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PCR — Reacdo em cadeia da polimerase
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Breve Historico

e 1952 — James Watson & Francis Crick
* Modelo da molécula de DNA
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Breve Historico

No. 4358 April 25, 1953 NATURE 737

equi[)!m.-ut. and to Dr. G, E. R. Deacon and the  is o residue on each chain every 3-4 A, in the z-divec-
captain and officers of R.R.S. Discovery II for their tion. We have assumed an angle of 36° between
part in making the observations. adjavent residues in the same chain, so that the
lYol[(r&!":'. B, Gerrard, H., and Jevons, W., Phil. Mag., 40, 149 x_;t-rul.;_ture;:p;atsﬁﬁe:‘i_lo meaiclun;s o ;:ach chain, that
N . . . 18, ofter . e distance of s phosphorua atom
T iy, A 8. Mon. Not. Buy. Astro. Soc.. Geophus. SYPP fyom the fibre axis is 10 A, As the ';hogh'hums are on
¥ Von_Arx, W, 8., Woods Hole Papers in Phys. Doearca. Meteor, 11 the outside, eations have essy access to them.

13) (19540). The structuro is sn open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt 2o that the structure eould
become more eompact.,

The novel feature of the structure is the manner

MOLECULAR STRUCTURE OF . in whieh the two chains ave held together by the

purine and pyrimidine bases, The planes of the bases
NUCLEIC ACIDS are pﬁqmmliculur to the fibre axial. They are joined

. . - 1 ther in pairs, a single base from one chain bei
A Structure for Deoxyribose Mucleic Acid }mgm_bm&d to :giaingln base from the ntllfleﬁ
E wish to suggest a structure for the salt chain, so that the two lie side by side with identical
of deoxyribose nucleic acid (D.N.A.), This 2-co-ordinates. One of the pair must be s purine and
airucture has novel features which are of considerable  the othor & pyrimidine for bonding to ocour. The
biological interest. I.aydmgnnlbo_r!qs are made as follows : purine position

*Ekman, V. W.. drkio. Maf. detron. Fyeil, {Stockholm), § (11} (1905).
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Breve Historico

* O DNA é uma hélice dupla
composta por duas cadeias
complementares que giram para a
direita em direcdes opostas.

* As cadeias estdo compostas por
milhoes de nucleotideos.
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Conceito
— Nucleotideos
Fosfato + Desoxirribose + Base Nitrogenada

Base
(pirimidina)
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Conceito

— Bases Puricas: Ae G
— Bases Pirimidicas: Te C

1

Adenina  Timina

Guanina Citosina
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Conceito

la de aglicar
rribose

molécula ! jo molécul
de fosfato bases de nitrogénio i
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— Ligagdes de Hidrogénio
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Breve Historico

* 1962 — Watson, Crick e Maurice Wilkins
Prémio Nobel de Medicina

Y hum

Francis Harry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins
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Breve Historico

Rosalind Franklin
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Breve Historico

* Rosalind Franklin morreu de cancer em 1958 aos 37
anos, possivelmente como resultado da exposi¢cao ao
Raio-X usado nas suas pesquisas.

b

Curso de aperfeig triagem |

0 Poder g

ial e controle de qualidade em sangue, tecidos, células e 6rgéos

Curso de aperfeicoamento: triagem laboratorial e controle de qualidade em sangue, tecidos, células e érgéos

 radiance

DNA

global antiaging
solution
by mesoestetic’




Curso de aperfei

triagem

ial e controle de qualidade em sangue, tecidos, células e 6rgdos

Curso de aperfei¢ iag a torial e controle de qualidade em sangue, tecidos, células e drgdos

Curso de aperfeig

ial e controle de qualidade em sangue, tecidos, células e 6rgéos

DNA: Tranklin, Crief 6 Walsun
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* Video DNA
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Breve Historico

* 1969 —T. Brock e H. Freeze— Thermus aquaticus —
sobrevive na agua a temperatura média de 759C

Bomsar w Dcmmuor, h. 8,1 2550 RS
Coppige 169 Aericss Society fer Microbsiegy Prewie VAL

Thermus aquaticus gev. n. and sp. n., a Non-
sporulating Extreme Thermophile

THOMAS D, BROCK w0 HUDSON FREEZE
Digerwentof Micrabivlogy, ledons Lnersty, Blowwsingion, I 47401
Reeived ox puliiceticn 15 Jeauary 969

The iolation of & acor thermeghilc bicteriam, Therwer systiowr gea. 0. and
5. 1, is described. Suceessfl evcichmen: reguires mcubetion & 10 0 5 C, and
the ws2 of autriat media relecively dilute with respect 89 the organi; conponests,
Strains of T agassioes have been isclsted from 2 variety of thermal speings i Yel-
Jowstane Natiooal Park sad from 1 therral sprieg in Califersia. The orgarsm
R 5o bees isoksted from man-made thermal dabitats, such as het tap waler, in
pographical locatiors geite distant from themal sprsgs. [solates of 7. agsaticss
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Breve Historico

e 1971- Professor Har
Gobind Khorana

Professor Har Gobind Khorana
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Breve Historico

J. Mok, Riak. (1971) 36, 341-381
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Conceito

— Primers, sequéncia de aproximadamente 15 a 25
nucleotideos.
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Conceito

— Os primers definem o alvo que se deseja amplificar.

TACGCCCGATCTCGTCCGATCTCGGAAGCTAAGCAGGCTCAGGCGTGGTTAGTACTTGGATGGGAGA
CCGCCTGGGAATACCAGGTGCCGTAGGCTTTTGCTGCTGCTECTGCTGCTCCTCTEGAACAGATGTCCC

CGCAGTAGGAGCTGCTCTCTTCTTTTCAGTCCGCCTCTGACATAGACTCTCGGCACTGCGCTTCTCAC

ATCAGCCCAGAAACGCAAGCACCCTGCTCCTGCTGTCAAGGCACAGGAATACAAGAATGTGCT G
GTGGGCATCCTAGTGCTGCAAGTGCTTCCTCCATACCGCCGCGCTTCGCCACTCGCCTACTGCCGCCGE
ATCTCCCTCAGTCTCAGCCAGGCAGCAAGATGCAAGGGGCTCAAGCGTTCTTGCGCCTCTCTTCTECE
CCTTGCGCAAACCGTCCATTCTCAGTTGAGGCTTACCTTTGCCTTCTGAGCAGGCATCAGCAAAGGCG
GCAGCTGCTTCCTECE6CCAGCEEGCTEECCEAGTAGCCTCTEATEECTGAGACTGAGCAGCCTGTAT
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Conceito

— Os primers definem o alvo que se deseja amplificar.

TACGCCCGATCTCGTCCGATCTCGGAAGCTAAGCAGGCTCAGGCGTGGTTAGTACTTGGATGGGAGA
CCGCCTGGGAATACCAGGTGCCGTAGGC GCTGCTGCTGCTGCTEGCTCCTCTGAACAGATGTCCC
CGCAGTAGGAGCTGCTCTCTTCTTTTCAGTCCGCCTCTGACATAGACTCTCGGCACTGCGCTTCTCAC
ATCAGCCCAGAAACGCAAGCACCCTGCTCCTGCTGTCAAGGCACAGGAATACAAGAATGTGCTTTTG
GTGGGCATCCTAGTGCTGCAAGTGCTTCCTCCATACCGCCGCGCTTCGCCACTCGCCTACTGCCGCCGE
ATCTCCCTCAGTCTCAGCCAGGCAGCAAGATGCAAGGGGCTCAAGCGTTCTTGCGCCTCTCTTCTGCG
CCTTGCGCAAACCGTCCATTCTCAGTTGAGGCTTACCTTTGCCTTCTGAGCAGGCATCAGCAAAGGCG
GCAGCTGCTTCCTECG6CCAGCEE6CTEECC6AGTAGCCTCTGATEGCTCGAGACTGAGCAGCCTGTAT
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Conceito

— Os primers definem o alvo que se deseja amplificar.

TACGCCCGATCTCGTCCGATCTCGGAAGCTAAGCAGGCTCAGGCGTGGTTAGTACTTGGATGGGAGA
CCGCCTGEEAATACCAGGTGCCGTAGGCTTTTGCTGCTGCTGCTGCTGCTCCTCTGAACAGATGTCCC
CGCAGTAGGAGCTGCTCTCTTCTTTTCAGTCCGCCTCTGACATAGACTCTCGGCACTGCGCTTCTCAC
ATCAGCCCAGAAACGCAAGCACCCTGCTCCTGCTGTCAAGGCACAGGAATACAAGAATGTGCTTTTG
GTGGGCATCCTAGTGCTGCAAGTGCTTCCTCCATACCGCCGCGCTTCGCCACTCGCCTACTGCCGCCGE
ATCTCCCTCAGTCTCAGCCAGGCAGCAAGATGCAAGGGGCTCAAGCGTTCTTGCGCCTCTCTTCTECG
CCTTGCGCAAACCGTCCATTCTCAGTTGAGGCTTACCTTTGCCTTCTGAGCAGGCATCAGCAAAGGCG
GCAGCTGCTTCCTGC66CCAGCGEECTEECC6AGTAGCCTCTGATEGCTCGAGACTGAGCAGCCTGTAT
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Conceito

— Os primers definem o alvo que se deseja amplificar.

TACGCCCGATCTCETCCGATCTCG6AAGCTAAGCAGGCTCAGGCGTGEGTTAGTACTTGGATGEGAGA
CCGCCTGGEAATACCAGGTGCCGTAGGC GCTGCTGCTGCTGCTGCTCCTCTGAACAGATGTCCC
CGCAGTAGGAGCTGCTCTCTTCTTTTCAGTCCGCCTCTGACATAGACTCTCGGCACTGCGCTTCTCAC
ATCAGCCCAGAAACGCAAGCACCCTGCTCCTGCTGTCAAGGCACAGGAATACAAGAATGTGCTTTTG
GTGGGCATCCTAGTGCTGCAAGTGCTTCCTCCATACCGCCGCGCTTCGCCACTCGCCTACTGCCGCCGE
ATCTCCCTCAGTCTCAGCCAGGCAGCAAGATGCAAGGGGCTCAAGCGTTCTTGCGCCTCTCTTCTGCG
CCTTGCGCAAACCGTCCATTCTCAGTTGAGGCTTACCTTTGCCTTCTGAGCAGGCATCAGCAAAGGCG
GCAGCTGCTTCCTGCE6CCAGCEE6CTEECCEAGTAGCCTCTGATEECTCGAGACTGAGCAGCCTGTAT




Curso de aperfei triagem lab ial e controle de qualidade em sangue, tecidos, células e drgéos

* O genoma humano tem cerca decg%ﬂfq\cl)gsagee
pares de base de comprimentos . Cada par de
base tem 3,4x107-10 m de comprimento (3,4
Angstrom). Portanto, cada célula terd cerca de 2
m de DNA.

* Multiplicando pelo numero de células do corpo
humano (1x10713), obtemos o valor de 2x10710
km. Dividindo pelo dobro da distancia ao Sol (ida
e volta), concluimos que temos DNA suficiente
para ir e vir ao Sol... 66,8 vezes.

Curso de aperfeicoamento: triagem laboratorial e controle de qualidade em sangue, tecidos, células e 6rgéos

Curso de aperfeicoamento: triagem laboratorial e controle de qualidade em sangue, tecidos, células e 6rgéos

* Alvos gendmicos no HIV, HCV e HBV

* HIV Integrase — HCV 5’UTR - Proteina S

- Regibes gendmicas mais conservadas com cerca de 100pb;

* - Menor risco de perda de sensibilidade devido a variantes
virais (gendtipos e subtipos);
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Breve Historico

* 1976- Taq DNA polimerase termoestavel é
isoldada da bactéria Thermus aquaticus.

Joons, or Bactexioiocr, Sept. 145, p. 1561557 Vo1 Ne 3
Copyright €145 American Sucety e Microlilogy Prinedin USA.

Deoxyribonucleic Acid Polymerase from the Extreme
Thermophile Thermus aquaticus

ALICE CHIEN, DAVID B. EDGAR, Axo JORN M. TRELA*
Degartmen of Biokgial Sciences, Uniersity o Cincinna, Cincinnat, Ohio 65221

Received for publiction 12 Aprl 1976

A stable deonyrbonudeic aid (DNA) olymerase (EC 2717 with  empers-
tureoptimun of §FC has b purifedfrom t thermaphile Thermus
aquatcus. The enzyme s free from phosphomonoesteras, phesphodieteras,
and singlestrandsd exonuelase activites. Maximal actvity of the enayme
rennivs. ll e Aasrurshomnalantides and artvatad ralf thimue INA An
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Yellowstone National Park
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Breve Historico
* 1985 - Kary B. Mullis — Sugeriu a utilizacao da Taq
DNA polimerase termoestavel para PCR.
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Kary Mullls
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Breve Historico

AESEARCH ARTICLE

AnAamar

Enzymatic Amplification of B-Globin
G ic Seq and Restriction Site
Analysis for Diagnosis of Sickle Cell Anemia

Randall K. Saiki. Stepbcn Schasf, Fred Faloona. Kary B. Mullis
Gican T. Horn, Henry A. Erlich. Norman Amheim

Rec 'vances in recombinant DNA This disease results rom homozy Bty

@moﬂ;:;dmn m::‘ possble the mo- of the wckiecell allelc B a the B-
analysis and dingnosis of  globin

i i e el S o madivrs e )y e
DNA obtained by aminoceatesis or cho- :
dlonic villus sampling can be analyzed by the second position of the sixth codon
resiniction enzymc digestion. with subse- the § chain gene. resulting in the replace-
quent electrophoresis. Southerm !
fer. and specific hybridization to dloned  expressed protein
.-l\nor ofigonucicotide probos. With nosis of sickie cell anemsa. DNA ob-

Abstract. Two mew methods were wsed 1o establish a rapid and kighly sensitive
prenatal diagnostic test for sickle cell The first the pe

specific nvtu DNA,

in the .000 time3) of target DNA copies. Im the
hmique . pres. M = alﬂ l-: = qun-uu‘ by restriction
second rec the ot of the B o -

probe
solution 10 the ampified n—mﬁn sequences. The B‘lobv! gemorype con be

determined im ilere than | day on samples coniaining significandy less than 1
microgram of genomic DNA.

1950 1960 1970 1980

1990 2000 2010

N
1 |




Curso de aperfei triagem lab ial e controle de qualidade em sangue, tecidos, células e drgéos

Breve Historico
e 1993 — Prémio Nobel em Quimica
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Curiosidade
* 1993- Michael Crichton — Jurassic Park

JURASSIC PARK

Photo
L. Faick
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Componentes da PCR
* A PCR requer 6 Componentes essenciais:

1) DNA molde (Amostra/Sample/Template)

DNA segment
of interest  _

DNA/

sample
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Componentes da PCR

Extragéo conjunta de DNA (HBV) e RNA (HIV/HCV)
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Componentes da PCR
* APCRrequer 6 Componentes essenciais:

2) Iniciadores/Primers

ar 5
TCAOCTGAAZAGAT €4— Primer

GATGEACTEATTACCGATGACTGSACITTICIS €—Templale
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Componentes da PCR
|

WIT NAT
MIV/HCV
B Mangunhos
INICIADORE $
-30°C a -15°C

0
Y
o
¢ o
> 0
g
O
: Z

5 3
3 5
TGAOCTGRAAAGAT . =
PR . tiiziic 4—ANnealng
GAIGRACIGATTACCGAT GAL CITTICIC =
5" 3
1 par para HIV 1 par para HBV
1 par para HCV 1 par para PC
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Componentes da PCR
* Primer

— Comprimento de 15 — 25 nucleétidos;

— Os dois primers devem ter temperatura de fusdo(Tm)
préxima

Tm = 2(A+T) + 4(C+G)

— A temperatura de anelamento é aproximadamenteTm-52C

e

r ]

Y, e
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Componentes da PCR

* Exemplo
CTA GCT ACATGG ACT CCC

A+T=08X2=16
C+G=10X4=40

Tm= 56°¢ /ﬁ\
Tanelamento = 51° b @ o il I ~‘

Y, -y
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Componentes da PCR
* APCRrequer 6 Componentes essenciais:

3) DNA Polimerase termoestavel (Taq)
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Componentes da PCR
* APCRrequer 6 Componentes essenciais:

4) dNTP (Desoxinucleotideos Trifosfatos)
ATP, TTP, CTP e GTP

aNTR
VoW = =
» & b e fal
= HaANTRP
= Y *l
T —
;:;1 o W bieded
= UELE]
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Componentes da PCR
* A PCRrequer 6 Componentes essenciais:

5) MgCl,

Fornece ions Mg2* que sdo cofatores indispensaveis para o
funcionamento da Tagq.

Aumenta a interacdo do DNA template com o primer
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Componentes da PCR
* A PCR requer 6 Componentes essenciais:

6) Tampao
Mantém o pH 6timo para a atividade enzimatica.
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Componentes da PCR

Taq Dna polimerase
DNTP

MgCl,

* Tampao
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Termocicladores

PAY4
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Etapas da Reacao de PCR

1) Desnaturacao
2) Anelamento
3) Extensdo
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Etapas da Reagao de PCR

1) Desnaturacao

- Separacdo das duas cadeias de DNA por acdo do calor

92-94°C

- As ligacdes de hidrogénio entre nucleotideos de cada cadeia sao
guebradas
- Originam-se duas cadeias simples de DNA
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Etapas da Reacao de PCR

2) Anelamento

- Os primers ligam-se especificamente ao DNA

seqiigncia AlVO
mﬂii i i i E E EE I‘E

primer 1

T = Tm-5¢

primer 2

- No local de hibridizacdo forma-se um pequeno fragmento de
cadeia dupla

- A partir destes a polimerase comeca a sintese das duas
novas cadeias

Anelamento
(" das lprimers
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Etapas da Reacao de PCR

3) Extensao
- Sintese de uma nova cadeia

. # T = Tétima Taq

A polimerase procede a elongacao da nova cadeia por adicao
dos nucleotideos disponiveis no mix
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Etapas da Reacao de PCR

Ciclo 01 Ciclo 02...
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Etapas da Reacao de PCR

< MakeAGIF.com
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Etapas da Reacao de PCR
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Etapas da Reacao de PCR

* Video PCR

http://backboneanimation.com/
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Analise do Produto de PCR

* Gel de Agarose

Cool to 65°C, and
pour into mold

Comb ta
make wells

Finished gel ells

Microwawve
to bail

Mix agarose
and buffer
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~ Andlise do Produto de PCR
* Video PCR

* PCR convencional
— Eletroforese em gel de Agarose ou Acrilamida
— Analise do prodgto é feita “in vitro”.

@

DNA molecules of
different lengths
separate, the
shortest moving
i farthest
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Analise do Produto de PCR

* Video Eletroforese

http://backboneanimation.com/
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Analise do Produto de PCR

Uso de sondas marcadas que enviam sinal
fluorescente diretamente para um software onde
a analise é realizada em tempo real.

e {;}, i #
mmm;

b
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Analise do Produto de PCR

HIV HBV
Hev PC
PC
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FRANK & ERNEST Thaves

__ E CHATO SER UMA
MOLECULA DE DNA/
A GENTE TEM QUE
LEMBRAR DE
TANTA COISA !/
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— Contatos
milena.oliveira@hemominas.mg.gov.br
nat@hemominas.mg.gov.br

(31) 3768-4695 ou 3768-4697
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