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(57) ABSTRACT

Methods for preparing cell lines that contain artificial chro-
mosomes, methods for preparation of artificial chromo-
somes, methods for purification of artificial chromosomes,
methods for targeted insertion of heterologous DNA into
artificial chromosomes, methods for amplification of nucleic
acids and methods for delivery of the chromosomes to
selected cells and tissues are provided. Also provided are cell
lines for use in the methods, and cell lines and chromosomes
produced by the methods. Methods for use of the artificial
chromosomes are also provided.
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ARTIFICIAL CHROMOSOMES, USES
THEREOF AND METHODS FOR PREPARING
ARTIFICIAL CHROMOSOMES

RELATED APPLICATIONS

[0001] This application is a continuation of and claims
priority under 35 U.S.C. §120 to copending U.S. application
Ser. No. 10/287,313, filed Nov. 1, 2002, to Gyula Hadlaczky
and Aladar Szalay, entitled ARTIFICIALL. CHROMO-
SOMES, USES THEREOF AND METHOD FOR PREPAR-
ING ARTIFICIAL CHROMOSOMES, which is a divisional
of U.S. application Ser. No. 09/724,726, filed Nov. 28, 2000,
to Gyula Hadlaczky and Aladar Szalay, entitled ARTIFICIAL
CHROMOSOMES, USES THEREOF AND METHODS
FOR PREPARING ARTIFICIAL CHROMOSOMES, which
is a continuation of U.S. application Ser. No. 08/835,682, now
abandoned, filed Apr. 10, 1997 to Gyula Hadlaczky and Ala-
dar Szalay, entitled ARTIFICIAL CHROMOSOMES, USES
THEREOF AND METHODS FOR PREPARING ARTIFI-
CIAL CHROMOSOMES, which is a continuation-in-part of
U.S. application Ser. No. 08/695,191, filed Aug. 7, 1996, now
U.S. Pat. No. 6,025,155, to GYULA HADLACZKY and
ALADAR SZALAY, entitled ARTIFICIAL CHROMO-
SOMES, USES THEREOF AND METHODS FOR PRE-
PARING ARTIFICIAL CHROMOSOMES and a continua-
tion-in-part of U.S. application Ser. No. 08/682,080, filed Jul.
15, 1996, now U.S. Pat. No. 6,077,697, to GYULA HAD-
LACZKY and ALADAR SZALAY, entitled ARTIFICIAL
CHROMOSOMES, USES THEREOF AND METHODS
FOR PREPARING ARTIFICIAL CHROMOSOMES, which
is a continuation-in-part of U.S. application Ser. No. 08/629,
822, now abandoned, filed Apr. 10, 1996 to GYULA HAD-
LACZKY and ALADAR SZALAY, entitled ARTIFICIAL
CHROMOSOMES, USES THEREOF AND METHODS
FOR PREPARING ARTIFICIAL CHROMOSOMES.

[0002] This application is related to U.S. application Ser.
No. 07/759,558, now U.S. Pat. No. 5,288,625, is related to
U.S. application Ser. No. 08/734,344, filed Oct. 21, 1996, and
is related to U.S. application Ser. No. 08/375,271, filed Jan.
19, 1995, now U.S. Pat. No. 5,712,134. U.S. application Ser.
No. 08/375,271 is a continuation of U.S. application Ser. No.
08/080,097, filed Jun. 23, 1993 which is a continuation of
U.S. application Ser. No. 07/892,487, filed Jun. 3, 1992,
which is a continuation of U.S. application Ser. No. 07/521,
073, filed May 9, 1990.

[0003] The subject matter of each of the above-noted U.S.
applications and patents is incorporated in its entirety by
reference thereto.

FIELD OF THE INVENTION

[0004] The present invention relates to methods for prepar-
ing cell lines that contain artificial chromosomes, methods for
isolation of the artificial chromosomes, targeted insertion of
heterologous DNA into the chromosomes, delivery of the
chromosomes to selected cells and tissues and methods for
isolation and large-scale production of the chromosomes.
Also provided are cell lines for use in the methods, and cell
lines and chromosomes produced by the methods. Further
provided are cell-based methods for production of heterolo-
gous proteins, gene therapy methods and methods of gener-
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ating transgenic animals, particularly non-human transgenic
animals, that use artificial chromosomes.

BACKGROUND OF THE INVENTION

[0005] Several viral vectors, non-viral, and physical deliv-
ery systems for gene therapy and recombinant expression of
heterologous nucleic acids have been developed (see, e.g.,
Mitani et al. (1993) Trends Biotech. 11:162-166). The pres-
ently available systems, however, have numerous limitations,
particularly where persistent, stable, or controlled gene
expression is required. These limitations include: (1) size
limitations because there is a limit, generally on order of
aboutten kilobases (kB), at most, to the size of the DNA insert
(gene) that can be accepted by viral vectors, whereas a num-
ber of mammalian genes of possible therapeutic importance
are well above this limit, especially if all control elements are
included; (2) the inability to specifically target integration so
that random integration occurs which carries a risk of disrupt-
ing vital genes or cancer suppressor genes; (3) the expression
of randomly integrated therapeutic genes may be affected by
the functional compartmentalization in the nucleus and are
affected by chromatin-based position effects; (4) the copy
number and consequently the expression of a given gene to be
integrated into the genome cannot be controlled. Thus,
improvements in gene delivery and stable expression systems
are needed (see, e.g., Mulligan (1993) Science 260:926-932).
[0006] In addition, safe and effective vectors and gene
therapy methods should have numerous features that are not
assured by the presently available systems. For example, a
safe vector should not contain DNA elements that can pro-
mote unwanted changes by recombination or mutation in the
host genetic material, should not have the potential to initiate
deleterious effects in cells, tissues, or organisms carrying the
vector, and should not interfere with genomic functions. In
addition, it would be advantageous for the vector to be non-
integrative, or designed for site-specific integration. Also, the
copy number of therapeutic gene(s) carried by the vector
should be controlled and stable, the vector should secure the
independent and controlled function of the introduced gene
(s); and the vector should accept large (up to Mb size) inserts
and ensure the functional stability of the insert.

[0007] The limitations of existing gene delivery technolo-
gies, however, argue for the development of alternative vector
systems suitable for transferring large (up to Mb size or
larger) genes and gene complexes together with regulatory
elements that will provide a safe, controlled, and persistent
expression of the therapeutic genetic material.

[0008] At the present time, none of the available vectors
fulfill all these requirements. Most of these characteristics,
however, are possessed by chromosomes. Thus, an artificial
chromosome would be an ideal vector for gene therapy, as
well as for stable, high-level, controlled production of gene
products that require coordination of expression of numerous
genes or that are encoded by large genes, and other uses.
Artificial chromosomes for expression of heterologous genes
in yeast are available, but construction of defined mammalian
artificial chromosomes has not been achieved. Such construc-
tion has been hindered by the lack of an isolated, functional,
mammalian centromere and uncertainty regarding the requi-
sites for its production and stable replication. Unlike in yeast,
there are no selectable genes in close proximity to a mamma-
lian centromere, and the presence of long runs of highly
repetitive pericentric heterochromatic DNA makes the isola-
tion of a mammalian centromere using presently available
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methods, such as chromosome walking, virtually impossible.
Other strategies are required for production of mammalian
artificial chromosomes, and some have been developed. For
example, U.S. Pat. No. 5,288,625 provides a cell line that
contains an artificial chromosome, a minichromosome, that is
about 20 to 30 megabases. Methods provided for isolation of
these chromosomes, however, provide preparations of only
about 10-20% purity. Thus, development of alternative arti-
ficial chromosomes and perfection of isolation and purifica-
tion methods as well as development of more versatile chro-
mosomes and  further  characterization of  the
minichromosomes is required to realize the potential of this
technology.

[0009] Therefore, it is an object herein to provide mamma-
lian artificial chromosomes and methods for introduction of
foreign DNA into such chromosomes. It is also an object
herein to provide methods of isolation and purification of the
chromosomes. It is also an object herein to provide methods
for introduction of the mammalian artificial chromosome into
selected cells, and to provide the resulting cells, as well as
transgenic non-human animals, birds, fish and plants that
contain the artificial chromosomes. It is also an object herein
to provide methods for gene therapy and expression of gene
products using artificial chromosomes. It is a further object
herein to provide methods for constructing species-specific
artificial chromosomes de novo. Another object herein is to
provide methods to generate de novo mammalian artificial
chromosomes.

SUMMARY OF THE INVENTION

[0010] Mammalian artificial chromosomes (MACs) are
provided. Also provided are artificial chromosomes for other
higher eukaryotic species, such as insects, birds, fowl and
fish, produced using the MACS and methods provided herein.
Methods for generating and isolating such chromosomes are
provided. Methods using the MACs to construct artificial
chromosomes from other species, such as insect, bird, fowl
and fish species are also provided. The artificial chromo-
somes are fully functional stable chromosomes. Two types of
artificial chromosomes are provided. One type, herein
referred to as SATACs (satellite artificial chromosomes or
satellite DNA based artificial chromosomes (the terms are
used interchangeably herein) are stable heterochromatic
chromosomes, and the other type are minichromosomes
based on amplification of euchromatin.

[0011] Artificial chromosomes provide an extra-genomic
locus for targeted integration of megabase (Mb) pair size
DNA fragments that contain single or multiple genes, includ-
ing multiple copies of a single gene operatively linked to one
promoter or each copy or several copies linked to separate
promoters. Thus, methods using the MACs to introduce the
genes into cells, tissues, and animals, as well as species such
as birds, fowl, fish and plants, are also provided. The artificial
chromosomes with integrated heterologous DNA may be
used in methods of gene therapy, in methods of production of
gene products, particularly products that require expression
of multigenic biosynthetic pathways, and also are intended
for delivery into the nuclei of germline cells, such as embryo-
derived stem cells (ES cells), for production of transgenic
(non-human) animals, birds, fowl and fish. Transgenic plants,
including monocots and dicots, are also contemplated herein.
[0012] Mammalian artificial chromosomes provide extra-
genomic specific integration sites for introduction of genes
encoding proteins of interest and permit megabase size DNA
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integration so that, for example, genes encoding an entire
metabolic pathway or a very large gene, such as the cystic
fibrosis (CF; ~250 kb) genomic DNA gene, several genes,
such as multiple genes encoding a series of antigens for
preparation of a multivalent vaccine, can be stably introduced
into a cell. Vectors for targeted introduction of such genes,
including the tumor suppressor genes, such as p53, the cystic
fibrosis transmembrane regulator cDNA (CFTR), and the
genes for anti-HIV ribozymes, such as an anti-HIV gag
ribozyme gene, into the artificial chromosomes are also pro-
vided.

[0013] The chromosomes provided herein are generated by
introducing heterologous DNA that includes DNA encoding
one or multiple selectable marker(s) into cells, preferably a
stable cell line, growing the cells under selective conditions,
and identifying from among the resulting clones those that
include chromosomes with more than one centromere and/or
fragments thereof. The amplification that produces the addi-
tional centromere or centromeres occurs in cells that contain
chromosomes in which the heterologous DNA has integrated
near the centromere in the pericentric region of the chromo-
some. The selected clonal cells are then used to generate
artificial chromosomes.

[0014] Although non-targeted introduction of DNA, which
results in some frequency of integration into appropriate loci,
targeted introduction is preferred. Hence, in preferred
embodiments, the DNA with the selectable marker that is
introduced into cells to initiate generation of artificial chro-
mosomes includes sequences that target it to an amplifiable
region, such as the pericentric region, heterochromatin, and
particularly rDNA of'the chromosome. For example, vectors,
such as PTEMPUD and pHASPUD (provided herein), which
include such DNA specific for mouse satellite DNA and
human satellite DNA, respectively, are provided. The plasmid
pHASPUD is a derivative of pTEMPUD that contains human
satellite DNA sequences that specifically target human chro-
mosomes. Preferred targeting sequences include mammalian
ribosomal RNA (rRNA) gene sequences (referred to herein as
rDNA) which target the heterologous DNA to integrate into
the rDNA region of those chromosomes that contain rDNA.
For example, vectors, such as pTERPUD, which include
mouse rDNA, are provided. Upon integration into existing
chromosomes in the cells, these vectors can induce the ampli-
fication that results in generation of additional centromeres.
[0015] Artificial chromosomes are generated by culturing
the cells with the multicentric, typically dicentric, chromo-
somes under conditions whereby the chromosome breaks to
form a minichromosome and formerly dicentric chromo-
some. Among the MACs provided herein are the SATACs,
which are primarily made up of repeating units of short sat-
ellite DNA and are nearly fully heterochromatic, so that with-
out insertion of heterologous or foreign DNA, the chromo-
somes preferably contain no genetic information or contain
only non-protein-encoding gene sequences such as rDNA
sequences. They can thus be used as “safe” vectors for deliv-
ery of DNA to mammalian hosts because they do not contain
any potentially harmful genes. The SATACs are generated,
not from the minichromosome fragment as, for example, in
U.S. Pat. No. 5,288,625, but from the fragment of the for-
merly dicentric chromosome.

[0016] In addition, methods for generating euchromatic
minichromosomes and the use thereof are also provided
herein. Methods for generating one type of MAC, the min-
ichromosome, previously described in U.S. Pat. No. 5,288,
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625, and the use thereof for expression of heterologous DNA
are provided. In a particular method provided herein for gen-
erating a MAC, such as a minichromosome, heterologous
DNA that includes mammalian rDNA and one or more select-
able marker genes is introduced into cells which are then
grown under selective conditions. Resulting cells that contain
chromosomes with more than one centromere are selected
and cultured under conditions whereby the chromosome
breaks to form a minichromosome and a formerly multicen-
tric (typically dicentric) chromosome from which the min-
ichromosome was released.

[0017] Cell lines containing the minichromosome and the
use thereof for cell fusion are also provided. In one embodi-
ment, a cell line containing the mammalian minichromosome
is used as recipient cells for donor DNA encoding a selected
gene or multiple genes. To facilitate integration of the donor
DNA into the minichromosome, the recipient cell line pref-
erably contains the minichromosome but does not also con-
tain the formerly dicentric chromosome. This may be accom-
plished by methods disclosed herein such as cell fusion and
selection of cells that contain a minichromosome and no
formerly dicentric chromosome. The donor DNA is linked to
a second selectable marker and is targeted to and integrated
into the minichromosome. The resulting chromosome is
transferred by cell fusion into an appropriate recipient cell
line, such as a Chinese hamster cell line (CHO). After large-
scale production of the cells carrying the engineered chromo-
some, the chromosome is isolated. In particular, metaphase
chromosomes are obtained, such as by addition of colchicine,
and they are purified from the cell lysate. These chromosomes
are used for cloning, sequencing and for delivery of heterolo-
gous DNA into cells.

[0018] Also provided are SATACs of various sizes that are
formed by repeated culturing under selective conditions and
subcloning of cells that contain chromosomes produced from
the formerly dicentric chromosomes. The exemplified
SATAC: are based on repeating DNA units that are about 15
Mb (two ~7.5 Mb blocks). The repeating DNA unit of
SATACs formed from other species and other chromosomes
may vary, but typically would be on the order of about 7 to
about 20 Mb. The repeating DNA units are referred to herein
as megareplicons, which in the exemplified SATACs contain
tandem blocks of satellite DNA flanked by non-satellite
DNA, including heterologous DNA and non-satellite DNA.
Amplification produces an array of chromosome segments
(each called an amplicon) that contain two inverted megarep-
licons bordered by heterologous (“foreign”) DNA. Repeated
cell fusion, growth on selective medium and/or BrdU (5-bro-
modeoxyuridine) treatment or other treatment with other
genome destabilizing reagent or agent, such as ionizing radia-
tion, including X-rays, and subcloning results in cell lines that
carry stable heterochromatic or partially heterochromatic
chromosomes, including a 150-200 Mb “sausage” chromo-
some, a 500-1000 Mb gigachromosome, a stable 250-400 Mb
megachromosome and various smaller stable chromosomes
derived therefrom. These chromosomes are based on these
repeating units and can include heterologous DNA that is
expressed.

[0019] Thus, methods for producing MACs of both types
(i.e., SATACS and minichromosomes) are provided. These
methods are applicable to the production of artificial chromo-
somes containing centromeres derived from any higher
eukaryotic cell, including mammals, birds, fowl, fish, insects
and plants.
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[0020] The resulting chromosomes can be purified by
methods provided herein to provide vectors for introduction
of'heterologous DNA into selected cells for production of the
gene product(s) encoded by the heterologous DNA, for pro-
duction of transgenic (non-human) animals, birds, fowl, fish
and plants or for gene therapy.

[0021] In addition, methods and vectors for fragmenting
the minichromosomes and SATACs are provided. Such meth-
ods and vectors can be used for in vivo generation of smaller
stable artificial chromosomes. Vectors for chromosome frag-
mentation are used to produce an artificial chromosome that
contains a megareplicon, a centromere and two telomeres and
will be between about 7.5 Mb and about 60 Mb, preferably
between about 10 Mb-15 Mb and 30-50 Mb. As exemplified
herein, the preferred range is between about 7.5 Mb and 50
Mb. Such artificial chromosomes may also be produced by
other methods.

[0022] Isolation of the 15 Mb (or 30 Mb amplicon contain-
ing two 15 Mb inverted repeats) or a 30 Mb or higher multi-
mer, such as 60 Mb, thereof should provide a stable chromo-
somal vector that can be manipulated in vitro. Methods for
reducing the size of the MACs to generate smaller stable
self-replicating artificial chromosomes are also provided.
[0023] Also provided herein, are methods for producing
mammalian artificial chromosomes, including those pro-
vided herein, in vitro, and the resulting chromosomes. The
methods involve in vitro assembly of the structural and func-
tional elements to provide a stable artificial chromosome.
Such elements include a centromere, two telomeres, at least
one origin of replication and filler heterochromatin, e.g., sat-
ellite DNA. A selectable marker for subsequent selection is
also generally included. These specific DNA elements may be
obtained from the artificial chromosomes provided herein
such as those that have been generated by the introduction of
heterologous DNA into cells and the subsequent amplifica-
tion that leads to the artificial chromosome, particularly the
SATAC:s. Centromere sequences for use in the in vitro con-
struction of artificial chromosomes may also be obtained by
employing the centromere cloning methods provided herein.
In preferred embodiments, the sequences providing the origin
of replication, in particular, the megareplicator, are derived
from rDNA. These sequences preferably include the rDNA
origin of replication and amplification promoting sequences.
[0024] Methods and vectors for targeting heterologous
DNA into the artificial chromosomes are also provided as are
methods and vectors for fragmenting the chromosomes to
produce smaller but stable and self-replicating artificial chro-
mosomes.

[0025] The chromosomes are introduced into cells to pro-
duce stable transformed cell lines or cells, depending upon
the source ofthe cells. Introduction is effected by any suitable
method including, but not limited to electroporation, direct
uptake, such as by calcium phosphate precipitation, uptake of
isolated chromosomes by lipofection, by microcell fusion, by
lipid-mediated carrier systems or other suitable method. The
resulting cells can be used for production of proteins in the
cells. The chromosomes can be isolated and used for gene
delivery. Methods for isolation of the chromosomes based on
the DNA content of the chromosomes, which differs in MACs
versus the authentic chromosomes, are provided. Also pro-
vided are methods that rely on content, particularly density,
and size of the MACs.

[0026] These artificial chromosomes can be used in gene
therapy, gene product production systems, production of
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humanized genetically transformed animal organs, produc-
tion of transgenic plants and animals (non-human), including
mammals, birds, fowl, fish, invertebrates, vertebrates, reptiles
and insects, any organism or device that would employ chro-
mosomal elements as information storage vehicles, and also
for analysis and study of centromere function, for the produc-
tion of artificial chromosome vectors that can be constructed
in vitro, and for the preparation of species-specific artificial
chromosomes. The artificial chromosomes can be introduced
into cells using microinjection, cell fusion, microcell fusion,
electroporation, nuclear transfer, electrofusion, projectile
bombardment, nuclear transfer, calcium phosphate precipita-
tion, lipid-mediated transfer systems and other such methods.
Cells particularly suited for use with the artificial chromo-
somes include, but are not limited to plant cells, particularly
tomato, arabidopsis, and others, insect cells, including silk
worm cells, insect larvae, fish, reptiles, amphibians, arach-
nids, mammalian cells, avian cells, embryonic stem cells,
hematopoietic stem cells, embryos and cells for use in meth-
ods of genetic therapy, such as lymphocytes that are used in
methods of adoptive immunotherapy and nerve or neural
cells. Thus methods of producing gene products and trans-
genic (non-human) animals and plants are provided. Also
provided are the resulting transgenic animals and plants.

[0027] Exemplary cell lines that contain these chromo-
somes are also provided.

[0028] Methods for preparing artificial chromosomes for
particular species and for cloning centromeres are also pro-
vided. For example, two exemplary methods provided for
generating artificial chromosomes for use in different species
are as follows. First, the methods herein may be applied to
different species. Second, means for generating species-spe-
cific artificial chromosomes and for cloning centromeres are
provided. In particular, a method for cloning a centromere
from an animal or plant is provided by preparing a library of
DNA fragments that contain the genome of the plant or ani-
mal and introducing each of the fragments into a mammalian
satellite artificial chromosome (SATAC) that contains a cen-
tromere from a species, generally a mammal, different from
the selected plant or animal, generally a non-mammal, and a
selectable marker. The selected plant or animal is one in
which the mammalian species centromere does not function.
Each of the SATAC:s is introduced into the cells, which are
grown under selective conditions, and cells with SATACs are
identified. Such SATACS should contain a centromere
encoded by the DNA from the library or should contain the
necessary elements for stable replication in the selected spe-
cies.

[0029] Also provided are libraries in which the relatively
large fragments of DNA are contained on artificial chromo-
somes.

[0030] Transgenic (non-human) animals, invertebrates and
vertebrates, plants and insects, fish, reptiles, amphibians,
arachnids, birds, fowl, and mammals are also provided. Of
particular interest are transgenic (non-human) animals and
plants that express genes that confer resistance or reduce
susceptibility to disease. For example, the transgene may
encode a protein that is toxic to a pathogen, such as a virus,
bacterium or pest, but that is not toxic to the transgenic host.
Furthermore, since multiple genes can be introduced on a
MAC, a series of genes encoding an antigen can be intro-
duced, which upon expression will serve to immunize (in a
manner similar to a multivalent vaccine) the host animal
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against the diseases for which exposure to the antigens pro-
vide immunity or some protection.

[0031] Also of interest are transgenic (non-human) animals
that serve as models of certain diseases and disorders for use
in studying the disease and developing therapeutic treatments
and cures thereof. Such animal models of disease express
genes (typically carrying a disease-associated mutation),
which are introduced into the animal on a MAC and which
induce the disease or disorder in the animal. Similarly, MACs
carrying genes encoding antisense RNA may be introduced
into animal cells to generate conditional “knock-out” trans-
genic (non-human) animals. In such animals, expression of
the antisense RNA results in decreased or complete elimina-
tion of the products of genes corresponding to the antisense
RNA. Of further interest are transgenic mammals that harbor
MAC-carried genes encoding therapeutic proteins that are
expressed in the animal’s milk. Transgenic (non-human) ani-
mals for use in xenotransplantation, which express MAC-
carried genes that serve to humanize the animal’s organs, are
also of interest. Genes that might be used in humanizing
animal organs include those encoding human surface anti-
gens.

[0032] Methods for cloning centromeres, such as mamma-
lian centromeres, are also provided. In particular, in one
embodiment, a library composed of fragments of SATACs are
cloned into YACs (yeast artificial chromosomes) that include
a detectable marker, such as DNA encoding tyrosinase, and
then introduced into mammalian cells, such as albino mouse
embryos. Mice produced from embryos containing such
YACs that include a centromere that functions in mammals
will express the detectable marker. Thus, if mice are produced
from albino mouse embryos into which a functional mamma-
lian centromere was introduced, the mice will be pigmented
or have regions of pigmentation.

[0033] A method for producing repeated tandem arrays of
DNA is provided. This method, exemplified herein using
telomeric DNA, is applicable to any repeat sequence, and in
particular, low complexity repeats. The method provided
herein for synthesis of arrays of tandem DNA repeats are
based in a series of extension steps in which successive dou-
blings of a sequence of repeats results in an exponential
expansion of the array of tandem repeats. An embodiment of
the method of synthesizing DNA fragments containing tan-
dem repeats may generally be described as follows. Two
oligonucleotides are used as starting materials. Oligonucle-
otide 1 is of length k of repeated sequence (the flanks of which
are not relevant) and contains a relatively short stretch (60-90
nucleotides) of the repeated sequence, flanked with appropri-
ately chosen restriction sites:

5 -Sle>>5>o2e30223>55033>5>>5>>>82 3!

where S1 is restriction site 1 cleaved by E1, S2 is a second
restriction site cleaved by E2>represents a simple repeat unit,
and ‘_’ denotes a short (8-10) nucleotide flanking sequence
complementary to oligonucleotide 2:

3'- S3-5!

where S3 is a third restriction site for enzyme E3 and which is
present in the vector to be used during the construction. The
method involves the following steps: (1) oligonucleotides 1
and 2 are annealed; (2) the annealed oligonucleotides are
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filled-in to produce a double-stranded (ds) sequence; (3) the
double-stranded DNA is cleaved with restriction enzymes E1
and E3 and subsequently ligated into a vector (e.g., pUC19 or
a yeast vector) that has been cleaved with the same enzymes
E1 and E3; (4) the insert is isolated from a first portion of the
plasmid by digesting with restriction enzymes E1 and E3, and
a second portion of the plasmid is cut with enzymes E2
(treated to remove the 3'-overhang) and E3, and the large
fragment (plasmid DNA plus the insert) is isolated; (5) the
two DNA fragments (the S1-S3 insert fragment and the vector
plus insert) are ligated; and (6) steps 4 and 5 are repeated as
many times as needed to achieve the desired repeat sequence
size. In each extension cycle, the repeat sequence size
doubles, i.e., if m is the number of extension cycles, the size
of the repeat sequence will be kx2™ nucleotides.

DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic drawing depicting formation
of the MMCneo (the minichromosome) chromosome. A-G
represents the successive events consistent with observed
data that would lead to the formation and stabilization of the
minichromosome.

[0035] FIG. 2 shows a schematic summary of the manner in
which the observed new chromosomes would form, and the
relationships among the different de novo formed chromo-
somes. In particular, this figure shows a schematic drawing of
the de novo chromosome formation initiated in the centro-
meric region of mouse chromosome 7. (A) A single E-type
amplification in the centromeric region of chromosome 7
generates a neo-centromere linked to the integrated “foreign”
DNA, and forms a dicentric chromosome. Multiple E-type
amplification forms the 8 neo-chromosome, which separates
from the remainder of mouse chromosome 7 through a spe-
cific breakage between the centromeres of the dicentric chro-
mosome and which was stabilized in a mouse-hamster hybrid
cell line; (B) Specific breakage between the centromeres of a
dicentric chromosome 7 generates a chromosome fragment
with the neo-centromere, and a chromosome 7 with traces of
heterologous DNA at the end; (C) Inverted duplication of the
fragment bearing the neo-centromere results in the formation
of a stable neo-minichromosome; (D) Integration of exog-
enous DNA into the heterologous DNA region of the formerly
dicentric chromosome 7 initiates H-type amplification, and
the formation of a heterochromatic arm. By capturing a
euchromatic terminal segment, this new chromosome arm is
stabilized in the form of the “sausage” chromosome; (E)
BrdU (5-bromodeoxyuridine) treatment and/or drug selec-
tion induce further H-type amplification, which results in the
formation of an unstable gigachromosome: (F) Repeated
BrdU treatments and/or drug selection induce further H-type
amplification including a centromere duplication, which
leads to the formation of another heterochromatic chromo-
some arm. It is split off from the chromosome 7 by chromo-
some breakage, and by acquiring a terminal segment, the
stable megachromosome is formed.

[0036] FIG. 3 is a schematic diagram of the replicon struc-
ture and a scheme by which a megachromosome could be
produced.

[0037] FIG. 4 sets forth the relationships among some of
the exemplary cell lines described herein.

[0038] FIG. 5 is a diagram of the plasmid pTEMPUD.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Definitions

[0039] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as is commonly
understood by one of skill in the art to which this invention
belongs. All patents and publications referred to herein are
incorporated by reference.

[0040] As used herein, amammalian artificial chromosome
(MAC) is a piece of DNA that can stably replicate and seg-
regate alongside endogenous chromosomes. It has the capac-
ity to accommodate and express heterologous genes inserted
therein. It is referred to as a mammalian artificial chromo-
some because it includes an active mammalian centromere
(s). Plant artificial chromosomes, insect artificial chromo-
somes and avian artificial chromosomes refer to
chromosomes that include plant and insect centromeres,
respectively. A human artificial chromosome (HAC) refers to
chromosomes that include human centromeres, BUGACs
refer to insect artificial chromosomes, and AVACs refer to
avian artificial chromosomes. Among the MACs provided
herein are SATACs, minichromosomes, and in vitro synthe-
sized artificial chromosomes. Methods for construction of
each type are provided herein.

[0041] As used herein, in vitro synthesized artificial chro-
mosomes are artificial chromosomes that are produced by
joining the essential components (at least the centromere, and
origins of replication) in vitro.

[0042] As used herein, endogenous chromosomes refer to
genomic chromosomes as found in the cell prior to generation
or introduction of a MAC.

[0043] As used herein, stable maintenance of chromo-
somes occurs when at least about 85%, preferably 90%, more
preferably 95%, of the cells retain the chromosome. Stability
is measured in the presence of a selective agent. Preferably
these chromosomes are also maintained in the absence of a
selective agent. Stable chromosomes also retain their struc-
ture during cell culturing, suffering neither intrachromo-
somal nor interchromosomal rearrangements.

[0044] As used herein, growth under selective conditions
means growth of a cell under conditions that require expres-
sion of a selectable marker for survival.

[0045] As used herein, an agent that destabilizes a chromo-
some is any agent known by those of skill in the art to enhance
amplification events, mutations. Such agents, which include
BrdU, are well known to those of skill in the art.

[0046] As used herein, de novo with reference to a cen-
tromere, refers to generation of an excess centromere as a
result of incorporation of a heterologous DNA fragment using
the methods herein.

[0047] As used herein, euchromatin and heterochromatin
have their recognized meanings, euchromatin refers to chro-
matin that stains diffusely and that typically contains genes,
and heterochromatin refers to chromatin that remains unusu-
ally condensed and that has been thought to be transcription-
ally inactive. Highly repetitive DNA sequences (satellite
DNA), at least with respect to mammalian cells, are usually
located in regions of the heterochromatin surrounding the
centromere (pericentric heterochromatin). Constitutive het-
erochromatin refers to heterochromatin that contains the
highly repetitive DNA which is constitutively condensed and
genetically inactive.
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[0048] As used herein, BrdU refers to 5-bromodeoxyuri-
dine, which during replication is inserted in place of thymi-
dine. BrdU is used as a mutagen; it also inhibits condensation
of metaphase chromosomes during cell division.

[0049] As used herein, a dicentric chromosome is a chro-
mosome that contains two centromeres. A multicentric chro-
mosome contains more than two centromeres.

[0050] As used herein, a formerly dicentric chromosome is
achromosome that is produced when a dicentric chromosome
fragments and acquires new telomeres so that two chromo-
somes, each having one of the centromeres, are produced.
Each of the fragments are replicable chromosomes. If one of
the chromosomes undergoes amplification of euchromatic
DNA to produce a fully functional chromosome that contains
the newly introduced heterologous DNA and primarily (at
least more than 50%) euchromatin, it is a minichromosome.
The remaining chromosome is a formerly dicentric chromo-
some. If one of the chromosomes undergoes amplification,
whereby heterochromatin (satellite DNA) is amplified and a
euchromatic portion (or arm) remains, it is referred to as a
sausage chromosome. A chromosome that is substantially all
heterochromatin, except for portions of heterologous DNA, is
called a SATAC. Such chromosomes (SATACs) can be pro-
duced from sausage chromosomes by culturing the cell con-
taining the sausage chromosome under conditions, such as
BrdU treatment and/or growth under selective conditions,
that destabilize the chromosome so that a satellite artificial
chromosomes (SATAC) is produced. For purposes herein, it is
understood that SATACs may not necessarily be produced in
multiple steps, but may appear after the initial introduction of
the heterologous DNA and growth under selective conditions,
orthey may appear after several cycles of growth under selec-
tive conditions and BrdU treatment.

[0051] As used herein, a SATAC refers to a chromosome
that is substantially all heterochromatin, except for portions
of heterologous DNA. Typically, SATACs are satellite DNA
based artificial chromosomes, but the term encompasses any
chromosome made by the methods herein that contains more
heterochromatin than euchromatin.

[0052] Asused herein, amplifiable, when used in reference
to a chromosome, particularly the method of generating
SATACs provided herein, refers to a region of a chromosome
that is prone to amplification. Amplification typically occurs
during replication and other cellular events involving recom-
bination. Such regions are typically regions of the chromo-
some that include tandem repeats, such as satellite DNA,
rDNA and other such sequences.

[0053] As used herein, amplification, with reference to
DNA, is a process in which segments of DNA are duplicated
to yield two or multiple copies of identical or nearly identical
DNA segments that are typically joined as substantially tan-
dem or successive repeats or inverted repeats.

[0054] As used herein an amplicon is a repeated DNA
amplification unit that contains a set of inverted repeats of the
megareplicon. A megareplicon represents a higher order rep-
lication unit. For example, with reference to the SATACs, the
megareplicon contains a set of tandem DNA blocks each
containing satellite DNA flanked by non-satellite DNA. Con-
tained within the megareplicon is a primary replication site,
referred to as the megareplicator, which may be involved in
organizing and facilitating replication of the pericentric het-
erochromatin and possibly the centromeres. Within the mega-
replicon there may be smaller (e.g., 50-300 kb in some mam-
malian cells) secondary replicons. In the exemplified
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SATACS, the megareplicon is defined by two tandem ~7.5
Mb DNA blocks (see, e.g., FIG. 3). Within each artificial
chromosome (AC) or among a population thereof, each
amplicon has the same gross structure but may contain
sequence variations. Such variations will arise as a result of
movement of mobile genetic elements, deletions or insertions
or mutations that arise, particularly in culture. Such variation
does not affect the use of the ACs or their overall structure as
described herein.

[0055] As used herein, ribosomal RNA (rRNA) is the spe-
cialized RNA that forms part of the structure of a ribosome
and participates in the synthesis of proteins. Ribosomal RNA
is produced by transcription of genes which, in eukaryotic
cells, are present in multiple copies. In human cells, the
approximately 250 copies of TRNA genes per haploid genome
are spread out in clusters on at least five different chromo-
somes (chromosomes 13, 14, 15, 21 and 22). In mouse cells,
the presence of ribosomal DNA (rDNA) has been verified on
at least 11 pairs out of 20 mouse chromosomes (chromo-
somes 5, 6,9,11,12,15,16,17, 18, 19 and X)(see e.g., Rowe
et al. (1996) Mamm. Genome 7:886-889 and Johnson et al.
(1993) Mamm. Genome 4:49-52). In eukaryotic cells, the
multiple copies of the highly conserved rRNA genes are
located in a tandemly arranged series of rDNA units, which
are generally about 40-45 kb in length and contain a tran-
scribed region and a nontranscribed region known as spacer
(i.e., intergenic spacer) DNA which can vary in length and
sequence. In the human and mouse, these tandem arrays of
rDNA units are located adjacent to the pericentric satellite
DNA sequences (heterochromatin). The regions of these
chromosomes in which the rDNA is located are referred to as
nucleolar organizing regions (NOR) which loop into the
nucleolus, the site of ribosome production within the cell
nucleus.

[0056] As used herein, the minichromosome refers to a
chromosome derived from a multicentric, typically dicentric,
chromosome (see, e.g., FIG. 1) that contains more euchro-
matic than heterochromatic DNA.

[0057] Asusedherein, a megachromosome refers to a chro-
mosome that, except for introduced heterologous DNA, is
substantially composed of heterochromatin. Megachromo-
somes are made of an array of repeated amplicons that contain
two inverted megareplicons bordered by introduced heterolo-
gous DNA (see, e.g., FIG. 3 for a schematic drawing of a
megachromosome). For purposes herein, a megachromo-
some is about 50 to 400 Mb, generally about 250-400 Mb.
Shorter variants are also referred to as truncated megachro-
mosomes (about 90 to 120 or 150 Mb), dwart megachromo-
somes (~150-200 Mb) and cell lines, and a micro-megachro-
mosome (~50-90 Mb, typically 50-60 Mb). For purposes
herein, the term megachromosome refers to the overall
repeated structure based on an array of repeated chromo-
somal segments (amplicons) that contain two inverted mega-
replicons bordered by any inserted heterologous DNA. The
size will be specified.

[0058] Asusedherein, genetic therapy involves the transfer
or insertion of heterologous DNA into certain cells, target
cells, to produce specific gene products that are involved in
correcting or modulating disease. The DNA is introduced into
the selected target cells in a manner such that the heterologous
DNA is expressed and a product encoded thereby is produced.
Alternatively, the heterologous DNA may in some manner
mediate expression of DNA that encodes the therapeutic
product. It may encode a product, such as a peptide or RNA,
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that in some manner mediates, directly or indirectly, expres-
sion of a therapeutic product. Genetic therapy may also be
used to introduce therapeutic compounds, such as TNF, that
are not normally produced in the host or that are not produced
in therapeutically effective amounts or at a therapeutically
useful time. Expression of the heterologous DNA by the
target cells within an organism afflicted with the disease
thereby enables modulation of the disease. The heterologous
DNA encoding the therapeutic product may be modified prior
to introduction into the cells of the afflicted host in order to
enhance or otherwise alter the product or expression thereof.

[0059] As used herein, heterologous or foreign DNA and
RNA are used interchangeably and refer to DNA or RNA that
does not occur naturally as part of the genome in which it is
present or which is found in a location or locations in the
genome that differ from that in which it occurs in nature. It is
DNA or RNA that is not endogenous to the cell and has been
exogenously introduced into the cell. Examples of heterolo-
gous DNA include, but are not limited to, DNA that encodes
a gene product or gene product(s) of interest, introduced for
purposes of gene therapy or for production of an encoded
protein. Other examples of heterologous DNA include, but
are not limited to, DNA that encodes traceable marker pro-
teins, such as a protein that confers drug resistance, DNA that
encodes therapeutically effective substances, such as anti-
cancer agents, enzymes and hormones, and DNA that
encodes other types of proteins, such as antibodies. Antibod-
ies that are encoded by heterologous DNA may be secreted or
expressed on the surface of the cell in which the heterologous
DNA has been introduced.

[0060] Asusedherein, atherapeutically effective productis
a product that is encoded by heterologous DNA that, upon
introduction of the DNA into a host, a product is expressed
that effectively ameliorates or eliminates the symptoms,
manifestations of an inherited or acquired disease or that
cures said disease.

[0061] As used herein, transgenic plants refer to plants in
which heterologous or foreign DNA is expressed or in which
the expression of a gene naturally present in the plant has been
altered.

[0062] As used herein, operative linkage of heterologous
DNA to regulatory and effector sequences of nucleotides,
such as promoters, enhancers, transcriptional and transla-
tional stop sites, and other signal sequences refers to the
relationship between such DNA and such sequences of nucle-
otides. For example, operative linkage of heterologous DNA
to a promoter refers to the physical relationship between the
DNA and the promoter such that the transcription of such
DNA is initiated from the promoter by an RNA polymerase
that specifically recognizes, binds to and transcribes the DNA
in reading frame. Preferred promoters include tissue specific
promoters, such as mammary gland specific promoters, viral
promoters, such as TK, CMV, adenovirus promoters, and
other promoters known to those of skill in the art.

[0063] As used herein, isolated, substantially pure DNA
refers to DNA fragments purified according to standard tech-
niques employed by those skilled in the art, such as that found
in Maniatis et al. ((1982) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y.).

[0064] As used herein, expression refers to the process by
which nucleic acid is transcribed into mRNA and translated
into peptides, polypeptides, or proteins. If the nucleic acid is
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derived from genomic DNA, expression may, if an appropri-
ate eukaryotic host cell or organism is selected, include splic-
ing of the mRNA.

[0065] As used herein, vector or plasmid refers to discrete
elements that are used to introduce heterologous DNA into
cells for either expression of the heterologous DNA or for
replication of the cloned heterologous DNA. Selection and
use of such vectors and plasmids are well within the level of
skill of the art.

[0066] As used herein, transformation/transfection refers
to the process by which DNA or RNA is introduced into cells.
Transfection refers to the taking up of exogenous nucleic
acid, e.g., an expression vector, by a host cell whether or not
any coding sequences are in fact expressed. Numerous meth-
ods of transfection are known to the ordinarily skilled artisan,
for example, by direct uptake using calcium phosphate
(CaPO4; see, e.g., Wigler et al. (1979) Proc. Natl. Acad. Sci.
U.S.A4. 76:1373-1376), polyethylene glycol (PEG)-mediated
DNA uptake, electroporation, lipofection (see, e.g., Strauss
(1996) Meth. Mol. Biol. 54:307-327), microcell fusion (see,
EXAMPLES,; see, also Lambert (1991) Proc. Natl. Acad. Sci.
U.S.4. 88:5907-5911; U.S. Pat. No. 5,396,767, Sanford et al.
(1987) Somatic Cell Mol. Genet. 13:279-284; Dhar et al.
(1984) Somatic Cell Mol. Genet. 10:547-559; and McNeill-
Killary et al. (1995) Meth. Enzymol. 254:133-152), lipid-
mediated carrier systems (see, e.g., Teifel et al. (1995) Bio-
techniques 19:79-80; Albrecht et al. (1996) Arn. Hematol.
72:73-79; Holmen et al. (1995) In Vitro Cell Dev. Biol. Anim.
31:347-351; Remy et al. (1994) Bioconjug. Chem. 5:647-
654; Le Bolch et al. (1995) Tetrahedron Lett. 36:6681-6684;
Loeftler et al. (1993) Meth. Enzymol. 217:599-618) or other
suitable method. Successful transfection is generally recog-
nized by detection of the presence of the heterologous nucleic
acid within the transfected cell, such as any indication of the
operation of a vector within the host cell. Transformation
means introducing DNA into an organism so that the DNA is
replicable, either as an extrachromosomal element or by chro-
mosomal integration.

[0067] As used herein, injected refers to the microinjection
(use of a small syringe) of DNA into a cell.

[0068] As used herein, substantially homologous DNA
refers to DNA that includes a sequence of nucleotides that is
sufficiently similar to another such sequence to form stable
hybrids under specified conditions.

[0069] It is well known to those of skill in this art that
nucleic acid fragments with different sequences may, under
the same conditions, hybridize detectably to the same “target”
nucleic acid. Two nucleic acid fragments hybridize detect-
ably, under stringent conditions over a sufficiently long
hybridization period, because one fragment contains a seg-
ment of at least about 14 nucleotides in a sequence which is
complementary (or nearly complementary) to the sequence of
at least one segment in the other nucleic acid fragment. If the
time during which hybridization is allowed to occur is held
constant, at a value during which, under preselected strin-
gency conditions, two nucleic acid fragments with exactly
complementary base-pairing segments hybridize detectably
to each other, departures from exact complementarity can be
introduced into the base-pairing segments, and base-pairing
will nonetheless occur to an extent sufficient to make hybrid-
ization detectable. As the departure from complementarity
between the base-pairing segments of two nucleic acids
becomes larger, and as conditions of the hybridization
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become more stringent, the probability decreases that the two
segments will hybridize detectably to each other.

[0070] Two single-stranded nucleic acid segments have
“substantially the same sequence,” within the meaning of the
present specification, if (a) both form a base-paired duplex
with the same segment, and (b) the melting temperatures of
said two duplexes in a solution of 0.5xSSPE differ by less
than 10NC. If the segments being compared have the same
number of bases, then to have “substantially the same
sequence”, they will typically differ in their sequences at
fewer than 1 base in 10. Methods for determining melting
temperatures of nucleic acid duplexes are well known (see,
e.g., Meinkoth and Wahl (1984) Aral. Biochem. 138:267-284
and references cited therein).

[0071] As used herein, a nucleic acid probe is a DNA or
RNA fragment that includes a sufficient number of nucle-
otides to specifically hybridize to DNA or RNA that includes
identical or closely related sequences of nucleotides. A probe
may contain any number of nucleotides, from as few as about
10 and as many as hundreds of thousands of nucleotides. The
conditions and protocols for such hybridization reactions are
well known to those of skill in the art as are the effects of
probe size, temperature, degree of mismatch, salt concentra-
tion and other parameters on the hybridization reaction. For
example, the lower the temperature and higher the salt con-
centration at which the hybridization reaction is carried out,
the greater the degree of mismatch that may be present in the
hybrid molecules.

[0072] To be used as a hybridization probe, the nucleic acid
is generally rendered detectable by labelling it with a detect-
able moiety or label, such as **P, °H and *C, or by other
means, including chemical labelling, such as by nick-trans-
lation in the presence of deoxyuridylate biotinylated at the
5'-position of the uracil moiety. The resulting probe includes
the biotinylated uridylate in place of thymidylate residues and
can be detected (via the biotin moieties) by any of a number
of commercially available detection systems based on bind-
ing of streptavidin to the biotin. Such commercially available
detection systems can be obtained, for example, from Enzo
Biochemicals, Inc. (New York, N.Y.). Any other label known
to those of skill in the art, including non-radioactive labels,
may be used as long as it renders the probes sufficiently
detectable, which is a function of the sensitivity of the assay,
the time available (for culturing cells, extracting DNA, and
hybridization assays), the quantity of DNA or RNA available
as a source of the probe, the particular label and the means
used to detect the label.

[0073] Once sequences with a sufficiently high degree of
homology to the probe are identified, they can readily be
isolated by standard techniques, which are described, for
example, by Maniatis et al. ((1982) Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.).

[0074] As used herein, conditions under which DNA mol-
ecules form stable hybrids and are considered substantially
homologous are such that DNA molecules with at least about
60% complementarity form stable hybrids. Such DNA frag-
ments are herein considered to be “substantially homolo-
gous”. For example, DNA that encodes a particular protein is
substantially homologous to another DNA fragment if the
DNA forms stable hybrids such that the sequences of the
fragments are at least about 60% complementary and if a
protein encoded by the DNA retains its activity.

Oct. 22, 2009

[0075] For purposes herein, the following stringency con-
ditions are defined:

[0076] 1) high stringency: 0.1xSSPE, 0.1% SDS, 65tC

[0077] 2) medium stringency: 0.2xSSPE, 0.1% SDS,
50eC

[0078] 3) low stringency: 1.0xSSPE, 0.1% SDS, 50eC

orany combination of salt and temperature and other reagents
that result in selection of the same degree of mismatch or
matching.

[0079] Asused herein, immunoprotective refers to the abil-
ity of a vaccine or exposure to an antigen or immunity-
inducing agent, to confer upon a host to whom the vaccine or
antigen is administered or introduced, the ability to resist
infection by a disease-causing pathogen or to have reduced
symptoms. The selected antigen is typically an antigen that is
presented by the pathogen.

[0080] As used herein, all assays and procedures, such as
hybridization reactions and antibody-antigen reactions,
unless otherwise specified, are conducted under conditions
recognized by those of skill in the art as standard conditions.

A. Preparation of Cell Lines Containing MACs

[0081] 1. The Megareplicon

[0082] The methods, cells and MACs provided herein are
produced by virtue of the discovery of the existence of a
higher-order replication unit (megareplicon) of the centro-
meric region. This megareplicon is delimited by a primary
replication initiation site (megareplicator), and appears to
facilitate replication of the centromeric heterochromatin, and
most likely, centromeres. Integration of heterologous DNA
into the megareplicator region or in close proximity thereto,
initiates a large-scale amplification of megabase-size chro-
mosomal segments, which leads to de novo chromosome
formation in living cells.

[0083] DNA sequences that provide a preferred megarep-
licator are the rDNA units that give rise to ribosomal RNA
(rRNA). In mammals, particularly mice and humans, these
rDNA units contain specialized elements, such as the origin
of replication (or origin of bidirectional replication, i.e.,
OBR, in mouse) and amplification promoting sequences
(APS) and amplification control elements (ACE) (see, e.g.,
Gogeletal. (1996) Chromosoma 104:511-518; Coffman etal.
(1993) Exp. Cell. Res. 209:123-132; Little et al. (1993) Mol.
Cell. Biol. 13:6600-6613; Yoon et al. (1995) Mol. Cell. Biol.
15:2482-2489; Gonzalez and Sylvester (1995) Genomics
27:320-328; Miesfeld and Arnheim (1982) Nuc. Acids Res.
10:3933-3949); Maden et al. (1987) Biockem. J. 246:519-
527).

[0084] As described herein, without being bound by any
theory, these specialized elements may facilitate replication
and/or amplification of megabase-size chromosomal seg-
ments in the de novo formation of chromosomes, such as
those described herein, in cells. These specialized elements
are typically located in the nontranscribed intergenic spacer
region upstream of the transcribed region of rDNA.. The inter-
genic spacer region may itself contain internally repeated
sequences which can be classified as tandemly repeated
blocks and nontandem blocks (see e.g., Gonzalez and
Sylvester (1995) Genomics 27:320-328). In mouse rDNA, an
origin of bidirectional replication may be found within a 3-kb
initiation zone centered approximately 1.6 kb upstream ofthe
transcription start site (see, e.g., Gogel et al. (1996) Chromo-
soma 104:511-518). The sequences of these specialized ele-
ments tend to have an altered chromatin structure, which may
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be detected, for example, by nuclease hypersensitivity or the
presence of Al-rich regions that can give rise to bent DNA
structures. An exemplary sequence encompassing an origin
of replication is shown in SEQ ID NO. 16 and in GENBANK
accession no. X82564 at about positions 2430-5435. Exem-
plary sequences encompassing amplification-promoting
sequences include nucleotides 690-1060 and 1105-1530 of
SEQ ID NO. 16.

[0085] InhumanrDNA, a primary replication initiation site
may be found a few kilobase pairs upstream ofthe transcribed
region and secondary initiation sites may be found through-
out the nontranscribed intergenic spacer region (see, e.g.,
Yoon et al. (1995) Mol. Cell. Biol. 15:2482-2489). A com-
plete human rDNA repeat unit is presented in GENBANK as
accession no. U13369 and is set forth in SEQ ID NO. 17
herein. Another exemplary sequence encompassing a repli-
cation initiation site may be found within the sequence of
nucleotides 35355-42486 in SEQ ID NO. 17 particularly
within the sequence of nucleotides 37912-42486 and more
particularly within the sequence of nucleotides 37912-39288
of SEQ ID NO. 17 (see Coffman et al. (1993) Exp. Cell. Res.
209:123-132).

[0086] Cell lines containing MACs can be prepared by
transforming cells, preferably a stable cell line, with a heter-
ologous DNA fragment that encodes a selectable marker,
culturing under selective conditions, and identifying cells that
have a multicentric, typically dicentric, chromosome. These
cells can then be manipulated as described herein to produce
the minichromosomes and other MACs, particularly the het-
erochromatic SATACs, as described herein.

[0087] Development of a multicentric, particularly dicen-
tric, chromosome typically is effected through integration of
the heterologous DNA in the pericentric heterochromatin,
preferably in the centromeric regions of chromosomes carry-
ing rDNA sequences. Thus, the frequency of incorporation
can be increased by targeting to these regions, such as by
including DNA, including, but not limited to, rDNA or satel-
lite DNA, in the heterologous fragment that encodes the
selectable marker. Among the preferred targeting sequences
for directing the heterologous DNA to the pericentromeric
heterochromatin are rDNA sequences that target centromeric
regions of chromosomes that carry rRNA genes. Such
sequences include, but are not limited to, the DNA of SEQ ID
NO. 16 and GENBANK accession no. X82564 and portions
thereof, the DNA of SEQ ID NO. 17 and GENBANK acces-
sion no. U13369 and portions thereof, and the DNA of SEQ
IDNOS. 18-24. A particular vector incorporating from within
SEQ ID NO. 16 for use in directing integration of heterolo-
gous DNA into chromosomal rDNA is pTERPUD (see
Example 12). Satellite DNA sequences can also be used to
direct the heterologous DNA to integrate into the pericentric
heterochromatin. For example, vectors pTEMPUD and
pHASPUD, which contain mouse and human satellite DNA,
respectively, are provided herein (see Example 12) as exem-
plary vectors for introduction of heterologous DNA into cells
for de novo artificial chromosome formation.

[0088] The resulting cell lines can then be treated as the
exemplified cells herein to produce cells in which the dicen-
tric chromosome has fragmented. The cells can then be used
to introduce additional selective markers into the fragmented
dicentric chromosome (i.e., formerly dicentric chromosome),
whereby amplification of the pericentric heterochromatin
will produce the heterochromatic chromosomes.
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[0089] The following discussion describes this process
with reference to the EC3/7 line and the resulting cells. The
same procedures can be applied to any other cells, particu-
larly cell lines to create SATACs and euchromatic minichro-
mosomes.

[0090] 2. Formation of De Novo Chromosomes

[0091] De novo centromere formation in a transformed
mouse LMTK-fibroblast cell line (EC3/7) after cointegration
of'8 constructs (8CMS8 and 8gtWESneo) carrying human and
bacterial DNA (Hadlaczky et al. (1991) Proc. Natl. Acad. Sci.
U.S.A4. 88:8106-8110 and U.S. application Ser. No. 08/375,
271) has been shown. The integration of the “heterologous”
engineered human, bacterial and phage DNA, and the subse-
quent amplification of mouse and heterologous DNA that led
to the formation of a dicentric chromosome, occurred at the
centromeric region of the short arm of a mouse chromosome.
By G-banding, this chromosome was identified as mouse
chromosome 7. Because of the presence of two functionally
active centromeres on the same chromosome, regular break-
ages occur between the centromeres. Such specific chromo-
some breakages gave rise to the appearance (in approximately
10% of the cells) of a chromosome fragment carrying the
neo-centromere. From the EC3/7 cell line (see, U.S. Pat. No.
5,288,625, deposited at the European Collection of Animal
Cell Culture (hereinafter ECACC) under accession no.
90051001, see, also Hadlaczky et al., (1991) Proc. Natl.
Acad. Sci. U.S.A. 88:8106-8110, and U.S. application Ser.
No. 08/375,271 and the corresponding published European
application EP 0 473 253, two sublines (EC3/7C5 and EC3/
7C6) were selected by repeated single-cell cloning. In these
cell lines, the neo-centromere was found exclusively on a
minichromosome (neo-minichromosome), while the for-
merly dicentric chromosome carried traces of “heterologous™
DNA.

[0092] Ithas now been discovered that integration of DNA
encoding a selectable marker in the heterochromatic region of
the centromere led to formation of the dicentric chromosome.
[0093] 3. The Neo-Minichromosome

[0094] The chromosome breakage in the EC3/7 cells,
which separates the neo-centromere from the mouse chromo-
some, occurred in the G-band positive “heterologous” DNA
region. This is supported by the observation of traces of 8 and
human DNA sequences at the broken end of the formerly
dicentric chromosome. Comparing the G-band pattern of the
chromosome fragment carrying the neo-centromere with that
of the stable neo-minichromosome, it is apparent that the
neo-minichromosome is an inverted duplicate of the chromo-
some fragment that bears the neo-centromere. This is sup-
ported by the observation that although the neo-minichromo-
some carries only one functional centromere, both ends ofthe
minichromosome are heterochromatic, and mouse satellite
DNA sequences were found in these heterochromatic regions
by in situ hybridization.

[0095] Mouse cells containing the minichromosome,
which contains multiple repeats of the heterologous DNA,
which in the exemplified embodiment is 8 DNA and the
neomycin-resistance gene, can be used as recipient cells in
cell transformation. Donor DNA, such as selected heterolo-
gous DNA containing 8 DNA linked to a second selectable
marker, such as the gene encoding hygromycin phospho-
transferase which confers hygromycin resistance (hyg), can
be introduced into the mouse cells and integrated into the
minichromosomes by homologous recombination of 8 DNA
in the donor DNA with that in the minichromosomes. Inte-



US 2009/0263898 Al

gration is verified by in situ hybridization and Southern blot
analyses. Transcription and translation of the heterologous
DNA is confirmed by primer extension and immunoblot
analyses.

[0096] For example, DNA has been targeted into the neo-
minichromosome in EC3/7C5 cells using a 8 DNA-contain-
ing construct (pNeml ruc) that also contains DNA encoding
hygromycin resistance and the Renilla luciferase gene linked
to a promoter, such as the cytomegalovirus (CMV) early
promoter, and the bacterial neomycin resistance-encoding
DNA. Integration of the donor DNA into the chromosome in
selected cells (designated PHN4) was confirmed by nucleic
acid amplification (PCR) and in situ hybridization. Events
that would produce a neo-minichromosome are depicted in
FIG. 1.

[0097] The resulting engineered minichromosome that
contains the heterologous DNA can then be transferred by
cell fusion into a recipient cell line, such as Chinese hamster
ovary cells (CHO) and correct expression of the heterologous
DNA can be verified. Following production of the cells,
metaphase chromosomes are obtained, such as by addition of
colchicine, and the chromosomes purified by addition of AT-
and GC-specific dyes on a dual laser beam based cell sorter
(see Example 10B for a description of methods of isolating
artificial chromosomes). Preparative amounts of chromo-
somes (5x10%-5x107 chromosomes/ml) at a purity of 95% or
higher can be obtained. The resulting chromosomes are used
for delivery to cells by methods such as microinjection and
liposome-mediated transfer.

[0098] Thus, the neo-minichromosome is stably main-
tained in cells, replicates autonomously, and permits the per-
sistent long-term expression of the neo gene under non-se-
lective culture conditions. It also contains megabases of
heterologous known DNA (8 DNA in the exemplified
embodiments) that serves as target sites for homologous
recombination and integration of DNA of interest. The neo-
minichromosome is, thus, a vector for genetic engineering of
cells. It has been introduced into SCID mice, and shown to
replicate in the same manner as endogenous chromosomes.
[0099] The methods herein provide means to induce the
events that lead to formation of the neo-minichromosome by
introducing heterologous DNA with a selective marker (pref-
erably a dominant selectable marker) into cells and culturing
the cells under selective conditions. As a result, cells that
contain a multicentric, e.g., dicentric chromosome, or frag-
ments thereof, generated by amplification are produced. Cells
with the dicentric chromosome can then be treated to desta-
bilize the chromosomes with agents, such as BrdU and/or
culturing under selective conditions, resulting in cells in
which the dicentric chromosome has formed two chromo-
somes, a so-called minichromosome, and a formerly dicentric
chromosome that has typically undergone amplification in
the heterochromatin where the heterologous DNA has inte-
grated to produce a SATAC or a sausage chromosome (dis-
cussed below). These cells can be fused with other cells to
separate the minichromosome from the formerly dicentric
chromosome into different cells so that each type of MAC can
be manipulated separately.

[0100] 4. Preparation of SATACs

[0101] An exemplary protocol for preparation of SATACs
is illustrated in FIG. 2 (particularly D, E and F) and FIG. 3
(see, also the EXAMPLES, particularly EXAMPLES 4-7).
[0102] To prepare a SATAC, the starting materials are cells,
preferably a stable cell line, such as a fibroblast cell line, and
a DNA fragment that includes DNA that encodes a selective
marker. The DNA fragment is introduced into the cell by
methods of DNA transfer, including but not limited to direct
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uptake using calcium phosphate, electroporation, and lipid-
mediated transfer. To insure integration of the DNA fragment
in the heterochromatin, it is preferable to start with DNA that
will be targeted to the pericentric heterochromatic region of
the chromosome, such as 8CMS8 and vectors provided herein,
such as pTEMPUD (FIG. 5) and PHASPUD (see Example
12) that include satellite DNA, or specifically into rDNA in
the centromeric regions of chromosomes containing rDNA
sequences. After introduction of the DNA, the cells are grown
under selective conditions. The resulting cells are examined
and any that have multicentric, particularly dicentric, chro-
mosomes (or heterochromatic chromosomes or sausage chro-
mosomes or other such structure; see, FIGS. 2D, 2E and 2F)
are selected.

[0103] Inparticular,ifacell with a dicentric chromosomeis
selected, it can be grown under selective conditions, or, pref-
erably, additional DNA encoding a second selectable marker
is introduced, and the cells grown under conditions selective
for the second marker. The resulting cells should include
chromosomes that have structures similar to those depicted in
FIGS. 2D, 2E, 2F. Cells with a structure, such as the sausage
chromosome, FIG. 2D, can be selected and fused with a
second cell line to eliminate other chromosomes that are not
of interest. If desired, cells with other chromosomes can be
selected and treated as described herein. If a cell with a
sausage chromosome is selected, it can be treated with an
agent, such as BrdU, that destabilizes the chromosome so that
the heterochromatic arm forms a chromosome that is substan-
tially heterochromatic (i.e., a megachromosome, see, FIG.
2F). Structures such as the gigachromosome in which the
heterochromatic arm has amplified but not broken off from
the euchromatic arm, will also be observed. The megachro-
mosome is a stable chromosome. Further manipulation, such
as fusions and growth in selective conditions and/or BrdU
treatment or other such treatment, can lead to fragmentation
of the megachromosome to form smaller chromosomes that
have the amplicon as the basic repeating unit.

[0104] The megachromosome can be further fragmented in
vivo using a chromosome fragmentation vector, such as
pTEMPUD (see, FIG. 5 and EXAMPLE 12), PHASPUD or
pTERPUD (see Example 12) to ultimately produce a chro-
mosome that comprises a smaller stable replicable unit, about
15 Mb-60 Mb, containing one to four megareplicons.

[0105] Thus, the stable chromosomes formed de novo that
originate from the short arm of mouse chromosome 7 have
been analyzed. This chromosome region shows a capacity for
amplification of large chromosome segments, and promotes
de novo chromosome formation. Large-scale amplification at
the same chromosome region leads to the formation of dicen-
tric and multicentric chromosomes, a minichromosome, the
150-200 Mb size 8 neo-chromosome, the “sausage’ chromo-
some, the 500-1000 Mb gigachromosome, and the stable
250-400 Mb megachromosome.

[0106] A clear segmentation is observed along the arms of
the megachromosome, and analyses show that the building
units of this chromosome are amplicons of ~30 Mb composed
of mouse major satellite DNA with the integrated “foreign”
DNA sequences at both ends. The ~30 Mb amplicons are
composed of two ~15 Mb inverted doublets of ~7.5 Mb
mouse major satellite DNA blocks, which are separated from
each other by a narrow band of non-satellite sequences (see,
e.g., FIG. 3). The wider non-satellite regions at the amplicon
borders contain integrated, exogenous (heterologous) DNA,
while the narrow bands of non-satellite DNA sequences
within the amplicons are integral parts of the pericentric
heterochromatin of mouse chromosomes. These results indi-
catethat the ~7.5 Mb blocks flanked by non-satellite DNA are
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the building units of the pericentric heterochromatin of
mouse chromosomes, and the ~15 Mb size pericentric regions
of mouse chromosomes contain two ~7.5 Mb units.

[0107] Apart from the euchromatic terminal segments, the
whole megachromosome is heterochromatic, and has struc-
tural homogeneity. Therefore, this large chromosome offers a
unique possibility for obtaining information about the ampli-
fication process, and for analyzing some basic characteristics
of'the pericentric constitutive heterochromatin, as a vector for
heterologous DNA, and as a target for further fragmentation.

[0108] As shown herein, this phenomenon is generalizable
and can be observed with other chromosomes. Also, although
these de novo formed chromosome segments and chromo-
somes appear different, there are similarities that indicate that
a similar amplification mechanism plays a role in their for-
mation: (i) in each case, the amplification is initiated in the
centromeric region of the mouse chromosomes and large (Mb
size) amplicons are formed; (ii) mouse major satellite DNA
sequences are constant constituents of the amplicons, either
by providing the bulk of the heterochromatic amplicons
(H-type amplification), or by bordering the euchromatic
amplicons (E-type amplification); (iii) formation of inverted
segments can be demonstrated in the 8 neo-chromosome and
megachromosome; (iv) chromosome arms and chromosomes
formed by the amplification are stable and functional.

[0109] The presence of inverted chromosome segments
seems to be a common phenomenon in the chromosomes
formed de novo at the centromeric region of mouse chromo-
some 7. During the formation of the neo-minichromosome,
the event leading to the stabilization of the distal segment of
mouse chromosome 7 that bears the neo-centromere may
have been the formation of its inverted duplicate. Amplicons
of the megachromosome are inverted doublets of ~7.5 Mb
mouse major satellite DNA blocks.

[0110] 5. Cell Lines

[0111] Cell lines that contain MACs, such as the minichro-
mosome, the 8-neo chromosome, and the SATACs are pro-
vided herein or can be produced by the methods herein. Such
cell lines provide a convenient source of these chromosomes
and can be manipulated, such as by cell fusion or production
of microcells for fusion with selected cell lines, to deliver the
chromosome of interest into hybrid cell lines. Exemplary cell
lines are described herein and some have been deposited with
the ECACC.

[0112] a. EC3/7CS and EC3/7C6

[0113] Celllines EC3/7C5 and EC3/7C6 were produced by
single cell cloning of EC3/7. For exemplary purposes EC3/
7C5 has been deposited with the ECACC. These cell lines
contain a minichromosome and the formerly dicentric chro-
mosome from EC3/7. The stable minichromosomes in cell
lines EC3/7CS5 and EC3/7C6 appear to be the same and they
seem to be duplicated derivatives of the ~10-15 Mb “broken-
off” fragment of the dicentric chromosome. Their similar size
in these independently generated cell lines might indicate that
~20-30 Mb is the minimal or close to the minimal physical
size for a stable minichromosome.

[0114] b. TF1004G19

[0115] Introduction of additional heterologous DNA,
including DNA encoding a second selectable marker, hygro-
mycin phosphotransferase, i.e., the hygromycin-resistance
gene, and also a detectable marker, 3-galactosidase (i.e.,
encoded by the lacZ gene), into the EC3/7CS5 cell line and
growth under selective conditions produced cells designated
TF1004G19. In particular, this cell line was produced from
the EC3/7CS cell line by cotransfection with plasmids
pH132, which contains an anti-HIV ribozyme and hygromy-
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cin-resistance gene, pCH110 (encodes 3-galactosidase) and 8
phage (8cl 857 Sam 7) DNA and selection with hygromycin
B

[0116] Detailed analysis of the TF1004G19 cell line by in
situ hybridization with 8 phage and plasmid DNA sequences
revealed the formation of the sausage chromosome. The for-
merly dicentric chromosome of the EC3/7CS5 cell line trans-
located to the end of another acrocentric chromosome. The
heterologous DNA integrated into the pericentric heterochro-
matin of the formerly dicentric chromosome and is amplified
several times with megabases of mouse pericentric hetero-
chromatic satellite DNA sequences (FIG. 2D) forming the
“sausage” chromosome. Subsequently the acrocentric mouse
chromosome was substituted by a euchromatic telomere.
[0117] In situ hybridization with biotin-labeled subfrag-
ments of the hygromycin-resistance and 3-galactosidase
genes resulted in a hybridization signal only in the hetero-
chromatic arm of the sausage chromosome, indicating that in
TF1004G19 transformant cells these genes are localized in
the pericentric heterochromatin.

[0118] A high level of gene expression, however, was
detected. In general, heterochromatin has a silencing effect in
Drosophila, yeast and on the HSV-tk gene introduced into
satellite DNA at the mouse centromere. Thus, it was of inter-
est to study the TF1004G19 transformed cell line to confirm
that genes located in the heterochromatin were indeed
expressed, contrary to recognized dogma.

[0119] Forthis purpose, subclones of TF1004G19, contain-
ing a different sausage chromosome (see FIG. 2D), were
established by single cell cloning. Southern hybridization of
DNA isolated from the subclones with subfragments of
hygromycin phosphotransferase and lacZ genes showed a
close correlation between the intensity of hybridization and
the length of the sausage chromosome. This finding supports
the conclusion that these genes are localized in the hetero-
chromatic arm of the sausage chromosome.

[0120] (1) TF1004G-19C5

[0121] TF1004G-19C5 is a mouse LMTK™ fibroblast cell
line containing neo-minichromosomes and stable “sausage”
chromosomes. It is a subclone of TF1004G19 and was gen-
erated by single-cell cloning of the TF1004G19 cell line. It
has been deposited with the ECACC as an exemplary cell line
and exemplary source of a sausage chromosome. Subsequent
fusion of this cell line with CHO K20 cells and selection with
hygromycin and G418 and HAT (hypoxanthine, aminopterin,
and thymidine medium; see Szybalski et al. (1962) Proc.
Natl. Acad. Sci. 48:2026) resulted in hybrid cells (designated
19C5xHa4) that carry the sausage chromosome and the neo-
minichromosome. BrdU treatment of the hybrid cells, fol-
lowed by single cell cloning and selection with G418 and/or
hygromycin produced various cells that carry chromosomes
of interest, including GB43 and G3D5.

[0122] (2) Other Subclones

[0123] Cell lines GB43 and G3DS5 were obtained by treat-
ing 19C5xHa4 cells with BrdU followed by growth in G418-
containing selective medium and retreatment with BrdU. The
two cell lines were isolated by single cell cloning of the
selected cells. GB43 cells contain the neo-minichromosome
only. G3D5, which has been deposited with the ECACC,
carries the neo-minichromosome and the megachromosome.
Single cell cloning of this cell line followed by growth of the
subclones in G418- and hygromycin-containing medium
yielded subclones such as the GHB42 cell line carrying the
neo-minichromosome and the megachromosome. H1D3 is a
mouse-hamster hybrid cell line carrying the megachromo-
some, but no neo-minichromosome, and was generated by
treating 19C5xHa4 cells with BrdU followed by growth in



US 2009/0263898 Al

hygromycin-containing selective medium and single cell
subcloning of selected cells. Fusion of this cell line with the
CD4* HeLa cell line that also carries DNA encoding an
additional selection gene, the neomycin-resistance gene, pro-
duced cells (designated HI1xHE41 cells) that carry the mega-
chromosome as well as a human chromosome that carries
CDé4neo. Further BrdU treatment and single cell cloning pro-
duced cell lines, such as 1B3, that include cells with a trun-
cated megachromosome.

[0124] 5. DNA Constructs Used to Transform the Cells
[0125] Heterologous DNA can be introduced into the cells
by transfection or other suitable method at any stage during
preparation of the chromosomes (see, e.g., FIG. 4). In gen-
eral, incorporation of such DNA into the MACs is assured
through site-directed integration, such as may be accom-
plished by inclusion of 8-DNA in the heterologous DNA (for
the exemplified chromosomes), and also an additional selec-
tive marker gene. For example, cells containing a MAC, such
as the minichromosome or a SATAC, can be cotransfected
with a plasmid carrying the desired heterologous DNA, such
as DNA encoding an HIV ribozyme, the cystic fibrosis gene,
and DNA encoding a second selectable marker, such as
hygromycin resistance. Selective pressure is then applied to
the cells by exposing them to an agent that is harmful to cells
that do not express the new selectable marker. In this manner,
cells that include the heterologous DNA in the MAC are
identified. Fusion with a second cell line can provide a means
to produce cell lines that contain one particular type of chro-
mosomal structure or MAC.

[0126] Various vectors for this purpose are provided herein
(see, Examples) and others can be readily constructed. The
vectors preferably include DNA that is homologous to DNA
contained within a MAC in order to target the DNA to the
MAC for integration therein. The vectors also include a
selectable marker gene and the selected heterologous gene(s)
of'interest. Based on the disclosure herein and the knowledge
of the skilled artisan, one of skill can construct such vectors.
[0127] Of particular interest herein is the vector pTEM-
PUD and derivatives thereof that can target DNA into the
heterochromatic region of selected chromosomes. These vec-
tors can also serve as fragmentation vectors (see, e.g.,
Example 12).

[0128] Heterologous genes ofinterest include any gene that
encodes a therapeutic product and DNA encoding gene prod-
ucts of interest. These genes and DNA include, but are not
limited to: the cystic fibrosis gene (CF), the cystic fibrosis
transmembrane regulator (CFTR) gene (see, e.g., U.S. Pat.
No. 5,240,846; Rosenfeld et al. (1992) Cell 68:143-155;
Hyde et al. (1993) Nature 362: 250-255; Kerem et al. (1989)
Science 245:1073-1080; Riordan et al. (1989) Science 245:
1066-1072; Rommens et al. (1989) Science 245:1059-1065;
Osborne et al. (1991) Am. J. Hum. Genetics 48:6089-6122;
White et al. (1990) Nature 344:665-667; Dean et al. (1990)
Cell 61:863-870; Erlich et al. (1991) Science 252:1643; and
U.S. Pat. Nos. 5,453,357, 5,449,604, 5,434,086, and 5,240,
846, which provides a retroviral vector encoding the normal
CFTR gene).

[0129] B. Isolation of Artificial Chromosomes

[0130] The MAC:s provided herein can be isolated by any
suitable method known to those of skill in the art. Also,
methods are provided herein for effecting substantial purifi-
cation, particularly of the SATACs. SATACs have been iso-
lated by fluorescence-activated cell sorting (FACS). This
method takes advantage of the nucleotide base content of the
SATACs, which, by virtue of their high heterochromatic DNA
content, will differ from any other chromosomes in a cell. In
particular embodiment, metaphase chromosomes are isolated
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and stained with base-specific dyes, such as Hoechst 33258
and chromomycin A3. Fluorescence-activated cell sorting
will separate the SATACs from the endogenous chromo-
somes. A dual-laser cell sorter (FACS Vantage Becton Dick-
inson Immunocytometry Systems) in which two lasers were
set to excite the dyes separately, allowed a bivariate analysis
of'the chromosomes by base-pair composition and size. Cells
containing such SATACs can be similarly sorted.

[0131] Additional methods provided herein for isolation of
artificial chromosomes from endogenous chromosomes
include procedures that are particularly well suited for large-
scale isolation of artificial chromosomes such as SATACs. In
these methods, the size and density differences between
SATACs and endogenous chromosomes are exploited to
effect separation of these two types of chromosomes. Such
methods involve techniques such as swinging bucket cen-
trifugation, zonal rotor centrifugation, and velocity sedimen-
tation. Affinity-, particularly immunoaffinity-, based methods
for separation of artificial from endogenous chromosomes are
also provided herein. For example, SATACs, which are pre-
dominantly heterochromatin, may be separated from endog-
enous chromosomes through immunoaffinity procedures
involving antibodies that specifically recognize heterochro-
matin, and/or the proteins associated therewith, when the
endogenous chromosomes contain relatively little hetero-
chromatin, such as in hamster cells.

C. In Vitro Construction of Artificial Chromosomes

[0132] Artificial chromosomes can be constructed in vitro
by assembling the structural and functional elements that
contribute to a complete chromosome capable of stable rep-
lication and segregation alongside endogenous chromosomes
in cells. The identification of the discrete elements that in
combination yield a functional chromosome has made pos-
sible the in vitro generation of artificial chromosomes. The
process of in vitro construction of artificial chromosomes,
which can be rigidly controlled, provides advantages that
may be desired in the generation of chromosomes that, for
example, are required in large amounts or that are intended for
specific use in transgenic animal systems.

[0133] For example, in vitro construction may be advanta-
geous when efficiency of time and scale are important con-
siderations in the preparation of artificial chromosomes.
Because in vitro construction methods do not involve exten-
sive cell culture procedures, they may be utilized when the
time and labor required to transform, feed, cultivate, and
harvest cells used in in vivo cell-based production systems is
unavailable.

[0134] In vitro construction may also be rigorously con-
trolled with respect to the exact manner in which the several
elements of the desired artificial chromosome are combined
and in what sequence and proportions they are assembled to
yield a chromosome of precise specifications. These aspects
may be of significance in the production of artificial chromo-
somes that will be used in live animals where it is desirable to
be certain that only very pure and specific DNA sequences in
specific amounts are being introduced into the host animal.
[0135] The following describes the processes involved in
the construction of artificial chromosomes in vitro, utilizing a
megachromosome as exemplary starting material.

[0136] 1.Identification and Isolation of the Components of
the Artificial Chromosome

[0137] The MACs provided herein, particularly the
SATACs, are elegantly simple chromosomes for use in the
identification and isolation of components to be used in the in
vitro construction of artificial chromosomes. The ability to
purity MACs to a very high level of purity, as described
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herein, facilitates their use for these purposes. For example,
the megachromosome, particularly truncated forms thereof
(i.e. cell lines, such as 1B3 and mM2C1, which are derived
from H1D3 (deposited at the European Collection of Animal
Cell Culture (ECACC) under Accession No. 96040929, see
EXAMPLES below) serve as starting materials.

[0138] Forexample, the mM2C1 cell line contains a micro-
megachromosome (~50-60 kB), which advantageously con-
tains only one centromere, two regions of integrated heter-
ologous DNA with adjacent rDNA sequences, with the
remainder of the chromosomal DNA being mouse major sat-
ellite DNA. Other truncated megachromosomes can serve as
a source of telomeres, or telomeres can be provided (see,
Examples below regarding construction of plasmids contain-
ing tandemly repeated telomeric sequences). The centromere
of the mM2C1 cell line contains mouse minor satellite DNA,
which provides a useful tag for isolation of the centromeric
DNA.

[0139] Additional features of particular SATACs provided
herein, such as the micro-megachromosome of the mM2Cl1
cell line, that make them uniquely suited to serve as starting
materials in the isolation and identification of chromosomal
components include the fact that the centromeres of each
megachromosome within a single specific cell line are iden-
tical. The ability to begin with a homogeneous centromere
source (as opposed to a mixture of different chromosomes
having differing centromeric sequences) greatly facilitates
the cloning of the centromere DNA. By digesting purified
megachromosomes, particularly truncated megachromo-
somes, such as the micro-megachromosome, with appropri-
ate restriction endonucleases and cloning the fragments into
the commercially available and well known YAC vectors (see,
e.g., Burke et al. (1987) Science 236:806-812), BAC vectors
(see, e.g., Shizuya et al. (1992) Proc. Natl. Acad. Sci. U.S.A.
89: 8794-8797 bacterial artificial chromosomes which have a
capacity of incorporating 0.9-1 Mb of DNA) or PAC vectors
(the P1 artificial chromosome vector which is a P1 plasmid
derivative that has a capacity of incorporating 300 kb of DNA
and that is delivered to E. coli host cells by electroporation
rather than by bacteriophage packaging; see, e.g., loannou et
al. (1994) Nature Genetics 6:84-89; Pierce et al. (1992) Meth.
Enzymol. 216:549-574; Pierce et al. (1992) Proc. Natl. Acad.
Sci. U.S.A. 89:2056-2060; U.S. Pat. No. 5,300,431 and Inter-
national PCT application No. WO 92/14819) vectors, it is
possible for as few as 50 clones to represent the entire micro-
megachromosome.

[0140] a. Centromeres

[0141] An exemplary centromere for use in the construc-
tion of a mammalian artificial chromosome is that contained
within the megachromosome of any of the megachromo-
some-containing cell lines provided herein, such as, for
example, H1D3 and derivatives thereof, such as mM2Cl1
cells. Megachromosomes are isolated from such cell lines
utilizing, for example, the procedures described herein, and
the centromeric sequence is extracted from the isolated mega-
chromosomes. For example, the megachromosomes may be
separated into fragments utilizing selected restriction endo-
nucleases that recognize and cut at sites that, for instance, are
primarily located in the replication and/or heterologous DNA
integration sites and/or in the satellite DNA. Based on the
sizes of the resulting fragments, certain undesired elements
may be separated from the centromere-containing sequences.
The centromere-containing DNA, which could be as large as
1 Mb.
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[0142] Probes that specifically recognize the centromeric
sequences, such as mouse minor satellite DNA-based probes
(see, e.g., Wong et al. (1988) Nucl. Acids Res. 16:11645-
11661), may be used to isolate the centromere-containing
YAC, BAC or PAC clones derived from the megachromo-
some. Alternatively, or in conjunction with the direct identi-
fication of centromere-containing megachromosomal DNA,
probes that specifically recognize the non-centromeric ele-
ments, such as probes specific for mouse major satellite DNA,
the heterologous DNA and/or rDNA, may be used to identify
and eliminate the non-centromeric DNA-containing clones.
[0143] Additionally, centromere cloning methods
described herein may be utilized to isolate the centromere-
containing sequence of the megachromosome. For example,
Example 12 describes the use of YAC vectors in combination
with the murine tyrosinase gene and NMRI/Han mice for
identification of the centromeric sequence.

[0144] Once the centromere fragment has been isolated, it
may be sequenced and the sequence information may in turn
be used in PCR amplification of centromere sequences from
megachromosomes or other sources of centromeres. Isolated
centromeres may also be tested for function in vivo by trans-
ferring the DNA into a host mammalian cell. Functional
analysis may include, for example, examining the ability of
the centromere sequence to bind centromere-binding pro-
teins. The cloned centromere will be transferred to mamma-
lian cells with a selectable marker gene and the binding of a
centromere-specific protein, such as anti-centromere anti-
bodies (e.g., LU851, see, Hadlaczky et al. (1986) Exp. Cell
Res. 167:1-15) can be used to assess function of the cen-
tromeres.

[0145] b. Telomeres

[0146] Preferred telomeres are the 1 kB synthetic telomere
provided herein (see, Examples). A double synthetic telomere
construct, which contains a 1 kB synthetic telomere linked to
a dominant selectable marker gene that continues in an
inverted orientation may be used for ease of manipulation.
Such a double construct contains a series of TTAGGG repeats
3' of the marker gene and a series of repeats of the inverted
sequence, i.e., GGGATT, 5' of the marker gene as follows:
(GGGATTT),—dominant marker gene—(TTAGGG),,.
Using an inverted marker provides an easy means for inser-
tion, such as by blunt end ligation, since only properly ori-
ented fragments will be selected.

[0147] c. Megareplicator

[0148] The megareplicator sequences, such as the rDNA,
provided herein are preferred for use in in vitro constructs.
The rDNA provides an origin of replication and also provides
sequences that facilitate amplification of the artificial chro-
mosome in vivo to increase the size of the chromosome to, for
example accommodate increasing copies of a heterologous
gene of interest as well as continuous high levels of expres-
sion of the heterologous genes.

[0149] d. Filler Heterochromatin

[0150] Filler heterochromatin, particularly satellite DNA,
is included to maintain structural integrity and stability of the
artificial chromosome and provide a structural base for car-
rying genes within the chromosome. The satellite DNA is
typically A/T-rich DNA sequence, such as mouse major sat-
ellite DNA, or G/C-rich DNA sequence, such as hamster
natural satellite DNA. Sources of such DNA include any
eukaryotic organisms that carry non-coding satellite DNA
with sufficient A/T or G/C composition to promote ready
separation by sequence, such as by FACS, or by density



US 2009/0263898 Al

gradients. The satellite DNA may also be synthesized by
generating sequence containing monotone, tandem repeats of
highly A/T- or G/C-rich DNA units.

[0151] The most suitable amount of filler heterochromatin
for use in construction of the artificial chromosome may be
empirically determined by, for example, including segments
of various lengths, increasing in size, in the construction
process. Fragments that are too small to be suitable for use
will not provide for a functional chromosome, which may be
evaluated in cell-based expression studies, or will result in a
chromosome of limited functional lifetime or mitotic and
structural stability.

[0152] e. Selectable Marker

[0153] Any convenient selectable marker may be used and
at any convenient locus in the MAC.

[0154] 2. Combination of the Isolated Chromosomal Ele-
ments
[0155] Once the isolated elements are obtained, they may

be combined to generate the complete, functional artificial
chromosome. This assembly can be accomplished for
example, by in vitro ligation either in solution, LMP agarose
or on microbeads. The ligation is conducted so that one end of
the centromere is directly joined to a telomere. The other end
of the centromere, which serves as the gene-carrying chro-
mosome arm, is built up from a combination of satellite DNA
and rDNA sequence and may also contain a selectable marker
gene. Another telomere is joined to the end of the gene-
carrying chromosome arm. The gene-carrying arm is the site
at which any heterologous genes of interest, for example, in
expression of desired proteins encoded thereby, are incorpo-
rated either during in vitro construction of the chromosome or
sometime thereafter.

[0156] 3. Analysis and Testing of the Artificial Chromo-
some
[0157] Artificial chromosomes constructed in vitro may be

tested for functionality in in vivo mammalian cell systems,
using any of the methods described herein for the SATACs,
minichromosomes, or known to those of skill in the art.
[0158] 4. Introduction of Desired Heterologous DNA into
the In Vitro Synthesized Chromosome

[0159] Heterologous DNA may be introduced into the in
vitro synthesized chromosome using routine methods of
molecular biology, may be introduced using the methods
described herein for the SATACs, or may be incorporated into
the in vitro synthesized chromosome as part of one of the
synthetic elements, such as the heterochromatin. The heter-
ologous DNA may be linked to a selected repeated fragment,
and then the resulting construct may be amplified in vitro
using the methods for such in vitro amplification provided
herein (see the Examples).

[0160] D. Introduction of Artificial Chromosomes into
Cells, Tissues, Animals and Plants

[0161] Suitable hosts for introduction of the MACs pro-
vided herein, include, but are not limited to, any animal or
plant, cell or tissue thereof, including, but not limited to:
mammals, birds, reptiles, amphibians, insects, fish, arach-
nids, tobacco, tomato, wheat, plants and algae. The MACs, if
contained in cells, may be introduced by cell fusion or micro-
cell fusion or, if the MACs have been isolated from cells, they
may be introduced into host cells by any method known to
those of skill in this art, including but not limited to: direct
DNA transfer, electroporation, lipid-mediated transfer, e.g.,
lipofection and liposomes, microprojectile bombardment,
microinjection in cells and embryos, protoplast regeneration
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forplants, and any other suitable method (see, e.g., Weissbach
etal. (1988) Methods for Plant Molecular Biology, Academic
Press, N.Y., Section VIII, pp. 421-463; Grierson et al. (1988)
Plant Molecular Biology, 2d Ed., Blackie, London, Ch. 7-9;
see, also U.S. Pat. Nos. 5,491,075, 5,482,928, and 5,424,409,
see, also, e.g., U.S. Pat. No. 5,470,708, which describes par-
ticle-mediated transformation of mammalian unattached
cells).

[0162] Other methods for introducing DNA into cells
include nuclear microinjection and bacterial protoplast fusion
with intact cells. Polycations, such as polybrene and polyor-
nithine, may also be used. For various techniques for trans-
forming mammalian cells, see e.g., Keown et al. Methods in
Enzymology (1990) Vol. 185, pp. 527-537; and Mansour et al.
(1988) Nature 336:348-352.

[0163] For example, isolated, purified artificial chromo-
somes can be injected into an embryonic cell line such as a
human kidney primary embryonic cell line (ATCC accession
number CRL 1573) or embryonic stem cells (see, e.g., Hogan
etal. (1994) Manipulating the Mouse Embryo, A: Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., see, especially, pages 255-264 and Appendix
3).

[0164] Preferably the chromosomes are introduced by
microinjection, using a system such as the Eppendorf auto-
mated microinjection system, and grown under selective con-
ditions, such as in the presence of hygromycin B or neomycin.

[0165] 1. Methods for Introduction of Chromosomes into
Hosts
[0166] Depending on the host cell used, transformation is

done using standard techniques appropriate to such cells.
These methods include any, including those described herein,
known to those of skill in the art.

[0167] a. DNA Uptake

[0168] For mammalian cells that do not have cell walls, the
calcium phosphate precipitation method for introduction of
exogenous DNA (see, e.g., Graham et al. (1978) Virology
52:456-457, Wigler et al. (1979) Proc. Natl. Acad. Sci. U.S.A.
76:1373-1376; and Current Protocols in Molecular Biology,
Vol. 1, Wiley Inter-Science, Supplement 14, Unit 9.1.1-9.1.9
(1990)) is often preferred. DNA uptake can be accomplished
by DNA alone or in the presence of polyethylene glycol
(PEG-mediated gene transfer), which is a fusion agent, or by
any variations of such methods known to those of skill in the
art (see, e.g., U.S. Pat. No. 4,684,611).

[0169] Lipid-mediated carrier systems are also among the
preferred methods for introduction of DNA into cells (see,
e.g., Teifel et al. (1995) Biotechniques 19:79-80; Albrecht et
al. (1996) Ann. Hematol. 72:73-79; Holmen et al. (1995) In
Vitro Cell Dev. Biol. Anim. 31:347-351; Remy et al. (1994)
Bioconjug. Chem. 5:647-654; Le Bolc’h et al. (1995) Tetra-
hedron Lett. 36:6681-6684; Loeffler et al. (1993) Meth. Enzy-
mol. 217:599-618). Lipofection (see, e.g., Strauss (1996)
Meth. Mol. Biol. 54:307-327) may also be used to introduce
DNA into cells. This method is particularly well-suited for
transfer of exogenous DNA into chicken cells (e.g., chicken
blastodermal cells and primary chicken fibroblasts; see Bra-
zolot et al. (1991) Mol. Repro. Dev. 30:304-312). In particu-
lar, DNA of interest can be introduced into chickens in opera-
tive linkage with promoters from genes, such as lysozyme and
ovalbumin, that are expressed in the egg, thereby permitting
expression of the heterologous DNA in the egg.

[0170] Additional methods useful in the direct transfer of
DNA into cells include particle gun electrofusion (see, e.g.,
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U.S. Pat. Nos. 4,955,378, 4,923,814, 4,476,004, 4,906,576
and 4,441,972) and virion-mediated gene transfer.

[0171] A commonly used approach for gene transfer in land
plants involves the direct introduction of purified DNA into
protoplasts. The three basic methods for direct gene transfer
into plant cells include: 1) polyethylene glycol (PEG)-medi-
ated DNA uptake, 2) electroporation-mediated DNA uptake
and 3) microinjection. In addition, plants may be transformed
using ultrasound treatment (see, e.g., International PCT
application publication No. WO 91/00358).

[0172] b. Electroporation

[0173] Electroporation involves providing high-voltage
electrical pulses to a solution containing a mixture of proto-
plasts and foreign DNA to create reversible pores in the
membranes of plant protoplasts as well as other cells. Elec-
troporation is generally used for prokaryotes or other cells,
such as plants that contain substantial cell-wall barriers.
Methods for effecting electroporation are well known (see,
e.g., U.S. Pat. Nos. 4,784,737, 5,501,967, 5,501,662, 5,019,
034, 5,503,999; see, also Fromm et al. (1985) Proc. Natl.
Acad. Sci. U.S.A. 82:5824-5828).

[0174] For example, electroporation is often used for trans-
formation of plants (see, e.g., Ag Biotechnology News 7:3 and
17 (September/October 1990)). In this technique, plant pro-
toplasts are electroporated in the presence of the DNA of
interest that also includes a phenotypic marker. Electrical
impulses of high field strength reversibly permeabilize
biomembranes allowing the introduction of the plasmids.
Electroporated plant protoplasts reform the cell wall, divide,
and form plant callus. Transformed plant cells will be identi-
fied by virtue of the expressed phenotypic marker. The exog-
enous DNA may be added to the protoplasts in any form such
as, for example, naked linear, circular or supercoiled DNA,
DNA encapsulated in liposomes, DNA in spheroplasts, DNA
in other plant protoplasts, DNA complexed with salts, and
other methods.

[0175] c. Microcells

[0176] The chromosomes can be transferred by preparing
microcells containing an artificial chromosome and then fus-
ing with selected target cells. Methods for such preparation
and fusion of microcells are well known (see the Examples
and also see, e.g., U.S. Pat. Nos. 5,240,840, 4,806,476, 5,298,
429, 5,396,767, Fournier (1981) Proc. Natl. Acad. Sci. U.S.A.
78:6349-6353; and Lambert et al. (1991) Proc. Natl. Acad.
Sci. U.S.A. 88:5907-59). Microcell fusion, using microcells
that contain an artificial chromosome, is a particularly useful
method for introduction of MACs into avian cells, such as
DT40 chicken pre-B cells (for a description of DT40 cell
fusion, see, e.g., Dieken et al. (1996) Nature Genet. 12:174-
182).

[0177] 2. Hosts

[0178] Suitable hosts include any host known to be useful
for introduction and expression of heterologous DNA. Of
particular interest herein, animal and plant cells and tissues,
including, but not limited to insect cells and larvae, plants,
and animals, particularly transgenic (non-human) animals,
and animal cells. Other hosts include, but are not limited to
mammals, birds, particularly fowl such as chickens, reptiles,
amphibians, insects, fish, arachnids, tobacco, tomato, wheat,
monocots, dicots and algae, and any host into which intro-
duction of heterologous DNA is desired. Such introduction
can be effected using the MACs provided herein, or, if nec-
essary by using the MACs provided herein to identify spe-
cies-specific centromeres and/or functional chromosomal
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units and then using the resulting centromeres or chromo-
somal units as artificial chromosomes, or alternatively, using
the methods exemplified herein for production of MACs to
produce species-specific artificial chromosomes.

[0179] a. Introduction of DNA into Embryos for Produc-
tion of Transgenic (Non-Human) Animals and Introduction
of DNA into Animal Cells

[0180] Transgenic (non-human) animals can be produced
by introducing exogenous genetic material into a pronucleus
of'a mammalian zygote by microinjection (see, e.g., U.S. Pat.
Nos. 4,873,191 and 5,354,674, see, also, International PCT
application publication No. WO 95/14769, which is based on
U.S. application Ser. No. 08/159,084). The zygote is capable
of development into a mammal. The embryo or zygote is
transplanted into a host female uterus and allowed to develop.
Detailed protocols and examples are set forth below.

[0181] Nuclear transfer (see, Wilmut et al. (1997) Nature
385:810-813, International PCT application Nos. WO
97/07669 and WO 97/07668). Briefly in this method, the
SATAC containing the genes of interest is introduced by any
suitable method, into an appropriate donor cell, such as a
mammary gland cell, that contains totipotent nuclei. The
diploid nucleus of the cell, which is either in GO or G1 phase,
is then introduced, such as by cell fusion or microinjection,
into an unactivated obeyte, preferably enucleated cell, which
is arrested in the metaphase of the second meiotic division.
Enucleation may be effected by any suitable method, such as
actual removal, or by treating with means, such as ultraviolet
light, that functionally remove the nucleus. The o6cyte is then
activated, preferably after a period of contact, about 6-20
hours for cattle, of the new nucleus with the cytoplasm, while
maintaining correct ploidy, to produce a reconstituted
embryo, which is then introduced into a host. Ploidy is main-
tained during activation, for example, by incubating the
reconstituted cell in the presence of a microtubule inhibitor,
such as nocodazole, colchicine, colcemid, and taxol, whereby
the DNA replicates once.

[0182] Transgenic chickens canbe produced by injection of
dispersed blastodermal cells from Stage X chicken embryos
into recipient embryos at a similar stage of development (see
e.g., Etches etal. (1993) Poultry Sci. 72:882-889; Petitte et al.
(1990) Development 108:185-189). Heterologous DNA is
first introduced into the donor blastodermal cells using meth-
ods such as, for example, lipofection (see, e.g., Brazolot et al.
(1991) Mol. Repro. Dev. 30:304-312) or microcell fusion
(see, e.g., Dieken et al. (1996) Nature Genet. 12:174-182).
The transfected donor cells are then injected into recipient
chicken embryos (see e.g., Carsience et al. (1993) Develop-
ment 117: 669-675). The recipient chicken embryos within
the shell are candled and allowed to hatch to yield a germline
chimeric chicken.

[0183] DNA can be introduced into animal cells using any
known procedure, including, but not limited to: direct uptake,
incubation with polyethylene glycol (PEG), microinjection,
electroporation, lipofection, cell fusion, microcell fusion,
particle bombardment, including microprojectile bombard-
ment (see, e.g., U.S. Pat. No. 5,470,708, which provides a
method for transforming unattached mammalian cells via
particle bombardment), and any other such method. For
example, the transfer of plasmid DNA in liposomes directly
to human cells in situ has been approved by the FDA for use
in humans (see, e.g., Nabel, et al. (1990) Science 249:1285-
1288 and U.S. Pat. No. 5,461,032).
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[0184] b. Introduction of Heterologous DNA into Plants
[0185] Numerous methods for producing or developing
transgenic plants are available to those of skill in the art. The
method used is primarily a function of the species of plant.
These methods include, but are not limited to: direct transfer
of DNA by processes, such as PEG-induced DNA uptake,
protoplast fusion, microinjection, electroporation, and micro-
projectile bombardment (see, e.g., Uchimiya etal. (1989) J. of’
Biotech. 12: 1-20 for a review of such procedures, see, also,
e.g., U.S. Pat. Nos. 5,436,392 and 5,489,520 and many oth-
ers). For purposes herein, when introducing a MAC, micro-
injection, protoplast fusion and particle gun bombardment
are preferred.

[0186] Plant species, including tobacco, rice, maize, rye,
soybean, Brassica napus, cotton, lettuce, potato and tomato,
have been used to produce transgenic plants. Tobacco and
other species, such as petunias, often serve as experimental
models in which the methods have been developed and the
genes first introduced and expressed.

[0187] DNA uptake can be accomplished by DNA alone or
in the presence of PEG, which is a fusion agent, with plant
protoplasts or by any variations of such methods known to
those of skill in the art (see, e.g., U.S. Pat. No. 4,684,611 to
Schilperootet al.). Electroporation, which involves high-volt-
age electrical pulses to a solution containing a mixture of
protoplasts and foreign DNA to create reversible pores, has
been used, for example, to successfully introduce foreign
genes into rice and Brassica napus. Microinjection of DNA
into plant cells, including cultured cells and cells in intact
plant organs and embryoids in tissue culture and microprojec-
tile bombardment (acceleration of small high density par-
ticles, which contain the DNA, to high velocity with a particle
gun apparatus, which forces the particles to penetrate plant
cell walls and membranes) have also been used. All plant cells
into which DNA can be introduced and that can be regener-
ated from the transformed cells can be used to produce trans-
formed whole plants which contain the transferred artificial
chromosome. The particular protocol and means for introduc-
tion of the DNA into the plant host may need to be adapted or
refined to suit the particular plant species or cultivar.

[0188]
[0189] Insects are useful hosts for introduction of artificial
chromosomes for numerous reasons, including, but not lim-
ited to: (a) amplification of genes encoding useful proteins
can be accomplished in the artificial chromosome to obtain
higher protein yields in insect cells; (b) insect cells support
required post-translational modifications, such as glycosyla-
tion and phosphorylation, that can be required for protein
biological functioning; (¢) insect cells do not support mam-
malian viruses, and, thus, eliminate the problem of cross-
contamination of products with such infectious agents; (d)
this technology circumvents traditional recombinant bacu-
lovirus systems for production of nutritional, industrial or
medicinal proteins in insect cell systems; () the low tempera-
ture optimum for insect cell growth (28° C.) permits reduced
energy cost of production; (f) serum-free growth medium for
insect cells permits lower production costs; (g) artificial chro-
mosome-containing cells can be stored indefinitely at low
temperature; and (h) insect larvae will be biological factories
for production of nutritional, medicinal or industrial proteins
by microinjection of fertilized insect eggs (see, e.g., Joy et al.
(1991) Current Science 66:145-150, which provides a
method for microinjecting heterologous DNA into Bombyx
mori eggs).

c. Insect Cells
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[0190] Either MACs or insect-specific artificial chromo-
somes (BUGACs) will be used to introduce genes into
insects. As described in the Examples, it appears that MACs
will function in insects to direct expression of heterologous
DNA contained thereon. For example, as described in the
Examples,a MAC containing the B. mori actin gene promoter
fused to the lacZ gene has been generated by transfection of
EC3/7C5 cells with a plasmid containing the fusion gene.
Subsequent fusion of the B. mori cells with the transfected
EC3/7C5 cells that survived selection yielded a MAC-con-
taining insect-mouse hybrid cell line in which 3-galactosi-
dase expression was detectable.

[0191] Insecthost cells include, but are not limited to, hosts
such as Spodoptera frugiperda (caterpillar), Aedes aegypti
(mosquito), Aedes albopictus (mosquito), Drosphila melano-
gaster (fruiffly), Bombyx mori (silkworm), Manduca sexta
(tomato horn worm) and Trichoplusia ni (cabbage looper).
Efforts have been directed toward propagation of insect cells
in culture. Such efforts have focused on the fall armyworm,
Spodoptera frugiperda. Cell lines have been developed also
from other insects such as the cabbage looper, Trichoplusia ni
and the silkworm, Bombyx mori. It has also been suggested
that analogous cell lines can be created using the tomato
hornworm, Manduca sexta. To introduce DNA into an insect,
it should be introduced into the larvae, and allowed to prolit-
erate, and then the hemolymph recovered from the larvae so
that the proteins can be isolated therefrom.

[0192] The preferred method herein for introduction of arti-
ficial chromosomes into insect cells is microinjection (see,
e.g., Tamura et al. (1991) Bio Ind. 8:26-31; Nikolaev et al.
(1989) Mol. Biol. (Moscow) 23:1177-87; and methods exem-
plified and discussed herein).

E. Applications for and Uses of Artificial Chromosomes

[0193] Artificial chromosomes provide convenient and
useful vectors, and in some instances (e.g., in the case of very
large heterologous genes) the only vectors, for introduction of
heterologous genes into hosts. Virtually any gene of interest is
amenable to introduction into a host via artificial chromo-
somes. Such genes include, but are not limited to, genes that
encode receptors, cytokines, enzymes, proteases, hormones,
growth factors, antibodies, tumor suppressor genes, therapeu-
tic products and multigene pathways.

[0194] The artificial chromosomes provided herein will be
used in methods of protein and gene product production,
particularly using insects as host cells for production of such
products, and in cellular (e.g., mammalian cell) production
systems in which the artificial chromosomes (particularly
MAC:s) provide a reliable, stable and efficient means for
optimizing the biomanufacturing of important compounds
for medicine and industry. They are also intended for use in
methods of gene therapy, and for production of transgenic
plants and animals (discussed above, below and in the
EXAMPLES).

[0195] 1. Gene Therapy

[0196] Any nucleic acid encoding a therapeutic gene prod-
uct or product of a multigene pathway may be introduced into
a host animal, such as a human, or into a target cell line for
introduction into an animal, for therapeutic purposes. Such
therapeutic purposes include, genetic therapy to cure or to
provide gene products that are missing or defective, to deliver
agents, such as anti-tumor agents, to targeted cells or to an
animal, and to provide gene products that will confer resis-
tance or reduce susceptibility to a pathogen or ameliorate



US 2009/0263898 Al

symptoms of a disease or disorder. The following are some
exemplary genes and gene products. Such exemplification is
not intended to be limiting.

[0197] a. Anti-HIV Ribozymes

[0198] As exemplified below, DNA encoding anti-HIV
ribozymes can be introduced and expressed in cells using
MAC:s, including the euchromatin-based minichromosomes
and the SATACs. These MACs can be used to make a trans-
genic mouse that expresses a ribozyme and, thus, serves as a
model for testing the activity of such ribozymes or from
which ribozyme-producing cell lines can be made. Also,
introduction of a MAC that encodes an anti-HIV ribozyme
into human cells will serve as treatment for HIV infection.
Such systems further demonstrate the viability of using any
disease-specific ribozyme to treat or ameliorate a particular
disease.

[0199] b. Tumor Suppressor Genes

[0200] Tumor suppressor genes are genes that, in their
wild-type alleles, express proteins that suppress abnormal
cellular proliferation. When the gene coding for a tumor
suppressor protein is mutated or deleted, the resulting mutant
protein or the complete lack of tumor suppressor protein
expression may resultin a failure to correctly regulate cellular
proliferation. Consequently, abnormal cellular proliferation
may take place, particularly if there is already existing dam-
age to the cellular regulatory mechanism. A number of well-
studied human tumors and tumor cell lines have been shown
to have missing or nonfunctional tumor suppressor genes.
[0201] Examples of tumor suppression genes include, but
are not limited to, the retinoblastoma susceptibility gene or
RB gene, the p53 gene, the gene that is deleted in colon
carcinoma (i.e., the DCC gene) and the neurofibromatosis
type 1 (NF-1) tumor suppressor gene (see, e.g., U.S. Pat. No.
5,496,731; Weinberg et al. (1991) 254:1138-1146). Loss of
function or inactivation of tumor suppressor genes may play
a central role in the initiation and/or progression of a signifi-
cant number of human cancers.

[0202] The p53 Gene

[0203] Somatic cell mutations of the p53 gene are said to be
the most frequent of the gene mutations associated with
human cancer (see, e.g., Weinberg et al. (1991) Science 254:
1138-1146). The normal or wild-type p53 gene is a negative
regulator of cell growth, which, when damaged, favors cell
transformation. The p53 expression product is found in the
nucleus, where it may act in parallel or cooperatively with
other gene products. Tumor cell lines in which p53 has been
deleted have been successfully treated with wild-type p53
vector to reduce tumorigenicity (see, Baker et al. (1990)
Science 249:912-915).

[0204] DNA encoding the p53 gene and plasmids contain-
ing this DNA are well known (see, e.g., U.S. Pat. No. 5,260,
191; see, also Chen et al. (1990) Science 250:1576; Farrel et
al. (1991) EMBO J. 10:2879-2887; plasmids containing the
gene are available from the ATCC, and the sequence is in the
GenBank Database, accession nos. X54156, X60020,
M14695, M16494, K03199).

[0205] c¢. The CFTR Gene

[0206] Ciystic fibrosis (CF) is an autosomal recessive dis-
ease that affects epithelia of the airways, sweat glands, pan-
creas, and other organs. It is a lethal genetic disease associ-
ated with a defect in chloride ion transport, and is caused by
mutations in the gene coding for the cystic fibrosis transmem-
brane conductance regulator (CFTR), a 1480 amino acid pro-
tein that has been associated with the expression of chloride
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conductance in a variety of eukaryotic cell types. Defects in
CFTR destroy or reduce the ability of epithelial cells in the
airways, sweat glands, pancreas and other tissues to transport
chloride ions in response to cAMP-mediated agonists and
impair activation of apical membrane channels by cAMP-
dependent protein kinase A (PKA). Given the high incidence
and devastating nature of this disease, development of effec-
tive CF treatments is imperative.

[0207] The CFTR gene (~250 kb) can be transferred into a
MAC for use, for example, in gene therapy as follows. A
CF-YAC (see Green et al. Science 250:94-98) may be modi-
fied to include a selectable marker, such as a gene encoding a
protein that confers resistance to puromycin or hygromycin,
and 8-DNA for use in site-specific integration into a neo-
minichromosome or a SATAC. Such a modified CF-YAC can
be introduced into MAC-containing cells, such as EC3/7C5
or 19C5xHa4 cells, by fusion with yeast protoplasts harbor-
ing the modified CF-YAC or microinjection of yeast nuclei
harboring the modified CF-YAC into the cells. Stable trans-
formants are then selected on the basis of antibiotic resis-
tance. These transformants will carry the modified CF-YAC
within the MAC contained in the cells.

[0208] 2. Animals, Birds, Fish and Plants that are Geneti-
cally Altered to Possess Desired Traits Such as Resistance to
Disease

[0209] Artificial chromosomes are ideally suited for pre-
paring animals, including vertebrates and invertebrates,
including birds and fish as well as mammals, that possess
certain desired traits, such as, for example, disease resistance,
resistance to harsh environmental conditions, altered growth
patterns, and enhanced physical characteristics.

[0210] One example of the use of artificial chromosomes in
generating disease-resistant organisms involves the prepara-
tion of multivalent vaccines. Such vaccines include genes
encoding multiple antigens that can be carried in a MAC, or
species-specific artificial chromosome, and either delivered
to a host to induce immunity, or incorporated into embryos to
produce transgenic (non-human) animals and plants that are
immune or less susceptible to certain diseases.

[0211] Disease-resistant animals and plants may also be
prepared in which resistance or decreased susceptibility to
disease is conferred by introduction into the host organism or
embryo of artificial chromosomes containing DNA encoding
gene products (e.g., ribozymes and proteins that are toxic to
certain pathogens) that destroy or attenuate pathogens or limit
access of pathogens to the host.

[0212] Animals and plants possessing desired traits that
might, for example, enhance utility, processibility and com-
mercial value of the organisms in areas such as the agricul-
tural and ornamental plant industries may also be generated
using artificial chromosomes in the same manner as described
above for production of disease-resistant animals and plants.
In such instances, the artificial chromosomes that are intro-
duced into the organism or embryo contain DNA encoding
gene products that serve to confer the desired trait in the
organism.

[0213] Birds, particularly fowl such as chickens, fish and
crustaceans will serve as model hosts for production of
genetically altered organisms using artificial chromosomes.
[0214] 3. Use of MACs and Other Artificial Chromosomes
for Preparation and Screening of Libraries

[0215] Since large fragments of DNA can be incorporated
into each artificial chromosome, the chromosomes are well-
suited for use as cloning vehicles that can accommodate



US 2009/0263898 Al

entire genomes in the preparation of genomic DNA libraries,
which then can be readily screened. For example, MACs may
be used to prepare a genomic DNA library useful in the
identification and isolation of functional centromeric DNA
from different species of organisms. In such applications, the
MAC used to prepare a genomic DNA library from a particu-
lar organism is one that is not functional in cells of that
organism. That is, the MAC does not stably replicate, segre-
gate or provide for expression of genes contained within it in
cells of the organism. Preferably, the MACs contain an indi-
cator gene (e.g., the lacZ gene encoding 3-galactosidase or
genes encoding products that confer resistance to antibiotics
such as neomycin, puromycin, hygromycin) linked to a pro-
moter that is capable of promoting transcription of the indi-
cator gene in cells of the organism. Fragments of genomic
DNA from the organism are incorporated into the MACs, and
the MACs are transferred to cells from the organism. Cells
that contain MACs that have incorporated functional cen-
tromeres contained within the genomic DNA fragments are
identified by detection of expression of the marker gene.
[0216] 4. Use of MACS and Other Artificial Chromosomes
for Stable, High-Level Protein Production

[0217] Cells containing the MACs and/or other artificial
chromosomes provided herein are advantageously used for
production of proteins, particularly several proteins from one
cell line, such as multiple proteins involved in a biochemical
pathway or multivalent vaccines. The genes encoding the
proteins are introduced into the artificial chromosomes which
are then introduced into cells. Alternatively, the heterologous
gene(s) of interest are transterred into a production cell line
that already contains artificial chromosomes in a manner that
targets the gene(s) to the artificial chromosomes. The cells are
cultured under conditions whereby the heterologous proteins
are expressed. Because the proteins will be expressed at high
levels in a stable permanent extra-genomic chromosomal sys-
tem, selective conditions are not required.

[0218] Any transfectable cells capable of serving as recom-
binant hosts adaptable to continuous propagation in a cell
culture system (see, e.g., McLean (1993) Trends In Biotech.
11:232-238) are suitable for use in an artificial chromosome-
based protein production system. Exemplary host cell lines
include, but are not limited to, the following: Chinese hamster
ovary (CHO) cells (see, e.g., Zang et al. (1995) Biotechnology
13:389-392), HEK 293, Ltk~, COS-7, DG44, and BHK cells.
CHO cells are particularly preferred host cells. Selection of
host cell lines for use in artificial chromosome-based protein
production systems is within the skill of the art, but often will
depend on a variety of factors, including the properties of the
heterologous protein to be produced, potential toxicity of the
protein in the host cell, any requirements for post-transla-
tional modification (e.g., glycosylation, amination, phospho-
rylation) of the protein, transcription factors available in the
cells, the type of promoter element(s) being used to drive
expression of the heterologous gene, whether production will
be completely intracellular or the heterologous protein will
preferably be secreted from the cell, and the types of process-
ing enzymes in the cell.

[0219] The artificial chromosome-based system for heter-
ologous protein production has many advantageous features.
For example, as described above, because the heterologous
DNA is located in an independent, extra-genomic artificial
chromosome (as opposed to randomly inserted in an
unknown area of the host cell genome or located as extrach-
romosomal element(s) providing only transient expression) it

Oct. 22, 2009

is stably maintained in an active transcription unit and is not
subject to ejection via recombination or elimination during
cell division. Accordingly, it is unnecessary to include a selec-
tion gene in the host cells and thus growth under selective
conditions is also unnecessary. Furthermore, because the arti-
ficial chromosomes are capable of incorporating large seg-
ments of DNA, multiple copies of the heterologous gene and
linked promoter element(s) can be retained in the chromo-
somes, thereby providing for high-level expression of the
foreign protein(s). Alternatively, multiple copies of the gene
can be linked to a single promoter element and several difter-
ent genes may be linked in a fused polygene complex to a
single promoter for expression of, for example, all the key
proteins constituting a complete metabolic pathway (see, e.g.,
Beck von Bodman et al. (1995) Biotechnology 13:587-591).
Alternatively, multiple copies of a single gene can be opera-
tively linked to a single promoter, or each or one or several
copies may be linked to different promoters or multiple cop-
ies of the same promoter. Additionally, because artificial
chromosomes have an almost unlimited capacity for integra-
tion and expression of foreign genes, they can be used not
only for the expression of genes encoding end-products of
interest, but also for the expression of genes associated with
optimal maintenance and metabolic management of the host
cell, e.g., genes encoding growth factors, as well as genes that
may facilitate rapid synthesis of correct form of the desired
heterologous protein product, e.g., genes encoding process-
ing enzymes and transcription factors.

[0220] The MACS are suitable for expression of any pro-
teins or peptides, including proteins and peptides that require
in vivo posttranslational modification for their biological
activity. Such proteins include, but are not limited to antibody
fragments, full-length antibodies, and multimeric antibodies,
tumor suppressor proteins, naturally occurring or artificial
antibodies and enzymes, heat shock proteins, and others.
[0221] Thus, such cell-based “protein factories” employing
MAC:s can be generated using MACs constructed with mul-
tiple copies (theoretically an unlimited number or at least up
to anumber such that the resulting MAC is about up to the size
of a genomic chromosome (i.e., endogenous)) of protein-
encoding genes with appropriate promoters, or multiple
genes driven by a single promoter, i.e., a fused gene complex
(such as a complete metabolic pathway in plant expression
system; see, e.g., Beck von Bodman (1995) Biotechnology
13:587-591). Once such MAC is constructed, it can be trans-
ferred to a suitable cell culture system, such asa CHO cell line
in protein-free culture medium (see, e.g., (1995) Biotechnol-
ogy 13:389-39) or other immortalized cell lines (see, e.g.,
(1993) TIBTECH 11:232-238) where continuous production
can be established.

[0222] The ability of MACs to provide for high-level
expression of heterologous proteins in host cells is demon-
strated, for example, by analysis of the H1D3 and G3DS5 cell
lines described herein and deposited with the ECACC. North-
ern blot analysis of mRNA obtained from these cells reveals
that expression of the hygromycin-resistance and 3-galac-
tosidase genes in the cells correlates with the amplicon num-
ber of the megachromosome(s) contained therein.

[0223] F. Methods for the Synthesis of DNA Sequences
Containing Repeated DNA Units

[0224] Generally, assembly of tandemly repeated DNA
poses difficulties such as unambiguous annealing of the
complementary oligos. For example, separately annealed
products may ligate in an inverted orientation. Additionally,
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tandem or inverted repeats are particularly susceptible to
recombination and deletion events that may disrupt the
sequence. Selection of appropriate host organisms (e.g., rec”
strains) for use in the cloning steps of the synthesis of
sequences of tandemly repeated DNA units may aid in reduc-
tion and elimination of such events.

[0225] Methods are provided herein for the synthesis of
extended DNA sequences containing repeated DNA units.
These methods are particularly applicable to the synthesis of
arrays of tandemly repeated DNA units, which are generally
difficult or not possible to construct utilizing other known
gene assembly strategies. A specific use of these methods is in
the synthesis of sequences of any length containing simple
(e.g., ranging from 2-6 nucleotides) tandem repeats (such as
telomeres and satellite DNA repeats and trinucleotide repeats
of possible clinical significance) as well as complex repeated
DNA sequences. An particular example of the synthesis of a
telomere sequence containing over 150 successive repeated
hexamers utilizing these methods is provided herein.

[0226] The methods provided herein for synthesis of arrays
of tandem DNA repeats are based in a series of extension
steps in which successive doublings of a sequence of repeats
results in an exponential expansion of the array of tandem
repeats. These methods provide several advantages over pre-
viously known methods of gene assembly. For instance, the
starting oligonucleotides are used only once. The intermedi-
ates in, as well as the final product of, the construction of the
DNA arrays described herein may be obtained in cloned form
in a microbial organism (e.g., E. coli and yeast). Of particular
significance, with regard to these methods is the fact that
sequence length increases exponentially, as opposed to lin-
early, in each extension step of the procedure even though
only two oligonucleotides are required in the methods. The
construction process does not depend on the compatibility of
restriction enzyme recognition sequences and the sequence of
the repeated DNA because restriction sites are used only
temporarily during the assembly procedure. No adaptor is
necessary, though a region of similar function is located
between two of the restriction sites employed in the process.
The only limitation with respect to restriction site use is that
the two sites employed in the method must not be present
elsewhere in the vector utilized in any cloning steps. These
procedures can also be used to construct complex repeats with
perfectly identical repeat units, such as the variable number
tandem repeat (VN'TR) 3' of the human apolipoprotein B100
gene (a repeat unit of 30 bp, 100% AT) or alphoid satellite
DNA.

[0227] The method of synthesizing DNA sequences con-
taining tandem repeats may generally be described as fol-
lows.

[0228] 1. Starting Materials

[0229] Two oligonucleotides are utilized as starting mate-
rials. Oligonucleotide 1 is of length k of repeated sequence
(the flanks of which are not relevant) and contains a relatively
short stretch (60-90 nucleotides) of the repeated sequence,
flanked with appropriately chosen restriction sites:

5 -Slee>ee>eeo302235225>5552>>>>52 3!

wherein S1 is restriction site 1 cleaved by E1 (preferably an
enzyme producing a 3'-overhang (e.g., Pacl, Pstl, Sphl, Nsil,
etc.) or blunt-end), S2 is a second restriction site cleaved by
E2 (preferably an enzyme producing a 3'-overhang or one that
cleaves outside the recognition sequence, such as TspRI),
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>represents a simple repeatunit, and ‘_’ denotes a short (8-10)
nucleotide flanking sequence complementary to oligonucle-
otide 2:

3'- S3-5!

wherein S3 is a third restriction site for enzyme E3 and which
is present in the vector to be used during the construction.

[0230] Because there is a large variety of restriction
enzymes that recognize many different DNA sequences as
cleavage sites, it should always be possible to select sites and
enzymes (preferably those that yield a 3'-protruding end)
suitable for these methods in connection with the synthesis of
any one particular repeat array. In most cases, only 1 (or
perhaps 2) nucleotide(s) has of a restriction site is required to
be present in the repeat sequence, and the remaining nucle-
otides of the restriction site can be removed, for example:

PacI: TTAAT/TAA-- (Klenow/dNTP) TAA-
PstI: CTGCA/G-- (Klenow/dNTP) G-
NsilI: ATGCA/T-- (Klenow/dNTP) T-
KpnI: GGTAC/C-- (Klenow/dNTP) C--
[0231] Though there is no known restriction enzyme leav-

ing a single A behind, this problem can be solved with
enzymes leaving behind none at all, for example:

Tail: ACGT/ (Klenow/dNTP) --

Nlalll: CATG/ (Klenow/dNTP) --

Additionally, if mung bean nuclease is used instead of Kle-
now, then the following:

Xbal: T/CTAGA Mung bean nuclease A--

[0232] Furthermore, there are a number of restriction
enzymes that cut outside of the recognition sequence, and in
this case, there is no limitation at all:

TspRI NNCAGTGNN/ - - (Klenow/dNTP) --
BemI GAATG CN/-- (Klenow/dNTP) --
CTTAC/GN- - (Klenow/dNTP) --

[0233] 2. Step 1—Annealing

[0234] Oligonucleotides 1 and 2 are annealed at a tempera-
ture selected depending on the length of overlap (typically in
the range of 30-65° C.).

[0235] 3. Step 2—Generating a Double-Stranded Molecule

[0236] The annealed oligonucleotides are filled-in with
Klenow polymerase in the presence of ANTP to produce a
double-stranded (ds) sequence:

5! -S1>555550000000000 0005552 S3-3!

3! -8 1<K CCLLLLLLLLILLCLLLILLLLLLCL<<S2 S3-5!
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[0237] 4. Step 3—Incorporation of Double-Stranded DNA
into a Vector
[0238] The double-stranded DNA is cleaved with restric-

tion enzymes El1 and E3 and subsequently ligated into a
vector (e.g., pUC19 or a yeast vector) that has been cleaved
with the same enzymes E1 and E3. The ligation product is
used to transform competent host cells compatible with the
vector being used (e.g., when pUC19 is used, bacterial cells
suchas E. coli DH5Y are suitable hosts) which are then plated
onto selection plates. Recombinants can be identified either
by color (e.g., by X-gal staining for 3-galactosidase expres-
sion) or by colony hybridization using >*P-labeled oligo-
nucleotide 2 (detection by hybridization to oligonucleotide 2
is preferred because its sequence is removed in each of the
subsequent extension steps and thus is present only in recom-
binants that contain DNA that has undergone successful
extension of the repeated sequence).

[0239] 5. Step 4—Isolation of Insert from the Plasmid
[0240] An aliquot of the recombinant plasmid containing k
nucleotides of the repeat sequence is digested with restriction
enzymes E1 and E3, and the insert is isolated on a gel (native
polyacrylamide while the insert is short, but agarose can be
used for isolation of longer inserts in subsequent steps). A
second aliquot of the recombinant plasmid is cut with
enzymes E2 (treated with Klenow and dNTP to remove the
3'-overhang) and E3, and the large fragment (plasmid DNA
plus the insert) is isolated.

[0241] 6. Step 5—Extension of the DNA Sequence of k
Repeats
[0242] The two DNAs (the S1-S3 insert fragment and the

vector plus insert) are ligated, plated to selective plates, and
screened for extended recombinants as in Step 3. Now the
length of the repeat sequence between restriction sites is
twice that of the repeat sequence in the previous step, i.e.,
2xk.

[0243] 7. Step 6—Extension of the DNA Sequence of 2xk
Repeats
[0244] Steps 4 and 5 are repeated as many times as needed

to achieve the desired repeat sequence size. In each extension
cycle, the repeat sequence size doubles, i.e., if m is the num-
ber of extension cycles, the size of the repeat sequence will be
kx2™ nucleotides.

[0245] The following examples are included for illustrative
purposes only and are not intended to limit the scope of the
invention.

Example 1
General Materials and Methods

[0246] The following materials and methods are exemplary
of methods that are used in the following Examples and that
can be used to prepare cell lines containing artificial chromo-
somes. Other suitable materials and methods known to those
of skill in the art may used. Modifications of these materials
and methods known to those of skill in the art may also be
employed.

[0247] A. Culture of Cell Lines, Cell Fusion, and Transfec-
tion of Cells
[0248] 1. Chinese hamster K-20 cells and mouse A9 fibro-

blast cells were cultured in F-12 medium. EC3/7 (see, U.S.
Pat. No. 5,288,625, and deposited at the European Collection
of Animal cell Culture (ECACC) under accession no.
90051001, see, also Hadlaczky etal. (1991) Proc. Natl. Acad.
Sci. US.A. 88:8106-8110 and U.S. application Ser. No.
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08/375,271) and EC3/7CS5 (see, U.S. Pat. No. 5,288,625 and
Praznovszky et al. (1991) Proc. Natl. Acad. Sci. U.S.A.
88:11042-11046) mouse cell lines, and the KE1-2/4 hybrid
cell line were maintained in F-12 medium containing 400:g/
ml G418 (SIGMA, St. Louis, Mo.).

[0249] 2. TF1004G19 and TF1004G-19C5 mouse cells,
described below, and the 19C5xHa4 hybrid, described below,
and its sublines were cultured in F-12 medium containing up
to 400:g/ml Hygromycin B (Calbiochem). LP11 cells were
maintained in F-12 medium containing 3-15:g/ml Puromycin
(SIGMA, St. Louis, Mo.).

[0250] 3. Cotransfection of EC3/7CS5 cells with plasmids
(pH132, pCH110 available from Pharmacia, see, also Hall et
al. (1983) J. Mol. Appl. Gen. 2:101-109) and with 8 DNA was
conducted using the calcium phosphate DNA precipitation
method (see, e.g., Chen et al. (1987) Mol. Cell. Biol. 7:2745-
2752), using 2-5:g plasmid DNA and 20:g 8 phage DNA per
5 1 10° recipient cells.

[0251] 4. Cell Fusion

[0252] Mouse and hamster cells were fused using polyeth-
ylene glycol (Davidson et al. (1976) Som. Cell Genet. 2:165-
176). Hybrid cells were selected in HAT medium containing
400:g/ml Hygromycin B.

[0253] Approximately 2x10” recipient and 2x10° donor
cells were fused using polyethylene glycol (Davidson et al.
(1976) Som. Cell Genet. 2:165-176). Hybrids were selected
and maintained in F-12/HAT medium (Szybalsky et al.
(1962) Natl. Cancer Inst. Monogr. 7:75-89) containing 10%
FCS and 400:g/ml G418. The presence of “parental” chro-
mosomes in the hybrid cell lines was verified by in situ
hybridization with species-specific probes using biotin-la-
beled human and hamster genomic DNA, and a mouse long
interspersed repetitive DNA (pMCPE1.51).

[0254]

[0255] Microcell-mediated transfer of artificial chromo-
somes from EC3/7CS cells to recipient cells was done accord-
ing to Saxon et al. ((1985) Mol. Cell. Biol. 1:140-146) with
the modifications of Goodfellow et al. ((1989) Techniques for
mammalian genome transfer. In Genome Analysis a Practical
Approach. K. E. Davies, ed., IRL Press, Oxford, Washington
D.C. pp. 1-17) and Yamada et al. ((1990) Oncogene 5:1141-
1147). Briefly, 5x10% EC3/7C5 cells in a T25 flask were
treated first with 0.05:g/ml colcemid for 48 hr and then with
10:g/ml cytochalasin B for 30 min. The T25 flasks were
centrifuged on edge and the pelleted microcells were sus-
pended in serum free DME medium. The microcells were
filtered through first a 5 micron and then a 3 micron polycar-
bonate filter, treated with 50:g/ml of phytohemagglutin, and
used for polyethylene glycol mediated fusion with recipient
cells. Selection of cells containing the MMCneo was started
48 hours after fusion in medium containing 400-800:g/ml
G418.

[0256] Microcells were also prepared from 1B3 and
GHB42 donor cells as follows in order to be fused with
E2D6K cells (a CHO K-20 cell line carrying the puromycin
N-acetyltransferase gene, i.e., the puromycin resistance gene,
under the control of the SV40 early promoter). The donor
cells were seeded to achieve 60-75% confluency within 24-36
hours. After that time, the cells were arrested in mitosis by
exposure to colchicine (10:g/ml) for 12 or 24 hours to induce
micronucleation. To promote micronucleation of GHB42
cells, the cells were exposed to hypotonic treatment (10 min

5. Microcell Fusion
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at 378C). After colchicine treatment, or after colchicine and
hypotonic treatment, the cells were grown in colchicine-free
medium.

[0257] The donor cells were trypsinized and centrifuged
and the pellets were suspended in a 1:1 Percoll medium and
incubated for 30-40 min at 37C. After the incubation, 1-3x
107 cells (60-70% micronucleation index) were loaded onto
each Percoll gradient (each fusion was distributed on 1-2
gradients). The gradients were centrifuged at 19,000 rpm for
80 min in a Sorvall SS-34 rotor at 34-37&C. After centrifuga-
tion, two visible bands of cells were removed, centrifuged at
2000 rpm, 10 min at 48C, resuspended and filtered through
8:m pore size nucleopore filters.

[0258] The microcells prepared from the 1B3 and GHB42
cells were fused with E2D6K. The E2D6K cells were gener-
ated by CaPO, transfection of CHO K-20 cells with
pCHTV2. Plasmid pCHTV2 contains the puromycin-resis-
tance gene linked to the SV40 promoter and polyadenylation
signal, the Saccharomyces cerevisiae URA3 gene, 2.4- and
3.2-kb fragments of a Chinese hamster chromosome 2-spe-
cific satellite DNA (HC-2 satellite; see Fatyol et al. (1994)
Nuc. Acids Res. 22:3728-3736), two copies of the diphtheria
toxin-A chain gene (one linked to the herpes simplex virus
thymidine kinase (HSV-TK) gene promoter and SV40 poly-
adenylation signal and the other linked to the HSV-TK pro-
moter without a polyadenylation signal), the ampicillin-resis-
tance gene and the ColE1 origin of replication. Following
transfection, puromycin-resistant colonies were isolated. The
presence of the pPCHTV2 plasmid in the E2D6K cell line was
confirmed by nucleic acid amplification of DNA isolated
from the cells.

[0259] The purified microcells were centrifuged as
described above and resuspended in 2 ml of phytohemagglu-
tinin-P (PHA-P, 100:g/ml). The microcell suspension was
then added to a 60-70% confluent recipient culture of E2D6K
cells. The preparation was incubated at room temperature for
30-40 min to agglutinate the microcells. After the PHA-P was
removed, the cells were incubated with 1 ml of 50% polyeth-
yleneglycol (PEG) for one min. The PEG was removed and
the culture was washed three times with F-12 medium with-
out serum. The cells were incubated in non-selective medium
for 48-60 hours. After this time, the cell culture was
trypsinized and plated in F-12 medium containing 400:g/ml
hygromycin B and 10 g/ml puromycin to select against the
parental cell lines.

[0260] Hybrid clones were isolated from the cells that had
been cultured in selective medium. These clones were then
analyzed for expression of 3-galactosidase by the X-gal stain-
ing method. Four of five hybrid clones analyzed that had been
generated by fusion of GHB42 microcells with E2D6K cells
yielded positive staining results indicating expression of
J-galactosidase from the lacZ gene contained in the megach-
romosome contributed by the GHB42 cells. Similarly, a
hybrid clone that had been generated by fusion of 1B3 micro-
cells with E2D6K cells yielded positive staining results indi-
cating expression of 3-galactosidase from the lacZ gene con-
tained in the megachromosome contributed by the 1B3 cells.
In situ hybridization analysis of the hybrid clones is also
performed to analyze the mouse chromosome content of the
mouse-hamster hybrid cells.

[0261] B. Chromosome Banding

[0262] Trypsin G-banding of chromosomes was performed
using the method of Wang & Fedoroff ((1972) Nature 235:
52-54), and the detection of constitutive heterochromatin
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with the BSG. C-banding method was done according to
Sumner ((1972) Exp. Cell Res. 75:304-306). For the detection
of chromosome replication by bromodeoxyuridine (BrdU)
incorporation, the Fluorescein Plus Giemsa (FPG) staining
method of Perry & Wolff ((1974) Nature 251:156-158) was
used.

[0263] C. Immunolabelling of Chromosomes and In Situ
Hybridization
[0264] Indirect immunofluorescence labelling with human

anti-centromere serum [LU8S51 (Hadlaczky et al. (1986) Exp.
Cell Res. 167:1-15), and indirect immunofluorescence and in
situ hybridization on the same preparation were performed as
described previously (see, Hadlaczky et al. (1991) Proc. Natl.
Acad. Sci. U.S.A. 88:8106-8110, see, also U.S. application
Ser. No. 08/375,271). Immunolabelling with fluorescein-
conjugated anti-BrdU monoclonal antibody (Boehringer)
was performed according to the procedure recommended by
the manufacturer, except that for treatment of mouse A9 chro-
mosomes, 2 M hydrochloric acid was used at 37° C. for 25
min, and for chromosomes of hybrid cells, 1 M hydrochloric
acid was used at 37° C. for 30 min.

[0265] D. Scanning Flectron Microscopy

[0266] Preparation of mitotic chromosomes for scanning
electron microscopy using osmium impregnation was per-
formed as described previously (Sumner (1991) Chromo-
soma 100:410-418). The chromosomes were observed with a
Hitachi S-800 field emission scanning electron microscope
operated with an accelerating voltage of 25 kV.

[0267] E.DNA Manipulations, Plasmids and Probes
[0268] 1. General Methods
[0269] All general DNA manipulations were performed by

standard procedures (see, e.g., Sambrook et al. (1989)
Molecular cloning: A Laboratory Manual Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, N.Y.). The mouse
major satellite probe was provided by Dr. J. B. Rattner (Uni-
versity of Calgary, Alberta, Canada). Cloned mouse satellite
DNA probes (see Wong et al. (1988) Nucl. Acids Res.
16:11645-11661), including the mouse major satellite probe,
were gifts from Dr. J. B. Rattner, University of Calgary.
Hamster chromosome painting was done with total hamster
genomic DNA, and a cloned repetitive sequence specific to
the centromeric region of chromosome 2 (Fatyol et al. (1994)
Nucl. Acids Res. 22:3728-3736) was also used. Mouse chro-
mosome painting was done with a cloned long interspersed
repetitive sequence (pMCP1.51) specific for the mouse
euchromatin.

[0270] For cotransfection and for in situ hybridization, the
pCH110 J-galactosidase construct (Pharmacia or Invitro-
gen), and 8cl 857 Sam7 phage DNA (New England Biolabs)
were used.

[0271] 2. Construction of Plasmid pPuroTel

[0272] Plasmid pPuroTel, which carries a Puromycin-resis-
tance gene and a cloned 2.5 kb human telomeric sequence
(see SEQ ID No. 3), was constructed from the pBabe-puro
retroviral vector (Morgenstern et al. (1990) Nucl. Acids Res.
18:3587-3596; provided by Dr. L. Szekely (Microbiology
and Tumorbiology Center, Karolinska Institutet, Stockholm);
see, also Tonghua et al. (1995) Chin. Med. J. (Beijing, Engl.
Ed.) 108:653-659; Couto et al. (1994) Infect. Immun.
62:2375-2378; Dunckley et al. (1992) FEBS Lett. 296:128-
34; French et al. (1995) Aral. Biochem. 228:354-355; Liu et
al. (1995) Blood 85:1095-1103; International PCT applica-
tion Nos. WO 9520044; WO 9500178, and WO 9419456).
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[0273] F. Deposited Cell Lines

[0274] Cell lines KE1-2/4, EC3/7C5, TF1004G19CS5,
19C5xHa4, G3D5 and H1D3 have been deposited in accord
with the Budapest Treaty at the European Collection of Ani-
mal Cell Culture (ECACC) under Accession Nos. 96040924,
96040925, 96040926, 96040927, 96040928 and 96040929,
respectively. The cell lines were deposited on Apr. 9, 1996, at
the European Collection of Animal Cell Cultures (ECACC)
Vaccine Research and Production Laboratory, Public Health
Laboratory Service, Centre for Applied Microbiology and
Research, Porton Down, Salisbury, Wiltshire SP4 0JG,
United Kingdom. The deposits were made in the name of
GyulaHadlaczky of H.6723, SZEGED, SZAMOS U.1.A. IX.
36. HUNGARY, who has authorized reference to the depos-
ited cell lines in this application.

Example 2

Preparation of EC3/7, EC3/7C5 and Related Cell
Lines

[0275] The EC3/7 cell line is an LMTK™ mouse cell line
that contains the neo-centromere. The EC3/7C5 cell line is a
single-cell subclone of EC3/7 that contains the neo-minichro-
mosome.

[0276] A.EC3/7 Cell Line

[0277] As described in U.S. Pat. No. 5,288,625 (see, also
Praznovszky et al. (1991) Proc. Natl. Acad. Sci. U.S.A.
88:11042-11046 and Hadlaczky et al. (1991) Proc. Natl.
Acad. Sci. U.S.A. 88:8106-8110) de novo centromere forma-
tion occurs in a transformed mouse LMTK™ fibroblast cell
line (EC3/7) after cointegration of 8 constructs (8CMS8 and
8gtWESneo) carrying human and bacterial DNA.

[0278] By cotransfection of'a 14 kb human DNA fragment
cloned in 8 (8CMS8) and a dominant marker gene
(8gtWESneo), a selectable centromere linked to a dominant
marker gene (neo-centromere) was formed in mouse LMTK™
cellline EC3/7 (Hadlaczky et al. (1991) Proc. Natl. Acad. Sci.
U.S.A. 88:8106-8110, see FIG. 1). Integration of the heter-
ologous DNA (the 8 DNA and marker gene-encoding DNA)
occurred into the short arm of an acrocentric chromosome
(chromosome 7 (see, FIG. 1B)), where an amplification pro-
cess resulted in the formation of the new centromere (neo-
centromere (see FIG. 1C)). On the dicentric chromosome
(FIG. 1C), the newly formed centromere region contains all
the heterologous DNA (human, 8, and bacterial) introduced
into the cell and an active centromere.

[0279] Having two functionally active centromeres on the
same chromosome causes regular breakages between the cen-
tromeres (see, FIG. 1E). The distance between the two cen-
tromeres on the dicentric chromosome is estimated to be
~10-15 Mb, and the breakage that separates the minichromo-
some occurred between the two centromeres. Such specific
chromosome breakages result in the appearance (in approxi-
mately 10% of the cells) of a chromosome fragment that
carries the neo-centromere (FIG. 1F). This chromosome frag-
ment is principally composed of human, 8, plasmid, and
neomycin-resistance gene DNA, but it also has some mouse
chromosomal DNA. Cytological evidence suggests that dur-
ing the stabilization of the MMCneo, there was an inverted
duplication of the chromosome fragment bearing the neo-
centromere. The size of minichromosomes in cell lines con-
taining the MMCneo is approximately 20-30 Mb; this finding
indicates a two-fold increase in size.
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[0280] From the EC3/7 cell line, which contains the dicen-
tric chromosome (FIG. 1E), two sublines (EC3/7C5 and EC3/
7C6) were selected by repeated single-cell cloning. In these
cell lines, the neo-centromere was found exclusively on a
small chromosome (neo-minichromosome), while the for-
merly dicentric chromosome carried detectable amounts of
the exogenously-derived DNA sequences but not an active
neo-centromere (FIGS. 1F and 1G).

[0281] The minichromosomes of cell lines EC3/7C5 and
EC3/7C6 are similar. No differences are detected in their
architectures at either the cytological or molecular level. The
minichromosomes were indistinguishable by conventional
restriction endonuclease mapping or by long-range mapping
using pulsed field electrophoresis and Southern hybridiza-
tion. The cytoskeleton of cells of the EC3/7C6 line showed an
increased sensitivity to colchicine, so the EC3/7CS5 line was
used for further detailed analysis.

[0282] B. Preparation of the EC3/7C5 and EC3/7C6 Cell
Lines
[0283] The EC3/7C5 cells, which contain the neo-min-

ichromosome, were produced by subcloning the EC3/7 cell
line in high concentrations of G418 (40-fold the lethal dose)
for 350 generations. Two single cell-derived stable cell lines
(EC3/7C5 and EC3/7C6) were established. These cell lines
carry the neo-centromere on minichromosomes and also con-
tain the remaining fragment of the dicentric chromosome.
Indirect immunofluorescence with anti-centromere antibod-
ies and subsequent in situ hybridization experiments demon-
strated that the minichromosomes derived from the dicentric
chromosome. In EC3/7CS5 and EC3/7C6 cell lines (140 and
128 metaphases, respectively) no intact dicentric chromo-
somes were found, and minichromosomes were detected in
97.2% and 98.1% of the cells, respectively. The minichromo-
somes have been maintained for over 150 cell generations.
They do contain the remaining portion of the formerly dicen-
tric chromosome.

[0284] Multiple copies of telomeric DNA sequences were
detected in the marker centromeric region of the remaining
portion of the formerly dicentric chromosome by in situ
hybridization. This indicates that mouse telomeric sequences
were coamplified with the foreign DNA sequences. These
stable minichromosome-carrying cell lines provide direct
evidence that the extra centromere is functioning and is
capable of maintaining the minichromosomes (see, U.S. Pat.
No. 5,288,625).

[0285] The chromosome breakage in the EC3/7 cells,
which separates the neo-centromere from the mouse chromo-
some, occurred in the G-band positive “foreign” DNA region.
This is supported by the observation of traces of 8 and human
DNA sequences at the broken end of the formerly dicentric
chromosome. Comparing the G-band pattern of the chromo-
some fragment carrying the neo-centromere with that of the
stable neo-minichromosome, reveals that the neo-minichro-
mosome is an inverted duplicate of the chromosome fragment
that bears the neo-centromere. This is also evidenced by the
observation that although the neo-minichromosome carries
only one functional centromere, both ends of the minichro-
mosome are heterochromatic, and mouse satellite DNA
sequences were found in these heterochromatic regions by in
situ hybridization.

[0286] These two cell lines, EC3/7C5 and EC3/7C6, thus
carry a selectable mammalian minichromosome (MMCneo)
with a centromere linked to a dominant marker gene (Had-
laczky et al. (1991) Proc. Natl. Acad. Sci. U.S.A. 88:8106-
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8110). MMChneo is intended to be used as a vector for min-
ichromosome-mediated gene transfer and has been used as a
model of a minichromosome-based vector system.

[0287] Long range mapping studies of the MMCneo indi-
cated that human DNA and the neomycin-resistance gene
constructs integrated into the mouse chromosome separately,
followed by the amplification of the chromosome region that
contains the exogenous DNA. The MMCneo contains about
30-50 copies of the 8CM8 and 8gt WESneo DNA in the form
of approximately 160 kb repeated blocks, which together
cover at least a 3.5 Mb region. In addition to these, there are
mouse telomeric sequences (Praznovszky et al. (1991) Proc.
Natl. Acad. Sci. U.S.A. 88:11042-11046) and any DNA of
mouse origin necessary for the correct higher-ordered struc-
tural organization of chromatids.

[0288] Using a chromosome painting probe mCPE1.51
(mouse long interspersed repeated DNA), which recognizes
exclusively euchromatic mouse DNA, detectable amounts of
interspersed repeat sequences were found on the MMCneo by
in situ hybridization. The neo-centromere is associated with a
small but detectable amount of satellite DNA. The chromo-
some breakage that separates the neo-centromere from the
mouse chromosome occurs in the “foreign” DNA region.
This is demonstrated by the presence of 8 and human DNA at
the broken end of the formerly dicentric chromosome. At both
ends of the MMCneo, however, there are traces of mouse
major satellite DNA as evidenced by in situ hybridization.
This observation suggests that the doubling in size of the
chromosome fragment carrying the neo-centromere during
the stabilization of the MMCneo is a result of an inverted
duplication. Although mouse telomere sequences, which
coamplified with the exogenous DNA sequences during the
neo-centromere formation, may provide sufficient telomeres
for the MMCneo, the duplication could have supplied the
functional telomeres for the minichromosome.

[0289] The nucleotide sequence of portions of the neo-
minichromosomes was determined as follows. Total DNA
was isolated from EC3/7CS5 cells according to standard pro-
cedures. The DNA was subjected to nucleic acid amplifica-
tion using the Expand Long Template PCR system (Boe-
hringer Mannheim) according to the manufacturer’s
procedures. The amplification procedure required only a
single 33-mer oligonucleotide primer corresponding to
sequence in a region of the phage 8 right arm, which is
contained in the neo-minichromosome. The sequence of this
oligonucleotide is set forth as the first 33 nucleotides of SEQ
ID No. 13. Because the neo-minichromosome contains a
series of inverted repeats of this sequence, the single oligo-
nucleotide was used as a forward and reverse primer resulting
in amplification of DNA positioned between sets of inverted
repeats of the phage 8 DNA. Three products were obtained
from the single amplification reaction, which suggests that
the sequence of the DNA located between different sets of
inverted repeats may differ. In a repeating nucleic acid unit
within an artificial chromosome, minor differences may be
present and may occur during culturing of cells containing the
artificial chromosome. For example, base pair changes may
occur as well as integration of mobile genetic elements and
deletions of repeated sequences.

[0290] Each of the three products was subjected to DNA
sequence analysis. The sequences of the three products are set
forth in SEQ ID Nos. 13, 14, and 15, respectively. To be
certain that the sequenced products were amplified from the
neo-minichromosome, control amplifications were con-
ducted using the same primers on DNA isolated from nega-
tive control cell lines (mouse Ltk-cells) lacking minichromo-
somes and the formerly dicentric chromosome, and positive

Oct. 22, 2009

control cell lines (the mouse-hamster hybrid cell line GB43
generated by treating 19C5xHa4 cells (see FIG. 4) with BrdU
followed by growth in G418-containing selective medium
and retreatment with BrdU) containing the neo-minichromo-
some only. Only the positive control cell line yielded the three
amplification products; no amplification product was
detected in the negative control reaction. The results obtained
in the positive control amplification also demonstrate that the
neo-minichromosome DNA, and not the fragment of the for-
merly dicentric mouse chromosome, was amplified.

[0291] The sequences of the three amplification products
were compared to those contained in the Genbank/EMBL
database. SEQ ID Nos. 13 and 14 showed high (~96%)
homology to portions of DNA from intracisternal A-particles
from mouse. SEQ ID No. 15 showed no significanthomology
with sequences available in the database. All three of these
sequences may be used for generating gene targeting vectors
as homologous DNAs to the neo-minichromosome.

[0292] C.Isolation and Partial Purification of Minichromo-
somes
[0293] Mitotic chromosomes of EC3/7C5 cells were iso-

lated as described by Hadlaczky et al. ((1981) Chromosoma
81:537-555), using a glycine-hexylene glycol buffer system
(Hadlaczky etal. (1982) Chromosoma 86:643-659). Chromo-
some suspensions were centrifuged at 1,200xg for 30 min-
utes. The supernatant containing minichromosomes was cen-
trifuged at 5,000xg for 30 minutes and the pellet was
resuspended in the appropriate buffer. Partially purified min-
ichromosomes were stored in 50% glycerol at -20° C.

[0294] D. Stability of the MMCneo Maintenance and Neo
Expression
[0295] EC3/7CS cells grown in non-selective medium for

284 days and then transferred to selective medium containing
400:g/ml G418 showed a 96% plating efficiency (colony
formation) compared to control cells cultured permanently in
the presence of G418. Cytogenetic analysis indicated that the
MMCneo is stably maintained at one copy per cell under
selective and non-selective culture conditions. Only two
metaphases with two MMCneo were found in 2,270
metaphases analyzed.

[0296] Southern hybridization analysis showed no detect-
able changes in DNA restriction patterns, and similar hybrid-
ization intensities were observed with a neo probe when DNA
from cells grown under selective or non-selective culture
conditions were compared.

[0297] Northern analysis of RNA transcripts from the neo
gene isolated from cells grown under selective and non-se-
lective conditions showed only minor and not significant
differences. Expression of the neo gene persisted in EC3/7C5
cells maintained in F-12 medium free of G418 for 290 days
under non-selective culture conditions. The long-term
expression of the neo gene(s) from the minichromosome may
be influenced by the nuclear location of the MMCneo. In situ
hybridization experiments revealed a preferential peripheral
location of the MMCneo in the interphase nucleus. In more
than 60% of the 2,500 nuclei analyses, the minichromosome
was observed at the perimeter of the nucleus near the nuclear
envelope.

Example 3

Minichromosome Transfer and Production of the
8-neo-Chromosome

[0298] A. Minichromosome Transfer

[0299] Theneo-minichromosome (referred to as MMCneo,
FIG. 2C) has been used for gene transfer by fusion of min-
ichromosome-containing cells (EC3/7C5 or EC3/7C6) with
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different mammalian cells, including hamster and human.
Thirty-seven stable hybrid cell lines have been produced. All
established hybrid cell lines proved to be true hybrids as
evidenced by in situ hybridization using biotinylated human,
and hamster genomic, or pMCPE1.51 mouse long inter-
spersed repeated DNA probes for “chromosome painting”.
The MMCneo has also been successfully transferred into
mouse A9, .929 and pluripotent F9 teratocarcinoma cells by
fusion of microcells derived from EC3/7C5 cells. Transfer
was confirmed by PCR, Southern blotting and in situ hybrid-
ization with minichromosome-specific probes. The cytoge-
netic analysis confirmed that, as expected for microcell
fusion, a few cells (1-5%) received (or retained) the MMC-
neo.

[0300] These results demonstrate that the MMChneo is tol-
erated by a wide range of cells. The prokaryotic genes and the
extra dosage for the human and 8 sequences carried on the
minichromosome seem to be not disadvantageous for tissue
culture cells.

[0301] The MMCneo is the smallest chromosome of the
EC3/7C5 genome and is estimated to be approximately 20-30
Mb, which is significantly smaller than the majority of the
host cell (mouse) chromosomes. By virtue of the smaller size,
minichromosomes can be partially purified from a suspension
of'isolated chromosomes by a simple differential centrifuga-
tion. In this way, minichromosome suspensions of 15-20%
purity have been prepared. These enriched minichromosome
preparations can be used to introduce, such as by microinjec-
tion or lipofection, the minichromosome into selected target
cells. Target cells include therapeutic cells that can be use in
methods of gene therapy, and also embryonic cells for the
preparation of transgenic (non-human) animals.

[0302] The MMCneo is capable of autonomous replication,
is stably maintained in cells, and permits persistent expres-
sion of the neo gene(s), even after long-term culturing under
non-selective conditions. It is a non-integrative vector that
appears to occupy a territory near the nuclear envelope. Its
peripheral localization in the nucleus may have an important
role in maintaining the functional integrity and stability of the
MMCneo. Functional compartmentalization of the host
nucleus may have an effect on the function of foreign
sequences. In addition, MMCneo contains megabases of 8
DNA sequences that should serve as a target site for homolo-
gous recombination and thus integration of desired gene(s)
into the MMCneo. It can be transferred by cell and microcell
fusion, microinjection, electroporation, lipid-mediated car-
rier systems or chromosome uptake. The neo-centromere of
the MMChneo is capable of maintaining and supporting the
normal segregation of a larger 150-200 Mb 8neo-chromo-
some. This result demonstrates that the MMCneo chromo-
some should be useful for carrying large fragments of heter-
ologous DNA.

[0303] B. Production of the 8Neo-Chromosome

[0304] In the hybrid cell line KE1-2/4 made by fusion of
EC3/7 and Chinese hamster ovary cells (FIG. 2), the separa-
tion of the neo-centromere from the dicentric chromosome
was associated with a further amplification process. This
amplification resulted in the formation of a stable chromo-
some of average size (i.e., the 8neco-chromosome; see,
Praznovszky et al. (1991) Proc. Nat. Acad. Sci. U.S.A.
88:11042-11046). The 8neo-chromosome carries a termi-
nally located functional centromere and is composed of seven
large amplicons containing multiple copies of 8, human, bac-
terial, and mouse DNA sequences (see FIG. 2). The ampli-
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cons are separated by mouse major satellite DNA
(Praznovszky et al. (1991) Proc. Natl. Acad. Sci. U.S.A.
88:11042-11046) which forms narrow bands of constitutive
heterochromatin between the amplicons.

Example 4
Formation of the “Sausage Chromosome” (SC)

[0305] The findings set forth in the above EXAMPLES
demonstrate that the centromeric region of the mouse chro-
mosome 7 has the capacity for large-scale amplification
(other results indicate that this capacity is not unique to chro-
mosome 7). This conclusion is further supported by results
from cotransfection experiments, in which a second dominant
selectable marker gene and a non-selected marker gene were
introduced into EC3/7CS cells carrying the formerly dicentric
chromosome 7 and the neo-minichromosome. The EC3/7C5
cell line was transformed with 8 phage DNA, a hygromycin-
resistance gene construct (pH132), and a J-galactosidase
gene construct (pCH110). Stable transformants were selected
in the presence of high concentrations (400:g/ml) Hygromy-
cin B, and analyzed by Southern hybridization. Established
transformant cell lines showing multiple copies of integrated
exogenous DNA were studied by in situ hybridization to
localize the integration site(s), and by X-gal staining to detect
J-galactosidase expression.

A. Materials and methods

[0306] 1. Construction of pH132

[0307] The pH132 plasmid carries the hygromycin B resis-
tance gene and the anti-HIV-1 gag ribozyme (see, SEQ ID
NO. 6 for DNA sequence that corresponds to the sequence of
the ribozyme) under control of the 3-actin promoter. This
plasmid was constructed from pHyg plasmid (Sugden et al.
(1985) Mol. Cell. Biol. 5:410-413; a giftfrom Dr. A. D. Riggs,
Beckman Research Institute, Duarte; see, also, e.g., U.S. Pat.
No. 4,997,764), and from pPC-RAG12 plasmid (see, Chang
etal. (1990) Clin Biotech 2:23-31; provided by Dr. J. J. Rossi,
Beckman Research Institute, Duarte; see, also U.S. Pat. Nos.
5,272,262, 5,149,796 and 5,144,019, which describes the
anti-HIV gag ribozyme and construction of a mammalian
expression vector containing the ribozyme insert linked to the
J-actin promoter and SV40 late gene transcriptional termina-
tion and polyA signals). Construction of pPC-RAG12
involved insertion of the ribozyme insert flanked by BamHI
linkers into BamHI-digested pH3 Apr. 1 gpt (see, Gunning et
al. (1987) Proc. Nat. Acad. Sci. U.S.A. 84:4831-4835, see,
also U.S. Pat. No. 5,144,019).

[0308] Plasmid pH132 was constructed as follows. First,
pPC-RAG12 (described by Chang et al. (1990) Clin. Biotech.
2:23-31) was digested with BamHI to excise a fragment con-
taining an anti-HIV ribozyme gene (referred to as ribozyme D
by Chang et al. ((1990) Clin. Biotech. 2:23-31); see also U.S.
Pat. No. 5,144,019 to Rossi et al., particularly FIG. 4 of the
patent) flanked by the human 3-actin promoter at the 5' end of
the gene and the SV40 late transcriptional termination and
polyadenylation signals at the 3' end of the gene. As described
by Chang et al. ((1990) Clin. Biotech. 2:23-31), ribozyme D
is targeted for cleavage of the translational initiation region of
the HIV gag gene. This fragment of pPC-RAG12 was sub-
cloned into pBluescript-KS(+) (Stratagene, La Jolla, Calif.)
to produce plasmid 132. Plasmid 132 was then digested with
Xhol and EcoRI to yield a fragment containing the ribozyme
D gene flanked by the J-actin promoter at the 5' end and the
SV40 termination and polyadenylation signals at the 3' end of
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the gene. This fragment was ligated to the largest fragment
generated by digestion of pHyg (Sugden et al. (1985) Mol.
Cell. Biol. 5:410-413) with EcoRI and Sall to yield pH132.
Thus, pH132 is an ~9.3 kb plasmid containing the following
elements: the J-actin promoter linked to an anti-HIV
ribozyme gene followed by the SV40 termination and poly-
adenylation signals, the thymidine kinase gene promoter
linked to the hygromycin-resistance gene followed by the
thymidine kinase gene polyadenylation signal, and the E. coli
ColE1 origin of replication and the ampicillin-resistance
gene.

[0309] The plasmid pHyg (see, e.g., U.S. Pat. Nos. 4,997,
764, 4,686,186 and 5,162,215), which confers resistance to
hygromycin B using transcriptional controls from the HSV-1
tk gene, was originally constructed from pKan2 (Yates et al.
(1984) Proc. Natl. Acad. Sci. US.A. 81:3806-3810) and
pLG89 (see, Gritz et al. (1983) Gene 25:179-188). Briefly
pKan2 was digested with Smal and Bglll to remove the
sequences derived from transposon TnS. The hygromycin-
resistance hph gene was inserted into the digested pKan2
using blunt-end ligation at the Snal site and “sticky-end”
ligation (using 1 Weiss unit of T4 DNA ligase (BRL) in 20
microliter volume) at the BgllI site. The Smal and BglII sites
of pKan2 were lost during ligation.

[0310] The resulting plasmid pH132, produced from intro-
duction of the anti-HIV ribozyme construct with promoter
and polyA site into pHyg, includes the anti-HIV ribozyme
under control of the J-actin promoter as well as the hygro-
mycin-resistance gene under control of the TK promoter.
[0311] 2. Chromosome Banding

[0312] Trypsin G-banding of chromosomes was performed
as described in EXAMPLE 1.

[0313] 3. Cell Cultures

[0314] TF1004G19 and TF1004G-19C5 mouse cells and
the 19C5xHa4 hybrid, described below, and its sublines were
cultured in F-12 medium containing 400:g/ml Hygromycin B
(Calbiochem).

B. Cotransfection of EC3/7CS5 to produce TF1004G19
[0315] Cotransfection of EC3/7C5 cells with plasmids
(pH132, pCH110 available from Pharmacia, see, also Hall et
al. (1983) J. Mol. Appl. Gen. 2:101-109) and with 8 DNA (8cl
857 Sam 7(New England Biolabs)) was conducted using the
calcium phosphate DNA precipitation method (see, e.g.,
Chen et al. (1987) Mol. Cell. Biol. 7:2745-2752), using 2-5:g
plasmid DNA and 20:g 8 phage DNA per 5 i 10° recipient
cells.

C. Cell Lines Containing the Sausage Chromosome

[0316] Analysis of one of the transformants, designated
TF1004G19, revealed that it has a high copy number of inte-
grated pH132 and pCH110 sequences, and a high level of
J-galactosidase expression. G-banding and in situ hybridiza-
tion with a human probe (CMS; see, e.g., U.S. application Ser.
No. 08/375,271) revealed unexpectedly that integration had
occurred in the formerly dicentric chromosome 7 of the EC3/
7CS5 cell line. Furthermore, this chromosome carried a newly
formed heterochromatic chromosome arm. The size of this
heterochromatic arm varied between ~150 and ~800 Mb in
individual metaphases.

[0317] By single cell cloning from the TF1004G19 cell
line, a subclone TF1004G-19C5 (FIG. 2D), which carries a
stable chromosome 7 with a ~100-150 Mb heterochromatic
arm (the sausage chromosome) was obtained. This cell line
has been deposited in the ECACC under Accession No.
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96040926. This chromosome arm is composed of four to five
satellite segments rich in satellite DNA, and evenly spaced
integrated heterologous “foreign” DNA sequences. At the
end of the compact heterochromatic arm of the sausage chro-
mosome, a less condensed euchromatic terminal segment is
regularly observed. This subclone was used for further analy-
ses.

D. Demonstration that the Sausage Chromosome is Derived
from the Formerly Dicentric Chromosome

[0318] In situ hybridization with 8 phage and pH132 DNA
on the TF1004G-19CS5 cell line showed positive hybridiza-
tion only on the minichromosome and on the heterochromatic
arm of the “sausage” chromosome (FIG. 2D). It appears that
the “sausage” chromosome (herein also referred to as the SC)
developed from the formerly dicentric chromosome (FD) of
the EC3/7CS5 cell line.

[0319] To establish this, the integration sites of pCH110
and pH132 plasmids were determined. This was accom-
plished by in situ hybridization on these cells with biotin-
labeled subfragments of the hygromycin-resistance gene and
the 3-galactosidase gene. Both experiments resulted in nar-
row hybridizing bands on the heterochromatic arm of the
sausage chromosome. The same hybridization pattern was
detected on the sausage chromosome using a mixture of
biotin-labeled 8 probe and pH132 plasmid, proving the coin-
tegration of 8 phages, pH132 and pCH110 plasmids.

[0320] To examine this further, the cells were cultured in
the presence of the DNA-binding dye Hoechst 33258. Cul-
turing of mouse cells in the presence of this dye results in
under-condensation of the pericentric heterochromatin of
metaphase chromosomes, thereby permitting better observa-
tion of the hybridization pattern. Using this technique, the
heterochromatic arm of the sausage chromosome of
TF1004G-19CS5 cells showed regular under-condensation
revealing the details of the structure of the “sausage” chro-
mosome by in situ hybridization. Results of in situ hybridiza-
tion on Hoechst-treated TF1004G-19C5 cells with biotin-
labeled subfragments of hygromycin-resistance and
J-galactosidase genes shows that these genes are localized
only in the heterochromatic arm of the sausage chromosome.
In addition, an equal banding hybridization pattern was
observed. This pattern of repeating units (amplicons) clearly
indicates that the sausage chromosome was formed by an
amplification process and that the 8 phage, pH132 and
pCH110 plasmid DNA sequences border the amplicons.

[0321] In another series of experiments using fluorescence
in situ hybridization (FISH) carried out with mouse major
satellite DNA, the main component of the mouse pericentric
heterochromatin, the results confirmed that the amplicons of
the sausage chromosome are primarily composed of satellite
DNA.

E. The Sausage Chromosome has One Centromere

[0322] To determine whether mouse centromeric
sequences had participated in the amplification process form-
ing the “sausage” chromosome and whether or not the ampli-
cons carry inactive centromeres, in situ hybridization was
carried out with mouse minor satellite DNA. Mouse minor
satellite DNA is localized specifically near the centromeres of
all mouse chromosomes. Positive hybridization was detected
in all mouse centromeres including the sausage chromosome,
which, however, only showed a positive signal at the begin-
ning of the heterochromatic arm.
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[0323] Indirect immunofluorescence with a human anti-
centromere antibody (LU 851) which recognizes only func-
tional centromeres (see, e.g., Hadlaczky et al. (1989) Chro-
mosoma 97:282-288) proved that the sausage chromosome
has only one active centromere. The centromere comes from
the formerly dicentric part of the chromosome and co-local-
izes with the in situ hybridization signal of the mouse minor
DNA probe.

F. The Selected and Non-Selected Heterologous DNA in the
Heterochromatin of the Sausage Chromosome is Expressed

[0324] 1. High Levels of the Heterologous Genes are
Expressed
[0325] The TF1004G-19CS cell line thus carries multiple

copies of hygromycin-resistance and 3-galactosidase genes
localized only in the heterochromatic arm of the sausage
chromosome. The TF1004G-19CS cells can grow very well
in the presence of 200 ®g/ml or even 400 ®g/ml hygromycin
B. (The level of expression was determined by Northern
hybridization with a subfragment of the hygromycin-resis-
tance gene and single copy gene.)

[0326] The expression of the non-selected 3-galactosidase
gene in the TF1004G-19CS5 transformant was detected with
X-gal staining of the cells. By this method one hundred per-
cent of the cells stained dark blue, showing that there is a high
level of 3-galactosidase expression in all of TF1004G-19C5
cells.

[0327] 2.The Heterologous Genes that are Expressed are in
the Heterochromatin of the Sausage Chromosome

[0328] To demonstrate that the genes localized in the con-
stitutive heterochromatin of the sausage chromosome pro-
vide the hygromycin resistance and the X-gal staining capa-
bility of TF1004G-19C5 transformants (i.e. 3-gal
expression), PEG-induced cell fusion between TF1004G-
19CS mouse cells and Chinese hamster ovary cells was per-
formed. The hybrids were selected and maintained in HAT
medium containing G418 (400 dg/ml) and hygromycin (200
®dg/ml). Two hybrid clones designated 19C5xHa3 and
19C5xHa4, which have been deposited in the ECACC under
Accession No. 96040927, were selected. Both carry the sau-
sage chromosome and the minichromosome.

[0329] Twenty-seven single cell derived colonies of the
19C5xHa4 hybrid were maintained and analyzed as indi-
vidual subclones. In situ hybridization with hamster and
mouse chromosome painting probes and hamster chromo-
some 2-specific probes verified that the 19C5xHa4 clone
contains the complete Chinese hamster genome and a partial
mouse genome. All 19C5xHa4 subclones retained the ham-
ster genome, but different subclones showed different num-
bers of mouse chromosomes indicating the preferential elimi-
nation of mouse chromosomes.

[0330] To promote further elimination of mouse chromo-
somes, hybrid cells were repeatedly treated with BrdU. The
BrdU treatments, which destabilize the genome, result in
significant loss of mouse chromosomes. The BrdU-treated
19C5xHa4 hybrid cells were divided to three groups. One
group of the hybrid cells (GH) was maintained in the presence
of hygromycin (200 ®g/ml) and G418 (400 ®g/ml), and the
other two groups of the cells were cultured under G418 (G) or
hygromycin (H) selection conditions to promote the elimina-
tion of the sausage chromosome or minichromosome.
[0331] One month later, single cell derived subclones were
established from these three subcultures of the 19C5xHa4
hybrid line. The subclones were monitored by in situ hybrid-
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ization with biotin-labeled 8 phage and hamster chromosome
painting probes. Four individual clones (G2BS, G3CS,
G4D6, G2B4) selected in the presence of G418 that had lost
the sausage chromosome but retained the minichromosome
were found. Under hygromycin selection only one subclone
(H1D3) lost the minichromosome. In this clone the megach-
romosome (see Example 5) was present.

[0332] Since hygromycin-resistance and 3-galactosidase
genes were thought to be expressed from the sausage chro-
mosome, the expression of these genes was analyzed in the
four subclones that had lost the sausage chromosome. In the
presence of 200 dg/ml hygromycin, one hundred percent of
the cells of four individual subclones died. In order to detect
the 3-galactosidase expression hybrid, subclones were ana-
lyzed by LacZ staining. One hundred percent of the cells of
the four subclones that lost the sausage chromosome also lost
the X-gal staining capability. All of the other hybrid sub-
clones that had not lost the sausage chromosome under the
non-selective culture conditions showed positive X-gal stain-
ing.

[0333] These findings demonstrate that the expression of
hygromycin-resistance and 3-galactosidase genes is linked to
the presence of the sausage chromosome. Results of in situ
hybridizations show that the heterologous DNA is expressed
from the constitutive heterochromatin of the sausage chro-
mosome.

[0334] In situ hybridization studies of three other hybrid
subclones (G2C6, G2D1, and G4D5) did not detect the pres-
ence of the sausage chromosome. By the X-gal staining
method, some stained cells were detected in these hybrid
lines, and when these subclones were transferred to hygro-
mycin selection some colonies survived. Cytological analysis
and in situ hybridization of these hygromycin-resistant colo-
nies revealed the presence of the sausage chromosome, sug-
gesting that only the cells of G2C6, G2D1 and G4DS5 hybrids
that had not lost the sausage chromosome were able to pre-
serve the hygromycin resistance and 3-galactosidase expres-
sion. These results confirmed that the expression of these
genes is linked to the presence of the sausage chromosome.
The level of 3-galactosidase expression was determined by
the immunoblot technique using a monoclonal antibody.
[0335] Hygromycin resistance and 3-galactosidase expres-
sion of the cells which contained the sausage chromosome
were provided by the genes localized in the mouse pericentric
heterochromatin. This was demonstrated by performing
Southern DNA hybridizations on the hybrid cells that lack the
sausage chromosome using PCR-amplified subfragments of
hygromycin-resistance and 3-galactosidase genes as probes.
None of the subclones showed hybridization with these
probes; however, all of the analyzed clones contained the
minichromosome. Other hybrid clones that contain the sau-
sage chromosome showed intense hybridization with these
DNA probes. These results lead to the conclusion that hygro-
mycin resistance and 3-galactosidase expression of the cells
that contain the sausage chromosome were provided by the
genes localized in the mouse pericentric heterochromatin.

Example 5
The Gigachromosome

[0336] As described in Example 4, the sausage chromo-
some was transferred into Chinese hamster cells by cell
fusion. Using Hygromycin B/HAT and G418 selection, two
hybrid clones 19C5xHa3 and 19C5xHa4 were produced that
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carry the sausage chromosome. In situ hybridization, using
hamster and mouse chromosome-painting probes and a ham-
ster chromosome 2-specific probe, verified that clone
19C5xHa4 contains a complete Chinese hamster genome as
well as partial mouse genomes. Twenty-seven separate colo-
nies of 19C5xHa4 cells were maintained and analyzed as
individual subclones. Twenty-six out of 27 subclones con-
tained a morphologically unchanged sausage chromosome.
[0337] In one subclone of the 19C5xHa3 cell line,
19C5xHa47 (see FIG. 2E), the heterochromatic arm of the
sausage chromosome became unstable and showed continu-
ous intrachromosomal growth. In extreme cases, the ampli-
fied chromosome arm exceeded 1000 Mb in size (gigachro-
mosome).

Example 6
The Stable Megachromosome

A. Generation of Cell Lines Containing the Megachromo-
some

[0338] All 19C5xHa4 subclones retained a complete ham-
ster genome, but different subclones showed different num-
bers of mouse chromosomes, indicating the preferential
elimination of mouse chromosomes. As described in
Example 4, to promote further elimination of mouse chromo-
somes, hybrid cells were treated with BrdU, cultured under
G418 (G) or hygromycin (H) selection conditions followed
by repeated treatment with 10~ M BrdU for 16 hours and
single cell subclones were established. The BrdU treatments
appeared to destabilize the genome, resulting in a change in
the sausage chromosome as well. A gradual increase in a cell
population in which a further amplification had occurred was
observed. In addition to the 100-150 Mb heterochromatic arm
of'the sausage chromosome, an extra centromere and a ~150-
250 Mb heterochromatic chromosome arm were formed,
which differed from those of mouse chromosome 7. By the
acquisition of another euchromatic terminal segment, a new
submetacentric chromosome (megachromosome) was
formed. Seventy-nine individual subclones were established
from these BrdU-treated cultures by single-cell cloning: 42
subclones carried the intact megachromosome, 5 subclones
carried the sausage chromosome, and in 32 subclones frag-
ments or translocated segments of the megachromosome
were observed. Twenty-six subclones that carried the mega-
chromosome were cultured under non-selective conditions
over a two-month period. In 19 out of 26 subclones, the
megachromosome was retained. Those subclones which lost
the megachromosomes all became sensitive to Hygromycin B
and had no J-galactosidaseexpression, indicating that both
markers were linked to the megachromosome.

[0339] Two sublines (G3D5 and H1D3), which were cho-
sen for further experiments, showed no changes in the mor-
phology of the megachromosome during more than 100 gen-
erations under selective conditions. The G3D5 cells had been
obtained by growth of 19C5xHa4 cells in G418-containing
medium followed by repeated BrdU treatment, whereas
H1D3 cells had been obtained by culturing 19C5xHa4 cells in
hygromycin-containing medium followed by repeated BrdU
treatment.

B. Structure of the Megachromosome

[0340] The following results demonstrate that, apart from
the euchromatic terminal segments, the integrated foreign
DNA (and as in the exemplified embodiments, rDNA
sequence), the whole megachromosome is constitutive het-
erochromatin, containing a tandem array of at least 40 (~7.5
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Mb) blocks of mouse major satellite DNA (see FIGS. 2 and
3). Four satellite DNA blocks are organized into a giant pal-
indrome (amplicon) carrying integrated exogenous DNA
sequences at each end. The long and short arms of the sub-
metacentric megachromosome contains 6 and 4 amplicons,
respectively. It is of course understood that the specific orga-
nization and size of each component can vary among species,
and also the chromosome in which the amplification event
initiates.

[0341] 1. The Megachromosome is Composed Primarily of
Heterochromatin

[0342] Except for the terminal regions and the integrated
foreign DNA, the megachromosome is composed primarily
of heterochromatin. This was demonstrated by C-banding of
the megachromosome, which resulted in positive staining
characteristic of constitutive heterochromatin. Apart from the
terminal regions and the integrated foreign DNA, the whole
megachromosome appears to be heterochromatic. Mouse
major satellite DNA is the main component of the pericentric,
constitutive heterochromatin of mouse chromosomes and
represents ~10% of the total DNA (Waring et al. (1966)
Science 154:791-794). Using a mouse major satellite DNA
probe for in situ hybridization, strong hybridization was
observed throughout the megachromosome, except for its
terminal regions. The hybridization showed a segmented pat-
tern: four large blocks appeared on the short arm and usually
4-7 blocks were seen on the long arm. By comparing these
segments with the pericentric regions of normal mouse chro-
mosomes that carry ~15 Mb of major satellite DNA, the size
of'the blocks of major satellite DNA on the megachromosome
was estimated to be ~30 Mb.

[0343] Using a mouse probe specific to euchromatin (pM-
CPE1.51; a mouse long interspersed repeated DNA probe),
positive hybridization was detected only on the terminal seg-
ments of the megachromosome of the H1D3 hybrid subline.
In the G3D5 hybrids, hybridization with a hamster-specific
probe revealed that several megachromosomes contained ter-
minal segments of hamster origin on the long arm. This obser-
vation indicated that the acquisition of the terminal segments
on these chromosomes happened in the hybrid cells, and that
the long arm of the megachromosome was the recently
formed one arm. When a mouse minor satellite probe was
used, specific to the centromeres of mouse chromosomes
(Wong et al. (1988) Nucl. Acids Res. 16:11645-11661), a
strong hybridization signal was detected only at the primary
constriction of the megachromosome, which colocalized
with the positive immunofluorescence signal produced with
human anti-centromere serum (L.U851).

[0344] In situ hybridization experiments with pH132,
pCH110, and 8 DNA probes revealed that all heterologous
DNA was located in the gaps between the mouse major sat-
ellite DNA segments. Each segment of mouse major satellite
DNA was bordered by a narrow band of integrated heterolo-
gous DNA, except at the second segment of the long arm
where a double band ofheterologous DNA existed, indicating
that the major satellite DNA segment was missing or consid-
erably reduced in size here. This chromosome region served
as a useful cytological marker in identifying the long arm of
the megachromosome. At a frequency of 107*, “restoration”
of these missing satellite DNA blocks was observed in one
chromatid, when the formation of a whole segment on one
chromatid occurred.

[0345] After Hoechst 33258 treatment (50:g/ml for 16
hours), the megachromosome showed undercondensation
throughout its length except for the terminal segments. This
made it possible to study the architecture of the megachro-
mosome at higher resolution. In situ hybridization with the
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mouse major satellite probe on undercondensed megachro-
mosomes demonstrated that the ~30 Mb major satellite seg-
ments were composed of four blocks of ~7.5 Mb separated
from each other by a narrow band of non-hybridizing
sequences (FIG. 3). Similar segmentation can be observed in
the large block of pericentric heterochromatin in metacentric
mouse chromosomes from the LMTK™ and A9 cell lines.

[0346] 2. The Megachromosome is Composed of Segments
Containing Two Tandem ~7.5 Mb Blocks Followed by Two
Inverted Blocks

[0347] Because of the asymmetry in thymidine content
between the two strands of the DNA of the mouse major
satellite, when mouse cells are grown in the presence of BrdU
for a single S phase, the constitutive heterochromatin shows
lateral asymmetry after FPG staining. Also, in the 19C5xHa4
hybrids, the thymidine-kinase (Tk) deficiency of the mouse
fibroblast cells was complemented by the hamster Tk gene,
permitting BrdU incorporation experiments.

[0348] A striking structural regularity in the megachromo-
some was detected using the FPG technique. In both chroma-
tids, alternating dark and light staining that produced a check-
ered appearance of the megachromosome was observed. A
similar picture was obtained by labelling with fluorescein-
conjugated anti-BrdU antibody. Comparing these pictures to
the segmented appearance of the megachromosome showed
that one dark and one light FPG band corresponded to one
~30 Mb segment of the megachromosome. These results sug-
gest that the two halves of the ~30 Mb segment have an
inverted orientation. This was verified by combining in situ
hybridization and immunolabelling of the incorporated BrdU
with fluorescein-conjugated anti-BrdU antibody on the same
chromosome. Since the ~30 Mb segments (or amplicons) of
the megachromosome are composed of four blocks of mouse
major satellite DNA, it can be concluded that two tandem
~7.5 Mb blocks are followed by two inverted blocks within
one segment.

[0349] Large-scale mapping of megachromosome DNA by
pulsed-field electrophoresis and Southern hybridization with
“foreign” DNA probes revealed a simple pattern of restriction
fragments. Using endonucleases with none, or only a single
cleavage site in the integrated foreign DNA sequences, fol-
lowed by hybridization with a hyg probe, 1-4 predominant
fragments were detected. Since the megachromosome con-
tains 10-12 amplicons with an estimated 3-8 copies of hyg
sequences per amplicon (30-90 copies per megachromo-
some), the small number of hybridizing fragments indicates
the homogeneity of DNA in the amplified segments.

[0350] 3. Scanning Electron Microscopy of the Megachro-
mosome Confirmed the Above Findings

[0351] The homogeneous architecture of the heterochro-
matic arms of the megachromosome was confirmed by high
resolution scanning electron microscopy. Extended arms of
megachromosomes, and the pericentric heterochromatic
region of mouse chromosomes, treated with Hoechst 33258,
showed similar structure. The constitutive heterochromatic
regions appeared more compact than the euchromatic seg-
ments. Apart from the terminal regions, both arms of the
megachromosome were completely extended, and showed
faint grooves, which should correspond to the border of the
satellite DNA blocks in the non-amplified chromosomes and
in the megachromosome. Without Hoechst treatment, the
grooves seemed to correspond to the amplicon borders on the
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megachromosome arms. In addition, centromeres showed a
more compact, finely fibrous appearance than the surround-
ing heterochromatin.

[0352] 4. The Megachromosome of 1B3 Cells Contains
rRNA Gene Sequence

[0353] The sequence of the megachromosome in the region
of'the sites of integration of the heterologous DNA was inves-
tigated by isolation of these regions through using cloning
methods and sequence analysis of the resulting clones. The
results of this analysis revealed that the heterologous DNA
was located near mouse ribosomal RNA gene (i.e., rDNA)
sequences contained in the megachromosome.

[0354] a. Cloning of Regions of the Megachromosomes in
Which Heterologous DNA had Integrated

[0355] Megachromosomes were isolated from 1B3 cells
(which were generated by repeated BrdU treatment and
single cell cloning of H1xHE41 cells (see FIG. 4) and which
contain a truncated megachromosome) using fluorescence-
activated cell sorting methods as described herein (see
Example 10). Following separation of the SATACs (megach-
romosomes) from the endogenous chromosomes, the isolated
megachromosomes were stored in GH buffer (100 mM gly-
cine, 1% hexylene glycol, pH 8.4-8.6 adjusted with saturated
calcium hydroxide solution; see Example 10) and centrifuged
into an agarose bed in 0.5 M EDTA.

[0356] Large-scale mapping of the megachromosome
around the area of the site of integration of the heterologous
DNA revealed that it is enriched in sequence containing rare-
cutting enzyme sites, such as the recognition site for Notl.
Additionally, mouse major satellite DNA (which makes up
the majority of the megachromosome) does not contain Notl
recognition sites. Therefore, to facilitate isolation of regions
of the megachromosome associated with the site of integra-
tion of the heterologous DNA, the isolated megachromo-
somes were cleaved with Notl, a rare cutting restriction endo-
nuclease with an 8-bp GC recognition site. Fragments of the
megachromosome were inserted into plasmid pWE1S5 (Strat-
agene, La Jolla, Calif.) as follows. Half of a 100-:1 low melt-
ing point agarose block (mega-plug) containing the isolated
SATACs was digested with Notl overnight at 376C. Plasmid
pWEI1S was similarly digested with Notl overnight. The
mega-plug was then melted and mixed with the digested
plasmid, ligation buffer and T4 ligase. Ligation was con-
ducted at 16EC overnight. Bacterial DH5V cells were trans-
formed with the ligation product and transformed cells were
plated onto LB/Amp plates. Fifteen to twenty colonies were
grown on each plate for a total of 189 colonies. Plasmid DNA
was isolated from colonies that survived growth on LB/Amp
medium and was analyzed by Southern blot hybridization for
the presence of DNA that hybridized to a pUC19 probe. This
screening methodology assured that all clones, even clones
lacking an insert but yet containing the pWE1S plasmid,
would be detected. Any clones containing insert DNA would
be expected to contain non-satellite, GC-rich megachromo-
some DNA sequences located at the site of integration of the
heterologous DNA. All colonies were positive for hybridizing
DNA.

[0357] Liquid cultures of all 189 transformants were used
to generate cosmid minipreps for analysis of restriction sites
within the insert DNA. Six of the original 189 cosmid clones
contained an insert. These clones were designated as follows:
28 (~9-kb insert), 30 (~9-kb insert), 60 (~4-kb insert), 113
(~9-kb insert), 157 (~9-kb insert) and 161 (~9-kb insert).
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Restriction enzyme analysis indicated that three of the clones
(113,157 and 161) contained the same insert.

[0358] b. In Situ Hybridization Experiments Using Isolated
Segments of the Megachromosome as Probes

[0359] Insert DNA from clones 30, 113, 157 and 161 was
purified, labeled and used as probes in in situ hybridization
studies of several cell lines. Counterstaining of the cells with
propidium iodide facilitated identification of the cytological
sites of the hybridization signals. The locations of the signals
detected within the cells are summarized in the following
table:

CELL TYPE PROBE LOCATION OF SIGNAL

Human Lymphocyte
(male)

No. 161 4-5 pairs of acrocentric
chromosomes at centromeric
regions.

Mouse Spleen No. 161 Acrocentric ends of 4

pairs of chromosomes.

EC3/7C5 Cells No. 161 Minichromosome and the end of the

formerly dicentric chromosome.

Pericentric heterochromatin of one

of the metacentric mouse

chromosomes. Centromeric region
of some of the other mouse
chromosomes.

Ends of at least 6 pairs of

chromosomes. An interstitial signal

on a short chromosome.

Acrocentric ends of at least 12

pairs of chromosomes. Centromeres

of certain chromosomes and the

megachromosome. Borders of the
amplicons of the megachromosome.

K20 Chinese No. 30
Hamster Cells

HB31 Cells No. 30
(mouse-hamster hybrid

cells derived from H1D3

cells by repeated BrdU

treatment and single cell

cloning which carries the

megachromosome)

Mouse Spleen Cells No. 30  Similar to signal observed for
probe no. 161. Centromeres of 5
pairs of chromosomes. Weak cross-
hybridization to pericentric
heterochromatin.

HB31 Cells No. 113 Similar to signal observed for
probe no. 30.

Mouse Spleen Cells No. 113 Centromeric region of 5 pairs
of chromosomes.

K20 Cells No. 113 At least 6 pairs of chromosomes.

Weak signal at some telomeres and

several interspersed signals.
Human Lymphocyte No. 157 Similar to signal observed for
Cells (male) probe no. 161.
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[0360] c. Southern Blot Hybridization Using Isolated Seg-
ments Of the Megachromosome as Probes

[0361] DNA was isolated from mouse spleen tissue, mouse
LMTK" cells, K20 Chinese hamster ovary cells, EJ30 human
fibroblast cells and H1D3 cells. The isolated DNA and
lambda phage DNA, was subjected to Southern blot hybrid-
ization using inserts isolated from megachromosome clone
nos. 30, 113, 157 and 161 as probes. Plasmid pWE15 was
used as a negative control probe. Each of the four megachro-
mosome clone inserts hybridized in a multi-copy manner (as
demonstrated by the intensity of hybridization and the num-
ber of hybridizing bands) to all of the DNA samples, except
the lambda phage DNA. Plasmid pWEI1S hybridized to
lambda DNA only.

[0362] d. Sequence Analysis of Megachromosome Clone
no. 161
[0363] Megachromosome clone no. 161 appeared to show

the strongest hybridization in the in situ and Southern hybrid-
ization experiments and was chosen for analysis of the insert
sequence. The sequence analysis was approached by first
subcloning the insert of cosmid clone no. 161 to obtain five
subclones as follows.

[0364] To obtainthe end fragments ofthe insert of clone no.
161, the clone was digested with Notl and BamHI and ligated
with Notl/BamHI-digested pBluescript KS (Stratagene, La
Jolla, Calif.). Two fragments of the insert of clone no. 161
were obtained: a 0.2-kb and a 0.7-kb insert fragment. To
subclone the internal fragment of the insert of clone no. 161,
the same digest was ligated with BamHI-digested pUC19.
Three fragments of the insert of clone no. 161 were obtained:
a 0.6-kb, a 1.8-kb and a 4.8-kb insert fragment.

[0365] The ends of all the subcloned insert fragments were
first sequenced manually. However, due to their extremely
high GC content, autoradiographs were difficult to interpret
and sequencing was repeated using an ABI sequencer and the
dye-terminator cycle protocol. A comparison of the sequence
data to sequences in the GENBANK database revealed that
the insert of clone no. 161 corresponds to an internal section
of the mouse ribosomal RNA gene (rDNA) repeat unit
between positions 7551-15670 as set forth in GENBANK
accession no. X82564, which is provided as SEQ ID NO. 16
herein. The sequence data obtained for the insert of clone no.
161 is set forth in SEQ ID NOS. 18-24. Specifically, the
individual subclones corresponded to the following positions
in GENBANK accession no. X82564 (i.e., SEQ ID NO. 16)
and in SEQ ID NOs. 18-24:

Subclone

Start End

in X82564 Site SEQ ID No.

161k1
161m5
161m7

161m12

161k2

7579 7755 Notl, BamHI 18
7756 8494 BamHI 19
8495 10231 BamHI 20 (shows only sequence corresponding
to nt. 8495-8950),

21 (shows only sequence corresponding
to nt. 9851-10231)

22 (shows only sequence corresponding
to nt. 10232-10600),

23 (shows only sequence corresponding
to nt. 14267-15000),

15001 15676 Notl, BamHI 24

10232 15000 BamHI
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[0366] The sequence set forth in SEQ ID NOs. 18-24
diverges in some positions from the sequence presented in
positions 7551-15670 of GENBANK accession no. X82564.
Such divergence may be attributable to random mutations
between repeat units of rDNA. The results of the sequence
analysis of clone no. 161, which reveal that it corresponds to
rDNA, correlate with the appearance of the in situ hybridiza-
tion signal it generated in human lymphocytes and mouse
spleen cells. The hybridization signal was clearly observed on
acrocentric chromosomes in these cells, and such types of
chromosomes are known to include rDNA adjacent to the
pericentric satellite DNA on the short arm of the chromo-
some. Furthermore, rRNA genes are highly conserved in
mammals as supported by the cross-species hybridization of
clone no. 161 to human chromosomal DNA.

[0367] To isolate amplification-replication control regions
such as those found in rDNA, it may be possible to subject
DNA isolated from megachromosome-containing cells, such
as H1D3 cells, to nucleic acid amplification using, e.g., the
polymerase chain reaction (PCR) with the following primers:
amplification control element forward primer (1-30)

(SEQ ID NO. 25)
5' -GAGGAATTCCCCATCCCTAATCCAGATTGGTG-3!'

amplification control element reverse primer (2142-2111)

(SEQ ID NO. 26)
5'-AAACTGCAGGCCGAGCCACCTCTCTTCTGTGTTTG-3"

origin of replication region forward primer (2116-2141)

(SEQ ID NO. 27)
5' - AGGAATTCACAGAAGAGAGGTGGCTCGGCCTGC-3 !

origin of replication region reverse primer (5546-5521)

(SEQ ID NO. 28)
5' -AGCCTGCAGGAAGTCATACCTGGGGAGGTGGCCC-3"

C. Summary of the Formation of the Megachromosome

[0368] FIG. 2 schematically sets forth events leading to the
formation of a stable megachromosome beginning with the
generation of a dicentric chromosome in a mouse LMTK™
cell line: (A) A single E-type amplification in the centromeric
region of the mouse chromosome 7 following transfection of
LMTK" cells with 8CMS8 and 8gtWESneo generates the neo-
centromere linked to the integrated foreign DNA, and forms
adicentric chromosome. Multiple E-type amplification forms
the 8neo-chromosome, which was derived from chromosome
7 and stabilized in a mouse-hamster hybrid cell line; (B)
Specific breakage between the centromeres of a dicentric
chromosome 7 generates a chromosome fragment with the
neo-centromere, and a chromosome 7 with traces of foreign
DNA at the end; (C) Inverted duplication of the fragment
bearing the neo-centromere results in the formation of a
stable neo-minichromosome; (D) Integration of exogenous
DNA into the foreign DNA region of the formerly dicentric
chromosome 7 initiates H-type amplification, and the forma-
tion of a heterochromatic arm. By capturing a euchromatic
terminal segment, this new chromosome arm is stabilized in
the form of the “sausage” chromosome; (E) BrdU treatment
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and/or drug selection appears to induce further H-type ampli-
fication, which results in the formation of an unstable gigach-
romosome: (F) Repeated BrdU treatments and/or drug selec-
tion induce further H-type amplification including a
centromere duplication, which leads to the formation of
another heterochromatic chromosome arm. It is split off from
the chromosome 7 by chromosome breakage and acquires a
terminal segment to form the stable megachromosome.

[0369] D. Expression of 3-Galactosidase and Hygromycin
Transferase Genes In Cell Lines Carrying the Megachromo-
some or Derivatives Thereof.

[0370] Thelevel ofheterologous gene (i.e., 3-galactosidase
and hygromycin transferase genes) expression in cell lines
containing the megachromosome or a derivative thereof was
quantitatively measured. The relationship between the copy-
number of the heterologous genes and the level of protein
expressed therefrom was also determined.

[0371] 1. Materials and Methods
[0372] a.Cell Lines
[0373] Heterologous gene expression levels of H1D3 cells,

carrying a 250-400 Mb megachromosome as described
above, and mM2C1 cells, carrying a 50-60 Mb micro-mega-
chromosome, were quantitatively evaluated. mM2C1 cells
were generated by repeated BrdU treatment and single cell
cloning of the HlxHe41 cell line (mouse-hamster-human
hybrid cell line carrying the megachromosome and a single
human chromosome with CD4 and neo” genes; see FIG. 4).
The cell lines were grown under standard conditions in F12
medium under selective (120:g/ml hygromycin) or non-se-
lective conditions.

b. Preparation of Cell Extract for 3-Galactosidase Assays

[0374] Monolayers of mM2C1 or H1D3 cell cultures were
washed three times with phosphate-buffered saline (PBS).
Cells were scraped by rubber policemen and suspended and
washed again in PBS. Washed cells were resuspended into
0.25 M Tris-HCl, pH 7.8, and disrupted by three cycles of
freezing in liquid nitrogen and thawing at 37EC. The extract
was clarified by centrifugation at 12,000 rpm for 5 min. at
48C.

[0375]

[0376] The 3-galactosidase assay mixture contained 1 mM
MgCl,, 45 mM 3-mercaptoethanol, 0.8 mg/ml o-nitrophe-
nyl-3-D-galactopyranoside and 66 mM sodium phosphate,
pH 7.5. After incubating the reaction mixture with the cell
extract at 37EC for increasing time, the reaction was termi-
nated by the addition of three volumes of 1M Na,CO;, and the
optical density was measured at 420 nm. Assay mixture incu-
bated without cell extract was used as a control. The linear
range of the reaction was determined to be between 0.1-0.8
OD,,5,. One unit of 3-galactosidase activity is defined as the
amount of enzyme that will hydrolyse 3 nmoles of o-nitro-
phenyl-3-D-galactopyranoside in 1 minute at 375C.

[0377] d.Preparation of Cell Extract for Hygromycin Phos-
photransferase Assay

[0378] Cells were washed as described above and resus-
pended into 20 mM Hepes buffer, pH 7.3, 100 mM potassium
acetate, 5 mM Mg acetate and 2 mM dithiothreitol). Cells
were disrupted at OEC by six 10 sec bursts in an MSE ultra-
sonic disintegrator using a microtip probe. Cells were
allowed to cool for 1 min after each ultrasonic burst. The
extracts were clarified by centrifuging for 1 min at 2000 rpm
in a microcentrifuge.

c. 3-Galactosidase Assay
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[0379] e. Hygromycin Phosphotransferase Assay

[0380] Enzyme activity was measured by means of the
phosphocellulose paper binding assay as described by Haas
and Dowding ((1975). Meth. Enzymol. 43:611-628). The cell
extract was supplemented with 0.1 M ammonium chloride
and 1 mM adenosine-(->*P-triphosphate (specific activity:
300 Ci/mmol). The reaction was initiated by the addition of
0.1 mg/ml hygromycin and incubated for increasing time at
37EC. Thereaction was terminated by heating the samples for
5 min at 75€C in a water bath, and after removing the pre-
cipitated proteins by centrifugation for 5 min in a microcen-
trifuge, an aliquot of the supernatant was spotted on a piece of
Whatman P-81 phosphocellulose paper (2 cm?). After 30 sec
at room temperature the papers are placed into 500 ml of hot
(75eC) distilled water for 3 min. While the radioactive ATP
remains in solution under these conditions, hygromycin
phosphate binds strongly and quantitatively to phosphocellu-
lose. The papers are rinsed 3 times in 500 ml of distilled water
and the bound radioactivity was measured in toluene scintil-
lation cocktail in a Beckman liquid scintillation counter.
Reaction mixture incubated without added hygromycin
served as a control.

[0381] f. Determination of the Copy-Number of the Heter-
ologous Genes
[0382] DNA was prepared from the H1D3 and mM2Cl1

cells using standard purification protocols involving SDS
lysis of the cells followed by Proteinase K treatment and
phenol/chloroform extractions. The isolated DNA was
digested with an appropriate restriction endonuclease, frac-
tionated on agarose gels, blotted to nylon filters and hybrid-
ized with a radioactive probe derived either from the 3-galac-
tosidase or the hygromycin phosphotransferase genes. The
level of hybridization was quantified in a Molecular Dynam-
ics Phosphorlmage Analyzer. To control the total amount of
DNA loaded from the different cells lines, the filters were
reprobed with a single copy gene, and the hybridization of
J-galactosidase and hygromycin phosphotransferase genes
was normalized to the single copy gene hybridization.
[0383] g. Determination of Protein Concentration

[0384] The total protein content of the cell extracts was
measured by the Bradford colorimetric assay using bovine
serum albumin as standard.

[0385] 2. Characterization of the 3J-Galactosidase and
Hygromycin Phosphotransferase Activity Expressed in
H1D3 and mM2C1 Cells

[0386] In order to establish quantitative conditions, the
most important kinetic parameters of J-galactosidase and
hygromycin phosphotransferase activity have been studied.
The J-galactosidase activity measured with a colorimetric
assay was linear between the 0.1-0.8 OD,,,, range both for the
nM2C1 and H1D3 cell lines. The 3-galactosidase activity was
also proportional in both cell lines with the amount of protein
added to the reaction mixture within 5-100:g total protein
concentration range. The hygromycin phosphotransferase
activity of nM2C1 and H1D3 cell lines was also proportional
with the reaction time or the total amount of added cell extract
under the conditions described for the 3-galactosidase.
[0387] a. Comparison of 3I-Galactosidase Activity of
mM2C1 and H1D3 Cell Lines

[0388] Cell extracts prepared from logarithmically grow-
ing mM2C1 and H1D3 cell lines were tested for 3-galactosi-
dase activity, and the specific activities were compared in 10
independent experiments. The J-galactosidase activity of
HI1D3 cell extracts was 440¥25 U/mg total protein. Under
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identical conditions the 3J-galactosidase activity of the
mM2C1 cell extracts was 4.8 times lower: 92¥13 U/mg total
protein.

[0389] 3J-galactosidase activities of highly subconfluent,
subconfluent and nearly confluent cultures of H1D3 and
mM2Cl1 cell lines were also compared. In these experiments
different numbers of logarithmic H1D3 and mM2C1 cells
were seeded in constant volume of culture medium and grown
for 3 days under standard conditions. No significant differ-
ence was found in the J-galactosidase specific activities of
cell cultures grown at different cell densities, and the ratio of
H1D3/mM2C1 3-galactosidase specific activities was also
similar for all three cell densities. In confluent, stationary cell
cultures of H1D3 or mM2C1 cells, however, the expression of
J-galactosidase significantly decreased due likely to cessa-
tion of cell division as a result of contact inhibition.

[0390] b. Comparison of Hygromycin Phosphotransferase
Activity of HID3 and mM2C1 Cell Lines

[0391] The bacterial hygromycin phosphotransferase is
present in a membrane-bound form in H1D3 or mM2C1 cell
lines. This follows from the observation that the hygromycin
phosphotransferase activity can be completely removed by
high speed centrifugation of these cell extracts, and the
enzyme activity can be recovered by resuspending the high
speed pellet.

[0392] The ratio of the enzyme’s specific activity in H1D3
and mM2C]1 cell lines was similar to that of 3-galactosidase
activity, i.e., H1D3 cells have 4.1 times higher specific activ-
ity compared with mM2C1 cells.

[0393] c¢. Hygromycin Phosphotransferase Activity in
H1D3 and mM2C1 Cells Grown Under Non-Selective Con-
ditions

[0394] The level of expression of the hygromycin phospho-
transferase gene was measured on the basis of quantitation of
the specific enzyme activities in H1D3 and mM2Cl1 cell lines
grown under non-selective conditions for 30 generations. The
absence of hygromycin in the medium did not influence the
expression of the hygromycin phosphotransferase gene.
[0395] 3. Quantitation of the Number of 3-Galactosidase
and Hygromycin Phosphotransferase Gene Copies in H1 D3
and mM2C1 Cell Lines

[0396] As described above, the 3-galactosidase and hygro-
mycin phosphotransferase genes are located only within the
megachromosome, or micro-megachromosome in H1D3 and
mM2C1 cells. Quantitative analysis of genomic Southern
blots of DNA isolated from H1D3 and mM2C1 cell lines with
the Phosphorlmage Analyzer revealed that the copy number
of 3-galactosidase genes integrated into the megachromo-
some is approximately 10 times higher in H1D3 cells than in
mM2C1 cells. The copy-number of hygromycin phospho-
transferase genes is approximately 7 times higher in H1D3
cells than in mM2C1 cells.

[0397] 4. Summary and Conclusions of Results of Quanti-
tation of Heterologous Gene Expression in Cells Containing
Megachromosomes or Derivatives Thereof.

[0398] Quantitative determination of 3J-galactosidase
activity of higher eukaryotic cells (e.g., H1D3 cells) carrying
the bacterial 3-galactosidase gene in heterochromatic mega-
chromosomes confirmed the observed high-level expression
of' the integrated bacterial gene detected by cytological stain-
ing methods. It has generally been established in reports of
studies of the expression of foreign genes in transgenic ani-
mals that, although transgene expression shows correct tissue
and developmental specificity, the level of expression is typi-
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cally low and shows extensive position-dependent variability
(i.e., the level of transgene expression depends on the site of
chromosomal integration). It is has been assumed that the
low-level transgene expression may be due to the absence of
special DNA sequences which can insulate the transgene
from the inhibitory effect of the surrounding chromatin and
promote the formation of active chromatin structure required
for efficient gene expression. Several cis-activating DNA
sequence elements have been identified that abolish this posi-
tion-dependent variability, and can ensure high-level expres-
sion of the transgene locus activating region (LAR)
sequences in higher eukaryotes and specific chromatin struc-
ture (scs) elements in lower eukaryotes (see, et al. Eissenberg
and Elgin (1991) Trends in Genet. 7:335-340). If these cis-
acting DNA sequences are absent, the level of transgene
expression is low and copy-number independent.

[0399] Although the bacterial J-galactosidase reporter
gene contained in the heterochromatic megachromosomes of
H1D3 and mM2C1 cells is driven by a potent eukaryotic
promoter-enhancer element, no specific cis-acting DNA
sequence element was designed and incorporated into the
bacterial DNA construct which could function as a boundary
element. Thus, the high-level J-galactosidaseexpression
measured in these cells is of significance, particularly because
the 3-galactosidase gene in the megachromosome is located
in a long, compact heterochromatic environment, which is
known to be able to block gene expression. The megachro-
mosome appears to contain DNA sequence element(s) in
association with the bacterial DNA sequences that function to
override the inhibitory effect of heterochromatin on gene
expression.

[0400] The specificity of the heterologous gene expression
in the megachromosome is further supported by the observa-
tion that the level of 3-galactosidase expression is copy-num-
ber dependent. In the H1D3 cell line, which carries a full-size
megachromosome, the specific activity of 3-galactosidase is
about 5-fold higher than in mM2C1 cells, which carry only a
smaller, truncated version of the megachromosome. A com-
parison of the number of 3-galactosidase gene copies in
H1D3 and mM2C1 cell lines by quantitative hybridization
techniques confirmed that the expression of 3-galactosidaseis
copy-number dependent. The number of integrated 3-galac-
tosidasegene copies is approximately 10-fold higher in the
H1D3 cells than in mM2C1 cells. Thus, the cell line contain-
ing the greater number of copies of the 3-galactosidase gene
also yields higher levels of 3-galactosidaseactivity, which
supports the copy-number dependency of expression. The
copy number dependency of the J-galactosidase and hygro-
mycin phosphotransferase enzyme levels in cell lines carry-
ing different derivatives of the megachromosome indicates
that neither the chromatin organization surrounding the site of
integration of the bacterial genes, nor the heterochromatic
environment of the megachromosome suppresses the expres-
sion of the genes.

[0401] The relative amount of J-galactosidase protein
expressed in H1D3 cells can be estimated based onthe V.
of this enzyme (500 for homogeneous, crystallized bacterial
J-galactosidase (Naider et al. (1972) Biochemistry 11:3202-
3210)) and the specific activity of H1D3 cell protein. AV, .
of 500 means that the homogeneous 3-galactosidase protein
hydrolyzes 500:moles of substrate per minute per mg of
enzyme protein at 37EC. One mg of total H1D3 cell protein
extract can hydrolyze 1.4:moles of substrate per minute at
37EC, which means that 0.28% of the protein present in the
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H1D?3 cell extract is 3-galactosidase. The hygromycin phos-
photransferase is present in a membrane-bound form in
H1D3 and mM2C1 cells. The tendency of the enzyme to
integrate into membranes in higher eukaryotic cells may be
related to its periplasmic localization in prokaryotic cells. The
bacterial hygromycin phosphotransterase has not been puri-
fied to homogeneity; thus, its V,,, . has not been determined.
Therefore, no estimate can be made on the total amount of
hygromycin phosphotransferase protein expressed in these
cell lines. The 4-fold higher specific activity of hygromycin
phosphotransferase in H1D3 cells as compared to mM2C1
cells, however, indicates that its expression is also copy num-
ber dependent.

[0402] The constant and high level expression of the 3-ga-
lactosidase gene in H1D3 and mM2C1 cells, particularly in
the absence of any selective pressure for the expression of this
gene, clearly indicates the stability of the expression of genes
carried in the heterochromatic megachromosomes. This con-
clusion is further supported by the observation that the level
othygromycin phosphotransferase expression did not change
when H1D3 and mM2Cl1 cells were grown under non-selec-
tive conditions. The consistent high-level, stable, and copy-
number dependent expression of bacterial marker genes
clearly indicates that the megachromosome is an ideal vector
system for expression of foreign genes.

Example 7

Summary of Some of the Cell Lines with SATACS
and Minichromosomes that have been Constructed

[0403] 1. EC3/7-Derived Cell Lines

[0404] The LMTK™ derived cell line, which is a mouse
fibroblast cell line, was transfected with 8CMS8 and
8gtWESneo DNA (see, EXAMPLE 2) to produce trans-
formed cell lines. Among these, was EC3/7, deposited at the
European Collection of Animal cell Culture (ECACC) under
Accession No. 90051001 (see, U.S. Pat. No. 5,288,625; see,
also Hadlaczky et al. (1991) Proc. Natl. Acad. Sci. U.S.A.
88:8106-8110 and U.S. application Ser. No. 08/375,271).
This cell line contains the dicentric chromosome with the
neo-centromere. Recloning and selection produced cell lines
such as EC3/7C5, which are cell lines with the stable neo-
minichromosome and the formerly dicentric chromosome
(see, FIG. 20).

[0405] 2. KE1-2/4 Cells

[0406] Fusion of EC3/7 with CHO-K20 cells and selection
with G418/HAT produced hybrid cell lines, among these was
KE1-2/4, which has been deposited with the ECACC under
Accession No. 96040924. KE1-2/4 is a stable cell line that
contains the 8neo-chromosome (see, FIG. 2D; see, also U.S.
Pat. No. 5,288,625), produced by E-type amplifications.
KE1-2/4 has been transfected with vectors containing 8 DNA,
selectable markers, such as the puromycin-resistance gene,
and genes of interest, such as p53 and the anti-HIV ribozyme
gene. These vectors target the gene of interest into the 8neo-
chromosome by virtue of homologous recombination with
the heterologous DNA in the chromosome.

[0407] 3. C5 pMCTS53 Cells

[0408] The EC3/7CS5 cell line has been co-transfected with
pH132, pCH110 and 8 DNA (see, EXAMPLE 2) as well as
other constructs. Various clones and subclones have been
selected. For example transformation with a construct that
includes p53 encoding DNA, produced cells designated C5
pMCTS53.
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[0409] 4. TF1004G24 Cells

[0410] As discussed above, cotransfection of EC3/7C5
cells with plasmids (pH132, pCH110 available from Pharma-
cia, see, also Hall et al. (1983) J. Mol. Appl. Gen. 2:101-109)
and with 8 DNA (8¢l 857 Sam 7 (New England Biolabs))
produced transformed cells. Among these is TF1004G24,
which contains the DNA encoding the anti-HIV ribozyme in
the neo-minichromosome. Recloning of TF1004G24 pro-
duced numerous cell lines. Among these is the NHHIL.24 cell
line. This cell line also has the anti-HIV ribozyme in the
neo-minichromosome and expresses high levels of 3-gal. It
has been fused with CHO-K20 cells to produce various
hybrids.

[0411] 5. TF1004G19-Derived Cells

[0412] Recloning and selection of the TF1004G transfor-
mants produced the cell line TF1004G19, discussed above in
EXAMPLE 4, which contains the unstable sausage chromo-
some and the neo-minichromosome. Single cell cloning pro-
duced the TF1004G-19C5 (see FIG. 4) cell line, which has a
stable sausage chromosome and the neo-minichromosome.
TF1004G-19C5 has been fused with CHO cells and the
hybrids grown under selective conditions to produce the
19C5xHa4 and 19C5xHa3 cell lines (see, EXAMPLE 4) and
others. Recloning of'the 19C5xHa3 cell line yielded a cell line
containing a gigachromosome, i.e., cell line 19C5xHa47, see
FIG. 2E. BrdU treatment of 19C5xHa4 cells and growth
under selective conditions (neomycin (G) and/or hygromycin
(H)) has produced hybrid cell lines such as the G3DS5 and
G4D6 cell lines and others. G3D5 has the neo-minichromo-
some and the megachromosome. G4D6 has only the neo-
minichromosome.

[0413] Recloning of 19C5xHa4 cells in H medium pro-
duced numerous clones. Among these is H1D3 (see FIG. 4),
which has the stable megachromosome. Repeated BrdU treat-
ment and recloning of H1D3 cells has produced the HB31 cell
line, which has been used for transformations with the pTEM-
PUD, pTEMPU, pTEMPU3, and pCEPUR-132 vectors (see,
Examples 12 and 14, below).

[0414] H1D3 has been fused with a CD4* Hel a cell line
that carries DNA encoding CD4 and neomycin resistance on
a plasmid (see, e.g., U.S. Pat. Nos. 5,413,914, 5,409,810,
5,266,600, 5,223,263, 5,215,914 and 5,144,019, which
describe these Hel a cells). Selection with GH has produced
hybrids, including H1xHE41 (see FIG. 4), which carries the
megachromosome and also a single human chromosome that
includes the CD4neo construct. Repeated BrdU treatment
and single cell cloning has produced cell lines with the mega-
chromosome (cell line 1B3, see FIG. 4). About 25% of the
1B3 cells have a truncated megachromosome (~90-120 Mb).
Another of these subclones, designated 2CS5, was cultured on
hygromycin-containing medium and megachromosome-free
cell lines were obtained and grown in G418-containing
medium. Recloning of these cells yielded cell lines such as
1B4 and others that have a dwarf megachromosome (~150-
200 Mb), and cell lines, such as I1C3 and mM2C1, which
have a micro-megachromosome (~50-90 Mb). The micro-
megachromosome of cell line mM2C1 has no telomeres;
however, if desired, synthetic telomeres, such as those
described and generated herein, may be added to the mM2C1
cell micro-megachromosomes. Cell lines containing smaller
truncated megachromosomes, such as the mM2C1 cell line
containing the micro-megachromosome, can be used to gen-
erate even smaller megachromosomes, e.g., ~10-30 Mb in
size. This may be accomplished, for example, by breakage
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and fragmentation of the micro-megachromosome in these
cells through exposing the cells to X-ray irradiation, BrdU or
telomere-directed in vivo chromosome fragmentation.

Example 8
Replication of the Megachromosome

[0415] Thehomogeneous architecture of the megachromo-
somes provides a unique opportunity to perform a detailed
analysis of the replication of the constitutive heterochroma-
tin.

A. Materials and Methods

[0416] 1. Culture of Cell Lines

[0417] HI1D3 mouse-hamster hybrid cells carrying the
megachromosome (see, EXAMPLE 4) were cultured in F-12
medium containing 10% fetal calf serum (FCS) and 400:g/ml
Hygromycin B (Calbiochem). G3D5 hybrid cells (see,
Example 4) were maintained in F-12 medium containing 10%
FCS, 400:g/ml Hygromycin B (Calbiochem), and 400:g/ml
G418 (SIGMA). Mouse A9 fibroblast cells were cultured in
F-12 medium supplemented with 10% FCS.

[0418] 2. BrdU Labelling

[0419] In typical experiments, 20-24 parallel semi-conflu-
ent cell cultures were set up in 10 cm Petri dishes. Bromode-
oxyuridine (BrdU) (Fluka) was dissolved in distilled water
alkalized with a drop of NaOH, to make a 10> M stock
solution. Aliquots of 10-50:1 of this BrdU stock solution were
added to each 10 ml culture, to give a final BrdU concentra-
tion of 10-50:M. The cells were cultured in the presence of
BrdU for 30 min, and then washed with warm complete
medium, and incubated without BrdU until required. At this
point, 5:g/ml colchicine was added to a sample culture every
1 or 2 h. After 1-2 h colchicine treatment, mitotic cells were
collected by “shake-off” and regular chromosome prepara-
tions were made for immunolabelling.

[0420] J. Immunolabelling of Chromosomes and In Situ
Hybridization
[0421] Immunolabelling with fluorescein-conjugated anti-

BrdU monoclonal antibody (Boehringer) was done according
to the manufacturer’s recommendations, except that for
mouse A9 chromosomes, 2 M hydrochloric acid was used at
37° C.for 25 min, while for chromosomes of hybrid cells, IM
hydrochloric acid was used at 37° C. for 30 min. In situ
hybridization with biotin-labelled probes, and indirect immu-
nofluorescence and in situ hybridization on the same prepa-
ration, were performed as described previously (Hadlaczky et
al. (1991) Proc. Natl. Acad. Sci. U.S.A. 88:8106-8110, see,
also U.S. Pat. No. 5,288,625).

[0422] 4. Microscopy

[0423] All observations and microphotography were made
by using a Vanox AHBS (Olympus) microscope. Fujicolor
400 Super G or Fyjicolor 1600 Super HG high-speed color
negatives were used for photographs.

B. Results

[0424] The replication of the megachromosome was ana-
lyzed by BrdU pulse labelling followed by immunolabelling.
The basic parameters for DNA labelling in vivo were first
established. Using a 30-min pulse of 50:M BrdU in parallel
cultures, samples were taken and fixed at 5 min intervals from
the beginning of the pulse, and every 15 min up to 1 h after the
removal of BrdU. Incorporated BrdU was detected by immu-



US 2009/0263898 Al

nolabelling with fluorescein-conjugated anti-BrdU mono-
clonal antibody. At the first time point (5§ min) 38% of the
nuclei were labelled, and a gradual increase in the number of
labelled nuclei was observed during incubation in the pres-
ence of BrdU, culminating in 46% in the 30-min sample, at
the time of the removal of Brd U. At further time points (60,
75, and 90 min) no significant changes were observed, and the
fraction of labelled nuclei remained constant (44.5-46%).
[0425] These results indicate that (i) the incorporation of
the BrdU is a rapid process, (ii) the 30 min pulse-time is
sufficient for reliable labelling of S-phase nuclet, and (iii) the
BrdU can be effectively removed from the cultures by wash-
ing.

[0426] The length of the cell cycle of the H1D3 and G3D5
cells was estimated by measuring the time between the
appearance of the earliest BrdU signals on the extreme late
replicating chromosome segments and the appearance of the
same pattern only on one of the chromatids of the chromo-
somes after one completed cell cycle. The length of G2 period
was determined by the time of the first detectable BrdU signal
on prophase chromosomes and by the labelled mitoses
method (Qastler et al. (1959) Exp. Cell Res. 17:420-438). The
length of the S-phase was determined in three ways: (i) on the
basis of the length of cell cycle and the fraction of nuclei
labelled during the 30-120 min pulse; (ii) by measuring the
time between the very end of the replication of the extreme
late replicating chromosomes and the detection of the first
signal on the chromosomes at the beginning of S phase; (iii)
by the labelled mitoses method. In repeated experiments, the
duration of the cell cycle was found to be 22-26 h, the S phase
10-14 h, and the G2 phase 3.5-4.5 h.

[0427] Analyses of the replication of the megachromosome
were made in parallel cultures by collecting mitotic cells at
two hour intervals following two hours of colchicine treat-
ment. In a repeat experiment, the same analysis was per-
formed using one hour sample intervals and one hour colchi-
cine treatment. Although the two procedures gave
comparable results, the two hour sample intervals were
viewed as more appropriate since approximately 30% of the
cells were found to have a considerably shorter or longer cell
cycle than the average. The characteristic replication patterns
of the individual chromosomes, especially some of the late
replicating hamster chromosomes, served as useful internal
markers for the different stages of S-phase. To minimize the
error caused by the different lengths of cell cycles in the
different experiments, samples were taken and analyzed
throughout the whole cell cycle until the appearance of the
first signals on one chromatid at the beginning of the second
S-phase.

[0428] The sequence of replication in the megachromo-
some is as follows. At the very beginning of the S-phase, the
replication of the megachromosome starts at the ends of the
chromosomes. The first initiation of replication in an intersti-
tial position can usually be detected at the centromeric region.
Soon after, but still in the first quarter of the S-phase, when the
terminal region of the short arm has almost completed its
replication, discrete initiation signals appear along the chro-
mosome arms. In the second quarter of the S-phase, as repli-
cation proceeds, the BrdU-labelled zones gradually widen,
and the checkered pattern of the megachromosome becomes
clear (see, e.g., FIG. 2F). Atthe same time, pericentric regions
of mouse chromosomes also show intense incorporation of
BrdU. The replication of the megachromosome peaks at the
end of the second quarter and in the third quarter of the
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S-phase. At the end of the third quarter, and at the very
beginning of the last quarter of the S-phase, the megachro-
mosome and the pericentric heterochromatin of the mouse
chromosomes complete their replication. By the end of
S-phase, only the very late replicating segments of mouse and
hamster chromosomes are still incorporating BrdU.

[0429] The replication of the whole genome occurs in dis-
tinct phases. The signal of incorporated BrdU increased con-
tinuously until the end of the first half of the S-phase, but at
the beginning of the third quarter of the S-phase chromosome
segments other than the heterochromatic regions hardly
incorporated BrdU. In the last quarter of the S-phase, the
BrdU signals increased again when the extreme late replicat-
ing segments showed very intense incorporation.

[0430] Similaranalyses ofthe replication in mouse A9 cells
were performed as controls. To increase the resolution of the
immunolabelling pattern, pericentric regions of A9 chromo-
somes were decondensed by treatment with Hoechst 33258.
Because of the intense replication of the surrounding euchro-
matic sequences, precise localization of the initial BrdU sig-
nal in the heterochromatin was normally difficult, even on
undercondensed mouse chromosomes. On those chromo-
somes where the initiation signal(s) were localized unam-
biguously, the replication of the pericentric heterochromatin
of A9 chromosomes was similar to that of the megachromo-
some. Chromosomes of A9 cells also exhibited replication
patterns and sequences similar to those of the mouse chromo-
somes in the hybrid cells. These results indicate that the
replicators of the megachromosome and mouse chromo-
somes retained their original timing and specificity in the
hybrid cells.

[0431] By comparing the pattern of the initiation sites
obtained after BrdU incorporation with the location of the
integration sites of the “foreign” DNA in a detailed analysis of
the first quarter of the S-phase, an attempt was made to
identify origins of replication (initiation sites) in relation to
the amplicon structure of the megachromosome. The double
band of integrated DNA on the long arm of the megachromo-
some served as a cytological marker. The results showed a
colocalization of the BrdU and in situ hybridization signals
found at the cytological level, indicating that the “foreign”
DNA sequences are in close proximity to the origins of rep-
lication, presumably integrated into the non-satellite
sequences between the replicator and the satellite sequences
(see, FIG. 3). As described in Example 6.B.4, the rDNA
sequences detected in the megachromosome are also local-
ized at the amplicon borders at the site of integration of the
“foreign” DNA sequences, suggesting that the origins of rep-
lication responsible for initiation of replication of the mega-
chromosome involve rDNA sequences. In the pericentric
region of several other chromosomes, dot-like BrdU signals
can also be observed that are comparable to the initiation
signals on the megachromosome. These signals may repre-
sent similar initiation sites in the heterochromatic regions of
normal chromosomes.

[0432] At a frequency of 10*, “uncontrolled” amplifica-
tion of the integrated DNA sequences was observed in the
megachromosome. Consistent with the assumption (above)
that “foreign” sequences are in proximity of the replicators,
this spatially restricted amplification is likely to be a conse-
quence of uncontrolled repeated firings of the replication
origin(s) without completing the replication of the whole
segment.

C. Discussion

[0433] It has generally been thought that the constitutive
heterochromatin of the pericentric regions of chromosomes is



US 2009/0263898 Al

late replicating (see, e.g., Miller (1976) Chromosoma 55:165-
170). On the contrary, these experiments evidence that the
replication of the heterochromatic blocks starts at a discrete
initiation site in the first half of the S-phase and continues
through approximately three-quarters of S-phase. This differ-
ence can be explained in the following ways: (i) in normal
chromosomes, actively replicating euchromatic sequences
that surround the satellite DNA obscure the initiation signals,
and thus the precise localization of initiation sites is obscured;
(ii) replication of the heterochromatin can only be detected
unambiguously in a period during the second half of the
S-phase, when the bulk of the heterochromatin replicates and
most other chromosomal regions have already completed
their replication, or have not yet started it. Thus, low resolu-
tion cytological techniques, such as analysis of incorporation
of radioactively labelled precursors by autoradiography, only
detect prominent replication signals in the heterochromatin in
the second half of S-phase, when adjacent euchromatic seg-
ments are no longer replicating.

[0434] Inthe megachromosome, the primary initiation sites
of replication colocalize with the sites where the “foreign”
DNA sequences and rDNA sequences are integrated at the
amplicon borders. Similar initiation signals were observed at
the same time in the pericentric heterochromatin of some of
the mouse chromosomes that do not have “foreign” DNA,
indicating that the replication initiation sites at the borders of
amplicons may reside in the non-satellite flanking sequences
of the satellite DNA blocks. The presence of a primary ini-
tiation site at each satellite DNA doublet implies that this
large chromosome segment is a single huge unit of replication
(megareplicon) delimited by the primary initiation site and
the termination point at each end of the unit. Several lines of
evidence indicate that, within this higher-order replication
unit, “secondary” origins and replicons contribute to the com-
plete replication of the megareplicon:

[0435] 1. The total replication time of the heterochromatic
regions of the megachromosome was ~9-11 h. At the rate of
movement of replication forks, 0.5-5 kb per minute, that is
typical of eukaryotic chromosomes (Kornberg et al. (1992)
DNA Replication. 2nd. ed., New York. W.H. Freeman and Co,
p. 474), replication of a ~15 Mb replicon would require
50-500 h. Alternatively, if only a single replication origin was
used, the average replication speed would have to be 25 kb per
minute to complete replication within 10 h. By comparing the
intensity of the BrdU signals on the euchromatic and the
heterochromatic chromosome segments, no evidence for a 5-
to 50-fold difference in their replication speed was found.

[0436] 2. Using short BrdU pulse labelling, a single origin
of replication would produce a replication band that moves
along the replicon, reflecting the movement of the replication
fork. In contrast, a widening of the replication zone that
finally gave rise to the checkered pattern of the megachromo-
some was observed, and within the replication period, the
most intensive BrdU incorporation occurred in the second
half of the S-phase. This suggests that once the megareplica-
tor has been activated, it permits the activation and firing of
“secondary” origins, and that the replication of the bulk of the
satellite DNA takes place from these “secondary” origins
during the second half of the S-phase. This is supported by the
observation that in certain stages of the replication of the
megachromosome, the whole amplicon can apparently be
labelled by a short BrdU pulse.

[0437] Megareplicators and secondary replication origins
seem to be under strict temporal and spatial control. The first
initiation within the megachromosomes usually occurred at
the centromere, and shortly afterward all the megareplicators
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become active. The last segment of the megachromosome to
complete replication was usually the second segment of the
long arm. Results of control experiments with mouse A9
chromosomes indicate that replication of the heterochromatin
of mouse chromosomes corresponds to the replication of the
megachromosome amplicons. Therefore, the pre-existing
temporal control of replication in the heterochromatic blocks
is preserved in the megachromosome. Positive (Hassan et al.
(1994) J. Cell. Sci. 107:425-434) and negative (Haase et al.
(1994) Mol. Cell. Biol. 14:2516-2524) correlations between
transcriptional activity and initiation of replication have been
proposed. In the megachromosome, transcription of the inte-
grated genes seems to have no effect on the original timing of
the replication origins. The concerted, precise timing of the
megareplicator initiations in the different amplicons suggests
the presence of specific, cis-acting sequences, origins of rep-
lication.

[0438] Considering that pericentric heterochromatin of
mouse chromosomes contains thousands of short, simple
repeats spanning 7-15 Mb, and the centromere itself may also
contain hundreds of kilobases, the existence of a higher-order
unit of replication seems probable. The observed uncon-
trolled intrachromosomal amplification restricted to a repli-
cation initiation region of the megachromosome is highly
suggestive of a rolling-circle type amplification, and provides
additional evidence for the presence of a replication origin in
this region.

[0439] The finding that a specific replication initiation site
occurs at the boundaries of amplicons suggests that replica-
tion might play a role in the amplification process. These
results suggest that each amplicon of the megachromosome
can be regarded as a huge megareplicon defined by a primary
initiation site (megareplicator) containing “secondary” ori-
gins of replication. Fusion of replication bubbles from difter-
ent origins of bi-directional replication (DePamphilis (1993)
Ann. Rev. Biochem. 62:29-63) within the megareplicon could
form a giant replication bubble, which would correspond to
the whole megareplicon. In the light of this, the formation of
megabase-size amplicons can be accommodated by a repli-
cation-directed amplification mechanism. In H and E-type
amplifications, intrachromosomal multiplication of the
amplicons was observed (see, above EXAMPLES), which is
consistent with the unequal sister chromatid exchange model.
Induced or spontaneous unscheduled replication of a mega-
replicon in the constitutive heterochromatin may also form
new amplicon(s) leading to the expansion of the amplification
or to the heterochromatic polymorphism of “normal” chro-
mosomes. The “restoration” of the missing segment on the
long arm of the megachromosome may well be the result of
the re-replication of one amplicon limited to one strand.

[0440] Taken together, without being bound by any theory,
a replication-directed mechanism is a plausible explanation
for the initiation of large-scale amplifications in the centro-
meric regions of mouse chromosomes, as well as for the de
novo chromosome formations. If specific (amplificator, i.e.,
sequences controlling amplification) sequences play a role in
promoting the amplification process, sequences at the pri-
mary replication initiation site (megareplicator) of the mega-
replicon are possible candidates.

[0441] The presence of rRNA gene sequence at the ampli-
con borders near the foreign DNA in the megachromosome
suggests that this sequence contributes to the primary repli-
cation initiation site and participates in large-scale amplifica-
tion of the pericentric heterochromatin in de novo formation
of SATACs. Ribosomal RNA genes have an intrinsic ampli-
fication mechanism that provides for multiple copies of tan-
dem genes. Thus, for purposes herein, in the construction of



US 2009/0263898 Al

SATAC:s in cells, rDNA will serve as a region for targeted
integration, and as components of SATACs constructed in
vitro.

Example 9

Generation of Chromosomes with Amplified
Regions Derived from Mouse Chromosome 1

[0442] To show that the events described in EXAMPLES
2-7 are not unique to mouse chromosome 7 and to show that
the EC7/3 cell line is not required for formation of the artifi-
cial chromosomes, the experiments have been repeated using
different initial cell lines and DNA fragments. Any cell or cell
line should be amenable to use or can readily be determined
that it is not.

A. Materials

[0443] The LP11 cell line was produced by the “scrape-
loading” transfection method (Fechheimer et al. (1987) Proc.
Natl. Acad. Sci. U.S.A. 84:8463-8467) using 25:g plasmid
DNA for 5 i 10° recipient cells. LP11 cells were maintained
in F-12 medium containing 3-15:g/ml Puromycin (SIGMA).

B. Amplification in LP11 Cells

[0444] The large-scale amplification described in the above
Examples is not restricted to the transformed EC3/7 cell line
or to the chromosome 7 of mouse. In an independent trans-
formation experiment, LMTK™ cells were transfected using
the calcium phosphate precipitation procedure with a select-
able puromycin-resistance gene-containing construct desig-
nated pPuroTel (see Example 1.E.2. for a description of this
plasmid), to establish cell line LP11. Cell line LP11 carries
chromosome(s) with amplified chromosome segments of dif-
ferent lengths (~150-600 Mb). Cytological analysis of the
LP11 cells indicated that the amplification occurred in the
pericentric region of the long arm of a submetacentric chro-
mosome formed by Robertsonian translocation. This chro-
mosome arm was identified by G-banding as chromosome 1.
C-banding and in situ hybridization with mouse major satel-
lite DNA probe showed that an E-type amplification had
occurred: the newly formed region was composed of an array
of euchromatic chromosome segments containing different
amounts of heterochromatin. The size and C-band pattern of
the amplified segments were heterogeneous. In several cells,
the number of these amplified units exceeded 50; single-cell
subclones of LP11 cell lines, however, carry stable marker
chromosomes with 10-15 segments and constant C-band pat-
terns.

[0445] Sublines of the thymidine kinase-deficient L.P11
cells (e.g., LP11-15P 1C5/7 cell line) established by single-
cell cloning of LP11 cells were transfected with a thymidine
kinase gene construct. Stable TK™ transfectants were estab-
lished.

Example 10

Isolation of SATACS and Other Chromosomes with
Atypical Base Content and/or Size

[0446] 1. Isolation of Artificial Chromosomes from Endog-
enous Chromosomes

[0447] Artificial chromosomes, such as SATACs, may be
sorted from endogenous chromosomes using any suitable
procedures, and typically involve isolating metaphase chro-
mosomes, distinguishing the artificial chromosomes from the
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endogenous chromosomes, and separating the artificial chro-
mosomes from endogenous chromosomes. Such procedures
will generally include the following basic steps: (1) culture of
a sufficient number of cells (typically about 2x10” mitotic
cells) to yield, preferably on the order of 1x10° artificial
chromosomes, (2) arrest of the cell cycle of the cells in a stage
of mitosis, preferably metaphase, using a mitotic arrest agent
such as colchicine, (3) treatment of the cells, particularly by
swelling of the cells in hypotonic buffer, to increase suscep-
tibility of the cells to disruption, (4) by application of physical
force to disrupt the cells in the presence of isolation buffers
for stabilization of the released chromosomes, (5) dispersal of
chromosomes in the presence of isolation buffers for stabili-
zation of free chromosomes, (6) separation of artificial from
endogenous chromosomes and (7) storage (and shipping if
desired) of the isolated artificial chromosomes in appropriate
buffers. Modifications and variations of the general procedure
for isolation of artificial chromosomes, for example to
accommodate different cell types with differing growth char-
acteristics and requirements and to optimize the duration of
mitotic block with arresting agents to obtain the desired bal-
ance of chromosome yield and level of debris, may be empiri-
cally determined.

[0448] Steps 1-5 relate to isolation of metaphase chromo-
somes. The separation of artificial from endogenous chromo-
somes (step 6) may be accomplished in a variety of ways. For
example, the chromosomes may be stained with DNA-spe-
cific dyes such as Hoeschst 33258 and chromomycin A; and
sorted into artificial and endogenous chromosomes on the
basis of dye content by employing fluorescence-activated cell
sorting (FACS). To facilitate larger scale isolation of the arti-
ficial chromosomes, different separation techniques may be
employed such as swinging bucket centrifugation (to effect
separation based on chromosome size and density) (see, e.g.,
Mendelsohn et al. (1968) J. Mol. Biol. 32:101-108), zonal
rotor centrifugation (to effect separation on the basis of chro-
mosome size and density) (see, e.g., Burki et al. (1973) Prep.
Biochem. 3:157-182; Stubblefield et al. (1978) Biochem. Bio-
phys. Res. Commun. 83:1404-1414, velocity sedimentation
(to effect separation on the basis of chromosome size and
shape) (see e.g., Collard et al. (1984) Cytometry 5:9-19).
Immuno-affinity purification may also be employed in larger
scale artificial chromosome isolation procedures. In this pro-
cess, large populations of artificial chromosome-containing
cells (asynchronous or mitotically enriched) are harvested en
masse and the mitotic chromosomes (which can be released
from the cells using standard procedures such as by incuba-
tion of the cells in hypotonic buffer and/or detergent treatment
of the cells in conjunction with physical disruption of the
treated cells) are enriched by binding to antibodies that are
bound to solid state matrices (e.g. column resins or magnetic
beads). Antibodies suitable for use in this procedure bind to
condensed centromeric proteins or condensed and DNA-
bound histone proteins. For example, autoantibody LUS851
(see Hadlaczky et al. (1989) Chromosoma 97:282-288),
which recognizes mammalian centromeres may be used for
large-scale isolation of chromosomes prior to subsequent
separation of artificial from endogenous chromosomes using
methods such as FACS. The bound chromosomes would be
washed and eventually eluted for sorting. Immunoaffinity
purification may also be used directly to separate artificial
chromosomes from endogenous chromosomes. For example,
SATACs may be generated in or transferred to (e.g., by micro-
injection or microcell fusion as described herein) a cell line



US 2009/0263898 Al

that has chromosomes that contain relatively small amounts
of heterochromatin, such as hamster cells (e.g., V79 cells or
CHO-K1 cells). The SATACs, which are predominantly het-
erochromatin, are then separated from the endogenous chro-
mosomes by utilizing anti-heterochromatin binding protein
(Drosophila HP-1) antibody conjugated to a solid matrix.
Such matrix preferentially binds SATACs relative to hamster
chromosomes. Unbound hamster chromosomes are washed
away from the matrix and the SATACs are eluted by standard
techniques.

[0449] A. Cell Lines and Cell Culturing Procedures
[0450] In one isolation procedure, 1B3 mouse-hamster-hu-
man hybrid cells (see, FIG. 4) carrying the megachromosome
or the truncated megachromosome were grown in F-12
medium supplemented with 10% fetal calf serum, 150:g/ml
hygromycin B and 400:g/ml G418. GHB42 (a cell line
recloned from G3D5 cells) mouse-hamster hybrid cells car-
rying the megachromosome and the minichromosome were
also cultured in F-12 medium containing 10% fetal calf
serum, 150:g/ml hygromycin B and 400:g/ml G418. The
doubling time of both cell lines was about 24-40 hours, typi-
cally about 32 hours.

[0451] Typically, cell monolayers are passaged when they
reach about 60-80% confluence and are split every 48-72
hours. Cells that reach greater than 80% confluence senesce
in culture and are not preferred for chromosome harvesting.
Cells may be plated in 100-200 100-mm dishes at about
50-70% confluency 12-30 hours before mitotic arrest (see,
below).

[0452] Other cell lines that may be used as hosts for artifi-
cial chromosomes and from which the artificial chromosomes
may be isolated include, but are not limited to, PtK1 (NBL-3)
marsupial kidney cells (ATCC accession no. CCL35), CHO-
K1 Chinese hamster ovary cells (ATCC accession no.
CCL61),V79-4 Chinese hamster lung cells (ATCC accession
no. CCL93), Indian muntjac skin cells (ATCC accession no.
CCL157), LMTK(-) thymidine kinase deficient murine L
cells (ATCC accession no. CCL1.3), Sf9 fall armyworm
(Spodoptera frugiperda) ovary cells (ATCC accession no.
CRL 1711) and any generated heterokaryon (hybrid) cell
lines, such as, for example, the hamster-murine hybrid cells
described herein, that may be used to construct MACs, par-
ticularly SATACs.

[0453] Cell lines may be selected, for example, to enhance
efficiency of artificial chromosome production and isolation
as may be desired in large-scale production processes. For
instance, one consideration in selecting host cells may be the
artificial chromosome-to-total chromosome ratio of the cells.
To facilitate separation of artificial chromosomes from
endogenous chromosomes, a higher artificial chromosome-
to-total chromosome ratio might be desirable. For example,
for H1D3 cells (a murine/hamster heterokaryon; see FIG. 4),
this ratio is 1:50, i.e., one artificial chromosome (the mega-
chromosome) to 50 total chromosomes. In contrast, Indian
muntjac skin cells (ATCC accession no. CCL.157) contain a
smaller total number of chromosomes (a diploid number of
chromosomes of 7), as do kangaroo rat cells (a diploid num-
ber of chromosomes of 12) which would provide for a higher
artificial chromosome-to-total chromosome ratio upon intro-
duction of, or generation of, artificial chromosomes in the
cells.

[0454] Another consideration in selecting host cells for
production and isolation of artificial chromosomes may be
size of the endogenous chromosomes as compared to that of
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the artificial chromosomes. Size differences of the chromo-
somes may be exploited to facilitate separation of artificial
chromosomes from endogenous chromosomes. For example,
because Indian muntjac skin cell chromosomes are consider-
ably larger than minichromosomes and truncated megachro-
mosomes, separation of the artificial chromosome from the
muntjac chromosomes may possibly be accomplished using
univariate (one dye, either Hoechst 33258 or Chromomycin
A3) FACS separation procedures.

[0455] Another consideration in selecting host cells for
production and isolation of artificial chromosomes may be
the doubling time of the cells. For example, the amount of
time required to generate a sufficient number of artificial
chromosome-containing cells for use in procedures to isolate
artificial chromosomes may be of significance for large-scale
production. Thus, host cells with shorter doubling times may
be desirable. For instance, the doubling time of V79 hamster
Iung cells is about 9-10 hours in comparison to the approxi-
mately 32-hour doubling time of H1D3 cells.

[0456] Accordingly, several considerations may go into the
selection of host cells for the production and isolation of
artificial chromosomes. It may be that the host cell selected as
the most desirable for de novo formation of artificial chromo-
somes is not optimized for large-scale production of the arti-
ficial chromosomes generated in the cell line. In such cases, it
may be possible, once the artificial chromosome has been
generated in the initial host cell line, to transfer it to a pro-
duction cell line more well suited to efficient, high-level pro-
duction and isolation of the artificial chromosome. Such
transfer may be accomplished through several methods, for
example through microcell fusion, as described herein, or
microinjection into the production cell line of artificial chro-
mosomes purified from the generating cell line using proce-
dures such as described herein. Production cell lines prefer-
ably contain two or more copies of the artificial chromosome
per cell.

[0457] B. Chromosome Isolation

[0458] In general, cells are typically cultured for two gen-
erations at exponential growth prior to mitotic arrest. To accu-
mulate mitotic 1B3 and GHBA42 cells in one particular isola-
tion procedure, 5:g/ml colchicine was added for 12 hours to
the cultures. The mitotic index obtained was 60-80%. The
mitotic cells were harvested by selective detachment by
gentle pipetting of the medium on the monolayer cells. It is
also possible to utilize mechanical shake-oft as a means of
releasing the rounded-up (mitotic) cells from the plate. The
cells were sedimented by centrifugation at 200xg for 10 min-
utes.

[0459] Cells (grown on plastic or in suspension) may be
arrested in different stages of the cell cycle with chemical
agents other than colchicine, such as hydroxyurea, vinblas-
tine, colcemid or aphidicolin. Chemical agents that arrest the
cells in stages other than mitosis, such as hydroxyurea and
aphidicolin, are used to synchronize the cycles of all cells in
the population and then are removed from the cell medium to
allow the cells to proceed, more or less simultaneously, to
mitosis at which time they may be harvested to disperse the
chromosomes. Mitotic cells could be enriched for a mechani-
cal shake-off (adherent cells). The cell cycles of cells within
a population of MAC-containing cells may also be synchro-
nized by nutrient, growth factor or hormone deprivation
which leads to an accumulation of cells in the G, or G, stage;
readdition of nutrients or growth factors then allows the qui-
escent cells to re-enter the cell cycle in synchrony for about
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one generation. Cell lines that are known to respond to hor-
mone deprivation in this manner, and which are suitable as
hosts for artificial chromosomes, include the Nb2 rat lym-
phoma cell line which is absolutely dependent on prolactin
for stimulation of proliferation (see Gout et al. (1980) Cancer
Res. 40:2433-2436). Culturing the cells in prolactin-deficient
medium for 18-24 hours leads to arrest of proliferation, with
cells accumulating early in the G, phase of the cell cycle.
Upon addition of prolactin, all the cells progress through the
cell cycle until M phase at which point greater than 90% of the
cells would be in mitosis (addition of colchicine could
increase the amount of the mitotic cells to greater than 95%).
The time between reestablishing proliferation by prolactin
addition and harvesting mitotic cells for chromosome sepa-
ration may be empirically determined.

[0460] Alternatively, adherent cells, such as V79 cells, may
be grown in roller bottles and mitotic cells released from the
plastic surface by rotating the roller bottles at 200 rpm or
greater (Shwarchuk et al. (1993) Int. J. Radiat. Biol. 64:601-
612). At any given time, approximately 1% of the cells in an
exponentially growing asynchronous population is in
M-phase. Even without the addition of colchicine, 2x10”
mitotic cells have been harvested from four 1750-cm? roller
bottles after a 5-min spin at 200 rpm. Addition of colchicine
for 2 hours may increase the yield to 6x10® mitotic cells.
[0461] Several procedures may be used to isolate
metaphase chromosomes from these cells, including, but not
limited to, one based on a polyamine buffer system (Cram et
al. (1990) Methods in Cell Biology 33:377-382), one on a
modified hexylene glycol buffer system (Hadlaczky et al.
(1982) Chromosoma 86:643-65), one on a magnesium sulfate
buffer system (Van den Engh et al. (1988) Cytometry 9:266-
270 and Van den Engh et al. (1984) Cytometry 5:108), one on
an acetic acid fixation buffer system (Stoehr et al. (1982)
Histochemistry 74:57-61), and one on a technique utilizing
hypotonic KC1 and propidium iodide (Cram et al. (1994)
XVII meeting of the International Society for Analytical
Cytology, October 16-21, Tutorial IV Chromosome Analysis
and Sorting with Commercial Flow Cytometers; Cram et al.
(1990) Methods in Cell Biology 33:376).

[0462] 1. Polyamine Procedure

[0463] In the polyamine procedure that was used in isolat-
ing artificial chromosomes from either 1B3 or GHB42 cells,
about 107 mitotic cells were incubated in 10 ml hypotonic
buffer (75 mM KCl, 0.2 mM spermine, 0.5 mM spermidine)
for 10 minutes at room temperature to swell the cells. The
cells are swollen in hypotonic buffer to loosen the metaphase
chromosomes but not to the point of cell lysis. The cells were
then centrifuged at 100xg for 8 minutes, typically at room
temperature. The cell pellet was drained carefully and about
107 cells were resuspended in 1 ml polyamine buffer (15 mM
Tris-HCI, 20 mM NaCl, 80 mM KCl, 2 mM EDTA, 0.5 mM
EGTA, 14 mM 3-mercaptoethanol, 0.1% digitonin, 0.2 mM
Spermine, 0.5 mM spermidine) for physical dispersal of the
metaphase chromosomes. Chromosomes were then released
by gently drawing the cell suspension up and expelling it
through a 22 G needle attached to a 3 ml plastic syringe. The
chromosome concentration was about 1-3x10°® chromo-
somes/ml.

[0464] The polyamine buffer isolation protocol is well
suited for obtaining high molecular weight chromosomal
DNA (Sillar and Young (1981) J. Histochem. Cytochem.
29:74-78; VanDilla et al. (1986) Biotechnology 4:537-552;
Bartholdi et al. (1988) In “Molecular Genetics of Mammalian
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Cells” (M. Goettsman, ed.), Methods in Enzymology 151:
252-267. Academic Press, Orlando). The chromosome stabi-
lizing buffer uses the polyamines spermine and spermidine to
stabilize chromosome structure (Blumenthal et al. (1979) J.
Cell Biol. 81:255-259; Lalande et al. (1985) Cancer Genet.
Cytogenet. 23:151-157) and heavy metals chelators to reduce
nuclease activity.

[0465] The polyamine buffer protocol has wide applicabil-
ity, however, as with other protocols, the following variables
must be optimized for each cell type: blocking time, cell
concentration, type of hypotonic swelling buffer, swelling
time, volume of hypotonic buffer, and vortexing time. Chro-
mosomes prepared using this protocol are typically highly
condensed.

[0466] There are several hypotonic buffers that may be used
to swell the cells, for example buffers such as the following:
75 mM KCl; 75 mM KCl, 0.2 mM spermine, 0.5 mM sper-
midine; Ohnuki’s buffer of 16.2 mM sodium nitrate, 6.5 mM
sodium acetate, 32.4 mM KCI (Ohnuki (1965) Nature 208:
916-917 and Ohnuki (1968) Chromosoma 25:402-428); and a
variation of Ohnuki’s buffer that additionally contains 0.2
mM spermine and 0.5 mM spermidine. The amount and
hypotonicity of added buffer vary depending on cell type and
cell concentration. Amounts may range from 2.5-5.5 ml per
107 cells or more. Swelling times may vary from 10-90 min-
utes depending on cell type and which swelling buffer is used.
[0467] The composition of the polyamine isolation buffer
may also be varied. For example, one modified buffer con-
tains 15 mM Tris-HCl, pH 7.2, 70 mM NaCl, 80 mM KCl, 2
mM EDTA, 0.5 mM EGTA, 14 mM beta-mercaptoethanol,
0.25% Triton-X, 0.2 mM spermine and 0.5 mM spermidine.
[0468] Chromosomal dispersal may also be accomplished
by a variety of physical means. For example, cell suspension
may be gently drawn up and expelled in a 3-ml syringe fitted
with a 22-gauge needle (Cram et al. (1990) Methods in Cell
Biology 33:377-382), cell suspension may be agitated on a
bench-top vortex (Cram et al. (1990) Methods in Cell Biology
33:377-382), cell suspension may be disrupted with a homog-
enizer (Sillar and Young (1981) J. Histochem. Cytochem.
29:74-78; Carrano et al. (1979) Proc. Natl. Acad. Sci. U.S.A.
76:1382-1384) and cell suspension may be disrupted with a
bench-top ultrasonic bath (Stoehr et al. (1982) Histochemis-
try 74:57-61).

[0469] 2. Hexylene Glycol Buffer System

[0470] In the hexylene glycol buffer procedure that was
used in isolating artificial chromosomes from either 1B3 or
GHB42 cells, about 8x10° mitotic cells were resuspended in
10 ml glycine-hexylene glycol buffer (100 mM glycine, 1%
hexylene glycol, pH 8.4-8.6 adjusted with saturated Ca-hy-
droxide solution) and incubated for 10 minutes at 37EC, fol-
lowed by centrifugation for 10 minutes to pellet the nuclei.
The supernatant was centrifuged again at 200xg for 20 min-
utes to pellet the chromosomes. Chromosomes were resus-
pended in isolation buffer (1-3x10® chromosomes/ml).
[0471] Thehexylene glycol buffer composition may also be
modified. For example, one modified buffer contains 25 mM
Tris-HCI, pH 7.2, 750 mM hexylene glycol, 0.5 mM CaCl,,
1.0 mM MgCl, (Carrano et al. (1979) Proc. Natl. Acad. Sci.
US.A. 76:1382-1384).

[0472] 3. Magnesium-Sulfate Buffer System

[0473] This buffer system may be used with any of the
methods of cell swelling and chromosomal dispersal, such as
described above in connection with the polyamine and hexy-
lene glycol buffer systems. In this procedure, mitotic cells are
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resuspended in the following buffer: 4.8 mM HEPES, pH 8.0,
9.8 mM MgSO,, 48 mM KCl, 2.9 mM dithiothreitol (Van den
Engh et al. (1985) Cytometry 6:92 and Van den Engh et al.
(1984) Cytometry 5:108).

[0474] 4. Acetic Acid Fixation Buffer System

[0475] This buffer system may be used with any of the
methods of cell swelling and chromosomal dispersal, such as
described above in connection with the polyamine and hexy-
lene glycol buffer systems. In this procedure, mitotic cells are
resuspended in the following buffer: 25 mM Tris-HCI, pH
3.2, 750 mM (1,6)-hexandiol, 0.5 mM CaCl,, 1.0% acetic
acid (Stoehr et al. (1982) Histochemistry 74:57-61).

[0476] 5. KCI-Propidium lodide Buffer System

[0477] This buffer system may be used with any of the
methods of cell swelling and chromosomal dispersal, such as
described above in connection with the polyamine and hexy-
lene glycol buffer systems. In this procedure, mitotic cells are
resuspended in the following buffer: 25 mM KCl, 50:g/ml
propidium iodide, 0.33% Triton X-100, 333:g/ml RNase
(Cram et al. (1990) Methods in Cell Biology 33:376).

[0478] The fluorescent dye propidium iodide is used and
also serves as a chromosome stabilizing agent. Swelling of
the cells in the hypotonic medium (which may also contain
propidium iodide) may be monitored by placing a small drop
of the suspension on a microscope slide and observing the
cells by phase/fluorescent microscopy. The cells should
exclude the propidium iodide while swelling, but some may
lyse prematurely and show chromosome fluorescence. After
the cells have been centrifuged and resuspended in the KCl-
propidium iodide buffer system, they will be lysed due to the
presence of the detergent in the buffer. The chromosomes
may then be dispersed and then incubated at 37eC forup to 30
minutes to permit the RNase to act. The chromosome prepa-
ration is then analyzed by flow cytometry. The propidium
iodide fluorescence can be excited at the 488 nm wavelength
of'anargon laser and detected through an OG 570 optical filter
by a single photomultiplier tube. The single pulse may be
integrated and acquired in an univariate histogram. The flow
cytometer may be aligned to a CV of 2% or less using small
(1.5:m diameter) microspheres. The chromosome prepara-
tion is filtered through 60:m nylon mesh before analysis.

[0479] C. Staining of Chromosomes with DNA-Specific
Dyes
[0480] Subsequent to isolation, the chromosome prepara-

tion was stained with Hoechst 33258 at 6:g/ml and chromo-
mycin A3 at 200:g/ml. Fifteen minutes prior to analysis, 25
mM Na-sulphite and 10 mM Na-citrate were added to the
chromosome suspension.

[0481] D. Flow Sorting of Chromosomes

[0482] Chromosomes obtained from 1B3 and GHB42 cells
and maintained were suspended in a polyamine-based sheath
buffer (0.5 mM EGTA, 2.0 mM EDTA, 80 mM KCl, 70 mM
NaCl, 15 mM Tris-HC], pH 7.2, 0.2 mM spermine and 0.5
mM spermidine) (Sillar and Young (1981) J. Histochem.
Cytochem. 29:74-78). The chromosomes were then passed
through a dual-laser cell sorter (FACStar Plus or FAXStar
Vantage Becton Dickinson Immunocytometry System; other
dual-laser sorters may also be used, such as those manufac-
tured by Coulter Electronics (Elite ESP) and Cytomation
(MoFlo)) in which two lasers were set to excite the dyes
separately, allowing a bivariate analysis of the chromosome
by size and base-pair composition. Because of the difference
between the base composition of the SATACs and the other
chromosomes and the resulting difference in interaction with
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the dyes, as well as size differences, the SATACs were sepa-
rated from the other chromosomes.

[0483] E. Storage of the Sorted Artificial Chromosomes
[0484] Sorted chromosomes may be pelleted by centrifu-
gation and resuspended in a variety of buffers, and stored at
45C. For example, the isolated artificial chromosomes may be
stored in GH buffer (100 mM glycine, 1% hexylene glycol pH
8.4-8.6 adjusted with saturated Ca-hydroxide solution) (see,
e.g., Hadlaczky et al. (1982) Chromosoma 86:643-659) for
one day and embedded by centrifugation into agarose. The
sorted chromosomes were centrifuged into an agarose bed
and the plugs are stored in 500 mM EDTA at 4° C. Additional
storage buffers include CMB-I/polyamine buffer (17.5 mM
Tris-HCl, pH 7.4, 1.1 mM EDTA, 50 mM epsilon-amino
caproic acid, 5 mM benzamide-HCl, 0.40 mM spermine, 1.0
mM spermidine, 0.25 mM EGTA, 40 mM KCl, 35 mM NaCl)
and CMB-II/polyamine buffer (100 mM glycine, pH 7.5, 78
mM hexylene glycol, 0.1 mM EDTA, 50 mM epsilon-amino
caproic acid, 5 mM benzamide-HCl, 0.40 mM spermine, 1.0
mM spermidine, 0.25 mM EGTA, 40 mM KCI, 35 mM
NaCl).

[0485] When microinjection is the intended use, the sorted
chromosomes are stored in 30% glycerol at —20° C. Sorted
chromosomes may also be stored without glycerol for short
periods of time (3-6 days) in storage buffers at 45C. Exem-
plary buffers for microinjection include CBM-I (10 mM Tris-
HCL, pH 7.5, 0.1 mM EDTA, 50 mM epsilon-amino caproic
acid, 5 mM benzamide-HCI, 0.30 mM spermine, 0.75 mM
spermidine), CBM-II (100 mM glycine, pH 7.5, 78 mM hexy-
lene glycol, 0.1 mM EDTA, 50 mM epsilon-amino caproic
acid, 5 mM benzamide-HCI, 0.30 mM spermine, 0.75 mM
spermidine).

[0486] For long-term storage of sorted chromosomes, the
above buffers are preferably supplemented with 50% glycerol
and stored at —20EC.

[0487] F. Quality Control
[0488] 1. Analysis of the Purity
[0489] The purity of the sorted chromosomes was checked

by fluorescence in situ hybridization (FISH) with a biotin-
labeled mouse satellite DNA probe (see, Hadlaczky et al.
(1991) Proc. Natl. Acad. Sci. U.S.A. 88:8106-8110). Purity of
the isolated chromosomes was about 97-99%.

[0490] 2. Characteristics of the Sorted Chromosomes
[0491] Pulsed field gel electrophoresis and Southern
hybridization were carried out to determine the size distribu-
tion of the DNA content of the sorted artificial chromosomes.

[0492] G. Functioning of the Purified Artificial Chromo-
somes
[0493] To check whether their activity is preserved, the

purified artificial chromosomes may be microinjected (using
methods such as those described in Example 13) into primary
cells, somatic cells and stem cells which are then analyzed for
expression of the heterologous genes carried by the artificial
chromosomes, e.g., such as analysis for growth on selective
medium and assays of 3-galactosidase activity.

1I. Sorting of Mammalian Artificial Chromosome-Containing
Microcells

[0494] A. Micronucleation

[0495] Cells were grown to 80-90% confluency in 4 T 50
flasks. Colcemid was added to a final concentration of 0.06
®dg/ml, and then incubated with the cells at 37° C. for 24
hours.
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[0496] B. Enucleation

[0497] Ten ®g/ml cytochalasin B was added and the result-
ing microcells were centrifuged at 15,000 rpm for 70 minutes
at 28-33° C.

[0498] C. Purification of Microcells by Filtration

[0499] The microcells were purified using Swinnex filter
units and Nucleopore filters (5 ®m and 3 ®m).

[0500] D. Staining and Sorting Microcells

[0501] As above, the cells were stained with Hoechst and
chromomycin A3 dyes. The microcells were sorted by cell
sorter to isolate the microcells that contain the mammalian
artificial chromosomes.

[0502] E. Fusion

[0503] The microcells that contain the artificial chromo-
some are fused, for example, as described in Example 1.A.5.,
to selected primary cells, somatic cells, embryonic stem cells
to generate transgenic (non-human) animals and for gene
therapy purposes, and to other cells to deliver the chromo-
somes to the cells.

Example 11

Introduction of Mammalian Artificial Chromosomes
into Insect Cells

[0504] Insect cells are useful hosts for MACs, particularly
for use in the production of gene products, for a number of
reasons, including:

[0505] 1. A mammalian artificial chromosome provides an
extra-genomic specific integration site for introduction of
genes encoding proteins of interest (reduced chance of muta-
tion in production system).

[0506] 2.Thelarge size ofan artificial chromosome permits
megabase size DNA integration so that genes encoding an
entire pathway leading to a protein or nonprotein of therapeu-
tic value, such as an alkaloid (digitalis, morphine, taxol) can
be accommodated by the artificial chromosome.

[0507] 3. Amplification of genes encoding useful proteins
can be accomplished in the artificial mammalian chromo-
some to obtain higher protein yields in insect cells.

[0508] 4. Insect cells support required post-translational
modifications (glycosylation, phosphorylation) essential for
protein biological function.

[0509] 5. Insect cells do not support mammalian viruses—
eliminates cross-contamination of product with human infec-
tious agents.

[0510] 6. The ability to introduce chromosomes circum-
vents traditional recombinant baculovirus systems for pro-
duction of nutritional, industrial or medicinal proteins in
insect cell systems.

[0511] 7. The low temperature optimum for insect cell
growth (28° C.) permits reduced energy cost of production.
[0512] 8. Serum free growth medium for insect cells will
result in lower production costs.

[0513] 9. Artificial chromosome-containing cells can be
stored indefinitely at low temperature.

[0514] 10.Insectlarvae will serve as biological factories for
the production of nutritional, medicinal or industrial proteins
by microinjection of fertilized insect eggs.

A. Demonstration that Insect Cells Recognize Mammalian
Promoters

[0515] Gene constructs containing a mammalian promoter,
such as the CMV promoter, linked to a detectable marker
gene (Renilla luciferase gene (see, e.g., U.S. Pat. No. 5,292,
658 for a description of DNA encoding the Renilla luciferase,
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and plasmid pTZrLuc-1, which can provide the starting mate-
rial for construction of such vectors, see also SEQ ID No. 10)
and also including the simian virus 40 (SV40) promoter oper-
ably linked to the 3-galactosidase gene were introduced into
the cells of two species Trichoplusia ni (cabbage looper) and
Bombyx mori (silk worm).

[0516] After transferring the constructs into the insect cell
lines either by electroporation or by microinjection, expres-
sion of the marker genes was detected in luciferase assays
(see e.g., Example 12.C.3) and in J-galactosidase assays
(such as X-gal staining assays) after a 24-h incubation. In
each case a positive result was obtained in the samples con-
taining the genes which was absent in samples in which the
genes were omitted. In addition, a B. mori 3-actin promoter-
Renilla luciferase gene fusion was introduced into the 7. ni
and B. mori cells which yielded light emission after transfec-
tion. Thus, certain mammalian promoters function to direct
expression of these marker genes in insect cells. Therefore,
MAC:s are candidates for expression of heterologous genes in
insect cells.

[0517] B. Construction of Vectors for Use in Insect Cells
and Fusion with Mammalian Cells

[0518] 1. Transform LMTK™ Cells with Expression Vector
with:
[0519] a. B. mori F-actin promoter—Hyg” selectable

marker gene for insect cells, and

[0520] b. SV40 or CMV promoters controlling a puromy-

cin” selectable marker gene for mammalian cells.

[0521] 2. Detect expression of the mammalian promoter in

LMTK cells (puromycin” LMTK cells)

[0522] 3. Use puromycin” cells in fusion experiments with

Bombyx and Trichoplusia cells, select Hyg” cells.

C. Insertion of the MACs into Insect Cells

[0523] These experiments are designed to detect expres-

sion of a detectable marker gene (such as the 3-galactosidase

gene expressed under the control of a mammalian promoter,

such as pSV40) located on a MAC that has been introduced

into an insect cell. Data indicate that 3-gal was expressed.

[0524] Insectcells are fused with mammalian cells contain-

ing mammalian artificial chromosomes, e.g., the minichro-

mosome (EC3/7CS5) or the mini and the megachromosome

(such as GHB42, which is a cell line recloned from G3D5) or

a cell line that carries only the megachromosome (such as

H1D3 oraredone therefrom). Fusion is carried out as follows:
[0525] 1. mammalian+insect cells (50/50%) in log phase

growth are mixed;

[0526] 2. calcium/PEG cell fusion: (10 min-0.5 h);
[0527] 3. heterokaryons (+72 h) are selected.
[0528] The following selection conditions to select for

insect cells that contain a MAC can be used: (+=positive
selection; —=negative selection):

[0529] 1. growth at 28° C. (+insect cells, -mammalian
cells);
[0530] 2. Graces insect cell medium (SIGMA) (-mam-

malian cells);
[0531] 3.noexogenous CO, (-mammalian cells); and/or
[0532] 4. antibiotic selection (Hyg or G418) (+trans-
formed insect cells).
[0533] Immediately following the fusion protocol, many
heterokaryons (fusion events) are observed between the
mammalian and each species of insect cells (up to 90% het-
erokaryons). After growth (2+ weeks) on insect medium con-
taining G418 and/or hygromycin at selection levels used for
selection of transformed mammalian cells, individual colo-
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nies are detected growing on the fusion plates. By virtue of
selection for the antibiotic resistance conferred by the MAC
and selection for insect cells, these colonies should contain
MACs.

[0534] The B. mori A-actin gene promoter has been shown
to direct expression of the J-galactosidase gene in B. mori
cells and mammalian cells (e.g., EC3/7C5 cells). The B. mori
J-actin gene promoter is, thus, particularly useful for inclu-
sion in MACs generated in mammalian cells that will subse-
quently be transferred into insect cells because the presence
of any marker gene linked to the promoter can be determined
in the mammalian and resulting insect cell lines.

Example 12

Preparation of Chromosome Fragmentation Vectors
and Other Vectors for Targeted Integration of DNA
into MACs

[0535] Fragmentation of the megachromosome should ulti-
mately result in smaller stable chromosomes that contain
about 15 Mb to 50 Mb that will be easily manipulated for use
as vectors. Vectors to effect such fragmentation should also
aid in determination and identification of the elements
required for preparation of an in vitro-produced artificial
chromosome.

[0536] Reduction in the size of the megachromosome can
be achieved in a number of different ways including: stress
treatment, such as by starvation, or cold or heat treatment;
treatment with agents that destabilize the genome or nick
DNA, such as BrdU, coumarin, EMS and others; treatment
with ionizing radiation (see, e.g., Brown (1992) Curr. Opin.
Genes Dev. 2:479-486); and telomere-directed in vivo chro-
mosome fragmentation (see, e.g., Farr etal. (1995) EMBO J.
14:5444-5454).

[0537] A. Preparation of Vectors for Fragmentation of the
Artificial Chromosome and Also for Targeted Integration of
Selected Gene Products

[0538] 1. Construction of pPTEMPUD

[0539] Plasmid PTEMPUD (see FIG. 5) is a mouse
homologous recombination “killer” vector for in vivo chro-
mosome fragmentation, and also for inducing large-scale
amplification via site-specific integration. With reference to
FIG. 5, the ~3,625-bp Sall-Pstl fragment was derived from
the pBabe-puro retroviral vector (see, Morgenstern et al.
(1990) Nucleic Acids Res. 18:3587-3596). This fragment
contains DNA encoding ampicillin resistance, the pUC origin
of replication, and the puromycin N-acetyl transferase gene
under control of the SV40 early promoter. The URA3 gene
portion comes from the pYACS cloning vector (SIGMA).
URA3 was cut out of pYACS with Sall-Xhol digestion,
cloned into pNEB193 (New England Biolabs), which was
then cut with EcoRI-Sall and ligated to the Sall site of pBa-
bepuro to produce pPU.

[0540] A 1293-bp fragment (see SEQ ID No. 1) encoding
the mouse major satellite, was isolated as an EcoRI fragment
from a DNA library produced from mouse LMTK™ fibroblast
cells and inserted into the EcoRI site of pPU to produce
pMPU.

[0541] The TK promoter-driven diphtheria toxin gene (DT-
A) was derived from pMC1 DT-A (see, Maxwell et al. (1986)
Cancer Res. 46:4660-4666) by Bglll-Xhol digestion and
cloned into the pMC1 neo poly A expression vector (STRAT-
AGENE, La Jolla, Calif.) by replacing the neomycin-resis-
tance gene coding sequence. The TK promoter, DT-A gene
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and poly A sequence were removed from this vector, cohesive
ends were filled with Kienow and the resulting fragment blunt
end-ligated and ligated into the SnaBI (TACGTA) of pMPU
to produce pMPUD.

[0542] The Hutel 2.5-kb fragment (see SEQ ID No. 3) was
inserted at the Pstl site (see the 6100 PstI-3625 Pstl fragment
on PTEMPUD) of pMPUD to produce PTEMPUD. This
fragment includes a human telomere. It includes a unique
Bglll site (see nucleotides 1042-1047 of SEQ ID NO.3),
which will be used as a site for introduction of a synthetic
telomere that includes multiple repeats (80) of TTAGGG with
BamHI and BgllII ends for insertion into the Bglll site which
will then remain unique, since the BamHI overhang is com-
patible with the BgllI site. Ligation of a BamHI fragment to a
BgllIl destroys the Bglll site, so that only a single BgllI site
will remain. Selection for the unique BgllI site insures that the
synthetic telomere will be inserted in the correct orientation.
The unique BgllI site is the site at which the vector is linear-
ized.

[0543] To generate a synthetic telomere made up of mul-
tiple repeats of the sequence TTAGGG, attempts were made
to clone or amplify ligation products of 30-mer oligonucle-
otides containing repeats of the sequence. Two 30-mer oligo-
nucleotides, one containing four repeats of TTAGGG
bounded on each end of the complete run of repeats by half of
a repeat and the other containing five repeats of the comple-
ment AATCCC, were annealed. The resulting double-
stranded molecule with 3-bp protruding ends, each represent-
ing half of a repeat, was expected to ligate with itself to yield
concatamers of nx30 bp. However, this approach was unsuc-
cessful, likely due to formation of quadruplex DNA from the
G-rich strand. Similar difficulty has been encountered in
attempts to generate long repeats of the pentameric human
satellite II and IIT units. Thus, it appears that, in general, any
oligomer sequence containing periodically spaced consecu-
tive series of guanine nucleotides is likely to form undesired
quadruplex formation that hinders construction of long
double-stranded DNAs containing the sequence.

[0544] Therefore, in another attempt to construct a syn-
thetic telomere for insertion into the BglIl site of p TEMPUD,
the starting material was based on the complementary C-rich
repeat sequence (i.e., AATCCC) which would not be suscep-
tible to quadruplex structure formation. Two plasmids, des-
ignated pTEL280110 and pTel280111, were constructed as
follows to serve as the starting materials.

[0545] First, a long oligonucleotide containing 9 repeats of
the sequence AATCCC (i.e., the complement of telomere
sequence TTAGGG) in reverse order bounded on each end of
the complete run of repeats by half of a repeat (therefore, in
essence, containing 10 repeats), and recognition sites for Pstl
and Pacl restriction enzymes was synthesized using standard
methods. The oligonucleotide sequence is as follows:

(SEQ ID NO. 29)
5'-AAACTGCAGGTTAATTAACCCTAACCCTAACCCTAACCCTAACCCTA

ACCCTAACCCTAACCCTAACCCTAACCCGGGAT-3"

A partially complementary short oligonucleotide of sequence

3'-TTGGGCCCTAGGCTTAAGG-5" (SEQ ID NO. 30)

was also synthesized. The oligonucleotides were gel-purified,
annealed, repaired with Klenow polymerase and digested
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with EcoRI and Pstl. The resulting EcoRI/Pstl fragment was
ligated with EcoRI/Pstl-digested pUC19. The resulting plas-
mid was used to transform £. coli DH5V competent cells and
plasmid DNA (pTel102) from one of the transformants sur-
viving selection on LB/ampicillin was digested with Pacl,
rendered blunt-ended by Klenow and dNTPs and digested
with HindIII. The resulting 2.7-kb fragment was gel-purified.
[0546] Simultaneously, the same plasmid was amplified by
the polymerase chain reaction using extended and more distal
26-mer M13 sequencing primers. The amplification product
was digested with Smal and HindIIl, the double-stranded
84-bp fragment containing the 60-bp telomeric repeat (plus
24 bp of linker sequence) was isolated on a 6% native poly-
acrylamide gel, and ligated with the double-digested pTel102
to yield a 120-bp telomeric sequence. This plasmid was used
to transform DHSV cells. Plasmid DNA from two of the
resulting recombinants that survived selection on ampicillin
(100:g/ml) was sequenced on an ABI DNA sequencer using
the dye-termination method. One of the plasmids, designated
pTel29, contained a sequence of 20 repeats of the sequence
TTAGGG (i.e., 19 successive repeats of TTAGGG bounded
on each end of the complete run of repeats with half of a
repeat). The other plasmid, designated pTel28, had under-
gone a deletion of 2 bp (TA) at the junction where the two
sequences, each containing, in essence, 10 repeats of the
TTAGGG sequence, that had been ligated to yield the plas-
mid. This resulted in a GGGTGGG motif at the junction in
pTel28. This mutation provides a useful tag in telomere-
directed chromosome fragmentation experiments. Therefore,
the pTel29 insert was amplified by PCR using pUC/M13
sequencing primers based on sequence somewhat longer and
farther from the polylinker than usual as follows:

5'-GCCAGGGTTTTCCCAGTCACGACGT-3"! (SEQ ID NO. 31)

or in some experiments

5'-GCTGCAAGGCGATTAAGTTGGGTAAC-3" (SEQ ID NO. 32)

as the m13 forward primer, and

5'-TATGTTGTGTGGAATTGTGAGCGGAT-3" (SEQ ID NO. 33)

as the m13 reverse primer.

The amplification product was digested with Smal and Hin-
dIII. The resulting 144-bp fragment was gel-purified on a 6%
native polyacrylamide gel and ligated with pTel28 that had
been digested with Pacl, blunt-ended with Klenow and dNTP
and then digested with HindIII to remove linker. The ligation
yielded a plasmid designated pTel2801 containing a telom-
eric sequence of 40 repeats of the sequence TTAGGG in
which one of the repeats (i.e., the 30th repeat) lacked two
nucleotides (TA), due to the deletion that had occurred in
pTel28, to yield a repeat as follows: TGGG.

[0547] In the next extension step, pTel2801 was digested
with Smal and HindIII and the 264-bp insert fragment was
gel-purified and ligated with pTel2801 which had been
digested with Pacl, blunt-ended and digested with HindIII.
The resulting plasmid was transformed into DH5V cells and
plasmid DNA from 12 of the resulting transformants that
survived selection on ampicillin was examined by restriction
enzyme analysis for the presence of a 0.5-kb EcoRI/Pstl
insert fragment. Eleven of the recombinants contained the
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expected 0.5-kb insert. The inserts of two of the recombinants
were sequenced and found to be as expected. These plasmids
were designated pTel280110 and pTel280111. These plas-
mids, which are identical, both contain 80 repeats of the
sequence TTAGGG, in which two of the repeats (i.e., the 30th
and 70th repeats) lacked two nucleotides (TA), due to the
deletion that had occurred in pTel28, to yield a repeat as
follows: TGGG. Thus, in each of the cloning steps (except the
first), the length of the synthetic telomere doubled; that is, it
was increasing in size exponentially. Its length was 60x2” bp,
wherein n is the number of extension cloning steps under-
taken. Therefore, in principle (assuming . coli, or any other
microbial host, e.g., yeast, tolerates long tandem repetitive
DNA), it is possible to assemble any desirable size of safe
telomeric repeats.

[0548] In a further extension step, plel280110 was
digested with Pacl, blunt-ended with Klenow polymerase in
the presence of ANTP, then digested with HindIII. The result-
ing 0.5-kb fragment was gel purified. Plasmid pTel280111
was cleaved with Smal and HindIII and the 3.2-kb fragment
was gel-purified and ligated to the 0.5-kb fragment from
pTel280110. The resulting plasmid was used to transform
DHS5Y cells. Plasmid DNA was purified from transformants
surviving ampicillin selection. Nine of the selected recombi-
nants were examined by restriction enzyme analysis for the
presence of a 1.0-kb EcoRI/Pstl fragment. Four of the recom-
binants (designated pTlk2, pTlk6, pTlk7 and pTIk8) were
thus found to contain the desired 960 bp telomere DNA insert
sequence that included 160 repeats of the sequence TTAGGG
in which four of the repeats lacked two nucleotides (TA), due
to the deletion that had occurred in pTel28, to yield a repeat as
follows: TGGG. Partial DNA sequence analysis of the EcoR1/
Pstl fragment of two of these plasmids (i.e., pTlk2 and
pTIk6), in which approximately 300 bp from both ends of the
fragment were elucidated, confirmed that the sequence was
composed of successive repeats of the TTAGGG sequence.
[0549] Inorder to add Pmel and BgllI sites to the synthetic
telomere sequence, pTlk2 was digested with Pacl and Pstl
and the 3.7-kb fragment (i.e., 2.7-kb pUC19 and 1.0-kb repeat
sequence) was gel-purified and ligated at the Pstl cohesive
end with the following oligonucleotide 5'-GGGTTTAAA-
CAGATCTCTGCA-3' (SEQ ID NO. 34). The ligation prod-
uct was subsequently repaired with Klenow polymerase and
dNTP, ligated to itself and transformed into E. cofi strain
DHSV. A total of 14 recombinants surviving selection on
ampicillin were obtained. Plasmid DNA from each recombi-
nant was able to be cleaved with BgllI indicating that this
added unique restriction site had been retained by each
recombinant. Four of the 14 recombinants contained the com-
plete 1-kb synthetic telomere insert, whereas the insert of the
remaining 10 recombinants had undergone deletions of vari-
ous lengths. The four plasmids in which the 1-kb synthetic
telomere sequence remained intact were designated pTlkV2,
pTIkV5, pTIkVS8 an pTlkV12. Each of these plasmids could
also be digested with Pmel; in addition the presence of both
the Bglll and Pmel sites was verified by sequence analysis.
Any of these four plasmids can be digested with BamHI and
Bglll to release a fragment containing the 1-kb synthetic
telomere sequence which is then ligated with BgllI-digested
pTEMPUD.

[0550] 2. Use of pTEMPUD for In Vivo Chromosome
Fragmentation
[0551] Linearization of PTEMPUD by Bglll results in a

linear molecule with a human telomere at one end. Integration
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of this linear fragment into the chromosome, such as the
megachromosome in hybrid cells or any mouse chromosome
which contains repeats of the mouse major satellite sequence
results in integration of the selectable marker puromycin-
resistance gene and cleavage of the plasmid by virtue of the
telomeric end. The DT gene prevents that entire linear frag-
ment from integrating by random events, since upon integra-
tion and expression it is toxic. Thus random integration will
be toxic, so site-directed integration into the targeted DNA
will be selected. Such integration will produce fragmented
chromosomes.

[0552] The fragmented truncated chromosome with the
new telomere will survive, and the other fragment without the
centromere will be lost. Repeated in vivo fragmentations will
ultimately result in selection of the smallest functioning arti-
ficial chromosome possible. Thus, this vector can be used to
produce minichromosomes from mouse chromosomes, or to
fragment the megachromosome. In principle, this vector can
be used to target any selected DNA sequence in any chromo-
some to achieve fragmentation.

[0553] 3. Construction of pTERPUD

[0554] A fragmentation/targeting vector analogous to
pTEMPUD for in vivo chromosome fragmentation, and also
for inducing large-scale amplification via site-specific inte-
gration but which is based on mouse rDNA sequence instead
of mouse major satellite DNA has been designated pTER-
PUD. In this vector, the mouse major satellite DNA sequence
of pTEMPUD has been replaced with a 4770-bp BamHI
fragment of megachromosome clone 161 which contains
sequence corresponding to nucleotides 10,232-15,000 in
SEQ ID NO: 16.

[0555] 4. pHASPUD and pTEMPhu3

[0556] Vectors that specifically target human chromosomes
can be constructed from pTEMPUD. These vectors can be
used to fragment specific human chromosomes, depending
upon the selected satellite sequence, to produce human min-
ichromosomes, and also to isolate human centromeres.
[0557] a.pHASPUD

[0558] To render pTEMPUD suitable for fragmenting
human chromosomes, the mouse major satellite sequence is
replaced with human satellite sequences. Unlike mouse chro-
mosomes, each human chromosome has a unique satellite
sequence. For example, the mouse major satellite has been
replaced with a human hexameric ¥-satellite (or alphoid sat-
ellite) DNA sequence. This sequence is an 813-bp fragment
(nucleotide 232-1044 of SEQ ID No. 2) from clone pS12,
deposited in the EMBL database under Accession number
X60716, isolated from a human colon carcinoma cell line
Co010320 (deposited under Accession No. ATCC CCL 220.1).
The 813-bp alphoid fragment can be obtained from the pS12
clone by nucleic acid amplification using synthetic primers,
each of which contains an EcoRI site, as follows:

(SEQ ID No. 4)

GGGGAATTCAT TGGGATGTTT CAGTTGA forward primer

(SEQ ID No. 5)

CGAAAGTCCCC CCTAGGAGAT CTTAAGGA reverse primer.

[0559] Digestion of the amplified product with EcoRI
results in a fragment with EcoRI ends that includes the human
V-satellite sequence. This sequence is inserted into pTEM-
PUD in place of the EcoRI fragment that contains the mouse
major satellite to yield pHASPUD.
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[0560] Vector pHASPUD was linearized with BglIl and
used to transform EJ30 (human fibroblast) cells by scrape
loading. Twenty-seven puromycin-resistant transformant
strains were obtained.

[0561] b. pTEMPhu3

[0562] In pTEMPhu3, the mouse major satellite sequence
is replaced by the 3 kb human chromosome 3-specific V-sat-
ellite from D371 (deposited under ATCC Accession No.
85434; see, also Yrokov (1989) Cytogenet. Cell Genet.
51:1114).

[0563] 5. Use of the pTEMPHU3 to Induce Amplification
on Human Chromosome #3

[0564] Each human chromosome contains unique chromo-
some-specific alphoid sequence. Thus, pTEMPHU3, which
is targeted to the chromosome 3-specific V-satellite, can be
introduced into human cells under selective conditions,
whereby large-scale amplification of the chromosome 3 cen-
tromeric region and production of a de novo chromosome
ensues. Such induced large-scale amplification provides a
means for inducing de novo chromosome formation and also
for in vivo cloning of defined human chromosome fragments
up to megabase size.

[0565] For example, the break-point in human chromo-
some 3 is on the short arm near the centromere. This region is
involved in renal cell carcinoma formation. By targeting
pTEMPhu3 to this region, the induced large-scale amplifica-
tion may contain this region, which can then be cloned using
the bacterial and yeast markers in the pTEMPhu3 vector.
[0566] The pTEMPhu3 cloning vector allows not only
selection for homologous recombinants, but also direct clon-
ing of the integration site in YACS. This vector can also be
used to target human chromosome 3, preferably with a
deleted short arm, in a mouse-human monochromosomal
microcell hybrid line. Homologous recombinants can be
screened by nucleic acid amplification (PCR), and amplifica-
tion can be screened by DNA hybridization, Southern hybrid-
ization, and in situ hybridization. The amplified region can be
cloned into a YAC. This vector and these methods also permit
a functional analysis of cloned chromosome regions by rein-
troducing the cloned amplified region into mammalian cells.

B. Preparation of Libraries in YAC Vectors for Cloning of
Centromeres And Identification of Functional Chromosomal
Units

[0567] Another method that may be used to obtain smaller-
sized functional mammalian artificial chromosome units and
to clone centromeric DNA involves screening of mammalian
DNA YAC vector-based libraries and functional analysis of
potential positive clones in a transgenic mouse model system.
A mammalian DNA library is prepared in a YAC vector, such
as YRT?2 (see Schedl et al. (1993) Nuc. Acids Res. 21:4783-
4787), which contains the murine tyrosinase gene. The
library is screened for hybridization to mammalian telomere
and centromere sequence probes. Positive clones are isolated
and microinjected into pronuclei of fertilized oocytes of
NMRI/Han mice following standard techniques. The
embryos are then transferred into NMRI/Han foster mothers.
Expression of the tyrosinase gene in transgenic offspring
confers an identifiable phenotype (pigmentation). The clones
that give rise to tyrosinase-expressing transgenic mice are
thus confirmed as containing functional mammalian artificial
chromosome units.

[0568] Alternatively, fragments of SATACs may be intro-
duced into the YAC vectors and then introduced into pronu-
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clei of fertilized oocytes of NMRI/Han mice following stan-
dard techniques as above. The clones that give rise to
tyrosinase-expressing transgenic mice are thus confirmed as
containing functional mammalian artificial chromosome
units, particularly centromeres.

C. Incorporation of Heterologous Genes into Mammalian
Artificial Chromosomes through the Use of Homology Tar-
geting Vectors

[0569] As described above, the use of mammalian artificial
chromosomes for expression of heterologous genes obviates
certain negative effects that may result from random integra-
tion of heterologous plasmid DNA into the recipient cell
genome. An essential feature of the mammalian artificial
chromosome that makes it a useful tool in avoiding the nega-
tive effects of random integration is its presence as an extra-
genomic gene source in recipient cells. Accordingly, methods
of specific, targeted incorporation of heterologous genes
exclusively into the mammalian artificial chromosome, with-
out extraneous random integration into the genome of recipi-
ent cells, are desired for heterologous gene expression from a
mammalian artificial chromosome.

[0570] One means of achieving site-specific integration of
heterologous genes into artificial chromosomes is through the
use of homology targeting vectors. The heterologous gene of
interest is subcloned into a targeting vector which contains
nucleic acid sequences that are homologous to nucleotides
present in the artificial chromosome. The vector is then intro-
duced into cells containing the artificial chromosome for
specific site-directed integration into the artificial chromo-
some through a recombination event at sites of homology
between the vector and the chromosome. The homology tar-
geting vectors may also contain selectable markers for ease of
identifying cells that have incorporated the vector into the
artificial chromosome as well as lethal selection genes that
are expressed only upon extraneous integration of the vector
into the recipient cell genome. Two exemplary homology
targeting vectors, 8CF-7 and p8CF-7-DTA, are described
below.

[0571] 1. Construction of Vector 8CF-7

[0572] Vector 8CF-7 contains the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene as an exemplary
therapeutic molecule-encoding nucleic acid that may be
incorporated into mammalian artificial chromosomes for use
in gene therapy applications. This vector, which also contains
the puromycin-resistance gene as a selectable marker, as well
as the Saccharomyces cerevisiae ura3 gene (orotidine-5-
phosphate decarboxylase), was constructed in a series of
steps as follows.

[0573] a. Construction of pURA

[0574] Plasmid pURA was prepared by ligating a 2.6-kb
Sall/Xhol fragment from the yeast artificial chromosome
vector pYACS (Sigma; see also Burke et al. (1987) Science
236:806-812 for a description of YAC vectors as well as
GenBank Accession no. U01086 for the complete sequence
of pYACS) containing the S. cerevisiae ura3 gene with a
3.3-kb Sall/Smal fragment of pHyg (see, e.g., U.S. Pat. Nos.
4,997,764, 4,686,186 and 5,162,215, and the description
above). Prior to ligation the Xhol end was treated with Kle-
now polymerase for blunt end ligation to the Smal end of the
3.3 kb fragment of pHyyg. Thus, pURA contains the S. cer-
evisiae ura3 gene, and the F. coli ColE1 origin of replication
and the ampicillin-resistance gene. The uraE gene is included
to provide a means to recover the integrated construct from a
mammalian cell as a YAC clone.
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[0575] b. Construction of pUP2

[0576] Plasmid pURA was digested with Sall and ligated to
a 1.5-kb Sall fragment of pCEPUR. Plasmid pCEPUR is
produced by ligating the 1.1 kb SnaBI-Nhal fragment of
pBabe-puro (Morgenstern et al. (1990) Nucl. Acids Res.
18:3587-3596; provided by Dr. L. Székely (Microbiology
and Tumorbiology Center, Karolinska Institutet, Stockholm);
see, also Tonghua et al. (1995) Chin. Med. J. (Beijing, Engl.
Ed.) 108:653-659; Couto et al. (1994) Infect. Immun.
62:2375-2378; Dunckley et al. (1992) FEBS Lett. 296:128-
34; French et al. (1995) Aral. Biochem. 228:354-355; Liu et
al. (1995) Blood 85:1095-1103; International PCT applica-
tion Nos. WO 9520044; WO 9500178, and WO 9419456) to
the Nhel-Nrul fragment of pCEP4 (Invitrogen).

[0577] The resulting plasmid, pUP2, contains the all the
elements of pURA plus the puromycin-resistance gene linked
to the SV40 promoter and polyadenylation signal from
pCEPUR.

[0578] c. Construction of pUP-CFTR

[0579] The intermediate plasmid pUP-CFTR was gener-
ated in order to combine the elements of pUP2 into a plasmid
along with the CFTR gene. First, a 4.5-kb Sall fragment of
pCMV-CFTR that contains the CFTR-encoding DNA (see,
also, Riordan et al. (1989) Science 245:1066-1073, U.S. Pat.
No. 5,240,846, and Genbank Accession no. M28668 for the
sequence of the CFTR gene) containing the CFTR gene only
was ligated to Xhol-digested pCEP4 (Invitrogen and also
described herein) in order to insert the CFTR gene in the
multiple cloning site of the Epstein Barr virus-based (EBV)
vector pCEP4 (Invitrogen, San Diego, Calif.; see also Yates et
al. (1985) Nature 313:812-815; see, also U.S. Pat. No. 5,468,
615) between the CMV promoter and SV40 polyadenylation
signal. The resulting plasmid was designated pCEP-CFTR.
Plasmid pCEP-CFTR was then digested with Sall and the
5.8-kb fragment containing the CFTR gene flanked by the
CMYV promoter and SV40 polyadenylation signal was ligated
to Sall-digested pUP2 to generate pUP-CFTR. Thus, pUP-
CFTR contains all elements of pUP2 plus the CFTR gene
linked to the CMV promoter and SV40 polyadenylation sig-
nal.

[0580] d. Construction of 8CF-7

[0581] Plasmid pUP-CFTR was then linearized by partial
digestion with EcoRI and the 13 kb fragment containing the
CFTR gene was ligated with EcoRI-digested Charon 4A8
(see Blattner et al. (1977) Science 196:161; Williams and
Blattner (1979) J. Virol. 29:555 and Sambrook et al. (1989)
Molecular Cloning, A Laboratory Manual, Second Ed., Cold
Spring Harbor Laboratory Press, Volume 1, Section 2.18, for
descriptions of Charon 4A8). The resulting vector, 8CF8,
contains the Charon 4A8 bacteriophage left arm, the CFTR
gene linked to the CMV promoter and SV40 polyadenylation
signal, the ura3 gene, the puromycin-resistance gene linked to
the SV40 promoter and polyadenylation signal, the thymidine
kinase promoter (TK), the ColE1 origin of replication, the
ampicillin resistance gene and the Charon 4A8 bacteriophage
right arm. The 8CF8 construct was then digested with Xhol
and the resulting 27.1 kb was ligated to the 0.4 kb Xhol/EcoRI
fragment of pJBP86 (described below), containing the SV40
polyA signal and the EcoRI-digested Charon 4 A 8 right arm.
The resulting vector 8CF-7 contains the Charon 4A 8 left arm,
the CFTR encoding DNA linked to the CMV promoter and
SV40 polyA signal, the ura3 gene, the puromycin resistance
gene linked to the SV40 promoter and polyA signal and the



US 2009/0263898 Al

Charon 4A 8 right arm. The 8 DNA fragments provide encode
sequences homologous to nucleotides present in the exem-
plary artificial chromosomes.

[0582] The vector is then introduced into cells containing
the artificial chromosomes exemplified herein. Accordingly,
when the linear 8CF-7 vector is introduced into megachro-
mosome-carrying fusion cell lines, such as described herein,
it will be specifically integrated into the megachromosome
through recombination between the homologous bacterioph-
age 8 sequences of the vector and the artificial chromosome.
[0583] 2. Construction of Vector 8CF-7-DTA

[0584] Vector 8CF-7-DTA also contains all the elements
contained in 8CF-7, but additionally contains a lethal selec-
tion marker, the diphtheria toxin-A (DT-A) gene as well as the
ampicillin-resistance gene and an origin of replication. This
vector was constructed in a series of steps as follows.

[0585] a. Construction of pJBP86

[0586] Plasmid pJBP86 was used in the construction of
8CF-7,above. A 1.5-kb Sall fragment of pCEPUR containing
the puromycin-resistance gene linked to the SV40 promoter
and polyadenylation signal was ligated to HindIII-digested
pIBS8 (see, e.g., Ish-Horowitz et al. (1981) Nucleic Acids Res.
9:2989-2998; available from ATCC as Accession No. 37074,
commercially available from Amersham, Arlington Heights,
111.). Prior to ligation the Sall ends of the 1.5 kb fragment of
pCEPUR and the HindIII linearized pJB8 ends were treated
with Klenow polymerase. The resulting vector pJBP86 con-
tains the puromycin resistance gene linked to the SV40 pro-
moter and polyA signal, the 1.8 kb COS region of Charon
4 A8, the ColE1 origin of replication and the ampicillin resis-
tance gene.

b. Construction of pMEP-DTA

[0587] A 1.1-kb Xhol/Sail fragment of pMC1-DT-A (see,
e.g., Maxwell et al., (1986) Cancer Res. 46:4660-4666) con-
taining the diphtheria toxin-A gene was ligated to Xhol-
digested pMEP4 (Invitrogen, San Diego, Calif.) to generate
pMEP-DTA. To produce pMC1-DT-A, the coding region of
the DTA gene was isolated as a 800 bp PstIHindIII fragment
from p2249-1 and inserted into pMC1 neopolyA (pMCl1
available from Stratagene) in place of the neo gene and under
the control of the TK promoter. The resulting construct pMCl1
DT-A was digested with HindIII, the ends filled by Klenow
and Sall linkers were ligated to produce a 1061 bp TK-DTA
gene cassette with an Xhol end (5') and a Sall end containing
the 270 bp TK promoter and the ~790 bp DT-A fragment. This
fragment was ligated into Xhol-digested pMEP4.

[0588] Plasmid pMEP-DTA thus contains the DT-A gene
linked to the TK promoter and SV40, ColE1 origin of repli-
cation and the ampicillin-resistance gene.

[0589] c. Construction of pJB83-DTA9

[0590] Plasmid pJB8 was digested with HindIII and Clal
and ligated with an oligonucleotide (see SEQ ID NOs. 7 and
8 for the sense and antisense strands of the oligonucleotide,
respectively) to generate pJB83. The oligonucleotide that was
ligated to Clal/HindIII-digested pJB8 contained the recogni-
tion sites of Swal, Pacl and Srfl restriction endonucleases.
These sites will permit ready linearization of the p8CF-7-
DTA construct.

[0591] Next, a 1.4-kb Xhol/Sall fragment of pMEP-DTA,
containing the DT-A gene was ligated to Sall-digested pJB83
to generate pJB83-DTA9.

[0592] d. Construction of 8CF-7-DTA

[0593] The 12-bp overhangs of 8CF-7 were removed by
Mung bean nuclease and subsequent T4 polymerase treat-
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ments. The resulting 41.1-kb linear 8CF-7 vector was then
ligated to pFB83-DTA9 which had been digested with Clal
and treated with T4 polymerase. The resulting vector, 8CF-
7-DTA, contains all the elements of 8CF-7 as well as the
DT-A gene linked to the TK promoter and the SV40 polyade-
nylation signal, the 1.8 kB Charon 4A 8 COS region, the
ampicillin-resistance gene (from pJB83-DTA9) and the Col
E1 origin of replication (from pJB83-DT9A).

[0594] D. Targeting Vectors Using Luciferase Markers:
Plasmid pMCT-RUC

[0595] Plasmid pMCT-RUC (14 kbp) was constructed for
site-specific targeting of the Renilla luciferase (see, e.g., U.S.
Pat. Nos. 5,292,658 and 5,418,155 for a description of DNA
encoding Renilla luciferase, and plasmid pTZrLuc-1, which
can provide the starting material for construction of such
vectors) gene to a mammalian artificial chromosome. The
relevant features of this plasmid are the Rerilla luciferase
gene under transcriptional control of the human cytomega-
lovirus immediate-early gene enhancer/promoter; the hygro-
mycin-resistance gene a, positive selectable marker, under
the transcriptional control of the thymidine kinase promoter.
In particular, this plasmid contains plasmid pAG60 (see, e.g.,
U.S. Pat. Nos. 5,118,620, 5,021,344, 5,063,162 and 4,946,
952; see, also Colbert-Garapin et al. (1981) J. Mol. Biol.
150:1-14), which includes DNA (i.e., the neomycin-resis-
tance gene) homologous to the minichromosome, as well as
the Renilla and hygromycin-resistance genes, the HSV-tk
gene under control of the tk promoter as a negative selectable
marker for homologous recombination, and a unique Hpal
site for linearizing the plasmid.

[0596] This construct was introduced, via calcium phos-
phate transfection, into EC3/7CS5 cells (see, Lorenz et al.
(1996) J. Biolum. Chemilum. 11:31-37).

[0597] The EC3/7CS5 cells were maintained as a monolayer
(see, Gluzman (1981) Cell 23:175-183). Cells at 50% con-
fluency in 100 mm Petri dishes were used for calcium phos-
phate transfection (see, Harper et al. (1981) Chromosoma
83:431-439) using 10:g of linearized pMCT-RUC per plate.
Colonies originating from single transfected cells were iso-
lated and maintained in F-12 medium containing hygromycin
(300:g/mL.) and 10% fetal bovine serum. Cells were grown in
100 mm Petri dishes prior to the Rerilla luciferase assay.
[0598] The Renilla luciferase assay was performed (see,
e.g., Matthews et al. (1977) Biochemistry 16:85-91). Hygro-
mycin-resistant cell lines obtained after transfection of EC3/
7C5 cells with linearized plasmid pMCT-RUC (“B” cell
lines) were grown to 100% confluency for measurements of
light emission in vivo and in vitro. Light emission was mea-
sured in vivo after about 30 generations as follows: growth
medium was removed and replaced by 1 ml. RPMI 1640
containing coelenterazine (1 mmol/L, final concentration).
Light emission from cells was then visualized by placing the
Petri dishes in a low light video image analyzer (Hamamatsu
Argus-100). An image was formed after 5 min. of photon
accumulation using 100% sensitivity of the photon counting
tube. For measuring light emission in vitro, cells were
trypsinized and harvested from one Petri dish, pelleted, resus-
pended in 1 mL assay buffer (0.5 mol/l. NaCl, 1 mmol/LL
EDTA, 0.1 mol/LL potassium phosphate, pH 7.4) and soni-
cated on ice for 10 s. Lysates were than assayed in a Turner
TD-20e luminometer for 10 s after rapid injection of 0.5 mL
of 1 mmol/L. coelenterazine, and the average value of light
emission was recorded as LU (1 LU=1.6x10° hu/s for this
instrument).
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[0599] Independent cell lines of EC3/7C5 cells transfected
with linearized plasmid pMCT-RUC showed different levels
of Renilla luciferase activity. Similar differences in light
emission were observed when measurements were performed
on lysates of the same cell lines. This variation in light emis-
sion was probably due to a position eftect resulting from the
random integration of plasmid pMCT-RUC into the mouse
genome, since enrichment for site targeting of the luciferase
gene was not performed in this experiment.

[0600] To obtain transfectant populations enriched in cells
in which the luciferase gene had integrated into the minichro-
mosome, transfected cells were grown in the presence of
ganciclovir. This negative selection medium selects against
cells in which the added pMCT-RUC plasmid integrated into
the host EC3/7C5 genome. This selection thereby enriches
the surviving transfectant population with cells containing
pMCT-RUC in the minichromosome. The cells surviving this
selection were evaluated in luciferase assays which revealed
a more uniform level of luciferase expression. Additionally,
the results of in situ hybridization assays indicated that the
Renilla luciferase gene was contained in the minichromo-
some in these cells, which further indicates successful target-
ing of pMCT-RUC into the minichromosome.

[0601] Plasmid pNEM-1, a variant of pMCT-RUC which
also contains 8 DNA to provide an extended region of homol-
ogy to the minichromosome (see, other targeting vectors,
below), was also used to transfect EC3/7CS5 cells. Site-di-
rected targeting of the Rerilla luciferase gene and the hygro-
mycin-resistance gene in pNEM-1 to the minichromosome in
the recipient EC3/7CS5 cells was achieved. This was verified
by DNA amplification analysis and by in situ hybridization.
Additionally, luciferase gene expression was confirmed in
luciferase assays of the transfectants.

E. Protein Secretion Targeting Vectors

[0602] Isolation of heterologous proteins produced intrac-
ellularly in mammalian cell expression systems requires cell
disruption under potentially harsh conditions and purification
of the recombinant protein from cellular contaminants. The
process of protein isolation may be greatly facilitated by
secretion of the recombinantly produced protein into the
extracellular medium where there are fewer contaminants to
remove during purification. Therefore, secretion targeting
vectors have been constructed for use with the mammalian
artificial chromosome system.

[0603] A useful model vector for demonstrating production
and secretion of heterologous protein in mammalian cells
contains DNA encoding a readily detectable reporter protein
fused to an efficient secretion signal that directs transport of
the protein to the cell membrane and secretion of the protein
from the cell. Vectors pLNCX-ILRUC and pLNCX-ILRUCS,
described below, are examples of such vectors. These vectors
contain DNA encoding an interleukin-2 (IL.2) signal peptide-
Renilla reniformis luciferase fusion protein. The IL-2 signal
peptide (encoded by the sequence set forth in SEQ ID No. 9)
directs secretion of the luciferase protein, to which it is linked,
from mammalian cells. Upon secretion from the host mam-
malian cell, the IT.-2 signal peptide is cleaved from the fusion
protein to deliver mature, active, luciferase protein to the
extracellular medium. Successful production and secretion of
this heterologous protein can be readily detected by perform-
ing luciferase assays which measure the light emitted upon
exposure of the medium to the bioluminescent luciferin sub-
strate of the luciferase enzyme.
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[0604] Thus, this feature will be useful when artificial chro-
mosomes are used for gene therapy. The presence of a func-
tional artificial chromosome carrying an IL-Ruc fusion with
the accompanying therapeutic genes will be readily moni-
tored. Body fluids or tissues can be sampled and tested for
luciferase expression by adding luciferin and appropriate
cofactors and observing the bioluminescence.

[0605] 1. Construction of Protein Secretion Vector
pLNCX-ILRUC

[0606] Vector pLNCX-ILRUC contains a human I[.-2 sig-
nal peptide-R. reniformis fusion gene linked to the human
cytomegalovirus (CMV) immediate early promoter for con-
stitutive expression of the gene in mammalian cells. The
construct was prepared as follows.

[0607] a. Preparation of the IL.-2 Signal Sequence-Encod-
ing DNA
[0608] A 69-bp DNA fragment containing DNA encoding

the human IL-2 signal peptide was obtained through nucleic
acid amplification, using appropriate primers for IL-2, of an
HEK 293 cell line (see, e.g., U.S. Pat. No. 4,518,584 for an
IL-2 encoding DNA; see, also SEQ ID No. 9; the IL.-2 gene
and corresponding amino acid sequence is also provided in
the Genbank Sequence Database as accession nos. K02056
and J00264). The signal peptide includes the first 20 amino
acids shown in the translations provided in both of these
Genbank entries and in SEQ ID NO. 9. The corresponding
nucleotide sequence encoding the first 20 amino acids is also
provided in these entries (see, e.g., nucleotides 293-52 of
accession no. K02056 and nucleotides 478-537 of accession
no. J00264), as well as in SEQ ID NO. 9. The amplification
primers included an EcoR1I site (GAATTC) for subcloning of
the DNA fragment after ligation into pGEMT (Promega). The
forward primer is set forthin SEQ ID NO.11 and the sequence
of the reverse primer is set forth in SEQ ID NO.12.

(SEQ ID No. 11)
TTTGAATTCATGTACAGGATGCAACTCCTG forward

(SEQ ID No. 4)
TTTGAATTCAGTAGGTGCACTGTTTGTGAC reverse

b. Preparation of the R. reniformis luciferase-Encoding DNA
[0609] The initial source of the R. reniformis luciferase
gene was plasmid pLXSN-RUC. Vector pLXSN (see, e.g.,
U.S. Pat. Nos. 5,324,655, 5,470,730, 5,468,634, 5,358,866
and Miller et al. (1989) Biotechniques 7:980) is a retroviral
vector capable of expressing heterologous DNA under the
transcriptional control of the retroviral LTR; it also contains
the neomycin-resistance gene operatively linked for expres-
sion to the SV40 early region promoter. The R. reniformis
luciferase gene was obtained from plasmid pTZrLuc-1 (see,
e.g., U.S. Pat. No. 5,292,658; see also the Genbank Sequence
Database accession no. M63501; and see also Lorenz et al.
(1991) Proc. Natl. Acad. Sci. U.S.A. 88:4438-4442) and is
shown as SEQ ID NO. 10. The 0.97 kb EcoRI/Smal fragment
of pTZrLuc-1 contains the coding region of the Renrilla
Iuciferase-encoding DNA. Vector pLXSN was digested with
and ligated with the luciferase gene contained on a pLXSN-
RUC, which contains the luciferase gene located operably
linked to the viral LTR and upstream of the SV40 promoter,
which directs expression of the neomycin-resistance gene.
[0610] c.Fusion of DNA Encoding the IL-2 Signal Peptide
and the R. reniformis Luciferase Gene to Yield pLXSN-IL-
RUC
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[0611] The pGEMT vector containing the I[.-2 signal pep-
tide-encoding DNA described in 1.a. above was digested with
EcoRlI, and the resulting fragment encoding the signal peptide
was ligated to EcoRI-digested pLXSN-RUC. The resulting
plasmid, called pLXSN-ILRUC, contains the I[.-2 signal pep-
tide-encoding DNA located immediately upstream of the R.
reniformis gene in pLXSN-RUC. Plasmid pL.XSN-ILRUC
was then used as a template for nucleic acid amplification of
the fusion gene in order to add a Smal site at the 3' end of the
fusion gene. The amplification product was subcloned into
linearized (EcoRI/Smal-digested) pGEMT (Promega) to
generate ILRUC-pGEMT.

[0612] d. Introduction of the Fusion Gene into a Vector
Containing Control Elements for Expression in Mammalian
Cells

[0613] Plasmid ILRUC-pGEMT was digested with Kspl
and Smal to release a fragment containing the I[.-2 signal
peptide-luciferase fusion gene which was ligated to Hpal-
digested pLNCX. Vector PLNCX (see, e.g., U.S. Pat. Nos.
5,324,655 and 5,457,182; see, also Miller and Rosman (1989)
Biotechniques 7:980-990) is a retroviral vector for expressing
heterologous DNA under the control of the CMV promoter; it
also contains the neomycin-resistance gene under the tran-
scriptional control of a viral promoter. The vector resulting
from the ligation reaction was designated PLNCX-ILRUC.
Vector pLNCX-ILRUC contains the I[.-2 signal peptide-lu-
ciferase fusion gene located immediately downstream of the
CMYV promoter and upstream of the viral 3' LTR and poly-
adenylation signal in pLNCX. This arrangement provides for
expression of the fusion gene under the control of the CMV
promoter. Placement of the heterologous protein-encoding
DNA (i.e., the luciferase gene) in operative linkage with the
1L-2 signal peptide-encoding DNA provides for expression of
the fusion in mammalian cells transfected with the vector
such that the heterologous protein is secreted from the host
cell into the extracellular medium.

[0614] 2. Construction of Protein Secretion Targeting Vec-
tor PLNCX-ILRUCS

[0615] Vector pLNCX-ILRUC may be modified so that it
can be used to introduce the I[.-2 signal peptide-luciferase
fusion gene into a mammalian artificial chromosome in a host
cell. To facilitate specific incorporation of the pLNCX-IL-
RUC expression vector into a mammalian artificial chromo-
some, nucleic acid sequences that are homologous to nucle-
otides present in the artificial chromosome are added to the
vector to permit site directed recombination.

[0616] Exemplary artificial chromosomes described herein
contain 8 phage DNA. Therefore, protein secretion targeting
vector pPLNCX-ILRUCS was prepared by addition of 8 phage
DNA (from Charon 4 A arms) to produce the secretion vector
pLNCX-ILRUC.

[0617] 3. Expression and Secretion of R. reniformis
Luciferase from Mammalian Cells

[0618] a. Expression of R. reniformis Luciferase Using
PLNCX-ILRUC

[0619] Mammalian cells (LMTK™ from the ATCC) were
transiently transfected with vector pLNCX-ILRUC (~10:g)
by electroporation (BIORAD, performed according to the
manufacturer’s instructions). Stable transfectants produced
by growth in G418 for neo selection have also been prepared.
[0620] Transfectants were grown and then analyzed for
expression of luciferase. To determine whether active
luciferase was secreted from the transfected cells, culture
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media were assayed for luciferase by addition of coelentra-
zine (see, e.g., Matthews et al. (1977) Biochemistry 16:85-
9D).

[0621] The results of these assays establish that vector
pLNCX-ILRUC is capable of providing constitutive expres-
sion of heterologous DNA in mammalian host cells. Further-
more, the results demonstrate that the human IL-2 signal
peptide is capable of directing secretion of proteins fused to
the C-terminus of the peptide. Additionally, these data dem-
onstrate that the R. reniformis luciferase protein is a highly
effective reporter molecule, which is stable in a mammalian
cell environment, and forms the basis of a sensitive, facile
assay for gene expression.

[0622] b. Renilla reniformis Luciferase Appears to be
Secreted from LMTK™ Cells.

[0623] (i) Renilla Luciferase Assay of Cell Pellets
[0624] The following cells were tested:
[0625] cells with no vector: LMTK™ cells without vector

as a negative control;

[0626] cells transfected with pLNCX only;

[0627] cells transfected with RUC-PLNCX (Renilla
luciferase gene in PLNCX vector);

[0628] cells transfected with PLNCX-ILRUC (vector
containing the IL.-2 leader sequence+Renilla luciferase
fusion gene in pLNCX vector).

[0629] Forty-eight hours after electroporation, the cells and
culture medium were collected. The cell pellet from 4 plates
ofcells was resuspended in 1 ml assay buffer and was lysed by
sonication. Two hundred:I of the resuspended cell pellet was
used for each assay for luciferase activity (see, e.g., Matthews
etal. (1977) Biochemistry 16:85-91). The assay was repeated
three times and the average bioluminescence measurement
was obtained.

[0630] The results showed that there was relatively low
background bioluminescence in the cells transformed with
pLNCX or the negative control cells; there was a low level
observed in the cell pellet from cells containing the vector
with the IL-2 leader sequence-luciferase gene fusion and
more than 5000 RLU in the sample from cells containing
RUC-PLNCX.

[0631] (ii) Renilla Luciferase Assay of Cell Medium
[0632] Forty milliliters of medium from 4 plates of cells
were harvested and spun down. Two hundred microliters of
medium was used for each luciferase activity assay. The assay
was repeated several times and the average bioluminescence
measurement was obtained. These results showed that a rela-
tively high level of bioluminescence was detected in the cell
medium from cells transformed with PLNCX-ILRUC; about
10-fold lower levels (slightly above the background levels in
medium from cells with no vector or transfected with PLNCX
only) was detected in the cells transfected with RUC-pLNCX.
[0633] (iii) conclusions

[0634] The results of these experiments demonstrated that
Renilla luciferase appears to be secreted from LMTK™ cells
under the direction of the IL-2 signal peptide. The medium
from cells transfected with Rerilla luciferase-encoding DNA
linked to the DNA encoding the I[.-2 secretion signal had
substantially higher levels of Rerilla luciferase activity than
controls or cells containing luciferase-encoding DNA with-
out the signal peptide-encoding DNA. Also, the differences
between the controls and cells containing luciferase encod-
ing-DNA demonstrate that the luciferase activity is specifi-
cally from luciferase, not from a non-specific reaction. In
addition, the results from the medium of RUC-PLNCX trans-
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fected cells, which is similar to background, show that the
luciferase activity in the medium does not come from cell
lysis, but from secreted luciferase.

[0635] c. Expression of R. reniformis Luciferase Using
PLNCX-ILRUCS

[0636] To express the I1.-2 signal peptide-R. reniformis
fusion gene from an mammalian artificial chromosome, vec-
tor pLNCX-ILRUCS is targeted for site-specific integration
into a mammalian artificial chromosome through homolo-
gous recombination of the 8 DNA sequences contained in the
chromosome and the vector. This is accomplished by intro-
duction of pLNCX-ILRUCS into either a fusion cell line
harboring mammalian artificial chromosomes or mammalian
host cells that contain mammalian artificial chromosomes. If
the vector is introduced into a fusion cell line harboring the
artificial chromosomes, for example through microinjection
of the vector or transfection of the fusion cell line with the
vector, the cells are then grown under selective conditions.
The artificial chromosomes, which have incorporated vector
pLNCX-ILRUCS, are isolated from the surviving cells, using
purification procedures as described above, and then injected
into the mammalian host cells.

[0637] Alternatively, the mammalian host cells may first be
injected with mammalian artificial chromosomes which have
been isolated from a fusion cell line. The host cells are then
transfected with vector pLNCX-ILRUCS and grown.

[0638] The recombinant host cells are then assayed for
luciferase expression as described above.

F. Other Targeting Vectors

[0639] These vectors, which are based on vector pMCT-

RUC, rely on positive and negative selection to insure inser-

tion and selection for the double recombinants. A single

crossover results in incorporation of the D'T-A, which kills the

cell, double crossover recombinations delete the DT-1 gene.

[0640] 1. Plasmid pNEM1 Contains:

DT-A: Diphtheria toxin gene (negative selectable marker)

Hyg: Hygromycin gene (positive selectable marker)

ruc: Renilla luciferase gene (non-selectable marker)

1: LTR-MMTYV promoter

2: TK promoter

3: CMV promoter

[0641] MMR: Homology region (plasmid pAG60)

[0642] 2. plasmid pNEM-2 and -3 are similar to pNEM 1

except for different negative selectable markers:

pNEM-1: diphtheria toxin gene as “_” selectable marker

pNEM-2: hygromycin antisense gene as “_” selectable

marker

pNEM-3: thymidine kinase HSV-1 gene as “_” selectable

marker

[0643]

[0644]

[0645]
[0646]
[0647]
[0648]
[0649]

moter)

[0650] —homology region (plasmid pAG60)

[0651] 8L.A. and 8 R.A. homology regions for 8 left and

right arms (8 gt-WES).

3. Plasmid—S8 DNA based homology:
pNEMBS-1: base vector
pNEMBS-2: base vector containing pS=gene
1: LTR MMTYV promoter
2: SV40 promoter
3: CMV promoter
4: ®TIIA promoter (metallothionein gene pro-
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Example 13

Microinjection of Mammalian Cells with Plasmid
DNA

[0652] These procedures will be used to microinject MACs
into eukaryotic cells, including mammalian and insect cells.
[0653] The microinjection technique is based on the use of
small glass capillaries as a delivery system into cells and has
beenused for introduction of DNA fragments into nuclei (see,
e.g., Chalfie et al. (1994) Science 263:802-804). It allows the
transfer of almost any type of molecules, e.g., hormones,
proteins, DNA and RNA, into either the cytoplasm or nuclei
of recipient cells This technique has no cell type restriction
and is more efficient than other methods, including Ca**—
mediated gene transfer and liposome-mediated gene transfer.
About 20-30% of the injected cells become successfully
transformed.

[0654] Microinjection is performed under a phase-contrast
microscope. A glass microcapillary, prefilled with the DNA
sample, is directed into a cell to be injected with the aid of a
micromanipulator. An appropriate sample volume (1-10 pl) is
transferred into the cell by gentle air pressure exerted by a
transjector connected to the capillary. Recipient cells are
grown on glass slides imprinted with numbered squares for
convenient localization of the injected cells.

[0655] a. Materials and Equipment

[0656] Nunclon tissue culture dishes 35x10 mm, mouse
cell line EC3/7C5 Plasmid DNA pCH110 (Pharmacia), Puri-
fied Green Florescent Protein (GFP) (GFPs from Aequorea
and Renilla have been purified and also DNA encoding GFPs
has been cloned; see, e.g., Prasher et al. (1992) Gene 111:
229-233; International PCT Application No. WO 95/07463,
which is based on U.S. application Ser. No. 08/119,678 and
U.S. application Ser. No. 08/192,274), ZEISS Axiovert 100
microscope, Eppendorf transjector 5246, Eppendorf micro-
manipulator 5171, Eppendorf Cellocate coverslips, Eppen-
dorf microloaders, Eppendorf femtotips and other standard
equipment.

[0657] b. Protocol for Injecting

[0658] (1) Fibroblast cells are grown in 35 mm tissue cul-
ture dishes (37° C., 5% CO,) until the cell density reaches
80% confluency. The dishes are removed from the incubator
and medium is added to about a 5 mm depth.

[0659] (2) The dish is placed onto the dish holder and the
cells observed with 10x objective; the focus is desirably
above the cell surface.

[0660] (3) Plasmid or chromosomal DNA solution (1
ng/®l) and GFP protein solution are further purified by cen-
trifuging the DNA sample at a force sufficient to remove any
particular debris (typically about 10,000 rpm for 10 minutes
in a microcentrifuge).

[0661] (4)Two 2 ®lofthe DNA solution (1 ng/®1)is loaded
into a microcapillary with an Eppendorf microloader. During
loading, the loader is inserted to the tip end of the microcap-
illary. GFP (1 mg/ml) is loaded with the same procedure.
[0662] (5) The protecting sheath is removed from the
microcapillary and the microcapillary is fixed onto the capil-
lary holder connected with the micromanipulator.

[0663] (6) The capillary tip is lowered to the surface of the
medium and is focused on the cells gradually until the tip of
the capillary reaches the surface of a cell. The capillary is
lowered further so that it is inserted into the cell. Various
parameters, such as the level of the capillary, the time and
pressure, are determined for the particular equipment. For
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example, using the fibroblast cell line C5 and the above-noted
equipment, the best conditions are: injection time 0.4 second,
pressure 80 psi. DNA can then be automatically injected into
the nuclei of the cells.

[0664] (7) After injection, the cells are returned to the incu-
bator, and incubated for about 18-24 hours.

[0665] (8) After incubation the number of transformants
can be determined by a suitable method, which depends upon
the selection marker. For example, if green fluorescent pro-
teinis used, the assay can be performed using UV light source
and fluorescent filter set at 0-24 hours after injection. If 3-gal-
containing DNA, such as DNA-derived from pHC110, has
been injected, then the transformants can be assayed for
J-gal.

[0666] (c) Detection of 3-Galactosidase in Cells Injected
with Plasmid DNA

[0667] The medium is removed from the culture plate and
the cells are fixed by addition of 5 ml of fixation Solution I:
(1% glutaraldehyde; 0.1 M sodium phosphate bufter, pH 7.0;
1 mM MgCl,), and incubated for 15 minutes at 37° C. Fixa-
tion Solution I is replaced with 5 ml of X-gal Solution II:
(0.2% X-gal, 10 mM sodium phosphate buffer (pH 7.0), 150
mM NaCl, 1 mM MgCl,, 3.3 mM.K,Fe(CN),H,0, 3.3 mM
K;Fe(CN),), and the plates are incubated for 30-60 minutes at
37° C. The X-gal solution is removed and 2 ml of 70%
glycerol is added to each dish. Blue stained cells are identified
under a light microscope.

[0668] This method will be used to introduce a MAC, par-
ticularly the MAC with the anti-HIV megachromosome, to
produce a mouse model for anti-HIV activity.

Example 14
Transgenic (Non-Human) Animals

[0669] Transgenic (non-human) animals can be generated
that express heterologous genes which confer desired traits,
e.g., disease resistance, in the animals. A transgenic mouse is
prepared to serve as a model of a disease-resistant animal.
Genes that encode vaccines or that encode therapeutic mol-
ecules can be introduced into embryos or ES cells to produce
animals that express the gene product and thereby are resis-
tant to or less susceptible to a particular disorder.

[0670] The mammalian artificial megachromosome and
others of the artificial chromosomes, particularly the
SATACs, can be used to generate transgenic (non-human)
animals, including mammals and birds, that stably express
genes conferring desired traits, such as genes conferring
resistance to pathogenic viruses. The artificial chromosomes
can also be used to produce transgenic (non-human) animals,
such as pigs, that can produce immunologically humanized
organs for xenotransplantation.

[0671] For example, transgenic mice containing a trans-
gene encoding an anti-HIV ribozyme provide a useful model
for the development of stable transgenic (non-human) ani-
mals using these methods. The artificial chromosomes can be
used to produce transgenic (non-human) animals, particu-
larly, cows, goats, mice, oxen, camels, pigs and sheep, that
produce the proteins of interest in their milk; and to produce
transgenic chickens and other egg-producing fowl, that pro-
duce therapeutic proteins or other proteins of interest in their
eggs. For example, use of mammary gland-specific promoters
for expression of heterologous DNA in milk is known (see,
e.g. US. Pat. No. 4,873,316). In particular, a milk-specific
promoter or a promoter, preferably linked to a milk-specific
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signal peptide, specifically activated in mammary tissue is
operatively linked to the DNA of interest, thereby providing
expression of that DNA sequence in milk.

[0672] 1. Development of Control Transgenic Mice
Expressing Anti-HIV Ribozyme

[0673] Control transgenic mice are generated in order to
compare stability and amounts of transgene expression in
mice developed using transgene DNA carried on a vector
(control mice) with expression in mice developed using trans-
genes carried in an artificial megachromosome.

[0674] a. Development of Control Transgenic Mice
Expressing 3-Galactosidase

[0675] One set of control transgenic mice was generated by
microinjection of mouse embryos with the 3-galactosidase
gene alone. The microinjection procedure used to introduce
the plasmid DNA into the mouse embryos is as described in
Example 13, but modified for use with embryos (see, e.g.,
Hogan et al. (1994) Manipulating the Mouse Embryo, A:
Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., see, especially pages 255-264 and
Appendix 3). Fertilized mouse embryos (Strain CB6 obtained
from Charles River Co.) were injected with 1 ng of plasmid
pCH110 (Pharmacia) which had been linearized by digestion
with BamHI. This plasmid contains the 3-galactosidase gene
linked to the SV40 late promoter. The 3-galactosidase gene
product provides a readily detectable marker for successful
transgene expression. Furthermore, these control mice pro-
vide confirmation of the microinjection procedure used to
introduce the plasmid into the embryos. Additionally,
because the megachromosome that is transferred to the
mouse embryos in the model system (see below) also contains
the J-galactosidase gene, the control transgenic mice that
have been generated by injection of pCH110 into embryos
serve as an analogous system for comparison of heterologous
gene expression from a plasmid versus from a gene carried on
an artificial chromosome.

[0676] After injection, the embryos are cultured in modi-
fied HTF medium under 5% CO, at 37EC for one day until
they divide to form two cells. The two-cell embryos are then
implanted into surrogate mother female mice (for procedures
see, Manipulating the Mouse Embryo, A Laboratory Manual
(1994) Hogan et al., eds., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., pp. 127 et seq.).

[0677] b. Development of Control Transgenic Mice
Expressing Anti-HIV Ribozyme

[0678] Onesetofanti-HIV ribozyme gene-containing con-
trol transgenic mice was generated by microinjection of
mouse embryos with plasmid pCEPUR-132 which contains
three different genes: (1) DNA encoding an anti-HIV
ribozyme, (2) the puromycin-resistance gene and (3) the
hygromycin-resistance gene. Plasmid pCEPUR-132 was
constructed by ligating portions of plasmid pCEP-132 con-
taining the anti-HIV ribozyme gene (referred to as ribozyme
D by Chang et al. ((1990) Clin. Biotech. 2:23-31); see also
U.S. Pat. No. 5,144,019 to Rossi et al., particularly FIG. 4 of
the patent) and the hygromycin-resistance gene with a portion
of plasmid pCEPUR containing the puromycin-resistance
gene.

[0679] Plasmid pCEP-132 was constructed as follows. Vec-
tor pCEP4 (Invitrogen, San Diego, Calif’; see also Yates et al.
(1985) Nature 313:812-815) was digested with Xhol which
cleaves in the multiple cloning site region of the vector. This
~10.4-kb vector contains the hygromycin-resistance gene
linked to the thymidine kinase gene promoter and polyade-
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nylation signal, as well as the ampicillin-resistance gene and
ColE1 origin of replication and EBNA-1 (Epstein-Barr virus
nuclear antigen) genes and OriP. The multiple cloning site is
flanked by the cytomegalovirus promoter and SV40 polyade-
nylation signal.

[0680] Xhol-digested pCEP4 was ligated with a fragment
obtained by digestion of plasmid 132 (see Example 4 for a
description of this plasmid) with Xhol and Sall. This Xhol/
Sall fragment contains the anti-HIV ribozyme gene linked at
the 3' end to the SV40 polyadenylation signal. The plasmid
resulting from this ligation was designated pCEP-132. Thus,
in effect, pCEP-132 comprises pCEP4 with the anti-HIV
ribozyme gene and SV40 polyadenylation signal inserted in
the multiple cloning site for CMV promoter-driven expres-
sion of the anti-HIV ribozyme gene.

[0681] To generate pCEPUR-132, pCEP-132 was ligated
with a fragment of pCEPUR. pCEPUR was prepared by ligat-
ing a 7.7-kb fragment generated upon Nhel/Nrul digestion of
pCEP4 with a 1.1-kb Nhel/SnaBI fragment of pBabe (see
Morgenstern and Land (1990) Nucleic Acids Res. 18:3587-
3596 for a description of pBabe) that contains the puromycin-
resistance gene linked at the 5' end to the SV40 promoter.
Thus, pCEPUR is made up of the ampicillin-resistance and
EBNAL genes, as well as the ColE1 and OriP elements from
pCEP4 and the puromycin-resistance gene from pBabe. The
puromycin-resistance gene in pCEPUR is flanked by the
SV40 promoter (from pBabe) at the 5' end and the SV40
polyadenylation signal (from pCEP4) at the 3' end.

[0682] Plasmid pCEPUR was digested with Xhol and Sall
and the fragment containing the puromycin-resistance gene
linked at the 5' end to the SV40 promoter was ligated with
Xhol-digested pCEP-132 to yield the ~12.1-kb plasmid des-
ignated pCEPUR-132. Thus, pCEPUR-132, in effect, com-
prises pCEP-132 with puromycin-resistance gene and SV40
promoter inserted at the Xhol site. The main elements of
pCEPUR-132 are the hygromycin-resistance gene linked to
the thymidine kinase promoter and polyadenylation signal,
the anti-HIV ribozyme gene linked to the CMV promoter and
SV40 polyadenylation signal, and the puromycin-resistance
gene linked to the SV40 promoter and polyadenylation sig-
nal. The plasmid also contains the ampicillin-resistance and
EBNALI genes and the ColE1 origin of replication and OriP.

[0683] Zygotes were prepared from (C57BL/6JxCBA/T)
F1 female mice (see, e.g., Manipulating the Mouse Embryo,
A Laboratory Manual (1994) Hogan et al., eds., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., p. 429),
which had been previously mated with a (C57BL/6JxCBA/J)
F1 male. The male pronuclei of these F2 zygotes were
injected (see, Manipulating the Mouse Embryo, A Laboratory
Manual (1994) Hogan et al., eds., Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y.) with pCEPUR-132
(~3:g/ml), which had been linearized by digestion with Nrul.
The injected eggs were then implanted in surrogate mother
female mice for development into transgenic offspring.

[0684] These primary carrier offspring were analyzed (as
described below) for the presence of the transgene in DNA
isolated from tail cells. Seven carrier mice that contained
transgenes in their tail cells (but that may not carry the trans-
geneinall their cells, i.e., they may be chimeric) were allowed
to mate to produce non-chimeric or germ-line heterozygotes.
The heterozygotes were, in turn, crossed to generate homozy-
gote transgenic offspring.
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[0685] 2. Development of Model Transgenic Mice Using
Mammalian Artificial Chromosomes

[0686] Fertilized mouse embryos are microinjected (as
described above) with megachromosomes (1-10 pL. contain-
ing 0-1 chromosomes/pl.) isolated from fusion cell line
G3DS5 or HID3 (described above). The megachromosomes
are isolated as described herein. Megachromosomes isolated
from either cell line carry the anti-HIV ribozyme (ribozyme
D) gene as well as the hygromycin-resistance and 3-galac-
tosidase genes. The injected embryos are then developed into
transgenic mice as described above.

[0687] Alternatively, the megachromosome-containing
cell line G3D5 or H1D3 is fused with mouse embryonic stem
cells (see, e.g., U.S. Pat. No. 5,453,357, commercially avail-
able; see Manipulating the Mouse Embryo, A Laboratory
Manual (1994) Hogan et al., eds., Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y., pages 253-289) fol-
lowing standard procedures see also, e.g., Guide to Tech-
niques in Mouse Development in Methods in Enzymology
Vol. 25, Wassarman and De Pamphilis, eds. (1993), pages
803-932). (It is also possible to deliver isolated megachromo-
somes into embryonic stem cells using the Microcell proce-
dure (such as that described above).) The stem cells are cul-
tured in the presence of a fibroblast (e.g., STO fibroblasts that
are resistant to hygromycin and puromycin). Cells of the
resultant fusion cell line, which contains megachromosomes
carrying the transgenes (i.e., anti-HIV ribozyme, hygromy-
cin-resistance and J-galactosidasegenes), are then trans-
planted into mouse blastocysts, which are in turn implanted
into a surrogate mother female mouse where development
into a transgenic mouse will occur.

[0688] Mice generated by this method are chimeric; the
transgenes will be expressed in only certain areas of the
mouse, e.g., the head, and thus may not be expressed in all
cells.

[0689] 3. Analysis of Transgenic Mice for Transgene
Expression
[0690] Beginning when the transgenic mice, generated as

described above, are three-to-four weeks old, they can be
analyzed for stable expression of the transgenes that were
transferred into the embryos (or fertilized eggs) from which
they develop. The transgenic mice may be analyzed in several
ways as follows.

[0691] a. Analysis of Cells Obtained from the Transgenic
Mice
[0692] Cell samples (e.g., spleen, liver and kidney cells,

lymphocytes, tail cells) are obtained from the transgenic
mice. Any cells may be tested for transgene expression. If,
however, the mice are chimeras generated by microinjection
of fertilized eggs or by fusion of embryonic stem cells with
megachromosome-containing cells, only cells from areas of
the mouse that carry the transgene are expected to express the
transgene. If the cells survive growth on hygromycin (or
hygromycin and puromycin or neomycin, if the cells are
obtained from mice generated by transfer of both antibiotic-
resistance genes), this is one indication that they are stably
expressing the transgenes. RNA isolated from the cells
according to standard methods may also be analyzed by
northern blot procedures to determine if the cells express
transcripts that hybridize to nucleic acid probes based on the
antibiotic-resistance genes.

[0693] Additionally, cells obtained from the transgenic
mice may also be analyzed for 3-galactosidase expression
using standard assays for this marker enzyme (for example,
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by direct staining of the product of a reaction involving 3-ga-
lactosidase and the X-gal substrate, see, e.g., Jones (1986)
EMBO 5:3133-3142, or by measurement of 3-galactosidase
activity, see, e.g., Miller (1972) in Experiments in Molecular
Genetics pp. 352-355, Cold Spring Harbor Press). Analysis of
J-galactosidase expression is particularly used to evaluate
transgene expression in cells obtained from control trans-
genic mice in which the only transgene transferred into the
embryo was the 3-galactosidasegene.

[0694] Stable expression of the anti-HIV ribozyme gene in
cells obtained from the transgenic mice may be evaluated in
several ways. First, DNA isolated from the cells according to
standard procedures may be subjected to nucleic acid ampli-
fication using primers corresponding to the ribozyme gene
sequence. If the gene is contained within the cells, an ampli-
fied product of pre-determined size is detected upon hybrid-
ization of the reaction mixture to a nucleic acid probe based
on the ribozyme gene sequence. Furthermore, DNA isolated
from the cells may be analyzed using Southern blot methods
for hybridization to such a nucleic acid probe. Second, RNA
isolated from the cells may be subjected to northern blot
hybridization to determine if the cells express RNA that
hybridizes to nucleic acid probes based on the ribozyme gene.
Third, the cells may be analyzed for the presence of anti-HIV
ribozyme activity as described, for example, in Chang et al.
(1990) Clin. Biotech. 2:23-31. In this analysis, RNA isolated
from the cells is mixed with radioactively labeled HIV gag
target RNA which can be obtained by in vitro transcription of
gag gene template under reaction conditions favorable to in
vitro cleavage of the gag target, such as those described in
Chang et al. (1990) Clin. Biotech. 2:23-31. After the reaction
has been stopped, the mixture is analyzed by gel electro-
phoresis to determine if cleavage products smaller in size than
the whole template are detected; presence of such cleavage
fragments is indicative of the presence of stably expressed
ribozyme.

[0695] b. Analysis of Whole Transgenic Mice

[0696] Whole transgenic mice that have been generated by
transfer of the anti-HIV ribozyme gene (as well as selection
and marker genes) into embryos or fertilized eggs can addi-
tionally be analyzed for transgene expression by challenging
the mice with infection with HIV. It is possible for mice to be
infected with HIV upon intraperitoneal injection with high-
producing HIV-infected U937 cells (see, e.g., Locardi et al.
(1992) J. Virol. 66:1649-1654). Successful infection may be
confirmed by analysis of DNA isolated from cells, such as
peripheral blood mononuclear cells, obtained from trans-
genic mice that have been injected with HIV-infected human
cells. The DNA ofinfected transgenic mice cells will contain
HIV-specific gag and env sequences, as demonstrated by, for
example, nucleic acid amplification using HIV-specific prim-
ers. If the cells also stably express the anti-HIV ribozyme,
then analysis of RNA extracts of the cells should reveal the
smaller gag fragments arising by cleavage of the gag tran-
script by the ribozyme.

[0697] Additionally, the transgenic mice carrying the anti-
HIV ribozyme gene can be crossed with transgenic mice
expressing human CD4 (i.e., the cellular receptor for HIV)
(see Gillespie et al. (1993) Mol. Cell. Biol. 13:2952-2958;
Hanna etal. (1994) Mol. Cell. Biol. 14:1084-1094; and Yeung
etal. (1994)J. Exp. Med. 180:1911-1920, for a description of
transgenic mice expressing human CD4). The offspring of
these crossed transgenic mice expressing both the CD4 and
anti-HIV ribozyme transgenes should be more resistant to
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infection (as a result of a reduction in the levels of active HIV
in the cells) than mice expressing CD4 alone (without
expressing anti-HIV ribozyme).

[0698] 4. Development of Transgenic Chickens Using Arti-
ficial Chromosomes

[0699] The development of transgenic chickens has many
applications in the improvement of domestic poultry, an agri-
cultural species of commercial significance, such as disease
resistance genes and genes encoding therapeutic proteins. It
appears that efforts in the area of chicken transgenesis have
been hampered due to difficulty in achieving stable expres-
sion of transgenes in chicken cells using conventional meth-
ods of gene transfer via random introduction into recipient
cells. Artificial chromosomes are, therefore, particularly use-
ful in the development of transgenic chickens because they
provide for stable maintenance of transgenes in host cells.
[0700] a. Preparation of Artificial Chromosomes for Intro-
duction of Transgenes into Recipient Chicken Cells

[0701] (i) Mammalian Artificial Chromosomes

[0702] Mammalian artificial chromosomes, such as the
SATACs and minichromosomes described herein, can be
modified to incorporate detectable reporter genes and/or
transgenes of interest for use in developing transgenic chick-
ens. Alternatively, chicken-specific artificial chromosomes
can be constructed using the methods herein. In particular,
chicken artificial chromosomes (CACs) can be prepared
using the methods herein for preparing MACs; or, as
described above, the chicken libraries can be introduced into
MAC:s provided herein and the resulting MACs introduced
into chicken cells and those that are functional in chicken
cells selected.

[0703] As described in Examples 4 and 7, and elsewhere
herein, artificial chromosome-containing mouse LMTK™-de-
rived cell lines, or minichromosome-containing cell lines, as
well as hybrids thereof, can be transfected with selected DNA
to generate MACs (or CACs) that have integrated the foreign
DNA for functional expression of heterologous genes con-
tained within the DNA.

[0704] To generate MACs or CACs containing transgenes
to be expressed in chicken cells, the MAC-containing cell
lines may be transfected with DNA that includes 8 DNA and
transgenes of interest operably linked to a promoter that is
capable of driving expression of genes in chicken cells. Alter-
natively, the minichromosomes or MACs (or CACs), pro-
duced as described above, can be isolated and introduced into
cells, followed by targeted integration of selected DNA. Vec-
tors for targeted integration are provided herein or can be
constructed as described herein.

[0705] Promoters of interest include constitutive, inducible
and tissue (or cell)-specific promoters known to those of skill
in the art to promote expression of genes in chicken cells. For
example, expression of the lacZ gene in chicken blastodermal
cells and primary chicken fibroblasts has been demonstrated
using a mouse heat-shock protein 68 (hsp 68) promoter (ph-
spPTlacZpA; see Brazolot et al. (1991) Mol. Reprod. Devel.
30:304-312), a Zn**-inducible chicken metallothionein
(cMt) promoter (pCBcMtlacZ; see Brazolotetal. (1991) Mol.
Reprod. Devel. 30:304-312), the constitutive Rous sarcoma
virus and chicken J-actin promoters in tandem (pmiwz; see
Brazolot et al. (1991) Mol. Reprod. Devel. 30:304-312) and
the constitutive cytomegalovirus (CMV) promoter. Of par-
ticular interest herein are egg-specific promoters that are
derived from genes, such as ovalbumin and lysozyme, that are
expressed in eggs.
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[0706] The choice of promoter will depend on a variety of
factors, including, for example, whether the transgene prod-
uct is to be expressed throughout the transgenic chicken or
restricted to certain locations, such as the egg. Cell-specific
promoters functional in chickens include the steroid-respon-
sive promoter of the egg ovalbumin protein-encoding gene
(see Gaub et al. (1987) EMBO J. 6:2313-2320; Tora et al.
(1988) EMBO J. 7:3771-3778; Park et al. (1995) Biockem.
Mol. Biol. Int. (Australia) 36:811-816).

[0707] (ii) Chicken Artificial Chromosomes

[0708] Additionally, chicken artificial chromosomes may
be generated using methods described herein. For example,
chicken cells, such as primary chicken fibroblasts (see Bra-
zolot et al. (1991) Mol. Reprod. Devel. 30:304-312), may be
transfected with DNA that encodes a selectable marker (such
as a protein that confers resistance to antibiotics) and that
includes DNA (such as chicken satellite DNA) that targets the
introduced DNA to the pericentric region of the endogenous
chicken chromosomes. Transfectants that survive growth on
selection medium are then analyzed, using methods
described herein, for the presence of artificial chromosomes,
including minichromosomes, and particularly SATACs. An
artificial chromosome-containing transfectant cell line may
then be transfected with DNA encoding the transgene of
interest (fused to an appropriate promoter) along with DNA
that targets the foreign DNA to the chicken artificial chromo-
some.

[0709] b. Introduction of Artificial Chromosomes Carrying
Transgenes of Interest into Recipient Chicken Cells

[0710] Cell lines containing artificial chromosomes that
harbor transgene(s) of interest (i.e., donor cells) may be fused
with recipient chicken cells in order to transfer the chromo-
somes into the recipient cells. Alternatively, the artificial
chromosomes may be isolated from the donor cells, for
example, using methods described herein (see, e.g., Example
10), and directly introduced into recipient cells.

[0711] Exemplary chicken recipient cell lines include, but
are not limited to, stage X blastoderm cells (see, e.g., Brazolot
et al. (1991) Mol. Reprod. Dev. 30:304-312; Etches et al.
(1993) Poultry Sci. 72:882-889; Petifte et al. (1990) Devel-
opment 108:185-189) and chick zygotes (see, e.g., Love et al.
(1994) Biotechnology 12:60-63).
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[0712] For example, microcell fusion is one method for
introduction of artificial chromosomes into avian cells (see,
e.g., Dieken et al. ((1996) Nature Genet. 12:174-182 for
methods of fusing microcells with DT40 chicken pre-B cells).
In this method, microcells are prepared (for example, using
procedures described in Example 1.A.5) from the artificial
chromosome-containing cell lines and fused with chicken
recipient cells.

[0713] Isolated artificial chromosomes may be directly
introduced into chicken recipient cell lines through, for
example, lipid-mediated carrier systems, such as lipofection
procedures (see, e.g., Brazolot et al. (1991) Mol. Reprod. Dev.
30:304-312) or direct microinjection. Microinjection is gen-
erally preferred for introduction of the artificial chromosomes
into chicken zygotes (see, e.g., Love et al. (1994) Biotechnol-
ogy 12:60-63).

[0714] c. Development of Transgenic Chickens

[0715] Transgenic chickens may be developed by injecting
recipient Stage X blastoderm cells (which have received the
artificial chromosomes) into embryos at a similar stage of
development (see, e.g., Etches et al. (1993) Poultry Sci.
72:882-889; Petitte et al. (1990) Development 108:185-189;
and Carsience et al. (1993) Development 117: 669-675). The
recipient chicken embryos within the shell are candled and
allowed to hatch to yield a germline chimeric chicken that
will express the transgene(s) in some of its cells.

[0716] Alternatively, the artificial chromosomes may be
introduced into chick zygotes, for example through direct
microinjection (see, e.g., Love et al. (1994) Biotechnology
12:60-63), which thereby are incorporated into at least a
portion of the cells in the chicken. Inclusion of a tissue-
specific promoter, such as an egg-specific promoter, will
ensure appropriate expression of operatively-linked heterolo-
gous DNA.

[0717] The DNA of interest may also be introduced into a
minichromosome, by methods provided herein. The min-
ichromosome may either be one provided herein, or one gen-
erated in chicken cells using the methods herein. The heter-
ologous DNA will be introduced using a targeting vector,
such as those provided herein, or constructed as provided
herein.

[0718] Since modifications will be apparent to those of skill
in this art, it is intended that this invention be limited only by
the scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 34

<210> SEQ ID NO 1

<211> LENGTH: 1260

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(1260)

<223> OTHER INFORMATION: n = A,T,C or G

<400> SEQUENCE: 1

gaattcatca tttttcangt cctcaagtgg atgttteteca tttneccatga ttttaagttt 60

tctegecata ttectggtece tacagtgtge atttcteccat tttncacgtt ttncagtgat 120

ttcgtcattt tcaagtcctc aagtggatgt ttcectcatttn ccatgaattt cagttttctn 180
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-continued
gecatattece acgtcectaca gnggacattt ctaaatttne cacctttttce agttttccte 240
gccatattte acgtcctaaa atgtgtattt ctcecgtttnec gtgattttca gttttctege 300
cagattccag gtcctataat gtgcatttct catttnncac gtttttcagt gatttcgtca 360
ttttttcaag tcggcaagtyg gatgtttcte atttnccatg atttncagtt ttcecttgnaat 420
attccatgtc ctacaatgat catttttaat tttccacctt ttcattttte cacgccatat 480
ttcatgtcct aaagtgtata tttctecttt tcececgecgattt tcagttttet cgccatattce 540
caggtcctac agtgtgcatt cctcattttt cacctttttc actgatttcg tcatttttca 600
agtcgtcaac tggatctttc taattttcca tgattttcag ttatcttgte atattccatg 660
tcctacagtg gacatttcta aattttccaa ctttttcaat ttttcectcgac atatttgacg 720
tgctaaagtg tgtatttctt attttcecgtg attttcagtt ttctcgccat attccaggtce 780
ctaatagtgt gcatttctca tttttcacgt ttttcagtga tttcgtcatt ttttccagtt 840
gtcaagggga tgtttctcat tttccatgag tgtcagtttt cttgctatat tccatgtect 900
acagtgacat ttctaaatat tatacctttt tcagtttttc tcaccatatt tcacgtccta 960

aagtatatat ttctcatttt ccctgatttt cagtttcctt geccatattcce aggtcctaca 1020
gtgtgcattt ctcatttttc acgtttttca gtaatttctt cattttttaa gccctcaaat 1080
ggatgtttect cattttccat gattttcagt tttcttgcca tataccatgt cctacagtgg 1140
acatttctaa attatccacc tttttcagtt tttcatcggce acatttcacg tcctaaagtg 1200
tgtatttcta attttcagtg attttcagtt ttctcgecat attccaggac ctacagtgtg 1260
<210> SEQ ID NO 2

<211> LENGTH: 1044

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

aggcctatgg tgaaaaagga aatatcttcce cctgaaaact agacagaagyg attctcagaa 60
tcttatttgt gatgtgcgce cctcaactaa cagtgttgaa getttetttt gatagagcag 120
ttttgaaaca ctctttttgt aaaatctgca agaggatatt tggatagctt tgaggatttc 180
cgttggaaac gggattgtct tcatataaac cctagacaga agcattctca gaagcttcat 240
tgggatgttt cagttgaagt cacagtgttg aacagtcccce tttcatagag caggtttgaa 300
acactctttt ttgtagtatc tggaagtgga catttggage gatctcagga ctgcggtgaa 360
aaaggaaata tcttccaata aaagctagat agaggcaatyg tcagaaacct ttttcatgat 420
gtatctacte agctaacaga gttgaacctt cctttgagag agcagttttg aaacactcett 480
tttgtggaat ctgcaagtgg atatttgtct agetttgagyg atttegttgg gaaacgggat 540
tacatataaa aagcagacag cagcattccc agaaacttct ttgtgatgtt tgcattcaag 600
tcacagagtt gaacattccc tttcatagag caggtttgaa acacactttt tgatgtatct 660
ggatgtggac atttgcagcg ctttcaggcce taaggtgaaa aggaaatatc ttcccctgaa 720
aactagacag aagcattctc agaaacttat ttgtgatgtg cgccctcaac taacagtgtt 780
gaagctttet tttgatagag gcagttttga aacactcttt tgtggaatct gcaagtggat 840
atttgtctag ctttgaggat ttctttggaa acgggattac atataaaaag cagacagcag 900

cattcccaga atcttgtttg tgatgtttge attcaagtca cagagttgaa cattcccttt 960
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cagagagcag gtttgaacac tctttttata gtatctggat gtggacattt ggagcgcttt 1020
caggggggat cctctagaat tcect 1044
<210> SEQ ID NO 3

<211> LENGTH: 2492

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(2492)

<223> OTHER INFORMATION: n = A, T,C or G

<400> SEQUENCE: 3

ctgcagetgg gggtcetcecaa tcaggcaggg gecccttact actcagatgg ggtggecgag 60
taggggaagyg gggtgcagge tgcatgagtg gacacagetg taggactace tgggggetgt 120
ggatctatgg gggtggggag aagcccagtyg acagtgcecta gaagagacaa ggtggectga 180

gagggtctga ggaacataga gctggecatyg ttggggccag gtctcaagca ggaagtgagg 240

aatgggacag gcttgaggat actctactca gtagecagga tagcaaggag ggettggggt 300
tgctatcctyg gggttcaace ceccaggttyg aaggecctgg gggagatggt cccaggacat 360
attacaatgg acacaggagg ttgggacacc tggagtcacc aaacaaaacc atgccaagag 420
agaccatgag taggggtgte cagtccagee ctetgactga getgcattgt tcaaatccaa 480
agggccectyg ctgccaccta gtggetgatg geatccacat gacectggge cacacgegtt 540
tagggtctct gtgaagacca agatccttgt tacattgaac gactcctaaa tgagcagaga 600
tttccaccta ttcgaaacaa tcacataaaa tccatcctgg aaaaagectyg ggggatggca 660
ctaaggctag ggatagggtg ggatgaagat tatagttaca gtaaggggtt tagggttagg 720

gatcaacgtt ggttaggagt tagggataca gtagggtacc ggtagggtta ggggttaggg 780

ttaggggtta gggttagggt tagggttagg gttagggtta ggggttaggg gttagggtta 840

gggttaggtt ttggggtgge gtattttggt cttatacget gtgttccact ggcaatgaaa 900
agagttcecttg tttttcctte agcaatttgt catttttaaa agagtttagce aattctaaca 960
gatatagacc agctgtgcta tctcattgtg gttttcaatt gtaaccacat tgtggtttca 1020
atgtgtttac ttgccatctg tagatcttct ttgcgtgagg tgtctgttca gatgtgtgtg 1080
catttcttgn ntttnggctg tttaacttat tgtttagttt taataatttt ttatatattt 1140
gaagacaaat ctttctcaga tgtgtatttg caaatatttc ttcaatatga ggcttgcettt 1200
tgtctctaac aaggtctcectt cagagataac ttaaatataa gaaatccaca ctgtcacttce 1260
ttttgtgtat atctaccttt tgtgtcattt gttaaaattc attaccaaac ccaaaggcag 1320
atagcttttc ttctattgtt tecttctagaa atttgtatag ttttgcattt ttagtgtaag 1380
gatgattttg agtgattatt tgtgtaagtt gtaaagtttt cgtctatatc catatcattt 1440
cttatggttt ccaattaatc gttccctcac tatttttggg aaagacacag gatagtgggce 1500
tttgttagag tagataggta gctagacatg aacaggaggg ggcctcctgg aaaagggaaa 1560
gtctgggaag gctcacctgg aggaccacca aaaattcaca tattagtagc atctctagtg 1620
ctggagtgga tgggcacttg tcaattgtgg gtaggaggga aaagaggtcc tatgcagaaa 1680
gaaactceccet agaactccte tgaagatgcec ccaatcattce actctgcaat aaaaatgtca 1740

gaatattgct agctacatgc tgataaggnn aaaggggaca ttcttaagtg aaacctggca 1800
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ccataagtac agattagggc agagaaggac attcaaaaga ggcaggcgca gtaggtacaa 1860
acgtgatcgce tgtcagtgtg cctgggatgg cgggaaggag gctggtgcca gagtggattce 1920
gtattgatca ccacacatat acctcaacca acagtgagga ggtcccacaa gcctaagtgg 1980
ggcaagttygyg ggagctaagg cagtagcagg aaaaccagac aaagaaaaca ggtggagact 2040
tgagacagag gcaggaatgt gaagaaatcc aaaataaaat tccctgcaca ggactcttag 2100
gctgtttaat gcatcgectca gtecccactcece tceccctatttt tcectacaataa actcectttaca 2160
ctgtgtttct tttcaatgaa gttatctgce atctttgtat tgcctcecttgg tgaaaatgtt 2220
tcttceccaagt taaacaagaa ctgggacatc agctctcecccce agtaataget ccgtttcagt 2280
ttgaatttac agaactgatg ggcttaataa ctggcgctct gactttagtg gtgcaggagg 2340
cegteacace gggaccaaga gtgccctgece tagtccccat ctgeccgcag gtggeggcetg 2400
cctegacact gacagcaata gggtccggea gtgtccccag ctgecagcag ggggegtacyg 2460
acgactacac tgtgagcaag agggccctgce ag 2492
<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pSl1l2 forward primer

<400> SEQUENCE: 4

ggggaattca ttgggatgtt tcagttga 28
<210> SEQ ID NO 5

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pSl2 reverse primer

<400> SEQUENCE: 5

cgaaagtccce ccctaggaga tcecttaagga 29
<210> SEQ ID NO 6

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Anti-HIV-1 ribozyme

<400> SEQUENCE: 6

ccgettaata ctctgatgag tccgtgagga cgaaacgcte tegeace 47
<210> SEQ ID NO 7

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense oligonucleotide

<400> SEQUENCE: 7

cgatttaaat taattaagcc cgggce 25

<210> SEQ ID NO 8
<211> LENGTH: 27
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 8

taaatttaat taattcgggc ccgtcga 27

<210> SEQ ID NO 9

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IL-2 signal sequence
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(69)

<400> SEQUENCE: 9

atg tac agg atg caa ctc ctg tet tge att gea cta agt ctt gca ctt 48
Met Tyr Arg Met Gln Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu

1 5 10 15

gtc aca aac agt gca cct act 69
Val Thr Asn Ser Ala Pro Thr

20

<210> SEQ ID NO 10

<211> LENGTH: 945

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R. Reinformis Luciferase
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(945)

<400> SEQUENCE: 10

agc tta aag atg act tcg aaa gtt tat gat cca gaa caa agg aaa cgg 48
Ser Leu Lys Met Thr Ser Lys Val Tyr Asp Pro Glu Gln Arg Lys Arg
1 5 10 15

atg ata act ggt ccg cag tgg tgg gcc aga tgt aaa caa atg aat gtt 96
Met Ile Thr Gly Pro Gln Trp Trp Ala Arg Cys Lys Gln Met Asn Val
20 25 30

ctt gat tca ttt att aat tat tat gat tca gaa aaa cat gca gaa aat 144
Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn
35 40 45

gct gtt att ttt tta cat ggt aac gcg gcc tet tet tat tta tgg cga 192
Ala Val Ile Phe Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg
50 55 60

cat gtt gtg cca cat att gag cca gta gcg c¢gg tgt att ata cca gat 240
His Val Val Pro His Ile Glu Pro Val Ala Arg Cys Ile Ile Pro Asp

ctt att ggt atg ggc aaa tca ggc aaa tct ggt aat ggt tct tat agg 288
Leu Ile Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg
85 90 95

tta ctt gat cat tac aaa tat ctt act gca tgg ttg aac ttc tta att 336
Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Leu Asn Phe Leu Ile
100 105 110

tac caa aga aga tca ttt ttt gtc ggc cat gat tgg ggt gct tgt ttg 384
Tyr Gln Arg Arg Ser Phe Phe Val Gly His Asp Trp Gly Ala Cys Leu
115 120 125

gca ttt cat tat agc tat gag cat caa gat aag atc aaa gca ata gtt 432
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Ala Phe His Tyr Ser Tyr Glu His Gln Asp Lys Ile Lys Ala Ile Val
130 135 140

cac gct gaa agt gta gta gat gtg att gaa tca tgg gat gaa tgg cct 480
His Ala Glu Ser Val Val Asp Val Ile Glu Ser Trp Asp Glu Trp Pro
145 150 155 160

gat att gaa gaa gat att gcg ttg atc aaa tct gaa gaa gga gaa aaa 528
Asp Ile Glu Glu Asp Ile Ala Leu Ile Lys Ser Glu Glu Gly Glu Lys
165 170 175

atg gtt ttg gag aat aac ttc ttc gtg gaa acc atg ttg cca tca aaa 576
Met Val Leu Glu Asn Asn Phe Phe Val Glu Thr Met Leu Pro Ser Lys
180 185 190

atc atg aga aag tta gaa cca gaa gaa ttt gca gca tat ctt gaa cca 624
Ile Met Arg Lys Leu Glu Pro Glu Glu Phe Ala Ala Tyr Leu Glu Pro
195 200 205

ttc aaa gag aaa ggt gaa gtt cgt cgt cca aca tta tca tgg cct cgt 672
Phe Lys Glu Lys Gly Glu Val Arg Arg Pro Thr Leu Ser Trp Pro Arg
210 215 220

gaa atc ccg tta gta aaa ggt ggt aaa cct gac gtt gta caa att gtt 720
Glu Ile Pro Leu Val Lys Gly Gly Lys Pro Asp Val Val Gln Ile Val
225 230 235 240

agg aat tat aat gct tat cta cgt gca agt gat gat tta cca aaa atg 768
Arg Asn Tyr Asn Ala Tyr Leu Arg Ala Ser Asp Asp Leu Pro Lys Met
245 250 255

ttt att gaa tcg gat cca gga ttc ttt tcc aat get att gtt gaa ggc 816
Phe Ile Glu Ser Asp Pro Gly Phe Phe Ser Asn Ala Ile Val Glu Gly
260 265 270

gcc aag aag ttt cct aat act gaa ttt gtc aaa gta aaa ggt ctt cat 864
Ala Lys Lys Phe Pro Asn Thr Glu Phe Val Lys Val Lys Gly Leu His
275 280 285

ttt tcg caa gaa gat gca cct gat gaa atg gga aaa tat atc aaa tcg 912
Phe Ser Gln Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr Ile Lys Ser
290 295 300

ttc gtt gag cga gtt ctc aaa aat gaa caa taa 945
Phe Val Glu Arg Val Leu Lys Asn Glu Gln *
305 310

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Forward primer

<400> SEQUENCE: 11

tttgaattca tgtacaggat gcaactcctg 30

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Reverse primer

<400> SEQUENCE: 12
tttgaattca gtaggtgcac tgtttgtcac 30
<210> SEQ ID NO 13
<211> LENGTH: 1434

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Amplification product
<400> SEQUENCE: 13
cctecacgea cgttgtgata tgtagatgat aatcattatce agagcagegt tgggggataa 60
tgtcgacatt tccactccca atgacggtga tgtataatge tcaagtattce tcctgetttt 120
ttaccactaa ctaggaactg ggtttggect taattcagac agecttgget ctgtctggac 180
aggtccagac gactgacacc attaacactt tgtcagcecte agtgactaca gtcatagatg 240
aacaggccte agctaatgtc aagatacaga gaggtctcat gcetggttaat caactcatag 300
atcttgtcca gatacaacta gatgtattat gacaaataac tcagcaggga tgtgaacaaa 360
agtttceggg attgtgtgtt atttccattc agtatgttaa atttactagg acagctaatt 420
tgtcaaaaag tctttttcag tatatgttac agaattggat ggctgaattt gaacagatce 480
ttegggaatt gagacttcag gtcaactcca cgegettgga cctgtegetyg accaaaggat 540
tacccaattg gatctcctca gcattttctt tctttaaaaa atgggtggga ttaatattat 600
ttggagatac actttgctgt ggattagtgt tgcttctttg attggtctgt aagcttaagg 660
cccaaactag gagagacaag gtggttattg ceccaggeget tgcaggacta gaacatggag 720
ctteceectga tatatggtta tctatgetta ggcaataggt cgetggecac tcagetctta 780
tatceccacga ggctagtcte attgtacggg atagagtgag tgtgcttcag cagcccgaga 840
gagttgcaag gctaagcact gcaatggaaa ggctctgegg catatatgtg cctattctag 900
ggggacatgt catctttcat gaaggttcag tgtcctagtt cecttecccce aggcaaaacy 960

acacgggagc aggtcagggt tgctctgggt aaaagcctgt gagcctggga gctaatcctg 1020
tacatggctc ctttacctac acactgggga tttgacctct atctccacte tcattaatat 1080
gggtggccta tttgctcectta ttaaaaggaa agggggagat gttgggagcc gcgcccacat 1140
tcgcecgttac aagatggege tgacagetgt gttctaagtg gtaaacaaat aatctgcgca 1200
tgtgccgagg gtggttctte actccatgtg ctetgectte cccgtgacgt caactcggece 1260
gatgggctge agccaatcag ggagtgacac gtcctaggceg aaggagaatt ctcecttaata 1320
gggacggggt ttecgttctcet ctetcetetet tgcttectcete tettgetttt tegetctett 1380
gctteccgta aagtgataat gattatcatc tacatatcac aacgtgcgtg gagg 1434
<210> SEQ ID NO 14

<211> LENGTH: 1400

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification product

<400> SEQUENCE: 14

cctecacgea cgttgtgata tgtagatgat aatcattatce agagcagegt tgggggataa 60
tgtcgacatt tccactccca atgacggtga tgtataatge tcaagtattce tcctgetttt 120
ttaccactaa ctaggaactg ggtttggect taattcagac agecttgget ctgtctggac 180
aggtccagat acaactagat gtattatgac aaataactca gcagggatgt gaacaaaagt 240
ttccgggatt gegtgttatt tcecatccagt atgttaaatt tactagggca gctaatttgt 300
caaaaagtct tttccagtat atgttacaga attggatgge tgaatttgaa cagatcctte 360

gggaattgag acttcaggtc aactccacge gcttggacct gtecctgacce aaaggattac 420
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ccaattggat ctcctcagca ttttctttcet ttaaaaaatg ggtgggatta atattatttg 480
gagatacact ttgctgtgga ttagtgttgce ttctttgatt ggtctgtaag cttaaggccce 540
aaactaggag agacaaggtg gttattgccce aggcgcettge aggactagaa catggagett 600
ccectgatat atctatgett aggcaatagg tegetggeca ctcagetett atatcccatg 660
aggctagtct cattgcacgg gatagagtga gtgtgcttca gcagcccgag agagttgcac 720
ggctaagcac tgcaatggaa aggctctgceg gcatatatga gectattcta gggagacatg 780
tcatctttca agaaggttga gtgtccaagt gtecttecte caggcaaaac gacacgggag 840
caggtcaggg ttgctetggg taaaagectyg tgagcectaag agctaatcct gtacatgget 900
cctttaccta cacactgggg atttgaccte tatctccact ctcattaata tgggtggect 960

atttgctectt attaaaagga aagggggaga tgttgggagc cgcgcccaca ttcecgecgtta 1020
caagatggcg ctgacagctg tgttctaagt ggtaaacaaa taatctgcge atgcgccgag 1080
ggtggttctt cactccatgt gctcectgectt ccccecgtgacyg tcaactecgge cgatgggetg 1140
cagtcaatca gggagtgaca cgtcctaggc gaaggaaaat tctcecttaat agggacgggg 1200
tttegtttte tectcectctett gettegetcet ctettgette ttgctectcett ttectgaaga 1260
tgtaagaata aagctttgcc gcagaagatt ctggtctgtg gtgttcttece tggccggtceg 1320
tgagaacgcg tctaataaca attggtgccg aaacccgggt gataatgatt atcatctaca 1380
tatcacaacg tgcgtggagg 1400
<210> SEQ ID NO 15

<211> LENGTH: 1369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification product

<400> SEQUENCE: 15

cctecacgea cgttgtgata tgtagatgat aatcattate actttacggg tcctttcact 60
acaactgcca cgaggcecccg tgctctggta atagatcttt getgaaaagyg cacacacatg 120
acacattact caaggtgggc tcatctgage tgcagattca gcttaatatg aatcttgcca 180
attgtgtgaa atcataaatc ttcaaagtga cactcattge cagacacagyg tgcccacctt 240
tggcataata aacaaacaca aattatctat tatataaagg gtgttagaag atgctttaga 300
atacaaataa atcatggtag ataacagtaa gttgagagct taaatttaat aaagtgatat 360
acctaataaa aattaaatta agaaggtgtg aatatactac agtaggtaaa ttatttcatt 420
aatttatttt ctttcttaat cctttataat gttttctget attgtcaatt gcacatccat 480
atgttcaatt cttcactgta atgaagaaat gtagtaaata tactttccga acaagttgta 540
tcaaatatgt tacacttgat tccgtgtgtt acttatcatt ttattattat attgattgca 600
ttccttegtt acttgatatt attacaaggt acatatttat tctctcagat cttcattata 660
ctctaaccat tttataacat actttattta ttcatttcectt atgtgtgctg tgaggcacaa 720
atgccagaga gaacttgagc agataagagg acaaattgca agagtcagtt acctcctget 780
gtteccttgga aactcaggat caaattcagg ttgtcaggct tggcagcatg cactttttac 840
cagtgectee atcttgctag ccctgaacat caagetttge agacagacag gctacactaa 900

gtgaactggt cattcacagc atgcatggtg atttattgtt actttctatt ccatgccttt 960
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actatttcta ctaggtgcta gctagtactg tatttcgaga tagaagttac tgaaagaaaa 1020
ttacattgtt ttctatagat ccttgatact ctttcagcag atatagagtt ttaatcaggt 1080
cctagaccct ttcttcactce ttattaaata ctaagtacaa attaagttta tccaaaacag 1140
tacggatgtt gattttgtgc agttctacta tgataatagt ctagcttcat aaatctgaca 1200
cacttattgg gaatgttttt gttaataaaa gattcaggtg ttactctagg tcaagagaat 1260
attaaacatc agtcccaaat tacaaacttc aataaaagat ttgactctcc agtggtggca 1320
atataaagtg ataatgatta tcatctacat atcacaacgt gcgtggagg 1369
<210> SEQ ID NO 16

<211> LENGTH: 22118

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: Genbank Accession No. X82564

<309> DATABASE ENTRY DATE: 1996-04-09

<400> SEQUENCE: 16

gaattccect atccctaate cagattggtg gaataacttg gtatagatgt ttgtgcatta 60
aaaaccctgt aggatcttca ctctaggtca ctgttcagea ctggaacctyg aattgtggece 120
ctgagtgata ggtcctggga catatgecagt tctgcacaga cagacagaca gacagacaga 180
cagacagaca gacagacgtt acaaacaaac acgttgagec gtgtgccaac acacacacaa 240
acaccactct ggccataatt attgaggacg ttgatttatt attctgtgtt tgtgagtctg 300
tctgtetgte tgtetgtetg tetgtetgte tatcaaacca aaagaaacca aacaattatg 360
cctgectgee tgcctgectyg cctacacaga gaaatgattt cttcaatcaa tctaaaacga 420
cctectaagt ttgecttttt tetcetttett tatcttttte ttttttettt tettettect 480
tcetteette cttecttect tecttecttt ctttetttet ttetttettt cttactttet 540
ttectttectt cttacattta ttecttttcat acatagtttc ttagtgtaag catccctgac 600
tgtcttgaag acactttgta ggcctcaatce ctgtaagage cttectetge ttttcaaatg 660
ctggcatgaa tgttgtacct cactatgacc agettagtet tcaagtctga gttactggaa 720
aggagttcca agaagactgg ttatattttt catttattat tgcattttaa ttaaaattta 780
atttcaccaa aagaatttag actgaccaat tcagagtctg ccgtttaaaa gcataaggaa 840
aaagtaggag aaaaacgtga ggctgtctgt ggatggtega ggcetgettta gggagectceg 900
tcaccattcet gcacttgcaa accgggecac tagaaccegg tgaagggaga aaccaaagcg 960

acctggaaac aataggtcac atgaaggcca gccacctceca tettgttgtg cgggagttca 1020
gttagcagac aagatggctg ccatgcacat gttgtctttc agcttggtga ggtcaaagta 1080
caaccgagtc acagaacaag gaagtataca cagtgagttc caggtcagcc agagtttaca 1140
cagagaaacc acatcttgaa aaaaacaaaa aaataaatta aataaatata atttaaaaat 1200
ttaaaaatag ccgggagtga tggcgcatgt ctttaatccc agctctctte aggcagagat 1260
gggaggattt ctgagtttga ggccagcctg gtctgcaaag tgagttccag gacagtcagg 1320
gctatacaga gaaaccctgt cttgaaaact aaactaaatt aaactaaact aaactaaaaa 1380
aatataaaat aaaaatttta aagaatttta aaaaactaca gaaatcaaac ataagcccac 1440

gagatggcaa gtaactgcaa tcatagcaga aatattatac acacacacac acacagactc 1500
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tgtcataaaa tccaatgtgc cttcatgatg atcaaatttc gatagtcagt aatactagaa 1560
gaatcatatg tctgaaaata aaagccagaa ccttttctge ttttgtttte ttttgcccca 1620
agatagggtt tctctcagtg tatccctgge atcecctgect ggaacttcect ttgtaggttt 1680
ggtagcctceca aactcagaga ggtcecctcectet gectgectge ctgectgect gectgectge 1740
ctgcctgect gectgectceca cttettetge cacccacaca accgagtcga acctaggatce 1800
tttatttctt tcectcetttete tettetttet ttetttettt ctttetttet ttetttettt 1860
ctttctttet ttcttattca attagttttce aatgtaagtg tgtgtttgtg ctctatctgce 1920
tgcctatagg cctgettgce aggagaggge aacagaacct aggagaaacc accatgcage 1980
tcectgagaat aagtgaaaaa acaacaaaaa aaggaaattc taatcacata gaatgtagat 2040
atatgccgag gctgtcagag tgctttttaa ggcttagtgt aagtaatgaa aattgttgtg 2100
tgtcttttat ccaaacacag aagagaggtg gctcggectg catgtctgtt gtcectgcatgt 2160
agaccaggct ggccttgaac acattaatct gtctgectet gettceccecctaa tgctgcgatt 2220
aaaggcatgt gccaccactg cccggactga tttettettt tttttttttt tggaaaatac 2280
ctttetttet ttttetetet ctetttette ctteocttect ttetttetat tettttttte 2340
tttctttttt cttttttttt ttttttttaa aatttgccta aggttaaagg tgtgctccac 2400
aattgcctca gectctgctet aattctettt aaaaaaaaac aaacaaaaaa aaaaccaaaa 2460
cagtatgtat gtatgtatat ttagaagaaa tactaatcca ttaataactc ttttttccta 2520
aaattcatgt cattcttgtt ccacaaagtg agttccagga cttaccagag aaaccctgtg 2580
ttcaaatttc tgtgttcaag gtcaccctgg cttacaaagt gagttccaag tccgataggg 2640
ctacacagaa aaaccatatc tcagaaaaaa aaaaagttcc aaacacacac acacacacac 2700
acacacacac acacacacac acacacacac acacacacag cgcgccgegyg cgatgagggg 2760
aagtcgtgcce taaaataaat atttttectgg ccaaagtgaa agcaaatcac tatgaagagg 2820
tactcctaga aaaaataaat acaaacgggc tttttaatca ttccagcact gttttaattt 2880
aactctgaat ttagtcttgg aaaagggggc gggtgtgggt gagtgagggc gagcgagcag 2940
acgggcggge gggcgggtga gtggeeggeg geggtggcag cgagcaccag aaaacaacaa 3000
accccaagceg gtagagtgtt ttaaaaatga gacctaaatg tggtggaacg gaggtcgecg 3060
ccaccctect cttcecactge ttagatgcte ccttecectt actgtgctee ctteccectaa 3120
ctgtgcctaa ctgtgcctgt teccctcacce cgectgatteg ccagcgacgt actttgactt 3180
caagaacgat tttgcctgtt ttcaccgctce cctgtcatac tttegttttt gggtgcccga 3240
gtctagceeg ttegctatgt tcgggcggga cgatggggac cgtttgtgece actcgggaga 3300
agtggtgggt gggtacgctg ctececgtegtg cgtgegtgag tgccggaacce tgagcecteggg 3360
agaccctecg gagagacaga atgagtgagt gaatgtggcg gecgcgtgacg gatctgtatt 3420
ggtttgtatg gttgatcgag accattgtcg ggcgacacct agtggtgaca agtttcggga 3480
acgctccagg cctctcaggt tggtgacaca ggagagggaa gtgcctgtgg tgaggcgacce 3540
agggtgacag gaggccgggce aagcaggcgg gagcgtceteg gagatggtgt cgtgtttaag 3600
gacggtctcet aacaaggagg tcgtacaggg agatggccaa agcagaccga gttgctgtac 3660
gcceecttttgyg gaaaaatgct agggttggtg gcaacgttac taggtcgacc agaaggctta 3720

agtcctaccce ccccecccect tttttttttt tttectecag aagcecctcte ttgtceccegt 3780
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caccggggge accgtacatc tgaggccgag aggacgcgat gggeccgget tccaagecgg 3840
tgtggctegg ccagectggeg cttegggtet tttttttttt tttttttttt ttttectceca 3900
gaagccttgt ctgtcegetgt caccggggge gctgtactte tgaggccgag aggacgcgat 3960
gggcecccgge tteccaagecg gtgtggeteg gecagetgga gettcegggte tttttttttt 4020
tttttttttt tttttttete cagaagecctt gtetgteget gtcaccgggg gegcectgtact 4080
tctgaggceeyg agaggacgceg atgggtegge ttecaageceyg atgtggeggyg gcecagetgga 4140
gcttegggtt ttttttttte ctecagaage cctctettgt ceccgtcace gggggcgetyg 4200
tacttctgag gccgagagga cgtgatgggce ccgggttceca ggcggatgte geccggtcag 4260
ctggagcecttt ggatcttttt tttttttttt cctceccagaag ccctcectcecttg teccegtceac 4320
cgggggcacce ttacatctga gggcgagagg acgtgatggg tccggcttece aagccgatgt 4380
ggcggggceca gctggagett cgggtttttt ttttttceccte cagaagccecct ctettgtecce 4440
cgtcaccggg ggcgctgtac ttectgaggce gagaggacgt gatgggccceg ggttceccaggce 4500
ggatgtcgece cggtcagcectg gagetttgga tcattttttt ttttceccectcecce agaagccectce 4560
tcttgtecece gtcaccgggyg gcaccgtaca tctgaggecg agaggacacg atgggcectgt 4620
cttccaagcce gatgtggece ggccagetgg agettcgggt cttttttttt ttttttecte 4680
cagaagcctt gtctgtcget gtcacceggg gcecgetgtact tcectgaggcecg agaggacgcg 4740
atgggcceccgg cttcecaagec ggtgtggcte ggecagetgg agcecttegggt cttttttttt 4800
tttttttttt ttcctccaga aaccttgtct gtegectgtca cccggggcge ttgtacttet 4860
gatgccgaga ggacgcgatg ggccegtett ccaggecgat gtggcceggt cagetggage 4920
tttggatctt tttttttttt ttttcecctcca gaagccctet cttgteccceceg tcaccggggyg 4980
caccttacat ctgaggccta gaggacacga tgggccceggg ttccaggcceg atgtggccecg 5040
gtcagctgga gctttggate tttttttttt ttttecttcca gaagccctcet tgtecccegte 5100
accggtggca ctgtacatct gaggcggaga ggacattatg ggcccggctt ccaatccgat 5160
gtggccecggt cagctggage tttggatctt attttttttt taattttttce ttccagaagce 5220
cctettgtee ctgtcaccgg tggcacggta catctgaggce cgagaggaca ttatgggecce 5280
ggcttccagg ccgatgtgge ccggtcaget ggagetttgg atcttttttt ttttttttet 5340
tttttectee agaagccecte tetgteectg tcaccggggg cectgtacgt ctgaggccga 5400
gggaaagcta tgggcgecggt tttetttcat tgacctgteg gtecttatcag tteteccgggt 5460
tgtcagggtc gaccagttgt tcecctttgagg tccggttett ttcecgttatgg ggtcattttt 5520
gggccaccte cccaggtatg acttccagge gtcecgttgcte gectgtcact ttectcectyg 5580
tctettttat gettgtgate ttttctatct gttectattg gacctggaga taggtactga 5640
cacgctgtcece tttcectatt aacactaaag gacactataa agagaccctt tcgatttaag 5700
gctgttttge ttgtccagce tattcettttt actggcecttgg gtetgtegeg gtgectgaag 5760
ctgtccecga gecacgctte ctgetttceccece gggettgetg cttgegtgtg cttgetgtgg 5820
gcagcttgtyg acaactgggce gctgtgactt tgctgegtgt cagacgtttt tcccgattte 5880
ccecgaggtgt cgttgtcaca cctgteccgg ttggaatggt ggagccaget gtggttgagg 5940
gccaccttat ttcggctcac tttttttttt tttttttcte ttggagtccce gaacctecge 6000

tcttttetet tecccggtett tettceccacat gecctcecccgag tgcatttcett tttgtttttt 6060
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ttettttttt tttttttttt ttggggaggt ggagagtccc gagtacttca ctectgtcetg 6120
tggtgtccaa gtgttcatge cacgtgccte ccgagtgcac ttttttttgt ggcagtcget 6180
cgttgtgtte tecttgttetg tgtctgeccg tatcagtaac tgtcttgcece cgcgtgtaag 6240
acattcctat ctcgettgtt tetcecccgatt gcgegtegtt gectcactcectt agatcgatgt 6300
ggtgctecegg agttetette gggecaggge caagccgege caggcgaggyg acggacatte 6360
atggcgaatg gcggccgete ttectegttcet gccageggge cctegtcectet ccaccccatce 6420
cgtctgecgg tggtgtgtgg aaggcagggg tgcggctete cggcccgacg ctgccccgeg 6480
cgcactttte tcagtggttc gegtggtcecct tgtggatgtg tgaggcgccce ggttgtgecce 6540
tcacgtgttt cactttggtc gtgtctecgct tgaccatgtt cccagagtcg gtggatgtgg 6600
ccggtggegt tgcatacccect tececgtetgg tgtgtgcacg cgctgtttet tgtaagegte 6660
gaggtgctece tggagcgtte caggtttgtce tcctaggtge ctgcttectga gctggtggtyg 6720
gcgetececa tteecctggtg tgecteceggt getceegtetyg getgtgtgee tteecegtttyg 6780
tgtctgagaa gcccgtgaga ggggggtega ggagagaagg aggggcaaga ccccecttet 6840
tcgtegggtyg aggcgcccac cccgcgacta gtacgectgt gegtaggget ggtgctgagce 6900
ggtcgcgget ggggttggaa agtttctega gagactcatt getttcecegt ggggagettt 6960
gagaggcctg getttegggg gggaccggtt gcagggtcte cectgteccge ggatgctceag 7020
aatgcccettg gaagagaacc ttecctgttge cgcagacccce cceccgegceggt cgcccecgegtg 7080
ttggtcttect ggtttcecetyg tgtgctegte gcatgcatcece tectcecteggtg gecggggete 7140
gtcggggttt tgggtccgte ccgccctcag tgagaaagtt tecttcectcecta gctatcttece 7200
ggaaagggtyg cgggcttctt acggtctcga ggggtctcte ccgaatggtce ccectggaggyg 7260
ctecgeccecect gaccgectece cgecgegegca gecgtttgete tcectegtctac cgeggceccegce 7320
ggccteceeg ctecgagtte ggggagggat cacgcggggce agagcectgtce tgtegtectg 7380
ccgttgetge ggagcatgtg getecggettg tgtggttggt ggctggggag agggctcecegt 7440
gcacaccecece gegtgegegt actttectece ccectectgagg gecgececgtge ggacggggty 7500
tgggtaggcg acggtgggct cccgggtcce cacccgtett ceccgtgecte accecgtgect 7560
tcegtegegt gegtecctet cgectegegte cacgactttg gecgectcecceceg cgacggcggce 7620
ctgcgeegeg cgtggtgegt getgtgtgcet tcectegggetg tgtggttgtg tegectegece 7680
ccececttee cgcecggcageg ttecccacgge tggcgaaatc gegggagtcece tecttcecect 7740
ccteggggte gagagggtec gtgtcectggeg ttgattgatce tcgctcectegg ggacgggace 7800
gttectgtggg agaacggctg ttggccgegt ccggcgcgac gtceggacgtg gggacccact 7860
gccegeteggg ggtettegte ggtaggcate ggtgtgtcgg catcggtcectce tcetetegtgt 7920
cggtgtegece teccteggget cecgggggge cgtegtgttt cgggtegget cggecgcetgcea 7980
ggtgtggtgg gactgctcag gggagtggtg cagtgtgatt cccgeceggtt ttgectegeg 8040
tgccctgace ggtceccgacge ccgageggte tcecteggtece ttgtgaggac ccccttececgg 8100
gaggggcceceg ttteggecge ccttgeegte gtcecgecggec ctegttetge tgtgtegtte 8160
cceectecee getegecgea gecggtettt tttectetet cecccectet cetetgactg 8220
accegtggee gtgetgtegg acccecccgea tgggggegge cgggcacgta cgegtceeggg 8280

cggtcaccgg ggtcttgggg gggggccgag gggtaagaaa gtcggcetcegg cgggcgggag 8340
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gagctgtggt ttggagggcg tcccggecce geggcegtgg cggtgtettg cgeggtettyg 8400
gagagggctyg cgtgcgaggg gaaaaggttg ccccgegagg gcaaagggaa agaggctage 8460
agtggtcatt gtcccgacgg tgtggtggte tgttggecga ggtgcgtctg gggggctegt 8520
ccggecectgt cgtcecegtegyg gaaggcegcegt gttggggect gecggagtge cgaggtgggt 8580
accctggegg tgggattaac cccgcegegceg tgteccggtg tggceggtggg ggctceceggte 8640
gatgtctacc tcecctectecce cgaggtcectca ggcecttcectee gegegggetce tcecggcecectece 8700
cctegttect cectetegeg gggttcaagt cgectegtega cctcecectee tecgtectte 8760
catctctege gecaatggege cgcccgagtt cacggtgggt tegtectceeg cctecgette 8820
tcgeeggggg ctggecgetyg tecggtetcet cctgecccgac ceccegttgge gtggtettet 8880
ctegecgget tegcecggacte ctggettcecge ccggagggtce agggggctte ceggttecce 8940
gacgttgege ctegetgetg tgtgettggg gggggcccge tgcggcectcece gceccgececegt 9000
gagceccctge cgcaccecgcee ggtgtgeggt ttcecgegecge ggtcagttgg gcectggegt 9060
tgtgtcecgegt cgggagcgtyg tcecgectcecge ggeggctaga cgcgggtgte gecgggctcece 9120
gacgggtgge ctatccaggg ctcegeccceg ccgaccecceg cctgecegte ceggtggtgyg 9180
tcgttggtgt ggggagtgaa tggtgctacce ggtcattcecce tcccecgegtgg tttgactgte 9240
tcgeeggtgt cgegettete ttteccgeccaa cceoccacgcce aacccaccac cctgcetcetee 9300
cggcceceggtyg cggtcgacgt tecggctcecte ccgatgecga ggggttcggg atttgtgecg 9360
gggacggagyg ggagagcggg taagagaggt gtcggagage tgtccegggg cgacgctegyg 9420
gttggctttyg ccgegtgegt gtgctegegyg acgggttttyg teggaccccyg acggggtegyg 9480
tceggecegeca tgcactctece cgttececgege gagegceccege ccggctcace cecggtttgt 9540
ccteceecgega ggcteteege cgccgecgcee tectectect ctetegeget ctetgtecceg 9600
cctggtectg teccacceee gacgctecge tcegegcttee ttacctggtt gatcectgeca 9660
ggtagcatat gcttgtctca aagattaagc catgcatgtc taagtacgca cggccggtac 9720
agtgaaactg cgaatggctc attaaatcag ttatggttcc tttggtcget cgctcectcete 9780
ctacttggat aactgtggta attctagagc taatacatgc cgacgggcgce tgacccccect 9840
tceecgggggyg ggatgegtge atttatcaga tcaaaaccaa cccggtgage tecctecegg 9900
cteecggecgg gggtegggeg cceggceggcett ggtgactceta gataaccteg ggccgatcegce 9960
acgcceeceg tggcggcgac gacccattceg aacgtctgee ctatcaactt tcecgatggtag 10020
tcgecegtgee taccatggtg accacgggtg acggggaatce agggttcgat tceccggagagg 10080
gagcctgaga aacggctacce acatccaagg aaggcagcag gcgcgcaaat tacccactcce 10140
cgaccegggg aggtagtgac gaaaaataac aatacaggac tctttcgagg ccctgtaatt 10200
ggaatgagtc cactttaaat cctttaacga ggatccattg gagggcaagt ctggtgccag 10260
cagccgeggt aattccaget ccaatagegt atattaaagt tgctgcagtt aaaaagctcecg 10320
tagttggatc ttgggagcgg gcgggceggte cgccgcgagg cgagtcaccg cccgtecceg 10380
ccecttgect cteggegece cctcecgatget cttagctgag tgtceccgegg ggcccgaage 10440
gtttactttyg aaaaaattag agtgttcaaa gcaggcccga gccgcectgga taccgcaget 10500
aggaataatg gaataggacc gcggttctat tttgttggtt ttcggaactg aggccatgat 10560

taagagggac ggccgggggce attcgtattg cgccgctaga ggtgaaattc ttggaccgge 10620
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gcaagacgga ccagagcgaa agcatttgcc aagaatgttt tcattaatca agaacgaaag 10680
tcggaggttc gaagacgatc agataccgtc gtagttccga ccataaacga tgccgactgg 10740
cgatgcggceg gegttattece catgacccge cgggcagcett ccgggaaacc aaagtetttg 10800
ggttccgggyg ggagtatggt tgcaaagctg aaacttaaag gaattgacgg aagggcacca 10860
ccaggagtgg gcctgcgget taatttgact caacacggga aacctcaccce ggcccecggaca 10920
cggacaggat tgacagattg atagctcttt ctcgattccg tgggtggtgg tgcatggccg 10980
ttcttagttg gtggagcgat ttgtctggtt aattccgata acgaacgaga ctctggcatg 11040
ctaactagtt acgcgacccc cgagcggtceg gcgtccccca acttecttaga gggacaagtg 11100
gcgttcagee acccgagatt gagcaataac aggtctgtga tgcccttaga tgteccgggge 11160
tgcacgegeg ctacactgac tggctcagceg tgtgcecctace ctgcgecgge aggcgegggt 11220
aacccgttga accccatteg tgatggggat cggggattge aattattccce catgaacgag 11280
gaattcccag taagtgcggg tcataagectt gegttgatta agtccctgec ctttgtacac 11340
accgceeegte gcectactacceg attggatggt ttagtgagge ccteggatcg geccegecgg 11400
ggtcggceca cggcecctgge ggagcgctga gaagacggtce gaacttgact atctagagga 11460
agtaaaagtc gtaacaaggt ttccgtaggt gaacctgcgg aaggatcatt aaacgggaga 11520
ctgtggagga gcggcggedgt ggcccgctcet cccegtettg tgtgtgtect cgecgggagg 11580
cgegtgegte cecgggtceceg tegecccegegt gtggagcecgag gtgtcetggag tgaggtgaga 11640
gaaggggtgg gtggggtcgg tctgggtceg tcectgggaceg cctecgattt ccecteccecce 11700
tceectetee ctegtecgge tetgaccteg ccaccctace geggeggegg ctgctegegg 11760
gcgtettgee tettteeccgt cecggetette cgtgtectacyg aggggcggta cgtegttacg 11820
ggtttttgac ccgtcceggg ggegtteggt cgtcecggggeg cgcgcetttge tcteccggca 11880
ccecatceceg cecgeggcetet ggctttteta cgttggetgg ggceggttgte gegtgtgggg 11940
ggatgtgagt gtcgegtgtg ggctcecgeceg tcccgatgec acgettttcet ggectegegt 12000
gtcecteeceeg ctectgtece gggtacctag ctgtegegtt cecggcecgecgga ggtttaagga 12060
cceegggggyg gtegecctge cgcccececagg gtcecgggggge ggtggggcecce gtagggaagt 12120
cggtecgtteg ggcggctete cctcagacte catgacccte cteccecccege tgeccgecgtt 12180
ccegaggcegg cggtegtgtyg ggggggtgga tgtctggage cccecteggge gecgtggggg 12240
ccecgacecge gecgecgget tgcccgattt cecgegggteg gtectgtegg tgeccggtegt 12300
gggttccegt gtegtteccecg tgttttteeg ctcecccgacee ttttttttte cteccccecca 12360
cacgtgtcte gtttegttece tgctggeccgg cctgaggcta cccecteggte catctgttet 12420
cctetetete cggggagagg agggcggtgg tegttggggg actgtgcecegt cgtcagcacce 12480
cgtgagttcg ctcacaccecg aaataccgat acgactctta gcggtggatc actcggctceg 12540
tgcgtecgatg aagaacgcag ctagctgcga gaattaatgt gaattgcagg acacattgat 12600
catcgacact tcgaacgcac ttgcggcccce gggttcectcee cggggctacg cctgtetgag 12660
cgtecggttga cgatcaatcg cgtcacccge tgcggtgggt gctgcgegge tgggagtttg 12720
ctcgcagggce caacccccca acccgggteg ggcecteegt cteccgaagt tcagacgtgt 12780
gggcggttgt cggtgtggcg cgcgcgeceg cgtcgeggag cctggtectcece ccecgegcate 12840

cgegetegeg gettetteee getececgeegt tececgceecte geccegtgcac cecggtectg 12900
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gcctegegte ggecgectece ggaccgetge ctcaccagte ttteteggte cecgtgececg 12960
tgggaaccca ccgcgceccee gtggegecceg ggggtgggcyg cgtcecgcate tgctetggte 13020
gaggttggceg gttgagggtg tgcgtgcgec gaggtggtgg tceggtccect gecggecgegg 13080
ggttgtcggyg gtggcggtcg acgagggcceg gtcggtcecgee tgeggtggtt gtetgtgtgt 13140
gtttgggtcet tgcgcetgggg gaggcggggt cgaccgcteg cggggttgge geggtegece 13200
ggcgecgege acccteegge ttgtgtggag ggagagcgag ggcgagaacg gagagaggtg 13260
gtatccecegg tggegttgcg agggagggtt tggcgtcceg cgteccgtecg tceectcecceccte 13320
ccteggtggg cgecttegeg cegcacgcegg ccgctagggg cggtegggge cegtggecce 13380
cgtggetett cttegtctec gettetectt cacccgggeg gtaccecgcte cggcgecgge 13440
ccgcgggacg ccgceggcegte cgtgcgecga tgcgagtcac cccegggtgt tgcgagttceg 13500
gggagggaga gggcctcecgcet gacccgttge gtcceggett cectgggggg gacccggegt 13560
ctgtgggctyg tgcgtccegg gggttgegtg tgagtaagat cctcecaccce cgccgeccte 13620
ccetecegee ggectectegg ggacccecctg agacggtteg cecggctegte cteccegtgee 13680
gcecgggtgee gtectetttee cgeccgecte ctegetetet tettceccececgeg gectgggegeg 13740
tgtccececcct ttectgaccge gacctcagat cagacgtgge gacccgctga atttaagcat 13800
attagtcagc ggaggaaaag aaactaacca ggattcccte agtaacggcg agtgaacagg 13860
gaagagccca gcgcecgaate ccecgeccgege gtcgeggcegt gggaaatgtg gegtacggaa 13920
gacccactee ccggegecge tegtgggggg cccaagtcect tcetgatcgag gcccageccg 13980
tggacggtgt gaggccggta gecggcecccgg cgcgccgggce tcgggtcette cecggagtcegg 14040
gttgcttggg aatgcagcce aaagcgggtg gtaaactcca tctaaggcta aataccggca 14100
cgagaccgat agtcaacaag taccgtaagg gaaagttgaa aagaactttg aagagagagt 14160
tcaagagggc gtgaaaccgt taagaggtaa acgggtgggg tccgcgcagt ccgcccggag 14220
gattcaaccc ggcggcgcge gtecggecgt geccggtggt ccecggcecggat ctttecceget 14280
cceegttect ceccgaccect ccaccegege gtegttecce tettectece cgegtecgge 14340
gecteeggeg gegggegegyg ggggtggtgt ggtggtggeg cgegggeggy gecgggggtg 14400
gggtecggegyg gggaccgcece ccggccggeg accggecgec gecgggcgca cttecaccegt 14460
ggcggtgege cgcgaccgge tcecegggacgg ccgggaaggce ccggtgggga aggtggceteg 14520
gggggggcgyg cgcgtctcag ggcgcgecga accacctcac cccgagtgtt acagccctece 14580
ggcecgegett tegecgaate ccggggcecga ggaagccaga tacccgtege cgegetctee 14640
ctectececcece gtecgectee cgggegggceyg tgggggtggg ggccgggceceg ccccteccac 14700
ggcgcgacceg ctcetceccace ccecteegte gecteteteg gggecceggtyg gggggcgggyg 14760
cggactgtcce ccagtgcgec ccgggegteg tcecgegcecegte gggtecccggg gggaccgteg 14820
gtcacgcgte tcccgacgaa gccgagcegca cggggtcgge ggcgatgtcg gctacccacce 14880
cgaccegtet tgaaacacgg accaaggagt ctaacgcegtg cgcgagtcag gggctegtcece 14940
gaaagccgece gtggcegcaat gaaggtgaag ggccccgceec gggggcccga ggtgggatcece 15000
cgaggcctcet ccagtccgec gagggcegcac caccggceccg tcectegeccege cgecgecgggg 15060
aggtggagca cgagcgtacg cgttaggacc cgaaagatgg tgaactatgce ttgggcaggg 15120

cgaagccaga ggaaactctg gtggaggtcce gtagcggtce tgacgtgcaa atcggtegte 15180
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cgacctgggt ataggggcga aagactaatc gaaccatcta gtagectggtt ccctecgaag 15240
tttcectcag gatagetgge getctegete ccgacgtacg cagttttatce cggtaaageg 15300
aatgattaga ggtcttgggg ccgaaacgat ctcaacctat tctcaaactt taaatgggta 15360
agaagcccgg ctegetggeg tggagecggg cgtggaatge gagtgectag tgggecactt 15420
ttggtaagca gaactggcgce tgcgggatga accgaacgcce gggttaaggce geccgatgece 15480
gacgctcatc agaccccaga aaaggtgttg gttgatatag acagcaggac ggtggccatg 15540
gaagtcggaa tccgctaagg agtgtgtaac aactcacctg ccgaatcaac tagccctgaa 15600
aatggatggc gctggagegt cgggceccata cccggcegte geccgcagteg gaacggaacyg 15660
ggacgggage ggcegegggt gegegtetet cggggteggg ggtgegtgge gggggeccegt 15720
cceecgecte cectecgege gecgggtteg cceccecgegge gtcegggcecee geggagecta 15780
cgccgegacyg agtaggaggg ccgctgeggt gagecttgaa gcecctagggceg cgggeccggg 15840
tggagccgcece gcaggtgcag atcttggtgg tagtagcaaa tattcaaacg agaactttga 15900
aggccgaagt ggagaagggt tccatgtgaa cagcagttga acatgggtca gtcggtecctg 15960
agagatgggc gagtgccgtt ccgaagggac gggcgatgge ctceegttgece cteggecgat 16020
cgaaagggag tcgggttcag atccccgaat ccggagtgge ggagatgggce gecgcecgagge 16080
cagtgcggta acgcgaccga tcccggagaa gccggcggga ggcectcegggg agagttcectet 16140
tttetttgtyg aagggcaggg cgccctggaa tgggttegee ccgagagagg ggccegtgee 16200
ttggaaagcg tcgcggttec ggcggegtcee ggtgagetcect cgctggcecect tgaaaatccg 16260
ggggagaggg tgtaaatctc gcgccgggcec gtacccatat ccgcagcagg tctcecaaggt 16320
gaacagccte tggcatgttg gaacaatgta ggtaagggaa gtcggcaagc cggatccgta 16380
acttcgggat aaggattggc tctaagggct gggtcggtcg ggctggggceg cgaagegggg 16440
ctgggcegege gecgeggetyg gacgaggcege cgccgcececte tceccacgtee ggggagacce 16500
ccegtecttt cecgeccggge cegcecectece ctettececeg cggggecceg tegteccceg 16560
cgtegtegee acctetcette ceccectectt cttecegteg gggggegggt cgggggtcegg 16620
cgegeggcege gggctcecggg geggcegggte caacccegceg ggggttcececgg agcgggagga 16680

accagcggtce cccggtgggg cggggggcece ggacactegg ggggccggceg geggeggcga 16740

ctetggacge gagccgggece cttceccecegtgg atcgectcag ctgceggceggg cgtcgeggee 16800
gcteeecgggyg ageccggcegyg gtgccggege gggtcecccte cecgeggggce ctegetceccac 16860
ccecccateg cectcetececga ggtgegtgge gggggcggge gggcegtgtee cgegegtgtg 16920
gggggaacct ccgegteggt gtteccceecge cgggtecgec cccecgggecg cggttttecg 16980
cgeggegecce ccgectegge cggcgectag cagecgactt agaactggtg cggaccaggg 17040
gaatccgact gtttaattaa aacaaagcat cgcgaaggcec cgcggcgggt gttgacgcega 17100
tgtgatttct gecccagtgcet ctgaatgtca aagtgaagaa attcaatgaa gcgcgggtaa 17160
acggcgggag taactatgac tctcttaagg tagccaaatg cctcegtcatc taattagtga 17220
cgcgcatgaa tggatgaacg agattcccac tgtccctacce tactatccag cgaaaccaca 17280
gccaagggaa cgggcttgge ggaatcagcg gggaaagaag accctgttga gcttgactet 17340
agtctggcac ggtgaagaga catgagaggt gtagaataag tgggaggccc ccggegcccg 17400

gcceegtect cgegtegggg tcggggcacg ccggectcege gggccgecgg tgaaatacca 17460
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ctactctcat cgttttttca ctgacccggt gaggcggggg ggcgagcccce gaggggctcet 17520
cgecttetgge geccaagcecgte cgtcecceccegege gtgegggegg gcgcegacceg cteccggggac 17580
agtgccaggt ggggagtttg actggggcgg tacacctgtce aaacggtaac gcaggtgtcce 17640
taaggcgagce tcagggagga cagaaacctc ccgtggagca gaagggcaaa agctcgcttg 17700
atcttgattt tcagtacgaa tacagaccgt gaaagcgggg cctcacgatc cttctgacct 17760
tttgggtttt aagcaggagg tgtcagaaaa gttaccacag ggataactgg cttgtggcgg 17820
ccaagcgttc atagcgacgt cgctttttga tccttcgatg tecggctcette ctatcattgt 17880
gaagcagaat tcaccaagcg ttggattgtt cacccactaa tagggaacgt gagctgggtt 17940
tagaccgtcg tgagacaggt tagttttacc ctactgatga tgtgttgttg ccatggtaat 18000
cctgctcagt acgagaggaa ccgcaggttce agacatttgg tgtatgtgect tggctgagga 18060
gccaatgggg cgaagctacce atctgtggga ttatgactga acgcctctaa gtcagaatcce 18120
gcccaagegyg aacgatacgg cagcgccgaa ggagectcegg ttggcecccegg atagecgggt 18180
cceegtecgt cecgetegge ggggtecceg cgtegcececg cggceggcegeg gggtceteccece 18240
ccgecgggeg tegggaccegg ggtccggtge ggagageegt tegtettggg aaacggggtg 18300
cggccggaaa gggggccgece ctcectegecceg tcacgttgaa cgcacgtteg tgtggaacct 18360
ggcgctaaac cattcgtaga cgacctgctt ctgggtcggg gtttcecgtacg tagcagagca 18420
gctecectege tgcgatctat tgaaagtcag ccctcgacac aagggtttgt ctetgeggge 18480
tttcecegteg cacgecccget cgctegcacg cgaccgtgte geccgeccggg cgtcacgggg 18540
gcggtegect cggeccecge gcggttgecece gaacgaccgt gtggtggttg ggggggggat 18600
cgtcttetee teccgtcecteee gaggacggtt cgtttctett tececttecg tegctetect 18660
tgggtgtggg agcctcecgtge cgtcgcegacce gcggcecctgee gtcecgectgece gecgcagece 18720
cttgcectee ggecttggece aagccggagg gcggaggagg gggatcggceg geggeggcga 18780
ccgeggegeg gtgacgcacg gtgggatccece catcctegge gegtecegteg gggacggccg 18840
gttggagggg cgggaggggt ttttccegtg aacgccgcegt tceggcecgccag gcecctetggeg 18900
gceggggggyg cgctcetetee gcececgagcat cceccactceec geccectecte ttegegegee 18960
geggeggega cgtgegtacyg aggggaggat gtegeggtgt ggaggeggag agggtceegge 19020
gcggegecte tteccattttt tceccccccaa cttcecggaggt cgaccagtac tccecgggcgac 19080
actttgtttt ttttttttecc cccgatgcectg gaggtcgace agatgtccga aagtgtccce 19140
cceeeeeccee ceccecggeyg cggageggceg gggccactcet ggactetttt tttttttttt 19200
tttttttttt ttaaattcct ggaaccttta ggtcgaccag ttgtcecgtet tttactcecctt 19260
catataggtc gaccagtact ccgggtggta ctttgtcttt ttctgaaaat cccagaggtce 19320
gaccagatat ccgaaagtcce tctetttecece tttactctte cccacagecga ttetettttt 19380
tttttttttt tttggtgtgc ctctttttga cttatataca tgtaaatagt gtgtacgttt 19440
atatacttat aggaggaggt cgaccagtac tccgggcgac actttgtttt tttttttttt 19500
tccaccgatg atggaggtceg accagatgtc cgaaagtgtce ccgtccccce ccteeccccee 19560
ccgcgacgceg gcogggctcac tetggactcet tttttttttt tttttttttt tttaaattte 19620
tggaacctta aggtcgacca gttgtccgte tttcactcat tcatataggt cgaccggtgg 19680

tactttgtct ttttctgaaa atcgcagagg tcgaccagat gtcagaaagt ctggtggtceg 19740
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ataaattatc tgatctagat ttgtttttct gtttttcagt tttgtgttgt tttgtgttgt 19800
tttgtgttgt tttgttttgt tttgttttgt tttgttttgt tttgttttgt tttgttttgt 19860
tttgtgttgt gttgtgttgt gttgtgttgg gttgggttgg gttgggttgg gttgggttgg 19920
gttgggttgg gttgggttgt gttgtttggt tttgtgttgt ttggtgttgt tggttttgtt 19980
ttgtttgectg ttgttttgtyg ttttgcecgggt cgaacagttg tccctaaccg agtttttttg 20040
tacacaaaca tgcacttttt ttaaaataaa tttttaaaat aaatgcgaaa atcgaccaat 20100
tatccettte cttctctete ttttttaaaa attttctttg tgtgtgtgtg tgtgtgtgtg 20160
tgtgtgtgtg tgcgtgtgtyg tgtgtgtgtg cgtgcagegt gcgcegegctce gttttataaa 20220
tacttataat aataggtcgc cgggtggtgg tagcttcccg gactccagag gcagaggcag 20280
gcagacttcect gagttcgagg ccagcctggt ctacagagga accctgtctce gaaaaatgaa 20340
aataaataca tacatacata catacataca tacatacata catacataca tacatatgag 20400
gttgaccagt tgtcaatcct ttagaatttt gtttttaatt aatgtgatag agagatagat 20460
aatagataga tggatagagt gatacaaata taggtttttt tttcagtaaa tatgaggttg 20520
attaaccact tttcecctttt taggtttttt tttttttecce ctgtccatgt ggttgetggg 20580
atttgaactc aggaccctgg caggtcaact ggaaaacgtg ttttctatat atataaatag 20640
tggtctgtct getgtttgtt tgtttgettg cttgcttget tgcettgettg cttgettget 20700
tgecttttttt tttcttctga gacagtattt ctctgtgtaa cctggtgccce tgaaactcac 20760
tctgtagacce agcctggect caatcgaact cagaaatcct cctgectcett gtctacctcece 20820
caattttgga gtaaaggtgt gctacaccac tgcctggcat tattatcatt atcattatta 20880
attttattat tagacagaac gaaatcaact agttggtcct gtttcgttaa ttcatttgaa 20940
attagttgga ccaattagtt ggctggtttg ggaggtttct tttgtttccg atttgggtgt 21000
ttgtggggct ggggatcagg tatctcaacg gaatgcatga aggttaaggt gagatggctce 21060
gatttttgta aagattactt ttcttagtct gaggaaaaaa taaaataata ttgggctacg 21120
tttcattgect tcatttctat ttctetttet ttectttettt ctttcagata aggaggtcgg 21180
ccagttecte ctgccttetg gaagatgtag gcattgcatt gggaaaagca ttgtttgaga 21240
gatgtgctag tgaaccagag agtttggatg tcaagccgta taatgtttat tacaatatag 21300
aaaagttcta acaaagtgat ctttaacttt tttttttttt tttctecctte tacttctact 21360
tgttctcact ctgccaccaa cgcgcetttgt acattgaatg tgagectttgt tttgcttaac 21420
agacatatat tttttctttt ggttttgctt gacatggttt ccctttctat ccgtgcaggg 21480
ttcccagacg gecttttgag aataaaatgg gaggccagaa ccaaagtctt ttgaataaag 21540
caccacaact ctaacctgtt tggctgtttt ccttcccaag gcacagatct ttcccagcat 21600
ggaaaagcat gtagcagttg taggacacac tagacgagag caccagatct cattgtgggt 21660
ggttgtgaac cacccaccat gtggttgcct gggatttgaa ctcaggatct tcagaagacg 21720
agtcagggct ctaaaccgat gagccatctce tccagcccte ctacattcect tettaaggca 21780
tgaatgatcc cagcatggga agacagtctg ccctctttgt ggtatatcac catatactca 21840
ataaaataat gaaatgaatg aagtctccac gtatttattt cttcgagcta tctaaattct 21900
ctcacagcac ctcceccectece cccacactge ctttcecteect atgtttgggt ggggetgggg 21960

gaggggtggyg gtgggggcag ggatctgcat gtcttecttge aggtctgtga actatttgeg 22020
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atggccetggt tctctgaact gttgagectt gtctatccag aggctgactg gectagtttte 22080

tacctgaagt ccctgagtga tgatttccct gtgaatte 22118

<210> SEQ ID NO 17

<211> LENGTH: 42999

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(42999)

<223> OTHER INFORMATION: n = A, T,C or G
<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: Genbank Accession No. Ul3369
<309> DATABASE ENTRY DATE: 1997-01-07

<400> SEQUENCE: 17

getgacacge tgtcectetgg cgacctgteg teggagaggt tgggectcecyg gatgegegeg 60
gggctetgge ctcacggtga ceggctagee ggecgegete ctgecttgag cegectgecyg 120
cggecegaegyg gectgetgtt ctetegegeg teecgagegte cegactceecg gtgcceggecce 180

gggtcegggt ctetgaccca ceegggggey goggggaagg cggcegaggge caccgtgecc 240
cgtgegetet cegetgeggg cgcccgggge gocgeacaac ccecaccecget ggetceegtge 300
cgtgegtgte aggegttete gteteegegg ggttgtecge cgeccettee ccggagtggg 360
gggtggeegyg agecgatcegg ctegetggee ggcecggecte cgeteceggyg gggetcetteg 420

atcgatgtgg tgacgtegtg cteteceggg cegggtecga gecgegacgg gegaggggeg 480

gacgttegtyg gecgaacggga cegtecttet cgetecgece gegeggtecce ctegtetget 540
cctetecceg ccegecggee ggegtgtggg aaggegtggg gtgeggacce cggeccgace 600
tegeegtece geccgeagee ttegettege gggtgeggge cggeggggte ctetgacgeg 660
gcagacagce ctgectgteg cctecagtgg ttgtcegactt gegggeggeco ccecteegeg 720

geggtggggyg tgcegteceg ceggecegte gtgetgecct cteggggggy gtttgegega 780

gegteggete cgectgggee cttgeggtge tectggageg cteegggttyg teectcaggt 840
geccgaggee gaacggtggt gtgtegttee cgecccegge gecccctect ceggtegecy 900
cegeggtgte cgegegtggg tectgaggga getegteggt gtggggtteg aggeggtttg 960
agtgagacga gacgagacgce gcccctecca cgeggggaag ggcgeecgee tgetceteggt 1020
gagcgcacgt cccgtgectcee cctetggegg gtgcgegegyg gecgtgtgag cgatcgeggt 1080
gggttcggge cggtgtgacg cgtgcgecgg ccggccgceeg aggggctgece gttetgecte 1140
cgaccggteg tgtgtgggtt gacttcggag gcgctctgece tcggaaggaa ggaggtgggt 1200
ggacgggggy gcectggtggg gttgegegea cgegegcace ggecegggecoe ccgecctgaa 1260
cgcgaacgct cgaggtggcec gegcgcaggt gtttectegt accgcagggce cccctceectt 1320
ccecaggegt cecteggege ctetgeggge ccgaggagga geggetggeg ggtgggggga 1380
gtgtgaccca cccteggtga gaaaagectt ctctagcecgat ctgagaggceg tgccttgggg 1440
gtaccggatc cccecgggcecg ccgectetgt ctetgectee gttatggtag cgetgcegta 1500
gegacceget cgcagaggac cctecteege tteccecteg acggggttgy gggggagaag 1560
cgagggttcce geccggccace geggtggtgg ccgagtgegg ctcegtegect actgtggecce 1620
gegectecce cttecgagte gggggaggat ccegecggge cgggeccgge gotceccacec 1680

agcgggttgg gacgcggcgg ccggcgggcyg gtgggtgtgc gcgcceccggceyg CtCtgtCng 1740
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cgcgtgaccce cctceegteeg cgagtceggcet cteecgeccege tecccegtgceceg agtecgtgace 1800
ggtgccgacyg accgegtttg cgtggcacgyg ggtcegggeee gectggecct gggaaagegt 1860
cccacggtgyg gggegegeog gtetecegga gegggaccegg gteggaggat ggacgagaat 1920
cacgagcgac ggtggtggtg gegtgteggg ttegtggetg cggtecgcectee ggggecccecyg 1980
gtggegggge ccecggggete gegaggeggt tetcggtggg ggecgaggge cgtecggegt 2040
cccaggeggyg gegeogaegygg accgecocteg tgtetgtgge ggtgggatce cgeggeegtg 2100
tttteectggt ggcceggeceg tgcctgaggt ttetcecceccega gecgecgect ctgegggete 2160
ccgggtgecce ttgcectege ggtcccecegge cctegecegt ctgtgecccte ttecccegece 2220
gccgeccgee gatcectette ttecccececga geggctcace ggcttcacgt cecgttggtgg 2280
cceegectgyg gaccgaaccee ggcaccgect cgtggggege cgeegecgge cactgategg 2340
ceceggegtee gegtecceceg gegegegect tggggaccegg gteggtggeg cgecgegtgg 2400
ggececggtgg gcttcecgga gggtteeggg ggtceggectg cggegegtge gggggaggag 2460
acggtteccgg gggaccggee gcggetgegg cggcggeggt ggtgggggga gecgegggga 2520
tegecgaggyg ceggteggece geccegggtyg cceegeggtg cegecggegyg cggtgaggece 2580
ccgegegtgt gtcecceceggetyg cggteggecg cgcetcgaggg gtcccegtgg cgteccectte 2640
ccegecggece gecttteteg cgecttecce gtegeceegg cctegecegt ggtcectetegt 2700
cttctecegg ceccgetcette cgaaccgggt cggegcegtece ceccgggtgeg cctegcettece 2760
cgggectgee geggecctte cecgaggegt cegteceggg cgteggegte ggggagagece 2820
cgtectecce gegtggegte geccegtteg gegegegegt gegecegage geggeceggt 2880
ggtcecteee ggacaggcgt tcecgtgcgacg tgtggegtgg gtcgacctcece gecttgecgyg 2940
tegetegece tetecceggg teggggggty gggeceggge cggggecteg gecceggteg 3000
ctgecteceg tecegggegy gggegggege geeggeegge cteggtegee cteccttgge 3060
cgtegtgtgg cgtgtgecac cectgegeeg gegeccgeeg geggggeteg gagecggget 3120
teggeeggge ccegggecct cgaccggace ggetgegegg gegetgegge cgcacggege 3180
gactgtccce gggcegggea cegeggteeg cctetegete gecgeccgga cgteggggec 3240
geceegeggyg gegggceggag cgcecegtecce gectegecoge cgeccgeggyg cgecggeaga 3300
gegegegege gegtggecge cggtcectee cggecgeegg gegegggteyg ggecgtecge 3360
ctectegegyg gogggegega cgaagaageg tegegggtet gtggegeggg geccceeggtg 3420
gtcgtgtege gtggggggcyg ggtggttggg gegteeggtt cgeccgcegecce cgecccggec 3480
ccaccggtee cggeogocge cecogaegece getegeteee tecegteege cegtecgegg 3540
ccegteegte cgteegteeg tegtectect cgettgeggg gegcecgggece cgtectegeg 3600
aggccccceg geoeggeogte cggecgegte gggggetege cgegetctac cttacctace 3660
tggttgatcc tgccagtagce atatgcttgt ctcaaagatt aagccatgca tgtctaagta 3720
cgcacggccg gtacagtgaa actgcgaatg gctcattaaa tcagttatgg ttecctttggt 3780
cgctegetee tectectactt ggataactgt ggtaattcecta gagctaatac atgccgacgg 3840
gcgetgacee ccttegeggg ggggatgegt gecatttatca gatcaaaacc aacccggtca 3900
gecectetee ggecceggee ggggggeggy cgccggegge tttggtgact ctagataacce 3960

tcgggecgat cgcacgecce cegtggegge gacgacccat tegaacgtcet gecctatcaa 4020
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ctttcgatgg tagtcgcegt gectaccatg gtgaccacgg gtgacgggga atcagggttce 4080
gattccggayg agggagcctg agaaacggct accacatcca aggaaggcag caggcgcgea 4140
aattacccac tcccgacceg gggaggtagt gacgaaaaat aacaatacag gactctttceg 4200
aggccctgta attggaatga gtccacttta aatcctttaa cgaggatcca ttggagggca 4260
agtctggtgce cagcagccgce ggtaattcca gctccaatag cgtatattaa agttgctgca 4320
gttaaaaagc tcgtagttgg atcttgggag cgggcgggeg gtccgecgceg aggcgagceca 4380
ccgccegtee cecgecccttg ceteteggeg cceccectegat getcttaget gagtgtececeg 4440
cggggccecga agcgtttact ttgaaaaaat tagagtgttc aaagcaggcce cgagccgect 4500
ggataccgca gctaggaata atggaatagg accgcggttce tattttgttg gttttcggaa 4560
ctgaggccat gattaagagg gacggccggg ggcattcegta ttgcgecget agaggtgaaa 4620
ttecttggace ggcgcaagac ggaccagagc gaaagcattt gccaagaatg ttttcattaa 4680
tcaagaacga aagtcggagg ttcgaagacg atcagatacc gtcgtagttc cgaccataaa 4740
cgatgecgac cggcegatgceg geggegttat teccatgace cgecgggcag cttecgggaa 4800
accaaagtct ttgggttccg gggggagtat ggttgcaaag ctgaaactta aaggaattga 4860
cggaagggca ccaccaggag tggagectge ggettaattt gactcaacac gggaaaccte 4920
acccggeccg gacacggaca ggattgacag attgataget ctttcectcgat tecgtgggtg 4980
gtggtgcatg gccgttcectta gttggtggag cgatttgtet ggttaattcc gataacgaac 5040
gagactctgg catgctaact agttacgcga cccccgageg gteggcegtcece cccaacttcet 5100
tagagggaca agtggcgttc agccacccga gattgagcaa taacaggtct gtgatgccct 5160
tagatgtcecg gggctgcacg cgcgctacac tgactggcetce agcecgtgtgece taccctacgce 5220
cggcaggcgce gggtaacceg ttgaacccca ttegtgatgg ggatcgggga ttgcaattat 5280
tceccatgaa cgagggaatt cccgagtaag tgcgggtcat aagcttgcegt tgattaagtce 5340
cctgeecttt gtacacaccyg cccgtegcta ctaccgattg gatggtttag tgaggcccte 5400
ggatcggeee cgeecggggte ggcccacgge cctggeggag cgctgagaag acggtcgaac 5460
ttgactatct agaggaagta aaagtcgtaa caaggtttcc gtaggtgaac ctgcggaagg 5520
atcattaacg gagccecggag ggcgaggece geggeggege cgecgecgee gegegettee 5580
cteegeacac ccaccceecce accgcgacge ggegegtgeg cgggegggge ccgegtgece 5640
gttegttege tegetegtte gttegecgece cggcceccgee gecgcgagag ccgagaacte 5700
dggagggaga cgggggggag agagagagag agagagagag agagagagag agagagagaa 5760
agaagggcgt gtcgttggtg tgegegtgte gtggggecgg cgggeggegg ggageggtece 5820
ceggecgegg ccccgacgac gtgggtgteg gegggegegyg gggeggttet cggeggegte 5880
geggegggte tgggggggte tceggtgecct ccteceegee ggggceccegte gtecggecee 5940
geegegeegy cteccegtet teggggecegg ceggattece gtegecteeg cegegecget 6000
cegegecgee gggcacggee ccgcetegete tecceggect tecegcetagyg gegtetegag 6060
ggteggggge cggacgccgg tccecteccee cgectecteg tecgecceee cgecgtecag 6120
gtacctageg cgttceccggceg cggaggttta aagacccctt ggggggatcg ccegtecgec 6180

cgtgggtcgg gggceggtggt gggeccgegg gggagteccg tegggagggg cccggecect 6240

cecegegecte caccgeggac teegeteece ggecggggee gegecgeege cgecgecgeg 6300
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gcggecgteg ggtgggggcet ttacccggeg gecgtegege gectgcecgeg cgtgtggegt 6360
gegeceegeg cegtggggge gggaacccce gggegectgt ggggtggtgt cegegetege 6420
cceecgegtgg geggegcegeg cctecccecegtg gtgtgaaace ttceccgaccee tetceccggagt 6480
ccggtecegt ttgctgtete gtetggecgg cctgaggcaa cceccctcectece tettgggegg 6540
ggggggcggy gggacgtgee gegecaggaa gggectecte ceggtgegte gtegggageg 6600
ccetegecaa atcgaccteg tacgactcett agecggtggat cactcggcte gtgegtcegat 6660
gaagaacgca gctagctgcg agaattaatg tgaattgcag gacacattga tcatcgacac 6720
ttcgaacgca cttgcggecce cgggttecte ccggggctac gectgtctga gegtegettg 6780
ccgatcaatc geccceceggggg tgccteecggg ctectegggg tgcgeggcetg ggggtteect 6840
cgcagggece geaegggggece cteegteccee ctaagegeag acceggegge gtecgeccte 6900
ctecttgecge cgcgeccgece cctteccect cceceeccecgegg gecctgegtg gtcacgegte 6960
gggtggcggg ggggagaggg gggcgcgcece ggctgagaga gacggggagg gcggcgecge 7020
cgceggaaga cggagaggga aagagagage cggcteggge cgagttceecg tggecgecge 7080
ctgcggteeg ggttectecee teggggggcet ccectegegece gegegegget cggggttegg 7140
ggttegtegyg ccececggecgg gtggaaggte ccgtgeccegt cgtegtegte gtegegegte 7200
gteggeggtg ggggcegtgtt gegtgeggtg tggtggtggg ggaggaggaa ggcgggtcecg 7260
gaaggggaag ggtgccggceg gggagagagg gtcgggggag cgegtceccgg tcgecgeggt 7320
tcegeegece gecceeggtyg geggeccgge gtecggecga ceggeegete ccegegecece 7380
tectectece cgecgecect cotecgagge ccegecegte ctectegece tcececegegeg 7440
tacgcgegeg cgecagecag cecggetege ctegeggege gteggecggg gecgggagece 7500
cgeeeageeg cecegecaegtyg gecgeggege cggggttege gtgtceecegyg cggcgaccceg 7560
cgggacgeceg cggtgtegte cgeegtegeg cgecegecte cggetegegyg cegegecgeg 7620
cegegecggyg geccegtece gagetteege gteggggegg cgeggetecg cegecgegte 7680
cteggacceg tccccccgac cteegegggg gagacgegece ggggegtgeg gegecegtece 7740
cgeceeeegge cegtgecect cecteeggte gtecegetee ggeggggegdy cgegggggeg 7800
ccgteggecg cgcegetctet ctecegtege cteteccect cgeccgggece gtecteccgac 7860
ggagegtegg gegggceggte gggecggege gattcegtee gteegteege cgageggecc 7920
gtcececectee gagacgcgac ctcagatcag acgtggcgac ccgctgaatt taagcatatt 7980
agtcagcgga ggaaaagaaa ctaaccagga ttccctcagt aacggegagt gaacagggaa 8040
gagcccageg ccgaatccee geccegeggyg gegegggaca tgtggegtac ggaagacceg 8100
cteceeceggeg cegetegtgg ggggeccaag tecttetgat cgaggeccag ccegtggacg 8160
gtgtgaggcc ggtagcggcce ggcegcgegece cgggtcecttee cggagteggg ttgcttggga 8220
atgcagccca aagcegggtgg taaactccat ctaaggetaa ataccggcac gagaccgata 8280
gtcaacaagt accgtaaggg aaagttgaaa agaactttga agagagagtt caagagggcyg 8340
tgaaaccgtt aagaggtaaa cgggtggggt ccgegeagte cgcccggagg attcaacceg 8400
gcggegggte cggcecgtgte ggeggcececgg cggatcttte cegeccceccg ttecteecga 8460
ccectecace cgecctecct tececegeeg ccectectee tecteecegy agggggeggg 8520

ctceggeggg tgcgggggtyg ggcgggeggyg gecgggggtg gggteggegg gggaccgtece 8580
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ccecgacegge gaccggocge cgecgggege atttecaceg cggeggtgeg ccegegaccegg 8640
ctecegggacy gectgggaagg cecggegggg aaggtggete ggggggecce gteegteegt 8700
cegtectect cctecccegt ctecgeceee cggeccegeg tectcecteg ggagggegeg 8760
c€gggtcgggg cggcggcegge ggcggcggtg geggeggegg c©gggggceggce gggaccgaaa 8820
ccececcccga gtgttacage ceccceggea gecageacteg cegaatcecg gggccgaggg 8880
agcgagacce gtegecgege tcetececect ceeggegece accecegegg ggaatccccce 8940
gegagggggyg tetecceege gggggegege cggegtetee tegtgggggy gecgggecac 9000
cecteccacyg gegegaccege tceteccacce ctectecceg cgeccecgee ccggegacgg 9060
ggggggtgec gcgegegggt cggggggcgg ggcggactgt cceccagtgeg cccegggegyg 9120
gtegegeegt cgggeceggg ggaggttete teggggccac gegegegteco cccgaagagg 9180
gggacggegyg agcegagegcea cggggtegge ggcegacgteg getacccacce cgaccegtet 9240
tgaaacacgg accaaggagt ctaacacgtg cgecgagtegg gggetegecac gaaagecgec 9300
gtggcgcaat gaaggtgaag gccggegege tegecggeeg aggtgggatce ccgaggectce 9360
tccagtcege cgagggegea ccaccggece gtetegeceg cegegecggdg gaggtggage 9420
acgagcgcac gtgttaggac ccgaaagatg gtgaactatg cetgggcagg gcgaagcecag 9480
aggaaactct ggtggaggtc cgtagcggtc ctgacgtgca aatcggtcgt ccgacctggg 9540
tataggggcg aaagactaat cgaaccatct agtagctggt tccctccgaa gtttccectca 9600
ggatagctgg cgctctcgca gacccgacgce acccccgceca cgcagtttta tceccggtaaag 9660
cgaatgatta gaggtcttgg ggccgaaacg atctcaacct attctcaaac tttaaatggg 9720
taagaagcce ggctegetgg cgtggagecg ggegtggaat gegagtgect agtgggecac 9780
ttttggtaag cagaactggc gctgcgggat gaaccgaacg ccgggttaag gegcccgatg 9840
ccgacgctca tcagacccca gaaaaggtgt tggttgatat agacagcagg acggtggcca 9900
tggaagtcgg aatccgctaa ggagtgtgta acaactcacc tgccgaatca actagccctg 9960
aaaatggatg gcgctggagce gtcgggccca tacccggecg tcgecggcag tcgagagtgg 10020
acgggagegg cgggggegge gegegegege gegegtgtgg tgtgegtegg agggeggegyg 10080
cggeggegge ggcgggggtyg tggggtectt ccccegecce cccccccacyg cctectecce 10140
tcectecegee cacgececge toccegecce cggagcecceg cggacgctac gecgegacga 10200
gtaggagggc cgctgcggtg agecttgaag cctagggcge gggcccgggt ggagecgecg 10260
caggtgcaga tcttggtggt agtagcaaat attcaaacga gaactttgaa ggccgaagtg 10320
gagaagggtt ccatgtgaac agcagttgaa catgggtcag tcggtcctga gagatgggcg 10380
agcgcecegtte cgaagggacg ggcgatggcece tcecgttgece tcggccgatce gaaagggagt 10440
cgggttcaga tccccgaate cggagtggceg gagatgggcg ccgcgaggceg tccagtgegg 10500
taacgcgacc gatcccggag aagccggcegg gagecceggg gagagttcete ttttetttgt 10560
gaagggcagg gcgccctgga atgggttcge cccgagagag gggcccgtgce cttggaaage 10620
gtcgeggtte cggeggegte cggtgagetce tegctggceece ttgaaaatcce gggggagagg 10680
gtgtaaatct cgcgccggge cgtacccata tccgcagcag gtctccaagg tgaacagcect 10740
ctggcatgtt ggaacaatgt aggtaaggga agtcggcaag ccggatccgt aacttcecggga 10800

taaggattgg ctctaagggc tgggtceggtce gggctgggge gcgaagcggg gctgggcgeg 10860
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cgecgeggcet ggacgaggceg cgcgeccccee ccacgceceegg ggcaccceccece tegeggecct 10920
cceeccgecee accegegege gecgeteget ccectecccac ceccgegecct ctetetetet 10980
ctctececeg ctececgtec teccecectee ccocgggggage gecgegtggyg ggegeggcegyg 11040
ggggagaagg gtcggggegg caggggecge geggeggeceg ceggggegge cggeggggge 11100
aggtccecge gaggggggcece ccggggacce ggggggcecgg cggcggcgceg gactcectggac 11160
gcgagccggg ccectteccegt ggatcgecee agcectgeggeg ggcgtcegegg ccgecccecegg 11220
ggagcccgge ggcggegcegg cgegoccceocece accceccacee cacgtcetegg tecgegegege 11280
gtcegetggg ggegggageg gtegggegge ggeggtegge gggeggeggy geggggeggt 11340
tcgtecececcece gecctaccee cecggeccceg tceecgececece gttececcect cectectegge 11400
gcgeggcegge ggcggcggca ggcggcggag gggccegceggg cceggtceccce ccgecgggte 11460
cgecceeeggg gecgeggtte cgecgegegece tcegectegge cggcegectag cagccgactt 11520
agaactggtg cggaccaggg gaatccgact gtttaattaa aacaaagcat cgcgaaggcce 11580
cgeggegggt gttgacgcga tgtgatttcet gcccagtget ctgaatgtca aagtgaagaa 11640
attcaatgaa gcgcgggtaa acggcgggag taactatgac tctcecttaagg tagccaaatg 11700
cctegtecate taattagtga cgcgcatgaa tggatgaacg agattcccac tgtcectacce 11760
tactatccag cgaaaccaca gccaagggaa cgggcttgge ggaatcagcg gggaaagaag 11820
accctgttga gettgactet agtctggcac ggtgaagaga catgagaggt gtagaataag 11880
tgggaggccce ccggcgcecece cecggtgtee ccgecgagggg cccggggcegg ggtcegegge 11940
cctgegggece gecggtgaaa taccactact ctgatcgttt tttcactgac ccggtgagge 12000
gggggggcga gcccgagggg ctetegette tggcgccaag cgcccgeccg geccecgggcegeg 12060
acccgetecg gggacagtge caggtgggga gtttgactgg ggcggtacac ctgtcaaacg 12120
gtaacgcagg tgtcctaagg cgagctcagg gaggacagaa acctcccgtg gagcagaagg 12180
gcaaaagctc gcttgatctt gattttcagt acgaatacag accgtgaaag cggggcctca 12240
cgatccttcet gaccttttgg gttttaagca ggaggtgtca gaaaagttac cacagggata 12300
actggcettgt ggcggccaag cgttcatage gacgtcgett tttgatcctt cgatgtegge 12360
tcttectate attgtgaage agaattcgcec aagegttgga ttgttcacce actaataggg 12420
aacgtgagct gggtttagac cgtcgtgaga caggttagtt ttaccctact gatgatgtgt 12480
tgttgccatg gtaatcctge tcagtacgag aggaaccgca ggttcagaca tttggtgtat 12540
gtgcttggcet gaggagccaa tggggcgaag ctaccatctg tgggattatg actgaacgcce 12600
tctaagtcag aatcccgecec aggcgaacga tacggcagcg ccgcggagece teggttggee 12660
tcggatagece ggtcecccege ctgteccecge cggecgggecg cccccccecte cacgegeccee 12720
gcecgegggag ggcgcegtgcee ccgecgegeg ccgggaccgg ggtccggtgce ggagtgecect 12780
tcgtectggg aaacggggceg cggccggaaa ggcggccgcece ccctegeceg tcacgcaccg 12840
cacgttegtg gggaacctgg cgctaaacca ttcgtagacg acctgettet gggteggggt 12900
ttecgtacgta gcagagcagce tceccctegetg cgatctattg aaagtcagec ctcgacacaa 12960
gggtttgtec gegegegegt gegtgegggg ggcceggcegyg gcegtgcecgegt teggegecegt 13020
ccgtecttee gttegtette ctececteceg gecteteceg ccgaccgegyg cgtggtggtg 13080

gggtgggggyg gagggcgcge gaccccggte ggccgecceg cttetteggt tececegectee 13140
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tcecegtteca cgceccggggeg getcegtecge tcecgggecegg gacggggtee ggggagegtg 13200
gtttgggagc cgcggaggcg ccgcegccgag ccgggcecceg tggecccgecg gteccegtee 13260
cgggggttgg ccgcgceggeyg cggtgggggg ccacccecgggg tceccggecct cgecgegtect 13320
tcetectege tectecgecac gggtcecgacceg acgaaccgceg ggtggegggce ggcgggcgge 13380
gagcecccacg ggcgtecceccceg cacccggecg accteegcecte gcecgacctete cteggteggg 13440
ccteeggggt cgaccgectg cgcccegeggyg cgtgagacte agecggegtet cgecgtgtece 13500
cgggtcgacce gecggecttet ccaccgagceg gcggtgtagg agtgcccecgte gggacgaacce 13560
gcaaccggag cgtcccegte tcecggtcecggeca ccteceggggt cgaccagcetg ccgeccgcega 13620
gcteeggact tageccggegt ctgcacgtgt cccgggtcga ccagcaggcg gccgccggac 13680
gcagecggege acgcacgcga gggcegtcegat tceccccttege gegeccgegce ctecaccgge 13740
cteggececge ggtggagetyg ggaccacgcg gaactcecte tceccacattt ttttcagece 13800
caccgcgagt ttgcgtcecge gggaccttta agagggagtce actgctgccg tcagccagta 13860
ctgcctecte cttttteget tttaggtttt gecttgceettt tttttttttt tttttttttt 13920
ttttttettt ctttectttet ttetttettt ctttcetttet ttetttettt cgecttgtett 13980
cttecttgtgt tetcettettg ctettectet gtectgtetet ctetetcetet ctectetetgt 14040
ctectegetet cgccectcetet ctettetete tetectcetete tetetetetg tetcectegete 14100
tcgcectete tetcetectett ctetetgtet ctectcectetet ctetetetet ctetetetet 14160
gtcgectcecteg cecteteget ctetetetgt ctcectgtetgt gtectcectetet ctecectcecect 14220
cceteectee cteecteect cectecectt cecttggegee tteteggete ttgagactta 14280
gccgetgtet cgececgtacce cgggtcgacce ggcgggcectt cteccaccgag cggegtgcecca 14340
cagtgceccgt cgggacgagce cggacccgcece gcgtcccegt cteggtcegge acctecgggg 14400
tcgaccaget gecgeccgeg agctecggac ttagceccggeg tcectgcacgtg teccgggteg 14460
accagcaggce ggccgccgga cgcageggceg caccgacgga gggcgctgat teccgttcac 14520
gcgeecgege ctecaccgge cteggcececge cgtggagcectg ggaccacgcg gaactcccte 14580
tcectacattt ttttcagecece caccgcegagt ttgcgtecge gggaccttta agagggagte 14640
actgctgeceg tcagccagta ctgcctecte cttttteget tttaggtttt gettgecttt 14700
tttttttttt tttttttttt ttttttettt ctttctttet ttetttettt ctttetttet 14760
ttetttettt ctttegctet cgcteteteg ctectcecteect cgetegttte tttetttete 14820
tttctetete tetcetcectete tetctetete tetgtcectete getcetegece tetctetecte 14880
tttctetete tetetgtete tetctetete tetectcetete tetetetete ccteectece 14940
tcecectece tecctetete cecttecttg gecgecttete ggctettgag acttagecge 15000
tgtctegeeg tgtceccgggt cgaccggcegg gcecttcteca ccgageggeg tgccacagtg 15060
ccegteggga cgagcecggac ccgceccgegte ccecegtcectegg teggcaccte cggggtcegac 15120
cagctgecge ccgcgagete cggacttage cggcgtetge acgtgtcecceceg ggtcgaccag 15180
caggcggccg ccggacgctg cggcgcaccg acgcgagggce gtcgattcecg gttcacgege 15240
cggcgacctce caccggccte ggcccecgeggt ggagctggga ccacgcggaa ctceccctetee 15300
cacatttttt tcagccccac cgcgagtttg cgtccgeggg acttttaaga gggagtcact 15360
gctgecgtcea geccagtaatg cttectectt ttttgetttt tggttttgece ttgegtttte 15420
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tttetttett tettteottte tttettteott tetttettte tetctcetete tetcetectete 15480
tctetgtete tetcetcectetyg tetcectetecee ctececteect cecttggtgee tteteggete 15540
gctgetgetyg ctgectetge ctecacggtt caagcaaaca gcaagttttce tatttcgagt 15600
aaagacgtaa tttcaccatt ttggccgggce tggtctcgaa ctcecccgacct agtgatccge 15660
ccgectegge ctceccaaaga ctgctgggag tacagatgtg agccaccatg cccggecgat 15720
tcettecttt tttcaatctt attttcetgaa cgctgcegtg tatgaacata catctacaca 15780
cacacacaca cacacacaca cacacacaca cacacacaca cacacacccc gtagtgataa 15840
aactatgtaa atgatatttc cataattaat acgtttatat tatgttactt ttaatggatg 15900
aatatgtatc gaagccccat ttcatttaca tacacgtgta tgtatatcct tectecectte 15960
cttcattcat tatttattaa taattttcgt ttatttattt tcttttcttt tggggccgge 16020
ccgectggte ttetgtcectet gegectetggt gacctcagee tcccaaatag ctgggactac 16080
agggatctct taagcccggg aggagaggtt aacgtgggct gtgatcgcac acttccacte 16140
cagcttacgt gggctgeggt geggtggggt ggggtggggt ggggtggggt gcagagaaaa 16200
cgattgattg cgatctcaat tgccttttag cttcattcat accctgttat ttgctegttt 16260
attctcatgg gttcttctgt gtcattgtca cgttcategt ttgcttgcect gettgectgt 16320
ttatttectt ccttecttec ttecttectt ccttecttece ttecttectt ceoctecctta 16380
ctggcagggt cttcectcetgt ctectgecgee caggatcace ccaacctcaa cgctttggac 16440
cgaccaaacg gtcgttctge ctcectgatcce tcccatccecce attacctgag actacaggeg 16500
cgcaccacca caccggctga cttttatgtt gtttctcatg tttteccgtag gtaggtatgt 16560
gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtatct 16620
atgtatgtac gtatgtatgt atgtatgtga gtgagatggg tttcggggtt ctatcatgtt 16680
gcccacgetyg gtectcecgaact cctgtectca agcaatccge ctgectgect cggecgcecca 16740
cactgctgcet attacaggcg tgagacgctg cgcctggcete cttcectacatt tgcctgectg 16800
cctgectgece tgcectgcecta tcaatcegtcet tcetttttagt acggatgteg tetcecgettta 16860
ttgtccatge tctgggcaca cgtggtcectcet tttcaaactt ctatgattat tattattgta 16920
ggcgtcatcet cacgtgtcga ggtgatcteg aacttttagg ctccagagat ccteccgcat 16980
cggccteceg gagtgctgtyg atgacacgceg tgggcacggt acgctcectggt cgtgtttgte 17040
gtgggtcggt tcectttecegtt tttaatacgg ggactgcgaa cgaagaaaat tttcagacge 17100
atctcaccga tccgectttt cgttetttet ttttattecte tttagacgga gtttcactcet 17160
tgtcgeccag ggtggagtac gatggceggct ctcggctcac cgcaccctece gecteccagg 17220
ttcaagtgat tctcecctgect cagecttceccee gagtagetgg aatgacagag atgagccatce 17280
gtgcccgget aatttttcta tttttagtac agatggggtt tcectccatctt ggtcaggetg 17340
gtcttcaact tccgaccgtt ggagaatctt aactttcecttg gtggtggttg ttttectttt 17400
tctttttttt tettttettt tetttectte tectceccececce cceccacccecceee ttgtegtegt 17460
cctectecte ctecteectece tectectect cctectecte ctectectee tetttcecattt 17520
ctttcagctg ggctcectecta cttgtgttge tcetgttgete acgetggtcet caaactcctg 17580
gccttgacte ttectecegte acatccgeeg tetggttgtt gaaatgagca tctetcgtaa 17640

aatggaaaag atgaaagaaa taaacacgaa gacggaaagc acggtgtgaa cgtttectctt 17700
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gcecgtetece ggggtgtace ttggacccgg aaacacggag ggagcttgge tgagtgggtt 17760
tteggtgeecg aaacctceeceg agggectect tcecctctece cecttgtecece gettetecge 17820
cagccgaggce tceccaccgec geccctggca ttttceccatag gagaggtatg ggagaggact 17880
gacacgcctt ccagatctat atcctgecgg acgtctcectgg cteggcegtge cccaccgget 17940
acctgccacce ttccagggag ctctgaggcg gatgcgacce ccaccccccee gtcacgtcce 18000
gctaccctee ccecggetgge ctttgececggg cgaccccagg ggaaccgegt tgatgetget 18060
tcggatecte cggcgaagac ttccaccgga tgccccecgggt gggcecggttg ggatcagact 18120
ggaccaccece ggaccgtgcet gttettgggg gtgggttgac gtacagggtg gactggcage 18180
cccagcattg taaagggtgc gtgggtatgg aaatgtcacce taggatgccce tecttecctt 18240
cggtctgect tcagectgect caggcgtgaa gacaacttce catcggaacc tettetette 18300
ccttteteca gecacacagat gagacgcacg agagggagaa acagctcaat agataccget 18360
gaccttcatt tgtggaatcc tcagtcatcg acacacaaga caggtgacta ggcagggaca 18420
cagatcaaac actatttccg ggtcctegtg gtgggattgg tcectcetcectete tetcectetcte 18480
tctetetete tetcetectete tetcecgcacge gcacgcgege acacacacac acaatttcca 18540
tatctagttc acagagcaca ctcacttcce cttttcacag tacgcaggct gagtaaaacg 18600
cgccccacce tccaccegtt ggctgacgaa accecttete tacaattgat gaaaaagatg 18660
atctgggcecg ggcacgctag ctcacgectg tcactcegge actttgggag gecgaggcgg 18720
gtggatcget tggggccggg agttcgagac caggctggec gacgtggcga aaccccgtcet 18780
ctctgaaaaa tagaacgatt agccgggcect ggtggcgtgg gcttggaatc acgaccgcte 18840
gggagactgg ggcgggcgac ttgttccaac cggggaggcec gaggccgcga tgagctgaga 18900
tcgtgeegtyg gegatgcecgge ctggatgacg gagcgagace ccgtctcgag agaatcatga 18960
tgttattata agatgagttg tgcgcggtga tggccgectg tagtecgcegge tactcecgggag 19020
gctgagacga ggagaagatc acttgaggcec ccacaggteg aggctteggt cggecgtgac 19080
ccactgtatc ctgggcagtc accggtcaag gagatatgce ccttecceccegt ttgettttet 19140
tttcttecect tetcettttet tetttttget tetettttet ttetttettt ctttetttet 19200
ttetttettt ctttetttet ttttettttt ctectcttece ctetttettt cectgecttee 19260
tgcctttett cttttcecttet ttectecctt ccteccttee ttetttecte cegectcage 19320
ctcccaaagt gectgggatga ctggcecgggag gcaccatgece tgcttggccce aaagagaccce 19380
tcttggaaag tgagacgcag agagcgcctt ccagtgatct cattgactga tttagagacg 19440
gcatctecget ccegtcacccece ggcagtggtg ccgtegtaac tcactcecctg cagegtggac 19500
gctectggac tcgagcgate cttecaccte agectceccaga gtacagagcece tgggaccgeg 19560
ggcacgcgece actgtgccca caccgttttt aattgttttt ttttccceccg agacagagtt 19620
tcactctegt ggcctagact gcagtgeggt ggcgcgatct tggctcaccg caacctctge 19680
ctcceggttt caagcgatte tectgcatceg gcectcectgag tagcecgggat tgcgggcatg 19740
cgctgcecacg tcectggctgat ttegtatttt tagtggagac ggggcttcte catgtcecgate 19800
gggctggttt cgaactcccg acctcaggtg atccgecccte cccggectece ggaagtgcetg 19860
ggatgacagg cgtgagccac cgcgcccgge cttcattttt aaatgttttc ccacagacgg 19920

ggtctcatca tttectttgca accctectge cecggegtcte aaagtgctgg cgtgacggge 19980
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gtgagccact gcgectggac tccggggaat gactcacgac caccatcgcet ctactgatce 20040
tttctttett tetttcettte tttetttett tetttettte tttetttett tetttettga 20100
tgaattatct tatgatttat ttgtgtactt attttcagac ggagtctcge tctgggcggg 20160
gcgaggcgag gcgaggcaca gcgcatceget ttggaagcceg cggcaacgcece tttcaaagece 20220
ccattcgtat gcacagagcc ttattccctt cctggagttg gagctgatge cttcegtage 20280
cttgggcettce tctcecatteg gaagcettgac aggcgcaggg ccacccagag gctggetgeg 20340
gctgaggatt agggggtgtg ttggggctga aaactgggtce ccctattttt gatacctcag 20400
ccgacacatc ccccgaccge catcgettge tcegecctetg agatcccceecg cctceccaccge 20460
cttgcaggct cacctcttac tttcatttcet tcectttettg cgtttgagga gggggtgcgg 20520
gaatgagggt gtgtgtgggg agggggtgcyg gggtggggac ggaggggage gtcectaaggg 20580
tcgatttagt gtcatgccte tttcaccacc accaccacca ccgaagatga cagcaaggat 20640
cggctaaata ccgcgtgttce tcatctagaa gtgggaactt acagatgaca gttcttgcat 20700
gggcagaacg agggggaccg gggacgegga agtctgettg agggaggagg ggtggaagga 20760
gagacagctt caggaagaaa acaaaacacg aatactgtcg gacacagcac tgactacccg 20820
ggtgatgaaa tcatctgcac actgaacacc cccgtcacaa gtttacctat gtcacaatct 20880
tgcacatgta tcgcttgaac gacaaataaa agttaggggg gagaagagag gagagagaga 20940
gagagagaga gacagagaga gacagagaga gagagagagg agggagagag gaaaacgaaa 21000
caccacctce ttgacctgag tcagggggtt tctggcecttt tgggagaacg ttcagcgaca 21060
atgcagtatt tgggcccgtt cttttttttt cttecttettt tetttetttt tttttggact 21120
gagtctctet cgctctgtca cccaggcetge ggtcgeggtg gegetctcete ggcectcactga 21180
aacctctget tecccgggtte cagtgattcet tcettcecggtag ctgggattac aggcgcacac 21240
catgacggcg ggctcatatt cctattttca gtagagacgg ggtttctceca cgttggccac 21300
gctggtcecteg aactcectgac ctcaaatgat ccgcecttect gggectceccca aagtgctgga 21360
aacgacaggc ctgagccgcec gggatttcag cctttaaaag cgcggcecctg ccaccttteg 21420
ctgtggccct tacgctcaga atgacgtgte ctcectctgecg taggttgact ccttgagtcece 21480
cctaggceccat tgcactgtag cctgggcagce aagagccaaa ctccegnnecce ccacctecte 21540
gcgcacataa taactaacta acaaactaac taactaacta aactaactaa ctaactaaaa 21600
tctctacacg tcacccataa gtgtgtgtte ccgtgagagt gatttctaag aaatggtact 21660
gtacactgaa cgcagtggct cacgtctgtc atcccgaggt caggagttcg agaccagccce 21720
ggccaacgtyg gtgaaaccce gtctctactg aaaatacgaa atggagtcag gcgecgtggg 21780
gcaggcacct gtaaccccag ctactcggga ggctggggtg gaagaattgce ttgaacctgg 21840
caggcggagg ctgcagtgac ccaagatcgc accactgcac tacagcecctgg gcgacagagt 21900
gagacccggt ctccagataa atacgtacat aaataaatac acacatacat acatacatac 21960
atacatacat acatacatac atccatgcat acagatatac aagaaagaaa aaaagaaaag 22020
aaaagaaaga gaaaatgaaa gaaaaggcac tgtattgcta ctgggctagg geccttetcte 22080
tgtctgttte tectcetgtteg tetcectgtett tetectetgtg tetetttete tgtctgtetg 22140
tctetttett tetcectcectgte tetgtetetg tetttgtete tetcetectece tetcectgectg 22200

tctcactgtg tectgtcecttet gtcecttactcet ctttcectetece cegtetgtet ctcectetetet 22260
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ctcteectee ctgtttgttt ctetetetee ctecectgtet gtttetcetet ctetetttet 22320
gtctgtttet gtectctectet gtetgtcectat gtcectttectet gtetgtetet ttetetgtet 22380
gtctgectet ctetttettt ttetgtgtet ctcectgteggt ctectctectet ctgtetgtet 22440
gtctgtctet ctetctetet ctetgtgect atcttetgte ttactctett tetetgectg 22500
tctgtetgte tetcececteee tttetgttte tetectcetete tetetetete teccectecte 22560
cctgtetgtt tetctcecegte tetctetett tetgtcectgtt tcectcactgte tetcectetgte 22620
catctctete tetcectcectgte tgtctettte gttectcectetg tetgtetgte tetcectetcte 22680
tctetetete tetcetectete tecctgtetg tetgtttete tectatctete getgtecate 22740
tctgtettte tatgtctgte tetttetcetg tcagtctgte agacacccece gtgcecgggta 22800
gggcectgee cctteccacga aagtgagaag cgcgtgctte ggtgcttaga gaggccgaga 22860
ggaatctaga caggcgggcce ttgcectggget tceccccacteg gtgtatgatt tcgggaggte 22920
gaggccgggt cccecgettgg atgcgagggg cattttcaga cttttcetcecte ggtcacgtgt 22980
ggcgtcecgta cttetectat ttecccgata agctectcga cttcaacata aacggcgtee 23040
taagggtcga tttagtgtca tgcctettte accgccacca ccgaagatga aagcaaagat 23100
cggctaaata ccgcgtgttce tcatctagaa gtgggaactt acagatgaca gttcttgcat 23160
gggcagaacg agggggaccg ggnacgegga agectgettg agggrggagg ggyggaagga 23220
gagacagctt caggaagaaa acaaaacacg aatactgtcg gacacagcac tgactacccg 23280
ggtgatgaaa tcatctgcac actgaacacc cccgtcacaa gtttacctat gtcacagtct 23340
tgctcatgta tgcttgaacyg acaaataaaa gttcgggggg gagaagagag gagagagaga 23400
gagagacggg gagagagggg dgagaggydy ggggagagag agagagagag agagagagag 23460
agagagagag agaaagagaa dtaaaaccaa ccaccacctc cttgacctga gtcagggggt 23520
ttetggectt ttgggagaac gttcagcgac aatgcagtat ttgggecccegt tettttttte 23580
ttettettet tttetttett tttttttgga ctgagtctcet ctegetcectgt cacccagget 23640
gcggtgceggt ggcgctcectcet cggctcactg aaacctcectge ttececcgggtt ccagtgatte 23700
ttectteggta getgggatta caggtgcgca ccatgacgge cggctcatcg ttcectattttt 23760
agtagagacg gggtttctcc acgttggcca cgctggtcecte gaactcctga ccacaaatga 23820
tccaccttee tgggectecece aaagtgctgg aaacgacagg cctgagceccge cgggatttca 23880
gcctttaaaa gcegegeggcee ctgccacctt tegctgegge ccttacgcetce agaatgacgt 23940
gtcectectetyg ccataggttg actecttgag tcccecctagge cattgcactg tagectggge 24000
agcaagagcc aaactccgte cccccaccte cccgcgcaca taataactaa ctaactaact 24060
aactaactaa aatctctaca cgtcacccat aagtgtgtgt tcccecgtgagg agtgatttcet 24120
aagaaatggt actgtacact gaacgcaggc ttcacgtctg tcatcccgag gtcaggagtt 24180
cgagaccagc ccggcccacg tggtgaaacc cccgtctcecta ctgaaaatac gaaatggagt 24240
caggcgcecgt ggggcaggca cctgtaacce cagctactceg ggaggctggg gtggaagaat 24300
tgcttgaacc tggcaggcgg aggctgcagt gacccaagat cgcaccactg cactacagcc 24360
tgggcgacag agtgagaccc ggtctccaga taaatacgta cataaataaa tacacacata 24420
catacataca tacatacaac atacatacat acagatatac aagaaagaaa aaaagaaaag 24480

aaaagaaaga gaaaatgaaa gaaaaggcac tgtattgcta ctgggctagg geccttetcte 24540
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tgtctgttte tectcetgtteg tetcectgtett tetectectgtg tetetttete tgtctgtetg 24600
tctgtetgte tgtctgtete tttetttett tetgtctetg tetttgtece tetctetecce 24660
tctetgecct gtctcactgt gtectgtette tatcttacte tetttetcete cececgtetgte 24720
tctetetcac tecctecectyg tetgtttete tetectcetete tttetgtetg tttetgtecte 24780
tctetgtetg cectcetetett tetctatcectg tetetttete tgtetgtetg ceccctetett 24840
tctttttetg tgtctctetyg tetgtetcete tetectcetetg tgectatcett ctgtettact 24900
ctetttetet gectgtetgt ctgtetetcet ctgtctetee cteectttet gettetetet 24960
ctectetetet ctetnnneece tecctgtetg tttetcetetg tetecctete tttetgtetg 25020
tttctecactg tetcectcectetyg tetgtetgtt tcattctete tgtctetgte tetgtetcte 25080
tctetetetg tetcetececte tetgtgtgta tettttgtet tactectcectt ctetgectgt 25140
ccgtetgtet gtcectgtcetet ctetetecct gtecectetet ctttetgtet gtttetetet 25200
ctectctetet ctetectetet ctgtetetgt ctttectetgt ctgtecccttt ctetgtetgt 25260
ctgcctetet ctttetettt ctgtgtetcet ctgtctetet ctetgtgect atcttetgte 25320
ttactctett tectcectgcctg tetatcetgte tgtcectctete tgtcetectcete cectgecttte 25380
tgtttctecte tetctececte tetecgetete tetgtettte tetetttete tetgtttete 25440
tgtctetete tgtcecgtete tgtcettttte tgtectgtetg tetcetetett tetttetgte 25500
gtctgtctet gtectectgtet ctgtcectetet ctcectetetet ctecttgtet ctetcactgt 25560
gtctgtctte tgtcttacte tecttcectetg cctgtecate tgtectgtetg tetetcectete 25620
tctecteecta cetttetgtt tetctetege tagetctete tetcetetgece tgtttetcte 25680
tttctetete tgtcetttete tgtctgtcete tttetcectgte tgtetgtcete tttcectetectg 25740
tctetgtete tgtctcectete tetctetete tetectcetete tgectetete actgtgtetg 25800
tcttetgtet tattctcettt ctetetetgt ctectcectetet ctetecttta ctgtetgttt 25860
ctectctetet ctetetettt ctgectgttt ctectcectgtet gtcetetgtet ttectetgtet 25920
gtctgectet ctetttettt ttetgegtet ctcectgtetet ctetctetet ctetgttect 25980
atcttetgte ttactctgtt tecttgectg cctgectgte tgtgtgtcetg tetctetcte 26040
tctetetete tetcetcecteee tecctttete tttetetgte tetetetete tttetgggtg 26100
tttctetetg tetctectgte catctetgte tttectatgte tgtctectcete tttcectetectg 26160
tctetgtete tgcectcectete tetctetete tetectcetete tetgtetgte tetcectecactg 26220
tgtgtgtctg tettetgtet tactctectt ctetgcetgt cegtetgtet gtcectgtetet 26280
ccetetetet cecteccttt ctgtttetet ctectctetet ttetgtcectgt ttectetettt 26340
ctectetetgt ctgtectettt ctetgtetgt ctgtctetet ctttettttt ctectgtetet 26400
ctgtctetet ctgtgtcectgt ctectetgtet gtgectatcet tectgtecttac tetcetttecte 26460
tggctgtectg cectgtctete tetctetete tgtetgtete cgtecctcete tecctgtetg 26520
tctgtttete tetcetgecte tetctetcete tgtectgtete tttetetgte tgtctgtcte 26580
tctetttett tttcetcectgte tetcectgtete tetetgtgte tgtcetectett tetgtgecta 26640
tcttetgtet tactcectcettt ctetggetgt ctgectgtet ctetetcetet gectgtetee 26700
gtcececteect cectgtetgt ctgtttetet ctcectgtcectet gtectcectetgt ccatctcetgt 26760
ctgtctettt ctctttctet ctectetgtet ctgtctetet ctetetcectge ctgtetectet 26820
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cactgtgtct gtcttctgte ttactcectcett tctecttgect gectectectgt ctgtetgtet 26880
ctctecectee atgtectcetet ctetcetetca ctcactetet ctecegtetet ctectetttet 26940
gtctgtttet ctectcectgtcet gtetectetec ctceccatgtet ctetctetet ctetcactca 27000
ctctectetee gtcetetetet ctetttetgt ctgtttetet ctetgtcetgt ctcectetececct 27060
ccatgtectcet ctctectceect ctcactcact ctcectcteegt ctetetetet ctttetgtet 27120
gtttetttgt ctgtctgtct gtetgtetgt ctgtectcectet ctectctetet ctetetcectet 27180
ctectetgttt gtctttctec ctececctgtet gtectgtetgt ctetetcetet ctgtetetgt 27240
ctectgtetet ctetetttet ctttetgtet gtttcectetet atctetceget gtceccatctet 27300
gtctttctat gtectgtcectcet ttetectgtca gtctgtcaga cacacccgtg ccggtaggge 27360
cctgeectte cacgagagtg agaagcgcegt gcttcecggtge ttagagaggce cgagaggaat 27420
ctagacaggc gggccttget gggcttecccee acteggtgta cgatttcggg aggtcgagge 27480
cgggtceecceg cttggatgeg aggggcattt tcagactttt ctcteggtca cgtgtggegt 27540
ccgtacttet cctatttecec cgataagtct cctcgactte aacataaact gttaaggccg 27600
gacgccaaca cggcgaaacce ccgtctctac taaaaataca aagctgagtc gggagcggtg 27660
gggcaggccec tgtaatgcca gctecteggg aggctgaggce gggagaatcg cttgaaccag 27720
ggaagcggag gctgcaggga gccgagatcg cgccactgca ctacggccca ggctgtagag 27780
tgagtgagac tcggtctcta aataaatacg gaaattaatt aattcattaa ttcttttcce 27840
tgctgacgga catttgcagg caggcatcgg ttgtcttegg gcatcaccta geggcecactg 27900
ttattgaaag tcgacgttga cacggaggga ggtctcgeccg acttcaccga gectggggca 27960
acgggtttct ctctectceect tetggaggcece cctecctete teccectegttg cctagggaac 28020
ctecgectagg gaacctceege cctgggggcece ctattgttet ttgatcggeg ctttactttt 28080
ctttgtgttt tggcgcctag actcttctac ttgggctttyg ggaagggtca gtttaatttt 28140
caagttgccce cccggcteece cccactacce acgtccectte accttaattt agtgagncgg 28200
ttaggtgggt ttcccccaaa ccgcccecccee ccececcgect cccaacacce tgcttggaaa 28260
cctteccagag ccaccceggt gtgecteegt cttetctece ctteccccac cecttgecgg 28320
cgatctcatt cttgccaggc tgacatttgce atcggtggge gtcaggcectce actcggggge 28380
caccgttttt gaagatgggg gcggcacggt cccacttcecce cggaggcagce ttgggccgat 28440
ggcatagccecce cttgacccge gtgggcaagce gggcgggtcet gcagttgtga ggettttece 28500
ccegetgett ceccgectcagg cctceectece taggaaagcet tcaccctgge tgggtetcgg 28560
tcacctttta tcacgatgtt ttagtttctce cgcceccteegg ccagcagagt ttcacaatge 28620
gaagggcgcece acggctctag tctgggectt ctcagtactt gcecccaaaata gaaacgcettt 28680
ctgaaaacta ataactttnc tcacttaaga tttccaggga cggcgceccttg geccgtgttt 28740
gttggcttgt tttgtttcgt tcectgttttgt tttgttegtg tttttecttt ctegtatgte 28800
tttcttttca ggtgaagtag aaatccccag ttttcaggaa gacgtctatt ttccccaaga 28860
cacgttagct geccegtttttt cctgttgtga actagcgett ttgtgactcect ctcaacgctg 28920
cagtgagagc cggttgatgt ttacnatcct tcatcatgac atcttatttt ctagaaatcc 28980
gtaggcgaat gctgctgctg ctettgttge tgttgttgtt gttgttgttg tegtegttge 29040

tgttgtegtt gtcecgttgttg ttgtcegttgt cgttgtttte aaagtatacc ccggccaccg 29100
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tttatgggat caaaagcatt ataaaatatg tgtgattatt tcttgagcac gcccttecte 29160
ccectetete tgtctcectetg tetgtetetg tetectetett tetetgtetg tettetetet 29220
ctectectetet ctgtgtctet ctetetetge ctgtcectgttt ctetectcetet gectetetet 29280
ctectectetet ctetgectgt ctetetcact gtgtctgtet tetgtettac tecctttete 29340
tgtctgtetg teggtctete tetctetcete teectgtetg tatgtttete tetgtetectg 29400
tctetetete tetttetgtt tetctetcete cgtectetgte tttetcectgac tgtctetcte 29460
tttececttete tetgtcectete tetgectgte tcetectcacte tgtcettetgt cttatctcte 29520
tctetgectyg cectgtectete tecactetcete tetetgtgtg tetcetectete tetttetgtt 29580
tctetetgte tetcetgteeg tetcectgtett tetetgtetg tetetttgte tgtctgtett 29640
tgtctttect tetcectcectgte tetgtetcecte tcactgtgte tgtcettcetgt cttagtectet 29700
ctectectetet ctecectgtet gtetgtetcet ctectcectetet ceccectgtet gtttetetet 29760
ctectctetet ctetectetet ctetgtettt gtetttettt ctgtetcectgt ctectetetet 29820
ctectetgtgt gtctgtcectte tgtcttactg tetttcectetg cctgtetgte tgtctgtcte 29880
tctetgtetg tetcetetete tetcecteccee tgteggetgt ttetetgtet ctgtetgtgt 29940
ctectetttet gtcectgtttet ctetgtetgt ctttcectetet ctgtetettt ctectetgtet 30000
ctetgtetgt ctetgtctet ctetetgtet ctectcectetet gtgggggtgt gtgtgtgtgt 30060
gtgtatgtgt gtgtgtgtgt gtgtgtgtgt ctgccttctg tcettactcecte tttetctgee 30120
tgtctgtetg cectgtcectgtt tgtctetcecte tcetetgectg tetcetectece ttectgtetg 30180
tttctetete tttetgttte tetcectgtete tgtceccatcecte tgtcetttete cgtctgtcte 30240
tttatctgte tctctcececgte tgtctettta tetgtctete tetetettte tgtcectttete 30300
tctetgtgta tegttgtete tetcectgtetg tetetgtete tgtcetectetg tetcectetecte 30360
tctetetete tetetgtetyg tetgtecgte tgtectgtete ggtcetetgeg tetecgetate 30420
tceecgeecte tetttttttyg caaaagaagce tcaagtacat ctaatctaat cccttaccaa 30480
ggcctgaatt cttcacttct gacatcccag atttgatcte cctacagaat gctgtacaga 30540
actggcgagt tgatttctgg acttggatac ctcatagaaa ctacatatga ataaagatcc 30600
aatcctaaaa tctggggtgg cttcteccte gactgtectceg aaaaatcgta cctcectgttee 30660
cctaggatgce cggaagagtt ttctcaatgt gcatctgcce gtgtcctaag tgatctgtga 30720
ccgageectyg tceccgtectgt ctcaaatatg tacgtgcaaa cacttctcte cattteccaca 30780
actacccacg gcccecttgtyg gaaccactgg ctcectttgaaa aaaatcccag aagtggtttt 30840
ggctttttgg ctaggaggcce taagcctget gagaacttte ctgcccagga tcecctecgggac 30900
catgcttgect agcgctggat gagtctcectgg aaggacgcac gggactccge aaagctgacce 30960
tgtcccaccg aggtcaaatg gatacctctg cattggcccg aggcectccga agtacatcac 31020
cgtcaccaac cgtcaccgtc agcatccttg tgagcecctgee caaggcecccg cctcecegggga 31080
gactcttggg agcccggcect tcecgtecggcta aagtccaaag ggatggtgac ttcecacccac 31140
aaggtcccac tgaacggcga agatgtggag cgtaggtcag agaggggacce aggaggggag 31200
acgtcccgac aggcgacgag ttcccaaggce tctggccacce ccacccacgce cccacgcccece 31260
acgtceceggg cacccgceggg acaccgcecge tttatccect cctetgteca cagcecggece 31320

caccccacca cgcaacccac gcacacacgce tggaggttce aaaaccacac ggtgtgacta 31380
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gagcctgacg gagcgagagce ccatttcacg aggtgggagg ggtgggggtg gggtgggttg 31440

ggggttgtgg ggtctgtgge gagcccgatt ctccctettg ggtggctaca ggctagaaat 31500
gaatatcget tettgggggg aggggcttece ttaggccatce accgcecttgeg ggactaccte 31560
tcaaacccte ccttgaggec acaaaataga ttccacccca cccatcgacg tttcecececcecgg 31620
gtgctggatg tatcctgtca agagacctga gcctgacacc gtcgaattaa acaccttgac 31680
tggctttgtg tgtttgtttyg tttctgagat ggagtcttge tcectgtcccee aggctggagt 31740
gcagtggegt gatctcagct cactggaacc tctgectcecet gggttcaagt gattctceccectg 31800
tctcagegee accatggceg getcattttt tttttttttt tttttggtag acacggggtt 31860
tcaccctett tcattggttt tcactggaga ttctagattce gagccacacc tcatteccgtg 31920
ccacagagag acttcttttt tttttttttt tttttaagcg caacgcaaca tgtctgecctt 31980
atttgagtgg cttcctatat cattataatt gtgttataga tgaagaaacg gtattaaaca 32040
ctgtgctaat gatagtgaaa gtgaagacaa aagaaaggct atctattttg tggttagaat 32100
aaagttgctc agtatttaga agctacctaa atacgtcagce atttacactc ttcctagtaa 32160
aagctggccg atctgaataa tectecttta aacaaacaca atttttgata gggttaagat 32220
ttttttaaga atgcgactcc tgcaaaatag ctgaacagac gatacacatt taaaaaaata 32280
acaacacaag gatcaaccag acttgggaaa aaatcgaaaa ccacacaagt cttatgaaga 32340
actgagttct taaaatagga cggagaacgt agctatcgga agagaaggca gtattggcaa 32400
gttgattgtt acgttggtca gcagtagctg gcactatctt tttggccatc tttecgggcaa 32460
tgtaactact acagcaaaat gagatatgat ccattaaaca acatattcgc aaatcaaaaa 32520
gtgtttcagt aatataatgc ttcagattta gaagcaaatc aaatgataga actccactgce 32580
tgtaataagt caccccaaag atcaccgtat ctgacaaaat aactaccaca gggttatgac 32640
ttcagaatca tactttcttc ttgatattta cttatgtatt tatttttttt aatttatttc 32700
tcttgagacg cgtctcecgete tgtcgeccag gctggagtge gatggtgtga tctcecggctca 32760
ctgcaaccgce cacctccectg ggttcaageg attctcectge ctcagectece cgagtagetg 32820
ggactacagg tgcccgccac cacgcccagce taatctttat acttttaata gagacggggt 32880
ttcaccgtgt cggcccggat ggtctcegatce tcttgaccte gtgacccgece cgecteggee 32940
tceccaaagtg ctgggatgac aggcgtgagce cactgagcecce ggecttcectet tgacgtttaa 33000
actatgaagt cagtccagag aaacgcaata aatgtcaacg gtgaggatgg tgttgaggca 33060
gaagtaggac cacacttttt cctatcttat tcagttgata acaatatgac ctaggtagta 33120
atttcctatg tgcctactta tacacgagta caaaagagta aaacagagag actgctaaat 33180
taaagggtac gtgaagttct tcatagtaac tccgtaaact ggaacactgt caaaaagcag 33240
cagctagtga attgtttcca tgtatttttce tattatccaa taagtgaact atgctattcce 33300
tttccagtct cccaagcact tettgtcecccee atcaccactt cggtgctcga agaaaaagta 33360
agcaaatcaa ggaacacaag ctaaagaaac acacacacaa accaaagaca actacagcgt 33420
ctgcaaaagt ttgctagaag actgaaactg ttgagtataa ggatctggta ttctacgatc 33480
atgagttcac ttcagagttt gttcaagaca tacgtttcgt aaggaaacat cttagttaga 33540
agttattcag cagtaggtac catccctaag tatttttcac caaatccgtg acaataaaga 33600

gctatctaac cagaaaaatt agcgagtacg ggcaccatcc atagggcttt gtcetttacge 33660
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ttcattagca cttaccatgc cttacaatgt ctaggattga ccctgatage atttcgaaaa 33720
caagctaatg ctttgtccag ttcttcagtg aagacaactc acgccctaat gecgctatagg 33780
cataagcatc atttggatcc acttcgagag ttctctggaa gaattgaatc gcaatatcgt 33840
gttcecegttt gcagaccgaa acagtttccc tgcagcacac caggcectcectg gctggcgaat 33900
ttttatccat gtctgtgaag tcectttggaca gaactgaaag agcaacctct ttcggaggat 33960
gccaaagtgt tgtagagtag atctccatge cttcgactcet gtaattctca atcctcctaa 34020
cctctgagaa ttgtcectttca gettgegtgg actctgaaag tttacaatag geentttceg 34080
atttggcaca gtacccaacc ggtattgcag tggtgagaag ctagatggct caagatgctg 34140
atagcttctt tgccgtggta agaacacaaa gctaaataac ctttccccect ttcacgaaga 34200
aggctcatca agccttcege tgctgetttt tgtagattaa aagcctgaat ctgaggcgeg 34260
attgcggcta tttteccctte tgaaatgacg gaagagtcca attttgtcac ttccaggcta 34320
tcacttatgt tcggtggagt tattgctcct ttattagttt tacttttggt tecttetgttt 34380
gggattttag gtggaaactt catttttaat tttctcctaa ttctcecctegg ttgtggaget 34440
gtcactagtc aagagtcgtg aatttctteg aggncggtge atttggggga gatgccatag 34500
tggggctcaa tacctgaggt gttgcecttg tcggcggace agaactttgt gtttttgcaa 34560
ggactggagt tacctttcgg ctectttecece tectgcgagaa gacagacggt gttecggttt 34620
ggccgattet ggcaacaggce ttttcectgaag gggcteccggt ggatggcacg tcagtgacag 34680
acggtgtctce ataccagtgc agttttgtca atagggtccg tctcecgggac ttggggttte 34740
taatggcaaa atgccaacac ttggggttaa tggactaaca gctgctggtc ctcctaataa 34800
acttcgacca gtttttggtt tatgttgaac ctgtttagat catatggaag ttcctgttcce 34860
cagtgggaca gtatcaggtg aaaggacagc tgaatcgata gaagacactg gggagtctgt 34920
attcaaggag tactttgaat tggaagattc taaattccat ccgtttcatt cgacggtgtce 34980
ctggggtgtt tccgtaagaa cggtcteggg ctgtctgtga cataaactag gacgaggtcce 35040
aagtgttgtg gcgcaacact tggacaggca gttgctaaag ctctctagag aggtgaatca 35100
aaatgtttgg tcaggatctg gecttttceccee cctatttcac atcatgattc aaagggacac 35160
cagaggaaag gatttcaacg aaggctcttt tggtcacatt ctgatccttt ggtaagccga 35220
tctgtettge aatatacatg tcccgacgat ggaaggggaa agcgagctga atcaccaaac 35280
tcaggaacga taatatcatc gtggcttttce tgcttatgaa acactccacc cgataagatt 35340
tgatccectt ctgcaagectt gectgagatca acacaacatt tcgcaagcag gcatttgcat 35400
tgcggggtag tacaactgtg tecctttcaag agtctatatg ttttataggce ctttectgag 35460
cggtaagaac aggtcgccag taagaacaag gcttcttcectg agtgtacttce tgcataaagg 35520
cgttctgegg gggaaaccge atctcecggtag gcatagtggt ttagtgcettg ccatatagca 35580
gcctggacgg gtececctgcag caccgccatce ctcgaggcte aggcccactt tctgcagtge 35640
cacaggcacc cccceccceee catageggcet ccggceccegge cagcecccgge tcatttaaag 35700
gcaccageceg ccgttaccgg gggatggggg agtccgagac agaatgactt ctttatcctg 35760
ctgactctgg aaagcccggce gecttgtgat ccattgcaaa ccgagagtca cctcegtgttt 35820
agaacacgga tccactccca agttcagtgg ggggatgtga ggggtgtggce aggtaggacg 35880
aaggactctc ttccttcectga tteggtetge acagtgggge ctagggctgg agctcetcectcee 35940
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gtgcggaccg ctgactccct ctaccttggg ttceccecctegge cccaccctgg aacgccggge 36000
cttggcagat tctggcccectt tetggecctt cagtcgetgt cagaaacccce atctcatget 36060
cggatgccce gagtgactgt ggctcegcacce tcteccggaaa cattggaaat ctctectcta 36120
cgecgceggceca cctgaaacca caggagctceg ggacacacgt gcecttteggga gagaatgctg 36180
agagtctctce geccgactcecte tettgacttg agttcttegt gggtgegtgg ttaagacgta 36240
gtgagaccag atgtattaac tcaggccggg tgctggtggce tcacgcctgt aaccccaaca 36300
ctttgggagg ccgaggccegt aggatcccte gaggaatcge ctaaccctgg ggaggttgag 36360
gttgcagtga gtgagccata gttgtgtcac tgtgctccag tctgggcgaa agacagaatg 36420
aggccctgece acaggcaggce aggcaggcag gcaggcagaa agacaacagce tgtattatgt 36480
tcttectecagg gtaggaagca aaaataacag aatacagcac ttaattaatt tttttttttt 36540
cctteggacg gagtttcact cttggtgcce acgctggagt gcagtggcac catctegget 36600
caccgcaacce tccacctcecece gegttcaage gattctectg cctcagecte ctgagtaget 36660
gggattacag ggaggagcca ccacacccag ctgattttgt attgttagta gagacggcat 36720
ttecteccatgt gggtcaggct ggtctcegaac tggcgaccce agtggatctg cccgecccgg 36780
cctecccaaag tgctggggtyg acaggcegtga gccatcgtga ctggccgget acgtttattt 36840
atttattttt ttaattattt tacttttttt tagttttcca ttttaatcta tttatttatt 36900
tacatttatt tatttattta tttatttact tatttattta ttttcgagac agactctcge 36960
tctgctgece aggctggagt gcagcecggcegt gatctcecgget cactgcaacg teccgectccece 37020
gggttcacge cattctecctg cctcecagecte ccaagtaget gggactacag gcgeccgceca 37080
ccgtgeccgg ctaacttttt gtattttgag tagagatggg gtttcactgt ggtageccagg 37140
atggtctcga tctcectgace cegtgatcecceg tccacctegg cctceccaaag tgctgggatg 37200
acaggcgtga gccaccggcece ccggectatt tatctattta ttaactttga gtccaggtta 37260
tgaaaccagt tagtttttgt aatttttttt tttttttttt ttttttgaga cgaggtttca 37320
ccgtgttgee aaggcttgga ccgagggatce caccggeccect cggcectceccca aaagtgcecggg 37380
gatgacaggc gcgagcctac cgcgcccgga ccccececttt cceccttecce cgettgtett 37440
cccgacagac agtttcacgg cagagegttt ggctggegtg cttaaactca ttctaaatag 37500
aaatttggga cgtcagcttc tggcctcacg gactctgage cgaggagtcce cctggtetgt 37560
ctatcacagg accgtacacg taaggaggag aaaaatcgta acgttcaaag tcagtcattt 37620
tgtgatacag aaatacacgg attcacccaa aacacagaaa ccagtctttt agaaatggcc 37680
ttagcecetgg tgtccgtgec agtgattcett ttecggtttgg accttgactg agaggattcce 37740
cagtcggtct ctegtctetg gacggaagtt ccagatgatce cgatgggtgg gggacttagg 37800
ctgcgtecce ccaggagccece tggtcgatta gttgtgggga tcgecttgga gggcgeggtyg 37860
acccactgtg ctgtgggagce ctccatcctt cccecccacce cctecccagg gggatcecccaa 37920
ttcatteccgg gectgacacge tcactggcag gcgtcgggca tcacctageg gtcactgtta 37980
ctctgaaaac ggaggcctca cagaggaagg gagcaccagg ccgcectgcege acagectggg 38040
gcaactgtgt cttcteccace gceccecccgecce ccacctceccaa gttectecect ceettgttge 38100
ctaggaaatc gccactttga cgaccgggtce tgattgacct ttgatcaggc aaaaacgaac 38160

aaacagataa ataaataaaa taacacaaaa gtaactaact aaataaaata agtcaataca 38220
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acccattaca atacaataag atacgatacg ataggatgcg ataggatacg ataggataca 38280
atacaatagg atacgataca atacaataca atacaataca atacaataca atacaataca 38340
atacaataca atacaatacg ccgggcgcgg tggctcatge ctgtcatcce gtcactttgg 38400
gatgccgagg tggacgcatc acctgaagtc gggagttgga gacaagcccg accaacatgg 38460
agaaatcccg tctcaattga aaatacaaaa ctagccggge gcggtggcac atgcctataa 38520
tcecagetge taggaaggct gaggcaggag aatcgcttga acctgggaag cggaggttge 38580
agtgagccga gattgcgcca tegcactcca gtctgagcaa caagagcgaa actcegtcte 38640
aaaaataaat acataaataa atacatacat acatacatac atacatacat acatacatac 38700
ataaattaaa ataaataaat aaaataaaat aaataaatgg gccctgcgceg gtggctcaag 38760
cctgtcatce cctcactttyg ggaggccaag gccggtggat caagaggcgg tcagaccaac 38820
agggccagta tggtgaaacc ccgtctctac tcacaataca caacattage cgggcecgctgt 38880
gctgtgectgt actgtctgta atcccagcta ctcgggaggce cgagctgagg caggagaatc 38940
gcttgaacct gggaggcgga ggttgcagtg agccgagatc gcegccactgce aacccagect 39000
gggcgacaga gcgagactcce gtctccaaaa aatgaaaatg aaaatgaaac gcaacaaaat 39060
aattaaaaag tgagtttctg gggaaaaaga agaaaagaaa aaagaaaaaa acaacaaaac 39120
agaacaaccc caccgtgaca tacacgtacg cttctcgect ttcgaggcect caaacacgtt 39180
aggaattatg cgtgatttct ttttttaact tcattttatg ttattatcat gattgatgtt 39240
tcgagacgga gtctcggagg cccgecectee ctggttgece agacaacccce gggagacaga 39300
ccetggetgg geccgattgt tettetectt ggtcaggggt ttecttgtet ttettegtgt 39360
ctttaacccg cgtggactcect teccgectcegg gtttgacaga tggcagctcecce actttaggece 39420
ttgttgttgt tggggacttt cctgattctce cccagatgta gtgaaagcag gtagattgcce 39480
ttgcctggece ttgcectggece ttgectttte tttetttett tetttettta ttactttcecte 39540
tttttettet tettettett cttttttttg agacagagtt tcactcecttgt tgcccagget 39600
agagggcaat ggcgcgatct cggctcaccg cacccteege ctcecccaggtt caagcgatte 39660
tcetgectca gectectgat tagctgggat tacaggcatg ggccaccgtg ctggetgatg 39720
tttgtacttt tagtagagac ggtgtttttc catgttggtc aggctggtct cccactccca 39780
acctcaggtg gtccgectge cttagectece caaagtgctg ggatgacagg cgtgcaaccg 39840
cgcccagect ctcetetcetet ctetetetet ctegecteget tgettgettg ctttegtget 39900
ttettgettt cccgttttet tgctttettt ctttcecttteg tttetttcat gettgettte 39960
ttgcttgett gettgcecttte gtgetttett getttectgt tttetttett tetttettte 40020
tttctttett ttgtttcettt cttgettget ttecttgettg cttgettget ttegtgettt 40080
cttgctttce tgttttettt ctttetttet ttettttett tetttettge ttgctttect 40140
gcttgettge tttegtgett tettgtttte tegatttett tetttetttt gtttetttee 40200
tgcttgettt cttgcttget tgctttegtg cttettgett tectgtttte tttetttett 40260
tctttetttt gtttetttet tgcttgettt cttgcttget tgctttegtg ctgtettgtt 40320
tctecgattte tttetttett ttgtttettt cctgcttget ttettgettg attgettteg 40380
tgctttettg ctttettgtt ttetttettt cttttgttte tttetttett gettecttgt 40440

tttcttgett tettgcttge ttgctttegt getttettgt tttettgett tetttetttt 40500
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gtttectttet tgecttgettt cttgecttect tgttttcettg ctttettget tgettgettt 40560
cgtgctttet ttcettgcttt cttttettte tttettttet ttttetttet ttettgettt 40620
cttttctttce atcatcatcect ttetttettt cctttettte tttetttett tetatcttte 40680
tttctttett tetttcettte tttetttett tetttetgtt tegtectttt gagacagagt 40740
ttcactecttg tttccacgge tagagtgcaa tggcgcgatce ttggctcacc gcaccttcceg 40800
ccteeegggt tegagegett ctectgecte cagectececg attagegggg attgacaggg 40860
aggcaccccce acgcectgget tggctgatgt ttgtgttttt agtaggcacg ccgtgtcectet 40920
ccatgttgcet caggctggtce tceccaactccee gacctceetgt gatgecgceccca cctcecggecte 40980
tcgaagtgct gggatgacgg gcegtgacgac cgtgcccgge ctgttgacte atttegettt 41040
tttatttctt tecgtttccac gegtttactt atatgtatta atgtaaacgt ttctgtacge 41100
ttatatgcaa acaacgacaa cgtgtatctc tgcattgaat actcttgcgt atggtaaata 41160
cgtatcggtt gtatggaaat agacttctgt atgatagatg taggtgtctg tgttatacaa 41220
ataaatacac atcgctctat aaagaaggga tcgtcgataa agacgtttat tttacgtatg 41280
aaaagcgtcg tatttatgtg tgtaaatgaa ccgagcgtac gtagttatct ctgttttett 41340
tcttectete cttegtgttt ttettectte ctttcettect ttetetectt ctttaggttt 41400
ttettectet cttectttec ttetttetet ctttectgtee ttttttectt cgtgetttat 41460
ttectettteg ttecectgtgt ttecttettt tttetttect ctetgtttet ttttecctte 41520
tttcecttegt ttetttecte attcetttete tetttttegt tgtttettte cttececegtet 41580
gtcttttaaa aaattggagt gtttcagaag tttactttgt gtatctacgt tttctaaatt 41640
gtctectettt teteccatttt cttecteecct cectecectec ctecectgete ccttecctee 41700
cteccttecct ttegeccatet gtetetttte cccacteccecce tecccecegte tgtctetgeg 41760
tggattccgg aagagcctac cgattcectgcece tctecgtgtg tectgcagcecga ccccgegace 41820
gagtccttgt gtgttcecttte tcectcececte ccteecteee teeccteecte cctecctget 41880
tcecgagaggce atctccagag accgcgecgt gggttgtett ctgactcectgt cgeggtcgag 41940
gcagagacgc gttttgggca ccgtttgtgt ggggttgggg cagaggggct gcgttttcegg 42000
cctegggaag agcettctega ctcacggttt cgctttegeg gtceccacggge cgccctgcca 42060
gccggatetyg tetegetgac gtecegeggeg gttgteggge tecatctgge ggecgetttg 42120
agatcgtgcet ctcggcttec ggagetgegg tggcagetge cgagggaggg gaccgtcccece 42180
gctgtgaget aggcagagct ccggaaagcec cgcggtcegte agcccggcetg gcecceceggtgge 42240
gccagagetyg tggeccggtceg cttgtgagtce acagctcectgg cgtgcaggtt tatgtggggg 42300
agaggctgtce gectgegcette tgggceccgeg gcgggcgtgg ggctgeccecgg gecggtegac 42360
cagcgcegecg tagctcecccga ggcccgagee gcgacceggce ggacccgcecg cgcgtggegg 42420
aggctgggga cgccctteece ggcceggteg cggtceccgete atcectggecg tetgaggcgg 42480
cggccgaatt cgtttccgag atccecegtgg ggagecgggg accgtceccege ccccgteccece 42540
cgggtgcecgg ggagecggtece cecgggecggg ccgeggtece tcectgeccgcega tectttetgg 42600
cgagtccecceg tggccagteg gagagcegcte cctgagecgg tgcggceccga gaggtegege 42660
tggcecggect teggtceccecte gtgtgteceg gtecgtaggag gggccggcecg aaaatgctte 42720

cggcteecge tectggagaca cgggcecggcece cctgegtgtg geccagggcegg ccgggaggge 42780
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tcececeggece ggegetgtee cegegtgtgt ccttgggttg

tcegtgtgty getgegatgg tggegttttt ggggacaggt

accagaggga ccccgggege

gtcegtgtee gtgtegegeg

tegectggge cggeggegtyg gteggtgacyg cgaccteceg gececggggyg aggtatatcet

ttcgecteega gteggeaatt ttgggeegece gggttatat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 175

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Targeting sequence

SEQUENCE: 18

cteceegegeg gecccegtgt tegecgttee cgtggegegg acaatgeggt tgtgegteca

cgtgtgegtyg tcegtgecagt geegttgtgg agtgectege

gegtteccac ggttggggac caccggtgac ctegecctet

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 755

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Targeting sequence

SEQUENCE: 19

ggtctggtgyg gaattgttga cctegetete gggtgeggec

gtegtgeceyg gegecggacg tgtgtegggyg cccacttece

geggegttgg tagteteceg tgttgegtet tecegggete

ttceggggeceyg gegttgettyg gettacgeag gettggtttg

ggeggtgtga ttecegecgg ttttgecteg cgtetgectg

gttegtgtet cgggageggt ggtttttttt tttttegggt

cgggggacgt tccegtegee cectgecgee ggtgggtttt

tccecttece cgtttegeeg teggttetee ceggteggte

geceggeegt getgecggac ceccccttet gggggggatyg

ggcggccact gtggtccggg agctgctcgg caggcgggtg

tgcceccegeyg ggctecegtyg gecgacgegg cgtgttettt

gaaggctgeg cacgttgteg gtecttgega gggaaagagg

gteecttegte gtecegtegyg cggtggatce ggect

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 20

LENGTH: 463

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Targeting sequence

SEQUENCE: 20

tctectecte ctecceggea

tcgggectgyg atceg

tttggggaac ggcggggteg

getegagggt ggceggtggeg

ttgggggggg tgccgtcgtt

ggactgccte aggagtegtg

ctttgecteyg ggtttgetty

cceggggaga ggggttttte

cgttteggge tgtgttegtt

ggcectetee ceggteggte

ccegggecacyg cacgegtecg

agccagttgg aggggcegtca

gggggggect gtgegtgegg

cttttttttt ttagggggtce

ggccgaggty cgtetgeggg ttggggeteg tceggecceg tegtectecyg ggaaggegtt

tagcegggtac cgtegecgeg ccgaggtggg cgcacgtegg tgagataace ccgagegtgt

ttctggttgt tggeggeggg ggctceggte gatgtettece

cctecececte teccegagge

42840

42900

42960

42999

60

120

175

60

120

180

240

300

360

420

480

540

600

660

720

755

60

120

180
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caggtcagee tccgectgtg ggettegteg gecgtcetece ceccectcac gtceectegeg 240
agcgagceceg tccegttegac cttectteeg cetteccece atcttteege geteegttgg 300
ceceeggggtt ttcacggege cccccacget cetecgecte teegecegtyg gtttggacge 360
ctggttcegg tcteccegee aaacceeggt tgggttggte tecggecceeyg gettgetett 420
cgggtcectecece aacccccecgge cggaagggtt cgggggttee ggg 463
<210> SEQ ID NO 21
<211> LENGTH: 378
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Targeting sequence
<400> SEQUENCE: 21
ggattcttca ggattgaaac ccaaaccggt tcagtttect ttecggetece ggecgggggy 60
ggeggecceeyg ggeggtttgg tgagttagat aaccteggge cgatcgcacyg ceccccegtgyg 120
cggcgacgac ccattcgaac gtctgeecta tcaacttteg atggtagteg atgtgectac 180
catggtgacce acgggtgacg gggaatcagg gttcgattece ggagagggag cctgagaaac 240
ggctaccaca tccaaggaag gcagcaggcg cgcaaattac ccactcccga cecggggagy 300
tagtgacgaa aaataacaat acaggactct ttcgaggccce tgtaattgga atgagtccac 360
tttaaatcct ttaagcag 378
<210> SEQ ID NO 22
<211> LENGTH: 378
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Targeting sequence
<400> SEQUENCE: 22
gatccattgyg agggcaagtc tggtgccage agccgeggta attccagetce caatagegta 60
tattaaagtt gctgcagtta aaaagctcgt agttggatcet tgggagceggyg cgggeggtcece 120
geegegagge gagtcaccge ccgteccege cecttgecte teggegecce ctegatgete 180
ttagctgagt tgtccecgegg ggcccgaage gtttactttyg aaaaaattag agttgtttca 240
aagcaggcce gagcecgectg gataccgeca getaggaaat aatggaatag gaccgeggtt 300
cctattttgt ttggttttcg gaactgagece catgattaag ggaaacggece gggggcatte 360
ccttattgeg ccccecta 378
<210> SEQ ID NO 23
<211> LENGTH: 719
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Targeting sequence
<400> SEQUENCE: 23
ggatctttee cgeteccegt teoctececgge cectecacce gegegteteo ceecttettt 60

tecectetee ggaggggggy dgaggtggggg cgcgtgggeg gggteggggg tggggtcegge 120

gggggaccge ccceggecgg caaaaggccyg ccgecegggeg cacttcaacce gtageggtge 180

gecgegaceyg gctacgagac ggctgggaag geccgacggg gaatgtgget cgggggggge 240
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ggcgegtete agggcegegcece gaaccacctc accccgagtg ttacagccct ccggcegegce 300
tttcgeggaa tcccggggece gaggggaage ccgatacceg tcegecgeget ttteccctcece 360

ccecegteege ctecegggeg ggcegtggggyg tgggggecgg gecgeeccte ccacgeccegt 420
ggtttetete tcteccggte teggeeggtt tggggggggyg ageccggttyg ggggegggge 480

ggactgtecct cagtgcgece cgggegtegt cgegecgteg ggeccggggyg gttetetegyg 540

tcacgcegee cccgacgaag ccgagegeac ggggteggeg gegatgtegg ctacccaccce 600
gaccegtett gaaacacgga ccaaggagtce taacgegtge gegagtcagyg ggctegeacyg 660
aaagccgeceg tggegcaatg aaggtgaagg geccegtecg ggggceccgag gtgggatcee 719

<210> SEQ ID NO 24

<211> LENGTH: 685

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Targeting sequence

<400> SEQUENCE: 24

cgaggectet ccagteegee gagggegeac caccggeceg tetegecege cgegtegggg 60
aggtggagca cgagcgtacg cgttaggace cgaaagatgg tgaactatge ctgggcaggg 120
cgaagccaga ggaaactctg gtggaggtcee gtageggtece tgacgtgcaa atcggtegte 180
cgacctgggt ataggggcga aagactaatce gaaccatcta gtagetggtt ccctecgaag 240
tttcecctecag gatagetgge getctegeaa cctteggaag cagttttate cgggtaaagg 300
cggaatggat taggaggtct tggggecgga aacgatctca aactatttcet caaactttaa 360

atgggtaagg aagccegget cgetggegtyg gageegggeg tggaatgega gtgcectagtg 420

ggccactttt ggtaagcaga actggegcetyg cgggatgaac cgaacgccegyg gttaaggege 480
ccgatgecga cgctcatcag accccagaaa aggtgttggt tgatatagac agcaggacgg 540
tggccatgga agtcggaatce cgctaaggag tgtgtaacaa ctcacctgece gaatcaacta 600
gecctgaaaa tggatggege tggagegteg ggeccatace cggecgtege cggcagtegg 660
aacgggacgg gacgggagcg gccgce 685

<210> SEQ ID NO 25

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification control element forward primer

<400> SEQUENCE: 25

gaggaattcc cctatceccta atccagattg gtg 33
<210> SEQ ID NO 26

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification control element reverse primer

<400> SEQUENCE: 26

aaactgcagg ccgagccacc tcectcettetgt gtttg 35
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<210> SEQ ID NO 27

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Origin of replication forward primer

<400> SEQUENCE: 27

aggaattcac agaagagagg tggcteggec tgce

<210> SEQ ID NO 28

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Origin of replication reverse primer

<400> SEQUENCE: 28

agcctgcagyg aagtcatace tggggaggtg gecc

<210> SEQ ID NO 29

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 29
aaactgcagg ttaattaacc ctaaccctaa ccctaaccet aaccctaace ctaaccctaa

ccctaaccct aacccgggat

<210> SEQ ID NO 30

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 30

ttgggcccta ggcttaagyg

<210> SEQ ID NO 31

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequencing primer

<400> SEQUENCE: 31

gccagggttt tceccagtcac gacgt

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: M13 forward primer
<400> SEQUENCE: 32

gctgcaagge gattaagttg ggtaac

<210> SEQ ID NO 33
<211> LENGTH: 26

33

34

60

80

19

25

26
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: M13 reverse primer

<400> SEQUENCE: 33

tatgttgtgt ggaattgtga gcggat 26
<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 34

gggtttaaac agatctctge a 21

What is claimed: selecting a plant cell that comprises the amplified hetero-

1. A plant cell produced by a method comprising: chromatin.

introducing a DNA fragment into a plant cell, wherein the
DNA fragment comprises a selectable marker;

growing the cell under selective conditions to produce cells
that have incorporated the DNA fragment into their 3. The plant cell of claim 1 that is a plant protoplast.
genomic DNA, whereby amplification of pericentric
heterochromatin occurs; and

2. The plant cell of claim 1, wherein the amplified hetero-
chromatin is in a sausage chromosome.
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