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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid
E wish to su a x\rutlmﬁ for the :}L!E

1ggs
T Gemxyrihae. muclete. aoid ). This
ure has novel features which aro of conmidernbl

A struoture for mmeleie ooid has aiready been
proposod by Pauling and Corey!. They kindly made
their manuseript aveilable (o us in advanee of
publication. Their model consists of throe inter-
twined chains, the phosphates near the fibre
aoxi, arud the bases on the outside. In cur opinion
this_structure s unsatisfastory for two rensons
(1) Wa bolieve that the material which givea the
X.ray disgroms iz the salt, not the free a0 ithout
tho acidie hydrogen atoms it i not closr whis, forges
woull hold the atructure togather, especially s the
negutively chirged phmpn,ua, newr the axis will
repel ench ot 2) Some of the van der Waals
distances sppear to ba ton amall.

Another three-ohain strusture has also been sug
gostod by Frasor (in the press). Tn his model the
Phomphales aro on U outsids and o booes on, the
insida, linked togatl rogen bonds.  This
strugtars s desnborl I athor (defined, and for
this resson we shall not oo
o it.

Wa wish to put forward a
redically different strustur for
the salt of deoxyribose nueleio

i
the sam s (sce dingrem). We
hova made the usml chemical
assumptions, namely, that each
clhmin consista of phosphate di-
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Estrutura e Funcio dos Acidos
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s & residuo on each chain every 54 A in the zdirce
tion. We hove sssumed an angle of 36° between
ndjncent residuse in the samo ohain, 5o that the
structure repests aficr 10 residues on each chain, thst
ia, after 34 A. The distance of a phosphorns atom
from the fibre axis is 10 A, As the phosphates are on
the outside, cationz have easy pss 0 tham,

The structure is an open one, and its water content
ia rather high r water conftents we would
oxpoat the bases to tilt so that the structure could
become more compact

The novel fasturo of the strusturs is the mamner
in which the two_chains are held together by the
prarine and pyrimidine bases, The planes of the bases
aro porpendiealar to the fibre axia. They are joined
together in peirs, e from ono ehain boing
hydrogen-bonded to a single base from the other
ehain, 50 that the twa lis side by sids with identicnl
rdinates. Ous of tho pair must ba & purine and
the other a pyrimidine for bending to eour. The
hydrogon bonds are made os fallows : purine position
1 to pyrimidine position 1; purine position § to
idine position. 6.

assumed that the bases only oo in the
struoture in the most pleusible teutemeria fo
(that is, with the keto rather than the emol con
figurations) it ia found that onky »qlenﬂc peirs of
basss can bond togsther. a0 adenine
(purinel with thymino {pyrimi m-‘ and gusnine

rine) with g (pyrimidi
In #thar words, if an adenine forms one member of
® pair, on cither chain, then on thess assumptions
the other member muat be thymine: similarly for
v:nfmmw and oytosine, The scquence of bases on a
chain |]H|:ra rot ppear o ba resiricted in any
wny Horwow speciflo pairs of bases can be
formmed, Tt Follows hat IF the segquenes of haces on
ane chiin & given, then the sequenes on the other
chain i3 automatically detarmin,

Tt bns boon found experimentally™ that the ratio
of the smounts of adenine to thymine, and the
of guanine 1o cytosine, are slways very elose to unity
for deoxyribose nucleic acid

It is probably impossible to build this structure
with o tibose sugar in placs of the desxyriboss, as
the extra oxygen atom woukd malke too close & van
der Waals contact,

T ly published X-ray data®s on decxy-
ribose nueloio arn insufficient for a rigoroua test
of pur stracture, So far aa we ean tell, it s roughly

200

The two chains (but
bases) are related by a

dysd pe

axis. Both ehains fall
handod helices, but owing t
the dyad the seduences of the
atome in the two chains run
in opposite directions.  Bach
chain loosaly ressmbles Fur
borg'st model No. 1; that is,
the bases aro on ik o of
the helix and the phosphates on
This furs &5 pu tho nutside.  The eonfiguration
of the sugar snd the atoms
near it iz close to Furbergs
standard oonfiguration’, the
gar being roughly porpendi-
r to the attachod base, There

Do regarded aa unproved until it has been checked
againat more exact results, Some of thess are given
in the following communications, We wers not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
antirely on published exporimental dats and stereo-
chomical arguments,

T6 has not esgapod our netic that the specific
pairing we have poatulsted mimediately suggests
possible copying lnrchﬂnmm for the genetic sl

Full details of the at ro, including the mn
dwmu.« assumed in b m.ng it, togathar with B sot

eo-ordinabes for the wtoms, will be published
ﬂlmwlw‘m

Wa are mmech indebted to De. Jerey Donokus f
conatent sdvice and critiolm, capocilly on int
atomic distances. We have also been stimulated by
a knowledgn of the general nature ut the lmpnl.vhshed
cxporimontal_rosults and idsas . A
‘Wilkins, Dr. R. E. Franklin sad !Lmr L
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DNA como material genético

Bactéria patogénica lisa

Cepa s .
P causadora de pneumonia

l MUTACAQ AOQ ACASO

Cepa R Bactéria mutante

Células da cepa S

%

FRACIONAMENTO DO EXTRATO LIVRE
DE CELULAS EM CLASSES DE MOLECULAS

PURIFICADAS

rugosa ndo patogénica 1

Células da cepa R vivas sao RNA
cultivadas na presenca de I
células da cepa S inativadas

pelo calor ou com extratos livres
de células da cepa s

TRANSFORMACAO

\
Algumas células da cepa
‘ ' R sdo transformadas em
células da cepa S cujas
células-filhas sdo patogénicas

e Causam pneumon ia

Fred Griftith 1929

Cepa
Cepa S R

CONCLUSAQ: as moléculas que
podem transmitir as informacdes
hereditéarias estdo presentes nas
células da cepa S.

()

oo

Proteina DNA Lipideos Carboidratos

Moléculas testadas para a transformacdo das células da cepa R

Cepa Cepa Cepa Cepa
R 5 R R

CONCLUSAO: a molécula que
carrega a informacdo hereditéria
& 0 DNA.

(B)
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Oswald Avery
Colin McLeod
Maclyn McCarty
1944
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DOGMA CENTRAL DA BIOLOGIA

A informacao genética, armazenada nos cromossomos, ¢ transferida
as c¢lulas filhas através da replicacao do DNA, sendo expressa
através da transcricdo em mRNA e traduzida subsequentemente
em cadeias polipeptidicas (proteinas)

Proteina




Fluxo da Informacao Genética

5’ ATG GAG TTA TTG AAC TCT TAC AAT 3’

REPLICA(;AO Q 3’ TAC GTC AAT AACTTG AGAATCTTA S’

DNA

3’ TACCTC AAT AACTTG AGA ATCTTA S’

1 5’ AUG GAG UUA UUG AAC UCU UAG AAU 3’

TRAN SCRI(}AO RNA mensageiro = mRNA
RNA

l TRADUCAO

PROTEINA AUG GAG UUA UUG AAC UCU UAG AAU

M E L L N S Y N




Fluxo da Informacao Genética

Dogma que nao ¢ Dogma!




Fun¢ao do Material Genético

1. Fungao genotipica: replicacao
2. Funcgao fenotipica: expressao genica

3. Fun¢ao evolutiva: variabilidade
(mutacoes, transferéncia horizontal de genes...)



Acidos Nucleicos

* DNNA: Armazenamento da informacao genética
* Estabilidade

* RINA: sintese de macromoléculas - varias funcoes

* RNA ribossomal (tRNA) - componentes estraturais de
ribossomos

* RNA mensageiro (mRNA) - contém a informacao
genética para a sequéncia de aminoacidos das proteinas

* RNA transferéncia (tRINA) - identifica e transporta os

aminoacidos até o ribossomo QS e
. AN
* snRNA, snoRNA, microRNA, ncRNA ——
37
snRNA = small nuclear RNA - spliceossomos wiktin

@GUS subunit

snoRNA = smwall nucleolar RNA — montagem ribossomo

Elongation

ncRNA = non-coding RNA — RNA regulatérios
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Pares de bases unidos por
ligacdes de hidrogénio



ACIDOS NUCLEICOS

Sao polimeros de nucleotideos

Grupo fosfato

9 s

O=P-O—}- CH,
O

N

Base nitrogenada

c¥ C" (A, G, C, or T)

Pentose




Componentes dos Nucleotideos

cl’- Carbono 5’
grupamento 0-—r =0
fosfato: o-

Nucleotideo sem fosfato é nucleosideo!!!

(a) RNA: (b) DNA:
Ribose 2-Desoxirribose
OH OH

( ?" 5 CHz 0\0“ Carbono 2’

H 3’ 2'|/| H 3: 21]/'

- e

OH OH o H <+—— Sem grupo hidroxila



(b) DNA eRNA (c) DNA

(i I
8 W
0=¢c2 1 °C—H o=c2 1 S%c—H
\,}/ c\'}/
.L .L
Citosina Timina
g
3 e
Nitrogénio "_ci\ a;c 9||0—H
Adenina

Purinas: A, G
I Pirimidinas: U, T, C

H—NIE RGN

Guanina




Acidos Nucleicos sao formados por

ligacoes fosfodiester

|
5’ (o)

5’ end

) Cadeiade DNA
crescente

Livre 3-OH —=> CIH H DNA polimerase

-
- o

.- ) o 9 Tl
e N ~
e O-P=0~p=0-F~0" e
/ oo o o

Nucleotideo livre esta na forma
de trifosfato



Ligacoes fosfodiéster - polarizagao 5 — 3 v

o |
| o
H,Cs c

H H

H 3 H Phosphate
. H Adenosine
| 5"-monophosphate
O

s 3 |a

7
3
-E: F \\\\
OH B L-A-G 3
Hzé:'s' £ \ -

T 5 & & —————>

3 end OH H

- entre o carbono 3’ do nucleotideo de “cima’ e o carbono 5’ do nucleotideo de “baixo”



Porque o RNA € mais labil?

2',3"-Cyclic H.0 Mixture of 2'- and
monophosphate — 3'-monophosphate
. . derivative derivatives
Efeito de pH alcalino
P ——Y +

Base,

~ Shortened
0— RNA




Porque o Timina (DNA) x Uracil (RNA)?

Citosina Uracil

O

deaminacao

. ‘ NH
N/J\O
H

Deaminacao de Citosina a Uracil
Ocorre naturalmente

Afeta o significado da sequéncia
Perda de amina em C -> U
Reconhecido em DNA

Timina
O
Pareamento em DNA HAC
C — G passaria a ser U-G | J:

Na replicacao incorreria em erro N~ 0
H



Hipétese dos Tetranucleotideos

Erwin Chargaff

Regra de Chargaftf

DNA SOURCE

ADENINE

THYMINE

GUANINE

CYTOSINE

Calf Thymus 1.7 1.6 1.2 1.0
Beef Spleen 1.6 1.5 1.3 1.0
Yeast 1.8 1.9 1.0 1.0
Tubercle Bacillus 1.1 1.0 2.6 24
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid

E wish to suggest a stroeture for the salt

of deoxyriboss nueleic aeid (DUN.A).  This
structars has novel features which are of considerable
biologieal inberest,

A structure for nueleic seid has already been
propossd by Pauling and Corey!. They kindly made
their manuseript aveilable to uws in advases of
publication.  Their model consists of thoee inter-
twined chains, with the phosphates near the fibre
wxiz, and the bases on the outside. In cur opinion,
this structure is unsatisfactory for two ressons :
(1) We bolisve that the material whick givea the
X-ray diagrams i3 the anli, not the free aoid. Withoot
the aridio hydrogen atoms it is not elosr whist forces
wonld hold the atructurs togother, sspecindly as the
negutively charged phosphates nesr the axis will
repel ench other. (2] Some of the van der Waals
digtances sppear to be too amall

Another three-chain atructure has alse been sug
gestod by Fraser (in the press). Tn his model the
phosphistes arn om the outside sad the bases on the
ingide, linked together by hydrogen bonds. Thie
ptructurs a8 described iz rather ill-defined, and for
thiz resson we shall not sorment
am 1h.

We wich to put forward o
radisally differont atrusturs for
the salt of decxyribose nueleio
acid. This structure has two
helical chaing sach eoiled round
the swme axis (soe diagram), We
heve maede the wsosl chemical
assumptions, nemely, that each
chain conzista of phosphate di-
eater groups joining A-D-deaxy-
ribofuranose residucs with 37,5
linknges, Tha two chains (but
not iheir bases) are related by a
dyed perpendicular to the fibre
axig.  HBoth ehains follow right-
handml b, 'hur. awing to
tha rlyﬁd the u:qucm,oa of the
atoms in the two chaing run
in opposite  directions.  Each
ohein  looesly  ressmbles Fur

e berg's® model No. 1; that is,
f:,_:_--~— -"—\\\' the bases are on the inside of

the helix and the phosphates on
Thls_tgurs i gury the outside. The configuration
ribboma. ay: nh'uﬂu ;'“, of the sugsr and the atomes
bro PhoSphule—Slgir  nogr i ie close to Furberg's
santal Tods the paim of  ‘standard configuration’, the
togother, o veraest | SUgBC being roughly porpandi-
Tizie marics the Ehrs i CulMe t0 the wttachod base. Thers

NATURE 737

i8 & residue on esch chain every 34 AL in the z-diree
tiom.  We have assumod an angle of 36° betweon
Adjncent residues in the same chain, so that the
structure repests after 10 residues on each chain, that
ig, after 34 A. The distence of a phosphorns atom
from the fibre axis is 10 A, As the phosphiates are on
the oufside, cations have easy acepss to them,

The structure is an open ons, and its wster content
is rather high. At lower water contents we would
oxpeot the heses to tilt s0 that the strzeture could
become more compact.

The novel fepture of the strusture is the manner
in which the two chams are held together by the
purine and pyrimidine bases. The plancs of the bases
aro pu icnlar to the fibre axia. They are joined
togethar in pairs, & single base from one ehiain being
hydrogen-bonded to a single base from the other
chain, 50 that the two lis side by side with identien]
z-ao-ordinates. Che of the pair must be & purine and
the other a pyrimidine for bonding to oecur. The
hydrogon bonds are mode as follows : plrine position
1 to pyrimidine position 1; purine position & to
pyrimidine position 6.

If it is assumed that the bases only occur in the
gtrugture in the most pleasible tautomerio forms
{that is, with the keto rather than the enol con
figurations) it ia found that only specific pairs of
Bbasss can bond together. These pairs are : sdenine
(puring} with thymino (pyrimidine), and guanine
(purine] with eytosine (pyrimidine).

In dther words, if an sdenine forms one member of
& piir, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and oytosine, The scquence of beses on a
single chain does not appear to be restristed in any
wiivy. Howewves, if only apecific paire of bases can be
formed, it follows that if the ssgquence of bases on
ofe ohain is given, then the sequence on the other
ohain is sutematicslly determined,

It ks boon found experimentally®® that the matio
of the amounts of adenine to thymine, and the mtio
of gasnine 10 cytoaine, ate always very close to unity
for deoxyribosy nueleie asid,

[t is probably impossible to build this strosture
with & ribose sugar in place of the decxyribose, as
the extra oxyvgen stom would make ton close & van
der Waals contact,

The previously published X-ray dota’® on deoxy-
ribose rueleie scid am insuficient for a rigorous test
of our stracture, So far as we can tell, it s roughly
compatible with the experimental data, but it must
bo regarded as unproved until it has been cheokerd
against more exact results, Some of thess are given
in the following communicstions, We wers not aware
of the detnils of the results presented there when we
devised our stracture, which rests mainly though not
entirely on published exporimental date and sterec-
chomival argumenta.

Tt has not escaped our notice that the specifie
pairing we have poatalated immediately suggests s
posaible copying mechanism for the genetic misterial,

Full detaile of the stracture, ineluding the con-
ditions sasuracd in bailding it, together with & set
of eo-ordinates for the stoms, will be published
alsawhera,

We are much indebted to De. Jerry Donohus for
oonstant advice and oriticiam, espemally on inter-
atomic distances. We have als beon stimulated by
a knowlodgn of the goneral nature of the wpublished
exporimental results snd ideas of De. M. H. F.
Wilkina, Dr. B. E. Franklin and their eo-workers st
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DNA - Acido Desoxirribonucleico

Hydrogen
bovnd

| helical
turm i
1A nm

Sugar-phosphate
backbone

Base
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DNA - Fita Dupla!

- Duas cadeias independentes

- Dupla hélice, sentido direito

- Hélices antiparalelas

- Complementariedade das bases

— Eixo externo hidrofilico - deoxiribose + fostato
— Bases hidrotobicas (planas) no interior
— Bases ligadas por pontes de H



5’ Ponte de 37

Hidrogénio

3 5




DNA - Fita Dupla!

Sugar-phosphate
backbone

Phosphorus
Carbon in

sugar-phosphate
“backbone”

Hydrogen

Oxygen

Bases




Caracteristicas da Dupla Hélice

Contém duas fitas de polinucleotideos (“‘corrimao”) antiparalelas

O esqueleto de cada fita é formado por desoxirribose e fosfato

O grupo fosfato ligado ao carbono 5’ de uma desoxirribose se liga
covalentemente ao terminal hidroxila do carbono 3 da préoxima
unidade

As purinas e pirimidinas estao voltadas para dentro da hélice

Cada base forma pontes de H com uma base oposta a ela, formando
um par de bases

3,4 A separam os planos (“degraus”), onde bases adjacentes estio
localizadas

A dupla hélice faz uma volta completa com 10 nucleotideos (34 A)
Existem em média 25 pontes de H dentro de cada volta completa da
hélice, promovendo uma estabilidade de ligagdo tdao forte como

uma ligacao covalente
O didmetro da hélice é cerca de 20 A



Principais Tipos de RNA

RNAs ocorrem no nucleo e citoplasma

RNA mensageiro (mRINA): contém a informacao genética para
a sequéncia de aminoacidos das proteinas

RNA transferéncia (tRINA): identifica e transporta os
aminoacidos até o ribossomo

RNA ribossdémico (rRNA): constituinte dos ribossomos



Estrutura de RNA

. Hairpin
- RNA nio possuem estrutura Single Internal -
strands s A
regular como DNA P A A
~ A C
- As estruturas de RNA sao A uS 2A
;. CGU A
complexas e unicas G
- Pareamento de bases similar >ep )§§
(\
a DNA forma estruturas - A Co




RNA transportador - tRNA

3/
A
C Amino acid
¢ arm
5 Pu
pG—
— TyC arm
D arm =
Pu\ G
§ e |||
| || | Gy b
\ e Lyy
Contains — & W Extra arm
two or three —_ Variable in size,
D residues - not present in
at different — all tRNAs
positions —
Py .
U Bu Anticodon
arm
Wobble
position 5 e
Anticodon

Reconhece codons

T loop
f 5" end
1

3 end

D loop

Anthcodon

em mRNA - anticodon



mRNA
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tRNA —

rRINA

(A) Tobacco plastid 16S TRNA

I1. Central domain

IV. 3’ minor domain

L. 5’ domain

(A) o~ (B)
] ¥ end .

Amming ackd oH T loop

attached here ——— | 5" end

|
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5en 3 encd

T loop
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G

= cerooon —.
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||
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Large subunit

(B) Tobacco plastid 23S and 4.5S rRNAs
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$
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GTPase 2
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g oEmLm Peptidyl
o &”i' i o transferase
g loop

Small subunit



RNA ribossomico - tRNA

Possuem estrutura tridimensional especifica visando
promover a estabilidade e atividade catalitico nos ribossomos

(a) 25

"'."““" iy g Exemplos de rRNAs: 5
s E'i,‘ ‘ mggiliny Fai I
= O E 2
D) S\
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Acidos Nucleicos - RNA
RNA ribossomal - tRNA

* mais abundante na célula (>80%)

* sintese nuclear

* combinado com proteinas - ribossomo
* procarioto 70S - (23S + 55) (165)
* cucarioto 80S - (285+5.85+5S) (18S)

Small subunit

B A

255 10 235

RMA (Aggl




Primeira Base 1

ucu
ucc
UCA
UCG.

CCcuT

ccc
CCA
CCG.

ACUT

vuuT Fenil-

UuCJd glanina

UUA :

uuG}—Lcucmo

cuuT

cuc .

CUA Leucina

CUG.

AUUT

AUC —-Isoleucina

AUA Metioni
etionina

AUG ;

GUUT

ey —Valina

GUA

GUG

ACC
ACA
ACG

GCUT
GCC
GCA

Molde

—Serina

— Prolina

— Treonina

—Alanina

GCG

GAG

RNA mensageiro - mRNA

1 trinca de bases nitrogenadas = 1 cédon

3:8]— Tirosina

UAA  Stop codon

UAG Stop codon

g:g]— Histidina

g:g]—élutanina l

AAU x
AAC ]—As paragina

m J—Lisino
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UGA Stop codon
UGG Tryptophan
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Sentido da transcricao
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Estrutura secundaria de um
RNA mensageiro



Codigo Genético Universal

Amino acid

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamic acid
Glutamine
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tyrosine
Tryptophan
Valine

“Stop”

3 Letter code

Ala
Arg
Asn
Asp
Cys
Glu
Glin
Gly
His
lle

Leu
Lys
Met
Phe
Pro
Ser
Thr
Tyr

Val

1-Letter code

cEHN UV MZRC-r~TO00OBMOOZ D>

Codons

GCC, GCU, GCG, GCA

CGC, CGG, CGU, CGA, AGA, AGG
AALL, AAC

GAL, GAC

UGL, UGt

GAA, GAG

CAA, CAG

GGU, GGC, GGA, GGG

CAU, CAC

AU, AUC, AUA

UUA, UUG, CUA, CUG, CUU, Cuc
AAA, AAG

MG start codon -iniciador
uuc, uuu

CCU, CCC, CCA, CCG

UCu, UCC, UCA, UCG, AGU, AGC
ACU, ACC, ACA, ACG

UAL, UAC

UGG

GUU, GUC, GUA, GUG

UAA, UAG, UGA stop codon -terminador



Trés genomas em plantas:

cromossomial, plastidial e mitocondrial

Parede celular
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Estudo Dirigido

1. Diferencas fundamentais entre DNA e RNA;

2. Estrutura e funcao do DNA;

3. Principais caracteristicas da dupla hélice do DNA;
4. Principais tipos e funcoes dos RNAs.

Capitulo 2 — Componentes quimicos das Células

Capitulo 5 — DNA e Cromossomos
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