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DNA EXTRACTION VIRTUAL LAB

DNA is extracted from human cells for a variely of reasons. With a pure sample of DNA you can test a newborn for a genetic disease,
analyze forensic evidence, or study a gene involved in cancer. Try this virtual laboratory to perform a cheek swab and extract DNA from

human cells

start lab))

Try It Yourself!

HOW TO EXTRACT DNA FROM ANYTHING LIVING

http://learn.genetics.utah.edu/content/labs/extraction/
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oA BEDNA Y Bfs o 1t i E DNA R £
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Ba? kikRIY B 07 ko
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bromide (EtBr) % ¢ - EtBr ¢ ﬁi * 4
Fhdk ik o v h AR ST 0 RIPIRL ST
Bebdg £k 0 L5 EtBraz v
2 A ) ;%‘,uﬁ%ﬁﬁ;ﬁqfig_ o

NEGATIVE ELECTRODE

Plasmid

DNA Bands
are
separated

By
Size

Add DNA Sample onto
Agarose Gel Lane 2

(DNA Ladder s in Lane #1) i POSITIVE ELECTRODE

DNA Bands are

Exposed on Film
e
1kb ol “‘“-.\: 4
500 bp =———> b . §
Wy UnderV

Light DNAIs

L
Copyright 2008 Moleculsrstationcom . Visible

http://www.molecularstation.com/agarose-gel-electrophoresis/
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GEL ELECTROPHORESIS VIRTUAL LAB

ELECTROPHORESIS VIRTUAL LAE

Have you ever wondered how scientists work with tiny molecules thatthey can't see? Here's your chance to try it yourselfl Sort and measure

DNA strands by running your own gel electrophoresis experiment

http://learn.genetics.utah.edu/content/labs/gel/

DNAZ 3 &

: http://www.youtube.com/watch?v=SJIpQ780-Ts&feature=related

£ 2 DNAH j#=(Recombinant DNA technology)
= A ¥]1 4%;:f @ 1 #2(Genetic engineering)

Key element of biotechnoloy : use recombinant DNA methods to move a gene

from any organism to any other organism.

Proc. Nat, Acad. Sci, USA
Vol. 70, No. 11, pp. 3240-3244, November 1973

Construction of Biologically Functional Bacterial Plasmids In Vitro
/antibiotic resistance)

- N 4 1

(R factor/restriction enzyme/t /

STANLEY N. COHEN*, ANNIE C. Y. CHANG*, HERBERT W. BOYER{, AND ROBERT B. HELLINGf

Umversn,v ul' Callforma ut Bsn Frlmcu!cu. Bm Frsnmxcu. Cahf 94122

Communicated by Norman Davidson, July 18, 1973

ABSTRACT The construction of new plasmid DNA
species by in vitro joining of restriction endonuclease-
generated fr ts of sep 1 ids is described.
Newly constructed plasmids that are inserted into Esch-
erichia coli by transformation are shown to be bio-
logieally functional replicons that possess genetic pro-
perties and nucleotide base sequences from both of the
parent DNA molecules. Funcllonll p].unnd.s can be ob-
tained by ed frag-
ments of larger replicons, as well as by Jllll:llns of plasmid
DNA molecules of entirely different origins.

iation of

Controlled shearing of antibiotic resistance (R) factor DNA
leads to formation of plasmid DNA segments thai can be

305; and f Department of Microbiology,

EcoRI-generated fragments have been inserted into appro-
priately-treated E. coli by transformation (7) and have been
shown to form biologically functional replicons that possess
genetic properties and nucleotide base sequences of both
parent DNA species.
MATERIALS AND METHODS

E. coli strain W1485 containing the R8F1010 plasmid, which
carries resistance to streptomyein and sulfonamide, was
obtained from 8. Falkow. Other bacterial strains and R
factors and procedures for DNA isolation, electron microscopy,
and transformation of E mls by p]a.srmd DNA have beeu
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Restriction enzyme
recognition sequence
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DMNA 5 GAATTC 3 '-' ~

3 IEEEEEEC T TAAG I 5 A
Cute the DA Y™e % £ mDNAA 5 ihd f6E B 4
LISHIp R ¢ H e
— E- =% ¥ DNAL S
—G T-l_‘:_.
T g Gy 2.DNAE & fF 1 e ki s B
Sticky end DNA*&_ g l}:L— o
AATTC

Addition of a DNA G=G
fragment from CTTAA

ancther source;
fragments stick
together by
base pairing

DMNA fragment produced by
the same restriction enzyme

w

NG AATT CEEE G AAT T CH
s c TTAA GEEEENC TTAA GEE
One possible combination

DMA ligase
seals the strands

w

I ] I

I I L
Recombinant DNA molecule

Copyright Pearson Education, Inc, publishing as Benjamin Gumimings_

Restriction enzymes split DNA into specific fragments

Restriction enzymes (restriction endonucleases, RE): recognize specific
base sequences in double strand DNA and cleave, at specific places, both
strands of a duplex containing the recognized sequences.

1. Restriction enzymes are found in prokaryotes. Their biological role is to
cleave foreign DNA.

2. The recognized sequence is “palindromic (i < ). Greek means “running
back again”.

e.g. Radar; Do geese see God? } & f %ok & p & b fTief ks kg TS

Cleavage site

i Sac Il (from Streptomyces achromogenes)
5 C—C—G—C—G—G ¥
: ] [ 2 ] :
3 G—G—C+G—C—C 5
T
Cleavage site Symmetry axis

3. The pattern of fragment that DNA be cleaved by several RE
can serve as a fingerprint of a DNA molecule (RE map)
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Restriction Endonucleases

Type Il restriction endonuclease EcoRI cleavage

P P 1 > P P g P P OH

1 I
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5 5
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Cohesive end l Staggered t

(Sticky end) cleavage
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/’ group / group extension (protruding; overhang)
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TABLE 3.1 Recognition sequences of some restriction endonucleases

Enzyme Recognition site Type of cut end
EcoRI G{A—A-T-T—C 5" phosphate extension
C-T-T-A—-ATG
BamHI GLG-A-T—C-C 5" phosphate extension
C-C-T-A-GTG
Pstl C-T-G—C—-AlG 3" hydroxyl extension
GTAC-G-T-C
Sau3Al 1G-A-T-C 5’ phosphate extension
C-T—A—GT
Pyull C-A-GIC-T-C Blunt end
G-T-C1G—A—C
Hpal G—-T-T{A—-A—C Blunt end
C-A-ATT-T-G
Haelll G-GlC-C Blunt end
C-CT1G-G
Notl GlC—G-G-C—C-G—C 5" phosphate extension

C—-G-C-C-G-G-CTG

Arrows denote cleavage sites,

DNA:# $z it #

START ANIMATION

PLASMID
STICKY ENDS DNA
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DNA i 32 f%

* A

3 5
o OHIIBY & & B & ® M
[Cke| S ReReRe RO RS
€l @) BRI @0 @l
51_3’55' Gl A G0 €0 60 A G0 (€T
37— 57
i 2 2 2 2 12 DS 12
(T4, T7ligase) | (&£ cabligase) 3 © W © W W , o 5
ATP N&D (T4, T7ligase) ATP ‘ NED T (£ cariigase)
AMP AMP
+PP ) ( o+ NEN
5 e— 3
3 — 5 s ¥

All ATP and NAD-dependent ligases
appear to join DNA in a similar way but
utilize a different nucleotide energy

source to catalyze the reaction.

5

A

2 DNAZ ¥

: http://lwww.youtube.com/watch?v=x2jUMG2E-ic
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#L F1i¥ 78 (gene cloning)
SRR Ll S A O Ao Sharaiiv g
0 A 85 548 FDNA(G] “*@ Xl
4ok § & A7) Bacterial Plasmid \lnto plasmid
Qa ;I'.u ﬁ’%&i’ﬂDNA:}'ﬁ- chromosome
BT i Recombinant DNA
o o , (plasmid) it DNA of
U 3 & 2 cnDNAE A T B Plaaiid i ot (black) chromosome
e lasmi into
A e ? l bacteria cel
a E%lg g 4’; i‘ £DNAm Recombinant
[N L bacterium é}) @
Utk 7z 7 £ 2DNAs © Cells cloned with gene of interest
EEFANEE B9 9 Idamiﬁeatmn of desired clone
A e

Copies of genl
—

NN

Gene for pest
resistance
inserted into
plants

ST
>

=
L

Basic 4-/
research  Gone used to alter
on gene ning up t

Copses of pmtem
C -

BT

O Various applications

Human growth
hormone treats
90| stunted growth

Basic
research
bacteria on protein

ic wi

Protein dissolves blood clots
in heart attack thera




# 78 §* 4 (cloning vector)

o Al i 2

B4 AfHlAcEk 0 @ DNAV 2 A A mie Y AT o

o LGS E - PrRarFIpE ey in o L BEADNAR B F .

o B EEM R, P U RGP aE AL EDNAELTE A T e P AT
o

Clal
EcoRI Hindill

pBR322

‘— lac promoter

puUC18
Figure 43 The id pBR322, ing the locations of 11 vector
unique restriction sites that can be used to insert foreign DNA.
The locations of the two antibiotic resistance genes (Amp’ = ampicillin
istance; Tet" = tets i istance) and the origin of replication

(ori} are also shown. Numbers refer to distances in kilobase pairs (kb)
from the EcoRl site.

Pstl

L 4 Amp" Tt

Pstl

Pstl
v
5

Clone a foreign DNA into the Pstl site
of pBR322

Pstl 1. Cut the vector to generate the
sticky ends
2. Cut foreign DNA with Pstl also —

— compatible ends
3. Combine vector and foreign DNA

with DNA ligase to seal sticky ends
e 4. Now transform the plasmid into E.

coli

v
[ L1

pBR322

‘LPSII

Figure 44 Cloning foreign DNA using the Pstl site of pBR322,
Cut both the plasmid and the insert (yellow) with PsH, then join them
) through these sticky ends with DNA ligase. Next, transform bacteria
Transform with the recombinant DNA and screen for tetracycline-resistant,

ampicillin-sensitive cells, The recombinant plasmid no longer confers
ampicillin resistance because the foreign DNA interrupts that
resistance gene (blu).

20




Bacterial Transformation

TTraditional method involves incubating bacterial cells in concentrated
calcium salt solution
# The solution makes the cell membrane leaky, permeable to the
plasmid DNA
TNewer method uses high voltage to drive the DNA into the cells in
process called electroporation

Screening Transformants

TTransformation produces bacteria with:
# Religated plasmid
# Religated insert
& Recombinants
Tldentify the recombinants using the antibiotic resistance (Fig. 4.4)
@ Grow cells with tetracycline so only cells with plasmid grow, not
foreign DNA only.

# Next, grow copies of the original colonies with ampicillin which kills
cells with plasmid including foreign DNA.

21

Screening With Replica Plating

TReplica plating transfers clone copies

@ - from original tetracycline plate to a plate
containing ampicillin.

\ TA sterile velvet (= 4§ %) transfer tool can
be used to transfer copies of the original
colonies

/_\ . .
TDesired colonies are those that do NOT
Gl et ==—===3 grow on the new ampicillin plate.
Original Replica

Figure 4.5 Screening bacteria by replica plating. (a) The replica
plating process. Touch a velvet-covered circular tool to the surface of
the first dish containing colonies of bacteria. Cells from each of these

(b)
colonies stick to the velvet and can be transferred to the replica plate
" {.:’:T__T:\ in the same positions relative to sach other. (b} Screening for inserts in
\______/ \\:-__':/ the pBR322 ampicillin resistance gene by replica plating. The original

o % = T plate contains tetracycline, so all colonies containing pBR322 will
Original (tetracycline) Replica (ampicillin) grow. The replica plate contains ampicillin, so colenies bearing
pBR322 with inserts in the ampicillin resistance gene will not grow
(these colonies are depicted by dotted circles). The corresponding
colonies from the original plate can then be picked.

Plasmid cloning#’ % : http://www.youtube.com/watch?v=acKWdNj9360&NR=1 22




Vectors for cloning large pieces of DNA

TABLE37 Insert capacities of some commonly used vector systems

Vector system
Plasmid
Bacteriophage A
Cosmid

Fosmid
Bacteriophage P1
BAC

P1 bacteriophage-derived

Host cell
E. coli
ME. coli
E. coli
E. coli
E. coli
E. coli
E. coli

artificial chromosome

Yeast artificial chromosome
Human artificial chromosome

Yeast

Cultured human cells

Insert capacity (kb)
0.1-10
10-20
35-45
35-45
80-100
50-300
100-300

100-2,000
>2,000

Fosmids are similar to cosmids but are based on the bacterial F-plasmid. The cloning vector is
limited, as a host (usually E. coli) can only contain one fosmid molecule. Low copy number offers
higher stability than comparable high copy number cosmids.

23
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Use of reverse transcriptase to make cDNA of a eukaryotic gene

F1* F gEpr il E R

248 L 7

T4 Yt imee > INRNA

T it mMRNA

T1uF & &7 4 % cDNA
(complementary DNA)

T* PCR + 3 B 245
&4, F]5cDNA

THUD AN AR B
hfk 5]

CELL NUCLEUS

DNMNA of
eukaryotic
gene

Exon Intron

RMNA
primary
transcript

mRNA

Exon

Intron Exon

l @) Transcription

® RNA splicing
(removes introns)

(==

=) s

© Isolation of mRNA

\ | from cell and addition

TEST TUBE

Reverse transcriptasg

g

cDNA strand

of reverse transcriptase;
V synthesis of DNA strand

@) Degradation of RNA

s

© Synthesis of second
v DNA strand

elibicgmo

{no introns)

Capyright @ Pearsen Edueation, Ine., publishing as Benjamin Gummings.
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R & pFid 4 & s (Polymerase Chain Reaction, PCR)

T PCRiv @ DNAZRGEE ¥ < B4 - 2 R A58 ODNA S L5 = 2 %%
- Bw % 313 (forward primer){- & % 513 (reverse primer) » & # &2 2 $+
¥ 5 p HDNAK 4 fe $44F & (annealing) s - §1* DNAX & f*(DNA
polymerase)r’ B $&=DNAF 3% 4 bt % Hi4 (template) & & = #7:HDNA% o

T PCRiEAZ1 & A & = X I
1.5 4 F Jiz(denaturation): 12 % 8 92°C-95°C # 7% fi-i~ DNA % &

2.% 4 pe¥t4k & (annealing) @i 31 3 &2 5 3534 DNA R /4 e $(40°C-527C)
3.4t £ & fip(extension):#-8 A 3 B IIDNAR & fF (7% ehj sl B @ & 2 #7enDNAK
(72°C)

T A ESEET > DNAM S sl e B3+ > — BDNAS F F 453 1%
PCR 25 » 78 A-DNA A F k- € #h 3 11225 = 106 B~ + -

T $3PCR DNA & = pF e a4 en ) 2
Wi & S FDNASE B o £ RARE I g o
&R B (R 5 PR R AR )

BRE P OfAT(F R K R @)
#Mg?* (0.5-2.5mM)g % o

25

R & pFi 4 & s (Polymerase Chain Reaction, PCR)

T - L DNAR & pFG v it B R E37C 0 BB A HEsr ¢ sEDNAR & pF
chig b o @ ot d f chim F(Thermus aquaticus) @ 4 4t % FDNAK & % %
(Tag DNA polymerase) .95°C » H #{enhd % #p (half life) £ £404 45 > &7 &
PCR#E it * o

T Taq® & pvent »ci®* B R A72C > @B AT - & 247 & 22000-4000 & 1%
# fa(nucleotides) - ¢ **Taq® & fx# i R > R PCRZ v 1 pdo it o

T TaqR & et £33 5t *7 ik % (exonuclease) eh#d e > ¥4 &DNAE S pFiz
¥e#f(proofreading) e iy > Taq# & fiF & & DNARF » &5 — B 5k © 4 4
SHE S 7 % £1/6000 B % H s -

T PCRengkjiFe B if b Jg* iy, 1 FIrFEL oY ble
SDNAA 7| i 47
B R AR
BAFC=RE
®il B P
BAFLREER
BLRFE S ER%

26




X & pei 4 5 & (Polymerase Chain Reaction, PCR)

€ Annealing:
Cool to allow
Cycle 1 primers to form

Riyetregen barnd
yiaki - with ends of
molecules target sequence
) Extension:
DMA po
adds nuclectides to
the 3" end of
primer
L
Cycle 2
yields
Fy -
molecules

. @AY
EYNTETETRT

PCR#: 5 : http://lwww.youtube.com/watch?v=_YgXcJ4n-kQ&feature=related

Learn.GenetiCS"‘ TEACHER RESOURCES
GENETIC SCIENCE LEARNING CENTER & LESSON PLANS
UNIVERSITY
UQF UTAH™ En Espafiol | About Us |[Feedback | | [search
HOME J PGR VIRTUAL LAB

PCR VIRTUAL LAB

PCR is a relatively simple and inexpensive tool that you can use to focus in on a segment of DNA and copy
it billions of imes over. PCR is used every day to diagnose diseases, identify bacteria and viruses, match
criminals to crime scenes, and in Many other ways. Step up to the virtual 1ab bench and see how it works!

http://learn.genetics.utah.edu/content/labs/pcr/
F1* PCR&#H-DNAL + 33 2. 7 A B
Approximate number of molecules amplified
2.5 x 108 107 5 x 105 5 x 10% 5 x 102
5 x 107 2.5 x 10® 105 0% 103
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Q:F 5A )J% X Eﬁi‘« —i—‘)}%% a5 | 4o et 2

1) % & # (dengue fever)

2) B b (tetanus)

3) BA**+ ¢ (hepatitis B)

4) # 4% (tuberculosis)

5) 7R b (influenza)

6) € %R 16X LA F 20 ¥ (Acquired Immunodeficiency
Syndrome; AIDS)

7) E§* (Cholera)

8) Bc¥ & Mrrwiif i iF ¥ (Severe Acute Respiratory Syndrome;
SARS)

9) 7 P % (Pertussis)

10) p ~ %5 & (Japanese encephalitis)

At F# IR A
BUKAROTES NONCELLULAR

Animal | Plant | Muti- | Fung
Iceus eells |cellu
alpe

L)

F
of
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1A
Water molecule (4A diameter)
(1A dia

1nm

[} lobin (4.5 nm ) |: N
Actin filament e || L
(6nm diamater) 3 1onm

Ribosome
(30nm diameter) &

Mitochondrion
(2um long)

1w0oum |
Lymphocyte
(12um diameter)/

DNA molecule (2nm wide)

K™ ] Hydrogen atom

meter)

l

St im
=10%2cm
=103 mm
=106 um
=10° nm

Chioroplast
(Bum diameter)

= 102 pm

HRELER ¢ EOREALIR) = 1015 fm
- 100um
= 108 am
imm 3 =
Capyright 1598 John Wiley and Sons. Inc. Al ights ressrved FFSEDH ( FUREAEHT ) 33
2-8 4= P BERERTFEE Y
R
|
N |
r 4 1=
# B |
4 &l \ Human red
Bacteriophage T4 V4 Rabies virus | blood cell
P 4 170 x 70 nm | 10,000 nm
r Vs \ in diameter
Adenovirus o & \
90 nm Rhir;?virus Bacteriophage M13
30 nm 80010 nm
Chiamydia elementary body
K —_— 300 nm
Bacteriophages Tobacco mosaic virus
f2, MS2 250 % 18 nm
24 nm Viroid
) 300 x 10 nm
- Prion . | [
Poliovirus 200520 = &" = N
30 nm Vaccinia virus Ebola virus

300 x 200 x 100 nm

E. coli
(a bacterium)
3000 > 1000 nm

Capyright & 2004 Pearsen Education. Ing., publishing as Benjamin Cummings.

970 nm

Plasma membrane
of red blood cell
10 nm thick




Virion (virus particle, 4 #- )

capsid
genome

Genome # #] e (%8)
Capsid * &

nucleocapsid

tegument layer

membrane
-_‘J\u‘ln'n!giu} envelope

/ complexes

Envelope i %
(some viruses)

Coprpright 1994 « 97 Merka Rieschie

SRR RER S L IR P SN e

(nucleocapsid core) » H d 2k &2 J-v 77k B (capsid)“rHE =+ F

g 4 HE vk @ 4 3 s(envelope) ©

P i d i @4 Pt (DNARRNA) » o4 od 364 0 5 4 3ov
Fortpd o B pa R« 4L B BT R

B
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)}%—* 2% #] & (viral genomes)

DNA: RNA
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VIRION NUCLEOCAPSID STRUCTURES
A)= + & B ¥F (Icosahedral symmetry)

--- An icosahedron is composed of 20 facets

--- each an equilateral triangle (% ¥ = % 33)

--- 12 vertices (78 g-)

--- 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

oxes ey < An axis of five-fold rotational symmetry through

the centre of each corner (vertex)

37

— = LG Rt o W_(capsomers)m« E P AT R
Fx 3 12pentons (F]5 = -+ o 48 F 12 7 &) » i E hexons i p
" s @ R e 4 g ﬂﬁuﬁﬂ (human adenovirus) ¢ 12
pentons 12 %2 240 hexons#t i = o

Adenovirus /'
symmetry

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




B)8% ¥ ¥4 (Helical symmetry)

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

(P 3 b ficsnil e 4ip 3 LR 9 90h(non-enveloped) i & 48 4t
4 (tobacco mosaic virus) & ® + K HcsL™ T 3R rod-like s -

&3 @ en(enveloped) i et fhpm 4 ¢ (14e @ ik & influenza

virus, 1% J5 & rabies virus)# ‘b B { £ - { & flexible » 2% +
B fcdn ™ 4o telephone cord—4%

TOBACCO MOSAIC VIRUS

b7

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 39

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
Sciences Division, Queen's University
Belfast)

POXVIRUS FAMILY

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 (- “2Jf - # ), adenovirus (H’M%i ), hepatitis A
virus (A3 5+t i #).

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

» Enveloped icosahedral
e.g. herpes virus (£ 7 7 # ), yellow fever virus (5 £ 5 + ),
rubella virus (1€ B 7% 7+ ).

» Enveloped helical
e.g. rabies virus (J* 55 4 ), influenza virus (7 & i # ),
parainfluenza virus (&7 & 4 ), mumps virus (ﬂFw‘}L Lp+),
measles virus (7 ¥ + )

» Complex
e.g. poxvirus (& ).

5 BASIC TYPES OF VIRAL SYMMETRY

nucleccapsid

icosahedral nucleccapsid

lipid bilayer

ICOSAHEDRAL ENVELOPED ICOSAHEDRAL

helical nucl eocapsid
Hechric Fomn
-x\.: ;.-_-_----.--». rirs

COMPLEX

o,

o

nucleccapsid

2000

pid bil ayer

glycoprotein spikes

= peplomers

\

HELICAL ENVELOPED HELICAL

Adapled from Schaeter et al., Mechanisms of Microblal Disease




Fid cha i

Q4 7 @ HHrmi hoF (s 2

. 7 ]2 (genome) ; DNA or RNA

. B F-v (capsid protein )t 7] > ;¢
A A £ F Ry 2k 27 envelope?
CEBREAOESF CEFR RS
P2 AHCF TP R L)
RARZFAL(EY ~EP A S)
R 2425 2 mRNAHS

~N o OB~ WO DN P

T+ A Wi
RS 2T S A
1. 4 %:#(recognition) % = *f(attachment; adsorption)
- B A X E(receptor) i &
2. & » (penetration) w &
(1) % 4 AR
(2) #pp & A Flleil » A e
3. 2 #(uncoating)
---# “,f -
4. 4 A& F4 3.(gene expression) £ A Flie4F
i R R S N S R SR S S P TR
5. ‘e & (assembly)¥ = 34 (maturation)
-t (capsid)e A Fliew £ ok 0 1T RTES
-~ % 4 (enveloped virus) p i 1 membrane % 2§ 5
6. f#3z(release)

--- 11 5 (budding) &t 75 A iw¥2 i3 & (cytolysis)
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FETHBF AL R E

X E LA w3 G T
ICAM-1 Gmre T A ia;ﬁrrli,u:)ﬁsi (poliovirus)
CD4 T-sf = o it fhge A 5 & i d (HIV)
MHC-I i R R #5054 (togavirus), SV40
MHC-II ol 5 R EBH = ke Visnavirus (& 4 lentivirus)
Acetylcholine receptor  #¢ ' fird- i 1f ¥ 1% 54 (rabies virus)
EGF 4 £ 73 4 (vaccinia virus)
Sialic acid (v fiz) fm¥e ohpE gk i (glycosylated) 36 it Jm & (influenza virus b

¥ g e A F# a4 (coronavirus)

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

& %oy 4 (nonenveloped viruses) =4 4

Re .47 "W 22 = 34
REPLICATION AND MATURATION
# ADSORPTION
£ A [ (X
I &~ 3 & |V.*F§“3§E

5d g & (fusion)= 54 5d p 5 F% (endocytosis) | e ease

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




# %5 + (enveloped viruses) g 4

ADSORPTION REPLICATION AND MATURATION

viral
genome

| 060 0 &6 A D

By fusion By endocytosis By budding By exocytosis
PENETRATION PENETRATION RELEASE
AND AND BY BUDDING
UNCOATING UNCOATING RELEASE BY
EXOCYTOSIS

AT

e QOccasionally, the prophage may

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

Bacterial

chromosome
Many cell
L \ \dmswns

’\ Lytic Lysogenic
cycle cycle

@ Cell lyses, releasing Phage DNA circularizes and enters @ Lysogenic bacterium
phage virions Iytic cycle or 'Y5°99"'° cycle reproduces normally
Prophage
@ New phage DNA and Phage DNA integrates within the
proteins are synthesized bacterial chromosome by recombination,
and assembled into virions becoming a prophage

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

Virus Lytic Cycle®: % (1'15"): http://www.youtube.com/watch?v=wVkCyU5aeeU
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WES St £ R
Bacterial Growth Curve Viral Growth Curve
- 200 — 9
w
a Stationary § l
A 5
- = 5
-: § 150 ) &
5 -
X £ §
» 5] &
i 2 ;
2 ) Viral
S 100 - i yield
¥ g &
N g Latent period
[ ] {5}
E 50
E - Eclipse period
Y iy
0 ! L | | \
Time 5 10 15 20 25 30
Time in minutes
49
4 ¥ = £ e X
ﬁ“ﬁﬁ%%Eﬂ#;%

T # 4 #&48# (animal inoculation)
NP b A LT B ERA  FpE R BB .
T frredAdss %% (chicken embryo inoculation)

® L1123 e G E e RIR o BB 150 B E35R o rh e .
T im¥e 12 & ;% (cell culture)

‘\Q\ # Inocutation of
Inoculation % J chorioallanicic
¥ BLEE of amniolic membrane
oy PEN T 33
B o _ -y
L % Inoculation Inceultation of
//. of embryo | yoik sac
; \ . L s’ L LiE 3
o A % Albumin ; N Shel
= LN Allantoic ~ Air sac
A B cavity
o ® S 4 3

3-10 AR RBMEE. (A TRREITARE TR &I E B) A

™, WEUEAATEN,

MR FRE AR EY
Nt g & A AR

=/
o
a
I~ °

L
1
¥

. http://www.youtube.com/watch?v=vnPC4ligMxY
% : http://www.youtube.com/watch?v=XeG2C102mVg&NR=1
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w85+ B > (Plague forming unit; PFU)

PR - RARARE I MG L o A TT e P T
BAAREL RIXBRZ me it - ISP R
v B - AP %L mEkA, 2 B i+ (plague-forming unit - PFU) >
PP EEERY ER S LpAAE

1w

i+ K %4 £ (Multiplicity of infection; MOI)

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

L#p CERES B 4‘m)?ﬁ4ﬁ§t'ni LB e

.ff»m’?’ J % 18 % (Cytopathic effect; CPE)

%3134"\37”5 2 1 %fﬂ e Bt NBHEAR 2 R 2 H s B

AdPhRancg > A3 m= > l’*;fém?\f]gj 597"3;?5%1? °

“E-\

},;fﬂ ﬁ_ﬁbpéﬁés(plaque assays) bion 105 wd w7

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

0.01 ml 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

1 ml of above 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 F ¥

:}ﬁz}ﬁai e 2 E - :},isi iz % (Viral enzymes)
* 1% pa & & p=(Nucleic acid polymerases)
* DNA-dependent DNA polymerase - DNA viruses
* RNA-dependent RNA polymerase - RNA viruses
* RNA-dependent DNA polymerase (RT) - Retroviruses
* -9 f#(Protease) --- & i & 4 (retrovirus)
. q”}i & p#(Integrase) --- & :?ééﬁ»—:@ai (retrovirus)

* 40 kg vepk pF (Neuraminidase) --- &4k + (orthomyxovirus)

Antiviral Therapies Directed Against the Virus

.. ...
X2
e’ 1. pEsl ooy

- ML B BRRF

P
2. 2 & [ / > \
- 4 k5= (amantadine), 6 35.%5?1

fr2m (arildone) - o H 3 02 (nucleoside analofjues)
3 s
KX 73 4.5%F 3 § oce
-2EA(FN), £ & - IFN, -| * 3£ RNA (SiRNA), \ 1 3
DNA (antisense DNA) ¥ #p# (ribozymes) : S
\ /N H@@ /.:...
6wt \— (3 6D
- ¥ R IR o o®




Jdéﬁanwﬁmmﬂﬁﬁa@%f%w
BEFEALR L me g4 7

=

& EMRNASFEZ - e fE 2 £ 002 0 Rk
BRI ikp A B A LR AR R HpF 2 e IMRNAY
B o 3 ORISR A i Fens S BB g MR R enimre B o

‘ wirus

host cell

P H

)

m

=
3

F il $uF WEop 4 0% h HAART y\.i @

T F i Lk ﬁ&”r},ia% K 7 (HAART, Highly Active Anti-retroviral Therapy) > %
BB FRATEAR R Y Z B0 FE o E B L B o LR R
HEHA R RF LAY I BESF RO RERL AL

PRk R 0 AAVIRE A AR AL TR 2 AR IRIRE 2R 2 BE
SRS SN N e o BN Rk RS Sk S
AR r WLEHoRpE AL RER

T AR PR e s SRE T PN M o JREDE A L R F R
FePIRE > ¢ RIREF R ookt 8 U] - 8 Bop A BF o § R E
95% 11 PR E (5 205 REPER R § 4 A1) 4 i g h
Dt F oo

il::lrlél-nlgozzncc.-ntration }_3_._ i ﬁ%'ﬁ_ﬁq#&ﬁ

Changes of drug conocentraticon
imn blood during medication

. AlE -
I L 3
o - i - -
s T oo P _““' Ean ___“- b3 '-'__ T e
2 =F il el
% 1 1 3 1
B - Failed to take - Tirmee
medication
1‘ ----- Regular medicatiomn = : :' ----- Hiw
----- Lower limit of effective M- - Resistant HIW
blood




ik 4 (Influenza virus)

TR R A g Ifi/ﬁﬁ: (Hemagglutlnm H)i R~ i Fiey
(Neuramlnldase N2 4 291 &izg - Hx § 16464 3]
(H1~H16) ; N 4 95@1&\ 4] (N1~N9)

T A g hepifr(neuraminidase) ¥ 7 L X B 4 e L oo BoRIY & ek g
wEjte e (sialic acid)# & - F 223t R4 R jilme d e d ke it o
T A GIRERES T REE b L AR A A o @RS A2 R

E
T + R % (k4 3], antigenic shift)
x Az m,,. & & % kel 4 &
& T! #gﬂ%& % )5,)53 r%i F £ ke (reassortment) & % A7d
ikkﬁﬂ4ﬁﬁ$*’g4%$i
/] % % (R % antigenic drift)
*ﬂ&+éﬂwﬂﬁﬁ&$éidmx%

TR A ﬁé = > 2B 7 & F (Oseltamivir) » £4¢ (g e fis cdr &) > €
T G )F'-}—‘i- R i g*ﬁﬁn]ﬁ“ AR o 1 )sf\' 4 N7 A W te "Ll'ﬁ'glle
& %ﬁvﬁwﬁaa R SRR S S L LRSI R L R L Tt
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R AL BN S PR A
# Flic o (gene therapy) &9 * & =+ 2 5 8 3 2 #-p Sl F1 - LD 0 R
2 &E P ORAFEY o A RAFEDRR > SREFEfor T4 #%ﬁ;}p w s
B Pt R R o

1. Cells are removed 2. In the laboratory,
frormn patient. ;r a wirus is altered

=0 that it cannot
reproduce.
el @ 7
o . e /
.-J( e
il

7. The genetically
altered cells produce E’

the desired protein 3. 4 gene is

h inserted into
or horrnone. < ‘\ the wirus.
HA ¥ (] %lr'”’?:}‘is}r )
(0 &. The altered cells are “:
e injected into the patient.

\ e

e 4. The altered wirus is

*-‘ mixed with cells from

the patient.

5. The cells from the patient
becorme genetically altered.




