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The Nobel Prize in Chemistry 1993
Kary B. Mullis, Michael Smith

Share this:

Kary B. Mullis - Facts

Kary B. Mullis

o

Born: 28 December 1944, Lenoir,
NC, USA

Prize motivation: "for his invention
of the polymerase chain reaction
(PCR) method”

Field: biochemistry

Prize share: 1/2

Work

An organism's genome is stored inside DNA melecules, but analyzing this
genetic information requires quite a large amount of DNA. In 1985, Kary
Mullis invented the process known as polymerase chain reaction (PCR), in
which a small amount of DNA can be copied in large quantities over a short
period of time. By applying heat. the DNA molecule’s two strands are
separated and the DNA building blocks that have been added are bonded to
each strand. With the help of the enzyme DNA polymerase, new DNA chains
are formed and the process can then be repeated. PCR has been of major
importance in both medical research and forensic science.
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Reacao em Cadeia pela Polimerase X

Amplificagdo in vitro de DNA

BANDA - DNA (amplificado) - DNA - Agente infeccioso = POSITIVO

BANDA-> DNA (amplificado) - DNAc - RNA - Agente infeccioso = POSITIVO
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Estrutura do DNA
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Estrutura do DNA

= As duas fitas da dupla hélice podem ser reversivelmente
separadas quando as PONTES DE HIDROGENIO s3o rompidas:

Desnaturagdao e Renaturagdo do DNA
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Melting Point /
A

A separacéo das fitas é denominada “FUSAQ” da molé
DNA - “MELTING”

MELTING POINT:

cula de

TEMPERATURA NA QUAL E DESFEITA METADE DA ESTRUTURA

EM HELICE DO DNA




Estrutura do DNA

CONCURSO VESTIBULAR FUVEST— 2014
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Observe a figura abaixo, que representa o emparelhamento
de duas bases nitrogenadas.
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Indique a alternativa que relaciona corretamente a(s)

moléculals) que  se encontra(m)  pardialmente
representadals) e o tipo de ligacdo quimica apontada pela
seta.
Molécula(s) Tipo de ligagdo quimica
a) | Exclusivamente DNA Ligacdo de hidrogénio
. . b) | Exclusivamente RNA Ligacio covalente apolar
Adenine Thymine
c) | DNA ou RNA Ligacdo de hidrogénio
FIGURE 5.12 Structures ﬂf th@ hase d) | Exclusivamente DNA Ligacdo covalente apolar
pai[s proposed bY Watson and Crick. e) | Exclusivamente RNA Ligacao idnica
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PCR X

PCR é um processo iterativo, consistindo de trés elementos:

- Desnaturacio do DNA por aquecimento
- Pareamento dos inciadores a sequéncia alvo fita tinica
- Extensao dos iniciadores pela DNA polimerase termoestavel

Initial Cycle Cycle
denaturation 1 2

Melting o € L -
2
Extension g 72°C |
Annealing " ssc|
> FIGURE 5.12 Structures of the base
Time pairs proposed by Watson and Crick.
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Extracdo Acido Nucleico
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Homogenization  Removal
and Lysis  of Contaminants
]

Bind —Wash—Elute

Add sample and lysis ~ Precipitate
buffer to

Bead Tube, vortex

or use homogenizer

Inhibitor

Load supernatant  Bind DNA to

Elute pure DNA
ready to use in

downstream PCR
steps, dry

Soil Calumn,
Removal Columns  apply efficient
the membrane

“Mix” de reagentes
Cation divalente

(Mg?*)

ks

Deoxinucleosideos
trifosfato (ANTPs)
Tampao para

manter o pH

DNA polimerase
termoestavel
Template de DNA

Primers




Observacao do sinal

Eletroforese em Gel de Agarose + Brometo-de-etidee-+ Transiluminador UV

B

| SYBR-Safe, Gel Red |

Sinal

o,
i
-

ks



gelelectrophoresis.exe
gelelectrophoresis.exe
gelelectrophoresis.exe

Animacao 2
¢ K

Marcadores moleculares K

alta variabilidade X baixa variabilidade

nao-conservadas X conservadas

a b

Group T TGEV SARS-CoV virion
Leader] ORF= ] [ s [B [M] 7
Ly S S| Bl [E Poly(a)
Group 2: SARS-CoV 8
Leader] ORFlE ] 5] [35] [ = [N
[ ORFIE 3 B [E EDbDb Poly(A)
B e 7b &b 9

viruléncia, rastreamento geografico, rastreamento de hospedeiro (ex. zoonoses /
transmissdo inter-espécies), antigenicidade / imunogenicidade, resisténcia,
caracterizacdo de variantes (ex. localizacdo erratica), diagndstico ...
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Primers X Anticorpos

Fas

5e Fita senso 3
TGCCTOCCATAGACTAGCTCATGCTECAGCATAGCTA. « - . GECGATATCCTTCGTCOCAAGCCACAAGGTTCOGE

_ ERLLERLRLERRnnnn

3" Primer anti-senso 5

5 Primer senso 3
CCTGCCATAGACTAGCTGATG
FECEEREETRRE Rl
ACGGACGETATCTGATCGACTACCGACGTGCTATCGAT. « . .COGCTATAGGARAGCAGGETTCGGTGTTCCAMGEG

¥ Fita anti-senso ¥

A especificidade da reacdo = hibridizagdo dos primers
—> tamanho do fragmento gerado
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Alinhamento gene codificador proteina capsideo
Isolados de Calicivirus felino

Regido de alta variabilidade

Primers/Bases degeneradas

Lener‘Base(s] mnemeonic| complement
A— Adenosine [T
C— Cytosine |G
G— Guanine C
T Thymine  |A
U Uracil A
M ACGT|aNy N
N CT pYrimidine |R
R AG puRine ¥
W AT ieak Y
5 e] Strang 5
il AT ahding K
K GT Keto U]
B CGT |notA

D AGT |notC

H ACT |notis

W ACG |notT
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Desenho de primers
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Primer dimer

'@ NetPrimer

m =B =

Oligo
Hame: PRIMER SENSO
Description: | <Enter Description >

Sequence: 5 GGGCGATCAGCTAGCATGCCC

3 Length: 21 bp

Oligo type
@ Sense () Anti-sense
Nucleic Acid Conc: 250,0 pM 70,0 UGBz 32,7
. 16:
Mono lon Cone: 50,0 mM Maieculane/t 6432,25 -4L68 keal/mol
Iy 7 end Stal 11,23 kealimol
Free [Mg2+] Conc: 15 mh 8 68,58 E aH: 1755 Kealfmol
Total [Na+] Conc: 204,92 mM (et 66,67 a5 S —
Temperature: 25,0 °c nmol/Aze, : 5,08 5 end AG: 12,89 Kkealimol
Restore Defauilt " = Anaiyze ” & print ][ & tep
£ Hairpin | @ Dimer | i Cross Oimer | Paindrome | Repeat &Run|
AG = -5,08 keal/mol (3" Hairpin) Total Found = 1
[GACTAGCEGE 5 -
v
e 1l
LagcaTeeee 30
Pl m ] b
P
{ 48D
P = =
rimer dimer y
. R
28 NetPrimer ) oo
Oligo
Name: PRIMER SENSO
Description: | <Enter Description:>
Sequence: ' |GEGCGATCAGCTAGCATGCCC T Length: 21 bp
Oligo type
©) Anti-sense
Hucleic Acid Conc: 250,0 pM Rating: 70,0 UQ#Aze0 32,7
. 46:
Mono lon Cone: 50,0 mM Molecular Wt: 6432,26 41,66 keal/mol
L 3 end Sta 11,23 kealimol
Free [Mg2+] Conc: 15 mi R (N & AH: -175,5 kealimol
Total [Na+] Cone: 204,92 mM [Hets 66,67 452 0,45 KealPKimol |||
Temperature: 25,0 oc nmolifzg, ¢ 5,08 & end AG: 12,89 Kealfmal |
Restore Default “ = Analyze " & print ” & e |
|
=} Haln:m‘ & Dimer | & Cross Dimer | Palindrome | Repeat & Runl
Total Found = 5 Rll

4G = -12,66 keal/mol

(3" Dimer)

5' GEGCGATCAGCTAGCATGECC 3°

3! CCCGTACGATCGACTAGCGGE 5

I ]
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Primer dimer

LB = e e

g NetPrimer
Dligo
Name: PRIMER SENSO

Description: | <Enter Description

Sequence: 5' |GGGCGATCAGCTAGCATGCCC 3 Length: 21 bp

Oligo type
Antisense
Hucleic Acid Conc: 250,0 pM Rating: 70,0 iAo 32,7
Mono lon Cone: 50,0 mh Molecular Wi: 6432,26 AG: 41,66 kealimol
- 7 end Stability: 11,23 Kealimol
Free [Mg2+] Conc: 1,5 mm n 2 68,58 b
at: -175,5 kealimol
Total [Na+] Conc: 204,92 mm [eetiE 66,67 a5: s I
Temperature: 25,0 c R ens 5,08 5' end 4G: 12,89 Kealimol (]
]
[ Restore Default = Analyze ” & print " @ Help ].
P ]

£ tairin | B Dimer | . Cross Dimer | Paiindrome | Repeat &Run|

A6 = -12, 66 kcal/mol

(3" Cross Dimer)

Total Found = § [ 211 ]

5! GBGCGATCAGCTAGCATGCCC 3!

3' CCOGTACGATCAGCTACGACTGE §'
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GTR * ced
HomoloGene

US tasonal Liary of Mescine
Nabonsi Instiutes of Heath

NCBI Web Site
NLM Catalog
Nucleotide

Protein Clusters
PubChem BioAssay
PubChem Compound
PubMed Quick Start Guide | PubChem Substance
PubMed

PubMed Health

SNP -

Using PubMed

New and Noteworthy

rises more than 26 million citations
science journals, and online books.

it from PubMex itral and publi:

PubMed Tools
Pubed Mobile

Single Ciation Matcher
Batch Citation Matcher
Clinical Queries

Topic-Specific Queries

G Coonect 72 Bankh (3 5 SiMub T2 PUBMED 7 Nuceosde 2 blam £, btes G conent (B $ BB YouTube ah % Login (] Facilidades docenssl ¥, LABMAS ¥ Reserva de Salas
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Featured comment - Aug 25

As part of @opentrials, Fleminger & @bengoldacre look 1o
connect arficles to comect #clinicaltrial IDS, e g bit ly/2beE9z1

More Resources

MesS)

Journals in NCBI Databases
Clinical Trials

E-Utilities (AP
LinkQut

¥ou are here. NCBI > Li

GETTING STARTED RESOURCES
NCBI Ex Chemicals & E

NCB
NCEI Handbook

a

elp Mar

g & Tuloriats

POPULAR
fed

the Help Desk

NCBI INFORMATION

NCBI

esearch at NCBI

Bank

Reference Sequences

Gene Expression Omnibus NC8I on Facebook
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NCBI National Center for Biotechnology Information

BLAST®

Home  RecentResults  SavedStra

tegies

Signinto NCBI

Help

BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learn more

Basic Local Alignment Search Tool I

Introducing: Magic-BLAST

sequencing runs against a whole genome or transcriptome.
Wed, 24 Aug 2016 11:00-00 EST

Magic-BLAST is a new tool for mapping large sets of next-generation RNA or DNA

Bl More BLAST news

Web BLAST

BLAST Genomes

Human Mouse Rat Microbes

Standalone and API BLAST

‘ Download BLAST W yse BLASTAPI
Get BLAST databases and executables

Call BLAST from your application

Use BLAST in the cloud

Start an instance at 2 cloud provider

m USS_ National Library of Medicine > NCBI National Center for Biotechnology Information

Sign in to NCBI
®
BLAST > blastn suite Home RecentResults  Saved Strategies Help
Standard Nucleotide BLAST
blastn | biastp | blastx | thiastn | thlastx |
BLASTN programs search nucleotide databases using a nucleofide query. mor Resetpage Bookmark

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA © Clear  Query subrange &

ATCTACTAGCTACGATCEA
Fom[
ol ]
Y

Or, upload file Escolher arquiva | Nenhum arquivo selecionado @
Job Title

Enter a descriptive fite for your BLAST search @
() Align two or more sequences &

Choose Search Set

Database Human genomic + transcript - Mouse genomic + transcript ® Others (nr etc.)

[Nucleotide collection (nrint) @
Organism
Optional [Enter organism name or id—completions will be sug c | U Exclude [+

Enter organism common name, binomial, or tax id. Only 20 fop taxa will be shown (g
E=1h [ Models (XM/XP) ) Uncultured/environmental sample sequences

ptional

Limit to [) Sequences from type material
Optional
Entrez Quer | YoulflB Create custom database
CuoE Enter an Entrez query to limit search @

Program Selection
Optimize for ® Highly similar sequences (megablast)
© More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly si

|- show resuits in a new window

Igorithm parameters
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Especificidade da reacao de PCR

Controle de amplificagdo interno (IAC), NTC e Controle de processamento +

T, = 0.3 x T,,(primer) + 0.7 T, (product) — 14.9

Inibidores, relagdo primer-template, diluicdo da amostra, “nested”

o,

Especificidade da reacao de PCR

Table 1 Conditions Favoring Enhanced Specificity

e e ——

- e—

Use hot start

Use TD PCR (favors enhanced specificily and yield)
Optimize primer design

Mg

dANTP (also favors higher fidelity)

Optimize pH

Tag DNA polymerase

Cycle segment lengths

Number of cycles

Annealing temperature

Inhibitors

Ramp speed

Chance that target temperature is achieved in each tube
Add and optimize enhancer(s)

Primer concentration

Primer degeneracy

Template denatration efliciency

Adjusling conditions in the direction opposite that listed above usually favors in-
creased sensitivity (i.e, more product) and the concomitant risk of nonspecific
amplification. The aim is to strike a balance between these two opposing tendencies.

t and | signify increase and decrease, respectively.

P e,
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Variacoes da técnica

Nested PCR

* @

* @&
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Real-Time PCR (qPCR)

* Sistema baseado na detec¢ido e quantificagio (ABSOLUTA e RELATIVA) de
DNA (e RNA) através de um sinal fluorescente

* Dados das amostras sao coletados em cada ciclo

.
*

PCR x Real-Time PCR

= Resultados por vezes subjetivos (bandas
muito fracas)

= Ndo automatizado - tempo

= Baixa precisao em ensaios quantitativos

= Contaminacdo {bremete}e por material
genético amplificado

17



Pipetagem

5 uL volume reagio, 18 replicatas

manual robotizado
Cy desvio padrao 0,64 C; desvio padrao 0,12
o,
7\
Equipamentos

= Sistema optico
= Termociclador
= Hardware

=  Software

18
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Equipamentos y
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(‘\ Detection Filters
PEEZ !

Fy
i}/"”fl’
~

PMT
Detectfor

Tubes in Rofor

Spin Past Opfics LED Light

Source
Assemnbly

Rotor-Gene 6000

PCR - Fases

FPlatean

Linear

Vardable yleld

: Dobro do produto é acumulado em cada ciclo (eficiéncia da reacdo ~100%).

Reacdo especifica e precisa.
=Linear: Alta variabilidade (consumo dos componentes da reagio).

=Platd: Deteccdo por gel para os métodos tradicionais. Produtos nido sdo mais produzidos e

comecam ser degradados.

2

% @
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PCR - Fases

PCR convencional

Curva de amplificagdo do Real-Time PCR

10 Eoms: -
Cycle 510 1520 25 30 45 o1
T Agarose Gel Ty
om]
08 \ T~ i
Ethidium-Gel e
detection g e
3) & ooad
Home-
E 5 firerel
€ amz]
0.4 on]
e
-
UW:

02 o002 ]
I - i -
0 10 30 40 o L
Cycle Number 0 L R T T U T T T R

H H

7

Deteccao ¢

E X

Sample
ARn
=
&
Threshold
T =TT LT E T ettt
No Template Control
[Baseine
15 20 5 5 :

Cy Cycle

- No ponto Ct a fluorescéncia aumenta acima da linha basal, de forma exponencial.

- As amostras mais concentradas (maior nimero de templates iniciais) mostram valores

menores de Ct
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Fluorescence (norm)
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SYBR - Green

Corante que se intercala na dupla fita de DNA

ﬁ fitas duplas —— ﬁ proporcinal da intensidade de fluorescéncia

« Ligacdo ndo especifica
» Necessidade da curva de melting

« Sinal forte com amplifica¢cdes longas

Primer dimer

——— —————

22



SYBR - Green

N
&

w
e S

g
.
¥

Fluorescence
NN oW
o
"
"

/

1![

~
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Temperature

Fig. 6. Melting curve analysis. Dye fluorescence drops rapidly when the DNA melts. The melting point is
defined as the inflection point of the melting curve, which is casiest determined as the maximum in the
negative Ist derivative of the melting curve. The amplicon produced from the targeted product is typically
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65

70 75 80 85

Temperature

longer and melts at higher temperature than the primer-dimers.

90

95

* @

Fluoroforos

Quenchers: TAMRA, NFQ

Reporters: FAM e VIC
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TagMan®

caaa::

ATm da probe (sonda) deve ser
10°C acima da Tm do primer

A sonda nao pode ser muito longa

E se ela é curta aTm € baixa...
a solugao pode ser MGB.

Produtos < 150 bp

MGB-ODN1: 5'-GTAARGTAGACATAAC
C(MGBIN
complement: 3 '-ARAGACATTCATCTGIATIGARA
o 3
e opoy
R Rak
Oi AN
NN b
N 8 G ¥ H
el ~ b
1D
g

MGB =3 DPI; and N-terminal linker

ks

Sugestao de leitura

&{e‘\\\\\\\\\\\\’\/\\}\\Y\‘\\\-

Real-time PCR handbook




RFLP

et Microbiol. 2011 Sep 29. [Epub ahead of prini]

Recent spreading of a divergent canine parvovirus type 2a (CPV-2a) strain in a CPV-2c
homogenous population.

Seccion Genética Evolutiva, Instituto de Biologia, Facultad de Ciencias, Universidad de la Replblica, Igua 4225, 11400 Montevideo, Uruguay.

Abstract
Canine parvovirus type 2 (CPV-2), which causes acute hemarrhagic enteritis in dogs, is comprised of three antigenicvariants (2a,
2b, and 2c)that are distributed worldwide with different frequencies. Variant prevalence was analyzed in 150 CPV-2-positive
samples collected from the Uruguayan dog population in 2007-2010. Samples were analyzed with polymerase chain reaction,
and sequencing of the coding region for the largest and mostvariable loop of the VP2
capsid protein. CPV-2c was the only strain detected from 2007 to 2009. Uruguayan CPV-2c showed high homogeneity in both
nuclectide and amino acid sequences, indicating a low level of genetic variability. In 2010, an unexpected epidemiological change
occurred in Uruguay as a consequence ofthe appearance of a novel CPV-2a strain. This variant rapidly spread through the
Uruguayan dog population and was detected in 20 of the 52 cases (38%) analyzed in 2010. CPV-2a sequences were identical in
allfield viruses analyzed, and in addition to the characteristic 426Asn residue, the sequences showed amino acid substitutions
(267 Tyr, 324lle, and 440Ala) not observed in the Uruguayan CPV-2c. These data and the first detection in April 2010 suggest that
the CPV-2avariant recently emerged in Uruguay and underwent clonal expansion. This observation is the first case in which a
CPV-2avariant increased its frequency in a dog population where CPV-2c was prevalent. Our results emphasize the dynamic
changes in CPV variants and highlight the importance of ongoing surveillance programs to provide a better understanding of virus
epidemiology.

RFLP

= Restriction Fragment Lenght Polymorphism

= Polimorfismo do tamanho de fragmento de restrigao

b |

EcoR1 AONA | Juss ko
\TTC G AATTC l FcoR! digestion
E—
CTT CTTAA G i
o —————
BamHI1 s B
ATCC > G GATCC 5.7 kb E
CCTA CCTAG G 5.6kb E
9w 4
HindII1 ok B9
GCTE TE e ARG Gel electrophoresis
TTCG TTCGA A
—
-
=
|
=
=
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RFLP

EcoR1

GRATTC > G
CTTAAG CTTAA
BamHI

GGATCC . G
CCTAG CCTAG
HindIII

AAGCTT
TTCG

origem microbiana > defesa contra fagos

—» A
TTCGA

AATTC

GATCC

AGCTT
A

)

+ 4 . ' '

A DNA | J48.5 kb
l FooRl digestion
21.2 kb | ]
sov [
ok [
l Gel electrophoresis
==
]
—
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—
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