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catalytic RNA molecule that
joins together nucleotides to
reproduce its own nucleotide
sequence and therefore its
shape
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family of mutually supportive
catalytic RNA molecules, one
catalyzing the reproduction of
the othars
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- . coding RNA (template for protein
—_— \ synthesis)

protein

new catalytic RNAs evolve, some of which bind activated amino acids to
themselves. By base-pairing 1o a coding RNA molecule, these RNA
molecules allow an RNA sequence to act as a template for the synthesis
of aming acid polymers, causing the first gonetically determined protein
sequences 1o appear. Thay thus serve as the first adaprors between
nuclectide and amino acid sequences.
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A ribosome’s true colors. 1RNA 1RNA
The large subunit of the ribosome with
proteins in purple, 235 rRNA in orange and white, 55 rRNA

in burgundy and white, and A-site tRNA (green) and P-site tRNA
(red) docked according to (5).

(Insert) The peplidyl transfer mechanism catalyzed by RNA (2).
Cech TR. Science 2000 Aug 11;289(5481):678-9.




RANA-based sysieams

EVOLUTION OF
ADAPTOR RNAs

RM& and protein-based systams

RMA ——s= protein

EVOLUTION OF NEW ENZYMES
THAT CREATE DMNA AND MAKE
RNA COPIES FROMIT

presant-day cells
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(a) Key features of (b) Partial chemical structure (c) Space-filling model
DNA structure
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A-form RNA

Minor Groove
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DNA polymerase [
DNA polymerase
active site

F'—+ 5 (proofreading)
exonuelens:

active site

Kis a rare tautomeric
form of cytosine (C*)
that pairs with A and
" is incorporated into
the growing strand.

Before the polymernse
maves an, the eytosine
. undergoes a tautomeric
! shift from C* to C. The
new nucleatide is now
mispaired.

The mispaired 3'-0H
end of the growing
strand blocks further
elongation. DNA

1 palymerase slides back
o position the
mispaired base in the
3=+ 5" exonuclease
nctive site,

The mispaired

nucheotide is removed.

DNA palymerase slides
forward and resumes its
polymerization activity.

1 25-1

Comparison of DNA Polymerases of E. coli

DNA polymerase

| 1l I

Structural gene* polA polB polC (dnak)
Subunits (number of different types) 1 =4 =10

M, 103,000 88,000’ 830,000
3'—=5" Exonuclease (proofreading) Yes Yes Yes
5'—=3’ Exonuclease Yes No No
Polymerization rate (nucleotides/sec) 16-20 40 250-1,000
Processivity (nucleotides added before ~ 3-200 1,500 =500,000

polymerase dissociates)

*For enzymes with more than one subunit, the gene listed here encodes the subunit with
polymerization activity. Note that dnak is an earlier designation of the gene now referred to as
polC.

Polymerization subunit only. DNA polymerase || shares several subunits with DNA polymerase
I, including the 8, v, 8, &', x, and ¥ subunits (see Table 25-2).
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Supercoiled
template

e Four 9 bp
Three 13 bp repeats

Priming and
replication

hle 25-3
Proteins Required to Initiate Replication at the E. coli Origin
Number of
Protein M, subunits Function
Dnah protein 52,000 1 Recognizes origin sequence; opens duplex at specific sites in origin
OnaB protein (helicase) 300,000 [ Unwinds DNA
DnaC protein 29,000 1 Required for DnaB binding at origin
HU 19,000 2 Histonelike protein; DNA bending protein; stimulates initiation
Primase (DnaG protein) 60,000 1 Synthesizes RNA primers
Single-stranded DNA-binding protein (SSB) 75,600 4* Binds single-stranded DNA
RNA polymerase 454,000 5 Facilitates Dnad activity
DNA gyrase (DMA topoisomerase 1) 400,000 4 Relieves torsional strain generated by DNA unwinding
Dam methylase 32,000 1 Methylates (5')GATC sequences at onC

“Subunits in these cases are identical.




Two
chromatids
(10 coils each)

One coil
(30 rosettes)

One rosette
16 loops)

One loop
(~175,000 bp)

30 nm Fiber
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a-string”
form of
chromatin

DNA
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primase RNA primer
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" Lagging strand synthesis
(DNA polymerase 111)
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Lagging

strand
3
5
Nick
rNMPs DNA polymerase |
dNTPs
ATP (or NADY)

DNA ligase

AMP +FP, {or NMN)

5
3

released
25-4
Proteins at the E. coli Replication Fork
MNumber of
Protein M, subunits Function
SSB 75,600 4 Binding to single-stranded DNA
DnaB protein (helicase) 300,000 B DNA i C
Primase {DnaG protein) 60,000 1 RNA primer synth [+ ©
DNA polymerase 111 900,000 18-20 MNew strand elongation
DMA polymerase | 103,000 1 Filling of gaps, excision of primers
DNA ligase 74,000 1 Ligation
DMNA gyrase (DNA topoisomerase 11) 400,000 4 Supercoiling

Madified from Keenberg, A. (1982] Supplement to DNA Replication, Table $11-2, WH. Freeman and Company, New York.




DNA polymarass on
tagging strand (just

finishing an Okazaki ___

fragment)

Ll — polymerase
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DNAs polimerasas eucariontes

Tipo Funcién

a replicacion nuclear ; asociada a la hebra retardada y
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B reparacion nuclear

Y replicacién y reparacion mitocondrial

0 replicacidén nuclear ; asociada a la hebra lider

€ enzima nuclear
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Internal

RENEERE template RNA

(a) DNA 5'- TTTTCEGETITTE OH(3") J|'
U— CAAAACCCCAAAA
{ ¥
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8’) (y

Polymerization and
hybridization
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X CJI\A.‘\:\CCCCRMI?- b
; —
(5 )

A
s-) (5-

Translocation and
rehybridization

{e) 5'———TTTTGGGGTT TTGGGG’II'II"II"II‘?— OH(3")
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Further polymerization
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rpo C
rpo B
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RNA polimerasa Procarionte

Gen PM (kDa) Funcion

160 Unién al DNA molde; centro catalitico de la enzima

155 Formacion del enlace fosfodiéster; centro catalitico de la enzima

32-90 Confiere especificidad al sitio promotor

40 Ensamblaje de la enzima; reconoce el promotor; enlaza algunos activadores
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poA 2 o subunits ‘ 1 ‘ ' promoter recognition
(40 kD each) binds some activators
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primary RNA transcript

start axon intron stop
AUG sequence sequence
D3 A3 | D6 AS
(B Gppp AAA = OH
DI AT D2 A2 D4 A4 D6 A6 D7 A7
. ~ 8000 nucleotides -
INTRON SEQUENCES REMOVED
BY RNA SPLICING
start stop
@ Gops I /A5 - O mANA
& 3
TRANSLATION
H:N - coom —
ovalbumin
Left (5) site | Right (3) site \
S N/
-e.,,, T G s L. YN O A e.,.,- 5 site 3'site
Inivon GU  UACUMAG  AG 2
Pyan N Pygg Pyay Puzs A Pygs
Animal consensus
Cut at §' site & form lariat by 5-2' bond connecting
the intron 5-G to the 2' of A at the branch site
%
5
5 ¥ 2 3
UACURAC ~ AG
Cut at 3' site & join exons; intron is released as a lariat
L3 a ﬁ?‘ 3 5. 3

UACUAAC  AG

I

Debranch intron
sGu

UACUAAC




Exon Intron

Exon
au UACURAG — Py
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UACUAAC — Py=AG

UACUAAC — Py=AG

E complex
U1 binds §' splice site
UZAF binds pyrim

Acomplex
U2 binds branch site

Bi complex
US/U4/UB trimer binds
US binds exon at 5 site
UG binds U2

B2 complex

U1 is released

US shifts from exon to intron
US binds at 5 sploe site

C1 complex

U4 is released

UB/U2 calalyzes transesterification
US binds exon at 3' splice site
§'site cleaved & lariat formed

C2 complex
U2/U5/U6 remain bound to lariat
3'site cleaved & exons ligated

Spliced ANA is released
Lariat debranched
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~49 proteins + 3 ANA molecules ~33 proteins + 1 RNA molecule
) |
large subunit small subunit
\ |
ool TS MW = 1,400,000
MW = 2,800,000 |
A
.
large 4 ‘

subunit !
\ ~82 proteins +

- 4 ANA molecules
small b
subunit ]
. y

complete ribosome
MW = 4,200,000
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tRNA
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no extensive frameshift
P

-
Bt

a

=

=
al
-
|




Bacterial
extract

(0] (0] [95] — [P} el
[ () ] — -]
[ o o] — el

Synthetic mRNA Polypeptide

(&b
|acA|[cac|[aca][cac]|acA][CAC] [ACA|

l

[ Thr || His |[ Thr || His || The || His || Thr ]

[aca]
[cAc]

[AcA |
cac]

|His|
|Thr|

[Thr]
OR
| Hig ]

(b
[AAC] [aAc][AAc][AAC] [AAC][AAC] [AAC]

[Asn|[Asn |[Asn ][ Asn][Asn || Asn]| Asn]

Alaca)|acal|acal|acallacal|acallAacA|

[ Thr || Thr || The || Thr || Thre || Thr || Thr |

aa[can][caa][can][caa][caa][caal[caa]
[Gin][Gin][Gin][GIn]][GIn][GIn]|[GIn]

Aminoacyl-

Trinucleotide

csr\@%e S

Trinucleotide and all tRNAs
pass through filter

tAMAs
§\€z“° (}7%3

Ribosomes

2 9

Ribosomes stick to filter

™,
@%—?ﬁ%

3y

Complex of ribosorme, UULU,
and Phe-tRMNA sticks to filter

"1r9




Unusual Codon Usage in Nuclear and Mitochondrial Genes

Universal Unusual
Codon Code Code Occurrence
UGA Stop Trp Mycoplasma, Spiroplasma, mitochondria
many species
CUG Leu Thr Mitochondria in yeasts
UAA, UAG Stop GIn Acetabularia, Tetrahymena, Paramecium,

UGA Stop Cys Euplotes




HNA

3
5
If these bases are in
first, or wobble, position of
anticodon
121 [e]alefulr]
129 Glulc|A|lc|thenthe tRNA may
g ¢ U | G| A | recognize codons in
RNA "
5 mRNA = U | mRNA having these

bases in third position

If these bases are in
third, or wobble, position
& mRNA 3 ofcodonofan mRANA

123 lc|als|u]
321 G| U | C|A |then the codon may
{1 |U]|G |berecognized by a
| [1RNA having these
bases in first position
of anticodon
5 H
& Uriding .(:\;—“l'-o ‘:‘-""\c,c.
tRNA C}‘\?J‘-‘H Addurusim

o
f e o
o

]
ﬂ Aminoacy-ANA y
& 3

from the nucleus to
ynthelase v

Ihonﬁqphlm.

CYTOPLASM

[5] mRNA leaves the
Wmhw:::h“ AMINO ACID ACTIVATION
ﬁ Each amino acid
ataches to its proper
IRNA with the heip of
a specific enzyme

and ATF,

chain as the MANA
maves through the
ribosome, one codon at
a time. (When nnmpli:t-
ed, the polypeptide
released from the
ribosome.)




Transfer RNA Molecules

phenyl alanine = & aspartic acid

A anti-codan

S0P .
:g’ 1) anti-codon
Cly 4G

NH,*

|
Armingo X -
acd H _(i R

C=0

Anticodon




¢ [Amino acid| + ATP

®J&’5PP, Pyrophosphatase 2F

Synthetase complexed
with aminoacyl-AMP

CCA end of t(RNA

O\ Ad
HoAr + AMP
H
™
HO OH
Class Il Class |
synthetase synthetase
0=T
H—T—H

H,




Class || Class I Aminaacy s
Glu « Gly w2p2
Gln « Ala o4
Arg « Pro o2
Cys «2 Ser o2
Met o2 Thr o?
Val « His o2
lle o Asp o2
Leu Asn o?
Tyr o2 Lys o2
Trp w2 Phe o2f2

Amino acid }|—1 ?l T ‘0 H

{phenylalanine)
HzN—tl:—c—OH HN—C—C—OH HyN—C—C—0H
FH CH, CH;

tRNA specific for
phenylalanine (tRNAT®)

/

Aminoacyl > s

tRNA synthetase ABA Linkage of phenylolanine AAA ANAP™ binds to A

specific for phenylalanine 1o tRNAP"® the UUU codon 5'7 3
mRNA-

Net Result: Phenylalanine Is Selected by Its Codon

Eukaryotes
e 1
Archasans
‘\={;> =3 | (Mt IRNAMH
Bacteria + CHO

All cells

= | nitiation

|IHNA,M" i |Mcthionine|

—i> Elongation

|tF|NAM"‘| } |Methicninc‘




305 subunit
Initiation
factors (IFs}

& & & cr

Enhancing Translation-Shine Dalgarno

Preinitiation complex
f mANA + fMet - tRNA M

s

Met
Shine-Dalgarno l
sequence
mRNA
5 e————— AUG 3

308 Initiation complex

8508 subunit small ribosomal subunit

IF1, IF2-GDF, and P,

708 initiation complex

Direction of
transcription RNA

DNA / polymerase

5 Polyribosome

Ribosome

=
Polypeptide ~|

mRNA




@+
/ ,// +
~+  capped-mRNna
/".z‘;;:ffe:“ui.?.;
e —

] [ ; 60 large
ATP  ADP +Pi - ribosomal
40S Initiation Complex subunit

© L elFla
= elF2 elF5 GDP +Pi

elF3

80S Initiation Complex

elF-4E binds 7-methylguanosine, the post-transcriptional cap of mRNA,
as its ligand. Eleven amino acid residues come into contact with this
ligand and are as follows: Ala51, Asp53, Trp58, Lys90, Asp92, His94,
Glu103, Trp104, Glu105, lle156, and Arg157.




Factor Earlier Function(s) Mass Subunits (kD)
name(s)
elF1 Stimulation of Met4RNA and 15kD
mAkA bindingto 405 ribosomes
elF1A  &lF4C Stirnulation of Met4RNA and 17D
mANA bindingto 405 ribosomes
elF2 MettRhA bindingto 405rbosomes  130kD wf36]
Fi38)
w55
elF2B  GEF GDPGTP exchange on elF2 270kD wl26)
Fi38)
(58]
(67
(82
elF2C  Co-slF24  Stabilization of temary complex kD
elF§ FRibos ome dissocialion. Stabilization T3TkD a[170)
of temary ¢ ornplex. Stimulation of b{116])
RN bindirg o[110)
d[56)
e(43)
f(47)
q(44]
h{40]
i3]
J351
K25
elF3A  elFE Ribosome dissociation 25kD
elF4A mRNA binding. AMA helicase 44kD
Ded1 AR binding . Ak helicase BSkD
elF4B mRNA binding. AMA helicase F0kD
elF4E AN binding . Cap rec ogriti on 25kD
elF4F  CEPI PN binding. Cap rec agrition 270D o lF4E(25)
RMA helicase B elFa(44)
v elF4G (154)
elF4G RMNA binding . Anc hor protein 154 kD
elF4H mANA binding
elF% Ribos ornal subunit joining 45kD
elF5B  elF4D Ribos omal subunitjoining 112kD

435 preinitiation
complex

5 m'G = AUG
ke 100 NTs —3|
le——— Can be thousands of NTs ————3]

IRES ALUG s

NN“»sz:m,m




Small subunit
mRNA binding site

mRNA

AN

.

Large subunit

® 2001 Sinauer Associates, Inc.

Small subunit 70S Ribosome
30S RNA 505 Protein

Start codon

@
mRNA /

Ribosome

recognition

sequence

® 2001 Sinaner Associates, e,
Elongation

Anticodn

e Incoming
erminus  para

® 2001 Sinauer &ssociates, Inc,




@ 2001 Sinaver Associates, Inc.

H

A ribosome’s true colors. HQIRNA RNA
The large subunit of the ribosome with

proteins in purple, 235 rRNA in orange and white, 55 rRNA

in burgundy and white, and A-site tRNA (green) and P-site tRNA
(red) docked according to (5).

(Insert) The peplidyl transfer mechanism catalyzed by RNA (2).
Cech TR. Science 2000 Aug 11;289(5481):678-9.




{;‘H _ tRNA
~ anticodon

protein

molecule A @7 g = mRNA

forming codon
amino
acid

“rihosorme -

i ribosome’

TRANSLATION EL TION FACTOR (1B23)

Elongation continues

cuu!lay®cCallau ex
LGGChUA

Stop
codon

(& @/ This process repeats

Growing until reaching a stop
oly-  2#%;
Sepytide é?@ codon
Termination
|
lalacca

Newly synthesized protein'

‘/
‘:L eu:.@ .. .
/ \

C-terminus N-terminus




IE

+RF, 10r 2 plus
RF3.GTP

GDP +p, </iPemidyl-lRNA cleavage

P

Domain 2

Qs The 3D structure of eRF1
i . (see Song et al., 2000)

Termination

terminus

Polypeptide Large subunit

@ 2001 Sinauer Associates, Inc,




Ribosome
Light subunit 3

AUG OCG GUA GGC CAA UAG

& mRNA
% Amino Acid

Initiator t(RNA

heavy subunit

Initiation

Elongation Termination ‘

Small

. Polypeptide
subunit ;

TS
;

AUG OCG GUA GGC CAA UAG

Termination

RO

() 1999 Chemis HooC

. . 1. Polypeptid Polysomen
7 - Ribosom
o\

mRNA

/

ribosoméle
UE. &7/
Initiierung

5 Vi
Basenpaarung stelle Strukturgen 1 / Strukturgen 2
Peptidbindung StopJCodon




ycosylation




Plasma

Lysosomes ||
! membrane

Q

Protein synthesis in cytosol

<=5

To organelles @® Exocytosis 3
—+Exocytosis

Peroxomes
Extra-
cellular
Mitochondria Plastids medium

Endoplasmic Golgi
reticulum apparatus




Procariontes

Promoter Protein coding sequence Terminator
!
TS ¥ e d L el ¥
Genomic DNA

Types of genes

rRNA
tRMNA
mRNA
snRNA
sRNA

i 1% Ui WL N

Genomic DNA




Promotor del gen
regulador

| e (3@1ES @StrUCtUrale sy
1 |
| gen regulador

| PE_omotor del operon jac
|

Operédor I?_e" e o

galactosidasa Gen de la Gendela |
{-yalacto- (- galactosido- |
permeasa iransacetilasa
- OPERON /ac
The !ac Operon
|p | i ||:| |.| z | ¥ | a |Ahsementint|uoer

repressor binds to the operator
Vg N
region and prevents RHNA polymerase
repres I“r mRHA from transeribing the operon
<
repressor

|p| i |P |0| | y | a| Presence of inducer
}
P N, Sy

l
P e N, S
repressrr mRMA

z

kae mRNA
e ] poakactosidase permease transacebylase
+ inducer
’ (inac tive repressor)

copyright 1996 NWKIng




~Inductor
pegado al

Se produce latranscripcion y ARN mensajero transcripto

ARN paolimerasa
Triptéfano ausente ‘Ii

\  ARN mensajero transcripto
ey | 3
§ ekt T

| Se produce la transcripcién | ¢

\
Sy b

Represor inactivo @

-

Q
\’ QO Correpresor
(triptofano)

Represor
activo

La ARN polimerasa |

no puede pegarse | REPRESOR ACTIVO PEGADO
& 4~ + ALOPERADOR

. . o) e




Primer polipéptido

Ribosoma %
\\ ARNm (mensajero)

‘\‘

Subunidades’

rihosdmicas -. "_/;_.f —
& / e e
. / e e ﬁ ﬂ’a _..:—,_'—,'_',‘_‘:::::F
Sitio de iniciacidn | E D R

Gen estructural 1 { i

] Gen estructural 2
!

Sefial de terminacidn

Eucariontes




Posibles niveles de control de la expresion genica

- DMA  Coniml pre-franscripeianal
i l Control transcripcianal
Pre-mRNA

Conral post-franscripsional
mt;?‘m maduro
degradacian del RNA Control en o transpart

Transporte al Citoplasma
Control traguccional

Proteina
l Modficacknes post traduccionaiss
Cunirod en 13 Oegradacion proteica
Conimi en 13 desinacion de proteinas

*Seleccion de los genes que se transcriben
*Regulacion de |a tasa de expresion
*Regulacion de la del produch

El nacleo y el
controlde ___ ..
expresion génica

[Enwaitura nuolsar,

Lamina

Hucisaly

+*Organizacion de la cromatina y estructuras cromosomicas de orden
supericr: heterocromating, eucromating, formacion de nucleclo.




Formacién de loops de cromatina

Giant chromosome loops

Gene ¢l
& ey
B jar histocompatility comelex I
epidermal differentiztion comelex
mouse Hox cluster
Chromosome

Consecuencias funcionales de la
organizacién de la cromatina

s B c
expression regulation

/ Betivation. |

Contral a nivel de |3 organizacién da la estructura de la cromatina

Modificacion covalente de histonas.

-Acetilacion ! metilacion. Hiperacetilacion: cromatina activa
-H3 H4 Hipermetilacion: heterocromatinizacion




Caontrol 3 nive! de la organizacion de |a estructura de la cromating

Acetilacion y desacetilacion de histonas

El represor dirige la desacetilacion

| I o

£ = = £
AT e U S B S i e

El aztivador dirige |a hiperacetilacion

B Aediled i v 2

£

Regulacién de la actividad transcripcional.
Metilacion del DNA. DNA Metil transferasas (DNMT)

cyrosing S-rmathiy| cyrosine
H - H H x.;u ~H
H.LC .
i | "
6 1 /EJ,ta mmeabykaticon /LQ
(Vi N7 O
I Metil fransferasa l SAM: S-Agenosimelioning
{Donador del grupo metilo).
C mC SAHC S-Adencsidomacistein

*Regiones repefitivas predominantemeante metiladas
slslas CpG no metiladas

Las funciones de la metilacion son: Regulacion de expresion
génica y evitar refrofransposicion




Metilacion bloquea los sitios de union

para TF

MeCP:

~Bloquea los sitios de unidn
para factores de
trazeripeidn

»Actuarian como sitios de
reconocimiento para

gene regulsiory  general
i g iphion Fasions

i S
_%:_ Lol
= = ON

LOSSOF GEME
REGULATORY EROTEING

e DMEO
= = BUTLEMCY

MEW DR MET HrLATIN

L]

histonas desacstiasas
(HDALC) o de complejos de
remodelamiento de
cromatina.

EIIZII]

EINDING O
THAT FELL

Control a nivel de |a organi

de |a estructura de la cromating

Mantencion de la metilaciéon del DNA

-
o
= ,
wtararihs
. BAABARESN,

el sben




Caracteristicas asociadas con cromatina transeripcionalments activa e inactiva

Garacteriatica Gromatina Gromatina
transcripcionalments activa  franacripcionalments inactiva
conformacion de la conformacion Conformacicn altamente
cromating shierta y exiendida condensada,
particulamrents en
rocromiating (facuttativa

y constituth

rmetilzzion del DMA Relzfivaments no Metilada, incuyendo en
migtilada. regiones promotoras
especiamente en
regiones promotoras

mitilazion de histonas Histonas no Histonas metiadas
metiladas

acatiacion histenas Histonas acetiadas Histonas desacefiadas

Regulacién a nivel transcripcional....
Seleccion del gen que se franscribe -Tasa de expresion.

Estructura tipica de un promotor eucarionte

gameral
transcriptian e
gene requlatory peoteing factors ANA polyrivarass I ragulatary
/ by ; pakym proteins

— gEme X ——y

bl transcript

the gene control regson or gene X




Regulacién a nivel transcripcional....
Seleccion del gen que se franscribe -Tasa de expresion.
Uso de promotores
alternativos.

C M

L F A CHE & [
o o ol [ [ad [
4 B 1oeo 15400 oo 50
L1 C1 M1 P12 B 10 ISEZ0HI0 40 ONS1 48

b4 | | R

Opazr Cp2ow D140 Dotie opFl
L, lymphooyte Fi. refinal
Gen Distrofina: C. cortical CMS, centra nanvous system
Xp21 W, Muscie 5, Soneann cell
P, Purkini2 G, general
79 exones

Misculo: serum response factor y dystrophin promoter bending
factor (DPEF) en un elemento CArG presente en el promotor.

YY1 tarmisién une a CArG pero inhiciendo 1a transcripzion.

2,4 MB

Regulacidn a nivel post-transeripcional...

Splicing alternativo

Secusncas S de i
I thenas Secuencies de
| Fromele

+ 4 L]
I EEE = o

l Transcripcion

-\F‘_\/N-- pre-mRNA

i " Splicin
Splicing l Procesamiento plicing ~
alternativo Splicing \\“ alternative
ey Ry - m R riRNA,
l l Traduceion
o
4 -’&'v'
N

[




Regulacian post transcripcional.

Edicion del RNA

*Modificacion del RNA que genera RMAm funcional diferente a la
secuencia codificante.

*Hay dos tipos de edicidn de RMA: por substitucidn y por
insercién/delecion.

*Descubierta a fines de 1980.

*La edicion por substitucion hay cambios puntuales de bases y ocurre en
transcriptos nuclearss, mitocondriales y en cloroplastos.

*La edicion por inzercion/delecion se ha observado en Trypanosoma. Se
ha descubisrto un gRNA & RMNA guia que actia de templado en esta
edicion.

Posibles niveles de control de la expresién genica

- = DMA  Coniol pre-transcripcional
l Control transcriposanal
re-mi

P RNA
Cantrol post-franscnpaonal
Oorm‘&;;-l‘;‘ mRNA maduro
degradacion del RNA Control en & transparts
Transporte al Citoplasma
Control traduccional
Proteina

Modficaclones post traduccionaies
‘Conirol en 3 degradackon
Cantrol en la destinadtn de proteinas

*Seleccion de los genes que se transcriben
*Regulacion de |a tasa de expresion
*Regulacion de |a naturaleza del producto
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=
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Tunu:h‘huﬂ
L o

pre-micraRNA,
small RNA duplesey

Delwery of
Y, RISC-microRNA

e

mRMA

SiRNA doble
—

RISC

\ SIRNA antisentido
7

miRNA
(en horguilla)

Amplificacion




DE PROTEINA A GEN

Aislamiento de la proteina
sobre Ia base de su funcidn
maolecular (p. aj., actividad
enzimdtica u harmonal)

Determinacién de la secuancia
parcial de aminoacidos de la
protaina

&b

DE GEN A PROTEINA

Ajslamiento del clon
gendmico correspondiente a
un rasgo alterado en
mutantes (p. ef., auxotrofia
nutricional, enfermedad
hereditaria, defecto del
desarrollol

Uso de DNA genémico

para pislar el cDNA del mRNA
codificado por &l gen

is de los oli
carrespandientes a porcionas

Secuencia del cONA para
deducir la secuencia de

de la e ar

Uso de oligonucledtidos como
sondas para seleccionar el

clon de cONA o genomico que

codifica la proteina, dentro de
la biblioteca

Secuancia del gen aislado

ar idos de la proteina
codificada

Comparacidn de la secuencia
del aminoacido deducido con
el de proteinas conocidas,
para suponer la funcidn de la
proteina

Uso del vectar de axprasion
para producir la proteina
codificada

Plasmid vector

Recombinan!

Bacterial
chromosome

@),
-
Transformed

 colicell survives

Independent

plasmid replication

Colony of cells each containing copies
of the same recombinant plasmid

DNA fragment
to be cloned

Enzymatically insert
DNA inte plasmid vector

t plasmid

Mix E. coli cells with
plasmids in presence of
CaCl,

Culture on nutrient agar
plates containing ampicillin

Cells that do nat
take up plasmid die
an ampicillin plates




0000 — =N

Plasmid vectors DMNA fragments to be cloned

Enzymatically
insert DNA fragments
inte plasmid vectors

O00O0

Transform E£. colf cells
and select for ampicillin-
resistant colonies

fa) (&)

EcoRl
methylase

=]

1
Unmethylated o' s GiA A T T_C D) 3' C 3
DNA 3'I_'_“"—'“—ICTTAA-EGI:I5' € e )

Cleavage
Sticky ends EcoRl will not
o cleave methylated
|-} mwwT———— ] AATTC 0 Methylated

3 — CT T A A 6 —% DNA




(a} Sequence of palylinker
Sad Smal Xbal

EccRI Kpnl BamH|

(b} Insertion of EcoRl restriction fragments
I

Palylinker

amp’ ORI
Plasmid vector Genomic DNA

lﬂ:ﬂﬂl Jl EcoRl

Qitw
Wi
2
//%v“
\7 [a}
=

Recombinant plasmid

Sphi

Hindll

f_}\—\ K_A—\
GAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTT

W_}

Human

Sau3A sites

DNA

=20-kb
partial
Sau3h
fragments

2kb




TTTT

TTTT

= Aj%
) TTTT

tRNA X X
(RNA Qligo-dT matrix
Mixture of cytoplasmic RNAs
Mix under
hybridization
conditions
é\. @ af
A o
B ————— AAAAAA
y PRONN
a/ TTTT
4
W g
\G\-’\& @ TTTT
g ARAAAA
TTTT
TTTT

Wash away rNA
and tRNA

Elute column
in low-salt buffer

B e e AAAAMA

pp?

Purified mRNA preparation

3 palytA} il

mRNA B T AR T

Hysridize
whigo-dT primes

TTITH
:\;jj, Transcaibe RNA into DA
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C/aTTTT TS
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W | hadd podyidGh tail
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-;11 Hybridae with

Singlu-straned
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) | wllgo de primer
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(&) | Protect cONA by
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Bouble stranded
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@
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. | Ligste to b arme
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lac
promeoter

—lap?
lacZ mHNA'_b

gene

f-galactosidase

—IPTG +IPTG

(b}
G-CSF
qj cDNA
}j lacZ
gene

Transform
E. coli

G-CSF
cDMA

Flasmid expression vector,

-IPTG +IPTG

A et fragmanis
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gl at sl ey
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_Clones

(b)

1
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The Polymerase Chain Reaction (PCR)

Method:
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-
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FIG. 1. Synthesis of new DNA. Alter annealing the primers, the tem-
ture is increased w 72°C smiperature for Tag DNA
polymerase activity. Begin innealing site (A), Tag INA
polymerase synthesizes new DNA by addi ary nucleotide
bases 1o the denatured single stranded empline DNA (B), The end re
sult of synthesis is two double stranded DNA molecules identical 1o the
initial wemplate DNA. Tag DNA polymernise s de
cat stable bacterium,
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& URTAGCTGACTCY
¥ ATCGACTGAGTCAAGA

AAGAACTATTGGGE

DNA polimarasa
+ dATP, dGTR 6CTR, dTTP
+ BOGTP en baja conceniracion

P TAGCTGACTCAGTTCTTGATAACCCGY
ATCGACTGAGTCAAGAACTATTGGGCTTAA

CAGTCGAI1







