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(57) ABSTRACT 

The present invention provides a system and methods for 
analyzing the function of nucleotide integrases and modified 
group II introns. The system comprises a donor plasmid com 
prising a wild-type or modified group II intron, a recipient 
plasmid comprising a DNA recognition site and a promoter 
less reporter gene downstream of the DNA target site, and a 
host cell. The method comprises the steps of transforming a 
host cell with the donor and recipient plasmids, assaying for 
expression of the reporter gene, isolating plasmid DNA from 
the cotransformed cells, and analyzing the plasmid DNA to 
confirm that the group II intron has been inserted into the 
target sequence. The present invention also provides a method 
for simultaneously analyzing the activity of two or more 
modified nucleotide integrases. The present invention also 
relates to methods of preparing a library of donor plasmids 
containing a plurality of diverse modified group II intron 
DNA sequences. 
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AAGCTTAGAGAAAAATAATGCGGTGCTTGGT CAT CACCT CACCAATCATTTTCTCCTGA 
TTCGAA CTCTTTTTATTACGCCACGAACCAGTAGTGGAG TAGGTTAGAAAAGAGGACT 

70 80 90 100 10 20 

TGACAATCTAACTCCTGAACAAATTCATGAAAT AGGTCGT CAAACCATATTAGAATTTAC Lt rB, El 
ACTGTTAGATTGAGGACTTGTTTAAGTACTTTATCCAGCAGTTTGGTATAATCTTAAATG'? 

30 40 150 60 70 80 

AGGTGGCGAAT ATGAATTT GTGATTGCAACCCACGTCGATCGTGAACACATCCATAACGT Lt rBI 
TCCACCGCTTATACTTAAACACTAACGTTGGGTGCAGCTAGCACTTGTGTAGGTATTGCA 

90 200 20 220 230 240 

GCGCCCAGATAGGGTGT TAAGTCAAGTAGTTTAAGGTACT ACTCTGTAAGATAACACAGA 
CGCGGGTCTATCCCACAATTCAGTTCAT CAAATTCCATGATGAGACATT CTATTGTGTCT 

250 260 270 280 290 300 

AAACAGCCAACCTAACCGAAAAGCGAAAGCTGATACGGGAACAGAGCACGGTTGGAAAGC 
TTTGTCGGTTGGATTGGCTTTTCGCTTTCGACTATGCCCTTG CTCGTGCCAACCTTTCG 

30 320 330 340 350 360 

GATGAGTT ACCTAAAGACAATCGGGTACGACTGAGTCGCAATGTTAATCAGATATAAGGT 
CTACT CAAGGATTTCTGTTAGCCCATGCTGACT CAGCGTTACAATTAGTCTATATTCCA 

370 380 390 400 EBS2 40 420 
ATAAGTTGTGTTT ACTGAACGCAAGTTTCTAATTCGGTTAGTGTCGAT AGAGGAAAGT 
TATTCAACACAAATGACTTGCGTTCAAAGATTAAAGCCAAT ACACAGCTATCTCCTTTCA 
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GT CTGAAACCTCTAGTACAAAGAAAGGTAAGTTATGGTTGTGGACTTATCTGTTATCACC 
CAGACTTTGGAGATCATGTTTCTTCCATTCAAT ACCAACACCTGAAT AGACAATAGTGG 
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ACATTTGTACAATCTGTAGGAGAACCTATGGGAA CGAAACGAAAGCGAGCCGAGAATCT 
TGTAAACATGTTAGACATCCTCTTGGATACCCTTGCTTT GCTTTCGCTACGGCTCTTAGA 
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GAATTTACCAAGACTTAACACT AACTGGGGATACCCTAAACAAGAATGCCTAAT AGAAAG 
CTTAAATGGTTCTGAATT G T GATTGACCCCTATGGGATTT GTTCTTACGGATTATCTTTC 
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MATCH TO FC 7A 
sum w a a 

60 620 630 640 650 660 

GAGGAAAAAGGCTATAGCACT AGAGCTTGAAAATCT, GCAAGGGTACGGAGTACTCGTAG 
CTCCTTTTTCCGATATCGTGATCTCGAACTTAGAACGTTCCCATGCCTCATGAGCATC 

670 680 690 700 70 720 

TAG CTGAGAAGGGTAACGCCCTTTACATGGCAAAGGGGTACAGTTATTGTGTACT AAAA 
ATCAGACT CTTCCCATTGCGGGAAATGTACCGTTTCCCCATGT CAATAACACATGATTTT 

L. tr. A ORF 
730 740 750 760 770 780 

TTAAAAATTGATTAGGGAGGAAAACCT CAAAATGAAACCAACAATGGCAATTTTAGAAAG 
AATTTTTAACTAATCCCTCCTTTTGGAGTTTT ACTTTGGTTGTTACCGT TAAAATCTTTC 

790 800 80 820 830 840 

AATCAGAAAAATTCACAAGAAAAIATAGACGAAGTTTTTACAAG ACTTTATCGTTATCT 
TTAGTCATTTTTAAGTGTTCTTTTATATCTGCTTCAAAAATGTTCTGAAAT AGCAAT AGA 

850 860 870 880 890 900 

TTTACGTCCAGATATTTATTACGTGGCGTATCAAAATTTATATTCCAATAAAGGAGCTTC 
AAATGCAGGTCTATAAATAATGCACCGCATAGTTTTAAATATAAGGTTATTTCCTCGAAG 

90 920 930 940 950 960 

CACAAAAGGAA TATTAGATGATACAGCGGATGGCTTTAGGAAGAAAAAATAAAAAAGAT 
GTGTTTTCCTTATAATCTACTATGTCGCCTACCGAAATCACTTCTTTTTTATTTTTTCTA 

970 980 990 000 OO O20 

TATT CAATCTTTAAAAGACGGAACTTACTATCCT CAACCTGTACGAAGAATGTATATTGC 
ATAAGTTAGAAATTCT GCCTTGAATGATAGGAGTGGACATGCTTCTTACATATAACG 

1030 O40 O50 1060 O70 080 

AAAAAAGAATTCTAAAAAGAT GAG ACCTTTAGGAATTCCAACTTTCACAGATAAATTGAT 
TTTTTTCTTAAGATTTTTCTACTCTGGAAATCCTTAAGGTTGAAAGTGTCTATTTAACTA 

O90 100 O 20 30 40 

CCAAGAAGCTGTGAGAATAATTCTTGAATCTATCTATGAACCGGTATTCGAAGAT GTGTC 
GGTTCTTCGACACTCTTATTAAGAACTTAGAT AGAT ACTTGGCCATAAGCTTCT ACACAG 

50 ll 60 70 80 90 1200 

TCACGGTTTTAGACCT CAACGAAGCTGTCACACAGCTTTGAAAACAATCAAAAGAGAGTT 
AGTGCCAAAATCTGGAGTGGCTTCGACAGGTGTCGAAACTTTT GTTAGTTTT CTCTCAA 

Fig. 7B 
MATCH TO FC 7C 
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MATCH TO FIG 7B 
20 220 230 1240 250 260 

TGGCGGCGCAAGATGGTTTGTGGAGGGAGATATAAAAGGCTGCTTCGATAATATAGACCA 
ACCGCCGCGT CTACCAAACACCCCCTCTATATTTTCCGACGAAGCTAT TATATCTGGT 

270 280 290 300 30 320 

CGTT ACACTCATTGG ACT CAT CAATCTTAAAATCAAAGATATGAAAATGAGCCAATTGAT 
GCAATGTGAGTAACCTGAG TAGTTAGAATTTTAGTTTCTATACTTTTACTCGGTTAACTA 

330 340 350 360 370 380 

TTATAAATTTCTAAAAGCAGGTTATCTGGAAAACTGGCAGTATCACAAAACTTACAGCGG 
AATATTAAAGATTTTCGTCCAAT AGACCTTTTGACCGTCATAGTGTTTTGAATGTCGCC 

1390 400 40 420 1430 440 

AACACCT CAAGGTGGAATTCTATCTCCTCTTTTGGCCAACATCTATCTTCATGAATTGGA 
TTGTGGAGTTCCACCTTAAGAT AGAGGAGAAAACCGGTTGT AGAT AGAAGTACTTAACCT 

450 460 470 480 1490 500 

TAAGTTTGTTTTACAACT CAAAATGAAGTTTGACCGAGAAAGTCCAGAAAGAATAACACC 
ATT CAAACAAAATGTTGAGTTTTACTTCAAACTGGCTCTTTCAGGT CTTTCTTATTGGG 

150 S2O 1530 540 550 560 

TGAATATCGGGAACTTCACAATGAGATAAAAAGAATTTCT CACCGTCTCAAGAAGTTGGA 
ACTTATAGCCCTTGAAGTGTT ACT CTATTTTTCTTAAAGAGTGGCAGAGTTCTT CAACCT 

1570 58O 1590 600 6 O 620 

GGGTGAAGAAAAAGCTAAAGTTCTTTTAGAAT ATCAAGAAAAACGTAAAAGATT ACCCAC 
CCCACTCTTTTTCGATTTCAAGAAAATCTTATAGTTCTTTTTGCATTTTCTAATGGGTG 

630 640 650 1660 670 680 

ACT CCCCTG ACCT CACAGACAAATAAAGTATTGAAAT ACGTCCGGTATGCGGACGACTT 
TGAGGGGACATGGAGTGTCTGTTATTTCATAACTTTATGCAGGCCATACGCCTGCTGAA 

690 700 7 O 1720 1730 740 

CATTA CTCTGTTAAAGGAAGCAAAGAGGACTGT CAATGGATAAAAGAACAATTAAAACT 
GT AAT AGAGACAATTTCCTTCGTTTCTCCTGACAGTT ACC TATTTTCTTGTTAATTTTGA 

750 1760 770 780 790 800 

TTTTATTCATAACAAGCTAAAAATGGAATTGAGTGAAGAAAAAACACTCAT CACACATAG 
AAAATAAGTATTGTTCGATTTTTACCTTAACT CACTTCTTTTTT G T GAG TAGTGTGTATC 

Fig. 7C MATCH TO FIG 7D 
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MATCH TO FC 7C 
80 820 1830 840 850 1860 

CAGTCAACCCGCTCGTTTTCTGGGATATGATATAC6AGTAAGGAGAAGT66AACGATAAA 
GTCAGTTGGGCGAGCAAAAGACCCTATACTATATGCTCATTCCTCTTCACCTTGCTATTT 

870 1880 1890 1900 190 1920 

ACGATCTGGTAAAGT CAAAAAGAGAACACTCAATGGGAGTGTAGAACTCCTTATTCCTCT 
TGCTAGACCATTTCAGTTTTTCTCTTGTGAGTT ACCCT CACATCTTGAGGAATAAGGAGA 

1930 1940 950 1960 1970 1980 

TCAAGACAAAATTCGT CAATTTATTTTTGACAAGAAAATAGCTATCCAAAAGAAAGATAG 
AGTTCTGTTTTAAGCAGTTAAATAAAAACTGTTCTTTTATCGATAGGTTTTCTTTCTATC 

1990 2000 2010 2020 2030 2040 

CT CATGGTTTCCAGTTCACAGGAAATATCTTATTCGTTCAACAGACTTAGAAATCAT CAC 
GAGTACCAAAGGTCAAGTGTCCTTTATAGAATAAGCAAGTTGTCTGAATCTTTAGTAGTG 

2050 2060 2070 2080 2090 200 

AATTTATAATTCTGAATTAAGAGGGATTTGTAATTACT ACGGTCTAGCAAGTAATTTTAA 
TTAAAT ATTAAG ACTTAATTCTCCCTAAACATTAATGATGCCAGATCGTTCATTAAAATT 

2 O 220 2 30 240 250 260 

CCAGCT CAATTATTTTGCTTATCTTATGGAAT ACAGCTGTCTAAAAACGATAGCCTCCAA 
GGTCGAGTTAATAAAACGAAT AGAAT ACCTTATGTCGACAGATTTTTGCTATCGGAGGT 

270 280 290 2200 22 O 2220 

ACATAAGGGAACACTTT CAAAAACCATTTCCATGTTTAAAGATGGAAGTGGTTCGTGGGG 
TGTATTCCCTTGTGAAAGTTTTTGGTAAAGGTACAAATTTCTACCTTCACCAAGCACCCC 

2230 2240 2250 2260 2270 228O 

CATCCCGTATGAGATAAAGCAAGGTAAGCAGCGCCGTTATTTTGCAAATTTTAGTGAATG 
GTAGGGCAT ACTCTATTTCGTTCCATTCGCGCGGCAATAAAACGTTTAAAATCACTTAC 

2290 2300 230 2320 2330 2340 

TAAATCCCCTTATCAATTTACGGATGAGATAAGTCAAGCTCCTGTATTGTATGGCTATGC 
ATTTAGGGGAATAGTTAAATGCCTACTCTATTCAGTTCGAGGACAT. AACATACCGATACG 

2350 2360 2370 2380 2390 2400 

CCGGAAT ACT CTTGAAAACAGGTTAAAAGCTAAATGTTGTGAATTATGTGGAACATCTGA 
GGCCTTATGAGAACTTTT GTCCAATTTTCGATTTACAACACTTAAT ACACCTTGTAGACT 

Fig. 7D 
MATCH TO FC 7E 



U.S. Patent Sep. 22, 2009 Sheet 19 Of 23 US 7,592,161 B2 

MATCH TO FIC 7D 
240 2420 2430 2440 2450 2460 

TGAAAAT ACTTCCTATGAAATTCACCA GT CAATAAGGT CAAAAATCTTAAAGGCAAAGA 
ACTTTTATGAAGGATACTTTAAGTGGTACAGTTATTCCAGTTTTTAGAATTTCCGTTTCT 

2470 248O 2490 2500 250 2520 

AAAATGGGAAATGGCAATGATAGCGAAACAACGTAAAACTCTTGTTGTATGCTTTCATTG 
TTTT ACCCTTT ACCGT TACTATCGCTTTGTTGCATTTTGAGAACAACATACGAAAGTAAC 

Lt r A ORF 
25.30 2540 2550 2560 2570 2580 

TCATCGTCACGTGATTCATAAACACAAGTGAATTTTTACQAACGAACAATAACAGAGCCG 
AGTAGCAGTGCACTAAGTATTT GTGTTCACTTAAAAATGCTTGCTTGTATTGTCTCGGC 

2590 2600 26 O 2620 2630 2640 

TATACTCCGAGAGGGGTACGTACGGTTCCCGAAGAGGGTGGTGCAAACCAGTCACAGTAA tre 
ATATGAGGCTCTCCCCATGCATGCCAAGGGCTTCTCCCACCACGTTTGGTCAGTGTCATT 

2650 2660 2670 2680 2690 2700 

TGTGAACAAGGCGGTACCTCCCTACTTCACCATATCATTTTTAATTCTACGAATCTTTAT 
ACACTTGTTCCGCCATGGAGGGATGAAGTGGTATAGTAAAAATAAGATGCTTAGAAATA 
- 

270 2720 2730 2740 2750 2760 

ACTGGCAAACAATTTGACTGGAAAGTCATTCCTAAAGAGAAAACAAAAAGCGGCAAAGCT 
TGACCGTTT GTTAAACTGACCTTTCAGTAAGGATTTCTCTTTT GTTTTTCGCCGTTTCGA 

Lt rB, E2 

Fig. 7E 







US 7,592,161 B2 Sheet 22 of 23 Sep. 22, 2009 U.S. Patent 

  



US 7,592,161 B2 Sheet 23 of 23 Sep. 22, 2009 U.S. Patent 

DOMAIN IV 

> OO TIMES 
INCREASE 

PREFERABLE 

  



US 7,592,161 B2 
1. 

METHODS FOR ANALYZING THE 
INSERTION CAPABILITIES OF MODIFIED 

GROUP II INTRONS 

CROSS REFERENCE TO RELATED 5 
APPLICATIONS 

This application is a continuation application of U.S. appli 
cation Ser. No. 09/687,944, filed Oct. 13, 2000, now aban 
doned which claims priority to U.S. provisional application 
No. 60/159,724 filed Oct. 15, 1999. 

This work was supported by NIH grant GM37949. The 
government has certain rights in this invention. 

10 

BACKGROUND OF THE INVENTION 15 

Self-splicing RNAs are capable of catalyzing excision of 
their own introns in the absence of other protein or RNA 
factors. Self-splicing RNAs are classified into one of two 
groups, group I or group II, dependent on the reaction mecha 
nism used to excise the intron. Group II introns excise them 
selves using a mechanism of action similar to that used in 
nuclear pre-mRNA splicing. In this mechanism, the 5' splice 
site is cleaved by attack from an adenosine nucleotide within 
the intron. The result is a lariat-like intermediate which is 
Subsequently excised. 
Group II introns encode ribonucleoprotein (RNP) par 

ticles, referred to hereinafter as “nucleotide integrases, that 
comprise an excised group II intron RNA and a group II 
intron-encoded protein which is bound to the excised group II 
intron RNA. Nucleotide integrases are molecular complexes 
capable of cleaving double-stranded DNA substrates at spe 
cific recognition sites and inserting nucleic acid molecules 
into the DNA substrate at the cleaved recognition site. Each 
nucleotide integrase cleaves substrate DNA and inserts 
nucleic acid molecules at specific recognition sites in the 
Substrate DNA. 
Methods of using nucleotide integrases are described in 

U.S. Pat. No. 5,698,421 and U.S. Pat. No. 6,027,895, both of 
which are specifically incorporated herein by reference. The 40 
process of cleaving the DNA substrate and inserting nucleic 
acid molecules involves base pairing of the group II intron 
RNA of the nucleotide integrase to a specific region of the 
DNA substrate. Additional interactions occur between the 
intron-encoded protein and regions in the DNA substrate 45 
flanking the recognition site. In general, the method com 
prises the steps of providing a nucleotide integrase compris 
ing a group II intron RNA having two sequences, EBS1 and 
EBS2, that are capable of hybridizing with two intron RNA 
binding sequences, IBS1 and IBS2, on the top strand of the 50 
DNA substrate, and a group II intron-encoded protein that 
binds to a first sequence element and to a second sequence 
element in the recognition site of the substrate; and reacting 
the nucleotide integrase with the double-stranded DNA sub 
strate for a time and at a temperature sufficient to permit the 55 
nucleotide integrase to cleave both strands of the DNA sub 
strate and to insert the group II intron RNA into the cleavage 
site of the top strand. The first sequence element of the rec 
ognition site is upstream of the putative cleavage site, the IBS 
1 sequence and the IBS 2 sequence. The first sequence ele- 60 
ment comprises from about 10 to about 12 pairs of nucle 
otides. The second sequence element of the recognition site is 
downstream of the putative cleavage site and comprises from 
about 10 to about 12 nucleotides. 
As denoted herein, nucleotides that are located upstream of 65 

the cleavage site have a (-) position relative to the cleavage 
site, and nucleotides that are located downstream of the cleav 

25 

30 

35 

2 
age site have a (+) position relative to the cleavage site. Thus, 
in the above-described method, the cleavage site is located 
between nucleotides -1 and +1 on the top strand of the 
double-stranded DNA substrate. The IBS1 sequence and the 
IBS2 sequence lie in a region of the recognition site which 
extends from about position -1 to about position-14 relative 
to the cleavage site. 
EBS1 is located in domain I of the group II intron RNA and 

comprises from about 5 to 7 nucleotides that are capable of 
hybridizing to the nucleotides of the IBS1 sequence of the 
substrate. EBS2 is located in domain I of the group II intron 
RNA upstream of EBS1 and comprises from about 5 to 7 
nucleotides that are capable of hybridizing to the nucleotides 
of IBS2 sequence of the substrate. In order to cleave the 
substrate efficiently, it is referred that the nucleotide or 
sequence 8, which immediately precedes the first nucleotide 
of EBS1 of the group II intron RNA, be complementary to the 
nucleotides at +1 in the top strand of the substrate. 

Examples of nucleotide integrases which may be used to 
catalyze the cleavage of double-stranded DNA molecules are 
the al2 nucleotide integrase, the all nucleotide integrase, and 
the ltrA nucleotide integrase. The al2 integrase is an isolated 
RNP particle that comprises a wild-type or modified group II 
intron RNA of the second intron of the S. cerevisiae mito 
chondrial COX1 gene, hereinafter referred to as the "al2 
intron RNA, bound to a wild-type or modified al2 intron 
encoded-protein. EBS1 of the al2 intron RNA comprises 6 
nucleotides and is located at position 2985-2990 of the wild 
type sequence. EBS1 of the wild-type al2 intron RNA has the 
sequence 5'-AGAAGA. EBS2 of the al2 intron RNA com 
prises 6 nucleotides and is located at positions 2935-2940. 
EBS2 of the wild-type al2 intron RNA has the sequence 
5'-UCAUUA. 
The ai1 nucleotide integrase is an isolated RNP particle 

that comprises an excised, wild-type or modified excised 
group II intron RNA of the first intron of the S. cerevisiae 
mitochondrial COX1 gene, hereinafter referred to as the "all 
intron RNA, and a wild-type or modified all intron-encoded 
protein. EBS1 of the all intron RNA comprises 6 to 7 nucle 
otides and is located at position 426-431. EBS1 of the wild 
type all intron RNA has the sequence 5'-CGUUGA. EBS2 of 
the all intron RNA comprises 5 to 6 nucleotides and is located 
at positions 376-381. EBS2 of the wild-type all intron RNA 
and has the sequence 5'-ACAAUU. 
The ltrA nucleotide integrase comprises an excised, wild 

type or modified excised group L1.LtrB group II intron RNA 
of the Lactococcus lactis ltrB gene, hereinafter referred to as 
the “L1.ltrB intron RNA, and a wild-type or modified 
L1.ltrB intron-encoded protein, hereinafter referred to as the 
ltrA protein. The sequence of the L1.ltrB intron is shown in 
FIG. 7. The EBS1 of the L1.ltrB intron RNA comprises 7 
nucleotides and is located at positions 457 to 463. The EBS1 
sequence of the wild-type L1.ltrB intron RNA has the 
sequence 5'-GUUGUGG. The EBS2 of the L1.ltrB intron 
RNA comprises 6 nucleotides and is located at positions 401 
to and including 406. The EBS2 sequence of the wild-type 
L1.ltrB intron RNA has the Sequence 5'AUGUGU. 

In recent years, methods have been developed for prepar 
ing nucleotide integrases whose excised group II RNAS have 
a wild-type sequence and nucleotide integrases whose 
excised group II RNAs have a modified sequence. Such meth 
ods are described in U.S. Pat. No. 5,804,418, which is spe 
cifically incorporated herein by reference. The modified 
nucleotide integrases can catalyze the cleavage of DNA Sub 
strates and the insertion of nucleic acid molecules at new 
recognition sites in the DNA substrate. Because the recogni 
tion site of the DNA substrate is recognized, in part, through 
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base pairing with the excised group II intron RNA of the 
nucleotide integrase, it is possible to control the site of nucleic 
acid insertion within the DNA substrate. This is done by 
modifying the EBS 1 sequence, the EBS 2 sequence or the 8 
sequence, or combinations thereof. Such modified group II 
introns produce nucleotide integrases that can cleave DNA 
Substrates and insert nucleic acid molecules at new recogni 
tion sites in the genome. 

Modified nucleotide integrases are useful analytical tools 
for determining the presence and location of a particular 
target sequence in a DNA substrate. Modified nucleotide 
integrases are also useful tools for rendering certain genes 
within DNA substrates nonfunctional. Modified nucleotide 
integrases are also useful tools for inserting a nucleic acid into 
the cleavage site, thus changing the characteristics of the 
cellular DNA and RNA and protein molecules encoded by the 
cellular DNA. 

Accordingly, analytical systems and methods which can be 
used to determine, first, whether or not a modified nucleotide 
integrase functions to cleave substrate DNA and insert 
nucleic acid molecules and, second, to analyze the recogni 
tion site where this occurs are desirable. 

SUMMARY OF THE INVENTION 

The present invention provides a system and methods for 
analyzing nucleotide integrases, particularly those nucleotide 
integrases whose excised group II intron RNAS comprise a 
modified EBS1 sequence, a modified EBS2 sequence, a 
modified delta sequence, or any combination thereof. As used 
herein, a “modified EBS or 6 sequence is a sequence which 
is different from the wild-type EBS or delta sequence, respec 
tively, of the group II intron RNA. Such systems and methods 
are useful for determining whether the modified nucleotide 
integrases are able to catalyze the cleavage of a particular 
DNA substrate recognition site. 
The system for analyzing nucleotide integrases comprises 

a donor plasmid comprising a group II intron DNA sequence 
having a modified EBS1 sequence, a modified EBS2 
sequence, a modified 8 sequence or any combination thereof, 
and a recipient plasmid comprising the particular target DNA 
recognition site into which the group II intron will insert. The 
modified group II intron DNA sequence within the donor 
plasmid preferably lacks a portion, preferably from about 
50% to about 90% of domain IV (the group II intron typically 
has six domains), and further comprises a promoter, which is 
preferably located in the region that has been deleted from 
domain IV of the group II intron. The recipient plasmid fur 
ther comprises a promoterless reporter gene, which is prefer 
ably a gene encoding a selectable marker, downstream from 
the target sequence. In one embodiment, the donor plasmid 
further comprises a sequence which encodes a group II 
intron-encoded protein. The protein-encoding sequence is 
located upstream or downstream of the group II intron DNA 
sequence. In another embodiment, the recipient plasmid com 
prises a sequence encoding a group II intron-encoded protein. 
The method comprises transforming a cell, preferably a 

bacterial cell, more preferably, Escherichia coli, with both the 
donor plasmid and the recipient plasmid, and assaying the 
co-transformed cells for expression of the reporter gene. 
Expression of the reporter gene is indicative of cleavage of the 
target recognition site and insertion of the modified intron 
into the cleaved recognition site. Preferably, expression of the 
reporter gene is assayed by culturing the co-transformed cells 
in the presence of a selectable agent, such as, for example, an 
antibiotic. Preferably, the method further comprises the step 
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4 
of isolating plasmid DNA from the co-transformed cells and 
analyzing the plasmid DNA to confirm that the group II intron 
has been inserted into the target recognition site. 
The present invention also provides a method for simulta 

neously analyzing two or more modified nucleotide inte 
grases. The method comprises the steps of: (a) providing a 
plasmid pool comprising a first donor plasmid comprising a 
first modified group II intron DNA sequence and a second 
donor plasmid comprising a second modified group II intron 
DNA sequence, wherein the first modified sequence is differ 
ent from the second modified sequence, and wherein the 
modified group II intron DNA sequence in each donor plas 
mid preferably further comprises a promoter and lacks a 
portion, preferably from 50% to 90% of domain IV, and 
wherein each donor plasmid further comprises a sequence 
encoding the protein normally encoded by the group II intron, 
said protein-encoding sequence being upstream or down 
stream from the group II intron DNA sequence; (b) providing 
a recipient plasmid comprising a target DNA recognition site 
and a promoterless reporter gene downstream from said target 
DNA recognition sequence; (c) transforming cells with said 
recipient plasmid and said first donor plasmid; (d) transform 
ing cells with said second donor plasmid and said recipient 
plasmid; (e) assaying the transformed cells for expression of 
the reporter gene to obtain cells which comprise a target DNA 
recognition sequence into which the first modified group II 
intron DNA sequence or the second modified group II intron 
DNA sequence have been inserted into the target DNA rec 
ognition sequence of said cells; and (f) determining the 
sequences of the modified group II introns that have been 
inserted into the target sequence of said cells. 

Such analytical method is useful for determining whether 
one or both of the modified nucleotide integrases that are 
produced within the co-transformed cells are capable of cata 
lyzing cleavage of the target DNA recognition sequence. In 
addition, Such analytical method is useful to determine 
whether one modified nucleotide integrase has a higher inser 
tion frequency into the target DNA recognition sequence than 
the other modified nucleotide integrase. Such information is 
useful in selecting nucleotide integrases which are best Suited 
to catalyze cleavage of the target DNA recognition sequence. 
Moreover, the donor plasmid pool can contain a library of 
plasmids that comprise a plurality of diverse modified group 
II intron DNA sequences such that thousands or millions of 
different modified group II introns can be analyzed simulta 
neously using the present method. 
The present invention also relates to a DNA or RNA con 

struct comprising a modified group II intron sequence which 
lacks a portion of domain IV and which comprises a modified 
EBS1 sequence, or a modified EBS2 sequence, or a combi 
nation of both a modified EBS1 sequence and a modified 
EBS2 sequence. The construct also comprises a promoter 
operatively linked to the modified intron sequence. Prefer 
ably, the construct further comprises a sequence encoding a 
group II intron-encoded protein, said protein encoding 
sequence being upstream or downstream of the modified 
group II intron DNA sequence and being operatively linked to 
a promoter. 
The present invention also relates to methods of preparing 

a library of donor plasmids containing a plurality of diverse 
modified group II intron DNA sequences and a method of 
using such library to randomly mutagenize DNA molecules. 
The present method could also be applied to study of trans 

position and targeting of other transposable elements. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIG.1. E. coli genetic assay based on the L1.LtrB intron for 
analyzing group II intron/DNA target site interactions. (A) 
Natural L1.LtrB DNA target sequence from position -30 to 
+15 and base-pairing interactions with the intron RNA. 
Sequence elements IBS2 and IBS1 in the 5' exon and 8' in the 
3' exon of the DNA target are recognized primarily by base 
pairing with sequence elements EBS2, EBS1 (SEQ ID NO: 
12) and 8 located in domain I of the intron RNA. The intron 
insertion site in the top (sense) strand (SEQID NO: 13) and 
the endonuclease cleavage site in the bottom (antisense) 
strand are indicated by arrows. (B) Schematic of the L1.LtrB 
intron showing base-pairing interactions EBS1-IBS1, EBS2 
IBS2, and 6-8' between the intron and flanking exons. The 
inset shows the location of the Litra ORF and the T7 promoter 
introduced into intron domain IV in donor plasmids. (C) 
Genetic assay. The donor plasmid pACD-LitrB is a Cam' 
pACYC184-derivative containing the full-length L1.LtrB 
intron and flanking exons, with a phage T7 promoter inserted 
downstream of the Litra ORF in intron domain IV. The intron 
and flanking exon sequences (E1 and E2) are cloned behind a 
T7lac promoter, and E. coli rrnB T1 and T2 transcription 
terminators are positioned downstream of the intron. The 
recipient puCR-LitrB/Tet is a compatible Amp' plasmid with 
an L1.LtrB target sequence (ligatedltrB exons E1-E2) cloned 
upstream of a promoterless tet' gene. An E. coli rrnBT1 
transcription terminator, which terminates both E. coli and T7 
RNA polymerase, is inserted upstream of the target site, and 
an irrnBT2 terminator, which terminates E. coli but not T7 
RNA polymerase, is inserted between the target site and the 
tet gene. A phage T7 Top terminator is inserted downstream 
of the tet' gene to terminate T7 RNA polymerase. Movement 
of the intron carrying the phage T7 promoter into the DNA 
target site activates expression of the tet' gene. (D) Mobility 
assay using paCD-AORF+ORF1. This plasmid has a dele 
tion in the loop of intron domain IV, which removes most of 
the Litra ORF, and the Litra protein is expressed separately 
from a position downstream of the 3' exon. This configuration 
gives higher mobility frequencies approaching 100%. 

FIG. 2. Nucleotide frequencies in active DNA target sites. 
A mobility assay was performed with the wild-type donor 
plasmid paCD-AORF+ORF2 (17) and a recipient plasmid 
pool in which DNA target sites positions between -30 and 
+15 were partially randomized (“doped') to contain 70% of 
the wild-type nucleotide and 10% of each of the three mutant 
nucleotides. (A) shows nucleotide frequencies in active DNA 
target sites ('selected'), based on sequencing 111 mobility 
products using outward pointing primers near the intron's 5' 
and 3' ends, and (B) shows nucleotide frequencies in the 
original recipient pool, based on sequencing 104 randomly 
chosen plasmids using a primer downstream of the target site. 
The wild-type nucleotide residue at each position is high 
lighted by a thick box. (C) shows mutability values at each 
position of the DNA target site. The mutability values were 
calculated by comparing the ratios (R) of mutant to wild-type 
nucleotide residues at each position in the active target sites 
and the original recipient plasmid pool by using the expres 
sion (R)/(R)-1 (23)(SEQID NOS 12 
& 14 are disclosed respectively in order of appearance). 

FIGS. 3A and B. Base-pairing requirements for different 
positions of the DNA target site. A mobility assay was per 
formed with the wild-type donor plasmid paCD-ORF+ORF2 
and a recipient plasmid pool in which DNA target site posi 
tions between -30 and +15 were partially randomized 
(“doped') to contain 70% of the wild-type nucleotide and 
10% each of the three mutant nucleotides. The number of 
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6 
potential base pairs with the intron RNA was compared in 
active target sites (black bars) and the original recipient pool 
(white bars). (A) Percentage of target sites having a potential 
base pair with the intron RNA at each position between -13 
and +4. (B) Percentage of target sites having the indicated 
number of potential base pairs over the indicated interval. 
Selection for base pairing in the active target sites is evident at 
all positions except -7. 

FIG. 4. Design and selection of group II introns that insert 
into specific DNA target sites. (A) Maps showing group II 
intron insertion sites in the HIV-1 provirus and human CCR5 
gene. Insertion sites in the top (sense) and bottom (antisense) 
strands are indicated by arrows above and below the target 
DNA, respectively. Introns are identified by the position num 
ber in the target site (HIV-1 sequence, GenBank K02013; 
CCR5 sequence, GenBank AF031237), followed by “s” or 
'a' indicating the sense or antisense strand, respectively. The 
numbers in parentheses indicate mobility frequencies in the 
E. coli genetic assay in the presence of 100 uMIPTG. The 
intron HIV1-54/9186a has integration sites in each long ter 
minal repeat (LTR). (B) DNA target-site sequences and base 
pairing interactions for designed and selected introns. The 
wild-type L1.LtrB target site and base-pairing interactions 
are shown above for comparison. Nucleotide residues in the 
HIV-1 and CCR5 target sites that match the wild-type 
sequence are boxed. Mobility frequencies in the presence or 
absence of 100 uM IPTG (mean+/-S.D. for at least two 
experiments) are shown to the right. Mobility events were 
confirmed by sequencing a region extending from a position 
downstream of the intron's EBS sequences through the 5' 
junction with the target DNA, using primer LtrBA2 (comple 
mentary to intron positions 301-326). To determine mobility 
frequencies, the selected introns were reconstructed in the 
donor plasmid via PCR, and tested in the E. coli genetic assay 
with the indicated recipient plasmids containing the HIV-1 or 
CCR5 target sites. The selected introns HIV1-54a/9186a and 
2654a have mismatches in the EBS-IBS and Ö-Ö' interactions, 
and their mobility frequencies increased substantially when 
these were “corrected”. (SEQ ID NOS 12-13 & 15-38 are 
disclosed respectively in order of appearance). 
FIGS.5A and B. Intron insertion into CCR5 and HIV-1 pol 

genes in human cell lines. (A) PCR amplification of integra 
tion junctions. Integration events into the CCR5 and HIV-1 
pol genes are shown Schematically at the top. Primer sites are 
designated by arrows, and restriction sites are labeled. PCR 
products were analyzed in a 2% agarose gel. Closed arrow 
heads indicate PCR products corresponding to 5' integration 
junctions in the CCR5 (left) and HIV-1 pol (right) genes. 
Open arrowheads indicate the restriction fragments of inte 
gration products. The left lane shows molecular weight mark 
ers. (B) Representative sequencing gels for intron integration 
into the CCR5 (left) and HIV-1 pol (right) genes. The arrows 
denote integration junctions. 

FIG. 6. Schematic representation of donor plasmid library 
regeneration for second round selection. 

FIG. 7. The nucleotide sequence of a 2.8 kb HindIII frag 
ment includes the L1.ltrB intron DNA sequence and portions 
of the nucleotide sequence of the flanking exons ltrBE1 and 
ltrBE2 (SEQID NO: 11). 

FIG. 8. Schematic representation of the method used to 
prepare p ACD-AORF+ORF2 library 1. 

FIG. 9. Schematic representation of the method used to 
prepare p ACD-AORF+ORF2 library 2. 

FIG. 10. Representation of the secondary structure of 
domain IV of the L1-ltrB intron (SEQID NO:39). 
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DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 
“Group II intron DNA as used herein, is a specific type of 

DNA present in bacteria and in organelles, particularly the 
mitochondria of fungi, yeast and plants and the chloroplast of 
plants. The group II intron RNA molecules, that is, the RNA 
molecules which are encoded by the group II introns, share a 
similar secondary and tertiary structure. The group II intron 
RNA molecules typically have six domains. Domain IV of the 
group II intron RNA contains the nucleotide sequence which 
encodes the “group II intron-encoded protein.” 

“Excised group II intron RNA.” as used herein, refers to an 
RNA that is either an in vitro or in vivo transcript of the group 
II intron DNA that lacks flanking exon sequences. The 
excised group II intron RNA is obtained from wild-type 
organisms, or mutated organisms, by in vivo transcription and 
splicing, or by in vitro transcription and splicing from the 
transcript of a modified or unmodified group II intron. 

“Group II intron encoded protein, as used herein, is a 
protein encoded by a group II intron open reading frame. The 
group II intron-encoded protein comprises an X domain and 
a reverse transcriptase domain. The X domain of the protein 
has a maturase activity. In some cases, the proteins also com 
prise a Zn domain having Zn" finger-like motifs. As used 
herein, group II intron-encoded proteins also encompass 
modified group II intron-encoded proteins that have addi 
tional or altered amino acids at the N terminus, or C terminus, 
or alterations in the internal regions of the protein, as well as 
wild-type group II intron-encoded proteins. It is believed that 
the group II intron-encoded protein is bound mainly to the 5' 
and 3' ends of domain IV of the group II intron RNA. 

“Modified,” as used herein, refers to DNA, RNA or pro 
teins which differ from the wild-type form of the DNA, RNA, 
or protein. In the case of DNA or RNA, modified refers to one 
or more of substitutions, additions or deletions of nucleotides 
in the DNA or RNA sequence, such that the modified 
sequence is different from the normal, wild-type sequence. 
Modified can refer to substitutions, additions or deletions of 
nucleotides in a sequence within DNA or RNA that does not 
encode a protein, Such as for example, one or more of the 
EBS1, EBS2 and 8 regions of the Group II intron. Modified 
can also refer to Substitutions, additions or deletions of nucle 
otides, as compared to normal wild-type, within a protein 
encoding sequence of the DNA or RNA. The protein encoded 
by such a modified protein-encoding DNA or RNA sequence 
could itself be modified in that it could have one or more of 
Substitutions, additions or deletions of amino acids within its 
protein sequence as compared to the normal, wild-type 
sequence of the protein. 

“Nucleotide integrase, as used herein, refers to an RNP 
particle that functions as an endonuclease that cleaves DNA 
and that is also able to insert a nucleic acid molecule into the 
cleavage site of the DNA substrate. Such RNP particles com 
prise a group II intron-encoded protein which is bound to an 
excised group II intron RNA whose sequence is identical to a 
group II intron RNA that is found in nature, i.e. a wild-type 
group II intron RNA, or an excised group II RNA whose 
sequence is different from a group II intron RNA that is found 
in nature, i.e. a modified, excised group II intron RNA mol 
ecule. Modified excised group II intron RNA molecules, 
include, for example, group II intron RNA molecules that 
have nucleotide base changes or additional nucleotides in the 
internal loop regions of the group II intron RNA, preferably 
the internal loop region of domain IV, and group II intron 
RNA molecules that have nucleotide base changes in the 
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8 
hybridizing regions of domain I. Nucleotide integrases in 
which the group II intron RNA has nucleotide base changes in 
the hybridizing region, as compared to the wildtype, typically 
have altered specificity for the DNA substrate of the wild-type 
nucleotide integrase. 
“DNA recognition sites, as used herein, refer to the 

sequence of nucleotide bases within the DNA substrate which 
are recognized by the nucleotide integrase, or components 
thereof, as signals to cleave the DNA substrate and then insert 
nucleic acid molecules into the substrate. DNA recognition 
sites can also be referred to as “targets' since these are sites 
into which nucleic acid molecules are inserted. 
“DNA substrate as used herein, means the DNA molecule 

containing DNA recognition sites which are cleaved by the 
nucleotide integrases and into which nucleic acid molecules 
are inserted. 

“Insertion frequency, as used herein, means the ratio of 
recipient plasmids having a group II intron DNA sequence 
inserted into the target DNA recognition site thereof, to the 
total number of recipient plasmids. 

"Selection frequency, as used herein, means the percent 
age of co-transformed cells that express the reporter gene. 

“Transformation, as used herein, means introduction of 
nucleic acid molecules, preferably DNA, into cells and main 
tenance of the cells under conditions which allow for tran 
Scription of the group II intron and expression of proteins 
encoded by the group II intron. Herein, transformation 
includes, but is not inclusive of introduction of DNA into 
cells by methods such as calcium chloride or other chemical 
treatment of cells, electroporation, liposomes, and viral or 
other vectors. Transformation can refer to introduction of 
DNA into bacterial, fungal, animal or plant cells. 

“Promoter as used herein, refers to sequences in DNA 
where transcription by an RNA polymerase is specifically 
initiated. Transcriptional promoters may comprise one or 
more of a number of different sequence elements as follows: 
1) sequence elements present at the site of transcription ini 
tiation; 2) sequence elements present upstream of the tran 
Scription initiation site and; 3) sequence elements down 
stream of the transcription initiation site. The individual 
sequence elements function as sites on the DNA where RNA 
polymerases, and transcription factors that facilitate position 
ing of RNA polymerases on the DNA, bind. 

“Heterologous gene.” as used herein, refers to nucleotide 
sequences not normally encoded by a group II intron, that are 
inserted into a group II intron, preferably using recombinant 
DNA techniques. Such heterologous genes can then be 
inserted into the DNA substrate, at or near the DNA recogni 
tion site, as part of the process by which the group II intron 
encoding the heterologous gene, is inserted into the DNA 
substrate. 

“Localization signals, as used herein, refer to amino acid 
or peptide sequences that are recognized intracellularly and 
selectively transported to specific locations within the cell. 
For example, localization signals exist, and are known in the 
art, that are responsible for transport to the nucleus, mito 
chondria and chloroplasts. By incorporating localization sig 
nals within other cellular proteins, it is possible to direct the 
entire protein to the intracellular location to which the spe 
cific peptide localization signal is transported. This can be 
done, preferably using recombinant DNA methodology, by 
fusing the DNA sequence encoding a specific localization 
signal to a gene encoding a protein that one wants to localize 
to a specific site in the cell. 

“Purification tag. as used herein, refers to an amino acid or 
peptide sequence that, when present inside a cell together 
with cellular proteins, can easily be purified away from the 
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other cellular proteins because the peptide sequence can 
readily be recognized. Recognition of these peptides nor 
mally depends on specific binding of the peptide with a spe 
cific reagent, such as for example, an antibody. Another 
example is the high affinity of a peptide containing six con 
tiguous histidine amino acids to bind to nickel. By incorpo 
rating Such purification tags within other proteins (i.e., a 
fusion protein), it is possible to rapidly purify Such proteins 
based on the high affinity of the purification tag with the 
specific reagent This can be done, preferably using recombi 
nant DNA methodology, by fusing the DNA sequence encod 
ing a purification tag peptide to a gene encoding a protein that 
one wants to rapidly purify when expressed in a cell. If the 
fusion protein is able to bind other molecules within the cell, 
an RNA molecule for example, it may be possible to purify 
both fusion protein and bound RNA based on affinity of the 
purification tag within the fusion protein, with the reagent. 

“Detection Tag” as used herein refers to an amino acid or 
peptide sequence that when linked to a group II intron 
encoded protein allows detection of cells expressing Such 
protein. Examples include GFP and lacz. 
II. Methods of Analyzing Modified Nucleotide Integrases 
The present invention provides systems and methods for 

analyzing one or a plurality of nucleotide integrases. The 
methods comprise transforming host cells with a donor plas 
mid or a pool of donor plasmids, each of which contains a 
modified group II intron DNA sequence, and a recipient plas 
mid which contains a target DNA recognition site; and assay 
ing for insertion of the modified group II intron DNA 
sequence into the target DNA recognition site of the recipient 
plasmid. The present invention also relates to DNA constructs 
and RNA constructs useful for preparing the donor plasmid. 
Such constructs are also useful for reacting nucleotide inte 
grases with DNA substrates intracellularly. 
A. DNA Construct and Donor Plasmid 
The DNA construct comprises a modified group II intron 

DNA sequence operatively linked to a promoter. The modi 
fied group II intron DNA sequence has a modified EBS1 
sequence, or a modified EBS2 sequence, a modified 8 region, 
or any combination thereof The modified group II intron 
DNA sequence preferably lacks a portion of domain IV, pref 
erably from about 50% to about 90%, more preferably from 
about 65% to about 90%, most preferably from about 80% to 
about 90% of the loop region of domain IV, while retaining a 
plurality of nucleotides at the 5' end and the 3' end of domain 
IV. Preferably, about 95 to about 200 nucleotides are retained 
at the 5' end and about 25 to about 150 nucleotides are 
retained the 3' end of domain IV. As a result of the deletion, the 
group II intron DNA sequence does not encode a full-length 
protein. Depending upon the intron and the size of the dele 
tion, the modified intron either comprises no open reading 
frame or a disrupted open reading frame which encodes a 
truncated protein. For the L1.LtrB intron, whose domain IV is 
about 1.9 kilobases in size, good results are obtained when 
nucleotides at intron position 691 (from the beginning of the 
intron) through intron position 2286 are deleted from the 
intron. For the L1.ltrB intron, good results are obtained when 
95 to 164 nucleotides are retained at the 5' end and when 28 to 
108 nucleotides are retained at the 3' end of the intron domain 
IV. In one embodiment, the DNA construct further comprises 
a sequence which encodes the protein that is normally 
encoded by the group II intron. The protein-encoding 
sequence is located either upstream or downstream of the 
group II intron sequence and is operatively linked to a pro 
moter. Thus, the construct can contain a single promoter 
which drives transcription of the intron and expression of the 
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protein. Alternatively, the construct can contain two promot 
ers, one of which drives transcription of the intron, and one of 
which drives expression of the protein. Suitable promoters 
include, but are not limited to, tissue-specific promoters, con 
stitutive promoters such as CMV, and inducible promoters 
such as lac, tac, T7 lac, and lac UV5. Preferably, the construct 
further comprises sequences which flank the intron and allow 
splicing of the group II intron RNA from the intron transcript. 
Such sequences are complementary to the EBS1 and EBS2 
sequences of the modified group II intron. Optionally, the 
group II intron further comprises a heterologous sequence in 
domain IV. In one embodiment, the heterologous sequence is 
a promoter. In another embodiment, the heterologous 
sequence is a sequence of from about 2 base pairs to 1.4 
kilobase pairs. Optionally, the construct further comprises a 
sequence encoding an RNA polymerase, which is specific for 
the promoter that is operatively linked to the group II intron 
DNA sequence, or the protein-encoding sequence. The RNA 
polymerase-encoding sequence is operatively linked to a con 
stitutive, or inducible, or tissue specific promoter. Preferably, 
the polymerase-encoding sequence is not transcribed in the 
same direction as the group II intron DNA sequence and the 
group II intron protein-encoding sequence. 

For use in the present method, the above DNA construct, 
preferably, is inserted into a plasmid or an expression vector. 
Such plasmids or expression vectors may be used to trans 
form bacterial, mammalian, or any other types of cells. DNA 
plasmids are commonly used to transform bacterial cells, but 
can also be used to transform other cells, such as for example, 
cells derived from mammalian animals. To transform mam 
malian cells, the DNA construct is preferably inserted into 
viral or other vectors, such as for example, an SV40-derived 
expression vector, an adenovirus-derived expression vector, 
an adeno-associated virus vector, a poxvirus-derived viral 
vector or a retrovirus-derived viral vector. 

In one embodiment there are two donor plasmids, one of 
which contains the modified group II intron DNA sequence 
and one of which contains the protein-encoding sequence. In 
another embodiment, the donor plasmid comprises both the 
group II intron DNA sequence and protein encoding 
sequence. The group II intron sequence in the donor plasmid 
further comprises a promoter for driving expression of 
reporter genes that are located in the recipient plasmid, once 
insertion of the group II intron DNA sequence into the target 
sequence occurs (hereinafter referred to as the “reporter gene 
promoter'). Preferably, the reporter gene promoter is located 
within the remaining portion of domain IV of the intron. For 
the L1.ltrB intron, good results are obtained when the reporter 
gene promoter is located upstream of intron position 2366 
and downstream of intron position 621. Suitable reporter 
gene promoters include constitutive promoters and inducible 
promoters. Preferred promoters are those which are very 
strong and used very specifically by a very active and proces 
sive RNA polymerase, such as for example, the phage T3 
promoter and the phage T7 promoter. Preferably, the donor 
plasmid further comprises a selectable marker gene which 
allows selection of cells that have been transformed with the 
donor plasmid. Preferably, the donor plasmid further com 
prises an origin of replication. 
As described in Studier et al., Methods in Enzymology, (1990) 185:60-89, 

phage T7 promoters are recognized and used by phage T7 RNA polymerase, 
which is highly selective for specific promoters that are rarely found in any 
DNA other than phage T7 DNA. No T7 promoters are known to be present in 
the chromosomal DNA of E. coli. In addition, T7 RNA polymerase is a very 
processive enzyme, i.e., there are very few transcription terminators that are 
able to block transcription by the T7 polymerase. Moreover, T7 RNA poly 
merase is a very active enzyme which trancribes DNA about 5 times faster than 
E. coli RNA polymerase. 
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B. Recipient Plasmids 
The recipient plasmid comprises a target DNA recognition 

site for analyzing the endonuclease activity of the RNP par 
ticle that comprises the excised group II intron RNA and the 
protein encoded by the DNA construct (nucleotide integrase). 
The recipient plasmid further comprises a promoterless 
reporter gene, downstream from the target sequence. Prefer 
ably, the reporter gene encodes a selectable gene, such as for 
example, a tetracycline-resistance gene, which allows selec 
tion of transformed cells comprising a recipient plasmid 
whose target DNA recognition site has the modified group II 
intron DNA sequence inserted therein. Preferably, the recipi 
ent plasmid further comprises a distinct selectable marker 
gene for allowing selection of cells that have been trans 
formed with the recipient plasmid. Such a selectable marker 
gene is operatively linked to a promoter, preferably a consti 
tutive promoter, and is in the opposite orientation of the 
promoterless reporter gene. Preferably, the recipient plasmid 
further comprises a first transcription terminator between the 
target sequence and the promoterless reporter gene. The first 
transcription terminator is selected to prevent non-specific 
transcription of the promoterless reporter gene from cryptic 
promoters in the target sequence or further upstream of the 
target sequence and to allow transcription of the promoterless 
reporter gene upon integration of the group II intron DNA 
sequence into the target DNA recognition site. Good results 
have been obtained with the phage T7Te terminator and the E. 
coli rrnBT2 terminator, both of which allow T7 RNA poly 
merase to transcribe through and prevent E. coli RNA poly 
merase transcription. The E. coli rrnBT2 terminator termi 
nates E. coli RNA polymerase more efficiently, and is, thus, 
more preferred. More preferably, the recipient plasmid fur 
ther comprises a second transcription terminator upstream of 
the target sequence for preventing any non-specific transcrip 
tion of the reporter gene from a promoter upstream of the 
target sequence. Good results have been obtained using an E. 
coli rrnBT1 transcription terminator which terminates both 
E. coli and phage T7 RNA polymerase transcription. Prefer 
ably, the recipient plasmid further comprises a third transcrip 
tion terminator downstream of the reporter gene to terminate 
transcription from the reporter gene promoter. Good results 
have been obtained using the phage T7 To terminator to 
terminate phage T7 RNA polymerase transcription. Prefer 
ably, the recipient plasmid comprises a replication origin 
which is different from the replication origin of the donor 
plasmid. 
C. Host Cells 

In the present method, the recipient plasmid and donor 
plasmid are introduced into host cells which comprise a gene 
encoding an RNA polymerase which, preferably, is specific 
for the promoter that is located in the modified group II intron 
DNA sequence of the donor plasmid (referred to hereinafter 
as the “control polymerase'). For example, in cases where the 
group II) intron contains a phage T7 promoter or a phage T3 
promoter, the host cell comprises a gene which encodes the 
T7 RNA polymerase or the T3 RNA polymerase, respec 
tively. Preferably, the control polymerase gene is operatively 
linked to an inducible promoter such as for example, lacUV5 
promoter, lac or tac promoters. Suitable host cells are bacte 
rial, fungal, plant or animal cells. Preferably, the host cell is a 
bacterium such as, for example, E. coli. 
D. Methods of Assaying for the Insertion of the Modified 
Group II Intron into the Target Sequence 
The recipient plasmid and donor plasmids are introduced 

into the host cells either concurrently or sequentially. The 
cells are maintained in medium under conditions which allow 
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12 
for transcription of the RNA encoded by the group II intron 
sequence, expression of the group II intron-encoded protein, 
and formation of the nucleotide integrase which comprises 
these macromolecules. The transformed cells are monitored 
for expression of the promoterless reporter gene. Expression 
of the promoterless reporter gene occurs when the modified 
group II intron DNA sequence is inserted into the target DNA 
recognition site of the recipient plasmid. To confirm that 
expression of the promoterless reporter gene is due to inser 
tion of group II intron DNA sequence into the target DNA 
recognition site, plasmid DNA is isolated from the selected 
cells and the sequence of the target sequence analyzed by 
restriction enzyme analysis and DNA sequencing analysis. 
Optionally, prior to isolation of the plasmid DNA, the 
selected cells are analyzed by polymerase chain reaction 
(PCR) to determine whether the target sequence has been 
disrupted by insertion of the group II intron. Such analysis 
provides information about the sequence, particularly the 
EBS1 and EBS2 sequences of the inserted group II intron 
DNA sequence, and the location of the insertion site. Retrans 
formation of the isolated plasmid DNA into host cell, fol 
lowed with plating of the host cells on selection medium 
provides information about the insertion frequency of the 
group II intron. 

III. Method of Preparing a Donor Plasmid Library 
A library of donor plasmids is made using a two-step PCR 

procedure. The library comprises a plurality of plasmids 
whose modified group II intron DNA sequences comprise 
randomized EBS1 sequences and randomized EBS2 
sequences. In the first step, a template is employed which 
comprises the full-length group II intron DNA sequence, 
which is preferably flanked by from 1 to 26 nucleotides of the 
5' exon (i.e. the exon that is normally linked to the 5' end of the 
group II intron). In the first PCR step, two sets of primer pairs 
are used. The sense primers of the first set comprise, in the 
following order: a first region having a sequence which is 
complementary to a 5' exon sequence which is upstream of 
the IBS sequences, a second region comprising from 2 to 13 
randomized nucleotide positions, and a third region having a 
sequence which is complementary to an intron sequence 
located downstream from the 5' end of the intron and 
upstream of the EBS2 sequence. The antisense primers of the 
first set comprise a sequence which is complementary to a 
downstream intron sequence, said downstream intron 
sequence being located upstream of the EBS2 sequence. The 
sense primers of the second set comprise, in the following 
order: a first region which is complementary to an intron 
sequence upstream of the EBS2 sequence, a second region 
comprising from 2 to about 6 randomized nucleotides in the 
region of the EBS2 sequence, and a third region having a 
sequence which is complementary to an intron sequence that 
is downstream of the EBS2 sequence. The antisense primers 
of the second set comprise in the following order: a first 
region having a sequence which is complementary to an 
intron sequence which is downstream of the EBS1 sequence, 
a second region comprising from 2 to 7 randomized nucle 
otide positions, and a third region having a sequence which is 
complementary to an intron sequence upstream of the 6 and 
EBS1 sequence. The PCR products made using the first set of 
primers comprise a 3' sequence which partially overlaps with 
the 5' sequence of the PCR products made using the second 
set of primers. The purified PCR products of the first PCR step 
are used as templates in the second PCR step. The primers 
used in the second PCR step are the sense primers of the first 
set and the antisense primers from the second set, in the first 
PCR step. The primers used in the second PCR step, prefer 
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ably, also comprise unique restriction enzyme sites at the 5' 
and 3' ends thereof. The DNA fragments that are produced as 
a result of the second PCR step are digested with the respec 
tive restriction enzymes and cloned into plasmids comprising 
the corresponding group II intron DNA sequence which has 
been modified to contain the same restriction enzyme sites. 
This procedure provides a plurality of plasmids comprising a 
plurality of group II intron DNA sequences having diverse 
EBS1 sequences and EBS2 sequences, and further compris 
ing a plurality of diverse sequences upstream of the EBS1 
sequences. Standard techniques are then used to amplify the 
library. 

Such libraries encode group II introns with the capability to 
insert into many different target DNA recognition sites. When 
group II introns insert themselves into DNA, the target DNA 
recognition site is disrupted due to the insertion. Such disrup 
tion of a target recognition site can resultina genetic mutation 
in the cell in which the intron has inserted. Therefore, libraries 
containing a plurality of group II introns can be used to 
mutagenize cells. For example, introduction of said libraries 
into cells will result in integration of the group II introns into 
many different genomic sequences of those cells, potentially 
disrupting many different genes contained within the cells. 
Individual cells may be isolated from the pool of intron 
containing cells to isolate cell clones that have intron inser 
tions into specific genes. Such mutagenesis could be used in 
bacterial, fungal, plant, mammalian and other types of cells. 

Mobile group II introns are site-specific retrotransposons. 
Intron mobility requires the intron-encoded DNA endonu 
clease, which is an RNP complex, containing both the spliced 
intron RNA and the intron-encoded protein. The intron-en 
coded DNA endonuclease uses both the intron RNA and the 
intron-encoded protein to recognize specific target sequence 
in a double-stranded DNA. The intron RNA recognizes 13-16 
nt of the target DNA through base pairing interactions, allow 
ing the endonuclease's specificity to be changed predictably. 
Thus, randomization of the target recognition sequences in 
the intron RNA will generate a pool of mobile introns with 
diverse specificities. This kind of intron library could be used 
as a mutagen. The advantage of using mobile group II intron 
as a mutagen is that a disfunctioned gene will be concomi 
tantly tagged with a group II intron. In addition, in a diploid 
organism, both alleles could be knocked out simultaneously. 

For mutagenesis, the donor intron library (the huge pool of 
donor intron constructs) with randomized IBS and EBS 
sequences will be transformed or transfected into a pool of 
cells. Following induction for intron transposition, mutants 
could be generated due to intron transposition. Since a gene 
knocked out using this method will be tagged with a group II 
intron, the mutated gene will be easily identified. 

IV. Using the Donor DNA Construct to Prepare Modified 
Nucleotide Integrases 

Modified nucleotide integrases can be isolated from cells 
transformed with a donor DNA construct encoding a modi 
fied group II intron and a group II intron-encoded protein. To 
improve isolation, the DNA construct may be engineered 
Such that the group II intron-encoded protein is linked to a 
purification tag. Such particles are reacted with the DNA 
substrate extracellularly by incubating the particles with the 
DNA Substrate in a buffer comprising magnesium ions. Such 
particles can also be reacted with the DNA substrate intrac 
ellularly by introducing the particles into a host cell compris 
ing the DNA substrate. Methods of introducing such particles 
into the cell include, but are not limited to, microinjection and 
the use of liposomes. 
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14 
Alternatively, the nucleotide integrase may be reacted with 

the DNA substrate intracellularly by introducing the donor 
DNA construct into the cell and then maintaining the cell 
under conditions which allow for formation of the nucleotide 
integrase. Preferably, the constructis in a vector. Accordingly, 
the present invention also relates to recombinant vectors com 
prising a DNA molecule comprising a group II intron. Suit 
able vectors include, for example, plasmids, phagemid, or 
viral vector, into which the DNA molecule has been inserted. 
In the expression vector, the group II intron sequence is opera 
tively linked to an expression control sequence, i.e., a pro 
moter, which directs mRNA synthesis. Representative 
examples of such promoters, include a retroviral LTR or 
SV40 promoter, the E. coli lac or trp promoters, the phage 
lambda PL promoter, and other promoters known to control 
expression of genes in prokaryotic or eukaryotic cells or in 
viruses. The promoter may also be the natural promoter of the 
group II intron. The expression vector also contains a ribo 
Some binding site for translation, initiation, and a transcrip 
tion terminator. Preferably, the recombinant expression vec 
tors also include an origin of replication and a selectable 
marker, such as for example, the amplicillin-resistance gene of 
E. coli, to permit selection of transformed cells (i.e., cells that 
are expressing the heterologous group II intron). 
Among known viral vectors are recombinant viruses which 

are generally based on several virus classes including poxvi 
ruses, herpesviruses, adenoviruses, parvoviruses and retrovi 
ruses. Recombinant viruses of the vaccinia and other types 
are mentioned and cited, for example, in a review by Mackett, 
Smith and Moss, J Virol. 49:857-864, 1994. Preferably, the 
virus vector is a defective adenovirus which has the DNA 
construct inserted into its genome. The term “defective aden 
ovirus' refers to an adenovirus incapable of autonomously 
replicating in the target cell. Generally, the genome of the 
defective adenovirus lacks the sequences necessary for the 
replication of the virus in the infected cell. Such sequences 
are partially, or preferably, completely removed from the 
genome. To be able to infect target cells, the defective virus 
must contain Sufficient sequences from the original genome 
to permit encapsulation of the viral particles during packag 
ing of the construct. Preferably, the adenovirus is of a sero 
type which is not pathogenic for man. Such serotypes include 
type 2 and 5 adenoviruses (Ad 2 or Ad5). In the case of the Ad 
5 adenoviruses, the sequences necessary for the replication 
are the E1A and E1B regions. 
More preferably, the virus vector is an immunologically 

inert adenovirus. Methods for preparing immunologically 
inert adenoviruses are described in Parks et al., Proc Natl 
Acad Sci USA 93:13565-13570, 1996; Leiber, A. et. al., J. 
Virol. 70.8944-8960, 1996; Hardy S., et.al, J. Virol. 71:1842 
1849, 1997; and Morsy et al. Proc. Natl. Acad. Sci. USA 
95:7866-7871, 1998; which are specifically incorporated 
herein by reference. 

Following introduction of the DNA construct into the host 
cell, the group II intron DNA sequence and the protein-en 
coding sequences are expressed in the host cell Such that 
excised RNA molecules encoded by the introduced group II 
intron DNA sequence and protein molecules encoded by the 
protein-encoding sequence are formed in the cell. The 
excised group II intron RNA and group II intron-encoded 
protein are combined within the host cell to produce the 
nucleotide integrase. 
The method used to introduce the DNA molecule is related 

to the particular host cell used. Suitable host cells are those 
which are capable of expressing the group II intron DNA 
sequence. Suitable host cells include, for example, bacterial 
cells, yeast cells, mammalian cells, and plant cells. In those 
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instances where the host-cell genome and the group II intron 
DNA sequence use different genetic codes, it is preferred that 
the DNA construct be modified to comprise codons that cor 
respond to the genetic code of the host cell. The DNA con 
Struct, typically, is constructed de novo from synthetic oligo 
nucleotides or modified by in vitro site-directed mutagenesis 
of an unmodified group II intron DNA or RNA sequence. 
Optionally, DNA molecules comprising sequences that 
encode factors that assist in RNA or protein folding, or that 
inhibit RNA or protein, are also introduced into the cell. 
The intron sequence and protein-encoding sequence of the 

DNA construct are then expressed in the host cell to provide 
a transformed host cell. As used herein, the term “transformed 
cell” means a cell which contains RNP particles comprising 
the excised transcript of the group II intron and the group II 
intron encoded protein. 
The following examples of methods are for illustration 

only and are not intended to limit the scope of the invention. 

EXAMPLES 

Example 1 

The E. coli Genetic Assay 

For the L1.LtrB intron, from Lactococcus lactis, the pre 
ferred DNA target site extends from about position-26 in the 
5' exon (E1) to +9 in the 3' exon (E2; positions numbered from 
the intron-insertion site) (FIG. 1A). In about 14-nucleotide 
(nt) region of the DNA target site (E1-13 to E2+1) is recog 
nized primarily by base pairing with the intron RNA. This 
region includes short sequence elements denoted IBS2, IBS1, 
and 6', which are complementary to intron sequences EBS2, 
EBS1, and 8 (IBS and EBS refer to intron and exon binding 
sites, respectively) (FIGS. 1A and B). These same sequence 
elements are involved in base-pairing interactions required 
for RNA splicing. The regions of the DNA target site flanking 
the IBS and 8' sequences are recognized by the IEP (intron 
encoded protein). The protein first recognizes a small number 
of nucleotide residues in the distal 5' exon region (E1-26 to 
-11) and appears to cause local DNA unwinding, enabling the 
intron to base pair to the IBS and 8' sequences for reverse 
splicing. Antisense-strand cleavage occurs after reverse splic 
ing and requires additional interactions between the protein 
and 3' exon. 

The genetic assay is based on the ability of a modified 
L1LtrB intron, from Lactococcus lactis, to insert into a target 
site upstream of a promoterless reporter tene (tetr), thereby 
activating the expression of that gene (FIG.1C). In this assay, 
a modified L1.LtrB intron, containing a phage T7 promoter 
near its 3' end is expressed from a T7lac promoter in a 
chloramphenicol-resistant (Cam') donor plasmid (pACD 
LtrB). A compatible ampicillin-resistant (Amp') recipient 
plasmid (pUCR-LitrB/Tet) contains the L1.LtrB target site 
(ligated E1-E2 sequence) inserted upstream of a promoterless 
tetracycline-resistance (tet') gene, so that movement of the 
intron into the target site activates the expression of that gene. 
To assay mobility, the donor and recipient plasmids were 
co-transformed into an E. Coli (DE3) strain, which contains 
an IPTG-inducible T7 RNA polymerase. After induction with 
2 mM IPTG, cells co-transformed with the wild-type donor 
and recipient plasmids gave 10-40% Amp'Tet colonies 
indicative of mobility events, compared to 10 for cells 
transformed with the Amp' recipient plasmid alone. Correct 
integration of the intron was confirmed by DNA sequencing 
often mobility events. 
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Efficient mobility was abolished by mutations that delete a 

large segment of the intron open reading frame (AORF), 
inhibit the RT (YAAA) or DNA endonuclease (AZn or 
AConZn) activities of the IEP, or inhibit the ribozyme activity 
of the intron RNA (AD5). Further, in experiments using a 
“twintron' construct, in which a self-splicing group I intron 
was inserted into the group II intron, 95% of the mobility 
products had spliced the td intron, confirming that mobility 
occurs through an RNA intermediate. Deletion analysis 
showed that a target site extending from position -25 to +9 
was sufficient for maximal mobility, whereas further 5' dele 
tions to -13 reduced mobility ~7000-fold, and 3' deletions to 
+4 reduced mobility -240-fold. 
The mobility frequency was increased dramatically by 

using the donor plasmid paCD-AORF+ORF1 (FIG. 1D). 
This plasmid has a large deletion in the “loop' of intron 
domain IV (FIG. 10), which removes most of the Litra ORF, 
and expresses the Litra protein separately from a position 
downstream of the 3' exon. This configuration gave very high 
mobility frequencies (~70% Tet colonies), even without 
IPTG induction to stimulate donor plasmid transcription, and 
the frequencies increased to 100% with a low concentration 
of IPTG (100 uM). The increased mobility frequencies 
appear to be due to greater resistance of the AORF intron to 
nucleolytic cleavage in domain IV rather than increased 
expression of the Litra protein. 

Example 2 

Identification of Preferred Nucleotides in the 
L1.LtrB DNA Target Recognition Site 

The very high mobility frequencies enabled a test of 
detailed target-site recognition rules for the wild-type 
L1.LtrB intron by performing mobility assays, as described in 
Example 1, with recipient plasmids in which positions -30 to 
+15 of the L1.LtrB target site were partially randomized 
(30% "doped” with non-wild-type nucleotide residues). 
Methods. To construct the recipient plasmid library, a 79-nt 
synthetic oligonucleotide 5 GCGGCGACGTC 
ACCCACGTCGATCGTGAACACATCCAT 
AACCATATCATTTTTAATGAATTCGATACCGTCGAC 
CTCGA, (SEQID NO: 1), which contains the doped region 
(underlined), was made double-stranded by using Taq DNA 
polymerase with a primer 5'-TCGAGGTCGACGGTATC 
(SEQ ID NO: 2, complementary to its 3' end. The double 
stranded DNA was then digested with Aat II and Eco RI and 
cloned between the corresponding sites of the polylinker of 
pBRR-Tet (13). The library was electroporated into E. coli 
DH10B and amplified in LB medium. The diversity of the 
initial pool was ~4x10°. Mobility assays were carried out 
with the wild-type paCD-AORF+ORF2 donor plasmid, 
except that cells were transformed by electroporation, IPTG 
induction was omitted, and the tetracycline concentration was 
increased to 50 ug/ml to decrease the background of partially 
tetracycline-resistant colonies resulting from cryptic, weak 
promoters introduced with the doped target sequences. -3.1x 
10 Amp'Cam' cotransformants were obtained, of which3% 
were Tet'. By comparison, ~2% of the colonies with recipient 
plasmids alone were also Amp'Tet", indicating that only 
~1% of cotransformants were real mobility events, with the 
remainderpresumably resulting from promoters generated by 
random sequences in the pool of DNA target sites. Sequences 
were determined for 111 mobility products and 104 plasmids 
from the original recipient plasmid pool (FIGS. 2A and B). 
To assess which positions are potentially recognized by 

base pairing (i.e., the IBS/ö' region of the target recognition 
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site is potentially recognized by base pairing with the intron 
RNA), the number of potential base pairs at each position 
between -13 and +4 in the selected target sites was compared 
with those in the original recipient plasmid pool (FIGS. 2A 
and B). Comparison of the number of potential base pairs in 
selected target sites and the original recipient pool showed 
Some selection for base pairing at each position between -13 
and +4, except for -7, which instead showed clear selection 
against base pairing (FIG. 3A). FIG. 3B compares the total 
number of potential base pairs at these 16 positions in the 
selected clones with that in the initial pool. The plot shows 
strong selection for base pairing over these 16 nucleotides, 
with 99% of the clones selected having 13 potential base pairs 
compared to 73% of the initial pool. None has less than 12 
potential base pairs. 
The effect of nucleotide substitutions at each position was 

analyzed by comparing the ratios (R) of mutant to 
wild-type nucleotide residues in active DNA target sites with 
those in the initial recipient pool by using the expression 
(R)/(R)-1-1. The resulting "mutability 
values” are plotted in FIG. 2C. A negative value indicates 
selection against the Substituted nucleotide residue, with a 
maximum negative value of -1 indicating that the nucleotide 
is totally absent in active DNA target sites. A value of 0 
indicates a neutral Substitution, and a positive value indicates 
that the substituted nucleotide is preferred over the wild-type 
nucleotide. To normalize to the same scale, the maximum 
positive value in the experiment, 3.83 for the substitution 
C-7A, was set equal to +1. 
The data show that most of the wild-type nucleotide resi 

dues between positions -24 and +7 were selected to some 
extent. In the protein-recognition regions, the most critical 
positions were readily identified as G-21 and T+5 (mutability 
values -0.9 to -1 for most nucleotide substitutions). The 
present results provide information about every possible 
nucleotide Substitution at each position. For example, the data 
show that there is significantly less penalty for substitution of 
an A residue at G-21 than for substitution of a pyrimidine 
residue (mutability values: A=-0.6. T=-1, and C=-0.9), and 
that G is strongly selected against at position-20 (mutability 
value -1), possibly reflecting proximity to the required G at 
position -21. Moderate selection for the wild-type nucleotide 
residue was observed at positions -23, -20, -17, -16, -15, 
+2, +3, +4 and +6 (mutability values s–0.6 for some substi 
tutions), while selection for mutant nucleotide residues was 
found from positions +8 to +15 encompassing the antisense 
Strand cleavage site (positive mutability values). 

In the IBS/ö' region of the DNA target site, which is poten 
tially recognized by base pairing with the intron RNA, the 
data show strong or moderate selection against nucleotide 
substitutions at positions -13 to -8 of IBS2, positions -6 to 
-1 in IBS1, and positions +1 to +4 in Ö'. The most strongly 
selected positions were -12, -11, -6, and +1 (mutability 
values s-0.6 for any substitution), while position -7 showed 
selection for nucleotides that do not form Watson-Crick base 
pairs with the intron. Within the region recognized by base 
pairing, pyrimidine-pyrimidine mismatches are tolerated at 
Some positions, while purine-purine mismatches are selected 
against at most positions. Positions that correspond to a 
G-residue in the intron RNA (-12, -10, -6, -4, -1 and +1) 
showed different degrees of selection against purine-purine 
mismatches. Positions -1 and +1 showed strong bias against 
either GG or AG pairs, while positions -10 and -4 showed 
more bias against GA than GG pairs. These differences may 
reflect that the purine-purine mismatches have different 
effects on helix geometry depending on sequence context, or 
that the mismatches are positioned differently relative to the 
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intron’s active site. Positions that correspond to a U-residue in 
the intron RNA tolerate pyrimidine-pyrimidine mismatches 
to various degrees, with T more readily substituted than Cat 
several positions (e.g., -9, -5,-3, and +2). Positions -8 and 
+3, which correspond to A-residues in the intron RNA, did 
not show strong bias against Substitution of a C-residue for 
the wild-type T-residue in the DNA target site, possibly 
reflecting that an AC base pair only minimally disrupts an 
otherwise substantially base-paired helix. 

Notably, a number of positions in the IBS/ö' region showed 
selection for the wild-type nucleotide over other potential 
base-pairing partners, with particularly strong selection for 
the wild-type nucleotide evident at positions -12, -11, -6, 
and +1. The most strongly selected positions, -12 and -6. 
correspond to a G-residue in the intron RNA that base pairs 
with a C-residue in the DNA target site. In both cases, the 
target site C-residue was selected in 110 of 111 target sites, 
with the single exception corresponding to a T-residue that 
can also base pair with the intron. The very strong selection 
for the wild-type nucleotides at C-12 and C-6 could reflect 
that these positions are recognized in part by the IEP on the 
strand opposite that which base pairs with the intron RNA. A 
similar explanation may account for the selection of the wild 
type A residue at position -11. Alternatively, the wild-type 
GC pairs at -12 and -6 may be required to anchor the ends of 
the duplexes. 

Example 3 

Design and Selection of Introns that Specifically 
Integrate into Specific DNA Target Sites 

Group II introns were designed that targeted to different 
regions of HIV-1 provirus and the human gene encoding 
the CCR5 chemokine receptor. The latter is required, together 
with CD4, for infection of macrophages by HIV-1, and it is 
known that individuals homozygous for CCR5 mutations are 
resistant to HIV-1 infection. Consequently, disabling CCR5 
has been considered a means to block HIV-1 infection and 
AIDS progression. 

For targeting, the HIV-1 and CCR5 DNA sequences 
were scanned for the best matches to the fixed positions 
recognized by the IEP, and the intron RNA was then modified 
to base pair to the adjacent sequences for the EBS-IBS and 
6-8' interactions (positions -11 to -8 and -6 to +3 or +4). The 
data from the initial selection study with partially randomized 
DNA target sites (FIG. 2) was used to obtain a quantitative 
measure (i.e., mutability value) of the ability to substitute a 
nucleotide residue at a particular position. To select target 
sites in the HIV-1, and CCR5 DNAs, a mutability value of 
-0.6 was initially used as a lower limit for nucleotide substi 
tutions at positions recognized by the IEP (taken as -30 to 
-12 and +4 to +7 in initial experiments). The resulting search 
sequence 5' N, (G.T.C)N(GA)(A.T.C)N(GA)(A.T.C) 
(G.A.C)NCNN (G.A.C)T(ATC)N, where N represents 
any of the four bases, gave eighteen matches in HIV-1, and 
two in CCR5.The HIV-1 target sites were ordered by succes 
sively higher cutoff values, and introns targeted to the two 
best sites, along with the two CCR5 sites were tested for their 
ability to insert into HIV-1 and CCR5 DNA targets in the 
E. coli genetic assay (FIG.1). Also tested was HIV1-4069s, in 
which position - 12 did not meet the -0.6 cutoff, to determine 
whether the GC base pair at this position, could be replaced 
with a compensatory AT base pair. Because the retargeted 
introns have modified EBS and 6 sequences, complementary 
IBS and +1 sequences were introduced into the donor plasmid 
to ensure efficient splicing. 



US 7,592,161 B2 
19 

All of the retargeted introns inserted at precisely the correct 
positions in the HIV-1 and CCR5 target sites, as confirmed by 
sequencing multiple events. Two introns, HIV1-4021s and 
HIV1-4069s, inserted at high frequencies (>60% after IPTG 
induction), while the remaining three introns (CCR5-1019s, 
CCR5-759a, and HIV1-3994s) inserted at lower frequencies 
(0.16 to 10.6%). The two most efficient introns have compen 
satory changes at EBS-IBS and 6-6' positions -12, -6 or +1. 
where the wild-type nucleotide was strongly conserved in the 
initial selection, indicating that protein recognition at these 
positions is not essential for efficient integration. The less 
efficient introns presumably have deleterious combinations 
of nucleotides that are not readily predicted at this stage. 

To alleviate the necessity of predicting such deleterious 
combinations, an alternate, selection-based approach was 
developed in which the desired DNA target site is simply 
cloned in the recipient vector upstream of the promoterless 
tet' gene, and introns that insert into that site are selected from 
a combinatorial library having randomized target-site recog 
nition sequences (EBS and 8). To eliminate selection for the 
wild-type EBS sequences during RNA splicing in vivo, the 
corresponding IBS sequences in the 5' exon of the donor 
plasmid library were also randomized. Although the require 
ment for base pairing between the two sets of randomized 
sequences in unspliced precursor RNA reduces the complex 
ity of the spliced intron pool, the approach was successful 
because of the very high integration efficiency in this system. 

Single transformations with the combinatorial library 
yielded thirteen introns that inserted at different positions in 
the HIV-1 and CCR5 target sites. The introns were retested 
individually and shown to integrate into their target sites at 
frequencies ranging from <10 to 53%. Data for a subset of 
the selected introns are summarized in FIG. 4. Most of the 
efficient introns selected target sites having the G-21 and T+5 
residues, which were found to be critically required for pro 
tein recognition. However, introns HIV1-54a/9186a and 
CCR5-24s deviate at these positions, but still insert at fre 
quencies of 3-5%, possibly reflecting partial compensation 
by other target-site nucleotide residues. 

The most efficient CCR5 target site has a disfavored nucle 
otide residue at position -16, which excluded it from the 
initial computer search for potential target sites. Two of the 
selected HIV-1 introns have mismatches in EBS-IBS and Ö-Ö' 
interactions, and their integration efficiencies increased Sub 
stantially when these were “corrected’. Such correction can 
be effected routinely via appropriate PCR primers in the 
process of recloning the selected intron into the donor plas 
mid. Although the selected introns have a range of mobility 
frequencies, it should be relatively straightforward to enrich 
for the most efficient introns by carrying out multiple rounds 
of selection. 

Example 4 

Function of Modified Introns in Mammalian Cells 

To determine if group II intron RNPs can function in a 
human cellular environment, 293 embryonic kidney cells or 
CEMT-cells were cotransfected with plasmids containing 
either CCR5 or HIV-1 DNA targets and RNP particles con 
taining the retargeted introns (CCR5-332s or HIV1-4069s), 
which had been packaged separately into liposomes. PCR 
analysis of DNA isolated from the transfected cells gave 
products expected for integration of the introns into the DNA 
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target sites (FIG. 5A). By contrast, such products were not 
detected with DNA from mock-transfected cells, from the 
transfection mix incubated without cells, nor from cells that 
were transfected separately with either target DNA or RNPs 
and mixed prior to DNA extraction. Restriction enzyme 
analysis and sequencing confirmed that the retargeted introns 
had inserted at the correct locations in the CCR5 and HIV-1 
DNAs (FIGS.5A and B). 

Example 5 

Construction of Combinatorial Donor Plasmid 
Libraries 

As described in Example 3, a selection-based approach 
was developed in which the desired DNA target site is simply 
cloned into the recipient vector upstream of the promoterless 
tet' gene, and introns that insert into that site are selected from 
a combinatorial donor library having randomized target-site 
recognition sequences (EBS and Ö). The descriptions in this 
example demonstrate how the donor libraries were made. 
These donor libraries were used in the assay described in 
Example 1. 
Two donor libraries were made. In the first donor library, 

pACD-AORF+ORF2 library 1, hereinafter designated as 
“library 1, intron positions that could potentially base pair 
with target site positions -13 to -8 (IBS2) and -6 to +4 
(IBS1+ö' region) were randomized, along with positions -1 
to -13 of the 5' exon. In the second donor library, p.ACD 
AORF+ORF2 library 2, hereinafter designated as “library 2, 
intron positions that could potentially base pair with target 
site positions -12 to -8 (IBS2) and -6 to +3 (IBS1+6' region) 
were randomized, along with positions -1 to -12 of the 5' 
exon. Library 2 was made because there were additional 
results indicating that the preferred base pairing sequences 
for IBS2-EBS2, IBS1-EBS1 and - extend from -12 to 
-8, -6 to -1 and +1 to +3, respectively. 

Description of how both donor libraries were made follow 
below. 

Library 1 was constructed as shown in FIG.8. The random 
ized sequences were introduced via primers in a two-step 
PCR procedure. In the first stepp ACD-LitrB, which contains 
the full-length L1.LtrB intron, flanked by 177 nts of exon 1 
and 90 nts of exon 2, was used as a template. A first set of 
primer pairs, 5' SLR and IBS and LtrBASEBS2 were used to 
generate a first group of PCR products which extends from 
position -26 in E1 through position 222 in the intron, and a 
second primer pair, RmLtrBEBS1 and RmLTRBEBS2 was 
used to generate a second PCR product which extends from 
position 202 to 318 in the intron. The two partially overlap 
ping PCR products produced in this first PCR step were gel 
purified and then mixed and PCR-amplified using Taq and 
Pfu DNA polymerases (mixed in a 20:1 ratio in units) with the 
primers 5’SLR and IBS and RmLtrBEBS1, which also con 
tains HindIII site and BsrGI site, respectively. The primers 
used in the second PCR step are complementary to position 
-26 in the 5' exon to position 18 in the intron and position 259 
to position 318 in the intron. The final PCR products were 
then digested with restriction enzymes HindIII and BSrGI and 
ligated between the corresponding sites of paCD-DORF+ 
ORF2 plasmid. The ligation products were then electropo 
rated into E. coli DH1 OB cells (obtained from Life Technolo 
gies). The electroporated cells were grown in bacterial growth 
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media at 37° C. for 1 hour for rescue and small aliquots of 
cells were plated on LB+Cap plates to estimate the number of 
independent transformants. The library was amplified in LB 
medium containing chloramphenicol. Assuming that most or 
all of the independent transformants would be different from 
each other, the diversity of the library was estimated to be the 
number of total independent transformants. However, in this 
case the diversity would theoretically be twice the number of 
the total independent transformants because the IBS and 
EBS1 region were randomized and unpaired in most of the 
fragments cloned in the paCD-DORF+ORF due to random 
ization of IBS and EBS1 regions in the two oligos used in the 
final PCR step. Therefore, each plasmid transformed would 
make two different plasmids after replication. The diversity 
of the library was estimated to be 2.0x10. 
Oligos used in library construction are: 
5'SLR and IBS: 
5'-AAAAAA GCT TCG TCG ATC GTG ANNNNNNNN 
NNN NNG TGC GCC CAG ATA GGG TG-3' (SEQ ID 
NO:3) 

LtrBASEBS2: 

5'-AAC CGA AAT TAGAAACTT GCGTTCAG-3 (SEQ 
ID NO:4) 

RmLtrBEBS1: 
5'-CAGATT GTA CAAATG TGG. TGA TAA CAG ATA 
AGT CNNNNNNNNNNACTT ACC TTT CTTTGT3 
(SEQ ID NO:5) 

RntrBEBS2: 
5'-CGC AAG TTT CTA ATT TCG GTT NNN NNN CGA 
TAG AGG AAA GTG TCT-3' (SEQID NO: 6). 

The “N” in each oligo indicates each randomized position. 
Library 2 was constructed as shown in FIG. 9. In general, 

the steps are the same as described above for library 1. DNA 
fragments containing the randomized regions were generated 
using two-step PCR. In the first step, two partially overlap 
ping PCR fragments were generated from plasmid pACD 
AORF+ORF2EBS1+2/OS using Taq DNA polymerase with 
primer pair LIBSN12 and LtrBASEBS2 and another primer 
pair LEBS1N9 and LEBS2N5. The plasmid paCD-AORF+ 
ORF2EBS 1+2/OS is a nonfunctional derivative of pACD 
AORF+ORF2 because the intron is not spliceable with each 
nucleotide residue that potentially base pairs with target site 
positions -7 to +4 (EBS1 and 8 region) and -13 to -8 (EBS2 
region) Switched to its complementary nucleotide residue. 
The randomized sequences in IBS, EBS1 and S, and EBS2 
were introduced into the primers LIBSN12, LEBS1N9 and 
LEBS2N5 during the oligonucleotide synthesis. Each PCR 
reaction was carried out in 100 ul reaction medium containing 
20 mM Tris-HCl (pH 8.4), 50 mM KC1, 2.5 mM MgCl, 0.2 
mM each of dATP, dCTP, dGTP and dTTP, 0.1 units/ul Taq 
DNA polymerase (Life Technologies, Gaithersburg, Md.), 10 
ng of template paCD-AORF+ORF2EBS1+2/OS and 800 ng 
each of primers LIBSN12 and LtrBASEBS2 for reaction A 
and 800 ng primer LEBS2N5 and 1.2g primer LEBS1N9 for 
reaction B. Ten reactions each of reaction A and B were 
carried out by first being denatured at 94°C. for 2 minutes, 
then followed with 30x(94°C., 1 minute: 60° C. 30 seconds; 
72°C., 2 minutes) and then 72° C. for 10 minutes. The PCR 
products were then extracted with phenol: chloraform: 
isoamyl alcohol (Phenol-CIA:25:24:1) and precipitated with 
ethanol. The PCR products were then purified on 1% agarose 
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gel. In the second step, the two partially overlapping PCR 
products were mixed and PCR-amplified using Taq and Pfu 
DNA polymerases (mixed in a 20:1 ratio in units) with the 
primers LIBSN12 and LEBS1 N9, which also conain HindIII 
site and BSrGI site, respectively. 5 PCR reactions were carried 
out with each in 100 ul reaction medium containing 20 mM 
Tris-HCl (pH 8.4),50 mMKC1, 5.0 mMMgCl, 0.2 mMeach 
of dATP, dCTP, dGTP and dTTP, 0.1 units/ul Taq DNA poly 
merase (LifeTechnologies) and 0.005 units/ul Pfu DNA poly 
merase (Strategene, La Jolla, Calif.), 800 ng each of primers 
LIBSN12 and LEBS1N9, and about 4 ug of the IBS contain 
ing fragment and2g of the EBS1EBS2 containing fragment. 
The reactions were carried out by first being denatured at 94° 
C. for 2 minutes, then followed with 25x(94°C., 1 minute: 
60° C. 30 seconds; 72°C., 2 minutes) and then 72° C. for 10 
minutes. The final PCR products were then phenol-CIA 
extracted and ethanol precipitated as in the first step. 
To clone the PCR amplified fragments into pACD-AORF+ 

ORF2EBS1+2/OS, half of the final PCR products were 
digested with restriction enzymes HindIII and BsrGI in a 200 
ul reaction medium containing 50 mM NaCl, 10 mM Tris 
HCl, 10 mM MgCl2, 1 mM dithiothreitol (DTT) (pH 
7.9(a)25° C.), 1 lug/ml bovine serium albumim (BSA), 300 
units HindIII (New England Biolab, Beverly, Mass.) and 150 
units BSrGI (New England Biolab) at 37° C. for 6 hours 30 
minutes. For the vector, 90 ug of the paCD-AORF+ 
ORF2EBS1+2/OS plasmid was also digested with HindIII 
and BsrGI in a 250 ul reaction medium containing 50 mM 
NaCl, 10 mM Tris-HCl, 10 mM MgCl, 1 mM dithiothreitol 
(DTT) (pH 7.9(a)25° C.), 1 g/ml BSA, 300 units HindIII 
(New England Biolab) and 150 units BSrGI (New England 
Biolab) and 5 units alkaline phosphotase (Boehringer Man 
nheim, Indianapolis, Ind.) at 37°C. for overnight. The diges 
tion products were gel purified using 1% agarose gel. The 
HindIII and BsrGI digested 339-nt PCR fragment and 5987 
nt vector were ligated in a 500 ul reaction medium containing 
50 mM Tris-HCl (pH 7.5), 10 mM MgCl, 10 mM dithio 
threitol, 1 mM ATP 25ug/ml BSA, 40 units/ul T4DNA ligase 
(New England Biolab) and 5 lug the HindIII/BsrGI digested 
339-nt Rand IBSEBS fragment and 10 ug HindIII/BsrGI 
digested 5987-nt pACD-AORF+ORF2EBS1+2/OS vector 
DNA at 16°C. for overnight. The ligation products were then 
phenol-CIA extracted and ethanol precipitated in the pres 
ence of 10 ug of carrier E. coli tRNA (sigma, St Louis, Mo.). 
The pellet was washed with 70% ethanol and air dried before 
resuspended in 150 ml 0.5xTE (5 mM Tris-HCl (pH 7.5), 0.5 
mM EDTA). 
To amplify the library, ligation products were transformed 

into E. coli DH1 OB cells. Each time 1 ul of the ligation 
products and 40 ul E. coli DH1 OB cells were mixed, elec 
troporated in a 0.1 cm electroporation cuvette with voltage 
setting at 2.0 kilovolts using Bio-Rad E. coli pulser (Bio-Rad 
Laboratories, Hercules, Calif.) and 30 independent transfor 
mations were carried out. The electroporated cells were 
immediately inoculated into appropriate SOC bacterial 
growth media without any antibiotics for 1 hour for rescue 
and Small aliquots of cells were plated on LB plates contain 
ing 25ug/ml chloramphenicol and grow at 37°C. overnight to 
estimate the total number of independent transformants. The 
remaining transformed cells were inoculated into liquid LB 
medium containing 25 ug/ml chloramphenicol and grown 
overnight at 37°C. to amplify the library. Assuming that most 
or all of the independent transformants would be different 
from each other, the diversity of the library was estimated to 
be the number of total independent transformants. But in this 
case, the diversity would be twice the amount of the total 
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independent transformants because the IBS, EBS1 and S 
region were randomized and unpaired in most of the fragment 
cloned in the paCD-AORF+ORF2EBS1+2/OS due to ran 
domization of IBS, EBS1 and S region in the oligonucleotides 
LIBSN12 and LEBS1 N9 used in the final PCR. Therefore, 
each plasmid transformed would make two different plasmids 
after replication. The diversity of the library was made to be 
2.2x10. 

Oligos used in library construction are: 
LIBSN12: 

5'-AAAAAA GCT TCG TCG ATC GTGAAN NNNNNN 

NNN NNG TGC GCC CAG ATA GGG TG-3' (SEQ ID 
NO:7) 

LtrBASEBS2: 

5'-AAC CGA AAT TAGAAACTT GCGTTCAG-3 (SEQ 
ID NO:8) 

LEBS1N9: 

5'-CAGATT GTA CAAATG TGG. TGA TAA CAG ATA 
AGT CNNNNNNNN NAACTT ACC TTT CTTTGT3 

(SEQ ID NO:9) 
LEBS2N9: 

5'-CGC AAG TTT CTA ATT TCG GTT NNN NNT CGA 

TAG AGG AAA GTG TCT-3' (SEQID NO: 10). 

The “N” in each oligo indicates each randomized position. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS : 11 

<21 Oc 
<211 
<212 

SEO ID NO 1 
LENGTH: 79 
TYPE: DNA 
ORGANISM: Lactococcus lactis 

<4 OO SEQUENCE: 1 

gcc.gcgacgt cacccacgt.c gatcgtgaac acat coataa ccatat catt tittaatgaat 

togataccgt cq acct cqa 

SEO ID NO 2 
LENGTH: 17 
TYPE: DNA 
ORGANISM: Lactococcus lactis 

<4 OO SEQUENCE: 2 

tdgaggt ca C9gtatic 

<210 SEQ ID NO 3 
<211 LENGTH: 53 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: Primer for PCR amplification. 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (23) ... (23) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
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Example 5 

Iterative Selection for Most Efficient introns from a 
Combinatorial Donor Plasmid Library 

Example 3 describes a method of identifying specific 
group II introns, from a library of donor plasmids containing 
different modified group II introns, that integrate into a spe 
cific DNA target site. The goal of such a scheme is to isolate 
the specific group II introns that efficiently integrate into the 
chosen target recognition site. This example describes an 
iterative, enrichment step that can be added to the steps 
described in Example 3 that facilitates identification and iso 
lation of introns that most efficiently integrate into a target 
recognition site of choice. 
The procedure of enriching for introns that efficiently inte 

grate into a chosen target site is shown in FIG. 6. In this 
procedure, the genetic assay (FIG. 1) is performed as 
described in Example 3, with the following modifications. 
Plasmid DNA of the Tet transformants from the initial selec 
tion are isolated. The target site fragments, containing the 
inserted introns, are then amplified by PCR and inserted into 
a new donor plasmid for a second round of selection. Because 
the introns select sites that have complementary IBS and Ö' 
sequences, they have no problem splicing out of these sites for 
the second round of selection. Additional selection rounds are 
performed to isolate introns that insert most efficiently. 

60 

79 

17 



LOCATION: 
OTHER INFO 
FEATURE: 
NAME 
OCA 

E 
FEAT 
NA E 

A. 
E 

RR EEI 
O 

O C 

E A. E 

O C 

E A. E 

O C 

FEA 

O C 

FEA 

O C 

FEA 

R E 

KEY: 
TION: 
R INFO 

O C 

SEQUENCE: 

(27) . . (27) 
RMATION: n. 

(28) ... (28) 
RMATION: n. 

(29).. (29) 
RMATION: n. 

(30) ... (30) 
RMATION: n. 

(31) ... (31) 
RMATION: n. 

(32) ... (32) 
RMATION: n. 

(33) . . (33) 
RMATION: n. 

(34) . . (34) 
RMATION: n. 

(35) . . (35) 
RMATION: n. 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

US 7,592,161 B2 

- Continued 

aaaaaagctt C9tcgatcgt gannnn.nnnn nnnnngtgcg cccagatagg gtg 

aaccalaatt agaaacttgc gttcag 

SEQ ID NO 
LENGTH: 26 
TYPE: DNA 

4. 

ORGANISM: Lactococcus lactis 

SEQUENCE: 

SEQ ID NO 
LENGTH: 60 
TYPE: DNA 

FEATURE: 

FEATURE: 

LOCATION: 

FEATURE: 

LOCATION: 

FEATURE: 

LOCATION: 

4. 

5 

ORGANISM: Artificial 

(35) . . (35) 
OTHER INFORMATION: In 

(36).. (36) 
OTHER INFORMATION: In 

(37) . . (37) 

NAMEAKEY: misc feature 

NAMEAKEY: misc feature 

NAMEAKEY: misc feature 

a or t or g or c 

a or t or g or c 

OTHER INFORMATION: Primer for PCR amplification. 

26 
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- Continued 

<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (38) ... (38) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (39) . . (39) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (40) ... (40) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (41) ... (41) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (42) ... (42) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (43) . . (43) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (44) . . (44) 
<223> OTHER INFORMATION: n = a or t or g or c 

<4 OO SEQUENCE: 5 

cagattgtac aaatgtggtgata acagata agt cnn.nnnn nnnnacttac ctittctttgt 6 O 

<210 SEQ ID NO 6 
<211 LENGTH: 45 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: Primer for PCR amplification. 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (22) ... (22) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (23) . . (23) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (24) . . (24) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (25) . . (25) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (26) ... (26) 
<223> OTHER INFORMATION: n = a or t or g or c 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (27) . . (27) 
<223> OTHER INFORMATION: n = a or t or g or c 

<4 OO SEQUENCE: 6 

cgcaagtttic taattt cqgt timnnnn.ncga tagaggaaag togt ct 45 

<210 SEQ ID NO 7 
<211 LENGTH: 53 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: Primer for PCR amplification. 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 

28 



LOCATION: 
OTHER INFO 
FEATURE: 
NAME 
OCA 

E 
FEAT 
NA E 

A. 
E 

RR EEI 
O 

O C 

E A. E 

O C 

E A. E 

O C 

FEA 

O C 

FEA 

O C 

FEA 

R E 

KEY: 
TION: 
R INFO 

O C 

SEQUENCE: 

(27) . . (27) 
RMATION: n. 

(28) ... (28) 
RMATION: n. 

(29).. (29) 
RMATION: n. 

(30) ... (30) 
RMATION: n. 

(31) ... (31) 
RMATION: n. 

(32) ... (32) 
RMATION: n. 

(33) . . (33) 
RMATION: n. 

(34) . . (34) 
RMATION: n. 

(35) . . (35) 
RMATION: n. 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

feature 

US 7,592,161 B2 

- Continued 

aaaaaagctt C9tcgatcgt gaann.nnnnn nnnnngtgcg cccagatagg gtg 

aaccalaatt agaaacttgc gttcag 

SEQ ID NO 
LENGTH: 26 
TYPE: DNA 

8 

ORGANISM: Lactococcus lactis 

SEQUENCE: 

SEQ ID NO 
LENGTH: 60 
TYPE: DNA 

FEATURE: 

FEATURE: 

LOCATION: 

FEATURE: 

LOCATION: 

FEATURE: 

LOCATION: 

8 

9 

ORGANISM: Artificial 

(35) . . (35) 
OTHER INFORMATION: In 

(36).. (36) 
OTHER INFORMATION: In 

(37) . . (37) 

NAMEAKEY: misc feature 

NAMEAKEY: misc feature 

NAMEAKEY: misc feature 

a or t or g or c 

a or t or g or c 

OTHER INFORMATION: Primer for PCR amplification. 

30 
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31 

I N O R A. O N : a. C r 

<4 OO SEQUENCE: 9 

KEY: misc feature 
... (38) 

INFORMATION: n = a or 

KEY: misc feature 
... (39) 

INFORMATION: n = a or 

KEY: misc feature 
... (40) 

ATION: n = a or 

KEY: misc feature 
... (41) 

INFORMATION: n = a or 

KEY: misc feature 
... (42) 

INFORMATION: n = a or 

KEY: misc feature 
... (43) 

FORMATION: n = a or 

US 7,592,161 B2 

- Continued 

cagattgtac aaatgtggtgata acagata agt cnn.nnnn nnnaacttac ctittctttgt 

. (22) 
INFORMATION: n = a or 

. (23) 
INFORMATION: n = a or 

. (24) 
INFORMATION: n = a or 

. (25) 
INFORMATION: n = a or 

. (26) 

<210 SEQ ID NO 10 
<211 LENGTH: 45 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 
<223> OTHE 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (22). 
&223> OTHER 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (23). 
&223> OTHER 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (24). 
&223> OTHER 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (25). 
&223> OTHER 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (26). 
<223> OTHE R INFORMATION: n = a or 

<4 OO SEQUENCE: 10 

cgcaagtttic taattt cqgt timnnnntcga tagaggaaag 

<210 SEQ ID NO 11 
<211 LENGTH: 2761 
&212> TYPE : DNA 
<213> ORGANISM: Lactococcus lactis 

<4 OO SEQUENCE: 11 

aagcttagag 

tgacaatcta 

aggtgg.cgaa 

gcgc.ccagat 

aaac agccaa 

aaaaataatg 

act cotgaac 

tatgaatttg 

agggtgttaa 

cctaac cqaa 

cggtgcttgg 

aaatt catga 

tgattgcaac 

gtcaagtagt 

aag.cgaaagc 

toatcacctic 

aataggit cqt 

ccacgt.cgat 

ttalagg tact 

tgatacggga 

R INFORMATION: Primer for PCR amplification. 

tgtct 

atccaat cat titt ct cotga 

caaac catat tagaatttac 

cgtgaacaca to cataacgt. 

actctgtaag atalacacaga 

acagagcacg gttggaaagc 

6 O 

45 

6 O 

12 O 

18O 

24 O 

3OO 

32 
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- Continued 

tgttgaacaag gcggtacctic cct actt cac catat cattt ttaattctac gaatctititat 

actggcaaac aatttgactg gaaagt catt cct aaagaga aaacaaaaag C9gcaaagct 

t 

What is claimed is: 
1. A method of increasing insertion of modified group II 

introns into a DNA target site in a host cell in vitro, compris 
1ng: 

a) introducing a nucleic acid construct into the host cell, 
said construct comprising: 
i.) a modified group II intron sequence encoding a modi 

fied group II intron RNA, said modified group II 
intron RNA comprising an EBS1 sequence, an EBS2 
sequence, a delta sequence, and a deletion of Subdo 
mains IVB1, IVB2, IVB3, wherein one or more of 
said EBS1, EBS2 or delta sequences is modified to 
provide a modified EBS1, EBS2, and delta sequence 
that base pairs with an IBS1, IBS2, and delta prime 
sequence, respectively, in the DNA target site; 

ii) a promoter for regulating transcription of said modi 
fied group II intron sequence, said promoter being 
operably linked to the modified group II intron 
Sequence; 

iii) a first flanking sequence upstream of the modified 
group II intron sequence, said flanking sequence 
encoding a first hybridizing sequence which is 
complementary to the EBS1 or the modified EBS1 
sequence contained in said modified group II intron 
RNA, and a second flanking sequence downstream of 
the modified group II intron sequence encoding a 
second hybridizing sequence which is complemen 
tary to the EBS2 or the modified EBS2 sequence 
contained in said modified group II intron RNA; and 

iv) an open reading frame sequence encoding a wild 
type or modified group II intron encoded protein, 
wherein said open reading frame sequence is located 

upstream, or downstream of the modified group II 
intron sequence, and 

wherein expression of said group II intron encoded 
protein is regulated by the promoter which is oper 
ably linked to the modified group II intron 
sequence or by a second promoter which is oper 
ably linked to the open reading frame sequence; 
and 

b) maintaining the cell under in vitro conditions which 
allow for expression of the modified group II intron 
sequence and the open reading frame sequence, forma 
tion of RNP particles comprising a modified excised 
group II intron RNA which is encoded by the modified 
group II intron sequence and a group II intron encoded 
protein which is encoded by the open reading frame 
sequence, and insertion of the modified group II intron 
into the DNA target site: 

wherein the method results in increased insertion of said 
modified group II introns into the DNA target site in the 
host cell in vitro as compared to a method where the 
group II intron RNA lacks deletion of subdomains 
IVB1, IVB2, and IVB3. 

2. A method of increasing insertion of modified group II 
introns into a DNA target site in a host cell in vitro, said 
method comprising: 
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276 O 

2761 

a) introducing a nucleic acid construct into the host cell, 
said construct comprising 
i.) a modified L1.LtrB intron sequence encoding a modi 

fied group II intron RNA, said modified group II 
intron RNA comprising an EBS1 sequence, an EBS2 
sequence, a delta sequence, and a deletion of Subdo 
mains IVB1, IVB2, IVB3, wherein one or more of 
said EBS1, EBS2 or delta sequences is modified to 
provide a modified EBS1, EBS2, and delta sequence 
that base pairs with an IBS1, IBS2, and delta prime 
sequence, respectively, in the DNA target site; 

ii) a promoter for regulating transcription of said modi 
fied group II intron sequence, said promoter being 
operably linked to the modified L1.LtrB intron 
Sequence; 

iii) a first flanking sequence upstream of the modified 
L1.LtrB intron sequence, said flanking sequence 
encoding a first hybridizing sequence which is 
complementary to the EBS1 or the modified EBS1 
sequence contained in the modified group II intron 
RNA and a second flanking sequence downstream of 
the modified L1.LtrB sequence encoding a second 
hybridizing sequence which is complementary to the 
EBS2 or the modified EBS2 sequence contained in 
the modified group II intron RNA; and 

iv) an open reading frame sequence encoding a modified 
or wild-type Ltra protein, 
wherein said open reading frame sequence is located 

upstream, or downstream of the modified L1.LtrB 
intron sequence, and 

wherein expression of said Ltra protein is regulated 
by the promoter which is operably linked to the 
modified L1.LtrB intron sequence or by a second 
promoter which is operably linked to the open read 
ing frame sequence; and 

b) maintaining the cell under in vitro conditions which 
allow for expression of the modified L1.LtrB intron 
sequence and the open reading frame sequence, forma 
tion of modified group II RNP particles and the modified 
or wild-type Ltra protein, and insertion of the modified 
group II intron into the DNA target site: 
wherein the method results in increased insertion of said 

modified group II introns into the DNA target site in 
the host cell in vitro as compared to a method where 
the group II intron RNA lacks deletion of subdomains 
IVB1, IVB2, and IVB3. 

3. The method of claim 1 wherein the nucleic acid construct 
is introduced into the host cell via a viral vector. 

4. The method of claim 1 wherein the nucleic acid construct 
is introduced into the host cell in association with a liposome. 

5. The method of claim 1 wherein the nucleic acid construct 
is introduced into the host cell via a plasmid. 

6. The method of claim 1 wherein the host cell is anarchae 
bacterial or eubacterial cell. 

7. The method of claim 1 wherein the host cell is a fungal 
cell, a plant cell or algae cell. 



US 7,592,161 B2 
37 

8. The method of claim 1 wherein the host cell is an animal 
cell. 

9. The method of claim 1 wherein the group II intron 
encoded protein is modified at the N-terminus, the C-termi 
nus, or internally and wherein the open reading frame 
encodes a fusion protein comprising a group II intron 
encoded protein linked to a purification tag, a detection tag or 
an intracellular localization signal. 

10. A method of increasing insertion of modified group II 
introns into a DNA target site in a host cell in vitro, compris 
1ng: 

a) introducing a nucleic acid construct into the host cell, 
said construct comprising 
i.) a modified group II intron sequence encoding a modi 

fied group II intron RNA, said modified group II 
intron RNA comprising an EBS1 sequence, an EBS2 
sequence, a delta sequence, and a deletion of Subdo 
mains IVB1, IVB2, IVB3, wherein one or more of 
said EBS1, EBS2 or delta sequences is modified to 
provide a modified EBS1, EBS2, and delta sequence 
that base pairs with an IBS1, IBS2, and delta prime 
sequence, respectively, in the DNA target site; 

ii) a promoter for regulating transcription of said modi 
fied group II intron sequence, said promoter being 
operably linked to the modified group II intron 
Sequence; 

iii) a first flanking sequence upstream of the group II 
intron sequence, said flanking sequence encoding a 
first hybridizing sequence which is complementary to 
the EBS1 or the modified EBS1 sequence contained 
in said modified group II intron RNA and a second 
flanking sequence downstream of the modified group 
II intron sequence encoding a second hybridizing 
sequence which is complementary to the EBS2 or the 
modified EBS2 sequence contained in said modified 
group II intron RNA; and 

b) introducing a second nucleic acid construct into the cell, 
said second construct comprising an open reading frame 
sequence encoding a wild-type or modified group II 
intron encoded protein and a promoter which is operably 
linked to the open reading frame sequence; and 

c) maintaining the cell under in vitro conditions which 
allow for expression of the modified group II intron 
sequence and the open reading frame sequence, forma 
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tion of RNP particles comprising a modified excised 
group II intron RNA which is encoded by the modified 
group II intron sequence and a group II intron encoded 
protein which is encoded by the open reading frame 
sequence, and insertion of the modified group II intron 
into the DNA target site: 

wherein the method results in increased insertion of said 
modified group II introns into a DNA target site in the 
host cell in vitro as compared to a method where the 
group II intron RNA lacks deletion of subdomains 
IVB1, IVB2, and IVB3. 

11. The method of claim 10 wherein the group II intron 
encoded protein is modified at the N-terminus, the C-termi 
nus, or internally and wherein the open reading frame 
encodes a fusion protein comprising a group II intron 
encoded protein linked to a purification tag, a detection tag, or 
an intracellular localization signal. 

12. The method of claim 1, wherein the modified group II 
intron RNA comprises a modified EBS1 sequence. 

13. The method of claim 1, wherein the modified group II 
intron RNA comprises a modified EBS2 sequence. 

14. The method of claim 1, wherein the modified group II 
intron RNA comprises a modified delta sequence. 

15. The method of claim 10 wherein the modified group II 
intron is a modified L1.LtrB intron, and wherein the open 
reading frame sequence encodes a wild-type or modified 
Ltra protein. 

16. The method of claim 1, wherein the RNP particles 
prepared by said method have greater resistance to nucle 
olytic activity in the host cell than RNP particles comprising 
a group II intron RNA lacking deletion of subdomains IVB1, 
IVB2, and IVB3. 

17. The method of claim 2, wherein the RNP particles 
prepared by said method have greater resistance to nucle 
olytic activity in the host cell than RNP particles comprising 
a group II intron RNA lacking deletion of subdomains IVB1, 
IVB2, and IVB3. 

18. The method of claim 10, wherein the RNP particles 
prepared by said method have greater resistance to nucle 
olytic activity in the host cell than RNP particles comprising 
a group II intron RNA lacking deletion of subdomains IVB1, 
IVB2, and IVB3. 
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