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Transcripcion.
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NUCLEO

-Envoltura y poros
-Cromatina y cromosomas
- Sistema eucarionte
- Expresion génica diferencial
- Nucléolo y ribosomas

[A] PROPOSED EVOLUTIONARY PATHWAY FOR NUCLEUS AND ENDOPLASMIC RETICULUM
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KEY: Il = gated transport
Il = transmembrane transport
[ = vesicular transport

(A} LOCALIZATION OF T-ANTIGEN CONTAINING
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EN CADA CROMOSOMA SE ENCUENTRA UNA
MOLECULA DE DNA CON DISTINTOS TIPOS DE
SECUENCIAS NUCLEOTIDICAS
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Sintesis de RNA

*tRNA oRNA

*rRNA o RNA ribosomal
*mMRNA o RNA mensajero

de transferencia
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Azlcar Polaridad

Estructura secundaria

Sintesis de
RNA

* Formacion de
enlace fosfodiester

* RNA polimerasa

* Cadena crece
desde5’a 3’

* Cadena crece
antiparalelay
complementaria a
DNA templado o
molde

Acerca de la direccidn de transcripcion

ccccccce

GGGGGGG

\

* ¢Estan todos los genes en solg

"| una de las hebras del DNA?

RNA

polimerasa

* Procariontes : 1tipo

* Eucariontes: 3 tipos
* Pol | — rRNA

* Pol Il — mRNA

* Pol Ill — tRNAY
otros RNAs pequefios

Inicio transcripcion

Human f-globin gene cluster (chromasame 111
up2 . G

3 : u

Alusite

* ¢ Cémo sabe la RNApol dénde comenza a transcribir?

* NO sabe. La RNApol es una molécula,
y las moléculas NO SABEN !!

* INFORMACION MOLECULAR




Inicio transcripcion

5 DNA
3
3’ 5’
>
+1
Btrong £, ool promaobens
yr A TCTCAMCGTAACACTT TACAGCGGCG « COTCATTTGATA T T
m D GATCAAAAAAATACTTGT: Cﬂlllll *TTGGGATCCE a7 G
rm X1 ATSCATTTTT cTTST |||.|.'cl +GCCCACT ATAATGCG AT
rm {DXEl, CCTGAAATTCAGGGTTGACTCTGAA, eT TGAGT
Al TTTTARATTTCETCT MY&&CTC CTATAA
A7 GUAAAAATAAATGCTTGACTCTGTAG
MPR TAACACCGTGCGTGTTGACTATT T TA+COTCTGGCGGTGATAATGG » » TTGCATGTACTAAGGAGS T
AP Y!'CYCYEGCEG'GYTMT!!‘Y‘ CCACYGGCEGTGAYKTG! *GCAC YCAGC!EG!CGCAC
Tras
TT AL TATCARAAAGAGT CTATAGGATACTTA«CAl UCC‘YCG!BIUUGIC!CG
T A ﬂtQaMmCAGG‘HTTGMMCa?QHRQTMCMGCHGTQMD«C AMATCRCTAGGTAACACTAG
Ve GATACAAATCTCCGTTGTACTTITGYT - - TOGOGOT I'GGTIYMY{‘G ClEGGMYClllEl!GAS'G
»n »w ——
COPMARALA SafUBNES
A 17 213|787 T M8 83 BR|80 33 2
RNA starts
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Inicio transcripcién:

TBP (TATA-box Binding Protein)

TATAA | —

TBP-TATA

Inicio transcripcion: \

TF (Factores de
transcripcion)
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Procesamiento de
MRNAS

Capuchén

* Modificacion co-transcripcional o & ;
del extremo 5’ = capping o=
o
Capuchon EEE &
O o-beo
5 4
’c:rjyo‘_\j.»
bNA helix . R
O—CHy
/ omrlo
o
) CH, Q.. Bas 2
Funcion ? ()
’0 O=CHy

mANA = 1.1 kb

Procesamiento
de mRNAs

* Modificacion del extremo 3’ con
una cola de Poli A = Poliadenilacién

— T i ——

D1 AT D2 A2 D4 Ad

Funcién ?
Procesamiento de mRNASs: \
* Remocion de i R
intrones: splicing o3 a3 | 05 s

D6 A6 D7 A7
~B000 nucleotides
INTRON SEQUENCES REMOVED
BY RNA SPLICING
st stop

@ cppp - I -~ - OH mRNA
5 @

\ TRANSLATICN

H:N T GooH

ovalbumin

protein

4

Procesamiento de mRNASs: \

* Remocion de [

intrones: splicing

= - - - .
Spliceosoma

Proteinas + RNAs pequefios

Transporte hacia el citoplasma: \
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RNA-binding
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particle-
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Arguitectura Nuclear y
transcripcién

Control de la expresién génica \

inactive mRNA

NUCLEUS CYTOSOL mRNA
degradation &
e control
RNA

. wanscript o mANA =, mANA

transcriptional ANA RNA

control processing transport translation . protein
cantrol control control activity

control
€

Control de la expresion génica \

Nivel transcripcional

strongly activating

silent assembly of
regulatory proteins

strongly
inhibiting
protsin

RNA polymerase and

@ \_} % general transcription factors

TATA

weakly

activating
protein

assembly

DOGMA CENTRAL DE LA BIOLOGIA MOLECULAR

niclen citoplasma

€oNAY—+RNAm—» PROTETNAS
Replicaciin T MONSCRIPCion Traduceiin

1 GEN 2
DNA GEN £
—_—
RNA %
PROTEINA : : :: : ®
oo 90 ®
Proteina 1 Proteina 2

protein inactive
protein
Replication [ DNA
Transeription
RNA
Translation
Protein
Reconocimiento Compl itario de los pares de Watson-Crick
o Complementaridad de bases
A=T A=U 6=C
DNA RNA DNA y RNA
DNA
3 Bases: A, 6, Cy T
Sel
A Al | M58 | Aztear: dessuicibose
2 V Y .., Antisense poble hebra antiparalela
5 Estable
Tmnscripcién Bases: A, 6, Cy U
- Azicar: ribesa
RNA Hebra inica
¥ Estructuras secundarias y terciaria
A & A =3

Inestable




SINTESIS DE RNA

T
TABLE 5.2 RNA molecules in E. coli
fr‘r:‘::_‘",f Sedimentation  \p, Number of
Type ) (kd) nucleotides
Ribosomal RNA (rRNA) 80 3700
1700
5 36100 120
Transfer RNA (1RNA) 15 4 25% 100 7
Messenger RNA (mRNA) 5 Heterogeneous

Tipos de RNA para células Eucariontes

Type of RNA Function
mMRNAs mesenger RNAs, code for proteins

rRNAs ribosomal RNAs, form the basic structure of the ribosome
and catalyze protein synthesis

tRNAs transfer RNAs, central to protein synthesis as adaptators
between mRNA and amino acids

snRNAs small nuclear RNAs, function in a variety of nuclear
processes, including the splicing of pre-mRNA

SnoRNAs small nucleolar RNAs, used to process and chemically
modify r RNAs

r noncoding RNAs  function in diverse cellular processes, including telomere
synthesis, X-chromosome inactivation, and the transport
of proteins into the endoplasmic reticulum

CLASES DE GENES TRANSCRITOS POR RNA
POLIMERASAS

TIFOS DE RNA % RMNA
SINTETIZADLO POLIMERASA FUNCION
GEMES NUCLEARES cTh

mRMA 5 o Si codifica proteinas

TRNA 15 III Mo transfiere coc
GEMNES MUCLECLARES

FRNA 80 ribozomas

5.85, 185, 285 I Mo
GEMNES NUCLEARES

rRMA 35 jass
snRMA y sncRMNA Iy I participacién

madurazién RMA

GENES MITOCOMDRIALES MITOCOMNCRIAL (similar a la bacterianc)

GEMNES CLOROPLASTO CLOROPLASTO (similar a la bactericna)

CTD: dominio carboxilo terminal (Tyr-Ser-Pro-Tre-Ser-Pro-Serin
n= 26 levadura; n= 52 mamifers

Velocidod de transcripeion: 20 bases / segundo. 1000 transcritos / h / gen

Transeription bubble

Nontemplate

strand HNA
polymerase
Hewinding

Unwinding

\Template
strand

RNA / RNA-DNA Active site
5 hybrid, 8 bp

Direction of transcry
(£1]

(=)

| Secuencia Promotora

Rio arriba Rio Abajo
Transcrgtion
—
Promolur Coding suguency of guna _
+1 LY

{B) Btrong £ ol presmobors

Iye TANA

o
X1

T DXEY

mmEL

TCTCAACGTAACACTTTACAGCOGCG « CATCATTTAATATAATAC OCC |r<rrr.qrumm.
GATCAAAAARAT A TGCAAAAAAS o TTGGGATOCOTATAATGOGT GAGACGACAACE
ATGCATTTTTCCGCTTGTCTTCCTGA * GECGACTCCCTATAATGCGCCTCC, TCGJ\CﬂCGGCGGﬂT
COTGAAAT TCAGGGT IulL-l CTGAAAS » GAGGAAAGCGTAATATAC m.L.u., TCOCGACAG TGAGE
CTGCAATTTTTCTATTOO: TCOAGAGOOCGGAT
TTITTAAATTTGGTG mlrarr. TGAGAGGOAAGAR
GCAAAAATAAATG = A TGAGAA
TAACACCGTGCGTGTTGACTATT T TA+ COTCTGGCOGTGATAATGG + TTGCATGTACTAAGGAGGT
TATCTCTOGCGGTGTTGACATAAATA = CCACTOGCOGTGATACTGA - GCACKTCAGCAGGACGCAL
GTGAAACAAAACOOTTGACAACATGA« AOTAAACACAATACOATAT + ACCACATOAAACGACAGTOA
TATCAAAAAGAGTATIGAGTTAAAGT s CTAACCTATAGGATACTT A+ CAGCCR TCGAGAGGGACACG
ACOAAAAACAGG TATTGACAACATGAAGT AACATGCAGTAAGATAG AMATCACTAGGTAACACTAG
GATACAAATCTCCGTTGTACTTITGTT - - TCACGCTTGGTATAATCG- CTGGGAGTCAAAGATGAGTG
-%

=10 +1

(€} Gonsensus soquences for all E. ool promaotens

35 mgion 10 region
18-17
TIGACATH o1 P TATANT




PROMOTOR EUCARIONTES

rb
L | | |
-50-100 bp -25-35bp -
Promotor Secuencia Ubicacién Transcripcién  Frecuencia
Caja TATA: TATAA/TA - 25-35bp  Répida Alta
Iniciador:  5'-YYA+1 NT/AYYY3' -1bp Baja
Islas Cp6: (cp6)20-50  ~100bp  Lenta Housekeeping

a0 "
TATA o DNA
l THP or TFUD asdlor TFILAY

l TFIE
1 THIF - KA palbymersss [
| e
l TFIIH : ‘\
o o A putymerase 11 “\\
s TR = \
et s
deprsphory latson

l DA umwinding to

preduce open wmples n
Terminativn

Unnwound DNA EI«WIMJ Hrmtn

Phaspbarylation of Ractoct
TENA polymerase I, inisiation,
L and relense of elangation ssmplex 1
L] -+ TFIIH

dirnction of polymes:
migvamant and M.I\ Ehan grawih ;

”‘“ﬁ‘"‘:‘ﬂ””

'-n
\__signat

FUNCION DEL NUCLEOLO EN LA
SINTESIS DE rRNA Y
RIBONUCLEOPROTEINAS

Genes Develop 2:1748; 1988

Cromosomas 13, 14, 15, 21, 22

PROCESAMIENTO DE RNAs

mRNA

- RNA Polimerasa IT
-CTD (+)

-Promotor TATA
-Adicién de CAP al 5' y
metilacién del 2' OH
ribosa de 2 primeras
nucleotidos

-Clivaje y adicién de cola
poliA en el 3'

-5plicing o remocitn de
intrones

Nucleoplasma

| [tRNA y rRNA 55
-RMA Polimerasa ITI
-CTDb (-)
-Promotor A y B: €

tRMNA
-Remocién secuencias 5'
por Ribozyma

- Remocién secuencias 3
RMAasas

-Modificacién de bases

-Splicing requiere de
G6TP y ATP

al

'FRNA 285, 185, 5.85 |
- RMNA Polimerasa I
-CTo (-)

~Promotor UCE
-Clivaje

-Digestién

exonucleotidica de
bases.

-Modificacién de bases

(pseudolS)

-Metilacidn del 2' OH
ribosa

SINTESIS DE PROTEINAS
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Tigsdatar

w5 B 5B SR

5P S-F S-F $5-F 5

75 -25 +1
DNA template GGNCAATCT TATAAA
CAAT box TATA box b
(sometimes present) (Hogness box) Start of
RNA
(B) Eukaryotic promoter site

Eucariontes unicelulares
secuencias reguladoras
rio arriba (UAS) y
silenciadoras a 100-200
pb de caja TATA

Metazoos: complejo
regulador con
enhancers, silenciadores
a 10-50 kb de caja
TATA, rio arriba o rio
abajo

procaryotic mRNA
coding
- sequence

PEP I

}

protein o

eucaryotic mANA

noncoding
sequence 3

Policistronico

|

protein §  protein y

1A) EUCARYDTES

(B} PROCARYOTES /’

coding noncoding
sequence sequence
af d S ¥
C-PEP 150-250
CH3 |
5 cap Monocistrénico
protein
il Gara Pebpurtatin
T g Trarmlatneul gl (AALAAA}
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A 1 2 3 4 5 &
ona WA WElcEol & WFE o EEETE

Trasscription and

TABLE 28.3 Small nuclear rib i icles { 1]
in the splicing of mRNA precursors

Size of snRNA
snRNP (nucleotides) Role

u 165 Binds the 5" splice site and then
the 3° splice site

Uz 185 Binds the branch site and forms part of the
catalytic center

Us 116 Binds the 5° splice
U4 145 Masks the catalytic activity of U6
U6 106 Catalyzes splicing

Fant . (-
-
=
Soacmg s

;e Extra RNA
Pris L |2 3 4 5 & TN
e sl A WSl CHb & WFE o el
cap ' ]
= Splicing. choavage,
]H— LA and pelymdenylstion
" Seven introns W Esiaitia
Mat L1234 566 7
ure
mitA : A
nucleotales
HNomtemplate strand 5 — AT T TC O AGCORA . -
DA
Teenpiana strana ¥ — AL T IO RGAAS GGETCaETTTTGE R
o — T mANA

NH2- aal-aa2-aa3-aa4-aa5-aa6-aa7-aa8- COOH

Ribosome

Growing {rBNA + protein)
polypeptide
chain

{RNA
‘ﬁNA‘ Sy
leaving '};k CAG

C
mANA P ::r’.\:?.';A’
u|\\|||||||| Ll 1 1.
G c
Movement

‘\v) v v ‘Y’ v v vofr\busﬂm&

Codon Codon Codon Codon Codon Codon Codon

Bacterial ribosome  Enkaryotic ribosome
WS M ZTHI0C o8 M, 4.2 x 10°

ady afy aag any aag aag ady
Cadigo Gen:
Second letter
U c A G
uuu ucu uAw uGU u
0 we [P uog sor UAC b g fere g
uu.tx]l_mj UCA UAA Stop UGA Stop A
uuG uca UAG Stop UGG Tp G
cuu Cccu (‘J\U}Hl cGu u
g UG [, ©CCl. = CAG N EEE) @
5 C CUA cca [P0 caa }Gh caa (AW a4 o
3 cuG {elelc] CAG CGG G 2
E AW ACU AAU AGU u g
&, AUC e AcC | nac [0 age [ser o %
AUA ACA AMA AGA } A
AUG Met ACG AAG}L?S AGG (MO @
GUU GCU GAU GGU u
euc |, soc[m GAC}AW Gac [, ©
S qua Ve GCAJ GAA|. ~ GGA Y oA
GuUG Goa aral goa a

508 w08 | ¥
)
\ 7
\ './, M, 28 x 100
-y 5STRNA
M, L& = 100 1120 nuelestides)
. 288 rRNA
65 rRNA 4,700 nucleatides »
1120 nueleotides) 5,85 rRNA
235 rRNA (180 nuclestides) |
13,200 nucleatides) - 49 proteins -
36 proteins |
165 rRNA
208 08 “g
M09 % 107 M, L4 % 10° AS riNA
163 rRNA 185 ¥RNA
(1,540 nueleotides) (1,900 nuelestides)
21 proteins ~ 33 proteins
_RNA de transferencia
G’}\on T
Sy (OTOMED
with wemincacy AP .
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Components Required for the Five Major Stages of Protein Synthesis in E. coli
Stage Essential components
EvcolitrpA GNVACCACBEAGGCHEEAAAUCUGAT GGAACGCUACE)
R it it S EeoliareB  UUUGGAUGGAGUGAAACGAUGGCOGAUUGCA
Al nclds ;ga"“'“mfﬁ:"‘h"s\‘"‘em E.colilic]l €AAUUCAGHOUGGHGAAUGUG AAACCAGUA
‘rp‘""““' ¢X174phage Aprotein =~ A A U C U U@@AGECUUVUUUUATG GUUCGUUCU
e phagecro AU GUACUAAGGEAGCEUUGUAUG GAACAACGC
2. Initiation mRNA Shine-Dalgarn sequence; on codon;
N-Formylmethionyl-(RNA pairs with 165 rRNA pairs with fMet-tRNAMeL
Initiation codon in mANA (AUGH
305 ribosomal subunit
508 ribosomal subunit
Initiation factors (IF-1, IF-2, IF-2} "
GTP o "
: . 3 End of A
Prokaryoti: :
3. Elongation Functional 705 ribasome (initiation complex) " ,,.r;’&i 168 rRNA ) e
Amanoacyl-tRNAS specified by codons with consensus Uccucea
E"";m"’" factors (EF-Tu, EF-Ts, EF-G) Shine-Dalgamno (5)GA UU € c UAGGEACGEUUUGACCUATGEEACCUTTUAGY 3)
. sequence
Mg
4. Termnination Termination codon in mANA
and release Polypeptide release factors (RF,, RF;, RFy)
ATP
5. Folding and Specif enzymes, cofactors, and other companents for removal of
pastiransisticns! nitiating residues and signal sequences, additional protechytic processing.
processing modification of terminal residues. and attachment of phosphate,
methyl, carboxyl, carbohydrate, or prosthetic groups.
Profein Factors Required for Initiation of Translation in Bacterial
and Eukaryotic Cells
Basterial
Factor Function
HiN IF-1 Prewents premature binding of tRNAs in A site
5 IF-2 Facilitates birding of tet LRNA™ to 308 ritx
— IF-3
o H
\ Euharystic
T Methionyl-tRNA; Fathoe® Funahion
tRNA; (Maet-tRNA) elF2 Facililabes birding
N'%Formy somal suburil
rcmh- domiul.;lc #F2B. alf3 First factors to band 405 subunie: faciitate
¥ «lFdh FINA halcase actiaty rei
A o p
Tetrahydrafolate wrel
Q, #FAE
“I;_M. FAG
H - 5 ] o factors from
CH. 605 suburet
s} H on compla
A\ #F6 aive B0 riboss
\
[ Formylmethionyl-tRNA
tRNAy (IMet-tRNA) “The prafin "e” ibentifien Bhata 0 eckaryotic fuctons
HN- ~ Indicates new peplide
a
1) (2a, bond forming 1o
TERMINATION
COOH
H MT”’ (@]
n
"O' u«uf‘E
(5 b
[
g HaN
. A
BINDING OF RELEASE
A aarifiNa Mer_( FACTOR TO THE A SITE
leaving & arriving
& Hyl
. UUUAGC
Tl et T
& |1 | | P
mANA GGGAAAUCGGUC
Godon Codon Codon GCadon Godon Godon Godon Mavement f ribosomes Ha0
way  am  am e, s g 6 - o TERMINATION
Tp
J
Sitio A : aminoacil, se une el tRNA e d
Sitio P : peptidil, se unen amino&cidos por enlace peptidico (peptidil transferasa) . N/
2




Direction of
translation

TABLE 29.4  Antibiotic inh

ibi of protein synth

Antibiotic

Action

Streptomycin and other
aminoglycosides
Tetracyeline
Chloramphenicol
Cycloheximide

Erythromycin

Puromycin

Inhibit initiation and cause misreading of mRNA
(prokaryotes)

Binds to the 308 subunit and inhibits binding of
aminoacyl-tRNAs (prokaryotes)

Inhibits the peptidy] transferase activity of the 505
ribosomal subunit (prokaryotes)

Inhibits the peptidy] transferase activity of the 605
ribosomal subunit (eukaryotes)

Binds to the 508 subunit and inhibits translocation
(prokaryotes)

Causes premature chain termination by acting as an
analog of aminoacyl-tRNA (prokaryotes and
eukaryotes)

14



