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(57) ABSTRACT 

Methods of inserting genes into defined locations in the chro 
mosomal DNA of cultured mammalian cell lines which are 
Subject to gene amplification are disclosed. In particular, 
sequences of interest (e.g., genes encoding biotherapeutic 
proteins) are inserted proximal to selectable genes in ampli 
fiable loci, and the transformed cells are subjected to selection 
to induce co-amplification of the selectable gene and the 
sequence of interest. The invention also relates to meganu 
cleases, vectors and engineered cell lines necessary for per 
forming the methods, to cell lines resulting from the applica 
tion of the methods, and use of the cell lines to produce 
protein products of interest. 

target site 
Selectabie Gene 

1. Chromosome Cut by Endonuclease 

Selectable Gene 

Sequence of Interest 

  

  



Patent Application Publication Jun. 26, 2014 Sheet 1 of 11 US 2014/0179005 A1 

target site 
Selectable Gene 

1. Chromosome Cut by Endonuclease 

Selectable Gene 

2. Homologous Recombination 

Selectable Gene Seauence of Interest 

FIGURE 1 

  

  



Patent Application Publication Jun. 26, 2014 Sheet 2 of 11 US 2014/0179005 A1 

A 
MSH3 DHFR r.........grgr; 2BE21.21 

TK)||HHHHHD preferred region for gene insertion : 
5kB 55KB 5kB 

B 

TEDDM1 GS 

5kB 55 kB 

FIGURE 2 

  



Patent Application Publication Jun. 26, 2014 Sheet 3 of 11 US 2014/0179005 A1 

target site 
Selectable Gene 

1. Chromosome Cut by Endonuclease 
Selectable Gene 

2. Homologous Recombination 

Selectable Gene 

donor 
DNA 2 

3. Gene Integration Mediated by a Meganuclease, ZFN, 
TALEN, Integrase, Transposase, or Recombinase. 

Selectable Gene Sequence of interest 

FIGURE 3 

  

  

  

  



Patent Application Publication Jun. 26, 2014 Sheet 4 of 11 US 2014/0179005 A1 

target site 

).2 
. 9tence of Interest M - is, 

3. Gene Integration Mediated by a Meganuclease, ZFN, 
TALEN, integrase, Transposase, or Recombinase and 
Selection for DHFR-- Cells. 

MSH3 Sequence of Interest DHFR (+/-) 

FIGURE 4 

  

  



Patent Application Publication Jun. 26, 2014 Sheet 5 of 11 US 2014/0179005 A1 

target site 
EDDMI GS 

Ea i- 2 =3-4His H6 

1. Chromosome Cut by Endonuclease 

TEDDM1 GS 

IKH) HHH HHs His Fa 
(anding 

Pad 

donor 
DNA #1 

2. Homologous Recombination 

3. Gene integration Mediated by a Meganuclease, ZFN, 
TALEN, Integrase, Transposase, or Recombinase and 
selection for GS-- cells. 

TEDDM GS Sequence of Interest 

FIGURE 5 

  

  



Patent Application Publication Jun. 26, 2014 Sheet 6 of 11 US 2014/0179005 A1 

target site 
TEDDM GS 

artificial splice acceptor 

donor 
DNA 

2, Homologous Recombination 
artificial splice acceptor results in mis-splicing of gene transcript 

TEDDM1 GS f . 

donor 
DNA i2 

3. Gene Integration Mediated by a Meganuclease, ZFN, 
TALEN, Integrase, Transposase, or Recombinase and 
selection for GS-H cells. 

EDDM1 GS Sequence of Interest 

FIGURE 6 

  

  

  





Patent Application Publication Jun. 26, 2014 Sheet 8 of 11 US 2014/0179005 A1 

A CHO-51/52 recognition sequence 
MSH3 DHFR 2BE21.21 

16kB 

1. Cleavage by CHO-51/52 
MSH3 DHFR 2BE221 

R 

donor 543bpL 461 bp plasmid 

Homologous Recombination 
MSH3 DHFR 2BE21.21 

3. PCR Amplification and Cloning of 
PCR products 

EcoR EcoR EcoRI 

-Hsi-Hs 

3000bp 

600bp 

6 7 8 9 O 

FIGURE 8 

  

  

  



Patent Application Publication Jun. 26, 2014 Sheet 9 of 11 US 2014/0179005 A1 

A CHO-23/24 recognition sequence 
MSH3 DHFR 2BE2121 

35.7kB 

1. Cleavage by CHO-23/24 
MSH3 2BE21.21 

donor 
plasmid #1 

2BE21.21 

2.0E-03 

FIGURE 9 

  

  

  

  

  



Patent Application Publication Jun. 26, 2014 Sheet 10 of 11 US 2014/0179005 A1 

A 
pre-MIX 250 nM MTX 

Cels 
1 : - & 

13 

102; 

f 

0.03 . mMMM a. 10-fir time timi-rrrrm-tim Optic in titt --tm--itti 
10 101 g 103 104 100 101 g 103 104 

B C 
O 

14OOO 9 
C. 

12OOO 8 
7 es 

is 10000 3. s 6 
8OOO 

E S. 5 
A. A. x: A. 5 6OOO 5 
r 9 3 

4000 
2 

U 
2OOO 1. 

O O 

FIGURE 1) 

  



Patent Application Publication Jun. 26, 2014 Sheet 11 of 11 US 2014/0179005 A1 

A recognition site B --endonuclease 
D-endonuclease 

1, cleavage 

2. recombination 

CGS-5/6 site 
WT GATGCEATECCAGAGACCAATAAGGCACTCGGTAAACGGAAAGGACATGGGAGCAACCAGCACCCC 
3c2 GATGCIATTCCTAGAGACCAATAAGGCACCGTGT- - - - - G-TAATGGACATGGTGAGCAACCAGCACCCC 
6d GATGCTATTCCTAGAGACCAATAAGGCACCGGAA-CGGAAATGGACATGGGAGCAACCAGCACCCC 
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METHODS AND PRODUCTS FOR 
PRODUCING ENGINEERED MAMMALIAN 

CELL LINES WITH AMPLIFIED 
TRANSGENES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Application No. PCT/US2012/040599, filed Jun. 1, 2012, 
which claims priority to U.S. Provisional application No. 
61/492,174 filed Jun. 1, 2011, the disclosures of all of which 
are hereby incorporated by reference in their entireties for all 
purposes. 

FIELD OF THE INVENTION 

0002. The invention relates to the field of molecular biol 
ogy and recombinant nucleic acid technology. In particular, 
the invention relates to methods of inserting genes into 
defined locations in the chromosomal DNA of cultured mam 
malian cell lines which are subject to gene amplification. The 
invention also relates to meganucleases, vectors and engi 
neered cell lines necessary for performing the methods, cell 
lines resulting from the application of the methods, and use of 
the cell lines to produce protein products of interest. 

BACKGROUND OF THE INVENTION 

0003. Therapeutic proteins are the primary growth driver 
in the global pharmaceutical market (Kresse, Eur J Pharm 
Biopharm 72, 479 (2009)). In 2001, biopharmaceuticals 
accounted for $24.3 billion in sales. By 2007, this number had 
more than doubled to $54.5 billion. The market is currently 
estimated to reach S78 billion by 2012 (Pickering, Spectrum 
Pharmaceutical Industry Dynamics Report, Decision 
Resources, Inc., 5 (2008)). This includes sales of “block 
buster' drugs such as erythropoietin, tissue plasminogen acti 
vator, and interferon, as well as numerous "niche' drugs such 
as enzyme replacement therapies for lysosomal storage dis 
orders. The unparalleled growth in market size, however, is 
driven primarily by skyrocketing demand for fully human and 
humanized monoclonal antibodies (Reichert, Curr Pharm 
Biotechnol 9, 423 (2008)). Because they have the ability to 
confer a virtually unlimited spectrum of biological activities, 
monoclonal antibodies are quickly becoming the most pow 
erful class of therapeutics available to physicians. Not sur 
prisingly, more than 25% of the molecules currently under 
going clinical trials in the United States and Europe are 
monoclonal antibodies (Reichert, Curr Pharm Biotechnol 9, 
423 (2008)). 
0004. Unlike more traditional pharmaceuticals, therapeu 

tic proteins are produced in living cells. This greatly compli 
cates the manufacturing process and introduces significant 
heterogeneity into product formulations (Field, Recombinant 
Human IgG Production from Myeloma and Chinese Hamster 
Ovary Cells, in Cell Culture and Upstream Processing. But 
ler, ed., (Taylor and Francis Group, New York, 2007)). In 
addition, protein drugs are typically required at unusually 
high doses, which necessitates highly scalable manufacturing 
processes and makes manufacturing input costs a major price 
determinant. For these reasons, treatment with a typical thera 
peutic antibody (e.g., the anti-HER2-neu monoclonal Her 
ceptin R) costs $60,000-$80,000 for a full course of treatment 
(Fleck, Hastings Center Report 36, 12 (2006)). Further com 
plicating the economics of biopharmaceutical production is 
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the fact that many of the early blockbuster biopharmaceuti 
cals are off-patent (or will be off-patent soon) and the US and 
EU governments are expected to greatly streamline the regu 
latory approval process for “biogeneric' and “biosimilar 
therapeutics (Kresse, Eur, J Pharm Biopharm 72,479 (2009)). 
These factors should lead to a significant increase in compe 
tition for sales of many prominent biopharmaceuticals (Pick 
ering, Spectrum Pharmaceutical Industry Dynamics Report, 
Decision Resources, Inc., 5 (2008)). Therefore, there is enor 
mous interest in technologies which reduce manufacturing 
costs of protein therapeutics (Seth et al., Curr Opin Biotech 
nol 18, 557 (2007)). 
0005. Many of the protein pharmaceuticals on the market 
are glycoproteins that cannot readily be produced in easy-to 
manipulate biological systems such as bacteria or yeast. For 
this reason, recombinant therapeutic proteins are produced 
almost exclusively in mammalian cell lines, primarily Chi 
nese hamster ovary (e.g., CHO-K1), mouse myeloma (e.g., 
NSO), baby hamster kidney (BHK), murine C 127, human 
embryonic kidney (e.g., HEK-293), or human retina-derived 
(e.g., PER-C6) cells (Andersen and Krummen, Curr Opin 
Biotechnol 13, 117 (2002)). Of these, CHO cells are, by far, 
the most common platform for bioproduction because they 
offer the best combination of high protein expression levels, 
short doubling time, tolerance to a wide range of media con 
ditions, established transfection and amplification protocols, 
an inability to propagate most human pathogens, a paucity of 
blocking intellectual property, and the longest track record of 
FDA approval (Field, Recombinant Human IgG Production 
from Myeloma and Chinese Hamster Ovary Cells, in Cell 
Culture and Upstream Processing, Butler, ed. (Taylor and 
Francis Group, New York, 2007)). 
0006 Large-market biopharmaceuticals are typically pro 
duced in enormous stirred-tank bioreactors containing hun 
dreds of liters of CHO cells stably expressing the protein 
product of interest (Chu and Robinson, Curr Opin Biotechnol 
12, 180 (2001), Coco-Martin and Harmsen, Bioprocess Inter 
national 6, 28 (2008)). Under optimized industrial condi 
tions, such manufacturing processes can yield in excess of 5 
g of protein per liter of cells per day (Coco-Martin and Harm 
sen, Bioprocess International 6, 28 (2008)). Because of the 
large number of cells involved (~50 billion cells per liter), the 
level of protein expression per cell has a very dramatic effect 
on yield. For this reason, all of the cells involved in the 
production of a particular biopharmaceutical must be derived 
from a single “high-producer clone, the production of which 
constitutes one of the most time- and resource-intensive steps 
in the manufacturing process (Clarke and Compton, Biopro 
cess International 6, 24 (2008)). 
0007. The first step in the large-scale manufacture of a 
biopharmaceutical is the transfection of mammalian cells 
with plasmid DNA encoding the protein product of interest 
under the control of a strong constitutive promoter. Stable 
transfectants are selected by using a selectable marker gene 
also carried on the plasmid. Most frequently, this marker is a 
dihydrofolate reductase (DHFR) gene which, when trans 
fected into a DHFR deficient cell line such as DG44, allows 
for the selection of stable transfectants using media deficient 
in hypoxanthine. The primary reason for using DHFR as a 
selectable marker is that it enables a process called "gene 
amplification’. By growing stable transfectants in gradually 
increasing concentrations of methotrexate (MTX), a DHFR 
inhibitor, it is possible to amplify the number of copies of the 
DHFR gene present in the genome. Because the gene encod 
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ing the protein product of interest is physically coupled to the 
DHFR gene, this results in amplification of both genes with a 
concomitant increase in the expression level of the therapeu 
tic protein (Butler, Cell Line Development for Culture Strat 
egies: Future Prospects to Improve Yields, in Cell Culture and 
Upstream Processing, Butler, ed., (Taylor and Francis Group, 
New York, 2007)). Related systems for the creation of stable 
bioproduction lines use the glutamine synthetase (GS) or 
hypoxanthine phosphoribosyltransferase (HPRT) genes as 
selectable markers and require the use of GS- or HPRT 
deficient cell lines as hosts for transfection (Clarke and 
Compton, Bioprocess International 6, 24 (2008)). In the case 
of the GS system, gene amplification is accomplished by 
growing cells in the presence of methionine SulphoXimine 
(MSX) (Clarke and Compton, Bioprocess International 6, 24 
(2008)). In the case of the HPRT system, gene amplification 
is accomplished by growing cells in HAT medium, which 
contains aminopterin, hypoxanthine, and thymidine 
(Kellems, ed. Gene amplification in mammalian cells: a com 
prehensive guide, Marcel Dekker, New York, 1993). 
0008. In all of these systems, the initial plasmid DNA 
comprising a biotherapeutic gene expression cassette and a 
selectable marker integrates into a random location in the 
genome, resulting in extreme variability in therapeutic pro 
tein expression from one stable transfectant to another (Col 
lingwood and Urnov, Targeted Gene Insertion to Enhance 
Protein Production from Cell Lines, in Cell Culture and 
Upstream Processing, Butler, ed. (Taylor and Francis Group, 
New York, 2007)). For this reason, it is necessary to screen 
hundreds to thousands of initial transfectants to identify cells 
which express acceptably high levels of gene product both 
before and after gene amplification (Butler, Cell Line Devel 
opment for Culture Strategies. Future Prospects to Improve 
Yields, in Cell Culture and Upstream Processing, Butler, ed. 
(Taylor and Francis Group, New York, 2007)). A second and 
more problematic consequence of random gene integration is 
the phenomenon of transgene silencing, in which recombi 
nant protein expression slows or ceases entirely over time 
(Collingwood and Urnov, Targeted Gene Insertion to 
Enhance Protein Production from Cell Lines, in Cell Culture 
and Upstream Processing. Butler, ed. (Taylor and Francis 
Group, New York, 2007)). Because these effects often do not 
manifest themselves for weeks to months following the initial 
transfection and screening process, it is generally necessary 
to carry and expand dozens of independent clonal lines to 
identify one that expresses the protein of interest consistently 
over time (Butler, Cell Line Development for Culture Strate 
gies. Future Prospects to Improve Yields, in Cell Culture and 
Upstream Processing, Butler, ed. (Taylor and Francis Group, 
New York, 2007)). 
0009. This large number of screening and expansion steps 
results in a very lengthy and expensive process to simply 
generate the cell line that will, ultimately, produce the thera 
peutic of interest. Indeed, using conventional methods, a 
minimum of 10 months (with an average of 18 months) and an 
upfront investment of tens of millions of dollars in labor and 
material is required to produce an initial pool of protein 
expressing cells Suitable for industrial manufacturing (Butler, 
Cell Line Development for Culture Strategies. Future Pros 
pects to Improve Yields, in Cell Culture and Upstream Pro 
cessing, Butler, ed. (Taylor and Francis Group, New York, 
2007)). If one takes into account lost time on market for a 
blockbuster protein therapeutic, inefficiencies in cell line pro 
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duction can cost biopharmaceutical manufacturers hundreds 
of millions of dollars (Seth et al., Curr Opin Biotechnol 18, 
557 (2007)). 
0010. Much of the time and expense of bioproduction cell 
line creation can be attributed to random genomic integration 
of the bioproduct gene resulting in clone-to-clone variability 
in genotype and, hence, variability in gene expression. One 
way to overcome this is to target gene integration to a defined 
location that is known to Support a high level of gene expres 
sion. To this end, a number of systems have been described 
which use the Cre, Flp, or dC31 recombinases to target the 
insertion of a bioproduct gene (reviewed in Collingwood and 
Urnov, Targeted Gene Insertion to Enhance Protein Produc 
tion from Cell Lines, in Cell Culture and Upstream Process 
ing, Butler, ed. (Taylor and Francis Group, New York, 2007)). 
Recent embodiments of these systems, most notably the Flp 
InR) system marketed by Invitrogen Corp. (Carlsbad, Calif.), 
couple bioproduct gene integration with the reconstitution of 
a split selectable marker so that cells with correctly targeted 
genes can be selected. As expected, these systems result in 
greatly reduced heterogeneity in gene expression and, in 
Some cases, individual stable transfectants can be pooled, 
obviating the time and expense associated with expanding a 
single clone. 
0011. The principal drawback to recombinase-based gene 
targeting systems is that the recombinase recognition sites 
(loxP, FRT, or attB/attP sites) do not naturally occur in mam 
malian genomes. Therefore, cells must be pre-engineered to 
incorporate a recognition site for the recombinase before that 
site can be subsequently targeted for gene insertion. Because 
the recombinase site itself integrates randomly into the 
genome, it is still necessary to undertake extensive screening 
and evaluation to identify clones which carry the site at a 
location that is suitable for high level, long-term gene expres 
sion (Collingwood and Urnov, Targeted Gene Insertion to 
Enhance Protein Production from Cell Lines, in Cell Culture 
and Upstream Processing. Butler, ed. (Taylor and Francis 
Group, New York, 2007)). In addition, the biomanufacturing 
industry is notoriously hesitant to adopt “new” cell lines, such 
as those that have been engineered to carry a recombinase 
site, that do not have a track record of FDA approval. For these 
reasons, recombinase-based cell engineering systems may 
not readily be adopted by the industry and an approach that 
allows biomanufacturers to utilize their existing cell lines is 
preferable. 

SUMMARY OF THE INVENTION 

0012. The present invention depends, in part, upon the 
development of mammalian cell lines in which sequences of 
interest (e.g., exogenous, actively transcribed transgenes) are 
inserted proximal to an endogenous selectable gene in an 
amplifiable locus, and the discovery that (a) the insertion of 
Such exogenous sequences of interest does not inhibit ampli 
fication of the endogenous selectable gene, (b) the exogenous 
sequence of interest can be co-amplified with the endogenous 
selectable gene, and (c) the resultant cell lines, with an ampli 
fied region comprising multiple copies of the endogenous 
selectable gene and the exogenous sequence of interest, are 
stable for extended periods even in the absence of the selec 
tion regime which was employed to induce amplification. 
Thus, in one aspect, the invention provides a method for 
producing cell lines which can be used for biomanufacturing 
of a protein product of interest by specifically targeting the 
insertion of an exogenous sequence of interest capable of 
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actively expressing the protein product of interest proximal to 
an endogenous selectable gene. In another aspect, the inven 
tion provides engineered cell lines that can be used to produce 
protein products of interest (e.g., therapeutic proteins such as 
monoclonal antibodies) at high levels. 
0013. It is understood that any of the embodiments 
described below can be combined in any desired way, and any 
embodiment or combination of embodiments can be applied 
to each of the aspects described below, unless the context 
indicates otherwise. 
0014. In one aspect, the invention provides a recombinant 
mammalian cell comprising an engineered target site stably 
integrated within selectable gene within an amplifiable locus, 
wherein the engineered target site disrupts the function of the 
selectable gene and wherein the engineered target site com 
prises a recognition sequence for a site specific endonuclease. 
0015. In some embodiments, the selectable gene is 
glutamine synthetase (GS) and the locus is methionine Sul 
phoximine (MSX) amplifiable. In some embodiments, the 
selectable gene is dihydrofolate reductase (DHFR) and the 
locus is Methotrexate (MTX) amplifiable. 
0016. In some embodiments, the selectable gene is 
selected from the group consisting of Dihydrofolate Reduc 
tase, Glutamine Synthetase, Hypoxanthine Phosphoribosyl 
transferase. Threonyl tRNA Synthetase, Na.K-ATPase, 
Asparagine Synthetase, Ornithine Decarboxylase, Inosine 
5'-monophosphate dehydrogenase, Adenosine Deaminase, 
Thymidylate Synthetase, Aspartate Transcarbamylase, Met 
allothionein, Adenylate Deaminase (1,2), UMP-Synthetase 
and Ribonucleotide Reductase. 
0017. In some embodiments, the selectable gene is ampli 
fiable by selection with a selection agent selected from the 
group consisting of Methotrexate (MTX), Methionine sul 
phoXimine (MSX), Aminopterin, hypoxanthine, thymidine, 
Borrellidin, Ouabain, Albizzin, Beta-aspartyl hydroxamate, 
alpha-difluoromethylornithine (DFMO), Mycophenolic 
Acid, Adenosine, Alanosine, 2 deoxycoformycin, Fluorou 
racil, N-Phosphonacetyl-L-Aspartate (PALA), Cadmium, 
Adenine, AZaserine, Coformycin, 6-azauridine, pyrazofuran, 
hydroxyurea, motexafin gadolinium, fludarabine, cladribine, 
gemcitabine, tezacitabine and triapine. 
0018. In some embodiments, the engineered target site is 
inserted into an exon of the selectable gene. In some embodi 
ments, the site specific endonuclease is a meganuclease, a 
Zinc finger nuclease or TAL effector nuclease. In some 
embodiment, the recombinant cell further comprises the site 
specific endonuclease. 
0019. In one aspect, the invention provides a recombinant 
mammalian cell comprising an engineered target site stably 
integrated proximal to a selectable gene within an amplifiable 
locus, wherein the engineered target site comprises a recog 
nition sequence for a site specific endonuclease. 
0020. In some embodiments, the engineered target site is 
downstream from the 3' regulatory region of the selectable 
gene. In some embodiments, the engineered target site is 0 to 
100,000 base pairs downstream from the 3' regulatory region 
of the selectable gene. In other embodiments, the engineered 
target site is upstream from the 5' regulatory region of the 
selectable gene. In some embodiments, the engineered target 
site is 0 to 100,000 base pairs upstream from the 5' regulatory 
region of the selectable gene. 
0021. In another aspect, the invention provides a method 
for inserting an exogenous sequence into an amplifiable locus 
of a mammalian cell comprising: (a) providing a mammalian 
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cell having an endogenous target site proximal to a selectable 
gene within the amplifiable locus, wherein the endogenous 
target site comprises: (i) a recognition sequence for an engi 
neered meganuclease; (ii) a 5' flanking region 5' to the recog 
nition sequence; and 
0022 (iii) a 3’ flanking region 3' to the recognition 
sequence; and (b) introducing a double-stranded break 
between the 5' and 3’ flanking regions of the endogenous 
target site; (c) contacting the cell with a donor vector com 
prising from 5' to 3': (i) a donor 5' flanking regionhomologous 
to the 5' flanking region of the endogenous target site; (ii) an 
exogenous sequence; and (iii) a donor 3' flanking region 
homologous to the 3' flanking region of the endogenous target 
site; whereby the donor 5' flanking region, the exogenous 
sequence and the donor 3' flanking region are inserted 
between the 5' and 3’ flanking regions of the endogenous 
target site by homologous recombination to provide a modi 
fied cell. 

0023. In some embodiments, the method further com 
prises growing the modified cell in the presence of a com 
pound that inhibits the function of the selectable gene to 
amplify the copy number of the selectable gene. In some 
embodiments, the exogenous sequence comprises a gene of 
interest. 

0024. In some embodiments endogenous target site is 
downstream from the 3' regulatory region of the selectable 
gene. In some embodiments, the endogenous target site is 0 to 
100,000 base pairs downstream from the 3' regulatory region 
of the selectable gene. In other embodiments, the endogenous 
target site is upstream from the 5' regulatory region of the 
selectable gene. In some embodiments, the endogenous target 
site is 0 to 100,000 base pairs upstream from the 5' regulatory 
region of the selectable gene. 
0025. In one aspect, the invention provides a method for 
inserting an exogenous sequence into an amplifiable locus of 
a mammalian cell comprising: (a) providing a mammalian 
cell having an endogenous target site proximal to a selectable 
gene within the amplifiable locus, wherein the endogenous 
target site comprises: (i) a recognition sequence for an engi 
neered meganuclease; (ii) a 5' flanking region 5' to the recog 
nition sequence; and (iii) a 3’ flanking region 3' to the recog 
nition sequence; and (b) introducing a double-stranded break 
between the 5' and 3’ flanking regions of the endogenous 
target site; (c) contacting the cell with an engineered target 
site donor vector comprising from 5' to 3': (i) a donor 5' 
flanking region homologous to the 5' flanking region of the 
endogenous target site; (ii) an exogenous sequence compris 
ing an engineered target site; and (iii) a donor 3' flanking 
region homologous to the 3' flanking region of the endog 
enous target site; whereby the donor 5' flanking region, the 
exogenous sequence and the donor 3' flanking region are 
inserted between the 5' and 3’ flanking regions of the endog 
enous target site by homologous recombination to provide a 
mammalian cell comprising the engineered target site; (d) 
introducing a double-stranded break between the 5' and 3' 
flanking regions of the engineered target site; (e) contacting 
the cell comprising the engineered target site with a sequence 
of interest donor vector comprising from 5' to 3': (i) a donor 5' 
flanking region homologous to the 5' flanking region of the 
engineered target site; (ii) an exogenous sequence comprising 
a sequence of interest; and (iii) a donor 3' flanking region 
homologous to the 3' flanking region of the engineered target 
site; whereby the donor 5' flanking region, the exogenous 
sequence comprising the sequence of interest and the donor 3' 
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flanking region are inserted between the 5' and 3' flanking 
regions of the engineered target site by homologous recom 
bination to provide an engineered mammalian cell compris 
ing the sequence of interest. 
0026. In some embodiments, the method further com 
prises growing the engineered mammalian cell in the pres 
ence of a compound that inhibits the function of the selectable 
gene to amplify the copy number of the selectable gene. In 
Some embodiments, the sequence of interest comprises a 
gene. 

0027. In another aspect, the invention provides a method 
for inserting an exogenous sequence into an amplifiable locus 
of a mammalian cell comprising: (a) providing a mammalian 
cell having an endogenous target site within a selectable gene 
within the amplifiable locus, wherein the endogenous target 
site comprises: (i) a recognition sequence for an engineered 
meganuclease; (ii) a 5' flanking region 5' to the recognition 
sequence; and 
0028 (iii) a 3’ flanking region 3' to the recognition 
sequence; and (b) introducing a double-stranded break 
between the 5' and 3' flanking regions of the endogenous 
target site; (c) contacting the cell with an engineered target 
site donor vector comprising from 5' to 3': (i) a donor 5' 
flanking region homologous to the 5' flanking region of the 
endogenous target site; (ii) an exogenous sequence compris 
ing an engineered target site; and (iii) a donor 3' flanking 
region homologous to the 3' flanking region of the endog 
enous target site; whereby the donor 5' flanking region, the 
exogenous sequence and the donor 3' flanking region are 
inserted between the 5' and 3’ flanking regions of the endog 
enous target site by homologous recombination to provide a 
mammalian cell comprising the engineered target site; (d) 
introducing a double-stranded break between the 5' and 3' 
flanking regions of the engineered target site; (e) contacting 
the cell comprising the engineered target site with a sequence 
of interest donor vector comprising from 5' to 3': (i) a donor 5' 
flanking region homologous to the 5' flanking region of the 
engineered target site; (ii) an exogenous sequence comprising 
a sequence of interest; and (iii) a donor 3' flanking region 
homologous to the 3' flanking region of the engineered target 
site; whereby the donor 5' flanking region, the exogenous 
sequence comprising the sequence of interestand the donor 3' 
flanking region are inserted between the 5' and 3' flanking 
regions of the engineered target site by homologous recom 
bination to provide a engineered mammalian cell comprising 
the sequence of interest. 
0029. In some embodiments, the method further com 
prises growing the engineered mammalian cell in the pres 
ence of a compound that inhibits the function of the selectable 
gene to amplify the copy number of the selectable gene. 
0030. In some embodiments, the sequence of interest 
comprises a gene. 
0031. In some embodiments, the endogenous target site is 
within an intron of the selectable gene. In other embodiments, 
the endogenous target site is within an exon of the selectable 
gene. 

0032. In one aspect, the invention provides a recombinant 
meganuclease comprising a polypeptide having at least 75%, 
80%, 85%,90%. 95%,97%.98% or 99% sequence identity to 
SEQID NO: 15. 
0033. In another aspect, the invention provides a recom 
binant meganuclease comprising the amino acid sequence of 
SEQID NO: 15. 
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0034. In another aspect, the invention provides a recom 
binant meganuclease which recognizes and cleaves a recog 
nition site having 75%, 85%, 90%. 95%, 97%, 98% or 99% 
sequence identity to SEQID NO: 14. In one embodiment, the 
meganuclease recognizes and cleaves a recognition site of 
SEQID NO: 14. 
0035. In another aspect, the invention provides a recom 
binant meganuclease comprising a polypeptide having at 
least 75%, 85%, 90%. 95%, 97%, 98% or 99% sequence 
identity to SEQID NO: 9. In one embodiment, the recombi 
nant meganuclease has the sequence of the meganuclease of 
SEQID NO:9. 
0036. In another aspect, the invention provides a recom 
binant meganuclease which recognizes and cleaves a recog 
nition site having at least 75%, 85%, 90%, 95%, 97%, 98% or 
99% sequence identity to SEQID NO: 7. In one embodiment, 
the meganuclease recognizes and cleaves a recognition site of 
SEQID NO: 7. 
0037. In another aspect, the invention provides a recom 
binant meganuclease comprising a polypeptide having at 
least 75%,80%,85%, 90%, 95%,97%.98% or 99% sequence 
identity to SEQID NO: 10. In one embodiment, the recom 
binant meganuclease comprises the polypeptide of SEQ ID 
NO: 1.O. 

0038. In another aspect, the invention provides a recom 
binant meganuclease which recognizes and cleaves a recog 
nition site having at least 75%, 85%, 90%, 95%, 97%, 98% or 
99% sequence identity to SEQID NO: 8. In one embodiment, 
the meganuclease recognizes and cleaves a recognition site of 
SEQID NO: 8. 
0039. In another aspect, the invention provides a recom 
binant meganuclease comprising a polypeptide having at 
least 75%,80%,85%, 90%, 95%,97%.98% or 99% sequence 
identity to SEQID NO: 13. In one embodiment, the recom 
binant meganuclease comprises the polypeptide of SEQ ID 
NO: 13. 

0040. In another aspect, the invention provides a recom 
binant meganuclease which recognizes and cleaves a recog 
nition site having at least 75%, 85%, 90%, 95%, 97%, 98% or 
99% sequence identity to SEQ ID NO: 12. In one embodi 
ment, the meganuclease recognizes and cleaves a recognition 
site of SEQID NO: 12. 
0041. In another aspect, the invention provides a recom 
binant meganuclease comprising a polypeptide having at 
least 75%,80%,85%, 90%, 95%,97%.98% or 99% sequence 
identity to SEQID NO: 29. In one embodiment, the recom 
binant meganuclease comprises the polypeptide of SEQ ID 
NO: 29. 

0042. In another aspect, the invention provides a recom 
binant meganuclease which recognizes and cleaves a recog 
nition site having at least 75%, 85%, 90%, 95%, 97%, 98% or 
99% sequence identity to SEQ ID NO:30. In one embodi 
ment, the meganuclease recognizes and cleaves a recognition 
site of SEQID NO:30. 
0043. In another aspect, the invention provides recombi 
nant mammalian cell lines which continue to express a pro 
tein product of interest from an exogenous sequence of inter 
est present in an amplified region of the genome (i.e., present 
in 2-1,000 copies, co-amplified with a selectable gene in an 
amplifiable locus) for a period of at least 8, 9, 10, 11, 12, 13, 
or 14 weeks after removal of the amplification selection 
agent, and with a reduction of expression levels and/or copy 
number of less than 20, 25, 30, 35 or 40%. 
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0044. In another aspect, the invention provides methods of 
producing recombinant cells with amplified regions includ 
ing a sequence of interest and a selectable gene by Subjecting 
the above-described recombinant cells to selection with a 
selection agent which causes co-amplification of the 
sequence of interest and the selectable gene. 
0045. In another aspect, the invention provides methods of 
producing a protein product of interest by culturing the 
above-described recombinant cells, or the above-described 
recombinant cells with amplified regions, and obtaining the 
protein product of interest from the culture medium or a cell 
lysate. 

BRIEF DESCRIPTION OF THE FIGURES 

0046 FIG.1. A general strategy for targeting a sequence 
of interest to an amplifiable locus. 
0047 FIG. 2. (A) Schematic of the CHO DHFR locus 
showing a preferred region for targeting a sequence of interest 
5,000-60,000 base pairs downstream of the DHFR gene. (B) 
Schematic of the CHOGS locus showing a preferred region 
for targeting a sequence of interest 5,000-55,000 base pairs 
downstream of the GS gene. 
0048 FIG. 3. Strategy for inserting a sequence of interest 
into an amplifiable locus in a two-step process involving a 
pre-integrated engineered target sequence. 
0049 FIG. 4. Strategy for inserting an engineered target 
sequence into an amplifiable locus with concomitant removal 
of a portion of the selectable gene, followed by insertion of a 
sequence of interest and reconstitution of the selectable gene. 
0050 FIG. 5. Strategy for inserting an engineered target 
sequence into an amplifiable locus with concomitant disrup 
tion of the coding sequence of a selectable gene, followed by 
insertion of a sequence of interest and reconstitution of the 
selectable gene. 
0051 FIG. 6. Strategy for inserting an engineered target 
sequence into an amplifiable locus with concomitant disrup 
tion of the mRNA processing, followed by insertion of a 
sequence of interest and reconstitution of the selectable gene. 
0052 FIG.7. (A) A direct-repeat recombination assay for 
site-specific endonuclease activity. (B) Results of the assay in 
(A) applied to the CHO-23/24 and CHO-51/52 meganu 
cleases. (C) Alignment of sequences obtained from CHO 
cells transfected with mRNA encoding the CHO-23/24 mega 
nuclease. (D) Alignment of sequences obtained from CHO 
cells transfected with mRNA encoding the CHO-51/52 mega 
nuclease. 

0053 FIG. 8. (A) Strategy for inserting an exogenous 
DNA sequence into the CHO DHFR locus using the CHO 
51/52 meganuclease. (B) PCR products demonstrating inser 
tion of an engineered target sequence. 
0054 FIG. 9. (A) Strategy for inserting an engineered 
target sequence into the CHODHFR locus using the CHO 
23/24 meganuclease, followed by Flp recombinase-mediated 
insertion of a sequence of interest. (B) PCR products from 
hygromycin-resistant clones produced in (A). (C) GFP 
expression by the 24 clones produced in (B). 
0055 FIG. 10. Results of experiments with a GFP-ex 
pressing CHO line produced by integrating a GFP gene 
expression cassette into the DHFR locus using a target 
sequence strategy as shown in FIG. 9. 
0056 FIG. 11. (A) A direct-repeat recombination assay, as 
in FIG. 5A. (B) The assay in (A) applied to the CHO-13/14 
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and CGS-5/6 meganucleases. (C) Alignment of sequences 
obtained from CHO cells transfected with mRNA encoding 
the CGS-5/6 meganuclease. 

DETAILED DESCRIPTION OF THE INVENTION 

1.1 Introduction 

0057 The present invention depends, in part, upon the 
development of mammalian cell lines in which exogenous 
actively transcribed transgenes have been inserted proximal 
to an endogenous amplifiable locus, and the discovery that (a) 
the insertion of Such exogenous actively transcribed trans 
genes does not prevent or Substantially inhibit amplification 
of the endogenous amplifiable locus, (b) the exogenous 
actively transcribed transgene can be co-amplified with the 
endogenous amplifiable locus, and (c) the resultant cell line, 
with an amplified region comprising multiple copies of the 
endogenous amplifiable locus and the exogenous actively 
transcribed transgene is stable for extended periods even in 
the absence of the selection regime which was employed to 
induce amplification. Thus, in one aspect, the invention pro 
vides a method for producing cell lines which can be used for 
biomanufacturing of a protein product of interest by specifi 
cally targeting the insertion of an exogenous gene capable of 
actively expressing the protein product of interest proximal to 
an endogenous amplifiable locus. In another aspect, the 
invention provides engineered cell lines that can be used to 
produce protein products of interest (e.g., therapeutic pro 
teins such as monoclonal antibodies) at high levels. 

1.2 References and Definitions 

0058. The patent and scientific literature referred to herein 
establishes knowledge that is available to those of skill in the 
art. The entire disclosures of the issued U.S. patents, pending 
applications, published foreign applications, and Scientific 
and technical references cited herein, including protein and 
nucleic acid database sequences, are hereby incorporated by 
reference to the same extent as if each was specifically and 
individually indicated to be incorporated by reference. 
0059. As used herein, the term “meganuclease' refers to 
naturally-occurring homing endonucleases (also referred to 
as Group I intron encoded endonucleases) or non-naturally 
occurring (e.g., rationally designed or engineered) endonu 
cleases based upon the amino acid sequence of a naturally 
occurring homing endonuclease. Examples of naturally 
occurring meganucleases include I-Sce, I-CreI, I-Ceul, 
I-DmoI, I-MSoI. I-Anil, etc. Rationally designed meganu 
cleases are disclosed in, for example, WO 2007/047859 and 
WO 2009/059.195, and can be engineered to have modified 
DNA-binding specificity, DNA cleavage activity, DNA-bind 
ing affinity, or dimerization properties relative to a naturally 
occurring meganuclease. A meganuclease may bind to 
double-stranded DNA as a homodimer (e.g., wild-type 
I-CreI), or it may bind to DNA as a heterodimer (e.g., engi 
neered meganucleases disclosed in WO 2007/047859). An 
engineered meganuclease may also be a “single-chain mega 
nuclease' in which a pair of DNA-binding domains derived 
from a natural meganuclease are joined into a single polypep 
tide using a peptide linker (e.g., single-chain meganucleases 
disclosed in WO 2009/0591.95). 
0060. As used herein, the term “single-chain meganu 
clease' refers to a polypeptide comprising a pair of meganu 
clease subunits joined by a linker. A single-chain meganu 
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clease has the organization: N-terminal Subunit-Linker-C- 
terminal Subunit. The two meganuclease subunits will 
generally be non-identical in amino acid sequence and will 
recognize non-identical DNA sequences. Thus, single-chain 
meganucleases typically cleave pseudo-palindromic or non 
palindromic recognition sequences. Methods of producing 
single-chain meganucleases are disclosed in WO 2009/ 
059.195. 

0061. As used herein, the term “site specific endonu 
clease' means a meganuclease, zinc-finger nuclease or TAL 
effector nuclease. 

0062. As used herein, with respect to a protein, the term 
“recombinant’ means having an altered amino acid sequence 
as a result of the application of genetic engineering tech 
niques to nucleic acids which encode the protein, and cells or 
organisms which express the protein. With respect to a 
nucleic acid, the term “recombinant’ means having an altered 
nucleic acid sequence as a result of the application of genetic 
engineering techniques. Genetic engineering techniques 
include, but are not limited to, PCR and DNA cloning tech 
nologies; transfection, transformation and other gene transfer 
technologies; homologous recombination; site-directed 
mutagenesis; and gene fusion. In accordance with this defi 
nition, a protein having an amino acid sequence identical to a 
naturally-occurring protein, but produced by cloning and 
expression in a heterologous host, is not considered recom 
binant. As used herein, the term “engineered” is synonymous 
with the term “recombinant.” 

0063 As used herein, with respect to a meganuclease, the 
term “wild-type” refers to any naturally-occurring form of a 
meganuclease. The term "wild-type' is not intended to mean 
the most common allelic variant of the enzyme in nature but, 
rather, any allelic variant found in nature. Wild-type homing 
endonucleases are distinguished from recombinant or non 
naturally-occurring meganucleases. 
0064. As used herein, the term “recognition sequence' 
refers to a DNA sequence that is bound and cleaved by a 
meganuclease. A recognition sequence comprises a pair of 
inverted, 9 base pair “half sites” which are separated by four 
base pairs. In the case of a homo- or heterodimeric meganu 
cleases, each of the two monomers makes base-specific con 
tacts with one half-site. In the case of a single-chain het 
erodimer meganuclease, the N-terminal domain of the protein 
contacts a first half-site and the C-terminal domain of the 
protein contacts a second half-site. In the case if I-CreI, for 
example, the recognition sequence is 22 base pairs and com 
prises a pair of inverted, 9 base pair “half sites” which are 
separated by four base pairs. 
0065. As used herein, the term “target site' refers to a 
region of the chromosomal DNA of a cell comprising a target 
sequence into which a sequence of interest can be inserted. As 
used herein, the term “engineered target site' refers to an 
exogenous sequence of DNA integrated into the chromo 
Somal DNA of a cell comprising an engineered target 
sequence into which a sequence of interest can be inserted. 
0066. As used herein, the term “target sequence” means a 
DNA sequence within a target site which includes one or 
more recognition sequences for a nuclease, integrase, trans 
posase, and/or recombinase. For example, a target sequence 
can include a recognition sequence for a meganuclease. As 
used herein, an “engineered target sequence” means an exog 
enous target sequence which is introduced into a chromo 
Some to serve as the insertion point for another sequence. 
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0067. As used herein, the term “flanking region' or “flank 
ing sequence” refers to a sequence of >3 or, preferably, >50 
or, more preferably, >200 or, most preferably, >400 base pairs 
of DNA which is immediately 5' or 3' to a reference sequence 
(e.g., a target sequence or sequence of interest). 
0068. As used herein, the terms “amplifiable locus’ refers 
to a region of the chromosomal DNA of a cell which can be 
amplified by selection with one or more compounds (e.g., 
drugs) in the growth media. An amplifiable locus will typi 
cally comprise a gene encoding a protein which, under the 
appropriate conditions, is necessary for cell Survival. By 
inhibiting the function of Such an essential protein, for 
example with a small molecule drug, the amplifiable locus is 
duplicated many times over as a means of increasing the copy 
number of the essential gene. A gene of interest, if integrated 
into an amplifiable locus, will also become duplicated with 
the essential gene. Examples of amplifiable loci include the 
chromosomal regions comprising the DHFR, GS, and HPRT 
genes. 
0069. As used herein, the term “amplified locus or 
“amplified gene' or “amplified sequence” refers to a locus, 
gene or sequence which is present in 2-1,000 copies as a result 
of gene amplification in response to selection of a selectable 
gene. An amplified gene or sequence can be a gene or 
sequence which is co-amplified due to selection of a select 
able gene in the same amplifiable locus. In preferred embodi 
ments, a sequence of interest is amplified to at least 3, 4, 5, 6, 
7, 8, 9 or 10 copies. 
0070. As used herein, the term “selectable gene” refers to 
an endogenous gene that is essential for cell Survival under 
Some specific culture conditions (e.g., presence or absence of 
a nutrient, toxin or drug). Selectable genes are endogenous to 
the cell and are distinguished from exogenous “selectable 
markers' Such as antibiotic resistance genes. Selectable genes 
exist in their natural context in the chromosomal DNA of the 
cell. For example, DHFR is a selectable gene which is nec 
essary for cell survival in the presence of MTX in the culture 
medium. The gene is essential for growth in the absence of 
hypoxanthine and thymidine. If the endogenous DHFR 
selectable gene is eliminated, cells are able to grow in the 
absence of hypoxanthine and thymidine if they are given an 
exogenous copy of the DHFR gene. This exogenous copy of 
the DHFR gene is a selectable marker but is not a selectable 
gene. An amplifiable locus comprises a selectable gene and a 
target site. A target site is found outside of a selectable gene 
Such that a selectable gene does not comprise a target site. 
Examples of selectable genes are given in Table 1. 
(0071. As used herein, when used in connection with the 
position of a target site, recognition sequence, or inserted 
sequence of interest relative to the position of a selectable 
gene, the term “proximal' means that the target site, recog 
nition sequence, or inserted sequence of interest is within the 
same amplifiable locus as the selectable gene, either upstream 
(5') or downstream (3') of the selectable gene, and preferably 
between the selectable gene and the next gene in the region 
(whether upstream (5') or downstream (3')). Typically, a 
“proximal’ target site, recognition sequence, or inserted 
sequence of interest will be within <100,000 base pairs of the 
selectable gene, as measured from the first or last nucleotide 
of the first or last regulatory element of the selectable gene. 
0072. As used herein, the term “homologous recombina 
tion” refers to the natural, cellular process in which a double 
stranded DNA-break is repaired using a homologous DNA 
sequence as the repair template (see, e.g. Cahill et al. (2006), 
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Front. Biosci. 11:1958-1976). The homologous DNA 
sequence may be an endogenous chromosomal sequence or 
an exogenous nucleic acid that was delivered to the cell. Thus, 
for Some applications of engineered meganucleases, a mega 
nuclease is used to cleave a recognition sequence within a 
target sequence in a genome and an exogenous nucleic acid 
with homology to or Substantial sequence similarity with the 
target sequence is delivered into the cell and used as a tem 
plate for repair by homologous recombination. The DNA 
sequence of the exogenous nucleic acid, which may differ 
significantly from the target sequence, is thereby inserted or 
incorporated into the chromosomal sequence. The process of 
homologous recombination occurs primarily in eukaryotic 
organisms. The term "homology' is used herein as equivalent 
to “sequence similarity' and is not intended to require iden 
tity by descent or phylogenetic relatedness. 
0073. As used herein, the term “stably integrated' means 
that an exogenous or heterologous DNA sequence has been 
covalently inserted into a chromosome (e.g., by homologous 
recombination, non-homologous end joining, transposition, 
etc.) and has remained in the chromosome for a period of at 
least 8 weeks. &&. 

0074 As used herein, the term “non-homologous end 
joining or “NHEJ” refers to the natural, cellular process in 
which a double-stranded DNA-break is repaired by the direct 
joining of two non-homologous DNA segments (see, e.g. 
Cahill et al. (2006), Front. Biosci. 11:1958-1976). DNA 
repair by non-homologous end-joining is error-prone and 
frequently results in the untemplated addition or deletion of 
DNA sequences at the site of repair. Thus, for certain appli 
cations, an engineered meganuclease can be used to produce 
a double-stranded break at a meganuclease recognition 
sequence within an amplifiable locus and an exogenous 
nucleic acid molecule. Such as a PCR product, can be cap 
tured at the site of the DNA break by NHEJ (see, e.g. Salomon 
et al. (1998), EMBO 1 17:6086-6095). In such cases, the 
exogenous nucleic acid may or may not have homology to the 
target sequence. The process of non-homologous end-joining 
occurs in both eukaryotes and prokaryotes such as bacteria. 
0075. As used herein, the term “sequence of interest' 
means any nucleic acid sequence, whether it codes for a 
protein, RNA, or regulatory element (e.g., an enhancer, 
silencer, or promoter sequence), that can be inserted into a 
genome or used to replace a genomic DNA sequence. 
Sequences of interest can have heterologous DNA sequences 
that allow for tagging a protein or RNA that is expressed from 
the sequence of interest. For instance, a protein can be tagged 
with tags including, but not limited to, an epitope (e.g., c-myc, 
FLAG) or other ligand (e.g., poly-His). Furthermore, a 
sequence of interest can encode a fusion protein, according to 
techniques known in the art (see, e.g., Ausubel et al., Current 
Protocols in Molecular Biology, Wiley 1999). In preferred 
embodiments, a sequence of interest comprises a promoter 
operably linked to a gene encoding a protein of medicinal 
value Such as an antibody, antibody fragment, cytokine, 
growth factor, hormone, or enzyme. For Some applications, 
the sequence of interest is flanked by a DNA sequence that is 
recognized by the engineered meganuclease for cleavage. 
Thus, the flanking sequences are cleaved allowing for proper 
insertion of the sequence of interest into genomic recognition 
sequences cleaved by an engineered meganuclease. For some 
applications, the sequence of interest is flanked by DNA 
sequences with homology to or Substantial sequence similar 
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ity with the target site Such that homologous recombination 
inserts the sequence of interest within the genome at the locus 
of the target sequence. 
0076. As used herein, the term “donor DNA refers to a 
DNA molecule comprising a sequence of interest flanked by 
DNA sequences homologous to a target site. Donor DNA can 
serve as a template for DNA repair by homologous recombi 
nation if it is delivered to a cell with a site-specific nuclease 
Such as a meganuclease, zinc-finger nuclease, or TAL-effec 
tor nuclease. The result of such DNA repair is the insertion of 
the sequence of interest into the chromosomal DNA of the 
cell. Donor DNA can be linear, such as a PCR product, or 
circular, Such as a plasmid. In cases where a donor DNA is a 
circular plasmid, it may be referred to as a “donor plasmid.” 
0077. As used herein, unless specifically indicated other 
wise, the word 'or' is used in the inclusive sense of “and/or 
and not the exclusive sense of “eitherfor.” 

2.1 Transgene Targeting to Amplifiable Loci 

0078. The present invention provides methods for gener 
ating transgenic mammalian cell lines expressing a desired 
protein product of interest, including "high-producer cell 
lines, by targeting the insertion of a gene encoding the protein 
product of interest (e.g., a therapeutic protein gene expression 
cassette) to regions of the genome that are amplifiable. Such 
regions in mammalian cells include the DHFR, GS, and 
HPRT genes, as well as others shown in Table 1. 
007.9 The precise mechanism of gene amplification is not 
known. Indeed, it is very likely that there is no single mecha 
nism by which gene amplification occurs but that a variety of 
different random chromosomal aberrations, in combination 
with strong selection for amplification, results in increased 
gene copy number (reviewed in Omasa (2002), J. Biosci. 
Bioeng. 94:600-605). It is clear that chromosomal location 
plays a major role in amplification and the stable maintenance 
of amplified genes (Brinton and Heintz (1995), Chromosoma 
104:143-51). It has been found that transgenes integrated into 
chromosomal locations adjacent to telomeres are more easily 
amplified and, once amplified, tend to be stable at high copy 
numbers after the selection agent is removed (Yoshikawa et 
al. (2000), Cytotechnology 33:37-46:Yoshikawa et al. (2000), 
Biotechnol Frog. 16:710-715). This is significant because 
selection agents such as MTX and MSX are toxic and cannot 
be included in the growth media in a commercial biomanu 
facturing process. In contrast, transgenes integrated into 
regions in the CHO genome that are not adjacent to telomeres 
amplify inefficiently and rapidly lose copy number following 
the removal of selection agents from the media. For example, 
Yoshikawa et al. found that randomly-integrated transgenes 
linked to a DHFR selectable marker amplified to greater than 
10-fold higher copy numbers when the integration site was 
adjacent to a telomere (Yoshikawa et al. (2000), Biotechnol 
Frog. 16:710-715). These researchers also found that an 
amplified transgene integrated into a non-telomeric region 
will lose >50% of its copies in only 20 days following the 
removal of MTX from the growth media. None of the select 
able genes identified in Table 1 is adjacent to a telomere in the 
mouse genome (www.ensembl.com) and the similarity in 
genome organization between mouse and CHO makes it 
likely that these genes are in non-telomeric regions in CHO as 
well (Xu et al. (2011), Nat. Biotechnol. 29:735-741). Thus, 
the prior art instructs that the loci identified in Table 1, includ 
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ing the DHFR and GS loci, are not preferred locations to 
target transgene insertion if the goal is efficient and stable 
gene amplification. 
0080. In addition, in the case of endogenous gene ampli 
fication, it is clear that chromosomal sequences outside of the 
selectable gene sequence play an important role in facilitating 
amplification and in defining the length of DNA sequence that 
is co-amplified with the gene under selection (Looney and 
Hamlin (1987), Mol. and Cell. Biol. 7:569-577). In particular, 
it has been shown that the sequence and location of the DNA 
replication origin in relation to the selectable gene plays a 
major role in amplification. For example, it has been shown 
that amplification of the endogenous CHO DHFR locus is 
dependent upon a pair of replication origins found in the 
region 5,000-60,000 base pairs downstream of the DHFR 
gene coding sequence (Anachkova and Hamlin (1989), Mol. 
and Cell. Biol. 9:532-540: Milbrandt etal. (1981), Proc. Natl. 
Acad. Sci. USA 78:6042-6047). Further, Brinton and Heintz 
have shown that these same replication origins fail to promote 
gene amplification when incorporated randomly into the 
genome with a transgenic DHFR sequence (Brinton and Hei 
ntz (1995), Chromosoma. 104: 143-51). This clearly demon 
strates the importance of maintaining both the sequence and 
proper chromosomal context of these replication origins to 
promote DHFR gene amplification. Thus the art instructs that 
the region downstream of DHFR is critical to gene amplifi 
cation and should not be disrupted by, for example, inserting 
a transgenic gene expression cassette as described in the 
present invention. 
0081 Surprisingly, we have discovered that DNA 
sequences, including exogenous transcriptionally active 
sequences, which are inserted proximal to (e.g., within (100, 
000 base pairs) selectable genes in mammaliancell lines (e.g., 
CHO-K1) will co-amplify in the presence of appropriate 
compounds which select for amplification. Thus, the present 
invention provides methods for reliably and reproducibly 
producing isogenic cell lines in which transgenes encoding 
protein products of interest (e.g., biotherapeutic gene expres 
sion cassettes) can be amplified but in which it is not neces 
sary to screen a large number of randomly generated cell lines 
to identify those which express high levels of the protein 
product of interest and are resistant to gene silencing. 
0082 In addition, we have surprisingly found that the 
mammaliancell lines of the invention, in which a sequence of 
interest is co-amplified with a selectable gene in an amplifi 
able locus, are stable with respect to expression of the 
sequence of interest and/or copy number of the sequence of 
interest even in the absence of continued selection. That is, 
whereas the art teaches that amplified sequences will be 
reduced in copy number over time if selection is not main 
tained (see, e.g., Yoshikawa et al. (2000), Biotechnol Prog. 
16:710-715), we have found that cell lines produced accord 
ing to the methods of the invention continue to produce the 
protein products of interest (encoded by the sequences of 
interest) at levels within 20%-25% of the initial levels, even 
14 weeks after removal of the selection agent. This is signifi 
cant, as noted above, because selection agents such as MTX 
and MSX are toxic, and it would be highly desirable to pro 
duce biotherapeutic proteins in cell lines which do not require 
continued exposure to such selection agents. Therefore, in 
Some embodiments, the invention provides recombinant 
mammalian cell lines which continue to express a protein 
product of interest from an exogenous sequence of interest 
present in an amplified region of the genome (i.e., present in 
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2-1,000 copies, co-amplified with a selectable gene in an 
amplifiable locus) for a period of at least 8, 9, 10, 11, 12, 13, 
or 14 weeks after removal of the amplification selection 
agent, and with a reduction of expression levels and/or copy 
number of less than 20, 25, 30, 35 or 40%. 
I0083. The present invention also provides the products 
necessary to practice the methods, and to target insertion of 
sequences of interest into amplifiable loci in mammalian cell 
lines. A common method for inserting or modifying a DNA 
sequence involves introducing a transgenic DNA sequence 
flanked by sequences homologous to the genomic target and 
selecting or screening for a successful homologous recombi 
nation event. Recombination with the transgenic DNA occurs 
rarely but can be stimulated by a double-stranded break in the 
genomic DNA at the target site (Porteus et al. (2005), Nat. 
Biotechnol. 23:967-73; Tzfira et al. (2005), Trends Biotech 
mol. 23: 567-9; McDaniel et al. (2005), Curr. Opin. Biotech 
mol. 16: 476-83). Numerous methods have been employed to 
create DNA double-stranded breaks, including irradiation 
and chemical treatments. Although these methods efficiently 
stimulate recombination, the double-stranded breaks are ran 
domly dispersed in the genome, which can be highly 
mutagenic and toxic. At present, the inability to target gene 
modifications to unique sites within a chromosomal back 
ground is a major impediment to routine genome engineering. 
0084. One approach to achieving this goal is stimulating 
homologous recombination at a double-stranded break in a 
target locus using a nuclease with specificity for a sequence 
that is sufficiently large to be present at only a single site 
within the genome (see, e.g., Porteus et al. (2005), Nat. Bio 
technol. 23: 967-73). The effectiveness of this strategy has 
been demonstrated in a variety of organisms using ZFNS 
(Porteus (2006), Mol Ther 13: 438-46; Wright et al. (2005), 
Plant J. 44: 693-705: Urnov et al. (2005), Nature 435: 646 
51). Homing endonucleases are a group of naturally-occur 
ring nucleases which recognize 15-40 base-pair cleavage 
sites commonly found in the genomes of plants and fungi. 
They are frequently associated with parasitic DNA elements, 
Such as Group I self-splicing introns and inteins. They natu 
rally promote homologous recombination or gene insertion at 
specific locations in the host genome by producing a double 
stranded break in the chromosome, which recruits the cellular 
DNA-repair machinery (Stoddard (2006), O. Rev. Biophys. 
38: 49-95). Homing endonucleases are commonly grouped 
into four families: the LAGLIDADG family, the GIY-YIG 
family, the His-Cys box family and the HNH family. These 
families are characterized by structural motifs, which affect 
catalytic activity and recognition sequence. For instance, 
members of the LAGLIDADG family are characterized by 
having either one or two copies of the conserved LAGL 
IDADG motif (see Chevalier et al. (2001), Nucleic Acids Res. 
29(18): 3757-3774). The LAGLIDADG homing endonu 
cleases with a single copy of the LAGLIDADG motif form 
homodimers, whereas members with two copies of the 
LAGLIDADG motif are found as monomers. 

I0085 Natural homing endonucleases, primarily from the 
LAGLIDADG family, have been used to effectively promote 
site-specific genome modification in plants, yeast, Droso 
phila, mammalian cells and mice, but this approach has been 
limited to the modification of either homologous genes that 
conserve the endonuclease recognition sequence (Monnat et 
al. (1999), Biochem. Biophys. Res. Commun. 255: 88-93) or 
to pre-engineered genomes into which a recognition 
sequence has been introduced (Rouet et al. (1994), Mol. Cell. 



US 2014/0179005 A1 

Biol. 14: 8096-106; Chilton et al. (2003), Plant Physiol. 133: 
956-65; Puchta et al. (1996), Proc. Natl. Acad. Sci. USA 93: 
5055-60; Ronget al. (2002), Genes Dev. 16:1568-81; Gouble 
et al. (2006), J. Gene Med. 8(5):616-622). 
I0086) Systematic implementation of nuclease-stimulated 
gene modification requires the use of engineered enzymes 
with customized specificities to target DNA breaks to existing 
sites in a genome and, therefore, there has been great interest 
in adapting homing endonucleases to promote gene modifi 
cations at medically or biotechnologically relevant sites (Por 
teus et al. (2005), Nat. Biotechnol. 23:967-73; Sussman et al. 
(2004), J. Mol. Biol. 342: 31-41; Epinatet al. (2003), Nucleic 
Acids Res. 31: 2952-62). 
I0087. I-CreI (SEQ ID NO: 1) is a member of the LAGL 
IDADG family of homing endonucleases which recognizes 
and cuts a 22 base pair recognition sequence in the chloroplast 
chromosome of the algae Chlamydomonas reinhardtii. 
Genetic selection techniques have been used to modify the 
wild-type I-CreI cleavage site preference (Sussman et al. 
(2004), J. Mol. Biol. 342: 31-41; Chames et al. (2005), 
Nucleic Acids Res. 33: e178; Seligman et al. (2002), Nucleic 
Acids Res. 30: 3870-9, Arnould et al. (2006), J. Mol. Biol. 
355: 443-58). More recently, a method of rationally-design 
ing mono-LAGLIDADG homing endonucleases was 
described which is capable of comprehensively redesigning 
I-CreI and other homing endonucleases to target widely 
divergent DNA sites, including sites in mammalian, yeast, 
plant, bacterial, and viral genomes (WO 2007/047859). 
I0088. Thus, in one embodiment, the invention provides 
engineered meganucleases derived from the amino acid 
sequence of I-Crethat recognize and cut DNA sites in ampli 
fiable regions of mammalian genomes. These engineered 
meganucleases can be used in accordance with the invention 
to target the insertion of gene expression cassettes into 
defined locations in the chromosomal DNA of cell lines such 
as CHO cells. This invention will greatly streamline the pro 
duction of desired cell lines by reducing the number of lines 
that must be screened to identify a “high-producer clone 
Suitable for commercial-scale production of a therapeutic 
glycoprotein. 
0089. The present invention involves targeting transgenic 
DNA “sequences of interest' to amplifiable loci. The ampli 
fiable loci are regions of the chromosomal DNA that contain 
selectable genes that become amplified in the presence of 
selection agents (e.g., drugs). For example, the Chinese Ham 
ster Ovary (CHO) cell DHFR locus can be amplified to 
~1,000 copies by growing the cells in the presence of meth 
otrexate (MTX), a DHFR inhibitor. Table 1 lists additional 
examples of selectable genes that can be amplified using 
Small molecule drugs (Kellems, ed. Gene amplification in 
mammalian cells: a comprehensive guide. Marcel Dekker, 
New York, 1993; Omasa (2002), J. Biosci. Bioeng.94:6600 
605). 

TABLE 1. 

Amplifiable Genes 

Selectable Gene Name Amplified With 

Dihydrofolate Reductase 
Glutamine Synthetase 
Hypoxanthine 
Phosphoribosyltransferase 
Threonyl tRNA Synthetase Borrellidin 

Methotrexate (MTX) 
Methionine Sulphoximine (MSX) 
Aminopterin, hypoxanthine, and thymidine 
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TABLE 1-continued 

Amplifiable Genes 

Selectable Gene Name Amplified With 

Ouabain 
Albizziin or Beta-aspartyl hydroxamate 
alpha-difluoromethylornithine (DFMO) 
Mycophenolic Acid 

NaK-ATPase 
Asparagine Synthetase 
Ornithine Decarboxylase 
Inosine-5'-monophosphate 
dehydrogenase 
Adenosine Deaminase Adenosine, Alanosine, 2'deoxycoformycin 
Thymidylate Synthetase Fluorouracil 
Aspartate Transcarbamylase N-Phosphonacetyl-L-Aspartate (PALA) 
Metallothionein Cadmium 
Adenylate Deaminase (1, 2) Adenine, AZaserine, Coformycin 
UMP-Synthetase 6-azauridine, pyrazofuran 
Ribonucleotide Reductase hydroxyurea, motexafin gadolinium, 

fludarabine, cladribine, gemcitabine, 
tezacitabine, triapine. 

0090. Several considerations must be taken into account 
when selecting a specific target site for the insertion of a 
sequence of interest within an amplifiable locus. First, the 
selected insertion site must be co-amplified with the gene 
under selection. In many cases, experimental data already 
exists in the art which delimits the amount of flanking chro 
mosomal sequence that co-amplifies with a selectable gene of 
interest. This data, which precisely defines the extent of the 
amplifiable locus, exists for CHO DHFR (Ma et al. (1988), 
Mol Cell Biol. 8(6):23.16-27), human DHFR (Morales et al. 
(2009), Mol Cancer Ther. 8(2):424-432), and CHO GS 
(Sanders et al. (1987), Dev Biol Stand 66:55-63). Where such 
data does not already exist in the art, we predict that chromo 
somal DNA sequences <100,000 base pairs upstream or 
downstream of the selectable gene coding sequence are likely 
to co-amplify. Hence, these regions could be suitable sites for 
targeting the insertion of a sequence of interest. 
0091 Second, target sites should be selected which will 
not greatly impact the function of the selectable gene (e.g., the 
endogenous DHFR, GS, or HPRT gene). Because amplifica 
tion requires a functional copy of the selectable gene, inser 
tion sites within the promoter, exons, introns, polyadenyla 
tion signals, or other regulatory sequences that, if disrupted, 
would greatly impact transcription ortranslation of the select 
able gene, should be avoided. For example, WO 2008/0593.17 
discloses meganucleases which cleave DNA target sites 
within the HPRT gene. To the extent WO 2008/05.9317 dis 
closes the insertion of genes into the HPRT locus, it teaches 
that the HPRT gene coding sequence should be disrupted in 
the process of transgene insertion to facilitate selection for 
propertargeting using 6-thioguanine. 6-thioguanine is a toxic 
nucleotide analog that kills cells having functional HPRT 
activity. Because cells produced in accordance with WO 
2008/05.9317 will not have HPRT activity, they will not 
amplify an inserted transgene in response to treatment with an 
HPRT inhibitor and, so, cannot be used in the present inven 
tion. For the present invention, unless the precise limits of all 
regulatory sequences are already known for a particular 
selectable gene, insertion sites > 1,000 base pairs, >2,000 base 
pairs, >3,000 base pairs, >4,000 base pairs, or, preferably, 
>5,000 base pairs, upstream or downstream of the gene cod 
ing sequence should be selected. However, if the location of 
the regulatory sequences are known, the sequence of interest 
can be inserted immediately adjacent to the either the most 5' 
or 3' regulatory sequence (e.g., immediately 3' to the poly 
adenylation signal). 
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0092 Lastly, target sites should be selected which do not 
disrupt other chromosomal genes which may be important for 
normal cell physiology. In general, gene insertion sites should 
be > 1,000 base pairs, >2,000 base pairs, >3,000 base pairs, 
>4,000 base pairs, or, preferably, >5,000 base pairs, away 
from any gene coding sequence. 
0093. Various methods of the invention are described 
schematically in the figures as follows: 
0094 FIG. 1 depicts a general strategy for targeting a 
sequence of interest to an amplifiable locus. In the first step, a 
site-specific endonuclease introduces a double-stranded 
break in the chromosomal DNA of a cell at a site that is 
proximal to an endogenous selectable gene. The cleaved 
chromosomal DNA then undergoes homologous recombina 
tion with a donor DNA molecule comprising a sequence of 
interest flanked by DNA sequences homologous to sequences 
flanking the endonuclease recognition sequence in the target 
site. As a result, the sequence of interest is inserted into the 
chromosomal DNA of the cell adjacent to the endogenous 
selectable gene. The modified cell is then grown in the pres 
ence of one or more compounds that inhibit the function of the 
selectable gene to induce an increase in the copy number (i.e., 
amplification) of the selectable gene. The sequence of inter 
est, which is genetically linked to the selectable gene, will 
co-amplify with the selectable gene. The result is a stable 
transgenic cell line comprising multiple copies of the 
sequence of interest. 
0095 FIG. 2(A) depicts a schematic of the CHO DHFR 
locus showing a preferred region for targeting a sequence of 
interest 5,000-60,000 base pairs downstream of the DHFR 
gene. FIG. 2(B) depicts a schematic of the CHOGS locus 
showing a preferred region for targeting a sequence of interest 
5,000-55,000 base pairs downstream of the GS gene. Promot 
ers are shown as arrows. Exons are shown as rectangles, with 
non-coding exons in white and protein coding exons in gray. 
0096 FIG.3 depicts a strategy for inserting a sequence of 
interest into an amplifiable locus in a two-step process involv 
ing a pre-integrated target sequence. In the first step, the 
chromosomal DNA of a cell is cleaved by a site-specific 
endonuclease at a site that is proximal to a selectable gene. 
The cleaved chromosomal DNA then undergoes homologous 
recombination with a donor DNA molecule comprising an 
exogenous target sequence flanked by DNA sequences 
homologous to the sequences flanking the endogenous target 
site. This results in the insertion of the new engineered target 
sequence into the chromosomal DNA of the cell proximal to 
the selectable gene. A sequence of interest can Subsequently 
be targeted proximal to the same selectable gene using a 
nuclease, integrase, transposase, or recombinase that specifi 
cally recognizes the pre-integrated engineered target 
sequence. The modified cell is then grown in the presence of 
one or more compounds that co-amplify the selectable gene 
and the sequence of interest. 
0097 FIG. 4 depicts a strategy for inserting an engineered 
target sequence into a selectable gene (e.g., DHFR) with 
concomitant removal of a portion of the selectable gene. A 
site-specific endonuclease is first used to cleave the chromo 
somal DNA of the cell proximal to or within the selectable 
gene sequence. As shown in the figure, the endogenous target 
site is between exons 2 and 3 of the CHO DHFR gene (al 
though the target site could be within any intron or exon, and 
the selectable gene could be any gene Subject to amplifica 
tion). The chromosomal DNA then undergoes homologous 
recombination with a first donor DNA (“donor DNA #1) 
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such that the sequence of the first donor DNA is inserted into 
the chromosomal DNA of the cell. As shown in the figure, this 
results in the replacement of the promoter and first two exons 
of DHFR by the new engineered target sequence (although 
the first donor DNA could replace more or less of the chro 
mosomal DNA, such as only a portion of one exon). If such a 
replacement is made to all DHFR alleles in a cell, the resultant 
cell line is DHFR (-/-). A sequence of interest can subse 
quently be targeted proximal to the selectable gene in the cell 
line using an endonuclease, integrase, transposase, or recom 
binase that recognizes the engineered target sequence. As 
shown in the figure, the second donor DNA (“donor DNA 
#2) comprises a sequence of interest as well as a promoter 
and the first two exons of DHFR. Proper targeting of this 
second donor DNA molecule results in the insertion of the 
sequence of interest at the engineered target sequence while 
simultaneously reconstituting a functional DHFR gene. Thus, 
properly targeted cell lines will be DHFR+ and can be 
selected using media deficient in hypoxanthine?thymidine. In 
addition, the sequence of interest can be co-amplified with the 
DHFR gene using MTX selection. The strategy diagrammed 
here for DHFR can be applied to any selectable gene in an 
amplifiable locus. 
0.098 FIG.5 depicts a strategy for inserting an engineered 
target sequence into an amplifiable locus with concomitant 
disruption of the coding sequence of a selectable gene. A 
site-specific endonuclease is first used to cleave the chromo 
somal DNA of the cell within the selectable gene coding 
sequence. As shown in the figure, the endogenous target site 
is in the third exon of the CHOGS gene. The chromosomal 
DNA then undergoes homologous recombination with a first 
donor DNA (“donor DNA #1') such that the sequence of the 
first donor DNA is inserted into the chromosomal DNA of the 
cell. This results in the insertion of a new engineered target 
sequence into the GS coding sequence. If Such an insertion 
occurs in both alleles of the GS gene and results in a frame 
shift mutation or otherwise disrupts the function of the GS 
gene, the resultant cell line will be GS (-/-). A sequence of 
interest can Subsequently be targeted proximal to the ampli 
fiable locus in the cell line using an endonuclease, integrase, 
transposase, or recombinase that recognizes the engineered 
target sequence. As shown in the figure, a second donor DNA 
(“donor DNA #2) comprises a sequence of interest operably 
linked to a promoter as well as the 3' portion of the GS coding 
sequence comprising exons 3, 4, 5, and 6. (The figure shows 
exons 3, 4, 5, and 6 joined into a single nucleotide sequence 
(i.e., with introns removed), but a sequence including either 
the naturally-occurring introns or one or more artificial 
introns could also be employed). Proper targeting of the sec 
ond donor DNA molecule results in the insertion of the 
sequence of interest at the engineered target sequence while 
simultaneously reconstituting a functional GS gene. Thus, 
properly targeted cell lines will be GS+ and can be selected 
using media deficient in L-glutamine. In addition, the 
sequence of interest can be co-amplified with the GS gene 
using MSX selection. The strategy diagrammed here for GS 
can be applied to any selectable gene in an amplifiable locus. 
0099 FIG. 6 depicts a strategy for inserting an engineered 
target sequence into an amplifiable locus with concomitant 
disruption of the mRNA processing of a selectable gene. A 
site-specific endonuclease is first used to cleave the chromo 
somal DNA of the cell within an intron in the selectable gene. 
As drawn, the endogenous target site is in the intron between 
the third and fourth coding exons of the CHOGS gene. The 
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chromosomal DNA then undergoes homologous recombina 
tion with a donor DNA #1 such that the sequence of the donor 
DNA is inserted in the chromosomal DNA of the cell. This 
results in the insertion of a new engineered target sequence 
into the GS coding sequence with an additional sequence that 
causes the GS mRNA to be processed incorrectly. As drawn, 
this additional sequence comprises a strong splice acceptor. If 
such an insertion occurs in both alleles of the GS gene, the 
artificial splice acceptor will cause the GS mRNA to splice 
incorrectly, resulting in a loss of GS expression and a require 
ment for growth in media containing L-glutamine. A 
sequence of interest can Subsequently be targeted to the 
amplifiable locus in the cell line using an endonuclease, inte 
grase, transposase, or recombinase that recognizes the engi 
neered target sequence. As diagrammed, donor DNA #2 com 
prises a sequence of interest operably linked to a promoter as 
well as the 3' portion of the GS coding sequence comprising 
exons 4, 5, and 6 joined into a single nucleotide sequence. 
(The figure shows exons 4, 5, and 6 joined into a single 
nucleotide sequence (i.e., with introns removed), but a 
sequence including either the naturally-occurring introns or 
one or more artificial introns could also be employed). Proper 
targeting of this donor DNA #2 molecule results in the inser 
tion of the sequence of interest at the engineered target 
sequence while simultaneously reconstituting a functional 
GS gene. Thus, properly targeted cell lines will be GS+ and 
can be selected using media deficient in L-glutamine and the 
sequence of interest can be co-amplified with the GS gene 
using MSX selection. The strategy diagrammed here for GS 
can be applied to any selectable gene in an amplifiable locus. 
0100 FIG. 7(A) depicts a direct-repeat recombination 
assay for site-specific endonuclease activity. A reporter plas 
mid is produced comprising the 5' two-thirds of the GFP gene 
("GF), followed by an endonuclease recognition sequence, 
followed by the 3' two-thirds of the GFP gene (“FP). Mam 
malian cells are transfected with this reporter plasmid as well 
as a gene encoding an endonuclease. Cleavage of the recog 
nition sequence by the endonuclease stimulates homologous 
recombination between direct repeats of the GFP gene to 
restore GFP function. GFP+ cells can then be counted and/or 
sorted on a flow cytometer. 
0101 FIG. 7(B) depicts the results of the assay of FIG. 
7(A) as applied to the CHO-23/24 and CHO-51/52 meganu 
cleases. Light bars indicate the percentage of GFP+ cells 
when cells are transfected with the reporter plasmid alone 
(-endonuclease). Dark bars indicate the percentage of GFP+ 
cells when cells are co-transfected with a reporter plasmid 
and the corresponding meganuclease gene (+endonuclease). 
The assay was performed in triplicate and the standard devia 
tion is shown. 
0102 FIG. 7(C) depicts alignment of sequences obtained 
from CHO cells transfected with mRNA encoding the CHO 
23/24 meganuclease. The top sequence is from a wild-type 
(WT) CHO cell with the recognition sequence for CHO-23/ 
24 underlined. 
0103 FIG. 7(D) depicts alignment of sequences obtained 
from CHO cells transfected with mRNA encoding the CHO 
51/52 meganuclease. The top sequence is from a wild-type 
(WT) CHO cell with the recognition sequence for CHO-51/ 
52 underlined. 
0104 FIG. 8(A) depicts a strategy for inserting an exog 
enous DNA sequence into the CHO DHFR locus using the 
CHO-51/52 meganuclease. CHO cells were co-transfected 
with mRNA encoding CHO-51/52 and a donor plasmid com 
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prising an EcoRI site flanked by 543 base pairs of DNA 
sequence homologous to the region upstream of the CHO-51/ 
52 recognition site and 461 base pairs of DNA sequence 
homologous to the region downstream of the CHO-51/52 
recognition site. 48 hours post-transfection, genomic DNA 
was isolated and subjected to PCR using primers specific for 
the downstream region of the DHFR locus (dashed arrows). 
0105 FIG. 8(B) depicts PCR products that were cloned 
into puC-19 and 48 individual plasmid clones and were 
digested with EcoRI and visualized on an agarose gel. 10 
plasmids (numbered lanes) yielded a 647 base pair restriction 
fragment, consistent with cleavage of a first EcoRI site within 
the puC-19 vector and a second EcoRI site in the cloned PCR 
fragment. These 10 plasmids were sequenced to confirm that 
they harbor a PCR fragment comprising a portion of the 
downstream DHFR locus with an EcoRI restriction site 
inserted into the CHO-51/52 recognition sequence. This 
restriction pattern was not observed when CHO cells were 
transfected with the donor plasmid alone. 
0106 FIG. 9(A) depicts a strategy for inserting an engi 
neered target sequence into the CHODHFR locus using the 
CHO-23/24 meganuclease. CHO cells were co-transfected 
with mRNA encoding CHO-23/24 and a donor plasmid com 
prising, in 5' to 3' orientation, an SV40 promoter, an ATG start 
codon, an FRT site, and a Zeocin-resistance (Zeo) gene. Zeo 
cin-resistant cells were cloned by limiting dilution and 
screened by PCR to identify a clonal cell line in which the 
donor plasmid sequence integrated into the CHO-23/24 rec 
ognition site. After expansion, this cell line was co-trans 
fected with a first plasmid encoding Flp recombinase oper 
ably linked to a promoter and second plasmid (donor plasmid 
#2) comprising a GFP gene under the control of a CMV 
promoter, an FRT site, and a hygromycin-resistance (Hyg) 
gene lacking a start codon. Flp-mediated recombination 
between FRT sites resulted in the integration of the donor 
plasmid #2 sequence into the engineered target sequence (i.e., 
the FRT site) such that a functional Hyg gene expression 
cassette was produced. FIG.9(B) depicts PCR products from 
hygromycin-resistant clones produced as in (A) that were 
cloned by limiting dilution. Genomic DNA was extracted 
from 24 individual clones and PCR amplified using a first 
primer in the DHFR locus and a second primer in the Hyg 
gene (dashed lines). All 24 clones yielded a PCR product 
consistent with Hyggene insertion into the engineered target 
sequence. FIG.9(C) depicts GFP expression by the 24 clones 
produced in (B) using flow cytometry. All clones were found 
to express high levels of GFP with relatively little clone-to 
clone variability. 
0107 FIG. 10. AGFP-expressing CHO line was produced 
by integrating a GFP gene expression cassette into the DHFR 
locus using an engineered target sequence strategy as shown 
in FIG. 9. This cell line was then grown in MTX as described 
in Example 2 to amplify the integrated GFP gene. (A) Flow 
cytometry plots showing GFP intensity on the Y-axis. In the 
pre-MTX cell line, GFP intensity averages approximately 
2x10 whereas in the cell line grown in 250 nM MTX, a 
distinct sub-population is visible (circled) in which GFP 
intensity approaches 10'. (B) MTX treated cell lines were 
sorted by FACS to identify individual cells expressing higher 
amounts of GFP. Five such high-expression cells were 
expanded and GFP intensity was determined by flow cytom 
etry. All five clones were found to have significantly increased 
GFP expression relative to the pre-MTX cell line. (C) 
Genomic DNA was isolated from the five clonal cell lines 
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produced in (B) and subjected to quantitative PCR using a 
primer pair specific for the GFP gene. It was found that the 
five high-expression clones had significantly more copies of 
the GFP gene than the pre-MTX cell line. These results dem 
onstrate that the copy number and expression level a trans 
gene integrated downstream of CHO DHFR can amplify in 
response to MTX treatment. 
0108 FIG. 11. (A) A direct-repeat recombination assay, as 
in FIG. 5A. (B) The assay in (A) applied to the CHO-13/14 
and CGS-5/6 meganucleases. Light bars indicate the percent 
age of GFP+ cells when cells are transfected with the reporter 
plasmid alone (-endonuclease). Dark bars indicate the per 
centage of GFP+ cells when cells are co-transfected with a 
reporter plasmid and the corresponding meganuclease gene 
(+endonuclease). The assay was performed in triplicate and 
standard deviation is shown. (C) Alignment of sequences 
obtained from CHO cells transfected with mRNA encoding 
the CGS-5/6 meganuclease. The top sequence is from a wild 
type (WT) CHO cell with the recognition sequence for CGS 
5/6 underlined. Dashes indicate deleted bases. Bases that are 
italicized and in bold are point mutations or insertions relative 
to the wild-type sequence. Note that the mutations observed 
in at least clones 6d4, 6g5,3b7.3d 11,3e5, 6f10, 6hH8, 6d10, 
6d7.3g8, and 3a9are expected to knockout GS gene function. 
2.1.1 Gene Targeting to the CHODHFR Locus 
0109. The CHO DHFR locus is diagrammed in FIG. 2A. 
The locus comprises the DHFR gene coding sequence in 6 
exons spanning -24.500 base pairs. The Msh;3 gene is located 
immediately upstream of DHFR and is transcribed diver 
gently from the same promoter as DHFR. A hypothetical 
gene. 2BE2121, can be found ~65,000 base pairs downstream 
of the DHFR coding sequence. Thus, there is a ~65,000 base 
pair region downstream of the DHFR gene that does not 
harbor any known genes and is a suitable location for target 
ing the insertion of sequences of interest. Target sites for 
insertion of a sequence of interest generally should not be 
selected which are <1,000 base pairs, and preferably not 
<5,000 base pairs from either the DHFR or 2BE2121 genes. 
This limits the window of preferred target sites to the region 
1,000-60,000 base pairs, or 5,000-60,000 base pairs down 
stream of the DHFR coding sequence. The sequence of this 
region is provided as SEQID NO: 2. 
0110. The human and mouse DHFR loci have an organi 
zation similar to CHO locus. In both cases, the Msh3 gene is 
immediately upstream of DHFR but there is a large area 
devoid of coding sequences downstream of DHFR. In 
humans, the ANKRD34B gene is -55,000 base pairs down 
stream of DHFR while the ANKRD34B gene is -37,000 base 
pairs downstream of DHFR in mouse. Therefore, the genomic 
region downstream of DHFR is an appropriate location to 
insert genes of interest in CHO, human, and mouse cells and 
cell lines. Further, gene expression cassettes inserted into this 
region will be expressed at a high level, resistant to gene 
silencing, and capable of being amplified by treatment with 
MTX. Methods for amplifying the CHO cell DHFR locus are 
known in the art (see, e.g., Kellems, ed., Gene amplification in 
mammalian cells: a comprehensive guide. Marcel Dekker, 
New York, 1993) and typically involve gradually increasing 
the concentration of MTX in the growth media from 0 to as 
high as 0.8 mM over a period of several weeks. 
2.1.2 Gene Targeting to the GS Locus 
0111. The CHO, human, and mouse glutamine synthetase 
(also known as "glutamate-ammonia ligase' or "Glu) loci 
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share a common organization (FIG. 2B). The TEDDM1 gene 
is immediately upstream of GS in all species (~5,000 bp 
upstream in the case of human, ~7,000 bp upstream in the 
case of mouse and CHO). The closest downstream gene, 
however, is ~46,000 away in the case of human and ~117,000 
bp away in the case of mouse and CHO. Therefore, we predict 
that the chromosomal region 1,000-41,000 bp, or 5,000-41, 
000 bp downstream of GS in human cells and 1,000-100,000 
bp, or 5,000-100,000 bp downstream of GS in mouse and 
CHO cells are appropriate locations to target the insertion of 
sequences of interest. Because DNA sites distal to the GS 
coding sequence are more likely to be susceptible to gene 
silencing, the chromosomal region 5,000-60,000 bp down 
stream of GS is a preferred location to target the insertion of 
a sequence of interest even in mouse or CHO cells. The 
sequence of this region from the CHO genome is provided as 
SEQID NO: 3. Gene expression cassettes inserted into this 
region will be expressed at a high level, resistant to gene 
silencing, and capable of being amplified by treatment with 
MSX. Less-preferred regions include the chromosomal 
region between the TEDDM1 and GS genes or the region 
<10,000 bp downstream of TEDDM1 (see FIG.2B). Methods 
for amplifying the GSlocus are known in the art (Bebbington 
et al. (1992), Biotechnology (NY). 10(2):169-75). 

2.2 Engineered Endonucleases for Gene Targeting 
0112 A sequence of interest may be inserted into an 
amplifiable locus using an engineered site-specific endonu 
clease. Methods for generating site-specific endonucleases 
which can target DNA breaks to pre-determined loci in a 
genome are known in the art. These include zinc-finger 
nucleases (Le Provost et al. (2010), Trends Biotechnol. 28(3): 
134-41), TAL-effector nucleases (Li et al. (2011), Nucleic 
Acids Res. 39(1):359-72), and engineered meganucleases 
(WO 2007/047859; WO 2007/04.9156; WO 2009/059195). In 
one embodiment, the invention provides engineered meganu 
cleases derived from I-CreI that can be used to target the 
insertion of a gene of interest to an amplifiable locus. Meth 
ods to produce Such engineered meganucleases are known in 
the art (see, e.g., WO 2007/047859; WO 2007/049156; WO 
2009/059195). In preferred embodiments, a “single-chain' 
meganuclease is used to target gene insertion to an amplifi 
able region of the genome. Methods for producing Such 
“single-chain” meganucleases are known in the art (see, e.g., 
WO 2009/059195 and WO 2009/095742). In some embodi 
ments, the engineered nuclease is fused to a nuclear localiza 
tion signal (NLS) to facilitate nuclear uptake. Examples of 
nuclear localization signals include the SV40 NLS (amino 
acid sequence MAPKKKRKV) which can be fused to the C 
or, preferably, the N-terminus of the protein. In addition, an 
engineered nuclease may be tagged with a peptide epitope 
(e.g., an HA, FLAG, or Myc epitope) to monitor expression 
levels or localization or to facilitate purification. 
2.3 Engineered Cell Lines with Sequences of Interest Tar 
geted to Amplifiable Loci 
0113. In some embodiments, the invention provides meth 
ods for using engineered nucleases to target the insertion of 
transgenes into amplifiable loci in cultured mammalian cells. 
This method has two primary components: (1) an engineered 
nuclease; and (2) a donor DNA molecule comprising a 
sequence of interest. The method comprises contacting the 
DNA of the cell with the engineered nuclease to create a 
double strand DNA break in an endogenous recognition 
sequence in an amplifiable locus followed by the insertion of 
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the donor DNA molecule at the site of the DNA break. Such 
insertion of the donor DNA is facilitated by the cellular DNA 
repair machinery and can occur by either the non-homolo 
gous end-joining pathway or by homologous recombination 
(FIG. 1). 
0114. The engineered nuclease can be delivered to the cell 
in the form protein or, preferably, as a nucleic acid encoding 
the engineered nuclease. Such nucleic acid can be DNA (e.g., 
circular or linearized plasmid DNA or PCR products) or 
RNA. For embodiments in which the engineered nuclease 
coding sequence is delivered in DNA form, it should be 
operably linked to a promoter to facilitate transcription of the 
engineered nuclease gene. Mammalian promoters Suitable 
for the invention include constitutive promoters such as the 
cytomegalovirus early (CMV) promoter (Thomsen et al. 
(1984), Proc Natl AcadSci USA. 81(3):659-63) or the SV40 
early promoter (Benoist and Chambon (1981), Nature. 290 
(5804):304-10) as well as inducible promoters such as the 
tetracycline-inducible promoter (Dingermann et al. (1992), 
Mol Cell Biol. 12(9):4038-45). 
0115. In some embodiments, mRNA encoding the engi 
neered nuclease is delivered to the cell because this reduces 
the likelihood that the gene encoding the engineered nuclease 
will integrate into the genome of the cell. Such mRNA encod 
ing an engineered nuclease can be produced using methods 
known in the art such as in vitro transcription. In some 
embodiments, the mRNA is capped using 7-methyl-gua 
nosine. In some embodiments, the mRNA may be polyade 
nylated. 
0116 Purified engineered nuclease proteins can be deliv 
ered into cells to cleave genomic DNA, which allows for 
homologous recombination or non-homologous end-joining 
at the cleavage site with a sequence of interest, by a variety of 
different mechanisms known in the art. For example, the 
recombinant nuclease protein can be introduced into a cell by 
techniques including, but not limited to, microinjection or 
liposome transfections (see, e.g., LipofectamineTM, Invitro 
gen Corp., Carlsbad, Calif.). The liposome formulation can 
be used to facilitate lipid bilayer fusion with a target cell, 
thereby allowing the contents of the liposome or proteins 
associated with its surface to be brought into the cell. Alter 
natively, the enzyme can be fused to an appropriate uptake 
peptide such as that from the HIV TAT protein to direct 
cellular uptake (see, e.g., Hudecz et al. (2005), Med. Res. Rev. 
25:679-736). 
0117. Alternatively, gene sequences encoding the engi 
neered nuclease protein are inserted into a vector and trans 
fected into a eukaryotic cell using techniques known in the art 
(see, e.g., Ausubel et al., Current Protocols in Molecular 
Biology, Wiley 1999). The sequence of interest can be intro 
duced in the same vector, a different vector, or by other means 
known in the art. Non-limiting examples of vectors for DNA 
transfection include virus vectors, plasmids, cosmids, and 
YAC vectors. Transfection of DNA sequences can be accom 
plished by a variety of methods known to those of skill in the 
art. For instance, liposomes and immunoliposomes are used 
to deliver DNA sequences to cells (see, e.g., Lasic et al. 
(1995), Science 267: 1275-76). In addition, viruses can be 
utilized to introduce vectors into cells (see, e.g., U.S. Pat. No. 
7,037.492). Alternatively, transfection strategies can be uti 
lized such that the vectors are introduced as naked DNA (see, 
e.g., Rui et al. (2002), Life Sci. 71 (15): 1771-8). 
0118 General methods for delivering nucleic acids into 
cells include: (1) chemical methods (Graham et al. (1973), 
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Virology 54(2):536-539; Zatloukal et al. (1992), Ann. N.Y. 
Acad. Sci., 660:136-153; (2) physical methods such as micro 
injection (Capecchi (1980), Cell 22(2):479-488, electropora 
tion (Wong et al. (1982), Biochim. Biophys. Res. Commun. 
107(2):584-587; Fromm et al. (1985), Proc. Nat 'l Acad. Sci. 
USA 82(17):5824-5828; U.S. Pat. No. 5,384,253) and ballis 
tic injection (Johnston et al. (1994), Methods Cell. Biol. 
43(A): 353–365: Fynan et al. (1993), Proc. Nat 'l Acad. Sci. 
USA 90(24): 11478-11482); (3) viral vectors (Clapp (1993), 
Clin. Perinatol. 20(1): 155-168: Luetal. (1993), J. Exp. Med. 
178(6):2089-2096; Eglitis et al. (1988), Avd. Exp. Med. Biol. 
241:19-27; Eglitis et al. (1988), Biotechniques 
6(7):608-614); and (4) receptor-mediated mechanisms (Cu 
riel et al. (1991), Proc. Nat'l Acad. Sci. USA 88(19):8850 
8854; Curiel et al. (1992), Hum. Gen. Ther: 3(2):147-154; 
Wagner et al. (1992), Proc. Nat'l Acad. Sci. USA 89 (13): 
6099-6103). In some preferred embodiments, 7-methyl-gua 
nosine capped mRNA encoding the engineered nuclease is 
delivered to cells using electroporation. 
0119 The donor DNA molecule comprises a gene of inter 
est operably linked to a promoter. In many cases, a donor 
molecule may comprise multiple genes operably linked to the 
same or different promoters. For example, donor molecules 
comprising monoclonal antibody expression cassettes may 
comprise a gene encoding the antibody heavy chain and a 
second gene encoding the antibody light chain. Both genes 
may be under the control of different promoters or they may 
be under the control of the same promoter by using, for 
example, an internal-ribosome entry site (IRES). Donor mol 
ecules may also comprise a selectable marker gene operably 
linked to a promoter to facilitate the identification of trans 
genic cells. Such selectable markers are known in the art and 
include neomycin phosphotransferase (NEO), hypoxanthine 
phosphoribosyltransferase (HPRT), glutamine synthetase 
(GS), dihydrofolate reductase (DHFR), and hygromycin 
phosphotransferase (HYG) genes. 
0.120. In some embodiments, donor DNA molecules will 
additionally comprise flanking sequences homologous to the 
target sequences in the DNA of the cell. Such homologous 
flanking sequences comprise >3 or, preferably, >50 or, more 
preferably, >200 or, most preferably, >400 base pairs of DNA 
that are identical or nearly identical in sequence to the chro 
mosomal locus recognized by the engineered nuclease (FIG. 
1). Such homologous DNA sequences facilitate the integra 
tion of the donor DNA sequence into the amplifiable locus by 
homologous recombination. 
I0121 The “donor DNA molecule can be circular (e.g., 
plasmid DNA) or linear (e.g., linearized plasmid or PCR 
products). Methods for delivering DNA molecules are known 
in the art, as discussed above. 
I0122. In some embodiments, the engineered nuclease 
gene and donor DNA are carried on separate nucleic acid 
molecules which are co-transfected into cells or cell lines. For 
example, the engineered nuclease gene operably linked to a 
promoter can be transfected in plasmid form simultaneously 
with a separate donor DNA molecule in plasmid or PCR 
product form. In an alternative embodiment, the engineered 
nuclease can be delivered in mRNA form with a separate 
donor DNA molecule in plasmid or PCR product form. In a 
third embodiment, the engineered nuclease gene and donor 
DNA are carried on the same DNA molecule, such as a 
plasmid. In a fourth embodiment, cells are co-transfected 
with purified engineered nuclease protein and a donor DNA 
molecule in plasmid or PCR product form. 
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0123. Following transfection with the engineered 
nuclease and donor DNA, cells are typically allowed to 
recover from transfection (24-72 hours) before being cloned 
using methods known in the art. Common methods for clon 
ing a genetically engineered cell line include “limiting dilu 
tion' in which transfected cells are transferred to tissue cul 
ture plates (e.g., 48 well, 96 well plates) at a concentration of 
<1 cell per well and expanded into clonal populations. Other 
cloning strategies include robotic clone identification/isola 
tion systems such as ClonePixTM (Genetix, Molecular 
Devices, Inc., Sunnyvale, Calif.). Clonal cell lines can then be 
screened to identify cell lines in which the sequence of inter 
est is integrated into the intended target site. Cell lines can 
easily be screened using molecular analyses known in the art 
such as PCR or Southern Blot. For example, genomic DNA 
can be isolated from a clonal cell line and subjected to PCR 
amplification using a first (sense-strand) primer that anneals 
to a DNA sequence in the sequence of interest and a second 
(anti-sense Strand) primer that anneals to a sequence in the 
amplifiable locus. If the donor DNA molecule comprises a 
DNA sequence homologous to the target site, it is important 
that the second primer is designed to anneal to a sequence in 
the amplifiable locus that is beyond the limits of homology 
carried on the donor molecule to avoid false positive results. 
Alternatively, cell lines can be screened for expression of the 
sequence of interest. For example, if the sequence of interest 
encodes a secreted protein such as an antibody, the growth 
media can be sampled from isolated clonal cell lines and 
assayed for the presence of antibody protein using methods 
known in the art such as Western Blot or Enzyme-Linked 
Immunosorbant Assay (ELISA). This type of functional 
screen can be used to identify clonal cell lines which carry at 
least one copy of the sequence of interest integrated into the 
genome. Additional molecular analyses such as PCR or 
Southern blot can then be used to determine which of these 
transgenic cell lines carry the sequence of interest targeted to 
the amplifiable locus of interest, as described above. 
0.124. The method of the invention can be used on any 
culturable and transfectable cell type such as immortalized 
cell lines and stem cells. In preferred embodiments, the 
method of the invention is used to genetically modify immor 
talized cell lines that are commonly used for biomanufactur 
ing. This includes: 

0.125 1. Hamster cell lines such as baby hamster kidney 
(BHK) cells and all variants of Chinese Hamster Ovary 
(CHO) cells, e.g., CHO-K1, CHO-S (Invitrogen Corp., 
Carlsbad, Calif.), DG44, or PotelligentTM (Lonza Group 
Ltd., Basel, Switzerland). Because the genome 
sequences of different hamster cell lines are very nearly 
identical, an engineered meganuclease which can be 
used to practice the invention in one hamster cell type 
(e.g., BHK cells) can generally be used to practice the 
invention in another hamster cell type (e.g., CHO-K1). 

0.126 2. Mouse cell lines such as mouse hybridoma or 
mouse myeloma (e.g., NSO) cells. Because the genome 
sequences of different mouse cell lines are very nearly 
identical, an engineered meganuclease which can be 
used to practice the invention in one mouse cell type 
(e.g., mouse hybridoma cells) can generally be used to 
practice the invention in another mouse cell type (e.g., 
NSO). 

I0127 3. Human cell lines such as human embryonic 
kidney cells (e.g., HEK-293 or 293S) and human retinal 
cells (e.g., PER.C6). Because the genome sequences of 
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different human cell lines are very nearly identical, an 
engineered meganuclease which can be used to practice 
the invention in one human cell type (e.g., HEK-293 
cells) can generally be used to practice the invention in 
another human cell type (e.g., PER.C6). 

2.6 Pre-Engineered Cell Lines with Engineered Target 
Sequences in Amplifiable Loci. 
I0128. In one embodiment, the invention provides cell lines 
which are pre-engineered to comprise a targetable “engi 
neered target sequence” for gene insertion in an amplifiable 
locus in a mammalian cell line (FIG. 3). An engineered target 
sequence comprises a recognition sequence for an enzyme 
which is useful for inserting transgenic nucleic acids into 
chromosomal DNA sequences. Such engineered target 
sequences can include recognition sequences for engineered 
meganucleases derived from I-CreI (e.g., SEQID NO 37-87 
from WO 2009/076292), recognition sequences for zinc-fin 
ger nucleases, recognition sequences for TAL effector 
nucleases (TALENs), the LoxP site (SEQ ID NO 4) which is 
recognized by Cre recombinase, the FRT site (SEQID NO:5) 
which is recognized by FLP recombinase, the attB site (SEQ 
ID NO: 6) which is recognized by lambda recombinase, or 
any other DNA sequence known in the art that is recognized 
by a site specific endonuclease, recombinase, integrase, or 
transpose that is useful for targeting the insertion of nucleic 
acids into a genome. Thus, the invention allows one skilled in 
the art to use an engineered nuclease (e.g., a meganuclease, 
Zinc-finger nuclease, or TAL effector nuclease) to insert an 
engineered target sequence into an amplifiable locus in a 
mammalian cell line. The resulting cell line comprising Such 
an engineered target sequence at an amplifiable locus can then 
be contacted with the appropriate enzyme (e.g., a second 
engineered meganuclease, a second zinc-finger nuclease, a 
second TAL effector nuclease, a recombinase, an integrase, or 
a transposase) to target the insertion of a gene of interest into 
the amplifiable locus at the engineered target sequence. This 
two-step approach can be advantageous because the effi 
ciency of gene insertion that can be achieved using an optimal 
meganuclease, zinc-finger nuclease, recombinase, integrase, 
or transposase might be higher than what can be achieved 
using the initial endonuclease (e.g., meganuclease or zinc 
finger nuclease) that cleaves the endogenous target site to 
promote insertion of the engineered target sequence. 
I0129. In an alternative embodiment, a cell line is produced 
by inserting an engineered target sequence into an amplifiable 
locus with the concomitant removal of all or a portion of the 
adjacent endogenous marker gene (FIG. 4). For example, an 
engineered meganuclease, zinc-finger nuclease, or TAL-ef 
fector nuclease can be used to remove the first two exons of 
both alleles of the CHODHFR gene and replace them with an 
engineered target sequence for a different engineered mega 
nuclease, ZFN. TALEN, recombinase, integrase, or trans 
posase. The resulting cell line will be DHFR deficient and 
unable to grow in the absence of hypoxanthine?thymidine. 
Alternatively, for example, an engineered meganuclease, 
ZFN or TALEN can be used to remove the first exon of both 
alleles of the CHOGS gene and replace it with an engineered 
target sequence for a different engineered meganuclease, 
ZFN. TALEN, recombinase, integrase, or transposase (FIG. 
4). The resulting cell line will be GS deficient and unable to 
grow in the absence of L-glutamine. Such a cell line is useful 
because a gene of interest can be inserted into the engineered 
target sequence in the pre-engineered cell line while simulta 
neously reconstituting the selectable gene (e.g., DHFR or 
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GS). Thus, it is possible to select for transfectants harboring 
the gene of interest at the amplifiable locus using media 
conditions that select for DHFR+ or GS+ cells. 
0130. In an alternative embodiment, a cell line is produced 
in which an engineered target sequence is inserted into an 
amplifiable locus with disruption of the selectable gene 
(FIGS. 5, 6). This can be accomplished, for example, using a 
meganuclease which recognizes a DNA site in the coding 
sequence of the selectable gene. Such a meganuclease can be 
used to target the insertion of an engineered target sequence 
into the selectable gene coding sequence resulting in disrup 
tion of gene function by, for example, introducing a frame 
shift (FIG.5). Alternatively, for example, an engineered target 
sequence can be inserted into an intron in the selectable gene 
sequence with an additional sequence that promotes improper 
processing of the selectable gene transcript (FIG. 6). Such 
sequences that promote improper processing include, for 
example, artificial splice acceptors or polyadenylation sig 
nals. Splice acceptor sequences are known in the art (Clancy 
(2008), “RNA Splicing: Introns, Exons and Spliceosome.” 
Nature Education 1:1) and typically comprise a 20-50 base 
pair pyrimidine-rich sequence followed by a sequence (C/T) 
AG(A/G). SEQID NO:33 is an example of a splice acceptor 
sequence. Likewise, polyadenylation signals are known in the 
art and include, for example, the SV40 polyadenylation signal 
(SEQID NO:34) and the BGH polyadenylation signal (SEQ 
ID NO: 35). In some embodiments, the resulting cell line 
harboring the new engineered target sequence in all alleles of 
the selectable gene will be deficient in the function of the gene 
due to mis-transcription or mis-translation and will be able to 
grow only under permissive conditions. For example, an engi 
neered target sequence can be inserted into the GS gene 
sequence using a meganuclease resulting in a cell line that is 
GS-/- that can grow only in the presence of L-glutamine in 
the growth media. In a Subsequent step, a gene of interest can 
be inserted into the engineered target sequence while simul 
taneously reconstituting the selectable gene (e.g., DHFR or 
GS). Thus, it is possible to select for transfectants harboring 
the gene of interest at the amplifiable locus using media 
conditions that select for DHFR+ or GS+ cells. 

2.5 Transgenic Cell Lines for Biomanufacturing. 

0131. In some embodiments, the invention provides trans 
genic cell lines Suitable for the production of protein pharma 
ceuticals. Such transgenic cell lines comprise a population of 
cells in which a gene of interest, operably linked to a pro 
moter, is inserted into the genome of the cellatan amplifiable 
locus wherein the gene of interest encodes a protein thera 
peutic. Examples of protein therapeutics include: monoclonal 
antibodies, antibody fragments, erythropoietin, tissue-type 
plasminogen activator, Factor VIII, Factor IX, insulin, colony 
stimulating factors, interferons (e.g., interferon-C, interferon 
B, and interferon-Y), interleukins (e.g., interleukin-2), vac 
cines, tumor necrosis factor, and glucocerebrosidase. Protein 
therapeutics are also referred to as “biologics” or “biophar 
maceuticals.” 
0132) To be used for biomanufacturing, a transgenic cell 
line of the invention should undergo: (1) adaptation to serum 
free growth in Suspension; and (2) amplification of the gene of 
interest. In some embodiments, the invention is practiced on 
adherent cell lines which can be adapted to growth in Suspen 
sion to facilitate their maintenance in shaker-flasks or stirred 
tank bioreactors as is typical of industrial biomanufacturing. 
Methods for adapting adherent cells to growth in Suspension 
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are known in the art (Cell Culture and Upstream Processing, 
Butler, ed. (Taylor and Francis Group, New York, 2007)). For 
regulatory reasons, it is generally necessary to further adapt 
biomanufacturing cell lines to chemically-defined media 
lacking animal-derived components (i.e., "serum-free” 
media). Methods for preparing such media and adapting cell 
lines to it are known in the art (Cell Culture and Upstream 
Processing, Butler, ed. (Taylor and Francis Group, New York, 
2007)). Such media can also be purchased commercially 
(e.g., CD-3 media for maintenance of CHO cells, available 
from Sigma-Aldrich, St. Louis, Mo.) and cells can be adapted 
to it by following the manufacturers instructions. In some 
embodiments, the cell line is adapted to growth in Suspension 
and/or serum-free media prior to being transfected with the 
engineered nuclease. 
0.133 Lastly, methods for gene amplification are known in 
the art (Cell Culture and Upstream Processing, Butler, ed. 
(Taylor and Francis Group, New York, 2007)). In general, the 
process involves adding an inhibitor of a selectable gene 
product to the growth media to select for cells that express 
abnormally high amounts of the gene product due to gene 
duplication events. In general, the concentration of inhibitor 
added to the growth media is increased slowly over a period of 
weeks until the desired level of gene amplification is 
achieved. Inhibitor is then generally removed from the media 
prior to initiating a bioproduction run to avoid the possibility 
of the inhibitor contaminating the protein therapeutic formu 
lation. For example, the CHODHFR locus can be amplified 
by slowly increasing the concentration of MTX in the growth 
media from 0 mM to as high as 0.8 mM over a period of 
several weeks. The GS locus can, likewise, be amplified by 
slowly increasing the concentration of MSX in the media 
from 0 uM to as high as 100 LM over a period of several 
weeks. Methods for evaluating gene amplification are known 
in the art and include Southern Blot and quantitative real-time 
PCR (rtPCR). In addition, or as an alternative, expression 
levels of the sequence of interest, which are generally corre 
lated to gene copy number, can be evaluated by determining 
the concentration of protein therapeutic in the growth media 
using conventional methods such as Western Blot or ELISA. 
I0134) Following cell line production, adaptation, and 
amplification, protein therapeutics can be produced and puri 
fied using methods that are standard in the biopharmaceutical 
industry. 

EXAMPLES 

0.135 This invention is further illustrated by the following 
examples, which should not be construed as limiting. Those 
skilled in the art will recognize, or be able to ascertain, using 
no more than routine experimentation, numerous equivalents 
to the specific Substances and procedures described herein. 
Such equivalents are intended to be encompassed in the scope 
of the claims that follow the examples below. Example 1 
refers to engineered meganucleases that can be used to target 
the insertion of a gene of interest downstream of the DHFR 
gene in CHO cells. Example 2 refers to engineered meganu 
cleases that can be used to target the insertion of an engi 
neered target sequence into the CHODHFR gene with con 
comitant removal of DHFR exons 1 and 2. Example 2 also 
refers to engineered meganucleases that can be used to target 
the insertion of an engineered target sequence into the CHO 
GS gene. Example 3 refers to meganucleases that can be used 
to target the insertion of a gene of interest downstream of the 
GS gene in CHO cells. 
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Example 1 

Targeted Gene Insertion into the CHODHFR Locus 
Using Engineered Meganucleases 

0136. The CHO genomic DNA sequence 10,000-55,000 
base pairs downstream of the DHFR gene was searched to 
identify DNA sites amenable to targeting with engineered 
meganucleases. Two sites (SEQID NO: 7 and SEQID NO:8) 
were selected which are, respectively,35,699 and 15,898 base 
pairs downstream of the DHFR coding sequence (Table 2). 

TABLE 2 

Example Recognition Sites For Engineered 
Meganucleases in the CHO DHFR Locus. 

SEQ 
ID 

NO: Target Site Sequences 

Location Relative 
to CHO DHFR 
Coding Sequence 

7 5'-TAAGGCCTCATATGAAAATATA-3' 35, 699 bp 
downstream 

8 5'-ATAGATGTCTTGCATACTCTAG-3' 15, 898 bp 
downstream 

1. Meganucleases that Recognize SEQID NO: 7 and SEQID 
NO: 8 
0.137 An engineered meganuclease (SEQID NO: 9) was 
produced which recognizes and cleaves SEQID NO: 7. This 
meganuclease is called “CHO-23/24. A second engineered 
meganuclease (SEQID NO: 10) was produced which recog 
nizes and cleaves SEQID NO:8. This meganuclease is called 
“CHO-51/52. Each meganuclease comprises an N-terminal 
nuclease-localization signal derived from SV40, a first mega 
nuclease Subunit, a linker sequence, and a second meganu 
clease Subunit. 

2. Site-Specific Cleavage of Plasmid DNA by Meganucleases 
CHO-23/24 and CHO-51/52 

0138 CHO-23/24 and CHO-51/52 were evaluated using a 
direct-repeat recombination assay as described previously 
(Gao et al. (2010), Plant J. 61(1):176-87, FIG. 7A). A defec 
tive GFP reporter cassette was generated by first cloning a 5' 
480 bp fragment of the GFP gene into NheI/HindIII-digested 
pcDNAS/FRT (Invitrogen Corp., Carlsbad, Calif.) resulting 
in the plasmid pGF. Next, a 3' 480 bp fragment of the GFP 
gene (including a 240 bp sequence duplicated in the 5' 480 bp 
fragment) was cloned into BamHI/XhoI-digested pCF. The 
resulting plasmid, pGFFP, consists of the 5' two-thirds of the 
GFP gene followed by the 3' two-thirds of the GFP gene, 
interrupted by 24 bp of the pcDNAS/FRT polylinker. To 
insert the meganuclease recognition sites, complementary 
oligonucleotides comprising the sense and anti-sense 
sequence of each recognition site were annealed and ligated 
into HindIII/BamHI-digested pGFFP. 
0139. The coding sequences of the engineered meganu 
cleases were inserted into the mammalian expression vector 
pCP under the control of a constitutive (CMV) promoter. 
Chinese hamster ovary (CHO) cells at approximately 90% 
confluence were transfected in 96-well plates with 150 ng 
pGFFP reporter plasmid and 50 ng of meganuclease expres 
sion vector or, to determine background, 50ng of empty pCP. 
using Lipofectamine 2000 according to the manufacturers 
instructions (Invitrogen Corp., Carlsbad, Calif.). To deter 
mine transfection efficiency, CHO cells were transfected with 
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200 ng pCP GFP. Cells were washed in PBS 24 h post 
transfection, trypsinized and resuspended in PBS supple 
mented with 3% fetal bovine serum. Cells were assayed for 
GFP activity using a Cell Lab Quanta SC MPL flow cytom 
eter and the accompanying Cell Lab Quanta analysis Software 
(Beckman Coulter, Brea, Calif.). 
0140. Results are shown in FIG.7B. It was found that both 
of the engineered meganucleases were able to cleave their 
intended recognition sites significantly above background 
within the context of a plasmid-based reporter assay. 

3. Site-Specific Cleavage of CHO DHFR Locus by 
Meganucleases CHO-23/24 and CHO-51/52 

0.141. To determine whether or not CHO-23/24 and CHO 
51/52 are capable of cleaving their intended target sites in the 
CHO DHFR locus, we screened genomic DNA from CHO 
cells expressing either CHO-23/24 or CHO-51/52 to identify 
evidence of chromosome cleavage at the intended target site. 
This assay relies on the fact that chromosomal DNA breaks 
are frequently repaired by NHEJ in a manner that introduces 
mutations at the site of the DNA break. These mutations, 
typically small deletions or insertions (collectively known as 
“indels’) leave a telltale scar that can be detected by DNA 
sequencing (Gao et al. (2010), Plant J. 61 (1):176-87). 
0.142 CHO cells were transfected with mRNA encoding 
CHO-23/24 or CHO-51/52. mRNA was prepared by first 
producing a PCR template for an in vitro transcription reac 
tion (SEQID NO:20 and SEQID NO:21). Each PCR product 
included a T7 promoter and 609 bp of vector sequence down 
stream of the meganuclease gene. The PCR product was gel 
purified to ensure a single template. Capped (m7G) RNA was 
generated using the RiboMAXT7 kit (Promega Corp., Fitch 
burg, Wis.) according to the manufacturers instructions and. 
Ribo m7G cap analog (Promega Corp., Fitchburg, Wis.) was 
included in the reaction and 0.5 ug of the purified meganu 
clease PCR product served as the DNA template. Capped 
RNA was purified using the SV Total RNA. Isolation System 
(Promega Corp., Fitchburg, Wis.) according to the manufac 
turers instructions. 

0.143 1.5x10 CHO-K1 cells were nucleofected with 
3x10 copies of CHO-23/24 or CHO-51/52 mRNA (2x10° 
copies/cell) using an Amaxa Nucleofector II device (Lonza 
Group Ltd., Basel, Switzerland) and the U-23 program 
according to the manufacturers instructions. 48 hours post 
transfection, genomic DNA was isolated from the cells using 
a FlexiGene kit (Qiagen, Hilden, Germany) according to the 
manufacturers instructions. The genomic DNA was then 
subjected to PCR to amplify the corresponding target site. In 
the case of cells transfected with mRNA encoding CHO-23/ 
24, the forward and reverse PCR primers were SEQID NO: 
16 and SEQID NO: 17. In the case of cells transfected with 
mRNA encoding CHO-51/52, the forward and reverse PCR 
primers were SEQ ID NO: 18 and SEQ ID NO: 19. PCR 
products were gel purified and cloned into puC-19. 40 plas 
mids harboring PCR products derived from cells transfected 
with CHO-23/24 mRNA were sequenced, 13 of which were 
found to have mutations in the CHO-23/24 target site (FIG. 
7C). 44 plasmids harboring PCR products derived from cells 
transfected with CHO-51/52 mRNA were sequenced, 10 of 
which were found to have mutations in the CHO-51/52 target 
site (FIG. 7D). These results indicate that CHO-23/24 and 
CHO-51/52 are able to cut their intended target sites down 
stream of the CHO DHFR gene. 
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4. Site-Specific Integration into the CHODHFRLocus Using 
an Engineered Meganuclease 
0144. To evaluate the efficiency of DNA insertion into the 
CHO DHFR locus using an engineered meganuclease, we 
prepared a donor plasmid (SEQ ID NO: 11) comprising an 
EcoRI restriction enzyme site flanked by DNA sequence 
homologous to the CHO-51/52 recognition site (FIG. 8A). 
Specifically, the donor plasmid of SEQID NO: 11 comprises 
apUC-19 vector harboring a homologous recombination cas 
sette inserted between the KpnI and HindIII restriction sites. 
The homologous recombination cassette comprises, in 5'- to 
3'-order: (i) 543 base pairs of DNA identical to the sequence 
immediately upstream of the CHO-51/52 cut site, including 
the upstream half-site of the CHO-51/52 recognition 
sequence and the four base pair “center sequence' separating 
the two half-sites comprising the CHO-51/52 recognition 
sequence; (ii) an EcoRI restriction enzyme site (5'-GAATTC 
3'); and iii) 461 base pairs of DNA identical to the sequence 
immediately downstream of the CHO-51/52 cut site, includ 
ing the downstream half-site of the CHO-51/52 recognition 
sequence and the four base pair “center sequence' separating 
the two half-sites comprising the CHO-51/52 recognition 
sequence. Note that this results in a duplication of the four 
base pair “center sequence' (5'-TTGC-3') to maximize the 
likelihood of strand invasion by the 3' overhangs generated by 
CHO-51/52 cleavage. We have discovered that donor plas 
mids comprising Sucha duplication of the center sequence are 
optimal Substrates for gene targeting by homologous recom 
bination. 

0145 mRNA encoding CHO-51/52 was prepared as 
described above. 1.5x10 CHO-K1 cells were nucleofected 
with 3x10' copies of CHO 51-52 mRNA (2x10 copies/cell) 
and 1.5ug of the donor plasmid (SEQID NO: 11). Nucleo 
fection was performed using an Amaxa Nucleofector II 
device (Lonza Group Ltd., Basel, Switzerland) and the U-23 
program according to the manufacturers instructions. 48 
hours post-transfection, genomic DNA was isolated from the 
cells using a FlexiGene kit (Qiagen, Hilden, Germany) 
according to the manufacturer's instructions. The DNA was 
subjected to PCR using primers flanking the CHO-51/52 
recognition site (SEQ ID NO: 18 and SEQ ID NO: 19). 
Importantly, these primers are beyond the limits of homolo 
gous sequence carried in the donor plasmid and, therefore, 
will amplify only the chromosomal DNA sequence and not 
the donor plasmid. PCR products were cloned into a puC-19 
plasmid and 48 clones were purified and digested with EcoRI 
(FIG.8B). 10 plasmids yielded a restriction pattern consistent 
with the insertion of an EcoRI site into the CHO-51/52 rec 
ognition sequence. These data demonstrate that it is possible 
to use CHO-51/52 to precisely insert DNA downstream of the 
CHODHFR gene at SEQID NO:8. 
5. Site-Specific Integration of an Engineered Target Sequence 
into the CHODHFR Locus 

0146 A donor plasmid (SEQ ID NO: 25) was produced 
comprising an FRT sequence (SEQ ID NO: 5) adjacent to a 
Zeocin resistance gene under the control of an SV40 early 
promoter (FIG. 9A). This cassette was flanked by DNA 
sequence homologous to the CHODHFR locus immediately 
upstream or downstream of the CHO-23/24 recognition 
sequence. CHO cells were co-transfected with this donor 
plasmid and mRNA encoding CHO-23/24 as described 
above. 72 hours post-transfection, Zeocin-resistant cells were 
cloned by limiting dilution and expanded for approximately 3 
weeks. Clonal populations were then screened by PCR using 
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a first primer in the SV40 promoter (SEQID NO: 26) and a 
second primer in the DHFR locus (SEQID NO: 16) to iden 
tify cell lines carrying the FRT/Zeocin sequence downstream 
of the DHFR gene. One such cell line carrying the integrated 
FRT Insertion target sequence was Subsequently co-trans 
fected with a second donor plasmid (SEQID NO: 27) and a 
plasmid encoding Flp recombinase. SEQ ID NO: 27 com 
prises a GFP gene under the control of a CMV promoter, a 
FRT sequence, and a non-functional hygromycin resistance 
gene lacking an ATG start codon. Flp-stimulated recombina 
tion between FRT sites in the genome and the plasmid 
resulted in the incorporation of the entire plasmid sequence 
into the CHO genome at the site of the engineered target 
sequence. Such recombination restored function to the hygro 
mycin-resistance gene by orientating it downstream of an 
ATG start codon integrated as part of the engineered target 
sequence. As such, Successful integrations could be selected 
using hygromycin. 
0147 Hygromycin-resistant cells were cloned by limiting 
dilution and 24 individual clonal lines were assayed by PCR 
using a first primer in the hygromycin-resistance gene (SEQ 
ID NO: 28). All 24 clones yielded the expected PCR product 
(FIG. 9B), indicating that the GFP gene expression cassette 
was successfully inserted into the DHFR engineered target 
sequence in all cases. The 24 cell lines were then evaluated by 
flow cytometry and were found to express consistent levels of 
GFP (FIG.9C). 

6. Transgene Amplification 

0148 AGFP-expressing CHO line produced as described 
above was seeded at a density of 3x10 cells/mL in 30 mL of 
media containing 50 nM MTX. Cells were cultured for 14 
days before being re-seeded at the same density in media 
containing 100 nM MTX. Cells were cultured for another 14 
days before being re-seeded in media containing 250 nM 
MTX. Following 14 days in culture, GFP expression in the 
treated cells was evaluated by flow cytometry and compared 
to GFP expression in the parental (pre-MTX) cell population 
(FIG. 10A). It was found that the MTX-treated cells had a 
distinct sub-population in which GFP expression was signifi 
cantly increased. Individual high-expression cells from the 
MTX-treated population were then isolated using a cell sorter 
and 5 clones were expanded for 14 days in the absence of 
MTX. GFP expression in the 5 clonal cell populations was 
then evaluated by flow cytometry and compared with the 
parental (pre-MTX) cell population. It was found that the 
MTX-treated clones had approximately 4-6 times the GFP 
intensity as the pre-MTX cells. Quantitative PCR was then 
performed using a primer set specific for the GFP gene and it 
was found that the MTX-treated clones all had approximately 
5-9 times as many copies of the GFP gene as the pre-MTX 
population. These data provide conclusive evidence that a 
transgene inserted downstream of the CHODHFR gene can 
be amplified by treatment with MTX. 

7. Stability of Gene Amplification 

014.9 The five clonal cell lines expressing high levels of 
GFP that were produced in (6) above were then passaged for 
a period of 14 weeks in media with or without 250 nM MTX 
to evaluate the stability of gene amplification. GFP intensity 
was determined on a weekly basis and the quantitative PCR 
assay used to determine GFP gene copy number described 
above was repeated at the end of the 14 week evaluation 
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period. As expected, the clones passaged in media with MTX 
maintained a high level of GFP expression with no clone 
deviating more than 20% from the GFP intensity determined 
in week 1. Quantitative PCR revealed that gene copy number 
likewise deviated by less than 20% for all clones. Surpris 
ingly, gene amplification was equally stable in cell lines 
grown in media lacking MTX. Contrary to what would have 
been predicted based on the existing art, GFP gene expression 
was not reduced by more than 18% in any of the five cell lines 
over the 14 week evaluation period. Gene copy number deter 
mined by quantitative PCR was also stable with less than 24% 
deviation over time for all of the cell lines. These results 
indicate that a transgene amplified in the CHODHFR locus is 
stable for an extended period of time, obviating the need to 
grow the cells in toxic selection agents that that could con 
taminate bioproduct formulations. 

Example 2 

Insertion of an Engineered Target Sequence into the 
CHODHFR or GS Gene Coding Regions 

0150. As diagrammed in FIG. 4, an alternative method for 
targeting a sequence of interest to an amplifiable locus 
involves the production of a cell line in which a portion of a 
selectable gene is replaced by an engineered target sequence. 
The advantage of this approach is that the Subsequent inser 
tion of a sequence of interest can be coupled with reconstitu 
tion of the selectable gene so that cell lines harboring the 
properly targeted sequence of interest can be selected using 
the appropriate media conditions. A cell line harboring Such 
an engineered target sequence can be produced using 
nuclease-induced homologous recombination. In this case, a 
site-specific endonuclease which cuts a recognition sequence 
near or within the selectable gene sequence is preferred. 
1. Engineered Meganucleases that Cut within the DHFR or 
GS Genes. 
0151. A meganuclease called “CHO-13/14” (SEQID NO: 
12) was produced which cuts a recognition sequence in the 
CHO DHFR gene (SEQ ID NO: 13). The recognition 
sequence is in an intron between Exon 2 and Exon 3 of CHO 
DHFR. A meganuclease called “CGS-5/6” (SEQID NO: 14) 
was produced which cuts a recognition sequence in the CHO 
GS gene (SEQID NO: 15). Each meganuclease comprises an 
N-terminal nuclease-localization signal derived from SV40, a 
first meganuclease subunit, a linker sequence, and a second 
meganuclease Subunit. 

2. Site-Specific Cleavage of Plasmid DNA by Meganucleases 
CHO-13/14 and CGS-5/6 

0152 CHO-13/14 and CGS-5/6 were evaluated using a 
direct-repeat recombination assay as described in Example 1 
(FIG. 7A). Both meganucleases were found to efficiently 
cleave their intended recognition sequences within the con 
text of a plasmid-based reporter assay (FIG. 7B). 

3. Site-Specific Cleavage of the CHOGS Gene by CGS-5/6 

0153 CHO cells were transfected with mRNA encoding 
CGS-5/6. mRNA was prepared by first producing a PCR 
template for an in vitro transcription reaction (SEQID NO: 
22). Each PCR product included a T7 promoter and 609 bp of 
vector sequence downstream of the meganuclease gene. The 
PCR product was gel purified to ensure a single template. 
Capped (m7G) RNA was generated using the RiboMAX T7 
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kit (Promega Corp., Fitchburg, Wis.) according to the manu 
facturers instructions and. Ribo m7G cap analog (Promega 
Corp., Fitchburg, Wis.) was included in the reaction and 0.5 
ug of the purified meganuclease PCR product served as the 
DNA template. Capped RNA was purified using the SV Total 
RNA. Isolation System (Promega Corp., Fitchburg, Wis.) 
according to the manufacturers instructions. 
0154) 1.5x10 CHO-K1 cells were nucleofected with 
3x10' copies of CGS-5/6 using an Amaxa Nucleofector II 
device (Lonza Group Ltd., Basel, Switzerland) and the U-23 
program according to the manufacturers instructions. 48 
hours post-transfection, genomic DNA was isolated from the 
cells using a FlexiGene kit (Qiagen, Hilden, Germany) 
according to the manufacturers instructions. The genomic 
DNA was then subjected to PCR to amplify the CGS-5/6 
target site using the primers of SEQID NO: 23 and SEQID 
NO: 24. The PCR products were cloned into a puC-19 plas 
mid and 94 plasmids harboring PCR products were digested 
with the BssSI restriction enzyme, which recognized and cuts 
the sequence 5'-CTCGTG-3' found within the CGS-5/6 rec 
ognition sequence. 17 plasmids were found to be resistant to 
BSSSI, Suggesting that the CGS-5/6 recognition site was 
mutated. These 17 plasmids were sequenced to confirm the 
existence of indels or point mutations within the CGS-5/6 
recognition sequence (FIG. 7C). These results indicate that 
CGS-5/6 is able to cut its intended target site within the CHO 
GS gene. Because the CGS-5/6 recognition sequence is 
within an exon in the GS coding sequence, many of the 
mutations introduced by CGS-5/6 are expected to frameshift 
the GS gene. Therefore, CGS-5/6 is useful for knocking-out 
CHOGS to produce GS (-/-) cell lines. Such cell lines are 
useful because they are amenable to GS selection and ampli 
fication for producing biomanufacturing cell lines. 

Example 3 

Meganucleases for Targeting Gene Insertion to the 
CHOGS Locus 

0155 1. Engineered Meganucleases that Cut Downstream 
of the CHOGS Gene. 

0156 An engineered meganuclease called “CHOX-45/ 
46” (SEQID NO: 29) was produced which recognizes a DNA 
sequence (SEQ ID NO: 30) approximately 7700 base pairs 
downstream of the CHOGS coding sequence. CHO cells 
were transfected with mRNA encoding CHOX-45/46 as 
described in Example 2.72 hours post transfection, genomic 
DNA was extracted from the transfected cell pool and the 
region downstream of the CHOGS gene was PCR amplified 
using a pair of primers (SEQID NO:31 and SEQID NO:32) 
flanking the CHOX-45/46 recognition sequence. PCR prod 
ucts were then cloned and 24 cloned products were 
sequenced. It was found that 14 of the 24 clones PCR products 
(58.3%) had large mutations in the sequence consistent with 
meganuclease-induced genome cleavage followed by 
mutagenic repair by non-homologous end-joining From 
these data, we conclude that the CHOX-45/46 meganuclease 
is able to specifically cleave a DNA site downstream of the 
CHOGS gene coding sequence and will likely be able to 
target the insertion of transgenes to this amplifiable locus in 
the genome. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 64 

<210s, SEQ ID NO 1 
&211s LENGTH: 163 
212. TYPE: PRT 

<213> ORGANISM: Chlamydomonas reinhardtii 

<4 OOs, SEQUENCE: 1 

Met Asn. Thir Lys Tyr Asn Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe 
1. 5 1O 15 

Val Asp Gly Asp Gly Ser Ile Ile Ala Glin Ile Llys Pro Asn Glin Ser 
2O 25 3O 

Tyr Llys Phe Llys His Gln Leu Ser Lieu. Thr Phe Glin Val Thr Gln Lys 
35 4 O 45 

Thr Glin Arg Arg Trp Phe Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val 
SO 55 6 O 

Gly Tyr Val Arg Asp Arg Gly Ser Val Ser Asp Tyr Ile Lieu. Ser Glu 
65 70 7s 8O 

Ile Llys Pro Leu. His Asn Phe Lieu. Thr Gln Leu Gln Pro Phe Leu Lys 
85 90 95 

Lieu Lys Gln Lys Glin Ala Asn Lieu Val Lieu Lys Ile Ile Glu Glin Lieu. 
1OO 105 11 O 

Pro Ser Ala Lys Glu Ser Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp 
115 12 O 125 

Val Asp Glin Ile Ala Ala Lieu. Asn Asp Ser Lys Thr Arg Llys Thir Thr 
13 O 135 14 O 

Ser Glu Thr Val Arg Ala Val Lieu. Asp Ser Lieu. Ser Glu Lys Llys Llys 
145 150 155 160 

Ser Ser Pro 

<210s, SEQ ID NO 2 
&211s LENGTH: 5OOO1 
&212s. TYPE: DNA 

<213> ORGANISM: Cricetulus griseus 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (36646) ... (36646) 
<223> OTHER INFORMATION: a, c, t, g, unknown or other 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (38354) ... (38354) 
<223> OTHER INFORMATION: a, c, t, g, unknown or other 

<4 OOs, SEQUENCE: 2 

taaaacticaa gatgccagct ttgtagctag cittaggaaac aaagtag taa aaaataataa 6 O 

tgggtgggtg aaggtotgaa gCatttacag agttct ct ca agacaaag.ca cagaggctgg 12 O 

tggc.ca cata acttggcaac tatttgggg galacagaata caagaaagga aatttaaata 18O 

ctgtttitt ct caatgttgaa citatatgggc atagt cacag ctgcc talacc tatagagact 24 O 

ggaagctgga acct cqgcta t ct aagatag aataatcaag aaatgtcaat tatttgagaa 3OO 

aaac at Cagg aataaatagc tigctaagtta Caagttggtg Ctttaga cat ttggagagga 360 

taggatgggg gct Cocagac Ctggggotcc ctaataaagc tigtgctggcc tacaagttcC 42O 

agggat.cctic cagtic catgc ct cccactgt togactg.cg ggcgatggitt totgacgtgg 48O 

gtactgaggg cct gaactgt ccacacactt aagccacacg cctitt tact g agt catcto c 54 O 
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- Continued 

aatcattaaa gacaag actg caactttittcaactggaaat cattcaagat gtttittctga 4 460 

agtic cct acc aggacacaag ccaccCtggit totgtgttga cat cagttag gtag actictg 452O 

aactggct tcc caagaaatt atacaaaag.c aaggtgtcac ctagt attag cataactitct 458 O 

gatalactact gtc.ttagctggggtttct at tctgttgaag agacaccatg accacagaaa 464 O 

citcttataaa gogaaagcaat tattgggtco agcttacagt to agaggittt aatccattgt 47 OO 

Catgattgca ggalagtatgg toggcc cacag gcaga catgg totggagala gtagatgaga 476 O 

gttctatat c agattgacac acttct tcca acaaggccac acctic cactic actctgagcc 482O 

tatggggg cattitt cattca aaccaccalaa got acaaggit agctitat acc ccagottgct 488 O 

atttctgatg agacittagta aatagt citta aaag.cccata aaatgactica aaactag titt 494. O 

ttitt attatt attatt agtt caaattagga agaagcttgc titt acatgtc. aatcc cttct 5 OOO 

c cct ct coct catcaaaact agtttitttgt tttittaggitt ttttitt caag acagggittt c 5060 

tctgttgtagc tittggagcct atcctggcac togctctgga gaccaggctg gcctic galact 512 O 

Cacagagatc. tcctgcctt to ct cocga gtgctgggat taaaggcatg Caccaccaac 518O 

acctggccaa aattagttitt aagtic cagtt c taggagctic caatgcc ct c ttittggcttic 524 O 

catgggaacc aggaac act a tatatatata tatatatata tatatatata tatatatata 53 OO 

tatatatt caggcaaatatt tatgcatata aaaataaaat aaatc.tttitt toctittttitt 536 O 

tittaaagaag tacattgtc. ttggaattitt ttggctgct Ctgcc ctitat gtgta actgg 542O 

acactaccag catctaaa.ca citggcctgaa accagotcaaa gaaaacctitt gtgcc aggto 548 O 

ctgttgttcaaa gtattatgtt cottt tagga tat cotatat cctaaaggat ttattt tact 554. O 

gatago atct taactt CCtt taaaggttg gtcttct caa goagt cct c tagctggc 5 6.OO 

t cct cagota atgccagggg acaataatga t cocctic cca aaaccaaaca gaaaaccatg 566. O 

gcaactctgg titt cottggg cagcacctgc tittaagaatg agcaaatgac caatcagctic 572 O 

atgaaactaa at actic tatt attactaaaa tatttittittg agacagggca toggaatt cat 578 O. 

cacatagttc aggttggcct togaacticaga gag actic act tacctittgcc ticc cacgtgc 584 O 

tggaattaaa goggatgaacc accacaccaa acatalacact tdaattittgg aagagt cctt 59 OO 

ctitccaatag atttgaggitt ttgaaaatgt gigolacagaaa atatgaattic aaatataatg 596 O 

aaaacaagag ataactitt ca actaagtttc tataggttct togctaggaat cottaa.gcttg 6O20 

tctgaaactic tagagcttct gtttctagot totgagtgtt agtattgtag g tatgtgcc c 608 O 

tgcct cagtg tdatgtttitt gataatctta aagaaatcaa agaaattitta taaaagacita 614 O 

gactgtgcta cacaaaaaga at attcagat gccaagaaag agttcttaga aattaagaaa 62OO 

tatgctacta gtataaatcc tittataaagt gigaatgacaa atctgatgaa atct tactaa 626 O 

aagtagaaaa acataaac at caaagacatgaataataaga aaatcatatt gtgcatatga 632O 

ttaacctaaa acattaactt gcaaaaatag aatagt ccca aaaagtaaac aaaataaata 638O 

aatcaccaag alacatgatac aagga caatt cotaggatga taaaacaaga atatt catta 644. O 

taaaaggc cc tat cactaaa goaca acaga aacagactica aaagataaat citt cattgtc 65OO 

actggagaga agt ccatact at catagolac to agaaggaa ataaaaatca aaatgtcaaa 656. O 

aagg acct ca gcct ctdaaa cacaaataca aaatatgtcc cqc ctitctitg acacgcatta 662O 

citct tcaatt aac attittaa gaaaactata aactgttaaa gagagct tag tattittalaga 668O 
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aatctgtagc tatttcttitt ataag catga caactaagtt tocctgattit aaacagacict 674 O 

aaaaaaccgg talagtgagt ggagaaaggg gatacgalaga cagcatcc.ca catgactgct 68OO 

cc.cagtaaag gcaaggtott catccatttt atcctgaact citgggaaatt tataaagaac 6860 

agaaatgitat ttct ct cagt totggagcct cagtic cagga cactaagttct agg tact aca 692 O 

citct cacatg gtggaaagta gaaagcaa.gc ticacttgtca ct cactacct gatgcct citt 698 O 

t catcaatcc cattgataag gaaga gacct ggcatct cag titt cota agg acticagotct 704 O 

tact aa catt agctgt catt totgggtcac totaacagaa agcctgacag aagcaa.ccca 71OO 

ggggaagaag gatgtattitt ggctic actgt Citctgaggat ttcaactitat cccagcaata 716 O 

aagggataaa ggcattgcag caggaatatgttgttggcagaa gctgtttatgtcacaataaa 722 O 

caaataaa.ca cacgctagog cqc.gc.gcaca cacacacaca cacacacaca cacacacaca 7280 

Cacagagaga gagaga.gaga gagaga.gaga gaga.gagaga gagagggggg gaggcagaca 734 O 

gacagacaga gagggagaga gcagagagg gagaga.gaga gaga.gagaga gaga.gagaga 74 OO 

gaga.gagaga gagaga.gaga gagagaaatc aaaggcc cac ctic catcaga Ctggit cocat 746 O 

atcc caaatt totagaacct c ctaaaacaa cac catcaac togagggagac atttittggat 752O 

tgaaag cata atgcc attac C caggcagaa tictgcctgtc. tiggggagtic acatttalagc 758 O 

catggitatica attgacctica totaattt ca gaatactaca taaaactatic agatatttitt 764 O 

catgatgaat ttctaaagct tdaaattic cc tittgaataaa goaccaact a cagaattittg 77OO 

ctgagt ctac aattacatac atgaaaatgt aactacgaag toggc.cagcca caatgaaaat 776 O. 

taaagttgttt gggtggtctg. tctictattga tigct cittctt togc cctdttt ttttittaata 782O 

ttgttgatgg tttgtttitt c ttittaagata cittggc.ccca agaaaaaaaa tdacago citt 788 O 

aattaattitt gtt tact citc ctdacatttit aaaagacaaa tittatgaaga cctdactgtt 794 O 

c catgtagta ttagaaagat gtaaaattaa gggttgctta agctgtgtag aattgaagag 8 OOO 

Cacagcattt gagtgacagg gtaca attag agat cat cag ggatgtggca caaagtgtac 806 O 

t caacct cac Cttitt CCtgc titagcagaga acagggtgcc ticggtgagat aggaaattaa 812 O 

tcaaatagaa gaagaaatag taattittaga aggat caaat titt cotggitt agaatgatca 818O 

aaactacaag acttgtaact aaaatatagt caaac ccatt toaactggaa totgtgctat 824 O 

t catgtatag attaactaga atctaattitt taaattitt catct tact tcc aaaaatattt 83OO 

gtccaaatac totgtgaatg cattagtttic titatgggaaa acat catatic titttgtacaa 8360 

tgtgtttctt agcttgaggt t ct ct coaaa Caggaccaag acgaggc.cag gaccatgtga 842O 

taca acccat agt cct caag aaatagttgt catttitc.tta t t c caattgc atcc.caaggit 848 O 

ct catctgat tittgcgtgtg cctittgacac cccataccca cataaactaa gotggtgtta 854 O 

ttttittgagg C cctgaaggt at Ctt Cagga atc catalagt gag ccttaag Ctgcatctgg 86OO 

atataggaat citgaaagtgt ccc.ttct ctd catgat citct tctitt cagtt tttcaagtica 866 O 

gtgtgccaca ggaat Cagga acgataaatg gagaggggaa gtgcagttgc titggtataga 872O 

caccc.cagag ggctatttgc atcctgtc.ct tcaaaatcto tctgagcct t c ctdoctaag 878 O. 

ctgttittgag ttgggtttgt gigtaccagaa cccct gcc.cc cqcco catt c tdactaatga 884. O 

gagaga.gaga gagaga.gaga gagaga.gaga gagaga.gaga gCagcagagc atagaatgaa 89 OO 

agtaggittag aagggcaggit aaaag cactt tagacaa.gag caggtataag ggccttggac 896 O 

t ccctic ccca galacacacac atgaaggtaa acgatggitta aaggatacag at aggatgtc. 9 O2O 
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tgtagaaggc ctdgagctga cct galagaac actgctgact tcaac attgc ccatc.cgt.ca 21360 

gttatgtagc attaaagtta tagtggttcc ticagaaag.ca gtctic ctittgaaaacttct c 2142O 

gttttgtgtc taaatggaat taaatacctt gttc.ccgaat aattgttitta gttct cittga 21.480 

aagat.ccc.gt atact tacta ttaagatgta tataa acct c aagctgaaag aatgact tcc 2154 O 

cctatoggcca gat cacaaga citctic cactg atgtgc.ccgt togcaacctga ttagaggaag 216OO 

agggit caaag titc.cccaaga titcagctgag tt catgcaag ttittagaaaa aaaacaagat 21660 

gttcct coac agittagaaag gagtggggct ggagggatga Citcactgaga aaggittattg 21.720 

tcqtacaa.gc atgaag acct gagct cqaag cct ggcaccc atgtaaaaag aaaccatgca 21780 

tgg tagtgtg Catcttcaat CCC agcattggggagacaga gaaagagaala gggacatcc c 2184 O 

tagagct tcc tigtcagcca gcc ttggcaa goc agtgaac toc aggttca gtgagagacc 219 OO 

tgtctgggga ggaaaaaggg agggagggag ggaga.gagag agaga cacac acacacacac 2.1960 

acacacacag agagagagag agaga.gagag agaga.gagag agaga.gagag agagattgag 22O2O 

gaagatacct gatat caa.cc ticacacactic atgtacc cat g tatgtaggit acctt cacac 22 O8O 

acacacacac acacacacac acacacacac acacacacac acacacacac acacacacac 2214 O 

acggatggtg ttgaatticta aggct cittat coacacatat atggagacaa atagaagaat 222 OO 

tacagt cqtc cct gcc tittg acgctact ct gtttctic caa ccctgct tcc cagatattitt 2226 O 

t caa.catcta ct cagocttg agtggttgca citctgacccc agg acct citt totgtgacitt 2232O 

ccttggcctic ctdttttgtt tttctgatgc taaaaactga atctgggg.cc ticatgcacac 2238 O 

aggaagatgc tataccaatg agctacaatt ttgttgc cct ttittaattitt tdagatggit c 2244. O 

t cactaaatt gttcaggatg gcc cacttgt aattctic ctd ccttagott c ccaagtagct 225 OO 

gggcttittat acagatctgt gct tccacac ctdgctgagc agacact cat gattt cattt 22560 

ctgctaatca gg tagttitt c ttgcc cct cq ctgccatttic ctacctgcct titccttgcca 2262O 

actaaactgg titc.ccacaag cqacaggcta t catttct ca gct ctitccac aggttagctg. 2268O 

tgcaatttgg tatgaatcat ttagdaagcc cagttct cott citttgtaaaa cagatgattt 2274. O 

agatgaaatt ttittcaaagt tot ctittgaa ttaaaactat cactgcc titg cittgct citct 228 OO 

gact Cttgga gaccatggcc tat coctgat tagt ccttgg to Cacagaag gatgggtggC 22860 

attggatgtg ctgaacaatc agg tacttitc atgtcacttig gag tottaca gtaactgcat 2292 O 

gtttcaaatgaatcctittct ggctic tatta gtttctttitt tdt cactgtgaaaaaaacac 2298O 

ctgaaagaaa caaggcacgg tttgttctga ct citcqgttc agaggatata gttcaccatg 23 O4 O 

gaggcaggag Cttct cacag Ctgta acago catggagtica ggtggctagt tacagt cagc 23100 

tggcct tagc agt cagagag cca agaga.gc ticagttgagg agagt cc agc Caggctgtag 2316 O 

c cct taggac ctdctic ccca gagat coact ttctacagta t cittctaaac agtgtcact a 2322 O 

gatggtgacc agg tagt caa gcacatgagc Ctgagggata at at cattca aaccatagga 2328O 

ttagt ctaga actgaaccag atcaagaacc aggttitt citt ct cacataat agataccaca 2334 O 

catcatgttct catatagag tdtgatctag g tattgtttc. tccaaatgga gaa.gc.caa.ca 234 OO 

Ctggatgact tacatagaaa gaaagagagg gaggaaacaa gcaagggagggggalaga.gtg 23460 

agaattattg gaacagtacc agtgcct caa aatcc ttggit ggacitagaga attagcct ca 2352O 

ggaagaag.cg act aggctitc ttacagdata gacatacagt tottaccaga gogg acagcca 2358O 

t catgggtgc catggggagc atgaagttca gct coat coa gcc attcct a gcc atttctg 23 64 O 
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tggCatct ct tcatctitt Cttgt attct aggcctgaaa tagggatgala tigtgaaggg 21660 

caaggagctic aagtgtcact taccacctgc acttgtc. cct tta aggggitt toccitagaag 2172O 

cagt ctacat tt cattagcc agagctttgt cacctggcta cittgttgaagg aggtggtgaa 21780 

gaagcc ttac ctittgact cit gcc acttgga gccaagt cag gattct citcc ctdgaaagga 2184 O 

aatggaagat taataccttg ttggttgtta gacctagocc attatgcgcc atgaggaaag 219 OO 

agagacaa.ca gtgggit cact gattgat cag ggttacagga caaggagcct ttitt ct cot 21960 

alacagctctg agcggagaca gaagtggagt atatagg cat aaaatticaca alacatttgct 22O2O 

gccacgttac agg tacattt titt caccagt cagaaatcaa agattaggga ctittgcttgt 2208 O 

gtgttc catc actgtcaact gacatacacg gcaa.gcc titt tagt cca acc aat cagaat c 2214 O 

atttgttcct tctgttgtta ggagcago.ca taatgattct aaagaactaa caatgcataa 222 OO 

tgactattitt togtag tittag gigatgaggta tdt cago cat toggacagttct cagotc.ccc 2226 O 

tagggcttgg gaacttgaac tittattt cat cotgcatgta atggagt ctd aagtcaaaat 2232O 

ggcagtactt aggtoaaggit gct cqtgcct gctgcct tca aggtggttt c ccatt cocac 223.80 

cataccagag act tcc tact gcatctocag toaaggacac aaacacttitt aagt cct gac 2244. O 

tgttgattica atctatatag ttaccago at agaggctaag agt cacact g gcttgcaggg 225 OO 

gactitcticta gcatatgtga agcc.ccgttt gaatcctaaa cacaagagtic taagctittgg 22560 

agt cagagac aag catgttcaaatctgtac git caccaccc tatagacata gacaagt cc c 2262O 

ttgggcticag titttitt cact acagagagta attgttattt cagattic ct a gggttgttggt 2268O 

aattaaatag titgaaagata tagcc catgg alacataaaaa aaact caaaa ccaggcacag 2274. O 

tggcacatgt ctittaattitc agc acticaag agacagaggc aagtggat.ct citctgagttt 228 OO 

gaggcCaggc tiggtct at at agagagttcc aggtotacac agagaaacag gct caaaac C 22860 

aaagcaaaag caaaac ct ca actaatgttc ataaaattat gaaattgct g g taccagtga 2292 O 

catgact cat tdgtaaagac acttgctago aagtttaatg atctgagttt tat ct coggg 2298 O 

atctacaatig tagaagaaga aaaacaactic ticaagagttg tcc totgatt to cact tatg 23 O4 O 

caaaat agca tdgalacaca cittaa.gcagg tagg taggta ggtagataga tagatagata 231OO 

gatagataga tagatagata ataga cataa ttaagaacgt toagttgcag cacagttcat 2316 O 

actgaactgc atttggacac citctgtgaaa agt caggagc tict cotgtcc ticcitggtgac 2322 O 

atttaaac at tdaaggcaac tattittaact gtcagttata tacaaatcca citggccttgt 2328O 

aaaattittaa alacatalacag aggaggctaa agt cctottt aacaa.ccct c ticcittitt acc 2334 O 

atcc caggaa gccaaaattig titcacaattt gttct ctitcc ct caggcct t c catatttca 234 OO 

aataccacat aaaacaccita toggaaaaa.ca tdagg tatta aaaatgtcac ttggaaatcc 2346 O 

ttct tcaaac aagcttgttc titt Cttttitt ctitt tatgta cagtgaatgg aatccaggac 2352O 

ctittgcagat gctaggcgag toctittacct cattcct citt togatttaaa actttitt citt 2358O 

gttttgttgga gacagggittt Ctctgtgtag ccatagatgt Cctagaact a gctctgtaga 2364 O 

c taggctggit citcaaattica gaa.gc.cagtic togcct citgcc ticgggagcgc taggattaaa 237OO 

ggtgtgggca gagtgctagg atgaaaggta to acaccac cactic ctggit tattittaala 23760 

aagatgcttt ttaaaaaaaa tatgtgtag gtagtggggg gagagacggit tt catgcct a 2382O 

agag cactga cagct cittct agaggactica ggttcaattic ccago accca catggcagot 2388O 

catalaccatc totaac ccc.g. gtcc.caggga atccaac acc ct cittctggit citctgtgaat 2394 O 
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212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 9 

Met Ala Pro Llys Llys Lys Arg Llys Val His Met Asn. Thir Lys Tyr Asn 
1. 5 1O 15 

Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser 
2O 25 3O 

Ile Lys Ala Glin Ile Phe Pro Asn Glin Cys Tyr Lys Phe Llys His Glin 
35 4 O 45 

Lieu. Arg Lieu. Arg Phe Glin Val Thr Glin Llys Thr Glin Arg Arg Trp Phe 
SO 55 6 O 

Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Thir Asp Arg 
65 70 7s 8O 

Gly Ser Val Ser Asp Tyr Met Leu Ser Glin Ile Llys Pro Leu. His Asn 
85 90 95 

Phe Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Gln Lys Glin Ala 
1OO 105 11 O 

Asn Lieu Val Lieu Lys Ile Ile Glu Gln Lieu Pro Ser Ala Lys Glu Ser 
115 12 O 125 

Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala 
13 O 135 14 O 

Lieu. Asn Asp Ser Llys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala 
145 150 155 160 

Val Lieu. Asp Ser Leu Pro Gly Ser Val Gly Gly Lieu Ser Pro Ser Glin 
1.65 17O 17s 

Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser Ser Pro Gly Ser Gly Ile 
18O 185 19 O 

Ser Glu Ala Lieu. Arg Ala Gly Ala Gly Ser Gly Thr Gly Tyr Asn Lys 
195 2OO 2O5 

Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser Ile 
21 O 215 22O 

Ile Ala Glin Ile Llys Pro Gly Glin Ser Tyr Llys Phe Lys His Thr Lieu. 
225 23 O 235 24 O 

Gln Leu Val Phe Glin Val Thr Gln Lys Thr Glin Arg Arg Trp Phe Leu 
245 250 255 

Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Ile Asp Arg Gly 
26 O 265 27 O 

Ser Ala Ser Asp Tyr Arg Lieu. Ser Glu Ile Llys Pro Lieu. His Asn. Phe 
27s 28O 285 

Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Glin Lys Glin Ala Asn 
29 O 295 3 OO 

Lieu Val Lieu Lys Ile Ile Glu Glin Lieu Pro Ser Ala Lys Glu Ser Pro 
3. OS 310 315 32O 

Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala Lieu 
3.25 330 335 

Asn Asp Ser Lys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala Val 
34 O 345 35. O 

Lieu. Asp Ser Lieu. Ser Glu Lys Llys Llys Ser Ser Pro 
355 360 
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<210s, SEQ ID NO 10 
&211s LENGTH: 364 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 10 

Met Ala Pro Llys Llys Lys Arg Llys Val His Met Asn. Thir Lys Tyr Asn 
1. 5 1O 15 

Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser 
2O 25 3O 

Ile Ile Ala Glin Ile Pro Pro Asn Glin Ser Cys Llys Phe Llys His Glin 
35 4 O 45 

Lieu. Arg Lieu. Thr Phe Glin Val Thr Gln Lys Thr Glin Arg Arg Trp Phe 
SO 55 6 O 

Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Arg Asp Arg 
65 70 7s 8O 

Gly Ser Val Ser Asp Tyr Ile Lieu. Ser Glu Ile Llys Pro Lieu. His Asn 
85 90 95 

Phe Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Gln Lys Glin Ala 
1OO 105 11 O 

Asn Lieu Val Lieu Lys Ile Ile Glu Gln Lieu Pro Ser Ala Lys Glu Ser 
115 12 O 125 

Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala 
13 O 135 14 O 

Lieu. Asn Asp Ser Llys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala 
145 150 155 160 

Val Lieu. Asp Ser Leu Pro Gly Ser Val Gly Gly Lieu Ser Pro Ser Glin 
1.65 17O 17s 

Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser Ser Pro Gly Ser Gly Ile 
18O 185 19 O 

Ser Glu Ala Lieu. Arg Ala Gly Ala Gly Ser Gly Thr Gly Tyr Asn Lys 
195 2OO 2O5 

Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser Ile 
21 O 215 22O 

Tyr Ala Gly Ile Ala Pro Asn Glin Ser Cys Llys Phe Llys His Glin Lieu. 
225 23 O 235 24 O 

Arg Lieu. Trp Phe Val Val Ser Glin Llys Thr Glin Arg Arg Trp Phe Lieu 
245 250 255 

Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Ile Asp Asn Gly 
26 O 265 27 O 

Ser Val Ser His Tyr Arg Lieu Ser Glu Ile Llys Pro Leu. His Asn Phe 
27s 28O 285 

Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Glin Lys Glin Ala Asn 
29 O 295 3 OO 

Lieu Val Lieu Lys Ile Ile Glu Glin Lieu Pro Ser Ala Lys Glu Ser Pro 
3. OS 310 315 32O 

Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala Lieu 
3.25 330 335 

Asn Asp Ser Lys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala Val 
34 O 345 35. O 
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 13 

Met Ala Pro Llys Llys Lys Arg Llys Val His Met Asn. Thir Lys Tyr Asn 
1. 5 1O 15 

Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser 
2O 25 3O 

Ile Phe Ala Ser Ile Thr Pro Arg Glin Cys Tyr Lys Phe Llys His Glu 
35 4 O 45 

Lieu Gln Lieu. Thr Phe Val Val Thr Gln Lys Thr Glin Arg Arg Trp Phe 
SO 55 6 O 

Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Ile Asp Glin 
65 70 7s 8O 

Gly Ser Val Ser His Tyr Arg Lieu. Ser Glu Ile Llys Pro Lieu. His Asn 
85 90 95 

Phe Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Gln Lys Glin Ala 
1OO 105 11 O 

Asn Lieu Val Lieu Lys Ile Ile Glu Gln Lieu Pro Ser Ala Lys Glu Ser 
115 12 O 125 

Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala 
13 O 135 14 O 

Lieu. Asn Asp Ser Llys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala 
145 150 155 160 

Val Lieu. Asp Ser Leu Pro Gly Ser Val Gly Gly Lieu Ser Pro Ser Glin 
1.65 17O 17s 

Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser Ser Pro Gly Ser Gly Ile 
18O 185 19 O 

Ser Glu Ala Lieu. Arg Ala Gly Ala Gly Ser Gly Thr Gly Tyr Asn Lys 
195 2OO 2O5 

Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser Ile 
21 O 215 22O 

Ile Ala Glin Ile Llys Pro Asn Glin Ser Cys Llys Phe Llys His Glin Lieu. 
225 23 O 235 24 O 

Met Lieu. Thir Phe Thr Val Ala Gln Lys Thr Glin Arg Arg Trp Phe Leu 
245 250 255 

Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Ile Asp Ile Gly 
26 O 265 27 O 

Ser Val Ser Glu Tyr Arg Lieu Ser Glin Ile Llys Pro Leu. His Asn Phe 
27s 28O 285 

Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Glin Lys Glin Ala Asn 
29 O 295 3 OO 

Lieu Val Lieu Lys Ile Ile Glu Glin Lieu Pro Ser Ala Lys Glu Ser Pro 
3. OS 310 315 32O 

Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala Lieu 
3.25 330 335 

Asn Asp Ser Lys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala Val 
34 O 345 35. O 

Lieu. Asp Ser Lieu. Ser Glu Lys Llys Llys Ser Ser Pro 
355 360 

<210s, SEQ ID NO 14 
&211s LENGTH: 22 
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&212s. TYPE: DNA 

<213> ORGANISM: Cricetulus griseus 

<4 OOs, SEQUENCE: 14 

aaggcactic titaaacgga ta 22 

<210s, SEQ ID NO 15 
&211s LENGTH: 364 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 15 

Met Ala Pro Llys Llys Lys Arg Llys Val His Met Asn. Thir Lys Tyr Asn 
1. 5 1O 15 

Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser 
2O 25 3O 

Ile Lys Ala Ile Ile Arg Pro Glu Glin Ser Tyr Llys Phe Llys His Arg 
35 4 O 45 

Lieu. Arg Lieu Val Phe Glin Val Thr Glin Llys Thr Glin Arg Arg Trp Phe 
SO 55 6 O 

Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg 
65 70 7s 8O 

Gly Ser Val Ser Asp Tyr Tyr Lieu. Ser Glu. Ile Llys Pro Lieu. His ASn 
85 90 95 

Phe Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Gln Lys Glin Ala 
1OO 105 11 O 

Asn Lieu Val Lieu Lys Ile Ile Glu Gln Lieu Pro Ser Ala Lys Glu Ser 
115 12 O 125 

Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala 
13 O 135 14 O 

Lieu. Asn Asp Ser Llys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala 
145 150 155 160 

Val Lieu. Asp Ser Leu Pro Gly Ser Val Gly Gly Lieu Ser Pro Ser Glin 
1.65 17O 17s 

Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser Ser Pro Gly Ser Gly Ile 
18O 185 19 O 

Ser Glu Ala Lieu. Arg Ala Gly Ala Gly Ser Gly Thr Gly Tyr Asn Lys 
195 2OO 2O5 

Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser Ile 
21 O 215 22O 

Trp Ala Arg Ile Llys Pro Gly Glin Ser Tyr Llys Phe Llys His Thr Lieu. 
225 23 O 235 24 O 

Glu Lieu Val Phe Glin Val Thr Glin Llys Thr Glin Arg Arg Trp Ile Lieu. 
245 250 255 

Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Thr Asp Ala Gly 
26 O 265 27 O 

Ser Ala Ser Val Tyr Arg Lieu. Ser Glu Ile Llys Pro Lieu. His Asn. Phe 
27s 28O 285 

Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Glin Lys Glin Ala Asn 
29 O 295 3 OO 

Lieu Val Lieu Lys Ile Ile Glu Glin Lieu Pro Ser Ala Lys Glu Ser Pro 
3. OS 310 315 32O 
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Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala Lieu 
3.25 330 335 

Asn Asp Ser Lys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala Val 
34 O 345 35. O 

Lieu. Asp Ser Lieu. Ser Glu Lys Llys Llys Ser Ser Pro 
355 360 

<210s, SEQ ID NO 16 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 16 

ggagggacat taatctgcat gcagtgat C 29 

<210s, SEQ ID NO 17 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 17 

gtcttggittt gggttgtcta agcaacct C 29 

<210s, SEQ ID NO 18 
&211s LENGTH: 39 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 18 

cacaggtgtc. cacticc cagt toaattacag ct cittaagg 39 

<210s, SEQ ID NO 19 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 19 

cgatggcc.ca citacgtgaac cat cacc 27 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 1821 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 2O 

cacaggtgtc. cacticc cagt toaattacag ct cittaaggc tagagtactt aatacgactic 6 O 

actataggct agccticgagc cgccaccatg gCaccgalaga agaag.cgcaa ggtgcatatg 12 O 

Jun. 26, 2014 
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cc.ccgt.cgtg tagatalacta catacggga gggct tacca totggc.ccca gtgctgcaat 492 O 

gataccgcga gacccacgct caccggct Co agatttatca gcaataaac C agc.ca.gc.cgg 498O 

aagggc.cgag cqcagaagtg gtc.ctgcaac tittatcc.gcc ticcatcCagt ct attaattg 5040 

ttgc.cgggaa gctagagtaa gtagttcgcc agittaatagt ttgcgcaacg ttgttgc cat 51OO 

tgct acaggc atcgtggtgt cacgct citc gtttgg tatg gct tc attca gct Coggttc 516 O 

cCaacgat.ca aggcgagitta catgatcc cc catgttgttgc aaaaaag.cgg ttagctic Ctt 522 O 

cggit cotc.cg atcgttgtca gaagtaagtt ggcc.gcagtg titatic actica tdgtt atggc 528 O 

agcactgcat aattct citta citgtcatgcc atc.cgtaaga tigcttittctg tdactggtga 534 O 

gtacticalacc aagt cattct gagaatagtg tatgcggcga cc.gagttgct Cttgc.ccggc 54 OO 

gtcaatacgg gataat acco cqccacatag cagaactitta aaagtgctica to attggaaa 546 O 

acgttctt.cg gggcgaaaac tot Caaggat Ctt accgctg ttgagat.cca gttcgatgta 552O 

acccacticgt gcacccaact gat citt cago atc.ttt tact ttcaccagog tittctgggtg 558 O 

agcaaaaa.ca ggaaggcaaa atgcc.gcaaa aaagggaata agggcgacac ggaaatgttg 564 O 

aatact cata citcttic ctitt ttcaat atta ttgaagcatt tat cagggitt attgtct cat st OO 

gaggggatac at atttgaat gtatttagala aaataaacaa at aggggttc. c9c.gcacatt 576. O 

tcc.ccgaaaa gtgccacctg acgtc sf8 is 

<210s, SEQ ID NO 28 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<4 OOs, SEQUENCE: 28 

Cagaaact tc. tcgacagacg tcgcggtgag 3 O 

<210s, SEQ ID NO 29 
&211s LENGTH: 364 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 29 

Met Ala Pro Llys Llys Lys Arg Llys Val His Met Asn. Thir Lys Tyr Asn 
1. 5 1O 15 

Lys Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser 
2O 25 3O 

Ile Cys Ala Ser Ile Arg Pro Glu Glin Glu Arg Llys Phe Llys His Arg 
35 4 O 45 

Lieu Val Lieu. Arg Phe Glu Val Thr Glin Llys Thr Glin Arg Arg Trp Phe 
SO 55 6 O 

Lieu. Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser 
65 70 7s 8O 

Gly Ser Val Ser Arg Tyr Tyr Lieu Ser Glin Ile Llys Pro Leu. His Asn 
85 90 95 

Phe Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Gln Lys Glin Ala 
1OO 105 11 O 
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Asn Lieu Val Lieu Lys Ile Ile Glu Gln Lieu Pro Ser Ala Lys Glu Ser 
115 12 O 125 

Pro Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala 
13 O 135 14 O 

Lieu. Asn Asp Ser Llys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala 
145 150 155 160 

Val Lieu. Asp Ser Leu Pro Gly Ser Val Gly Gly Lieu Ser Pro Ser Glin 
1.65 17O 17s 

Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser Ser Pro Gly Ser Gly Ile 
18O 185 19 O 

Ser Glu Ala Lieu. Arg Ala Gly Ala Gly Ser Gly Thr Gly Tyr Asn Lys 
195 2OO 2O5 

Glu Phe Lieu. Lieu. Tyr Lieu Ala Gly Phe Val Asp Gly Asp Gly Ser Ile 
21 O 215 22O 

Phe Ala Thr Ile Cys Pro Arg Glin Glin Tyr Llys Phe Lys His Gln Leu 
225 23 O 235 24 O 

Arg Lieu. Arg Phe Glu Val Asp Gln Lys Thr Glin Arg Arg Trp Phe Lieu 
245 250 255 

Asp Llys Lieu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Lieu. Gly 
26 O 265 27 O 

Ser Val Ser Arg Tyr Gly Lieu Ser Glu Ile Llys Pro Leu. His Asn Phe 
27s 28O 285 

Lieu. Thr Glin Lieu. Glin Pro Phe Lieu Lys Lieu Lys Glin Lys Glin Ala Asn 
29 O 295 3 OO 

Lieu Val Lieu Lys Ile Ile Glu Glin Lieu Pro Ser Ala Lys Glu Ser Pro 
3. OS 310 315 32O 

Asp Llys Phe Lieu. Glu Val Cys Thir Trp Val Asp Glin Ile Ala Ala Lieu 
3.25 330 335 

Asn Asp Ser Lys Thr Arg Llys Thir Thir Ser Glu Thr Val Arg Ala Val 
34 O 345 35. O 

Lieu. Asp Ser Lieu. Ser Glu Lys Llys Llys Ser Ser Pro 
355 360 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 30 

cago acgt.ct caccccaccc ct 22 

<210s, SEQ ID NO 31 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 31 

ggaatctgac ttggtaagc Ctgtacac 28 

<210s, SEQ ID NO 32 



US 2014/0179005 A1 
81 

- Continued 

&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OOs, SEQUENCE: 32 

Cagc acticag gaggtagagg cagg 24 

<210s, SEQ ID NO 33 
&211s LENGTH: 36 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 33 

tott actgac atccactittg cctitt citctic cacagg 36 

<210s, SEQ ID NO 34 
&211s LENGTH: 130 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 34 

acttgttt at tdcagottat aatggittaca aataaagcaa tag catcaca aattt cacaa 6 O 

ataaag catt tttitt cactg cattctagtt gtggtttgtc. caaact catc aatgitat citt 12 O 

at catgtctg 13 O 

<210s, SEQ ID NO 35 
&211s LENGTH: 225 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 35 

ctgtgc ctitc tagttgc.cag ccatctgttgtttgc.ccctic ccc.cgtgcct tcc ttgaccc 6 O 

tggalaggtgc cacticc cact gtc.ctitt.cct aataaaatga gcaaattgca togcattgtc 12 O 

tgagtaggtg tcattctatt Ctggggggtg gggtggggca gaCagcaa.g. g.gggaggatt 18O 

gggalagacaa tag caggcat gctggggatg C9gtgggctic tatgg 225 

<210s, SEQ ID NO 36 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 36 

Met Ala Pro Llys Llys Lys Arg Llys Val 
1. 5 

<210s, SEQ ID NO 37 
&211s LENGTH: 53 
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<213> ORGANISM: Cricetulus griseus 
TYPE: DNA 

SEQUENCE: 37 

82 
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gaatgggaag titccagaatt taaggcctica tatgaaaata taaag.cgct t t ct 

<210s, SEQ ID NO 38 

<213> ORGANISM: Cricetulus griseus 

gaatgggaag titccagaatt taataaag.cg Ctttct 

LENGTH: 36 
TYPE: DNA 

SEQUENCE: 38 

<210s, SEQ ID NO 39 

<213> ORGANISM: Cricetulus griseus 

gaatgggaag titccagaaag cqctttct 

< 4 OOs 

gaatgggaag titccagaa.gc gctitt ct 

LENGTH: 28 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Cricetulus griseus 

SEQUENCE: 

39 

4 O 

4 O 

<210s, SEQ ID NO 41 

<213> ORGANISM: Cricetulus griseus 

tctgaaagcc agaagagcct agacagatag atgtc.ttgca tactictagag act acagatg 

LENGTH: 69 
TYPE: DNA 

SEQUENCE: 

ccggcc cag 

< 4 OOs 

tctgaaagcc agaagagcct agacatgcat actictagaga ctacagatgc C9gcc.ca.g 

< 4 OOs 

SEQ ID NO 
LENGTH 58 
TYPE: DNA 

ORGANISM: Cricetulus griseus 

SEQUENCE: 

SEQ ID NO 
LENGTH: 49 
TYPE: DNA 

ORGANISM: Cricetulus griseus 

SEQUENCE: 

41 

42 

42 

43 

43 

tctgaaagcc agaagagcct agacagatag atgtcagatg ccggcc.cag 

< 4 OOs 

SEQ ID NO 
LENGTH: 36 
TYPE: DNA 

ORGANISM: Cricetulus griseus 

SEQUENCE: 

44 

44 

53 

36 

28 

27 

6 O 

69 

58 

49 
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&212s. TYPE: DNA 

<213> ORGANISM: Cricetulus griseus 

<4 OOs, SEQUENCE: 64 

gatgctitt at tcc tagagac caatttalagg catggtgagt aaccgagcaa C cagdac f 

1-19. (canceled) 
20. A method for inserting an exogenous sequence into an 

amplifiable locus of a mammalian cell comprising: 
(a) providing a mammalian cell having an endogenous 

target site proximal to a selectable gene within the 
amplifiable locus, wherein the endogenous target site 
comprises: 
(i) a recognition sequence for an engineered meganu 

clease; 
(ii) a 5' flanking region 5' to the recognition sequence; 
and 

(iii) a 3’ flanking region 3' to the recognition sequence; 
and 

(b) introducing a double-stranded break between the 5' and 
3' flanking regions of the endogenous target site; 

(c) contacting the cell with a donor vector comprising from 
5' to 3': 
(i) a donor 5' flanking region homologous to the 5' flank 

ing region of the endogenous target site; 
(ii) an exogenous sequence; and 
(iii) a donor 3' flanking region homologous to the 3' 

flanking region of the endogenous target site; 
whereby the donor 5' flanking region, the exogenous 

sequence and the donor 3' flanking region are inserted 
between the 5' and 3' flanking regions of the endogenous 
target site by homologous recombination to provide a 
modified cell. 

21. The method of claim 20, further comprising growing 
the modified cell in the presence of a compound that inhibits 
the function of the selectable gene to amplify the copy num 
ber of the selectable gene. 

22. The method of claim 20, wherein the exogenous 
sequence comprises a gene of interest. 

23. The method of claim 20, wherein the endogenous target 
site is downstream from the 3' regulatory region of the select 
able gene. 

24. The method of claim 23, wherein the endogenous target 
site is 0 to 100,000 base pairs downstream from the 3' regu 
latory region of the selectable gene. 

25. The method of claim 20, wherein the endogenous target 
site is upstream from the 5' regulatory region of the selectable 
gene. 

26. The method of claim 25, wherein the endogenous target 
site is 0 to 100,000 base pairs upstream from the 5' regulatory 
region of the selectable gene. 

27. The method of claim 20, wherein the selectable gene is 
glutamine synthetase (GS) and the locus is methionine Sul 
phoximine (MSX) amplifiable. 

28. The method of claim 20, wherein the selectable gene is 
dihydrofolate reductase (DHFR) and the locus is Methotrex 
ate (MTX) amplifiable. 

29. The method of claim 20, wherein the selectable gene is 
selected from the group consisting of Dihydrofolate Reduc 
tase, Glutamine Synthetase, Hypoxanthine Phosphoribosyl 
transferase. Threonyl tRNA Synthetase, Na.K-ATPase, 
Asparagine Synthetase, Ornithine Decarboxylase, Inosine 
5'-monophosphate dehydrogenase, Adenosine Deaminase, 
Thymidylate Synthetase, Aspartate Transcarbamylase, Met 
allothionein, Adenylate Deaminase (1,2), UMP-Synthetase 
and Ribonucleotide Reductase. 

30. The method of claim 29, wherein the selectable gene is 
amplifiable by selection with a selection agent selected from 
the group consisting of Methotrexate (MTX), Methionine 
SulphoXimine (MSX), Aminopterin, hypoxanthine, thymi 
dine, Borrellidin, Ouabain, Albizziin, Beta-aspartyl hydrox 
amate, alpha-difluoromethylornithine (DFMO), Mycophe 
nolic Acid, Adenosine, Alanosine, 2 deoxycoformycin, 
Fluorouracil, N-Phosphonacetyl-L-Aspartate (PALA), Cad 
mium, Adenine, AZaserine, Coformycin, 6-azauridine, pyra 
Zofuran, hydroxyurea, motexafin gadolinium, fludarabine, 
cladribine, gemcitabine, tezacitabine and triapine. 

31-54. (canceled) 
55. A recombinant meganuclease comprising a polypep 

tide having at least 75%, 85%, 90%. 95%, 97%, 98% or 99% 
sequence identity to SEQID NO: 9. 

56. The recombinant meganuclease of 55, having the 
sequence of the meganuclease of SEQID NO: 9. 

57. A recombinant meganuclease which recognizes and 
cleaves a recognition site having at least 75%, 85%, 90%, 
95%, 97%, 98% or 99% sequence identity to SEQID NO: 7. 

58. The recombinant meganuclease of claim 57, wherein 
the meganuclease recognizes and cleaves a recognition site of 
SEQID NO: 7. 

59-70. (canceled) 
71. The method of claim 20, wherein the endogenous target 

site is SEQ ID NO: 7. 
72. The method of claim 20, wherein the engineered mega 

nuclease comprises a polypeptide having at least 75%, 85%, 
90%. 95%, 97%, 98% or 99% sequence identity to SEQ ID 
NO: 9. 


