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MADURACIÓN	  DE	  LOS	  ARNs	  

BIOSÍNTESIS	  DE	  MACROMOLÉCULAS,	  
GRADO	  BIOQUÍMICA	  
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FORMACIÓN	  5’	  CAP	  

	  
	  
	  

•  No	  codificado	  por	  la	  secuencia,	  es	  una	  modificación	  
del	  ARN.	  

•  Adicción	  de	  una	  Guanina	  meMlada	  al	  extremo	  5’	  del	  
ARN	  naciente	  mediante	  un	  enlace	  5’-‐5’.	  

•  Confiere	  estabilidad	  a	  exonucleasas	  y	  facilita	  la	  
traducción	  mediante	  interacción	  con	  el	  ribosoma.	  

•  Regulado	  por	  la	  CTD	  ARN	  polimerasa	  II	  (no	  presente	  
en	  las	  otras	  polimerasas)	  mediante	  Ser-‐P	  (pos	  5).	  

•  Realizada	  conforme	  se	  transcribe	  el	  ARN	  
(20-‐40ntdos).	  



Tres	  fases:	  
	  
Desfosforilación:	  elimina	  un	  
grupo	  fosfato	  del	  5’	  extremo	  
terminal	  del	  ARN	  naciente.	  
	  
	  
	  
Transferencia	  de	  un	  GTP	  
mediante	  en	  enlace	  5’5’	  
	  
	  
	  
MeMlación	  de	  la	  Guanina	  en	  
posición	  7.	  
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TERMINACIÓN	  

	  
	  
	  

•  Codificada	  por	  la	  secuencia	  de	  ADN	  al	  final	  del	  gen,	  
que	  una	  vez	  transcrita	  desencadena:	  
Ø  Transferencia	  de	  las	  enzimas	  de	  poliadenilación	  al	  

ARN.	  
Ø  Corte	  del	  ARN.	  
Ø  Poliadenilación.	  
	  

•  La	  cola	  de	  la	  ARN	  polimerasa	  II	  y	  su	  estado	  en	  la	  
fosforilación	  está	  también	  implicada	  en	  esta	  fase	  (no	  
presentes	  en	  transcritos	  de	  otras	  polimerasas).	  



La	  cola	  CTD	  de	  la	  ARN	  pol	  II	  
conforme	  se	  llega	  al	  final	  de	  la	  
transcripción	  lleva	  dos	  complejos	  de	  
proteínas:	  
•  Factor	  de	  corte	  y	  poliadenilación	  

específico	  (CPSF).	  
•  Factor	  esMmulante	  de	  corte	  

(CstF).	  
La	  transcripción	  de	  las	  señales	  de	  
poliadenilación	  hace	  que	  se	  
transfieran	  proteínas	  al	  ARN.	  
	  
El	  ARN	  es	  cortado	  y	  liberado.	  
	  
Se	  libera	  la	  proteína	  esMmulante	  de	  
corte	  y	  se	  recluta	  la	  polimerasa	  poli-‐
A	  (PAP).	  
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La	  PAP	  va	  añadiendo	  
adeninas	  al	  extremo	  3’	  (sin	  
planMlla),	  a	  las	  que	  se	  van	  
uniendo	  proteínas	  de	  unión	  a	  
poli-‐A.	  
	  
La	  secuencia	  poli	  A	  no	  está	  
por	  lo	  tanto	  codificada	  en	  el	  
ADN.	  Es	  específica	  de	  los	  
transcritos	  por	  la	  ARN	  pol	  II.	  

POLIADENILACIÓN	  
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CORTE	  Y	  EMPALME	  DE	  EXONES:	  
SPLICING	  

	  
	  
	  

•  A	  diferencia	  de	  la	  inmensa	  mayoría	  de	  las	  bacterias,	  
los	  genes	  eucariotas	  Menen	  material	  genéMco	  que	  no	  
se	  traduce	  (intrones).	  

	  



10	  

INTRONES	  

	  
	  
	  

•  Alta	  variabilidad	  en	  número	  y	  tamaño:	  
	  Depende	  de	  organismo:	  

	  Humanos:	  
	  Número:	  Cero	  (SOX	  4,	  etc)	  
	   	   	   	  Más	  de	  100	  (TinMn).	  
	  Tamaño:	  desde	  pocas	  decenas	  
	   	   	   	  a	  800kb.	  

Levaduras:	  
	  Cortos	  y	  pocos	  (uno	  la	  mayoría).	  

•  Incluso	  pueden	  variar	  según	  el	  gen:	  splicing	  
alternaMvo.	  	  

•  Consecuencia:	  un	  gen,	  múlMples	  proteínas.	  
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SPLICING	  
•  Tiene	  una	  maquinaria	  específica	  para	  eliminar	  

intrones	  (spliciosome	  =	  ayustosoma).	  

•  Ha	  de	  ser	  muy	  exacta,	  la	  maquinaria	  de	  síntesis	  de	  
proteínas	  lee	  solo	  regiones	  codificantes	  y	  no	  puede	  
discriminarla	  de	  las	  no	  codificantes,	  un	  solo	  error	  en	  
el	  corte	  y	  empalme	  generaría	  un	  error	  en	  la	  pauta	  
de	  lectura.	  
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TIPOS	  DE	  SPLICING	  
	  	  	  	  Existen	  cuatro	  grupos:	  

•  Grupo	  I: 	  	  
Ø  Autosplicing	  (ribozimas).	  	  
Ø  En	  pocos	  genes,	  Algunos	  ARNr.	  	  
Ø  Intrón	  liberado	  lineal.	  

•  Grupo	  II:	  	  
Ø  Autosplicing	  (ribozimas).	  
Ø  	  En	  pocos	  genes,	  Genes	  de	  mitocondrias	  y	  

cloroplastos	  (autocatálisis,	  ribozimas)	  
Ø  Intrón	  liberado	  en	  estructura	  de	  lazo,	  parecido	  a	  

los	  del	  III.	  	  
•  Grupo	  III:	  Requieren	  Spliceosoma.	  Mayoría	  genes,	  ARNm.	  
•  Grupo	  IV:	  En	  pocos	  genes,	  ciertos	  ARNt,	  actuan	  

ribonucleasas	  y	  ligasas.	  



Los	  Splicing	  del	  Grupo	  II	  y	  III	  generan	  el	  intrón	  con	  estructura	  de	  lazo,	  
aunque	  los	  del	  grupo	  III	  necesitan	  el	  spliceosoma.	  

Bolsillo	  de	  
unión	  



SPLICING	  TIPO	  I	  



SPLICING	  TIPO	  II	  
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SPLICING	  TIPO	  III	  

•  En	  la	  mayoría	  de	  los	  genes,	  ARNm.	  
•  Requieren	  Spliceosoma.	  
•  Intrones	  de	  tamaño	  medio	  de	  3kb,	  siendo	  más	  

largos	  que	  los	  de	  autosplicing	  que	  rondan	  0.4-‐1kb	  
en	  los	  que	  gran	  parte	  de	  su	  estructura	  es	  más	  
conservada.	  

•  Liberan	  el	  intrón	  en	  forma	  de	  lazo.	  
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•  Los	  bordes	  de	  las	  uniones	  exón-‐intrón	  están	  marcados	  
por	  secuencias	  específicas.	  

•  SiMo	  de	  Ramificación	  (intrón).	  
•  Tracto	  de	  pirimidinas	  (C,	  U).	  

Secuencia	  consenso	  (no	  universal),	  	  
Las	  secuencias	  más	  conservadas	  de	  esta	  estructura	  se	  encuentran	  en	  
el	  intrón:	  	  
5’GU	  ...	  A	  ...	  AG	  3’	  del	  intrón	  son	  las	  más	  conservadas.	  



La	  reacción	  intrónica	  se	  realiza	  en	  dos	  pasos.	  

2	  

1	  



El	  intrón	  se	  libera	  en	  forma	  
de	  lazo	  (Grupo	  II	  y	  III).	  
La	  adenina	  Mene	  3	  enlaces	  



SPLICEOSOMA	  (AYUSTOSOMA)	  
•  Complejo	  formado	  por	  150	  proteínas	  y	  5	  ARNs	  

(tamaño	  y	  modo	  de	  acción	  que	  recuerda	  a	  la	  del	  
Ribosoma).	  

•  Los	  ARNs	  ejercen	  funciones	  catalíMcas,	  y	  se	  conocen	  
como	  ARN	  pequeños	  nucleares	  (snRNA),	  100-‐300	  
bases.	  U1,	  U2,	  U4,	  U5,	  U6.	  

•  Los	  snRNA	  se	  unen	  a	  proteínas	  para	  formar	  las	  
proteínas	  ribonucleares	  pequeñas	  (snRNPs),	  que	  se	  
agrupan	  para	  formar	  la	  maquinaria	  del	  spliceosoma.	  



SPLICEOSOMA	  (AYUSTOSOMA)	  
•  Las	  proteínas	  ribonucleares	  pequeñas	  (snRNAs)	  

Menen	  principalmente	  tres	  papeles	  en	  el	  splicing:	  
•  Reconocimiento	  de	  la	  secuencia	  5’	  y	  del	  siMo	  de	  

ramificación.	  

	  
•  Aproximación	  de	  las	  secuencias	  de	  ARN.	  
	  
	  
•  Catalizan	  o	  ayudan	  a	  catalizar	  la	  reacción	  de	  

corte	  y	  empalme.	  



RUTA	  DE	  SPLICING	  

•  Unión	  U1	  al	  5’	  
	  

•  U2AF	  se	  une	  al	  tracto	  de	  
Pirimidinas	  y	  alextremo	  3’,	  
interacciona	  con	  BBP	  (Branch	  
Point	  Binding	  Protein).	  

	  

•  BBP	  es	  susMtuida	  por	  U2.	  
	  



RUTA	  DE	  SPLICING	  
•  Catálisis:	  U4	  se	  libera	  del	  
complejo,	  permiMendo	  ahora	  a	  
U6	  y	  U2	  interaccionar	  

•  La	  siguiente	  reacción	  de	  unión	  
de	  5’	  3’	  es	  ayudada	  por	  U5.	  



Intrones	  Grupo	  IV	  
Yeast tRNA Splicing Involves Cutting and Rejoining SECTION 26.13 485

The reaction occurs in two stages that
are catalyzed by different enzymes:

• The first step does not require ATP. It
cleaves a phosphodiester bond by an
atypical nuclease reaction. It is cat-
alyzed by an endonuclease.

• The second step requires ATP and
forms a bond; it is a ligation reaction,
and the responsible enzyme activity is
an RNA ligase.
The overall tRNA splicing reaction is

summarized in Figure 26.25. The products
of cleavage are a linear intron and two half-
tRNA molecules. These intermediates have
unique ends. Each terminus ends in a hy-
droxyl group; each terminus ends in a

–cyclic phosphate group. (All other
known RNA splicing enzymes cleave on
the other side of the phosphate bond.)

The two half-tRNAs base pair to form
a tRNA-like structure. When ATP is added,
the second reaction occurs. Both of the un-
usual ends generated by the endonuclease
must be altered.

The cyclic phosphate group is opened
to generate a –phosphate terminus. This
reaction requires cyclic phosphodiesterase
activity. The product has a –phosphate
group and a group.

The group generated by the nuclease must be phosphory-
lated to give a –phosphate.This generates a site in which the 
is next to the –phosphate. Covalent integrity of the polynucleotide
chain is then restored by ligase activity.

All three activities—phosphodiesterase, polynucleotide kinase, and
adenylate synthetase (which provides the ligase function)—are arranged
in different functional domains on a single protein.They act sequentially to
join the two tRNA halves.

The spliced molecule is now uninterrupted, with a 
phosphate linkage at the site of splicing, but it also has a 
–phosphate group marking the event.The surplus group must
be removed by a phosphatase.

The endonuclease is responsible for the specificity of in-
tron recognition. It cleaves the precursor at both ends of the
intron. The yeast endonuclease is a heterotetrameric protein
that functions as shown in Figure 26.26. The related subunits
Sen34 and Sen2 cleave the and splice sites, respectively.
Subunit Sen54 may determine the sites of cleavage by “mea-
suring” distance from a point in the tRNA structure. This
point is in the elbow of the (mature) L-shaped structure.

An interesting insight into the evolution of tRNA splicing is
provided by the endonucleases of archaea. These are homod-
imers or homotetramers, in which each subunit has an active site
(although only two of the sites function in the tetramer) that
cleaves one of the splice sites.The subunit has sequences related
to the sequences of the active sites in the Sen34 and Sen2 sub-
units of the yeast enzyme. However, the archaeal enzymes rec-
ognize their substrates in a different way. Instead of measuring
distance from particular sequences, they recognize a structural
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Minoritaria,	  en	  algunos	  ARNt.	  
Eliminados	  mediante	  corte	  enzimáMco	  mediando	  por	  
endonucleasa	  y	  empalme	  mediado	  por	  ligasas.	  
Esencial	  para	  la	  maduración	  de	  algunos	  ARNt	  que	  además	  	  
sufren	  frecuentes	  modificaciones	  postranscipcionales.	  



SPLICING	  ALTERNATIVO	  

•  Un	  transcrito	  primario	  puede	  ser	  procesado	  por	  la	  
maquinaria	  de	  splicing	  creándose	  diferentes	  grupos	  
de	  ARN	  maduros,	  con	  una	  diferente	  combinación	  de	  
exones.	  

	  
•  UMlidad:	  un	  gen	  puede	  dar	  lugar	  a	  múlMples	  

proteínas.	  



ALTERNATIVAS	  SPLICING	  ALTERNATIVO	  



EXON	  SKIPPING	  



EXTENDED	  EXON	  



REGULACIÓN	  SPLICING	  ALTERNATIVO	  

•  El	  splicing	  alternaMvo	  está	  regulado	  por	  proteínas	  
que	  se	  unen	  a	  regiones	  de	  ARN	  acMvadoras	  o	  
represoras	  de	  splicings:	  
Ø  Exonic/intronic	  splicing	  enhancers	  (ESE	  o	  ISE).	  
Ø  Exonic/intronic	  splicing	  silencers	  (ESS	  y	  ISS).	  



REGULACIÓN	  SPLICING	  ALTERNATIVO	  



PROTEÍNAS	  RICAS	  EN	  SERINA-‐
ARGININA	  (SR	  proteins)	  

•  Proteínas	  acMvadoras	  de	  Splicing,	  que	  se	  usen	  a	  regiones	  
de	  ARN	  exónicas	  acMvadoras	  de	  Splicing	  (ESE).	  

•  Reclutan	  a	  la	  maquinaria	  de	  Splicing	  a	  regiones	  de	  
splicing	  5’	  (U2AF)	  y	  3’	  (U1).	  

•  Su	  expresión	  varía	  en	  función	  del	  Mpo	  celular	  o	  el	  
momento	  fisiológico.	  



PROTEÍNAS	  RICAS	  EN	  SERINA-‐
ARGININA	  (SR	  proteins)	  

•  Presentan	  dos	  dominios:	  
Ø  Unión	  a	  RNA	  (RNA	  recogniMon	  moMv),	  amino	  terminal.	  
Ø  Dominio	  Rico	  en	  Serina-‐Arginina	  (RS),	  carboxilo	  

terminal:	  dominio	  de	  unión	  a	  la	  maquinaria	  de	  
splicing.	  



EXTENDED	  EXON	  

Monkey	  Virus	  SV40	  
5’	  sst	  es	  elegido	  frente	  a5’	  SST	  cuando	  hay	  altos	  niveles	  de	  la	  
proteína	  SR:	  SF2/ASF	  
	  

Splice	  Site	  T-‐large	   splice	  site	  t-‐small	  



REGULACIÓN	  SPLICING	  ALTERNATIVO	  

Grupo	  heterogéneo	  de	  ribonucleoproteínas	  nucleares	  (hnRNP).	  
Actúan	  interfiriendo	  	  
•  Con	  la	  maquinaria	  de	  splicing	  (hnRNPI).	  
•  Impidiendo	  la	  acMvidad	  de	  las	  proteínas	  acMvadoras	  de	  splicing	  (RS).	  
	  
	  
	  



CONSECUENCIA	  EN	  LAS	  MUTACIONES	  





     
E13 43201 ttttctagGT ATGAAGTAGC TCCGAGGTCT GATAGTGAAG AAAGTGGCTC AGAAGAAGAG 
    43261 GAAGAGgtaa gagtgcattt cctggctttc aaggctctca gtgcccactg gcagtgactt  
 (...) 
    47761 tcttggtagG AGGAGGAGGA AGAGCAGCCG CAGGCAGCAC AGCCTCCCAC CCTGCCCGTG 

    E14 47821 GAGGAGAAGA AGAAGATTCC AGATCCAGAC AGCGATGACG TCTCTGAGGT GGACGCGCGG 
    47881 CACATCATTG Agtaaggggt cccgacacag gttgttctgt gccagcttcc tgtgaggtgg  
 (...) 
    50221 ttacccggca cctccatctc actcccagGA ATGCCAAGCA AGATGTCGAT GATGAATATG  
   50281 GCGTGTCCCA GGCCCTTGCA CGTGGCCTGC AGTCCTACTA TGCCGTGGCC CATGCTGTCA 

E15 50341 CTGAGAGAGT GGACAAGCAG TCAGCGCTTA TGGTCAATGG TGTCCTCAAA CAGTACCAGg 
    50401 tgaggtaggg ggtggggagg ccaccgccac gtagctgcct cggtgcaggt gttcccaggt  
 (...) 
    52801 gcatctgtcc ttgcagATCA AAGGTTTGGA GTGGCTGGTG TCCCTGTACA ACAACAACCT 

  E16 52861 GAACGGCATC CTGGCCGACG AGATGGGCCT GGGGAAGACC ATCCAGACCA TCGCGCTCAT 
    52921 CACGTACCTC ATGGAGCACA AACGCATCAA TGGGCCCTTC CTCATCATCG TGCCTCTCTC 
    52981 gtgagtaccc gctgccagca acatcccaca cgccgctcac acgctcctgt gtttgtttcc  
     

ADN	  H1703	  



 
 
 
MSTPDPPLGGTPRPGPSPGPGPSPGAMLGPSPGPSPGSAHSMMGPSPGPPSAGHPIPTQGPGGYPQDNMHQMHKPMESMHEKGMSDDP
RYNQMKGMGMRSGGHAGMGPPPSPMDQHSQGYPSPLGGSEHASSPVPASGPSSGPQMSSGPGGAPLDGADPQALGQQNRGPTPFNQNQ
LHQLRAQIMAYKMLARGQPLPDHLQMAVQGKRPMPGMQQQMPTLPPPSVSATGPGPGPGPGPGPGPGPAPPNYSRPHGMGGPNMPPPG
PSGVPPGMPGQPPGGPPKPWPEGPMANAAAPTSTPQKLIPPQPTGRPSPAPPAVPPAASPVMPPQTQSPGQPAQPAPMVPLHQKQSRI
TPIQKPRGLDPVEILQEREYRLQARIAHRIQELENLPGSLAGDLRTKATIELKALRLLNFQRQLRQEVVVCMRRDTALETALNAKAYK
RSKRQSLREARITEKLEKQQKIEQERKRRQKHQEYLNSILQHAKDFKEYHRSVTGKIQKLTKAVATYHANTEREQKKENERIEKERMR
RLMAEDEEGYRKLIDQKKDKRLAYLLQQTDEYVANLTELVRQHKAAQVAKEKKKKKKKKKAENAEGQTPAIGPDGEPLDETSQMSDLP
VKVIHVESGKILTGTDAPKAGQLEAWLEMNPGYEVAPRSDSEESGSEEEEE(EEEEEQPQAAQPPTLPVEEKKKIPDPDSDDVSEVDA
RHIIENAKQDVDDEYGVSQALARGLQSYYAVAHAVTERVDKQSALMVNGVLKQYQ)IKGLEWLVSLYNNNLNGILADEMGLGKTIQTI
ALITYLMEHKRINGPFLIIVPLSTLSNWAYEFDKWAPSVVKVSYKGSPAARRAFVPQLRSGKFNVLLTTYEYIIKDKHILAKIRWKYM
IVDEGHRMKNHHCKLTQVLNTHYVAPRRLLLTGTPLQNKLPELWALLNFLLPTIFKSCSTFEQWFNAPFAMTGEKVDLNEEETILIIR
RLHKVLRPFLLRRLKKEVEAQLPEKVEYVIKCDMSALQRVLYRHMQAKGVLLTDGSEKDKKGKGGTKTLMNTIMQLRKICNHPYMFQH
IEESFSEHLGFTGGIVQGLDLYRASGKFELLDRILPKLRATNHKVLLFCQMTSLMTIMEDYFAYRGFKYLRLDGTTKAEDRGMLLKTF
NEPGSEYFIFLLSTRAGGLGLNLQSADTVIIFDSDWNPHQDLQAQDRAHRIGQQNEVRVLRLCTVNSVEEKILAAAKYKLNVDQKVIQ
AGMFDQKSSSHERRAFLQAILEHEEQDEEEDEVPDDETVNQMIARHEEEFDLFMRMDLDRRREEARNPKRKPRLMEEDELPSWIIKDD
AEVERLTCEEEEEKMFGRGSRHRKEVDYSDSLTEKQWLKAIEEGTLEEIEEEVRQKKSSRKRKRDSDAGSSTPTTSTRSRDKDDESKK
QKKRGRPPAEKLSPNPPNLTKKMKKIVDAVIKYKDSSSGRQLSEVFIQLPSRKELPEYYELIRKPVDFKKIKERIRNHKYRSLNDLEK
DVMLLCQNAQTFNLEGSLIYEDSIVLQSVFTSVRQKIEKEDDSEGEESEEEEEGEEEGSESESRSVKVKIKLGRKEKAQDRLKGGRRR
PSRGSRAKPVVSDDDSEEEQEEDRSGSGSEED 
(deleted)  
 

PROTEÍNA	  H1703	  



!
 
    35941 gattgccgtg tgaagggctg gtggcacggc acccgcgtga gctacgcgtg ccctcagtgc 
    36001 gcttctggat tgactggcca tgggtgctca cagacatgca cattgtgcca ccacattgca  
    36061 gtaaccccca tgcttttgta gGCTGAAGAT GAGGAGGGGT ACCGCAAGCT CATCGACCAG 

  E10  36121 AAGAAGGACA AGCGCCTGGC CTACCTCTTG CAGCAGACAG ACGAGTACGT GGCTAACCTC 
    36181 ACGGAGCTGG TGCGGCAGCA CAAGGCTGCC CAGGTCGCCA AGGAGAAAAA GAAGAAAAAG 
    36241 AAAAAGAAGg tgtgctgggc ctggcatggt gcccgccgcg ggtgggatgg gagcagccgt 
    36301 cttcacgtgt gtggcctcag ccttgtgggt cagggcctga ccgtgtctct ctctatttcc 

E11  36361 agAAGGCAGA AAATGCAGAA GGACAGACGC CTGCCATTGG GCCGGATGGC GAGgtgagga  
    36421 agcagggttt cttgtggaag tatcaagcta gccctaaggc gttggtctgt ttcagacttt  
(...) 
    42841 aagtgtttgg tctggaggcc ctgcaacctc agtgtcacac gaatgactct ttttcagCCT  
    42901 CTGGACGAGA CCAGCCAGAT GAGCGACCTC CCGGTGAAGG TGATCCACGT GGAGAGTGGG 

   E12 42961 AAGATCCTCA CAGGCACAGA TGCCCCCAAA GCCGGGCAGC TGGAGGCCTG GCTCGAGATG 
    43021 AACCCGGGgt gagttgggcc ttgcattcca gatgcagtgg ggatccaagt cctcggtggg  

ADN	  H1299	  Y	  DUP45	  



Deleción de 69pb en al ADN que activa un sitio de splicing críptico que tiene como final consecuencia la pérdida de los bases en el ADN 1677-1761 
ambas inclusive 
 
 
ATGTCCACTCCAGACCCACCCCTGGGCGGAACTCCTCGGCCAGGTCCTTCCCCGGGCCCTGGCCCTTCCCCTGGAGCCATGCTGGGCCCTAGCCCGGGTCCCTCGCCGGGCTCCGCCCACAGCATGATGGGGCCCAGCCCAGGGC
CGCCCTCAGCAGGACACCCCATCCCCACCCAGGGGCCTGGAGGGTACCCTCAGGACAACATGCACCAGATGCACAAGCCCATGGAGTCCATGCATGAGAAGGGCATGTCGGACGACCCGCGCTACAACCAGATGAAAGGAATGGG
GATGCGGTCAGGGGGCCATGCTGGGATGGGGCCCCCGCCCAGCCCCATGGACCAGCACTCCCAAGGTTACCCCTCGCCCCTGGGTGGCTCTGAGCATGCCTCTAGTCCAGTTCCAGCCAGTGGCCCGTCTTCGGGGCCCCAGATG
TCTTCCGGGCCAGGAGGTGCCCCGCTGGATGGTGCTGACCCCCAGGCCTTGGGGCAGCAGAACCGGGGCCCAACCCCATTTAACCAGAACCAGCTGCACCAGCTCAGAGCTCAGATCATGGCCTACAAGATGCTGGCCAGGGGGC
AGCCCCTCCCCGACCACCTGCAGATGGCGGTGCAGGGCAAGCGGCCGATGCCCGGGATGCAGCAGCAGATGCCAACGCTACCTCCACCCTCGGTGTCCGCAACAGGACCCGGCCCTGGCCCTGGCCCTGGCCCCGGCCCGGGTCC
CGGCCCGGCACCTCCAAATTACAGCAGGCCTCATGGTATGGGAGGGCCCAACATGCCTCCCCCAGGACCCTCGGGCGTGCCCCCCGGGATGCCAGGCCAGCCTCCTGGAGGGCCTCCCAAGCCCTGGCCTGAAGGACCCATGGCG
AATGCTGCTGCCCCCACGAGCACCCCTCAGAAGCTGATTCCCCCGCAGCCAACGGGCCGCCCTTCCCCCGCGCCCCCTGCCGTCCCACCCGCCGCCTCGCCCGTGATGCCACCGCAGACCCAGTCCCCCGGGCAGCCGGCCCAGC
CCGCGCCCATGGTGCCACTGCACCAGAAGCAGAGCCGCATCACCCCCATCCAGAAGCCGCGGGGCCTCGACCCTGTGGAGATCCTGCAGGAGCGCGAGTACAGGCTGCAGGCTCGCATCGCACACCGAATTCAGGAACTTGAAAA
CCTTCCCGGGTCCCTGGCCGGGGATTTGCGAACCAAAGCGACCATTGAGCTCAAGGCCCTCAGGCTGCTGAACTTCCAGAGGCAGCTGCGCCAGGAGGTGGTGGTGTGCATGCGGAGGGACACAGCGCTGGAGACAGCCCTCAAT
GCTAAGGCCTACAAGCGCAGCAAGCGCCAGTCCCTGCGCGAGGCCCGCATCACTGAGAAGCTGGAGAAGCAGCAGAAGATCGAGCAGGAGCGCAAGCGCCGGCAGAAGCACCAGGAATACCTCAATAGCATTCTCCAGCATGCCA
AGGATTTCAAGGAATATCACAGATCCGTCACAGGCAAAATCCAGAAGCTGACCAAGGCAGTGGCCACGTACCATGCCAACACGGAGCGGGAGCAGAAGAAAGAGAACGAGCGGATCGAGAAGGAGCGCATGCGGAGGCTCATGGC
TGAAGATGAGGAGGGGTACCGCAAGCTCATCGACCAGAAGAAGGACAAGCGCCTGGCCTACCTCTTGCAGCAGACAGACGAGTACGTGGCTAACCTCACGGAGCTGGTGCGGCAGCACAAGGCTGCCCAGGTCGCCAAGGAGAAA
AAGAAGAAAAAGAAAAAGAAGAAGGCAGAAAATGCAGAAGGACAGACGCCTGCCATTGGGCCGGATGGCGAGCCTCTGGACGAGACCAGCCAGATGAGCGACCTCCCGGTGAAGGTGATCCACGTGGAGAGTGGGAAGATCCTCA
CAGGCACAGATGCCCCCAAAGCCGGGCAGCTGGAGGCCTGGCTCGAGATGAACCCGGGGTATGAAGTAGCTCCGAGGTCTGATAGTGAAGAAAGTGGCTCAGAAGAAGAGGAAGAGGAGGAGGAGGAAGAGCAGCCGCAGGCAGC
ACAGCCTCCCACCCTGCCCGTGGAGGAGAAGAAGAAGATTCCAGATCCAGACAGCGATGACGTCTCTGAGGTGGACGCGCGGCACATCATTGAGAATGCCAAGCAAGATGTCGATGATGAATATGGCGTGTCCCAGGCCCTTGCA
CGTGGCCTGCAGTCCTACTATGCCGTGGCCCATGCTGTCACTGAGAGAGTGGACAAGCAGTCAGCGCTTATGGTCAATGGTGTCCTCAAACAGTACCAGATCAAAGGTTTGGAGTGGCTGGTGTCCCTGTACAACAACAACCTGA
ACGGCATCCTGGCCGACGAGATGGGCCTGGGGAAGACCATCCAGACCATCGCGCTCATCACGTACCTCATGGAGCACAAACGCATCAATGGGCCCTTCCTCATCATCGTGCCTCTCTCAACGCTGTCCAACTGGGCGTACGAGTT
TGACAAGTGGGCCCCCTCCGTGGTGAAGGTGTCTTACAAGGGATCCCCAGCAGCAAGACGGGCCTTTGTCCCCCAGCTCCGGAGTGGGAAGTTCAACGTCTTGCTGACGACGTACGAGTACATCATCAAAGACAAGCACATCCTC
GCCAAGATCCGTTGGAAGTACATGATTGTGGACGAAGGTCACCGCATGAAGAACCACCACTGCAAGCTGACGCAGGTGCTCAACACGCACTATGTGGCACCCCGCCGCCTGCTGCTGACGGGCACACCGCTGCAGAACAAGCTTC
CCGAGCTCTGGGCGCTGCTCAACTTCCTGCTGCCCACCATCTTCAAGAGCTGCAGCACCTTCGAGCAGTGGTTTAACGCACCCTTTGCCATGACCGGGGAAAAGGTGGACCTGAATGAGGAGGAAACCATTCTCATCATCCGGCG
TCTCCACAAAGTGCTGCGGCCCTTCTTGCTCCGACGACTCAAGAAGGAAGTCGAGGCCCAGTTGCCCGAAAAGGTGGAGTACGTCATCAAGTGCGACATGTCTGCGCTGCAGCGAGTGCTCTACCGCCACATGCAGGCCAAGGGC
GTGCTGCTGACTGATGGCTCCGAGAAGGACAAGAAGGGCAAAGGCGGCACCAAGACCCTGATGAACACCATCATGCAGCTGCGGAAGATCTGCAACCACCCCTACATGTTCCAGCACATCGAGGAGTCCTTTTCCGAGCACTTGG
GGTTCACTGGCGGCATTGTCCAAGGGCTGGACCTGTACCGAGCCTCGGGTAAATTTGAGCTTCTTGATAGAATTCTTCCCAAACTCCGAGCAACCAACCACAAAGTGCTGCTGTTCTGCCAAATGACCTCCCTCATGACCATCAT
GGAAGATTACTTTGCGTATCGCGGCTTTAAATACCTCAGGCTTGATGGAACCACGAAGGCGGAGGACCGGGGCATGCTGCTGAAAACCTTCAACGAGCCCGGCTCTGAGTACTTCATCTTCCTGCTCAGCACCCGGGCTGGGGGG
CTCGGCCTGAACCTCCAGTCGGCAGACACTGTGATCATTTTTGACAGCGACTGGAATCCTCACCAGGACCTGCAAGCGCAGGACCGAGCCCACCGCATCGGGCAGCAGAACGAGGTGCGTGTGCTCCGCCTCTGCACCGTCAACA
GCGTGGAGGAGAAGATCCTAGCTGCAGCCAAGTACAAGCTCAACGTGGACCAGAAGGTGATCCAGGCCGGCATGTTCGACCAGAAGTCCTCCAGCCATGAGCGGCGCGCCTTCCTGCAGGCCATCCTGGAGCACGAGGAGCAGGA 
TGAGAGCAGACACTGCAGCACGGGCAGCGGCAGTGCCAGCTTCGCCCACACTGCCCCTCCGCCAGCGGGCGTCAACCCCGACTTGGAGGAGCCACCTCTAAAGGAGGAAGACGAGGTGCCCGACGACGAGACCGTCAACCAGATG
ATCGCCCGGCACGAGGAGGAGTTTGATCTGTTCATGCGCATGGACCTGGACCGCAGGCGCGAGGAGGCCCGCAACCCCAAGCGGAAGCCGCGCCTCATGGAGGAGGACGAGCTCCCCTCGTGGATCATCAAGGACGACGCGGAGG
TGGAGCGGCTGACCTGTGAGGAGGAGGAGGAGAAGATGTTCGGCCGTGGCTCCCGCCACCGCAAGGAGGTGGACTACAGCGACTCACTGACGGAGAAGCAGTGGCTCAAGGCCATCGAGGAGGGCACGCTGGAGGAGATCGAAGA
GGAGGTCCGGCAGAAGAAATCATCACGGAAGCGCAAGCGAGACAGCGACGCCGGCTCCTCCACCCCGACCACCAGCACCCGCAGCCGCGACAAGGACGACGAGAGCAAGAAGCAGAAGAAGCGCGGGCGGCCGCCTGCCGAGAAA
CTCTCCCCTAACCCACCCAACCTCACCAAGAAGATGAAGAAGATTGTGGATGCCGTGATCAAGTACAAGGACAGCAGCAGTGGACGTCAGCTCAGCGAGGTCTTCATCCAGCTGCCCTCGCGAAAGGAGCTGCCCGAGTACTACG
AGCTCATCCGCAAGCCCGTGGACTTCAAGAAGATAAAGGAGCGCATTCGCAACCACAAGTACCGCAGCCTCAACGACCTAGAGAAGGACGTCATGCTCCTGTGCCAGAACGCACAGACCTTCAACCTGGAGGGCTCCCTGATCTA
TGAAGACTCCATCGTCTTGCAGTCGGTCTTCACCAGCGTGCGGCAGAAAATCGAGAAGGAGGATGACAGTGAAGGCGAGGAGAGTGAGGAGGAGGAAGAGGGCGAGGAGGAAGGCTCCGAATCCGAATCTCGGTCCGTCAAAGTG
AAGATCAAGCTTGGCCGGAAGGAGAAGGCACAGGACCGGCTGAAGGGCGGCCGGCGGCGGCCGAGCCGAGGGTCCCGAGCCAAGCCGGTCGTGAGTGACGATGACAGTGAGGAGGAACAAGAGGAGGACCGCTCAGGAAGTGGCA
GCGAAGAAGACTGA 

 
=4941bases (más TGA), 1647aa  
=4842bases (más TGA), 1614aa 
 
AGCAGACACTGCAGCACGGGCAGCGGCAGTGCCAGCTTCGCCCACACTGCCCCTCCGCCAGCGGGCGTCAACCCCGACTTGGAGGAGCCACCTCTAAAG 

ARN	  H1299	  
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Proteína aberrante: 583aa 
 
MSTPDPPLGGTPRPGPSPGPGPSPGAMLGPSPGPSPGSAHSMMGPSPGPPSAGHPIPTQGPGGYPQDNMHQMHKPMESMHEKGMSDDPRYNQMKGMGMRSGGHAGMGPPPSPMDQH
SQGYPSPLGGSEHASSPVPASGPSSGPQMSSGPGGAPLDGADPQALGQQNRGPTPFNQNQLHQLRAQIMAYKMLARGQPLPDHLQMAVQGKRPMPGMQQQMPTLPPPSVSATGPGP
GPGPGPGPGPGPAPPNYSRPHGMGGPNMPPPGPSGVPPGMPGQPPGGPPKPWPEGPMANAAAPTSTPQKLIPPQPTGRPSPAPPAVPPAASPVMPPQTQSPGQPAQPAPMVPLHQK
QSRITPIQKPRGLDPVEILQEREYRLQARIAHRIQELENLPGSLAGDLRTKATIELKALRLLNFQRQLRQEVVVCMRRDTALETALNAKAYKRSKRQSLREARITEKLEKQQKIEQ
ERKRRQKHQEYLNSILQHAKDFKEYHRSVTGKIQKLTKAVATYHANTEREQKKENERIEKERMRRLMAEDEEGYRKLIDQKKDKRLAYLLQQTDERQKMQKDRRLPLGRMASLWTR
PAR STOP 
 
Aberrante 
 



EDICIÓN	  DEL	  ARN	  

La	  secuencia	  del	  ARN	  puede	  alterado	  post-‐
transcripcionalmente	  (además	  de	  por	  splicing)	  por	  diversos	  
sistemas	  de	  edición	  de	  ARN.	  
Existen	  muchos	  ejemplos,	  estudiaremos	  dos	  de	  ellos:	  
	  

Ø  Desaminación	  específica	  de	  siMo.	  
	  
Ø  Inserción/deleción	  de	  Uridina	  dirigida	  por	  RNA	  de	  guía.	  



DESAMINACIÓN	  

Es	  un	  proceso	  enzimáMco	  
mediante	  el	  cual	  la	  Adenosina	  
se	  le	  quita	  un	  grupo	  amino	  y	  se	  
convierte	  a	  Inosina	  (parecida	  a	  
G,	  se	  empareja	  con	  C).	  

Es	  un	  proceso	  enzimáMco	  
mediante	  el	  cual	  la	  Citosina	  se	  
le	  quita	  un	  grupo	  amino	  y	  se	  
convierte	  a	  Uracilo.	  

Adenosine	  Deaminasa	  AcMn	  on	  RNA	  



DESAMINACIÓN	  de	  CITOSINA	  

Gen	  de	  la	  Apolipoproteína	  B	  (metabolismo	  de	  lípidos)	  
Específica	  de	  Tejido.	  

STOP	  



ADICIÓN	  DE	  U	  POR	  RNA	  DE	  GUÍA	  
Proceso	  poco	  frecuente,	  dado	  en	  los	  ARNm	  
mitocondriales	  de	  protozoos.	  
Mediado	  por	  el	  ARNg,	  de	  40-‐80ntdos,	  que	  presentan	  3	  
regiones:	  	  
•  De	  anclaje	  (5’):	  Dirige	  al	  ARN	  a	  la	  posición	  donde	  

editar	  
•  De	  Edición:	  Determina	  donde	  la	  U	  se	  insertará	  en	  la	  

secuencia	  a	  editar	  
•  3’	  Una	  secuencia	  de	  poly-‐U.	  
	  
	  



EDICIÓN	  POR	  RNA	  DE	  GUÍA	  
(añadido	  2	  U	  previamente	  
por	  un	  proceso	  parecido)	  

Anillamiento	  de	  la	  
secuencia,	  corte	  por	  una	  
endonucleasa	  del	  ARNm	  
opuesto	  a	  las	  A	  no	  
apareadas	  
	  
	  
Adicción	  de	  U	  mediante	  la	  
3’	  Terminal	  Uridil	  
Transferasa	  (TUTase),	  una	  
vez	  añadidas,	  los	  
fragmentos	  se	  unen	  por	  la	  
Ligasa.	  



EDICIÓN	  POR	  RNA	  DE	  GUÍA	  

La	  adición	  de	  4	  U	  
cambia	  la	  pauta	  de	  
lectura,	  a	  un	  nuevo	  
marco	  que	  creará	  una	  
proteína	  funcional	  
cuando	  sea	  traducido.	  
	  
Si	  no	  se	  edita	  el	  ARNm,	  
no	  se	  formaría	  la	  
proteína	  funcional.	  



TRANSPORTE	  DE	  LOS	  ARNm	  AL	  
CITOPLASMA	  

•  Las	  moléculas	  pequeñas	  difunden	  entre	  el	  núcleo	  o	  
el	  citoplasma.	  

•  El	  transporte	  de	  compuestos	  de	  enMdad	  (ARN	  o	  
moléculas	  >50KDa)	  se	  realiza	  de	  forma	  acMva	  y	  muy	  
controlada	  a	  través	  de	  los	  poros	  nucleares.	  

•  Evita	  que	  intrones	  y	  otros	  ARN	  inapropiados	  viajen	  
al	  citoplasma.	  



Hay	  alrededor	  de	  2000	  
poros	  en	  el	  núcleo	  celular	  
(media,	  depende	  del	  Mpo	  
celular	  y	  del	  estado	  
fisiológico).	  
	  
Apertura	  de	  120nm.	  
Compuestos	  por	  30	  
proteínas	  diferentes,	  en	  
múlMples	  copias.	  
	  
Ejercen	  un	  papel	  
fundamental,	  permiMendo	  
que	  los	  ARNm	  maduros	  
puedan	  viajar	  al	  citoplasma	  
donde	  son	  traducidos.	  





TRANSPORTE	  DE	  LOS	  ARNm	  AL	  
CITOPLASMA	  

•  Algunas	  de	  las	  proteínas	  que	  se	  unen	  a	  los	  ARNm	  
durante	  el	  proceso	  de	  transcripción,	  elongación,	  
terminación	  y	  splincing	  son	  retenidas	  formando	  
complejos	  de	  riboproteínas.	  

•  Existen	  proteínas	  que	  provocan	  preferencia	  en	  el	  
transporte	  del	  ARN	  al	  citoplasma	  (SR)	  o	  la	  impiden	  
(hnRPNs),	  pero	  la	  selección	  se	  hace	  en	  función	  del	  
conjunto	  de	  proteínas	  a	  las	  que	  están	  acomplejadas	  a	  
este.	  



TRANSPORTE	  DE	  LOS	  ARNm	  



REF and TAP are key
proteins in mRNA export

REF (Aly) protein is part of EJC

REF

Transport factor TAP/Mex binds to REF

TAP/Mex takes mRNA through nuclear pore

TAP/Mex released Cytoplasm

Nucleus

TAP/Mex

Figure 26.16 A REF protein binds to a splicing factor and
remains with the spliced RNA product. REF binds to a trans-
port factor that binds to the nuclear pore.

Splicing

Protein binds splicing complex

Protein remains at exon–exon junction

Complex (EJC) assembles at exon–exon junction

EJC binds proteins involved in
RNA export, localization, decay

Exon Intron Exon

Splicing is required for mRNA export

Figure 26.15 The EJC (exon junction complex) binds to
RNA by recognizing the splicing complex.

Group II Introns Autosplice via Lariat Formation SECTION 26.10 479

After it has been synthesized and processed, mRNA is exported from
the nucleus to the cytoplasm in the form of a ribonucleoprotein com-
plex. One means for ensuring that transport occurs only after the com-
pletion of splicing may be that introns can prevent export of mRNA
because they are associated with the splicing apparatus. The spliceo-
some also may provide the initial point of contact for the export appa-
ratus. Figure 26.15 shows a model in which a protein complex binds to
the RNA via the splicing apparatus. The complex consists of pro-
teins and is called the EJC (exon junction complex).

The EJC is involved in several functions of spliced mRNAs. Some
of the proteins of the EJC are directly involved in these functions, and
others recruit additional proteins for particular functions. The first con-
tact in assembling the EJC is made with one of the splicing factors.
Then after splicing, the EJC remains attached to the mRNA just up-
stream of the exon–exon junction.The EJC is not associated with RNAs
transcribed from genes that lack introns, so its involvement in the
process is unique for spliced products.

If introns are deleted from a gene, its RNA product is exported
much more slowly to the cytoplasm. This suggests that the intron may
provide a signal for attachment of the export apparatus.We can now ac-
count for this phenomenon in terms of a series of protein interactions,
as shown in Figure 26.16. The EJC includes a group of proteins called
the REF family (the best characterized member is called Aly). The
REF proteins in turn interact with a transport protein (variously called
TAP and Mex) which has direct responsibility for interaction with the
nuclear pore.

A similar system may be used to identify a spliced RNA so that
nonsense mutations prior to the last exon trigger its degradation in the
cytoplasm (see 7.13 Nonsense Mutations Trigger a Surveillance System).

26.10 Group II Introns Autosplice
via Lariat Formation

Key Term
• Autosplicing (self-splicing) describes the ability of an intron to

excise itself from an RNA by a catalytic action that depends only
on the sequence of RNA in the intron.

Key Concepts
• Group II introns excise themselves from RNA by an autocatalytic

splicing event.

• The splice junctions and mechanism of splicing of group II introns
are similar to splicing of nuclear introns.

• A group II intron folds into a secondary structure that generates a
catalytic site resembling the structure of U6–U2 bound to a nu-
clear intron.

Two groups of introns that are quite separate from the introns in nu-
clear protein-coding genes are found in organelles and in bacteria.
Group I and group II introns are classified according to their internal
organization. Each can be folded into a typical type of secondary struc-
ture. Group I introns are found also in the nucleus in lower eukaryotes.

The group I and group II introns have the remarkable ability to ex-
cise themselves from an RNA.This is called autosplicing. Group I introns
are more common than group II introns. There is little relationship be-
tween the two classes, but in each case the RNA can perform the splicing
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Las	  proteínas	  pertenecientes	  al	  complejo	  
de	  unión	  a	  los	  empalmes	  de	  	  exones	  
(Exon-‐JuncMon	  Complex,	  EJC),	  ejercen	  un	  
papel	  fundamental	  en	  el	  transporte	  de	  los	  
ARNm.	  

Cuando	  la	  maquinaria	  de	  splicing	  elimina	  
un	  Intrón	  quedan	  proteínas	  en	  el	  siMo	  de	  
empalme	  de	  exones,	  que	  reclutan	  a	  otras	  
y	  consMtuyen	  el	  EJC.	  
	  
	  
El	  complejo	  de	  EJC	  juega	  varias	  funciones,	  
entre	  ellas	  el	  transporte	  de	  los	  mensajeros	  
del	  núcleo	  al	  citoplasma.	  
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Group II Introns Autosplice via Lariat Formation SECTION 26.10 479

After it has been synthesized and processed, mRNA is exported from
the nucleus to the cytoplasm in the form of a ribonucleoprotein com-
plex. One means for ensuring that transport occurs only after the com-
pletion of splicing may be that introns can prevent export of mRNA
because they are associated with the splicing apparatus. The spliceo-
some also may provide the initial point of contact for the export appa-
ratus. Figure 26.15 shows a model in which a protein complex binds to
the RNA via the splicing apparatus. The complex consists of pro-
teins and is called the EJC (exon junction complex).

The EJC is involved in several functions of spliced mRNAs. Some
of the proteins of the EJC are directly involved in these functions, and
others recruit additional proteins for particular functions. The first con-
tact in assembling the EJC is made with one of the splicing factors.
Then after splicing, the EJC remains attached to the mRNA just up-
stream of the exon–exon junction.The EJC is not associated with RNAs
transcribed from genes that lack introns, so its involvement in the
process is unique for spliced products.

If introns are deleted from a gene, its RNA product is exported
much more slowly to the cytoplasm. This suggests that the intron may
provide a signal for attachment of the export apparatus.We can now ac-
count for this phenomenon in terms of a series of protein interactions,
as shown in Figure 26.16. The EJC includes a group of proteins called
the REF family (the best characterized member is called Aly). The
REF proteins in turn interact with a transport protein (variously called
TAP and Mex) which has direct responsibility for interaction with the
nuclear pore.

A similar system may be used to identify a spliced RNA so that
nonsense mutations prior to the last exon trigger its degradation in the
cytoplasm (see 7.13 Nonsense Mutations Trigger a Surveillance System).

26.10 Group II Introns Autosplice
via Lariat Formation

Key Term
• Autosplicing (self-splicing) describes the ability of an intron to

excise itself from an RNA by a catalytic action that depends only
on the sequence of RNA in the intron.

Key Concepts
• Group II introns excise themselves from RNA by an autocatalytic

splicing event.

• The splice junctions and mechanism of splicing of group II introns
are similar to splicing of nuclear introns.

• A group II intron folds into a secondary structure that generates a
catalytic site resembling the structure of U6–U2 bound to a nu-
clear intron.

Two groups of introns that are quite separate from the introns in nu-
clear protein-coding genes are found in organelles and in bacteria.
Group I and group II introns are classified according to their internal
organization. Each can be folded into a typical type of secondary struc-
ture. Group I introns are found also in the nucleus in lower eukaryotes.

The group I and group II introns have the remarkable ability to ex-
cise themselves from an RNA.This is called autosplicing. Group I introns
are more common than group II introns. There is little relationship be-
tween the two classes, but in each case the RNA can perform the splicing
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Dentro	  del	  EJC,	  las	  proteínas	  REF/
Aly	  juegan	  un	  papel	  fundamental	  
en	  el	  transporte	  de	  los	  ARNm	  al	  
citoplasma.	  
	  
Las	  proteínas	  REF	  interaccionan	  con	  
las	  proteínas	  TAP/Mex	  que	  guían	  
los	  ARNm	  al	  poro	  nuclear.	  
	  
	  
Los	  complejos	  ARNm-‐proteínas	  son	  
transportados	  acMvamente	  por	  el	  	  
complejo	  del	  poro	  nuclear.	  


