Polymerase Chain Reaction

Polymerase Chain Reaction (PCR) Molecular biology
Southern blotting, molecular cloning
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PCR DNA (specific segment)
(In vitro)
genome
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DNA molecular cloning
DNA
DNA clone DNA
PCR DNA
cloning
PCR Kary B. Mullius PCR DNA
replication DNA Polymerase  DNA  DNA
oligonucleotioe primer PCR oligonucleatide
primers 2 hyoridize  anell pNa
complementary ~ primer 3O0H  primer
DNA polymerase DNA primer 2
DNA template DNA

53 DNA DNA complementary
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DNA templace DNA (90-
95°C) DNA DNA
primer hybridize  target DNA
DNA DNA polymerase
DNA (template dénaturation)  primer
hybridize target (primer annealing) DNA DNA
polymerase (extension or polymerization) DNA
20 DNA 1 (22
DNA primer 2 ( 2 primer)
(specific DNA sequence) PCR 2

PCR 1 DNA polymerase  Klenow Fragment DNA polymerase
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1 PCR temperature cycling profile
Step 1 DNA primer, dNTPs, PCR buffer
Tag polymerase 93-95°c
Step 2 Oligonucleotide anneal DNA 40-65°C
primer
Step 3 primer 72 °c Tag polymerase step 1 3 1 cycle

heat block 3



tamplate de naturation PCR

cycle extension
Taq polymerase DNA polymerase Thermus aguaticus
Klenow enzyme< Tag
polymerase (thermostable) polymerize DNA
(75°C-80°C) PCR
thermal cycler
cycle Waterbath
Th = Tmd

Til = 4GHC+2(AT)

Th
(hybridization or annealing temperature)
m ,
(melting temperature)
GATC G @, M ©
PCR

(forwerd  primer)
(reverse primer)

forward primer ; 5-TGGACAGAATTGGAGATGAC-3' Tm=4(9) +2(11) =58°c

reverse primer : 5-AAACAGCACTTTCCTCCAGC-3 Tm=4(10) + 2(10) =60°c
Th =585=3C

PCR (reaction components)
DNA template, primers, dNTP, buffer — Tag polymerase
thermal cycler cycle  denature, annealing
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DNA
template  primer anneadl substrate  Taq polmerase (product
target) (Chain Reaction)
DNA "Polymerase Chain Reaction'3
PCR DNA DNA
DNA DNA
primer DNA
PCR DNA 1
DNA PCR proauict
(exponential) amplification plateau

PCR product

Cycle number

3 Amplification plateau

amplification plateau DNA
primer  Tag polymerase
PCRcycle  primeramneal  target PCR product ~ anneal
primer  target dNTP  primers Tag
polymerase  inactivate (half life 94°c 0 )4



PCR (specificity) (sensitivity)

1 oligodeoxynucle-otide  (primer)
nucleic acid  complementary specific (annealing
temperature) oligodeoxy-nucleotide nucleic acid sequence
complementary  100% (erfect match) oligonucleatide
target DNA target DNA DNA sequence
DNA bind 700 &
2 Compound action ~ primer 2 DNA 2
3 2 primer
produict 1 Taqg polymerase
DNA 100-140 nucleotices - 1
3 (Chain Reaction) DNA
target PCR product
DNA copy copy

2-3

Component of PCR amplification

PCR
1 DNA Sample ( DNA , Serum )
2. Oligonucleotide primer ( oligonucleotide synthesizer)
3. Deoxynucleotice triphosphate ( dNTP )
4. Buffer (SUpply ) caion Mg
5. Taq DNA polymerase
gcle  heating  cooling DNA
(factors)
PCR 1 factors efficiency

specificty ~ PCR
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Optimization of PCR

1 Standard reaction PCR reaction 50
100 ! (1025 ) sample DNA
5 mM KO, 10 mM TrisHCI (pH 84 ), 15 M MyC2 025 uM
primer , 200 UM deoxynucleotice triphosphate (dATP, dCTP, dGTP

dTTP)  1-25unt  Taq polymerase standard reaction

2 primer  primer
DNA primer
2.1 primer base
sequence primer  polypurines  polyrimicine
GC content 50%
2.2 primer secondary structure  hairpin
primer 17-30 nucleotides
2.3 primer primer dimer  primer 2
3 complementary
program comyputer primer program
Oligo® primer Internet primer 3 (ttp:/Awn-cenome-
wi.mit.edu) parameter program primer
primer PCR primer
;. PCR huffer MyCI2 PCR
(yield) 15 mM
( 1-4 mV) M2+ (ield)
co-factors DMSO, glycerol, formamide

yield  specficty PCR ()


http://www-qenome-wi.mit.edu
http://www-qenome-wi.mit.edu

4, Present of Inhibitor PCR product
PCR product product
inhibitor DNA sample inhibitor Tag polymerase
heparin, , porphyrin inhibitor
DNA target(®
5. PCR Thermal profile PCR PCR reaction
thermal cycler dénaturation, annealing  extension
DNA 90-95°C
primer amneal 4060 °c ( non specific binding
pimer  anneal) extension 7075 C
DNA target 1 1 kilobase
DNA thermal cycler (. .1997)
Incubate 20-30
6. DNA  PCR
DNA PCR
"1 DNA
DNA (single cell)@; DNA (hain@@  DNA
0L DNA macromolecule
nuclease
DNA DNA  tissue
paraffin block() DNA (3,
DNA  mammoth 04, DNA
13} PCR
[ (Specificity) PCR
annealing primer target  maich , M2 1



primer anneal (annealing time) (cycle)
PCR target DNA
DNA
7.1 Hot Start PCR
PCR
Tag polymerase DNA
reaction
thermal cycler denature temperature
primer amnead  DNA (non specific binding)
primer anneal DNA
primer 3 DNA
specific product PCR non specific product
non specific product complementary  primer
target PCR Taq polymerase
(
, ONTP, target DNA Mg
10°c WaX
wax 0 C
antibody ~ Tag polymerase
PCR antbody ~ Tag polymerase
antibody antibody Tag
polymerase (B
7.2 Secondary PCR with nested primer or Nested PCR
PCR
PCR primer aneal  Target
DNA pimer — (7) primer
DNA non specific target DNA product  PCR
primer specific sequence  primer anneal
PCR non specific amplification primer

specific sequence  Nested PCR
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PCR product ~ probe hybriclization (sensitivity) PCR
103 target DNA single cell  PCR
produict gel electrophoresis  ethidium bromide staining
prodluct nested PCR product  PCR
target  nested PCR DNA
PCR product nested
primer primer
annealing temperature primer annealing
temperature primer PCR annealing temperature
primer target 20-30 annealing
temperature primer target 20-30
denature temperature poduct  PCR
target  primer “trop-in, drop-out nested priming’<g

Detection and analysis of PCR product

PCR amplicon ~ DNA fragment
[rimers PCR product

1) agarose gel electrophoresis
polyacrylamide gel electrophoresis ethicium bromide
DNA strand agarose gel W

Ultraviolet transilluminator DNA e
Siiver stain PCR
product DNA size marker PCR

product electrophoresis
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21 PCR product
Detection method Visualization
Agarose gel and/or Ethidium bromicee stainning (UWV
polyacrylamide gel transilluminator, image analyzer)
electrophoresis Southem  blotting  (hybridization  with
labeled probe) Silver staining
Restriction endonuclease Agarose or polyacrylamice gel
Dot blots Hybridization with labeled proe (e.9.ASOs)
Fligh-pressure liquid UV detection
chromatography
ELISA Labeled probe and enzymatic detection
Direct sequencing Radioactive or fluorescent-based DNA
Sequencing
PCR  product Southern  blot hytricization
dot blot hybridization radioactive  non radioactive probe
restriction enzyme  PCR product confirm product
restriction - map DNA fragment Restriction  Fragment  Length
Polymorphism (RFLP)
PCR contamination 8
PCR sensitivity
(false posttive) 1 PCR product
PCR reaction target DNA
2 PCR procuct primer anneal
PCR  produict
automatic pipette extract DNA sample PCR reaction

PCR product
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detect PCR product PCR product !

Polymerase Chain Reaction

PCR contamination
L Uracl Nglycosylase (UNG) PCR proaict
PCR cycling ampify DNA -~ dUTP ~ PCRreaction  dTTP(9
2. UV imediation W PCR reaction mixture
amplicon DNA target W DNA
DNA 1 W target DNA
3 PCR
Pre-amplification area PCR reaction mixture
Amplification area exract DNA ~ PCR
Post-amplification area detect PCR product
pipette

4. PCR reagents
mcrotube, pipette tip  sterled  autoclaved
positive displacement pipette filtered pipette tip

) PCR  product
PCR DNA  positive control
PCR product " PCR reaction
positive contrll 1" DNA
6. positive control  negative control validate

PCR reaction PCR reagent



16

PCR Strategies
PCR
PCR
PCR

Reverse-Transcriptase PCR

PCR DNA nucleic acd
RNA- virl RNA  messenger RNA
PCR target RNA CDNA feverse
transcriptase pimer ameal  3-end  RNA oligo dT  primer
messenger RNA cONA  PCR
RNAvirus messenger RNA P

Inverse or Inside-out PCR
DNA fragment

primer PCR DNA
primer  complementary
DNA DNA (circularized) primer 3
DNA sequence DNA
genome  (transposable - element) integrate
retrovirus genome  host@1
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PCR

PCR engineer DNA

PCR sequence DNA fragment
restriction ste
sequence DNA fragment restriction site primer
5 primer PCR 3
DNA restriction sequence
5 primer target sequence PCR
PCR restriction sequence PCR
prodluct sequence target DNA
DNA @ (label) DNA Biotin,
, Nucleotide PCR product '

DNA (Site-girected  tagenesis)&

PCR
PCR DNA template
DNA sequence sequence
PCR Chain termination dicleoxy sequencing
PCR  product B
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PCR
PCR (mutation)
nucleatice
DNA PCR primer
3 match  wid type primer wild type amplified mutant
sequence < pimer  maich  mutant amplified
mutant sequence Amplification created restriction Site
primer fecognition sequence  restriction enzyme primer
fecognition sequence  restriction enzyme primer  amplify
wid type  mutant restriction site
mutation 2l
mutation PCR PCR Sequencing
PCR denaturing gradient gel electrophoresis (DGGE)®2)
DNA 1 base
(chorionic villus) 11
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PCR-RFLP (Polymerase chain reaction-restriction
fragment length polymorphism)

PCR
4
68 30 . )
VI + oy
i e 68 105
234
194
118 - 105
X 98
68
30
4 PCR-RFLP
(ot biot hybriciization)
PCR
(DNA  probe)
1
5
6 (dleletion)

(insertion)
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(DNA linkage analysis)
PCR
(DNA  polymorphism) short tandem repeat (STR)
polymorphism
2-4 7
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Quantitative PCR
PCR DNA  RNA target
competitive PCR&> competitor DNA
PCR unknown DNA competitor DNA
express
(Viral load) ~ HV, HCV,  HBV

Situ PCR
DNA 3
PCR tissue ~ fix PCR reaction
tissue Thermal Cycler ~ heat block
COver reaction cover slip el label primer
1 fluorescence
target DNA
Arbitrarily Primed PCR (AP-PCR) Random Amplified Polymorphic
DNA (RAPD)

PCR genome fingerprints ~~ DNA  organisms

Sequence primer sequence target
amplify primer anneal PCR prodict
organisms  relate patten  PCR
product fingerprints
PCR 1
mutation detect

Philadelphia. chromosome  leukemia
Vo PCR

culture PCR
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fingerprint

Helicobacter Pylori

100
. .1970 '
. 1982 Marshall ~ Warren
Campylobacter pyloridis Helicobacter pylori (H.pylor)3)
(Microbiology)
H.pylor microaerophilic
flagella ! 35
05 )
blood agar, chocolate agar  brain heart infusion agar
37 5 37
H pylori
catalase oxidase  urease
(Epidemiology)
H pylon

H. pylon

H pyloi
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H pylori (Transmission)

H pylori
fecal-oral expostre (oral
inoculation) endoscope (voluntary ingestion)
2 fecooral  oral to oral
(reservorr)
(Pathogenesis)
H  pylor (acute
inflammatory response) ] (neutrophil)
(Chronic  inflammatory
fesponse) 4

1 H pylori - virulence factor
11 colonization factors motility, induction of hypochlorhydria
urease, p type ATPase
12 tissue  injury lipopolysaccharide  (LPS),
leukocyte recrutment  activating factors, heat shock protein, Cag A Vac A
protein Hplon 2 Cag A Vac A+ Cag A Vac
A
2 (host susceptibility)
3 (environment)
3

Virulence factors H. pylori
virulence factors H. pylori 2
(colonization factors)
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(disease-associated factors) 1
urease motility adhesins
urease
H. pylori urease (urease negative
H. pylori
Graham Yamaoka 5l
H. pylori
(disease specific H pylori virulence factors)
cag A H. pylori
Interleukin 8 (IL8)
L8 H pylori cag A
e A vag A bab A
virulence factors
2.2 H. pylon
Colonization Disease-associated
uréase cag
motility vag
catalase bab
adhesins e

Internalization



26

H pylori
H. pylori
rapid urease test urea breath test
serology
bismuth
metaanalysis non-nvasive test Hpylon
urea breath test  serology invasive test
dyspepsia 5 alaming
symptoms NSAIDs H pylori
H pyloi
H pylor 2050 H pyloi
% alarming symptoms
b
H. pylori
H.pylori
2

1 Invasive technique  endoscope
11 Rapid urease test (CLO testRLhp fastR Pyloritek I|R
Urease enzyme H  pylori

( 2)2C0 + 2HD + H* —> 2NHI| + HCO "

2NH +HCO" +OH > 2NHOH+ CO



21

ammonium hycroxide (NHAOH)

phenal red 30-40°
24 standard
H pylor
false positive  1-10% Campylobacter like organsim
Hheilmani
false negative proton pump inhibitor
(PP)  hismuth 2 H pylon
H pylor 28
12 Histology & Phase contrast microscopic technique
Smear H pyloi phase contrast
microscope Gram's stain, HRE, Giemsa, Warthin-Starry (Gold standard),
PAS  Crystal fast violet
H pylon
Helicobacter
immunocy-tochemistry onaclonal/polyclonal - antibody
H.pylori
histology
13 (culture  sensitivity)
H.pylor H.pylori
(sensitivity) 50-90%3F (Specificity)
100%

(treatment failure)
PCR in situ hybridization
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biopsy H.pylori 57
H.pylori patchy
2 anterior posteroir wall antrum pylori opening 12
(sensitivity) 90%3
2. Noninvasive technique k!
2.1 serology (antibody, Ab)
H.pylori urease, adhesin molecules lipopolysaccharie
IgM, 1gG gA ELISA western  blot false positive
Cross reaction Campylobacter activity
' Ab titer
2.2 Urea breath test (UBT) urease
H.pylori urea 1X (non radioactive agent) Iy
(radioaciive agent) 02 UCOz

false positive
urease
2.3 STOOL ANTIGEN TEST 1 2 EIALENZYME
IMMUNO ASSAY PCR (POLYMERASE CHAIN REACTION)

24 PCR H.pylori

H. pylori (H.pylori disease association)
H.pylori

. Asymptomatic chronic gastritis

H.pylori

H.pylori
cag A vag A loss



of glands atrophy intestinal metaplasia
antrum copus  cardia

atrophy COrus
IV

2. H.pylori associated dyspepsia
dyspepsia

H pyloi
¢ metaanalysis

McColl H. pylon

3. H pylori associated ulcer disease
H pylor
H pylon

H pyloi NSAIDs
ulcer) idiopathic ulcer disease
hypersecretion  rapid gastric emptying time
idiopathic H pylori negative ulcer

proton pump inhibitor

1Y

29

atrophy

H pylori

Jaakkimainen
dyspepsia

8

H pylon

(H pylori-negative
i
idiopathic - acid
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4. H pylori and gastroesophageal reflux disease

H.pylon gastroesophageal
reflux disease (GERD) 5 H pyloi
COrpus cag A GERD
corpus
5 H pylor
GERD
H pylon 5
H pylon GERD

5 H pylori-associated gastric adenocarcinoma

H pylon cagA  vag A
atrophy  metaplasia

dysplasia
? H. pylori
1 H pyloi
3
2 H pylon 4
3.
H pylon D

H pylon

H pylori
neutrophil - activationd  hypochlorhydria
ascorbic acid ~ apoptosis hyperproliferation

1533 H. pylor
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H. pylori
apoptosis intestinal
metaplasia
H. pylori intestinal
metaplasia H. pylori cag A5/
H. pylori
H. pylori
H. pylori

6. H pylori and Mucosal associated lymhoid tissue lymphoma
H pylon
Mucosal associated lymhoid tissue lymphoma (MALToma) MALToma
H pylon lymphoma
B H pyloi chemokine BCAL
MALToma H pylor MALTOma
! MALTOma. H pylon
10
@
H pylon lymphoma
cell
1 H pylori

7. H pylori and Quasispecies
H pylon mutation
mutants Quasispeciesd
H pylon strain
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H pylori
H pylon
proton  pump inhibitor - Triple
regmen 7 &
clanthromycin -~ amoxycillin
metronidazole amoxycillin
proton pump inhibitor -~ ranitidine bismuth citrate W R
10-14 Quadruple regimen
1 PPl base triple therapy H pylon
14 bismuth hesed triple therapy 7 2
H  pylon metronidazole
metronidazole
metronidazole 89 OAC LAC !
metronidazole 14

4 (quardruple therapy)
2 PPl base triple therapy
Maastricht Consensus report

etronidazole+amoxicillin/clarithromycintranitidine

0%
RBC + 2
80-90%
3 4 (ouardruple therapy)
2 2

“fanitidine+hismuth based triple therapy
triple therapy  bismuth

(compliance) 14
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rantticine 1
&3 compliance raniticine
bismuth
S0
PPI+hismuth hased triple therapy PP
raniticine
H pylon metronidazole
proton inhibitor lansoprazole  pentoprazole
omeprazole
4
4
/0
H pylor metronidazole
1 5
metroniciazole ( PPl H pylon
3 )
424 50-70%
5 (pentuple therapy) triple
quadruple tehrapy triple therapy quardruple therapy
de Boer 6l H pylon
1
11 4 7 (PPl+bismuth+
tetracyclinetmetronidazole)
12 H pylon metronidazole <20% 4
4 (PPI+bismuth+tetracycline+metronidazole
3 bismuth based therapy 7 (bismutht

tetracyclinetmetronidazole)
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3 PPl based therapy 7 (PPI+amoxicillin
+metronidazole)
13 H. pylori etronidazoel >20%
7 (PPI+hismuth+tetracycline+metronidazole)
3 hbismuth based therapy PPI based therapy

14
2.

2.1 metronidazole 4 5
(PPI+hismuth+tetracycline+metronidazole)

3 7 (bismuth+tetracyclin+metronidazole
PPI+amoxicillin+metronidazole) (PPI+clarithromycintmetronidazole)

2.2 metronidazole 4 I
(PPI+hismuth+tetracycline+metronidazole) 3 14 (bismuth+
tetracycline+metronidazole PPI+clarithromymcin+metronidazole)

3 PPI
based triple therapy 4
4
Maastricht Consensus . .1996 H.pylori
triple therapy
1. PPI2 +metronidazole 400 . + clrithromycin 250 . 2
2. PPI 2 +amoxicillin 1000 . 2 + clarithromycin 500
.2 ( metronidazole )
3. PPI2 +amoxicillin 500 . 3 +metronidazole 500
3 +metronidazole 500 . 3 tmetronidazole 400 . 3
tinidazole 500 . 2 ( claritromycin )
7 2
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2. empirical treatment (quardruple theray

PPI+bismuth based triple therapy 7

1 Maastricht Consensus 2

1 complicated peptic ulcer, gastic ulcer
MALT lymphoma invasive technique

biopsy histology
2 uncomplicated peptic ulcer (DU) non ulcer
dyspepsia ' non invasive
technique C-urea breath test ~ gold standard (

4
serology
antibody titer 50% 6
titer serology uncomplicated group
serology titer 50% 2
,  (recurrence)
1 9%
173 8.7
20-30%
H.pylori
L H.pylori
2. dyspepia Consensus
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2.1 > 45
2.2 < 45 dyspepia
gastroscope noninvasive technique
dyspepia H.pylori urea breath test serology
+ H.pylori dyspepsia
H.pylori
H.pylori
gastroscope rapid urease test histology 3.
metronidazole Hpylor — (52%) PPI+amoxicillin+clarithromycin
7 metronidazole
4, 4
' H.pylori
H.pylori 15 &,
L H.pylori
2. H.pylori
H.pylori clarithromycin 5.3% 8.6% 5
metronidazole 32%  46%
vaccine
antigen (Ag) vaccine H.pylori

virulent factor  urease, flagella, adhesion molecule, Cag A Vag A
Hsp A (H.pylori heat shock proteins)
Chen et al, 1993,  H.fellis antigen
(oral vaccine)
cholera toxin mucosal adjuvant heat labile toxin E. coli
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Helicobacter vaccine urease
enzyme H.pylori
H.pylori PCR assay 1985
primer
substrate 16S-ribosomal RNA ( primer ), gene encoding

specific 26k protein, adhesion subunit A (hpa-A) ure A, ure B, ureC, cagA, vacA

encoding protien  specitic

H.pylori

(1-100 organism)er

PCR of H.pylori vitro study
PCR
’ H.pylori
1991
validation
1994

H.pylori validation
o7
(Sensitivity of detection)
reservoir
Cross reaction Helicobacter

Cross reaction

PCR assay B
: primer
2 @0
1993 primer urea A, 16S-RNA
URA72%  94%

resistant strain to antibiotic (clarithromycin)

H.pylori

metronidazole tinidazole

50%

eradication regimen

amoxicillin, clarithromycin,
H.pylori
peptic ulcer disease
55%  70%

H.pylori
1

less invasive?

regimen
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