
DESCRIPT, Title of:he Invention: METHOD FOR PRODUCING SHEET-LIKE PANCREATIC
ISLET Technical Field ,01]        The present invention relates to a
production method of a sheet-like pancreatic islet having resistance to low
oxygen conditions, a pancreatic islet culture, and a kit for producing a
sheet-like pancreatic islet. 70 Background Art [0002]        Cell--based
therapy utilizing pancreatic islet has been developed as a promising novel
approach for treating insulin dependent diabetes (D.M)As compared. to the
total organ. transplantation of pancreas, an islet cell-based treatment is
advantageous in that it makes minimum insult and stay in the hospital after
treatment can be short. In recent international clinical trials, it has
been reported that 44% of CM patients one year after the transplantation of
islet cells successfully 20 recovered insulin production, and stably
maintained glycemic profile. However, two years after the transplantation,
the survival rate of the transplanted islet cells drastically decreased to
14%. It is evident, therefore, that optimization of the conditions for
maximizing the life extension of the 25 transplanted cell lineage is
necessary for advancing the pancreatic islet-based therapy of DM.
Therefore, various culture iftathods have been studied to increase the
func:tion and survival rate of pancreatic islet to he used for
transplantation. 30 [000]        In conventional general in vitro culture
methods of pancreatic:t, the cells in the pancreatic islet collected from
the body are deprived of the oxygen supply system performed in vivo and
maintained in the form of a clump, and 35 therefore, they are not supplied
with sufficient oxygen and the  pancreat. function disappears. [0004]
To solve the above-mentioned ,rc.ft0a, a technique for subcutaneously
transplanting an islet cell sheet has been s developed (non-patent document
1). In this technique, an isolated pancreatic islet is treated with
trypsin-EDTA to disperse the islet cells to a single cell state, the
obtained pancreatic islet cells are plated on a. plate coated with
laminih-5, and the culture temperature is lowered to 20C. for 20 min after
the cell. reached confluency, whereby the pancreatic islet cells can be
recovered as a uniformly-spread tissue sheet. [0005] in the meantime.
E-cadherin (E-cad) is a Ca -dependent 7' cell-cell adhesion
molecule:-patent documents 2, 3), and is essential for intercellular
adhesion and colony formation of mouse embryonic stem cells (ES cell)
(non-patent documents 4, 5). 



[0006]        It has been reported that mouse and human ES cells can be
successfully maintained on a -vir) coated with a. fusion protein composed
of the extracellular domain of E-cadherin. and IgG Fc domain (non-patent
document 6) (patent documents 1, non-patent documents 7, 8, 9). Although
mouse ES cells do not form a 25 colony on a. culture dish coated with an
E-cad-Fc fusion protein, they maintain pluripotency and can generate a germ
line competent chimera mouse (non-patent documents 7, 8). In these general
culture methods of ES cells, when single-celled ES cells are added,
cell-to-cell adhesion occurs on a culture dish to form a clump. However, on
a culture dish coated with an Enad-Ft fusion protein, the single-celled ES
cells can be cultured as they are, in addition, differentiation of mouse ES
cells to liver cells on a culture dish coated witn a mouse Ecad-Fc fusion
protein has been reported (non-patent document. 10).  1Docume [patent
document] [0007] patent document I: W02005/090557 5 [non-patent documents]
[0008]   non-patent document 1:  Bicmaterials,vol.30, ppJ.-5949,2009
non-patent document. 1995 2:  Curr Opin Cell Eiol,vol.7,pp. 619-627, m
non-patent document p.399-404,2000 3:  The Journal of Cell Biology,vol.
148,  



non-patent document 4:  Development,vol.122, pp.3185-3194,1996  non-patent
document 5:  Stem Cells,vo1,22,pp.275-282,2004  non-patent document
pp.243-245,2003 6:  Protein Engineering,vol.6,no. 4,  non-patent. document
7:  nos ONE,issue I,elS,2006  non-patent document 8:  The Journal of
Biological Chem  vol.283, no. 39, pp.2646B-26476, 2008     non-patent
document 9: EMC Developmental Biology, vol.10, 60, 20 2010 non-patent
document 10: 2iomateriuvo132, no.8, pp.2032- 2042, 2011 non-patent document
11: Cell Transplant., vol.18, no.5, p 547, 2009 25 SUMMARY OF THE INVENTION



Problems to be Solved by the Invention :00091        Conventionally, when a
sheet-like pancreatic islet is prepared by planarizinq the pancreatic
-islet, an enzyme so treatment of pancreatic islet with trypsin-EDTA to
give single cells is essential to meet the physical requirements. However,
pancreatic islet has been reported to have a problem that glucose
responsiveness remarkably decreases due to the influence of trypsin
(non-patent document 11), and the suoar responsiveness of the sheet-like
pancreatic islet obtained by  this method is considered to decrease. [0010]
The present invention aims to resolve the problem of decrease of glucose
responsiveness, and provide a method of S producing a sheet-like pancreatic
islet having resistance to low oxygen conditions. Means of Solving the
Problems [0011] In an attempt to solve the above-mentioned problem, the 70
present inventors first cultured pancreatic islet directly as a clump on a
non-treated plate, without a trypsin treatment. However, t.pancreatic islet
was still in the form of a. clamp and did not take a sheet-like structure.
In addition, this culture method was considered to easily induce cell death
under Is low oxygen. conditions, since it lacks the oxygen supply system to
the cells in pancreatic islet, which is present in vivo. Therefore, a
sheet-like structure having resistance to low oxygen conditions is
preferable. However, when a sheet-like pancreatic islet is prepared using a
general trypsin-EDM 20 treatment to form single cells, the glucose
responsive function. is considered to markedly decrease, since the
cell-cell adhesion that controls the glucose responsive function is lost.
Therefore, they intensively studied the culture conditions and found that
the pancreatic islet shows a sheet-like structure by 25 culturing the
pancreatic islet on a. culture dish wherein a polypeptide comprising an Ed
i domain of E-cadherin and having a binding ability to said E-cadherin is
fixed on or applied to a surface of a solid phase, even without dispersing
the pancreatic islet to single cells by a trypsin treatment, that a SO
pancreatic islet in a sheet-like tissue form shows higher glucose
responsiveness than a pancreatic islet forming a clump and has resistance
to low oxygen conditions. Further studies have resulted in the completion
of the present invention [0012] 35Accordingly, the present invention
relates to the  followinc;,  [11 A method of producing a sheet-like
pancreatic islet, comprising culturing an isolated pancreatic islet in a
culture vessel, wherein a polypeptide comprising an Ed 1 domain of E- S
cadherin and having a. binding ability to said E-cadherin Is flied on or
applied to a. surface of a solid phase, while being adhered to the solid
phase surface for a period sufficient for the pancreatic islet to take a
sheet-like form, 



r21 The oroduction method of [l], wherein the polypeptide 10 comrises an
extracellular domain of E-cadherin, [3] The production method of [1],
wherein the poiypeptide is a fusion polypeptide comprising an extraceldular
domain of Ecadherin and an Fc region of immuntglohulin. [41 A pancreatic
islet culture, comprising a culture vessel, is wherein a polypeptide
comprising an Ed 1 domain of E-cadherin and having a binding ability to
said a-cadberin is fixed on or applied to a surface of a solid phase, and a
sheet-like pancreatic islet that can be cultured in a state wherein the
sheet-like pancreatic islet adheres to the solid phase surface_ [5] A kit
for producing a sheet-like pancreatic islet, comprising a culture vessel,
wherein a polypeptide comprising an EC1 domain of E-cadherin and having a
binding ability to said E-cadherin is fixed on or applied to a surface of a
solid phase, and an isolated pancreatic islet 25 Effect of the Invention
[0013]        Using the method of the present invention, a sheet-like
pancreatic islet having resistance to low oxygen conditions can be produced
without performing a trypsin treatment while 30 suppressing a decrease in
the glucose responsive function compared to conventional culture methods.
Irera]., the pancreatic islet does not show oxygen shortage since blood
vessel induction into the pancreatic islet tissue occurs in the body.
However, in the case of a 35 transplanted pancreatic islet, the cell death.
of the pancreatic  islet may be induced by oxygen shortage under the
environment of low oxygen conditions at the transplantation site. Using the
sheet-like pancreatic islet obtained by the method of the present
invention, oxygen can be efficiently supplied to each 5 cell even in a low
oxygen state, and the cell death of the pancreatic islet is suppressed even
under low oxygen conditions. Moreover, since a sheet-like form of
pFIncreatic islet is considered to increase the glucose responsive
function, it is advantageous for the transplantation therapy. 10 Brief
Description of the Drawings [0014]        Fig. I snows the morphology of
pancreatic islet cultured on an E-cad-Fc-coated dish and a non-treated dish
at respective culture days with or without a trypsin treatment. 15Fig. 2
shows the stluitLliation index of pancreatic islet on a non-treated dish or
an E-cad-Fc-coated dish at respective culture days        Fig. 3 shows (A)
cell prphology of pancreatic islet and (E) Stimulatibn Index (n-3,
meanS.D., *p(0.05) under 20 respective culture conditions 11 days after the
culture.        Fig. 4 shows phase contrast images of pancreatic islet at
respective oxygen concentrations and the observation results of cell death
by PI staining, and the total cell number by rApl. staining. 25Fig, 5 shows
the cell death rate of the pancreatic islet cultured on an E-cad-Fc coated
dish and a non. treated dish. Description of Embodiments [0015] 



The present invention provides a. method of producing a 70 sheet-like
pancreatic islet, comprising culturing an isolated pancreatic islet in a
culture vessel, wherein a polypeptide compr is i Jig an Ed l domain of
E-cadherin and having a binding ability to said E-cadherin is fixed on or
applied to a. surface of a. solid phase, while being adhered to the solid
phase  take a sheet-like form. [0016]        Pancreatic islet is a cell
clump interspersed in the parenchyma of pancreas, which contains ci cell (A
cell) that 5 secretes glucagon, 3 cell (2, cell) that secretes insulin and
6 Joel] (I) eel]) that secretes somatostatin.        The pancreatic islet
to be used in the present invention is isolated from a mammal. Examples of
the mammal include, hut 1c are not limited to, laboratory animals such as
rodents such as mice, rats, hamsters and guinea pigs, andbits; domestic
animals' such as pipe, bovines, goat, horses, sheep and minks; companion
animals such as dogs and cats; primates such as humans, monkeys, cynomolgus
monkey, rhesuses, marmosets, 15 orangutans and chimpanzees; and the like.
The mammal is preferably rodents (mouse etc.) or primates (human etc.).
[001        A. pancreatic islet can be isolated from a mammalian pancreas
by a method known per se using collagenase digestion. For example, it can
he isolated by static collagenase digestion and subsequent centrifugation
in Ficoll-Conray gradient (Sutton, R., 1986, Transplantation,
42:689-69110htsuka, K., et. al., 1997, Transplantation, 64: 633-639).
[0019] 25When the pancreatic islet is dispersed to a single cell state by a
treatment with a protease such as tryps1n and the like, the resulting
sheet-like pancreatic islet may have reduced glucose responsiveness. In the
production method of the present invention, therefore, pancreatic islet in
a cell clump state is cultured in a culture vessel, wherein a polypeptide
comprising an 301 domain of E-cadherin and having a binding ability to said
E-oadherin is fined on or applied to a. surface of a solid phase,Dut being
dispersed to a single  Depending on the mammalian species, about 10 - 10000
islet cells are generally contained. in one pancreatic islet. Therefore,
the number of islet cells contained in a pancreatic islet (cell clump)
subjected to the above-mentioned culture is 5 also generally within the
range of 10 - 10000. [0020]        In the present .invennaon, an isolated
pancreatic islet is cultured in a culture vessel, wherein a polypeptide
comprising. an FC1 domain of. E-cadherin and having a binding ability to lo
said E-radherin is fixed on or applied to a. surface of a solid phase. As a
result, E-cadherin expressed on a surface of the cells constituting the
pancreatic islet binds to the Polypeptide, which in turn results in the
adhesion of the pancreatic islet to the surface of the solid chase. 25
[0021]        E-cadherin is a known adhesion molecule involved in a. Ca
-dependent intercellular adhesiorbbinding called adhesion binding or
adherens junction. E-cadherin is widely expressed in parenchymal cells of
internal organs such as liver, kidney, rQ lung and the like, epithelial
cells such as keratinocyte and the like, and known to be an important
adhesion molecule responsible for intercellular adhesion thereof (Ma reel
at al., Int. 3. Dev, Biol. 37: 227, 1993; Mays et al., Cord Spring Herb,
Swop. Quant. Biol. 60: 763, 1995; El-Bahrawy & Pignatelli, 



25 Microsc. Res. Tech. 43:224, 1998; Nollet et al,, Mob Cell, Biol. Res.
rommin. 2: 77, 1 '9). [0022] E-cadherin to be used in the method of the
present invention is generally derived from a mammal. Examples of the so
mammal include, but are not limited to, laboratory animals such as rodents
such as mice, rats, hamsters and guinea pigs, and rabbits; domestic animals
such as pigs, bovines, goat, horses, sheep and. minks; companion animals
such. as dogs and cats; primates such as humans, monkeys, cynomolgus
monkey, rhesuses, 35 marmosets, orangutans and chimpanzees; and the like.
The  mammal iscerably rodents (mouse etc.) or primates (human etc.). [0023]
with respect to each polypeptide or polynncleotide to be o used in the
present invention, "derived from organism, X" means that the amino acid
sequence or nucleic acid sequence of the polypeptide or polynucleotide has
the same or substantially the same amino acid sequence or nucleic acid
sequence as the amino acid sequence or nucleic acid sequence of the
pol\peptide or 10 polynucleotide naturally expressed. in organism X:, The
"subtantially the same" means that the amino acid sequence or nucleic acid
sequence taken note of has not less than 70%  (preferably not less than
80%, more preferably not less than 90%, still more preferably not less than
95%, most preferably not less than 99%) identity with the amino acid
sequence nucleic acid sequence of a factor naturally expressed in organism
X., and that the function of the factor is retained. [0024] As E-cadherin
to be used in the present invention, a 20 pancreatic islet derived from an
animal of the same species as the pancreatic islet to be the culture target
is preferable. For example, when the present invention is practiced using a
pancreatic islet isolated from a mouse, E-cadherin of the mouse is
desirably used. In addition, when the present invention is 25 practiced
using a pancreatic islet isolated from human, Ecadherin of the human is
desirably used. However, an Ecadherin derived froln. a heterogeneous animal
can also be used as ipng as a sheet-like pancreatic islet can be produced
by the production method of the present invention. [0025]          Amino
acid sequences and DNA sequences of many Ecadherins derived from mammals
are known. Representative CNA sequence and amino acid of human E-cadherin
are shown in SE0 Tr) Nas: I and 2, respectively, and representative cDNA
sequence 35 and amino acid of mouse F-cadherin are shown in EEO ID NOs: 3
and 4,, respectively. [0026]        E-cadherin is known to homophilioally
bind via an extracellular region (i.e., with the same molecules). The
extracellular region of E-cadherin contains 5 repeat structures consisting
of about 110 amino acid residues,i are regions 



so-called Extracellular Cadherin (EC) domains ior example, in the case of
human E-cadherin (SEC, ID NO: 2), each domain of E01, 502, 503, 504, 505
corresponds to 157 - 262, 265 - 375, 378 - is 486, 487 - 595, 596 - 700,
respectively (number shows the number of residues in the amino acid
sequence of SEQ ID NO: 2). In the case of Molise E-cadherin (SEQ ID NO: 4),
each. domain of E01, E02, E03, 504, E05 corresponds to 159 - 264, 267 -
377, 380 - 488, 489 - 597, 598 - 702, respectively. (number shows the 25
number of residues in the amino acid sequence of SEQ ID NO: 4), [0027]
deneral, since the domain (501) positioned at the most      mina'. side of
cadherin molecule defines the binding specificity of the molecule, i.e.,
hemophilic binding (Nose et 20 al., Cell 61: 147, 1990), the polypepride to
be used in the present invention contains at least the 501 domain of
Eoadherin, and has a binding ability to E-cadherin. In a. preferable
embodiment, the polvpeptide to be used in the present invention contains,
in addition to the 5011 domain, one, 25 preferably 2, more preferably. 3,
still more preferably 4, domains selected from 202 - 5. In a more
preferable embodiment, the polypeptide to be used in the present invention
contains an ey.tr.,,,-oellul.ar region of E-cadherin. In the case of human
Ecadherin, the extracellular region corresponds to the 1st - 697th amino
acids of the amino acid sequence shown by SEQ ID NO: 2. In the case of ruse
E-cadherin, the extracellular reaion corresponds to the :1st - 699th amino
acids of the amino acid sequence shown. by SEQ ID NO: 4L [0023] The polypet
de to be used in the present invention may  be a. fusion polypeptide
containing a sequence derived from E.- cadherin and a sequence derived from
other protein or peptide. For example, a pplypeptide can be purified easily
and efficiently by preparing the polypeptide as a fusion polypeptide with
Fc region of immunogichulin or OPT (Giutathione-S-Transferase) protein, MBP
(Mannose-Bind ng Protein) protein, avidin protein, His (oligo'histidine)
tag (HemAggiutinin) tag, Myc tag, VSV-G (Vesicular Stromatitis Virus
Glycpprotein) tag and the like, and using protein A/G column, specific
antibody column and the like. Particularly, Pc fusion polypeptide is
preferable for practicing the present invention since an ability to adsorb
to a culture material using polystyrene and the like is enhanced. [00291
Many genes encoding. the Pc regions of immunoglobulin have already been
isolated and identified in mammals including human, There are also many
reports on the base sequences thereof and, for example, the sequence
information of the base sequences of Pc regions of human IgGa, Iq02, IgG3,
and .1g04 is available 20 from nubile DNA databases such as NOBI and the
like, and. registered as accession numbers: AJ294730, A3294731, AJ294732
and AJ294733, respectively. Therefore, those of ordinary skill in the art
can obtain and use a cDNA encoding an Pc region by designing a primer or
probe specific to an Pc region and using 25 a general molecular biological
method, In this case, while the animal species and subtype of a. gene
encoding an. Fc region to be used are not particularly limited, a gene
encoding an Pc region of human Ig01 or Ig02, mouse IgG2a or TgG2b and the
like shbwinq strong affinity for protein. A/G is preferable. In 30
addition, a method of enhancing the affinity for protein A by introducing a
mutation into the Pc region is also known (Nagaoka et al., Protein Eng, 16:
243, 2003) and an Pc protein added with a genetic modification by this
method can also he used. [0030]          Examples of the polypeptide
preferably used in the present invention include polvpeptide containinc an
extracell-.lion of E-cadberin disclosed in Nagaoka et al.,   Biotechhod.
Lett, 24: 1857, 2002 and Protein Eng. 16: 243, 2005. 5 [0031]         In
addition, purified recombinant proteins (Recombinant Human/Mouse
E-cadherin-Fc Chimera; R&D systems, Genzyme Techne) prepared by introducing
a fusion gene wherein a sequence encoding an Fo region of human IdG and a
cDNA of His-tag id sequence are linked to a cDNA encoding a mouse or human.
extracellular region of E-cadberin into mouse cells and expressing same are
commercially available, and these can also be applied to the present
invention. Moreover, a culture dish having the bottom coated with
E-cadherin-Fc is commercially available from SUMITOMO BAKELITE 00., LTD,
and the like, and this can also be appliedpresent invention. [0032] 



The above-mentioned polypeptide is preferably isolated or purified, Being
'isolated or purified!' means being 20 artificially placed in a state
different from that naturally present, for example, an operation to remove
components other than the object component from the naturally-present state
has been applied, The purity of the isolated or purified the
above-mentioned polypeptide (proportion of the above-mPntioned. .. 25
polypeptide weight to the total polypeptide weight) is generally not less
than 30%, preferably not less. than 50%, more Preferably not less than 70%,
still more preferably not less than 90% (e-g., 100%). [0033]        The
above-mentioned polypeptide can be produced by culturing mammalian cells
such as COS cell, 293 cell, CHO cell and the like introduced with an
expression vector capable of expressing the polypeptide, and isolating and
p..urifying the polypeptide from the culture by a biochemical method known
per 3.5 se, In the expression vector, a nucleic acid (-.MIA etc,)  encoding
the pclypeptide is linked to a nucleic acid sequence enabling the
transcription and expression of genes in a wide range of mammalian cells,
what is called. a promoter sequence, in a manner enabling transcription and
expression under the 5 regulation of the promoter. The gene to be
transcribed and expressed is desirably linked wirn poly7\ addition signal.
Preferable promoter includes promoters derived from virus such as SV
(Simian Virus) 40 virus, cytomegalovirus (CMV), Rous sarcoma virus and the
like, -actin promoter, SF (Elongation o Factor) lg. promoter and the like.
[0034]        The material for constituting a solid phase in a culture
vessel is not particularly limited as long as it can achieve production of
a sheet-like pancreatic islet when used for the 55 production method of the
present invention, a material haying no cytotoxicity, permitting
sterilization and having affinity for protein can be generally used. In
general, plastic or glass materiels are preferable. The material may be a
metal or ceramic, and is not limited tocertain material. [0035]        The
plastic material is a thermosetting or thermopla polymer superior in
moldahility and, for example, polystyrene, methacrylic resin,
polymethylpentene, ethylene-vinylalcohol copolymer, polypropylene,
cellulose, polyethylene, polvsulfone, 25 polyacrylonitrile and the like can
be used without limitation thereto. [00361        The glass material means
one resulting from vitrification of silicate, borate, phosphate and the
like without 30 crystallization. Since vitrification tendency is strong,
silicate glass is preferable. In addition, crystallized glass which is one
kind of a composite material produced by heat-treating silicate glass is
more preferable since it has rich moldahility and high impact resistance.
[0037]         Examples of the culture vessel include, but are not limited
to, petri dish, plate, flask, bottle and the like. The form, of the culture
vessel is not particularly limited as long as the pancreatic islet adheres
to a solid phase surface and can achieve production of a sheet-like
pancreatic islet when applied to the method of the present invention.
[0038]        The solid phase surface refers to a part enabling adhesion of
a pancreatic islet to he cultured to a solid phase, o when the pancreatic
islet is cultured while being adhered to the solid phase in a culture
vessel, for example, a part to be in contact with a medium when the medium
is added. 



[0039)        Ae a method for fixing or coating a polypeptide onto a solid
phase surface, a method using a non-covalent bond (hydrogen bond, ionic
bond, hydrophobic bond etc.), a covalent bond and thee can. be generally
used. [0040] Examples of the method for fixing or coating a 20 polypeptide
onto a solid phase surface by using a non-covalent bond include a method of
standing still the solid phase surface in a suitable buffer (e.d.,
phosphate buffer etc.) containing the polypeptide. The conditions (buffer
type, concentration of polypeptide in buffer, standing time etc.) of the
method can be 25 appropriately determined as long as it can achieve
production. of a sheet-like pancreatic islet when used for the production
method of the present invention, For example, when a polypeptide is a
fusion polypeptide containing an extracellular region of muse or human
E-cadherin and an Fc region of mouse so or human IgG, and the material
constituting the solid phase is a plastic (e.g., polystyrene), the
poly:peptde is fixed or applied onto the surface of the solid phase by
standing the solid phase for about 0.5 - 24 hr in a neutral
phosphate-buffered saline containing a polvpeptide at a concentration of
generally 0.01 - 1000 pa/mL (preferably 0.1 - 200 pg/mL, more  preferably 1
- 50 pgim-JID [0041] Examples of the method for fixing or coating a
polvpeptide by using a covalent bond include a method of 5 introducing a
functional. group into a solid phase surface by treating the solid phase
surface with a silane coupling agent having a functional group, and binding
the pc,, peptide to the functional group with a crosslinking agent (see,
for example, JP-A-2003-189843), Examples of the functional group that can
le be introduced include amino group, aldehyde group, epoxy group, carboxyl
group, hydroxyl group, thiol group and the like. Examples of the silane
coupling agent include ye aminopropyitriethoxysilane,
N-p-(aminoethyl)yaminopropyltrimethoxysilane, N-F)-(aminoethyl)y- 25
aminopropylmethyldimethoxvsilane and the like. Examples of the crosslinking
agent include diethylene glycol diglycidyi ether,
1-ethy1-3-(3-dimethylaminopropy1)-carbodThdde, carbodiimidazole,
glutaraldehyde, anhydrous succinic acid, anhydrous phthalic acid,
hexamethylenediisocyanate and the like, 20[0042]        in this way, an
isolated pancreatic islet is cultured in a culture vessel, wherein a
polypeptide comprising an Ed' domain of E-cadherin and having a binding
ability to said cadherin is fixed on Cu: applie d to a surface of a. solid
phase, 25 whereby E-cadherin expressed on the surface of the cells
constituting the pancreatic islet binds to the pclypeptide, as a result of
which the pancreatic islet adheres to the solid phase surface. [0043]
30While the strength of the adhesion of the pancreatic islet to the solid
phase surface is not particularly limited as (prla as it can achieve the
production of the sheet-like pancreatic islet by the production method or
the present invention, it is generally a strength that prevents 35
dissociation unless a physical and/or a chemical treatment  are/is applied.
Examples of the physical treatmenn incli.:ote a treatment by pipetting or
tapping and the like, Examples of the chemical treatment include a
treatment with a chelating agent such as EDTA, EGTA and the like, a
treatment with a. o protease such as trypsin and the like, ;Ind the like
[0044] 



In the production method of the present invention, as a basal medium of a
medium used for culturing a pancreatic islet, one known per se and usable
for. in vitro culture of pancreatic so islet can be used, and is not
particularly limited as long as it can achieve the production of the
sheet-like pancreatic islet by the production method of the present
invention. For example, DMEM, EMEM, RPMI-1640, a-MEM, F-12, Y-10, M-199,
KAM and the like can be mentioned. In addition, a. medium altered so for
culturing pancreatic islet and the like may be used, and a mixture of the
above-mentioned basal media may also be used, [0045]        A medium. used
for culturing pancreatic islet in the production method of the present
invention can contain an 20 additive known per se and generally used for
the tissue culture of pancreatic islet. While the additive is not
particularly limited as long as it can achieve the production of the sheet-
like pancreatic islet by the production method of the present invention,
for example, growth factors (e.g., insulin etc.), 25 iron sources (e,g,,
transferrin etc.), polvamines (e.g., putrescine etc.), minerals (e.c.,
sodium selenate etc.), saccharides (e.g., glucose etc.), organic acids
(e.g., pyruvic acid, lactic acid etc.), serum proteins (e g., albumin
etc.), amino acids (e.g., L-glutamine etc.), reducing agents (e.g., 2- oo0
mercaptoethanol etc.), virahH  s (e.g., ascorbic acid, d-biotin etc.),
antibiotics (e.g., streptomycin, penicillin, gentamicin etc.), buffering
agents (e.g., HEPES etc.) and the like can be mentioned. The additive is
preferably contained in a medium at a concentration within the range known
per se. [0046]         The medium used for culturing a pancreatic islet in
the production method of the present invention may contain serum. While the
concentration of the serum is not particularly limited as long as it can
achieve the production, of the sheet-like pancreatic islet by the
production method of the present invention, it is generally within the
range of 0.1 - 30(v/v)%, [00471        As other culture conditions for a
pancreatic islet in the production method of the present invention, culture
conditions 10 in common use in pancreatic islet tissue culture technolody
can be used. For example, culturing temperature is normally in the range of
about 30-40'0, and preferably exemplified by about 37C. 007 concentration
is normally in the range of about l10%, and preferably exemplified by
about. 5%. Humidity is 15 normallythe range of about 0-100%, and preferably
exemplified by about. 95-I00%. [0043]        In the production method of
the present invention, an isolated pancreatic islet is cultured for a
period sufficient 20 for taking a sheet-like form in a culture vessel
wherein the above-mentioned polypeptide is fixed on or applied to a surface
of the solid phase while being adhered to the solid phase surface. When an
isolated pancreatic islet is cultured in a culture vessel wherein the
above-mentioned polypeptide is fixed 25 on or applied to a surface of the
solid phase, the pancreatic islet adheres to the solid phase surface, and
spreads over the solid phase surface in time to take a sheet-like form. The
'sheet-like" refers to a shape having a sufficiently lame length or width
(preferably, both) relative to the thickness or the pancreatic islet. For
example, the length or width (preferably, both) of the sheet-like
pancreatic islet is generally not less than 3-fold, preferably not less
than 10- fold, of the thickness, The "thickness" of the pancreatic islet
means the thickness of the thickest portion in the 



35 direction perpendicular to the solid phase surface of the  culture
vessel' The "lendof the pancreatic islet means the maximum length in the
direction orthogonal to the thickness direction of the aforementioned
pancreatic islet. The "width" of the pancreatic islet means the maximum
length among the lengths in the direction orthogonal to both the thickness
direction and the length direction of the aforementioned pancreatic islet.
in one embodiment, the sheet-like pancreatic islet includes a. single layer
of pancreatic islet. cells. The time necessary for taking a sheet-like form
varies depending on ao the anima species from which pancreatic islet is
derived, the above-mentioned polypeptide constitution, and culture
conditions, and generalization thereof is difficult. When the pancreatic
islet of a mouse is cultured in a culture vessel wherein a polypeptide
comprising an. extracellular region of IS mouse E-cadherin and an Fc region
of. :1g,fixed on or applied to a surface of a solid phase, the pancreatic
islet begins to spread in about 3 days after the start of the culture, and
it takes a. sheet-like form in about 6 days to 10 days. Even when a
pancreatic islet of other animal species or a polypeptide so with other
constitution is used, those of ordinary skill in the art can approperiately
determine, by reference to this culture period, a period sufficient for
pancreatic islet to take a sheet-like form. [00491 25While the upper limit
of the culture period is not particularly limited as long as the obtained.
sheet-like pancreatic islet maintains glucose responsiveness, when the
culture p.ribd becomes long, insulin secretability may decrease'.
Therefore, the culture period is generally within 8 weeks, so preferably
within 4 weeks, more preferably within 1 week. [00501           sheet like
pancreatic islet obtained by the production method of the present invention
shows good glucose responsiveness, The glucose responsiveness means an
ability to sense an increase in the glucose concentration and secrete
For example, the insLi.n concentration of a culture medium after culture of
a sheet-like pancreatic islet obtained by the production method of the
present invention in MEL' containind 4500 r4/1 of glucose at 37'C" 5% 002
for I hr is 5 generally not less than 1.5-fold, preferably not less than 2-
fold, more preferably not less than 3-fold, of that in a. culture medium
after culture in EMEM containing. 1000 mg/1 of glucose at 37C, 5% 002 for 1
hr. [0051] 0In addition, the present bnvention provides a pancreatic islet
culture containing a culture vessel, wherein a polvpeptide comprising an
ECI domain of E-oadherin and having a binding ability to said 5-oadherin is
fixed on or applied to a. surface of a solid phase, and a sheen-like
pancreatic islet, 15 which enables culture of the sheet-like pancreato
islet while it is adhereci to the solid phase surrace, [0052]         In
one embodiment, in the culture, the sheet-like pancreatic islet survives
and functions while being adhered. to 20 the solid phase surface. [0053]
In one embodiment, in the culture, the sheet-like pancreatic islet survives
while being adhered to the solid phase surface. In another embodiment, in
the culture, the 



25 sheet-like pancreatic islet grows while being adhered to the solid phase
surface. [0054]        The culture refers to a. resulting product obtained
by culturing tissues and cells 50 [0055] The definition and embodiment of
each term relating to      culture of the present invention are the same as
those described for the above-mentioned production method of the present
invention. [0056]           The culture of the present invention can
contain a medium used for the aforementioned method of the present
invention, insulin secreted by the pancreatic islet and the like in
addition to the above-mentioned culture vessel, and the sheet- 5 like
pancreatic islet, [0057]        The pancreatic islet culture of the present
inventlo useful for the practice of the regenerative medicine lat the
sheet-like pancreatic islet, lo[00581        A kit for the production of a
sheet-like pancreatic islet containing a culture vessel, wherein a
polypeptide comprising an Eel domain of E-oadherin and having a binding
ability to said E-cadherin is fixed on or applied to a surface of a solid
phase, and an isolated pancreatic islet is provided. Using- the kit of the
present invention, a sheet-like ancreatic. islet can be produced easily by
the above-mentioned production method of the present invention. r00,59]
20The definition, and embodiment of each term relat nq to the kit of the
present invention are the same as those described for the above-mentioned
production method of the present invention. [0060] 23The kit of the present
invention may further contain a reagent used for the above-mentioned
production method of the present invention. Examples of the reagent include
protesses such as collagenase and the like used for the isolation of a
pancreatic islet, medium, serum and the like. 30 [0061]        The contents
disclosed in any publication cited in the present specification, including
patents and patent applications, are hereby incorporated in their
entirbties by reference, to the extent that they have been disclosed
herein, 3.5[0062]           The present invention is explained in more
detail in the foUcwing by referring to Examples shown below, which are not
to be construed as 'imitative. Examples 



[00631 [Example ] Pancreatic islet culture          Pancreatic islet was
separated from male mice (body weight 20 - 25 g 9 - 10-weekrold, C5713L/6J;
GNARL= RIVER LABORATORIEZ JAPAN, INC.) by a digestion method using
collagenase from clostridium histdyticum Type V (GIBCO). The pancreatic
islet was separated by a density gradient method using Biocpli Separating
Solution (Biochecm AG) and picked. up by hand using Pipetman. The separated
pancreatic islet was Is CUitlired (37C/CO2; 5%) on a 3.5 cm E-cad-Fc-boated
dish (SUMITOMO BAKELITE CO., LTD.) and a non-treated dish (HWAKI)
Dulbeccoss Modified Eagle's Medium (DMEM; SIGMA) added with 10(v/v)% FBS
(01500), and 1(v/v)% Anti-Anti (GIBCO) as an antibiotic. The medium was
changed 7 days after the pancreatic islet was Plated in the culture vessel,
and changed every 3 days thereafter, [0064] [Example 2] Observation of
pancreatic islet moruboicqy          The separated pancreatic islet was
plated on a 3.5 cm Ecad-Fc coated dish (SUMITOMO BAKELITE) and a
non-treated dish. (IWAKI). Furthermore, pancreatic islet to be
single-celled was treated with trypsin-EDTA (GIBCO) for 5 min at 37C, and
pancreatic islet cells dispersed in a single-cell. state were plated
similarly. The pancreatic islet and pancreatic islet cells single-celled by
a trypsin-EDTA treatment were cultured. (37C/002; 5%) using Dulbecrors
Modified Eagles Medium (OMEN; SIGMA) added with 10% FES (0I300), and
i(v/v)% Anti-Anti (GIBCO) as an antibiotic. The medium was changed. 7 days
after he pancreatic islet was plated in the culture vessel, and  changed
every 3 cthereafter. [0065]        Thereafter, the morphology of the
pancreatic islet was observed by an inverted phase contrast: microscope
(Olympus IX-. 70) every other day. The results are shown in Fig. I. When
the pancreatic islet was plated on an E-cad-Fo-coated dish, the pancreatic
islet spread on the dish in 3 days from the start of the culture, and a
sheet-like form was observed in days from the start of the culture. On the
other hand, when plated on a            tinder the same culture conditions
as in Example 1, a pancreatic islet (40 pieces) separated from a mouse was
plated and cultured on a 3.5 cm F-cad-Fc-coated dish or a non-treated dish.
After the start of the culture, whether the insulin 25 secretion amount of
the pancreatic islet can be controlled by the concentration of glucose in
the culture medium was examined_ The pancreatic islet cultured on the
E-cad-Fc-coated dish or non-treated dish was washed twice with a low
glucose medium (1,000 mg/1 TWF,M), thereafter cultured in a low glucose
medium (1,000 mg/1 DIEM) for 1 hr. and the amount of insulin secreted in
the supernatant was taken as an insulin secretion amount 



with low concentration glucose. Thereafter, the pancreatic islet was washed
twice with a high glucose medium (4,500 mg, OKEM), cultured in ahigh
glucose medium (4,500 mg/1 OMEN) for as 1 hr, and. the amount of irisnlin.
secreted in the supernatant was  taken as an insulin secretion amount with
high concentration glucose. The recovered supernatant was subjected to the
measurement of an insulin secretion amount of the pancreatic islet on the
non-treated dish and E-cad-Fc-coated dish, by 5 using Levis insulin-mouse
(Shibayagi Co. Ltd-), which is an FLISA (anzyme-Li.nked ImaimnoSorbant
Assay) kit. To evaluate the function of the pancreatic islet, Stimulation
index (SI; ratio of insulin secretion amount under high concentration
glucose environment to insulin secretion amount under low concentration .I
0 glucose environment) was calculatedg. 2). [0067]        On each culture
day, the pancreatic islet showed glucose responsiveness on the non-treated
dish and the E-cad-Fc-coated dish, whereby an insulin secretion ability was
confirmed. As a result of the calculation of the Stimulation index, the
pancreatic islet cultured on the E-cad-Fc-coated culture vessel showed a
pancreatic islet function equal to or not less than that of the pancreatic
islet cultured on the non-treated dish 2) . 20 [0068] [Example 4] Influence
of trypsin trea Crs. on glucose responsive function                  A
mouse-derived pancreatic islet (40 pieces) was plated on a3.5 cm.
[0-cad-Fc-coated dish or a non-treated dish. 25 Furthermore, a
mouse-derived pancreatic islet was incubated in trvosin-EDTA, (GIECC,) at
37C, 5 min to prepare pancreatic islen cells in a single-cell state, which
were plated in the same manner as with pancreatic islet. At 11 days from
the start of the culture, the glucose responsive function of the pancreatic



so islet and pancreatic islet cells was examined by Si. The evaluation by
ELISA was performed by the same method as in Example 3. in addition, SI on
each culture day was calculated. [0069] The insulin secretion affmr(.nt or
the pancreatic islet 3C cells dispersed by a trypsin-EDTA treatment
decreased on both  the non-treated dish and F-cad-Fc coated dish, as
compared to that of a pancreatic islet without the treatment. In addition,
the stimulation index of the pancreatic islet cells dispensed by a
trypsin-EDTA treatment on an E-cad-Fc-coated dish also 5 decreased as
compared to that of a pancreatic islet without the treatment3). Therefore,
it was suggested that a trypsin-EDTA treatment decreases the glucose
responsive function. [0070] 10 [Example 5] Measurement of cell death
induction rate ineatic islet under low oxygen conditions         Under the
same culture conditions as in Example 1, a pancreatic islet separated from
a mouse was plated and culture for 1 week on a 3,5 cm Ft-cad-Pc--coated
dish or a non-treated dish. The pancreatic islet on the E.-cad-Pc-coated
dish was collected with PBS (01ECO) containing 1 mM EDTA
(iithylenediaminetetraacetic acid.), and incubated (37C) for 1 hr under low
oxygen conditions (02; 5%) and high oxygen 20 conditions (02; 20%) in a
suspension state in the same manner as with the pancreatic islet on the
non-treated dish. Thereafter, the pancreatic islet was stained by
incubating (37C) for 30 min. in DMEM containing DAPI Nucleic Acid Stain
(DAP'? Lonza) 5 pg/mi and Propidium iodide (PI; Roche) 0,5 pg/mi and.
observed under a microscope (Fig. 4), [0071]        To quantity the cell
number of the pancreatic islet, the DAFT stained cell number was calculated
as an index by Image:J. Moreover, to quantify the number of the dead cells,
a 30 stained cell number was calculated as an index by ImageJ. The cell
death rate was calculated by the following formula: Cell death
rate(%)=(cell number stained with Pi/cell number stained with DAPI)x100
[0072] 35The results are shbwn. in Figs. 4 and 5. When the oxygen
concentration was 20%, the cell death induction rate was almost of the same
level on the non-treated dish and E-cad-Fc-coated dish. However, when the
oxygen concentration was 5%, the pancreatic islet on the non-treated dish
showed positive in PI 5 staining from the central part and the cells
underwent necrosis (Fig.which confirms a high cell death induction rate as 



compared to the pancreatic islet on the E-cad-Fc coated dish (Fig. 5).
From. the above, it was suggested that the cell death of the pancreatic
islet coils iiduced under low oxygen conditions is suppressed by culturing
on an E-cad-Fc-coated dish. industrial Applicability [0073]        Using
the method of the present invention, a sheet-like pancreatic islet having
resistance to low oxygen conditions can be produced without performing a
trypsin treatment while suppressing a decrease in the glucose responsive
function.        In general, the pancreatic islet does not show oxygen
shortage since blood vessel induction into the pancreatic islet 20 tissue
occurs in the body. However, in the case of a transplahted pancreatic
islet., the cell death of the pancreatic islet-may be induced by oxygen
shortage under the environment of low oxygen conditions at the
transplantation site. Using the sheet-like pancreatic islet obtained by the
method of the 25 present invention, oxygen can be efficiently supplied to
each cell even in a low oxygen state, and the cell death of the Pancreatic
islet is suppressed even under low oxygen conditions, and therefore, io is
advantageous for the transplantation therapy. 20 f0074] This application is
based on a patent auplication No 2011-086336 filed in Japan (filing date:
April. 8, 2011), the contents of which are incorporated in full herein.
Claims 1. A method of producing a sheet Like pancreatic islet, comprising
culturing an isolated pancreatic islet in a culture 5 vessel, wherein a
polypeptide cogrising an Ed domain of E-  cadherin and having a. binding
ability to said E-cadherin is fixed on or applied to a surface of a solid
pbase, while being adhered to the solid phase surface for a period
sufficient for tTte pancreatic islet to take a sheet-like form. 10  2. The
production method according to claim 1, wherein the polypeptide comprises
an extracellniar domain of E-cadherin,   3. The orme hod according to
claim. I, wherein the 15 polypeptide is a fusion polypeptide comprising an
extracellular domain of E-cadherin and an Pc region of inmunoglobulin_  4.
A pancreatic islet culture, comprising a culture vessel, wherein a
polypeptide comprising an EC1 domain. of E-cadherin 20 and having a binding
ability to said E-cadherin is fixed on or applied to a. surface of a solid
phase, and a sheet-like pancreatic islet that can he cultured in a state
wherein the sheet-like pancreatic islet adheres to the polypeptide, 25 5. A
kit for producing a sheet-like oancrea.tic islet, comprising a culture
vessel, wherein a polypeptide comprising an EC1 domain of E-cadhern and
having a binding ability to said E-cadherin is fixed on or applied to a
surf-ace of a go1HR phase, and an isolated pancreatic islet,  SEQUENCE
LISTING <110> OTSUKA. PHARMACEUTICAL FACTORY, ll4C <120> Method of
producing sheet islet <130> 091847 



<150) JP2011-086335 <151> 2011-04-08 <160> 4 <170> Patantln version 3.4
<210> 1 <211> 4815 <212> DNA <213> Homo sapiens <220> <221> CDS <222>
(125).: (2773) <400> 1 agtggogtog gaactgeaa goacctgtga gettgoggaa
gtoagttcag setcoagocci60 gots-cap:so ggcocgacoo gaeogeacco gegogeotgoo
otogotoggo gtomeggeo120 ago atg ggc oct tgg ago ogo ago etc tog gog otg otg
otg otg ctg169 Met Gly Pro Trp Ser Arg Ser Lou Ser Ala Lou Lou Lou Lau tau
151015 cag gtc too tot tgg etc tgc oag gag cog gag coo tgo cac cot ggc217
Gin Val Ser Sor Trp Lau Cys Gln Glu Pro Ulu Pro Cys His Pro Gly 202530 ttt
gac g00 gag ago tac aog tto acg gtg coo egg ego cac otg gag265 Phe Asp Ala
Giu Ser Tyh Thr Phe Thr Val Pro Arg Arg His Leo Glu 354045 aga gge ego gto
ctg ggc aga gtg sat ttt gas gat tgo acc ggi: cga313 Arg Gly Arg Val Leu Gly
Arg Val Aun Phe Glu Asp Cys Thr Gly Arg 505560 



oaa agg sea goo tat ttt toe etc gac ape cga tic ass gtg ggc sea361 Gln kg
Thr Ala Tyr Phe Ser Lep Asp Thr kg Phe Lys Val GI!? Thr 657075 gat ggt gtg
att sea gip ass agg cot eta egg ttt eat sae Goa osig Asp Gly Val Ile Thr
Val Lys Arg Pro Lau Arg Phe His Asn Pro Din 80 85 90 95 ate cat tto ttg gte
tat goo tgg gm too ace tao aga sag ttt tee457 He His Phe Leo Vai Tyr Ala
Trp Asp Ser Thr Tyr Arg Lys Phe Ser 100105110 ace ass gto aog otg sat aca
gtg ggg cao cao eae ego coo cog cot505 Thr Lys Val Thr Leo Asn Thr Val Gly
His His His kg Pro Pro Pro 115120125 eat Gag goo too gtt tot gga ate caa
gca gas ttg etc sea ttt coo553 His Gin Ala Ser Vs/ Ser Gly Ile Gin Ala, OW
Lou Lou Thr Phe Pro 130135140 sac too tot oat ggc etc age aga oag sag age
gao tgg gtt att cot601 Mn Ser Ser Pro Gly Leo Arg kg Gin Lys Ari Asp Trp
Val Ile Pro 145150155 Goo ate ago tgo eta gas aat gas ass ggo cos ttt cot
ass sac otg649 Pro He Ser Gys Pro Giu Mn Glu Lys Gly Pro Phe Pro Lys Mn Lau
160165170175  Val Gin He Lys Ser A n Lys Asp Lys Glu Gly Lys Val Phe Tyr
Ser 180185190 ate act ggo caa gga get gee ace Gee cot gtt ggt gte ttt att
at745 Ile Thr Gly Gln (fly Ala Asp Thr Pro Pro Val (fly Val Phe lie H
195200205 gaa age gas ace gga tgg etg eag gtg ace gag cot etg gat age
gee793 



Gin Mg Glu Thr (fly Trp Lau Lys Val Thr (flu Pro Leo Asp kg (flu 210215220
ego aft gee ace tac act etc tto tot cat got gtg tee too aao ggg841 Arg Ile
Ala Thr Tyr Thr Leo Phe Ser His Ala Val Ser Ser Mn (fly 225230235 eat gee
gtt gag gat oca atg gag aft ttg etc cog gta ace gat cag889 Mn Ala Val Glu
Asp Pro Met Glu He Leo Ile Thr Val Thr Asp Gin 240246250255 eat gee aae aag
ace gee ttc ace eag gag gte ttt aag ggg tot gtc.937 Asn Asp Asia Lys Pro
Giu Phe Thr Gln Glu Val Phe Lys Giy Ser Vai 260265270 atg gee ggt get art
tea gga acc tot gtg atg gag gto ace gee ace985 Met Glu Gly Ala Leo Pre Gly
Thr Ser Val Met Olu Vai Thr Ala Thr 275280285 gee gcg gee gat gat gtg ace
ace tee eat gee gce ate got tee ace1033 Asp Ala Asp Asp Asp Val Mn Thr Tyr
Mn Ala Ala He Ala Tyr Thr 290295300 ate eta ego oaa gat eat gag etc cot:
gap ace eat atg tto ace ett1081 He Leo Ser Gin Asp Pro Glu Leo Pro Asp Lys
Asn Met Ph? Thr Ile 305310315 aao egg ace ace gga gte ate agt gtg gtc ace
act ggg ctg gee cga Mn kg Mn Thr Gly Val He Ser Val Val Thr Thr Gly Lau Asp
Arg 390325330335 gag agt tte oat cog tat coo otg gtg gtt caa got got gac
ctt caa1177 Glu Ser Phe Pro Thr Tyr Thr Leo /al Val Gin Ala Ala Asp Leo Gln
340345350 



ggt: gag ggg tta age ace ace gee ace get gtg ate ace gtc act gao1225 Gly
Glu Gly Lau Ser Thr Thr Ala Thr Ala Val ile Thr Val Thr Asp 355360365 ace
aac gat eat act cog ate ttc eat ace ace aog tac aag ggt ceg1273 Thr Asn Asp
Asn Pro Pro !le Phe Mn Pro Thr Thr Tyr Lys Gly Gin 370375380 gtg cat gag
aac gag got aac gto gta ate ace ace otg ace gtg act1321 Val Pro Gin Mn Giu
Ala Mn Val Val Ile Thr Thr Lau Lys Val Thr 385390395 get get gat gee etc
eat ace cca gcg tgg gag get gta tac ace eta1369 Asp Ala Asp Ala Pro Asn Thr
Pro Ala Trp Glu Ala Val Tyr Thr Ile 400405410416 ttg eat gat gat ggt gga
caa ttt gte gte ace aca eat oca gtg aac1417 Lau Asn Asp Asp Gly Gly Gin Phe
Val Val Thr Thr Asn Pro Val Mn 420425430 sec gat ggc att ttg ace ace goa
aag ggc ttg gat ttt gag gee aag1465 Mn Asp Gly He Leo Lys Thr Ala Lys Gly
Leo Asp Phe Glu Ala Lys 435440445 cag cag tac att eta Geo gta Igoe, gtg
slag act gtg gta eat ttt gag1513 Gin Gin Tyr Heu His Val Ala Val Thr Mn Val
Val Pro Phe Glu 450455460 gte .eie etc ace ace tee ace goo coo gto ace gtg
gat gtg otg gat Val Ser Lau Thr Thr Ser Thr Ala Thr Val Thr Val Asp Val Leo
Asp 465470475  gtg eat gas gee coo ate ttt gtg cot cot gaa aag age gtg gee
gtg1609 Val Mn 6:u Ala Pro 1:e Phe Val Pro Pro G:u Lys Arg Val Glu Val 



480485490495 too gag gae ttt ggo gtg gge eag gaa ate ace toe tac act goo
eag1657 Set 51u Asp Phe 0Iy Val Gly Oln Glu He The Ser Tyr Thr Ala G/n
600505510 gag Goa gao sea ttt atg gaa sag aaa eta ace tat egg att tgg
age1705 01u Pro Asp Thr Phe Met Ole Oln Lys He Thr Tyr Arg He Trp Arg
515520525 ger, act goo aao tgg otg gag att act cog goo act ggt goo att
toe1753 Asp Ihr Ala Mn Trp Lou (flu He Mn Pro Asp Thr 0:y Ala Ile Ser
530535540 act egg got gag etg gao egg gag gat ttt gag cec gtg aag ace
age1801 Thr Arg Ala Glu Leu Asp Arg Glo Asp Phe 011) His Val Lys Asn Ser
545t0555 cog tao ace gee ota ate eta got aca gae oat ggt tot isca gtt
got1849 The Tyr The Ale Lou Is lie Ala The Asp Mn Gly Ser Pro Val Ale
550565570575 act gga ace ggg aca ott otg ctg etc otg Ult gat gtg eat gac
sae1897 The Oly Thr Gly The Leo Lee Lee Ile Lou Ser Asp Val Mn Asp Mn
580585590 gee coo ate rica gas act ega act ate ttc tic tgt gag egg aat
coa1945 Ala Pro lle Pro Glu Pro kg The Is Phe Phe Cys Glu Mg Mn Pro
595500605 aag cot cag gte ate an etc aft gat gee gao ett cot GOO act
aca1993 Lys Pro Gin Val Ils Mn Ile lle Asp Ala Asp Leu Pro Pro Mn Thr
610615620 tot coo tto ace goa gee eta ace cae ggg gog agt we aae tgg
eco2041 Ser Pro Phe The Ala 01L1 Lou The His Gly Ala Ser Ala Aun Tre The 



625630635 att cag tac ace gat coa coo eaa gaa tot etc att ttg aag eta
aeg2089 Ile Gin Tyr Aso Asp Pro Thr 6:n Glu Ser He Ile Leu Lys Pro Lys
640645650655 atg gee tta gag gtg ggt gac tae sea ate eat oto aag etc atg
gat2137 Met Ala Teti Glu Val Gly Asp Tyr Lys He Mn Lee Lys Lou Met Asp
660666670 aac cag cat ace gee caa gtg ace coo tta gag gto ago gtg tgt
gac2185 Ace Gln Mn Lys Asp Gin Val The The tee Gip Val Ser Va/ Cys Asp
675680685 tgt gee ggg goo got ggc gto tgt egg aag gee cag cot gto gee
gee2233 Cys GIP Gly Ala Ala Gly Val Cys kg Lys Ale Gln Pro Val 0Iu Ala
690695700 gga ttg sae att cot gee att otg ggg aft ott gga gga att ott
got2281 (.1:v Lee eln Ile Pro Ala He Lau 0:y He Lou Gly Gly Ile Lau Ala
705710715 ttg eta att otg att etg ctg etc ttg ctg ttt eft egg agg age
gag2329 Lou Lee Ile Lau 1:e Lee Lou Lou Lau Lau Phe Lou Arg kg kg Ala
720725730735 gtg gte ace gag coo tta ctg coo ace gag gat gae ace egg gac
ace2377 Vat Val Lys Glu Pro Leu Leu Pro Pro 0:u Asp Asp Thr Arg Asp Asn
740745750 gtt tat tae tat gat gaa gee gga ggc gga gee gag gae eag gec
ttt2425 Val TYr TYr Tyr Asp Glu Glu Gly G:y 0:y Glu Glu Asp 61n Asp Phe
755760165 gar) ttg age cag otg sae egg ggo ctg gac get egg cot gee gtg
riot2473 



Asp Leu 3?3; GIN Lou His Arg Gly Lau Asp Ala kg Pro Glu Val The 770775760
ogt sac gap gtt gcs oce ace etc atg egt gte coo ogg tat ott coo2521 kg Mn
Asp Val Ala Pro Thr Lou Mat Ser. Val Pro Arg Tyr Leu Pro 785790795 ogo cot
goo sat coo gat gaa aft ggs set ttt att gat gaa sat otg2569 Arg Pro Ala Mn
Pro Asp Glu Ile Gly Mn Phe He Asp Glu Mn Leu SOO805810815 ass gog got gat
act gee cc aca goo cog cct tat gat tot ctg nto2617 Lys Ala Ala Asp Thr Asp
Pro Thr Ala Pro Pro Tyr Asp Ser Lep Leu 820825830 gtg ttt gav tat gas gge
ago ggt too gas get got agt otg ago too2666 Val Phe Asp Tyr GIG Gly Ser 6Iy
Ser Olu Ala Ale Ser Leu Ser Ser 835840845 ctg sac too toa gag tea gaa ass
gsc sag gac tat gso tao ttg aap2713 Lou Mn Ger Ser Glu Ser Asp Lys Asp Gin
Asp Tyr Asp Tyr Lou Mn 850355860 gas tgg ggc sat ogo ttp sag sag ctg got
gap atg tao gga ggv ggp2761 Glu Trp Sly Ash Arg Phe Lys Lys Leo Ala Asp Met
Tyr Gly Gly Gly 865870675 gag gap gsge tag gggactogag agaggcgggo cocagapoop
tgtgotagga2813 Glu Asp Asp 880 aatgvagaaa toaogttgot ggtggttlett cagetcoott
coottgagat gagtttotgg 2373 ggaseaesea gagavtggtt egtgatgoag ttagtatagc
tttatactot accacttta 2933 tagototaat aagtttgtgt tagaaaagtt togaattatt
tottepaget tttttttttt 2993 toccatcact atttavatgg tggtgatgto osasagatac
cpaaatttta stattevaga 3053 agaaoaaott tagcatcaga aggttoacco agoacottgo
agattttott aaggaatttt 3113 atotcacttt taaaaagasg gggagaagto egotactcta
gttvtgttgt tttgtgtata 3173 taatttttta aaaaaaattt gtgtgottet gptoattact
aoactgagt gtveectotgo 3233 ottttttttt tttttaagso agggtptcat totatoggve
aggptggagt gpagtggtge 3293 aataaoagot cactgcageo ttgtootcov aggetcaagc
tat:tongs:a potcagccto 3353 ocaagtAgot gggaccaoag gpatgpscca ctocgcatga
vtaatttttt aaatatttga 3413 gessgsgtot ccotgtgtta cooeggctgg tptcaaaoto
ctgggctoaa gtgatoctoo 3473 ostettgpo tcccagagto ttgggattac agacatgage
caotgosoct goccagotoo 3533 ocasotcoot gccatttttt aagageeagt ttogotooat
cgcccaggoo tgggatgcag 3593 tgatgtgate atagotcact gtaacotoss actctggggc
toaagoagtt stoccaocag 3653 ectactUtt atttttttgt acagatgggg tottgotatg
ttgaccaago tggtottAaa 3713 ctcctggoet oaagoastcc ttotgoottg goccscoasa
gtgotgggat tgtgggcatg 3773 autgotgtg cocagactoo atgttttaat atoaactoto
actoctgsat tosgttgott 3833 tgeccaagat aggsgttoto tgatgoagaa attattgggo
totttteggg taagasgttt 3893 gtgtotttgt ctggacaoat ottgactagg tattglotao
totgaagsco ttlaegget 3953 teectottto atotootgag tatgtaaott goaatgggea
gotatoosgt gaottgttct 4013 gagtasgtgt gttcattaat gtttatttag atotgaagoa
agagtvitat ectocaggac 4073 ttagaatagt gpotaaagtg stgoagooss agavagagog
gaaotatgaa aagtgggctt 4133 ggagatggoa ggagegottg tcattgagec tggoaattta
goaaaotgat gotgaggatg 4193  



attgaggtgg gtritaoctsa tetotgaaaa ttotggaagg aatggaggag totcaaoatg 4253
tgtttctgac aoasigatcog tggttIgtao tcaaagccca gastecocaa gtgoctott 4213
ttgatgatgt otacagaaaa tgotggotga gctgaacaca tttg000aat tracaggtgtg 4373
sacagaaaac cgagaatatt caaaattoca aattUttto ttaggagoaa gaagaaaatg 4433
tgg000taaa gggggttagt tgaggggtag ggggtagtga ggatottgat ttggatotot 4493
ttttatttaa atgtgaattt caacttttga caatzaaaga aaagactttt gttgaaatag 4553
otttactgtt totcaagtgt tttggagaaa aaaatcaaco otgosiatoac tttttggaat 4613
tgtottgatt tttoggoagt tuagetata togaatatag ttctgtgtag agasitgtoao 4673
tgtagttttg agtgtataca tgtgtgggtg otgataattg tgtattttct ttggg8gtgg 4733
aaaaggaaaa caattcaago tgagaaaagt attotcaaag atgoattttt ataaatttta 4793
ttaaacaatt ttgttaaacc at 4815 <210> 2 <211> 882 (212> PRI <213> Homo
sapiens <400> 2 Mat Gly Pro Irp Ser Arg Ser Lou Ser Ala Lou Lou Lou Lou Lou
Gin 151015 Vol Ser Ser Trp Lou Cys Oln Giu Pro Glu Pro Cys His Pro lily Phe
202530 Asp Ala Giu Ser Tyr Thr Phe Thr Val Pro Arg Arg His Lou Glu Arg
354045 GivArgVai LeulibyArg Vol Asn Phe Glu Asp Cys Thr Gly Arg Gin 505560
Arg Thr Ak Tyr Phe Ser Lou Asp Thr Arg Phe Lys Val (fly Thr Asp 65707580
Gly Vol lEe Thr Val Lys Arg Pro Lou Arg Phe His Mn Pro Gin Ile 859095 His
Pha Lou Voi Tyr Ala Tip Asp Ser Thr Tyr ArgLys Pie Ser Thr 00105110 Lys Vai
Thr Leu Asn Thr Vol Gly His His His Arg Pro Pro Pro His 115120125 Gln Ala
Ser Val Ser lily Ile Gin Ala Glu Lou Lou Thr Phe Pro Mn 130135140 Ser Ser
Pro lily Lou Arg Arg Gin Lys An Asp Trp Vol Ile Pro Pro 145150155160 Ile
Ser Cys Pro 0Iu Asn Giu Lys (fly Pro Phe Pro Lys Asn Lou Vol 165170175 



Gin Ile Lys Ser Mn Lys Asp Lys Clu Gly Lys Vol Rho Tyr Ser Ila (5)
180185190 Thr Gly Gin Gly Ala Asp Thr Pro Pro Val Giy Val Phe lie Ile Glu
195200205 Arg Glu Thr Gly Trp Len Lys Val Thr Glu Pro Len Asp Mg Gin Mg
210215220 He Ala Thr Tyr Thr Len Phe Ser His Ala Val Ser Ser Mn Gly
22523023540 Ale Val Glu Asp Pro Met Glu He Lou He Thr Val Thr Asp Gin Mn
245250255 Asp Asn Lys Pro Gin Phe Thr Gin Gin Val Phe Lys Gly Ser Val Met
260265270 Gin Gly Ala Lou Pro Gly Thr See Val Met GIP Val The Ala Thr Asp
275280285 Ala Asp Asp Asp Val MnThr Tyr Mn Ala Ala Ile Ala Tyr Thr Ile
990295300 Len Ser 01n Asp Pro Glu Len Pro Asp Lys Mn Met Phe Thr Ile Mn
305310315320 Arg Mn Thr Gly Val Ile Ser Val Val The Thr 6Iy Len Asp Mg 6lu
325330335 Ser Phe Pro Thr Tye Thr Leu Val Val Gin Ala Ala Asp Lou Gin 0Iy
340345350 Gin Gly Lou Ser Thr Thr Ala Thr Ala Val Ile Thr Val Thr Asp The
355360365 



Mn Asp Asn Pro Pro Ile Phe Asn Pro Thr Thr Tyr Lys 01y Gin Val 370375380
Pro GIn Asn Glu Ma Mn Val Val Ile Thr Thr Lau Lys Val Thr Asp 385390395400
Ala Asp Ala Pro Asn Thr Pro Ala Trp (flu Ala V' I Tyr [hr He 405410415 Mn
Asp Asp Gly lily Gin Phe Val Val Thr Thr Mn Pro Vat Asn Mn 420425430 Asp Wy
Ile Len Lys Thr Ala Lys Gly Len Asp Phe 0Iu Ala Lys Gin 436440445 Gin Tyr
Ile Len His Vai Ala Val Thr Mnal Val Pro Phe GIP Val 450455450  Glu Asp
(The (fly Vol Gly Gin Giu Ile Thr Ser Tyr Thr Ala Gin Glu 500505510 Pro Asp
Thr Phe Met Glu Gin Lys He Thr Tyr Arg Ile Trp Arg Asp 515520525 Thr Ala Mn
Trp Lou Glu Us Mn Pro Asp Thr Gly Ala Ile Ser Thr 530535540 Arg Ala GIP Lou
Asp Arg GIs Asp Phe Glu His Vai Lys Mn Ser Thr 545550555560 Tyr Thr Ala Lou
Ile Ile Ala fir Asp Mn Gly Ser Pro Vol Ala Thr 565570575 Gly Thr Oly Thr
Lou Lou Lou Ile Lou Ser Asp Vol Asn Asp Mn Ala 560585590 Pro Ile Pro Glu
Pro Arg Thr Ile Phe Phe Cys GIP Arg Asn Pro Lys 



595600605 Pro Gin Vol Ile Asn Ile Ile Asp Ala Asp Lou Pro Pro Asn Thr Ser
610615620 Pro Phe Thr Ala Glu Lou Thr His Gly Ala Ser Ala Mn Trp Th
625630635640 Gln Tyr Asn Asp Pro Thr Gln Glu Ser He Ile Leu Lys Pro Lys Met
645650655 Ala LouGiu Vol Gly Asp Tyr Lys Ile Asn Lou Lys Lou Met Asp Asn
660665670 Gin Asn Lys Asp Gin Vol Thr Thr Lou (flu Val Ser Vol Cys Asp Cys
675680585 (flu Gly Ala Ala Gly Vol Cys Arg Lys Ala Gin Pro Vol Glu Ala Gly
690595700 Lep Gln Ile Pro Ala Ile Lou Gly lie Lou:y Giy Ile Lou Ala Lou
705110715720 Leu Ile Lou lie Leu Lou Lou Lou Lou Phe Lou kg kg kg Ala Vol
725730735 Vol Lys Glu Pro Leu Lou Pro Pro (flu Asp Asp Thr kg Asp Mn Vol
740745750 Tyr Tyr Tyr Asp Gip Glu Gly Gly Gly GIP G[Li Asp Gin Asp Phe Asp
755760765 Leu Ser Gln Lou His Arg Gly Lou Asp Ale Arg Pro Giu Vol Thr kg
7707I5780  Mn Asp Val Ala Pro Thr Leo Met Ser Val Pro Arg Tyr Leo Pro Arg
785790795BOO Pro Ala Mn Pro Asp Giu Ile Gly Aral Phe He Asp Giu Mn Leo Lys 



805810815 Ala Ma Asp Thr ASP Pro Thr Ala Pro Pro Tyr Asp Ser Leo Leo Val
820825830 Phe Asp Tyr Glu Gly Ser Gly Ser Glo Ala Ala Ser Lau Ser Ser Leo
835840845 Asn Ser Ser Glu Ser Asp Lys Asp Gln Asp Tyr Asp Tyr Leo Mn Glu
850855860 Trp Oly Mn Arg Phe Lys Lys Lau Ala Asp Met Tyr lily Gly Gly Glu
865870875880 Asp Asp <210> 3 <211> 4413 <212> DNA <213> Mus musoulus <220>
<221> CDS <222> (128) (2782) <400> 3 actggtgtgg gagoogeggc pactactga
gttcccaaga aettetpta gaotootpc60 cgpataacc eggeeetpc agar:apace cgagetcagt
gtttgatogg egtetpegg120 gtocpc atg gga goo egg tgc cgs ago ttt the gog etc
stg ctc ctg169 Met Gly Ala Arg Cys Arg Ser Phe Ser Abs Leo Leo Leo Leo 1510
otg tag gtc tee tea tgg ott tgc tag gag atg gag cat gag too tgo217 Leo Gin
Val Ser Ser Trp Leo Cys Gin Glu Lou Glu Pro Glo Ser Cys 1520-2530 



egt OCC ggo tto agt tee gag gtc tat ace, tta cog gtg cog gag agg265 Ser Pro
lily Phe Ser Ser Giu Val Tyr Thr Phe Pro Val Pro Glo Arg 364045 eat ctg gag
age ggc eat gto otg ggo aga gtg age ttt gaa gga tgc313 His Lao Glu Arg lily
His Val Leo Gly Arg Val Arg Phe Qiu lily Cys 505580 act gge egg Goa egg ace
pc tte ttt tog gaa gee tee cga tto ace361 Thr lily Arg Pro Arg Thr Ala Phe
Phe Ser Gio Asp Ser Arg Phe Lys 657075 gtg gog eta gao ggo 300 etc ace gtg
aag egg oat eta aag etc cao409 Val Ala Thr Asp Gly Thr Ile Thr Val Lys Arg
His Leo Lys Leo His 808590 aag etg gag am agt tto etc gtc ego goo ogg gee
tee egt oat egg457 Lys Leo Giu Thr Ser Phe Leo Val Arg Ala Arg Asp Ser Ser
His Arg 95100105110 gag etg tot ROG aaa gtg Tog etg aag tee atg ggg cap cm
cat eare505 GIL: Leo Ser Thr Lys Val Thr Leo Lye Ser Net lily His His His
His 115120125  egg ciao coo COO ogo gas aat goo tot gas ice aaa aca gag ctg
cis553 Arg His His His Arg Asp Pro Ala Ser Glo Ser Asn Pro Giu Leu Lau
130135140 atg ttt 00G ago gig tar: coo Mt otc aga aga sag aaa ago gac
tgg601 Met Phe Pro Ser Vol Tyr Pro Gly Lou Mg Arg GEn Lys Arg Asp Trp
145150155 gto alt act coo ate ago tga aaa gaa aat gaa sag gga gaa ttt
COO649 



Vol Ile Pro Pre Is Ser Cys Pro Glu Asn Glo Lys Sly (Liu Phe Pro 160166170
sag sac ctg gtt cog sic ass tea coo agg gas ass gas ace aag gtt697 Lys Asn
Leo Vol Gin He Lys Ser Mn Mg Asp Lys Wm Thr Lys Vol 175180185190 tic Las
age etc acc ggc cas gga get goo ass coo see gtt go gtt745 Phe Tyr Gar lle
Thr Oly Gln Gly Ala Asp Lys Pre Pre Val Gly Vol 195200205 tte ate att gag
agg gag aca gge tgg otg ass gtg sea sag cot otg793 Phe He lieArg Olu [hr
Sly Tro Lao Lys Val Thr Gin Pro Lao 210215220 gat ago gas goo att gee aag
too etc ate tat tot oat goo gig lea841 Asp Arg Glu Ala :le Ala Lys Tyr 1:e
Lou Tyr Ser His Ala Vol Ser 226230235 Lea eat ggg gla gcg gig gag gat coo
atg gag ata gtg ate sea gtg889 Oar Mn ely Glu Ala Vol Glo Asp Pro Met Glo
He Vol He Thr Val 24024e250 sea gat cog sat gee sac agg coo gag itt ace sag
cog gte ttt gag937 Thr Asp Gln Mn Asp Asn Arg Pro 0/u Phe Thr Gin Pro Vol
Phe Olu 255250255270 gga tte gtt gea gae ggc got gtt cos gga ace tee gtg
atg aag gte985 Sly Phe Vol Ala Olu Gly Ala Vol Pro Sly Thr Oar Vol Met Lys
Vol 27528028E tea goo act gat gea gas gat gas gte oat ass too sac get goo
ate1033 Oar Ala Thr Asp Ala Asp Asp Asp Vol Mn Thr Tye Mn Ala Ala He
290295300 gee tat act ate gte age tag gat cot gag pig cot vac ass coo
atg1081 Ma Tyr Thr He Vol Oar Gin Asp Pro Olu Lou Pro His Lys Mn Met 



305310315 tic act gtc sot egg got act ggg gto ate Mt gig oto acc /et
ggg1129 Phe Thr Vol Asn Arg AspIhr Gly Vol Ito Oar Val Leo Thr er Sly
320325330 atg gac cga gag agt toe cot oca tas act atg gtg gtt cog got
got:1177 Leo Asp Arg Glu Ser Tyr Pro Thr Tyr Thr Leo Vol Vol Gin Ala Ala
325340346350 gaa ott COO at gas ggs ttg age aca ass gaa aag got gig ate
apt:1225 Asp Leo Gin Sly Ulu Sly Leo Oar Thr Thr Ala Lys Ala Vol He Thr
355350365 aag gat att oat gas aac get cot gts tte ace cea ago acg tat1273
Val Lys Asp Ile Mn Asp Mn Ala Pro Val Phe Mn Pro Ser Thr Tyr 370375380 sag
ggt coo gtg cot gag sat gag gto sat gee egg ate gee acs etc1321 Sin Gly Gin
Val Pro Glu Mn Ulu Va/ Asn Ala Arg lie Ala Thr Lou 385390395 ass gtg ace
gat gat gat gee UQC aac act ssg gsg tgg ace got gig1369 Lys Vol Thr Asp Asp
Asp Ala Pro Asn Thr Pro Ala Trp Lys Ala Val 400406410 tAc aca gta gto MC
gat cst gaa cog cog Ito gtt git gtc coo gac1417 Tyr Thr Val Vol Mn Asp Pro
Asp Gin Gln Phe Vol Vol Vol Thr Asp (9)  000 aog coo sat gat ggo att ttg
ssa aca got aag ggo ttg gat ttt.1465 Pro Thr Thr As Asp Gly He Leo Lys Thr
Ala Lys ely Leo Asp Phe 435440445 



gag goo aag Gag osa tao ate ott oat gtg age, gtg gag aso gag gaa1513 CHU
Ala Lys Gin Gin Tyr He Leo His Vol Arg Val Oft Mn Glo Glu 450455460 Gee ttt
gag ggg tot ott gto cot too soa goo apt gto eel: gtg gao1561 Pro Phe flu
Gly Ser Leo Val Pro Ser Thr Ala Thr Val Thr Val Asp 485470475 gtg gta gao
gtg aat gas got coo ate ttt atg cot gag gag agg ago1509 Val Val Asp Vol Ace
GILA Ala Pro He Phe Met Pro Ala Glo kg Arg 480485490 gto gaa grg cot; gaa
goo ttt ggt gtg ggt Gag gas at aoa tot tat1657 Val GIP Vol Pro flu Asp Phe
fly Val Gly Gln Glo Ile Thr Ser Tyr 495500505510 ace got ago gag cog gac
cog tts atg gat Gag sag etc cog tat egg1705 Thr Ale Arg flu Pro Asp Thr Phe
Met Asp Gln Lys He Thr Tyr kg 515520525 alt tgg agg gas act goo ace tgg otg
gag aft ace cog gag act ggt1753 :la Igo kg Asp Thr Ala Ace lip Leo flu lle
Asn Pro Glu The fly 530525540 goo att tte cog ego got gag atg gas ago sac
gao got gag cat gtg1301 Ala Ile Phe Thr Arg Ala flu Met Asp Arg flu Asp Ala
flu His Val 645650565 aag sac ago ace tat gta got oft ate aft goo coo gat
gat ggt tea1849 Lys Mn Ser Thr Tyr Val Ala Leo He Ile Ala Thr Asp Asp fly
Ser 560565510 coo att goo act ggo cog ggo act cat etc otg gtc ctg tta gao
gto1897 Pre be Ala Thr fly Thr fly The Leo Lou Leo Val Leo Lou Asp Vol 



575580585590 aot gee aac got ccc ate eta gaa cot cga aac atg Gag ttc tgc
cog1945 Aan Asp Ace Ala Pro be Pro flu Pro kg Mn Met Gln Rho Cys Gln
595600605 egg sac eta Gag cot cat ate ate acc ate ttg gat Goa gas ett
SOO1993 Arg Mn Pro Ole Pro His He He Thr Ile Leo Asp Pro Asp Lou Pro
610615690 cco sac cog too coo ttt sot got gag eta coo cat ggg goo age
gtp2041 Pro Ace Thr Ser Pro Phe Thr Ala flu Leo Thr His Gly Ala Ser Val
625630635 ace tgg sips alt gag tat eat gao goa got oaa gaa tot etc att.
ttg2080 Mn frp Thr Ile flu Tyr Ace Asp Ala Ala Gln Olo Ser Lou Ile Lou
640645650 paa ooa aga nag gao tta gag att ggo gas tao aau ate oat etc
sag2137 Gln Pro Arg Lys Asp Lou flu lie fly flu Tyr Lys He His Leo Lys
655660665670 oft gog gat ace Gag sac aau gao oag gtg coo avg ttg gac gto
oat2185 Lou Ala Asp Asn Gin Asn Lys Asp Gin Vol Thr Thr Leo Asp Vol His
675680685 gtg tgt gao tgt gas ggg acg gto ace aao tgo atg aag gog gga
ate2233 Val Cys Asp Cys flu fly Thr Val Asn Asn Cys Met Lys Ala Sly Ile
590695700 gig goo goa ggc ttg caa gtt cot goo ate eta gga ate ott gga
ggg2281 Vol Ala Ala Gly Leo Gln Val Pro Ala Ile Leo fly He Leo fly fly
705710715  



Ile Lau Ala Las Lou Ile Leu Ile Lou Lett Lou Les Lett ['he Lou Arg
720725730 agg ago aog gtg gto aaa gag coo ctg otg oca coo gat gat gat
acc2377 Arg Arg Thr Vol Val Lys GIP Pro Lou Lou Pro Pro Asp Asp Asp [hr
735740745750 ogg gao oat gtg tat tao tat gat gas gaa gga ggt gga gas gas
gac2425 Arg Asp Asn Val Tyr TyrTyrAsp8luWuGlyGyGlyGluGRjAsp 755760765 cg
gao ttt gat ttg ago oag otg oac agg ggG otg gat goo cga cog2473 Gin Asp Phe
Asp Lau Bar Oln Lou His Arg Gly Lou Asp Ala Arg Pro 770775780 gas gtg act
toga sat gat gtg got coo acc oto atg ago gtg coo cag2521 elu Vol Thr Arg
Asn Asp Vol Ala Pro Thr Lou Met Bar Val Pro Gin 785790795 tat cgt Goo ogt
cot gco sat cot gat gas aft gga sac tto ato gat2569 Tyr Arg Pro Arg Pro Ala
Asa Pro Asp Glu is Gly Asn ['he Ile Asp 800805810 gaa atto otg sag gca goo
gao ago gac coo sag gca coo cot tac gac2517 Olu Asa Lou Lys Ala Ala Asp Bar
Asp Pro lb( Ala Pro Pro Tyr Asp 815820825830 Lot ctg ttg gtg tto gat too
gag ggo agt ggt tot gaa goc got ago2665 Bar Lou Lou Val Phe Asp Tyr GIP Gly
Bar Gly Sot elp Ala Ala Se( 835840845 ctg ago too ctg sac too tot gag tog
gat oag gao cog goo tao gat2713 Lou Bar Bar Lou Mn Bar Bar GIP Bar Asp Gin
Asp Gln Asp Tyr Asp 850855850 



tat otg an gag tgg ggc sac ago tto sag aag otg gag gac atg tac2761 Tyr Lett
Mn Glo Trp Gly Mn Mg ['ho Lys Lys Lou Ma As Met Tyr 865870875 ggc ggt ggt
gag gac gao tag gggaotagcs agtotcss000 gtgtggcatso ely Gly Gly Glu Asp Asp
880 atgggagatg osgaataatt atatoagtgg totttcegct cott000tga gtgtgtagaa 2872
gagagaotga tctgagaagt gtgoagattg catagtggtc toaototcce taotggaotg 2932
tctgtgttag gatggtttto aotgattgtt gaaatotttt tttatttttt atttttaceg 2992
tgotgagata taasegtgo ottttIttgl: ttgtttgttt ctgtttttgt tcttttgago 3052
tatgatctgo ocosgacaca acagoocoaa gccoctcaca otteactaat tttttacatt 3112
gtgtacttgo ootoaattao oatattgot gtattotaat agtoactoat gttootgaat 3172
totsgttgcco tgcocaggtg atatttagg atgcagaaat gootgggoco ttttatggtg 3232
agagacaggt atottggtgt gggtgcaact gegotggata gtgtgtgtgt tomaagato 3292
tttogtggta to/octet= acctccagag eactcattta oagtggoatt cettgttogg 3352
otatgtgttot ggggoagaao aaaaaaaagg gaooactatg catgctgoac acgtotoaga 3412
ttcttaggta caoacctgat tottaggtgo atgccatagt gggatatgtt gotttgatca 3472
gaaootgcag ggaggtttto gggoaccact taagtttott ggcgtttott toaaaccoaa 3532
actaaagaat ggttgttctc tgagagagac tggagtgooa ccaccaaaga oagaggsgsg 3592
aaaaggagag atoacoaaact tggggeoagts sac:alto-agog aoccoggcta gtiggcanao 3652
cgatggtgag ggtatsacagg cggtgagaoo tatoccaola gatttctgga agaotaggot 3712
tatotcaaoc oatgttttot ggotggaatc ttIgtcoatg tattootgaa goccaggaaa 3772
tgcausssts aatgccto tttgetggt egotacagaa aatgotggcc gattlaaaos 3832
saagttgocc agttstgagt agaaaactga gactatgstg tgtaggsgg sgogsanctt 3892
taagcccagc astoaggegg sagaggoagt cegatctccs tgagttogag gccaacctgg 3952
tatatatagt atagtaagsg eattctagga cagssagggs tacaoagaga aassotgtot 4012
ctgcaaacca aaagagaaaa stgagaatat taceeettgt gcattttoto eggaugcagg 4072
aagagaaoat tctoacggga asaaggagac aagasstttg agagttttca ttsaaaatgo 4122
autotcagc tttttgHtaa scactggaaa gaattttatt gaaagttstg tacttaccta 4192
actttggaag aseatgatga ocapaatisea ctgtgagaao tgttgatttc totgtagttt 4252
aetsatgtaa tgttgctaga gtgacctttg tatgtagttt gagtgtatgt gtgtgggtgs 4312
tgataatttt gtattttgtg gggggtggaa aaggtaagoo attgaaecsg ttotetaaga 4372
tgcattttta tgaattttat taaagagttt tgttaaactg t 4413 <210> 4 <211> 884 <219>
PRT <213> Mus mpsculus <400> 4 Met Gly Ala kg Sys Arg Ear Phe Ear Ala Lep
Lau Lea Lau Lea Cln 151015 Val Ear Ear Trp Led Cys Gin Oft Lea 51u Pro Clu
Ear Cys Ear Pro 202530 Giy Phu Ear Ear Giu Val Tyr Thr Pho Pro Val Pro 0Iu
kg His Lea 354045 Glu kg Sly His Vai Lea Qly Arg Vai Arg Phu Clu Gly Gys
Thr lily 605.560 Arg Pro kg Thr Ala Phe Phe Ear 01u Asp Ear Arg Phe Lys Val
Ala 05707580 Thr Asp lily Thr Ile fir Vai Lys Arg His Lea Lys Lau His Lys
Lou 850005 5:u Thr Ear Phe Lau Val Arg Ala Arg Aso Ear Ear His kg 5:u Lea
100105110 



Ear Tim Lys Val Thr Lea Lys Ear Met Sly His H s His His kg His 115120126
His His kg Asp Pro Ala Ear Glu Ear Ass Pro C:u Lea Lea Met Phe 30135140 Pro
Ear Val Tyr Pro 5ly Lea kg Arg GIs Lys kg Asp Irp Val Ile 146150155160 Pro
Pro He Ear Cys Pro Wa Asn Olu Lys Sly 5lti Phe Pre Lys Asn 165170175 Lau
Val 5:n :le Lys Ser Mn kg Asp Lys (Ala Thr Lys Val Phe Tyr (12)  180185190
Ser He Thr Gly Gin Gly Ala Asp Lys Pro Pro Val Gly Val Phe He 195200205 Ile
Ulu kg Glu Thr Gly Trp Leo Lys Val Thr Gin Pro Lou Asp Arg 210215220 Glu
Ala Ile Ala Lys Tyr Ile Leo Tyr Ser His Ala Val Ser Ser Mn 225230235240
(fly Giu Ala Val Glu Asp Pro Met Olu Ile Val lie Thr Val Thr Asp 245250255
Gin Asn Asp Mn Arg Pro Glu Phe Thr Gin Pro Val Phe Olu Giy Phe 260265270
Val Ala Glu Sly Ala Val Pro Gly Thr Ser Val Met Lys Val Ser Ala 275280285
Thr Asp Ala Asp Asp Asp Val Asn Thr Tyr Mn Ala Ala Ile Ala T 290295300 



Thr lie Val Ser Gin Asp Pro Glu Leo Pro His Lys Asn Met Phe Thr
305310315320 Val Mn Arg Asp Thr lily Val lie Ser Val Leo Thr Ser Sly Leo
Asp 325330335 ArgGluserTyrpromr Tyr Thr Leu Val Val Gin Ala Ala Asp Leo
340345350 Gin Sly Grp (fly Lou Ser Thr Thr Ala Lys Ala Valbe Thr Val Lys
355360365 Asp lie Mn Asp Mn Ala Pro Val Phe Mn Pro Ser Thr Tyr Gin Sly
370375380 Gin Vai Pro Glu Mn Sb Val Mn Ala Arg Ile Ala Thr Lou Lys Val
385390395400 Thr Asp Asp Asp Ala Pro Mn Thr Pro Ala Trp Lye Ala Va Tyr Thr
40540415 Val Val Mn Asp Pro Asp 01n Gin Phe Val Val Val Thr Asp Pro Thr
420425430 Thr Mn Asp Gly Ile Leo Lys Thr Ala Lys Sly Leo Asp Phe Glu Al
435440445 Lys Gin Gin Tyr Ile Leo His Val Arg Val Glu Mn Glu Glu Pro Phe
450455460 Glu (fly 8cr Leu Val Pro Ser Thr Ala The Val liv Vab Asp Val Val
465470475480  Asp Val Asn Gip Ala Pro He Phe Met Pro Ala Olu kg Arg Val Glu
485490495 Val Pro Glu Asp Phe Gly Val Gly Gin Glu Ile Thr Ser Tyr Thr Ala 



500505510 Arg Giu Pro Asp Thr Phe Met Asp Gin Lys He Thr Tyr Arg He Trp
515520525 Arg Asp Thr Ain Ash Trp Leo Glu He Asp Pro Glu Thr Gly Ala He
530535540 Phe Thr kg Ala Glo Met Asp Arg Glu Asp Ala Gb His Val Lye Asp
545550555560 Ser Thr lyr Val Ala Leo Ile Ile Ala Thr Asp Asp Gly 3cr Proe
565570575 Ala Thr Gly Thr Gly Thr Leo Lou Leo Val Leo Leo Asp Val Asn Asp
580585590 Asn Ala Pro Ile Pro Giu Pro kg Asp Met Gin Phe Cys Gin Arg Asn
595600605 Pro Gin Pro His Ile Ile Thr He Leo Asp Pro Asp Leo Pro Pro Asp
610615620 Thr Ser Pro Phe Thr Ala Glu Leo Thr His Gly Ala Ser Val Asp Trp
625630635640 Thr Ile Glu Tyr Asn Asp Ala Ale Gln Glu Ser Leo Ile Leo Gin
Pro 645650655 Arg Lys Asp Leo Glu He Gly GIL: her Lys Ile His Leo Lys Leo
Ala 660665670 Asp Asn Gin Asn Lys Asp Gin Val Thr Thr Leo Asp Val His Val
Gys 675680685 ASP Cys Glu Gly Thr Val Mn Asp Cys Met Lys Ala Gly Ile Val
Ala 690695700 Ala Gly Leo Gin Val Pro Ala He Leo Gly He Leo Gly Gly ile Leo



705710715720 Ala Leo Leo Ile Leo Ile Leo Leo Leo Leo Leo Phe Leo Arg Arg
Arg 725730735 Thr Val Val Lys Glu Pro Leo Leo Pro Pro Asp Asp Asp Thr Arg
Asp 740745750 Asn Val Tye TTyr Asp Glu Glu Gly Gl- Gly Giu Glu Asp Gin Asp
755760765 Phe Asp Leo Ser Gin Leo His Arg Gly Leo Asp Ala Arg Pro Glu Val
770775780  Thr Mg Mn Asp Val Ala Pro Thr Leo Met Ser Val Pro ln TIET Mg
785790795800 Pro Mg Pro Ala Mn Pro Asp Glu Ile Gly Mn Phe Ile Asp Ulu Mn
805810815 Lou Lys Ala Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp Ser Leu
820825330 Lou Val Phe Asp Tyr Giu Sly Ser Sly Ser Glo Ala Ala Ser Leo Ser
835840846 Ser Leo Asn Ser Ser uSerAspSlnAspGEnAsplyrAsplyrbu 850855860 Aso
Ulu ,rp Sly Mn Mg Phe Lys Lys Leo Ale Asp Met Tyr Sly Sly 865870875880 Sly
(Hu Asp Asp 




