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Friedrich Miescher
Isolou o0 “DNA” pela primeira
vez (nucleina).
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1928 - Fredrick Griffith

Principio Transformante

. Oswald Theodore Avery

O DNA carregava a informacao genética.

1944
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Erwin Chargaff
A relacao de bases A=T e C=G é
constante em DNA das mais

variadas espécies.




L. Pauling

Conceito de alfa Hélice (Proteinas) e da
natureza das ligacées quimicas. A ponte
de hidrogénio tem 3% da forca da ligacao
covalente

Rosalin Franklin e Maurice Wilkins
Hélice com periodicidade regular de 3,4 Ae 34 A

Difracdo de Raios-X
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Hershey-Chase
Confirmacao de que O DNA
carregava a informacao genética.

Watson e Crick
Estrutura molecular do DNA

wo.asse April 25, 1953
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid
E wish to suggest a structure for

the salt
of deoxyribose nucleic acid (D. N.A.) This
structure has novel features which are

NATURE 737

is a residue on each chain every 3-4 A. in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residucs in the same chain, so thet the

one, and its water content
is rather high. Ano-uwnmoomnuwewu!d
expoot the bases to tilt so that the structure could
heoomemmoompooo

The novel feature of the struoture is the manner
in which the two chains are held togsther by the
‘purine and pyrimidine bases. The planes of the bases

biological interest.

A structure for nm!am acid has llmdy ‘been
proposed by Pauli
their manuseript wm]sbh to us m advance ,of
publioation. Their model consists of three inter-
twined ohains, with the phosphates near the ﬁhre

ni:,ndthabuauonthpoumdo In our opinion, figurati
this_structure is bases

unsatigfactory for two reasons :
(1) We beliove that the material whioh gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the

nogatively ‘charged phosphates noar the axis will the other member

repel each other. (2) Some of the van der Waals
distances ap] to be too small.-

Anpthnrt ~chain structure has also been sug-
gostod by Fraser (in the pross). Tn hia model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as desoribed is rather ill-defined, and for

this reason we shall not comment
on it.
‘We wish to put forward a
redically different structure for
thadnla of deoxyribose nucleic

Ifnunumned that the bases only ocour in

Ienpmmumpo-ibl.'wbumah-m
with & ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close & van
der Waals contact,

The previously published x-ny dm.uond.oxy
ribose nuoleic acid are insufficient for a rigorous test

of our structure. So far as we can tell, it is

ester -groupe joining B-D-deoxy-
ribofuranceo_residues with 3,5

berg‘l'modelNol that is,

;\ the bases are on the inside of

the helix and the phosphates on

Ths fgus s puly  tho outside. Tho configuration
m»m of the sugar and the atoms
Phosphate—sugsr - near it is close to Furberg's

‘and to
'rods the paim of  ‘standard configuration’, the
perpendi-

He marks the fibre axis mwm.mmm. There

i the cxperimental dur, bos 5y roaes
be regarded as unproved until it has been checked
i ‘results.

Tt has not escaped our motioo that the specific
peiring we have postulated i ‘suggests &
poasible copying mechaniam for the genstio material.

Full deteils of the structure, inoluding the con-
ditions assumed in building it, with & sot
of co-ordinates for the atoms, will be published
elsowhere.

‘We are much indebted to Dr. JuﬂyDonnlmofar
oconstant advice and eritioism,

results 3
Wilkins, Dr. R. E. ankmlndthmoo—wm‘hnlt




Matthew Meselson e Franklin W. Stahl

Modelo de replicacao do DNA semiconservativa.

Marmur e Doty
Renaturacao de DNA

Native (double helix) i

Denatured
(random coil)
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Ig. 3. A tentative classification for the present day. BSolid arrows show

general transfers; arrows show nsfers. in, the
abeent arrows are the Mtbgm.mm mm.llpodoed by t Aueentm
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Dogma Central da Biologia Molecular

Watson e Crick
Postulado em 1958
Publicado em 1970

Central Dogma of Molecular Biology

by Th
e central dogma of molecular blology deals with the detailed
FRANCIS CRICK residue-by-residue transfer of sequential information. It states
=|ac hbonloq of Molecular Blology, that such information cannot be transferred from protein to either
- s cp120H protein or nuclelc acid.
Iumwmmqw 1958 and the analogous to thymine in DNA, thus giving four standard
keystons of molecular % ever since, is likely to prove 3 symbols fortbsmmpmuolmmlog‘o:t‘d.
considerable over-simplificst The principal problem could then be statsd as thn
Tuis quotation is taken from the boginning of an unsigned  formulation of the goneral rules for information transfor
article! headed tnldn‘msm-onrd recounting the from one polymer with a defined alphabet to another
veryunportutvorko(mnm mnnd ‘This oould be com) by the of
A tumour virus can use viral RNA Fig. 1 (which was actually drawn at that time,
uuumplmtuDNA is. This is not the first AM not sure that it was aver publishad) in which all
time that the idea of the central dogma has beon mis- KN‘ lo transfors were roprosentsd by arrows.
in one way or another. In this article I arrows not.ofmmedlgjﬂw‘rdm:'t&

riginally 3 i 1
udmwwh) I think that, properly under- sequence information from one polymer molacule to

stood, it in still an idsa.
Tbecenluldngnnwupmtonud'u;puiodwhon Now if all possible transfors commonly ocourred it

much of what we now know in molecular genotics was not would have been almost impossible to. construct useful

ostablishod. All wo had to work on were cortain frag. Uwories. Nevertholews, such theories were part of our

mnwyomumwm‘lmwlmoﬁmnm everyday discussions. 'l'h-vubmﬁv-hh‘
uncertain and and & that tacitly assumed certain tranafers could not ocour.
tbohakempuhvolndmmhmnmpbmd It occurred to me that it would be wise to state these
probably much the same in all living things. preconceptions explicitly.

situstion woll constructod thourios can play & n.ny u-ml
p.r!. in stating probloms clearly and th. guiding oxperi.

'rnn two central which had been produced,
ongmnlly without any it nmd of tho simplifica-
tion beis ) ey
and of ol Noither of theso was

that a protein had & well defined three dimensional struc-
ture, nnd‘mhnt ite activity d.pendedlauunl‘ ly on
structure, it waa noossary to put the folding-up procees
on one side, and that, by and large, the -
peptide chain f iteelf up. This temporarily
axezmnlwvbhmhml nmmmwmow.
imensional one, It was nocessary to argue
that in spite of the misoell list of eids
found in proteins (as then given in all biochemical toxt-
books) some of them, such as phosphoserine, were socond -
ary modifications ; and tlist there was probably & universal
wdhmtymdwm In the same way
mﬂmmutothnndmmdh- ignored ;
uracil in RNA was

’ T (a) DNA-.DNA
DNA 1(3) DNA--RNA

I (¢) RNA-sProtain

I(d) RNA-+RNA
The last of theeo transfers was prosumed to ocour becaise
of the existence of RNA viruses.

RNA =———"PROTEIN forSh e e 4
‘were
Flg 1 arrawn show all the postibi simple trapefies betwsen the ﬂ(¢)~nNA—-DNL(uoﬂnnfcmoth'lhun‘lvwkl)

Ig. 1. The
thres families of _ ey rescesant, the fow IT () DNA—P .




1928 - Fredrick Griffith

Principio Transformante
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. “Fred Griffith discovers the phenomenon of transformation, in
| which some unknown “principle” transforms a harmless strain of

bacteria into a virulent one.”

1944 - Oswald Theodore Avery

O DNA carregava a informacao genética.

[
|

i‘ “Oswald Avery, Colin Macleod, and Maclyn McCarty prove that DNA,
| not protein, embodies the heredity material in most living organisms.”

! : -

1952 - Hershey-Chase Experiments

Confirmacao de que O DNA carregava a informacao genética.

||1 that DNA is the genetic material.”
L : - f

1958 - Matthew Meselson e Franklin W. Stahl

Modelo de replicacao do DNA semiconservativa.

‘l "Alfred Hershey and Martha Chase that helped to confirm
| that DNA is the genetic material.”

1 : i e




1928 - Fredrick Griffith

Principio Transformante

' | mouse lives
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.; o . ’ \[ ‘

(nonvirulent) 4 fy

smooth strain p '4 &

(virulent) [’

heat-killed

smooth strain ﬂ" ' 4
o

rough strain & v mouse dies

heat-kiled & 2%y

smooth strain @ ) Vi e @quw—;_

'»/.\‘ @/_,_. _.-/



1944 - Oswald Theodore Avery

O DNA carregava a informacéao genética.
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1952 - Hershey-Chase Experiments

Confirmacao de que O DNA carregava a informacao genética.




ultracentrifuge

+ Density .

1958 - Meselson e Stahl

Modelo de replicacao do DNA semiconservativa.

14 generations of growth

Semi-
conservative
Replication

Generation
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Time (min)
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DNA

Polimero de nucleotideos

Bases nitrogenadas

[ J
Purinas N, °
Cc® N’ C* N’
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Pentoses

Desoxirribose

Fosfato
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Polinucleotideos

Ligacao fosfodiéster <

Adenina Adenina
. . o
' a
—~Q—P —0—P=0 o—rl—o—P—o—p O H
0 — CH,
H H
Ligacao ou
fosfodiéster RNA Ig%/?\ o
\, O
(o) + F{ C) O-—P () —<f? /l\
o agua O—CH NH;
2
‘L NH
Guanina
| N/)\NHI + PZO6 H H H H
Pirofosfato OH (OH) ou (H)
inorganico RNA  DNA

OH ou@

RNA DNA







* O DNA contém dois polinucleotideos;
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e * As bases nitrogenadas estao posicio-
K nadas no interior da hélice;




5 3
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* As bases interagem atraves de pontes
de hidrogénio;




» Cada giro da hélice contéem 10 bases;
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* Os dois polinucleotideos tem sentidos
inversos ou anti-paralelo;




* O DNA possul dois sulcos diferentes;




* O DNA possui giro para a direita.



Z form

B form

A form



Wener Arber
Enzimas de restricao

DNA ligase

Martin Gellert

Boyer, Cohen e Berg

Clonagem génica

T C A G
T | TTT Phe F | TCT Ser S | TAT Tyr Y | TGT Cys C
TTC TCC TAC TGC
TTA Leu L | TCA TAA STOP | TGA STOP
TTG TCG TAG TGG Trp W
C | CTT Lew L | CCT Pro P | CAT His H | CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q | CGA
CTG CCG CAG CGG
A | ATT 1Ile I | ACT Thr T | AAT Asn N | AGT  Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA Arg R
: ATG Met M | ACG AAG AGG
Niremberg, Ochoa e Khorana G | GTT Val V | GCT Ala A | GAT Asp D | GGT Gly G
Elucidaram o c6digo genético GTC GCC GAC GGC
whas GTA GCA GAA Glu E | GGA
GTG GCG GAG GGG

23



T C A G
TIT Phe F | TCT Ser S | TAT Tyr Y | IGT Cys C
TTC TCC TAC TGC
TTA Leu L | TCA TAA STOP | TGA STOP
TTG TCG TAG TGG Trp W
CIT Lew L | CCT Pro P | CAT His H | CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q | CGA
CTG CCG CAG CGG
ATT Tle I | ACT Thr T | AAT Asn N | AGT Ser S
ATC ACC AAC = — - — f
ATA ACA AAA  Lys K Codon Usage in Homo sapiens ,
ATG Met M | ACG AAG J
GIT ~ Val VvV | GCT Ala A | GAT Asp D| ggy F 0.46 UCU S 0.19 UAU Y 0.44 TUGU C 0.46
g;i ggi giﬁ o, p| UUCFO0.54 TUCCSO0.22 UACY0.56 UGC C 0.54
s b GAG UUA L 0.08 UCA S 0.15 TUAA * 0.30 TUGA * 0.47
UUG L 0.13 UCG S 0.05 TUAG * 0.24 UGG W 1.00
CUU L 0.13 CCU P 0.29 CAUH 0.42 CGU R 0.08
CUC L 0.20 CCC P 0.32 CACH 0.58 CGC R 0.18
CUA L 0.07 CCA P O0.28 CAAQ0.27 CGARO0.11
CUG L 0.40 CCG P 0.11 CAGQ 0.73 CGG R 0.20
|
AUU I 0.36 ACUT 0.25 RAAU N 0.47 AGU S 0.15
AUC I 0.47 ACC T 0.36 AAC N 0.53 AGC S 0.24 |
. RUA I 0.17 ACAT 0.28 RARRK 0.43 2GRARO0.21 |
ﬂt AUG M 1.00 ACG T 0.11 AAG K 0.57 AGGR 0.21 |
GUU V 0.18 GCU A 0.27 GAUD 0.46 GGU G 0.16
| GUC V 0.24 GCC A 0.40 GACD 0.54 GGC G 0.34
GUAV 0.12 GCA A 0.23 GAAE 0.42 GGA G 0.25
GUG V 0.46 GCG A 0.11 GAGE 0.58 GGG G 0.25
[Ccdon/a.a./fraction per codon per a.a.]
Homc sapiens data from the Codon Usage Database




Phillip Sharp

Genes de eucariotos sao
interrompidos

Kary Mullis

Reacao em cadeia da polimerase (PCR)

1986

The Human Genome Initiative, later called the Human Genome
Project, is announced. The goal is to sequence the entire human
genome and provide a complete catalog of every human gene.

OPPA-0=O—=40>>0

[
b 1984
'-: Alec Jeffreys develops “genetic fingerprinting” a molecular
Frederick Sanger e Walter Gilbert :: biological analog of traditional fingerprinting for identifying
Sequenciamento do DNA o individuals by analyzing polymorphic sequences in the DNA.
il e - il
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Leroy Hood
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Lancado o Projeto Genoma Humano (HGP)

Esforco de 15 anos coordenado pelo “Department of Energy — DOE” e
pelo “National Institutes of Health — NIH” dos USA para o seqlienciamento
completo do genoma humano.

Francis Collins
Diretor do “National Human Genome Research Institute”

15 Februtary 2001

Craig Venter

Co-fundador da “Celera Genomics Corporation”

A Averican Associario

X4



Autossomica

Ligada ao sexo




