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PPRHs COM A EINA ALTERNATIVA EN

TERAPIA GENICA

PPRH hairpin = PolyPurine Reverse-Hoogsteen hairpin

1/ AAAGAAAGGGGGAGGGGAGGGAGGGG -3’

T A A A AT A A A A A A A AN
= Double-stranded DNA molecule:

* Linked by 5-T loop
* Reverse Hoogsteen bonds between antiparallel purine strands
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* Watson-Crick with genomic DNA
* pH-independent, Salts required
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Watson-Crick bond ¢ Reverse-Hoogsteen bond

T+ AAAGAAAGGGGGAGGGGAGGGAGGGG -

- TTTCTTTCCCCCTCCCCTCCCTCCCC -3

PPRH
’



LA UNIO DEL PPRH AL dsDNA PROVOCA
DESPLACAMENT DE LA CADENA

5’ ATTAAAGAATGGGGGCGGGGTGGGAGGGGTGG 3°

3’ TAATTTCTTACCCCCGCCCCACCCTCCCCACC 57

we LRI LLELELRLETnll]
AAAGAAAGGGGGAGGGGAGGGAGGGG

LR RS RS ALSASEE S A G
AAAGAAAGGGGGAGGGGAGGGAGGGG

l

3’ TAATTTCTTACCCCCGCCCCACCCTCCCCACC 57

TRIPLEX = we [Pl
AAAGAAAGGGGGAGGGGAGGGAGGGG
LR RS RS AL S A S LSS A L
AAAGAAAGGGGGAGGGGAGGGAGGGG




PPRHs COM A EINES DE
SILENCIAMENT GENIC

Template PPRHs

Goaxxxx

4

Inhibition of transcription

v w

Coding PPRHs

Grrkrx

Ribosome Gx xxx % 3
mRNA 5’ [IITTIIT S

3

Protein

Splicing alteration

Gene silencing tool

Watson-Crick bond ¢ Reverse-Hoogsteen bond
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OBIJECTIUS

* DEMOSTRAR LA APLICABILITAT DELS REPAIR-
PPRHS PER CORREGIR MUTACIONS PUNTUALS A
NIVELL DEL GEN dhfr ENDOGEN EN DIFERENTS

LINIES CEL.LULARS DE MAMIFERS.

« AVALUAR LA CAPACITAT DELS EDITING-PPRHS
PER EDITAR (i.e. PER GENERAR UNA DELECCIO
AMPLE) UN MINIGEN dhfr ESTABLEMENT
TRANSFECTAT EN UNA LINIA CEL.LULAR DE
MAMIFER.



TIPUS DE MUTACIONS PUNTUALS (1)

Substitution

Synonymous Nonsense Missense
Conservative Non-
conservative
DNA level TTC TTT ATC TCC TGC
mRNA level  AAG AAA UAG AGG ACG
Protein level Lys Lys STOP Arg Thr

Wild type Substitution

BEAST FEAST



TIPUS DE MUTACIONS PUNTUALS (l1)

Wild type DNA Insertion Deletion
sequence
DNA level TTCTCG AGT TTC GTC GAG TTCTGA GTA
mRNA level AAG AGC UCA AAG CAG CUC AAG ACU CAU
Protein level Lys Ser Ser Lys GIn Leu Lys Thr His

Insertion Deletion

BEAST

m

AST BREAST BEST
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MUTACIONS PUNTUALS | MALATIES

Cystic fibrosis
Cystic Fibrosis Transmembrane F508del-CFTR
conductance Regulator (CFTR)

Sickle cell anemia 20A>T
B-globin gene GluéVval

Tay-Sachs disease
Hexominidase gene (HEXA)

Gly269Ser

Color blindness
Haemochromatosis
Haemophilia
Phenylketonuria
Polycystic kidney disease
Fabry disease

Cancer




EL MODEL DE LA
DIHIDROFOLAT REDUCTASA
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LINIES CEL.LULARS MUTANTS

UA21: One copy of the dhfr gene

Cell line Position Alteration Base change | Coding change
(normal termination is
at 562)
DAS5 541 (exon 6) Deletion (-G) GAA > -AA Opal at 584 in exon 6
DA7 235 (exon 3) Substitution GAG>TAG  Amber in place
DI33A 493 (exon6) Insertion (+G) GGG / GGGG Opal at 505
DP12B 370 -2 (intron  Substitution ag>tg Exon 5 skipped
4) Opal at 504
bus 136 +1 (exon2/ Double G/gt>A/at  Exon 2 skipped
intron2) substitution Opal at 139
DF42 541 (exon 6) Substitution GAA > TAA Ochre in place
o~




REPAIR-PPRHs

Sequences of repair-PPRHs against the dhfr gene.

Sequence Total length (nt) Name Cell line

5' CAT LAA(,TATAAATTTGAA(,T(.TAT(,A(.AA(,AAA(,(,crAALA(,AAA(,A) - 76 HpDEGrep DA5/DF42
3' GAGAAGAAAGGCTAACAGAAAGA

5 GATATAATTAAGACAGGAAA 69 HpDE3rep DA7
ee e 00000 5T

3" GAATGAACTCGAGAGATGACTCTTGATATAATTAAGACAGGAAA

e 0000
3" AAAATAAAATAGAAGG

5' CTGATTCATGGCTTCC TTTAAAATAAAATAGAAGGATAGTGAGAGGAA 66 HpDI4-2rep
ee e e e e )5T

3' ATAGTGAGAGGAA
5 TGATTCATGGCTTCCTTTAAAATAAAATAGALttttGAAAGACAAAGAGACTAGAAGA 85 SDR-HpDI4-3rep

..........)ST

3" GAAAGACAAAGAGACTAGAAGA
5' GGACTTCAGAAAGGACCCCTGGGTACCTGGAAAAGAAAAGGA 61 HpDE6-4rep DI33A
o 0 00 00 >5T
3" GGAAAAGAAAAGGA
5' CCTTTTCTTTTCCAGGTACCCAGGGGTCCTTTCTGAAG! I"CCAGGAGGAAAAAGGCA> 76 HpDE6-5rep
5

5 GCCTGGCTGATI'CATGGCTTCCTTTAAAATAAAATAGAAGG> 62 HpDI4-1rep DP12B
T

o 00 00
3" AGGAGGAAAAAGGCA

® o 00 00
3' GAGGAGGTGGTGG
5' CCTCAGTGGAAG GTAATTTGGGGTTAAGATGAGGA 50 HpDE2-2rep
e e 00 0) 5T
3" AAGATGAGGA
5' ATCAAGTATAAATTTGAAGTCTATGAGAAGALttttAGAGATGGGAGCAGGTGGAGGA 85 LDR-HpDE6-1rep DF42
® 0 0000 00 00 ST
3 AGAGATGGGAGCAGGTGGAGGA

5 CTTAACCCCAAATTACCTTCCACTGAGGAGGTGGTGG > 55 HpDE2-1rep DUS
5T

The names and sequences of the repair-PPRHs are indicated, as well as the cell line used. The corresponding corrected nucleotide in the repair-PPRHs is in bold and bigger
size. Bulleted regions (e) represent reverse-Hoogsteen bonds.



HIPOTESI DE TREBALL
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DISSENY EXPERIMENTAL
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REPARACIO DE MUTACIONS PUNTUALS
A LA SEQUENCIA CODIFICANT
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Deletion

C1 Cc2 c3

Repaired DAS colonies
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UA21WT DAS

CNT +

CNT -

Substitution
DA7 Cc1 c2 c3
CNT - Repaired DA7 colonies
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c1 c2 a DA7 c1 c2 c3
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Repaired DAS colonies

CNT - Repaired DA7 colonies

Insertion

DI33A Cc1 c2 c

CNT - Repaired DI33A colonies

 —
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DI33A C1
c2 c3
CNT - Repaired DI33A colonies

DI33A C1



RESULTATS DE LA SEQUENCIACIO DEL DNA

Deletion Substitution Insertion

1T HAAG G AT A GH CAGGOGGGT
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Substitution in
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Double substitution
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DISSENY DE REPAIR-PPRHs A DISTANCIA

Long Distance Repair-
PPRH (LDR-PPRH)

=~ 600 bp




REPAIR-PPRHs A DISTANCIA

Substitution Substitution at
distance
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DISTROFIES MUSCULARS
DE DUCHENNE | DE BECKER

Exons 45 to 52 of the DMD gene

s Y[« [ [F o e (

BMD DMD
In-frame deletion of exon 48 Out-of-frame deletion of exon 46
47 | |4 51 45 ) 47 || 48 Ez
——g ¥ Stop
Truncated dystrophin No dystrophin

(partially functional)

In-frame duplication of exon 48 Out-of-frame duplication of exon 46
47 || 48 | 45 [a 51 45 )) 46 )46 47 || 48 IE&FE
’ Stop

Lenghtened dystrophin

(partially functional) No dystrophin

Missense mutation Nonsense mutation

4 +
a6|| 47 || 48 || 48 |4 51 [[s2
Deef[ 7] 4o Jedpo Jedpo(Ce J2

Single point

No dystrophin

mutated dystrophin




ESTRATEGIA D’EXON SKIPPING
COM A TERAPIA PER DMD

Duchenne muscular dystrophy

Pre-mRNA Deletion of exons 45-50
¢ Splicing
mRNA  Reading frame of transcript disrupted

. ¢ Translation
Protein

Dystrophin translation stops prematurely
T

Exon skipping to reframe transcripts

AON hides exon 51 from splicing machinery
Pre-mRNA

) 43 g 44 Sy 51 52 g 53

¢ Exon 51 is skipped
mRNA  Reading frame of transcript restored
) 43 | 44 (52> 53 ¢

¢ Translation continues

Protein
Internally deleted, but partially functional dystrophin
I B



ESTRUCTURA DEL MINIGEN dhfr pD22

pD22
QA)
i (5]
1 120 184 Lgl 550 184 2l 3-6
50
lTRANSCRIPTION
1 21 2 3-6

l UNEFFICIENT TRANSLATION
NO DHFR PROTEIN

l

CELL DEATH IN SELECTIVE MEDIUM -GHT



HIPOTESI DE TREBALL

pD22
2A)
(5]
1 120 184 2] 550 184 2l 3-6
50
lTRANSCRIPTION
1-2-3-4-5-6

lTRANSLATION
DHFR PROTEIN

l

CELL SURVIVAL IN SELECTIVE MEDIUM -GHT




DISSENY DELS EDITING-PPRHS
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CARACTERITZACIO

Disfribution of 2 Blast Hits on the Query Sequence &

IMouse over to see the defiine, click to show alignments |

DE LES COLONIES
EDITADES

Color key for alignment scores
50-80

80-200

[BlDownload v G

151023-48_D21_1587ZAA050.ab1
Sequence ID: Icl|Query_89901 Length: 464 Number of Matches: 2

Sortby: | Evalue 'y

Range 1: 12 to 364 Graphics ¥ Next Match

Score Expect Identities Gaps Strand
647 bits(350) 0.0 353/354(99%) 1/354(0%) Plus/Plus
Query 91 TGGCTGGATTGGGTTAGGG. GGGTCGAGCACTTGGCGH 150
) II|IIIIIIII||IIIHI IIIIIHIIIIIHHIIIIIIIHIIIIIIIIIIIIIII
Sbject 12 TGGCTGGATTGGGTTAGGG 70
Query 151 AGACGCGCGGGCCAACTACTTAGGGACAGTCATGAGGGGTAGGCCCGCCGGCTGCAGCCC 210
) FELLLLLLELELETTL ||l|IIII IIIIIIH CELLLEELLEELEELLLET LT
Sbject 71 GACGCGCGGGCCMC‘I‘ GGGTAGGCCCGCCGGCTGCAGCCC 130
Query 211 CTTTGCCCAGAGGCGCTCTAGCT 270
IIIII||||IIIII|| |IIIII|| HIIIIIH IIIIIIIHIIIIIIIIIIIIIII
Sbjct 131 TTGCCCATGCCCGCGG! CTTTGCCCAGAGGCGCTCTAGCT 190
Query 271 GGGAGCAAAGTCCGGTCACTGGGCAGCACCACCCCCCGGACTTGCATGGGTAGCCGCTGA 330
) II||IIIIIIIIIIIIHI|||lIIHIIIIII[HIIIIIIIHIIIIIIIIIIIIIII
Sbjct 191 'CACCCCCCGGACTTGCATGGGTAGCCGCTG. 250
Query 331 GATGGT?TCTGAGTTTACGTGA?TTGGTCCCrﬁ;TTMCGT??TGTTTCT?TMCTTTTTG 390
ELLLULLLEEETEEELTEELT ] LLLLLLEEEEELEE LT EE LT
Sbjct 251 GATGGAGCCTGAGCACACGTGACAGGGTCCCTGTTAACGCAGTGTTTCTCTAACTTTC. 310
Query 391 GAACGAATTCAAGTACTTCCAAAGAATGACCACCACCTCCTCAGTGGAAGGTAA 444
IIIII||||IIIII|| FULLLLLLEEETUEE L L LT
Sbject 311 CGAATTCAAGTACTTCCAAAGAATGACCACCACCTCCTCAGTGGAAGGTAA

Range 2: 127 to 401 Graphics A Previous Match 4 First Match

Score Expect Identities Gaps Strand
508 bits(275) 4e-148 275/275(100%) 0/275(0%) Plus/Plus
Query 991 GCCC‘I‘I‘GCCCATGCCCGCGGTGAL L,u,uuu. TGTGCCAGCCTTTGCCCAGAGGCGC 1050
IIII||||IIIII|| LULLLELLELELTELLEL IIIIIIIHIIIIIIIIIIIIIIII
Sbjct 127 GCCCTTGCCCATGCCCGCGGTGATCCCCATGCTGTGCCAGCCTTTGCC 186
Query 1051 TCCGGTCACTGGGCAGCA( 1110
) I||IIIIIIIIIIIIHIIIIIIIHIIIIII[HIIIIIIIHIIIIIIIII||IIIII
Sbjct 187 AAAGTCCGGTCACTGGGCAGCACCACC 246
Query 1111 CTGAGATGGAGCCTGAGCACACGTGACAGGGTCCCTGTTAACGCAGTGTTTCTCTAACTT 1170
) ELCLLLLEEECEE LR EEE L LT
Sbijct 247 CTGAGATGGAGCCTGAGCACACGTGACAGGGTCCCTGTTAACGCAGTGTTTCTCTARCTT 306
Query 1171 TCAGGAACGAATTCAAGTACTTCCMAGAATGACCACCACC TCCTCAGTGGAAGGTARA( 1230
FULLLEEEEELTTLT] ||IIII|| FLTTLLLTL IIIIIIIHIIIIIIIIIIIIIIII
Sbjct 307 TCAGGAACGAATTCAA( AAAGAATGACCACCACCTCCTCAGTGGAAGGTARA 366
Query 1231 AT??TTTuuLT?ﬁTmbTTTTTTAMTTTTTL TC 1265
| 111 111 111 I
Sbjct 367 AGAACCTGGTGATTATGGGCCGGAARACCTGGTTC

pD22

A
[I} 120 184 @ 550 184 {2 3 -6
Edited sequences

120+184
2 3-6
550
L g

Nivells de mRNA per a la DHFR



EDICIO DEL MINIGEN dhfr EN CEL.LULES NB6
NIVELLS DE PROTEINA DHFR | ACTIVITAT

0000000

DHFR activity

0 -
NB6-B 1521 4321 5521 6311 10321

protein
A — e —— D  —

Tubulin



CONCLUSIONS

REPAIR-PPRHs

Diferents tipus de mutacions puntuals en un gen endogen com delecions, insercions
i susbtitucions simples o dobles es poden corregir mitjancant els Repair-PPRHs en
cel.lules de mamifer.

El nucleotid corregit s’ha de trobar al mig de la cua reparadora i no gaire proper del
cor de PPRH

Els Long-Distance-Repair-PPRHs (LDR-PPRHs) es poden emprar amb exit en absencia
d’una seqgliéncia de polipirimidines adient a prop de la mutacié puntual.

EDITING-PPRHs

Els Editing-PPRHs son una tecnologia utill per provocar exon skipping a nivell del
DNA d’un gen determinat.



GRACIES PER LA VOSTRA ATENCIO!




