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FUCOSYL TRANSFERASES INVOLVED IN
ADHESION MOLECULE EXPRESSION

BACKGROUND OF THE INVENTION

This invention relates to the biology of cell
adhesion and, in particular, to molecules that are
involved in the expression of surface ligands,
particularly CDX, a glycoprotein involved in leukocyte
binding to the adhesion molecule, ELAMI.

Inflammation characteristically involves,
among other things, the adhesion of leukocytes (white
blood cells) to the endothelial wall of blood vessels
and the infiltration of leukocytes into the surrounding
tissues. (Harlan, 1985.) In normal inflammation, the
infiltrating leukocytes phagocytize invading organisms
or dead cells and play a role in tissue repair.
However, in pathologic inflammation, infiltrating
leukocytes can cause serious and sometimes deadly
damage. (Hough and Sokoloff, 1985; Ross, 1986; Harlan,
1987 and Malech and Gallin, 1987.) Recognizing that
leukocyte adhesion is a key step of much inflammation-
related pathology, investigators have recently focused
attention on the mechanism of leukocyte binding to the
endothelial cell surface.

Cell adhesion is mediated by cell-surface
molecules on both endothelial cells and leukocytes
which act as receptor and ligand. (Harlan et al.,
1987; Dana et al., 1986; and Bevilacqua et al., 1987a.)
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The molecules on the endothelial cell surface that
mediate lymphocyte binding are sometimes called
endothelial cell-leukocyte adhesion molecules (ELAMs).
(Bevilacqua et al., 1987b.) One ELAM in particular,
ELAM1, appears to be a major mediator of PMN adhesion
to the inflamed vascular wall in vivo. ELAM1 is a
116 kD cell surface glycoprotein. In HUVECs (human
umbilical vein endothelial cells) grown in vitro, it is
rapidly synthesized in response to the inflammatory
cytokines IL-1 and TNF. (Bevilacqua et al., 1987b;
Cotran et al., 1986 and Cotran and Pober, 1988.)

The adhesion of leukocytes to cells
expressing ELAM1 suggests the existence on leukocytes
of ELAM1 ligands. We reported, in PCT/US 90/02357
(incorporated herein by reference), the isolation of a
molecule involved in leukocyte adhesion to endothelial
cells (MILA) which is probably the (or an) ELAM1
ligand. The molecule, isolated from HL-60 cells and
designated CDX, is a glycoprotein of 150 kD. We
isolated CDX using a monoclonal antibody, SGB;B,, which
we raised against it by immunizing mice with whole
HL-60 cells. SGB,B, inhibits the binding of PMNs and
HL-60 cells to ELAMl-expressing cells. Furthermore,
CDX is present on leukocyte cell types known to adhere
to ELAM1 and is absent from leukocyte cell types and
other cell types that do not adhere to ELAM1. Thus,
CDX is a molecule expressed on certain leukocytes that
plays an important role in ELAMl-mediated leukocyte-
endothelial cell adhesion.

A growing body of evidence indicates that in
addition to their role in inflammation, ELAMs may play
important roles in a wide range of pathological states
involving cell-cell recognition, including tumor

invasion, metastasis and viral infection. (Harlan,
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1985; Wallis and Harlan, 1986; Bevilacqua et al.,
1987a; and Cotran and Pober, 1988.)

Thus, CDX and ELAM1 play important roles in
inflammation and, perhaps, other pathologies. The
isolation of molecules that contribute directly or
indirectly to their expression will be an important
step in the development of therapies aimed at
preventing cell adhesion during inflammation or at
limiting ELAM1 and CDX involvement in other

pathological states.

SUMMARY OF THE INVENTION

This invention provides DNA sequences
encoding molecules that cause several cell lines,
including €OS, CHO and R1.1, both to express surface
glycoproteins that are recognized by anti-CDX (a-CDX)
antibodies and to bind to ELAM1. This invention
provides, in particular, clone 7.2 and clone 1, and
protein 7.2 and protein 1, respectively. These
proteins appear to be 1,3-fucosyl transferases.

This invention also provides the
glycoproteins, Pseudo-X and Pseudo—xz, which cause COS
cells and CHO cells, respectively, to bind ELAM1 and to
be recognized by a-CDX antibodies.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the sequence of cDNA coding
for protein 7.2 and the deduced amino acid sequence of
protein 7.2 derived from pSQ219 and CDX pCDM8 clone
7.2. The nucleotides are numbered 1-2175. 1In this
application we refer to the coding DNA sequence of this
figure as the DNA sequence for clone 7.2. We also
refer to the polypeptide comprising the amino acid
sequence depicted in this figure as protein 7.2.
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Figure 2 depicts the sequence of cDNA coding
for protein 1 derived from clone 1. The nucleotides
are numbered 1-2861. In this application we refer to
the coding DNA sequence of this figure as the DNA

sequence for clone 1. We also refer to the polypeptide
comprising the amino acid sequence depicted in this

figure as protein 1.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with this detailed description,
the following definitions apply:

Expression control sequence -- A DNA sequence
that controls and regulates the transcription and
translation of another DNA sequence.

Operatively linked -- A DNA sequence is
operatively linked to an expression control sequence
when the expression control sequence controls and
regulates the transcription and translation of that DNA
sequence. The term "operatively linked" includes
having an appropriate start signal (e.g., ATG) in front
of the DNA sequence to be expressed and maintaining the
correct reading frame to permit expression of the DNA
sequence under the control of the expression control
sequence and production of the desired product encoded
by the DNA sequence. If a gene that one desires to
insert into a recombinant DNA molecule does not contain
an appropriate start signal, such a start signal can be
inserted in front of the gene.

Standard hybridization conditions -- salt and
temperature conditions substantially equivalent to
5 x SS8C and 65°C for both hybridization and wash.

Under standard hybridization conditions the DNA
sequences of this invention will hybridize to other DNA
sequences having sufficient homology, including

homologous sequences from different species. It is
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understood that the stringency of hybridization
conditions is a factor in the degree of homology
required for hybridization.

DNA sequences -- The DNA sequences of this
invention refer to DNA sequences prepared or isolated
using recombinant DNA techniques. These include cDNA
sequences, DNA sequences isolated from their native
genome, and synthetic DNA sequences. The term as used
in the claims is not intended to include naturally
occurring DNA sequences as they exist in Nature.

Expression of recombinant DNA molecules
according to this invention may involve post-
translational modification of a resultant polypeptide
by the host cell. For example, in mammalian cells
expression might include, among other things,
glycosylation, lipidation or phosphorylation of a
polypeptide, or cleavage of a signal sequence to
produce a "mature" protein. Accordingly, as used
herein, the term "protein" encompasses full-length
polypeptides and modifications or derivatives thereof,
such as glycosylated versions of such polypeptides,
mature proteins, polypeptides retaining a signal
peptide, truncated polypeptides having comparable
biological activity, and the like.

The molecules of the present invention are
involved in the expression of the glycoprotein, CDX, on
the surface of certain leukocytes. CDX appears on SDS-
PAGE as a single, diffuse band of about 150 kD. A
90 kD protein band was sometimes observed in the bound
proteins from HL-60 cells and always in the proteins
from neutrophils. We believe this 90 kD band
represents a CDX degradation product. We also
sometimes observed higher molecular weight bands (i.e.,
around 170 kD). These may be non-specific bands. When

the 150 kD CDX was treated with N-glycanase, the
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molecular weight was reduced to approximately 70 kD.
When the 150 kD band was treated with N-glycanase and
O-glycanase, the molecular weight was not further
reduced. Furthermore, when HL-60 cells are treated

with sialidase, they lose the ability to bind ELAM1.
These results indicate that CDX is a very heavily

glycosylated protein and that the glycosylation plays
an important role in CDX-ELAM1 interactions.

We have isolated two DNA sequences, clone 7.2
and clone 1, that appear to encode 1,3-fucosyl
transferases that glycosylate the CDX polypeptide and
impart to it the ability to bind ELAM1. 1,3-fucosyl
transferases are highly specific enzymes that function
in the Golgi apparatus and endoplasmic reticulum to
attach fucosyl moieties to appropriate acceptor
carbohydrates through a 1,3 glycosidic linkage. The
genetic structure of these sequences is consistent with
that of other, known glycosyl transferases.
Furthermore, CHO cells transfected with clone 7.2
express fucosyl transferase activity.

Several 1,3-fucosyl transferases are known to
the art. (Paulson and Colley, 1989 and Kukowska-
Latallo et al., 1990) These proteins of similar
activity share little sequence homology between
themselves or other glycosyl transferases. (Paulson
and Colley, 1989 and Kukowska-Latallo et al., 1990.)
Therefore, we would not expect these DNA sequences to
share homology with the DNA sequences of this
invention. However, other species are likely to
contain homologous genes that share significant
sequence homology with the DNA sequences disclosed
here. One can isolate these homologous genes using the
DNA sequences of this invention as probes under

standard hybridization conditions. This invention
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specifically contemplates and encompasses such

sequences.
When COS 7 cells were transfected with either

of these two clones, they behaved like cells expressing
CDX, that is, they became "visible" to ELAM1 in that
they were able to produce a surface glycoprotein to
which ELAM1 binds and which are recognized by the a-CDX
monoclonal, SGB3B,. Using o-CDX monoclonals, we
immunoprecipitated a 130 kD glycoprotein from
transfected COS cells, which we have designated
Pseudo-X. Similarly, CHO cells transfected with clone
7.2 also became visible to ELAM1 and a-CDX. They
express a 140 kD glycoprotein which we have designated
Pseudo—Xz.

Neither Pseudo-X nor Pseudo—X2 are CDX.
Pseudo-X has a molecular weight of about 130 kD and
Pseudo-Xz, of 140 kD. CDX has a molecular weight of
150 kD. When treated with N-glycanase or hydrofluoric
acid (which removes all carbohydrate), Pseudo-X shifts
to 110 kD. Pseudo—X2 shifts to approximately 120 kD.
CDX shifts to about 70 kD. Neither migrates at 46 kD
or 59 kD, the predicted molecular weights of
protein 7.2 and protein 1. Pseudo-X and CDX also have

different V8 and chymotrypsin digestion patterns.
We isolated clone 7.2 and clone 1 as follows:

We created a cDNA library from mRNA of a human cell
line, HL-60, that expresses CDX. We enriched this
library by using subtraction techniques, as we describe
below, with a human cell line that does not express
CDX, in this case Hela cells. This produced a
subtracted library containing about 2100 clones. We
transfected a monkey kidney cell line, COS 7, with the

subtracted library which we assayed in a number of

ways.
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We incubated the transfected cells with the
@-CDX monoclonal antibodies (Moabs) and panned them on

plates coated with anti-mouse IgG or IgM (Wysocki and
Sato, 1978); cells binding to the plates would be those
expressing a molecule recognized by a-CDX Moabs. 1In
this manner, we identified adherent cells transfected
with a 2.1 kb DNA insert. We subcloned a portion of
this sequence into a sequencing vector and designated
it pSQ219. The DNA insert in the pCDM8 clone was
designated clone 7.2. We also isolated a 2.9 kb insert
by hybridization, which we designated clone 1. These
two clones encode protein 7.2 and protein 1,
respectively.

Another feature of this invention is the
expression of the DNA sequences disclosed herein. As
is well known in the art, DNA sequences may be
expressed by operatively linking them to an expression
control sequence in an appropriate expression vector
and employing that expression vector to transform an
appropriate unicellular host.

Such operative linking of a DNA sequence of
this invention to an expression control sequence
includes the provision of an initiation codon, ATG, in
the correct reading frame upstream of the DNA sequence,
if it is not already part of the DNA sequence or the
expression vector.

A wide variety of host/expression vector
combinations may be employed in expressing the DNA
sequences of this invention. Useful expression
vectors, for example, may consist of segments of
chromosomal, non-chromosomal and synthetic DNA
sequences. Suitable vectors include derivatives of
SV40 and known bacterial plasmids, e.g., E.coli
plasmids col E1, pCR1l, pBR322, pMB9 and their
derivatives, plasmids such as RP4; phage DNAs, e.q.,
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the numerous derivatives of phage ), e.g., NM989, and
other phage DNA, e.g., M13 and Filamentous single
stranded phage DNA; yeast plasmids such as the 2u
plasmid or derivatives thereof; vectors useful in
eukaryotic cells, such as vectors useful in insect or
mammalian cells; vectors derived from combinations of
plasmids and phage DNAs, such as plasmids that have
been modified to employ phage DNA or other expression
control sequences; and the like.

Any of a wide variety of expression control
sequences -- sequences that control the expression of a
DNA sequence operatively linked to it -- may be used in
these vectors to express the DNA sequences of this
invention. Such useful expression control sequences
include, for example, the early and late promoters of
SV40 or adenovirus, the lac system, the trp system, the
TAC or TRC system, the major operator and promoter
regions of phage A, the control regions of fd coat
protein, the promoter for 3-phosphoglycerate kinase or
other glycolytic enzymes, the promoters of acid
phosphatase (e.g., Pho5), the promoters of the yeast a-
mating factors, and other sequences known to control
the expression of genes of prokaryotic or eukaryotic
cells or their viruses, and various combinations
thereof.

A wide variety of unicellular host cells are
also useful in expressing the DNA sequences of this
invention. These hosts may include well known
eukaryotic and prokaryotic hosts, such as strains of
E.coli, Pseudomonas, Bacillus, Streptomyces, fungi such
as yeasts, and animal cells, such as CHO, Rl1.1, B-W and
L-M cells, African Green Monkey kidney cells (e.g.,
cos 1, cos 7, BSCl, BsSc4a0, and BMT10), insect cells
(e.g., Sf9), and human cells and plant cells in tissue

culture.
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It will be understood that not all vectors,
expression control sequences and hosts will function
equally well to express the DNA sequences of this
invention. Neither will all hosts function equally
well with the same expression system. However, one
skilled in the art will be able to select the proper
vectors, expression control sequences, and hosts
without undue experimentation to accomplish the desired
expression without departing from the scope of this
invention. For example, in selecting a vector, the
host must be considered because the vector must
function in it. The vector's copy number, the ability
to control that copy number, and the expression of any
other proteins encoded by the vector, such as
antibiotic markers, will also be considered.

In selecting a suitable expression control
sequence, a variety of factors will normally be
considered. These include, for example, the relative
strength of the system, its controllability, and its
compatibility with the particular DNA sequence or gene
to be expressed, particularly as regards potential
secondary structures. Suitable unicellular hosts will
be selected by consideration of, e.g., their
compatibility with the chosen vector, their secretion
characteristics, their ability to fold proteins
correctly, and their fermentation requirements, as well
as the toxicity to the host of the product encoded by
the DNA sequences to be expressed, and the ease of
purification of the expression products.

It will also be recognized that expression of
the DNA sequences of the present invention may have
different effects in different hosts. For example,
whereas clone 7.2 expressed in COS cells leads to the
appearance of an ELAMl-binding surface molecule,

expression of clone 7.2 in, e.g., prokaryotic host
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cells may have no similar effect, since prokaryotes
lack internal cell structures (e.g., Golgi apparatus)
that may be necessary for the biological functionality
of protein 7.2. On the other hand, for isolation and
purification of the clone 7.2 expression product
intact, host cells in which protein 7.2 does not have a
function in the cellular biochemistry (such as the
catalytic role of a glycosyl transferase) may be
preferred. The practitioner will be able to select the
appropriate host cells and expression mechanisms for a
particular purpose.

Considering these and other factors, a person
skilled in the art will be able to construct a variety
of vector/expression control sequence/host combinations
that will express the DNA sequences of this invention
on fermentation or in large scale animal culture.

Several strategies are available for the
isolation and purification of protein 7.2 and protein 1
after expression in a host system. One method involves
expressing the proteins in bacterial cells, lysing the
cells, and purifying the protein by conventional means.
Alternatively, one can engineer the DNA seéuences for
secretion from cells. For example, Colley et al.

(1989) describe purifying a sialyltransferase by
engineering the cleavable signal peptide of human
gamma-interferon onto the DNA sequence for the
transferase. Larsen et al. (1990) fused the DNA
sequence for protein A to the amino-terminal end of a
fucosyl transferase gene and expressed it as an
excreted fusion protein. In these constructions, one
can optionally remove the transmembrane region of these
proteins that exists near the amino-terminus. After
secretion the proteins are purified from the medium.
Similar strategies are available for bacteria.
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Increasingly scientists are recognizing the
value of enzymes as catalysts in organic synthesis.
(Wong, 1989.) The 1,3-fucosyl transferases of this
invention are useful for enzymatic synthesis of
carbohydrates in vitro. Specifically, they are useful
for catalyzing the linkage of fucose to appropriate
acceptors through a 1,3 glycosidic bond. We describe
one set of suitable conditions for this catalysis in
Example I, relating to an assay for fucosyl transferase
activity. One skilled in the art will recognize other
suitable conditions under which the 1,3 fucosyl
transferases described herein may be advantageously
employed.

It is now clear that the carbohydrate moiety
of CDX is important in ELAMl-mediated cell adhesion. A
molecule comprising the carbohydrate moiety of CDX,
Pseudo-X or Pseudo-xz, or a fucose-containing portion
of that moiety may be sufficient to function as an
ELAM1 ligand. Such molecules may be useful in methods,
including therapies, directed to inhibiting ELAM1-
mediated cell adhesion.

This invention is also directed to small
molecules that inhibit the activity of the 1,3-fucosyl
transferases described herein, including synthetic
organic chemicals, natural fermentation products,
peptides, etc. These molecules may be useful in
therapies aimed at inhibiting ELAMl-mediated cell
adhesion. To identify such molecules, one produces a
test mixture by contacting together an inhibitor
candidate, a fucose acceptor and a 1,3-fucosyl
transferase. The fucose acceptor is, preferably,
LacNAc or 2'-fucosyllactose. The 1,3-fucosyl
transferase preferably is derived from an extract from
a cell transformed with clone 7.2 or clone 1. Then one
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assays the test mixture for 1,3-fucosyl transferase
activity, such as described in Example I.

In order that one may better understand this
invention, we set forth the following examples. These
examples are for purposes of illustration and are not
to be construed as limiting the scope of the invention

in any manner.

EXAMPLE I -- ISOLATION AND CHARACTERIZATION OF
CIONE 7.2 AND CIONE 1

We prepared two cDNA libraries in the pCDM8
vector from two types of CDX~expressing cells, HL-60
cells and U937 cells. We isolated the mRNA from these
cells and reverse-transcribed it into cDNA using
techniques well known to the art. (Gubler and Hoffman,
1983.) Using standard procedures, we ligated double
stranded cDNA to a NotI-BstXI linker/adaptor having the
following sequence:

5' GCG GCC GCT TTA GAG CAC A 3!

3' CGC CGG CGA AAT CTC 5
We then size-selected the cDNA on a 4.2 ml 5-20%
potassium acetate gradient, 2 mM EDTA, 1 ug/ml ethidium
bromide, in a BECKMAN SW60 Rotor for 3 hours at 50,000
rpm at 22°C according to the protocols of Brian Seed.
(See also Maniatis, 1982, p. 278.) We pooled the cDNA
fragments of greater than 500 base pairs. Then we
prepared the vector, pCDM8 (a gift from Brian Seed).

We digested this plasmid with BstXI. To remove the 400
base pair stuffer fragment we centrifuged the mixture
on a potassium acetate gradient, as above, and isolated
the large fragment. We further purified this fragment
by agarose gel electrophoresis, and then ligated the
cDNA to the vector.

We then prepared an enriched cDNA library by
first creating a 32p_jabeled cDNA probe from 1 microgram

of HL-60 poly A+ mRNA, then subtracting non-CDX related
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cDNA sequences from the probe by hybridizing with 30
micrograms of poly A+ mRNA from HeLa cells, which do
not express CDX. (See, Davis, 1986.) We used the
subtracted probe to screen the pCDM8 cDNA library and
thus created an enriched sublibrary from HL-60 cells in
E.coli MC1061 P3. We grew about 2100 clones in twenty-
two 96-well plates. A U937 enriched sublibrary was
prepared in a similar manner, and 1400 clones were
obtained.

We divided the colonies from our HL-60
enriched library into 22 pools for transfection of COS
7 cells by spheroplast fusion. (Sandri-Goldin et al.
1981.) We assayed transfected COS 7 cells for ELAM1-
binding activity by panning with o~CDX monoclonal
antibodies from hybridoma SGC,Es (an antibody similar in
function to SGB,B,) according to the method of Seed and
Aruffo (1987). (See also Aruffo and Seed, 1987 and
Wysocki and Sato, 1978). Pool #7 assayed positive,
yielding two clones with a 2.1 kb cDNA insert. These
were designated clones 7.1 and 7.2.

We obtained the DNA sequence of clone 7.2 by
the Maxam and Gilbert technique (Maxim and Gilbert,
1980) from CDX pCDM8 clone 7.2 and from a portion of
the 7.2 insert subcloned into the sequencing vector,
pNN1l. The latter plasmid was designated pSQ219. The
DNA sequence obtained is set forth in Figure 1.

We deposited a culture containing the plasmid
CDX pCDM8 clone 7.2 under the Budapest Treaty with In
Vitro International, Inc., 611 P. Hammonds Ferry Rd.,
Linthicum, Md. 21090 (USA) on April 26, 1990. The
deposit is identified as:

CDX pCDM8 / E. coli MC1061 P3

Accession Number IVI-10242

We also performed a Northern blot on mRNA
from HL-60 cells and probed it with clone 7.2. Clone
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7.2 hybridized to three mRNA species, two prominent
bands at 6.0 kb and 2.4 kb and another band at 3.0 kb.
Clone 7.2, a cDNA of 2.1 kb, is not large enough to be
a full length cDNA from the 3.0 kb and 6.0 kb species.
Therefore, in order to identify DNA sequences for these
messages, we probed the enriched cDNA sublibrary from
both U937 and HL-60 cells with an oligonucleotide
derived from clone 7.2. We isolated several long
inserts from the HL-60 library, transfected them into
COS 7 cells, and selected clones that bound to ELAM1
and a¢-CDX. In this way we identified a 2.9 kb insert
that could have come from the 3.0 kb message. We
called it CDX clone 1.

We determined the DNA sequence of CDX clone 1
by the Maxam and Gilbert technique. The DNA sequence
obtained is set forth in Figure 2.

We deposited a culture containing the plasmid
CDX clone 1 under the Budapest Treaty with In Vitro
International, Inc., 611 P. Hammonds Ferry Rd.,
Linthicum, Md. 21090 (USA) on October 11, 1990. The
deposit is identified as:

CDX clone 1 pCDM8 / E. coli MC1061 P3

Accession Number IVI-10255.

We transfected clone 7.2 and clone 1 into COS
7 and CHO cells. At 48 hours after transfection these
cells expressed a glycoprotein on their cell surfaces
to which fluorescently labelled o-CDX antibodies bound,
as assayed by FACS. These cell surface proteins could
be labeled with '®I and immunoprecipitated with o-CDX
Moabs. We designated the protein isolated from COS 7
cells, Pseudo-X and from CHO cells, Pseudo—Xz. On SDS
polyacrylamide gels, Pseudo-X and Pseudo-x2 were
approximately 130 kD and 140 kD, respectively.

The transfected COS cells also formed

rosettes around Sepharose beads coated with recombinant
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soluble ELAM1 (rsELAM1); and the rosetting was cation
dependent and was inhibited by both BB11l (anti-ELAM1
antibody) and e@-CDX. COS cells and CHO cells
transfected with pCDM8 alone (without the inserted
clone) did not rosette rsELAM1 beads. Also, the COS
and CHO cells transfected with clone 7.2 did not
rosette to beads coated with bovine serum albumin.

We further characterized clone 7.2 and
clone 1 by DNA sequence analysis and enzyme assays.
Clone 1 encodes a polypeptide of 530 amino acids
(encoded by nucleotides 174-1763 of Figure 2).
Clone 7.2 encodes a 405-amino acid polypeptide (encoded
by nucleotides 66-1280 in Figure 1). Using UWGCG
Sequence Analysis Software Package (version 6.1, Aug.
1989), we searched the NBRF Protein database (release
23, Dec. 1989) using the program FASTA for homology to
other proteins. We also searched GenBank (release 63,
Mar. 1990) and EMBL (release 19, May 1989) using
TFASTA. 1In these searches we found short regions
(e.g., about 23 amino acids) of homology to certain
viral envelope proteins including Herpes simplex virus
type 1, Dengue virus, yellow fever and othef
flaviviruses. In general the homology to known
proteins was low, and we conclude that the polypeptides
are novel.

The portion of the nucleotide sequence of
clone 7.2 from nucleotide 9 to nucleotide 2162
(Figure 1) is identical to the portion of the sequence
of clone 1 from nucleotide 492 to nucleotide 2645
(Figure 2). The first methionine of protein 7.2
corresponds to the methionine at amino acid 126 of
protein 1. One explanation of this homology is that
the two inserts represent different transcripts from
the same DNA segment.
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As we stated earlier, these clones do not
code for CDX, Pseudo-X or Pseudo-X, -- the polypeptides
they encode are not the correct size. Rather, the
evidence strongly supports the conclusion that clone
7.2 and clone 1 encode 1,3-fucosyl transferases that
glycosylate other proteins, such as CDX, Pseudo-X and
Pseudo-X,, in a way that makes them "visible" (i.e.,
recognized by or able to bind to) ELAM1 or a-CDX.
First, the DNA sequences of clone 1 and clone 7.2 share
several structural features with the DNA sequences of
known glycosyl transferases. For example, genes
encoding known glycosyl transferases commonly have
consecutive methionine start sites and are capable of
producing more than one mRNA transcript. As mentioned
above, we have identified three mRNA transcripts that
hybridize to clone 7.2, and clone 1 contains two codons
that can serve as transcription start signals. Also,
like known glycosyl transferases, the clones have
multiple SP1 enhancer sites. The nucleotide sequences
for these sites are GGGCGG or CCGCCC; clone 1 has five
such sites. Also, like known glycosyl transferases,
clones 7.2 and 1 are rich in guanine (G) and cytosine
(C). For example, clone 1 is 75% GC rich in the 5'
region of the gene and 60% GC rich in the 3' region of
the gene. Glycosyl transferases in addition are
typically class II membrane proteins, in which the
membrane-spanning domain is near the amino terminus and
the extracellular portion is near the carboxy terminus.
Clone 1 and clone 7.2 encode a polypeptide having a
hydrophobic region near the amino terminus. Glycosyl
transferases also tend to have molecular weights
between 40 kD to 60 kD; clone 1 encodes a polypeptide
of about 59 kD and clone 7.2 encodes a polypeptide of
about 46 kD. Finally, known glycosyl transferases
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usually have one to three N-glycosylation sites;
clone 1 and clone 7.2 both encode two such sites.

Second, enzyme assays performed on extracts
from CHO cells transfected with clone 7.2 revealed the
presence of fucosyl transferases not expressed in
untransformed cells. The assays tested the ability of
the enzyme to link radioactively labelled fucose to an
acceptor molecule. We performed the assays as follows.

We prepared assay samples containing 10 pl
enzyme, 8 pl cocktail and 2 pl 10X acceptor. We
prepared the enzyme by isolating about 1.5 million CHO
cells transfected with clone 7.2 and lysing them by
sonication for 15 seconds in 150 pl ice-cold 1% Triton
X-100 in water. The cocktail contained 75 uM 14c_cDP
fucose, 100 mM ATP, 500 mM L-fucose, 1 M MnCl2 and 1 M
cacodylate at pH 6.2. 10X acceptor contained,
variously, 200 mM LacNAc, Lac-N-biose, or lactose, 250
mM phenyl-f-D-galactoside, or 50 mM 2'~fucosyllactose.
We incubated the assay samples for 1 hour at 37°C. We
stopped the reaction by addition of 20 pl ethanol. We
diluted the sample with 560 pl water and centrifuged in
an EPPENDORF centrifuge for 5 minutes at high speed.

We had prepared a DOWEX 1 X 2-400 column
(Sigma Chemical Co.) to separate the unconverted l4c
fucose~GDP from the converted. We loaded the matrix
into a large column and washed it with 10 volumes of 1N
NaOH, followed by 5 volumes of water, followed by 10
volumes of 5% concentrated formic acid. Then we
repeated this wash cycle. We used this material to
create small columns of 0.4 ml. We prepared the small
columns for use by washing them with 10 volumes of
water.

We loaded 200 pl of the sample onto the small
column, collected the eluate, rinsed with 2 ml water
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the eluate. We determined the
eluate by scintillation counting.
of this assay demonstrated that
a 1,3-fucosyl transferase. (See
linked fucose to LacNAc,
lactose, acceptors having GlcNAc
It did not

link fucose to LacNBiose, whose GlcNAc moiety does not
have a free 3' hydroxyl, or phenyl-f-D-galactoside, the
negative control acceptor. Control samples from

untransfected cells showed only insignificant linking

of fucose to these acceptors.

Table 1 -- Efficiency of Fucosylation
picomoles
Acceptor mg Total Proteinehr

LacNAc
Lac-N-Biose
2'-Fucosyllactose
Lactose

PhSDgal

1110
76
151
200
Not detectable

[The enzyme was freshly produced from transfected CHO
cells.]

Therefore, both genetic and enzymatic
evidence indicate that clone 7.2 and clone 1 encode
1,3-fucosyl transferases.

While we have described herein a number of
embodiments of this invention, it is apparent that one
of skill in the art could alter our procedures to
provide other embodiments that utilize the processes
and compositions of this invention. Therefore, one
will appreciate that the scope of this invention is to
be defined by the claims appended hereto rather than by
the specific embodiments that we have presented by way

of example.
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CLAIMS:
1. A DNA sequence selected from the group

consisting of:
(a) the DNA sequence of Figure 1 from

nucleotide 66 to 1280;
(b) the DNA sequence of Figure 1 from

nucleotide 69 to 1280;

(c) the DNA sequence of Figure 2 from
nucleotide 172 to 1761;

(d) the DNA sequence of Figure 2 from

nucleotide 175 to 1761;
(e) DNA sequences that hybridize to any

of the foregoing DNA sequences under standard
hybridization conditions and have the biological

activity of protein 7.2 or protein 1; and
(f) DNA sequences that code on

expression for an amino acid sequence encoded by any of

the foregoing DNA sequences.

2. A recombinant DNA molecule comprising a

DNA sequence selected from the group consisting of:
(a) the DNA sequence of Figure 1 from

nucleotide 66 to 1280;
(b) the DNA sequence of Figure 1 from

nucleotide 69 to 1280;
(c) the DNA sequence of Figure 2 from

nucleotide 172 to 1761;
(d) the DNA sequence of Figure 2 from

nucleotide 175 to 1761;
(e) DNA sequences that hybridize to any

of the foregoing DNA sequences under standard
hybridization conditions and have the biological

activity of protein 7.2 or protein 1 ; and
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(£) DNA sequences that code on
expression for an amino acid sequence encoded by any of

the foregoing DNA sequences.

3. The recombinant DNA molecule according
to claim 2 wherein said DNA sequence is operatively
linked to an expression control sequence.

4. A unicellular host transformed with a
recombinant DNA molecule comprising a DNA Sequence
encoding an amino acid sequence of Figure 1 or
Figure 2.

5. A unicellular host of claim 4 selected
from the group consisting of E.coli, Pseudomonas,
Bacillus, Streptomyces, yeasts, CHO, R1.1, B-W, L-M,
COS 1, COS 7, BSCl, BSC40, BMT10, insect cells, plant
cells, and human cells in tissue culture.

6. A protein produced by the method of
expressing in a unicellular host a recombinant DNA

molecule according to claim 2.

7. A process for producing a molecule that
binds to ELAM1 comprising the step of expressing a DNA
sequence encoding the amino acid sequence of Figure 1
or Figure 2 in a eukaryotic host cell.

8. A process for producing a cell that
adheres to ELAM1 comprising the step of expressing a
DNA sequence encoding the amino acid sequence of
Figure 1 or Figure 2 in a eukaryotic host cell.

9. Pseudo-X or a fragment thereof capable
of binding to a-CDX.

]
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10. Pseudo-x2 or a fragment thereof capable
of binding to a-CDX.

11. A molecule capable of binding to ELAM1

comprising the carbohydrate moiety of a protein or a
fucose-containing portion thereof wherein the protein

is selected from the group consisting of CDX, Pseudo-X

or Pseudo—xz.

12. A molecule according to claim 11 wherein

the protein is CDX.

13. A method of inhibiting adhesion between
leukocytes and endothelial cells in a system containing
them comprising the step of introducing in said system
an effective amount of a molecule capable of binding to
ELAM1, which molecule comprises a carbohydrate moiety
of a protein or a fucose-containing portion thereof,
wherein the protein is selected from the group

consisting of CDX, Pseudo-X and Pseudo-X,.

14. The method according to claim 13 wherein

the protein is CDX.

15. A small molecule that inhibits the
activity of the 1,3-fucosyl transferases described

herein.

16. A method of identifying small molecules
that inhibit the activity of the 1,3-fucosyl

transferases described herein comprising the steps of:
(1) contacting together an inhibitor

candidate, a fucose acceptor and a 1,3-fucosyl

transferase to create a test mixture and
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(2) assaying the test mixture for
1,3-fucosyl transferase activity.

17. The method according to claim 16 wherein
the fucose acceptor is LacNAc.

18. The method according to claim 16 wherein
the fucose acceptor 2'-fucosyllactose.

19. The method according to claim 16 wherein
the 1,3-fucosyl transferase is derived from an extract

from a cell transformed with clone 7.2 or clone 1.

20. The use of a 1,3-fucosyl transferase in

a process for synthesizing an organic compound.

21. A method of producing a 1,3 glycosidic
bond between fucose and a fucose acceptor comprising
the step of catalysis with a 1,3-fucosyl transferase as
described herein.

22. The method according to claim 21 in
which the fucose acceptor is a carbohydrate.

23. Protein 7.2, protein 1, non-human
homologues of protein 7.2 or protein 1 and biologically

active fragments of any of the foregoing proteins.
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AMENDED CLAIMS
[received by the International Bureau on 22 August 1991 (22.08.91);
new claims 24 and 25 added; other claims unchanged (5 pages)]

1. A DNA sequence selected from the group

consisting of:
(a) the DNA sequence of Figure 1 from

nucleotide 66 to 1280;
(b) the DNA sequence of Figure 1 from

nucleotide 69 to 1280;
(c) the DNA sequence of Figure 2 from

nucleotide 172 to 1761;
(d) the DNA sequence of Figure 2 from

nucleotide 175 to 1761;
(e) DNA sequences that hybridize to any

of the foregoing DNA sequences under standard
hybridization conditions and have the biological

activity of protein 7.2 or protein 1; and
(f) DNA sequences that code on

expression for an amino acid sequence encoded by any of

the foregoing DNA seguences.

2. A recombinant DNA molecule comprising a
DNA sequence selected from the group consisting of:

(a) the DNA sequence of Figure 1 from

nucleotide 66 to 1280;
(b) the DNA sequence of Figure 1 from

nucleotide 69 to 1280;
(c) the DNA sequence of Figure 2 from

nucleotide 172 to 1761;
(d) the DNA sequence of Figure 2 from

nucleotide 175 to 1761;
(e) DNA sequences that hybridize to any

of the foregoing DNA sequences under standard
hybridization conditions and have the biological

activity of protein 7.2 or protein 1; and
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(f) DNA sequences that code on
expression for an amino acid sequence encoded by any of
the foregoing DNA sequences.

3. The recombinant DNA molecule according
to claim 2 wherein said DNA sequence is operatively

linked to an expression control sequence.

4. A unicellular host transformed with a
recombinant DNA molecule comprising a DNA sequence
encoding an amino acid sequence of Figure 1 or
Figure 2.

5. A unicellular host of claim 4 selected
from the group consisting of E.coli, Pseudomonas,
Bacillus, Streptomyces, yeasts, CHO, R1.1, B-W, L-M,
cos 1, Cos 7, BSCl, BSC40, BMT10, insect cells, plant
cells, and human cells in tissue culture.

6. A protein produced by the method of
expressing in a unicellular host a recombinant DNA
molecule according to claim 2.

7. A process for producing a molecule that
binds to ELAM1 comprising the step of expressing a DNA
sequence encoding the amino acid sequence of Figure 1
or Figure 2 in a eukaryotic host cell.

8. A process for producing a cell that
adheres to ELAM1 comprising the step of expressing a
DNA sequence encoding the amino acid sequence of

Figure 1 or Figure 2 in a eukaryotic host cell.

9. Pseudo-X or a fragment thereof capable
of binding to a-CDX.
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10. Pseudo-X, or a fragment thereof capable

of binding to a-CDX.

11. A molecule capable of binding to ELAM1
comprising the carbohydrate moiety of a protein or a
fucose-containing portion thereof wherein the protein
is selected from the group consisting of CDX, Pseudo-X

or Pseudo-x2.

12. A molecule according to claim 11 wherein

the protein is CDX.

13. A method of inhibiting adhesion between
leukocytes and endothelial cells in a system containing
them comprising the step of introducing in said system
an effective amount of a molecule capable of binding to
ELAM1, which molecule comprises a carbohydrate moiety
of a protein or a fucose-containing portion thereof,
wherein the protein is selected from the group

consisting of CDX, Pseudo-X and Pseudo-X,.

14. The method according to claim 13 wherein

the protein is CDX.

15. A small molecule that inhibits the

activity of the 1,3-fucosyl transferases described

herein.

16. A method of identifying small molecules

that inhibit the activity of the 1,3-fucosyl
transferases described herein comprising the steps of:
(a) contacting together an inhibitor

candidate, a fucose acceptor and a 1,3-fucosyl

transferase to create a test mixture and
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(b) assaying the test mixture for
1,3-fucosyl transferase activity.

17. The method according to claim 16 wherein
the fucose acceptor is LacNAc.

18. The method according to claim 16 wherein

the fucose acceptor 2'-fucosyllactose.

19. The method according to claim 16 wherein
the 1,3-fucosyl transferase is derived from an extract
from a cell transformed with clone 7.2 or clone 1.

20. The use of a 1,3-fucosyl transferase in

a process for synthesizing an organic compound.

21. A method of producing a 1,3 glycosidic
bond between fucose and a fucose acceptor comprising
the step of catalysis with a 1,3-fucosyl transferase as
described herein.

22. The method according to claim 21 in

which the fucose acceptor is a carbohydrate.

23. Protein 7.2, protein 1, non-human
homologues of protein 7.2 or protein 1 and biologically

active fragments of any of the foregoing proteins.

24. A method for identifying molecules that
inhibit the binding of leukocytes to endothelial cells
comprising the steps of:

(a) contacting a molecule with ELAM1 or with
ELAMl-expressing cells to create a first mixture;

(b) contacting said first mixture with cells
transfected with clone 7.2 or clone 1 or with an ELAM1-
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binding molecule expressed by cells transfected with
clone 7.2 or clone 1 to create a second mixture; and

(c) testing said second mixture for the
5

amount of said ELAM1 or ELAMl-expressing cells bound to
said transfected cells or ELAM1l-binding molecule.

25.

A method for identifying molecules that
inhibit the binding of leukocytes to endothelial cells
comprising the steps of:

(a) contacting a molecule with cells
10 transfected with clone 7.2 or clone 1 or with an ELAMl1-

binding molecule expressed by cells transfected with

clone 7.2 or clone 1 to create a first mixture;

(b) contacting said first mixture with an
ELAM1 or with ELAMl-expressing cells to create a second
15 mixture; and

(¢) testing said second mixture for the
amount of said transfected cells or ELAM1-binding

molecule bound to said ELAM1 or ELAMl-expressing cells.




WO 91/16900

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

17

FIG.IA

GCGGCCGCCGCTCCTCCACGCCTGCGGACGCGTGGCGAG&GGAGGCAGCé

CTGCCTGTTCGCGCCATGGGGGCACCGTGéGGCTCGCCGACGGCGGCGG&
MetGlyAlaProTrpGlySerProThrAlaAlaAl

GGGCGGGCGGCGCGGGTGGCGCCGAGGCCGGGGGCTGCCATGGACCGTC%
aGlyGlyArgArgGlyTrpArgArgGlyArgGlyLeuProTrpThrValC

CTGTGCTGECGECCECCEGETTGACGTGTACGGCGCTGATCACCTACGCT
ysValLeuAlaAlaAlaGlyLeuThrCysThrAlaLeuIleThrTyrAla

TGCTGGGGGEAGCTGCCGCEGCTGCCCTGAGCGTCGCCARCCCCGTCGEG
CysTrpGlyGlnLeuProProLeuProTtpAlaSerProThrProSerAr

ACCGGTGGGCGTGCTGCTGTGGTGGGAGCCCTTCGGGGGéCGCGATAGCé
gProValGlyValLeuLeuTrpTrpGluProPheGlyGlyArgAspSerA

CCCCGAGGCCGCCCCCTGA&TGCCGGCTG&GCTTCAACA%CAGCGGCTG&
1aProAtgProP:oProAsprsArgLeuArgPheAsnIleSerGlyCys

CGCCTGCTCACCGAC CGCGCGTCCTACGGAGAGGC'I'CAG(.;CCGTGCTTT&'
ArgLeuLeuThrAspAtgAlaSerTyrGlyGluAlaGlnAlaValLeuPh

CCACCACCGCGACCTCGTGAAGGGGCCCCCCGACTGGCC&CCGCCCTGGG
eHisHisArgAspLeuValLysGlyPtoProAspTertoProProTrpG

GCATCCAGG(.ZGCACACTGC(.ZGAGGAGGTGC.;ATCTGCGCG’i’GTTGGACTAé
lyIleGlnAlaHisThtAlaGluGluValAspLeuAthalLeuAspTyt

GAGGAGGCAéCGGCGGCGG&AGAAGCCCTéGCGACCTCCAGCCCCAGGCC
GluGluAlaAlaAlaAlaAlaGluAlaLeuAlaThrSetSerProArgPr

CCCGGGCCAGCGCTGGGTT%GGATGAACTTCGAGTCGCCCTCGCACTCCC
oProGlyGlnArgTrpValTrpMetAsnPheGluSerPtoSerHisSerP

CGGGGCTGCC.SAAGCCTGGCAAGTAACCTCTTCAACTGGACGCTCTCCTAC
roGlyLeuArgSerLeuAlaSetAsnLeuPheAsnT:pThrLeuSerTyr

CGGGCGGAC%CGGACGTCT%TGTGCCTTATGGCTACCTCTACCCCAGAAG
ArgAlaAspSerAspValPheValProTyrGlyTereuTerroArgSe

CCACCCCGG&CACCCGCCC&CAGGCCTGG&CCCGCCACTGTCCAGGAAAC
rHisProGlyAspProProSetGlyLeuAlaProProLeuSerArgLysG

AGGGGC TGG'i’GG CATGGGT&:GTGAGC CACTGGGACGAGCGCCAGGCCCGG
lnGlyLeuValAlaTrpValValSerHistpAspGluArgGlnAlaArg
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FIG. 1B

GTCCGCTACTACCACCAACTGAGCCAACATGTGACCGTGGACGTGTTCGG
ValArgTyrTyrHisGlnLeuSerGlnHisValThrValAspvalPheGl

CCGGGGCGGECCGGGGCAGCCGGTGCCCGAAATTGGGCTCCTGCACACAG
yArgGlyGlyProGlyGlnProvalProGlulleGlyLeuLeuHisThrV

TGGCCCGCTACAAGTTCTACCTGGCTTTCGAGAACTCGCAGCACCTGGAT
alAlaArgTyrLysPheTyrLeuAlaPheGluAsnSerGlnHisLeuAsp

TATATCACCGAGAAGCTCTGGCGCAACGCGTTGCTCGCTGGGGCGGTGEC
TyrlleThrGluLysLeuTrpArgAsnAlaLeuleuAlaGlyAlavalPr

GGTGGTGCTGGGCCCAGACCGTGCCAACTACGAGCGCTTTGTGCCCCGCG
ovalvalLeuGlyProAspArgAlaAsnTyrGluArgPheValProArgG

GCGCCTTCATCCACGTGGACGACT’I’CCCMGTGCCTCCTC.!CCTGGCCTCC":
lyAlaPheIleHisValAspAspPheProSerAlaSerSerLeuAlaSer

TACCTGCTTTTCCTCGACCGCAACCCCGCGGTCTATCGCCGCTACTTCCA
TyrLeuLeuPheLeuAspArgAsnProAlaVa1TyrArgArgTerheHi

CTGGCGCCGGAGCTACGCTGTCCACATCACCTCCTTCTGC:‘:GACGAGCCTT
sTrpArgArgSerTyrAlaValHisIleThrSerPheTrpAspGluProT

GGTGCCGGGTGTGCCAGGCTGTACAGAGGGCTGGGGACCGGCCCARGAGE
rpCysArgvalCysGlnAlavalGlnArgAlaGlyAspArgProLysSer

ATACGGAACTTGGCCAGCTGGTTCGAGCGGTGAAGCCGCGCTCCCCTGGA
IleArgAsnLeuAlaSerTrpPheGluArg

AGCGACCCAGGGGAGGCCAAGTTGTCAGCTTTTTGATCCTCTACTGTGCA
TCTCCTTGACTGCCGCATCATGGGAGTAAGTTCTTCARACACCCATTTTT
GCTC TATGG(.;‘AA.AMMCGI.\TTTACCMT’E'MTATTACTéAGCACAGAGA
TGGGGGCCCGGTTTCCATATTTTTTGCACAGCTAGCAATTGGGCTCCCTT
TGCTGCTGATGGGCATCATTGTTTAGGGGTGAAGGAGGGGGTTCTTCCTC
ACCTTGTAACCAGTGCAGAAATGAAATAGCTTAGCGGCAAGAAGCCGTTG
AGGCGGTTTCCTGAATTTCCCCATCTGCCACAGGCCATATTTGTGGCCCG
TGCAGCTTCEAAATCTCATACACAACTGTTCCCGATTCACGTTTTTCTGG

ACCAAGGTGAAGCAAATTT&TGGTTGTAGAAGGAGCCTTGTTGGTGGAGA
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FIG.IC

GTGGAAGGA&TGTGGCTGCAGGTGGGACT%TGTTGTTTGéATTCCTCACA
GCCTTGGCT&CTGAGAAAG&TGAGGAGGG&AGTCCAAGA&GGGCCGCTGA
cTTCTTTCA&AAGTACTAT&TGTTCcccréTCCTGTGAAéGGAAGCAAAé
TGCTGGATTéTCCTTGGAGéAAACTTMGATGMTACAT(.SCGTGTAC CT&
ACTTTACATAAGAAMGTA&TCc'rcp.méc'rc;ca'r'r'rm'rcmcrccé
AAATTCATT&ACTTAGGGGAGTTCAGTAT%TAATGAAACéCTATGGAGAA
TTTATCcCT%TACAATGTGAATAGTCATCQCcraarrrcérrcrrcrcré
TTTATGTTT%TCTATAACc%GGATTTTTTAAATCATATTAAAATTACAGA

TGTGAAAATAAAAAAAAGCGGCCGC 2175
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FIG.2A

CTGCTCCTGEGCGGCAGCTGCTTTAGAAGGTCTCGAGCCTCCTGTACCTT
CCCAGGGATGAACCGGGCCTTCCCTCTGGAAGGCGAGGGTTCGGGCCACA
CTGAGCGAGGGCCAGGGCGETGGGCGCGCGCAGAGGGAAACCGGATCAGT

TGAGAGAGAATCAAGAGTAGCGGATGAGGCGCTTGTGGGGCGCGGCCCGR
MetArgArgLeuTrpGlyAlaAlaArg

AAGCCCTCGOGCGCGGGCTCGGAGAAGGAGTGGGCGGAGGCGCCGCAGGA
LysProSerGlyAlaGlyTrpGluLysGluTrpAlaGluAlaProGlnGl

CGCTCCCOGEGCCTEETCOGGCCEECTGEGCCCCGGGCGCAGTGGARGAA
uAlaProGlyAlaTrpSerGlyArgLeuGlyP:oGlyArgSerGlyArgL

AGGGACGGGCGGTGCCCGGTTGGGCGTCCTGGCCAGCTCACCTTGCCCTé
ysGlyArgAlaValProGlyTrpAlaSerTerroAlaHisLeuAlaLeu

CCGGETCGCECCGECCGGCACTTGGGAGGAGCAGGGCAGGGCCCGCGEET
AlaAlaArgProAlaArgHisLeuGlyGlyAlaGlyGlnGlyProA:gPt

T TTGCATTCTGGGACCGCCECCTTCCATTCCCGGGCCAGCGGCGAGCRGE
oLeuHisSetGlyTh:AlaPtoPheHisSerArgAlaSerGlyGluArgG

AGCGACGGCTGGAGCCGCAGCTACAGCATGAGAGCCGGTGCCGCTCCTCL
lnArgAtgLeuGluProGlnLeuGlnHisGluSerArgCysArgSerSer

ACGCCTOCGOACGCETGGCGAGCGGAGGCAGCGCTGCCTGTTCGCGCCAT
ThrProAlaAspAlaTrpArgAlaGluAlaAlaLeuP:oValArgAlaMe

GGGGGCACCéTGGGGCTCG&CGACGGCGG&GGCGGGCGG&CGGCGCGGG&
tGlyAlaProTrpGlySerProThrAlaAlaAlaGlyGlyArgAtgGlyT

CGCGCCGAGECCGGGGGCTGCCATGGACCGTCTGTGTGCTGGCGGCCGEC
rpArgArgGlyArgGlyLeuProTrpThrValesValLeuAlaAlaAla

CGCTTGACGTGTACGGCGCTGATCACCTACGCTTGCTGGGGGCAGCTGCC
GlyLeuThrCysThrAlaLeuIleThrTyrAlaCysTrpGlyGlnLeuPt

CCCGCTGCCCTGEECGTCGECARCCCCGTCGCGACCGGTGGGCGTGCTGE
oProLeuProTrpAlaSe:ProThrProSerArgProValGlyValLeuL

TGTGGTGGGAGCCCTTCGGGGGGCGCGATAGCGCCCCGAGGCCGCCCCCT
euT:thpGluProPheGlyGlyArgAspSerAlaPrcAtgProProPro
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FIG.2B

GACTGCCGGCTGCGCTTCAACATCAGCGG&TGCCGCCTG&TCACCGACCé
AsprsArgLeuArgPheAsnIleSerGlyCysArgLeuLeuThrAspA:

CGCGTCCTACGGAGAGGCTCAGGCCGTGCTTTTCCACCA&CGCGACCTC&
gAlaSerTyrGlyGluAlaGlnAlaValLeuPheHisﬂisArgAspLeuV

TGAAGGGGCCCCCCGACTGGCCCCCGCCCTGGGGCATCCAGGCGCACAC%
alLysGlyProProAspT:pProPtoP:oTrpGlyI1eGlnAlaHisThr

GCCGAGGAGGTGGATCTGCGCGTGTTGGA&TACGAGGAGéCAGCGGCGG&
AlaGluGluValAspLeuArgValLeuAspTyrGluGluAlaAlaAlaAl

GGCAGAAGCCCTGGCGACCTCCAGCCCCAGGCCCCCGGG&CAGCGCTGGé
aAlaGluAlaLeuAlaThrSerSerProArgProProGlyGlnArgTrpV

TTTGGATGAACTTCGAGTCGCCCTCGCAC%CCCCGGGGC%GCGAAGCCT&
alTrpMetAsnPheGluSerProSerHisSerProGlyLeuArgSetLeu

GCAAGTAACCTCTTCAACTGGACGCTCTCCTACCGGGCG&ACTCGGACG&
AlaSerAsnLeuPheAsnTtpThtLeuSerTyrArgAlaAspSerAspVa

CTTTGTGCCTTATGGCTACCTCTACCCCAGAAGCCACCCEGGCGACCEGE
IPheValProTthlyTyrLeuTerroArgSerHisProGlyAspP:o?

CCTCAGGCCTGGCCCCGCCACTGTCCAGGAAACAGGGGC&GGTGGCATG&
roSerGlyLeuAlaProProLeuSerArgLysGlnGlyLeuValAlaTrp

GTGGTGAGC&ACTGGGACGAGCGccacccéCGGGchcc%AcraccaccA
ValValSerHisTrpAspGluArgGlnAlaArgValArgTerytHisGl

ACTGAGCCAACATGTGACCGTGGACGTGTTCGGCCGGGGCGGGCCGGGGC
nLeuSerGlnHisValThrValAspValPheGlyArgGlyGlyPtoGlyG

AGccccrscéCGAAATTGGGCTCCTGCACACAGTGGCcc&CTACAAGTTé
lnProValProGluIleGlyLeuLeuHisThrValAlaArgTerysPhe

TACCTGGCT&TCGAGAACTCGCAGCACCTGGATTATATCACCGAGAAGCT
TereuAlaPheGluAsnSerGlnHisLeuAspTy:IleThrGluLysLe

CTGGCGCAA&GCGTTGCTCGCTGGGGCGGTGCCGGTGGTéCTGGGCCCAé
uTrpArgAsnAlaLeuLeuAlaGlyAlaValP:oValValLeuGlyProA

ACCGTGCCAACTACGAGCG&TTTGTGCCC&GCGGCGCCT%CATCCACGTG
spArgAlaAsnTyrGluArgPheValProA:gGlyAlaPheIleHisVal

GACGACTTCéCAAGTGCCTCCTCCCTGGCCTCGTACCTGCTTTTCCTCGA
AspAspPheProSerAlaSerSetLeuAlaSerTereuLeuPheLeuAs
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FI1G.2C

CCGCAACCC&GCGGTCTATCGCCGCTACT&CCACTGGCG&CGGAGCTAC&
pArgAsnProAlavalTyrArgArgTyrPheHisTrpArgArgSerTyrA

CTGTCCACATCACCTCCTTCTGGGACGAG(':CTTGGTGCC&GGTGTGCCA&
lavValHisIleThrSerPheTrpAspGluProTrpCysArgvalCysGln

CCTGTACAGAGGGCTGGGGACCGGCCCAAGAGCATACGGAACTTGGCCAG
AlavalGlnArgAlaGlyAspArgProLysSerIleArgAsnLeuAlasSe

C'I'GGTTCGAGCGGTGAAGCCGCGC’I‘CCCCTGGA.AGCGAC;:CAGGGGAGGC.:
rTrpPheGluArg

CAAGTTGTCAGCTTTTTGATCCTCTACTGTGCATCTCCTTGACTGCCGCA
TCATGGGAGTAAGTTCTTCAAACACCCATTTTTGCTCTATGGGAAAAAAA
CGATTTACCAATTAATATTACTCAGCACAGAGATGGGGGCCCGGTTTCCA
TATTTTTTGEACAGCTAGCAATTGGGCTCCCTTTGCTGCTGATGGGCATE
ATTGTTTAGEGGTGAAGGAGGGGGTTCTTCCTCACCTTGTAACCAGTGCA
GAAATGAAATAGCTTAGCGGCAAGAAGCCGTTGAGGCGGTTTCCTGAATT
TCCCCATCTGCCACAGGCCATATTTGTGGCCCGTGCAGCTTCCARATCTC
ATACACAACTGTTCCCGATTCACGTTTTTCTGGACCARGGTGAAGCARAT
TTGTGGTTGTAGAAGGAGCETTGTTGGTGGAGAGTGGAAGGACTGTGGCT
CCAGGTGGGACTTTGTTGTTTGGATTCCTCACAGCCTTGGCTCCTGAGAR
AGGTGAGGAGGGCAGTCCAAGAGGGGCCGETGACTTCTTTCACAAGTACT
ATCTGTTCCECTGTCCTGTGAATGGAAGCAARGTGCTGGATTGTCCTTGG
AGGAAACTTAAGATGAATACATGCGTGTACCTCACTTTACATAAGAAATG
TATTCCTGAAAAGCTGCATTTAAATCAAGTCCCARATTCATTGACTTAGG
GGAGTTCAG&ATTTAATGAAACcCTATGGAGAATTTATCECTTTACAATé
TGAATAGTCATCTCCTAATTTGTTTICTTCTGTCTTTATGTTTTTCTATAA
CCTGGATTTTTTARATCATATTAAAATTACAGATGTGARAATARAGCAGA
AGCAACCTTITTCCCTCTTCCCAGAAARCCAGTCTGTGTTTACAGACAGA
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2701 AGAGAAGGAAGCCATAGTGTCACTTCCACACAATTATTTATTTCATGTCT 2750
2751 TTACTGGACCTGAAATTTAAACTGCAATGCCAGTCCTGCAGGAGTGCTGG 2800
2801 CATTACccrérccmumércmscuémCACTACAi'TATGGAATcA 2850

2851 TGCAAAAAAAA 2861
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