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(57) ABSTRACT 
The present invention is in the fields of biotechnology and 
molecular biology. More particularly, the present invention 
relates to cloning or Subcloning one or more nucleic acid 
molecules comprising one or more type IIS restriction 
enzyme recognition Sites. The present invention also embod 
ies cloning Such nucleic acid molecules using recombina 
tional cloning methods Such as those employing recombi 
nation sites and recombination proteins. The present 
invention also relates to nucleic acid molecules (including 
RNA and iRNA), as well as proteins, expressed from host 
cells produced using the methods of the present invention. 
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----------------------------U.PROMOTER,--------------------------------. 
721 AGGGCCTATT TCCCATGATT CCTTCATATT TGCATATACG ATACAAGGCT GTTAGAGAGA 

TCCCGGATAA AGGGTACTAA GGAAGTATAA ACGTATATGC TATGTTCCGA CAATCTCTCT 
----------------------------UPROMOTER,--------------------------------. 

781 TAATTAGAAT TAATTTGACT GTAAACACAA AGATATTAGT ACAAAATACG TGACGTAGAA 
ATTAATCTTA ATTAAACTGA CATTGGTTTCTATAATCA TGTTTTATGC ACTGCATCTT 
----------------------------U.PROMOTER,-------------------------------- 

841 AGTAATAATTTCTTGGGTAGTTTGCAGTTT TAAAATTATGTTTTAAAATG GACTATCATA 
TCATTATTAA AGAACCCATC AAACGTCAAA ATTTTAATAC AAAATTTTAC CTGATAGTAT 

U6-PSE PROMOTERE 
----------------------------U.PROMOTER,-------------------------------- 

901 TGCTTACCGT AACTTGAAAG TATTTCGATT TCTTGGCTTT ATATATCTTG TGGAAAGGAC 
ACGAATGGCA TTGAACTTTC ATAAAGCTAA AGAACCGAAA TATATAGAAC ACCTTTCCTG 

+1 base transcription starts 
U6 PROMOTER Not 

961 GAAACACCGG AGACCGCGGC CGCTGGATCC GGCTTACTAA AAGCCAGATA ACAGTATGCG 
CTTTGTGGCC, TCTGGCGCCG GCGACCTAGG CCGAATGATT TTCGGTCTAT TGTCATACGC 

BSal 
1021 TATTTGCGCG CTGATTTTTG CGGTATAAGA ATATATACTG ATATGTATAC CCGAAGTATG 

ATAAACGCGC GACTAAAAAC GCCATATCT TATATATGAC TATACATATG GGCTTCATAC 

1081. TCAAAAAGAG. GTGTGCTATG AAGCAGCGTATTACAGTGAC AGTTGACAGC GACAGCTATC 
AGTTTTTCTC CACACGATAC TTCGTCGCAT AATGTCACTG TCAACTGTCG CTGTCGATAG 

1141 AGTTGCTCAA GGCATATATG ATGTCAATAT CTCCGGTCTG GTAAGCACAA CCATGCAGAA 
TCAACGAGTT CCGTATATAC TACAGTTATA GAGGCCAGAC CATTCGTGTT GGTACGTCTT 

1201 TGAAGCCCGT CGTCTGCGTG CCGAACGCTG GAAAGCGGAA AATCAGGAAG GGATGGCTGA 
ACTTCGGGCA GCAGACGCAC GGCTTGCGAC CTTTCGCCTT TTAGTCCTTC CCTACCGACT 

CCdB 
1261 GGTCGCCCGGTTTATTGAAA TGAACGGCTC TTTTGCTGAC GAGAACAGGG ACTGGTGAAA 

CCAGCGGGCC AAATAACTTT ACTTGCCGAGAAAACGACTG CTCTTGTCCC TGACCACTTT 
CCCB 

1321 TGCAGTTTAA GGTTTACACC TATAAAAGAG. AGAGCCGTA TCGTCTGTTT GTGGATGTAC 
ACGTCAAATT CCAAATGTGG ATATTTTCTC TCTCGGCAAT AGCAGACAAA CACCTACATG 

CCCB 
1381. AGAGTGATAT TATTGACACG CCCGGGCGAC GGATGGTGAT CCCCCTGGCC AGTGCACGTC 

TCTCACTATA ATAACTGTGC GGGCCCGCTG CCTACCACTA GGGGGACCGG TCACGTGCAG 
CCCB 

1441 TGCTGTCAGA TAAAGTCTCC CGTGAACTTT ACCCGGTGGT GCATATCGGG GATGAAAGCT 
ACGACAGTCT ATTTCAGAGG GCACTTGAAA TGGGCCACCA CGTATAGCCC CTACTTTCGA 

F.G. 12B 
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CCCB 
BSa 

1501 GGCGCATGAT GACCACCGAT ATGGCCAGTG TGCCGGTCTC CGTTATCGGG GAAGAAGTGG 
CCGCGTACTA CTGGTGGCTA TACCGGTCAC ACGGCCAGAG GCAATAGCCC CTTCTTCACC 

CCCB 
1561. CTGATCTCAGCCACCGCGAA AATGACATCA AAAACGCCAT TAACCTGATG TTCTGGGGAA 

GACTAGAGTC GGTGGCGCTT TTACTGTAGT TTTTGCGGTA ATTGGACTAC AAGACCCCTT 
CCdBl Pol III terminator 

BSal 
1621 TATAAGGTCT CATTTTTTTT CTAGACCCAG CTTTCTTGTA CAAAGTTGGC ATTATAAGAA 

ATATTCCAGA GTAAAAAAAA GATCTGGGTC GAAAGAACAT GTTTCAACCG TAATATTCTT 

168 AGCATTGCTT ATCAATTTGT TGCAACGAAC AGGTCACTAT CAGTCAAAAT AAAATCATTA 
TCGTAACGAA TAGTTAAACA ACGTTGCTTG TCCAGTGATA GTCAGTTTTA TTTTAGTAAT 

M13 Rew 
1741 TTTGCCATCC AGCTGATATC CCCTATAGTG. AGTCGTATTA CATGGTCATA GCTGTTTCCT 

AAACGGTAGG TCGACTATAG GGGATATCAC TCAGCATAAT GTACCAGTAT CGACAAAGGA 
M13 Rev 

1801. GGCAGCTCTG GCCCGTGTCT CAAAATCTCT GATGTTACAT GCACAAGAT AAAAATATAT 
CCGTCGAGAC CGGGCACAGA GTTTAGAGA CTACAATGTA ACGTGTTCTA TTTTTATATA 

kan.R 
1861 CATCATGAAC AATAAAACTG TCTGCTTACA TAAACAGTAA TACAAGGGGT GTTATGAGCC 

GTAGTACTTG TTATTTTGAC AGACGAATGT ATTTGTCATT ATGTTCCCCA CAATACTCGG 
kanr 

1921 ATATTCAACGGGAAACGTCG AGGCCGCGAT TAAATTCCAA CATGGATGCT GATTTATATG 
TATAAGTTGC CCTTTGCAGC TCCGGCGCTA ATTTAAGGTT GTACCTACGA CTAAATATAC 

kanr 
1981 GGTATAAATG GGCTCGCGAT AATGTCGGGC AATCAGGTGC GACAATCTAT CGCTTGTATG 

CCATATTTAC CCGAGCGCTA TTACAGCCCG TTAGTCCACG CTGTTAGATA GCGAACATAC 
kanr 

2041 GGAAGCCCGA TGCGCCAGAG TTGTTTCTGA AACATGGCAA AGGTAGCGTT GCCAATGATG 
CCTTCGGGCT ACGCGGTCTC AACAAAGACT TTGTACCGTT TCCATCGCAA CGGTTACTAC 

kanr 
2101 TTACAGATGA GATGGTCAGA CTAAACTGGC TGACGGAATT TATGCCTCTT CCGACCATCA 

AATGTCTACT CTACCAGTCT GATTTGACCG ACTGCCTTAA ATACGGAGAA GGCTGGTAGT 
- Kank 

2161 AGCATTTTAT CCGTACTCCT GATGATGCAT GGTTACTCAC CACTGCGATC CCCGGAAAAA 
TCGTAAAATA GGCATGAGGA CTACTACGTA CCAATGAGTG GTGACGCTAG CGGCCTTTTT 

FIG. 12C 
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kamr 
2221. CAGCATTCCA GGTATTAGAA GAATATCCTG ATTCAGGTGA AAATATTGTT GATGCGCTGG 

GTCGTAAGGT CCATAATCTT CTTATAGGAC TAAGTCCACT TTTATAACAA CTACGCGACC 
-kank 

2281 CAGTGTTCCT. GCGCCGGTTG CATTCGATTC CTGTTTGTAA TTGTCCTTTT AACAGCGATC 
GTCACAAGGA CGCGGCCAAC GTAAGCTAAG GACAAACATT AACAGGAAAA TTGTCGCTAG 

kanr 
2341 GCGTATTTCG TCTCGCTCAG. GCGCAATCAC GAATGAATAA CGGTTTGGTT GATGCGAGTG 

CGCATAAAGC AGAGCGAGTC CGCG TAGTG CTTACTTATT GCCAAACCAA CTACGCTCAC 
kanr 

2401 ATTTTGATGA CGAGCGTAAT GGCTGGCCTG TTGAACAAGT CTGGAAAGAA ATGCATAAAC 
TAAAACTACT GCTCGCATTA CCGACCGGAC AACTTGTTCA GACCTTTCTT TACGTATTTG 
-kan 

2461 TTTTGCCATT CTCACCGGAT TCAGTCGTCA CTCATGGTGA TTTCTCACTT GATAACCTTA 
AAAACGGTAA GAGTGGCCTA AGTCAGCAGT GAGTACCACT AAAGAGTGAA CTATTGGAAT 

kanr 
2521 TTTTTGACGA GGGGAAATTA ATAGGTTGTA TTGATGTTGG ACGAGTCGGAATCGCAGACC 

AAAAACTGCT CCCCTTTAAT TATCCAACAT. AACTACAACC TGCTCAGCCT TAGCGTCTGG 
-kank 

2581 GATACCAGGA TCTTGCCATC CTATGGAACT GCCTCGGTGA GTTTTCTCCT. TCATTACAGA 
CTATGGTCCT AGAACGGTAG GATACCTTGA CGGAGCCACT CAAAAGAGGA AGTAATGTCT 
-kank 

2641 AACGGCTTTT TCAAAAATAT GGTATTGATA ATCCTGATAT GAATAAATTG CAGTTTCATT 
TTGCCGAAAA AGTTTTTATA CCATAACTAT TAGGACTATA CTTATTTAAC GTCAAAGTAA 
- Kank 

2701 TGATGCTCGA TGAGTTTTTC TAATCAGAAT TGGTAATTG GTTGTAACAC TGGCAGAGCA 
ACTACGAGCT ACTCAAAAAG ATTAGTCTTA ACCAATTAAC CAACATTGTG ACCGTCTCGT 

2761 TTACGCTGAC TTGACGGGAC GGCGCAAGCT CATGACCAAA ATCCCTTAAC GTGAGTTACG 
AATGCGACTG AACTGCCCTG CCGCGTTCGA GTACTGGTTT TAGGGAATTG CACTCAATGC 

pUC Ori 
2821 CGTCGTTCCA CTGAGCGTCA GACCCCGTAG AAAAGATCAA AGGATCTTCT TGAGATCCTT 

GCAGCAAGGT GACTCGCAGT CTGGGGCATC TTTTCTAGTTTCCTAGAAGA ACTCTAGGAA 
pUC Ori 

2881 TTTTTCTGCG CGTAATCTGC TGCTTGCAAA CAAAAAAACC ACCGCTACCA GCGGTGGTTT 
AAAAAGACGC GCATTAGACG ACGAACGTT GTTTTTTTGG TGGCGATGGT CGCCACCAAA 

pUC Ori 
2941 GTTTGCCGGA TCAAGAGCTA CCAACTCTTT TTCCGAAGGT AACTGGCTTC AGCAGAGCGC 

CAAACGGCCT AGTTCTCGAT GGTTGAGAAA AAGGCTTCCA TTGACCGAAG TCGTCTCGCG 

FIG. 12D 
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pUC Ori 
3001 AGATACCAAA TACTGTCCTT CTAGTGTAGC CGTAGTTAGG CCACCACTTC AAGAACTCTG 

TCTATGGTTT ATGACAGGAA GATCACATCG GCATCAATCC GGTGGTGAAG TTCTTGAGAC 
pUC Ori 

3061. TAGCACCGCC TACATACCTC GCTCTGCTAA TCCTGTTACC AGTGGCTGCT GCCAGTGGCG 
ATCGTGGCGG ATGTATGGAG CGAGACGATT AGGACAATGG TCACCGACGA CGGTCACCGC 

pUC Ori 
3121 ATAAGTCGTG TCTTACCGGGTTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGGT 

TATTCAGCAC AGAATGGCCC AACCTGAGT CTGCTATCAA TGGCCTATTC CGCGTCGCCA 
pUC Ori 

3181 CGGGCTGAAC GGGGGGTTCG TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC 
GCCCGACTTG CCCCCCAAGC ACGTGTGTCG GGTCGAACCT CGCTTGCTGG ATGTGGCTTG 

pUC Ori 
3241 TGAGATACCT ACAGCGTGAG CATTGAGAAA GCGCCACGCT TCCCGAAGGG AGAAAGGCGG 

ACTCTATGGA TGTCGCACTC GTAACTCTTT CGCGGTGCGA AGGGCTTCCC TCTTTCCGCC 
pUC Ori 

3301 ACAGGTATCC GGTAAGCGGC AGGGTCGGAA CAGGAGAGCG CACGAGGGAG CTTCCAGGGG 
TGCCATAGG CCATTCGCCG TCCCAGCCTT GTCCTCTCGC GTGCTCCCTC GAAGGTCCCC 

pUC Ori 
3361 GAAACGCCTG GTATCTTTAT AGTCCTGTCG GGTTTCGCCA CCTCTGACTT GAGCGTCGAT 

CTTGCGGAC CATAGAAATA TCAGGACAGC CCAAAGCGGT GGAGACTGAA CTCGCAGCTA 
DUC Ori 

342.1 TTTTGTGATG CTCGTCAGGG GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCGGCCTTT 
AAAACACTAC GAGCAGTCCC CCCGCCTCGG ATACCTTTTT GCGGTCGTTG CGCCGGAAAA 

pUC Ori 
3481 TACGGTTCCT. GGCCTTTTGC TGGCCTTTTG CTCACATGTT 

ATGCCAAGGA CCGGAAAACG ACCGGAAAAC GAGTGTACAA 

FIG. 1 2E 
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METHODS AND COMPOSITIONS FOR SEAMLESS 
CLONING OF NUCLEIC ACID MOLECULES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of the 
filing date of U.S. Provisional Application No. 60/493,322, 
filed Aug. 8, 2003, the disclosure of which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention is in the fields of biotech 
nology and molecular biology. More particularly, the present 
invention relates to Seamlessly cloning or Subcloning one or 
more nucleic acid molecules. The present invention also 
relates to Seamless cloning of nucleic acid molecules com 
prising one or more type IIS restriction enzyme recognition 
Sites. The present invention also embodies cloning Such 
nucleic acid molecules using recombinational cloning meth 
ods Such as those employing recombination Sites and recom 
bination proteins. The present invention also relates to 
nucleic acid molecules (including RNA and iRNA), as well 
as proteins, expressed from host cells produced using the 
methods of the present invention. 
0004 2. Related Art 
0005. A significant problem with many of the currently 
available molecular cloning techniques results from the 
reliance upon restriction Sites. These techniques result in the 
presence of extraneous polynucleotides in the amplification 
products even after restriction digestions. Such extraneous 
polynucleotides can introduce design limitations on the 
cloned product which often interfere with the structure and 
function of the desired gene products, be they RNA, DNA or 
protein. 

0006. One method of joining nucleic acids without intro 
ducing extraneous bases or relying on the presence of 
restriction sites is splice overlap extension (SOE) (Yon et al., 
Nucl. Acids Res. 17:4895 (1989) and Horton et al., Gene 
77:61-68 (1989)). This method is based on the hybridization 
of homologous 3' Single-Stranded overhangs to prime Syn 
thesis of DNA using each complementary Strand as a tem 
plate. Although this technique can join fragments without 
introducing extraneous nucleotides (in other words, Seam 
lessly), it does not permit the easy insertion of a DNA 
Segment into a specific location when Seamless junctions at 
both ends of the Segment are required. Nor does this 
technique allow for joining fragments with a vector. Liga 
tion with a vector must be subsequently performed by 
incorporating restriction sites onto the termini of the final 
SOE fragment. Finally, this technique is particularly awk 
ward when trying to exchange polynucleotides encoding 
various domains or mutation sites between genetic con 
Structs encoding related proteins. 
0007 Sorge et al., U.S. Pat. No. 6,261,797 describe a 
method by which polynucleotide Sequences of interest are 
Synthesized using one or more Synthesis primers, wherein at 
least one of the primerS is a releasable primer. After Syn 
thesis, the Synthesis product is cleaved by a releasing 
enzyme. The releasable primers of Sorge et al. comprise a 
recognition site for a type IIS restriction endonuclease, 

Mar. 31, 2005 

principally Eam1105I. This then allows for “seamless 
domain replacement' where Synthesis reactions allow the 
production of a polynucleotide of interest by Synthesizing 
two different polynucleotide Sequences using Separate Sets 
of primers, cleaving the Synthesis products with a releasing 
enzyme, and ligating together the two Sets of release Syn 
thesis products. 
0008 Type IIs Restriction Enzymes 
0009 Restriction enzymes can be grouped based on 
Similar characteristics. In general there are three major types 
or classes: I, II (including IIs) and III. Class I enzymes cut 
at a Somewhat random Site from the enzyme recognition 
sites (see Old and Primrose, Principles of Gene Manipula 
tion, Blackwell Sciences, Inc., Cambridge, Mass., (1994)). 
Most enzymes used in molecular biology are type II 
enzymes. These enzymes recognize a particular target 
Sequence (i.e., restriction endonuclease recognition site) and 
break the polynucleotide chains within or near to the rec 
ognition site. The type II recognition Sequences are continu 
ous or interrupted. Class IIs enzymes (i.e., type IIS enzymes) 
have asymmetric recognition Sequences. Cleavage occurs at 
a distance from the recognition site. These enzymes have 
been reviewed by Szybalski et al. Gene 100:13-26 (1991). 
Class III restriction enzymes are rare and are not commonly 
used in molecular biology. 
0010 Type-IIs endonucleases generally recognize non 
palindromic Sequences and cleave outside of their recogni 
tion Site, thus producing overhangs of ambiguous base pairs. 
(Szybalski, Gene 40: 169-173 (1985).) Additionally, as a 
result of their non-palindromic recognition Sequences, the 
use of type-IIs endonucleases will generate more markers 
per kB than a similar type-II endonuclease, e.g., approxi 
mately twice as often. U.S. Pat. No. 4,293,652 discloses a 
linker with a type-IIS enzyme recognition Sequence to permit 
synthesized DNA to be inserted into a vector without 
disturbing a recognition sequence. Brousseau et al. (Gene 
17:279-289 (1982)) and Urdea et al. (Proc. Natl. Acad. Sci. 
USA 80:7461-7465 (1983)) disclose the use of type-IIs 
enzymes for the production of vectors to produce recombi 
nant insulin and epidermal growth factor respectively. 
0011 Thus, there remains a need in the art for methods 
and compositions that allow for insertion of nucleic acid 
molecules into Specific locations of other nucleic acid mol 
ecules with Seamless junctions at one or both ends. There is 
also a need in the art for methods and compositions that 
allow for transfer of these Seamlessly cloned Sections from 
one nucleic acid molecule to another. The present invention 
fulfills these needs. 

BRIEF SUMMARY OF THE INVENTION 

0012. The present invention provides methods of seam 
lessly cloning nucleic acid molecules. The SeamleSS cloning 
methods of the present invention may utilize, for example, 
any restriction enzyme, including those which cleave 
nucleic acid molecules to produce blunt ends. Suitably, the 
methods of the invention utilize type IIS restriction sites and 
enzymes that recognize and cleave at Such sites, which allow 
for the insertion of one or more (e.g. one, two, three, four, 
five, etc.) nucleic acid segments into specific locations of a 
Second nucleic acid molecule with Seamless junctions on 
one or both ends. The present methods are also suitable for 
the production of nucleic acid molecules (e.g. DNA, RNA, 
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DNA hybrids and the like) that only contain nucleic acid 
Sequences that are desired in the product molecule and that 
lack extraneous unwanted Sequences, for example Sequences 
comprising or encoded by restriction Sites. The present 
invention also provides for protein molecules produced or 
encoded by the cloned nucleic acid molecules of the inven 
tion, that contain only amino acid Sequences that are desired 
in the product protein molecule (e.g., a native or mature 
protein, a fusion protein, and the like), and that lack extra 
neous amino acids, for example amino acids encoded by 
restriction sites. In certain embodiments, nucleic acid mol 
ecules of the present invention are especially Suitable for use 
as interfering RNA. The present invention also provides 
novel vectors comprising type IIS Sites and, optionally, 
Selectable markers for the production of Seamlessly cloned 
nucleic acids, as well as compositions and kits for practicing 
methods of the invention. 

0013 In one aspect, the present invention provides meth 
ods for joining one or more (e.g. one, two, three, four, five, 
etc.) first nucleic acid molecules and one or more Second 
nucleic acid molecules, comprising: (a) combining the first 
and Second nucleic acid molecules under conditions Suffi 
cient to allow for the joining of at least one terminus of the 
first nucleic acid molecule(s) to at least one terminus of the 
Second nucleic acid molecule(s), wherein the terminus of the 
first nucleic acid molecule(s) which is connected to the 
terminus of the Second nucleic acid molecule(s) comprises a 
Sticky end (e.g. an overhanging end) generated by a restric 
tion enzyme (e.g. a type IIs restriction enzyme) and the 
terminus of the Second nucleic acid molecule(s) is compat 
ible (e.g. a blunt end or a Sticky end) with this sticky end. In 
embodiments similar to the above and elsewhere herein, the 
Sticky end may be on the terminus of the Second nucleic acid 
molecule, and the first nucleic acid molecule may contain 
the compatible end. 
0.014. In suitable such embodiments, the present inven 
tion provides methods of cloning or Subcloning one or more 
desired nucleic acid molecules comprising: (a) combining in 
vitro or in Vivo, (i) one or more first nucleic acid molecules 
comprising one or more Sticky ends that have been gener 
ated by one or more restriction enzymes (e.g. one or more 
type IIs restriction enzymes); and (ii) one or more Second 
nucleic acid molecules comprising one or more ends which 
are compatible with the one or more Sticky ends on the first 
nucleic acid molecule(s) and, optionally, one or more Select 
able markers; and (b) incubating the combination under 
conditions Sufficient to join the first nucleic acid molecule 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules. 

0.015. In other aspects, the present invention provides 
methods for cloning or Subcloning one or more desired 
nucleic acid molecules comprising: (a) combining in vitro or 
in Vivo, (i) one or more first nucleic acid molecules com 
prising one or more Sticky ends that have been generated by 
one or more restriction enzymes (e.g. one or more type IIS 
restriction enzymes); (ii) one or more second nucleic acid 
molecules comprising one or more restriction sites (e.g. one 
or more first type IIs restriction enzyme recognition sites) 
and, optionally, one or more Selectable markers; and (iii) one 
or more restriction enzymes (e.g., one or more type IIS 
restriction enzymes) that are specific for the one or more 
restriction sites on the Second molecules; and (b) incubating 
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the combination under conditions Sufficient to join the first 
nucleic acid molecule and one or more of the Second nucleic 
acid molecules, thereby producing one or more desired 
product nucleic acid molecules. 

0016. In additional related aspects, the present invention 
provides methods for cloning or Subcloning one or more 
desired nucleic acid molecules comprising: (a) combining in 
vitro or in Vivo, (i) one or more first nucleic acid molecules 
comprising at least one nucleic acid Segment that is flanked 
by one or more restriction sites (e.g. one or more first type 
IIs restriction enzyme recognition sites); (ii) one or more 
Second nucleic acid molecules comprising one or more ends 
which are compatible with a Sticky end on the Segment and, 
optionally, one or more Selectable markers; and (iii) one or 
more restriction enzymes (e.g., one or more type IIs restric 
tion enzymes) that are specific for the one or more restriction 
Sites on the at least one nucleic acid segment; and (b) 
incubating the combination under conditions Sufficient to 
join the first nucleic acid Segment and one or more of the 
Second nucleic acid molecules, thereby producing one or 
more desired product nucleic acid molecules. 
0017. In related aspects, the present invention provides 
methods for cloning or Subcloning one or more desired 
nucleic acid molecules, or portions thereof, comprising: (a) 
combining in vitro or in Vivo, (i) one or more first nucleic 
acid molecules comprising at least one nucleic acid Segment 
that is flanked by one or more first restriction sites (e.g. one 
or more first type IIs restriction enzyme recognition sites); 
(ii) one or more Second nucleic acid molecules comprising 
one or more second restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites) and, optionally, one 
or more Selectable markers; and (iii) one or more restriction 
enzymes (e.g. one or more type IIs restriction enzymes) that 
are specific for the first and/or Second type IIS restriction 
enzyme recognition sites; and (b) incubating the combina 
tion under conditions Sufficient to join the first nucleic acid 
Segment and one or more of the Second nucleic acid mol 
ecules, thereby producing one or more desired product 
nucleic acid molecules. 

0018 Type IIs restriction enzyme recognition sites and 
type IIS restriction enzymes that are useful in the present 
cloning methods, compositions, nucleic acids, vectors and 
kits include, but are not limited to, Bsal, BbsI, BbvII, 
BSmAI, BspMI, Eco31I, BSmBI, Bael, FokI, HgaI, MlyI, 
SfaNI and Sth132I. The first, and second restriction sites, if 
present, utilized throughout the various aspects of the 
present invention may be the same or they may be different. 
In addition, the restriction sites on the same nucleic acid 
molecule (and/or nucleic acid segment) may be the same, or 
they may be different. The present invention also encom 
passes situations wherein one or both of the nucleic acid 
molecules involved in the various methods are vectors, and 
where one or both of the nucleic acid molecules are linear 
nucleic acid molecules. The present invention also encom 
passes the use of other blunt-end cleavage enzymes, includ 
ing, but not limited to, Scal, SmaI, HpaI, HincII, Hae|I and 
Alu. 

0019. In certain embodiments, the nucleic acids and 
nucleic acid Segments utilized in the cloning methods, 
compositions, kits, and vectors of the present invention may 
optionally comprise one or more Selectable markers. Hence, 
the invention also provides Such nucleic acids. The one or 
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more Selectable markers utilized in the present invention 
may be flanked by one or more (e.g. one, two, three, four, 
five, etc.) restriction sites (e.g. type IIs restriction enzyme 
recognition sites). Suitable Selectable markers include, but 
are not limited to, genes that confer antibiotic resistance, 
genes that encode fluorescent proteins, tRNA genes, aux 
otrophic markers, toxic genes, phenotypic markers, anti 
Sense oligonucleotides, restriction endonucleases, restriction 
endonuclease cleavage sites, enzyme cleavage Sites, protein 
binding sites, and Sequences complementary to PCR primer 
Sequences. Suitable antibiotic resistance genes include, but 
are not limited to, a chloramphenicol resistance gene, an 
ampicillin resistance gene, a tetracycline resistance gene, a 
Zeocin resistance gene, a Spectinomycin resistance gene and 
a kanamycin resistance gene. In certain embodiments of the 
present invention, the Selectable marker is a toxic gene. 
Suitable toxic genes include, but are not limited to, a ccdE 
gene, a gene encoding a tuS protein which binds one or more 
ter Sites, a kicB gene, a SacB gene, an ASK1 gene, a dX174 
E gene and a DpnI gene. In additional embodiments of the 
methods of the present invention, the first and/or Second 
nucleic acid molecules may comprise both one or more toxic 
genes and one or more antibiotic resistance genes, and these 
genes may further be flanked by type IIS restriction enzyme 
recognition sites. In Suitable Such embodiments of the 
present invention, the first and/or Second nucleic acid mol 
ecules may comprise both a toxic gene and an antibiotic 
resistance gene. 
0020. In other aspects of the invention, nucleic acids 
and/or nucleic acid Segments for use in the cloning methods, 
vectors, kits and compositions may further comprise one or 
more recombination Sites and/or one or more topoisomerase 
recognition Sites and/or one or more topoisomerases. The 
nucleic acids and/or nucleic acid Segments of the present 
invention may also comprise two or more recombination 
Sites. If a topoisomerase recognition site is present in a 
nucleic acid molecule or nucleic acid Segment of the present 
invention, it may optionally be flanked by two or more 
recombination sites. Recombination Sites Suitable for use in 
the present invention include, but are not limited to, attB 
Sites, attP Sites, att, Sites, attR Sites, lox Sites, psi Sites, tmpI 
Sites, dif Sites, cer Sites, frt Sites, and mutants, variants and 
derivatives thereof. These one or more recombination Sites 
may flank one or more Selectable markers, if present, and/or 
restriction sites (e.g. type IIs sites). In certain embodiments 
of the present invention, the topoisomerase recognition site, 
if present, is recognized and bound by a type I topoi 
Somerase, which may be a type IB topoisomerase. Suitable 
types of type IIB topoisomerase include, but are not limited 
to, eukaryotic nuclear type I topoisomerase and poxvirus 
topoisomerase. Suitable types of poxvirus topoisomerase 
include, but are not limited to, poxvirus topoisomerase 
produced by or isolated from a virus Such as vaccinia virus, 
Shope fibroma virus, ORF virus, fowlpox virus, molluscum 
contagiosum virus and AmSacta morrei entomopoxvirus. 
0021. The present invention also provides methods of 
linking nucleic acid molecules and/or nucleic acid Segments 
which comprise one or more topoisomerases bound to one or 
both termini, wherein the topoisomerase adapted terminus or 
termini comprise a Sequence compatible with that cleaved 
by a restriction enzyme (e.g. a type IIs restriction enzyme). 
In Such Suitable embodiments of the invention, a first nucleic 
acid molecule or nucleic acid Segment may contain a blunt 
end to be linked, and a Second nucleic acid molecule may 
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contain an overhang at the end which is to be linked by a 
Site-specific topoisomerase (e.g., a type IA or a type IB 
topoisomerase), wherein the overhang includes a sequence 
complementary to that comprising the blunt end, thereby 
facilitating Strand invasion as a means to properly position 
the ends for the linking reaction. 

0022. The nucleic acid molecules generated using this 
aspect of the invention include those in which at least one 
strand (not both strands) is covalently linked at the ends 
which are joined (e.g. double-Stranded nucleic acid mol 
ecules generated using these methods contain a nick at each 
position where two ends were joined). These embodiments 
are particularly advantageous in that a polymerase can be 
used to replicate the double-stranded (ds) nucleic acid 
molecule by initially replicating the covalently linked 
Strand. For example, a thermostable polymerase Such as a 
polymerase useful for performing an amplification reaction 
such as PCR can be used to replicate the covalently strand, 
whereas the Strand containing the nick does not provide a 
Suitable template for replication. 

0023. In certain embodiments of the invention, the first or 
Second nucleic acid molecules or nucleic acid Segments 
involved in the various methods of the present invention 
may not comprise a promoter. The present invention also 
allows for transfer of a promoter element into a Second 
nucleic acid molecule that may not comprise a promoter, via 
Seamless cloning. In this orientation, transcription of the 
Second nucleic acid molecule from the promoter element 
located on the first nucleic acid molecule or nucleic acid 
Segment may proceed Such that no additional Sequences are 
transcribed between the promoter element and the transcrip 
tion initiation point of the Second nucleic acid molecule. The 
present invention also allows for Seamlessly adding a first 
nucleic acid molecule or nucleic acid Segment into a Second 
nucleic molecule that contains a promoter element Such that 
the first nucleic acid molecule or Segment will Subsequently 
be under the control of the promoter element. 

0024. The present invention also provides methods for 
cloning or Subcloning one or more desired nucleic acids: (a) 
combining in vitro or in Vivo, (i) one or more first nucleic 
acid molecules that have one or more Sticky ends that have 
been generated by one or more restriction enzymes (e.g. type 
IIs restriction enzymes); and (ii) one or more Second nucleic 
acid molecules comprising one or more ends which are 
compatible with the one or more Sticky ends on the first 
nucleic acid molecule(s) and further comprising one or more 
recombination sites; and (b) incubating the combination 
under conditions Sufficient to join the first nucleic acid 
molecule and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules. 

0025 The present invention also provides methods for 
cloning or Subcloning one or more desired nucleic acid 
molecules, or portions thereof, comprising: (a) combining in 
vitro or in Vivo, (i) one or more first nucleic acid molecules 
comprising at least one nucleic acid Segment that is flanked 
by one or more first restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); (ii) one or more 
Second nucleic acid molecules comprising one or more 
Second restriction sites (e.g. type IIs restriction enzyme 
recognition sites) flanked by one or more recombination 
Sites; and (iii) one or more restriction enzymes (e.g. one or 
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more type IIs restriction enzymes) that are specific for the 
first and/or second restriction sites, and (b) incubating the 
combination under conditions Sufficient to join the first 
nucleic acid molecule and one or more of the Second nucleic 
acid molecules, thereby producing one or more desired 
product nucleic acid molecules. 

0026. As described above, the first and/or second nucleic 
acid molecules and/or nucleic acid Segments involved in 
Such embodiments of the present invention may optionally 
comprise one or more Selectable markers. The first and/or 
Second nucleic acid molecules and/or nucleic acid Segments 
involved in Such aspects of the invention may also, or 
alternatively comprise one or more -1-topoisomerase recog 
nition Sites or topoisomerases as described above, and 
optionally or alternatively, two or more recombination sites, 
which in certain Such embodiments may flank these topoi 
Somerases or topoisomerase recognition sites. 

0027. The present invention also provides methods for 
cloning or Subcloning one or more desired nucleic acid 
molecules, or portions thereof, via recombination cloning 
comprising: (a) combining, in vitro or in Vivo (i) one or more 
first nucleic acid molecules comprising at least one nucleic 
acid Segment that is flanked by one or more restriction Sites 
(e.g. one or more type IIs restriction enzyme recognition 
sites) and that is further flanked by one or more recombi 
nation sites; (ii) one or more Second nucleic acid molecules 
comprising one or more recombination sites; and (iii) one or 
more site-specific recombination proteins; and (b) incubat 
ing the combination under conditions Sufficient to join the 
first nucleic acid molecule and one or more of the Second 
nucleic acid molecules, thereby producing one or more 
desired product nucleic acid molecules. 

0028. The second nucleic acid molecule involved in Such 
embodiments of the invention may also comprise one or 
more restriction sites (e.g. one or more type IIs restriction 
enzyme recognition sites). The first and/or second nucleic 
acids and/or nucleic acid Segments involved may also 
optionally comprise one or more Selectable markers as 
described above. The first and/or second nucleic acid mol 
ecules and/or nucleic acid Segments involved in this aspect 
of the invention may also comprise topoisomerase recogni 
tion Sites or topoisomerases as described above, as well as 
two or more recombination sites flanking these topoi 
Somerase Sites. 

0029 Suitable recombination proteins for use in the 
present invention include, but are not limited to, Int, Cre, 
IHF, Xis, Fis, Hin, Gin, Cin, Tn3 resolvase, TndX, XerC and 
XerD. 

0030 The present invention also provides methods for 
producing host cells comprising one or more of the nucleic 
acid molecules produced by the cloning methods of the 
present invention Suitable host cells that may be used 
throughout the present invention include, but are not limited 
to, bacterial cells, yeast cells, plant cells and animal cells. 
The present invention also provides methods for producing 
a Subsequent nucleic acid molecule and/or protein by 
expression of the product nucleic acid molecule of the 
cloning methods of the present invention in a host cell. 

0.031 Additional embodiments provide for nucleic acid 
molecules and proteins produced in and isolated from a host 
cell. In certain Such embodiments, the nucleic acid mol 
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ecules produced in the host cell may contain only desired 
nucleic acid Sequences, i.e. they may not contain extraneous 
nucleotides, for example, nucleotides encoded by the restric 
tion sites (e.g. type IIs restriction enzyme recognition sites). 
Similarly, the proteins produced from a host cell by these 
methods may only contain amino acid Sequences that cor 
respond to the desired native or mature protein, and may not 
contain extraneous amino acids, for example amino acids 
encoded by the restriction sites (e.g. type IIs restriction 
enzyme recognition sites). Nucleic acid molecules produced 
from a host cell by methods of the present invention may be 
useful as interfering RNA molecules. 

0032) Another aspect of the present invention provides 
methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS that have 
one or more Sticky ends that have been generated by one or 
more restriction enzymes (e.g. type IIs restriction enzymes); 
and (ii) one or more Second nucleic acid molecules com 
prising one or more ends which are compatible with the one 
or more Sticky ends on the first nucleic acid molecule(s), and 
optionally comprising one or more Selectable markers, and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; (e) inserting the one or more product 
nucleic acid molecules into a host cell; and (f) expressing the 
one or more interfering RNAS in the host cell. As in other 
embodiments of the invention described herein, the second 
nucleic acid molecule may contain an end which is gener 
ated by digestion with a type IIS restriction enzyme and the 
first nucleic acid-molecule may contain a compatible end 
generated by other means. 

0033. The present invention also provides methods of 
producing an RNA molecule for use as an interfering RNA 
comprising: (a) optionally, identifying one or more target 
nucleic acid sequences; (b) preparing one or more nucleic 
acid molecules which encode one or more interfering RNAS, 
wherein the interfering RNAS bind to the one or more target 
nucleic acid sequences; (c) combining in vitro or in Vivo, (i) 
the one or more first nucleic acid molecules encoding one or 
more interfering RNAS flanked by one or more first restric 
tion sites (e.g. one or more type IIs restriction enzyme 
recognition sites); (ii) one or more Second nucleic acid 
molecules comprising one or more Second restriction Sites 
(e.g. one or more type IIs restriction enzyme recognition 
Sites) and optionally comprising one or more selectable 
markers; and (iii) one or more site-specific restriction 
enzymes (e.g. one or more type IIs restriction enzymes); and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; (e) inserting the one or more product 
nucleic acid molecules into a host cell; and (f) expressing the 
one or more interfering RNAS in the host cell. 
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0034. In related embodiments, the present invention pro 
vides methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS that have 
one or more Sticky ends that have been generated by one or 
more restriction enzymes (e.g. type IIs restriction enzymes); 
and (ii) one or more Second nucleic acid molecules com 
prising one or more ends which are compatible with the one 
or more Sticky ends on the first nucleic acid molecule(s), and 
optionally comprising one or more Selectable markers, and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; and (e) expressing one or more 
interfering RNAS in vitro or in vivo. In a first further 
embodiment, the one or more interfering RNAS may be 
produced in vitro or isolaged from a cell and then introduced 
into a Second cell. 

0.035 Another aspect of the present invention provides 
methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS flanked 
by one or more first restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); (ii) one or more 
Second nucleic acid molecules comprising one or more 
Second restriction sites (e.g. one or more type IIs restriction 
enzyme recognition sites) and optionally comprising one or 
more Selectable markers; and (iii) one or more site-specific 
restriction enzymes (e.g. one or more type IIs restriction 
enzymes); and (d) incubating the combination under condi 
tions Sufficient to join one or more of the nucleic acid 
molecules encoding the interfering RNAS and one or more 
of the Second nucleic acid molecules, thereby producing one 
or more desired product nucleic acid molecules; and (e) 
expressing one or more interfering RNAS in Vitro or in Vivo. 
In a first further embodiment, the one or more interfering 
RNAS may be produced in vitro or isolaged from a cell and 
then introduced into a Second cell. 

0036). In a related aspect, the present invention provides 
methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more interfering RNAS, wherein the interfering RNAS bind 
to the one or more target nucleic acid Sequences; (c) com 
bining in vitro or in Vivo, (i) the one or more first nucleic 
acid molecules comprising one or more interfering RNAS 
that have one or more Sticky ends that have been generated 
by one or more restriction enzymes (e.g. type IIs restriction 
enzymes); and (ii) one or more second nucleic acid mol 
ecules comprising one or more ends which are compatible 
with the one or more Sticky ends on the first nucleic acid 
molecule(s), and optionally comprising one or more Select 
able markers; and (d) incubating the combination under 
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conditions Sufficient to join one or more interfering RNAS 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules; (e) inserting the one or more product nucleic acid 
molecules into a host cell; and (f) expressing the one or more 
interfering RNAS in the host cell. 
0037. The present invention also provides methods of 
producing an RNA molecule for use as an interfering RNA 
comprising: (a) optionally, identifying one or more target 
nucleic acid sequences; (b) preparing one or more nucleic 
acid molecules which comprise one or more interfering 
RNAS, wherein the interfering RNAS bind to the one or 
more target nucleic acid sequences; (c) combining in vitro or 
in Vivo, (i) the one or more first nucleic acid molecules 
comprising one or more interfering RNAS flanked by one or 
more first restriction sites (e.g. one or more type IIs restric 
tion enzyme recognition sites); (ii) one or more Second 
nucleic acid molecules comprising one or more Second 
restriction sites (e.g. one or more type IIs restriction enzyme 
recognition sites) and optionally comprising one or more 
Selectable markers; and (iii) one or more site-specific restric 
tion enzymes (e.g. one or more type IIs restriction enzymes); 
and (d) incubating the combination under conditions Suffi 
cient to join one or more interfering RNAS and one or more 
of the Second nucleic acid molecules, thereby producing one 
or more desired product nucleic acid molecules; (e) inserting 
the one or more product nucleic acid molecules into a host 
cell; and (f) expressing the one or more interfering RNAS in 
the host cell. 

0038 Methods of the present invention may be used, for 
example, to prepare shRNA molecules in which the 5' and 3 
termini contain none or few (e.g., one, two, three, four, or 
five) nucleotides which are not encoded by a first nucleic 
acid molecule referred to throughout. Thus, the shRNA may 
comprise from about 40 to about 60 nucleotides in which 
either none of all but a few nucleotides at one or both termini 
are encoded by a first nucleic acid molecule. In Such 
instances, the first nucleic acid molecule may be composed 
of nucleic acid which upon transcription results in the 
production of RNA with three different segments: (1) sense 
RNA, (2) a loop/non-complementary RNA, and (3) anti 
sense RNA. Methods of the invention include introducing 
into a cell (1) (a) nucleic acid which encodes the RNA 
described above or (b) the RNA itself, and (2) the measure 
ment of inhibition of expression of a gene corresponding to 
the sense and/or antisense RNA. 

0039. In particular embodiments of the invention, the 
invention may be used to produce nucleic acid molecules 
which produce RNA molecules that do not form hairpins. As 
one example, methods of the invention may be used to 
produce two separate vectors, one or which may be used to 
produce a sense RNA molecules (e.g., a Sense RNA mol 
ecule which is between about 18 and about 30, between 
about 20 and about 30, between about 22 and about 30, or 
between about 18 and about 25 nucleotides in length) and an 
antisense RNA molecules (e.g., a Sense RNA molecule 
which is between about 18 and about 30, between about 20 
and about 30, between about 22 and about 30, between about 
18 and about 100, or between about 18 and about 25 
nucleotides in length), wherein the two RNA molecules are 
capable of hybridizing to each other and/or share a region of 
sequence complementarity over at least 80%, 90%, or 95% 
of their full lengths (e.g., Sequence complementarity over a 
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19 nucleotide Stretch, wherein each molecule is 22 nucle 
otides in length). Alternatively, both sense and antisense 
RNA molecules, Such as described above, may be produced 
by a single vector but as Separate transcription products. 

0040. As a variation of the above, the invention may be 
used to produce either Sense or antisense RNA molecules 
alone in cells. These RNA molecules may be of any length 
Suitable for the particular application (e.g., expression of 
protein, antisense inhibition of gene expression, ribozyme 
production, etc.). 
0041. The invention may further be used to produce 
microRNA molecules. MicroRNA molecules are molecules 
which are structurally similar to shRNA molecules but, 
typically, contain one or more mismatches or insertion/ 
deletions in their regions of Sequence complementary. At 
least Some microRNA molecules are transcribed as polycis 
trons of about 400, which are then processed to RNA 
molecules of about 70 nucleotides. These double Stranded 70 
mers are then are processed again, presumably by the 
enzyme Dicer, to two RNA molecules which are about 22 
nucleotides in length and often have one or more (e.g., one, 
two, three, four, five, etc.) internal mismatches in their 
regions of Sequence complementarity. Lee et al., EMBO 
21:4663-4670 (2002). The invention also includes, for 
example, uses of microRNA molecules and nucleic acid 
molecules which encode microRNA molecules which are 
similar to the uses described those described herein for 
shRNA and non-hairpin doule Stranded RNA molecules. 
0042. The present invention also provides methods of 
regulating the expression of one or more genes in a cell or 
an animal using interfering RNA, comprising: (a) identify 
ing one or more target nucleic acid Sequences; (b) preparing 
one or more nucleic acid molecules which encode one or 
more interfering RNAS, wherein the interfering RNAS bind 
to the one or more target nucleic acid Sequences; (c) com 
bining in vitro or in Vivo, (i) the one or more first nucleic 
acid molecules encoding one or more interfering RNAS that 
have one or more Sticky ends that have been generated by 
one or more restriction enzymes (e.g. type IIs restriction 
enzymes); and (ii) one or more second nucleic acid mol 
ecules comprising one or more ends which are compatible 
with the one or more Sticky ends on the first nucleic acid 
molecule(s), and optionally comprising one or more Select 
able markers; (d) incubating the combination under condi 
tions Sufficient to join one or more of the nucleic acid 
molecules encoding the interfering RNAS and one or more 
of the Second nucleic acid molecules, thereby producing one 
or more desired product nucleic acid molecules; and (e) 
inserting the one or more interfering RNA expression vec 
tors into the cell or one or more cells of the animal, under 
conditions such that the one or more interfering RNAS bind 
to the one or more target nucleic acid Sequences, thereby 
regulating expression of the one or more targeted genes. 

0043. In related embodiments, the present invention also 
provides methods of regulating the expression of one or 
more genes in a cell or an animal using interfering RNA, 
comprising: (a) identifying one or more target nucleic acid 
Sequences; (b) preparing one or more nucleic acid molecules 
which comprise one or more interfering RNAS, wherein the 
interfering RNAS bind to the one or more target nucleic acid 
Sequences; (c) combining in vitro or in Vivo, (i) the one or 
more first nucleic acid molecules comprising one or more 

Mar. 31, 2005 

interfering RNAS flanked by one or more first restriction 
Sites (e.g. one or more type IIs restriction enzyme recogni 
tion sites); (ii) one or more Second nucleic acid molecules 
comprising one or more Second restriction sites (e.g. one or 
more type IIS restriction enzyme recognition sites) and 
optionally comprising one or more Selectable markers, and 
(iii) one or more site-specific restriction enzymes (e.g. one 
or more type IIs restriction enzymes); (d) incubating the 
combination under conditions Sufficient to join one or more 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; and (e) inserting the one or more 
interfering RNA expression vectors into the cell or one or 
more cells of the animal, under conditions Such that the one 
or more interfering RNAS bind to the one or more target 
nucleic acid Sequences, thereby regulating expression of the 
one or more targeted genes. 

0044. Such methods of the invention can be used to 
knockout or knockdown one or more genes in Vivo in a cell 
or animal. These methods of the invention may also be used 
to produce genetically modified animals by expressing inter 
fering RNA in germ cells or Somatic cells, and for prepa 
ration of transgenic animals. 

0045. In another embodiment, the present invention also 
provides isolated nucleic acid molecules comprising: (a) one 
or more Sticky ends that have been generated by one or more 
restriction enzymes (e.g. one or more type IIs restriction 
enzymes); and (b) optionally one or more selectable mark 
ers. The present invention also provides isolated nucleic acid 
molecules comprising: (a) one or more restriction sites (e.g. 
one or more type IIs restriction enzyme recognition sites); 
and (b) optionally one or more Selectable markers. 
0046) Suitable restriction enzyme recognition sites and 
Selectable markers are described above. The isolated nucleic 
acid molecules of the present invention may also comprise 
one or more recombination Sites and/or one or more topoi 
Somerase recognition Sites and/or one or more topoi 
Somerases. If present, the topoisomerase recognition Sites 
may be flanked by recombination sites. The isolated nucleic 
acid molecules of the present invention may be vectors or 
linear nucleic acid molecules. The present invention also 
provides isolated nucleic acid molecules comprising: (a) one 
or more Sticky ends that have been generated by one or more 
restriction enzymes (e.g. one or more type IIs restriction 
enzymes); and (b) one or more recombination sites. The 
present invention further provides isolated nucleic acid 
molecules comprising: (a) one or more restriction sites (e.g. 
one or more type IIs restriction enzyme recognition sites); 
and (b) one or more recombination sites. 
0047 The present invention also provides vectors com 
prising: (a) one or more desired nucleic acid segments; (b) 
optionally one or more toxic genes; and (c) one or more sites 
that are compatible with a Sticky end generated by a restric 
tion enzyme (e.g. one or more type IIs restriction enzymes). 
Suitable desired nucleic acid molecules include genes (e.g. 
open reading frames) and promoters. The vectors of the 
present invention may also comprise one or more recombi 
nation sites, and one or more topoisomerase recognition 
Sites and/or one or more topoisomerases, wherein, the topoi 
Somerase recognition Sites if present, may be flanked by 
recombination Sites. In other embodiments, the vectors of 
the present invention may optionally comprise one or more 
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Selectable markers as described above. Suitable vectors of 
the present invention include, but are not limited to, pFNTR/ 
U6-ccdB (vector diagram for pENTR/U6-ccdB shown in 
FIG. 2A, vector sequence in Table 5, FIG. 12, and SEQ ID 
NO:1). 
0.048. The present invention also provides vectors com 
prising: (a) one or more desired nucleic acid segments; (b) 
optionally one or more toxic genes; and (c) one or more 
restriction sites (e.g. one or more type IIs restriction enzyme 
recognition sites). Suitable desired nucleic acid molecules 
include genes and promoters. The vectors of the present 
invention may also comprise one or more recombination 
Sites, and one or more topoisomerase recognition Sites 
and/or one or more topoisomerases, wherein, the topoi 
Somerase recognition Sites if present, may be flanked by 
recombination Sites. In other embodiments, the vectors of 
the present invention may optionally comprise one or more 
Selectable markers as described above. Suitable vectors of 
the present invention include, but are not limited to, pFNTR/ 
U6-ccdB (vector diagram for pENTR/U6-ccdB shown in 
FIG. 2A, vector sequence in Table 5, FIG. 12, and SEQ ID 
NO:1). 
0049. The present invention also provides host cells 
comprising one or more of the isolated nucleic acid mol 
ecules or nucleic acid Segments of the present invention, and 
methods of expressing the isolated nucleic acids of the 
present invention in one more host cells and isolating the 
expressed nucleic acids. The present invention also provides 
methods of expressing and isolating proteins from host cells 
comprising one or more isolated nucleic acids or nucleic 
acid Segments of the invention. 
0050 Another embodiment of the invention provides 
methods of expressing desired product nucleic acid Seg 
ments by introducing the nucleic acid molecules, nucleic 
acid Segments, or vectors of the present invention into a host 
cell and expressing the product nucleic acid Segments. 
0051. The present invention also provides for composi 
tions comprising: (a) one or more first nucleic acid mol 
ecules that have one or more Sticky ends that have been 
generated by one or more restriction enzymes (e.g. type IIS 
restriction enzymes); and (ii) one or more Second nucleic 
acid molecules comprising one or more ends which are 
compatible with the one or more Sticky ends on the first 
nucleic acid molecule(s). The first and Second nucleic acid 
molecules may optionally comprise one or more Selectable 
markers as discussed above. These first and Second nucleic 
acid molecules may also comprise one or more recombina 
tion Sites, one or more topoisomerase recognition Sites 
and/or one or topoisomerases, wherein the topoisomerase 
recognition Sites, if present, may be flanked by recombina 
tion Sites. The optional Selectable markers may be flanked by 
type IIS restriction Sites and/or recombination sites. The 
compositions of the invention may also comprise one or 
more recombination proteins as described above. 
0.052 The present invention further provides for compo 
Sitions comprising: (a) one or more first nucleic acid mol 
ecules comprising at least one nucleic acid Segment that is 
flanked by one or more first restriction sites (e.g. one or more 
type IIs restriction enzyme recognition sites; (b) one or more 
Second nucleic acid molecules optionally comprising one or 
more Second restriction sites (e.g. one or more type IIS 
restriction enzyme recognition sites); and (c) one or more 
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restriction enzymes (e.g. type IIs restriction enzymes) that 
are specific for the first and/or Second restriction sites. The 
first and Second nucleic acid molecules and/or nucleic acid 
Segments may optionally comprise one or more Selectable 
markers as discussed above. These first and Second nucleic 
acid molecules and/or nucleic acid Segments may also 
comprise one or more recombination Sites, one or more 
topoisomerase recognition sites and/or one or topoi 
Somerases, wherein the topoisomerase recognition sites, if 
present, may be flanked by recombination Sites. The optional 
Selectable markers may be flanked by type IIS restriction 
Sites and/or recombination Sites. The compositions of the 
invention may also comprise one or more recombination 
proteins as described above. 
0053. The present invention also provides kits compris 
ing the isolated nucleic acids or vectors of the present 
invention. The kits of the present invention may further 
comprise one or more type IIS restriction enzymes, one or 
more recombination proteins, and one or more host cells. 
0054) Other embodiments of the present invention will be 
apparent to one or ordinary skill in light of the following 
drawings and description of the invention, and of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055 FIG. 1A is a schematic diagram of a vector of the 
invention comprising: an origin of replication (ori), a kana 
mycin resistance gen (kan), a Polymerase II promoter 
(poliI), L1 (attl1) and L2 (attl 2) recombination sites, an 
ATG translation initiation site/codon, a Secretion signal, type 
IIS restriction sites, and a negative Selectable marker. 
0056 FIG. 1B is a schematic diagram of a vector of the 
invention comprising: an origin of replication (ori), a kana 
mycin resistance gen (kan), a Polymerase II promoter 
(pol), L1 (attl1) and L2 (atti 2) recombination sites, an 
ATG initiation site/codon, an affinity tag, a cleavage Site, a 
type IIS restriction Site, and a negative Selectable marker. 
0057 FIG. 2A is a schematic diagram of pENTR/U6. 
0058 FIG. 2B depicts a Bsal digestion and cloning 
scheme using peNTR/U6. 
0059 FIGS. 3A and 3B depict luciferase and B-gal 
suppression in GripTite TM 293 cells by transient cotransfec 
tion of reporters and pENTR/U6 vectors. A) Luciferase 
activities measured in lysates of cells: from left 1) untrans 
fected, 2) cotransfected with luciferase and lacz reporter 
genes plus a dummy plasmid (pUC19/actin), or 3-4) same as 
2 except either pENTR/U6 targeting luciferase (GL2-22) or 
f3-gal (lacZ-19) replace the pUC19/actin. B) f-gal activity 
measurements of the same lysates as in A. Activities are the 
average of duplicate wells. The Standard error of the mean 
is indicated for each Sample. 
0060 FIGS. 4A and 4B depicts RNAi of B-Gal and 
Luciferase activity from co-transfected reporter constructs 
by peNTR/U6 shRNA clones. Data are reported as the ratio 
of lac7, and Luciferase activity. Error bars are calculated 
from two independent Samples. AS/SA indicates the orien 
tation of the Sense and anti-Sense Strand relative to the U6 
promoter. A) Luciferase/B-gal activity after co-transfection 
with the indicated peNTR/U6 shRNA sequences targeting 
the Luciferase gene and a puC19-actin control. p.NTR/U6 
A6-GL2-22(AS) is the same construct used in FIG. 3. The 
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asterisk (*) after ENTR/U6-A6-GL2-2-SA indicates a point 
mutation was identified in the shRNA target Sequence clone 
used in this experiment. B) f-gal/Luciferase activity after 
co-transfection with various pFNTR/U6 shRNA sequences 
targeting the LacZ gene. ENTR/U6-A6-lacZ-19 is the same 
construct used to generate the data presented in FIG. 3. 
0061 FIG. 5 depicts f-gal/Luciferase activity ratios after 
co-transfection reporter plasmids and pENTR/U6 LacZ-19 
shRNA target clones with the indicated Terminator lengths. 
Terminators with 4, 5, 6 and 8 “Ts’ were tested in the 
pENTR/U6.2 vector (A4-8). 
0062 FIG. 6A is a schematic of the lentiviral RNAi 
shRNA transfer vector: plentiG/RNAi-DEST which is a 
promoterleSS Gateway-adapted lenti Vector which may be 
used to clone, for example an shRNA cassette of interest Via 
Gateway LXR reaction with pENTR U6 vectors. The shRNA 
cassette will often contain an RNA pol III-or other 
promoter of choice to drive hairpin expression. The vector 
conferS blasticidin resistance to transduced cells. 

0063 FIG. 6B is a schematic of the lentiviral RNAi Kit 
control vector: Kit control plasmid pLentiG/RNAi/U6-GW/ 
lamAC which results from LXR reaction between plentio/ 
RNAi-DEST and pENTR/U6-lamAC-AS-cgaa. plentiG/ 
RNAi/U6-GW/lamAC expresses lamAC-AS-cgaa hairpin to 
Specifically knockdown lamin A/C expression. 
0064 FIG. 7 depicts the inhibition of lamin A/C expres 
sion. Lentið/RNAi viruses encoding anti-lamin A/C shRNAs 
(U6-lamAC) were transduced into HeLa cells to test inhi 
bition of lamin A/C expression. Control viruses encoded 
GFP gene (GFP) or anti-luciferase shRNAs (U6-GL2). 
Western blots for lamin A/C or beta-actin were conducted on 
lysates from transduced cells. Top panel: Lysates were 
prepared 48 hrs post-transduction. Bottom panel: Lysates 
were prepared from transduced, shRNA-producing, blasti 
cidin-resistant cells 5 days post-transduction. 
0065 FIG. 8A is a plasmid map of plenti6/V5-DEST. 
0.066 FIG. 
gTOPO(R). 
0067 FIG. 8C is a plasmid map of plentia/V5-DEST 
0068 FIG. 8D is a plasmid map of plentiG/UbC/V5 
DEST. 

0069 FIG. 9A is a plasmid map plP 1. 
0070 FIG.9B is a plasmid pLP2. 
0071 FIG. 9C is a plasmid map of plP/VSVG. 
0072 FIG. 10 is a plasmid map of pAd/PL-DEST. 
0073 FIG. 11 is a plasmid map of pAd/CMV/V5-DEST. 
0.074 FIG. 12 depicts the nucleic acid sequence of the 
pENTR/U6 with annotations noting the various segments of 
the vector. SEO ID NO:1 

0075 FIG. 13 depicts RNAi overview. 
0076 FIG. 14 depicts RNAi Mechanistic Model. 
0077 FIG. 15 depicts RNAi Methods. 
0078 FIG. 16 depicts siRNA Molecules. 
007.9 FIG. 17 depicts Transfection of siRNAs 

8B is a plasmid map of plentio/V5 
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0080 FIG. 18 depicts Variation in siRNA effectiveness. 
0081 FIG. 19 depicts expression in vivo. 
0082 FIG. 20 depicts BLOCK-iTTM Long RNAi Tran 
Scription Kit. 

0.083 FIG. 21 depicts BLOCK-ITTM Dicer RNAi Kit 
0084 FIG. 22 depicts d-siRNA knockdown. 
0085 FIG. 23 depicts d-siRNA vs. siRNA. 
0.086 FIG. 24 depicts BLOCK-ITTM RNAi. 
0087 FIG. 25 depicts MicroRNA (mRNA). 
0088 FIG. 26 depicts RNAi Vectors. 
0089 FIG. 27 depicts U6 RNAi. 
0090 FIG. 28 depicts Gateway'TM Cloning and 
ViraPowerTM RNAI cassettes. 

0091 FIG. 29 depicts Selecting a viral expression sys 
tem. 

0092 FIG. 30 depicts Outline for lentiviral production. 
0093 FIG. 31 depicts Overview of Lentiviral Produc 
tion. 

0094 FIG.32 depicts ViraPowerTM lentiviral production. 
0.095 FIG. 33 depicts Clone your gene of interest into 
Lentivirus. 

0096 FIG. 34 depicts Two methods for fast cloning. 
0097 FIG. 35 depicts Two methods for fast cloning. 
0.098 FIG. 36 depicts Subcloning an Entry Clone into 
Multiple Destination Vectors. 
0099 FIG. 37 depicts plentiGN5 Expression Vectors. 
0100 FIG. 38 depicts GATEWAY Cloning Technology. 
0101 FIG. 39 depicts Assembly of Three DNA segments 
using Existing Entry Clones. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0102 Definitions 
0.103 Unless defined otherwise, all technical and scien 

tific terms used herein have the Same meanings as com 
monly understood by one of ordinary skill in the art to which 
this invention belongs. 

0104. One or more: As used herein, the term “one or 
more' includes at least one, more Suitably, one, two, three, 
four, five, ten, twenty, fifty, one-hundred, five-hundred, etc., 
of the item to which “one or more” refers. 

0105 Nucleic Acid. As used herein, “nucleic acid” refers 
to polynucleotides such as deoxyribonucleic acid (DNA) 
and ribonucleic acid (RNA). The term should also be 
understood to include, as applicable to the embodiment 
being described, single-stranded (Such as Sense or antisense) 
and double Stranded polynucleotides, including double 
stranded DNA-RNA hybrids. The term “nucleic acid” also is 
Synonymous, and may be used interchangeably with the 
term “nucleic acid molecule.” 
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0106 Gene: As used herein, “gene” refers to a nucleic 
acid comprising an open reading frame encoding a polypep 
tide, including both exon and (optionally) intron Sequences. 
0107. About: As used herein, when referring to any 
numerical value, “about” means a value of +10% of the 
Stated value (e.g. "about 50 C. encompasses a range of 
temperatures from 45 C. to 55 C., inclusive: similarly, 
"about 100 mM encompasses a range of concentrations 
from 90 mM to 110 mM, inclusive). 
0108) Host: As used herein, a “host” is any prokaryotic or 
eukaryotic organism that is a recipient of a replicable 
expression vector, cloning vector or any nucleic acid mol 
ecule. The nucleic acid molecule may contain, but is not 
limited to, a structural gene, a transcriptional regulatory 
Sequence (Such as a promoter, enhancer, repressor, and the 
like) and/or an origin of replication. AS used herein, the 
terms "host,”“host cell,”“recombinant host' and “recombi 
nant host cell” may be used equivalently and interchange 
ably. For examples of Such hosts, See Maniatis et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y. (1982). 
0109) Derivative: As used herein the term “derivative,” 
when used in reference to a vector, means that the derivative 
vector contains one or more (e.g., one, two, three, four five, 
etc.) nucleic acid Segments which share sequence Similar to 
the vectors represented in FIG. 1A, FIG.1B, FIG. 2A, FIG. 
6A, FIG. 6B, FIG. 8A, FIG. 8B, FIG. 8C, FIG.8D, FIG. 
9A, FIG. 9B, FIG. 9C, FIG. 10, FIG. 11, FIG. 12, Table 
5, and any other vector encompassed by the present appli 
cation. In particular embodiments, a derivative vector (1) 
may be obtained by alteration of a vector represented in 
FIG. 1A, FIG. 1B, FIG. 2A, FIG. 6A, FIG. 6B, FIG. 8A, 
FIG. 8B, FIG. 8C, FIG. 8D, FIG.9A, FIG.9B, FIG. 9C, 
FIG. 10, FIG. 11, FIG. 12, Table 5, and any other vector 
encompassed by the present application, or (2) may contain 
one or more elements (e.g., antibiotic resistance marker, 
recombination or restriction site, etc.) of a vector repre 
sented in FIG. 1A, FIG. 1B, FIG. 2A, FIG. 6A, FIG. 6B, 
FIG. 8A, FIG. 8B, FIG. 8C, FIG.8D, FIG.9A, FIG.9B, 
FIG. 9C, FIG. 10, FIG. 11, FIG. 12, Table 5, and any other 
vector encompassed by the present application. Further, as 
noted above, a derivative vector may contain one or more 
element which shares sequence similarity (e.g., at least 50%, 
at least 60%, at least 70%, at least 80%, at least 90%, at least 
95%, etc. sequence identity at the nucleotide level) to one or 
more element of a vector represented in FIG. 1A, FIG. 1B, 
FIG. 2A, FIG. 6A, FIG. 6B, FIG. 8A, FIG. 8B, FIG. 8C, 
FIG. 8D, FIG. 9A, FIG.9B, FIG. 9C, FIG. 10, FIG. 11, 
FIG. 12, Table 5, and any other vector encompassed by the 
present application. Derivative vectors may also share at 
least at least 50%, at least 60%, at least 70%, at least 80%, 
at least 90%, at least 95%, etc. sequence identity at the 
nucleotide level to the complete nucleotide Sequence of a 
vector represented in FIG. 1A, FIG. 1B, FIG. 2A, FIG. 6A, 
FIG. 6B, FIG. 8A, FIG. 8B, FIG. 8C, FIG.8D, FIG. 9A, 
FIG.9B, FIG. 9C, FIG. 10, FIG. 11, FIG. 12, Table 5, and 
any other vector encompassed by the present application. 
Derivative vectors include those which have been generated 
by performing a cloning reaction upon a vector represented 
in FIG. 1A, FIG. 1B, FIG. 2A, FIG. 6A, FIG. 6B, FIG. 
8A, FIG. 8B, FIG. 8C, FIG. 8D, FIG.9A, FIG.9B, FIG. 
9C, FIG. 10, FIG. 11, FIG. 12, Table 5, and any other 
vector encompassed by the present application. Derivative 
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vectors also include vectors which have been generated by 
the insertion into another vector of one or more Structural 
and/or functional components of a vector (e.g. one or more 
genes or portions thereof encoding one or more Structural or 
functional proteins (or portions thereof) of a vector), includ 
ing but not limited to the vectors represented in FIG. 1A, 
FIG. 1B, FIG. 2A, FIG. 6A, FIG. 6B, FIG. 8A, FIG. 8B, 
FIG. 8C, FIG. 8D, FIG.9A, FIG. 9B, FIG. 9C, FIG. 10, 
FIG. 11, FIG. 12, Table 5, and any other vector encom 
passed by or suitable for use in the invention. Often these 
derivative vectors will contain at least 50%, at least 60%, at 
least 70%, at least 80%, at least 90%, at least 95%, etc. of 
the nucleic acid present in a vector represented in FIG. 1A, 
FIG. 1B, FIG. 2A, FIG. 6A, FIG. 6B, FIG. 8A, FIG. 8B, 
FIG. 8C, FIG. 8D, FIG.9A, FIG. 9B, FIG. 9C, FIG. 10, 
FIG. 11, FIG. 12, Table 5, and any other vector encom 
passed by the present application. Derivative vectorS also 
include progeny of any of the Vectors referred to above, as 
well as vectors referred to above which have been subjected 
to mutagenesis (e.g., random mutagenesis). 
0110 Promoter: As used herein, a promoter is an example 
of a transcriptional regulatory Sequence, and is specifically 
a nucleic acid Sequence generally described as the proximal 
region of a gene located 5' to the Start codon. The transcrip 
tion of an adjacent nucleic acid Segment is initiated at the 
promoter region. A repressible promoter's rate of transcrip 
tion decreases in response to a repressing agent. An induc 
ible promoter's rate of transcription increases in response to 
an inducing agent. A constitutive promoter's rate of tran 
Scription is not specifically regulated, though it can vary 
under the influence of general metabolic conditions. Suitable 
examples of promoters that may be used in the present 
invention include, but are not limited to polymerase III 
promoters such as H1 and U6. 
0111 Product: As used herein, a “product” is one of the 
desired daughter molecules produced after cloning process. 
The product contains the nucleic acid which was to be 
cloned or Subcloned. 

0112 Recognition sequence: AS used herein, a “recogni 
tion sequence' (alternatively and equivalently referred to 
herein as a recognition site) is a particular Sequence to which 
a protein, chemical compound, DNA, or RNA molecule 
(e.g., restriction endonuclease, a topoisomerase, a modifi 
cation methylase, a type IIS restriction enzyme, or a recom 
binase) recognizes and binds. In the present invention, a 
recognition Sequence may refer to a recombination site 
(which may alternatively be referred to as a recombinase 
recognition site), a topoisomerase recognition site, or a type 
IIS restriction enzyme recognition site. For example, the 
recognition Sequence for Cre recombinase is loXP which is 
a 34 base pair Sequence comprised of two 13 base pair 
inverted repeats (serving as the recombinase binding sites) 
flanking an 8 base pair core Sequence. See FIG. 1 of Sauer, 
B., Current Opinion in Biotechnology 5:521-527 (1994). 
Other examples of Such recognition Sequences are the attB, 
attP att, and attR Sequences which are recognized by the 
recombinase enzyme. Integrase attB is an approximately 25 
base pair Sequence containing two 9 base pair core-type Int 
binding Sites and a 7 base pair overlap region. attP is an 
approximately 240 base pair Sequence containing core-type 
Int binding Sites and arm-type Int binding sites as well as 
sites for auxiliary proteins integration host factor (IHF), FIS 
and excisionase (Xis). See Landy, Current Opinion in Bio 
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technology 3:699-707 (1993). Such sites may also be engi 
neered according to the present invention to enhance pro 
duction of products in the methods of the invention. When 
Such engineered Sites lack the P1 or H1 domains to make the 
recombination reactions irreversible (e.g., attR or attP), Such 
sites may be designated attR' or attP to show that the 
domains of these sites have been modified in Some way. 
Examples of topoisomerase recognitions sites include, but 
are not limited to, the sequence 5'-GCAACTT-3' that is 
recognized by E. coli topoisomerase III (a type I topoi 
Somerase); the sequence 5'-(C/T)CCTT-3' which is a topoi 
Somerase recognition Site that is bound Specifically by most 
poxvirus topoisomerases, including vaccinia virus DNA 
topoisomerase I, and others that are known in the art as 
discussed elsewhere herein. 

0113 Recombination proteins: As used herein, “recom 
bination proteins include excisive or integrative proteins, 
enzymes, co-factors or associated proteins that are involved 
in recombination reactions involving one or more recombi 
nation sites, which may be wild-type proteins (See Landy, 
Current Opinion in Biotechnology 3:699-707 (1993)), or 
mutants, derivatives (e.g., fusion proteins containing the 
recombination protein sequences or fragments thereof), 
fragments, and variants thereof. Suitable recombination pro 
teins for use in the present invention include, but are not 
limited to Int, Cre, IHF, Xis, Fis, Hin, Gin, Cin, Tn3 
resolvase, TndX, XerC and XerD. 

0114 Recombination site: AS used herein, a "recombina 
tion site' is a recognition Sequence on a nucleic acid 
molecule participating in an integration/recombination reac 
tion by recombination proteins. Recombination sites are 
discrete Sections or Segments of nucleic acid on, the partici 
pating nucleic acid molecules that are recognized and bound 
by a Site-specific recombination protein during the initial 
Stages of integration or recombination. For example, the 
recombination site for Cre recombinase is loxP which is a 34 
base pair Sequence comprised of two 13 base pair inverted 
repeats (serving as the recombinase binding sites) flanking 
an 8 base pair core sequence. See FIG. 1 of Sauer, B., Curr: 
Opin. Biotech. 5:521-527 (1994). Other examples of recog 
nition Sequences include the attB, attP att, and attR 
Sequences described herein, and mutants, fragments, Vari 
ants and derivatives thereof, which are recognized by the 
recombination protein Int and by the auxiliary proteins 
integration host factor (IHF), FIS and excisionase (Xis). See 
Landy, Curr. Opin. Biotech. 3:699-707 (1993). 
0115 Recombinational Cloning: AS used herein, “recom 
binational cloning is a method, Such as that described in 
U.S. Pat. Nos. 5,888,732, 6,143,557, 6,171,861, 6,270,969, 
and 6,277,608 (the contents of which are fully incorporated 
herein by reference), whereby segments of nucleic acid 
molecules or populations of Such molecules are exchanged, 
inserted, replaced, Substituted or modified, in Vitro or in 
Vivo. Suitably, Such cloning method is an in vitro method, 
i.e., a method in which the recombination reaction takes 
place outside of or in the absence of host cells. 

0116 Selectable marker: As used herein, “selectable 
marker' is a nucleic acid Segment that allows one to Select 
for or against a molecule (e.g., a replicon) or a cell that 
contains it, often under particular conditions. These markers 
can encode an activity, Such as, but not limited to, produc 
tion of RNA, peptide, or protein, or can provide a binding 
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Site for RNA, peptides, proteins, inorganic and organic 
compounds or compositions and the like. Examples of 
Selectable markers include but are not limited to: (1) nucleic 
acid Segments that encode products which provide resistance 
against otherwise toxic compounds (e.g., antibiotics); (2) 
nucleic acid Segments that encode products which are oth 
erwise lacking in the recipient cell (e.g., tRNA genes, 
auxotrophic markers); (3) nucleic acid segments that encode 
products which Suppress the activity of a gene product; (4) 
nucleic acid Segments that encode products which can be 
readily identified (e.g., phenotypic markerS Such as B-galac 
tosidase, green fluorescent protein (GFP), yellow fluorescent 
protein (YFP), cyan fluorescent protein (CFP), and cell 
Surface proteins); (5) nucleic acid segments that bind prod 
ucts which are otherwise detrimental to cell Survival and/or 
function; (6) nucleic acid segments that otherwise inhibit the 
activity of any of the nucleic acid Segments described in 
Nos. 1-5 above (e.g., antisense oligonucleotides); (7) nucleic 
acid Segments that bind products that modify a Substrate 
(e.g. restriction endonucleases); (8) nucleic acid segments 
that can be used to isolate or identify a desired molecule (e.g. 
Specific protein binding sites); (9) nucleic acid segments that 
encode a specific nucleotide Sequence which can be other 
wise non-functional (e.g., for PCR amplification of Sub 
populations of molecules); (10) nucleic acid segments, 
which when absent, directly or indirectly confer resistance 
or sensitivity to particular compounds; and/or (11) nucleic 
acid Segments that encode products which are toxic in 
recipient cells. 
0117 Examples of toxic gene products are well known in 
the art, and include, but are not limited to, restriction 
endonucleases (e.g., Dpnl), apoptosis-related genes (e.g. 
ASK1 or members of the bcl-2/ced-9 family), retroviral 
genes including those of the human immunodeficiency virus 
(HIV), defensins such as NP-1, inverted repeats or paired 
palindromic nucleic acid Sequences, bacteriophage lytic 
genes such as those from (dX174 or bacteriophage T4; 
antibiotic Sensitivity genes Such as rpSL, antimicrobial Sen 
Sitivity genes Such as pheS, plasmid killer genes, eukaryotic 
transcriptional vector genes that produce a gene product 
toxic to bacteria, Such as GATA-1, and genes that kill hosts 
in the absence of a Suppressing function, e.g., kicB, ccdE, 
dX174E (Liu, Q. et al., Curr. Biol. 8:1300-1309 (1998), and 
other genes that negatively affect replicon Stability and/or 
replication. A toxic gene can alternatively be Selectable in 
Vitro, e.g., a restriction site. 
0118 Selection scheme: As used herein, “selection 
Scheme' is any method which allows Selection, enrichment, 
or identification of a desired product or product(s). The 
Selection Schemes of one Suitable embodiment have at least 
two components that are either linked or unlinked during 
recombinational cloning. One component is a Selectable 
marker. The other component controls the expression in 
vitro or in vivo of the Selectable marker, or Survival of the 
cell (or the nucleic acid molecule, e.g., a replicon) harboring 
the plasmid carrying the Selectable marker. Generally, this 
controlling element will be a repressor or inducer of the 
Selectable marker, but other means for controlling expres 
sion or activity of the Selectable marker can be used. 
Whether a repressor or activator is used will depend on 
whether the marker is for a positive or negative Selection, 
and the exact arrangement of the various nucleic acid 
Segments, as will be readily apparent to those skilled in the 
art. 
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0119 Fragments of selectable markers can be arranged 
relative to the recombination sites or restriction Sites Such 
that when the Segments are brought together, they reconsti 
tute a functional Selectable marker. For example, the linking 
event can link a promoter with a structural nucleic acid 
molecule (e.g., a gene), can link two fragments of a struc 
tural nucleic acid molecule, or can link nucleic acid mol 
ecules that encode a heterodimeric gene product needed for 
Survival, or can link portions of a replicon. 
0120 Site-specific recombinase: As used herein, a “site 
Specific recombinase' is a type of recombinase which typi 
cally has at least the following four activities (or combina 
tions thereof): (1) recognition of one or two specific nucleic 
acid Sequences; (2) cleavage of Said Sequence or Sequences, 
(3) topoisomerase activity involved in Strand exchange; and 
(4) ligase activity to reseal the cleaved Strands of nucleic 
acid. See Sauer, B., Current Opinions in Biotechnology 
5:521-527 (1994). Conservative site-specific recombination 
is distinguished from homologous recombination and trans 
position by a high degree of specificity for both partners. The 
Strand exchange mechanism involves the cleavage and 
rejoining of Specific nucleic acid Sequences in the absence of 
DNA synthesis (Landy, A. (1989) Ann. Rev. Biochem. 
58:913-949). 
0121 Vector: As used herein, a “vector” is a nucleic acid 
molecule (preferably DNA) that provides a useful biological 
or biochemical property to an Insert. Examples include 
plasmids, phages, autonomously replicating Sequences 
(ARS), centromeres, and other sequences which are able to 
replicate or be replicated in vitro or in a host cell, or to 
convey a desired nucleic acid Segment to a desired location 
within a host cell. A Vector can have one or more restriction 
endonuclease recognition sites (whether type I, II or IIS) at 
which the Sequences can be cut in a determinable fashion 
without loSS of an essential biological function of the vector, 
and into which a nucleic acid fragment can be spliced in 
order to bring about its replication and cloning. Vectors can 
also comprise one or more recombination sites that permit 
eXchange of nucleic acid Sequences between two nucleic 
acid molecules. Such as, for example, Subcloning of genes 
of interest between Entry and Destination vectors in the 
Gateway'TM system (available from Invitrogen Corporation, 
Carlsbad, Calif. (see, e.g., FIG. 36)). Vectors can further 
provide primer Sites, e.g., for PCR, transcriptional and/or 
translational initiation and/or regulation sites, recombina 
tional Signals, replicons, Selectable markers, etc. Clearly, 
methods of inserting a desired nucleic acid fragment which 
do not require the use of recombination, transpositions or 
restriction enzymes (such as, but not limited to, UDG 
cloning of PCR fragments (U.S. Pat. No. 5,334.575, entirely 
incorporated herein by reference), TA Cloning(R) brand PCR 
cloning (Invitrogen Corporation, Carlsbad, Calif.) (also 
known as direct ligation cloning), and the like) can also be 
applied to clone a fragment into a cloning vector to be used 
according to the present invention. The cloning vector can 
further contain one or more Selectable markerS Suitable for 
use in the identification of cells transformed with the cloning 
VectOr. 

0122) Incorporating: AS used herein, “incorporating” 
means becoming a part of a nucleic acid (e.g., DNA) 
molecule or primer. 
0123 Nucleotide: As used herein, a “nucleotide' is a 
base-Sugar-phosphate combination. Nucleotides are mono 
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meric units of a nucleic acid molecule (DNA and RNA). The 
term nucleotide includes ribonucleoside triphosphates ATP, 
UTP, CTG, GTP and deoxyribonucleoside triphosphates 
such as dATP, dCTP, dITP, dUTP, dGTP, dTTP, or deriva 
tives thereof. The term nucleotide as used herein also refers 
to dideoxyribonucleoside triphosphates (ddNTPs) and their 
derivatives. Illustrated examples of dideoxyribonucleoside 
triphosphates include, but are not limited to, ddATP, ddCTP, 
ddGTP, ddITP, and ddTTP. According to the present inven 
tion, a “nucleotide' may be unlabeled or detectably labeled 
by well known techniques. Detectable labels include, for 
example, radioactive isotopes, fluorescent labels, chemilu 
minescent labels, bioluminescent labels and enzyme labels. 
0.124 Portion: As used herein, the term “portion” refers 
to part, or percentage of a whole entity. For example, a 
“portion” of a nucleic acid molecule refers to 1%, 10%, 
25%, 50%, 75%, 90%, 99%, etc., of the whole nucleic acid 
molecule. 

0.125 Segment: As used herein, the term “segment” 
refers to part, or percentage of a whole entity. For example, 
a “segment” of a nucleic acid molecule refers to 1%, 10%, 
25%, 50%, 75%, 90%, 99%, etc., of the whole nucleic acid 
molecule. 

0.126 Other terms used in the fields of recombinant 
nucleic acid technology and molecular and cell biology as 
used herein will be generally understood by one of ordinary 
skill in the applicable arts. 

0127. The present invention relates to methods, compo 
Sitions, isolated nucleic acids, Vectors and kits for SeamleSS 
cloning of nucleic acid molecules and production of nucleic 
acids and proteins. 
0128. The vectors represented througout, specifically 
shown in FIGS. 1A, 1B, 2A, 6A and 6B, 8A, 8B, 8C, 8D, 
9A, 9B, 9C, 10, 11, 28, 33, 37 as well as similar vectors and 
portions of these vectors, may be used in the practice of the 
methods of the present invention. In each case, these vectors 
are designed Such that upon digestion with a restriction 
enzyme (e.g. a type IIs restriction enzyme), a Sticky end is 
generated abutting and/or including nucleic acids which 
encode a peptide which may be cleaved from a protein or 
peptide encoded by a nucleic acid which is inserted into the 
vector. These, and other vectors of the present invention may 
further comprise one or more Signal peptides and/or protease 
cleavage Sites. The vectors of the present invention allow for 
the production of a protein that is exported from a cell and 
cleaved to generate a “mature” protein. The vectors of the 
present invention also allow for the production of a protein 
that is retained in the cell as a “native” protein. 
0129. In one aspect, the present invention provides meth 
ods for joining one or more (e.g. one, two, three, four, five, 
etc.) first nucleic acid molecules and a second one or more 
nucleic acid molecules, comprising: (a) combining the first 
and Second nucleic acid molecules under conditions Suffi 
cient to allow for the joining of at least one terminus of the 
first nucleic acid molecule(s) to at least one terminus of the 
Second nucleic acid molecule(s), wherein the terminus of the 
first nucleic acid molecule which is connected to the termi 
nus of the Second nucleic acid molecule(s) comprises a 
Sticky end (e.g. an overhanging end) generated by a restric 
tion enzyme (e.g. a type IIs restriction enzyme) and the 
terminus of the Second nucleic acid molecule(s) is compat 
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ible (e.g. a blunt end or a Sticky end) with this sticky end. In 
embodiments similar to the above and elsewhere herein, the 
Sticky end my be on the terminus of the Second nucleic acid 
molecule and the first nucleic acid molecule may contain a 
compatible end. 
0130. As in other embodiments of the invention 
described herein, the Second nucleic acid molecule may 
contain an end which is generated by digestion with a type 
IIs restriction enzyme and the first nucleic acid molecule 
may contain a compatible end generated by other means. 
0131. In suitable embodiments, the present invention 
provides methods of cloning or Subcloning one or more 
desired nucleic acid molecules comprising: (a) combining in 
vitro or in Vivo, (i) one or more first nucleic acid molecules 
comprising one or more Sticky ends that have been gener 
ated by one or more restriction enzymes (e.g. one or more 
type IIs restriction enzymes); and (ii) one or more Second 
nucleic acid molecules comprising one or more ends which 
are compatible with the one or more Sticky ends on the first 
nucleic acid molecule(s) and, optionally, one or more Select 
able markers; and (b) incubating the combination under 
conditions Sufficient to join the first nucleic acid molecule 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules. 

0.132. In another aspect, the present invention provides 
methods for cloning or Subcloning one or more desired 
nucleic acid molecules comprising: (a) combining in vitro or 
in Vivo, (i) one or more first nucleic acid molecules com 
prising one or more Sticky ends that have been generated by 
one or more restriction enzymes (e.g. one or more type IIS 
restriction enzymes); (ii) one or more second nucleic acid 
molecules comprising one or more restriction sites (e.g. one 
or more first type IIs restriction enzyme recognition sites) 
and, optionally, one or more Selectable markers; and (iii) one 
or more restriction enzymes (e.g., one or more type IIS 
restriction enzymes) that are specific for the restriction 
enzyme recognition site; and (b) incubating the combination 
under conditions Sufficient to join the first nucleic acid 
molecule and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules. 

0133. In another aspect, the present invention provides 
methods for cloning or Subcloning one or more desired 
nucleic acid molecules, or portions thereof, comprising: (a) 
combining in vitro or in Vivo, (i) one or more first nucleic 
acid molecules comprising at least one nucleic acid Segment 
that is flanked by one or more restriction sites (e.g. one or 
more first type IIs restriction enzyme recognition sites); (ii) 
one or more Second nucleic acid molecules comprising one 
or more ends which are compatible with a Sticky end on the 
Segment and, optionally, one or more Selectable markers, 
and (iii) one or more restriction enzymes (e.g., one or more 
type IIs restriction enzymes) that are specific for the restric 
tion enzyme recognition site; and (b) incubating the com 
bination under conditions Sufficient to join the first nucleic 
acid Segment and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules. 

0134. In another aspect, the present invention provides 
methods for cloning or Subcloning one or more desired 
nucleic acid molecules, or portions thereof, comprising: (a) 
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combining in vitro or in Vivo, (i) one or more first nucleic 
acid molecules comprising at least one nucleic acid Segment 
that is flanked by one or more first restriction sites (e.g. one 
or more first type IIs restriction enzyme recognition sites); 
(ii) one or more Second nucleic acid molecules comprising 
one or more second restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites) and, optionally, one 
or more Selectable markers; and (iii) one or more restriction 
enzymes (e.g. one or more type IIs restriction enzymes) that 
are specific for the first and/or Second type IIS restriction 
enzyme recognition sites; and (b) incubating the combina 
tion under conditions Sufficient to join the first nucleic acid 
Segment and one or more of the Second nucleic acid mol 
ecules, thereby producing one or more desired product 
nucleic acid molecules. 

0.135 The seamless cloning methods of the present 
invention may utilize any restriction enzyme, including 
those which cleave nucleic acid molecules to produce blunt 
ends. The term "blunt ends' as used herein is used to 
indicate a nucleic acid molecule which has been cleaved by 
a restriction enzyme in Such a way as to produce a double 
stranded nucleic acid in which both strands stop “bluntly” 
and do not overlap or overhang the other. Suitably, the 
methods of the invention utilize type IIs restriction sites. The 
present invention also encompasses the use of blunt-end 
cleavage enzymes, Such as, but not limited to, Scal, SmaI, 
HpaI, HincII, Hae|I and AluI. 
0.136 Type-IIs restriction enzymes and recognition sites 
which are useful in all aspects of the present invention 
include, but are not limited to, Earl, MnlI, PleI, Alwl, Bbs, 
Bsal, BsmAI, BspMI, Esp3I, HgaI, SapI, SfaNI, BbvI, 
BSmFI, FokI, BseRI, HphI, Alw26I, Bbv1I, BpmI, BSmI, 
BbsI, BSmBI, Bael, BSrl, MlyI, BsrDI, Eco57I, GsuI, MnlI, 
PleI, TaqII, Tth111 II and MboII. In all aspects of the present 
invention, the restriction enzyme recognition sites on the 
first and Second nucleic acid molecules may be the same 
sites or they may be different. In addition, the restriction 
enzyme recognition sites may be the same or different on 
each nucleic acid molecule. This allows for Selective cloning 
where only nucleic acid Segments with complementary Sites 
will transfer between nucleic acids molecules. 

0.137 Cleavage of a polynucleotide sequence with a type 
IIS restriction enzyme leaves an overhang on one Strand of 
the Sequence, or a Sticky end. Via the cloning methods of the 
present invention, this Sticky end can be combined with a 
compatible Sequence on a Second nucleic acid molecule 
resulting in a cloned, co-joined molecule. Sequences cleaved 
by Type IIs sites may also be joined to blunt ended com 
patible nucleic acid Sequences via the cloning methods of 
the present invention. The compatible Sequences can be 
joined via various catalyzing enzymes, for example DNA 
ligase and topoisomerase. Certain type IIS enzymes (e.g. 
MlyI) cleave and leave a blunt end on a nucleic acid 
molecule that may then be combined with a Sticky end on a 
Second nucleic acid molecule. 

0.138 Nucleic acid molecules of the invention to be 
cloned may contain a blunt end to be linked, and the Second 
nucleic acid molecule involved in the cloning method may 
contain an overhang at the end which is to be linked by a 
Site-specific topoisomerase (e.g., a type IA or a type IB 
topoisomerase), wherein the overhang includes a sequence 
complementary to that comprising the blunt end, thereby 
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facilitating Strand invasion as a means to properly position 
the ends for the linking reaction. 

0.139. The nucleic acid molecules generated using this 
aspect of the invention include those in which one Strand 
(not both strands) is covalently linked at the ends to be 
linked (i.e. double-stranded nucleic acid molecules gener 
ated using these methods contain a nick at each position 
where two ends were joined). These embodiments are par 
ticularly advantageous in that a polymerase can be used to 
replicate the double-stranded (ds) nucleic acid molecule by 
initially replicating the covalently linked Strand. For 
example, a thermostable polymerase Such as a polymerase 
useful for performing an amplification reaction Such as PCR 
can be used to replicate the covalently Strand, whereas the 
Strand containing the nick does not provide a Suitable 
template for replication. 

0140 Preferably, the 5' termini of the ends of the nucle 
otide Sequences to be linked by a type IB topoisomerase 
according to a method of certain aspects of the invention 
contain complementary 5' overhanging Sequences, which 
can facilitate the initial association of the nucleotide 
Sequences, including, if desired, in a predetermined direc 
tional orientation. Alternatively, the 5' termini of the ends of 
the nucleotide Sequences to be linked by a type IB topoi 
Somerase according to a method of certain aspects of the 
invention contain complementary 5' Sequences wherein one 
of the Sequences contains a 5' overhanging Sequence and the 
other nucleotide Sequence contains a complementary 
Sequence at a blunt end of a 5' terminus, to facilitate the 
initial association of the nucleotide Sequences through Strand 
invasion, including, if desired, in a predetermined direc 
tional orientation. The term “5” overhang' or "5"overhang 
ing Sequence” is used herein to refer to a Strand of a nucleic 
acid molecule that extends in a 5' direction beyond the 
terminus of the complementary Strand of the nucleic acid 
molecule. Conveniently, a 5' overhang can be produced as a 
result of Site Specific cleavage of a nucleic acid molecule by 
a type IB topoisomerase. 

0141 Preferably, the 3' termini of the ends of the nucle 
otide Sequences to be linked by a type IA topoisomerase 
according to a method of certain aspects of the invention 
contain complementary 3' overhanging Sequences, which 
can facilitate the initial association of the nucleotide 
Sequences, including, if desired, in a predetermined direc 
tional orientation. Alternatively, the 3' termini of the ends of 
the nucleotide Sequences to be linked by a topoisomerase 
(e.g., a type IA or a type II topoisomerase) according to a 
method of certain aspects of the invention contain comple 
mentary 3'Sequences wherein one of the Sequences contains 
a 3' overhanging Sequence and the other nucleotide Sequence 
contains a complementary Sequence at a blunt end of a 3' 
terminus, to facilitate the initial association of the nucleotide 
Sequences through Strand invasion, including, if desired, in 
a predetermined directional orientation. The term “3 over 
hang' or "3 overhanging Sequence' is used herein to refer to 
a Strand of a nucleic acid molecule that extends in a 5' 
direction beyond the terminus of the complementary Strand 
of the nucleic acid molecule. Conveniently, a 3' overhang 
can be produced upon cleavage by a type IA or type II 
topoisomerase. 

0142. The cloning methods of the present invention may 
be performed in vitro or in vivo. By in vitro and in vivo 
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herein is meant cloning that is carried out outside of host 
cells (e.g., in cell-free Systems, or in Systems containing host 
cells in which the various cloning and recombination reac 
tion(s) of the present invention take(s) place outside of the 
host cells) or inside of host cells (e.g., using recombination 
or other proteins expressed by host cells), respectively. 

0143. The nucleic acid molecules utilized and produced 
in the methods, compositions and kits of the present inven 
tion may be vectors or linear nucleic acid molecules. The 
term “vector,” as used herein, refers to a nucleic acid 
molecule (preferably DNA) that provides a useful biological 
or biochemical property to an inserted nucleic acid. The 
terms “vector” and “plasmid' are used interchangeably 
herein. Examples of vectors include, phages, autonomously 
replicating sequences (ARS), centromeres, and other 
Sequences which are able to replicate or be replicated in Vitro 
or in a cell, or to convey a desired nucleic acid Segment to 
a desired location within a cell of an animal. Vectors useful 
in the present invention include chromosomal-, episomal 
and virus-derived vectors, e.g., vectors derived from bacte 
rial plasmids or bacteriophages, and vectors derived from 
combinations thereof, Such as cosmids and phagemids. A 
vector can have one or more restriction endonuclease rec 
ognition sites at which the Sequences can be cut in a 
determinable fashion without loss of an essential biological 
function of the vector, and into which a nucleic acid frag 
ment can be spliced in order to bring about its replication 
and cloning. Vectors can further provide primer Sites, e.g., 
for PCR, transcriptional and/or translational initiation and/or 
regulation Sites, recombinational Signals, replicons, Select 
able markers, etc. Clearly, methods of inserting a desired 
nucleic acid fragment which do not require the use of 
homologous recombination, transpositions or restriction 
enzymes (such as, but not limited to, UDG cloning of PCR 
fragments (U.S. Pat. No. 5,334.575, entirely incorporated 
herein by reference), TA Cloning(R) brand PCR cloning 
(Invitrogen Corp., Carlsbad, Calif.), and the like) can also be 
applied to clone a nucleic acid into a vector to be used 
according to the present invention. The vector can optionally 
further contain one or more Selectable markerS Suitable for 
use in the identification of cells transformed with the vector, 
Such as the Selectable markers and reporter genes described 
herein. Vectors of the present invention may be derivative 
vectors as described throughout the present specification. 

0144 Vectors known in the art and those commercially 
available (and variants or derivatives thereof) may be used 
in the present invention. Such vectors may be obtained from, 
for example, Vector Laboratories Inc., Invitrogen, Promega, 
Novagen, NEB, Clontech, Boehringer Mannheim, Pharma 
cia, EpiOenter, OriCienes Technologies Inc., Stratagene, 
PerkinElmer, Pharmingen, and Research Genetics. General 
classes of vectors of particular interest include prokaryotic 
and/or eukaryotic cloning vectors, expression vectors, 
fusion vectors, two-hybrid or reverse two-hybrid vectors, 
Shuttle vectors for use in different hosts, mutagenesis vec 
tors, transcription vectors, vectors for receiving large inserts 
and the like. 

0.145) Other vectors of interest include viral origin vec 
tors (M13 vectors, bacterial phage w vectors, adenovirus 
vectors, and retrovirus vectors), high, low and adjustable 
copy number vectors, vectors which have compatible rep 
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licons for use in combination in a single host (pACYC184 
and pBR322) and eukaryotic episomal replication vectors 
(pCDM8). 
0146 Vectors for use in the present invention may com 
prise all, or portions of Viral genomes, for example an 
adenovirus genome, a baculovirus genome, a herpesvirus 
genome, a pox virus genome, an adeno-associated virus 
genome, a retrovirus genome, a flavivirus genome, a togavi 
rus genome, an alphavirus genome, an RNA virus genome, 
etc. 

0147 The present invention also encompasses the use of 
recombinant retroviruses, e.g., lentiviruses, or any other type 
of retrovirus may be used in an analogous fashion to practice 
the present invention. A commercially available System for 
the construction of recombinant lentiviruses is ViraPowerTM 
Lentiviral Expression System, available from Invitrogen 
Corporation, Carlsbad, Calif. The ViraPowerTM system pro 
vides a retroviral System for high-level expression in divid 
ing and non-dividing eukaryotic cells, e.g., mammalian cells 
(See FIG. 29). Examples of products available from Invit 
rogen Corporation, Carlsbad, Calif. include the 
ViraPowerTM Lentiviral Directional TOPO(E) Expression Kit 
(catalog number K4950-00), the ViraPowerTM Lentiviral 
GATEWAYTM Expression Kit (catalog number K4960-00), 
and the ViraPowerTM Lentiviral Support Kit (catalog number 
K4970-00). 
0.148. The present invention also encompasses replica 
tion-incompetent lentiviruses that can deliver and express 
one or more Sequences of interest (e.g., genes). These 
viruses (based loosely on HIV-1) can effectively transduce 
dividing and non-dividing mammalian cells (in culture or in 
vivo), thus broadening the possible applications beyond 
those of traditional Moloney (MLV)-based retroviral sys 
tems (Clontech, Stratagene, etc.). Directional TOPO and 
GATEWAYTM lentiviral vectors have been created to clone 
one or more genes of interest with a V5 epitope, if desired. 
The Directional TOPO method involves a 5 minute bench 
top ligation and results in 95% correct orientation (See 
FIGS. 33 and 34). The GATEWAYTM method involves 
cloning and Sequencing a gene of interest only once into an 
entry clone and rapidly shuttling the gene of interest from 
vector to vector, or the destination clones. The GATE 
WAYTM method requires no restriction digests, gel purifi 
cation or ligase. The GATEWAYTM method is 90-100% 
efficient and accurate and the gene of interest is cloned in the 
right direction and in-frame (FIG. 35). The vectors also 
carry the blasticidin resistance gene (bsd) to allow for the 
Selection of transduced cells. Without additional modifica 
tions, these vectors can theoretically accommodate up to ~6 
kb of foreign gene. Three Supercoiled packaging plasmids 
(gag?pol, rev and VSV-G envelope) are provided to Supply 
helper functions and viral proteins in trans (See FIGS. 30 
and 32). Finally, an optimized producer cell line (293FT) is 
provided that will facilitate production of high titer virus. An 
Overview of lentiviral production is summarized in FIG. 31 
and involves the following steps: 1) Co-transfect 3 packag 
ing plasmids and pLentiG-GOI into 293FT; 2) VSV-G enve 
lope becomes Studded in cell membrane; 3) Rev transports 
Viral genome RNA with gene of interest out of the nucleus, 
4) gag protein packages: viral RNA and pol protein; 5) Virus 
buds off cell, picks up envelope (pseudotyping). Plasmid 
maps of vectors adapted for use with GATEWAYTM and 
topoisomerase cloning in the production of nucleic acid 
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molecules comprising all or a portion of a lentiviral genome 
are shown in FIGS. 8A (pLentio/V5-DEST), 8B (pLentiG/ 
V5-D-TOPO(R), 8C (pLentiA/V5-DEST), and 8D (pLentiG/ 
UbC/V5-DEST) respectively. The nucleotide sequences of 
the plasmids are provided in Tables 6-9, SEQ ID NOS:2-5. 
Plasmid maps of the three packaging plasmids p P1, pIP2, 
and pLP/VSVG are shown in FIGS. 9A, 9B, and 9C 
respectively and the nucleotide Sequences of these plasmids 
are provided as Tables 10, 11 and 12, (SEQ ID NOS:6-8) 
respectively. 

0149 Retroviruses are RNA viruses that reverse tran 
Scribe their genome and integrate the DNA copy into a 
chromosome of the target cell. It was discovered that the 
retroviral packaging proteins (gag, pol and env) could be 
Supplied in trans, thus allowing the creation of replication 
incompetent Viral particles capable of Stably delivering a 
gene of interest. These retroviral vectors have been available 
for gene delivery for many years (Miller et al., (1989) 
BioTechniques 7: 980-990). One significant advantage of 
retroviral-based delivery is that the gene of interest is stably 
integrated into the genome of the host cell with very high 
efficiency. In addition, no viral genes are expressed in these 
recombinant vectors making them Safe to use both in Vitro 
and in vivo. However, one main drawback to the traditional 
Moloney-based retroviruses is that the target cell must 
undergo one round of cell division for nuclear import and 
Stable integration to occur. Traditional retroviruses do not 
have an active mechanism of nuclear import and therefore 
must wait for the host cell nuclear membrane to breakdown 
during mitosis before they can access the host genomic DNA 
(Miller et al., Mol. Cell. Biol. 10:4239-442 (1990)). 
0150. Unlike traditional retroviruses, HIV (classified as a 
“lentivirus”) is actively imported into the nuclei of non 
dividing cells (Lewis et al., J. Virol. 68:510-516 (1994)). 
HIV still goes through the basic retrovirus lifecycle (RNA 
genome reverse transcribed in the target cell and integrated 
into the host genome); however, cis-acting elements facili 
tate active nuclear import, allowing HIV to stably infect 
non-dividing cells (for reviews See Buchschacher et al., 
Blood 95:2499-2504 (2000), Naldini et al., “The Develop 
ment of Human Gene Therapy”, Cold Spring Harbor Labo 
ratory Press, pages 47-60 (1999)). It is important to note 
that, for both lentivirus and traditional retroviruses, no gene 
expression occurs until after the viral RNA genome has been 
reverse transcribed and integrated into the host genome. 

0151. Similar to other retrovirus expression systems, the 
packaging functions of HIV can be Supplied in trans, allow 
ing the creation of lentiviral vectors for gene delivery. With 
all the viral proteins removed, the gene delivery vector 
becomes safe to use and allows foreign DNA to be efficiently 
packaged. In addition, it has been shown that lentiviral (or 
any retroviral) envelope proteins can be Substituted for ones 
with broader tropism. The substitution of envelope is called 
pseudotyping, and allows creation of lentiviral vectors 
capable of infecting a wider variety of cells besides just 
CD4+ cells. Many have found that the G protein from 
vesicular stomatitis virus (VSV-G) is an excellent pseudot 
yping envelope protein that imparts a very broad host range 
for the virus (Yee et al., Proc. Natl. Acad. Sci. USA 91.9564 
9568 (1994)). The ability of pseudo-typed lentivirus to infect 
a broad range of non-dividing cells has led to its extensive 
use in animal gene delivery and gene therapy (Baek et al., 
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Hum. Gene Ther: 12:1551–8 (2001), Park et al., Mol. Ther. 
4:164-73 (2001), Peng et al., Gene Ther. 8:1456-63 (2001)). 
0152 The present invention also encompasses the use of 
adenoviral vectors, including but not limited to, a pAd/PL 
DEST vector (Table 11, FIG. 10, SEQ ID NO:7) and 
pAd/CMV/V5-DEST vector (Table 12, FIG. 11, SEQ ID 
NO:8). Adenoviruses are non-enveloped viruses with a 36 
kb DNA genome that encodes more than 30 proteins. At the 
ends of the genome are inverted terminal repeats (ITRS) of 
approximately 100-150 base pairs. A sequence of approxi 
mately 300 base pairs located next to the 5'-ITR is required 
for packaging of the genome into the viral capsid. The 
genome as packaged in the virion has terminal proteins 
covalently attached to the ends of the linear genome. 

0153. The genes encoded by the adenoviral genome are 
divided into early and late genes depending upon the timing 
of their expression relative to the replication of the viral 
DNA. The early genes are expressed from four regions of the 
adenoviral genome termed E1-E4 and are transcribed prior 
to onset of DNA replication. Multiple genes are transcribed 
from each region. Portions of the adenoviral genome may be 
deleted without affecting the infectivity of the deleted virus. 
The genes transcribed from regions E1, E2, and E4 are 
essential for viral replication while those from the E3 region 
may be deleted without affecting replication. The genes from 
the essential regions can be Supplied in trans to allow the 
propagation of a defective virus. For example, deletion of 
the E1 region of the adenoviral genome results in a virus that 
is replication defective. Viruses deleted in this region are 
grown on 293 cells that express the viral E1 genes from the 
genome of the cell. 

0154) In addition to permitting the construction of a safer, 
replication-defective viruses, deletion and complementation 
in trans of portions of the adenoviral genome and/or deletion 
of non-essential regions make Space in the adenoviral 
genome for the insertion of heterologous DNA sequences. 
The packaging of Viral DNA into a viral particle is size 
restricted with an upper limit of approximately 38 kb of 
DNA. In order to maximize the amount of heterologous 
DNA that may be inserted and packaged, viruses have been 
constructed that lack all of the viral genome except the ITRs 
and packaging sequence (See, U.S. Pat. No. 6,228,646). All 
of the viral functions necessary for replication and packag 
ing are provided in trans from a defective helper virus that 
is deleted in the packaging Signal. 

O155 The present invention also encompasses the use of 
herpes viruses (see, for example, U.S. Pat. No. 5,672,344, 
issued to Kelly, et al.). The family Herpesviridae contains 
three Subfamilies 1) alphaherpesvirinae, containing among 
others human herpesvirus 1; 2) betaherpesvirinae, contain 
ing the cytomegaloviruses, and 3) gammaherpesvirinae. 
Herpesviruses are enveloped DNA viruses. Herpesviruses 
form particles that are approximately spherical in Shape and 
that contain one molecule of linear dsDNA and approxi 
mately 20 Structural proteins. Numerous herpesviruses have 
been isolated from a wide variety of hosts. For example, 
U.S. Pat. No. 6,121,043 issued to Cochran, et al. describes 
recombinant herpesvirus of turkeys comprising a foreign 
DNA inserted into a non-essential region of the herpesvirus 
of turkeys genome; U.S. Pat. No. 6,410,311 issued to 
Cochran, et al. describes recombinant feline herpesvirus 
comprising a foreign DNA inserted into a region corre 
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sponding to a 3.0 kb EcoRI-SalI fragment of a feline 
herpesvirus genome, U.S. Pat. No. 6,379,967 issued to 
Meredith, et al., describes herpesvirus saimiri, (HVS; a 
lymphotropic virus of Squirrel monkeys) as a viral vector; 
and U.S. Pat. No. 6,086,902 issued to Zamb, et al. describes 
recombinant bovine herpesvirus type 1 vaccines. 

0156 Herpesviruses have been used as vectors to deliver 
exogenous nucleic acid material to a host cell. In addition to 
the examples above, U.S. Pat. No. 4,859,587, issued to 
Roizman describes recombinant herpes simplex viruses, 
vaccines and methods, U.S. Pat. No. 5,998,208 issued to 
Fraefel, et al., describes a helper virus-free herpesvirus 
vector packaging system, U.S. Pat. No. 6,342,229 issued to 
O'Hare, et al., describes herpesvirus particles comprising 
fusion protein and their preparation and use and U.S. Pat. 
No. 6,319,703 issued to Speck describes recombinant virus 
vectors that include a double mutant herpesvirus Such as an 
herpes simplex virus-1 (HSV-1) mutant lacking the essential 
glycoproteing gene and having a mutation impairing the 
function of the gene product VP16. 

O157 Suitable vectors for use in the present invention 
also include prokaryotic vectors such as pcDNA II, pSL301, 
pSE280, pSE380, pSE420, pTrcHis A, B, and C, pRSETA, 
B, and C (Invitrogen, Corp.), pGEMEX-1, and pGEMEX-2 
(Promega, Inc.), the pET vectors (Novagen, Inc.), pTrc99A, 
pKK223-3, the pGEX vectors, pFZZ18, pRIT2T, and 
pMC1871 (Pharmacia, Inc.), pKK233-2 and pKK388-1 
(Clontech, Inc.), and pProEx-HT (Invitrogen, Corp.) and 
variants and derivatives thereof. Other vectors of interest 
include eukaryotic expression vectorS Such as pFastBac, 
pFastBacHT, pFastBacDUAL, pSFV, and pTet-Splice 
(Invitrogen), pEUK-C1, pPUR, pMAM, pMAMneo, 
pBI101, pBI121, pIDR2, pCMVEBNA, and pYACneo 
(Clontech), pSVK3, pSVL, pMSG, pCH110, and pKK232-8 
(Pharmacia, Inc.), p3'SS, pXT1, pSG5, pPbac, pMbac, 
pMC1 neo, and pCG44 (Stratagene, Inc.), and pYES2, 
pAC360, pBlueBachis A, B, and C, pVL1392, pBlueBacIII, 
pCDM8, pcDNA1, pZeoSV, pcDNA3 pREP4, pCEP4, and 
pEBVHis (Invitrogen, Corp.) and variants or derivatives 
thereof. 

0158 Other vectors suitable for use in the invention 
include puC18, p OC19, pBlueScript, pSPORT, cosmids, 
phagemids, YAC's (yeast artificial chromosomes), BAC's 
(bacterial artificial chromosomes), P1 (Escherichia coli 
phage), pGE70, pCE60, p.GE9 (quagan), pBS vectors, Phag 
eScript vectors, BlueScript vectors, pNH8A, pNH16A, 
pNH18A, pNH46A (Stratagene), pcDNA3 (Invitrogen), 
pGEX, pTrsfus, pTrc99A, pET-5, pET-9, pKK223-3, 
pKK233-3, pIDR540, pRIT5 (Pharmacia), pSPORT1, 
pSPORT2, pCMVSPORT2.0 and pSV-SPORT1 (Invitro 
gen) and variants or derivatives thereof. 
0159. Additional vectors of interest include pTrxFus, 
pThioHis, pI EX, pTrcHis, pTrcHis2, pRSET, pBlueBa 
cHis2, pcDNA3.1/His, pcDNA3.1(-)/Myc-His, pSecTag, 
pEBVHis, pPIC9K, pPIC3.5K, p.AO815, pPICZ, pPICZo, 
pGAPZ, pGAPZO, pBlueBacA.5, pBlueBachis2, pMelBac, 
pSinRep5, pSinHis, pIND, pIND(SP1), pVgRXR, 
pcDNA2.1, pYES2, p7ErO1.1, pZErO-2.1, pCR-Blunt, 
pSE280, pSE380, pSE420, pVL1392, pVL1393, pCDM8, 
pcDNA1.1, pcDNA1.1/Amp, pcDNA3.1, pcDNA3.1/Zeo, 
pSe, SV2, pRc/CMV2, pRc/RSV, pREP4, pREP7, pREP8, 
pREP9, pREP 10, pCEP4, pEBVHis, pCR3.1, pCR2.1, 
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pCR3.1-Uni, and pCRBac from Invitrogen; ExCell, 
gt11, pTrc99A, pKK223-3, pGEX-1T, pGEX-2T, pGEX 
2TK, pCEX-4T-1, pGEX-4T-2, pGEX-4T-3, pGEX-3X, 
pGEX-5X-1, p.GEX-5X-2, pGEX-5X-3, pEZZ18, pRIT2T, 
pMC1871, pSVK3, pSVL, pMSG, pCH110, pKK232-8, 
pSL1180, p.NEO, and pUC4K from Pharmacia; pSCREEN 
1b(+), pT7Blue(R), pT7Blue-2, pCITE-4abc(+), poCUS-2, 
pTAg, pET-32LIC, pET-30LIC, pBAC-2 cp LIC, pBAC 
gus-2 cp LIC, pT7Blue-2 LIC, pT7Blue-2, 7% SCREEN-1, 
BlueSTAR, pET-3abcd, pET-7abc, pET9abcd, pET11abcd, 

pET12abc, pET-14b, pET-15b, pET-16b, pET-17b-pET 
17xb, pET-19b, pET-20b(+), pET-21abcd(+), pET22b(+), 
pET-23abcd(+), pET-24abcd(+), pET-25b(+), pET-26b(+), 
pET-27b(+), pET-28.abc(+), pET-29abc(+), pET-30abc(+), 
pET-31b(+), pET-32abc(+), pET-33b(+), pBAC-1, pBAC 
guS-1, pBAC4X-1, pBACguS4X-1, pBAC-3 cp, pBACguS-2 
cp, pBACSurf-1, plg, Signal plg, pYX, Selecta Vecta-Neo, 
Selecta Vecta-Hyg, and Selecta Vecta-Gpt from Novagen; 
pI exA, pB42AD, pGBT9, p.AS2-1, pGAD424, p.ACT2, 
pGAD GL, pGAD GH, pGAD10, pGilda, pEZM3, pEGFP, 
pEGFP-1, pEGFP-N, pEGFP-C, pEBFP, pGFPuv, pGFP, 
p6xHis-GFP. pSEAP2-Basic, pSEAP2-Contral, pSEAP2 
Promoter, pSEAP2-Enhancer, p?3gal-Basic, pfgal-Control, 
pfgal-Promoter, p?3gal-Enhancer, pCMVB, pTet-Off, pTet 
On, pTK-Hyg, pRetro-Off, pRetro-On, pIRES1 neo, 
pIRES1 hyg, pI XSN, pI NCX, pI APSN, pMAMneo, 
pMAMneo-CAT, pMAMneo-LUC, pPUR, pSV2neo, 
pYEX4T-1/2/3, pYEX-S1, pBacPAK-His, pBacPAK8/9, 
pAcUW31, BacPAK6, pTriplex, agt10, agt11, pWE 15, and 
TriplEX from Clontech; Lambda ZAP II, pBK-CMV, pBK 
RSV, pBluescript II KS+/-, pBluescript II SK+/-, paD 
GAL4, pBD-GAL4 Cam, pSurfscript, Lambda FIX II, 
Lambda DASH, Lambda EMBL3, Lambda EMBL4, Super 
Cos, pCR-Scrigt Amp, pCR-Script Cam, pCR-Script Direct, 
pBS +/-, pBC KS+/-, pBC SK--/-, Phagescript, pCAL-n- 
EK, pCAL-n, pCAL-c, pCAL-kc, pFT-3abcd, pFT-11abcd, 
pSPUTK, pESP-1, pCMVLacI, pCPRSVI/MCS, poPI3 
CAT, pXT1, pSG5, pPbac, pMbac, pMC1 neo, pMC1 neo 
Poly A, pCG44, pOG45, pFRTBGAL, pNEOBGAL, 
pRS403, pRS404, pRS405, pRS406, pRS413, pRS414, 
pRS415, and pRS416 from Stratagene. 
0160 Two-hybrid and reverse two-hybrid vectors of 
interest include pPC86, pIDBLeu, pIDBTrp, pPC97, p2.5, 
pGAD1-3, pGAD10, p.ACt, paCT2, pGADGL, pGADGH, 
pAS2-1, pGAD424, pGBT8, pGBT9, p.GAD-GAL4, 
pI exA, pBD-GAL4, pHISi, pHISi-1, placZi, pB42AD, 
pDG202, p.K202, p.JG4-5, pNLeXA, pYESTrp and variants 
or derivatives thereof. 

0.161 The present invention also embodies the use and 
production of chimeric vectors. Such chimeric vectors may 
comprise one or more Sequences that encode one or more 
functional or structural component of a viral vector, wherein 
each component may or may not come from the same or 
different types of viruses. Suitable components that may be 
combined to create Such a chimeric vector include, but are 
not limited to, gag, pol, env, and rev genes and capsid 
proteins. 

0162 The nucleic acid molecules produced and/or uti 
lized in the cloning methods, compositions and kits of the 
present invention may additionally or alternatively comprise 
one or more promoter molecules as described throughout the 
present Specification, including the Pol III promoters H1 and 
U6 as well as other promoters recognized by RNA poly 
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merase III. The nucleic acid molecules and vectors of the 
present invention may also further or alternatively comprise 
one or more genes which code for Signal peptides and/or 
protease cleavage Sites. Examples of protease cleavage Sites 
include, but are not limited to, TEV sites and EKSites. TEV 
cleavage Sites useful in the present invention include: 

Consensus sequence: 

Glu-Xaa-Xaa-Try-Xaa-Gln//Xaa' (SEQ ID NO:23) 

TEW1 

Glu-Asn-Leu-Try-Phe-Gln//Xaa' (SEQ ID NO:24) 

TEW2 

Glu-Thr-Leu-Tyr-Ilue-Gln//Xaa' (SEQ ID NO:25) 

(Xaa = any amino acid; Xaa' = any amino acid, except 
Pro; // = Cleavage site). 

01.63 EK cleavage sites useful in the present invention 
include: 

Asp-Asp-Asp-Asp-Lys // 
(// = Cleavage site). 

(SEQ ID NO: 26) 

0164. Signal peptides utilized in the present invention 
may be removed by a signal peptidase or any protease (e.g. 
Precision, thrombin and factor X) specific for one or more 
motifs on a signal peptide to generate a mature protein, 
including a protein encoded only by the inserted nucleic 
acid. The present invention also encompasses methods for 
the production of fusion proteins, and the fusion proteins 
produced by those methods. In accordance with the present 
invention, the proteins of the present invention may com 
prise one or more signal peptides, or portions of Signal 
peptides, as noted above. These signal peptides may be used 
to facilitate production of desired proteins (e.g. mature or 
native proteins) in Vivo or in vitro. Proteins produced using 
the methods of the present invention comprising Such signal 
peptides would allow for the production of mature proteins, 
in which proteins are exported from the cell upon cleavage 
of the Signal peptide by proteases within the cell. In an in 
Vitro Setting, these signal peptides would facilitate the pro 
duction of native or desired proteins outside of a cell. 
Cleavage of the Signal peptide may occur using Signal 
peptidases, Such as those described above, thus producing a 
desired protein product. These signal peptides may also be 
used as tags to facilitate affinity purification of polypeptides 
or proteins, for example fusion polypeptides or fusion pro 
teins, produced by the methods of the present invention. 

0.165 Any number of different protease recognition sites 
may be used in the practice of the invention. These sites will 
often be selected by to fit particular criteria Suitable for the 
Specific application. Exemplary proteases and protease rec 
ognition sites include the following. Tobacco Etch Virus 
(TEV) protease recognizes the amino acid Sequence Glu 
Xaa-Xaa-Tyr-Xaa-Gln//Xaa' (SEQ ID NO:23), where Xaa 
is any amino acid; Xaa' is any amino acid except Pro and // 
indicates the cleavage Site. Thus, for the amino acid 
sequence Glu-Asn-Leu-Tyr-Phe-Gln-Gly (SEQ ID NO:27), 
TEV cleaves between the Gln and Gly residues (see Invit 
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rogen product literature associated with cat. nos. 10127-017 
and 12575-015). Also, for the amino acid sequence Glu 
Thr-Leu-Tyr-Ile-Gln-Xaa' (SEQ ID NO:25), TEV cleaves 
between the Gln and Xaa residues. Enterokinase (EK) 
recognizes the amino acid Sequence Asp-Asp-Asp-Asp-LyS 
(SEQ ID NO:26) cleaves after the lysine (see Invitrogen 
product literature associated with cat. nos. E180-01 and 
E180-O, Invitrogen Corp., Carlsbad, Calif.). The ulp1 
protease recognizes the amino acid Sequence Gly-Gly-Ser 
(SEQ ID NO:28) and cleaves between the second glycine 
and the serine (U.S. Patent Publication No. 2003/008.6918). 
Thus, the invention provides and includes nucleic acid 
molecules which may be used for producing proteins which 
may be processed by TEV protease, EK and/or ulp1 protease 
to generate proteins, as well as methods employing these 
enzymes and proteins or peptides produced using these 
methods. 

0166 In instances where the protein or peptide which is 
desired contains an amino terminal glycine, an amino ter 
minal tag comprising and/or ending in a TEV protease 
recognition Sequence may be used to generate a protein or 
peptides which contains no amino acids associated with, for 
example, cloning sites. Similarly, in instances where the 
protein which is desired contains an amino terminal Serine, 
an amino terminal tag comprising and/or ending in a ulp 
protease recognition Sequence may be used to generate a 
protein or peptide which contains amino acids associated 
with, for example, cloning sites. EK may be used to generate 
proteins or peptides which have an amino terminus other 
than glycine, as well as glycine. 

0167 The present invention also includes methods for 
joining two or more nucleic acid molecules using methods, 
for example, described elsewhere herein, wherein a first 
nucleic acid molecule contains a region which encodes a 
protease cleavage site and, optionally, a tag with a Second 
nucleic acid molecule encodes a desired protein or peptide. 
In many instances, these nucleic acid Segments are con 
nected Such that the desired protein is expressed along with 
amino acids of the protease cleavage Site as a fusion protein 
Such that upon processing with the cognate protease, the 
desired protein is produced. Often, the desired protein which 
results from proteolytic digestion will contain only amino 
acids encoded by the Second nucleic acid molecule referred 
to above. 

0.168. In many instances, when a desired protein is pro 
duced from a nucleic acid formed by the connection of two 
nucleic acid molecules, the generation of a "seam' is only 
relevant with respect to one end of the protein (i.e., the 
amino terminus or the carboxy terminus). In other words, in 
instances, where there is, for example, an amino terminal tag 
or a carboxy terminal tag, but not both, there is only a need 
to remove one tag. For example, when the translation 
product contains an amino terminal tag, the carboxy termi 
nus of the translation product will typically terminate at a 
position in the mRNA which corresponds to the naturally 
resident Stop codon. In Such instances, a protease System 
may be used which will only amino terminal amino acids 
from the translation product. 
0169. The present invention also encompasses the pro 
duction of a protein that comprises an expression enhancing 
amino acid Sequence cleavable by ulp1 protease or an active 
fragment of ulp1 protease (for example the fragment from 
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amino acid positions 403 to 621) and a poly-amino acid of 
interest, particularly one that is difficult to express in a 
recombinant expression System. The protein may also 
include a purification tag for ease of isolation. The ulp1 
protease cleavable Site may be any ulp1 cleavable site, Such 
as for example a ulp1 protease cleavable site from a ubiq 
uitin-like protein e.g. a SUMO (small ubiquitin-like mol 
ecule). The SUMO may be, for instance, Smt3 from yeast, 
or a fragment of Smt3 that retains the ability to be recog 
nized and cleaved by Ulp. 1. Examples of Such a fragment of 
Smt3 include the fragment from amino acid positions 14-98 
of Smt3 and the fragment from amino acid positions 1-98 of 
Smt3. Examples of such proteins can be found in WO 
02/090495, the entire disclosure of which is incorporated 
herein by reference. 

0170 When nucleic acid molecules and/or methods of 
the invention are used to produce proteins or peptides, these 
proteins or peptides may be produced with an amino termi 
nal and/or carboxy terminal tag. These tags may be used for 
any number of purposes, including to (1) increase the 
stability of the protein or peptide or (2) allow for purifica 
tion. Thus, proteins or peptides produced by methods of the 
invention, as well as protein or peptides encoded by nucleic 
acid molecules of the invention, may contain affinity puri 
fication tags (e.g., epitope tags Such as the V5 epitope). 
Affinity purification tags are often amino acid Sequences that 
can interact with a binding partner immobilized on a Solid 
Support. Nucleic acids encoding multiple consecutive single 
amino acids, Such as histidine, may be used for one-step 
purification of the recombinant protein by affinity binding to 
a resin column, Such as nickel Sepharose. A protease cleav 
age Site can be engineered between the affinity tag and the 
desired protein to allow for removal of the tag, for example, 
after the purification proceSS is complete or to induce release 
of the desired protein or peptide from the Solid Support. 
Affinity tags which may be used in the practice of the 
invention include tags Such as the chitin binding domain 
(which binds to chitin), polyarginine, glutathione-S-trans 
ferase (which binds to glutathione), maltose binding protein 
(which binds maltose), FIASH, biotin (which binds to avidin 
and Strepavidin), and the like. 
0171 Epitope tags are short amino acid sequences which 
are recognized by epitope specific antibodies. Proteins or 
peptides which contain one or more epitope tags may 
purified, for example, using a cognate antibody bound to a 
chromatography resin. The presence of the epitope tag 
furthermore allows the recombinant protein to be detected in 
Subsequent assays, Such as Western blots, without having to 
produce an antibody Specific for the recombinant protein 
itself. Examples of commonly used epitope tags include V5, 
glutathione-S-transferase (GST), hemaglutinin (HA), the 
peptide Phe-His-His-Thr-Thr (SEQ ID NO:29), chitin bind 
ing domain, and the like. AS discussed above, these affinity 
tags may be removed from the desired protein or peptide by 
proteolytic cleavage. 

0172 FIASH tags comprise the Sequence a cyS-cyS-Xaa 
Xaa-cys-cys (SEQ ID NO:30), where Xaa and Xaa are 
amino acids. In many instances, Xaa and Xaa, which may be 
the same or different amino acids, are amino acids with high 
a-helical propensity. In Some embodiments, X and Y are the 
Same amino acid. These peptides have been shown to bind 
to biarsenical compounds. The FIASH systems is described 
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in U.S. Pat. No. 6,054,271, the entire disclosure of which is 
incorporated herein by reference. 
0173 The nucleic acid molecules and/or nucleic acid 
Segments utilized in the cloning methods, compositions and 
kits of the present invention may optionally comprise one or 
more Selectable markers comprising at least one DNA 
Segment encoding an element Selected from the group 
consisting of an antibiotic resistance gene, a gene that 
encodes a fluorescent protein, a tRNA gene, an auxotrophic 
marker, a toxic gene, a phenotypic marker, an antisense 
oligonucleotide, a restriction endonuclease, a restriction 
endonuclease cleavage Site, an enzyme cleavage site, a 
protein binding site, and a Sequence complementary to a 
PCR primer sequence. 
0.174 Suitable antibiotic resistance genes for use in the 
present invention are well known in the art and include, but 
are not limited to, chloramphenicol resistance genes, ampi 
cillin resistance genes, tetracycline resistance genes, Zeocin 
resistance genes, Spectinomycin resistance genes and kana 
mycin resistance genes. 
0175 Examples of toxic gene products suitable for use in 
the present invention are well known in the art, and include, 
but are not limited to, restriction endonucleases (e.g., DpnI), 
apoptosis-related genes (e.g. ASK1 or members of the 
bcl-2/ced-9 family), retroviral genes including those of the 
human immunodeficiency virus (HIV), defensins such as 
NP-1, inverted repeats or paired palindromic nucleic acid 
Sequences, bacteriophage lytic genes Such as those from 
(dX174 or bacteriophage T4; antibiotic sensitivity genes 
Such as rpSL, antimicrobial Sensitivity genes Such as pheS, 
plasmid killer genes, eukaryotic transcriptional vector genes 
that produce a gene product toxic to bacteria, Such as 
GATA-1, and genes that kill hosts in the absence of a 
Suppressing function, e.g., kicB, SacB, ccdb, (dX174 E 
(Liu, Q. et al., Curr. Biol. 8:1300-1309 (1998)), and other 
genes that negatively affect replicon Stability and/or repli 
cation. The present invention also encompasses the use of a 
gene that encodes the tuS gene which binds to one or more 
ter Sites. A toxic gene can alternatively be Selectable in vitro, 
e.g., a restriction Site. 
0176) Any of the nucleic acid molecules or nucleic acid 
Segments used in or produced by the present methods, 
compositions and kits may further comprise one or more 
Site-specific recombination sites. These recombination Sites 
may flank the one or more restriction sites (e.g. one or more 
type IIs sites) if present in the nucleic acid molecules or 
Segments of the invention. Site-specific recombinases are 
proteins that are present in or produced by many organisms 
(e.g., viruses and bacteria) and have been characterized as 
having both endonuclease and ligase properties. These 
recombinases (along with associated proteins in Some cases) 
recognize specific sequences of bases (i.e., recombination 
Sites) in a nucleic acid molecule and exchange the nucleic 
acid Segments flanking those Sequences. The recombinases 
and associated proteins are collectively referred to as 
“recombination proteins” (see, e.g., Landy, A., Current 
Opinion in Biotechnology 3:699-707 (1993)). 
0177 Numerous recombination systems from various 
organisms have been described. See, e.g., HoeSS, et al., 
Nucleic Acids Research 14:2287 (1986); Abremski, et al., J. 
Biol. Chem. 261:391 (1986); Campbell, J. Bacteriol. 
174:7495 (1992); Qian, et al., J. Biol. Chem. 267:7794 
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(1992); Araki, et al., J. Mol. Biol. 225:25 (1992); Maeser and 
Kahnmann, Mol. Gen. Genet. 230:170-176) (1991); 
Esposito, et al., Nucl. Acids Res. 25:3605 (1997). Many of 
these belong to the integrase family of recombinases (Argos, 
et al., EMBO J. 5:433-440 (1986); Voziyanov, et al., Nucl. 
Acids Res. 27:930 (1999)). Perhaps the best studied of these 
are the Integrase/att System from bacteriophage (Landy, A. 
Current Opinions in Genetics and Devel. 3:699-707 (1993)), 
the Cre/loxP system from bacteriophage P1 (Hoess and 
Abremski (1990) In Nucleic Acids and Molecular Biology, 
vol. 4. Eds.: Eckstein and Lilley, Berlin-Heidelberg: 
Springer-Verlag; pp. 90-109), and the FLP/FRT system from 
the Saccharomyces cerevisiae 2u circle plasmid (Broach, et 
al., Cell 29:227-234 (1982)). 
0.178 Recombination sites are sections or segments of 
nucleic acid on the participating nucleic acid molecules that 
are recognized and bound by the recombination proteins 
during the initial Stages of integration or recombination. For 
example, the recombination Site for Cre recombinase is loxP 
which is a 34 base pair Sequence comprised of two 13 base 
pair inverted repeats (Serving as the recombinase binding 
Sites) flanking an 8 base pair core sequence. See FIG. 1 of 
Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994). Other 
examples of recognition Sequences include the attB, attP, 
att, and attR Sequences which are recognized by the 
recombination protein Int. attB is an approximately 25 base 
pair Sequence containing two 9 base pair core-type Int 
binding sites and a 7 base pair overlap region, while attP is 
an approximately 240 base pair Sequence containing core 
type Int binding Sites and arm-type Int binding sites as well 
as sites for auxiliary proteins integration host factor (IHF), 
FIS and excisionase (Xis). See Landy, Curr. Opin. Biotech. 
3:699-707 (1993). Suitable recombination sites for use in the 
present invention include, but are not limited to, attB sites, 
attP Sites, attL sites, attR Sites, lox Sites, psi Sites, tmp sites, 
dif Sites, cer Sites, frt Sites, and mutants, variants and 
derivatives thereof. 

0179 The present cloning methods also embody the use 
of nucleic acid molecules that include a DNA segment 
having one or more terminal 3'-deoxyadenosine monphos 
phate (dAMP) residues, as described in U.S. Pat. No. 
5,487.933, herein incorporated entirely by reference. These 
DNA segments are generated by thermophilic polymerases 
during PCR amplification. Double-stranded nucleic acids 
are formed with a single overhanging 3'-AMP residue. 
Mixture of these molecules with a population of linear 
double-Stranded DNA molecules with a single overhanging 
deoxythymidylate (dTMP) residue at one or both of the 3' 
termini of the DNA molecule allow for ligation of the 
3'-dAMP containing nucleic acid molecules and the 
3'-dTMP-containing DNA molecules to produce recombi 
nant molecules. This approach is commonly known to those 
in the art as “TA Cloning,” compositions and methods for 
which are available from Invitrogen Corporation (Carlsbad, 
Calif.). 
0180. The present invention also encompasses the use of 
cloning methods known to those skilled in the art as RecA 
cloning. The RecA cloning protein efficiently coats Singly 
stranded DNA. In the presence of ATP, this Rec-A coated 
Single-Stranded DNA can for triple-Stranded nucleoprotein 
complexes with homologous double-stranded DNA. This 
RecA driven Strand invasion and annealing can lead to high 
efficiency capture of DNA containing regions of homology 
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with single-stranded DNA probes. This system can be used 
to increase the efficiency of recombination between a cir 
cular plasmid DNA molecule and a linear DNA “insert.” 
Such suitable methods of RecA cloning can be found in U.S. 
Pat. Nos. 5,948,653, 6,074,853 and 6,200,812, the disclo 
Sures of each of which are hereby incorporated entirely by 
reference. 

0181. The present invention also encompasses the use of 
a method of cloning DNA molecules in cells comprising the 
Steps: a) providing a host cell capable of performing 
homologous recombination, b) contacting in Said host cell a 
first DNA molecule which is capable of being replicated in 
Said host cell with a Second DNA molecule comprising at 
least two regions of Sequence homology to regions on the 
first DNA molecule, under conditions which favour homolo 
gous recombination between said first and second DNA 
molecules and c) selecting a host cell in which homologous 
recombination between said first and second DNA mol 
ecules has occurred. 

0182. In this method of the present invention, the 
homologous recombination Suitably occurs via the recET 
mechanism, i.e. the homologous recombination is mediated 
by the gene products of the recE and the recT genes which 
are preferably Selected from the E. coli genes recE and recT 
or functionally related genes Such as the phage w redo, and 
red? genes. In contrast to RecA cloning, the recET cloning 
System requires significantly fewer bases of homology for 
efficient recombination into the target molecule. These pro 
teins facilitate the homologous incorporation of a double 
Stranded DNA fragment into a circular plasmid. 
0183) A host cell suitable for this embodiment of the 
present invention is a bacterial cell, e.g. a gram-negative 
bacterial cell. Suitably the host cell is an enterobacterial cell, 
such as Salmonella, Klebsielia or Escherichia. Most pref 
erably the host cell is an Escherichia coli cell. It should be 
noted, however, that this method of the present invention is 
also Suitable for eukaryotic cells, Such a S fingi, plant or 
animal cells. Such suitable methods of recET cloning can be 
found in Zhang, Y. et al., Nature 20:123-128 (1998), Mury 
ers, J. P. P., et al., Nucl. Acids Res. 27:1555-1557 (1999), and 
U.S. Pat. Nos. 6,509,156 and 6,355,412, the disclosures of 
each of which are hereby incorporated entirely by reference. 
0184 The first nucleic acid molecule and/or segment, as 
well as the Second nucleic acid molecule involved in the 
methods, compositions and kits of the present invention may 
further or alternatively comprise one or more topoisomerase 
recognition sites and/or one or more topoisomerases. In 
Suitable embodiments, the topoisomerase recognition site(s), 
if present, may optionally be flanked by two or more 
recombination sites. 

0185. The term “flanked” as used herein is meant to 
indicate a spatial relationship wherein a restriction site (e.g. 
a type IIs site) and/or recombination site are located to one 
Side of a nucleic acid segment (gene, Selectable marker, 
etc.). AS described above, recombination sites may also 
flank restriction sites (e.g. type IIs sites) utilized in the 
invention. In the Situation where a nucleic acid Segment is 
flanked by two or more recombination or recognition sites, 
each side of the nucleic acid Segment may be flanked by one 
or more sites. 

0186 Topoisomerases are categorized as type I, includ 
ing type IA and type IB topoisomerases, which cleave a 
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Single Strand of a double Stranded nucleic acid molecule, and 
type II topoisomerases (gyrases), which cleave both Strands 
of a nucleic acid molecule. Type IA and IB topoisomerases 
cleave one Strand of a nucleic acid molecule. Cleavage of a 
nucleic acid molecule by type IA topoisomerases generates 
a 5" phosphate and a 3' hydroxyl at the cleavage Site, with the 
type IA topoisomerase covalently binding to the 5' terminus 
of a cleaved Strand. In comparison, cleavage of a nucleic 
acid molecule by type IB topoisomerases generates a 3' 
phosphate and a 5’ hydroxyl at the cleavage Site, with the 
type IB topoisomerase covalently binding to the 3' terminus 
of a cleaved Strand. The topoisomerase recognition Sites of 
the present invention, if present, may be recognized and 
bound by a type I topoisomerase, and Suitably by a type IB 
topoisomerase. Type IB topoisomerases useful in the present 
invention include, but are not limited to eukaryotic nuclear 
type I topoisomerase and a poxvirus topoisomerase. The 
poxvirus topoisomerase useful in the present invention may 
be produced by or isolated from a virus including, but not 
limited to, vaccinia virus, Shope fibroma virus, ORF virus, 
fowlpox virus, molluscum contagiosum virus and AmSacta 
morrei entomopoxvirus (see Shuman, Biochim. Biophys. 
Acta 1400:321-337, 1998; Petersen et al., Virology 230:197 
206, 1997; Shuman and Prescott, Proc. Natl. Acad. Sci., USA 
84:7478-7482, 1987; Shuman, J. Biol. Chem. 269:32678 
32684, 1994; U.S. Pat. No. 5,766,891; PCT/US95/16099; 
PCT/US98/12372, each of which is incorporated herein by 
reference; see, also, Cheng et al., Supra, 1998). Suitable type 
IB topoisomerases include the nuclear type I topoisomerases 
present in all eukaryotic cells and those encoded by vaccinia 
and other cellular poxviruses (see Cheng et al., Cell 92:841 
850, 1998, which is incorporated herein by reference). The 
eukaryotic type IB topoisomerases are exemplified by those 
expressed in yeast, Drosophila and mammalian cells, 
including human cells (see Caron and Wang, Adv. Pharma 
col. 29B.:271-297, 1994; Gupta et al., Biochim. Biophys. 
Acta 1262:1-14, 1995, each of which is incorporated herein 
by reference; see, also, Berger, Supra, 1998). 
0187. In suitable aspects of the present invention, the one 
or more optional Selectable markers of the nucleic acids or 
Segment used in or produced by the present invention may 
be flanked by one or more restriction sites (e.g. one or more 
type IIs sites) and/or one or more recombination sites. 
0188 In other suitable embodiments of the present inven 
tion, the first nucleic acid molecule or Segment and/or the 
Second nucleic acid molecule may not comprise a promoter. 
The present invention allows for transfer of a promoter 
element into a Second nucleic acid molecule that may not 
comprise a promoter via SeamleSS cloning. In this orienta 
tion, transcription of the Second nucleic acid molecule from 
the promoter element located on the first nucleic acid 
molecule may proceed Such that no additional Sequences are 
transcribed between the promoter element and the Start 
codon of the Second nucleic acid molecule. The present 
invention also allows for Seamlessly adding a first nucleic 
acid molecule or Segment into a Second nucleic molecule 
that contains a promoter element Such that the first nucleic 
acid molecule or Segment will Subsequently be under the 
control of the promoter element. 
0189 Incubation conditions suitable for use in the meth 
ods of the present invention comprise incubation with Suf 
ficient amounts of DNAligases and buffers. Such incubation 
conditions are described in Maniatis et al., Molecular Clon 
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ing: A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y. (1982). The term sufficient amount 
as used herein means that the amount of DNA ligase(s) and 
buffer(s) present during the cloning and/or recombination 
reactions is Such that these reactions proceed as designed. 
Suitable buffers include physiologic buffers such as, but not 
limited to, Tris-(hydroxymethyl)aminomethane-HCl 
TRIS(R-HCl, Ethylene-diaminetetraacetic acid (EDTA) 
disodium salt, saline, Phosphate Buffered Saline (PBS), 
N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid) 
(HEPES(R), 3-(N-Morpholino)propanesulfonic acid 
(MOPS), 2-bis(2-Hydroxyethylene)amino-2-(hydroxym 
ethyl)-1,3-propanediol (bis-TRIS(R), potassium phosphate 
(KP), sodium phosphate (NaP), dibasic sodium phosphate 
(NaHPO), monobasic sodium phosphate (NaH2PO), 
monobasic Sodium potassium phosphate (NaKHPO), mag 
nesium phosphate (Mg(PO)2.4H2O), potassium acetate 
(CHCOOH), D(+)-C-sodium glycerophosphate 
(HOCHCH(OH)CHOPONa) and other physiologic 
buffers known to those skilled in the art. 

0190. In additional embodiments of the present invention 
provides methods for cloning or Subcloning one or more 
desired nucleic acid molecules comprising: (a) combining in 
vitro or in Vivo (i) one or more first nucleic acid molecules 
comprising one or more Sticky ends generated by one or 
more first restriction enzymes (e.g. one or more type IIS 
restriction enzymes); (ii) one or more second nucleic acid 
molecules comprising one or more toxic genes flanked by 
one or more second restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); and (iii) one or 
more restriction enzymes (e.g. one or more type IIs restric 
tion enzymes) that are specific for the first and/or second 
restriction sites; and (b) incubating the combination under 
conditions Sufficient to join the first nucleic acid molecule 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules. Cloning via Such methods of the invention 
allows for Selection of Successfully cloned nucleic acid 
molecules where the toxic gene originally present in the 
Second nucleic acid molecule has been removed and 
replaced with a desired nucleic acid Sequence from the first 
nucleic acid molecule. 

0191 In other embodiments of the present invention 
provides methods for cloning or Subcloning one or more 
desired nucleic acid molecules, or portions thereof, com 
prising: (a) combining in vitro or in Vivo (i) one or more first 
nucleic acid molecules comprising at least one nucleic acid 
Segment that is flanked by one or more first restriction Sites 
(e.g. one or more type IIs restriction enzyme recognition 
Sites); (ii) one or more Second nucleic acid molecules 
comprising one or more toxic genes flanked by one or more 
Second restriction sites (e.g. one or more type IIs restriction 
enzyme recognition sites); and (iii) one or more restriction 
enzymes (e.g. one or more type IIs restriction enzymes) that 
are Specific for the first and/or Second restriction enzyme 
recognition sites; and (b) incubating the combination under 
conditions Sufficient to join the first nucleic acid molecule 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules. AS noted above, cloning via Such methods of the 
invention allows for Selection of Successfully cloned nucleic 
acid molecules where the toxic gene originally present in the 
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Second nucleic acid molecule has been removed and 
replaced with a desired nucleic acid Sequence from the first 
nucleic acid molecule. 

0.192 The present invention also provides methods for 
cloning or Subcloning one or more desired nucleic acid 
molecules comprising: (a) combining in vitro or in Vivo (i) 
one or more first nucleic acid molecules comprising one or 
more Sticky ends that have been generated by one or more 
first restriction enzymes (e.g. one or more type IIs restriction 
enzymes); (ii) one or more Second nucleic acid molecules 
comprising one or more toxic genes and one or more 
antibiotic resistance genes all flanked by one or more Second 
restriction sites (e.g. one or more type IIs restriction enzyme 
recognition sites); and (iii) one or more restriction enzymes 
(e.g. one or more type IIs restriction enzymes) that are 
Specific for the restriction enzyme recognition sites; and (b) 
incubating Said combination under conditions Sufficient to 
join the first nucleic acid molecule into and or more of the 
Second nucleic acid molecules, thereby producing one or 
more desired product nucleic acid molecules. This embodi 
ment allows for additional Selective Screening via Selection, 
for example, of antibiotic resistant host cells. 
0193 The present invention also provides methods for 
cloning or Subcloning one or more desired nucleic acid 
molecules, or portions thereof, comprising: (a) combining in 
vitro or in Vivo (i) one or more first nucleic acid molecules 
comprising at least one nucleic acid Segment flanked by one 
or more first restriction sites (e.g. one or more type IIs 
restriction enzyme recognition sites); (ii) one or more Sec 
ond nucleic acid molecules comprising one or more toxic 
genes and one or more antibiotic resistance genes all flanked 
by one or more Second restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); and (iii) one or 
more restriction enzymes (e.g. one or more type IIs restric 
tion enzymes) that are specific for the restriction enzyme 
recognition sites; and (b) incubating said combination under 
conditions Sufficient to join the first nucleic acid molecule 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules. This embodiment allows for additional selective 
Screening via Selection, for example, of antibiotic resistant 
host cells. 

0194 Another embodiment of the invention provides a 
method for cloning or Subcloning one or more desired 
nucleic acid molecules comprising: (a) combining in vitro or 
in Vivo (i) one or more first nucleic acid molecules com 
prising one or more Sticky ends that have been generated by 
one or more first restriction enzymes (e.g. one or more type 
IIs restriction enzymes); (ii) one or more Second nucleic acid 
molecules comprising one or more Second restriction Sites 
(e.g. one or more type IIs restriction enzyme recognition 
Sites) flanked by one or more recombination sites; and (iii) 
one or more restriction enzymes (e.g. one or more type IIS 
restriction enzymes) that are specific for the first and/or 
Second restriction enzyme recognition sites; and (b) incu 
bating Said combination under conditions Sufficient to join 
the first nucleic acid molecule and one or more of Said 
Second nucleic acid molecules, thereby producing one or 
more desired product nucleic acid molecules. Following 
cloning of the first nucleic acid molecule, the cloned portion 
of the Sequence may be cloned into another nucleic acid 
molecule Via, for example, recombination cloning as 
described below. 
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0.195 Another embodiment of the invention provides a 
method for cloning or Subcloning one or more desired 
nucleic acid molecules, or portions thereof, comprising: (a) 
combining in vitro or in Vivo (i) one or more first nucleic 
acid molecules comprising at least one nucleic acid Segment 
flanked by one or more first restriction sites (e.g. one or more 
type IIs restriction enzyme recognition sites); (ii) one or 
more Second nucleic acid molecules comprising one or more 
Second restriction sites (e.g. one or more type IIs restriction 
enzyme recognition sites) flanked by one or more recombi 
nation sites; and (iii) one or more restriction enzymes (e.g. 
one or more type IIs restriction enzymes) that are specific for 
the first and/or Second restriction enzyme recognition sites, 
and (b) incubating said combination under conditions Suf 
ficient to join the first nucleic acid molecule and one or more 
of Said Second nucleic acid molecules, thereby producing 
one or more desired product nucleic acid molecules. AS 
noted above, following cloning of the first nucleic acid 
molecule, the cloned portion of the Sequence may be cloned 
into another nucleic acid molecule Via, for example, recom 
bination cloning as described below. 
0196. The present invention also provides for a method 
for cloning or Subcloning one or more desired nucleic acid 
molecules, or portions thereof, comprising: (a) combining in 
vitro or in Vivo (i) one or more first nucleic acid molecules 
comprising at least one nucleic acid Segment flanked by one 
or more first restriction sites (e.g. one or more type IIS 
restriction enzyme recognition sites) and further flanked by 
one or more recombination sites; (ii) one or more second 
nucleic acid molecules comprising one or more recombina 
tion sites; and (iii) one or more site-specific recombination 
proteins; and (b) incubating the combination under condi 
tions Sufficient to transfer the first nucleic acid molecule into 
one or more of the Second nucleic acid molecules, thereby 
producing one or more desired product nucleic acid mol 
ecules. 

0197) This method of the present invention allows for the 
transfer of a nucleic acid Sequence flanked by one or more 
restriction sites (e.g. one or more type IIs sites) that is further 
flanked by one or more recombination Sites into a Second 
nucleic acid molecule via recombinational cloning. Recom 
binational cloning is described in detail in U.S. Pat. Nos. 
5,888,732 and 6,277,608 (incorporated herein entirely by 
reference in their entireties). Recombinational cloning as 
disclosed in U.S. Pat. Nos. 5,888,732 and 6,277,608 
describes methods for moving or exchanging nucleic acid 
Segments using at least one recombination site and at least 
one recombination protein to provide chimeric DNA mol 
ecules. Suitable recombination proteins for use in the 
present invention include, but are not limited to Int, Cre, 
IHF, Xis, Fis, Hin, Gin, Cin, Tn3 resolvase, TndX, XerC and 
XerD. 

0198 The methods of the present invention may further 
comprise introducing the product nucleic acid into one or 
more host cells. Host cells that may be used in any aspect of 
the present invention include, but are not limited to, bacterial 
cells, yeast cells, plant cells and animal cells. Preferred 
bacterial host cells include Escherichia spp. cells (particu 
larly E. coli cells and most particularly E. coli Strains 
DH10B, Stb12, DH5, DB3 (deposit No. NRRL B-30098), 
DB3.1 (preferably E. coli LIBRARY EFFICIENCY, 
DB3.1J Competent Cells; Invitrogen Corporation, Carlsbad, 
Calif.), DB4 and DB5 (deposit Nos. NRRL B-301.06 and 
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NNRL B-30107 respectively, see U.S. application Ser. No. 
09/518,188, filed Mar. 2, 2000, the disclosure of which is 
incorporated by reference herein in its entirety), JDP682 and 
ccdA-over (See U.S. Provisional Application No. 60/475, 
004, filed Jun. 3, 2003, the disclosure of which is incorpo 
rated by reference herein in its entirety), Bacillus spp. cells 
(particularly B. Subtilis and B. megaterium cells), Strepto 
myces spp. cells, Erwinia spp. cells, Klebsiella spp. cells, 
Serratia spp. cells (particularly S. marceSSans cells), 
Pseudomonas spp. cells (particularly P. aeruginosa cells), 
and Salmonella spp. cells (particularly S. typhimurium and 
S. typhi cells). Preferred animal host cells include insect 
cells (most particularly Drosophila melanogaster cells, 
Spodoptera frugiperda Sf9 and Sf21 cells and Trichoplusa 
High-Five cells), nematode cells (particularly C. elegans 
cells), avian cells, amphibian cells (particularly Xenopus 
laevis cells), reptilian cells, and mammalian cells (most 
particularly NIH3T3, CHO, COS, VERO, BHK and human 
cells). Preferred yeast host cells include Saccharomyces 
cerevisiae cells and Pichia pastoris cells. These and other 
Suitable host cells are available commercially, for example 
from Invitrogen Corporation (Carlsbad, Calif.), American 
Type Culture Collection (Manassas, Va.), and Agricultural 
Research Culture Collection (NRRL, Peoria, Ill.). 
0199 Additional host cells that are useful in the present 
invention include mutant host cells and host cell Strains, as 
well as mutants and/or derivatives thereof, that are resistant 
to the effects of the expression of one or more toxic genes. 
Host cells of this type may, for example, comprise one or 
more mutations in one or more genes within their genomes 
or on extrachromosomal or extragenomic DNA molecules 
(Such as plasmids, phagemids, cosmids, etc.), including 
mutations in, for example, recA, endA, mcra, mcrB, mcrC, 
hSd, deoR, tonA, and the like, in particular in recA or endA 
or in both recA and endA. The mutations to these host cells 
may render the host cells and host cell Strains resistant to 
toxic genes including, but not limited to, ccdE, kicB, SacB, 
DpnI, an apoptosis-related gene, a retroviral gene, a 
defensin, a bacteriophage lytic gene, an antibiotic Sensitivity 
gene, an antimicrobial Sensitivity gene, a plasmid killer 
gene, and a eukaryotic transcriptional vector gene that 
produces a gene product toxic to bacteria, and most particu 
larly ccdB. Production and use of these type of mutant host 
cell Strains are described in commonly owned U.S. Appl. 
No. 60/122,392, filed Mar. 2, 1999, Ser. No. 09/518,188, 
filed Mar. 2, 2000 (now abandoned), 10/396,696, filed Mar. 
20, 2003, and 60/475,004, filed Jun. 3, 2003, the disclosures 
of which are incorporated herein by reference in their 
entireties. 

0200 Methods for introducing the cloned product nucleic 
acid molecules and/or vectors of the invention into the host 
cells described herein, to produce host cells comprising one 
or more of the cloned nucleic acid molecules and/or vectors 
of the invention, will be familiar to those of ordinary skill in 
the art. For instance, the nucleic acid molecules and/or 
vectors of the invention may be introduced into host cells 
using well known techniques of infection, transduction, 
electroporation, transfection, and transformation. The 
nucleic acid molecules and/or vectors of the invention may 
be introduced alone or in conjunction with other the nucleic 
acid molecules and/or vectors and/or proteins, peptides or 
RNAs. Alternatively, the nucleic acid molecules and/or 
vectors of the invention may be introduced into host cells as 
a precipitate, Such as a calcium phosphate precipitate, or in 
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a complex with a lipid. Electroporation also may be used to 
introduce the nucleic acid molecules and/or vectors of the 
invention into a host. Likewise, Such molecules may be 
introduced into chemically competent cells Such as E. coli. 
If the vector is a virus, it may be packaged in vitro or 
introduced into a packaging cell and the packaged virus may 
be transduced into cells. Hence, a wide variety of techniques 
Suitable for introducing the nucleic acid molecules and/or 
vectors of the invention into cells in accordance with this 
aspect of the invention are well known and routine to those 
of skill in the art. Such techniques are reviewed at length, for 
example, in Sambrook, J., et al., Molecular Cloning, a 
Laboratory Manual, 2nd Ed., Cold Spring Harbor, N.Y.: 
Cold Spring Harbor Laboratory Press, pp. 16.30-16.55 
(1989), Watson, J. D., et al., Recombinant DNA, 2nd Ed., 
New York: W.H. Freeman and Co., pp. 213–234 (1992), and 
Winnacker, E.-L., From Genes to Clones, New York: VCH 
Publishers (1987), which are illustrative of the many labo 
ratory manuals that detail these techniques and which are 
incorporated by reference herein in their entireties for their 
relevant disclosures. 

0201 The present invention also encompasses producing 
a Subsequent nucleic acid and/or a protein by introduction of 
a cloned product nucleic acid molecule of the invention and 
expression in a host cell. Methods and conditions by which 
to produce Such product nucleic acid molecules and product 
proteins are well known in the art. See for example, Sam 
brook, J., et al., Molecular Cloning, a Laboratory Manual, 
2nd Ed., Cold Spring Harbor, N.Y.: Cold Spring Harbor 
Laboratory Press (1989). 
0202) The present invention also encompasses the 
nucleic acid molecules and proteins produced from a host 
cell of the invention. An improvement of the present inven 
tion is that nucleic acid molecules produced using methods 
of the present invention, in many instances, will not contain 
extraneous nucleotides that are not associated with the 
desired nucleic acid, for example nucleotides encoded by the 
restriction sites (e.g. type IIs restriction enzyme recognition 
Sites). In other words, the seamless cloning methods of the 
present invention allow for a product molecule that does not 
contain extraneous nucleotides from other Sources, includ 
ing the restriction sites. Similarly, the product protein mol 
ecules produced using the methods of the present invention 
are free of amino acids that are not associated with the 
desired native or mature product protein, for example the 
product protein molecules are free of amino acids encoded 
by the restriction sites (e.g. type IIs restriction sites). The 
proteins produced by the methods of the invention may be 
of any size, including for example, a short peptide from 
about 5 amino acids, about 10 amino acids, about 20 amino 
acids, about 30 amino acids, about 40 amino acids, about 50 
amino acids. The present invention also encompasses the 
production of larger proteins, for example about 300 amino 
acids in length, or even a large protein of greater than about 
600 amino acids in length. 
0203. In one embodiment of the present invention, the 
nucleic acid molecules produced from the host cells may be 
useful as interfering RNA molecules. In biological Systems 
that are not amenable to gene targeting or homologous 
recombination, a process called RNA interference (RNAi) is 
one practical method of generating knockout (KO) pheno 
types. Post transcriptional gene Silencing (PTGS) in plants 
and quelling in NeuroSpora was described in the early 
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1990s. RNAi was originally described in the model organ 
ism C. elegans as double stranded RNA (dsRNA) that 
mediated Sequence specific gene Silencing (Fire et al., 
Nature 391:806-811 (1998)). RNAI has also been described 
in yeast, Drosophila, plants and trypanoSomes. RNAi can be 
used for genetic analysis. For example, it can be used for 
genome wide RNAi screens. RNAi has been shown to be 
conserved in mammals. RNAi has been used in the identi 
fication of a short interfering RNA (siRNA) as an effector 
molecule and with microRNA (mRNA) regulation. Essen 
tially, the proceSS involves application of double Stranded 
RNA (dsRNA) that represents a complementary sense and 
anti-Sense Strand of a portion of a target gene within the 
region that encodes mRNA. The presence of the interfering 
dsRNA causes a Severe post-transcriptional down-regulation 
of the target gene. This versatile technique has been used as 
a tool in the study of eukaryotic biology (see Sharp, P. A., 
Genes Dev. 13:139-141 (1999)). RNAi is an evolutionarily 
conserved phenomenon and a multi-step process that 
involves generation of active small interfering RNA 
(siRNA) in vivo through the action of an RNase III endo 
nuclease, DICER, which digests long double stranded RNA 
molecules (dsRNA) into shorter fragments (See FIG. 13). 
The 21- to 23-nucleotide base pair small interfering RNAS 
(siRNAs), produced through the action of DICER, mediate 
degradation of the complementary homologous RNA. One 
bottleneck to using RNAi as a tool has been mRNA target 
Site Selection. Yet another challenge has been delivery, either 
transient such as transfection of dsRNA (See FIGS. 16-18) 
(Kawasaki et al, NAR, 31(3):981-987 (2003)) or stable 
expression using vectors or a virus (See FIGS. 15 and 19) 
(Dykxhoom, Novina and Sharp, Nature Reviews, Vol.4, 
(June 2003)). RNAi has successfully been reported in stable 
cell lines and transgenic mice. GFP shRNA block GFP 
expression in transgenic mice, decrease GFP in blastocytes 
and lower GFP fluorescence overall in a three day pup with 
two copies of the shRNA (Tiscomia et al., PNAS, 2003). 
0204 RNAi is also powerful in reverse genetics. RNAi 
can be used as a loSS of function tool, Similar to antisense 
and ribozymes, but more potent. Natural cellular machinery 
use double Stranded RNA to regulate cellular processes (e.g., 
mRNA). Some advantages of RNAi are that it is broadly 
conserved in eukaryotic organisms, is post transcliptional 
(effective in diploids) and is tunable (can adjust level of 
RNAi at several levels). 
0205 Until recently, RNAi technology did not appear to 
be applicable to mammalian Systems. In mammals, dsRNA 
activates dsRNA-activated protein kinase (PKR) resulting in 
an apoptotic cascade and cell death (Der et al., Proc. Natl. 
Acad. Sci. USA 94:3279-3283 (1997)). In addition, it has 
long been known that dsRNA activates the interferon cas 
cade in mammalian cells, which can also lead to altered cell 
physiology (Colby et al, Annu. Rev. Microbiol. 25:333 
(1971); Kleinschmidt et al., Annu. Rev. Biochem. 41:517 
(1972); Lampson et al., Proc. Natl. Acad. Sci. USA 58L782 
(1967); Lomniczi et al., J. Gen. Virol. 8:55 (1970); Younger 
et al., J. Bacteriol. 92:862 (1966)). However, dsRNA 
mediated activation of the PKR and interferon cascades 
typically require dsRNA longer than about 30 base pairs. 
Since the primary products of DICER are 21-23 base pair 
fragments of dsRNA, one can circumvent the adverse or 
undesired mammalian responses to dsRNA and still elicit an 
interfering RNA effect via siRNA (Elbashir et al., Nature 
411:494-498 (2001)). 
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0206. Thus, another aspect of the present invention pro 
vides methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS that have 
one or more Sticky ends that have been generated by one or 
more restriction enzymes (e.g. type IIs restriction enzymes); 
and (ii) one or more Second nucleic acid molecules com 
prising one or more ends which are compatible with the one 
or more Sticky ends on the first nucleic acid molecule(s), and 
optionally comprising one or more Selectable markers, and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; (e) inserting the one or more product 
nucleic acid molecules into a host cell; and (f) expressing the 
one or more interfering RNAS in the host cell. 
0207. The present invention also provides methods of 
producing an RNA molecule for use as an interfering RNA 
comprising: (a) optionally, identifying one or more target 
nucleic acid sequences; (b) preparing one or more nucleic 
acid molecules which encode one or more interfering RNAS, 
wherein the interfering RNAS bind to the one or more target 
nucleic acid Sequences; (c) combining in vitro or in Vivo, (i) 
the one or more first nucleic acid molecules encoding one or 
more interfering RNAS flanked by one or more first restric 
tion sites (e.g. one or more type IIs restriction enzyme 
recognition sites); (ii) one or more Second nucleic acid 
molecules comprising one or more Second restriction Sites 
(e.g. one or more type IIs restriction enzyme recognition 
Sites) and optionally comprising one or more selectable 
markers; and (iii) one or more site-specific restriction 
enzymes (e.g. one or more type IIs restriction enzymes); and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; (e) inserting the one or more product 
nucleic acid molecules into a host cell; and (f) expressing the 
one or more interfering RNAS in the host cell. 
0208. In yet another embodiment, the present invention 
provides methods of producing an RNA molecule for use as 
an interfering RNA comprising: (a) optionally, identifying 
one or more target nucleic acid sequences; (b) preparing one 
or more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS that have 
one or more Sticky ends that have been generated by one or 
more restriction enzymes (e.g. type IIs restriction enzymes); 
and (ii) one or more Second nucleic acid molecules com 
prising one or more ends which are compatible with the one 
or more Sticky ends on the first nucleic acid molecule(s), and 
optionally comprising one or more Selectable markers, and 
(d) incubating the combination under conditions Sufficient to 
join one or more of the nucleic acid molecules encoding the 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
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nucleic acid molecules; and (e) expressing one or more 
interfering RNAS in vitro or in vivo. In a first further 
embodiment, the one or more interfering RNAS may be 
produced in vitro or isolated from a cell and then introduced 
into a Second cell. 

0209 Another aspect of the present invention provides 
methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more nucleic acid molecules which encode one or more 
interfering RNAS, wherein the interfering RNAS bind to the 
one or more target nucleic acid sequences; (c) combining in 
vitro or in Vivo, (i) the one or more first nucleic acid 
molecules encoding one or more interfering RNAS flanked 
by one or more first restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); (ii) one or more 
Second nucleic acid molecules comprising one or more 
Second restriction sites (e.g. one or more type IIs restriction 
enzyme recognition sites) and optionally comprising one or 
more Selectable markers; and (iii) one or more site-specific 
restriction enzymes (e.g. one or more type IIs restriction 
enzymes); and (d) incubating the combination under condi 
tions Sufficient to join one or more of the nucleic acid 
molecules encoding the interfering RNAS and one or more 
of the Second nucleic acid molecules, thereby producing one 
or more desired product nucleic acid molecules; and (e) 
expressing one or more interfering RNAS in vitro or in Vivo. 
In a first further embodiment, the one or more interfering 
RNAS may be produced in vitro or isolated from a cell and 
then introduced into a Second cell. 

0210 Another aspect of the present invention provides 
methods of producing an RNA molecule for use as an 
interfering RNA comprising: (a) optionally, identifying one 
or more target nucleic acid sequences; (b) preparing one or 
more interfering RNAS, wherein the interfering RNAS bind 
to the one or more target nucleic acid Sequences; (c) com 
bining in vitro or in Vivo, (i) the one or more first nucleic 
acid molecules comprising one or more interfering RNAS 
that have one or more Sticky ends that have been generated 
by one or more restriction enzymes (e.g. type IIs restriction 
enzymes); and (ii) one or more second nucleic acid mol 
ecules comprising one or more ends which are compatible 
with the one or more Sticky ends on the first nucleic acid 
molecule(s), and optionally comprising one or more Select 
able markers; and (d) incubating the combination under 
conditions Sufficient to join one or more interfering RNAS 
and one or more of the Second nucleic acid molecules, 
thereby producing one or more desired product nucleic acid 
molecules; (e) inserting the one or more product nucleic acid 
molecules into a host cell; and (f) expressing the one or more 
interfering RNAS in the host cell. 
0211 The present invention also provides methods of 
producing an RNA molecule for use as an interfering RNA 
comprising: (a) optionally, identifying one or more target 
nucleic acid sequences; (b) preparing one or more nucleic 
acid molecules which comprise one or more interfering 
RNAS, wherein the interfering RNAS bind to the one or 
more target nucleic acid sequences; (c) combining in vitro or 
in Vivo, (i) the one or more first nucleic acid molecules 
comprising one or more interfering RNAS flanked by one or 
more first restriction sites (e.g. one or more type IIs restric 
tion enzyme recognition sites); (ii) one or more Second 
nucleic acid molecules comprising one or more Second 
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restriction sites (e.g. one or more type IIs restriction enzyme 
recognition sites) and optionally comprising one or more 
Selectable markers; and (iii) one or more site-specific restric 
tion enzymes (e.g. one or more type IIs restriction enzymes); 
and (d) incubating the combination under conditions Suffi 
cient to join one or more interfering RNAS and one or more 
of the Second nucleic acid molecules, thereby producing one 
or more desired product nucleic acid molecules; (e) inserting 
the one or more product nucleic acid molecules into a host 
cell; and (f) expressing the one or more interfering RNAS in 
the host cell. 

0212 Suitable nucleic acid molecules that can function as 
interfering RNA (iRNA) and that can be produced using the 
methods of the present invention may be either Single- or 
double-stranded RNA (ssRNA or dsRNA, respectively). 
Examples of iRNA produced via methods of the present 
invention include, but are not limited to, antisense oligo 
nucleotides, ribozymes, Small interfering RNAS, double 
stranded RNAS, inverted repeats, short hairpin RNAS, Small 
temporally regulated RNAS and the like. 
0213 Antisense Oligonucleotides 
0214. In general, antisense oligonucleotides comprise 
one or more nucleotide Sequences Sufficient in identity, 
number and size to effect specific hybridization with a 
preSelected nucleic. AntiSense oligonucleotides produced in 
accordance with the present invention typically have 
Sequences that are Selected to be Sufficiently complementary 
to the target nucleic sequences (Suitably mRNA in a target 
cell or organism) So that the antisense oligonucleotide forms 
a stable hybrid with the mRNA and inhibits the translation 
of the mRNA sequence, preferably under physiological 
conditions. It is preferred but not necessary that the antisense 
oligonucleotide be 100% complementary to a portion of the 
target gene Sequence. However, the present invention also 
encompasses the production of antisense oligonucleotides 
with a different level of complementarity to the target gene 
Sequence, e.g., antisense oligonucleotides that are at least 
about 50% complementary, at least about 55% complemen 
tary, at least about 60% complementary, at least about 65% 
complementary, at least about 70% complementary, at least 
about 75% complementary, at least about 80% complemen 
tary, at least about 85% complementary, at least about 90% 
complementary, at least about 91% complementary, at least 
about 92% complementary, at least about 93% complemen 
tary, at least about 94% complementary, at least about 95% 
complementary, at least about 96% complementary, at least 
about 97% complementary, at least about 98% complemen 
tary, or at least about 99% complementary, to the target gene 
Sequence. 

0215 Antisense oligonucleotides that may be produced 
in accordance with the present invention are well known in 
the art and that will be familiar to the ordinarily skilled 
artisan. Representative teachings regarding the Synthesis, 
design, Selection and use of antisense oligonucleotides 
include without limitation U.S. Pat. No. 5,789,573, U.S. Pat. 
No. 6,197.584, and Ellington, “Current Protocols in Molecu 
lar Biology,” 2nd Ed., Ausubel et al., eds., Wiley Inter 
science, New York (1992), the disclosures of which are 
incorporated by reference herein in their entireties. 
0216 Ribozymes 
0217. In general, ribozymes are RNA molecules having 
enzymatic activities usually associated with cleavage, Splic 
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ing or ligation of nucleic acid Sequences to which the 
ribozyme binds. Typical Substrates for ribozymes include 
RNA molecules, although ribozymes may also catalyze 
reactions in which DNA molecules serve as Substrates. Two 
distinct regions can be identified in a ribozyme: the binding 
region which gives the ribozyme its specificity through 
hybridization to a specific nucleic acid Sequence, and a 
catalytic region which gives the ribozyme the activity of 
cleavage, ligation or splicing. Ribozymes which are active 
intracellularly work in cis, catalyzing only a single turnover, 
and are usually Self-modified during the reaction. However, 
ribozymes can be engineered to act in trans, in a truly 
catalytic manner, with a turnover greater than one and 
without being self-modified. Owing to the catalytic nature of 
the ribozyme, a single ribozyme molecule cleaves many 
molecules of target nucleic acids and therefore therapeutic 
activity is achieved in relatively lower concentrations than 
those required in an antisense treatment (WO 96/23569). 
0218 Ribozymes that may be produced in accordance 
with the present invention are well known in the art and that 
will be familiar to the ordinarily skilled artisan. Represen 
tative teachings regarding the Synthesis, design, Selection 
and use of ribozymes include without limitation U.S. Pat. 
No. 4,987,071, and U.S. Pat. No. 5,877,021, the disclosures 
of all of which are incorporated herein by reference in their 
entireties. 

0219 Small Interfering RNAs (siRNA) 
0220 RNAi is mediated by double stranded RNA 
(dsRNA) molecules that have sequence-specific homology 
to their “target nucleic acid Sequences (Caplen, N.J., et al., 
Proc. Natl. Acad. Sci. USA 98:9742-9747 (2001)). Bio 
chemical Studies in Drosophila cell-free lysates indicate 
that, in certain embodiments of the present invention, the 
mediators of RNA-dependent gene Silencing are 21-25 
nucleotide “small interfering RNA duplexes (siRNAs). 
Accordingly, siRNA molecules are Suitably used in methods 
of the present invention. The siRNAS are derived from the 
processing of dsRNA by an RNase known as Dicer (Bern 
stein, E., et al., Nature 409:363-366 (2001)). It appears that 
SiRNA duplex products are recruited into a multi-protein 
siRNA complex termed RISC(RNA Induced Silencing 
Complex). Without wishing to be bound by any particular 
theory, a RISC is then believed to be guided to a target 
nucleic acid (suitably mRNA), where the siRNA duplex 
interacts in a Sequence-specific way to mediate cleavage in 
a catalytic fashion (Bernstein, E., et al., Nature 409:363-366 
(2001); Boutla, A., et al., Curr. Biol. 11:1776-1780 (2001)). 
0221 Small interfering RNAS that may be produced in 
accordance with the present invention are well known in the 
art and that will be familiar to the ordinarily skilled artisan. 
Small interfering RNAS that may be produced via the 
methods of the present invention Suitably comprise between 
about 1 to about 50 nucleotides (nt). For example, siRNAs 
may comprise about 5 to about 40 nt, about 5 to about 30 nt, 
about 10 to about 30 nt, or about 15 to about 30 nt. Longer 
siRNAs (greater than about 30 nucleotides in length) may be 
useful in Some non-human animal Systems, and may Suitably 
be produced by the methods of the present invention. Most 
reports describe the use of U6 or H1 pol III promoters to 
drive production of siRNA (Lee et al., Nat. Biotechnol. 
20:500-505 (2002); Paddison et al., Genes Dev. 16:948-958 
(2002); Brummelkamp et al., Science 296:550-553 (2002)). 
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Pol III promoters have all the elements required for initiation 
of transcription upstream of a defined transcription Start Site 
and terminate transcription at 4 or more Ts (incorporating 
only 1 or 2 Us into the 3' end of the nascent RNA). These 
attributes allow the production of short RNA molecules with 
defined ends. 

0222 
0223 Inverted repeats comprise Single Stranded nucleic 
acid molecules that contain two Sequences complementary 
to each other, oriented Such that one of the Sequences is 
inverted relative to the other. This orientation allows the two 
complementary Sequences to base pair with each other, 
thereby forming a hairpin Structure. The two copies of the 
inverted repeat need not be contiguous. There may be “n” 
additional nucleotides between the hairpin forming 
Sequences, wherein “n” is any number of nucleotides. For 
example, n can be about 1, about 5, about 10, about 50, or 
about 100 nucleotide, or more, and can be any number of 
nucleotides falling within these discrete values. 
0224) Inverted repeats suitable that may be produced in 
accordance with the present invention can be Synthesized 
and used according to procedures that are well known in the 
art and that will be familiar to the ordinarily skilled artisan. 
The production and use of inverted repeats for RNA inter 
ference can be found in, without limitation, Kirby, K., et al., 
Proc. Natl. Acad. Sci. USA 99:16162-16167 (2002), Adel 
man, Z. N., et al., J. Virol. 76: 12925-12933 (2002), Yi, C. E., 
et al., J. Biol. Chem. 278:934-939 (2003), Yang, S., et al., 
Mol. Cell Biol. 21:7807-7816 (2001), Svoboda, P., et al., 
Biochem. Biophys. Res. Commun. 287: 1099-1104 (2001), 
and Martinek, S. and Young, M. W., Genetics 156:171-1725 
(2000). 
0225. Short Hairpin RNA (shRNA) 
0226 Paddison, P. J., et al., Genes & Dev. 16:948-958 
(2002) have used small RNA molecules folded into hairpins 
as a means to effect RNAI. Accordingly, Such short hairpin 
RNA (shRNA) molecules that may be produced via the 
methods of the present invention. Functionally identical to 
the inverted repeats described herein, the length of the Stem 
and loop of functional shRNAS distinguishes them from 
inverted repeats. Stem lengths can range from about 1 to 
about 30 nt, and loop size can range between 1 to about 25 
nt without affecting Silencing activity. While not wishing to 
be bound by any particular theory, it is believed that these 
shRNAS resemble the dsRNA products of the Dicer RNase 
and, in any event, have the same capacity for inhibiting 
expression of a Specific gene. 

Inverted Repeats 

0227 Transcription of shRNAS is initiated at a poly 
merase III (pol III) promoter (e.g. U6 and H1 promoters) and 
is believed to be terminated at position 2 of a 4-5-thymine 
transcription termination site. Upon expression, shRNAS are 
thought to fold into a stem-loop structure with 3' UU 
overhangs. Subsequently, the ends of these shRNAS are 
processed, converting the shRNAS into -21 nt siRNA-like 
molecules. 

0228 Short hairpin RNAS that may be produced in 
accordance with the present invention are well known in the 
art and that will be familiar to the ordinarily skilled artisan. 
The production and use of inverted repeats for RNA inter 
ference can be found in, without limitation, Paddison, P. J., 
et al., Genes & Dev. 16:948-958 (2002), Yu, J-Y., et al. Proc. 
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Natl. Acad. Sci. USA 99:6047-6052 (2002), and Paul, C. P. 
et al. Nature Biotechnol. 20:505-508 (2002). 
0229 MicroRNAs (mRNAs) 
0230. The invention may further be used to produce 
microRNA molecules. MicroRNA molecules are molecules 
which are structurally similar to shRNA molecules but, 
typically, contain one or more mismatches or insertion/ 
deletions in their regions of Sequence complementary. Hun 
dreds of mRNAS have been identified in C. elegans, flies and 
humans. C. elegans mRNA, lin-4 and let-7, have been 
identified to regulate developmental timing and inhibit 
expression of targeted genes. Examples of mRNA regulation 
from yeast to humans includes regulation of chromatin 
Structure in yeast and tumor Suppressor genes in humans. At 
least Some microRNA molecules are transcribed as polycis 
trons of about 400, which are then processed to RNA 
molecules of about 70 nucleotides. These double stranded 70 
mers are then processed again, presumably by the enzyme 
Dicer, to two RNA molecules which are about 22 nucle 
otides in length and often have one or more (e.g., one, two, 
three, four, five, etc.) internal mismatches in their regions of 
sequence complementarity. (See FIG. 25) (Lee et al., 
EMBO 21:4663-4670 (2002). The mRNA can enter a 
mRNA ribonucleoprotein particle (miRNP) similar to 
siRNA entering into the RISC protein complex (FIG. 14) 
(Dykxhoorn, Novina and Sharp, Nature Reviews, Vol.4, 
(June 2003)). The binding of mRNA?siRNAs of perfect 
complementarity to a target results in mRNA degradation; 
Single base mismatches can block translation. The invention 
also includes, for example, uses of microRNA molecules 
and nucleic acid molecules which encode microRNA mol 
ecules which are Similar to the uses described herein for 
shRNA and non-hairpin double stranded RNA molecules. 
0231 Small Temporally Regulated RNAs (stRNAs) 
0232 Another group of Small RNAS that may be pro 
duced via the methods of the present invention are the Small 
temporally regulated RNAs (stRNAs). In general, stRNAs 
comprise from about 20 to about 30 nt (Banerjee and Slack, 
Bioessays 24:119-129 (2002)), although stRNAS of any size 
are also Suitable for use in accordance with the invention. 
Unlike siRNAS, stRNAS downregulate expression of a target 
mRNA after the initiation of translation without degrading 
the mRNA. 

0233. The nucleic acids used in accordance with the 
present invention can be conveniently and routinely made 
through the well-known technique of Solid-phase Synthesis. 
Equipment for Such synthesis is Sold by Several vendors 
including, for example, Applied BioSystems (Foster City, 
Calif.). Other methods for such synthesis that are known in 
the art may additionally or alternatively be employed. It is 
well-known to use Similar techniques to prepare oligonucle 
otides Such as the phosphorothioates and alkylated deriva 
tives. By way of non-limiting example, See, e.g., U.S. Pat. 
Nos. 4,517,338, and 4,458,066; Lyer R P. et al., Curr. Opin. 
Mol. Ther. 1:344–358 (1999); and Verma S, and Eckstein F, 
Annual Rev. Biochem, 67:99-134 (1998), the disclosures of 
all of which are incorporated herein by reference in their 
entireties. 

0234. The present invention also provides methods for 
the production of gene knockout/knockdown cells and cells 
lines, as well as genetically modified transgenic animals. 
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0235. In such suitable embodiments, the present inven 
tion provides methods of regulating the expression of one or 
more genes in a cell or an animal using interfering RNA, 
comprising: (a) identifying one or more target nucleic acid 
Sequences; (b) preparing one or more nucleic acid molecules 
which encode one or more interfering RNAS, wherein the 
interfering RNAS bind to the one or more target nucleic acid 
Sequences; (c) combining in vitro or in Vivo, (i) the one or 
more first nucleic acid molecules encoding one or more 
interfering RNAS that have one or more sticky ends that 
have been generated by one or more restriction enzymes 
(e.g. type IIs restriction enzymes); and (ii) one or more 
Second nucleic acid molecules comprising one or more ends 
which are compatible with the one or more Sticky ends on 
the first nucleic acid molecule(s), and optionally comprising 
one or more selectable markers; (d) incubating the combi 
nation under conditions Sufficient to join one or more of the 
nucleic acid molecules encoding the interfering RNAS and 
one or more of the Second nucleic acid molecules, thereby 
producing one or more desired product nucleic acid mol 
ecules; and (e) inserting the one or more interfering RNA 
expression vectors into the cell or one or more cells of the 
animal, under conditions Such that the one or more inter 
fering RNAS bind to the one or more target nucleic acid 
Sequences, thereby regulating expression of the one or more 
targeted genes. 
0236. The related embodiments, the present invention 
also provides methods of regulating the expression of one or 
more genes in a cell or an animal using interfering RNA, 
comprising: (a) identifying one or more target nucleic acid 
Sequences; (b) preparing one or more nucleic acid molecules 
which comprise one or more interfering RNAS, wherein the 
interfering RNAS bind to the one or more target nucleic acid 
Sequences; (c) combining in vitro or in Vivo, (i) the one or 
more first nucleic acid molecules comprising one or more 
interfering RNAS flanked by one or more first restriction 
Sites (e.g. one or more type IIs restriction enzyme recogni 
tion sites); (ii) one or more Second nucleic acid molecules 
comprising one or more Second restriction sites (e.g. one or 
more type IIs restriction enzyme recognition sites) and 
optionally comprising one or more Selectable markers, and 
(iii) one or more site-specific restriction enzymes (e.g. one 
or more type IIS restriction enzymes); (d) incubating the 
combination under conditions Sufficient to join one or more 
interfering RNAS and one or more of the Second nucleic acid 
molecules, thereby producing one or more desired product 
nucleic acid molecules; and (e) inserting the one or more 
interfering RNA expression vectors into the cell or one or 
more cells of the animal, under conditions Such that the one 
or more interfering RNAS bind to the one or more target 
nucleic acid Sequences, thereby regulating expression of the 
one or more targeted genes. 
0237) The nucleic acid molecules of the invention can 
also be used to produce transgenic organisms (e.g., animals 
and plants). Animals of any species, including, but not 
limited to, mice, rats, rabbits, hamsters, guinea pigs, pigs, 
micro-pigs, goats, sheep, cows and non-human primates 
(e.g., baboons, monkeys, and chimpanzees) may be used to 
generate transgenic animals. Further, plants of any species, 
including but not limited to Lepidium Sativum, Brassica 
juncea, Brassica Oleracea, Brassica rapa, Acena Sativa, 
Triticum aestivum, Helianthus annuus, Colonial bentgrass, 
Kentucky bluegrass, perennial ryegrass, creeping bentgrass, 
Bermudagrass, BuffalograSS, centipedegrass, Switch grass, 

26 
Mar. 31, 2005 

Japanese lawngrass, coastal panicgrass, Spinach, Sorghum, 
tobacco and corn, may be used to generate transgenic plants. 
0238 Any technique known in the art may be used to 
introduce nucleic acid molecules of the invention into organ 
isms to produce the founder lines of transgenic organisms. 
Such techniques include, but are not limited to, pronuclear 
microinjection (Paterson et al., Appl. Microbiol. Biotechnol. 
40.691-698 (1994); Carver et al., Biotechnology (NY) 
11:1263-1270 (1993); Wright et al., Biotechnology (NY) 
9:830-834 (1991); and Hoppe et al., U.S. Pat. No. 4,873,191 
(1989)); retrovirus mediated gene transfer into germ lines 
(Van der Putten et al., Proc. Natl. Acad. Sci., USA 82:6148 
6152 (1985)), blastocysts or embryos, gene targeting in 
embryonic stem cells (Thompson et al., Cell 56:313-321 
(1989)); electroporation of cells or embryos (Lo, Mol. Cell. 
Biol. 3:1803-1814 (1983)); introduction of the polynucle 
otides of the invention using a gene gun (See, e.g., Ulmer et 
al., Science 259:1745 (1993); introducing nucleic acid con 
Structs into embryonic pluripotent Stem cells and transfer 
ring the Stem cells back into the blastocyst; and Sperm 
mediated gene transfer (Lavitrano et al., Cell 57:717-723 
(1989); etc. For a review of such techniques, see Gordon, 
“Transgenic Animals.” Intl. Rev. Cytol. 115:171-229 (1989), 
which is incorporated by reference herein in its entirety. 
Further, the contents of each of the documents recited in this 
paragraph is herein incorporated by reference in its entirety. 
See also, U.S. Pat. No. 5,464,764 (Capecchi et al., Positive 
Negative Selection Methods and Vectors); U.S. Pat. No. 
5,631,153 (Capecchi et al., Cells and Non-Human Organ 
isms Containing Predetermined Genomic Modifications and 
Positive-Negative Selection Methods and Vectors for Mak 
ing Same); U.S. Pat. No. 4,736,866 (Leder et al., Transgenic 
Non-Human Animals); and U.S. Pat. No. 4,873,191 (Wagner 
et al., Genetic Transformation of Zygotes); each of which is 
hereby incorporated by reference in its entirety. 
0239). Any technique known in the art may be used to 
produce transgenic clones containing nucleic acid molecules 
of the invention, for example, nuclear transfer into enucle 
ated oocytes of nuclei from cultured embryonic, fetal, or 
adult cells induced to quiescence (Campell et al., Nature 
380:64-66 (1996); Wilmut et al., Nature 385:810-813 
(1997)), each of which is herein incorporated by reference in 
its entirety). 
0240 The present invention provides for transgenic 
organisms that carry nucleic acid molecules of the invention 
in all their cells, as well as organisms which carry these 
nucleic acid molecules, but not all their cells, i.e., mosaic 
organisms or chimeric. The nucleic acid molecules of the 
invention may be integrated as a Single copy or as multiple 
copies Such as in concatamers, e.g., head-to-head tandems or 
head-to-tail tandems. The nucleic acid molecules of the 
invention may also be Selectively introduced into and acti 
Vated in a particular cell type by following, for example, the 
teaching of Lasko et al. (Lasko et al., Proc. Natl. Acad. Sci. 
USA 89:6232-6236 (1992)). The regulatory sequences 
required for Such a cell-type specific activation will depend 
upon the particular cell type of interest, and will be apparent 
to those of skill in the art. When it is desired that nucleic acid 
molecules of the invention be integrated into the chromo 
Somal Site of the endogenous gene, this will normally be 
done by gene targeting. Briefly, when Such a technique is to 
be utilized, vectors containing Some nucleotide Sequences 
homologous to the endogenous gene are designed for the 
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purpose of integrating, via homologous recombination with 
chromosomal Sequences, into and disrupting the function of 
the nucleotide Sequence of the endogenous gene. Nucleic 
acid molecules of the invention may also be Selectively 
introduced into a particular cell type, thus inactivating the 
endogenous gene in only that cell type, by following, for 
example, the teaching of Gu et al. (Gu et al., Science 
265:103-106 (1994)). The regulatory sequences required for 
Such a cell-type specific inactivation will depend upon the 
particular cell type of interest, and will be apparent to those 
of skill in the art. The contents of each of the documents 
recited in this paragraph is herein incorporated by reference 
in its entirety. 

0241. Once transgenic organisms have been generated, 
the expression of the recombinant gene may be assayed 
utilizing Standard techniques. Initial Screening may be 
accomplished by Southern blot analysis or PCR techniques 
to analyze organism tissues to Verify that integration of 
nucleic acid molecules of the invention has taken place. The 
level of mRNA expression of nucleic acid molecules of the 
invention in the tissueS of the transgenic organisms may also 
be assessed using techniques which include, but are not 
limited to, Northern blot analysis of tissue samples obtained 
from the organism, in Situ hybridization analysis, and 
reverse transcriptase-PCR (rt-PCR). Samples of tissue may 
which express nucleic acid molecules of the invention also 
be evaluated immunocytochemically or immunohistochemi 
cally using antibodies Specific for the expression product of 
these nucleic acid molecules. 

0242 Once the founder organisms are produced, they 
may be bred, inbred, outbred, or crossbred to produce 
colonies of the particular organism. Examples of Such breed 
ing Strategies include, but are not limited to: outbreeding of 
founder organisms with more than one integration Site in 
order to establish Separate lines, inbreeding of Separate lines 
in order to produce compound transgenic organisms that 
express nucleic acid molecules of the invention at higher 
levels because of the effects of additive expression of each 
copy of nucleic acid molecules of the invention; crossing of 
heterozygous transgenic organisms to produce organisms 
homozygous for a given integration site in order to both 
augment expression and eliminate the need for Screening of 
organisms by DNA analysis, crossing of Separate homozy 
gous lines to produce compound heterozygous or homozy 
gous lines, and breeding to place the nucleic acid molecules 
of the invention on a distinct background that is appropriate 
for an experimental model of interest. 

0243 Transgenic and “knock-out' organisms of the 
invention have uses which include, but are not limited to, 
model Systems (e.g., animal model Systems) useful in elabo 
rating the biological function of expression products of 
nucleic acid molecules of the invention, Studying conditions 
and/or disorders associated with aberrant expression of 
expression products of nucleic acid molecules of the inven 
tion, and in Screening for compounds effective in amelio 
rating Such conditions and/or disorders. 
0244. As one skilled in the art would recognize, in many 
instances when nucleic acid molecules of the invention are 
introduced into metazoan organisms, it will be desirable to 
operably link Sequences which encode expression products 
to tissue-specific transcriptional regulatory Sequences (e.g., 
tissue-specific promoters) where production of the expres 
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Sion product is desired. Such promoters can be used to 
facilitate production of these expression products in desired 
tissues. A considerable number of tissue-specific promoters 
are known in the art. Further, methods for identifying 
tissue-specific transcriptional regulatory Sequences are 
described elsewhere herein. 

0245. The present invention also provides isolated 
nucleic acids comprising: (a) one or more Sticky ends that 
have been generated by one or more restriction enzymes 
(e.g. one or more type IIs restriction enzymes); and (b) 
optionally one or more Selectable markers. The present 
invention further provides isolated nucleic acids compris 
ing: (a) one or more restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites); and (b) optionally 
one or more Selectable markers. AS noted above, Selectable 
markers for use in the isolated nucleic acids of the present 
invention comprise antibiotic resistance genes and toxic 
genes. AS also described above, the isolated nucleic acids 
molecules of the present invention may also comprise one or 
more recombination Sites, and one or more topoisomerase 
recognition sites and/or one or more topoisomerases. In 
Suitable embodiments, the topoisomerase recognition Site, if 
present, may optionally be flanked by two or more recom 
bination sites. 

0246. In another embodiment, the present invention pro 
vides isolated nucleic acids comprising: (a) one or more 
Sticky ends that have been generated by one or more 
restriction enzymes (e.g. one or more type IIs restriction 
enzymes); and (b) one or more recombination sites. In yet 
another embodiment, the present invention provides isolated 
nucleic acids comprising: (a) one or more restriction sites 
(e.g. one or more type IIs restriction enzyme recognition 
Sites); and (b) one or more recombination sites. Suitable 
recombination Sites include, but are not limited to, attB Sites, 
attP Sites, attL sites, attR Sites, lox Sites, psi Sites, tmp sites, 
dif Sites, cer Sites, frt Sites, and mutants, variants and 
derivatives thereof. In Suitable embodiments, the isolated 
nucleic acid molecules of the present invention may option 
ally comprise one or more Selectable markers, one or more 
topoisomerase recognition Sites and/or one or more topoi 
Somerases. In Suitable embodiments, the topoisomerase rec 
ognition site, if present, may flanked by two or more 
recombination sites. In additional embodiments, the one or 
more recombination sites may flank one of more restriction 
Sites (e.g. one or more type IIs sites) and/or the one or more 
Selectable markers, if present. 
0247 The present invention also provides vectors com 
prising: (a) one or more desired nucleic acid segments; (b) 
optionally one or more toxic genes; and (c) one or more 
restriction sites (e.g. one or more type IIs restriction enzyme 
recognition sites). Desired nucleic acid segments include, 
but are not limited to one or more genes, and one or more 
promoters. Suitable restriction sites include type IIS restric 
tion enzyme recognition sites, Such as those sites described 
above. The Vectors of the present invention may also com 
prise one or more recombination proteins, and one or more 
topoisomerase recognition Sites and/or one or more topoi 
Somerases. In Suitable embodiments, the topoisomerase rec 
ognition site, if present, may flanked by two or more 
recombination sites. The vectors of the present invention 
optionally comprise Suitable toxic genes, as described 
above. The vectors of the present invention may also option 
ally include one or more Selectable marker as described 
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throughout the Specification. In another Suitable embodi 
ment, the vectors of the present invention may be “precut' 
by a restriction enzyme (e.g. a type IIs restriction enzyme). 
This precut vector may then be used to clone one more 
Second nucleic acid molecules which may comprise Sticky 
ends compatible with the vector, or optionally, may com 
prise on or more restriction sites (e.g. one or more type IIS 
restriction enzyme recognition sites). 
0248. The present invention also provides methods of 
expressing and isolating nucleic acid molecules and proteins 
comprising: (a) obtaining one or more isolated nucleic acid 
molecules of the present invention; (b) introducing the 
isolated nucleic acid molecule into a host cell; (c) incubating 
the host cell under conditions Sufficient to allow expression 
of a nucleic acid molecule or a protein encoded by the 
isolated nucleic acid molecule; and (d) isolating the 
expressed nucleic acid molecule or expressed protein. Host 
cells Suitable for use in accordance with this aspect of the 
invention are described elsewhere herein. Suitable incuba 
tion conditions are well known in the art and are described 
in Freshney, R. I., “Culture of Animal Cells: A Manual of 
Basic Technique,” Alan R. Liss, Inc, New York (1983) and 
Maniatis et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. 
(1982) and comprise incubating a host cell in a Suitable 
growth medium with Sufficient nutrients (e.g. Eagle's Mini 
mum Essential Medium, DMEM: F12 Medium, RPMI-1640 
Medium, Dulbecco's Modified Eagle's Medium, and the 
like) at an appropriate temperature (about 37° C). Methods 
of isolation of nucleic acid molecules and expressed proteins 
from host cells are also well known in the art and described 
in Manitais id. and Similar texts. 

0249. The expressed nucleic acid molecules may be 
suitable for use as interfering RNA as described above. As 
described throughout the Specification, the expressed nucleic 
acid molecules will often not comprise extraneous, undes 
ired nucleic acids, for example nucleic acids encoded by the 
one or more restriction sites (e.g. one or more type IIS 
recognition sites). Similarly, the proteins produced via the 
methods of the present invention may not comprise extra 
neous, undesired amino acids, for example amino acids 
encoded by the one or more restriction sites (e.g. one or 
more type IIs recognition sites). 
0250) The present invention also provides for methods of 
expressing desired nucleic acid Segments comprising: 
obtaining a product nucleic acid molecule of the invention 
and incubating the nucleic acid molecule under conditions 
(in vitro or in vivo) Such that the desired product nucleic acid 
molecule is transcribed and then translated. Incubation con 
ditions for these methods of the invention are well known in 
the art as noted above. 

0251 The present invention also provides for methods of 
expressing desired nucleic acid segments comprising: (a) 
obtaining a vector of the present invention; (b) introducing 
the vector into a host cell; and (c) incubating the host cell 
under conditions Sufficient to allow expression of a desired 
nucleic acid Segment encoded by the vector. Incubation 
conditions for these methods of the invention are well 
known in the art as noted above. 

0252) Another embodiment of the present invention pro 
vides compositions comprising the elements described 
above that are involved in the various cloning methods of the 
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invention. Such compositions comprise: (a) one or more first 
nucleic acid molecules comprising one or more Sticky ends 
that have been generated by a restriction enzyme (e.g. one or 
more type IIs restriction enzymes); (b) one or more Second 
nucleic acid molecules comprising one or more Sticky ends 
which are compatible with the one more Sticky ends one the 
first nucleic acid molecule and, optionally, one or more 
Selectable markers. Suitable restriction enzymes include 
those described throughout the Specification, including, type 
IIS restriction enzyme recognition sites. The nucleic acids 
comprised in any of the compositions of the present inven 
tion may optionally further comprise one or more Selectable 
markers, one or more recombination sites, one or more 
topoisomerase recognition Sites and/or one or more topoi 
Somerases and described above. The compositions may 
comprise one or more recombination proteins. Suitable 
recombination proteins include, but are not limited to, those 
described throughout the Specification. 
0253) Another embodiment of the present invention pro 
vides compositions comprising the elements described 
above that are involved in the various cloning methods of the 
invention. Such compositions comprise: (a) one or more first 
nucleic acid molecules comprising at least one nucleic acid 
Segment flanked by one or more first restriction sites (e.g. 
one or more type IIs restriction enzyme recognition sites); 
(b) one or more Second nucleic acid molecules comprising 
one or more second restriction sites (e.g. one or more type 
IIs restriction enzyme recognition sites) and optionally one 
or more selectable markers; and (c) one or more restriction 
enzymes (e.g. one or more type IIs restriction enzymes) that 
are specific for said first and/or Second restriction enzyme 
recognition sites. Suitable restriction enzymes include those 
described throughout the Specification, including, type IIS 
restriction enzyme recognition Sites. The nucleic acids com 
prised in any of the compositions of the present invention 
may optionally further comprise one or more Selectable 
markers, one or more recombination sites, one or more 
topoisomerase recognition Sites and/or one or more topoi 
Somerases and described above. The compositions may 
comprise one or more recombination proteins. Suitable 
recombination proteins include, but are not limited to, those 
described throughout the Specification. 
0254 The present invention also provides kits compris 
ing the isolated nucleic acids and/or vectors of the present 
invention. These kits are useful for practicing the various 
methods of the invention. Kits may comprise one or more 
first nucleic acid molecules and one or more Second nucleic 
acid molecules. The first nucleic acid molecule may be an 
isolated nucleic acid molecule of the invention and the 
Second nucleic acid molecule may be a vector of the present 
invention. 

0255 Kits of the invention may contain any number of 
components but typically will contain at least two compo 
nents. Kits according to this aspect of the invention may 
comprise one or more containers, which may contain one or 
more components Selected from the group consisting of one 
or more nucleic acid molecules or vectors of the invention, 
one or more primers, one or more polymerases, one or more 
reverse transcriptases, one or more recombination proteins, 
one or more restriction enzymes (e.g. one or more type IIS 
restriction enzymes, or other enzymes for carrying out the 
methods of the invention), one or more topoisomerases, one 
or more buffers, one or more detergents, one or more 
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restriction endonucleases, one or more nucleotides, one or 
more terminating agents (e.g., ddNTPs), one or more trans 
fection reagents, pyrophosphatase, and the like. The kits of 
the invention may also comprise instructions for carrying 
out methods of the invention. 

0256. It will be readily apparent to one of ordinary skill 
in the relevant arts that other Suitable modifications and 
adaptations to the methods and applications described herein 
may be made without departing from the Scope of the 
invention or any embodiment thereof. Having now 
described the present invention in detail, the same will be 
more clearly understood by reference to the following 
examples, which are included here with for purposes of 
illustration only and are not intended to be limiting of the 
invention. 

EXAMPLES 

Example 1 

Expression of Interfering RNA Using a Seamless 
Cloning Vector 

0257 The expression of short interfering hairpin RNA 
molecules (shRNA) in Vivo can decrease the expression of 
genes with complementary Sequences by RNA interference 
(RNAi) as described previously. The seamless cloning vec 
tor described here (pENTR/U6) allows for rapid and effi 
cient cloning of double-stranded oligonucleotide pairs (~47 
bp) coding for a desired shRNA target Sequence into a Pol 
III U6 expression cassette. The resulting shRNA vector 
contains an RNAi cassette flanked by attl sites. Therefore, 
the pENTR/U6 shRNA vectors can be used directly for 
transient transfection to test various shRNA target 
Sequences, as well as to transfer the best shRNA cassettes to 
Lenti and Adenoviral DEST vectors for delivery into “hard 
to transfect” cells. 

0258 Kit Components. 
0259 Purified, Bsal-linearized pENTR/U6.2 (once it is 
cut with Bsal, i.e. the linear vector is called pENTR/U6) 
(Catalog No. K4945-00 and K4944-00, Invitrogen, Corp., 
Carlsbad, Calif.) Annealed lamin A/C control oligos: Top 
5'-CACCGTGTTCTTCTGGAAGTCCAGC 
GAACTGGACTTCCAGAAGAACA (SEQID NO:9), Bot 
tom 5'-AAAATGTTCTTCTGGAAGTCCAGT 

TCGCTGGACTTCCAGAAGAACA C (SEQ ID NO:10), 
Sequencing primers: U6 forward 5'-GGACTATCATAT 
GCTTACCG (SEQ ID NO:11), M13 reverse 5'-CAG 
GAAACAGCTATGAC (SEQ ID NO:12)(Catalog No. 
N530-2, Invitrogen, Corp., Carlsbad, Calif.), T4DNA ligase 
(Catalog No. 15224-025, Invitrogen, Corp., Carlsbad, Calif.) 
5x T4DNA ligase buffer (Catalog No. Y90001, Invitrogen, 
Corp., Carlsbad, Calif.), OneShot Top10 cells (Catalog No. 
C4040-03, Invitrogen, Corp., Carlsbad, Calif.). Thus, exem 
plary kits of the invention may comprise one, more, or all of 
these components. 

0260 Vector Construction. 
0261 Entry vector. The nucleic acid sequence of peNTR 
U6.2 (Bsal-ccdB) is shown in Table 5, SEQ. ID. NO: 1. The 
U6 promoter Sequence was PCR amplified from genomic 
DNA (primers: 5'-AAGGTCGGG CAGGAAGAGGG-3' 
(SEQ ID NO:13); 5'-AGCGAGCACGGTGTTTCGTC-3' 
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(SEQ ID NO:14)) and TOPO cloned into pCR2.1/TOPO 
(included in kits, Catalog Nos. K4500-01, K4500-40, 
K4550-01, K4550-40, K4560-01, K4560-40, K4520-01 and 
K4520-40, Invitrogen, Corp., Carlsbad, Calif.). The pro 
moter sequence was subsequently PCR amplified with the 
same primer sequences but with Asp718 and Not sites 
appended to the primer 5' ends (5GTGGGTACCAAG 
GTCGGGCAGGAAG AGGG-3' (SEQ ID NO:15; 5'-GTG 
GCGGCCGCGGTGTTTCGTCCTTTCCACAAG-3' (SEQ 
ID NO:16)). This PCR product was cloned by Asp718-NotI 
sticky end ligation into an Entry vector with the peNTR/1a 
polylinker (Catalog No. 11813, Invitrogen, Corp., Carlsbad, 
Calif.) and pCONR/221 backbone (Catalog No. 12536-017, 
and provided in kits 12537-023, 12538-013, 12535-019, 
Invitrogen, Corp., Carlsbad, Calif.). The ccdb gene was 
amplified from plentiGN5/DEST (Catalog Nos. V496-10 
and K4960-00, Invitrogen, Corp., Carlsbad, Calif.) (primers: 
5'-GTGGCGGCCGCAAAGATCCTCCAGTG 
GATCCGGCTTAC TAAAAG-3 (SEQ ID NO:17); 
5'GTGCTCGAGAAAAAAGTCGACACGGAGCCCTCC 
AGTTATATTCCCCAGAACATCAGG-3' (SEQ ID 
NO:18)) and cloned into the above vector at the NotI and 
XhoI sites. These primers introduced BpmI restriction 
enzyme sites in the proper position at the ends of the PCR 
product and a 6 bp polyT Pol III terminator. 

0262 To engineer the Bsal vector, a double stranded 
oligo containing a Bsal site and NotI site (5'GAGACCGCG 
GCCGCTTCTCGAGGTCTCATT (SEQ ID NO:19)+ 
5"TGAGACCTCGA GAAGCGGCCGCGGTCTCCG-3' 
(SEQ ID NO:20)) was cloned into BpmI-digested plasmid. 
The resulting plasmid was digested with Not and Xbal and 
ligated to a new ccdB region PCR amplified (primers: 
5''CACGCGGCCGCTGGATCCGGCTTACTAAAAG-3' 
(SEQ ID NO:21); 5"CACTCTAGAAAAAATGAGACCT 
TATATTCCCCAGAACATCAGG-3' (SEQ ID NO:22)) 
with a Not site on one end and a Bsal site, 6 bp poly T Pol 
III terminator, and Xbal site at the other. The final construct 
is named pENTR/U6.2 (Bsal-ccdB). 
0263 Lacz expression control vector. The LacZ expres 
sion control plasmid, pcDNA2.2 MS/GW/LacZ was made 
using Multi-site Gateway (CMVlacZV5), pENTR5'-CMV, 
pENTR-LacZ and pENTR/V5TKpolyA were mixed with 
the DESTR4R3 plasmid using LR Plus Clonase. The three 
plasmids in the Multi-site reaction were all created by a 
standard Gateway recombination reaction: 1) the CMV 
promoter was amplified from pcDNA3.1 (Catalog No. 
V790-20 and V795-20, Invitrogen, Corp., Carlsbad, Calif.) 
using primerS flanked with attB4 and attB1 Sequences and 
recombined with pdonr 5'(P4-P1R) to form pENTR5'-CMV. 
2) The LacZ gene was amplified from pcDNA3.1-Lacz, 
using attB1 and attB2 flanking primerS and recombined with 
pDonr 221 to create pENTR-LacZ, and, 3) the V5-TKpolyA 
element was amplified from pcDNA3.2 using attB2 and 
attB3 primers and recombined with plDonr3'(P2-P3R). 
0264) Preparation of linear pENTR/U6.2 ready for clon 
ing. peNTR/U6.2 in DB3.1 cells was grown in LB media 
with 50 tug/ml kanamycin. Plasmid DNA was purified by 
SNAP midi prep with a yield of 67 ug/50 ml of culture. Ten 
lug of vector was digested with Bsal at 50° C. in 200 ul with 
5 units of Bsal/ug of DNA for 2 hrs. After addition of 1.5 vol 
of SNAP miniprep binding buffer, the reaction was added to 
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a SNAP miniprep column, washed according to the SNAP 
protocol for miniprep DNA, and eluted in 100 ul ddHO and 
stored at -20° C. 

0265 ShRNA Oligonucleotide Annealing. DNA oligo 
nucleotides of 46-53 nt were produced with desalt purifica 
tion only. Individual oligos were diluted in ddHO to a final 
concentration of 200 uM as verified by spectrophotometric 
analysis at OD. Complementary oligos were mixed to the 
final desired concentration with either: 1) TE (10 mM Tris 
pH 8.0, 1 mM EDTA), 2) 10x Annealing Buffer and ddHO 
such that the final, 1x buffer was 10 mM Tris pH 8.0, 100 
mM NaCl, 1 mM EDTA, or 3) the same buffer as in 2 but 
with a final concentration of 10 mM MgCl. (For example, 
to create a 50 uM stock of a ds-oligo in 20 ul, 5 ul of each 
200 uMSS complementary oligo was mixed with 2 ul of 10x 
Annealing buffer and 8 ul of ddHO). Mixed oligo pairs 
were heated and cooled in either an MJ thermocycler (94 C. 
for 2 min, then decreased by 0.1° C. every second to 25 C., 
and stored at 4 C.) or incubation in a 95 C. bath for 4 min, 
then cooling to room temperature over 15 min before putting 
the Sample on ice. Annealed ds-oligos were diluted to the 
desired concentration with TE at room temperature. 
0266 Cloning target site DNA oligos into peNTR/U6. 
Bsal cut pENTR/U6.2 and ds-oligos were incubated in a 20 
All reaction using 5 times ligase buffer and 1 ul ligase for 5 
min at room temperature. Two microliters of the ligation 
reaction were added to chemically competent Top 10 One 
Shot cells (Catalog Nos. C4040-10, C4040-03, C4040-06, 
Invitrogen, Corp., Carlsbad, Calif., -50 ul), incubated on ice 
for 20 min, heat shocked at 42 C. for 30 sec., and placed 
back on ice, followed by the addition of 250 ul SOC and 
incubation at 37° C. (shaking) for 1 hr. Ten to one hundred 
microliters of this transformation reaction were plated on LB 
Kan (50 ug/ml) agarose plates. 
0267 The number of colonies per plate was determined 
after an overnight incubation at 37 C. A Supercoiled puC19 
(2 ul of a 10 ug/ul Stock) transformation control was 
performed with each Set of cells transformed; in this case the 
transformation efficiency is reported as number of colony 
forming units per microgram. 
0268 Sequence analysis of pENTR/U6 shRNA target 
clones. Plasmid DNA was isolated from peNTR/U6 clones 
using the SNAP mini prep kit (Catalog No. K1900-01, 
Invitrogen, Corp., Carlsbad, Calif.) under Standard condi 
tions. Two different primers were used for Sequence analy 
SS 

0269) 1) U6 forward, 5'-GGACTATCATATGCT 
TACCG (forward primer, binds in U6 promoter 55 
bp from the 3' end of the U6 promoter)(SEQ ID 
NO:11) 

0270. 2) M13 R, 5'-CAGGAAACAGCTATGC 
(reverse primer, binds “downstream” from the AttL2 
site, 146 bp from the pol III termination)(SEQ ID 
NO:12) 

0271 Gateway LxR recombination. 150 ng of each 
pENTR/U6 shRNA clone and 150 ng of plentiG/PL-DEST 
or 300 ng of paD/PL-DEST (FIG. 10) (Catalog No. V494 
20, Invitrogen, Corp., Carlsbad, Calif.) were incubated in a 
20 ul reaction using the 5x buffer and 5x LR Clonase 
enzyme mix, and incubated at 25 C. for 1 hr. Two micro 
liters of this LxR reaction were transformed into chemically 

30 
Mar. 31, 2005 

competent cells as described above except that Selection 
plates had 50 ug/ml amplicillin instead of kanamycin. 
0272. ShRNA Transfections. 
0273 All transfections were carried out in 24-well plates. 
For luciferase and f-galactosidase (B-gal) knockdown 
experiments, 600 ng of peNTR/U6-shRNA vectors were 
cotransfected with 100 ng each pcDNA5/FRT/luc and the 
pcDNA1.2/V5-GW/lacZ positive control plasmid into Grip 
Tite TM 293 cells (Catalog No. R795-07, Invitrogen, Corp., 
Carlsbad, Calif.) using Lipofectamine 2000TM. Briefly, cells 
were plated the day before transfection in 0.5 ml medium 
lacking antibiotics at 2x10 cells per well. On the day of 
transfection, cells were typically 90-95% confluent. For each 
well, 2 ul of Lipofectamine 2000TM were diluted with 48 ul 
OptiMEM, incubated 5 min at room temperature, then 
mixed with DNAs diluted with OptiMEM to 50 ul. Com 
plexes were incubated an additional 20 min at room tem 
perature before addition to cells. Medium was changed 3 hr 
after transfection to minimize toxicity. 
0274 Luciferase and B-Gal Assays. 
0275. After 48 hr, GripTite TM 293 cells were lysed in 0.5 
ml luciferase lysis buffer (25 mM Tris-HCl pH 8.0, 0.1 mM 
EDTA pH 8.0, 10% glycerol, 0.1% Triton X-100) and 
subjected to a -80 C. freeze-thaw. 50 ul of each lysate was 
used in a luciferase luminescence assay (Promega) while 
another 10 ul was used in a B-gal luminescence assay 
(Tropix) according to the manufacturers instructions. 
0276 Results 
0277. The vector pENTR/U6 is designed to express 
shRNA in mammalian cells for use in RNAI. (pENTR/U6.2 
is the Supercoiled vector containing the ccdB gene; once 
linearized with Bsal, the vector will be referred to as 
pENTR/U6.) pENTR/U6 allows the cloning of shRNA 
target Sequences between the human U6 pol III promoter and 
a 6T termination signal in a Gateway Entry (ENTR) vector. 
In this case, the entire RNAi cassette (U6 promoter, cloning 
Site, and termination signals) is between the attl1 and attL2 
recombination sites. Therefore, U6 driven expression of an 
shRNA is possible directly from ENTR vector and does not 
require subsequent LXR transfer to a DEST vector. 
0278 Vector Preparation. 
0279 pENTR/U6.2 (Bsal-ccdB) is digested with the type 
IIS restriction enzyme BSal in preparation for cloning ds 
oligos (~47mers) containing shRNA target Sequences. Type 
IIS restriction enzymes cut outside of their recognition 
Sequence and can therefore be used to create Sticky ends of 
any Sequence in the vector. In this case, the Bsal digest 
leaves the 4 nt 5" SSDNA end 3'-GTGG-5' at the end of the 
U6 promoter and the single stranded 3'-TTTT-5' at the other 
vector end (the first four Ts of the termination signal). 
0280 Digestion of the pENTR/U6.2 by Bsal generates 
three fragments (2850, 577, and 91 bp). The linearized 
cloning vector is 2850 bp; smaller fragments derive from the 
ccdB gene (ccdB has a Bsal site). Removal of the smaller 
fragments from the final vector prep is not required; how 
ever, the amount of the 91 bp fragment recovered from the 
SNAP purification can vary. Uncut pFNTR/U6.2 or clones 
that have reassembled the functional ccdB gene will not 
propagate in Top10 cells. The cloning efficiency of either 
Small fragment alone is very low due to non-compatible 
ends. 
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0281 
0282. A five-minute bench top ligation and subsequent 
transformation is highly efficient at cloning dsDNA oligo 
shRNA target Sequences-if the oligo inserts are properly 
annealed. A typical 46 nt SS-oligo is made of a 4nt 5' cloning 
overhang followed by 19 nt of “sense” and a complementary 
19 nt “antisense” sequence connected by short 4 nt “loop.” 
Thus the oligos can form a ~19 bp DNA intra-molecular 
hairpin. Therefore, conditions must be optimized to favor 
intermolecular annealing between two different complemen 
tary oligos rather than the production of Single-Strand 
intramolecular hairpins. The formation of intermolecular 
ds-oligos can be accomplished by melting (heating to 94 
C.) and cooling complementary oligos at high concentra 
tions in the appropriate buffer. 
0283 Intermolecular double-stranded molecules can be 
formed in annealing buffers containing either 20 or 100 mM 
NaCl when the oligo concentration is 50 uM during the 
heating and cooling cycle. The ds-molecules can be sepa 
rated from the Single-stranded hairpins in an E-gel. Addi 
tionally, no difference was noted between using the Ther 
mocycler or water bath protocols to melt/cool the reaction. 

Insert Annealing 

0284. Upon closer examination of the salt and oligo 
concentration, a buffer without any NaCl (TE) would not 
support formation of ds-47mers even at 100 uM concentra 
tions, adding MgCl, to 100 mM NaCl had no effect, and 
oligo concentrations of less the 50 uM were compromised in 
the amount of ds-47mers created. 

0285) Once created, the dsDNA 47mer shRNA inserts 
can be diluted in TE for cloning. After the ds-47mers are 
diluted, they are stable at 4 C. overnight, but will form 
Single Strand hairpins if melted, i.e. incubated at temps 
above 42 C. 

0286 Heating and cooling of shRNA target oligos at 
concentrations of 50 uM or greater in 10 mM Tris pH 8.0, 
100 mM NaCl, 1 mM EDTA creates a mixture of 50:50 
ds/hairpin molecules which can be effectively cloned into 
Bsal linearized pENTR/U6 (see pENTR/U6 cloning, 
below). 
0287 Gateway ENTR Vector Testing. 
0288 The supercoiled pENTR/U6.2 (Bsal-ccdB) vector, 
prior to linearization for cloning, passes the criteria Set for 
Gateway ENTR vectors (>104 killing by ccdB). Supercoiled 
pENTR/U6.2 was transformed into E. coli cells it should kill 
(Top10 and HB101 cells) as well as the DB3.1 cell line 
designed to propagate plasmids with the ccdE gene. 
pENTR/U6.2 transforms DB3.1 cells 1.3x10' times better 
than Top10S cells once the number of colonies per plate are 
adjusted for the different transformation efficiencies of the 
different cell lines (the Top10 cells were ~200 times more 
competent than the DB3.1 cells and ~400 times more 
competent than the HB101 cells). 
0289 When Bsal digestion of pENTR/U6.2 is complete, 
most of the Supercoiled vector is linearized. Transformation 
of Bsal cut, SNAP purified peNTR/U6 vector only gener 
ated a Small number of “background” colonies per plate in 
Top 10 or DB3.1 cells. Eight colonies were obtained in 
DB3.1 cells and all looked like the parent Sc pENTR/U6.2 
by RFLP analysis (data not shown) indicating the Bsal 
digest is efficient and only a Small fraction of the plasmids 
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are left uncut after the 2 hr incubation. In Top10 cells only 
4 colonies were obtained; RFLP analysis of these indicated 
two classes, neither of which was the parent plasmid (pos 
sibly peNTR/U6 closed without the ccdB gene and one 
fragment of the ccdb gene re-cloned). 
0290 pENTR-U6 Cloning. 
0291. A five-minute bench-top ligation is an easy and 
efficient method to clone shRNA target Sequences into 
pENTR/U6. The cloning process was optimized over a wide 
range of vector concentrations (20 pg-5 ng) and insert 
concentrations (0.4 pg-10 ng) with the shRNA target 
Sequence lac7-19. All the optimization of the cloning reac 
tion was done with ds-oligos annealed at a concentration of 
50 uM prior to dilution in TE and transformation into 
chemically competent Top 10 cells. Sequence analysis of the 
shRNA clones demonstrate that >90% have inserts in the 
correct orientation. 

0292 Greater than 15 other ds-oligo inserts, each with a 
different shRNA target Sequence, have been cloned into 
pENTR/U6 under comparable conditions. In all cases, the 
number of colonies generated was similar to the numbers of 
colonies generated with the lacZ-19 ds-oligo. No significant 
difference has been noted in how different inserts clone into 
the pENTR/U6 vector. 
0293 Sequence Analysis. 
0294 The efficiency of cloning shRNA target-sequence 
inserts was determined by sequence analysis through shRNA 
target Sequences. Analysis of the lac7-19 shRNA target 
inserts cloned in peNTR/U6 under the recommended con 
ditions, demonstrated that 100% (38/38) of the randomly 
Selected clones have an insert cloned in the correct orien 
tation. 

0295 Sequence analysis with the U6 forward primer 
provides excellent Sequence through the cloned shRNA 
target Sequence. It is designed for ease of analysis of the 
cloned oligos, binds the U6 promoter inside the attL sites 55 
bases from the cloning junction, and allows for the analysis 
of the entire cloned insert with a 100 base “read” before the 
"downstream' att 2 site. 

0296 RNAi by Transient Transfections. 
0297 Post-transcriptional inhibition of luciferase (GL2) 
and lac7, expression was evident upon expression of shRNA 
targets from the pENTR/U6 vector (FIG. 3A). Specific 
inhibition is evident with peNTR/U6 shRNA clones target 
ing Luciferase and lac7, expression from co-transfected 
reporter constructs. The Luciferase peNTR/U6 GL2-22 con 
struct inhibits expression of GL2 Luciferase but not lacZ 
(FIG. 3A); similarly, the pENTR/U6 with the lacZ-19 
shRNA target Sequence (the target provided as a control in 
this kit) inhibits lacZ expression from pcDNA1.2/V5-GW/ 
lacZ (the control expression vector for this kit) but not 
Luciferase (FIG. 3B). 
0298 Similar inhibition of both lacZ and Luciferase is 
evident with shRNAS that target different sites, although not 
all shRNA sequences are effective (FIGS. 4A and 4B). The 
kit control lacZ-19 target site presented in FIG. 4B is the 
same shRNA target site used in FIG. 3B, and only the 
lac74-AS Sequence inhibits expression to the same degree. 
The lacZ4-SA only moderately inhibits expression and the 
lacZ5 clones have little if any inhibitory effect. Similarly, the 
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GL2sh2 and GL2-22 (AS) target sites are the most effective 
shRNA clones tested at inhibiting luciferase expression 
(FIGS. 4A and 4B). Interestingly, the sense to anti-sense 
orientation of the shRNA target Sequence can make a 
considerable difference in the level of inhibition at a specific 
target (FIGS. 4A and 4B). However, the optimal orientation 
(Sense-loop-antisense (SA) or antisense-loop-sense (AS)) is 
not clear, with Luciferase, the AS orientation was most 
effective, but with lacZ the SA orientation was most effec 
tive (FIG. 4A, ENTR/U6-A6-GL2-22AS vs. SA, and FIG. 
4B, ENTR/U6-A6-lac74-AS vs. SA). 
0299. Additionally, the lacZ-19 shRNA target sequence 
was tested in derivatives of the peNTR/U6 vector with 
terminators of 4-8Ts. All the terminators behaved similarly 
(FIG. 5). 
0300 Gateway LXR Cross. 
0301 Any shRNA target sequence cloned into peNTR/ 
U6 can easily be transferred as a U6 RNAi cassette to a 
Gateway DEST vector by attLxattR (LXR) recombination at 
the att Sites. Following is a demonstration of the efficiency 
of LXR transfer. The lacZ-19 target Sequence cloned into 
pENTR/U6 was transferred into plentiG/PL-DEST and 
pAD/PL-DEST by a standard LXR Clonase catalyzed 
recombination reaction (See, e.g., FIGS. 38 and 39) as 
described previously (See U.S. Pat. Nos. 5,888,732; 6,143, 
577; 6,171,861; 6,277,608; and 6,720,140; the disclosures of 
which are incorporated by reference herein in their entire 
ties). Additionally, 12 different pENTR/U6 shRNA target 
Subclones, including target Sequences to Lamin AC and 
Luciferase, were also recombined into these two DEST 
vectors. In all cases, the LXR crosses were efficient. When 
2 ul/20 ul LxR reaction were transformed and /6th (50 ul) 
of the transformation reaction plated, 300-800 colonies/plate 
were obtained in Top10 cells. Even in HB101 cells that were 
~40 fold less competent to take up DNA than the Top 10 
cells, 10-20 colonies/plate could be obtained by plating 
more of the transformation reaction (100 ul vs. 50 ul). Note 
that the number of clones obtained are similar between the 
Lenti DEST and the Adeno DEST vectors, even though the 
Adenoviral vector is almost 4 times the size of the Lentiviral 
vector (-36 kb vs. ~8.6 kb). 
0302) The LXR crosses were not only efficient but also 
effective. Ten out of ten of the Adeno DEST vector recom 
binants had the correct RNAi cassette as determined by 
RFLP analysis. plenti DEST recombinants were trans 
formed into both Top10 and HB101 E. coli cells because 
HB101 cells are known for reducing the recombination 
between the lentiviral LTR sequences. In this case, 10/10 
recombinants were correct using HB 101 cells. 
0303 shRNA Target Site Selection 
0304. The present invention may be used to create shR 
NAS with any desired Stem length, orientation, and loop 
Sequence. In general, target Sequences should be complex 
(no runs of more than 3 of the same nucleotide), with low 
GC content (30-50%), and avoid known RNA-protein inter 
action Sites. Target Sites should be a minimum of 19 nt, and 
sites of up to 29 nt are effective. 
0305) DNA Oligo Insert Design 
0306 Once a candidate target site has been selected, it 
must be converted into an shRNA sequence, and the DNA 
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oligos ordered for cloning into pENTR/U6. The shRNA 
Sequence can be in two possible orientations. Either the 
Sense target Site or the antisense Sequence of the target Site 
can begin the shRNA, followed by a short loop Sequence and 
then the opposite Strand of the target Site. 

0307 The fact that the polymerase (pol III) will terminate 
transcription after 4 thymidines (TS) constrains the oligo 
design. Strings of more than 3 Ts should be avoided in the 
middle of a target Site, or with any TS in the connecting 
“loop', to prevent early termination. Additionally, TS at the 
3' end of the target will abut the polyT terminator and may 
cause slightly premature termination. Changing the Sense/ 
antisense orientation of the shRNA may be necessary for 
Specific target Sites to avoid early pol III termination by 
positioning different Sequences next to the loop or polyT 
terminator. 

0308 Additionally, the native U6 snRNA initiates at a 
guanosine (G), and this +1 base is believed to be important. 
Although this System allows advanced users to choose any 
+1 base, we have designed all of our inserts to initiate at a 
G. In cases where the G is part of the target Sequence, it is 
Simply incorporated into the stem, with a complementary 
cytosine base placed just before the terminator. When G is 
not the first base in the Sense or antisense target Sequence, it 
is added to the 5' end of the shRNA with no complementary 
base at the 3' end. If use of a G is not desired, an Aisbelieved 
to be better than an C or T. 

0309 Functional loops of anywhere from 4 to 11nt have 
been reported in the literature. Short loops are preferred as 
they reduce the lengths of the oligos needed for cloning. 
5'-TTCG, 5'-AACG, and 5'CGAA have been used as the 
loop Sequences in Successful RNAi constructs. However, 
loops containing thymidines must be avoided in Some cases 
as they may cause early termination, as discussed above. 

0310 Finally, to convert an shRNA sequence into an 
oligo pair for insertion, 5"CACC-3' was added to the 5' end 
of the shRNA sequence to create the “top” oligo. The 
“bottom oligo is the complimentary Sequence of the top 
oligo with the 5'CACC-3' removed and 5'AAAA-3' 
appended to the 5' end. 

Conclusion 

0311. The pENTR/U6 and Gateway DEST vectors are the 
cornerstones of a Superior System to clone shRNA target 
Sequences into an RNAi expression cassette and deliver it to 
cells (FIG. 28). Two other commercial sources with similar 
pol III vectors (Ambion with pSilencer, and OligoEngines 
with pSuper) require the Synthesis of longer insert oligos 
(-70 nt and 55 nt respectively) because their cloning 
Schemes need the end of the U6 promoter and termination 
signals to be “built-back' with the insert. Additionally, their 
cloning protocols call for ligation incubations of 1 hr or 
greater compared to the 5 min bench-top reaction described 
here. This is likely due to the PEG present in the present 
ligation buffer, as well as the present vector design features 
that eliminate background (the ccdb negative Selection and 
the non-compatible ends left after Bsal digestion). The 
present invention also has the Gateway Advantage; any 
insert cloned and sequence verified in pENTR/U6 is then 
available for any application made possible by the DEST 
vectors-such as viral delivery of shRNA by VirapowerTM. 
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0312 The demonstrations of RNAi in transient transfec 
tions reported here, as well as examples of Successful RNAi 
by transduction indicate the U6 promoter can generate 
sufficient shRNA for RNAi. Experiments that define the 
rules required for efficient RNAi will make this vector all the 
more valuable. 

Example 2 

Expression of Interfering RNA Using a Seamless 
Cloning Vector 

0313 Abstract and Introduction 
0314 Short hairpin RNA (shRNA) expression cassettes 
built into the U6 RNAi Entry Vector can be used to tran 
Siently knockdown genes of interest in cell culture. How 
ever, the Entry Vector carries no marker for Selection in 
mammalian cells, and the plasmids must be introduced into 
cells by transfection. Transfection efficiency varies widely 
between cell lines and is ineffective in primary and termi 
nally differentiated cells. In contrast to plasmid transfection, 
lentiviral delivery allows simple, Stable transduction of a 
wide variety of cell types including primary and terminally 
differentiated cells. A number of recent publications describe 
the use of lentiviruses to deliver shRNAS to mammalian 
cells (Abbas-Terki et al. 2002, Dirac & Bernards 2003, 
Matta et al. 2003, Qin et al 2003, Rubinson et al 2003, 
Stewart et al 2003, Tiscomia et al. 2003), demonstrating an 
existing interest in this technique. 

Clone name 

pENTR/U6 
lamAC-SA-uucg 
pENTR/U6 
lamAC-AS-uucg 
pENTR/U6 
lamAC-AS-cgaa 
pENTR/U6 
lamAC-SA-cgaa 
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duced cells. Transduction by lentiviruses expressing lamin 
A/C shRNAS is demonstrated to efficiently and specifically 
knock down endogenous protein levels, pI entio/RNAi 
DEST complements the ViraPowerTM product line and pro 
vides a powerful new application for the U6 RNAi Entry 
Vector. 

0316 Key Performance Criteria for Lenti6/RNAi-DEST 
include: (1) plentiG/RNAi-DEST passing standard manu 
facturing QC specs for Destination vectors. (2) Gateway 
cloning shRNAS into pI entio/RNAi-DEST and packaging 
virus at levels comparable with regular vectors. (3) Showing 
Specific knockdown of endogenous lamin A/C gene. 
0317 Materials and Methods 
0318 Construction of plentiG/RNAi-DEST Vector 
pLentió/RNAi-DEST is the product of a Gateway BXP 
reaction between plentiG/PL/attB4N5/GW-GFP and 
pDONR 221. The BXP reaction was transformed into DB3.1 
and Selected on LB media containing Ampicillin (100 ug/ml) 
and chloramphenicol (15 lug/ml). Colonies of the transfor 
mants were analyzed by restriction digest. A map of plentio/ 
RNAi DEST is shown in FIG. 6A. 

0319. ShRNA-Containing Entry Clones 
0320 The various shRNA-containing Entry clones used 
are set out in Table 1. The hairpins are targeted to Sites on 
the lamin A/C or luciferase genes as indicated. All entry 
clones were created by oligo cloning into peNTR/U6.2. 
Loops and Stems choices are described in Example 1. 

TABLE 1. 

pENTR/U6 Entry Clones 

Loop Stem length Target 
Target gene Orientation' sequence (bp) position (nt) 

lamin AfC SA UUCG 19 610-628 

lamin AfC AS UUCG 19 610-628 

lamin AfC AS CGAA 19 610-628 

lamin AfC SA CGAA 19 610-628 

luciferase AS UUCG 22 153-174 

luciferase AS GAACGTTG 29 1355-1383 

"Orientations are either sense-loop-antisense (SA) or antisense-loop-sense (AS). 
Stem length does not include +1 G base if it is not also part of the target site. 
Target position is relative to start codon. 
Hairpin design based on a previously assessed technology from Cold Spring Harbor Labora 

tories. 

0315) 
ral vectors for cloning of coding Sequences downstream of 

Invitrogen offerS Several Gateway-adapted lentivi 

a Pol II promoter. However, the presence of Such an 
upstream promoter may interfere with Pol III expression 
from a U6 cassette. A promoterleSS Destination vector, 
pI entiG/RNAi-DEST has been created with attR1 and attR2 
sites compatible with the U6 RNAi Entry Vector. A map of 
pLentió/RNAi-DEST is shown in FIG. 6A. plentiG/RNAi 
DEST allows simple and reliable transfer of shRNA expres 
Sion cassettes into the lentiviral backbone. The viral vector 

conferS blasticidin resistance for Selection of Stably trans 

0321) Destination Vector QC and Generation of Expres 
Sion Control Vector 

0322 plentiG/RNAi-DEST was monitored for quality 
using the official “Dest Vector QC Procedure” established by 
manufacturing. The expression control plasmid, pI entio/ 
RNAi/U6-GW/lamAC was generated by a standard Gate 
way LXR reaction between plentio/RNAi-DEST and 
pENTR/U6-lamAC-AS-cgaa. Clones of plentio/RNAi/U6 
GW/lamAC were confirmed by restriction analyses. A map 
of plenti6/RNAi/U6-GW/lamAC is shown in FIG. 6B. 
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0323 Cell Culture 
0324, 293FT cells were cultured in DMEM/10% FBS/L- 
glutamine/non-essential amino acids/penicillin/Streptomy 
cin containing 500 lug/ml G418. HeLa cells were cultured in 
DMEM/10% FBS/L-glutamine/non-essential amino acids/ 
penicillin/streptomycin. 

0325 Virus Production 
0326 For virus production, 1x107 293FT cells were 
plated per T175 flask. Twenty-four hours later, culture 
medium was replaced with 20 ml OptiMem/10% FBS, and 
shRNA-encoding viruses were packaged by co-transfecting 
the 293FT cells with the respective lentiviral vector and 
pLP1, pIP2 and pLP/VSVG (at a mass ratio of 1:1:1:1, 24 
ug of total DNA) as follows: The 24 ug DNA was mixed 
with 3 ml of OptiMem media. In a separate tube, 72 ul of 
Lipofectamine 2000 was also mixed with 3 ml of OptiMem 
media. After a 5-minute incubation period at room tempera 
ture, the two mixtures were combined and incubated at room 
temperature for an additional 20 minutes. At the completion 
of the incubation period, the transfection mixture was added 
to the cells dropwise and the flask was gently rocked to mix. 
The following day the transfection complex was replaced 
with 30 ml complete media (DMEM, 10% FBS, 1% peni 
cillin/streptomycin, L-glutamine and non-essential amino 
acids). Virus-containing media were harvested at day 2 and 
day 3 post-transfection, centrifuged at 3000 rpm for 5 
minutes to remove dead cells, and filtered through Sterile 
0.45 micron cellulose acetate filters to remove fine debris. 
Viruses in the filtrates were concentrated by ultracentrifu 
gation (90 minutes, 23000xg, 4 C.). Viral pellets from 
ultra-centrifugation were resuspended in 500-600 ul growth 
media. One hundred-microliter aliquots of concentrated 
virus were stored in -80 C. freezer until use. 

0327 Viral Titering and Transduction 
0328. All applications of virus to cells were performed in 
the presence of 6 ug/ml polybrene (Sigma, hexadimethrin 
bromide, #H9268) and media changes were performed 
12-24 hours post transduction. For titering virus, 6-well 
plates were seeded with 2x10 HT1080 cells per well the day 
before transduction. One milliliter each of ten-fold serial 
dilutions of viral supernatant ranging from 10° to 10 was 
prepared. All dilutions were mixed by gentle inversion prior 
to adding to cells. Mock-transduced cells had no virus added 
to them. Plates were gently swirled to mix. The following 
day, the media was replaced with complete media. Forty 
eight hours post-transduction, the cells were placed under 10 
lug/ml blasticidin selection. After 7 to 10 days of blasticidin 
Selection the resulting colonies were stained with crystal 
violet: A 1% crystal violet Solution was prepared in 10% 
ethanol. Each well was washed with 2 ml PBS followed by 
1 ml of crystal violet solution for 10 minutes at room 
temperature. Excess stain was removed by two 2 ml PBS 
washes and colonies visible to the naked eye were counted 
to determine the viral titer of the original Supernatants. 

0329 Transductions to test shRNA activities were per 
formed in the appropriate cells in 12-well plates. Cells were 
plated at 1x10/well twenty-four hours before transduction. 
The next day, the media was replaced with complete media. 
Transduction was conducted in a final volume of 500 ul and 
contained the appropriate Volumes of virus Supernatant to 
achieve a range of MOIs. 
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0330 Cell Lysis and Western Blot 
0331 Cell lysis for lamin A/C and beta-actin western 
blots were performed as follows: Forty-eight or 120 hours 
post-transduction, cells were harvested with Versene (Invit 
rogen), transferred to microfuge tubes, and centrifuged at 
3000 RPM for 4 min. Pellets were lysed in 2x NuPAGE(R) 
LDS Sample Buffer with 1x Sample Reducing Agent and 
denatured at 95 C. for 5 min prior to electrophoresis. 
Protein samples were electrophoresed on NuPAGE(R) Novex 
4-12% Tris-Bis Gels in IX MOPS-SDS buffer with 
NuPAGE(R) Antioxidant in the upper chamber. Western blot 
analyses were performed using the Western Breeze Immu 
nodetection Kit (Invitrogen) according to the manufacturers 
protocol. Lamin A/C and beta-actin proteins were detected 
using 1:1000 monoclonal anti-lamin A/C (BD Biosciences) 
and 1:5000 monoclonal anti-beta-actin (Abcam) antibodies, 
respectively. 

0332 Results and Discussion 
0333 Destination Vector QC plenti6/RNAi-DEST 
passed the Standard manufacturing QC Specs for Destination 
vectors with respect to total colony count (Table 2) and ccdB 
assay (Table 3). 
0334) Virus Titers 
0335 ShRNA-encoding lentiviral vectors were used to 
produce virus in 293FT cells. The vectors produced viral 
titers comparable to titers attained with regular lentiviral 
vectors that do not contain shRNA (Table 4). This indicated 
that introduction of shRNAS into the lentiviral backbone 
does not compromise Virus packaging or transduction effi 
ciency. 

TABLE 4 

Lentio/RNAi Virus Titers 

Concentrated 
Crude Virus Virus Titer 

Virus Titer (cfu/ml) (cfu/ml) 

Lentio/RNAi/U6-GW/lamAC-SA-uucg 1.OOE-6 4.3OE-08 
Lentio/RNAi/U6.2-GW/lamAC-AS-uucg 2.1OE-6 5.85E-08 
Lentio/RNAi/U6.2-GW/amAC-AS-cgaa 8.OOE-5 1.35E-08 
Lentio/RNAi/U6.2-GW/lamAC-SA-cgaa 1.2OE-6 4.45E+08 
Lentio/RNAi/U6-GW/GL2-22 6.OOE+5 4.5OE+08 
LentiGRNAi/U6-GW/GL2sh2 1.3OE-6 5.2OE-08 
Lentio/V5-GW/GFP(non-RNAi virus) 4.00E+5 8.OE-07 

Concentrated from two 175 cm flasks each. 

0336 Knockdown of Lamin A/C 
0337 Lentiviruses were tested for their ability to deliver 
shRNAS to specifically knock down lamin A/C expression in 
HeLa cells. Lentiviruses expressing luciferase-targeted shR 
NAS served as negative controls. Inhibition of lamin A/C 
expression was analyzed by western blot. ShRNAS targeted 
to lamin inhibited expression of both lamin A and C isoforms 
48 hr and 5 days post-transduction (FIG. 7). The extent of 
inhibition depended on transduced MOI, indicating knock 
down was dose-dependent. Lentiviruses encoding shRNAS 
lamAC-AS-cgaa and lamAC-SA-cgaa provided the best 
lamin knockdowns (FIG. 7, top panel lanes 11-16; bottom 
panel lanes 14-19). Of the two shRNAS, lamAC-AS-cgaa 
mediated robust inhibition even at the relatively low MOI of 
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14 (FIG. 7, top panellane 11 and bottom panellane 14). The 
lamin A/C shRNAS had no effect on beta-actin expression 
irrespective of transduced MOI (FIG. 7, beta-actin blots). 
Control luciferase shRNAS had no effect on beta-actin 
expression (FIG. 7, top panel lanes 7-9 and 17-19; bottom 
panel lanes 1-3 and 11-13) and minor effect on lamin A/C 
expression even at the very high MOI of 520 (FIG. 7, top 
panel lane 19; bottom panel lane 13). These results show 
Specific inhibition of lamin expression with lamin-targeted 
shRNAS. The inhibition is not the effect of general inhibition 
of gene expression. Results of the control shRNA transduc 
tion provide further evidence of the specific activity of the 
lamin-directed shRNAS. plentio/RNAi has also been used 
to specifically knock down luciferase (75% inhibition, 48 
hrs post-transduction in Flp-In 293 luc cell line; data not 
shown) and lacZ at high MOIs (55% inhibition, 96 hrs 
post-transduction in HT1080LacZ cells; data not shown). 
These provide further evidence that pI entio/RNAi-DEST 
vector will function with other RNAi cassettes. 

SUMMARY 

0338 Gateway-adapted lentiviral vector plentiG/RNAi 
DEST has been developed for RNAi analyses. plentio/ 
RNAi-DEST is designed to be used in LxR reactions with 
pENTR/U6. plentiG/RNAi-DEST meets the performance 
criteria for all DEST vectors as well as criteria for packaging 
and transducing lentiviruses. Viruses Lentio/RNAi/U6-GW/ 
lamAC-AS-cgaa and LentiG/RNAi/U6-GW/lamAC-SA 
cgaa transduce shRNAS that specifically knock down lamin 
A/C expression. The lamAC-AS-cgaa hairpin was chosen as 
the positive control for the U6 RNAi Entry and pLentio/ 
RNAi Kits. The sequence of lamAC-AS-cgaa hairpin is 
shown in the Kit Components and Configuration below. 

Example 3 

0339) RNAi Using BLOCK-iTTM Dicer Kit 
0340 BLOCK-ITTM Kits (Invitrogen Corporation; Carls 
bad, Calif.) can be used for fast and efficient RNAi appli 
cations. Eukaryotic cells naturally regulate gene expression 
with dsRNA. A BLOCK-iTTM Dicer Kit can be used to 
generate dsRNA that are then diced into siRNA, purified and 
transfected into cells. The BLOCK-iTTM Dicer Kit requires 
no expensive Synthetic siRNAS. It also produces a pool of 
many siRNAS per gene, not just one or a few, which means 
a higher probability of knockdown (FIGS. 21, 22, and 23). 
A purification procedure gives a high yield of siRNAS in a 
transfection-ready buffer and virtually eliminates remaining 
long dsRNA and cleave intermediates. 
0341) BLOCK-iTTM Long RNAi Transcription Kits use a 
T7 TOPO linker which allows any polymerase chain reac 
tion (PCR) product to become a template for transcription 
(FIG. 20). This mediates RNAi in invertebrates (e.g., 
insects, nematodes and protozoans), Some mammalian 
embryonic cells (undifferentiated ES cells) and many mam 
malian cell lines after treatment with Dicer/RNase III. 
BLOCK-iTTM Kits allows for an inexpensive alternative to 
siRNA oligos. Exemplary uses of BLOCK-iTTM Kits are 
Summarized in FIG. 24. 
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0342 Kit Components and Configurations 

0343 Complete Lentiviral RNAi Kit: 

0344) Components of the U6 RNAi Entry Vector Kit: 

0345) Purified, Bsal-linearized pENTR/U6.2; Annealed 
lamin A/C control oligos: Top 5'-CACCGTGTTCTTCTG 
GAAGTCCAGCGAACT GGACTTCCAGAAGAACA 

(SEQ ID NO:9), Bottom 5'-AAAATGTTCTTCTGGA 
AGTCCAGTTCGCTGGACTTCCAGAAGAACAC (SEQ 
ID NO:10); Sequencing primers: U6 forward 5'-GGACTAT 
CATATGCTTACCG (SEQ ID NO:11), M13 reverse 
5'-CAGGAAACAGCTATGAC (SEQ ID NO:12)(Catalog 
No. N530-O, Invitrogen Corp., Carlsbad, Calif.); T4DNA 
ligase (Catalog No. 15224-025, Invitrogen Corp., Carlsbad, 
Calif.); 5x T4 DNA ligase buffer (Catalog No. Y90001, 
Invitrogen Corp., Carlsbad, Calif. Y90001); OneShot Top 10 
cells (Catalog No. C4040-03, Invitrogen Corp., Carlsbad, 
Calif.); plentiG/RNAi/DEST; plentiG/RNAi/U6-GW/ 
lamAC; OneShot STBL3 cells; Virapower Bsd Lentiviral 
Support Kit (Catalog No. K4970-00, Invitrogen Corp., 
Carlsbad, Calif.); Gateway LR Clonase enzyme mix (Cata 
log No. 11791-091, Invitrogen Corp., Carlsbad, Calif.). 

0346 Lentiviral RNAi DEST Kit: 
0347 plentiG/RNAi/DEST: pLenti6/RNAi/U6-GW/ 
lamAC; OneShot STBL3 cells; Gateway LR Clonase 
enzyme mix (Catalog No. 11791-019, Invitrogen Corp., 
Carlsbad, Calif.) 
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TABLE 2 

Lx R ASSay 

Sample Criteria Values Pass/Fail 

Cells only O cfu?ug DNA O cfufug DNA Pass 
No DNA O cfu?ug DNA O cfufug DNA Pass 
DEST vector only <1100 cfu?ug DNA 660 cfufug DNA Pass 
Lx R Reaction (n = 2) 
pUC19 only (n = 2) 

21.65 x 10° cfufug DNA 
27.5 x 10 cfufug DNA 

0355) 

TABLE 3 

cedB Assay 

Sample Cell Type Antibiotic Transformation Efficiency 

Cells Only DB3.1 Amp O cfufug DNA 
Kan O cfufug DNA 

pUC19 only (n = 4) DB3.1 Amp 
DEST vector only DB3.1 Amp 
(n = 4) 
Cells Only 

7.0 x 106 cfufug DNA 
3.0 x 106 cfufug DNA 

TOP10 Amp O cfufug DNA 
Kan O cfufug DNA 

pUC19 only (n = 4) TOP10 Amp 2.65 x 108 cfufug DNA 
DEST vector only TOP10 Amp 5.75 x 103 cfufug DNA 
(n = 4) 

Kan O cfufug DNA 
Fold-killing 2 x 104 Pass 
(criteria = 1 x 104) 

0356. The invention illustratively described herein suit 
ably may be practiced in the absence of any element or 
elements, limitation or limitations which is not specifically 
disclosed herein. Thus, for example, in each instance herein 
any of the terms “comprising,”“consisting essentially of, 
and “consisting of may be replaced with either of the other 
two terms. The terms and expressions that have been 
employed are used as terms of description and not of 
limitation, and there is no intention that in the use of Such 
terms and expressions of eXcluding any equivalents of the 
features shown and described or portions thereof, but it is 

2.31 x 10 cfufug DNA Pass 
2.53 x 10" cfufug DNA Pass 

recognized that various modifications are possible within the 
Scope of the invention claimed. Thus, it should be under 
stood that although the present invention has been Specifi 
cally disclosed herein, optional features, modification and 
variation of the concepts herein disclosed may be resorted to 
by those skilled in the art, and that Such modifications and 
variations are considered to be within the Scope of this 
invention as defined by the appended claims. In addition, 
where features or aspects of the invention are described in 
terms of Markush groups, those skilled in the art will 
recognize that the invention is also thereby described in 
terms of any individual member or Subgroup of members of 
the Markush group. 

0357 The invention has been described broadly and 
generically herein. Each of the narrower Species and Sub 
generic groupings falling Within the generic disclosure also 
form part of the invention. This includes the generic descrip 
tion of the invention with a proviso or negative limitation 
removing any Subject matter from the genus, regardless of 
whether or not the excised material is specifically recited 
herein. Other aspects of the invention are within the follow 
ing claims. 
0358 All publications, patents and patent applications 
mentioned in this specification are indicative of the level of 
skill of those skilled in the art to which this invention 
pertains, and are herein incorporated by reference to the 
Same extent as if each individual publication, patent or 
patent application was specifically and individually indi 
cated to be incorporated by reference. 

TABLE 5 

pENTRU6 Vector Nucleic Acid Sequence 

CTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCT SEQ ID NO: 1 

TTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA 

GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC 

CGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA 

CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAA 

TACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGG 

CCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTA 

TGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACG 

TTCAAATCCGCTCCCGGCGGATTTGTCCTACTCAGGAGAGCGTTCA 

CCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTCCGACTGAG 
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TABLE 6-continued 

Nucleotide sequence of plasmid pLenti6/V5-DEST. 

GAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCG 

CGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACT 

GGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCA 

CTCATTAGGCACCCCAGGCTTTACACTTAGCTTCCGGCTCGTATG 

TTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCT 

ATGACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGA 

ACAAAAGCTGGAGCTGCAAGCTT 

0360) 

TABLE 7 

Nucleotide sequence of plasmid pLenti6/V5-dTOPO ". 

AATGTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACG SEQ ID NO:3 

ATGAGTTAGCAACATGCCTTACAAGGAGAGAAAAAGCACCGTGCA 

TGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTATTAGGAA 

GGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTGC 

CGCATTGCAGAGATATTGTATTTAAGTGCCTAGCTCGATACATAAA 

CGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGC 

TAACTAGGGAACCCACTGCTTAAGCCT CAATAAAGCTTGCCTTGAG 

GCTTCAAGTAGTGTGGCCCGTCTGTTGTGTGACTCTGGTAACTAG 

AGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTG 

GCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCT 

CTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGG 

CGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGG 

AGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCG 

GGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGG 

GGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAG 

GGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCA. 

GAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAG 

ACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCC 

TCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAG 

CTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCG 

CACAGCAAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATG 

AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAA 

ATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTG 

GTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTT 

GGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATG 
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TABLE 8-continued 

Nucleotide sequence of pILentiA/V5-DEST. 

GGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAG 

GGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCA. 

GAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAG 

ACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCC 

TCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAG 

CTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCG 

CACAGCAAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATG 

AGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAA 

ATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTG 

GTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTT 

GGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATG 

ACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGC 

AGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTT 

GCAACT CACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCT 

GGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTTG 

GGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAAT 

GCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCACACGA 

CCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAA 

TACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATG 

AACAAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTG 

GTTTAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATG 

ATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTC 

TATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAG 

ACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATA 

GAAGAAGAAGGTGGAGAGAGA 

GACAGAGACAGATCCATTCGATTAGTGAACGGATCTCGACGGTATC 

GATAAGCTTGGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC 

GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG 

ACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTC 

AATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCA 

AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGT 

AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACT 

TTCCTACTTGGCAGTACATCACGTATTAGTCACGCTATTACCATG 

GTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTG 

ACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAG 

TTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAAC 

AACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 














































































































