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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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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
structiare Tepeats after 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
strusture in the most plsusibls tsutemeria fo
(that is, with the keto rather than the emol con
figurations) it ia found that onky »qlenﬂc pairs of
basss can bond togsther. a0 adenine
(purine} with thymine {pyrimi mu i guanine

rine) with g (pyrimidi
In #thar words, if an adenine forms one me
® pair, on cither chain, then on thess assumptions
the other member must be thymine: similarly for
v:nfmmw and oytosine, The scquence of bases on a

200

ber of

wny Howay
formed, i fn'liuvl‘s that if the eaquonse of hasos on
ane chiin & given, then the sequenes on the other
ohain is automatically detarmin

Tt bns boon found experimentally™ that the ratio
of the amounts of adenine to thymine, and the
of guanine Lo cytosine, are slways very alose 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 extm oxygen stom woubl make too eloss & van
der Waals contact,

T ly published X-ray data®s on desxy-
ribose nualoio ara insufficient far a Tigorous test
of our structure. So fur as we can tell, it fa roughly

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 eugsr ood the atoms
near it is close to Fushergs
standard configuration’, the
gar being ronghly porpandi-
r to the nttachod 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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DOGMA CENTRAL DA BIOLOGIA

A informacao genética, armazenada nos cromossomos, ¢ transferida
as células filhas através da replicagdo do DNA, sendo expressa por
meio da transcricio em mRNA e traduzida subsequentemente
em cadeias polipeptidicas (proteinas)

Proteina




Fluxo da Informacgao Genética
funciona do mesmo modo

5’ ATG GAG TTA TTG AAC TCT TAC AAT 3’

3’ TAC GTC AAT AACTTG AGAATCTTA S’

y

ona  REPLICAGAO

3’ TACCTC AAT AACTTG AGA ATCTTA S’

5’ AUG GAG UUA UUG AACUCU UAG AAU 3

RNA TRANSCRI(;AO RNA mensageiro = mRNA

TRADUCAO

PROTEINA AUG GAG UUA UUG AAC UCU UAG AAU
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

- gaunine and o
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Phosphates aro on the outside sad the von, then the sequence oo the other
Eoai, kot sopetber by I ouin iy deterraind.
rvnare o Qoohed s ot T dtind. aad for
this e, wo shall ot comment
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Previously published X-ray datat® on n decy
narle for

pairing we have postulated imimeistely sugpe
ible oo
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Fluxo da Informacao Genética

Dogma que nao ¢ Dogma!




Acidos Nucleicos
DNA e RNA



Acidos Nucleicos

* DNNA: Armazenamento da informacao genética
* Estabilidade

* RINA: sintese de macromoléculas - varias funcoes

* RINA ribossomal (tRINA) - componentes estruturais 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



Acidos Nucleicos

Sao polimeros de nucleotideos

Grupo fosfato

N

v Base nitrogenada
C A, G, C, or T)

Pentose



Componentes

(1) o
Um _ |
grupamento 0—P=0
fosfato: I

(a) RNA:
Ribose
OH

dos Nucleotideos

Carbono-5~

(b) DNA:
2-Desoxirribose
OI-I

5’ cuz o\ou
f\ﬂj_rg/'

OH H-<+—— Semgrupo hidroxila

Carbono-2~



Componentes dos Nucleotideos

(a) RNA

0
|

H—N/ S\sc—ﬂ
O—f'\N/C—H

(3) U raclla

Umabase
ciclica

contendo
Nitrogénio

(b) DNA eRNA (c) DNA

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

NH2 o
I Il
8 W
o=c2\'}/°c—u o=c2\'=/°c—u
y J.
Citosina Timina ]
NH2
N/ S\I/';\?—H
H—C\ —N—H
Adenina
0
ﬂ
H—NT e T Sc—n
Iz 4“ 9|
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Guanina ]

Pirimidinas
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Ligacoes Fosfodiéster

5’ end

y Cadeiade DNA
crescente

Livrie3-OH => on H DNA polimerase

g 9
OJ T T
0-P=0-P-0-P-0
o o o

dTTP entrando




5’ Ponte de 37

Hidrogénio

3 5




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
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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 como material genético
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic A

E wish to sugge

s stracture (or the me

el

mmcleic acid has slready been
propoead by Pauling and Conegt, They Kindly mad:
their manuseript aveilable (o us in advanee o
publication. Their model consists of throe inter-
twined chains, with the phosphates near the fibre
o 'h.ﬂﬂ n the outeida.  In our opinion
it wo rensona
(1) W olisva (ot the mtesil which givea the
dtigraans is the sult, ot the fres weid. Without
tho asidio hydrogen atoms it i ot cloar what fontos
wonld hold the atrusturs togather, fs.rlc/‘l/l]]lr s the
negutively ghlrg-sd pl.mpn,ua, newr the axis will
repel ench othe Some of the van der Waal
dintamone sppoar to o ol

Another three-ohain strusture has also been sug
gostod by Frasor (in the press). Tn his model the
phosphasies aro om the outside snd the bases on the
insida, linked together by hydrogen honds. This
structure as described s rather ill-defined, and for
this resson we shall not corment
o it.

Wa wish to pui forward a
redically different strustur for
the salt of desxyribse nucleio

id. hH brutture
Telical n
the swmo axia (sce dingram
e o the s Shamioal
asmptions, nemely, that esch

s & residuo on each chain every 54 A in the zdirce
tion. We hove sssumed an angle of 36° between
adjncent residues in the samo chain, o that the
structire repissts after 11} residues on sach chiin, {hat
ia, after 34 A. The distance of a phosphorns atom
from the fibre axis is 10 A, As uw phosphistes o on
the outside, cations have easy access to them.

The erucl\.m an open or nml its water content
is Tather At lowor water contents we would
oxpoat the Hacen to 13 so that the sitmetass tould
become more compact.

The novel fasture of the structurn |s4 rhc manner
in which the two chains are by the
prarine and ipvmnui.m; b, The |)|m\u! uf ihe s
aro porpendioular to the fibre axia. They are joined
tagethar in poirs, w single base from ono chain hoing
hydrogen-bonded to a single base from the other
ahain, &0 that the two lie sido by side with idntical
ordinates. One of .,Im pair must be & purine and
the other a pyrimidine for bonding te uocur. The
hy(irugnr[ bonds are mada ns fallows : purine position

o pyrimidine position 1; purine position § to

g

rm- midine position

TH it s assumed that tho bases only ocour in the
struoture in the most plausible tsutomerio forms
(that is, with the keto rather than the emol con
figurations) it ia found that only epecific pairs of

together. Thoso paira are : adenine
{purine} with thymine {pyrimidine), and guanine
(purise} with eytosing (pyrimidine).
n #thar words, if an adenine forms one member of
ruur. on cither chain, then on thess sssamptions
ihe other mmnber must be thymine : similarly for
guaning and oytosine, The sequence of basss on a
single ehain |]H|1a rot ppear o ba resiricted in any
wray. Howoy v spetific pairs of bases can be
fortmed, 1t Folooes le if the saquoence of hasos on
one chiin i the the sequensn on the other
obian s automateally determs

Tt bns boon found sx]’\sr\memsuyl-l that. the ratio
of the smounts of adenine to thymins, and the
of guanine 1o cytosine, are always vory alse to unity
for deoxyribose nu acid,

It i8 probably u-npmum to build this strusture
with o ribose sugar in placs of the dess:
the extra oxygen stom o maln ton
dax Wasla cntaot,
usly pul.mwi XKeray datass on deo:
a0 tnelois o insufficient for a rigoroua il
af our Stzustare. 5o Tor aa wo san 1o, 1t roughly

1 h the ex) data, but it must

clinia consists of phos di-

ha two chains I‘J\.ll
bases) are related by a
.-1_\ wd porpendicular 1o the
axis. Both ehains fall
handed helicos, ]-m awing to
the dysd 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 the inside of
the helix and the phosphates on
tho nutside.  The eonfiguration
of the sugar snd the atoms
near it iz close to Furbergs
standard oonfigurat; the
g being ronghly porpandi-
v to the attachod base. There

fogsther. The
Tize macks the Shre ax

o mgm-.m - m\pmwd until it has been ehecked
BgRinsL MOFe eXACL Fesults, Some of thess are given
in the following 4-:)mrmm|f'unens. W wers not aware
of the details of the results pressnted thero when we
o stractte, whish feata mainly. though not
entirely on published exporimentsl dots and stereo-
chomical asguments.

It bes et anapod our notioe that the spesifi
pairing we have postulated immediately sugges!
Pocsible copying mechanisrn for e gonetie Taeral.

Full detoils of the sbPscturs, includimg the con-
ditiona assumed in building it, together with B sot

ontinates for tho sioms, will bs publishod

Weo tna mush indsbtod 1o Dr. Jer ry Danahg
anstent advice and crmmm. eapociully on inter-
atomic distances. We have also beon stimulated by
a knowledgn of the general nature of e lmpnl.vhshed
cxparimental_rosults nd ideas of Dr. M. H.

Wilkins, Dr. R. E. Franklin sad their o wurlﬂ'ni m
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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



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

Sinal Hairpin
ngke Internal C
N strands Joop AA
- RNA nao possuem estrutura p U A
C
regular como DNA A L B
. CGU
- As estruturas de RNA sao AGG
’, . 0
complexas e unicas GCA )>§p
- Pareamento de bases similar - e
¢

a DNA forma estruturas



tRNA —

rRINA

(A) Tobacco plastid 16S TRNA

I1. Central domain

IV. 3’ minor domain

L. 5’ domain
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(B) Tobacco plastid 23S and 4.5S rRNAs
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RNA ribossomico - tRNA

Possuem estrutura tridimensional especifica visando promover a

estabilidade e atividade catalitico nos ribossomos
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Exemplos de tRNAs:

- Estrutura secundaria
com grampos e algas
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5S rRNA

Yusupova & Yusupov 2017
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https://royalsocietypublishing.org/doi/10.1098/rstb.2016.0184
https://royalsocietypublishing.org/doi/10.1098/rstb.2016.0184

Acidos Nucleicos - RNA

Cada um ¢ um gene!!

RNA ribossomal — rRNA

* mais abundante na célula (>80%)

e sintese nuclear

* combinado com proteinas - ribossomo
procarioto 70S - (23S + 55) (16S)
eucarioto 80S - (285+5.85+5S5) (18S)

Large subunit RMA

’ \ ' Sucrse
)

Small subunit

Loy

High

S = Svedeberg

Centrifugation

15

175 to 165
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j

Eucariotos

ITS1 ITS2

185
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Collecting of
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RNA transportador - tRNA

A

C Amino acid

¢ arm

5 Pu
pG—
— TyC arm
D arm =
Pu‘ U C
 @annng FHH(I} )
al C
G‘r Trys
G A
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

D loop

Tl

Mg

Anthcodon

3" end

3 end

Cada tRNA = um gene

em mRNA - anticodon



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

GAU Acido

GACJ Aspdrtico

Acido

[
uGu .
UG c}-cystema

UGA Stop codon
UGG Tryptophan

CcGU
CGC ain
CGA Arginina

CGG

' AGU =
AGc]—s«.zl ina

:ga]—Arginim

‘ GGU
ggﬁ Glicina

GGG

Glutamico |

OrPr0O0C OP»0C OPOC O>»O0C

S TATTCCGTGACTTAACTTS

FTATUCCGUGACUUTDAACTOUS
—_—

Sentido da transcricao

250g D.122.42 | W

Estrutura secundaria de um
RNA mensageiro



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
Perda de amina em C vira U

Afeta o significado da sequéncia
Ao invés de C-G passa a ser U-G!!

Reconhecido em DNA Timina
O

Pareamento em DNA HC

C — G passaria a ser U-G ‘ j:

Na replicacao incorreria em errol! N™ 0



Trés genomas em plantas:

cromossomial, plastidial e mitocondrial

Parede celular

Ntcleo
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| Mitocoéndria
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\ NG NS

V:?.w "‘@: = SN
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Yy Nucleus .
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Replicacao de DNA



Replicagao de DNA

It has not escaped our notice that the specific

pairing we have postulated immediately suggests a

o possible copying mechanism for the genetic material.
Duplicagio — T -

2
({, r} Watson & Crick 1953
> 2
“‘;: e I? uplicagio Meselson & Stalh 1958: replicacao semiconservativa do DNA
SE (};; 2 Buskicacs Kronenberg 1958: DNA polimerase
r f 1 u cacao
PN ,-"I.h"‘ Foa p s
P
22
S P
<05

http:/ /www.dnaftb.org/20/animation.html



Replicagao de DNA

Conservativo, Semiconservativo ou Dispersivo??

All DNA is initially
. "“N-labeled
Suggested Models of DNA Replication

— — — | e—

l Add 5N labeled cells to
14N medium and grow
ﬂ for four generations

(o)

| |
P
A
P
AN
],

Take a sample prior to
adding to "*N medium
(Generation 0)

+ Density

CsCl
— — — — — ] 0 1 2 3 4 Generation
8]
|z .“
=N 7))
gle ,
& “|®
5|8
IS 5 I | O | [ O Sy | B + | o 20 40 80 80  Time (min.)
Conservative Semi-conservative Dispersive

Meselson & Stalh 1958: replicacao semiconservativa do DNA



Replicagao de DNA

« A replicacio do DNA ¢é um mecanismo
semiconservativo: a medida que as duas fitas
complementares de uma dupla hélice parental se

desenrolam e se separam, cada uma serve como
um molde para a sintese de nova fita

complementar

* Os potenciais de ligacao das bases das fitas
moldes especificam as sequéncias de bases
complementares nas fitas de DNA nascentes

* A replicagdo ¢ iniciada em origens unicas e

em geral continua bidirecionalmente a partir

de cada origem
http:/ /www.dnaftb.org/20/animation.html



Replicacao de Cromossomo Circular

2o AN 1w

S

s

ot RN S
RS S S ER S SRR

Oyl
B
R

A replicagao € bidirecional

A velocidade da forquilha de replicacao de procarioto é cerca de 30.000 pb/min

1 anico replicon



Origem de replicagao em Eucariotos

/_U]"E-ms ﬁijll"ﬁplll."ﬂtlﬂn\ Replication fork




Replicag¢ao de cromossomo linear de eucarioto

VAN /AN AN NVANY AN BN NV NG N LNV ANV NV ANV AN ANV NV ANV ANV ANV ANV ANV AN AN ANV N LNV ANV ANV ANV ANV /AN

VAN .//\\ VANV .//\\
//\\.//\\.//\\ / /'/.\\//\\.//\\_//\\//\\./ ANVANYANYANY ANV /AN AN 2, B / /f\‘/,\,\/,\\‘/,\\_/,\‘_/ ANYZANYZANYZANY/AN\
V/ANYZANY/AN \/\NV\NY

/\\,//\\_/ \ _//\\,//\\ \\_/ \ _//\\ / \\'//\\./ \ .//\\,//\\ \\_/ \ ‘//\\

//\\.//\‘ / //'\\.//\‘.//\\.//\ /\\.//\‘.//\'//\‘.// \J [‘\‘_//\‘,//\‘./f\ ANYZANY/AN
\VZANYZANY ANV /ANY/AN 7/ WIS VAN ZANY ANV /aNY/AN VAV .//\\,//
|

’

| | |

¥ ' ¥

VAN 7NNV AN/ NV LN L\VLNVLNVLNV AN/ NV VNN NNV NN G\ AN /N
/\ / Fusao de replicons PN /\ / Fuséao de replicons AN
NN LN AL AR AL RSN ./,\v,\\,/ SIS ARALARSRAL AR AN _/,\\.//\\[

@ A velocidade da forquillha de replicacido de eucarioto é cerca de 100 pb/ segundo
@ Os replicons de eucariotos tém cerca de 40-100 kb e sao iniciados em tempos diferentes.
(nao conhecemos todos os fatores que determinam qual origem e em que momento ela fica
ativa - O #iming da replicacao pode, por ex. ser determinado pela atividade do gene: genes
mais transcritos sao replicados primeiro)



SRS

Principais Enzimas Envolvidas na
Replicacao
DNA Polimerases — Polimerizacao do DNA,
retirada dos primers e reparo do DNA

Helicases — desenrolam a fita dupla

Topoisomerases (girases) — aliviam tensao de
torsao devido a abertura da fita

Primases — sintese dos primers
Ligases - Une os fragmentos de Okasaki

Single strand binding (SSB) - Proteinas que se liga
a fita simples de DNA

Telomerases — sintese das terminacoes



Replicagao de DNA

* Se a replicagio € semiconservativa e a polimerizacao
deve ser sempre no sentido 5’ —3"

* Mas o DNA ¢ antiparalelo ou seja, uma fita ocorre no
sentido 5> — 3’ e a outra no sentido 3> — 5’

* Como ocorre, entdo, a replicagdao nos dois sentidos?



31‘

Forquilha de duplicagiao de DNA

Fita-lider

3
5!
DNA
sintetizado 5’
mais 3’
recentemente

3I"

5.1'

Alberts e al. (2012)



Pontos importantes sobre as DNA Polimerases

A sintese de DNA ¢ catalisada por enzimas chamadas
DNA polimerases

Todas as DNA polimerases precisam de um oligonucleotideo (prizzer)
para servir de ponto de origem de onde uma fita ¢ sintetizada

Todas as DNA polimerases tem necessidade absoluta de uma 3’-OH
livre do oligonucleotideo (primer), e toda a sintese de DNA ocorre no

sentido 5" =23’

Atividades de exonuclease 3’25 das DNA polimerases revisam as
fitas nascentes a medida que eles sao sintetizados, removendo
quaisquer nucleotideos mal pareados nas pontas 3’ da fitas novas



Forquilha de duplicagiao de DNA

fitas
filhas

fita descontinua

Alberts ez al, (1997)



@ Fragmentos de Okasaki
ocorrem na fita
descontinua

@ A DNA polimerase Il é
responsavel pela sintese da
maior parte do DNA

@ A DNA polimerase |
remove o primer de RNA e
preenche as lacunas

@ A DNA ligase sela as
quebras



Proteinas presentes na origem de replicagao

Helicase
DNA girase

(topoisomerase)

Primase
DNA polimerase 111
DNA Polimerase 1

Single strand binding (SSB)
DNA ligase

Desenrola o DNA — forma a forquilha

Alivia a tensao de torcao gerada pela
abertura da dupla-fita

Sintetiza os primers de RNA
Polimerizacao do DNA e reparo do DNA
Degradacao dos primers de RNA

Liga a fita simples de DNA

Une os fragmentos de Okasaki



DNA topoisomerase Il

: Sintese da fita lider (continua)
(girase)

(DNA polimerase Il1)
i

_ AN 5

(a) . ) ] nvimento da forquilha de replicagéo
__/ 3 Fita
. ?naB 5" descontinua
1
o o
SSB
primase s RNA primer do
primer )
fragmento de Okasaki
anterior

(b)

N\

= Pew—e—

Sintese da fita descontinua
(DNA polimerase lll)




Sintese das fitas continua e descontinua ¢ independente

Fita lider giRss

' eﬂ/\“

/A4
\J
e

Molde: fita lider

] & o primase
Fita descontinua ¥ 2Y RNA primer 3
/“”,\/ 5 h
s\ (X 4 X Proteina SSB
N QNG
P Replicacao do DNA
Ligase Polimerase | Fragmentode Okasaki . |

https://www.youtube.com /watch?v=TNKWgcFPHqw

https://www.dnalc.org/resources/3d/04-mechanism-of-replication-advanced.html


https://www.youtube.com/watch?v=TNKWgcFPHqw
https://www.dnalc.org/resources/3d/04-mechanism-of-replication-advanced.html

Proximo ao centrdmero Fim do cromossomo

{} v

Telomeros e a Telomerase Sem OH para

extensao covalente

Figure 10-33a Principles of Genetics, 4/e
© 2006 John Wiley & Sons



fita molde parental

I TTGGGGTTGGGGTTGGGGTTG

IM{:CCEF fita desc ontinua recem-sinteti zada, inconpleta

a telomerase se j liga a fita parental

I | TTGGGGTTGGGGTTGGGGTTG centido da
] _Imccccl CCCCAAC - iece pela
5 : 5’ telomerase
atelomerase | estende a
extremidade | 3" atraves da telomerase
sintese de DHA com molde
de RHA

7
| TTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG
|MEEEE. dﬁ.ﬂﬂ{j{jﬁﬂ.{j

3 B!

um novo primer (em verde) & adicionado para a sintese
y dafita desc ontinua

3
| TTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG

f JAACCCC ' CCCCAACCCCAACCCS




Telomerase resolves the terminal primer problem.
s Parental stranézl

N TTAGGGTTAGGGTTAGGGTTA
EEEmAATCCC 5 Incomplete, newly synthesized lagging strand

;,‘Ep
@ o Telomerase binds.

3l
I TTAGGGTTAGGGTTAGGGTTA
PEaaTccc ; AAUCCCAAU
t.,'\EP 5
°Telomerase 3 ;
extends 3' : ?
end (RNA- & 7 4
templated /
DNA synthesis). Telomerase with bound RNA template

N TTAGGGTTAGGGTTAGGGTTAGGGTTA

3’
R anTCCC _— AAUCCCAAU
:.,‘Ep
© rans- 35t !
location ’ ﬂ /

3l
N TTAGGGTTAGGGTTAGGGTTAGGGTTA
I aaTccc i AAUCCCAAU

s‘Eﬁ
ﬂ o Repeat extension 3 5

and translocation |

several times; \ Elizabeth Blackburn
release telomerase. s v3'
_TTAggcﬁTTAGGG“"T‘I‘AGGGTTAGGG"AGGG"A NObel 2009
EEESEES] AT .
5" Carol Greider

Stk
° Completion of the complementary strand
by DNA polymerase (DNA-templated
DNA synthesis).
N TTAGGGTTAGGG - TTAGGGTTAGGGTTAGGGTTA
N AATCCC p 3'Mn:u;ymccc 5

=

<4 DN‘)-A\/A RNA primer
polymerase

Figure 10-33b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Mas o que é um gene?



Definicao de Gene

Wilhelm Johannsen

1909 = gene

Gene - unidade da informacio genética (hereditaria) que codifica a
sintese de polipeptideo ou uma molécula de RNA estrutural

mRNA = polipeptideo

tRNA e rtRNA = RNA estrutural

Gene 1nclui as regides 5'e 3" nao codificantes, que estao envolvidas na
regulacao da transcricao e tradugao, e todos os introns dentro do gene



Gene Tipico de Procariotos

Sinais para a

Regulagao da traducao terminagcaoda
Regulac3o da .~ N transcricao
G Regiao codificante
transcricao A
A A A A A A

|
ANYANY/ANY/ANY/ANY/ANYZANY/ANV/ZANV/ANY/ANV/ZANYANY/ANY/ANYZANV/ANY/A\ AN/ VA VZAN/ANY/AN!

5' Q a Transcricao 3

MmRNA | s - i
AUG UAA
Cédon de iniciagao Q Coédon de terminagao
Polipeptideo © Taducio
NS C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Gene Tipico de Eucariotos

Sinais para a

Regulacao da traducao terminacao da
Regulac¢ao da transcricao
transcricao Exon 1 Intron 1 Exon2 Intron2 Exon 3 A

1 Ny A —— A —>— |

NININNNNNANNANNNNNNNNNA NN NNNTINNINNTNV

5' Q 0 Transcricao 3!

Transcrito | | ; .

11 — |
primario  cap AU :I UA A:1

| . <> <; ; Remoc¢ao dos

| AUG UAA | 0 introns
MRNA <> \}

: il 11 Tl ; i

AUG UAA
Codon de iniciagao Q Cdédon de terminagao
Polipeptideo e Tradugao
N ey C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Numero de genes em Eucariotos

Espécies Genoma (Mb)
D. melanogaster 165 ~12.000
S. cerevisiae 13 ~6.000
C. elegans 97 ~20.000
H. sapiens 3.300 ~30.000




Comparagiao do Tamanho de Genomas

700000

pa

0

N
o
o
o

w
ul
o
o

3000

2500

2000

1500 Paradoxo-C

O que seria?

Tamanho do genoma (Mpb)

1000
500 A

A complexidade de um organismo nao ¢é diretamente proporcional ao tamanho do genoma



Arquitetura de Genomas

{A) Human

Wil V2o-| TEY4 TRYS
mll yn o mprmm o o on po G oy o
0 10 20 D 40 S0 kb
(B} Saccharomyces cerevisioe

GLE T SROZ HIs4 FUST AGET t Tyd t BUD2
Q 10 0 30 40 50 kb
(C) Drosophila melanopaster

Ppl Eda78E Palycomb
4] 10 20 30 40 ED kb
(D) Maize
Adhl-F

(1] | [ 1 I T 1T J ] I | 1T 1 1 |
L S A BN B B B | I A E R I E B B
1] [ 20 0 40 50 kb
(E} Escherlchia col

thrb 15186 151
thed | thrl dnakl carf fixA

a 10 iy 30 40 20 kb

KEY
. Gene . Intran . Human pseudogens |:| Genome-wide repeat  t tRMNA gene

50 kpb

T. A. Brown - Genome



Transcrig¢ao
DNA = RNA



Do DNA ao RNA - Transcri¢ao

Controle da Expressao Génica

DNA
D 0 0 0 0 0 0 O O O ¢ Gene A Gene B
I'ii §"2 Jona
) o O o o 0 o o O o ok lTRANSCRlc;E.o TRANSCRICAO
Fltanmolde
_ S [
ITRANscm(.Ao RNA RNA

S
—

P 6 6 6 6 6 6 6 6 o &
“5 B B

RNA TRADUCAO TRADUCAO

—

Figura 6-8 A transcricao do DNA produz
uma molécula de RNA de fita simples que
é complementar a uma das fitas da dupla-
-hélice de DNA. Observe que a sequéncia

de bases na molécula de RNA produzida é a
mesma que a sequéncia de bases da cadeia de
DNA nao molde, exceto que uma base U subs-
titui cada base T do DNA.

Figura 6-3 Os genes podem ser expres-
sos em diferentes graus de eficiéncia.
Neste exemplo, 0 gene A é transcrito de
maneira mais eficiente do que o gene B

e cada molécula de RNA que ele produz
também é traduzida mais frequentemente.
Isso torna a quantidade da proteina A na
célula muito maior do que a quantidade da
proteina B.

Alberts et al. 2010 32 ed.



Transcrig¢ao

DNA

oo
oo

>~
(n Ny
(n Ny
- >
= >
>
OO0
- >

- A informacao genética contida num segmento do

DNA ¢é reescrita em uma fita simples de RNA

TCCAATGGCTTATTTGCA

- Uma fita apresenta uma sequéncia de
AAUGGCUWU 3’.'. T

A G
. { ¥ G
ribonucleotideos complementar a uma das fitas 2‘1 A ccaAr s
da dupla hélice de DNA (molde) e idéntica a RNA

5.‘

sequéncia da outra fita (codificadora), RNA >
UCCAAUGGCUUAUUUGTCA

com substituicao de T por U



Transcrig¢ao

de hélice de DNA/RNA

3'
st
»
(2 Pequena regiao

Tr ito de RNA
re:msl:teﬂzado Dupla-hélice de
DNA a jusante
l‘ 3'
QO
s’
Diregao
da transcricao
Mg’* no Canal de entrada
sitio ativo | do ribonucleosideo
RNA-polimerase trifosfato

RINA Polimerase

Animacgao sobre Transcricao

Alberts et al. 2010 32 ed.

gEfﬂf
promotor termunador
5
DNA =&
RNA polimerase
mRNA
5
DNA
= v
RINA polimerase JPtae
5 x .
mRINA 3
5
DNA
Growth at 3' One strand
5 e end of RNA of DNA
mANA UA U i being

RNA polymerase - transcribed

Template Noménpbte l"'.
strand  strand

y Complementary
Locaily unwoyng segment of double hefix DNA strands




Enzima RNA Polimerase
transcrito de

RNA-polimerase
RNA recém-sintetizado '
\

i :\_[lbonucleotldeos

trifosfatos
hélice dupla

de DNA

sitio de
sitio de reenrolamento | desenrolamento
de DNA

|
pequena regiao de
hélice de DNA/RNA

-
dire¢ao da transcricao

Alberts et al. (1999)



a Iniciacao da cadeiade RNA
RNA polimerase

DNA: y
Etapa da Ponta 5’ do RNA
.~ 0 Alongamento da cadeiade RNA
Transcrig¢ao
DNA:
5' I
Cadeia crescente de RNA
e Término da cadeiade RNA
DNA:
https://www.dnalc.org/resources/3d/central-dogma.html 5' I

Molécula nascente de RNA


https://www.dnalc.org/resources/3d/central-dogma.html

Regiao Promotora de Gene Procarioto

Inicio da transcricao

Reconhecimento da
RNA polimerase mRNA

regiao regulatoria regiao codificante

Upstrearr = a montante
< downstream = a jusante

\4



Regiao Promotora de Gene Eucarioto

Reconhecimento da
RNA polimerase

FATORES DE TRANSCRICAO IﬂiCiO da transcrigﬁo

CTF cé TFIB — ﬁﬁ};
0 \ 1 j\ ['/4'55? TAF mRNA

| M_/\—

-75 -25 +1
CCAATbox | TATA box
regiao regulatoria regiao codificante

upstrearn = a montante
< downstream = a jusante

\4

] e I 0 N 0 AN O N



2.

3.

4.

6

7

Caracteristicas Gerais da Sintese de RNA

. Os precursores sao ribonucleotideos
Apenas 1 fita de DNA ¢ utilizada como molde para a sintese de RNA complementar

As cadeias de RNA sao sintetizadas sem a necessidade de um filamento primer
preexistente (atuacao da RNA polimerase)

Sintese é complementar a0 DNA, mas A 2 U
Polimerizacao sentido 5 =2 3’

. RNA polimerase inicia a transcri¢io em sequéncias especificas de nucleotideos =
promotores (regides regulatorias)

. RNA polimerase termina a transcri¢do em sequéncias especificas de nucleotideos
-> terminadores (finalizadores)



Término da Transcrigcao

v o término das cadeias de RNA ocorre quanto a RNA polimerase encontra
um sinal de término, e quando 1sso ocorre o complexo ¢ liberado

5'-CCCACAGCCGCCAGTTCCGCTGGCGGCATTTTAACTTTCTTTAATGA-3'

DNA:
3'-GGGTGTCGGCGGTCAAGGCGACCGCCGTAAAATTGAAAGAAATTACT-5'

/ ‘ Transcricao

Fita molde de DNA

RNA: 5'-CCCACAGCCGCCAGUUCCGCUGGCGGCAUUUU OH-3'

RNA transcrito l Dobramento rapido do RNA

C
U 54
U G
G I c )
ammug Cadeiade RNA
c i G .
RNA dobrado c g doI’orac.Ia ajuda
i terrpmo da
cmme cadeia
G I c
A A
5'- cccac UUUU OH-3'

Figure 11-13 Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Gene de Procarioto

Sinais para a

Regulagao da traducao terminagcaoda
Regulacio da .~ N transcri¢ao
G Regiao codificante
transcricao A
A A A A A A

|
ANYANY/ANY/ANY/ANY/ANYZANY/ANV/ZANV/ANY/ANYZANYANY/ANY/ANYZANV/ANY/A\ AN/ V/AVA\/AN/AN!

5' Q a Transcricao 3

'

L 1 J
! | LR UL 1

AUG UAA
Cédon de iniciagao Q Coédon de terminagao
Polipeptideo © Traducio
W C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Transcricao simultinea multipla - Procariotos

Direcao de transcritos em Procariotos

RMNA transcripts
I DMA of E. coli chromosome I i E
g genea : gene d gene e ¥
e gena b gensa c genegf geneg -3

5000 nucleotide pairs

Alberts et al. 2010 32 ed.



Gene de Eucarioto

Sinais para a

Regulacao da traducao terminacao da
Regulac¢ao da transcricao
transcricao Exon 1 Intron 1 Exon2 Intron2 Exon 3 A

1 A=y & —— A —— |

ANY/ANY/AY/A\Y/A\Y/A\Y/A\Y/ANY/ANV/ANY/ANV/ANV/ANV/ANY/ANY/A\Y/A\Y/A\Y/ANY/ANY/ANY/ANVZANVZANY/ANY/A\Y/A\V/A\V/A\V/A\ Y/

5' Q ﬂ Transcrigao 3'

Transcrito L L

primario cap AUG

: : o Remocao dos

| introns
MRNA <>
: i [ L] 1rn : i
AUG UAA
Codon de iniciagao G Cdédon de terminagao
Polipeptideo 6 Traducgao
N —= C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Gene de Eucarioto

Extremidade 5
do transcrito
de RNA inicial

HO OH =

Quepe 5’

CH,~P~P~P-CH,
5'

Sequéncia Sequéncia nao
5 codificadora codificadora . ;jLig?qéfo 7
P 3 . h trifosfato
—k_P‘}‘E,:\.Ff,#AAAAA,W 250 f\ll 575/ OH |
| RNA I CH;
CH4 Cauda poli-A . J %
I ! 7-metilguanosina

Quepe 5
|
Proteina

(A)

(8)



Splicing Alternativo gerando diversas Proteinas

I > Exon 1 Exon 2 Exon 3 Exon4 Exon 5
DNA ) N ATngid Tha 1l (I» ¢ ” 7
Exen 1 Exon 2 Exon 3 Exon4 Exon 5
RNA L
1 2 3 4 5 1 2 3 5
mRNA

Proteina A Proteina B Proteina C

Eucariotos



Estrutura de genes humanos com arranjos de exons e introns

human [globin gene human Factor VIl gene
'I\i’.'! 1 i1 10 14 22 25 26
a0  m@mrn mrn!yr W M =
) 7
2000 200,000 nuclectide pairs
{A)  nucleotide pairs iB]

Splicing alternativo do gene de d-tropomiosina de rato

| C-IFOROMyoEin gena
5

|
T
3 : 5.:| DMA

exons  introns

TRANSCRIPTION, SPLICING, AND
I CLEAVAGE/POLY ADENYLATION

ﬁ'—/wuwuw'— ¥ striated muscle mRNA
E'MW 3 smoaoth muscle mRNA
s wr i w e W w3 fibroblast mRNA
sum w w0 w WM mmmssm3 fibroblast mANA

s O wd i e T - brain mRANA

Alberts et al. 2010 32 ed.



Isoformas de Proteinas

Gene
A

| 1
Promotor Terminador
Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

Intron 1 Intron 2 Intron 3 Intron 4

c.,“EP
. e . Transcricao
Transcrito primario {} o ¢

c," Ep

@ @ & {} @ Q Processamento alternativo

Exon1 Exon 2 Exon 3 Exon4 Exon5

Exon1 Exon 2 Exon 3 Exon4

Exon1 Exon2 Exon3 Exon5

Familia de mRNA <

Exon1 Exon2 Exon4 Exon5

Exon1 Exon 3 Exon4 Exon5

§0030 @ rraducao

VAV AVA Y. W
NS NIONTNS s
NN\

Isoformas de polipeptidios

3%




Etapas caracteristicas da transcri¢ao

DNA
cytoplasm
nucleus
introns exons
N N\ ‘ TRANSLATION
- = w ) . —]
| N c]—

transcnption unmnit
“primary RNA transcript” l TRANSCRIPTION
| — s — - |

5" CAPPING
RNA SPLICING
3 POLYADENYLATION

Procariotos

RNA cap

mRNA AAAA

Animacao Splicing

Eucariotos

Alberts et al. 2010 32 ed.



Tradugao
RNA = Proteina



Caracteristicas Gerais da Tradugao

v Todos os RN As mensageiros sio lidos na direcio 5°- 3

v" As cadeias polipeptidicas sao sintetizadas da extremidade amino
(NH,) para o terminal carboxilico (COOH) — ligacao peptidica

v" A traducio é realizada nos ribossomos, com os RNA
transportadores como adaptadores entre o molde de mRNA e os

aminoacidos

v'Cada aminodcido é especificado por trés bases (codon) no mRNA —
codigo genético universal



Estrutura da Proteina

Aminoacidos (20 tipos):

—> grupo amino
—> grupo carboxila
—> grupo lateral

Grupo amino Grupo carboxila

ot ~ P -

,’, H\H/O \‘\

40| SN,

| H—NTC—"\'C'—OHI

\\M_’,, FL \\\-—/I
A S

Grupo Lateral (R)



1. Grupos laterais hidrofobicos ou nao polares

glicina alanina valina leucina isoleucina prolina fenilalanina triptofano
(Gly) (Ala) (val) (Leu) (1le) (Pro) (Phe) (Trp)
[G] [A] [vi L [

CH,

7

2. Grupos laterais hidrofilicos ou polares

metionina serina treonina tirosina asparagina glutamina cisteina
(Met) (Ser) (Thr) (Tyr) (Asn) (GIn) (Cys)
m] [s] [Tl [yl [N] [Ql [l
?"z ?Hz ?"'2 2
f"* ﬁ—uu, c'M2 SH
S—CH; ﬁ—uu,
(o]

3. Grupos laterais acidos

Acido Acido 4. Grupos laterais basicos
aspartico glutamico lisina arginina histidina
(Asp) (Glu) (Lys) (Arg) (His)

[D] [E] [K] [R] [H]

COOH




Ligacao Peptidica

Ligacao peptidica

H O H O H o/ H O
| | | |l
H2N—|C—C—OH + H—IIV—T—C—OH-»HZN—IC—C—lil—|C—C—OH + H,0
R, H R, R, H R,
| | l | | |
\'4 \'4 A4
Aminoacido1 Aminoacido 2 Dipeptideo

) e N @

Proteina - dire¢do de sintese



Codon e Anticodon

mRNA

Illllllll Al [A] U] €] I

_ANHCODON*#“’:ga
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OCLOQ _6C
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AMINO ACID #5



AGA UUA AGC
AGG UuUG AGU

GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG

GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG VAU GuU

UAA
UAG
UGA

Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

stop

& R D N C E Q G H | L K M F P S T w Y Vv

Figure 7-24 Essential Cell Biology 3/e (© Garland Science 2010)

5’ 3’
. CUuUC, AGC , GUU , ACC AU
A leltura 1 iiiih
—Leu——Ser Val Thr—
correta do
CédigO L SLUCA | GCG  UUA, CCA U
genétiCO pelo — Ser Ala Leu Pro—
ribossomo é
Vital"' . &|CAG||CGU||UACI|CAU|

— GIn Arg Tyr His—

Figure 7-25 Essential Cell Biology 3/e (© Garland Science 2010)

Frameshift!

QUADRO DE
LEITURA



Start codon e Stop codon

Inicio: codon de iniciacao da sintese protéica

— AUG -

l

METIONINA

Terminacao: trés codons terminam a sintese protéica

— UAG - UAA - UGA -




Start codon e Stop codon

< Delimitam a regiao codificante (regiao que ¢ transcrita e traduzidal)

5 UTR Regido codificante do gene 3 UTR
A |

—

AAUAAA

MRNA

!

78



Tradugao: Inicio e Fim

TTCATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGAC
AGTGTCGTCCTTTACGCACCGAATCCCTTTATCATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGATEFAATCTTGGTCCC
GTTGCCTGGAACGTCTTGAAACTGAATTCCCGCCAGAAGATGTT
CATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGACAG
TGTCGTCCTTTACGCACCGAATCCCTTTATCATATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGGAATTGTTATCCTATT
TCTCAGGAATACGTGAAGTAGTCCTTGCAATTGGCTCACGACCT
AAAACAACAGAACTACCCGTACCAGTAGACACTACAGGACGTTT
GTCTTCAACAGTCCCATTTAACGGAAATCTCGACACACACTATA
ACTAATTTTGTTGAGGGACGAAGCAATCAACTCGCTCGT
GCTGCAGCTTGGCAAGCGGCACAGAAACCGGGAGACCGTACTCA
CAACCCTCTATTGCTCTATGGTGGGACTGGTTTGGGTAAAACCC
ATTTAATGTTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCA
ACTTATAAAGTAATGTATCTTCGTTCGGAACAGTTTTTCAGCGC
CATGATAAGAGCGTACAAGATAAAAGTATGGATCATAAGGGTAA




PROCARIOTO

EUCARIOTO

Sinais para o inicio da Tradugao

Sequéncia Codon de iniciacao
Shine-Dalgarno da traducao
mRNA —A— 4

5*AACACAGGAGGAUUAUCCAUGUCGACUCGTAU" " 3'
RN

P\\)\)UCCUCC‘q

G C
.?p —— Q7

3" Regiao do G UUGGCGUCCAAGGGGGAUGCCAAS'
16$ pareamento de termino
rRNA bases

Figure 12-16 Principles of Genetics, 4/e
© 2006 John Wiley & Sons

(Sequéncia de Kozak)

5 - GCC(AouG)CCAUGG - 3




Sinal para o inicio da tradugao em eucariotos

mRNA CAP5’
” Cdédon de Término

3'% | INGCCRCCAUGG UGANNNI IAAAAAAAAAAAS'

Seqliéncia Codon de Iniciagao Cauda Poli-A

de Kozak

Regioes UTR = regides nao-traduzidas (UnTranslated Region)
Regides anteriores e posteriores a codificadora

5" UTR

3'UTR



P - sitio de
E - sitio de saida ligacao peptidil . ;
do tRNA aminoacil

A - sitio de ligacao

3|

Ala

Alanyl-tRNA

Tradugao
: >

Figure 12-14a Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Met

tRNA iniciadotr

l Ligagao com o mRNA

e N MmRNA
3I

AUG

Figure 7-35 part 1 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Movimento até
encontrar a o codon

AUG

Figure 7-35 part 2 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



ﬂMet

5’ 3’
Fatores de iniciacao
dissociam-se da ( |
subunidade menor dc A By

. Y

ribossomo : -
Subunidade maior
~ Met do ribossomo se liga
a menotr

5’ 3’

Figure 7-35 part 3 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Aminoacil-tRNA se
liga a0 sitio A

5I 3’

Figure 7-35 part 4 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Primeira ligacao
peptidica entre os
aa

3’

Figure 7-35 part 5 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



E continuadamente....

growing polypeptide chain

newly bound

E-site P-site A-site

STEP2.

3

LARGE SUBUNIT TRANSLOCATES »

3!

Figure 7-33 Essential Cell Biology 3/e (© Garland Science 2010)

SMALL SUBUNIT TRANSLOCATES »
S newly-

2 bound
- tRNA

ejected tRNA
s'

https://www.dnalc.org/resources/3d/16-translation-advanced.html



https://www.dnalc.org/resources/3d/16-translation-advanced.html

Chaperonas e Tradugao
Dobramento de proteinas

Proteinas de Choque Térmico (HSPs)
BiP (Binding Protein): HSP70 do RE

N Protcma
dobrada
Chaperona
Polipeptideo
A\ completo
Ni ” liberado S
e == 3" mRNA



Chaperonas e Transporte de Proteinas

Cadeia peptidica

" Chaperona citosélico

Chaperona mitocondrial

Proteina dobrada

Mitocondria



Visao Geral

a) Prokaryote b) Eukaryote

RNA

DNA ~ polymerase

Nucleus |

Precursor
mRNA ¥
! (pre-mRNA) -

QNN

RNA polymerase /)

Processing
by ' (5’ cap,
3’ poly(A),
__ intron removal)
mRNA

—— Polypeptide
being synthesized

Ribosome — ( Cytoplasm

Animacao: http://www.youtube.com/watch?v=9831hh20rGY &feature=related
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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;

5. Defini¢ao de gene;

6. Diferenca na estrutura dos genes de eucariotos e procariotos;
7. Regiao promotora e sua importancia para a transcricao
eucariotos € procariotos;

8. Regiao codificante: start codon e stop codon.

9. Processo de traducao
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