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(57) ABSTRACT 

This patent application relates to hybrid and/or single-chain 
rare-cutting endonucleases; called meganucleases; Which 
recognized and cleave a speci?c nucleotide sequence; to 
polynucleotide sequences encoding for said rare-cutting 
endonucleases; to a vector comprising one of said poly 
nucleotide sequences; to a cell or animal non-human com 
prising one of said polynucleotide sequences or said rare 
cutting endonucleases; to a process for producing one of said 
rare-cutting endonucleases and any use of the disclosed 
products and methods. More particularly; this invention 
contemplates any use of such rare-cutting endonuclease for 
genetic engineering and gene therapy. 
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Amino acid Sequence of a hybrid I-Dom I/ I-Cre I A 
l MAHNNENVSG ISAYLLGLII GDGGLYKLKY KGNRSEYRVV 

QHIAPLMQFL IDELNVKSKI QIVKGD'I‘RYE LRVSSKKLYY 51 

101 

151 

201 

251 

LFNMREQLAFHLAGFVDGDGS IIAQIKPNQS YKFKHQLSLT 

WFLDKLVDEI GVGYVRDRGS VSDYILSEIK PLHNFLTQLQ 

NLVLKIIEQL PSAKESPDKF LEVCTWVDQI AALNDSKTRK 

DSLSEKKKSS PAAD 

Polynucleotide sequence encoding the hybrid I-Dom I/ I-Cre I A 
l 

51 
101 
151 
201 
251 
301 
351 
401 
451 
501 
551 
601 
651 
701 
751 

ATGGCCCATA 
CCTGATTA'I'C 
GTAGCGAATA 
CAACACATCG 
ATCTAAAATC 
GCTCTAAGAA 
CTGTTCAACA 
TGACGGTAGC 
AGCATCAGCT 
TGGTTTC‘I'GG 
TCGCGGTAGC 
ACTTCCTGAC 
AACCTGGTTC 
GGACAAATTC 
ACGATTCTAA 
GACAGCCTGA 

Figure 6A 

ACAATGAGAA 
GG'I'GATGGTG 
TCGTGTTGTG 
CACCGCTGAT 
CAGATCG‘I‘TA 
ACTGTACTAT 
TGCGTGAGCA 
ATCATCGCTC 
GTCCCTGACC 
ACAAACTGGT 
GTTTCCGATT 
TCAACTGCAA 
TGAAAATTAT 
CTGGAAGTTT 
GACGCGTAAA 
GCGAGAAGAA 

CGTTTCTGGT 
GCCTGTACAA 
ATCACCCAGA 
GCAGTTTCTG 
AGGGTGATAC 
TACTTCGCTA 
GCTGGCGTTC 
AGATTAAACC 
TTTCAGGTGA 
GGATGAAATT 
ACATTCTGAG 
CCGTTTCTGA 
CGAACAGCTG 
GTACCTGGGT 
ACCACTTCTG 
GAAATCCTCC 

ATCTCCGCTT 
GCTGAAATAT 
AGTCTGAAAA 
ATTGATGAAC 
CCGCTATGAG 
ACATGCTGGA 
CTGGCCGGCT 
AAACCAGTCT 
CTCAAAAGAC 
GGCGTTGGTT 
CGAAATCAAG 
AACTGAAACA 
CCGTCTG'CAA 
GGATCAGA'I'T 
AAACCGTTCG 
CCGGCGGCCG 
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ITQKSENLIK 

YFANMLERIR 

FQVTQKTQRR 

PFLKLKQKQA 

TTSETVRAVL 

ACCTGCTGGG 
AAAGG'I‘AACC 
CCTGATTAAA 
TGAATGTGAA 
CTGCGTGTGA 
GCGTATCCGC 
TTGTGGACGG 
TATAAATTCA 
CCAGCGCCGT 
ACGTACGTGA 
CCGCTGCACA 
GAAACAGGCA 
AAGAATCCCC 
GCAGCTCTGA 
TGCTGTGCTG 
ACTAG 
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Amino acid Sequence of a hybrid I-Dom I/ I-Cre I B 
1 MAHNNENVSG ISAYLLGLII GDGGLYKLKY KGNRSEYRVV 

51 QAIAPDMQFL IDELNVKSKI QIVKGDTRYE LRVSSKKLYY 

101 LFNMREQLAFHLAGFVDGDGS IIAQIKPNQS YKFKHQLSLT 

151 WFLDKLVDEI GVGYVRDRGS VSDYILSEIK PLHNFLTQLQ 

201 NLVLKIIEQL PSAKESPDKF LEVCTWVDQI AALNDSKTRK 

251 DSLSEKKKSS PAAD 

Polynucleotide sequence encoding the hybrid I-Dom I/ I-Cre I B 

1 
51 

101 
151 
201 
251 
301 
351 
401 
451 
501 
551 
601 
651 
701 
751 

EQGCCCACA 
CCTCATCATT 
GGTC‘I‘GAGTA 
CAAgctATTG 
GAGCAAGATC 
CCTCCAAGAA 
CTGTTCAATA 
TGATGGCTCC 
AACACCAGCT 
TGGTTCTTGG 
CAGAGGC'I‘CT 
AC'I‘TTCTCAC 
AATCTGGTTT 
TGACAAGTTT 
ATGAC'I‘CCAA 
GATAGCCTCT 

Figure 6B 

ACAATGAGAA 
GGAGATGGAG 
CAGAGTGGTC 
CTCCAgatAT 
CAGATTGTCA 
ACTTTACTAT 
TGAGGGAGCA 
ATCATTGCTC 
CTCCTTGACC 
ACAAATTGGT 
GTGTCAGACT 
CCAACTGCAA 
TGAAAATCAT 
CTTGAAGTGT 
GACCAGAAAA 
CTGAGAAGAA 

TGTGTCTGGC 
GTCTGTACAA 
ATCACCCAGA 
GCAGT‘I‘CCTG 
AAGGTGACAC 
TACTTTGCCA 
ActgGCCTTC 
AGATAAAACC 
TTTCAAGTCA 
TGATGAGATT 
ACATCCTGTC 
CCCTTCTTGA 
TGAACAGCTG 
GTACTTGGGT 
ACCACCTCTG 
AAAGTCCTCT 

ATCTCTGCCT 
ACTTAAGTAC 
AGTCTGAAAA 
ATTGATGAAC 
TAGATATGAG 
ACATGTTGGA 
C'I'TGCTGGAT 
AAATCAATCT 
CTCAGAAGAC 
GGTGTGGGCT 
TGAAATTAAG 
AGCTCAAACA 
CCATCTGCCA 
GGATCAGATT 
AGACTGTGAG 
CCTGCGGCCG 
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ITQKSENAIK 
YFANMLERIR 

FQVTQKTQRR 

PFLKLKQKQA 

TTSETVRAVL 

ACCTGCTGGG 
AAAGGCAACA 
TgctATCAAG 
TCAATGTCAA 
CTGAGAGTTT 
GAGGATCAGG 
TTGTGGATGG 
TACAAGTTCA 
ACAAAGAAGG 
ATGTCAGAGA 
CCTCTTCATA 
GAAGCAAGCA 
AGGAGTCCCC 
GCTGCCTTGA 
GGCAGTTCTG 
ACTAG 
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51 
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251 
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101 

151 

201 
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401 
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601 
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751 

Amino acid sequence of a Single chain I-Cre I 

LLYLAGFVDG DGSIIAQIKP NQSYKFKHQL 

DEIGVGYVRD RGSVSDYILS EIKPLHNFLT 

LAGFVDGDGS IIAQIKPNQS YKFKHQLSLT 

GVGYVRDRGS VSDYILSEIK PLHNFLTQLQ 

PSAKESPDKF LEVCTWVDQI AALNDSKTRK 

MANTKYNKEF 

QRRWFLDKLV 

LFNMREFLLY 

WFLDKLVDEI 

NLVLKIIEQL 

DSLSEKKKSS PAAD 

Polynucleotide sequence ecoding the Single chain I-Cre I 

ATGGCCAACA 

CGTCGACGGC 

ACAAGTTTAA 

CAACGTCGCT 

TGTACGCGAC 

CACTGCATAA 

CTGTTCAACA 

TGACGGTAGC 

AGCATCAGCT 

TGGTTTCTGG 

TCGCGGTAGC 

ACTTCCTGAC 

AACCTGGTTC 

GGACAAATTC 
ACGATTCTAA 

GACAGCCTGA 

Figure 7 

CTAAGTACAA 

GATGGCTCCA 

ACACCAACTG 

GGTTCCTGGA 

CGTGGCTCTG 

TTTTCTGACC 

TGCGTGAGTT 

ATCATCGCTC 

GTCCCTGACC 

ACAAACTGGT 

GTTTCCGATT 

TCAACTGCAA 

TGAAAATTAT 

CTGGAAGTTT 

GACGCGTAAA 

GCGAGAAGAA 

TAAAGAATTT 

TTATCGCACA 

TCTCTCACTT 

TAAGCTGGTA 

TGAGCGACTA 

CAGCTGCAGG 

CCTGCTGTAC 

AGATTAAACC 

TT'I'CAGGTGA 

GGATGAAATT 

ACATTCTGAG 

CCGTTTCTGA 

CGAACAGCTG 

GTACCTGGGT 

ACCACTTCTG 

GAAATCCTCC 

CTCCTGTATC 

GATCAAGCCG 

TCCAGGTTAC 

GATGAGATCG 

TATCCTGTCT 

CTATGCTGGA 

CTGGCCGGCT 

AAACCAGTCT 

CTCAAAAGAC 

GGCGTTGGTT 

CGAAATCAAG 

AACTGAAACA 

CCGTCTGCAA 

GGA'I‘CAGATT 

AAACCGTTCG 

CCGGCGGCCG 
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SLTFQVTQKT 

QLQAMLERIR 

FQVTQKTQRR 

PFLKLKQKQA 

TTSETVRAVL 

TGGCAGGTTT 

AATCAGAGCT 

CCAGAAAACT 

GTGTGGGCTA 

GAGATTAAAC 

GCGTATCCGT 

TTGTGGACGG 

TATAAZIXTTCA 
CCAGCGCCGT 

ACGTACGTGA 

CCGCTGCACA 

GAAACAGGCA 

AAGAATCCCC 

GCAGCTCTGA 

TGCTGTGCTG 

ACTAG 
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Figure 8A 

hybrid l-Dmolll-Crel 
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Figure 9A 
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Figure 10A 
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Figure 10B 
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HYBRID AND SINGLE CHAIN MEGANUCLEASES 
AND USE THEREOF 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This patent application relates to hybrid and/or 
single-chain rare-cutting endonucleases, called meganu 
cleases, Which recognize and cleave a speci?c nucleotide 
sequence, to polynucleotide sequences encoding for said 
rare-cutting endonucleases, to a vector comprising one of 
said polynucleotide sequences, to a cell or animal compris 
ing one of said polynucleotide sequences or said rare-cutting 
endonucleases, to a process for producing one of said 
rare-cuuting endonucleases and any use of the disclosed 
products and methods. More particularly, this invention 
contemplates any use of such rare-cutting endonuclease for 
genetic engineering and gene therapy. 

[0003] 2. Brief description of the prior art 

[0004] Meganucleases constitute a family of very rare 
cutting endonucleases. It Was ?rst characterised at the begin 
ning of the Nineties by the use (in vivo) of the protein I-Sce 
I (Omega nuclease, originally encoded by a mitochondrial 
group I intron of the yeast Saccharomyces cerevisia). Hom 
ing endonucleases encoded by introns ORF, independent 
genes or intervening sequences (inteins) are de?ned noW as 
“meganucleases”, With striking structural and functional 
properties that distinguish them from “classical” restriction 
enzymes (generally from bacterial system R/MII). They 
have recognition sequences that span 12-40 bp of DNA, 
Whereas “classical” restriction enzymes recognise much 
shorter stretches of DNA, in the 3-8 bp range (up to 12 bp 
for rare-cutter). Therefore, the meganucleases present a very 
loW frequency of cleavage, even in the human genome. 
Furthermore, general asymmetry of Meganucleases target 
sequences contrasts With the characteristic dyad symmetry 
of most restriction enzyme recognition sites. Several Mega 
nucleases encoded by introns ORF or inteins have been 
shoWn to promote the homing of their respective genetic 
elements into allelic intronless or inteinless sites. By making 
a site-speci?c double-strand break in the intronless or intein 
less alleles, these nucleases create recombinogenic ends, 
Which engage in a gene conversion process that duplicates 
the coding sequence and leads to the insertion of an intron 
or an intervening sequence at the DNA level. 

[0005] Meganucleases fall into 4 separated families on the 
basis of pretty Well conserved amino acids motifs. One of 
them is the dodecapeptide family (dodecamer, DOD, 
D1 -D2, LAGLI-DADG, P1-P2). This is the largest family of 
proteins clustered by their most general conserved sequence 
motif: one or tWo copies (vast majority) of a tWelve-residue 
sequence: the di-dodecapeptide. Meganucleases With one 
dodecapetide (D) are around 20 kDa in molecular mass and 
act as homodimer. Those With tWo copies (DD) range from 
25 kDa (230 AA) to 50 kDa (HO, 545 AA) With 70 to 150 
residues betWeen each motif and act as monomer. Cleavage 
is inside the recognition site, leaving 4 nt staggered cut With 
3'OH overhangs. I-Ceu I, and I-Cre I illustrate the meganu 
cleases With one Dodecapeptide motif (mono-dodecapep 
tide). I-Dmo I, I-Sce I, PI-Pfu I and PI-Sce I illustrate 
meganucleases With tWo Dodecapeptide motifs. 

[0006] Goguel et al (Mol. Cell. Biol, 1992, 12, 696-705) 
shoWs by sWitching experiments of RNA maturase and 
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meganuclease of yeast mitochondria that the meganuclease 
badly tolerates sequence sWitiching and loses its endonu 
clease activity. 

[0007] Endonucleases are requisite enzymes for today’s 
advanced gene engineering techniques, notably for cloning 
and analyzing genes. Meganucleases are very interesting as 
rare-cutter endonucleases because they have a very loW 
recognition and cleavage frequency in large genome due to 
the size of their recognition site. Therefore, the meganu 
cleases are used for molecular biology and for genetic 
engineering, more particularly according to the methods 
described in WO 96/14408, US. Pat. No. 5,830,729, WO 
00/46385, and WO 00/46386. 

[0008] Up to noW, in a ?rst approach for generating neW 
endonuclease, some chimeric restriction enzymes have been 
prepared through hybrids betWeen a zinc ?nger DNA 
binding domain and the non-speci?c DNA-cleavage domain 
from the natural restriction enzyme Fok I (Smith et al, 2000, 
Nucleic Acids Res, 28, 3361-9; Kim et al, 1996, Proc Natl 
Acad Sci USA, 93, 1156-60; Kim & Chandrasegaran, 1994, 
Proc Natl Acad Sci USA, 91, 883-7 WO 95/09233; W0 
94/ 183 13). 

[0009] An additional approach consisted of an alteration 
of the recognition domain of EcoRV restriction enzyme in 
order to change its speci?city by site-speci?c mutagenesis 
(Wenz et al, 1994, Biochim Biophys Acta, 1219, 73-80). 

[0010] Despite these efforts, there is still a strong need for 
neW rare-cutting endonucleases With neW sequence speci 
?city for the recognition and cleavage. 

SUMMARY 

[0011] The invention concerns a hybrid meganuclease 
comprising a ?rst domain and a second domain, said ?rst 
and second domains being derived from tWo different initial 
LAGLIDADG meganucleases, said initial meganucleases 
being either mono- or di-LAGLIDADG meganucleases. The 
invention also contemplates a hybrid meganuclease com 
prising tWo domains, each domain being derived from the 
same meganuclease and said tWo domains having a different 
arrangement than the initial meganuclease (i.e. the second 
domain is derived from the N-terminal domain of the initial 
meganuclease and/or the ?rst domain is derived from the 
C-terminal of the initial meganuclease). The invention also 
concerns a single-chain meganuclease comprising a ?rst 
domain and a second domain, said ?rst and second domains 
being derived from an initial mono-LAGLIDADG meganu 
clease. 

[0012] The invention further concerns any polynucleotide 
encoding a hybrid or single-chain meganuclease according 
to the present invention and vectors, cells or non-human 
animals comprising such a polynucleotide. 

[0013] The invention concerns any use of a hybrid or 
single-chain meganuclease according to the present inven 
tion or a polynucleotide encoding it for molecular biology, 
genetic engineering and gene therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a ribbon representation of I-DmoI (pdb 
code 1b24). The discontinuous line represents the tWo-fold 
pseudo-symmetry axis betWeen the tWo domains. The N-ter 
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minal domain of I-DmoI is left of that axis, and the C-ter 
minal domain is on the right side. DNA (not present in 
structure lb24) should bind perpendicular to the symmetry 
axis below the two [3-sheets (arrows). otD and 00D refer to 
helices comprising the dodecapeptide motif, DBM to DNA 
binding moiety, and V to variable sequence. 

[0015] FIG. 2 is a ribbon representation of dimeric I-CreI 
with bound DNA in stick representation (pdb code lg9y). 
The discontinuous line represents the two-fold symmetry 
axis between the two domains or monomers. The bound 
DNA lies perpendicular to the symmetry axis below the two 
[3-sheets (arrows). otD refers to helix comprising the dode 
capeptide motif, DBM to DNA binding moiety, and V to 
variable sequence. 

[0016] FIGS. 3A and 3B respectively are ribbon repre 
sentations of I-DmoI and I-CreI in the region of the dode 
capeptide motifs. For both proteins, the main chain atoms of 
residues corresponding to the dodecapeptide motifs are 
shown in stick representation, together with the superim 
posed atoms from the other protein. The discontinuous line 
represents the two-fold symmetry axis between the two 
protein domains. Stars represent, in FIG. 3A, the limits of 
the linkers between the I-DmoI domains and in FIG. 3B the 
corresponding positions in I-CreI where that linker is to be 
engineered. Orientations of the proteins are as in FIGS. 1 
and 2. 

[0017] FIG. 4 is a ribbon representation of the I-DmoI/I 
CreI hybrid protein (model structure built by juxtaposition 
of the two domains taken from their respective X-ray 
structures). The linker joining both domains, which is the 
end of the I-DmoI part, is between the two stars. The 
discontinuous line represents the two-fold symmetry axis 
between the two protein domains. The N-term domain of 
I-DmoI is left and the I-CreI domain right of the axis. otD and 
00D refer to helices comprising the dodecapeptide motif, 
DBM to DNA binding moiety, and V to variable sequence. 

[0018] FIGS. 5A and 5B respectively are ribbon repre 
sentations of the I-CreI dimer (lg9y) and the single chain 
I-CreI (modelled structure). (FIG. 5A) The stars indicate 
where the linker is to be introduced; three ot-helices in the 
?rst monomer (following the left-most star) are removed in 
the single chain, together with the N-terminal residues of the 
second monomer (prior to the other star). (FIG. 5B) The 
loop joining both domains, comprised between the two stars, 
is taken from I-DmoI (structure lb24). The grey disk rep 
resent the symmetry axis (orientation is from the top of the 
structures, e.g. cpmpared to the previous ?gures, it was 
rotated by 90° around an horizontal axis). 

[0019] FIGS. 6A and 6B disclose the amino acid 
sequence of two alternatives of hybrid meganuclease I-Dmo 
I/I-Cre I and a polynucleotide sequence encoding each 
alternative. Underlined residues are the LAGLI-DADG 
motifs. In bold, residues within the I-DmoI domain that are 
mutated are shown. The “H” indicates the swap point, at the 
boundary between the I-DmoI and I-CreI domains. In all 
protein sequences, the two ?rst N-terminal residues are 
methionine and alanine (MA), and the three C-terminal 
residues alanine, alanine and aspartic acid (AAD). These 
sequences allow having DNA coding sequences comprising 
the NcoI (CCATGG) and EagI (CGGCCG) restriction sites, 
which are used for cloning into various vectors. The alter 
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native A just presents a swapping point whereas the alter 
native B has three additional mutations avoiding potential 
hindrance. 

[0020] FIG. 7 discloses the amino acid sequence of an 
alternative of a single chain I-Cre I and one polynucleotide 
encoding said single chain meganuclease. In the protein 
sequence, the two ?rst N-terminal residues are methionine 
and alanine (MA), and the three C-terminal residues alanine, 
alanine and aspartic acid (AAD). These sequences allow 
having DNA coding sequences comprising the NcoI 
(CCATGG) and EagI (CGGCCG) restriction sites, which are 
used for cloning into various vectors. 

[0021] FIG. 8 shows the In vitro cleavage assay for the 
hybrid meganuclease I-Dmo I/I-Cre I (FIG. 8B) and the 
SDS-PAGE gel with such hybrid (FIG. 8A). FIG. 8A: Line 
A: molecular weight markers; Line B: Hybrid meganuclease 
I-Dmo I/I-Cre I; Line C: Wild type meganuclease I-Dmo I. 
FIG. 8B: Agarose gel activity of hybrid I-Dmo I/I-Cre; lines 
A, B, C, D: target I-Dmo I/I-Cre I; lines E, F, G, H: target 
I-Cre I/I-Dmo I; lines D, G: siZe markers; lines C, H: linear 
plasmid; lines B, F: assay at 37° C.; lines A, E: assay at 65° 
C. 

[0022] FIG. 9 shows the In vitro cleavage assay for the 
single chain meganuclease I-Cre I (FIG. 9B) and the SDS 
PAGE gel of the gel ?ltration with such single chain 
meganuclease (FIG. 9A). FIG. 9A: Line A: molecular 
weight markers; Lines B and C: dead colume of gel ?ltra 
tion. Line D: single chain meganuclease I-Cre I. FIG. 9B: 
Agarose gel activity of single chain meganuclease; Line A: 
markers; Line B target site of wild type I-Cre I meganu 
clease; Line C: target site of wild type I-Cre I+wild type I 
Cre I meganuclease (positive control); Line D: target site of 
wild type I-Sce I+single chain I-Cre I meganuclease (nega 
tive control); Lines E and F: target site of wild type I-Cre 
I+single chain I-Cre I meganuclease, respectively, at 37 and 
65° C. for lines E and F during 1 h. 

[0023] FIG. 10A is a schematic representation of the 
LACURAZ reporter contruct. LACZ represents the ele 
ments of the Lac Z gene. The sections A of each side of the 
intervening sequence comprise the internal duplication of 
the Lac Z gene. pADHl is a yeast constitutive promoter. 
tADHl is a yeast terminator. Ura3 represents the Ura3 gene. 
The arrows represent the transcription beginning. The tag 
“Cleavage site” refers to the recognition and cleavage site of 
the assayed meganuclease. “Trpl” refers to a Trpl selectable 
marker and <<cen>> to an ARS-CEN origin of replication. 

[0024] FIG. 10B is a schematic representation of the 
meganuclease inducible expression vector. pGALl0 is a 
yeast promoter which is inducible in presence of galactose. 
tADHl is a yeast terminator. “Leu2” and “2p.” respectively 
refer to a Leu2 selectable marker and a 2p. origin of 
replication. The arrow represents the transcription begin 
ning. 

[0025] FIG. 11 shows the combinations of co-transforma 
tions and subsequent modi?cations of the reporter gene. <<# 
X>> refers to the combination disclosed in Table A. The 
light grey boxes refer to Ura3 gene. The dark grey boxes 
refer to the Lac Z gene. The white boxes refer to the gene 
encoding the meganuclease. The white tags refer to the 
recognition and cleavage site of the assayed meganuclease. 
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DETAILED DESCRIPTION 

De?nitions 

[0026] In the present application, by “meganuclease” is 
intended a rare-cutting endonuclease, typically having a 
polynucleotide recognition site of about 12-40 bp in length, 
more preferably of 14-40 bp. Typical meganucleases cause 
cleavage inside their recognition site, leaving 4 nt staggered 
cut With 3'OH overhangs. The meganuclease are also com 
monly called homing endonuclease. Preferably, “meganu 
cleases” according to the present invention belong to the 
dodecapeptide family (LAGLIDADG). For more informa 
tion on meganucleases, see Dalgaard et al (1997, Nucleic 
Acids Resarch, 25, 4626-4638) and Chevalier and Stoddard 
(2001, Nucleic Acids Resarch, 29, 3757-3774). Speci?c 
examples of LAGLIDADG meganucleases are listed in 
Table 1. By “helix” or “helices” is intended in the present 
invention ot-helix or ot-helices. otD and a LHGLIDADG in 
the present invention refers to the helix comprising the 
LAGLIDADG, DOD or dodecapeptide motif. 

[0027] By “derived” is intended that the domain comprises 
the sequence of a domain of the meganuclease from Which 
the domain is derived. Said sequence of a domain can 
comprise some modi?cations or substitutions. 

[0028] A “target site” or recognition and/or cleavage site 
as used herein, refers to a polynucleotide sequence bound 
and cleaved by a meganuclease. 

[0029] The term “recombinant polypeptide” is used herein 
to refer to polypeptides that have been arti?cially designed 
and Which comprise at least tWo polypeptide sequences that 
are not found as contiguous polypeptide sequences in their 
initial natural environment, or to polypeptides Which have 
been expressed from a recombinant polynucleotide. 

[0030] As used herein, the term “individual” includes 
mammals, as Well as other animals (e.g., birds, ?sh, reptiles, 
insects). The terms “mammal” and “mammalian”, as used 
herein, refer to any vertebrate animal, including 
monotremes, marsupials and placental, that suckle their 
young and either give birth to living young (eutharian or 
placental mammals) or are egg-laying (metatharian or non 
placental mammals). 
[0031] Examples of mammalian species include humans 
and other primates (e.g., monkeys, chimpanZees), rodents 
(e.g., rats, mice, guinea pigs) and ruminents (e.g., coWs, 
pigs, horses). 
[0032] The term “reporter gene”, as used herein, refers to 
a nucleic acid sequence Whose product can be easily 
assayed, for example, calorimetrically as an enZymatic reac 
tion product, such as the lacZ gene Which encodes fori 
galactosidase. Examples of Widely-used reporter molecules 
include enZymes such as [3-galactosidase, [3-glucoronidase, 
[3-glucosidase; luminescent molecules such as green ?oures 
cent protein and ?re?y luciferase; and auxotrophic markers 
such as His3p and Ura3p. (See, e.g., Chapter 9 in Ausubel, 
F. M., et al. Current Protocols in Molecular Biology, John 
Wiley & Sons, Inc. (1998)). 

[0033] As used interchangeably herein, the terms “nucleic 
acid”“oligonucleotide”, and “polynucleotide” include RNA, 
DNA, or RNA/DNA hybrid sequences of more than one 
nucleotide in either single chain or duplex form. The term 
“polynucleotide” refers to a polymer of units comprising a 
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purine or pyrimidine, a ribose or deoxyribose sugar moiety, 
and a phosphate group, or phosphodiester linkage. “poly 
nucleotides” also refers to polynucleotide comprising 
“modi?ed nucleotides” Which comprise at least one of the 
folloWing modi?cations (a) an alternative linking group, (b) 
an analogous form of purine, (c) an analogous form of 
pyrimidine, or (d) an analogous sugar. 

[0034] Endonuclease: By “endonuclease” is intended an 
enZyme capable of causing a double-stranded break in a 
DNA molecule at highly speci?c locations. 

[0035] “Cells,” or “host cells”, are terms used interchange 
ably herein. It is understood that such terms refer not only 
to the particular subject cell but to the progeny or potential 
progeny of such a cell. Because certain modi?cations may 
occur in succeeding generations due to either mutation or 
environmental in?uences, such progeny may not be identical 
to the parent cell, but are still included Within the scope of 
the term as used herein. 

[0036] “Identity” refers to sequence identity betWeen tWo 
nucleic acid molecules or polypeptides. Identity can be 
determined by comparing a position in each sequence Which 
may be aligned for purposes of comparison. When a position 
in the compared sequence is occupied by the same base, then 
the molecules are identical at that position. A degree of 
similarity or identity betWeen nucleic acid or amino acid 
sequences is a function of the number of identical or 
matching nucleotides at positions shared by the nucleic acid 
sequences. Various alignment algorithms and/or programs 
may be used to calculate the identity betWeen tWo 
sequences, including FASTA, or BLAST Which are available 
as a part of the GCG sequence analysis package (University 
of Wisconsin, Madison, Wis.), and can be used With, e.g., 
default settings. 

[0037] The “non-human animals” of the invention include 
mammalians such as rodents, non-human primates, sheep, 
dog, coW, chickens, amphibians, reptiles, etc. Preferred 
non-human animals are selected from the rodent family 
including rat and mouse, most preferably mouse, though 
transgenic amphibians, such as members of the Xenopus 
genus, and transgenic chickens, coW, sheep can also provide 
important tools. 

[0038] The term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to Which it has 
been linked. One type of preferred vector is an episome, i.e., 
a nucleic acid capable of extrachromosomal replication. 
Preferred vectors are those capable of autonomous replica 
tion and/or expression of nucleic acids to Which they are 
linked. Vectors capable of directing the expression of genes 
to Which they are operatively linked are referred to herein as 
“expression vectors”. A vector according to the present 
invention comprises, but is not limited to, a YAC (yeast 
arti?cial chromosome), a BAC (bacterial arti?cial), a bacu 
lovirus vector, a phage, a phagemid, a cosmid, a viral vector, 
a plasmid, a RNA vector or a linear or circular DNA or RNA 

molecule Which may consist of a chromosomal, non chro 
mosomal, semi-synthetic or synthetic DNA. In general, 
expression vectors of utility in recombinant DNA techniques 
are often in the form of “plasmids” Which refer generally to 
circular double stranded DNA loops Which, in their vector 
form are not bound to the chromosome. Large numbers of 
suitable vectors are knoWn to those of skill in the art and 
commercially available, such as the folloWing bacterial 
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vectors: pQE70, pQE60. pQE-9 (Qiagen), pbs, pD10, phag 
escript, psiX174. pbluescript SK. pbsks. pNH8A. pNH16A, 
pNH18A, pNH46A (Stratagene); ptrc99a, pKK223-3, 
pKK233-3, pDR540, pRIT5 (Pharmacia); pWLNEO. 
pSV2CAT, pOG44, pXTl, pSG (Stratagene); pSVK3, 
pBPV, pMSG, pSVL (Pharmacia); pQE-30 (QIAexpress). 

[0039] Viral vectors include retrovirus, adenovirus, par 
vovirus (e.g., adenoassociated viruses), coronavirus, nega 
tive strand RNA viruses such as orthomyxovirus (e.g., 
in?uenza virus), rhabdovirus (e.g., rabies and vesicular 
stomatitis virus), paramyxovirus (e.g. measles and Sendai), 
positive strand RNA viruses such as picomavirus and 
alphavirus, and double stranded DNA viruses including 
adenovirus, herpesvirus (e.g., Herpes Simplex virus types 1 
and 2, Epstein-Barr virus, cytomegalovirus), and poxvirus 
(e.g., vaccinia, foWlpox and canarypox). Other viruses 
include NorWalk virus, togavirus, ?avivirus, reoviruses, 
papovavirus, hepadnavirus, and hepatitis virus, for example. 
Examples of retroviruses include: avian leukosis-sarcoma, 
mammalian C-type, B-type viruses, Dtype viruses, HTLV 
BLV group, lentivirus, spumavirus (Co?in, J. M., Retroviri 
dae: The viruses and their replication, In Fundamental 
Virology, Third Edition, B. N. Fields, et al., Eds., Lippincott 
Raven Publishers, Philadelphia, 1996). Other examples 
include murine leukemia viruses, murine sarcoma viruses, 
mouse mammary tumor virus, bovine leukemia virus, feline 
leukemia virus, feline sarcoma virus, avian leukemia virus, 
human T-cell leukemia virus, baboon endogenous virus, 
Gibbon ape leukemia virus, Mason P?zer monkey virus, 
simian immunode?ciency virus, simian sarcoma virus, Rous 
sarcoma virus and lentiviruses. Other examples of vectors 
are described, for example, in McVey et al., US. Pat. No. 
5,801,030, the teachings of Which are incorporated herein by 
reference. 

[0040] Vectors can comprise selectable markers (for 
example, neomycin phosphotransferase, histidinol dehydro 
genase, dihydrofolate reductase, hygromycin phosphotrans 
ferase, herpes simplex virus thymidine kinase, adenosine 
deaminase, glutamine synthetase, and hypoxantiein-guanine 
phosphoribosyl transferase for eukaryotic cell culture; TRP1 
for S. cerevisiae; tetracycline, rifampicin or ampicillin resis 
tance in E. coli; etc. . . . ). HoWever, the invention is intended 
to include such other forms of expression vectors Which 
serve equivalent functions and Which become knoWn in the 
art subsequently hereto. 

[0041] Flanked: A polynucleotide to be linearized or 
excised is ?anked by a cleavage site if such a site is present 
at or near either or both ends of the polynucleotide. There 
can be one cleavage site present or near one end of the 
polynucleotide to be linearized or excised or there can be 
tWo cleavage sites, one at or near each end of the polynucle 
otide to be linearized or excised. By “near” is preferably 
intended in the present invention that the cleavage site is 
located at less than 1 kb, preferably less than 500 bp, more 
preferably less than 200, or 100 bp, of the end of the 
polynucleotide to be integrated. 

[0042] The present invention relates to neW designed 
rare-cutting endonucleases and use thereof. These neW 
designed rare-cutting endonucleases are preferably derived 
from the meganuclease family of “dodecapeptide” LAGL 
IDADG. 
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Hybrid Meganucleases 

[0043] Meganucleases form a class of over 200 rare 
cutting double-stranded DNA endonucleases (group I intron 
homing endonucleases and inteins) (Belfort and Roberts, 
1997, Nucleic Acids Res, 25, 3379-3388; Jurica and Stod 
dard, 1999, Cell Mol Life Sci, 55, 1304-1326). They recog 
nize asymmetrical DNA sequences that are betWeen 14 and 
40 base pairs in length, producing double-strand breaks at 
about the center of their target sequence. Said target site is 
de?ned herein as the sum of tWo different half-sites. In 
complex DNA, 16 (and over) nucleotides-long DNA 
sequences can be expected to be unique, even in a genome 
the size of the human genome (3><109 base pairs). Meganu 
cleases Will thus cut cellular genomes only once, at the target 
locus. 

[0044] The LAGLIDADG protein family is characterized 
by the presence of one or tWo copies of a Well-conserved 
sequence motif, termed dodecapeptide, or P1 and P2, 
LAGLI and DADG or LAGLIDADG. Outside of those 
motifs, there is no relevant sequence homology (overall 
pairWise sequence homologies are beloW 25%). The smaller 
examples, i.e. I-CreI (Durrenberger and Rochaix, 1991, 
Embo J, 10, 3495-3501), have only one dodecapeptide motif 
and function as homodrimers of tWo 15-20 kDa subunits or 
domains. These proteins having only one dodecapeptide 
motif are called in the present application as “mono-dode 
capeptide” proteins. Larger proteins, i.e. I-DmoI (Dalgaard 
et al., 1993, Proc NallAcad Sci USA, 90, 5414-5417), I-SceI 
(Jacquier et Dujon, 1985, Cell, 41, 383-394) and PI-SceI 
(Gimble and Wang, 1996, JMol Biol, 263, 163-180), on the 
other hand, are single-chain proteins (20-30 kDa) bearing 
tWo (non-identical) dodecapeptide motifs. These proteins 
having tWo dodecapeptide motifs are called in the present 
application as “di-dodecapeptide” proteins. 

[0045] Detailed three-dimensional structures (Chevalier et 
al., 2001, Nat Struct Biol, 8, 312-316; Duan et al., 1997, 
Cell, 89, 555-564; Heath et al., 1997, Nat Struct Biol, 4, 
468-476; Hu et al., 2000, J Biol Chem, 275, 2705-2712; 
Ichiyanagi et al., 2000, JMol Biol, 300, 889-901; Jurica et 
al., 1998, Mol Cell, 2, 469-476; Poland et al., 2000, JBiol 
Chem, 275, 16408-16413; Silva et al., 1999, JMolBiol, 286, 
1123-1136), have been solved for four LAGLIDADG pro 
teins: I-CreI (FIG. 1), I-DmoI (FIG. 2), PI-SceI and PI-PfuI. 
These structures illustrate that the dodecapeptide motifs are 
part of a tWo-helix bundle. The tWo ot-helices form most of 
the central interface, Where a tWo-fold (pseudo-) symmetry 
axis separates tWo structural domains. In addition to the 
dodecapeptide motif, each domain presents a DNA binding 
interface that drives the protein toWards interacting With one 
of the tWo half sites of the target DNA sequence. 

[0046] A unique catalytic, active site comprises amino 
acid residues from both structural domains, Whose speci?c 
nature and spatial distribution is required for DNA cleavage. 
In the LAGLIDADG protein family, the residues in the 
active sites are divergent. The only residues that display 
persistent conservation are the last acidic amino acids (D or 
E) from both LAGLIDADG motifs (underlined residue). 
Therefore, it is dif?cult to assign functional roles to residues 
in the active site, except for those acidic amino acids. 
Mutations of those residues abolish catalysis, but not DNA 
binding (Lykke-Andersen et al., 1997, Embo J, 16, 3272 
3281; Gimble & Stephens, 1995, J. Biol. Chem., 270, 
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5849-5856). Besides, a hydration shell, consisting of several 
Water molecules structurally organized by the amino acid 
side chains of acidic and basic residues, together With 
divalent cations, has probably an essential role in conducting 
the cleavage of DNA phosphodiester bonds (Chevalier et al., 
2001, Nat Struct Biol, 8, 312-316). 

[0047] Engineering knoWn meganucleases, in order to 
modify their speci?city toWards DNA sequences could alloW 
targeting of neW DNA sequences, and to produce double 
strand breaks in chosen genes. 

[0048] HoWever, residues related to the inter-domain 
packing interface and the catalytic site are very constrained. 
It is knoWn that the catalytic domains of enZymes are often 
complex and highly reactive to modi?cations. In the case of 
the meganucleases, this sensibility to modi?cation is 
increased, as the catalytic site is constituted by the interface 
of tWo domains. Consequently, it is not knoWn Whether 
domain sWapping of meganucleases, Which have distinct 
catalytic site residues, Would restore functional, active pro 
teins. Moreover, despite the domain structure of knoWn 
meganucleases, particularly those of the LAGLIDADG pro 
tein family, nothing is knoWn about the modular behaviour 
of such domain structure. 

[0049] For the ?rst time, the present invention shoWs that 
LAGLIDADG endonucleases are modular and that domain 
sWapping of natural homing endonucleases or meganu 
cleases is both possible and fruitful: novel, arti?cial com 
binations of tWo domains taken from different LAGL 
IDADG meganucleases recogniZe, bind and cut DNA 
sequences made of the corresponding tWo half-sites. Engi 
neering such arti?cial combinations (hybrid or chimerical 
homing endonucleases or meganucleases) is primarily use 
ful in order to generate meganucleases With neW speci?city. 

[0050] The LAGLIDADG protein family essentially 
shoWs a sequence conservation in the dodecapeptide motifs. 
The 3D structure are similar: they have the same set of 
secondary structure elements organiZed With a unique topol 
ogy. Conservation of the dodecapeptide motif and protein 
siZe (in particular, the separation distance in sequence length 
betWeen tWo dodecapeptide motifs in di-dodecameganu 
clease together With the biological relationships, i.e. same 
“function” and conserved 3D architecture) are thought suf 
?cient to propose that the secondary structure is conserved. 

[0051] The present invention concerns the novel endonu 
cleases, more particularly hybrid meganucleases, preferably 
derived from at least two different LAGLIDADG meganu 
cleases. The initial meganucleases can be “mono-dode 
capeptide” or “mono-LAGLIDADG”, such as I-Cre I mega 
nuclease, or “di-dodecapeptide” or “di-LAGLIDADG” 
meganucleases such as I-Dmo I. These neW designed endo 
nucleases or meganucleases are hybrid of LAGLIDADG 
meganucleases. The invention concerns a hybrid meganu 
clease comprising tWo domains, each domain being derived 
from a different LAGLIDADG meganuclease. See Table 1 
(Motif “D” refers to mono-dodecapeptide meganucleases 
and motif “dd” or “DD” to di-dodecapeptide meganu 
cleases). The invention also contemplates a hybrid mega 
nuclease comprising tWo domains, each domain being 
derived from the same meganuclease but in a different 
arrangement (e.g., location, organiZation, position, etc.) as 
compared to the initial meganuclease (e.g., the second 
domain is derived from the N-terminal domain of the initial 
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meganuclease and/or the ?rst domain is derived from the 
C-terminal of the initial meganuclease). 

[0052] By “domain” of LAGLIDADG meganucleases is 
intended in the present invention a polypeptide fragment 
comprising or consisting of a dodecapeptide motif and a 
DNA binding moiety. Optionally, the domain can also 
comprise additional polypeptide sequences not involved in 
the DNA binding nor in the domain interface. HoWever, 
those additional sequences have variable siZe and are gen 
erally not critical for the DNA recognition and binding nor 
the endonuclease activity. The dodecapeptide mLoAgiUfD 
involved in an ot-helix, herein schematically called 0t 
or otD. In more detail, the last D(E) residue is generally 
capping the ot-helix and the folloWing Gly residue initiates 
a main chain re-direction into a [3-strand perpendicular to the 
ot-helix. The DNA binding moiety, herein schematically 
called DBM, generally comprises ot-helices and [3-strands. 
The minimal DNA binding moiety in a meganuclease is a 
[3-hairpin (2 [3-stands connected by a loop or turn). Natural 
meganucleases comprise tWo such [3-hairpins in each DNA 
binding moiety, connecting into a 4-stranded [3-sheet. The 
connecting betWeen the tWo 1-hairpins comprises an ot-he 
lix. The DNA binding moiety generally comprises a further 
ot-helix doWstream of the 4-stranded [3-sheet. The additional 
polypeptide sequences could be found at each side of the 
group consisting of the dodecapeptide motif and the DNA 
binding moiety. Therefore, a meganuclease domain accord 
ing to the present invention comprises the helix comprising 
the dodecapeptide motif, 01D, and a DNA binding moiety, 
DBM. Optionally, an additional sequence can be further 
comprised in said domain. Said additional sequence is 
possible at the N-terminal side of a ?rst domain of the hybrid 
meganuclease or at the C-terrninal side of a second domain 
of the hybrid meganuclease. 

[0053] The LAGLIDADG meganucleases comprising tWo 
dodecapeptide motifs, herein called di-LAGLIDADG mega 
nuclease, comprise tWo domains, one domain called N-ter 
minal domain and the other C-terminal domain. The N-ter 
minal domain consecutively comprises an additional 
optional sequence, the dodecapeptide motif and the DNA 
binding moiety. The C-terminal domain consecutively com 
prises the dodecapeptide motif, the DNAbinding moiety and 
an additional optional sequence. The tWo dodecapeptide 
ot-helices of each domain form a tightly packed domain 
interface. The loop connecting the tWo domains is betWeen 
the DNA binding moiety of the N-terminal domain and the 
helix comprising the second dodecapeptide motif of the 
C-terminal domain. The di-dodecapeptide meganucleases 
could schematically be represented by the folloWing struc 
ture from the N-terminal end to the C-terminal end: V otD 
DBM (L) 0CD DBM' V' (V refering to additional optional 
sequence, otD to the helix comprising the dodecapeptide 
motif, DBM to the DNA binding moiety, L to the connecting 
loop; the ' refers to the elements of the C-terminal domain). 
The helices otD and 00D correspond to the helices comprising 
the dodecapeptide motifs. The domains of a meganuclease 
comprising tWo dodecapeptide motifs are asymmetric (simi 
lar but generally not identical). Number of di-dodecapeptide 
meganucleases are knoWn. See Table 1, Motif “dd” or “DD”. 
(Also see, Dalgaard et al., 1993, Proc Natl Acad Sci USA, 
90, 5414-5417, Table 1 and FIG. 1) 

[0054] The dimeric LAGLIDADG meganucleases com 
prising one dodecapeptide motif, herein called mono-dode 
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capeptide meganucleases, consecutively comprises an addi 
tional optional polypeptide sequence, the dodecapeptide 
motif, the DNA binding moiety, and an additional optional 
polypeptide sequence. The tWo dodecapeptide helices (one 
in each monomer) form a tightly packed dimer interface. 
The mono-dodecapeptide meganucleases could schemati 
cally be represented by the following structure comprising 
from the N-terminal end to the C-terminal end: V otD DBM 
V' (V and V' refering to additional optional sequences, otD to 
the helix comprising the dodecapeptide motif, DBM to the 
DNA binding moiety). Number of mono-dodecapeptide 
meganucleases are known. See Table l, Motif D (Also see 
Lucas et al., 2001, NucleicAcids Res., 29, 960-9, Table l and 
FIG. 1). 

[0055] Therefore, the invention concerns a hybrid mega 
nuclease comprising or consisting of a ?rst domain and a 
second domain in the orientation N-terminal toWard C-ter 
minal, said ?rst and second domains being derived from tWo 
different initial LAGLIDADG meganucleases, said initial 
meganucleases being either mono- or di-dodecapeptide 
meganucleases and said ?rst and second domains being 
bound by a convenient linker and Wherein said hybrid 
meganuclease is capable of causing DNA cleavage. The 
invention also contemplates a hybrid meganuclease com 
prising or consisting of tWo domains, each domain being 
derived from the same meganuclease, said tWo domains 
having a different arrangement than the initial meganuclease 
(i.e. the second domain is derived from the N-terminal 
domain of the initial meganuclease and/ or the ?rst domain is 
derived from the C-terminal of the initial meganuclease) and 
said ?rst and second domains being bound by a convenient 
linker. 

[0056] The initial mono- and di-dodecapeptide meganu 
cleases according to the present invention for the generation 
of hybrid meganucleases are preferably selected from the 
group consisting of the meganucleases listed in the Table l, 
notably l-Sce I, l-Chu I, l-Dmo I, l-Cre I, l-Csm I, Pl-Sce I, 
Pl-Tli l, Pl-Mtu l, l-Ceu l, l-Sce ll, l-Sce 111, HO, Pl-Civ l, 
Pl-Ctr I, Pl-Aae I, Pl-Bsu I, Pl-Dha I, Pl-Dra I, Pl-Mav I, 
Pl-Mch l, Pl-Mfu l, Pl-M? l, Pl-Mga l, Pl-Mgo l, Pl-Min l, 
Pl-Mka l, Pl-Mle l, Pl-Mma l, Pl-Msh l, Pl-Msm l, Pl-Mth 
l, Pl-Mtu l, Pl-Mxe l, Pl-Npu l, Pl-Pfu l, Pl-Rma l, Pl-Spb 
l, Pl-Ssp l, Pl-Fac l, Pl-Mja l, Pl-Pho l, Pl-Tag l, Pl-Thy l, 
Pl-Tko I, and Pl-Tsp 1; preferably, l-Sce I, l-Chu I, l-Dmo 
l, l-Cre l, l-Csm l, Pl-Pfu l, Pl-Sce l, Pl-Tli l, Pl-Mtu l, 
l-Ceu I, l-Sce ll, l-Sce Ill, and HO; more preferably, l-Sce 
l, l-Chu l, l-Dmo l, l-Cre l, l-Csm l, Pl-Sce l, Pl-Pfu l, Pl-Tli 
I, Pl-Mtu I, and l-Ceu I; still more preferably l-Dmo I, l-Cre 
I, l-Sce I, and l-Chu I; or, even more preferably l-Dmo I, and 
l-Cre I. 

[0057] The initial di-dodecapeptide meganucleases 
according to the present invention for the generation of 
hybrid meganuclease are preferably selected from the group 
consisting of the meganucleases comprising a “DD” or “dd” 
motif listed in the Table l, notably: l-Sce I, l-Chu I, l-Dmo 
l, l-Csm l, Pl-Sce l, Pl-Tli l, Pl-Mtu l, l-Sce ll, l-Sce 111, 
HO, Pl-Civ l, Pl-Ctr l, Pl-Aae l, Pl-Bsu l, Pl-Dha l, Pl-Dra 
l, Pl-Mav l, Pl-Mch l, Pl-Mfu l, Pl-M? l, Pl-Mga l, Pl-Mgo 
l, Pl-Min l, Pl-Mka l, Pl-Mle l, Pl-Mma l, Pl-Msh l, 
Pl-Msm l, Pl-Mth l, Pl-Mtu l, Pl-Mxe l, Pl-Npu l, Pl-Pfu l, 
Pl-Rma l, Pl-Spb l, Pl-Ssp l, Pl-Fac l, Pl-Mja l, Pl-Pho l, 
Pl-Tag I, Pl-Thy I, Pl-Tko I, and Pl-Tsp 1; preferably, l-Sce 
l, l-Chu l, l-Dmo l, l-Csm l, Pl-Pfu l, Pl-Sce l, Pl-Tli 1, 
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Pl-Mtu I, l-Sce ll, l-Sce m, and HO; more preferably, l-Sce 
l, l-Chu l, l-Dmo l, l-Csm l, Pl-Sce l, Pl-Tli l, and Pl-Mtu 
I; still more preferably l-Dmo I, l-Sce I, and l-Chu I; or even 
more preferably l-Dmo I. 

[0058] The initial mono-dodecapeptide meganucleases 
according to the present invention for the generation of 
hybrid meganucleases are preferably selected from the 
group consisting of the meganucleases comprising a “D” 
motif listed in the Table l, notably: l-Cre I, l-Ceu 1; 
preferably, l-Cre I. 

[0059] More particularly, the present invention concerns 
the hybrid meganuclease comprising or consisting of a ?rst 
domain from a mono- or di-dodecapeptide meganuclease 
and a second domain from another mono- or di-dodecapep 
tide meganuclease, said ?rst and second domains being 
bound by a convenient linker. In a preferred embodiment, 
the invention concerns a hybrid meganuclease selected from 
the group consisting of the folloWing hybrid meganucleases: 

[0061] Preferably, l-Sce l/l-Chu I, l-Sce l/Pl-Pfu I, l-Chu 
l/l-Sce I, l-Chu l/Pl-Pfu I, l-Sce l/l-Dmo I, l-Dmo l/l-Sce I, 
l-Dmo l/Pl-Pfu I, l-Dmo l/l-Cre I, l-Cre l/l-Dmo I, l-Cre 
l/Pl-Pfu L l-Sce l/l-Csm I, l-Sce l/l-Cre I, l-Sce l/Pl-Sce I, 
l-Sce l/Pl-Tli I, l-Sce l/Pl-Mtu I, l-Sce l/l-Ceu I, l-Chu 
l/l-Cre I, l-Chu l/l-Dmo I, l-Chu l/l-Csm I, l-Chu l/Pl-Sce 
l, l-Chu l/Pl-Tli l, l-Chu l/Pl-Mtu l, l-Cre l/l-Chu l, l-Cre 
l/l-Csm I, l-Cre l/Pl-Sce I, l-Cre l/Pl-Tli I, l-Cre l/Pl-Mtu I, 
l-Cre l/l-Scel, l-Dmo l/l-Chu I, l-Dmo l/l-Csm I, l-Dmo 
l/Pl-Sce I, l-Dmo l/Pl-Tli L l-Dmo l/Pl-Mtu I, l-Csm 
l/l-Chu I, l-Csm l/Pl-Pfu I, l-Csm l/l-Cre I, l-Csm l/l-Dmo 
l, l-Csm l/Pl-Sce l, l-Csm l/Pl-Tli l, l-Csm l/Pl-Mtu l, 
l-Csm l/l-Sce I, Pl-Sce l/l-Chu I, Pl-Sce l/l-Pfu I, Pl-Sce 
l/l-Cre I, Pl-Sce l/l-Dmol, Pl-Sce l/l-Csm I, Pl-Sce l/Pl-Tli 
l, Pl-Sce l/Pl-Mtu l, Pl-Sce l/l-Sce l, Pl-Tli l/l-Chu l, Pl-Tli 
l/Pl-Pfu l, Pl-Tli l/l-Cre l, Pl-Tli l/l-Dmo l, Pl-Tli l/l-Csm 
l, Pl-Tli l/Pl-Sce l, Pl-Tli l/Pl-Mtu l, Pl-Tli l/l-Sce l, Pl-Mtu 
l/l-Chu l, Pl-Mtu l/Pl-Pfu l, Pl-Mtu l/l-Cre l, Pl-Mtu 
l/l-Dmo l, Pl-Mtu l/l-Csm l, Pl-Mtu l/Pl-Sce l, Pl-Mtu 
l/Pl-Tli I, and Pl-Mtu l/l-Scel; 

[0062] More preferably l-Sce l/l-Chu I, l-Chu l/l-Sce I, 
l-Sce l/l-Dmo I, l-Dmo l/l-Sce I, l-Dmo l/l-Cre I, and l-Cre 
l/l-Dmo I; 
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[0063] Still more preferably l-Dmo l/l-Cre I, and l-Cre 
l/l-Dmo I; or, 

[0064] Even more preferably l-Dmo l/l-Cre I; more par 
ticularly the hybrid meganuclease of SEQ ID No 2 or 4. 

[0065] For example, for “l-Sce l/l-Ceu I”, the ?rst indi 
cated meganuclease corresponds to the origin of the ?rst 
domain of the hybrid meganuclease and the second indicated 
meganuclease to the origin of the second domain of the 
hybrid meganuclease. Optionally, said hybrid meganuclease 
comprises or consists of: 

[0066] l) a ?rst domain from a di-dodecapeptide mega 
nuclease and a second domain from another di-dodecapep 
tide meganuclease, said ?rst and second domains being 
bound by a convenient linker; 

[0067] 2) a ?rst domain from a mono-dodecapeptide 
meganuclease and a second domain from another di-dode 
capeptide meganuclease, said ?rst and second domains 
being bound by a convenient linker; 

[0068] 3) a ?rst domain from a di-dodecapeptide mega 
nuclease and a second domain from another mono-dode 
capeptide meganuclease, said ?rst and second domains 
being bound by a convenient linker; or 

[0069] 4) a ?rst domain from a mono-dodecapeptide 
meganuclease and a second domain from the same or 
another mono-dodecapeptide meganuclease, preferably 
from another mono-dodecapeptide meganuclease, said ?rst 
and second domains being bound by a convenient linker. 

[0070] Preferably, said hybrid meganuclease comprises or 
consists of: 

[0071] l) a ?rst domain from a di-dodecapeptide mega 
nuclease and a second domain from another di-dodecapep 
tide meganuclease, said ?rst and second domains being 
bound by a convenient linker; or, 

[0072] 2) a ?rst domain from a di-dodecapeptide mega 
nuclease and a second domain from another mono-dode 
capeptide meganuclease, said ?rst and second domains 
being bound by a convenient linker. 

[0073] More preferably, said hybrid meganucleases com 
prise or consists of a ?rst domain from a di-dodecapeptide 
meganuclease and a second domain from another di-dode 
capeptide meganuclease, said ?rst and second domains 
being bound by a convenient linker. 

[0074] Optionally, said hybrid meganuclease comprises or 
consists of: 

[0075] l) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the C-terminal domain of another 
di-dodecapeptide meganuclease, said ?rst and second 
domains being bound by a convenient linker; 

[0076] 2) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the N-terminal domain of the same or 
another di-dodecapeptide meganuclease, said ?rst and sec 
ond domains being bound by a convenient linker; 

[0077] 3) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
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domain derived from another mono-dodecapeptide mega 
nuclease, said ?rst and second domains being bound by a 
convenient linker; 

[0078] 4) a ?rst domain derived from the C-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the C-terminal domain of the same or 
another di-dodecapeptide meganuclease, said ?rst and sec 
ond domains being bound by a convenient linker; 

[0079] 5) a ?rst domain derived from a mono-dodecapep 
tide meganuclease and a second domain derived from the 
C-terminal domain of another di-dodecapeptide meganu 
clease, said ?rst and second domains being bound by a 
convenient linker; 

[0080] 6) a ?rst domain derived from the C-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the N-terminal domain of the same or 
another di-dodecapeptide meganuclease, said ?rst and sec 
ond domains being bound by a convenient linker; 

[0081] 7) a ?rst domain derived from a mono-dodecapep 
tide meganuclease and a second domain derived from the 
N-terminal domain of another di-dodecapeptide meganu 
clease, said ?rst and second domains being bound by a 
convenient linker, 

[0082] 8) a ?rst domain derived from the C-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from another mono-dodecapeptide mega 
nuclease, said ?rst and second domains being bound by a 
convenient linker; or, 

[0083] 9) a ?rst domain derived from a mono-dodecapep 
tide meganuclease and a second domain derived from the 
same or another mono-dodecapeptide meganuclease, said 
?rst and second domains being bound by a convenient 
linker. 

[0084] Preferably, said hybrid meganuclease comprises or 
consists of: 

[0085] l) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the C-terminal domain of another 
di-dodecapeptide meganuclease, said ?rst and second 
domains being bound by a convenient linker; 

[0086] 2) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the N-terminal domain of the same or 
another di-dodecapeptide meganuclease, said ?rst and sec 
ond domains being bound by a convenient linker; 

[0087] 3) a ?rst domain derived from the N-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from another mono-dodecapeptide mega 
nuclease; 
[0088] 4) a ?rst domain derived from the C-terminal 
domain of a di-dodecapeptide meganuclease and a second 
domain derived from the C-terminal domain of the same or 
another di-dodecapeptide meganuclease, said ?rst and sec 
ond domains being bound by a convenient linker; or, 

[0089] 5) a ?rst domain derived from a mono-dodecapep 
tide meganuclease and a second domain derived from the 
C-terminal domain of another di-dodecapeptide meganu 
clease, said ?rst and second domains being bound by a 
convenient linker. 




































































