) g @

ADSORPTION
viral
genome

REPLICATION AND MATURATION

& & (W N S =)
. . . By exocytosis
By fusion By endocytosis By budding %R
PENETRATION PENETRATION RELEASE
AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY
EXOCYTOSIS

20
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Humber of Bacteria {(log)
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LR

e Occasionally, the prophage may

Phage DNA @ Phage attaches excise from the bacterial chromosome
age to host cell and by another recombination event,
(double.stranded) injects DNA initiating a lytic cycle
Bacterial

chromosome
m Many Sy
‘ \ / Msions
{ S ek TR P
‘ Lytic .
r) e -

@ Cell lyses, releasing e Phage DNA circularizes and enters Lysogenlc bacterium
phage virions lytic °V°|e or |Y$°99'"° cycle reproduces normally
\ Prophage
@ New phage DNA and (0 Phage DNA integrates within the
proteins are synthesized bacterial chromosome by recombination,
and assembled into virions becoming a prophage

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

Lytic v. Lysogenic Cycles of Bacteriophages#: ¥ (4:22):

21
“m*ﬁ]"lfi’:},%fr had Ed AR
Bacterial Growth Curve Viral Growth Curve
200 — é’a
Stationary X
Phaze e 3
3 5
3 150 - ¢
= =
g &
Death o s :
Mase & mp
Hikd Ly R g 5
Lag % 3 R &
5 Latent period
£ 50
- Eclipse period
P el
] l | | |
Time 5 10 15 20 25 30

Time in minutes
LRI S o ToE g PP R
SR RS LR ‘Li—!ﬂ" Pl T
# , (eclipse period)t 2 =5 # (dark
phase) - 22
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https://www.youtube.com/watch?v=hFwA0aBX5bE
https://www.youtube.com/watch?v=hFwA0aBX5bE
https://www.youtube.com/watch?v=hFwA0aBX5bE
https://www.youtube.com/watch?v=hFwA0aBX5bE
https://www.youtube.com/watch?v=hFwA0aBX5bE

FERGHEL ) RET RS ARG L A e
EH -AH At iptearmy o

‘[ i %z (bacterial cells)z 33 %
> REwmFIUEL Sl eFnd gl AR ARE A B
(Escherichia coli ; E. coli )4 £ $-i& > 20~304 ﬁ,ﬁhg R R
>ridARELERREAARGLY kpglucose) > EF ~BE B E o
> s &
= % {33 % (liquid culture) » #2 £ ei; ¥y (exponential phase) ™ if 7|
~108 cells/ml -
w FH A L FMR £ > 73,2 7% (colony) -

&

kS

Clone (RH£8 7 k5 h): 8 % @ 3len?r e Lfip 8 - wve > 355 3% 8
-t R o el A T S B E - e dp e o

#4487 (inoculating loop)
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B F(E coli ) 1065 @ FHF R T e 5 & %
Imifi 2 5 - Hrff @ e ot » 20ml i 3% 5 9%
(agar)® > i r % P o 7 E #(30-300 cfu)
MR AL A o FHEAPLLEES NRLEREA
ELEERN - F LA EAEFRL G TR o

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

Pre-Filter Gas & Odor Filter HyperHEPA Filter
{HealthPro Plus model only) HI2/13 Cleanroom grade

Eliminates over 90% 7, Adsorbs hundreds of 3. Traps smail and

of all the particle goseous pollutarts ultra-smmall particles,
mass. This prolongs and adors, especially including bacterie,
the life the volatile organic viruses, allergens and
subsequent fifters. compounds (VOCs) sub-micron sized dust,
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Bl s A Rp e R
£ % £ (culture medium) ke =2 K8 123 o
27k B« (amino acids)
&4 % (vitamins)
3 % #E (glucose — it & kiR)

% % (buffers — #F d 38 & A~ i)

EX%%@!E’»’

4 £ F]5 (growth factors)
12 % (antibiotics — # . 2 75 %)

El

n ’F (blood serum — i ¥ P54 & § w

H(plasma) = »
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> lnre YL chat R ot ddde e - 1 0 2 mie kB ik TR B
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/z.\ [RE ) Qo | (l;l | 4o
= 7 A T 78 (Dimethyl
sulfoxide, DMSO) z

4 4 (glycerol)
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EBf

. A % e (primary ceIIs) 8%
4

wwwwww

K (e ) e B A TS \
CHEEE T L %? A fé“ o
4 ¢ %8 (chromosome)sficp % =

BAAY Z 77 BIEA S F iéfﬂ*’*f’

& ;% & A (divide) & 5 & (survive) = A o

mve 4 KB E € 5 4] (E* (contact inhibition) -
2 EE &G T pldeiha® wre (fibroblast) p A 33 £ 15 0 v A 4

20~30=t > KEfs B4 X = o

£ e & i e (differentiated cells)shd 4 o
Mgt e Ew 2 H RRAR b AR M e e A A2
& 7% (tumor)

33

w *2 ¥k (continuous cell lines )= %

£ 5 fragmented 2 reduplicated % ¢ %8 » 7~ W 2LE B @
(aneuploid)

RRERA I RAE AR FRARIGRAAY -
e 2 R EH B e b HHARIT e LG AR % o
A~ E 3 7 3n(immortal) 2 £ 42

* ¢ &R A i e (differentiated cells) s |2

=

¥z 4 £ 2 & & (modulators)il 3 5 &

e i fE A @%A@i@ﬁkﬁﬁmﬁ# s ddm ik
4 Emy gaﬁta‘h#ﬂwﬂ B e

|4 HelLa cells » ,)ir prr- =t sHelash+ ¢ AERBL 0 B
1951 & 43 % 3 4 i@%O&’b~%éwpﬁ$r¢A$
RIS E?r.:if%\ (= mie g o
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fm e 2 #ic
» I+ #cd (Hemacytometer)

= B4 I B S NH‘M T
A O O 1 Ie
— E N<
== )
=== =——
=== i ~
[5 ML
- 1£ T T
g > P N TN R FAVAROATE

e P (5:00);

%%1@@

wHimE o SATRF R WA TR .
wERA ERAEEA S AR MRS B E DS HF R
HdulmPe 1T A3 R kL e
I A S
» Az 5 4R (ultrasonic vibration)
>3 chif i 2 pk % (freezing and thawing)
=oAL g (1000 XQ) 2 oA frimie & 8 B Bl opd e
X Sl Rl o BMEHCT o pE R A R e
= #-b iR ie 7 % i 4o (50,000~100,000 Xg) 0 T A 2
DRHRAGKT k0 BLIK2Z HA B A RRIFE 0 Lo
BOE G o TF R INL e (G e R 3&):,%_1 RS

mEUARRE R R BRI TARE R RS o

36
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https://www.youtube.com/watch?v=pP0xERLUhyc

~ B s

I. £ 8 g.o (differential centrifugation)

h;:g;:::‘e Nuclei in pellet

15,000 X g

15 min

chloroplasts, lysosomes
— and peroxisomes

_m_.

15 min
Plasma membrane
microsomal
Supernatant

Virus will

remain in
Virus in pellet suspension
(also ribosomes during low
small orangelles) *g" spins

Il. % & 4 & < (density gradient centrifugation)

Virus wil float" at its
buoyant density

Centrifuge
until equilibrium
is reached

Sucrose density

1.28 glom’

2017/5/17
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iSRG R R R 4 o 2

No Virus  Virus Virus Dilution
® ) 12
‘ ® i } 1/4
< L ) } 1/8
(.-\/} 116
® 1/32
® 1/64
{ (B *® ){®) 28 Fig. 9.5 Assay of influenza virus by hemagglutination. The,
= v sellswas added to cach 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
@ ®){(® ) 125 require only a small amount of virus sample. The wells in which there is enough virus
7 -~ ol 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
& ® ® 1/512 pelleced at the well’s bottom with low-speed centrifugation. If more virus particles were in
S o4 the original suspension, more dilution would be required to lower the concentration
gl P X q
below the critical level for the hemagglutination measured. This would resultin a higher
[ ] ® ) ® 1/1024 HA titer, which is just the dilution factor required to dilute the agglutination. (Based on
o o = fig. 2.5 in Dimmock, N.J., and Primrose, S.B. Introduction to modern virology, 4th edn.

< Boston: Blackwell Science, 1994.)

%218 5% LA S A 702
Enzyme linked immunosorbent assay (ELISA)
(A) Indirect ELISA (4 ip|448)

Wash Wash Wash <5 <
—_ _—
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
e proportional to the amount
(B) Sandwich ELISA (1& BI#LR; bl4ogs 4) of specific antibody
Wash B =
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

40

20
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B oA g &
T # 4 #&48% (animal inoculation)
B TR HRE P GRS ARBRS 0 Fpd RS B
T Fea s 8 % 2 (chicken embryo inoculation)
# R H1L~123 I e KR Refipd 6 0 38 353 e B o
T dw¥e 3 & % (cell culture)

]

*" Inoculation of
chorioallantoic

Inoculation
¥ BLRE of amniotic membrane

ki PEN ¥ 33
Inoculation | Inoculation of

4 of embryo yolk sac

3. 5P ¥
p N Abumin Sshel
b U fh Allantoic Air sac
® ® o

LE 3.3
B 3-10 UHEEERBMES. A TRFESHAREZTRSBL0EB) AR
=, BEUEARNTN,

7% (2:54):
.

VR T ST Ty,
T i % (338) 41

R AW
PRCLERCE SN Ry \F3

s Eka) & § = (Plague forming unit; PFU)

DR - RA RSN E SR FA % A BT M e N (A
B e AEEL 0 R AL e AAd - TSP B
& - P %L asa) 4§ - (plaque-forming unit - PFU) » # #
WP AR LR G 2 pA R

4 g %% £ (Multiplicity of infection; MOI)

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

SR S P TV ES S FRTE

‘m s 5 % 7% s (Cytopathic effect; CPE)
CRAR Rwre o §ERwe Lo RHEEARE 2R 2 BB
A2 PR LI 0 PRR AL R -
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-‘fﬁ‘?—‘% fecl e (plaque aSS&YS) Dilution 105 108 107

S T N

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 perdish

0.01mlof stock diluted into 10 mi of buffer 10 Too many to count
1mlof above diluted into 10 ml of buffer 10°% Too many to count

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

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

—QOriginal stock is ~6 x 107 PFU/ml

P4 F 4
Fup + F 2 i 5 4 p & (Viral enzymes)

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

* ¥-d pF(Protease) --- » & 4 (retrovirus)
* 4 & p#(Integrase) --- & i &5 4 (retrovirus)

* 4 gk pF (Neuraminidase) --- &%k # (orthomyxovirus)
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Antiviral Therapies Directed Against the Virus

o %e
°
3
e 1. #Es/ s
- M, BE BRA

>
- BYE: [ /é
- 4 k%= (amantadine), J s 5.4
- ¥13f &8 w4 (nucleoside analopues)

e * ik (arildone)
s
33 e

s
344 4.5%F 3 .
- IEN, -]+ 3£ RNA (siRNA), ®
\ : 0<: >o

-+ EE(IFN), £ % -
DNA (antisense DNA)  ¥i# ¥ (ribozymes)

X7l 3
K ?ﬁ; %mm @ .;?:\: e

+ 3 % (Interferon) ships & &%
TR AREALR Ao B3 T 0 a4 MRNAGTE R o SRR A E
MEF R DI AR ER AR P EFARBN A R 2 e

MRNA fRgkdf > 3 e [Ltp 4 Jod [ens & o bl § R 4 entme 25

‘ wirus

host cell
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7 e (WHO)*“19804'EE TER T::}}%fr e IR AR R
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X EHA T ARG LR R ]
PRARATE AT FBGEIRY

IR T R Bl = EO) Ul

> A A B ADNA Y 2 5 RE o

> EFonaiy o RANBRALET A LR

> AR TR avE- G0 G B e B QAR
> WHOE B 23k s = foenfade » FEE 2ofand 3F o
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T KR A AR TN E AE

BREvs.EEARRE - SN

FRER 1-21f] m— FRFE2-5K w—

BiRARR
(3-4X)

B
OBL%
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o
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LA - BRATE - OFUR AR S AW
24t Ewem S0 BB SR
=R B TRA
SRR S - BLESEE ERFRAER SRR SR - BT
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F R B E RRE

i &%
# 5 # (Rhinovirus) 30~50%
% 5% 5 (Corona virus) 10~15%
o+ (Influenza virus) 5~15%
3 if g £ 5 & (Respiratory syncytial virus, RSV) 5%
7l % & (Parainfluenza virus) 5%
s+ (Adenovirus) < 5%
% % 4 (Enterovirus) < 5%
7% 5 =+ (Metapneumovirus) L
* 20~30%

49

i+ (Influenza virus)

TR RA A TG 8 HOARNA R E A G chloa R A
(Hemagglutinin; HA) 2 # ‘7 5eps fiv (Neuraminidase; NA) &3 4 % % 4
L eniz¥ o HE 5 18484 3] (H1~H18) : N+ 3 114 4 A(N1~N11) -

TA EIRRLATT 2 B X R R w4 BLK Y & Foehk e id (sialic acid)
Rk F et pd S R e @ e ke iy o

TR GVRREES T R EA b L ankR AL o WA RA A2 S
Mg oo

T+ 2% (Fum A Al antigenic shift)

% FIER A A2 B AR A 0 BE A 2 AT E E(reassortment) 2 2 AT R

£ + }:’L\ LA @A A FiBL Differences Between
- Antigenic shift & Antigenic drift
®ARPEREAAfERE > AL FTHS

R % (FR % antigenic drift) @.Q < S8

* Tpd AT USRS EAL LR O,
T A& AR P F (Oseltamivir) » EA47 5 vefh s codrd | & 0 €
(E% Ao oA o SRR E AN 0 2 R Rehg A e or s

MR AT A AR e k> BRI 0 R A eAg T T

Small Mutations
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Human wvirus
<Lim “
Reassortment pandemic strain

Bird virus

*
*
*
*

b

Human virus

Reassortment pandemic strain

I_\ Close |

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,
Bird virus

o

|
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4N F,

-

=
=5

26

2017/5/17



T EERBS LA R KA Lk iF ¥ (Acquired Immuno-Deficiency
Syndrome) > #§ £ % AIDS - &4 4 éﬁ&farf % 4 (Human
Immunodeficiency Virus > HIV » & # € % ;g«,q)r\ Forraldechp g

THIVE 5d g4 1 28 THRASFLE Y L5 CDAhTims o
Ty oner mff,a‘aa-ﬂtfé_{ii{; » CD4km vz chifc 8 B § b > > Fla i@ 4

R A TR o g ik ¥ enCDAR T sk Bicb 20200/ £ s )T}uﬁ-% “é";’é’%-‘,}iﬁﬁ? °
AL L P R RN 4 o Fla BRI LB RBERE L fHEFE AN
k‘%ﬁiﬁﬁﬂl E e d A S EEvEY PP
PERFARE A RAFRE A F AT FL EREE A2 4

T § % }]%4 Y RNAF E% v A& A 5 HIV-1ArHIV-2 o HIV-18 3¢ =

I “’/‘*“}?‘3/” f”m'-g),%r—]"

THIVA £ 5% d 46 3o (QpL20)fe % o ded (QpAL)“H i § Proo i d
if‘}ry(L)mrE:,\. s ﬁP\’—zA_,t 5?}%*{%@/’7\‘;‘RNA5F¢§5

(reverse transcriptase) °

i\ éfé@

T jaopd hz A BRI

G

1HF: 84,25 % 84,32 FLER% o
TR B AL T LRl d BRI R g
W RL ’Li%ixﬁFF“P\ DR EFRE MR G RS

(RTre¢abF AR L) we 3 BAB Aehad c 2FH- 8935
- i=B" -

T i € Fops e AZT (azidothymidine; dr § 59 ) eha + i 222 §
9 “Twww;m FHEAp i o T8 48] K pr gl F K&Emm e

T @ ﬁ_ig;& v @ HIV?
FEREAR HIVEORR t ik R s 2 Zap2 86
#d 7 HIVedgz @ CSF(Pu # 8o ); M &k, X0k
%o }W’B‘-’\;fi;c‘ SHIVIE#E » 3 5 A5 FHE S = F @ g 2HIV
FF R G FREHIV -
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4 . .
2( ¥ il fiF s o %k HAART .QE ~’

T OB AT dF #@téﬁr:},ﬁai # 2 (HAART, Highly Active Anti-retroviral Therapy) » i -
Rk r‘—y,% 27 g Z Bl o A B b B R et B R R
74 @,;};3 AR RBALES R LFESF —fr,)g\ ;}z&f‘:@i A4 o
T Eizgki ¥ /f‘]}%/z ’ K’]ﬂ% 4‘—%' m}?ﬁﬁi Tk 2 B AR RArd EE Bﬂ«i
“'] iy & #ﬁ-ﬁt;fél’?—;»ﬁ‘k?r k—&xﬁmﬁ)?p* Bl g et s ER B m:#a)?;
AR R FLEApA AL BN

TR YR m\;\- R PRE NG Bk ehb T o JRE T {a‘pﬁﬁﬁfﬁ%“
RPEIRE > ¢ 45 P;e%fﬁﬁ*fr%f%méx% 4] o bt RopE B iR F R AT
95% 1} mﬁi#"’ﬁﬁdﬁ_(-‘* 20k pREPER 7 3 ARS8 u3E10) 0 A i} inrs ]
X FK oo

Drug concentration A2 RE LR

imn Blococd

Changes of drug corncentraticm
imn blood during medicatiomn

oEl E 3
- - -_'- E- 3
- - - -
e L0 g __':_*' 0 ?:‘* Sagifiiir < et
1 3 3 .
e - Coiioc to take ME T
— a— — i —
‘T‘ ----- Regular medicatiomn {:_} ----- Hw
----- Lower limit of effective -‘— ----- FResistant HIW

drug concentration in blood

CEER ER Y N L

# Flio i (gene therapy) £.f1* &+ 2 o &2 2 #-p A FF~ L FHp - #
2AEPHRAFNAY A RAFEIR > SRAEFEL T AL F s

P A AT o

1. Cells are removed 2. In the laboratory,
frormn patient. a wirus i=s altered
=0 that it cannot
reproduce.

@ 7
- - ‘g’. .}/
-
7. The genetically
altered cells produce E’ 3. 4 gene is

the desired protein inserted into

at hormone. < the wirus.
e ‘S‘.ﬁ. (f}l]-lir’i,'?:},;‘;—%)
l-:

&. The altered cells are
injected into the patient.

& 4. The altered virus is

mixed with cells from
the patient.

5. The cells from the patient
becorme genetically altered.
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