elomers |

-

elomerasa

Jesus Bertran
Raquel Clivillé
Marta Massanella
Ingrid Pallas

Miriam Sanchez
B .



Homo sapie
BEos taurus
Susiscrofa
Equus caba
Felis catu
Mustela pu
Procyon lo
Oryctolagu
Trichechus
Dasypus no
Elephasima
Zenopus la
Microtus o
Chelydra s
Mus muscul
Cavia porc
Gallus gal
gi|6041649
gl|e0l0124
gl|5031301
gl|4609203
gi|3860192
gi|3860195
gi| 5702104
AJ310189.1
L16782.1/3
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Alineament SnoRNA - TR

GGEACTCGECTCA 'ACATGC
GEACTCGECTCAGACATCC
GGEACTCGECTCAGACACTT
GEACTCGECTCAAACACET
GEACTGEECTCAGACACAT
GEACTAGGCTCACACACAC
GEACTAGGCTCACACACAT
GEACTCGECTCAARCACGC
GGACTCAGCTCCGACAGET
GGEACTCGGECTCAGACACET
GEGCTCAGCTCCGACAGET
CAGCCAGTCCCCGACATET
GAGCTCGECTCCTACAACC
GGGECTGECECTCAGACACGC
GARCTCGETTCTCACAACC
GGEACGGECTCCTACAAGC
CeLCGTCECTCCCACACGC
ARCAACTTCTGEAACARACE
GATTAGCACTCATACAGTC
CTTGGTACGCATCACATCG
CATAACTGTCACCACAATT
TTGETGATAAGGARCAGCT
GATTCTGACTTGECACAAGT
TTTEAAGEC TGTAACATTT
ARCCATGCAGTGTACARACT
ARCCATGCAGGARACATAT
ARCCATGCAGETTACARCT

Ee

ACA box



Conservacio estructura secundaria ““NH“'

R ENT]

TR SnoRNA




Que son els snoRNA? \\I\\\\I\N\\I

Small nucleolar ribonucleic acid

snoRNP: snoRNA associat a un core de quatre proteines

Funcio:
v modificacié post-transcripcional rRNA i sShRNA

v’ processament i estabilitzacié de les RNP

Caracteristiques que comparteixen les snoRNP:
v' localitzacié nucleolar estable
v processament 3 i 5 comu

v associades sempre a les mateixes proteines



Funcions del domini H/ACA N|““|“|

v' Localitzacio cel-lular
v' Associaci6 a les mateixes proteines

v' Processament 3’ (no el 5)
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Funcions del domini CR7 H\ll‘

v" Poc conegut

v' Té seqglieéncia targetting cap a cossos de Cajal (nucléol)

AT S0 S T TEEEACH

; - m TETEEEACT
FCTTCCCTEASCTETEEEACT
[T FCTTCCCTAAGCTETEEEC TG
‘“”FAB box

FCTTCCCTSAGCTETEEEACT
T TCCC A T TG EACT
FCTTCCCTEAGCTETEEEACT
T TCCC TR A G T TG EACE
FCTTCCCTEAGTTETEEEATG
O TTCCCTEA ST TS TEEEAT
FCTTCCCTEAGCTETEEETCG
ACTCCCCTEAGCTETEEEAAG
T TCCC IR AGC T TAGEEAAG
[CTTACCTEAGCTETEEEAAG
SCTCCCCTAAGC T TG0
FCTCCCCTECECCETEEEECG
-TTTCCCTTAST TS TEEEATA

AT TCCCEEAGCARA T HEEACT
* & &* K%
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Domini CR4-CR5. Alineament inicial \\INII\

P6

TEEACECD] GUGETCEECCCEEE———GCTT |(TCCGEAG SO, COCACTSCCACC G 4 CAZCCGZCEE-STCTCT 331
g R e T e T e L ] 0 S = e N e g = i = e CAGCCEOEE-CTCCCT 427
T-GAGZCCECEET CEECCCEET———-GCTTCTCCGEAG ETETCCAT TGO C GO ET GAACAGT T GEECTCT GTCASCCECEE— GTCECT 427
T-GAGECCECEET CEECCCEEE———-GCTTCTCCGEAG GG CAT T GO C GO GO CAACACT T GG T T CTCASCCECEE—GTCCOCT 430
TEEAGECCECEET CEECCCEEE———-GCTTCTCCGEAG GCACCCATT GO CET OGO CAACACT T GG T T CTCASCCGOEG—- GACCCT 429
TEEAGSCCECEET CEECCCGEE———GCTTCTCCGEAG GCACCCATT GO T O CAACACGTT GG TOT ST CACCCGOSG—SACCTT 429
TAGAGZCCECEET CoECCCEEE———GETTCTCCGEAG GCACCCATT GO CET OGO GAACAGT T GEECTCT GTCASCCECEE—- GTCCOCT 429
TEEAGECCECEET CEECCCEEE———- G TTCTCCGEAG GG CAAT GO C GO GO CAACACT T GG T T CTCASCCGCEE—- T 00T 425

ASAGTTEEECTCT

Qo mEELRE

Ir TEGAGGCCECEET CGGECCTGGEG-——-GCTTCTCCGEAG GTTCCCATTGCCGCCGCCAAGAGTTAGGCTCTGTCAGCCGOGE-GTCOTE 435
El TGEAGGCCGCEET CGECCTEGE———GCTTOTCCGEAG ST TCCCGCTGCCEOCECGAAGAGTTGEECTCTGTCAGCCGCEG-GTCCCE 430
Da TAGAGGCCECGET CCGCCCEEGE———GoTTCTCCGEAG GCACCCAAT CCACGCCGCGAAGAGTTAGGCTCTGTCAGCCEOGG-ATCCCE 426
Ca T--AGGCCECEECCEECEIGEE———-GCTTCCCT GEAG GUGCCCATGECCGCCGCCAACGACGTTCEGTCTCTGT CAGCTGLEE-GTCECC 403
Mi TTGAGGCCGCEETTEECCTGEA-——G-TTCTCCGGA- ——CTCCGOT GOCGCCECGAAGAGTTCGT CTCTGTCAGCCECEG-AGTATC 364
MU TACAGGCCECGECCEECCTEEG-———-G-T-CTTAGGA- ——CTCCECTCCCeOCGCEAACACGCTCCCCTOTCTCAGCCEGCEG-CE0GCC 376
c¢h - GTEAGGCCECEETCAGCCEECT CEOECCACTECT GO ECEAACACTTCET CTCTETCAGCCT CEEEEECEE0 393

58 CTGGGGETCCCCECTCECETGECCGCEETCEECCEECA COCGCCATTGCOCGCCGCCAAGACTTCGCCTCT T CAGCCTCGECGECECE 451
e ————GETC--TETCTETCTGEE————— GCCECEET CEGCATCATCTEC T ET CECEAACACTTCETCTCTET TAGCCCTTGEEEECCC 459

Bh TCoCGEECCGCGAT CAGCCCEGEC-TTTCCCTACTT TG GEECCCAATGCTGTCECGAAGAGTTCGECTCTGTCAGCCCEECTGGETCC 518
* * & * x* % khk Hkkkkk k * Ihkkkhkk *hkk



Domini CR4-CR5. Domini d’activacié |
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Domini CR4-CR5. Estructura P6 \I\HII\

P6 | GAGGTCGCECCCG -- GCTT || CGGTCACTGCCACCGC
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Domini CR4-CR5. Tetraloop
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Domini CR4-CR5. Stem P6a

| P6a | GAGGTCERC GoC- ACCTC

_"_H_CC|_n_nCCUC
UGGAG




Domini CR4-CR5. Stem P6a R
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Domini CR4-CR5. Stem P6a

GCACCCACT GCEARCECEARCACTT GEECTCTET CAGCCECEE—ETCTCT
GTECCCAAT O CECEALCGACTTACGCTCTETCACCCECEE-ETCCCT
GTETCCAT TS CETEAAGAGT TG TCTET CAGCCGCEE- T CECT
GCECCCATT O CECEAAGAGTTGEECTCTGT CAGCCGCGE— T CCCT
GCACCCATT GO CECEALCGACTT GEECTCTET CACCCEC G- GACCCT
GCACCCATT GO CECEALCGACTTGEECTCTET CACCCEC G- GACCTT
GCACCCATT SO CECEAACACST TG TCTET CAGCCGCEE- T CCOCT

GCECCCAAT G CECEAAGAGTTGEECTCT T CAGCCGLGE— T GCCT
GTTCCCATT GO CECEAACGACTTAGECTCTETCAGCCGCEE-CGTCCT G
GTTCCCECT GO CECEAACGACTTGEECTCTETCAGCCGEEE-CGTCCCE
GCACCCAAT GO CECEAACASTTAGECTCT T CAGCCECEE-ATCCCE
GCECCCAT G CECEAAGAGTTCETCTCTGTCAGCTGC G- T CECC

-—CTCCECT =
—-—CTCCECT =
CECECCACT GO
CCCGECCATT O
GCATCATCTECT S
GEECCCAATCCTE

CECEALCGACTTCETCTCTETCAGCCECEE-AGTATC
CECEALCGACCTCECCTCTETCAGCCECL G- GECECC
CECEAACASTTCETCTCT T CAGCCT CEEEEECEEC
CECEAAGAGTTCECCTCTGTCAGCCTCEECGECEECGE
CECEALCGACTTCETCTCTETTAGCCCT T GEEEECCC

CECEAACASTTCEECTCT T CAGCCCEECT GEETCC
kk khkkkkk *k Kk kkkkkk *kk

331
427
427
431
4219
419
429
423
435
431
426
4073
354
376
393
451
4549
518



Domini CR4-CR5. Stem P6a R
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Domini CR4-CR5. Stem P6 R

s [ oz o] S

272 284
U-C
u G

.
.
R
v

c o 0 S G)
p]

n‘::.;:n“

(@]

|
acoa®» —0ao

L3
o
o

@ » q& =

o
$
4




Domini CR4-CR5. Loop Intern J6 A
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Domini CR4-CR5. Loop Intern J6 i
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Domini CR4-CR5. Domini d’activacié |
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Domini CR4-CR5. Alineament inicial \\I\HII\

P6

TEZAGZCD] GCGETCEECCCEEE———-GCTT | TCCGEAG SO, COCACTSOCACCEC ) AGAGTT CACCCOSCOZE—STCTCT 331
TE-AGGCOEoEsICE s mms oo L L T OO GEA G ST s ART S s s s Ame A Tl AT T e T e L LA OGO ST CoCT 427
T-GAGZCCECEET CEECCCEET———-GETTCTCCGEAG ETETCCAT TGO CECCET SAACAGT I GG CT GTCASCCECEE— GTCECT 427
T-GAGECCECEET CEECCCEEE———-GCTTCTCCGEAG GG CCAT TGO C GO GO CAACACT I GG T CT CTCASCCGCEE—GTCCOCT 430
TEEAGECCECEET CEECCCEEE———- G TTCTCCGEAG GCACCCATT GO CET OGO CAACACT I GG T CTCASCCGOEE—- GACCCT 429
TEEAGSCCECEET CEECCCGEE———GCTTCTCCOGEAG GCACCCATT GO T OO GAACACGT I GCGO I T ST CACCCGOSG-SACCTT 429
TAGAGZCCECEET CoECCCEEE———GETTCTCCGEAG GCACCCATT GO CETCEoEAACAST I GG CT ETCASCCECEE—- GTCCOCT 429
TEEAGECCECEET CEECCCGEE———GCTTCTCCGEEAG GOGOCCAAT GO CCC OO CAACACT Y CCGO I CT CTCASCCECGE-GTECOCT 428

Qo mEELRE

Ir TEGAGGCCECEETCGGECCTGGEG-——-GCTTCTCCGEAG GTTCCCATTGCCGCCGCCAAGAGTAGGCII CTGTCAGCCGOGE-GTCCOTE 435
El TGEAGGCCGCEET CGECCTEEE———GCTTOTCCGEAG ST TCCCGCTGCCEOCECGAAGAGT GGG I CTGTCAGCCGCEG-GTCCCE 430
Da TAGAGGCCECGET CCGCCCEEGE———GOTTCTCCGEAG GCACCCAAT GCACGCCGCGAAGACGTIAGGC I CTGTCAGCCEOGG-ATCCCE 426
Ca T--AGGCCECEECCEECEIGEE———GCTTCCCT GEAG GUGCCCATGECCGCCGCCAACGACTCETCrCT T CAGCTGLEE-GTCECC 403
Mi TTGAGGCCGECEETTEECCTGEA-——G-TTCTCCGEGA- ——CTCCGOT GOCGCCECGAAGAGTCGT O CTGTCAGCCECGG-AGTATC 364
MU TACAGGCCECGECCEECCTEEG———-G-T-CTTAGGA- ——CTCCGCTCCCeOCGCRAACACONCECOICTCTCAGCCEOEG-CE0GCC 376
c¢h - GTEAGGCCECEETCAGCCEECT CECECCACTECT OO ECEAACACTNCET I CTGTCAGCCT CEEEEECEE0 393

58 CTGGGGETCCCCECTCECETGECCGCEETCEECCEECA COCGCCATTGCOCGCCGCCAAGACTCGCOICTGT CAGCCTCEECGECECE 451
e ————GETC--TETCTETCTGEE————— GCCECEET CEGCATCATCTEC T T CECEAACACTTICETCICTETTAGCCCTTGEEEECCC 459

Bh TCoCGEECCGCGAT CAGCCCEGEC-TTTCCOTACTT TG GEECCCAATGCTGTCECGAAGAGTCEEOICTGTCAGCCCEECTGGETCC 518
* * & * x* % khk Hkkkkk 1 * Ehkkkhkk ki




Domini CR4-CR5. Estructura P6.1 \HINI\III\
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Domini CR4-CR5. Estructura P6.1 \H\INIIII\
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Domini CR4-CR5. Estructura P6.1 \H\INIIII\
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Domini CR4-CRS. Estructura P6.1 Il
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XAM: buscant homologies estructurals
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boxB bacteriophage

1LC6_A U6

10Q0_A _P6.

1OFQ A 15-

CLUSTAL W1.60) multiple sequence alignnent

GGT TCCCCTGCATAAGGATGAACC




XAM: buscant homologies estructurals Il

2-3: 4.90
1-3: 4.16
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Respecte la subunitat catalitica de latelomerasa (TERT), és cert que:

1.
2.
3.

Té un 20% d’identitat amb la retrotranscriptasa del HIV-1.
Es creu que converva I'estructura de fingers-palm-thumb.

Els residus importants per I'addicié de nucleotids estan conservats (p.e. Triada catalitica i residus
del finger domain).

La cristal-litzacio de la TERT (Mar¢ 2005) confirma la homologia amb el virus HIV huma.

1i3.
2i4.

4
1,2,3i4.

Pel que faal plegament de I'RNA, assenyala la resposta correcta:

a)
b)
c)
d)

e)

La uni6 a cations divalents estabilitza el plegament

Es creen ponts d’hidrogen entre unions canoniques i no-canonigues
Les dues anteriors

No es pot plegar en forma de doble hélix

Totes les anteriors



b)

d)

Respecte al template de la telomerasa, és cert que:
Esta molt conservat en vertebrats.

Esta situat suficientment exposat per interaccionar i allargar el DNA teloméric i alhora a prop del
domini funcional pseudoknot per tal d’interaccionar amb el centre actiu de la subunitat catalitica
(TERT).

La seqiiencia no és complementaria al DNA telomeric.

Totes les anteriors.

Respecte al domini pseudoknot de la telomerasa, és cert que:
Es tracta d’'una estructura terciaria de I'RNA.

Esta format per 2 stems i per 2 loops.

Les dues anteriors

Es troba a I'extrem 5’ del RNA



L’estructura caracteristica de triples bases del domini pseudoknotde latelomerasave
donada per I'interacci6 de:

Pseudoknot i template

Pseudoknot i subunitat catalitica de la telomerasa (TERT)
Primer residu del loop 1i ultim residu del loop2.
Pseudoknot i altres dominis de RNA.

El domini pseudoknot de la telomerasa no té caracteristiques diferencials respecte la resta de
pseudoknots.

Assenyala laresposta correcta. Eldomini H/ACA de la Telomerasa RNA:
Es troba a la telomerasa de llevats, ciliats i vertebrats

La caixa ACA uneix sempre les mateixes proteines formant un core

La telomerasa s’emmagatzema al citoplasma

La caixa ACA es localitza a prop de I'extrem 5’

El domini H/ACA només el té la telomerasa RNA



8.

Respecte als dominis dels RNAs amb funciod catalitica, indica les afirmacions certes:
Es comu trobar una elevada conservacio de sequéncia en diferents ribonucleoproteines.

La sequéncia d’aquests RNA es conserva més que la seqiiencia d’'aminoacids de la proteina amb
que formen complex.

Les dues anteriors son certes.

Es possible trobar una bona conservacio estructural d’alguns dominis, malgrat la
conservacio de seqgiencia sigui nula.

Totes les anteriors soOn certes.

El dominide I'RNA de latelomerasa CR4CR5, que englobaels subdominis P61 P6.1, esta

involucrat més aviat en:

a) Funcié estructural.

b) Funci6 catalitica.

c) Les dues anteriors.

d) Funcié d’activacio de la part proteica TERT de latelomerasa.

e) Totes les anteriors.



9.

b)

d)

P6.1 és un petit stem-loop del domini CR4CR5 de la TR (RNA que forma part del complex
telomerasa). S’ha vist que és possible trobar homolegs estructurals a P6.1 en d’altres
RNAs catalitics amb RMSD significatius, pero que tanmateix no es produeix conservacio
entre les sequencies. Com explicaries aquest fenomen?

En tractar-se d’un domini compost per tant pocs nucleotids és facil que la similaritat estructural
sigui casual.

En RNA no és possible trobar homologia estructural sense conservacio de seqguéencia.

Es impossible determinar I'estructura de 'RNA, ja qué és massa inestable.

Pot tractar-se d’un cas d’analogia (convergéncia evolutiva), donat que tots aquests dominis
tenen funcions gairebé identiques.

. Pelque fa als stem-lopps P6i P6.1, indica les certes:

Podem trobar bases (nucleotids) desaparellades tant als extrems com enmig del stem-loop.
Les bases desaparellades son un bon punt d'interaccio amb altres regions de la telomerasa.
Les dues anteriors son certes.

Tots els stem-loops segueixen un patré canonic.

Totes les anteriors.



\ INTRODUCCIO




Replicacio del DNA

* Replicacio de DNA: DNA polimerases DNA depenents

» Sentit 5’- 3’ (addicio nt al grup 3’- OH)
» Fragments d’'Okazaki (RNA-DNA)

Single-strand-
binding protein
(SSB)

S
T

Lagging strand
RNA Primer




—End Replication Problem” (I
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Solucions a l'escurcament de cromosomes

v Plegar el DNA de manera semblant a la circular
v' Posar una proteina que doni un 3-OH a la polimerasa

v Introduir seqiiéncies no codificants: TELOMERS



Telomers “““N

* Repeticions simples en tandem riques en G.
» Afegides a I'extrem 3’-OH
» Sequencia en humans: (TTAGGG)n

» Afeqits per la telomerasa

Tinciod dels telomersi |
centromers amb Fish




Telomerasa “

v Classificacié SCOP:
Classe: multi-domain protein (alpha and beta)
Fold: DNA/RNA polymerases
Superfamily: DNA/RNA polymerases
Family: Reverse Transcriptase (DNA pol RNA dep)
v'Components:
Subunitat proteica (TERT)
Subunitat nucleotidica (TR)

hTRI

LT
hTERT!

C
Proteines associades 4

hTERT?



Caracteristiques de la Telomerasa

v" Localitzada al nucli, on es replica el DNA
v" No totes les cel-lules tenen evidencia d’activitat telomerasa

v El component catalitic (TERT) s’expressa només quan hi ha evidéncia
d’activitat telomerasa, mentre que el component de RNA ho fa de manera
generalitzada (TR).

v Molta activitat a cél-lules fetals, que mantenen un alt nivell proliferatiu,
pero molt poc en cel-lules de teixits adults.

v’ S'observa gran activitat en ceél-lules tumorals (relaci6 amb cancer;
possibles dianes terapeutiques)



Funcionament de la telomerasa ““““\““l

TELOMERES ? EXTENDING THE LENGTH OF A TELOMERE

Ennrynrln




Subunitat Catalitica: TERT

N RT domains C
Domini N terminal Domini C terminal

Motius: 1,2, A,B’,C,D, E

Centre Actiu en RTs de virus:
- Unio al template Homc‘)leg en TERT
- Unid als nts

- Uni6 al primer mateixa funcio



Homologia estructural amb RT — HIV1 N

Motiu 1
Motiu 2

Fingers <

r

Motiu B’

Palm <

Motiu C
Thumb {Motqu -




HUMA

RATOLI

RATA

HUMA

RATOLI

RATA

HUMA

RATOLI

RATA

HUMA

RATOLI

RATA

HUMA

RATOLI

RATA

HUMA

RATOLI

RATA

HUMA

RATOLI
RATA

Motiu 1

LRRSPGVGCVPAAEHRLREEI LAKFLHW.MS- VYVVELLRSFFYVTETTFQKNRLFFYRK
LHGNPGACCVPAAEHRRREEI LARFLVLVDGHI YVVKLLRSFFYVTETTFQKNRLFFYRK
LRSSPGKDRVPAAEHRLRERI LATFLFW.VD- TYVVQLLRSFFYI TESTFQKNRLFFYRK
LRSSPEKDTVPAAEHRLRERI LAMFLFW.VD- TYVVQLLRSFFYI TETTFQKNRLFFYRK

* * kkkxkkk*x ** *k*k k% *k*k khkkxkkkhkkkx *kx *hkxkkhkkdkxkkkhkhkkk*k

Motiu 2 _
SVWEKLQSI G ROHLKRVQL REL SEAEVROHREARPAL L TSRLRFI PDGURAIVNVDY
SVWEQLQSI G RQLFNSVHL REL SEAEVRRHREARPAL L TSRL RFL RHPSCGURRIVNVDY
SVWEKLQSI GVRQHL ERVRL REL SQEEVRHHQDTW.ANMPI CRLRFI PNGURARIIVNMSY
SVWEKLQSI G RQQLERVQL REL SQEEVKHHQDTW.ANMPI CRLRFI LNGIRRIIVNMSY
* % % % * * k% % % * * *.*****. **..*... * .****. * 4 * * *

Motiu A
VVGARTFRREKRAERL TSRVKALFSVLNYERARRPGLLGASVLGE.DDI HRAWRTFVLRVR
| MGARTFHRDKKVQHL TSQLKTLFSVLNYERARRPSL L GASM.GVDDI HRAWRTFVLRI R
SMGTRAL GRRKQAQHFTQRLKTLFSMLNYERTKHPHL MGSSVLGVNDI YRTWRAFVLRVR
GVDTRAFGKKKQTQCFTQSLKTLFSVLNYERTKHPNLMGASVLGTSDSYRI WRTFVLRVR

* * *

* **x*k *kkkx * * % * k% * * **%x **k*k*k *x

gtiu B’

AQDPPPELYFVK DTI PQDRLTEVI ASI | KPQ- NTYCVRRYAVVQKAAHGHVRK
AQNPAPQLYFVK DALPQDRLVEVI ANVI RPQESTYCVRHYAVVQRTARGHVRK
ALDQTPRMYFVI DAl POQGKLVEVVANM RHSESTYCl RQYAVVRRDSQGQVHK
ALDQTPRMYFVI DAl PQDKLVEI VANI | RRSESMYCl RQYAVVQKDSQGQVHK
* * k Kf*

* .**** **..* *..* .*. **.*.****.. .*.*.*
AFKSHVSTLTDL QPYMRQFVAHL QET- - SPLRDAVVI EQSSSLNEASSGLFDVFLRFMCH
AFKRHVSTFADL QPYMRQFVERL QET- - SLLRDAVVI EQSSSLNEAGSSLFHLFLRLVHN
SFRRQVTTLSDL QPYMGQFL KHL QDSDASAL RNSVVI EQSI SMNESSSSL FDFFLHFLRH

SFRRQVSTL SDL QPYMGQFTKHL QDSDASAL RNSVVI EQSI SMNETGSSLLHFFLRFVRH

* * % *kkkk*k k% * % * k% *kkx*k* *x *x%x * % * %

Moty C
HAVRI RGKSYVQCQG PQGSI LSTLLCSLCYGDVENKLFAG RRDGLLLRLDIFLLVTP
HVVRI GGKSYI QCQGVPQGSI LSTLLCSLCYGDVERRLFPG EQDGVLLRLDOFLLVTP
SVVKI GDRCYTQCQG PQGSSLSTLLCSLCFGDVENKLFAEVQRDALLLRFDIFLLVTP
SVVKI DGRFYVQCQG PQGSSLSTLLCSLCFGDVENKL FAEVQQDALLLRFDIFLLVTP

* ****.**** *********.**** .** .**.*** % * * % % % %

Motiu D
HLT- HAKTFLRTLVRGVPEYGCVVNL RKTVVNFPVEDEAL GGTAFVQVPAHGL FPWCGL L L
HLT- QAQAFLRTLVKGVPEYGCRANL QKTAVNFPVEDGAL GSAAPL QL PAHCLFPWCGLLL
HLD- QAKTFLSTLVHGVPEYGCM NLQKTVVNFPVEPGTLGGAAPYQLPAHCLFPWCGLLL
HLA- HAKAFLSTLVHGVPEYGCM NL QKTVVNFPVET GAL GGAAPHQL PAHCLFPWCGLLL

* % * *k *x*k*k *khkkkkkx k% *x*k *kkkx*k * % * * *kk *Xkkhkkkhkkx*k

DOMINI RT

>Reverse transcriptase HIV-1
subunitat p66

PI SPI ETVPVKL KPGVDGPKVKQWPL TEEK! KALVEI CTEVEKEG
kI ski GPENPYNTPVFAI HKkDsTKURNLYDFRELNKRTQDFVEY
QLG PHPAGLKKKKSVTVLIDYGDAYFSVPLDEDFRKYTAFTI PS|

NNETPGI RYQYNVLPQGVWKGSPAI FQSSMTKI LEPFRKQNPDI VI

vQYNDD YVGSDLEI GQHRTKI EEL RQHLLRWGL TTPDKKHQKEP
PFLVWGYEL HPDK\TVQP| VL PEKDSWIVNDI QKLVGKLNWASQ

YPGI KVRQLCKLLRGTKALTEVI PLTEEAEL ELAENRE! LKEPVH
GVYYDPSKDLI AEI QKQGQGOWTYQ YQEPFKNL KT GKYARVRGA
HTNDVKQLTEAVQKI TTES| VI WGKTPKFKLPI QKETVETWATEY
VQATW PEVEFVNTPPLVKLWYQLEKEP! VGAETFYVDGAANRET
KL GKAGYVTNRGRQKWWTLTDTTNQKTELQAI YLALQDSGLEVNI

VTDSQYALG | QAQPDQSESELVNQ! | EQLI KKEKVYLAWPAHK
G GGNEQVDKLVSAG RKVL

Residus conservats de:

Finger domairn

Palm domain

- Thumb domain



HIV TERT

’ { Trp24  Trp24
[ Lys65 Lys443
{ Arg72 Arg450

g Leu74 lle452

1 Tyrll5  Tyr717
[ Asp110 Asp740

{ Aspl85 Asp856
. Aspl86 Asp857

: 1

Triada catalitica







Domini N | C terminal NNN

N-terminal N#m GQ m&«CPH QFPH T m

- Dominis CP, QFP i T— reconeixement RNA-telomerasa
-Domini T — establilitza el template
- Domini N-terminal | GQ— interacci®é amb DNA m ANCHOR SITE ¢?

C-terminal

- multimeritzaci6 funcional amb altres molecules hTERT
- reclutament de telomers per enzims
- localitzacioé nuclear

- possible implicacio en el domini thumb



Informacio disponible sobre la Telomerasa

v" Pocs pdb’s i cap per cristalografia

v' Programes de modelatge no optimitzats per RNA (no STAMP)

v' Seguencies molt divergents

PDB Descripcio Any | Resoluci6
10Q0 | P6.1 stem loop | 2003

1731 | PJ6 Hairpin 2005

1LC6 | U6 stemloop | 2002

1QFQ | Bac BoxB 1999

1YMO | Pseudoknot 2005

1HVU | HIV-I RT 1998 4,75
1J50 | HIV complexed | 2002 2,8







Estructures de I'RNA

v Primaria: cadena simple
v Secundaria: interaccions intramoleculars
v' Terciaria: estructura global i local en 3D

v Quaternaria: interacci6 entre varis RNA amb estructura terciaria



Per gue es plega 'RNA?

Entropia desfaborable: en equilibri domina la doble helix

Forces que estabilitzen el plegament:

v

v
v
v

interaccions Watson i Crick
interaccions no-Watson i Crick
interaccions de van der Waals

unidé a cations divalents



Parells de bases Watson | Crick




Parells de bases no-Watson | Crick

GU Wobble Hoogsteen



Estructura Secundaria

Hairpin

Multiloop

: Stem
Interior loop |
Bulge
B

Loop
' _‘_/ r
111 T )

— N




Telomerasa
RNA




Alineament inicial (1-451)

CR1

HOM = = =« e e e e e GGGTTGCGGAGGGTGGGC- CTGGGAGGGGTGETGACCATTTTTTG JTCTAACCCTAAC- | TGAGAA GG - - - - GOGTAGBOGCOGTGCTTTTGLT- - O00CG:- - - - - - cGCaCTGT
Oy TAAGACGACTCC- - - - GECOGGC- - - GOGOGEOGEECT GAGGAGEGT GBGC- TCGGGAGGEECS CGGTCATTTCTCA- JTCTAACCCTAAC-| TGAGCA GG - - - - GOGTAGGEOGCOGCGCTTTTGITT - Q000G - - - - - CGCGCTGT
Bos TAAGGAGACGC- - - - - ACCCAGOG- - GOGCGGCGAGT TGOGGAGEGT GBGC- OCOGGGTTGGTGBCAGCCATTTCTCA- ATCTAACCCTAAT-f TGAGAC AG: - - - - GCGTAGGCGCTGTGCTTTTGGT- - TAQOG: - - - - - ococeuren
Sus TAGBGAGACGC- - - - - ATCOGCCT- - GATCGGCGGGT TGOGGAGGGT GBGC- CCAGGAGCGGT GGCGGCCATTTTTTAARTCTAACCCTAAC- | TGAAAG AG- - - - - GCGTAGGCGCTGOGCTTTTGCT- - TCAQG: - - - - - ecoceuren
Mis TAGBGAGACGC- - - - - GGCCGGGT- - GCAGT TOGGGT TGCGGAGGGT GGGC- TOGGGAGGEGTGROGGTCATTTTCTG TCTAACCCTAAC- | TGAAAC GG - - - - GOGTAGGOGCTGOGCTTTTGI T- - 0O0CG- - - - - - CACGCTGT
Pro TAGBGAGACGC- - - - - GGCGGGCT- - GTAGCTOGGGT TGCGGAGGGT GGGC- CTGGGAGGEGTGEOGGTCGTTTTATG -JTCTAACCCTAAC- | TGAGAA GG - - - - GCATAGBOGCTGOGCTTTTGTT- - 000CG- - - - - - CACGCTGT
Fel TAGGGAGOOGC- - - - - GGCGTTTT- - GCACCTOGGGT TGT GGAGGGT GGGC- CTGGGAGGGEGAAGCGGTCAGTTTTTG -JTCTAACCCTAAC- | TGAGAA GG - - - - GOGTAGBOGCCGOGCTTTTGTT- - TOOCG- - - - - - CACGCTGT
Equ TAAGGAGGTGC- - - - - GGCCAGGC- - ACGCGEOGGEGT GBEGGAGAGT GEGT- CTGGGCGAEG0GE0GGTCACGTTTTG TCTAACCCTAAC- | TGAGCT GG - - - - GOGGAGBOGCCGOGCTTTTGCT- - O00CG: - - - - - ococeuren
Tri  TAAGGAGACTTGGCGCGOGAGGCT TGROGT GGAGRGT TGAGGAT GBCGOCC- COGBGT CGGACAGTGRTCTTTTTTGT- JTCTAACCCTAAC- | TGGCAA GG - - - - GOGTAGGTGCTGTGCTTTTGIT- - 0O0CG- - - - - - CGCGTTGT
El e TAAAGAGGTGOGGOG- GCGOGGCT- GGTGOGGT GGGT TGAGGAGBGTACGS- COGGGA GRROGGTGGTCTGTTCTGT- JTCTAACCCTAAC-| TGATAA GG - - - - GOGTAGGOGCOGTGCTTTTGT T- - 000G - - - - - CGCGTTGT
Das TAAGGAGGCTGCGOGCGOCCAGE- - - - - - - GGCGAGTTGOGGAGGGAGRGEC- COGGGAGBGGTGAGOGTCCATTATCG: JTCTAACCCTAAC-| TGAGAT GG - - - - GOGTAGGOGCOGCGCTTTTGCT- - TOOOG- - - - - - caeaeTGT
Cav TAAGGAGOCTC- - - - -« == mm e mmmoemm e TGCGAGOCGCTGRG- CCBRGAGBGGTGGTGGTG TTCCCTG- JTCTAACCCTAAGHE TGAAGAGG: - - - - ACGTGGGTGCOGTGTTTTTCGC- - TCCCG - - - - - IACGCTGT

LV JCR-Nc c'c o'c: e'o o NN N GACGGGC- - - - GGACGEGOGACGCGOGCCTCTTC A - TAACCCTAAAA ACTGG AG- - - - - CTGTAGGTGTTGCTCTTTCAGG - GTC-G- - - - - - coceeTaT
T Y1 - GGGC- - - - GACTAGGCCTCG GCACCT- - - - - - - - AACCCTGATTR TTCATT AG - - - - CTGTGGGTTCTGGTCTTTTGIT- - CTCCG- - - - - - coceeTaT
Che GTGGAAGGTATATAAGACCCGOGG: - - - - - - - CCAGGOGGGT CTGACCGCT- - - GCGGCGACAGGT GBGGGCTCAGTCT JTCTAACCCTAAGH GA- - - A AT- - - - - GTGACCOCTCOCOGETCS - - - - - AGOCG- - - - - - ITCCGCTGT
Gal GAGGAGBCTACAAGAGCOCCACG: - - - - - - - - CGGGGTTCOCCOGRCACGS: - - GTGROGEGTGG- AAGGCTCCECTGTACCTAACCCTAAT (R GBGGGA ATTGATGGTGCTGTCGOCGOGCTCOCTCG - GOO0G- - - - - - cocaeTaT
Xen CTCTGACGTCAATGTAGTATATAAGCAGT TGCCAAGGTGCATTAGCCTCAC- TCAATGT GGACGGAGGTCTCTGTTTCG | CTAACCCTAATAY CACTGGCT- - - - - - TCAGGGOGATGGCTCTTCGOGG CGGTG - - - - - dcTarTar

Rhi  GCAGCTACTTTTTAGOCAGCGTCGGAAAGTCTTTGAATCAGCGTTTAAAG CATTGCTGCGGEGTGRAGGCGTTTTTAAf - CTAACCCT AATISCAGAGT AAGT GECT GBECCT TOCTCACACTGOCT COOGCT GLGTGAAAQICTCGCT GT

CR2

TTTTCTCGCTGACTTTCAGCG- GGCCTG CCGCCTTCCACCGTTCATT- - - - - CTAGAGCAAAQ
TTTTCTCGCTGACTTTCAGCG- GGCCTA- CCGCCGTCCACCGTTCATT- - - - - TCGCAGTAAAG
TTTTCTCCCTGACTTTCAGCG- GGCGG AAAAGCCTG: - - - - - GGCCTA- CCGCCATCCACCATCCAGT - - - - - CTGCAACAAAG
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGG AAAAGCCTG: - - - - - GGCCTA- CCGCCATCCACCATCCAGT - - - - - CTGAAACAAAG
TTTTCTCGCTGACTTTCAGCG- - ------ -~ GGCGG AAAACGCCTT- - - - - - GGCCTA- CTGCCACACACCATCCAGT - - - - - TTGGAGCAAAG
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGG AAAACCCTG- - - - - - GGCCTA- CTGCCATCCACCATCCAGT - - - - - TTGGAGCAAAG
TTTTTTCGCTGACTTTCAGCG- - - - ------ GGCGG AAAACCCTGC- - - - - - GGCCTA- CCGCCGTCCACCGTACAGT - - - - - TTGGAGCAAAG
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGG AAAACGCCTC: - - - - - GGTCTA- CCGCCACTTACCATCCAGT- - - - - CTGGAGTAAAG
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGGGAAAAGCCCT - - - - - - GGCCTA- CCGCCGTCTACCGATA- GT- - - - - TTGGAGCAAAG
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGGGAAAACGCCTG: - - - - - GGTCTA- CCGCCGTCTACCGATA- GC- - - - - CTGGAGCAAAGY
TTTTCTCGCTGACTTTCAGCG- - -------- GGCGG AAAACCCTG- - - - - - GGCCTA- CTGCCGTCTACTGTCGTAT- - - - - CTGGAGCAAAGY
TTTTCTCGCTGACTTTCAGCG- - -------- TGCAG- AAAAGCCTT- - - - - - GGCCTA- CCGTCGGTTATTGTCTAAT- - - - - TAGAAGCAAAG
TTTTCTCGCTGGCTTTCAGCG- - -------- GGCCAG AAAGTTCA- - - - - - GACCTCTCAGCAGATCGT CGCGTCGT - - - - - TCTCAACCACA
TTTTCTCGCTGACTTTCAGCG- - -------- GGCCAGGAAAGTCCA:- - - - - - GACCTG- CAGCGGGCCACCGCGCGIT- - - - - CCCGAGCCTCA
TTTACTCGCTGACTTTCAGCG- - -------- GACGGGGGGAGCSG: - - - - GTGGAGACGCCAACCAAAAAACGT CAGE:- - - - - GAGGGGCCCT(
TTTACTCGCTGACTTTCAGCG- - -------- GGCGAGAGGAGCCECCCCEEEEEEEAGECEEECEECEEEAGEEEECE: - - - - GEEGECECCECG
TTTACTTGCTGACTTTCAGCG- - -------- GGCACGGAGACCA- - - - - - - - AGCGTAGACGACGACTAAAAAACGTC- - - - - AGCTGGGAGAC]
TTTCTTGGCTAACTTTCAGCGAGGT GAGGCAAGGCGGCAAAAAAAAGT TGGGAGCAGCAACGGCAAGCAAAAAAAAAGT TCCAGCCGAGGCCTCG

MAA- AA- TGTC- - - A
MAA- AA- TGTC- - - AGCETCTGGCTCGCTCACT GCTCCCGG
MAA- AA- TGTC- - - AGCEGCT GECCTGCTCGCCCCTCCCGG
MAA- AA- TGTC- - - AGCEGCCGECCT GCTCGCCCCTCCCGG
MAA- AA- TGTC- - - AGCGCTGACTTGCTCGCCCCTCCCAG
MAA- AA- TGTC- - - A GGCTCGCTCGCCCCTCCCEG-
MAA- AAATGT C- - - AGCK GG CCGCTCACCCCTCCCGG
MAA- AAATGT C- - - AGCEGCCGG- CCGCTCGCCCCTCCCGG
MAA- AA- TGTC- - - AGCEGCT GGT CCGCT CGCCCCAT CCGG-
MAA- AA- TGTC- - - AGCE- - TGECCGEGCCGCCCCTCCCGG
AMAAA- - - ATGCC- - - AGCHGCAAAG- - - - CGCGTCAGCCTAG
MAACAAACGT C- - - AGCHGCAGGAGCT CCAGGT TCGCCGGEG
DCCTCCCAQGCC- - - GACETGGGC- - - - - - - - - - CTGTGGIG
BCGGT GGGGGT C- - - GGGHGGEGEEAGAGAAAGGGECCGAAAGE-
| CCTCCGTTCGC- - - ACAGCCCGACCT GCTCCATTGCCCAAG

*

CACCACGUOGGCCT GSGT QT GAGGGT AACAT GGCCCT GCGGGAGAGAGCCAACAC



----- GGACCTG- - - CGGC- - - - - - - - - - - - GAGTCEOCTGCOCAGCCCOOGAACOCCGCC- - TGRA

----- GGACCTG- - - CGGT- - - - - - - - - - - - GACTCEOCOGCC0GE0CCO0GT GCACCGAC- - TGAGEIOGOGETC!
----- GAACCTG- - - CGGT- - - - - - - - - - - - GGTOCGOCOGCOCAGOCCCAGT GCACCGAC: - T- GAGEOOCOGGTC!
----- GAACCTG- - - CGGT- - - - - - - - - - - - GGTTCBOCOGCOCAGOCCOCGOGCACCGAC: - T- GAGBOOCOGGTC!

CR6

- - - GCTTCTCCGGAGGT GTCCAT]

- - - G TTCTCCGGA- - - CTCCGC]

CCGCGGT CAGCCGGCTCGCGCCAC
CCGOGGT CGBCCGECACCCGCCAT

GG TTTCCCTACTTTGGGGCCCAA]

COGGEG0CAAGEE0G- - - - - = - - = - - - - - AGBOGCAGBCCGTCT- - - - - - - - - - - feee’
CGGTGG - - - - - [ o oXNEREERE GAGGCATGECTGT- - - - = < - == - - - - fecet
CGG- GG --- - - [ o oXNRERE AAGGCGAGGCTCT- - - = < - == - = = - - AACE
TGGGGG - - - - - [o o N AGBGCGAGRCTCT- - - - < - == - - - - - A
TGGGGG - - - - - o o N AGBGCGAGRCTCT- - - - < - = = - - - - - feeet
TGGGGGG - - - QO0G- - - -~ - == - - - - - AGBGCGAGECTCT- - - - - - = - - - - - feee’
CGGGGEG - - - - - o o N GGGACGAGECTCT- - - - =< === - - - - GACC
COGGAACCAAGEE0G- - - < - = < - == - = - - AGGCTTAGBOCTCCT- - - - - - - - - - - feeet
COGGAACCAAGRGE0G- - - - - =< == - - = - - AGGCTGGGEOCTCCT- - - - - - - - - - - GAAC
COGGEGOCAAGRGTG- - - < - = < == - - - - AGGCTTAGBOCGOG: - - - - - - - - - - - GAAC
COGGEG0CEOGEGAG- - - - - = - - == - - - - AGTCCCAGBOCTT- - - - < - = - - - - - feee’
AGGGGCT-- GEEE0C- - - - = < == - - = - - - AGGOCCGGACAGE - - - - - =< - - - - - fecet
GGGGECT- - GBGA0C- - << - =< == - = - AGBOCGGECGAGE: - - - < - == - == - - = feige
COGGGTGRAAGRE0G- - - - - =< - =< - = - - GGTCOCGAGOOCGT - - - - - == - = - - = cod
CGG- - - - GAGGTGOG- - - < - =< - == - == GOGOGCGGCO0CES - - - - <= - - - == - - ca
TGGTGOGGAGTGGAG- - - - - - - = = - - - - - AGTCCGGGTCTGREG - - - - - - - - - - - fees

GGGT GEEEGECCEECACAGAGGRACACACCGEECCEEEECECCGAGEATAGCTACCECC]

GCAGGAAGAG- GAAGG- - - GA
(GCAGGGAGAG- GAAGG- - - GAl
(GCAGGGAAAG- GAAGG- - - GAl
[GCAGGGAAAG- GAAGG- - - GAf
[SCAGGGAGAG- AAA-C- - - GG
GCAGGGAGAG- AAAAC- - - GG
[GCAGGGAGAG- AAAGG- - - G@
(BCAGGGAGAG- GAAGG- - - GAf
[GCAGGGAGAG- AAATG - - GA(
[GCAGGGAGAG- AAACG- - - GA(
[SCAGGAAGAA- AAACC- - - GAl
(GCAGGGAGAG- AAACG- - - GAl
CCAAGTACAG- TAAGG - - GAl
[CCGAGGACAG- GAATG - - GA
[CCAGGGAGAGCAAACG - - TG
CCCAGCAGAGCAAACG- - - GG
GCAGGGAT AGTAAATATCCGT!

* ok ox *k *

b - CGATTOCOOGAGTA- - - - CG- TGT!
- - CGGTTOCCOGOGTG - - - OG- T
- - CGAGTTCTCACGCG - - - OGGT

b - CTGGTCCT-- TGTT- - - - OGGT G-
- - CTGGTCOCCGTGTT- - - - GAGT G- T

CR5

- - GCTTCTCCGGAGGCACCCAC]
- - GCTTCTCCGGAGGT GCCCAA]

- - GCTTCTCCGGAGGCGCCCAT
- - GCTTCTCCGGAGGCACCCAT
- - GCTTCTCCGGAGGCACCCAT
- - GCTTCTCCGGAGGCACCCAT
- - GCTTCTCCGGAGGCGCCCAA]
- - GCTTCTCCGGAGGT TCCCAT
- - GCTTCTCCGGAGGT TCCCCC]
- - GCTTCTCCGGAGGCACCCAA]

GCCACCGCGAAGAGT TGGACT CTGTCAGCCRCGG GTCTCT
GCCGCOGCGAAGAGT TAGGCT CT GTCAGCCQACGG- GTCCCT
GCCGCCGT GAAGAGT TGGGCT CTGTCAGCCACGG- GTCGCT
GCCGCCECGAAGAGT TGGRCT CTGTCAGCCACGG- GTCCCT
GCCGT CECGAAGAGT TGGECT CTGTCAGCCECGG- GACCCT
GCCGT CBOGAAGAGT TGGACT CTGTCAGCCRCGG- GACCTT
GCCGT CECGAAGAGT TGGACT CTGTCAGCCRCGG- GTCCCT
GCCGCOGCGAAGAGT TGGGCT CTGTCAGCCACGG- GTGCCT
GCCGCCGCGAAGAGT TAGGCTCTGTCAGCCACGG- GTCCTG
GCCGCCECGAAGAGT TGGECTCTGTCAGCCECGG- GTCCCG
GCAGCCGCGAAGAGT TAGGCT CTGTCAGCCGCGG- ATCCCG

- - GCTTCCCTGGAGGCGCCCAT@ECCGCCECGAAGAGT TCGTCT CTGTCAGCTACGG- GTCGCC

- -G T-CTTAGGA- - - CTCCCC]

- - - - GCCGCGGT CGECATCATC

GCCGCOGCGAAGAGT TCGTCT CTGTCAGCCACGG- AGTATC
GCCGCCGCGAAGAGCT CGOCT CTGTCAGCCACGG- GECGCC
GCTGCCGCGAAGAGT TCGTCT CTGTCAGCCTCGGGEGEGECGEEC
GCCGCCECGAAGAGT TCGACT CT GTCAGCCTCGGCGGECGEEG
GCTGTCECGAAGAGT TCGTCTCTGTTAGCCCT TGEGEEECCC
GCTGT CGCGAAGAGT TCGGCTCTGTCAGCCAGECTGGEGTCC
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C-CT GEEAGEEET GETEECCATT
C-TCEEEAGEEECC-CEETCATT

= ————GCGETAGECECCETGCTTTT GCOT - - COCCE CEZECTET

—— - GCGETAGCCZCCCCEZCTTTTETT T - COC G- ———— — CECSCT ST
CAAUCCCAAUC

C-CCCGGEETTGETGGECAGCCATT - - —GCGTAGGECGCTGETGECTTTT BGT - - TACCG——— ———CGCGCT GT
C-CCAGGAGCGET SECGECCATT — _ ————GCGTAGGCGCTGCGCTTTTGCT -~ TCACG—————— CGUGOT GT
C-TCEGEAGEEET GECGET CATT TCT G- —TCTAACCCTAAC — T GAAAC GG -~ GOCTAGECECTGCGOTTTTETT — - COCCG— —— ——— CACGCTGT
C-CTGGGEAGEGETGECGETCEGTPITAT G-~ TCTAACCCT AAC- — TGAGAA GG —GUATAGECGECTGCGOTTTTGTT — - COCCG—————— CACGCTGT
C-CTEGEACEEEAAGCGET CAGYTTTT G- —TCTAACCCTAAC- — TGAGAR GE— Y- — - GOGTAGECECCGOGOTTTTETT— - TOCCG————— — CACGCTET
T-CTGGECGEEECEECGET CACTTTT G- —TCTAACCCTAAC- —TGAGCT GE- - —— GOGEAGECECCEOGEOTTT T ECOT — — COCCG——— ——— CGCGCTGT
C-CCGGETCEEECAGTGETCTPITTTET - —TCTAACCCTAAC-—TGECAA G- —§ —— GOGTAGETGCTGTGOTTTTET T — — COCCG—————— CGCGTTGT
C-CCGGGEA-GGECEGETGETCT R DT R R R - GUGTAGECGECCGTGOTTTTGETT - - COCCG——————CGCETTGT
C-CCGGGACCEET SAGCCTCC i : : - - GCETAGGCGCCECECTTTTGOT - — TOCCE—————— CEOGEOT GT
G-CCGGEAGGEET GETGETC— o L - - ACGTGEGTGCCETGTTITTCGC -~ TCOCG—————— CACGCTGT
C————GBACGGGCGACGCGCG ; -—CTGTAGGTGTTGCTCTTTCAGC ——GTC-G—————— CCCGOTGT
O - — - GECTAGECOT CG— GO A 4 i - CTGETGEETTCTEGETCTTTTGT T - — CT OO G- — ———— COCGOT GT
T—— - GCGBECEGECAGET GEGEECTCAGT CTTTCTAACC CTAAGC - GA-——A AT ————— GTGACCCOCTCCCCGOTGO—————— AGCCG—————— TCOCGCTGT
C———GTGECEEETEG-AAGECTCCGCTGT GCCTAACCCTAAT C- GEGEEA AT T GAT ZGTGCOT GTCECCGCGEOTCCCTCC— - GUCCG— — — — — — CCCGCTGT
C-TCAATGTGEACGGAGETCTCTGTTTCG—— CTAACCCTAATA-CACT GG CT—————— TCAGZGCGAT GECTCT TCGOGE- CEET G- —— ——— CCTGETTGT
CATTGCTGCGGEEET GEAGGCETTTTTAA - ——CTAACCCTAAT GCAGAGT A AGT GECT GEGCCTTCCT CACACT ZCCTCCCECT GOGT GARACCT CECT GT

* Ahkkkkk * * * Khkk
T =— - - GECGE-AARAGCCTC-— CTAGAGCAAACNA
TTTTCTCGCTGACTTT CAGC G- CETGGEAAAAGCCTT TCGCAGTAAACARRA—
TTTTCTCGCTGACTTT CAGE G —————————— EGECGE—ARAAGCOTC CTGCAACARACARAR -
TTTTCTCGOTGACTTT CAGEG——————————— GECGG-AAAAGCCTC CT GAAACAAACARRA—
TTTTCTCGOTGACTTT CAGDG——————————— GGCGG-AAAAGCCTT TTGEAGCAAACARRA—
TTTTCTCGOTGASTIT RGO G—— —— — —— —— —— CECGG-ARALCCCT LT CGAGC AR C AR AT
TTTTTTCGCTG.

TTTTCTCECT G,
TTTTCTCECT G,

TTTTCTCECT G, = L e L Mt A L L L N T n L =
TTTTCTCECTEACT GECCTA-CTECCETCTACTETCGTAT - ———— CTGCAGCARACARAR—
TTTTCTCEC T GACTTTCAMG ———————————TGECAG-AAAACCCTT ——— ———-GECCTA-COETCGETTATT GTCTAAT - ———— TAGALGCARACARLL R~

TTTTCTCECTGGECTTT CAGZG—
TTTTCTCECTGACTTT CAGZGE—
TTTACTCGECTGACTTT CAGZGE—
TTTACTCECTGACTTT CASZGE—
TTTACTTGCTGACTTTCAGCG———————————

TTTCTTGEECTAACTT T CACGCCAGET CAGGCAAGGECEET
sk * kAkE 9 e o e o ok ek

 CR3

AA-TETC-——AGCTECTGECCCETTCECCCCTCCCEE————

AA-TETC———AGCCGOTEECCEETTCEOCCTTOOCEE— ——— il =
AA-TETC———AGCCGCOTGGCTCGOTCACCTCTCCCGG————————————— ————— G.
AA-TETC———AGCCTCTGGCTCGOTCACTGCTCCCGE————————————— ————— G
AA-TETC———AGCGGOTGECCTGOTCGOCCCOTCOCCEE————————————— ————— G
AA-TETC-——AGCCGOCGECCTGOTCGOCCCOTCCCEE————————————— ————— G.

AA-TETC———AGCTGCOTCACT TGO T CECOCCC T OO CAG— ———— ———————— ————— G.
AA-TETC-——AGCCGOTGECTCGOTCEGOCCCTCCCEE————————————— ————— . - -
AAATETC———AGCCGOTGG-CCGOTCACCCCTCOCCEE————————————— ————— G DOI I Ilnl PseUdOkn Ot
AAATGTC———AGCCGOCEE—CCGOTCECOCCCTCCCGEGE: G

AA-TETC———AGCCGOTGETCCGOT CGOCCCAT COGG G.

AA-—TETC——— AGCE— — T EEOCEEEO SOOI O T O S A I Tem Iate
——ATGCC———AGC—GCAAAG————CBCGTCAGCOCTAG FJ
AAACGETC———AGT- GUAGGAGCT CCAGGTTCGCCGEE

A — — AT SEE - — — — — — — — —— CTETEET - - - -
GEEEETC- - —GEEEEEEEEAGAGARAAGGECC GAARAGT AI I n eal I le nt In I Clal

CETTCEC———ACAGCCCGACCT GCT CCATTGCCCAMS
ACGCEECCTEEETCT CAGGETAACAT GECOCCT GCGEEAGACAGOCAACAD GEEEEE
¥ *
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Formacié del Pseudoknot ‘\N“““
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Dr CYAACCC ( | R =
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Domini CR6-CR8 . Alineament inicial \““‘le“l

A

Ho -GGCCGCAGGAAGAG-GAACG---GAG--CGAGTCCCCGCGCG——- TCEECTCACACATGC 548
QL -GGCCGCAGGGAGAG-GAACG---GAG--CGGGTCCCCCAGCG-~-~- TCGGECTCAAACACGC 547
Bo -AACCGCAGGGAAAG-GAACG---GAGT-GGGGTCCCCGCGCG—-- TCGECTCAGACATCC 540
BU -GACCGCAGGGAAAG-GAACG---GAGT-TGG-TCCCCGCGCG—-— TCGGCTCAGACACTT 541
MU -GGCCGCAGGGAGAG-AAA-C-—-GGAG-CGGGTCCCCTCGCG——— TAGGCTCACACACAC 541
PL -GGCCGCAGGGAGAG-AAAAC---GGAG-CGGGTCCCCTTGCG- -~ TAGGCTCACACACAT 542
Fe -GACCGCAGGGAGAG-AAACG---GGAG-CAGGTCCCCGCGCG—-~- TGGECTCAGACACAT 544
Eg -GGCCGCAGGGAGAG-GAACG---GAG--CGGEGETCCCCGCGCE—-- TCGGCTCAAACACGT 540
IL -GAACGCAGGGAGAG-AAATG---GAG--CGATTCCCCGAGTA-—— TCAGCTCCGACAGGT 554
El -GAACGCAGGGAGAG-AAACG---GAG--CGGTTCCCCGCGTG--= TCAGCTCCGACAGGT 549
Da -GGCCGCAGGAAGAA-AAACC---GAG--CGAGTTCTCACGCG——— TCGECTCAGACACGT 545
Ca -GGCCGCAGGGAGAG-AAACG---GAG--CAGGTCCTC--GCG—-~- -GGECTCCTACAAGE 517
Mi --GTCGCAAGTACAG-TAACG---GAG--CTGGTCCT--TGTT--- TCGEECTCCTACAACC 498
My --GCCGCGAGGACAG-GAATG---GAA--CTGGTCCCCGTGTT—-— TCEETTCTCACAACC 490
Ch ---CGGCCGGGAGAGCAAACG---TGAG- CGGCAGCCCCTGCG——— TGEGCECTCAGACACGT 513
Fa --GCCCCCAGCAGAGCAAACG-——-GGAG-CGGCGCCCCCGGEETAM CECTCCCACACAGCGE 569
#e -GGTCGGGAGAACAAAALLGG———-GCGCGCTGGETGCTCAGGCTCA— CAGTCCCCGACATGT 584
Eh CGCCCGCAGGGATAGTAAATATCCGTGACCAGTGGCCTCGGTG——— CCTGEETCATACACGC 687

* k& EE * * * * &k



Alineament SnoRNA - TR

Homo sapie
Bos Taurus
sus_ scrofa
Ecuus caba
Felis catn
Mustela pu
Procyon lo
Oryctolagu
Trichechus
Dasypus_ no
Elephas ma
Xenopus la
Microtus o
Chelydra =
Mus muscul
Cavia porc
Gallus gal
gile041e49
gi|5031301
gi|3860192
gi| 5702104
AJ310185.1
L16792.1/3
AJ306560.1

H box

ANELNNAD -CG--GAGCGAGTCC
AARISAACGE--AGTGEEETCC
ARAGGAACGG--AGTTGE-TCC
AGAGGAA-CGE--GAGCGEETCC
AGAGAAACGG--GAGCAGETCC
AGAGALAA-CG--GAGCGEETCC
AGAGALAAACG--GAGCGEETCC
AGAGGAA-CGE--GAGCGEETCC
AGAGALA-TG--GAGCGATTCG
AGAAALA-CC--GAGCGAGTTC
AGAGALAA-CGE--GAGCGETTCC
ACAAALAGGGEECECGCTEETEC
ACAGTAA-CG--GAGCTGEETCC
AGAGCAAACGET-GAGCGECAGC
ACAGGAA-TG--GAACTGEETCC
AGAGALAA-CG--GAGCAGETCC
AGAGCAAACGG-GAGCGECGCC
ATARRAAGTTGTGETTATAST
AGAGCAAGARAGGGECTCTEEAG
ACATTAACTGEC-CTCACAACKET
AGAGTAAGAARAAGCALRAGAT
AGAGCAAGCTTTGTCCCCGECC
AGACALAACCATGCAGGARACAT
AGAGCAAGCCT-GTCTCTGEETT

+* & +*



Homo sapie
BEos taurus
Susiscrofa
Equus caba
Felis catu
Mustela pu
Procyon lo
Oryctolagu
Trichechus
Dasypus no
Elephasima
Zenopus la
Microtus o
Chelydra s
Mus muscul
Cavia porc
Gallus gal
gi|6041649
gl|e0l0124
gl|5031301
gl|4609203
gi|3860192
gi|3860195
gi| 5702104
AJ310189.1
L16782.1/3
AJ306500.1

Alineament SnoRNA - TR

GGEACTCGECTCA 'ACATGC
GEACTCGECTCAGACATCC
GGEACTCGECTCAGACACTT
GEACTCGECTCAAACACET
GEACTGEECTCAGACACAT
GEACTAGGCTCACACACAC
GEACTAGGCTCACACACAT
GEACTCGECTCAARCACGC
GGACTCAGCTCCGACAGET
GGEACTCGGECTCAGACACET
GEGCTCAGCTCCGACAGET
CAGCCAGTCCCCGACATET
GAGCTCGECTCCTACAACC
GGGECTGECECTCAGACACGC
GARCTCGETTCTCACAACC
GGEACGGECTCCTACAAGC
CeLCGTCECTCCCACACGC
ARCAACTTCTGEAACARACE
GATTAGCACTCATACAGTC
CTTGGTACGCATCACATCG
CATAACTGTCACCACAATT
TTGETGATAAGGARCAGCT
GATTCTGACTTGECACAAGT
TTTEAAGEC TGTAACATTT
ARCCATGCAGTGTACARACT
ARCCATGCAGGARACATAT
ARCCATGCAGETTACARCT

Ee

ACA box



