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' APROKARYOTE-BASED CELL-FREE SYSTEM FOR THE
SYNTHESIS OF GLYCOPROTEINS '

[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/555,854, filed November 4, 2011, which is hereby

incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002)] The present invention relates to cell-free systems, kits, and methods for

producing a glycosylated protein or peptide.

BACKGROUND OF THE INVENTION

[0003] Cell-free protein-synthesizing systems are emerging as an attractive
alternative to conventional expression systems that rely on living cells (Katzen et al.,
“The Past, Present and Future of Cell-Free Protein Synthesis,” Trends Biotechnol.
23:150-156 (2005)). This is because, over the past decade, cell-free protein synthesis
reactions: (i) can be completed in less than a day; (ii) use reagents whose costs are
down; (iii) fold complex proteins by routinely forming disulfide bonds; and (iv) can
be scaled to 100 L. Two main approaches have been used for in vitro transcription/
translation: one is based on cell-free extracts (CFEs), often derived from Escherichia
coli, rabbit reticulocytes or wheat germ, and the second is based on reconstituted
protein synthesis from purified components (Shimizu et al., “Cell-Free Translation

Reconstituted With Purified Components,” Nat. Biotechnol. 19:751-755 (2001)).

~ Because of their ability to co-activate multiple biochemical networks in a single

integrated platform (Jewett et al., “An Integrated Cell-Free Metabolic Platform for
Protein Production and Synthetic Biology,” Mol. Syst. Biol. 4:220 (2008)), cell free
systems are increasingly used in many important biotechnology and synthetic biology
applications (Ryabova et al., “Functional Antibody Production Using Cell-Free
Translation: Effects of Protein Disulfide Isomerase and Chaperones,” Nat. Biotechnol.
15:79-84 (1997); Noireaux et al., “Principles of Cell-Free Genetic Circuit Assembly,”
Proc. Nat'l. Acad. Sci. U.S.A. 100:12672-12677 (2003); Yang et al., “Rapid
Expression of Vaccine Proteins for B-Cell Lymphoma in a Cell-Free System,”
Biotechnol. Bioeng. 89:503-511 (2005)).
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A [0004] : The abllny to accura[elyandefﬁc]entlyglycosylateprotemg e

free system would have advantages for many areas of basic and applied research,
especially given‘the importance of N-linked glycosylation in protein folding, quality
control, sorting, degradation, secretion and activity (Helenius & Aebi, “Roles of N-
Linked Glycans in the Endoplasmic Reticulum,” Annu. Rev. Biochem. 73:1019-1049
(2004)). Unfortunately, the best characterized and most widely used cell-free
translation systems based on E. coli are incapable of making glycoproteins because E.
coli lack glycosylation machinery. Likewise, rabbit reticulocyte and wheat germ CFE
systems cannot perform this post-translational modification because they lack
microsomes (Tarui et al., “A Novel Cell-Free Translation/Glycosylation System
Prepared From Insect Cells,” J. Biosci. Bioeng. 90:508-514 (2000)). This can be
overcome by supplementing eukaryotic CFEs with microsomal vesicles (e.g., canine
pancreas microsomes) (Lingappa et al., “Coupled Cell-Free Synthesis, Segregation,
and Core Glycosylation of a Secretory Protein,” Proc. Nat'l. Acad. Sci. U.S.A.
75:2338-2342 (1978); Rothblatt & Meyer, “Secretion in Yeast: Reconstitution of the
Translocation and Glycosylation of Alpha-Factor and Invertase in a Homologous
Cell-Free System,” Cell 44:619-628 (1986)), but the resulting systems do not always
faithfully process the target protein due to poor compatibility between some CFEs and
microsomal vesicles (Rothblatt & Meyer, “Secretion in Yeast: Reconstitution of the
Translocation and Glycosylation of Alpha-Factor and Invertase in a Homologous
Cell-Free System,” Cell 44:619-628 (1986); Moreno et al., “An mRNA-Dependent in
Vitro Translation System from Trypanosoma brucei,” Mol. Biochem. Parasitol.
46:265-274 (1991)). An alternative strategy for creating a cell-free translation system
that can execute N-linked glycosylation is to prepare CFEs from specialized cells such
as hybridomas (Mikami et al., “A Hybridoma-Based in Vitro Translation System That
Efficiently Synthesizes Glycoproteins,” J. Biotechnol. 127:65-78 (2006)),
trypanosomes (Moreno et al., “An mRNA-Dependent in Vitro Translation System
from Trypanosoma brucei,” Mol. Biochem. Parasitol. 46:265-274 (1991)), insect cells
(Tarui et al., “A Novel Cell-Free Translation/Glycosylation System Prepared From
Insect Cells,” J Biosci. Bioeng. 90:508-514 (2000)) or mammalian cells (Shibutani et
al., “Preparation of a Cell-Free Translation System From PC12 Cell,” Neurochem.
Res. 21:801-807 (1996)). However, these systems are technically difficult to prepare

and typically result in inefficient glycosylation and low product yields. Moreover, in
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al the above systems, the glycosylation process is effectively a “blackcbox” and thus

difficult to control.
[0005] The present invention is directed at overcoming these and other

deficiencies in the art.

SUMMARY OF THE INVENTION

[0006] A first aspect of the present invention is directed to a cell-free system
for producing a glycosylated protein. This system comprises an isolated
oligosaccharyltransferase (OST) capable of transferring a glycan from a lipid carrier
molecule to a glycoprotein target; one or more isolated glycans, wherein each glycan
is linked to a lipid carrier molecule; and a glycoprotein target comprising one or more
glycan acceptor amino acid residues, or a nucleic acid molecule encoding said
glycoprotein target.

[0007] Another aspect of the present invention is directed to a kit comprising
an isolated oligosaccharyltransferase capable of transferring a glycan from a lipid
carrier molecule to a glycoprotein target, and one or more isolated glycans, wherein
each glycan is linked to a lipid carrier molecule.

[0008] Another aspect of the present invention relates to a method for
producing a glycosylated protein in a cell-free system. This method involves
providing an isolated oligosaccharyltransferase capable of transferring a glycan from
a lipid carrier molecule to a glycoprotein target, providing one or more isolated
glycans, wherein each glycan is linked to a lipid carrier molecule, and providing a
glycoprotein target comprising one or more glycan acceptor amino acid residues.
This method further involves combining the oligosaccharyltransferase, one or more
isolated glycans, and glycoprotein target to form a cell-free glycosylation reaction
mixture, and subjecting the cell-free glycosylation reaction mixture to conditions
effective for the oligosaccharyltransferase to transfer the glycan from the lipid carrier
molecule to the one or more glycan acceptor residues of the glycoprotein target to
produce a glycosylated protein. )

[0009] To address the failure of other cell-free systems to accurately and
efficiently glycosylate proteins, two novel cell-free translation/glycosylation
systems—termed “‘glycoCFE” and “glycoPURE”— were created as described herein.

These systems combine existing in vitro translation systems with a reconstituted N-
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linked glycosylation pathway. Purified glycosylation components were derived from

the protein glycosylation locus (pgl) present in the genome of the Gram-negative
bacterium Campylobacter jejuni (Figure 1A). This gene cluster encodes an N-linked
glycosylation system that is functionally similar to that of eukaryotes and archaea,
involving an oligosaccharyltransferase that catalyzes the en bloc transfer of
preassembled oligosaccharides from lipid carriers onto asparagine residues in a
conserved motif [N-X,-S/T in eukaryotes and D/E-X;-N-X,-S/T (SEQ ID NO: 1) in
bacteria (Kowarik et al., “Definition of the Bacterial N-Glycosylation Site Consensus
Sequence,” EMBO J. 25:1957-1966 (2006), which is hereby incorporated by
reference in its entirety), where X, and X, are any residues except proline] within
polypeptides (Figure 1B). C. jejuni glycosylation machinery is ideally suited for use
in a cell-free translation/glycosylation system for the following reasons. First, E. coli
transformed with the entire pg/ gene cluster can perform N-linked protein
glycosylation (Wacker et al., “N-Linked Glycosylation in Campylobacter jejuni and
its Functional Transfer Into E. coli,” Science 298:1790-1793 (2002), which is hereby
incorporated by reference in its entirety), thereby providing a convenient host for
producing the necessary components in a pure and active form. Since E. coli lacks
native glycosylation machinery, the potential for contamination from background N-
or O-linked systems is eliminated. Second, C. jejuni OST, named PgIB (CjPgIB), is a
single-subunit enzyme that is active when solubilized in detergent (Lizak et al., “X-
ray Structure of a Bacterial Oligosaccharyltransferase,” Nature 474:350-355 (2011),
which is hereby incorporated by reference in its entirety), and does not require any
accessory components for its activity. Third, CjPgIB can transfer sugars post-
translationally to locally flexible structures in folded proteins (Kowarik et al., “N-
Linked Glycosylation of Folded Proteins by the Bacterial Oligosaccharyltransferase,”
Science 314:1148-1150 (2006), which is hereby incorporated by reference in its
entirety), indicating that protein glycosylation can be achieved without supplementing

a functional membrane system (e.g. microsomes).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figures 1A-1B depict aspects of bacterial and eukaryotic N-linked
glycosylation. Figure 1A shows the 17-kb pg! locus of C. jejuni encoding the N-
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 linked glycosylation machinery that has been fully reconstituted in E. coli. Figure 1B

shows a comparison of N-linked glycosylation in prokaryotes (left) and eukaryotes
(right). In both systems, several glycosyltransferases synthesize the glycan by
sequential addition of nucleotide-activated sugars on a lipid carrier on the cytoplasmic
face of the inner membrane. Once assembled, a flippase transfers the lipid-linked
glycans (also referred to as lipid-linked oligosaccharides or LLOs) across the
membrane where the oligosaccharyltransferase catalyzes the transfer to Asn residues
of periplasmic or endoplasmic reticulum substrate proteins. PglB is a single-subunit,
integral membrane protein that is homologous to the catalytic subunit of the
eukaryotic OST STT3 (note that PgIB and STT3 complex are not drawn to scale).
Whereas eukaryotes and archaea use an N-X-S/T acceptor sequence (where X is any
amino acid but Pro), PgIB requires an extended motif that includes an Asp or Glu
residue in the -2 position (D/E-X;-N-X>-S/T (SEQ ID NO:1), where X, and X, can be
any amino acid except Pro). PgIB can transfer sugars post-translationally to locally
flexible structures in folded proteins.

[0011] Figures 2A-2B show the purification of bacterial OST. CjPgIB was
expressed in E. coli C43(DE3) cells and purified to near homogeneity. Elution
fractions (as indicated) from gel filtration columns were examined by SDS-PAGE,
and the Coomassie Blue-stained gel images (Figure 2B) are shown together with the
elution profiles (Figure 2A). MW, molecular weight standard.

[0012] Figures 3A-3C show reconstituted glycosylation with defined
components. In Figure 3A, the in vitro glycosylation assay was carried out using
purified OST, extracted LLOs and purified acceptor proteins produced in E. coli. The
immunoblots of Figure 3A show the detection of acceptor protein AcrA and scFv13-
R4-GT (both anti-His) or glycans (anti-glycan). Reactions included 3 pg wild-type
CjPgIB, 5 (+) or 10 (++) pL of LLOs and 5 pg of acceptor protein. Controls included
the omission of different components (-), inactivated PgIB (mut) and LLOs from
SCM6 cells with empty pACYC (+/-). Glycosylation yields a mobility shift ffom the
unmodified (g0) to the glycosylated forms (gl and g2). Figure 3B is the same assay
as described in Figure 3A but with purified PgIB from Campylobacter lari (CIPgIB).
Figure 3C shows immunoblots detecting AcrA following in vitro glycosylation using

3-month-old freeze thawed components.

PCT/US2012/063590
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[0013]  Figures 4A-4B demonstrate the cell-free translation/glycosylation of

AcrA. Figure 4A is an immunoblot detecting different AcrA constructs (anti-AcrA)

produced by in vitro translation using either E. coli CFEs or purified translation

-components (PURE). AcrA concentration was estimated by comparing band

intensities to that of purified AcrA loaded in lane I. Figure 4B is an immunoblot
detecting AssAcrA expression (anti-AcrA) and glycosylation (anti-glycan).

AssAcrAwas produced by cell-free translation/glycosylation using either the CFE or

_ the PURE systems that were primed with pET24(AcrA-cyt). Controls included the

omission of different components (—) or LLOs from SCM6 cells with empty pACYC
(+/-).

[0014] Figures SA-5B depict the cell-free translation/glycosylation of scFv13-
R4-GT. Figure 5A is an immunoblot detecting different scFv13-R4-GT (anti-FLAG)
produced by in vitro translation using either E. coli cell-free extracts (CFE) or purified
translation components (PURE). Estimates of the scFv13-R4-GT concentration were
determined by comparison of band intensities to that of the purified scFv13-R4-GT
sample loaded in lane 1. Figure 5B is an immunoblot detecting scFv13-R4-GT
expression (anti-FLAG) and glycosylation (anti-glycan). The scFv13-R4-GT protein
was produced by cell-free translation/glycosylation using either the CFE or PURE
systems that were primed with pET24-ssDsbAscFv13-R4-GT. Controls included
omission of different components (-).

[0015] Figures 6A-6C show an amino acid sequence alignment of various
Campylobacter PgIB proteins that are suitable for use in the systems, kits, and
methods of the present invention. The PgIB amino acid sequences are derived from
C. jejuni (SEQ ID NO: 2), C. lari (SEQ ID NO:4), C. coli (SEQ ID NO: 6), and C.
upsaliensis (SEQ ID NO: 8). An (*) indicates positions which have a single, fully
conserved residue; (:) indicates conservation between groups of strongly similar
properties; and (.) indicates conservation between groups of weakly similar properties.
A PglB consensus sequence based on the alignment of Campylobacter PgIB
sequences is presented as SEQ ID NO: 10. Residues that are not fully conserved
between the four Campylobacter sequences are depicted as X, where X can be any
amino acid residue. Alternatively, X is selected from an amino acid residue at that

corresponding position in one of the four depicted Campylobacter sequences.
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[0016]  Figures 7A-7E shows an amino acid sequence alignment of various
Pyrococcus OST STT3 subunit proteins that are suitable for use in the systems, kits,
and methods of the present invention. The OST amino acid sequences are derived
from P. furiosus (SEQ ID NO: 11), Pyrococcus sp. ST04 (SEQ ID NO: 13),
Pyrococcus sp. (strain NA2) (SEQ ID NO: 14), P. horikoshii (SEQ ID NO:15), P.
abyssi (SEQ ID NO: 16), and P. yayanosii (SEQ ID NO: 17). An (*) indicates

positions which have a single, fully conserved residue; (:) indicates conservation

between groups of strongly similar properties; and (.) indicates conservation between

groups of weakly similar properties. A STT3 consensus sequence based on the
alignment of Pyrococcus STT3 sequences is presented as SEQ ID NO: 18. Residues
that are not fully conserved between the six Pyrococcus sequences are depicted as X,
where X can be any amino acid residue. Alternatively, X is selected from an amino
acid residue at the corresponding position in one of the six depicted Pyrococcus
sequences.

[0017] Figures 8A-8D shows an amino acid sequence alignment of various
Leishmania OST STT3 subunit related proteins that are suitable for use in the
systems, kits, and methods of the present invention. The OST amino acid sequences
are derived from L. major (SEQ ID NO: 19), L. dorovani (SEQ ID NO: 21), L.
infantum (SEQ ID NO: 22), L. mexicana (SEQ ID NO: 23), and L. braziliensis (SEQ
ID NO: 24). An (*) indicates positions which have a single, fully conserved residue;
(:) indicates conservation between groups of strongly similar properties; and (.)
indicates conservation between groups of weakly similar properties. A STT3
consensus sequence based on the alignment of Leishmania STT3 sequences is
presented as SEQ ID NO: 25. Residues that are not fully conserved between the five
Leishmania sequences are depicted as X, where X can be any amino acid residue.
Alternatively, X is selected from an amino acid residue at the corresponding position
in one of the five depicted Leishmania sequences.

[0018] - Figures 9A~9J contain a listing of eukaryotic STT3

- oligosaccharyltransferases that are suitable for use in the methods, systems, and Kits

of the present invention. The oligosaccharyltransferases are identified by UniProtKB
Entry number (col. 1), which provides the amino acid sequence of the protein,

UniProtKB Entry name (col. 2), protein name (col. 3), gene name (col. 4), organism

PCT/US2012/063590
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number (col. 6) which provides the encoding nucleotide sequence of the protein.

DETAILED DESCRIPTION OF THE INVENTION

5 [0019] A first aspect of the present invention is directed to a cell-free system
for producing a glycosylated protein. This system comprises an isolated
oligosaccharyltransferase capable of transferring a glycan from a lipid carrier
molecule to a glycoprotein target; one or more isolated glycans, wherein each glycan
is linked to a lipid carrier molecule; and a glycoprotein target comprising one or more
10 glycan accepior amino acid residue, or a nucleic acid molecule encoding said
glycoprotein target.
[0020] In accordance with this and all aspects of the present invention,
“oligosaccharyltransferase” (“OST”) refers generally to a glycosylaﬁon enzyme or
subunit of a glycosylation enzyme complex that is capable of transferring a glycan,
15  ie., an oligosaccharide or polysaccharide, from a donor substrate to a particular
acceptor substrate. The donor substrate is typically a lipid carrier molecule linked to
the glycan, and the acceptor substrate is typically a particular amino acid residue of a
target glycoprotein. Suitable OSTs include those enzymes that transfer a glycan to an
asparagine residue, i.e., an OST involved in N-linked glycosylation, and those ‘
20  enzymes that transfer a glycan or activated sugar moiety to a hydroxy! oxygen
molecule of an amino acid residue, ie., an OST involved in O-linked glycosylation.
An isolated OST of the present invention can be a single-subunit enzyme, a multi-
subunit enzyme complex, or a single subunit derived from a multi-subunit enzyme
complex. While a number of exemplary OST enzymes are described below, one of
25  skill in the art readily appreciates that any oligosaccharyltransferase enzyme known in
the art is suitable for use in the present invention.
[0021] In accordance with this and all aspects of the present invention, the
OST can be a prokaryotic OST. By way of example only, PgIB, a single, integral
membrane OST protein derived from Campylobacter jejuni is suitable for use in the
30 presentinvention. PgIB attaches a heptasaccharide to an asparagine residue of a
glycoprotein target (Kowarik et al., “Definition of the Bacterial N-glycosylation Site
Consensus Sequence,” Embo J. 25:1957-66 (2006), which is hereby incorporated by

(col. 5) and European Molecular Biology Laboratory (EMBL) database accession
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reference in its entirety). The amino acid sequence encoding C. jejuni PglB
(UniProtKB Accession No. Q9S4V7) is shown below as SEQ ID NO: 2:

Ile Ile Ser Asn Asp Gly Tyr Ala Phe Ala Glu Gly Ala Arg Asp Met

1 5 10 15
5
Ile Ala Gly Phe His Gln Pro Asn Asp Leu Ser Tyr Tyr Gly Ser Ser
20 25 30
Leu Ser Thr Leu Thr Tyr Trp Leu Tyr Lys Ile Thr Pro Phe Ser Phe
10 35 40 45
Glu Ser Ile Ile Leu Tyr Met Ser Thr Phe Leu Ser Ser Leu Val Val
- 5 - - - o : 55 . 60 S S
15 Ile Pro Ile Ile Leu Leu Ala Asn Glu Tyr Lys Arg Pro Leu Met Gly
65 70 75 80
Phe val Ala Ala Leu Leu Ala Ser Ile Ala Asn Ser Tyr Tyr Asn Arg
85 90 95
20
Thr Met Ser Gly Tyr Tyr Asp Thr Asp Met Leu Val Ile Val Leu Pro
100 105 110
Met Phe Ile Leu Phe Phe Met Val Arg Met Ile Leu Lys Lys Asp Phe
25 115 120 125

Phe Ser Leu Ile Ala Leu Pro Leu Phe Ile Gly Ile Tyr Leu Trp Trp
130 135 140

30 Tyr Pro Ser Sér Tyr Thr Leu Asn Val Ala Leu Ile Gly Leu Phe Leu
145 150 155 160
Ile Tyr Thr Leu Ile Phe His Arg Lys Glu Lys Ile Phe Tyr Ile Ala

35 165 170 175

val Ile Leu Ser Ser Leu Thr Leu Ser Asn Ile Ala Trp Phe Tyr Gln
180 185 190

40 Ser Thr Ile Ile Val Ile Leu Phe Ala Leu Phe Ala Leu Glu Gln Lys

195 ) 200 205
Arg Leu Asn Phe val Ile Ile Gly Ile Leu Ala Ser Val Thr Leu Ile
210 215 220
45
Phe Leu Ile Leu Ser Gly Gly Val Asp Pro Ile Leu Tyr Gln Leu Lys
225 230 235 240
Phe Tyr Ile Phe Arg Ser Asp Glu Ser Ala Asn Leu Thr Gln Gly Phe
50 245 250 255

Met Tyr Phe Asn Val Asn Gln Thr Ile Gln Glu Val Glu Asn Val Asp
260 265 270

55 Leu Ser Glu Phe Met Arg Arg Ile Ser Gly Ser Glu Ile Val Phe Leu
275 280 285
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290 295 300
Ile Met Ala Leu Pro Ile Leu Val Leu Gly Phe Leu Ala Leu Lys Gly
5 305 310 315 320
Gly Leu Arg Phe Thr Ile Tyr Ser Val Pro Val Met Ala Leu Gly Phe
3258 330 235
10 Gly Phe Leu Leu Ser Glu Phe Lys Ala Ile Leu Val Lys Lys Tyr Ser
340 345 350
Gln Leu Thr Ser Asn Val Cys Ile Val Phe Ala Thr Ile Leu Thr Leu
355 v 360 3565
15 »
Ala Pro Val Phe Ile His Ile Tyr Asn Tyr Lys Ala Pro Thr Val Phe
370 375 380
Ser Gln Asn Glu Ala Ser Leu Leu Asn Gln Leu Lys Asn Ile Ala Asn
20 385 390 395 400
Arg Glu Asp Tyr Val Val Thr Trp Trp Asp Tyr Gly Tyr Pro Val Arg
405 410 415
25 Tyr Tyr Ser Asp Val Lys Thr Leu Val Asp Gly Gly Lys His Leu Gly
420 425 430
Lys Asp Asn Phe Phe Prc Ser Phe Ala Leu Ser Lys Asp Glu Gln Ala
435 440 445
30
Ala Ala Asn Met Ala Arg Leu Ser Val Glu Tyr Thr Glu Lys Ser Phe
450 455 460
Tyr Ala Pro Gln Asn Asp Ile Leu Lys Thr Asp Ile Leu Gln Ala Met
35 465 470 475 480
Met Lys Asp Tyr Asn Gln Ser Asn Val Asp Leu Phe Leu Ala Ser Leu
485 490 495
40 Ser Lys Pro Asp Phe Lys Ile Asp Thr Pro Lys Thr Arg Asp Ile Tyr
500 50% 510
Leu Tyr Met Pro Ala Arg Met Ser Leu Ile Phe Ser Thr Val Ala Ser
515 520 525
45
Phe Ser Phe Ile Asn Leu Asp Thr Gly Val Leu Asp Lys Pro Phe Thr
530 535 540
Phe Ser Thr Ala Tyr Pro Leu Asp Val Lys Asn Gly Glu Ile Tyr Leu
50 545 550 555 560

Ser Asn Gly Val Val Leu Ser Asp Asp Phe Arg Ser Phe Lys Ile Gly
565 570 575

55 asp Asn val val Ser val Asn Ser Ile Val Glu Ile Asn Ser Ile Lys
580 585 590

Gln Gly Glu Tyr Lys Ile Thr Pro Ile Asp Asp Lys Ala Gln Phe Tyr
595 600 605
60
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Ile Phe Tyr Leu Lyé Asp Ser Ala Ile Pro Tyr Ala Gln Phe Ile Leu
610 615 620
5 Met Asp Lys Thr Met Phe Asn Ser Ala Tyr Val Gln Met Phe Phe Leu
625 630 63% 640
Gly Asn Tyr Asp Lys Asn Leu Phe Asp Leu Val Ile Asn Ser Arg Asp
645 650 655

10

Ala Lys Val Phe Lys Leu Lys Ile

660

[0022] The nucleic acid sequence encoding the amino acid sequence of SEQ

ID NO: 2 is provided below as SEQ ID NO: 3 (EMBL Nucleotide Sequence Database
15 No. AAD51383):

atcatttcaa acgatggtta tgettttget gagggtgcaa gagatatgat agcaggtttt 60

catcagccta atgatttgag ttattatgga tcttctttat ctacgcttac ttattggctt 120
20 tataaaatca cacctttttc tttcgaaagt attattttat atatgagtac ttttttatct 180

tctttggtgg tgattcctat tattttacta gctaatgaat acaaacgtcel tttaatgggce 240
25 tttgtagetyg ctcttttage aagtatagca aacagttatt ataatcgcac tatgagtggg 300

tattatgata cggatatgct ggtaattgtt ttacctatgt ttattttatt ttttatggta 360

agaatgattt taaaaaaaga ctttttttca ttgattgcct taccgttatt tataggaatt 420
30 tatctttggt ggtatcctte aagctatact ttaaatgtag ctttaattgg acttttttta 480

atttatacac ttatttttca tagaaaagaa aagatttttt atatagctgt gattttgtct 540
35 tctcttacte tttcaaatat agcatggttt tatcaaagta ctattatagt aatacttttt 600

gctttatttyg ctttagagca aaaacgctta aattttgtaa ttataggaat tttagctagt 660

gtaactttga tatttttgat tttaagtgga ggggttgatc ctatacttta tcagcttaaa 720
40 ttttatattt ttagaagtga tgaaagtgcyg aatttaacgc agggttttat gtattttaat 780

gtcaatcaaa ccatacaaga agttgaaaat gtagatctta gcgaatttat gcgaagaatt 840
45 agtggﬁagtg aaattgtttt tttgttttct ttgrttggtt ttgtatggect tttgagaaaa 900

cataaaagta tgattatggc tttacctata ttggtgettg ggtttttagec cttaaaaggg 960

gggcttagat ttaccattta ttctgtacct gtaatggect taggatttgg ttttttattg 1020
50 agcgagttta aggctatatt ggttaaaaaa tatagccaat taacttcaaa tgtttgtatt 1080

gtttttgcaa ctattttgac tttagctcca gtatttatcc atatttacaa ctataaagca 1140
55 ccaacagttt tttctcaaaa tgaagcatca ttattaaatc aattaaaaaa tatagccaat 1200

agagaagatt atgtggtaac ttggtgggat tatggttatc ctgtgecgtta ttatagtgat 1260

gtgaaaactt tagtagatgg tggaaagcat ttaggtaagg ataatttttt cccttectttt 1320
60 gctttaagca aagatgaaca agctgcaget aatatggcaa gacttagtgt agaatataca 1380
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" gaaaaaaget tttatgetce geaaaatgat attttaaaaa cagacatttt acaagecatg | 1440
atgaaagatt ataatcaaag caatgtggat ttgtttctag cttcattatc aaaa&ctgat 1500
tttaaaatcg atacaccaaa aactcgtgat atttatcttt atatgecccge tagaatgtcet 1560
ttgatttttt ctacggtgge tagtttttct tbtattaatt tagatacagg agttttggat 1620
aaacctttta cctttagcac agcttatcca cttgatgtta aaaatggaga aatttatctt 1680
agcaacggag tggttttaag cgatgatttt agaagtttta aaataggtga taatgtggtt 1740
tctgtaaata gtatcgtaga gattaattct attaaacaag gtgaatacaa aatcactcca 1800
attgatgata aggctcagtt ttatattttt tatttaaagg atagtgctat tcettacgeca 1860
‘caatétatﬁt taatggataa aaccatgttt aatagtgctt atgtgcaaat gtttttttta 1920
ggaaattatg ataagaattt atttgacttg gtgattaatt ctagagatgc taaggttttt 1980
aaacttaaaa tttaa 1995
[0023] The amino acid and nucleotide sequences of SEQ ID NOs: 2 and 3,

respectively, are representative C. jejuni PglB protein and nucleic acid sequences. It
is appreciated by one of skill in the art that there are at least 70 subspecies of C. jejuni
having a PglB protein that may vary in sequence identity from the amino acid
sequence of SEQ ID NO: 2, but retain the same function. Accordingly, homologous
PgIB protein sequences from other subspecies and strains of C. jejuni that are
characterized by an amino acid sequence identity of at least about 70 percent, more
preferably at least about 75 percent or 80 percent, most preferably at least about 85
percent or 90 percent or 95 percent as compared to the C. jejuni amino acid sequence
of SEQ ID NO: 2 are also suitable for use in the present invention, The amino acid
sequences of related C. jejuni PgIB proteins and nucleotide sequences encoding the
same are known and readily available to one of skill in the art.

[0024]

identity to C. jejuni PgIB and/or are capable of transferring an oligosaccharide moiety

OSTs from other species of Campylobacter that share sequence

to a target glycoprotein are also suitable for use in this and all aspects of the present
invention. For example, as demonstrated herein, PgIB from Campylobacter lari
(CIPgIB), which shares only 56% sequence identity to the amino acid sequence of C.
jejuni (Schwarz et al., “Relaxed Acceptor Site Specificity of Bacterial
Oligosaccharylﬁransferase in Vivo,” Glycobiology 21:45-54 (2011), which is hereby
incbrporated by reference in its entirety), is capable of transferring a glycan to iml

acceptor amino acid residue (i.e., asparagine) of a target glycoprotein in the cell-free
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glycosylation system of the present invention. The amino acid sequence encoding C.

lari PgIB (UniProtKB Accession No. BOKDD4) is shown below as SEQ ID NO: 4:

Met Lys Leu Gln Gln Asn Phe Thr Asp Asn Asn Ser Ile Lys Tyr Thr

5 1 5 10 15
Cys Ile Leu Ile Leu Ile Ala Phe Ala Phe Ser Val Leu Cys Arg Leu
20 25 30
10 Tyr Trp Val Ala Trp Ala Ser Glu Phe Tyr Glu Phe Phe Phe Asn Asp
35 40 . 45
Gln Leu Met Ile Thr Thr Asn Asp Gly Tyr Ala Phe Ala Glu Gly Ala
50 55 60
15
Arg Asp Met Ile Ala Gly Phe His Gln Pro Asn Asp Leu Ser Tyr Phe
65 70 - 75 80
. Gly Ser Ser Leu Ser Thr Leu Thr Tyr Trp Leu Tyr Ser Ile Leu Pro
20 85 90 95
phe Ser Phe Glu Ser Ile Ile Leu Tyr Met Ser Ala Phe Fhe Ala Ser
100 105 110
25 Leu Ile Val val Pro Ile Ile Leu Ile Ala Arg Glu Tyr Lys Leu Thr
115 120 125
Thr Tyr Gly Phe Ile Ala Ala Leu Leu Gly Ser Ile Ala Asn Ser Tyr
130 135 140
30
Tyr Asn Arg Thr Met Ser Gly Tyr Tyr Asp Thr Asp Met Leu Val Leu
145 150 155 160
vVal Leu Pro Met Leu Ile Leu Leu Thr Phe Ile Arg Leu Thr Ile Asn
35 165 170 175
Lys Asp Ile Phe Thr Leu Leu Leu Ser Pro Val Phe Ile Met Ile Tyr
180 185 190
40 Leu Trp Trp Tyr Pro Ser Ser Tyr Ser Leu Asn Phe Ala Met Ile Gly
195 200 205
Leu Phe Gly Leu Tyr Thr Leu Val Phe His Arg Lys Glu Lys Ile Phe
210 215 220
45
Tyr Leu Thr Ile Ala Leu Met Ile Ile Ala Leu Ser Met Leu Ala Trp
225 230 235 240
Gln Tyr Lys Leu Ala Leu Ile Val Leu Leu Phe Ala Ile Phe Ala Phe
50 245 250 255

Lys Glu Glu Lys Ile Asn Phe Tyr Met Ile Trp Ala Leu Ile Phe Ile
260 265 270

55 Ser Ile Leu Ile Leu His Leu Ser Gly Gly Leu Asp Pro Val Leu Tyr
275 280 285
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290 295 360

Asp Ala Ala Phe Met Tyr Phe Asn Val Asn Glu Thr Ile Met Glu val
5 305 310 315 320

Asn Thr Ile Asp Pro Glu Val Phe Met Gln Arg Ile Ser Ser Ser Val
325 330 335

10 Leu Val Phe Ile Leu Ser Phe Ile Gly Phe Ile Leu Leu Cys Lys Asp

340 345 350
His Lys Ser Met Leu Leu Ala Leu Pro Met Leu Ala Leu Gly Phe Met
355 360 365

15

Ala Leu Arg Ala Gly Leu Arg Phe Thr Ile Tyr Ala Val Pro Val Met

370 375 380

Ala Leu Gly Phe Gly Tyr Phe Leu Tyr Ala Phe Phe Asn Phe Leu Glu

20 385 390 395 400

Lys Lys Gln Ile Lys Leu Ser Leu Arg Asn Lys Asn Ile Leu Leu Ile
405 410 415

25 Leu Ile Ala Phe Phe Ser Ile Ser Pro Ala Leu Met Hisg Ile Tyr Tyr

420 425 430
Tyr Lys Ser Ser Thr Val Phe Thr Ser Tyr Glu Ala Ser Ile Leu Asn
435 440 445
30
Asp Leu Lys Asn Lys Ala Gln Arg Glu Asp Tyr Val val Ala Trp Trp
450 455 460
Asp Tyr Gly Tyr Pro Ile Arg Tyr Tyr Ser Asp Val Lys Thr Leu Ile
35 465 470 475 480
Asp Gly Gly Lys His Leu Gly Lys Asp Asn Phe Phe Ser Ser Phe Val
485 490 495
40 Leu Ser Lys Glu Gln Ile Pro Ala Ala Asn Met Ala Arg Leu Ser Val
500 505 510
Glu Tyr Thr Glu Lys Ser Phe Lys Glu Asn Tyr Prc Asp Val Leu Lys
515 520 525
45
Ala Met Val Lys Asp Tyr Asn Lys Thr Ser Ala Lys Asp Fhe Leu Glu
530 535 540
Ser Leu Asn Asp Lys Asp Phe Lys Phe Asp Thr Asn Lys Thr Arg Asp
50 545 550 555 560

Val Tyr Ile Tyr Met Pro Tyr Arg Met Leu Arg Ile Met Pro Val Val
565 570 575

55 ala Gln Phe Ala asn Thr Asn Pro Asp Asn Gly Glu Gln Glu Lys Ser
580 585 590

Leu Phe Phe Ser Gln Ala Asn Ala Ile Ala Gln Asp Lys Thr Thr Gly
595 600 605
60
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Ser

Leu
625

Glu

Ser

Ala Gln

Leu Asp

ﬁéEMmm&
Val
Ile
Ile

Glu

Leﬁm

Glu Gly

Thr Asn

645
Tyr Leu
660

Ser Leu

675

Gln
690

Asn

Ala
705

Lys

[0025]

Tyr

Ile

Asp Gln

Tyr Arg

Xéém

Asn
615

Ala
630

Ser
Gly Lys
Phe

Leu

Tyr Asn

Gly val’
Ile
Phe
Leu

Ser

- 15-

i

Leu

Pro

Tyr Tyr

650
Arg Glu
665

Ser Tyr

680

Leu
695

Asp

Leu
710

Lys

Phe

Glu Gln

PCT/US2012/063590

aen

620
Lys Ala
635

Asn Glu

Tyr

Lys

Ile Gln

Asp'
Phe
Ile
Ser

Met

Phe
val Asp

Ser
655

Asp

Phe
670

val

Phe Leu

685

Ile Thr

700

Asn

Asp Thr

Arg

Ile
640

Lys

Ile

Leu

Arg

Amino acid sequences sharing at least about 70 percent, more

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the C. lari amino acid sequence of

SEQ ID NO: 4 are also suitable for use in the present invention. The nucleic acid

sequence encoding the amino acid sequence of SEQ ID NO: 4 is provided below as

SEQ ID NO: 5 (EMBL Nucleotide Sequence Database No. ACM64573.1):

atgaaactac aacaaaattt cacggataat aattctataa

cttatagcct
ttttatgagt
gcagaaggtyg
ggaagctcac
agtattattt
atcgcaagag
gcaaatagtt
gttttaccaa
accctacttt
tctttaaatt
gaaaagattec
caatataagc
atcaattttt

ggcggecttag

ttgcttttag
tcttctttaa
caagagatat
tttectacttet
tatatatgag
agtataaact
attataaccg
tgcttatttt
taagtccggt
ttgctatgat
tttatctaac
ttgectttgat
atatgatttg

atcctgtttt

tgttttgtgt
tgatcaactc
gatagcaggt
gacttattgg
tgctttttte
cactacctat
cactatgagt
gcttaccttt
ttttatcatg
aggacttttt
tattgctttg
tgtattatta
ggctttgatt

ataccaactt

agattatact
atgattacta
tttcatcaac
ctttatagta
gcttctttga
ggctttatag
gggtattacyg
atacgcttaa
atttatttgt
ggactttata
atgatcatag
tttgctattt
tttattagca

aaattttatg

aatatacctyg
gggtagettg
ctaatgatgg
ctaatgactt
ttttgcectet
ttgttgtgcee
cagctttact
atacagatat
ctattaataa
ggtggtatcc
ctttagtatt
ctttaagtat
ttgcttttaa
ttttgatatt

tatttaaagc

tattttaatc
ggcaagtgag
ctatgctett
atcttatttt
tagctttgaa
tattatatta
tggaagcatt
gctagtgtta
agacatttte
atcaagttat
tcatagaaaa
gctagcatgg
agaagaaaaa
gcatttaagt

ttctgatgtyg

60

180
240
300
360
420
480
540
600
660
720
780
840

900
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caaaatttaa

aatactatcg
ctttctttta
cctatgettyg
gttcctgtga
aaaaaacaaa

tttagtataa

tcttatgaag

gttgcttggt
gatggtggaa
caaattccag
gaaaactatc
gattttttag
gtatacattt
aatacaaatc
atagctcaag
gattttagag
gaatccatta
ttgctotttt
tcttatatac

aatgatacaa

[0026]

atcctgaagt
taggttttat
cactaggttt
tggectetggy
tcaaacttag
gccctgettt
ctagtatttt
QQQAttatgg
aacacctagg
cagccaatat
ctgatgtttt
aaagtttaaa
atatgcctta
ctgataatgg
ataaaaccac
ccttaaaagt
ctaatggcaa
taagagaata
aaatgttttt

gagcaaaaat

atttatgcaa
cttactttge
tatggcttta
ttttgggtat
cctaagaaat
gatgcatatt
aaatgattta
tﬁatccaata
aaaagataat
ggcaagactt
aaaagctatg
tgataaagat
tagaatgttyg
agagcaagaa
aggttctgtt
agaaggtgeca
attttattac
taaaagcttt
gttaaatcaa

ttataggcta

-16-

agaattagct
aaagafcaca
agagctggac
tttttatatyg
aaaaatatct
tattattata

aaaaataaag

cgctattata

tttttctcat
agcgtagaat
gttaaagatt
tttaaatttyg
cgtatcatge
aaaagtttat
atgcttgata
agcatacctt
aatgaaattg
gtgattttag
tacgatcaag

aaaagatga

aagatgctge ctttatgtat tttaatgtca atgaaaccat

ctagtgtett
aaagcatget
ttagatttac
cattttttaa
tacttatact
aatcctctac
ctcaaagaga
gcgatétaaa
cctttgtett
acactgaaaa
ataataaaac
ataccaataa
ctgtggtgge
tcttctceeca
atggagtaga
taaaagcttt
attcaaaagce
atgaaagtct

atttatttga

PCT/US2012/063590
téé&ééé&éé“w“w*
agtatttatc 1020
tttggctcta 1080
catttatgca 1140
ttttttagaa 1200
cattgcattt 1260
tgtttttact 1320
agattatgtﬁ 1380
aaccttaatc 1440
aagcaaagaa 1500
atctttcaaa 1560
aagtgctaaa 1620
aactagagat 1680
acaatttgca 1740
agctaatgcce 1800
aattattaat 1860
tgtggatata 1920
tcaaatttat 1980
ttataatagt 2040
acaaattact 2100

2139

.mggbhum"."mm“._””Mwh_mm"

Another N-linked OST from Campylobacter that is suitable for use in

this and all aspects of the present invention is PglB from C. Coli. The amino acid
sequence encoding PgIB from C. coli (UniProtKB Accession No. HTWI6), which is
81% identical to that of C. jejuni, is provided below as SEQ ID NO: 6

Met Leu Lys

1

Phe Ile

Ile Phe

Ile

Trp

Lys Glu
5

Leu Ala
20

Ala Ser

35

Met Ile

50

Met
65

Ile

Ile

ala

Ser Asn

Gly Phe

Tyr

YT

Glu

Phe Lys Asn

val Phe

Phe Asn

Pro
10
Ser Val
25

Glu Tyr

40

Asp
55

His

70

Gly Tyr

Gln Pro

Ala Phe

Asn Asp

Thr Phe
Leu

cys

Phe Phe

Ile

Arg

Asn

Leu
15

Leu

Phe
30

TyT

Asn Glu

45

Ala Glu

60

Leu
75

Ser

Gly

Tyr

Ala Arg

Tyr Gly

Ala

Trp

Leu

ASp

Ser
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Ser Leu Ser Thr Leu Thr Tyr Trp Phe Tyr Lys Ile Thr Pro Phe Ser

8% 90 95

5 Leu Glu Ser Ile Phe Ile Tyr Ile Ser Thr Phe Leu Ser Ser Leu Val
100 105 110

Val Ile Pro Leu Ile Leu Ile Ala Asn Glu Tyr Lys Arg Pro Leu Met

115 120 125
10 :
Gly Phe Val Ala Ala Leu Leu Ala Ser Ile Ala Asn Ser Tyr Tyr Asn
130 135 140
Arg Thr Met Ser Gly Tyr Tyr Asp Thr Asp Met Leu Val Ile Val Leu
15 145 150 155 160

Ala Met Met Ile Vval Phe Phe Met Ile Arg Leu Ile Leu Lys Lys Asp
165 170 175

20 Leu Leu Ser Leu Ile Thr Leu Pro Leu Phe Val Gly Ile Tyr Leu Trp
180 185 190

Trp Tyr Pro Ser Ser Tyr Thr Leu Asn vVal Ala Leu Leu Gly Leu Phe

195 200 208
25
Phe Ile Tyr Thr Leu Val Phe His Ile Lys Glu Lys Thr Leu Tyr Met
210 215 220
Ala Ile Ile Leu Ala Ser Ile Thr Leu Ser Asn Ile Ala Trp Phe Tyr
30 225 230 235 240

Gln Ser Ala Ile Ile Val Ile Leu Phe Ser Leu Phe Val Leu Gln Asn
245 250 255

35 Lys Arg Phe Ser Phe Ala Leu Leu Gly Ile Leu Gly Leu Ala Thr Leu

260 265 270
Val Phe Leu Ile Leu Ser Gly Gly Ile Asp Pro Ile Leu Tyr Gln Leu
275 280 285

40

Lys Phe Tyr Ile Phe Arg Sex Asp Glu Ser Ala Asn Leu Ala Gln Gly

290 295 300

Phe Met Tyr Phe Asn Val Asn Gln Thr Tle Gln Glu Val Glu Ser Ile

45 305 310 315 320

Asp Leu Ser Ile Phe Met Gln Arg Ile Ser Gly Ser Glu Leu Val Phe
325 330 335

50 ©phe val Ser Leu Ile Gly Phe Ile Phe Leu Val Arg Lys His Lys Ser
340 345 350

Met Ile Leu Ala Leu Prc Met Leu Ala Leu Gly Phe Leu Ala Leu Lys
355 360 365
55
Ser Gly Leu Arg Phe Thr Ile Tyr Ala Val Pro Val Leu Ala Leu Gly
370 375 380

Phe Gly Phe Leu Met Ser Leu Leu Gln Glu Arg Lys Gln Lys Asn Asn
60 385 390 395 400
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Asn Thr Tyr Trp Trp Ala Asn Ile Gly Val Phe Ile Phe Thr Phe Leu

405 410 415
5 Ser Leu Ile Pro Met Phe Tyr His Ile Asn Asn Tyr Lys Ala Pro Thr
420 425 430
Val Phe Ser Gln Asn Glu Ala Thr Lys Leu Asp Glu Leu Lys Lys Ile
435 440 445

10

Ala Gln Arg Glu Asp Tyr Val Val Thr Trp Trp Asp Tyr Gly Tyr Pro

450 455 460

Ile Arg Tyr Tyr Ser Asp Val Lys Thr Leu Ala Asp Gly Gly Lys His

15 465 470 475 480

Leu Gly Lys Asp Asn Phe Phe Pro Ser Phe Val Leu Ser Lys Asp Gln
485 490 495

20 val ala Ala Ala Asn Met Ala Arg Leu Ser Val Glu Tyr Thr Glu Lys
500 505 510

Ser Phe Tyr Ala Pro Leu Asn Asp Ile Leu Lys Asn Asp Leu Leu Gln

515 520 525
25
Ala Met Met Lys Asp Tyr Asn Gln Asn Asn Val Asp Leu Phe Leu Ala
530 535 540
Ser Leu Ser Lys Pro Asp Phe Lys Ile Asn Thr Pro Lys Thr Arg Asp
30 545 550 555 560
Val Tyr Ile Tyr Met Pro Ala Arg Met Ser Leu Ile Phe Ser Thr Val
565 570 575
35 Ala Ser Phe Ser Phe Val Asp Leu Glu Thr Gly Glu Ile Asn Lys Pro
580 585 590
Phe Thr Phe Ser Ala Ala Tyr Pro Leu Asp Val Lys Asn Gly Glu Ile
595 600 605
40 ’
Tyr Leu Ser Asn Gly Ile Ala Leu Ser Asp Asp Phe Arg Ser Phe Lys
610 615 620
Ile Asn Asn Ser Thr Ile Ser VvVal Asn Ser Ile Ile Glu Ile Asn Ser
45 625 630 635 640

Ile Lys Gln Gly Glu Tyr Lys Ile Thr Pro Ile Asp Asp Met Ala Gln
645 650 655

50 Phe Tyr Ile Phe Tyr Leu Lys Asp Ser Thr Ile Pro Tyr Ala Gln Phe
660 665 670

Ile Leu Met Asp Lys Thr Met Phe Asn Ser Ala Tyr Val Gln Met Phe
675 680 ' 685
55 ‘
Phe Leu Gly Asn Tyr Asp Lys Asn Leu. Tyr Asp Leu Val Ile Asn Ala
690 635 700

Arg Asp Ala Lys Val Phe Lys Leu Lys Ile
60 705 710
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preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the C. coli amino acid sequence of

SEQ ID NOQ: 6 are also suitable for use in the present invention. The nucleic acid

sequence encoding the amino acid sequence of SEQ ID NO: 6 is provided below as
SEQ ID NO: 7 (EMBL Nucleotide Sequence Database No. EIB14175):

atgttaaaaa
gegtatgtet
gaatattttt
ggtgcaagag
tcgctttcaa
tttatatata
aatgaataca
agctattata
gcaatgatga
ataacactgce
aatgttgctt
acgctttata
caaagcgcca
tttgectttge
attgatccta
ttggctcaag
gatttaagta
atcggcttta
gctttaggat
ttagcacttg
aatacctatt
atgttctatce
aaattagatg
tatggatatc
ttaggcaagg
aatatggcaa

attttaaaaa

aagaatactt
ttagtgtttt
tcaataacga
atatgatagce
cgctcacata
tcagtacttt
aacgcccttt
atcgcacgat
tagttttctt
ctttgtttgt
tactaggact
tggctattat
tcattgtcat
ttggaatttt
tactctatca
gttttatgta
tttttatgca
ttttcecttgt
ttttagcact
gatttggttt
ggtgggccaa
atatcaacaa
agcttaaaaa
ctattaggta
ataattttct
gacttagtgt

atgatctttt

taaaaaccca
atgtaggttt
gcttatgatt
gggttttcat
ttggttttat
tttatcttet
aatggggttt
gagcggatat
tatgataagg
aggaatttat
tttctttatt
cctagettet
actttttagt
aggtttggca
acttaaattt
ttttaatgta
aaggattage
tagaaaacat
taagagtgga
tttaatgagt
tataggegtt
ttataaagca
aattgcacaa
ttacagcgat
cccatctttt
agaatacaca

acaagccatyg

actttctattt
tattggattt
atctcaaatg
caacctaatg
aaaataactc
ttggtggtta
gttgcagcat
tatgatactg
ctgattttga
ctttggtggt
tataccttgg
atcacacttt
ctttttgttt
actttggtat
tatattttta
aatcaaacca
ggaagcgagc
aaaagtatga
cttecgtttta
cttttgcaag
tttattttta
ccaactgeee
agagaagatt
gttaaaactt
gttctaagta
gaaaaaagtt

.~

atgaaagatt

tattggettt
tttgggcaag
atggatatgc
atttgagtta
ctttttcttt
tacctttgat
tgctagccag
atatgettgt
aaaaagattt
atccatcaag
tttttcatat
caaatatagc
tgcaaaataa
ttttgatact
gaagtgatga
tacaagaggt
ttgtatteet
ttttggettt
ctatttatge
aaagaaaaca
cttttttaag
tttctcaaaa
atgtagtaac
tggctgatgg
aagatcaagt

tttacgccce

ataatcaaaa

tataatttta
tgagtttaat
ttttgcagag
ttatggttct
agaaagcatt
tttgattgct
tatagctaat
tatagttctt
attatcttca
ctatacttta
aaaagaaaaa
ttggttttat
gcgttttage
aagcggtgga
gagtgcaaat
agaaagtata
tgtatcttta
gccgatgtta
agtacctgtt
aaaaaacaat
tttaattcct
tgaggctacg
ttggtgggat
gggtaagcat
ggctgctgea
tttaaatgat

taatgtggat

60

120

180

240

300

420

480

540

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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gtgtatatct
tttgtggatt
cttgatgtta
agaagtttta
atcaaacaag
tatcttaaag
aatagtgectt

gtgattaatg

[0028]

atatgccagc
tggagacagg
aaaatggaga
aaataaataa
gtgaatataa
atagcaccat
atgtgcaaat

ctagagatgc

tagaatgtct
tgagataaat
aatttatctt
tagtactata
aatcactccet
accttatgct
gtttttecett

aaaagttttt

-20-

ttgatttttt
aaacctttta
agcaatggta
tccgtaaata
attgatgata
cagtttattt
ggaaattatg

aaactcaaaa

caactgtggce
cttttagtge
ttgcattaag
gtatcataga
tggctcaatt
taatggataa
ataaaaattt

tttaa

PCT/US2012/063590

ttgtttttag cttcgetttc caagcctgat tttaaaatca atacgccaaa aacacgegat

tagttttetet
agettatceca
tgatgatttt
gattaattct
ttatatttet
aactatgttt

gtatgattta

1740

1800

1860

1920

1980

2040

2100

2145

Another Campylobacter OST that is suitable for use in this and all

aspects of the present invention is PgIB from C. upsaliensis. The amino acid

sequence encoding PgIB from C. upsaliensis (UniProtKB Accession No. E6LAJ2),
which is 57% identical to that of C. jejuni, is provided below as SEQ ID NO: 8:

Met Lys Asn Glu Ala val Lys Asn Ala Asn Leu

1

Ile Leu

Tyr Trp

Ile Ser

50

Ile Ala

Leu Ser
Glu

Ser

val Pro

Leu

Ala

35

Ser

Gly

Ile

Ile

Leu

5

Ala FPhe
20

Ser Asp

Asn Asp
Phe

His

Thr
85

Leu

Ile
100

Leu

Tle Leu

115

Phe
130

Leu

Thr
145

Met
Met Phe

Phe Ser

Ala

Ala

Ile

Leu

Ala Phe

Gly Tyr

Leu Tyr

165
Leu Ala
180

Gly Phe

Phe Asn

Ser

Glu

10

Val
25

Leu

Tyr Phe

40

Tvr
55

Gly

Gln
70

Glu
Tyr Val
Tyr Met

Ile ala

Thr

Asn

Leu

Ser

Asn

Phe Ala

Asp Leu
Tyr Lys

val
105

Phe

Glu Leu

120

Ala
135

Leu

Tyr Asp

150

Phe Phe

Leu Pro

Ser

Thr

Ile

Phe

Ile Ala

ASp Met

Leu
170

Arg

Phe
185

Met

Cys Arg

Phe Asn

Arg Leu

Phe

Asn

Phe
15

val

Tyr
30

Trp

Gln Leu

45

Glu Gly

60
Ser Phe
75

Ile Thr

Phe

Ser

Lys Arg

Ala

Ile

Pro

Ser

Pro

Arg Asp

Asn Ser

Phe

95
Leu Ile
110

Leu Met

125

Ser
140

Lys

Leu Ala

155

Ile Leu

Gly Leu

Tyr

Ile

Arg

Tyr

Tyr Asn

val Leu

Lys Asp

175

Leu
190

Trp

Ser.

Phe

Ile

Met

Lys

Ser

80

Phe

Val

Gly

Arg

Pro

160

Asp

Trp

.,igééhwmmﬂA
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Tyr Pro Ser Ser Tyr Thr Leu Asn Val Ala Phe Ile Ala Leu Phe Thr

195 200 205

5 Leu Tyr Val Leu Ile Tyr His Arg Lys Glu Arg Ser Phe Tyr Met Ala
210 215 ‘ 220

Ala Leu Leu Cys Ala Ile Thr Leu Ser Asn Ile Ala Trp Phe Tyr Gln

225 230 235 240
10
Ser Ala Ile Ile Val Leu Leu Phe Ala Leu Phe Met Leu Lys Asn Ser
245 250 . 255
Phe Phe Asn Phe Lys Phe Ile Ala Leu Leu Ala Leu Gly Val Leu Val
15 260 265 270
Phe Leu Ala Leu Ser Gly Gly Ile Asp Pro Ile Leu Tyr Gln Leu Lys
275 280 285
20 Phe Tyr Leu Leu Arg Ser Asp Glu Ser Ala Ser Leu Ala Arg Gly Phe
290 295 300
Ala Tyr Phe Asn Val Asn Leu Thr Ile Gln Glu Val Glu Ser Ile Asp
305 310 315 320
25
Leu Ser Thr Phe Met Gln Arg Ile Ser Gly Ser Glu Leu Val Phe Leu
325 330 335
Leu Ser Leu Phe Gly Phe Leu Trp Leu Leu Lys Lys His Lys Val Met
30 340 345 350

Leu Leu Thr Leu Pro Met Leu Leu Leu Gly Phe Leu Ala Leu Arg Gly
355 360 365

35 Gly Leu Arg Phe Thr Ile Tyr Ala Val Pro Ile Met Ala Leu Gly Phe

370 375 380

Gly Phe Leu Ser Val Gln Ile Leu Ser Leu Ile Gln Lys Met Arg Pro

385 390 395 400
40

Leu Lys Glu Thr Arg Lys Leu Arg Ile Phe Phe Tyr Gly Ile Phe Pro

405 410 415

Leu Phe Val L.eu Val Leu Gly Ala Tyr Phe Tyr Phe Ser Gln Ser Ala

45 420 425 430

Ile Tyr Glu Ser Met Gly Val Glu Phe Gln Lys Asn Phe Val Ser Phe
435 440 445

50 phe val Glu Asp Thr Leu Leu Phe Ser Leu Leu Ile Leu Ala Ile Phe
450 455 460

Thr Pro Leu Ile Phe Glu Leu Leu Trp Axrg Lys Lys Asp Ile Arg Phe
465 470 475 480
55
Val Cys Ser Phe Tyr Ile Val Gly Val Leu Leu Phe Ser Leu Trp Ala
485 490 495

Asn Leu Ser His Ile Tyr Asn Tyr Arg Ala His Thr val Phe Ser Tyr
60 500 505 510
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Asn(;luA]_ a SerI 1eLeuAspAsnLeuLysA1a Asn . Valser ArgG 1u R
515 520 525

Asp Tyr Ile Val Ala Trp Trp Asp Tyr Gly Tyr Pro Ile Arg Tyr Tyr
5 530 535 540

Ser Asp Val Lys Thr Leu Ala Asp Gly Gly Lys His Leu Gly Lys Asp

545 550 555 560
10
Asn Phe Phe Pro Ser Phe Val Leu Ser Gln Asn Pro Arg Ala Ala Ala
565 570 575
3 Asn Met Ala Arg Leu Ser Val Glu Tyr Thr Glu Lys Gly Phe Lys Thr
15 580 585 590
Pro Tyr Asn Asp Leu Leu Glu Ala Met Met Lys Asp Tyr Asn Tyr Ser
595 600 605
20 Asn val Asn Leu Phe Leu Ala Ala Leu Ser Lys Glu Asp Phe Thr Leu
610 615 620
Gln Thr Pro Lys Thr Arg Asp Ile Tyr Ile Tyr Met Pro Ser Arg Met
625 630 635 640
25
Ala Ala Ile Phe Gly Thr Val Ala Ser Phe Ser Tyr Met Ser Leu Glu
645 650 655
Thr Gly Glu Leu Glu Asn Pro Phe Val Tyr Ser Val Ala Tyr Tyr Leu
30 660 665 670
Gly Asn Glu Asp Gly Lys Leu Val Leu Ser aAsn Asn Met Leu Leu His
675 680 685
35 sSer Asp Phe Arg Ser Phe Asp Leu Asn Gly Lys Asn Tyr Ala Ile Asn
690 695 700
Ser Leu Val Glu Phe Thr Ser Val Gln Gln Lys Tyr Tyr Ser Val Val
705 710 715 720
40
Glu Ile Asp Lys Asn Ala Lys Tyr Tyr Leu Phe His Ile Lys Asp Ala
725 730 735
Asn Ile Pro Asn Val Gln Phe Ile Leu Met Asp Lys Ala Met Tyr Glu
45 740 745 750

Ser Ala Phe Val Gln Met Phe Phe Phe Gly Lys Tyr Asp Glu Ser Leu
755 760 765

50 Tyr Glu Leu Ile Val Asp Ser Lys Glu Ala Lys Val Tyr Lys Leu Lys.

770 775 780
Leu
785
55 [0029] Amino acid sequences sharing at least about 70 percent, more

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the C. upsaliensis amino acid



WO 2013/067523 PCT/US2012/063590

-23-

' sequence of SEQ ID NO: 8 are also suitable for use in the present invention. The
nucleic acid sequence encoding the amino acid sequence of SEQ ID NO: 8 is
provided below as SEQ ID NO: 9 (EMBL Nucleotide Sequence Database

No. EFU71695):

5 atgaaaaacg aggctgtgaa aaatgcgaat ttgaggctag tattttttat cttactaget 60
tttggtttta gtgttttatg tcgettttat tggatttatt gggcgagtga ttttaacgaa 120

10 tattttttta ataatcagct tatgataagc tcaaatgacg gctacacttt tgcagagggt 180
gctagagata agatageggg ctttcatcag gaaaatgatt taagctttat taéttcctct 240
ctttctattt tgacttatgt gctttataaa atcacgcctt ttagttttga aagcattatt 300

15 ttatatatga gtgtattttt ttcttcactt atagttgtgc cgecttatttt aattgcaaat 360
gagcttaaac gccctttaat gggacttttt gecggcatttt tagcaagtat tgcaaaaagce 420

20 tattataacc gcactatggc aggatattat gatacagata tgttagccat tgtgecttcct 480
atgtttattt tatatttttt catcaggctt attttaagaa aagatgattt ttctttactt 540
gcettgeecgt tttttatggg actttatctt tggtggtatc catcaagcta tactctaaat 600

25 gtcgectttta tcgcactttt taccctttat gttttgattt atcatagaaa agaaaggtct 6560
ttttatatgg cagcactttt gtgtgccatt accctttcaa atattgettg gttttatcaa 720

30 agtgctatta ttgttttact ttttgctctt tttatgctta aaaattcgtt ttttaatttt " 780
aaatttatcg cacttttage cttaggagtt ttagtttttt tggetttaag tggggggata 840
gaccccatac tttatcagcet taaattttat cttttaagaa gtgatgaaag tgéaagttta 900

35 gcgecgtggtt ttgcgtattt taatgtaaat ttaaccatac aagaggttga aagtatcgat 960
ttaagcactt ttatgcaaag aattagcgga agtgagcttg tgtttttact ttctcttttt 1020

40 ggctttttat ggcttttaaa aaagcataayg gtgatgcttt taaccctacc tatgettttg 1080
ctcggttttt tagcacttag aggtgggett agatttacta tttatgctgt gectattatg 1140
gcgettggct ttggettttt aagegttcaa attttaaget taatccaaaa aatgcegtccc 1200

45 ttaaaagaaa ctcgaaaatt aagaatattt ttttatggaa tctttccegct trttgtgett 1260
gttttggggyg cttattttta ttttagtcaa agtgctattt atgagagtat gggagtggaa 1320

50 tttcaaaaga actttgtgag cttttttgta gaagatactt tgettttttc tttgctgatt 1380
ttggetattt ttacgccttt aatttttgag cttttgtgga gaaaaaagga cattcgtttt 1440
gtgtgtaget tttatattgt gggggttttg cttttttctt tatgggcaaa tttaagtcat 1500

55 atttataatt atagagcaca caccgttttt agctacaatg aagcgagtat tttggataat 1560
cttaaagcta atgtttctag ggaagattat attgtggctt ggtgggatta tggctatcct 1620

60 attcgttatt atagcgatgt gaaaacctta gctgatgggg gtaagcattt gggtaaggat 1680
aattttttcc cttcttttgt tttaagtcaa aatccacgcg cagcggcaaa tatggcaaga 1740
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50

cttagcgtag

atgatgaagqg
gattttactc
geggegattt
gaaaatcctt
ttaagtaata
tatgctatta
gagattgata
.gtgcéattga
tttggtaagt

tataaattaa

[0030]

aatacacaga

attataatta
ttcaaacgcc
ttggcacggt
ttgtttatag
atatgctcct
attctttggt
aaaatgctaa
tcctaatgga
atgatgagag

aattatga

tagcaatgta
caaaactaga
ggcaagtttt
tgtggcgtat
tcatagcgac
tgaatttact
atattatctce
taaggcgatg

tttgtatgaa

aaaacéccéE
aatttatttt
gatatttaca
tcttatatga
tatttgggaa
tttagaagcet
tcggtgcage
tttcacatca
tatgagaétg

ttaattgtag

ataatgatc
tagcggcact
tctatatgece
gcttagaaac
atgaggacgg
ttgaccttaa
aaaaatatta
aagacgctaa
ctttecgtgca

atagtaaaga

PCT/US2012/063590

ttctaaggag

ttctegtatg
gggtgagctt
caaactcgte
tggcaagaat
tagtgttgtg
tatcectaat
aatgtttttc

agcaaaggtg

1860

1920

1980

2040

2100

216G

2220

2280

2340

2358

An alignment of the Cumpylobucter PglB sequences is provided in

Figures 6A-6C, and a PgIB consensus sequence based on this alighment is presented

as SEQ ID NO: 10 of Figure 6. Residues that are not fully conserved between the

four Campylobacter sequences are depicted as X, where X can be any amino acid

residue. Alternatively, X is selected from one of the four depicted amino acid residue

at the corresponding position in the depicted Camplyobacter sequences.

[0031]

In another embodiment of the present invention, the OST is an archaea

oligosaccharyltransferase. For example, the OST STT3 subunit from Pyrococcus

furiosus which is capable of transferring a glycan to an asparagine residue of a target

glycoprotein is suitable for use in this and all aspects of the present invention. The

amino acid sequence of P. furiosus (UniProtKB Accession No. Q8U4D2) is provided
below as SEQ ID NO: 11:

Met val Lys

1

Ile Pro

Leu Ala

Lys Tyr

50
Leu Val
65

Pro Phe

Leu

Phe

35

Phe

Leu

Gly

Thr Gln
5

Pro
20

Gly
Ala Ala
Ser Asp
Lys Glu

Leu
85

Ser

Ile Lys Glu

Lys Ile

Tyr Gly

Lys

Phe

Lys Lys

10

Thr
25

val

Tyr Ile

40

Pro Asp

55
Gly Leu
70

Ile Gly

Thr

Pro

Glu

Phe Tyr

Arg Tyr

Pro Leu

Lys Asp
Ala

Leu

Arg His

Glu

Phe

Leu

Lys Val

15
Leu Val
30

Thr Ala

45

Phe
60

His

Tyr Pro

75

Gly Leu

Glu

Met

Tyr

Ile Tyr

Ala Asp

Ile Leu

95

Thr

Val

Gly

Lys

Ala

80

Pro

gaawmmmmmhmm.wwmmmmm"
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Ala Ile Phe Tyr Lys Ile Ile Ser Ile Phe Gly Tyr Asn Glu Leu Glu

160 105 110

Ala Phe Leu Leu Trp Pro Pro Phe Val Gly Phe Leu Ser Val Ile Gly
5 115 120 125

Val Tyr Leu Leu Gly Arg Lys Val Leu Asn Glu Trp Ala Gly Met Trp

130 135 140
10  Gly Ala Ile Ile Leu Ser Val Leu Thr Ala Asn Phe Ser Arg Thr Phe
145 150 155 160
Ser Gly Asn Ala Arg Gly Asp Gly Pro Phe Met Met Leu Phe Thr Phe
165 170 175
15
Ser Ala Val Leu Met Leu Tyr Tyr Leu Thr Glu Glu Asn Lys Asn Lys
180 185 190
20 Lys Ile Ile Trp Gly Thr Leu Phe val Leu Leu Ala Gly Ile Ser Thr
195 200 205
Ala Ala Trp Asn Gly Ser Pro Phe Gly Leu Met Val Leu Leu Gly Phe
210 215 220
25
Ala Ser Phe Gln Thr Ile Ile Leu Phe Ile Phe Gly Lys Ile Asn Glu
225 230 235 240
Leu Arg Glu Phe Ile Lys Glu Tyr Tyr Pro Ala Tyr Leu Gly Ile Leu
30 245 250 255
Ala Ile Ser Tyr Leu Leu Thr Ile Pro Gly Ile Gly Lys Ile Gly Gly
260 265 270
35 Phe Val Arg Phe Ala Phe Glu Val Phe Leu Gly Leu Val Phe Leu Ala
: 275 280 285
Ile val Met Leu Tyr Gly Gly Lys Tyr Leu Asn Tyr Ser Asp Lys Lys
290 295 300
40
His Arg Phe Ala Val Vval Ala Val Ile Val Ile Ala Gly Phe Ala Gly
305 310 315 320
Ala Tyr Ile Tyr Val Gly Pro Lys Leu Phe Thr Leu Met Gly Gly Ala
45 325 330 335

Tyr Gln Ser Thr Gln Vval Tyr Glu Thr val Gln Glu Leu Ala Lys Thr
340 345 350

50 Asp Trp Gly Asp Val Lys Val Tyr Tyr Gly Vval Glu Lys Pro Asn Gly
355 360 365

Ile val Phe Phe Leu Gly Leu Val Gly Ala Met Ile val Thr Ala Arg
370 375 380
55
Tyr Leu Tyr Lys Leu Phe Lys Asp Gly Arg Arg Pro His Glu Glu Leu
385 390 395 400

Phe Ala Ile Thr Phe Tyr Val Met Ser Ile Tyr Leu Leu Trp Thr Ala
60 405 410 415
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Ala Arg Phe Leu Phe Leu Ala Ser Tyr Ala Ile Ala Leu Met Ser Gly

420 425 430

5 wval pPhe Ala Gly Tyr Val Leu Glu Thr Vval Glu Lys Met Lys Glu Ser
435 440 445

Ile Pro Ile Lys Ala Ala Leu Gly Gly Vval Ile Ala Ile Met Leu Leu

450 455 460
10
Leu Ile Pro Leu Thr His Gly Pro Leu Leu Ala Gln Ser Ala Lys Ser
465 470 475 480
Met Arg Thr Thr Glu Ile Glu Thr Ser Gly Trp Glu Asp Ala Leu Lys
15 485 490 495
Trp Leu Arg Glu Asn Thr Pro Glu Tyr Ser Thr Ala Thr Ser Trp Trp
500 505 510
20 Asp Tyr Gly Tyr Trp Ile Glu Ser Ser Leu Leu Gly Gln Arg Arg Ala
515 520 525
Ser Ala Asp Gly Gly His Ala Arg Asp Arg Asp His Ile Leu Ala Leu
530 535 540
25
Phe Leu Ala Arg Asp Gly Asn Ile Ser Glu Val Asp Phe Glu Ser Trp
545 550 555 560
Glu Leu Asn Tyr Phe Leu Val Tyr Leu Asn Asp Trp Ala Lys Phe Asn
30 565 570 575

Ala Ile Ser Tyr Leu Gly Gly Ala Ile Thr Arg Arg Glu Tyr Asn Gly
580 585 590

35 Asp Glu Ser Gly Arg Gly Ala Val Thr Thr Leu Leu Pro Leu Pro Arg

595 600 605
Tyr Gly Glu Lys Tyr Val Asn Leu Tyr Ala Lys Val Ile Val Asp Vval
610 615 620
40
Ser Asn Ser Ser Val Lys Val Thr val Gly Asp Arg Glu Cys Asp Pro
625 630 635 640
Leu Met val Thr Phe Thr Pro Ser Gly Lys Thr Ile Lys Gly Thr Gly
45 645 650 655

Thr Cys Ser Asp Gly Asn Ala Phe Pro Tyr Val Leu His Leu Thr Pro
660 665 670

50 Thr Ile Gly Val Leu Ala Tyr Tyr Lys Val Ala Thr Ala Asn Phe Ile
675 680 685

Lys Leu Ala Phe Gly Val Pro Ala Ser Thr Ile Pro Gly Phe Ser Asp
690 695 700
55
Lys Leu Phe Ser Asn Phe Glu Pro Val Tyr Glu Ser Gly Asn Val Ile
705 710 715 720

Val Tyr Arg Phe Thr Pro Phe Gly Ile Tyr Lys Ile Glu Glu Asn Ile
60 725 730 735
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Asn Gly Thr Trp Lys Gln Val Tyr Asn Leu Thr Pro Gly Lys His Glu

740 745 750
5 Leu Lys Leu Tyr Ile Ser Ala Phe Gly Arg Asp Ile Glu Asn Ala Thr
755 760 765
Leu Tyr Ile Tyr Ala Ile Asn Asn Glu Lys Ile Ile Glu Lys Ile Lys
770 775 780
10
Ile Ala Glu Ile Ser His Met Asp Tyr Leu Asn Glu Tyr Pro Ile Ala
785 790 795 800
Val Asn Val Thr Leu Pro Asn Ala Thr Ser Tyr Arg Phe val Leu Vval
| 805 ' 810 815
Gln Lys Gly Pro Ile Gly Val Leu Leu Asp Ala Pro Lys Val Asn Gly
820 825 830
20 Glu Ile Arg Ser Pro Thr Asn Ile Leu Arg Glu Gly Glu Ser Gly Glu
835 840 845
Ile Glu Leu Lys Val Gly Val Asp Lys Asp Tyr Thr Ala Asp Leu Tyr
850 855 860
25
Leu Arg Ala Thr Phe Ile Tyr Leu Val Arg Lys Ser Gly Lys Asp Asn
865 870 875 880
Glu Asp Tyr Asp Ala Ala Phe Glu Pro Gln Met Asp Val Phe Phe Ile
30 885 890 895

Thr Lys Ile Gly Glu Asn Ile Gln Leu Lys Glu Gly Glu Asn Thr Val
900 905 910

35 1ys val Arg Ala Glu Leu Pro Glu Gly Val Ile Ser Ser Tyr Lys Asp

915 920 925
Glu Leu Gln Arg Lys Tyr Gly Asp Lys Leu Ile Ile Arg Gly Ile Arg
930 935 940
40
vVal Glu Pro Val Phe Ile Ala Glu Lys Glu Tyr Leu Met Leu Glu Val
945 950 955 960
Ser Ala Ser Ala Pro His His
45 965

[0032] Amino acid sequences sharing at least about 70 percent, more
preferably at least about 75 percent or 80 percent, most preferably at least about 85
percent or 90 percent or 95 percent as compared to the P. furiosus amino acid

50  sequence of SEQ ID NO: LI are also suitable for use in the present invention. The
nucleic acid sequence encoding the anino acid sequence of SEQ ID NO: 11 is
provided below as SEQ ID NO: 12 (EMBL Nucleotide Sequence Database
No. AAL80280):

atggtgaaaa cccaaataaa ggagaaaaag aaagatgaaa aagttactat tecacttcct 50

55
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55

60

65

gggaagataa

tacattagac
gaaatttata
ccatttggaa
aaaataatct
gtaggatttce
gcagggatgt
tcaggcaacyg
atgctctatt
gtactcttgg
ctcecttggat
cttagagaat
cttctaacga
ttcttagggt
tctgacaaga
gcttatattt
caagtttatg
tatggagtag
gttacagcta
tttgcaataa
ttcctagcga
actgtagaaa
attatgette
atgagaacaa
aacactccag
agectcctag
atcttagcce
gagcttaact
ctaggcgggg
actacgctac
atagttgatg
ctaatggtta
ggcaacgcct

aaagtagcaa

aaactgtett
atttaacagce
agctagtcct
gtctcatagg
caatatttgg
tcagtgttat
ggggtgctat
caagaggcga
atctaaccga
caggaatatc
tcgecatcgtt
tcataaagga
tcccaggaat
tagttttctt
agcacaggtt
acgttggtcc
aaacagtaca
aaaagccaaa
ggtacctcta
ctttctatgt
gttatgcgat
agatgaaaga
ttctaatacc
ccgagatcga
aatattcgac
gacagagaag
tatttctagc
acttcctagt
ctataacgag
ttcctectece
tttcaaactc
cgtttactce
tcccatatgt

ctgcaaactt

cggaaagtat
caaagagggc
agaacctctt
gtacaatgag
aggtgtttac
aattctctca
cggcccatte
ggaaaataaa
aactgcagca
ccagacaata
atactaccca
tggaaaaata
agccatcgtce
cgcagtggtt
aaaactcttc
ggagctcgceca
cggaatagtc
caaattattt
aatgtcaatt
agcattgatg
gagtatacca
cttaactcat
gactagtgga
cgcaacctct
ggccagtgct
cagagacggt
ttaccttaat
gagagaatac
aaggtatgga
gagcgtaaag
aagtggaaag
tttacactta

cattaagtta

ggccttecta

-28 -

gtegttttgg

ttctcagatc
cttectaggt
ggactataca
ctagaggcat
ttactcggaa
gtcctcacgyg
atgatgttgt
aacaagaaaa
tggaacggtt
atcctcttta
gcatacctgg
ggaggattrg
atgctctatg
gcagttatag
actctaatgg
aaaactgatt
ttctteccttyg
aaagatggaa
tacctcctct
tcaggtgtct
ataaaagcag
ggcccactet
tgggaagatg
tggtgggact
gatggtggac
aacattagtg
gattgggcaa
aatggagatg
gagaaatacg
gttactgtag
acgataaaag
actccaacaa

gectteggtyg

cagatacctt
attacccaat
tccttecage
ttcttetttg
gaaaagttct
caaacttttc
ttacgtttte
taatctgggg
caccatttgg
tttttggaaa
gaattttage
taagatttgc
gaggaaaata
ttattgecgagy
gtggagctta
ggggagatgt
gattagttgg
ggcgcccaca
ggacagctgce
ttgcaggata
cactaggagyg
tagctcaaag
cgctcaaatg
atggatattg
atgcaagaga
aagtagactt
agttcaatgce
aaagtggaag
tcaacctcta
gagacagaga
gaactggaac
ttggagtact

ttccagette

catttgcege

PCT/US2012/063590
;Eé;égéEEEMMm”m‘iiém
ctaccatttc 180
ggcagatgct 240
aatattctac 300
gcccccatte 360
gaacgaatgg 420
aagaacattc 480
agcagtccta 540
aacactgttt 600
actaatggtt 660
gatcaatgag 720
tataagctac 780
atttgaggtt 840
cttgaactat 900
gttcgecagga 960
tcagtcaacg 1020
aaaagtctat 1080
agcaatgatt 1140
cgaagagtta 1200
tagattccta 1260
cgtcctagag 1320
agtaattgct 1380
cgctaaaagt 1440
gctcagagaa 1500
gatagagtca 1560
tagagatcat 1620
tgagagttgg 1680
aatcagctat 1740
aggageccgta 1800
tgccaaagtt 1860
gtgtgatcca 1920
ctgtagtgat 1980
tgcatactac 2040
aacaattcca 2100
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ggattctctg ataagctatt ctcaaacttt gagccagtgt atgagtcagg aaacgtaata 2160
gtatatcgct tcacaccatt tggaatatac aaaattgagg aaaacattaa cggéacttgg 2220
aagcaagttt ataacctaac tcctggaaaa cacgagctca aactgtacat ttcagcattce 2280
ggaagagaca tcgaaaatgc aacgctgtac atttacgcca taaacaacga gaagatcata 2340
gagaaaatta agattgccga gatatcccac atggactatc taaatgaata cccgatagea 2400
gtgaacgtaa ccctaccaaa tgctacaagc tacaggtttg tactagttca aaaaggccca 2460
ataggtgttc ttctagatgc accaaaagtc aatggtgaga taagaagtcc aaccaacata 2520
ctaagggaag gagaaagtgyg agaaatagag cttaaagttg gggttgataa agactacact 2580
gccgatctat acttaagggc tacgttcata tatttagtca gaaaaagtgg aaaggataac 2640
gaagattatg acgcagcgtt tgagccccaa atggatgttt tetttatcac aaagatcgga 2700
gaaaacattc aacttaaaga aggagagaat acagtaaagg ttagggcgga gcttccagaa 2760
ggagttatat ctagctacaa agatgaacta cagagaaaat acggagacaa gttgataatc 2820
agaggaataa gagtagagcc agtgttcata gcagaaaaag agtécctaat gctcgaggte 2880
agtgcatcgg ctcctcatca ctaa 2904
{0033] OSTs from other Pyrococcus species or strains that share sequence

identity to P. furiosus OST STT3 subunit related protein and/or are capable of

transferring a glycan moiety to a target glycoprotein are also suitable for use in the

present invention. For example, homologous OSTs derived from Pyrococcus sp.

ST04 (SEQ ID NO: 13; UniProtKB No. I3RCF1), Pyrococcus sp. (strain NA2) (SEQ
ID NO: 14; UniProtKB No. F4HM23), P. horikoshii (SEQ ID NO:15; UniProtKB No.
074088), P. abyssi (SEQ ID NO: 16; UniProtKB No. Q9V250), and P. yayanosii
(SEQ ID NO: 17; UniProtKB No. F8AIG3) each share greater than 70% sequence
identity with the amino acid sequence of P. furiosus OST (see alignment of Figure 7),
and are suitable for use in this and all aspects of the present invention. The nucleotide
sequences encoding the aforementioned Pyrococcus OSTs are known and readily
available in the art. A STT3 consensus sequence based on the alignment of
Pyrococcus STT3 sequences is presented as SEQ ID NO: 18 in Figure 7. Residues
that are not fully conserved between the six Pyrococcus sequences are depicted as X,
where X can be any amino acid residue. Alternatively, X is selected from an amino
acid residue at the corresponding position in one of the six depicted Pyrococcus
sequences. '
[0034]
eukaryotic oligosaccharyltransferase. For example, the OST STT3subunit from

In another embodiment of the present invention, the OST is a
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of a target glycoprotein is suitable for use in this and all aspects of the present
invention. The amino acid sequence of L. major (UniProtKB Accession No.
QOU5NS) is provided below as SEQ ID NO: 19.

S Met Ala Ala Ala Ser Asn Val Asn Ala Pro Glu Ser Asn Val Met Thr

1 5 10 15
Thr Arg Ser Ala Val Ala Pro Pro Ser Thr Ala Ala Pro Lys Glu Ala
20 25 30
10
Ser Ser Glu Thr Leu Leu Ile Gly Leu Tyr Lys Met Prc Ser Gln Thr
35 40 45
Arg Ser Leu Ile Tyr Ser Ser Cys Phe Ala Val Ala Met Ala Ile Ala
15 50 55 -~ 60
Leu Pro Ile Ala Tyr Asp Met Arg Val Arg Ser Ile Gly val Tyr Gly
65 70 75 80
20 Tyr Leu Phe His Ser Ser Asp Pro Trp Phe Asn Tyr Arg Ala Ala Glu
85 90 95
Tyr Met Ser Thr His Gly Trp Ser Ala Phe Phe Ser Trp Phe Asp Tyr
100 105 110
25
Met Ser Trp Tyr Pro Leu Gly Arg Pro Val Gly Ser Thr Thr Tyr Pro
115 120 125
Gly Leu Gln Leu Thr Ala Val Ala Ile His Arg Ala Leu Ala Ala Ala
30 130 135 140
Gly Met Pro Met Ser Leu Asn Asn Val Cys Val Leu Met Pro Ala Trp
145 150 155 160
35 pPhe Ser Leu Val Ser Ser Ala Met Ala Ala Leu Leu Ala His Glu Met
165 170 175
Ser Gly Asn Met Ala Val Ala Ser Ile Ser Ser Ile Leu Phe Ser Val
180 185 190
40
val Pro Ala His Leu Met Arg Ser Met Ala Gly Glu Phe Asp Asn Glu
195 200 205
Cys Ile Ala Val Ala Ala Met Leu Leu Thr Phe Tyr Cys Trp Val Arg
45 210 215 220

Ser Leu Arg Thr Arg Ser Ser Trp Pro Ile Gly Val Leu Thr Gly Val
225 230 235 240

50 ala Tyr Gly Tyr Met Ala Ala Ala Trp Gly Gly Tyr Ile Phe Val Leu
245 250 255

Asn Met Val Ala Met His Ala Gly Ile Ser Ser Met val Asp Trp Ala
260 265 270
55
Arg Asn Thr Tyr Asn Pro Ser Leu Leu Arg Ala Tyr Thr Leu Phe Tyr
275 280 285
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Val vVal Gly Thr Ala Ile Ala Val Cys Val Pro Pro Val Gly Met Ser

290 295 300
5 Pro Phe Lys Ser Leu Glu Gln Leu Gly Ala Leu Leu Val Leu Val Phe
305 310 315 320
Ile Phe Gly Gln Ser Val Cys Glu Ala Gln Arg Arg Arg Leu Gly Ile
325 330 335
10
Ala Arg Leu Ser Lys Glu Gly Val Ala Leu Leu Ile Arg Ile Asp Ala
340 345 350
Ala Phe Phe Val Gly Ile Val Ala Val Ala Thr Ile Ala Pro Ala Gly
15 355 360 365
Phe Phe Lys Pro Leu Ser Leu Gln Ala Asn Ala Ile Ile Thr Gly val
370 375 380
20 ser Arg Thr Gly Asn Thr Leu Val Asp Ile Leu Leu Ala Gln Asp Ala
385 390 395 400
Ser Asn Leu Leu Met Val Trp Gln Leu Phe Leu Phe Pro Phe Leu Gly
405 410 415
25
Trp Val Ala Gly Met Ser Ala Phe Leu Arg Glu Leu Ile Arg Asn Tyr
420 425 430
Thr Tyr Ala Lys Ser Phe Ile Leu Met Tyr Gly val Val Gly Met Tyr
30 435 440 445

Phe Ala Ser Gln Ser Val Arg Met Met Val Met Met Ala Pro val Ala
450 455 460

35 cys Ile Phe Thr Ala Leu Leu Phe Arg Trp Ala Leu Asp Tyr Leu Leu
465 470 475 480

Gly Ser Leu Phe Trp Ala Glu Met Pro Pro Ser Phe Asp Thr Asp Ala

485 490 495
40
Gln Arg Gly Arg Gln Gln Gln Thr Ala Glu Glu Ser Glu Ala Glu Thr
500 505 510
Lys Arg Lys Glu Glu Glu Tyr Asn Thr Met Gln Val Lys Lys Met Ser
45 515 520 525

Val Arg Met Leu Pro Phe Met Leu Leu Leu Leu Leu Phe Arg Leu Ser
530 535 540

50 Gly phe Ile Glu Asp Val Ala Ala Ile Ser Arg Lys Met Glu Ala Pro
545 550 55%5 560

Gly Ile Val Phe Pro Ser Glu Gln Val Gln Gly Val Ser Glu Lys Lys
565 570 575
55
Val Asp Asp Tyr Tyr Ala Gly Tyr Leu Tyr Leu Arg Asp Ser Thr Pro
580 585 590

_ Glu Asp Ala Arg Val Leu Ala Trp Trp Asp Tyr Gly Tyr Gln Ile Thr
60 595 600 605
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Gly Ile Gly Asn Arg Thr Ser Leu Ala Asp Gly Asn Thr Trp Asn His

610 615 620
5 Glu His Ile Ala Thr Ile Gly Lys Met Leu Thr Ser Pro Val Ala Glu
625 630 635 640
Ala Hig Ser Leu Val Arg His Met Ala Asp Tyr Val Leu Ile Ser Ala
645 650 655
10
Gly Asp Thr Tyr Phe Ser Asp Leu Asn Arg Ser Pro Met Met Ala Arg
660 665 670
Ile Gly Asn Ser Val Tyr His Asp Ile Cys Pro Asp Asp Pro Leu Cys
15 675 680 685
Ser Gln Phe Val Leu Gln Lys Arg Pro Lys Ala Ala Ala Ala Lys Arg
690 695 700
20 ser Arg His val Ser val Asp Ala Leu Glu Glu Asp Asp Thr Ala Glu
705 . 710 715 720
Higs Met Vval Tyr Glu Pro Ser Ser Leu Ile Ala Lys Ser Leu Ile Tyr
725 730 735
25
His Leu His Ser Thr Gly Val Vval Thr Gly Val Thr Leu Asn Glu Thr
740 745 750
Leu Phe Gln His Val Phe Thr Ser Pro Gln Gly Leu Met Arg Ile Phe
30 755 760 765

Lys Val Met Asn Val Ser Thr Glu Ser Lys Lys Trp Val Ala Asp Ser
770 - 775 780

35 Ala asn Arg Val Cys His Pro Pro Gly Ser Trp Ile Cys Pro Gly Gln

785 790 795 80¢C
Tyr Pro Pro Ala Lys Glu Ile Gln Glu Met Leu Ala His Gln His Thr
805 810 815
40
Asn Phe Lys Asp Leu Leu Asp Pro Arg Thr Thr Trp Ser Gly Ser Arg
820 825 830
Arg
45
[0035] Amino acid sequences sharing at least about 70 percent, more

preferably at least about 75 percent or 80 percent, most preferably at least about 85
percent or 90 percent or 95 percent as compared to the L. major amino acid sequence
of SEQ ID NO: 19 are also suitable for use in the present invention. The nucleic acid

50 sequence encoding the amino acid sequence of SEQ ID NO: 19 (L. major STT3) is
provided below as SEQ ID NO: 20 (EMBL Nucleotide Sequence Database No.
CAB61569):

atggcggcag cgtcaaacgt gaatgccccc gaaagcaacg tgatgacaac gagaagtgec 60

55 gttgcaccac cgtcgacggce tgcacccaaa gaggcttcaa gtgaaacget gctcattgge 120
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55

60

65

ctatacaaga
atggccattg
tacctcttec
cacggctggt
cccgteggcet
ctggcggctyg
ttttcacttyg
gcggtageea
atggcgggtyg
tgctgggtge
gcctacgget
atgcatgccyg
ctgegtgeat
gtggggatgt
attttcggte
aaggagggcyg
gtggccacca
atcactggcg
tccaacctac
atgagcgcct
atgtacggcy
gccececogtygg
gggtctttgt
cagcaacaga
accatgcagg
tttcgtettt
ggtatagttt
tatgeggggt
tgggactacyg
acctggaacc
gcgecactcege
ttttccgace

atcrgecceey

tgccctegea
ceccteectat
acagcagtga
ccgecttett
ccaccacgta
ccggcatgec
tctcttcage
gcatctegte
agttcgacaa
getegetgey
acatggcgge
gcatatcatce
acacgctgtt
cgcecttcaa
agtctgtgtg
tggcgetgct
ttgcccegge
tatctcgtac
tcatggtgty
tccttagaga
tggtcggtat
cgtgcatctt
tttgggetga
ccgeccgagga
tcaagaagat
cggggttcat
ttcccagtga
acctgtatct
gctaccagat
acgagcacat
tggtgcgeca
tgaatcgctc

acgacccace

aactcgtage
cgcgtacgac
ccegtggttc
cagectggtte
cccéggcctg
gatgtctctce
gatggcggca
tatcttattc
cgagtgtatc
cacgcggtee
ggcgtggggc
gatggtggac
ctacgtcgtyg
gtcgctggag
tgaggcccag
catccgcatce
tggattctte
cggaaacaca
gcagettete
gttgatccgg
gtacttcgece
tactgcecte
gatgccacct
gtcggaggca
gtecggtgege
cgaagatgtg
acaggtgcaa
gegegacage
cacaggcatc
cgccacgacc
catggccgac
accgatgatg

ttgtagtcag

-33-

ctcatctact
atgegtgtcce
aactaccgcy
gactacatga
cagctcactyg
aacaacgtgt
ctgctggcgce
agtgtggttce
gcecgtegecag
tcgtggeeca
ggctacattt
tgggcccgea
ggcaccgcca
cagctgggtyg
cgcagacgat
gacgcagcct
aagccgetet
ctcgtagaca
ctcttteect
aactacacct
agccagtcryg
ttgtteccgct
tcectttgaca
gagaccaagc
atgttgccect
gcggcgatat
ggcgtgtcgg
acgccagagg
ggcaaccgea
ggcaagatgc
tatgttctga
gegegecatceyg

ttcgtgttgce

cctectgett
gctcecatcgg
ctgccgagta
gctggtacee
ccgtcgecat
gcgtgetgat
atgagatgag
cagcccacct
ccatgctcct
tcggtgtect
tcgtgetcaa
acacgtacaa
tcgocogtgty
cgctgctggt
tgggaatcgc
tcttegtegy
coctgcaagce
ttctgettge
tcttaggttyg
acgcgaagag
tccgaatgat
gggcactgga
ccgacgcaca
graaggagga
tcatgectgtt
cgcgcaagat
agaaaaaggt
acgcgegcegt
cctegctgge
tgacgtcgcce
tctectgctgyg
gcaacagcgt

agaaaagacc

PCT/US2012/063590
tgcggtggec 180
cgtgtacggg 240
catgtccacg 300
getgggecge 380
tcaccgcgca 420
gccagegtgyg 480
cggcaatatyg 540
gatgeggtee 600
caccttctac 660
caccggtgte 720
catggttgcc 780
cccgtegety 840
cgtgccgeca 900
gettgtette 960
gcgectteca 1020
tatcgttgece 1080
gaacgcgata 1140
gcaagacgcg 1200
ggtggcggge 1260
tttcatcctg 1320
ggtgatgatg 1380
ctacctecte 1440
gegtgggcgg 1500
agagtacaac 1560
gctcttacty 1620
ggaggcgecy 1680
cgacgactac 1740
tttggecetgg 1800
cgatggcaac 1860
cgtggcggag 192G
agacacatat 1980
gtaccacgac 2040

gaaagctgct

2100
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gcagcgaage goagtcggea cgtcagogtt gacgcactag aggaggatga cactgeagag
catatggtat acgagccogtc atcactcata gccaagtcgce tcatatatca cctgcactec 2220
acaggggtgg tgacgggggt cacgctgaat gagacgctcet tccagcacgt cttcacctca 2280
ccgcagggte tcatgcgeat cttcaaggtc atgaacgtga gcacggagag caaaaagtygg 2340
gttgctgact cggcaaaccg cgtgtgccac ccgectgggt cgtggatctg cccogggeag 2400
tacccgecgg cgaaggagat ccaggagatg ctggcacacc aacacaccaa cttcaaggac 2460
cttcttgatc ccagaacgac ttggagcggg agcaggcgct ga 2502
[0036] OSTs from other Leishmania species or strains that share sequence

identity to L. major OST STT3 subunit related protein and/or are capable of
transferring a glycan moiety to a target glycoprotein are also suitable for use in the
present invention. For example, homologous OSTs derived from L. donovani (SEQ
ID NO: 21; UniProtKB No. E9BRZ2), L. infantum (SEQ ID NQO: 22; UniProtKB No.
A4IB10), L. mexicana (SEQ ID NO: 23; UniProtKBKB No. E9B5Z4), and L.
braziliensis (SEQ ID NO: 24; UniProtKB No. A4HMD®6), which each share greater
than 70% sequence identity with the amino acid sequence of L. major OST (see
alignment of Figure 8), are also suitable for use in the this and all aspects of the
present invention. A STT3 consensus sequence based on the alignment of
Leishmania STT3 sequences is presented as SEQ ID NO: 25 in Figure 8. Residues
that are not fully conserved between the five Leishmania sequences are depicted as X,
where X can be any amino acid residue. Alternatively, X is selected from an amino
acid residue at the corresponding position in one of the five depicted Leishmania
sequences.
[0037]

oligosaccharyltransferase is STT3 from Saccharomyces cerevisiae. The amino acid

In another embodiment of the present invention, the eukaryotic

sequence of S. cerevisiae (UniProtKB Accession No. P39007) is provided below as
SEQ ID NO: 26.

Met Gly Ser Asp Arg Ser Cys Val Leu Ser VvVal Phe Gln Thr Ile Leu
1 S 10 15

Lys Leu Val Ile Phe Val Ala Ile Phe Gly Ala Ala Ile Ser Ser Arg
20 25 30

Leu Phe Ala Val Ile Lys Phe Glu Ser Ile Ile His Glu Phe Asp Pro
35 40 45

Trp Phe Asn Tyr Arg Ala Thr Lys Tyr Leu Val Asn Asn Ser Phe Tyr
50 55 60
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65 70 75 80
Val Thr Gly Gly Thr Leu Tyr Pro Gly Leu Met Thr Thr Ser Ala Phe
5 85 90 95
Tle Trp His Ala Leu Arg Asn Trp Leu Gly Leu Pro Ile Asp Ile Arg
100 105 110 .
10 Asn val Cys Val Leu Phe Ala Pro Leu Phe Ser Gly Val Thr Ala Trp
115 12¢ 125
Ala Thr Tyr Glu Phe Thr Lys Glu Ile Lys Asp Ala Ser Ala Gly Leu
_ 130 135 140
15
Leu Ala Ala Gly Phe Ile Ala Ile Val Pro Gly Tyr Ile Ser Arg Ser
145 150 155 160
val Ala Gly Ser Tyr Asp Asn Glu Ala Ile Ala Ile Thr Leu Leu Met
20 165 ' 170 175
val Thr Phe Met Phe Trp Ile Lys Ala Gln Lys Thr Gly Ser Ile Met
180 185 190
25 His Ala Thr Cys Ala Ala Leu Phe Tyr Phe Tyr Met Val Ser Ala Trp
195 200 205
Gly Gly Tyr val Phe Ile Thr Asn Leu Ile Pro Leu His Val Phe Leu
210 215 220
30
Leu Ile Leu Met Gly Arg Tyr Ser Ser Lys Leu Tyr Ser Ala Tyr Thr
225 _ 230 235 ) 240
Thr Trp Tvr Ala Ile Gly Thr Val Ala Ser Met Gln Ile Pro Phe Val
35 245 250 255 -
Gly Phe Leu Pro Ile Arg Ser Asn Asp His Met Ala Ala Leu Gly Val
260 265 270
40 Phe Gly Leu Ile Gln Ile Val Ala Phe Gly Asp Phe Val Lys Gly Gln
275 280 285
Ile Ser Thr Ala Lys Phe Lys Val Ile Met Met Val Ser Leu Phe Leu
290 295 300
45
Ile Leu Val Leu Gly Vval Val Gly Leu Ser Ala Leu Thr Tyr Met Gly
305 31C 315 320
Leu Ile Ala Pro Trp Thr Gly Arg Phe Tyr Ser Leu Trp Asp Thr Asn
50 325 330 335

Tyr Ala Lys Ile His Ile Pro Ile Ile Ala Ser Val Ser Glu His Gln
340 345 350

55 Pro Val Ser Trp Pro Ala Phe Phe Phe Asp Thr His Phe Leu Ile Trp
355 360 365

Leu Phe Pro Ala Gly Val Phe Leu Leu Phe Leu Asp Leu Lys Asp Glu
370 375 380
60
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385 390 . 395 400

Val Met Val Arg Leu Met Leu Thr Leu Thr Pro Val Ile Cys Val Ser
D> 405 410 415

Ala Ala Vval Ala Leu Ser Lys Ile Phe Asp Ile Tyr Leu Asp Phe Lys
420 425% 430

10 Thr Ser Asp Arg Lys Tyr Ala Ile Lys Pro Ala Ala Leu Leu Ala Lys

435 440 445
Leu Ile val Ser Gly Ser Phe Ile Phe Tyr Leu Tyr Leu Phe Val Phe
450 455 460
15
His Ser Thr Trp Val Thr Arg Thr Ala Tyr Ser Ser Pro Ser Val Val
465 470 475 480
. Leu Pro Ser Gln Thr Pro Asp Gly Lys Leu Ala Leu Ile Asp Asp Phe
20 485 490 495
Arg Glu Ala Tyr Tyr Trp Leu Arg Met Asn Ser Asp Glu Asp Ser Lys
500 _ 505 510
25 val Ala Ala Trp Trp Asp Tyr Gly Tyr Gln Ile Gly Gly Met Ala Asp
515 520 525
Arg Thr Thr Leu Val Asp Asn Asn Thr Trp Asn Asn Thr His Ile Ala
530 535 540
30
Ile vVal Gly Lys Ala Met Ala Ser Pro Glu Glu Lys Ser Tyr Glu Ile
545 550 555 560
Leu Lys Glu His Asp Val Asp Tyr Val Leu Val Ile Phe Gly Gly Leu
35 565 570 575
Ile Gly Phe Gly Gly Asp Asp Ile Asn Lys Phe Leu Trp Met Ile Arg
580 585 590
40 Tle Ser Glu Gly Ile Trp Pro Glu Glu Ile Lys Glu Arg Tyr Phe Tyr
595 600 605
'Thr Ala Glu Gly Glu Tyr Arg Val Asp Ala Arg Ala Ser Glu Thr Met
610 615 620
45
Arg Asn Ser Leu Leu Tyr Lys Met Ser Tyr Lys Asp Phe Pro Gln Leu
625 630 635 640
Phe Asn Gly Gly Gln Ala Thr Asp Arg Val Arg Gln Gln Met Ile Thr
50 645 650 655

Pro Leu Asp val Pro Pro Leu Asp Tyr Phe Asp Glu Val Phe Thr Ser
660 665 670

55 Glu Asn Trp Met Val Arg Ile Tyr Gln Leu Lys Lys Asp Asp Ala Gln
675 680 685

Gly Arg Thr Leu Arg Asp Val Gly Glu Leu Thr Arg Ser Ser Thr Lys
690 695 700
60
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705

[0038]

Amino acid sequences sharing at least about 70 percent, more

710

715

PCT/US2012/063590

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the S. cerevisiae amino acid

sequence of SEQ ID NO: 26 are also suitable for use in the present invention. The

nucleic acid sequence encoding the amino acid sequence of SEQ ID NO: 26 (S.
cerevisiae STT3) is provided below as SEQ ID NO: 27 (EMBL Nucleotide Sequence
Database No. BAA06079). S

atgggateeg
ttcgtggcga
tctattatcec
aattcgtctt
gttactggag
ctgcgcaact
ctattttctg
agcgetggge
gtggcggggt
ttttggatta
tacttctaca
catgtctret
acttggtacyg
atcaggtcta
ttcggtgact
tctctgtttt
ttgattgcee
cacattccta
tttgataccc
ttgaaagacg
gttatggrta
ttgtccaaga
aaacctgegyg
cttttcgtct

ttgeccatcac

accggtegtyg
tttttgggge
atgaattcga
acaagttttt

ggactttata

ggttgggett

gggtcaccge
ttttggctge
cctacgataa
aggcccaaaa
tggtgtcgge
tgctgatett
ctattggaac
acgaccacat
tcgtgaaggy
tgatcttggt
cttggactygy
tcattgectc
actttttgat
agcacgtttt
gattgatgtt
tatttgacat
cactactggc
tccattctac

aaaccccaga

tgttttgtet
tgccatatca
ccecectggtte
gaactggttt
tcctggttty
gcccattgac
ctgggcgact
tggttttata
tgaggccatt
gactggectet
ttggggtgga
gatgggcaga
tgttgcatce
ggccgeattyg
ccaaatcagc
ccttggtgty
tagattttat
cgtttccgaa
ctggctatte
tgtcatcget
gaccttgaca
ctacctggat
caaattgatt
ttgggtaaca

tggtaaattyg

gtgtttcaga
tcacgtttgt
aattataggg
gacgaccgta
atgacgacta
atcagaaacyg
tacgaattta
gccattgtee
gccattacac
atcatgcacyg
tacgtgttca
tattcgtcca
atgcagatcc
ggtgttrtcy
acagctaagt
gtcggacttt
tcgttatggy
catcaaccey
cceogecggLy
tactccgtece
ccagtcatct
ttcaagacaa
grtteccggat
agaactgcat

gcgttgatcyg

ccatcctcaa
ttgcagtcat
ctaccaaata
cctggtaccce
gtgcgtteat
tttgtgtgect
cgaaagagat
ccggttatat
tattaatggt
caacgtgtgc
tcaccaactt
aactgtattc
catttgtcgyg
gtttgatctca
ttaaagtcat
ctgecttgac
ataccaacta
tttegtggee
tattcctact
tgtgttcegta
gtgtgtccge
gtgaccgcaa
cattcatctt
actcttctec

acgacttecag

gctcgtcatc
caaatttgag
tcteogteaac
cctocggaagyg
ctggcacgec
atttgcgcca
taaagatgcce
atctagatca
cactttcatg
agctttattc
gatcccacte
tgcctacace
tttectacct
gattgtcgec
catgatggtt
ctatatgggg
cgcaaagatc
cgetttctte
attcctegac
ctttgecggt
cgcegtcegea
atacgccatc
ttcatttgtat
ttctgttgtt

ggaagcgtac

60

120

180

240

300

420

480

540

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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tattggttaa
taccaaatty
actcacatcg
ctaaaagagc
ggtgatgaca
gagataaaag
tctgagacca
ttcaatggtyg
ccaccattag
caattgaaga

tcttctacga

[0039]

gaatgaactc
gtggcatgge
ccatcgttgg
atgatgtcga
tcaacaaatt
agcgttattt
tgaggaactc
gccaagecac
actacttcga
aggatgatgce

aaaccagaag

tgatgaggac
agacagaacce
taaagccatg
ttatgtcttg
cctgtggatg
ctataccgea
gctactttac
tgacagagtyg
cgaagttttt
ccaaggtaga

gtccataaag

-38 -

agtaaggttyg
actttagtcg
gctkccectyg
gtcatctttyg
atcagaatta
gagggagaat
aagatgtcct
cgtcaacaaa
acrttcegaaa
actttgaggy

agacctgaat

cagcgtggtyg
ataacaacac
aagagaaatc
gtggtctaat
gcgagggaat
acagagtaga
acaaagattt
tgatcacacc
actggatggt
acgttggtga

taggcttgay

PCT/US2012/063590
ggattacggt 1560
gtggaacaat 1620
ttacgaaatt 1680
tgggtttggt 1740
ctggccagaa 1800
tgcaagggct 1860
cccacaatta 1920
attagacgtc 1980
tagaatatat 2040
gttaaccagg 2100
agtctaa 2157

In another embodiment of the present invention, the eukaryotic

oligosaccharyltransferase is STT3 from Schizosaccharomyces pombe. The amino
acid sequence of S. pombe (UniProtKB Accession No. 094335) is provided below as
SEQ ID NO: 28.

1

Gln Lys

Ala val

Ile
50

Ser

Ile
65

Leu
Arg Ser
Leu

Gly

Arg Ile

Met Ala Asn Serx
Asp
Ala
35

Ile
val
Trp

Met

Asn

Ala

Trp
20

Lys
Ser val
His Glu
Glu Gln

Pro
85

YT

Val Thr

100

val Asn

115

Phe Ser

130

Lys Ser
145

Gly

Asp

Ile Thr

Ala Cys

Thr Ile

Ile

Pro

Ser Ser

Thr

Leu

Arg

Ser Lys

10
Lys Val
25

Leu Phe

40

Phe Asp

55

Gly Phe

Leu Gly
Ser

Gly

Ile Arg

Pro

Tyr

Arg

Ile

ASp

Trp Phe

Asn Phe

val Ala

90

Ile
105

Phe

val Cys

120

Ala Ile

135
Gly Leu
150

Ala

Leu

Thr Tyr

Ala Ala

Lys Gly

Ile

Leu

Ser val

val

Leu

Tle

ser
15

Lys

Ile
30

Cys

Arg Tyr

45

Phe
60

Asn

Leu Asn

75

Gly Gly

Lys Val

Val Leu

Arg

Trp

Thr

Leu

Leu

Ala Ser

Phe Asp

Leu Tyr

95
His Leu
110

Ala Pro

125

Leu
140

TYyTr

Ala
155

Phe

Ala

Met

Arg Glu

Gly Ile

His

Ile

Glu

Lys

Glu

80

Pro

Leu

Ala

Leu

Ala
160
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165 170 175
Ile Ala Ile Thr Leu Leu Met Ser Thr Phe Ala Leu Trp Ile Lys Ala
5 180 185 190
val Lys Ser Gly Ser Ser Phe Trp Gly Ala Cys Thr Gly Leu Leu Tyr
195 200 205
{0  Phe Tyr Met Val Thr Ala Trp Gly Gly Tyr Val Phe Ile Thr Asn Met
210 215 220
Ile Pro Leu His Val pPhe Val Leu Leu Leu Met Gly Arg Tyr Thr Ser
225 ) 230 235 240
15
Lys Leu Tyr Ile Ala Tyr Thr Thr Tyr Tyr Val Ile Gly Thr Leu Ala
245 250 255
Ser Met Gln Val Pro Phe val Gly Phe Gln Pro val Ser Thr Ser Glu
20 260 265 270
His Met Ser Ala Leu Gly Val Phe Gly Leu Leu Gln Leu Phe Ala Phe
275 280 285
25 Tyr Asn Tyr val Lys Gly Leu Val Ser Ser Lys Gln Phe Gln Ile Leu
290 295 300
Ile Arg Phe Ala Leu Val Cys Leu Val Gly Leu Ala Thr Val Val Leu
305 310 315 320
30
Phe Ala Leu Ser Ser Thr Gly Val Ile Ala Pro Trp Thr Gly Arg Phe
325 330 335
Tyr Ser Leu Trp Asp Thr Asn Tyr Ala Lys Ile His Ile Pro Ile Ile
35 340 345 350
Ala Ser Val Ser Glu His Gln Pro‘Pro Thr Trp Ser Ser Leu Phe Phe
355 360 365
40 Asp Leu Gln phe Leu Ile Trp Leu Leu Pro Val Gly Val Tyr Leu Cys
370 375 380
Phe Lys Glu Leu Arg Asn Glu His Val Phe Ile Ile Ile Tyr Proc Val
385 390 395 400
45
Leu Gly Thr Tyr Phe Cys Gly Val Met vVal Arg Leu Val Leu Thr Leu
405 410 415
Thr Pro Cys Val Cys Ile Ala Ala Ala Val Ala Ile Ser Thr Leu Leu
50 420 425 430

Asp Thr Tyr Met Gly Pro Glu Val Glu Glu Asp Lys Val Ser Glu Glu
435 440 445

55 Ala Ala Ser Ala Lys Ser Lys Asn Lys Lys Gly Ile Ser Ser Ile Leu
450 455 460

Ser Phe Phe Thr Ser Gly Ser Lys Asn Ile Gly Ile Tyr Ser Leu Leu
465 470 475 480
60
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Sor are Vet e a1 IleSerSerThrAlaTyr pheLeulleMet EEV
485 490 485

Val Tyr His Ser Ser Trp Val Thr Ser Asn Ala Tyr Ser Ser Pro Thr
5 500 505 510

val val Leu Ser Thr Val Leu Asn Asp Gly Ser Leu Met Tyr Ile Asp
515 520 525

10 Asp Phe Arg Glu Ala Tyr Asp Trp Leu Afg Arg Asn Thr Pro Tyr Asp
530 535 540

Thr Lys Val Met Sex Trp Trp Asp Tyr Gly Tyr Gln Ile Ala Gly Met
545 550 555 560
15
Ala Asp Arg Ile Thr Leu Val Asp Asn Asn Thr Trp Asn Asn Thr His
565 570 575

Ile Ala Thr Val Gly Lys Ala Met Ser Ser Pro Glu Glu Lys Ala Tyr
20 580 585 590

Pro Ile Leu Arg Lys His Asp Val Asp Tyr Ile Leu Ile Ile Tyr Gly
595 600 605

25 Gly Thr Leu Gly Tyr Ser Ser Asp Asp Met Asn Lys Phe Leu Trp Met
610 615 620

Ile Arg Ile Ser Gln Gly Leu Trp Pro Asp Glu Ile Val Glu Arg Asn
625 630 635 640
30
Phe Phe Thr Pro Asn Gly Glu Tyr Arg Thr Asp Asp Ala Ala Thr Pro
645 650 655

Thr Met Arg Glu Ser Leu Leu Tyr Lys Met Ser Tyr His Gly Ala Trp
35 660 665 670

Lys Leu Phe Pro Pro Asn Gln Gly Tyr Asp Arg Ala Arg Asn Gln Lys
675 680 685

40 Leu Pro Ser Lys Asp Pro Gln Leu Phe Thr Ile Glu Glu Ala Phe Thr

690 695 700

Thr Val His His Leu Val Arg Leu Tyr Lys Val Lys Lys Pro Asp Thr

705 710 715 720
45

Leu Gly Arg Asp Leu Lys Gln Val Thr Leu Phe Glu Glu Gly Lys Arg

725 730 735

Lys Lys Ser Ala Val Leu Gln Lys Leu Thr Lys Phe Leu

50 740 745

[0040] Amino acid sequences sharing at least about 70 percent, more
preferably at least about 75 percent or 80 percent, most preferably at least about 85
4 percent or 90 percent or 95 percent as compared to the S. pombe amino acid sequence
55  of SEQID NO: 28 are also suitable for use in the present invention. The nucleic acid

sequence encoding the amino acid sequence of SEQ ID NO: 28 (S. pombe STT3) is
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60

65

BAA76479).

atggctaatt
aaaattccac
ctrttttctyg
cgagcttcca
agaagttggt
acgtctggta
gtatgtgttt
gctagagaat
cctggataca
cttttgatgt
ggtgcctgeca
atcacaaaca
aaattataca
ccgtttgttg
ggcctgttac
ttccaaatéc
tttgctttat
gatacaaact
cctacttgga
gtttacttgt
ttaggaacat
tgcatagctyg
gaagaggaca
tectetatte
tccagagtat
agttgggtga
gatggtagtt
actccttatg
gctgatcgta
ggaaaagcca
gattatattec

ttcctttgga

ctgctacaat
ttaaagtgct
tcattecgtta
aaatattggt
acccgttggg
ttattttcaa
tacttgeccee
tgaaaagtga
ccteececgtte
caacgtttgc
caggattgct
tgataccttt
ttgcttacac
gtttccaacc
agctttttge
ttattcgttite
cttcaacagyg
acgccaagat
gttegttgtt
gtttcaagga
atttttgtgg
ctgctgtage
aagtgagcga
ttagtttctt
tagtcatttc
cttctaatge
taatgtatat
acacaaaggt
ttactttagt
tgtcttcacc
ttattatata

tgatccgaat

tacgagtaaa
cattcttata
cgagtccatt
ggaacaaggt
tcgtgtageg
agttttacat
tgetttectet
tgcatgtgge
cgtcgetggt
tttgtggatc
ctacttctat
acacgtattt
aacatactat
cgtgtcgact
attctacaat
tgcettggtt
tgttatcget
tcatattecct
ctttgatctt
acttcgtaat
tgtgatggtt
aatttccact
agaagccgcect
cacttctggce
ctctaccgca
ttactcttece
tgatgacttc
tatgagttgg
cgacaacaat
tgaagaaaaa
tggtggtact

ttctcaggga
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aaaggcgtga
tgtattgcty
attcatgaat
ttttataact
ggtggtactt
cttttaagaa
ggaatcactg
cttttagctyg
tcttacgata
aaggcagtga
atggtaactg
gttcttctac
gttattggaa
agtgagcata
tatgttaaag
tgcttagtygg
ccttggacag
atcattgctt
caatttttga
gaacatgtct
cgtttggttt
cttttagaca
tcagccaaat
tcaaaaaata
tatttcctaa
cctaccgtygyg
cgtgaagctt
tgggattatg
acgtggaaca
gcttacccta
cttggataca

ttatggcccg

agtctcatca
tggcttectgt
ttgatccttg
ttttaaattg
tgtacccagg
ttaacgtgaa
cgattgctac
ccgcatttat
atgaagcaat
agtctggctce
cgtgggatag
ttatgggtcy
cgctggctte
tgtccgettt
gtctagtttce
gtctagcaac
gacgtttcta
cggtatcaga
tttggttatt
ttattattat
taaccttaac
catatatggg
ctaagaacaa
ttggaattta
taatgtttgt
ttttgtctac
atgactgget
gttaccaaat
acacacatat
tcctecgtaa
gcagcgacga

atgaaatagt

PCT/US2012/063590

gaaggactgg
ctcttegagg
gttcaatttc
gtttgatgaa
acttatggtc
catccgtgat
ctattatctg
gggtattgct
tgctattacc
ctctttctgyg
ttatgtattc
ctatactagc
tatgcaagtt
aggagtgttt
atccaagcaa
agtcgtectt
ttctetttgy
acatcagcct
gccagttggt
atatccktgte
tccttgtgtt
tcctgaagtt
gaaaggtatt
cagtttgctt
ttatcattcc
cgtgttaaac
tcgtagaaac
tgctggtatg
tgccaéagtt
acacgatgtt
catgaacaag

agagcgtaac

 provided below as SEQ ID NO: 29 (EMBL Nucleotide Sequence Database No. -

60

120

240

300

360

420

480

540

60C

660

720

780

84C

90Q

960

1020

1080

1140

1200

1260

1320

1380

1440

1680

1740

1800

1860

1920
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ttttttactce
tctttattat
tatgaccgtg
gaagcattca
cttggacgcyg

gtcctgcaaa

[0041]

ctaatggaga
ataagatgtc
ctcgcaatca
ctaccgttca
atttgaaaca

aactaacgaa

atatcgaact
atatcacggt
aaaactacca
tcatttagtt
agtgacatta

attcctttga

-42 -

gacgatgcgyg
gcttggaaac
tcgaaagatc
cgtttgtata

tttgaagaag

ctactcccac

ttttececctece

ctcaactatt

aggttaagaa

gcaaaagaaa

PCT/US2012/063590
tatgcgtgag 1980
caatcaagga 2040
tactatcgaa 2100
accggataca 2160
gaagtccgec 2220

2250

In another embodiment of the present invention, the eukaryotic

oligosaccharyltransferase is STT3 from Dictyostelium discoideum. The amino acid
sequence of D. discoideum (UniProtKB Accession No. Q54NMO9) is provided below
as SEQ ID NO: 30.

Met Lys Arg Ser

1

Gln Gln

Glu Asn

val Ile

50
Tyr Glu
65

Thr Ile

Asp Glu

Tyr Pro

Asp

Lys

35

TyYr

Ser

TYyY

Arg

Gly

Glu

val
20

Asn
Gly His
vVal Leu
val Ile

val
85

Leu

Ala
100

Trp

Leu Met

115

Leu
130

Ser

Pro
145

Trp
Glu val
Ile val

Glu Gly

Asn

Phe

Lys

Pro

Ile

Ile Thr

Ala

Ser

Thr
165

Asp

Gly
180

Tyr

Ala Ile

195

Lys Ser

Ile Ile

Gln Glu

Ser

Ser

Phe

Thr Ser

10
Ser Asn
25

Leu Leu

40

Phe
55

Ala
His Glu
70

Gln Glu

Pro

Tyr

Ala Thr

Ser

Fhe

Gly

Leu

Ala

Thr Arg

Asp Pro

Phe Tyr

90

Gly
105

Arg

Ser Leu

120

Val Asn

135
Asn Thr
150

Gln Thr

Ile

Ser

Phe Ala

Ile

Ala

Gly

Leu

Arg Asn

Met Vval

val
170

Leu

Ser Vval

185

Ile Phe

200

val val

Glu val

Lys Val

Ser

Gly

Leu

Asn Asn

15

val
30

Lys

Ile Leu

45

Leu Phe

Tyr Phe

75

Asn Phe

Ile Val

Val His

Ser

Asn

Leu

Gly

Trp

val Leu

Tyr Arg

Asn Trp

95
Gly Thr
110

Ser Leu

125

val Cys

140

Thr
155

Tyr
Ala Ala
Ala Gly

Thr Tyr

Val

Lys

Ala

Ser

Tyxr

Leu Leu

Phe Ala

Ile
175

Met

Phe
190

Asp

Cys Trp

205

Lys

Glu’

Ser

Arg

Ser

80

Phe

Ile

Asn

Ser

Lys

160

Ala

Asn

Ile
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Lys Ser Val Asn Thr Glynéé;miéﬂmﬁet Trp Ala Ala Ile Cf;"Ser Leu
210 215 220

Ala Tyr Phe Tyr Met Ala Ser Ala Trp Gly Gly Tyr Val Phe Ile Ile
5 225 230 235 240

Asn Leu Ile Pro Leu His Ala Phe Phe Leu Leu Leu Thr Gly Arg Tyr
245 250 255

10 Ser His Arg Leu Tyr Ile Ala Tyr Ser Thr Met Phe Val Ile Gly Thr
260 265 270

Ile Leu Ser Met Gln Ile Thr Phe Ile Ser Phe Gln Pro Val Gln Ser

275 280 285
15
Ser Glu His Leu Ala Ala Ile Gly Ile Phe Gly Leu Leu Gln Leu Tyr
290 295 300
Ala Gly Leu Ser Trp Val Lys Ser His Leu Thr Asn Glu Ala Phe Lys
20 308 310 315 320
Lys Leu Gln Arg Leu Thr Val Leu Phe Val Leu Ser Cys Ala Ala Ala
325 330 335
25 val Leu Val val Gly Thr Leu Thr Gly Tyr Ile Ser Pro Phe Asn Gly
340 345 350
Arg Phe Tyr Ser Leu Leu Asp Pro Thr Tyr Ala Arg Asp His Ile Pro
355 360 365
30
Ile Ile Ala Ser Val Ser Glu His Gln Pro Thr Thr Trp Ala Ser Tyr
370 375 380
Phe Phe Asp Leu His Ile Leu Val Phe Leu Phe Pro Ala Gly Leu Tyr
35 385 390 395 400

Phe Cys Phe Gln Lys Leu Thr Asp Ala Asn Ile Phe Leu Ile Leu Tyr
405 410 415

40 Gly val Thr Ser Ile Tyr Phe Ser Gly Val Met Val Arg Leu Met Leu

420 425 430
Val Leu Ala Pro Val Ala Cys Ile Leu Ala Ala Val Ala Val Ser Ala
435 440 445

45 ,

Thr Leu Thr Thr Tyr Met Lys Lys Leu Lys Ala Pro Ser Ser Pro Ser

450 455 460

Asp Ala Asn Asn Ser Lys Glu Ser Gly Gly Vval Met Vval Ala Val Leu

50 465 470 475 480

Thr Val Leu Leu Ile Leu Tyr Ala Phe His Cys Thr Trp Val Thr Ser
485 490 495

55 Glu Ala Tyr Ser Ser Pro Ser Ile Val Leu Ser Ala Lys Gln Asn ASp
500 505 510

Gly Ser Arg Val Ile Phe Asp Asp Phe Arg Glu Ala Tyr Arg Trp Ile
515 520 525
60
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Gly Gln Asn

530

Gly
545

Asn Thr
Thr

Tyr Val

Gln

Trp

Glu

Leu

Thr
Ser

Leu

Asn
565

Asn

Glu
580

Asp

val Ile

595

Ile Asn

610
Asn Ile
625

Lys Gly

Tyr Tyr

Phe Asp

Lys

Lys

Ala

Arg

Arg

Phe Leu

Glu Gln

Pro
645

Ser

Phe
660

Ser

val Arg

675

Thr Tyr

690

Tvr
705

Lys

[0042]

Leu

val

Glu Glu

Lys AsSp

Ala

Asp
535

Ala
550

Met
Ser His
Ala Tyr

Phe Gly

Ala Asn

Ile

Ile

Gly

-44 -

Asp Ala Arg Ile

Arg

Ala Gln

570

Gln
585

M=t

Leu Thr

600

M=t
615

Trp

Asp
630

Tyr
Thr
Glu

val

Asn Val

val

Leu

Leu

His

Glu

aArg Ile

Thr

Asn

Ser
650

Asn

Thr
665

Asp

Ile Gly

680

Ala Phe

695

Phe
710

Asp

Thr

Asn

Ser Val

Arg Ala

Ser
540

Met

Thr
555

Val
val Gly
Lys Ala

Gly Tyr

.Tfﬁm
Leu
Lys
Leu

Ser

PCT/US2012/063590

Trp

val Asp

Ala Phe

575
Asp Vval
590

Ser Asp

605

Gly Gly

620
Gly Gln
635

Leu Met

Tvr Gln

Asn Lys

Ser

Tyr

TYyY

Arg

Asn

Asp
Arg Ile

Leu
655

Lys

Pro Thr

670

Phe Asp

685

His Trp

700

Leu

val Arg

Asp

Tyr

Asn

560

Ala

Asp

Asp

Pro

Asp

640

Ser

Gly

Leu

val

Amino acid sequences sharing at least about 70 percent, more

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the D. discoideum amino acid

sequence of SEQ ID NO: 30 are also suitable for use in the present invention. The

nucleic acid sequence encoding the amino acid sequence of SEQ ID NO: 30 (D.

discoideum STT3) is provided below as SEQ ID NO: 31 (EMBL Nucleotide

Sequence Database No.EAL64892).

atgaaaagal cagaaaaatc aagtacatct

aatatcatca
ttattaadag

tcagtattac

acaatatatc

tggtatccat

agtttagttc

gttcaaatga
ttttaattct
gttatgaaag
ttgttcaaga
taggacgtat

attggtcatt

agttggtgtt
atcagtcatt
tgttattcat
aggtttttat
tgtaggtggt

gaattcattg

gttgttagta
aaagaagaaa
tatgttttag
gaatttgatc
aattttttaa
acaatttacc

aatattacag

ataacaaaca
ataaaggaca
cattttcaac
catattttaa
attggtttga
céggtttaat

ttaatattag

acaagatgta
tcaagaattc
tcgtttatte
ttatagatca
tgaaagagca
ggcaacagca

aaatgtatgt

60

120

180

240

300

360

420
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gtattgttat caccatggtt tgcatcaaat acégcaatgg taacctataa atttgcc;aa 480
5 gaagttaagg atacacaaac tggtttggtt gcagcagcca tgattgcaat tgttccaggt 540
tatatttcac gttcagtagc aggttcattc gataatgaag gtattgcaat ctttgcattg 600
attttcacat attattgttg gattaagtca gtaaacacag gctcattgat gtgggctgcc 660
10 atctgttcat tggcctactt ttatatggca agtgcctggg gtggttatgt attcatcatt 720
aatttaatcc cattgcatgc ctttttcttg cttttgacag gecgttattc acatcgtecte 780
15 tacatagcct acagcacaat gtttgtcatt ggtacaatcc tctctatgca aattacattce 840
attagtttcc aaccagttca atcatctgaa catttggetg ccattggtat ctttggtctce 900
ctccaattgt acgctggttt gtcatgggta aagagtcacc tcaccaatga agecttcaag 960
20 aaacttcaac gtttgacagt gttattcgtt ttatcttgtg ctgctgeccgt acttgtcegtt 1020
ggtacattaa ctggttacat ctcaccattc aatggtcgtt tctattcatt gttggatcca 1080
25 acctatgctc gtgaccacat tccaatcatt gcatcagtat cagagcatca accaaccact 1140
tgggcatcat actttttcga tctccatatc ttggtattce ttttcccage cggtttatac 1200
ttttgtttcc aaaaattaac cgatgctaat attttcoctca ttctctacgg tgtcacctcec 1260
30 atttatttct ctggtgtaat ggtacgtctt atgttggttt tagcaccagt tgcatgtatt 1320
ttagcecgecyg ttgccgtcag tgcaacccte accacctata tgaagaagtt aaaggcetcca 1380
35 tcatcaccaa gtgatgctaa taattccaaa gagagtggtg gtgttatggt tgcagtctta 1440
Iactgttcttt taattctcta cgctttccat tgtacttggg tcactagtga agcectactca 1500
tctccatcca ttgtactcte tgccaaacaa aacgatggta gtcgtgtgat tttcgatgat 1560
40 ttccgtgaag cctaccgttyg gattggtcaa aatactgeccg acgacgctcg tattatgtcet 1620
tggtgggatt atggttatca attatctgca atggccaatc gtaccgtatt ggttgataat 1680
45 aacacttgga acaatagtca tatcgctcaa gttggtaaag catttgcatc cactgaagaa 1740
gatgcttaca tacaaatgaa agcattggat gtcgattatg ttttagttat ttttggtggt 1800
ttaactggtt acagttctga tgatatcaat aaattccttt ggatggttag aattggtggt 1860
50 agttgtgatc caaatattaa agaacaagat tatctcacca atggtcaata tagaatagat 1920
aaaggtgcct caccaacaat gttaaattct ctcatgtaca aacttagtta ctatcgtttc 1980
55 tctgaagttc acactgacta tcaaagacca acaggtttcg atcgtgtaag aaatgttgaa 2040
attggtaata aaaatttcga tttaacttat ttagaagaag ctttcacatc tgttcattgg 2100
ttagttagag tttataaagt taaagatttt gataatagag cttaa 2145
60  [0043] Other eukaryotic oligosaccharyltransferases that can be utilized in this

and all aspects of the present invention are listed in the table of Figures 9A-9G. This

table identifies each oligosaccharyltransferase by its UniProtKB entry number, which
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provides the amino acid sequence of the protein, and the EMBL database accession

number, which provides the encoding nucleotide sequence. The UniProtKB and
EMBL accession numbers, along with the corresponding amino acid and nucleotide
sequence information for each oligosaccharyltransferase listed in Figure 9 is hereby
incorporated by reference in its entirety.

[0044] In another embodiment of the present invention, the
oligosaccharyltransferase is an O-linked oligosaccharyltransferase. An exemplary O-
linked OST is PilO from Pseudomonas aeruginosa. PilO is responsible for the en
bloc transfer of an oligosaccharide from a lipid-linked donor to an oxygen atom of
serine and threonine residues (Faridmoayer et al., “Functional Characterization of
Bacterial Oligosaccharyltransferases Involved in O-Linked Protein Glycosylation,” J.
Bacteriol. 189(22): 8088-8098 (2007), which is hereby incorporated by reference in
its entirety). The amino acid sequence of P. aeruginosa (UniProtKB Accession No.
Q51353) is provided below as SEQ ID NO: 32

Met Ser Leu Ala Ser Ser Leu Glu Ser Leu Arg Lys Ile Asp Ile Asn
1 5 10 15

Asp Leu Asp Leu Asn Asn Ile Gly Ser Trp Pro Ala Ala Val Lys val
20 25 30

Ile val Cys Val Leu Leu Thr Ala Ala vVal Leu Ala Leu Gly Tyr Asn
35 40 45

Phe His Leu Ser Asp Met Gln Ala Gln Leu Glu Gln Gln Ala Ala Glu
50 55 60

Glu Glu Thr Leu Lys Gln Gln Phe Ser Thr Lys Ala Phe Gln Ala ala
65 70 75 80

Asn Leu Glu Ala Tyr Lys Ala Gln Met Lys Glu Met Glu Glu Ser Phe
85 90 95

Gly Ala Leu Leu Arg Gln Leu Pro Ser Asp Thr Glu Val Pro Gly Leu
100 105 110

Leu Glu Asp Ile Thr Arg Thr Gly Leu Gly Ser Gly Leu Glu Phe Glu
115 120 125

Glu Ile Lys Leu Leu Pro Glu Val Ala Gln Gln Phe Tyr Ile Glu Leu
130 135 140

Pro Ile Gln Ile Ser Val Val Gly Gly Tyr His Asp Leu Ala Thr Val
145 150 155 160

Ser Gly Val Ser Ser Leu Pro Arg Ile val Thr Leu His Asp Phe Glu
165 170 175
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185
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Ile Lys Pro Val Ala Pro Gly Ser Thr Ser Lys Leu Arg Met Ser Ile

190

Leu Ala Lys Thr Tyr Arg Tyr Asn Asp Lys Gly Leu Lys Lys

195

[0045]

Amino acid sequences sharing at least about 70 percent, more

200

205

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the P. aeruginosa amino acid

sequence of SEQ ID NO: 32 are also suitable for use in the present invention. The

nucleic acid sequence encoding the amino acid sequence of SEQ ID NO: 33 (P.

aeruginosa PilO) is provided below as SEQ ID NO: 33 (EMBL Nucleotide Sequence

Database No.AAA87404).

atgagtctgg ccagttcecct ggaaagtctg cgcaagatcg atatcaacga tctcgacctg 60
aacaacatcg gttcctggce ggcggcggtc aaggtcatcg tctgegtgct getgaccgeg 120
geggtecectgg cgctgggecta caacttceccat ctgagtgaca tgcaggetca getcgaacag 180
caggccgcgg aagaggagac gctcaagcag cagttctcca ccaaggcctt ccaggecgeg 240
aacctggaag cctacaagge acagatgaag gagatggaag agtcctttgg cgccttgetg 300
cggcagttge ccagcgacac cgaggtacce gggctgcteg aggacatcac tcgtaccggce 360
ctgggcagceg gectggagtt cgaggaaatc aagcetgcecttc ccgaggttge ccagcagtte 420
tacatcgagc tgccgatcca gatcagegtyg gteggegget accacgactt ggcgaccttce 480
gtcagcggcg tgtccagcct gcocgeoggatc gtcaccctge atgacttcga gatcaageceg 540
gtcgegeceg gcagcacgte caagctgcege atgagcatcc tggccaagac ctatcgctac 600
aacgacaagg ggctgaagaa atga 624
[0046] Another exemplary O-linked OST suitable for use in all aspects of the

present invention is PgIL from Neisseria meningitidis (Faridmoayer et al., “Functional
Characterization of Bacterial Oligosaccharyltransferases Involved in O-Linked
Protein Glycosylation,” J. Bacteriol. 189(22): 8088-8098 (2007), which is hereby
incorporated by reference in its entirety). The amino acid sequence of N.
meningitidis (UniProtKB Accession No. GIFG65) is proQided below as SEQ ID NO:
34:

Met Pro Ala Glu Thr Thr val Ser Gly Ala His Pro Ala Ala Lys Leu
1 5 10 15

Pro Ile Tyr Ile Leu Pro Cys Phe Leu Trp Ile Gly Ile Val Pro Phe
20 25 30

Thr Phe Ala Leu Lys Leu Lys Pro Ser Pro Asp Phe Tyr His Asp Ala
35 40 45
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Ala Ala Ala Ala Gly Leu Ile vVal Leu Leu Phe Leu Thr Ala Gly Lys

50 55 60
5 Lys Leu Phe Asp Val Lys Ile Pro Ala Ile Ser Phe Leu Leu Phe Ala
65 70 75 80
Met Ala Ala Phe Trp Tyr Leu Gln Ala Arg Leu Met Asn Leu Ile Tyr
85 30 95
10
Pro Gly Met Asn Asp Ile Val Ser Trp Ile Phe Ile Leu Leu Ala Val
100 105 110
Ser Ala Trp Ala Cys Arg Ser Leu Val Ala His Phe Gly Gln Glu Arg
15 115 120 125

Ile Val Thr Leu Phe Ala Trp Ser Leu Leu Ile Gly Ser Leu Leu Gln
130 135 140

20 Ser Cys Ile val val Ile Gln Phe Ala Gly Trp Glu Asp Thr Pro Leu
145 150 155 160
Phe Gln Asn Ile Ile Val Tyr Ser Gly Gln Gly Vval Ile Gly His Ile

25 165 170 175

Gly Gln Arg Asn Asn Leu Gly His Tyr Leu Met Trp Gly Ile Leu Ala

180 185 190
30 Ala Ala Tyr Leu Asn Gly Gln Arg Lys Ile Pro Ala Ala Leu Gly Val
195 2G00 205
Ile Cys Leu Ile Met Gln Thr Ala Val Leu Gly Leu Val Asn Ser Arg
210 215 220
35
Thr Ile Leu Thr Tyr Ile Ala Ala Ile Ala Leu Ile Leu Pro Phe Trp
225 230 235 240
Tyr Phe Arg Ser Asp Lys Ser Asn Arg Arg Thr Met Leu Gly Ile Ala
40 245 250 255

Ala Ala val Phe Leu Thr Ala Leu Phe Gln Phe Ser Met Asn Thr Ile
260 265 270

45 Leu Glu Thr Phe Thr Gly Ile Arg Tyr Glu Thr Ala Val Glu Arg Val
275 280 285

Ala Asn Gly Gly Phe Thr Asp Leu Pro Arg Gln Ile Glu Trp Asn Lys

290 295 300
50 :
Ala Leu Ala Ala Phe Gln Ser Ala Pro Ile Phe Gly His Gly Trp Asn
305 310 315 320
Ser Phe Ala Gln Gln Thr Phe Leu Ile Asn Ala Glu Gln His Asn Ile
55 325 330 335

Tyr Asp Asn Leu Leu Ser Asn Leu Phe Thr His Ser His Asn Ile Val
340 345 350

60
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”miéﬁméfﬁwﬁgﬁwﬂéﬁwgiéwéiﬁmﬁégméiy Ile Ser Gly Thr Leu Leu Val Ala
355 360 365
Ala Thr Leu Leu Thr Gly Ile Ala Gly Leu Leu Lys Arg Pro Leu Thr
5 370 375 380
Pro Ala Ser Leu Phe Leu Ile Cys Thr Leu Ala Val Ser Met Cys His
385 390 395 400
10 Ser Met Leu Glu Tyr Pro Leu Trp Tyr Val Tyr Phe Leu Ile Pro FPhe
405 410 415
Gly Leu Met Leu Phe Leu Ser Pro Ala Glu Ala Ser Asp Gly Ile Ala
420 425 430
15
Phe Lys Lys Ala Ala Asn Leu Gly Ile Leu Thr Ala Ser Ala Ala Ile
435 440 445
Phe Ala Gly Leu Leu His Leu Asp Trp Thr Tyr Thr Arg Leu Val Asn
20 450 455 460
Ala Phe Ser Pro Ala Thr Asp Asp Ser Ala Lys Thr Leu Asn Arg Lys
465 470 475 480
25 Ile Asn Glu Leu Arg Tyr Ile Ser Ala Asn Ser Pro Met Leu Ser Phe
485 490 495
Tyr Ala Asp Phe Ser Leu Val Asn Phe Ala Leu Pro Glu Tyr Pro Glu
500 505 510
30
Thr Gln Thr Trp Ala Glu Glu Ala Thr Leu Lys Ser Leu Lys Tyr Arg
515 520 525
Pro His Ser Ala Thr Tyr Arg Tle Ala Leu Tyr Leu Met Arg Gln Gly
35 530 535 540

Lys Val Ala Glu Ala Lys Gln Trp Met Arg Ala Thr Gln Ser Tyr Tvyr
545 550 555 560

40 Pro Tyr Leu Met Pro Arg Tyr Ala Asp Glu Ile Arg Lys Leu Pro Val
565 : 570 575

Trp Ala Pro Leu Leu Pro Glu Leu Leu Lys Asp Cys Lys Ala Phe Ala
580 585 590
45
Ala Ala Pro Gly His Pro Glu Ala Lys Pro Cys Lys
595 600
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Amino acid sequences sharing at least about 70 percent, more

preferably at least about 75 percent or 80 percent, most preferably at least about 85

percent or 90 percent or 95 percent as compared to the N. menigitidis amino acid

sequence of SEQ ID NO: 34 are also suitable for use in the present invention. The

nucleic acid sequence encoding the amino acid sequence of SEQ ID NO: 34 (N.
menigitidis PgiL) is provided below as SEQ ID NO: 35 (EMBL Nucleotide Sequence
Database No. AEK98518).

atgececgetyg
ctgccetget
tegeccgact
acggcaggaa
atggcggegt
gacatcgtct
gtecgecacact
tccctgette
tttcaaaaca
aaccteggac
aaaatccccg
gtcaactcge
tatttccgtt
cttacecgege
tacgaaactg
gaatggaata
agttttgcce
ctcagcaact
atcagcggca
cgceccctga
agtatgcteg
ttcctgtecee
atactgaccg
cggctggtta
atcaacgagt

tccctcgtaa

aaacgaccgt
tectttggat
tttaccacga
aaaaactgtt
tttggtatct
cttggatttt
tcggacaaga
aatcctgcat
tcatcgttta
actacctcecat
ccgecctegg
gcaccatctt
cggacaaatc
tgttccaatt
ccgtcgaacyg
aagcccttge
aacaaacctt
tgttcaccca
cgcttctggt
cccecgeate
aatatccttt
ccgcagaggc
ccteecgecge
acgcctttte
tgcgctatat

acttcgeect

atccggegeg
aggcatcgte
tgcecgecgee
tgatgtcaaa
tcaggcacgce
catcttgctc
acgcatcgtg
cgtcgtcatce
cagcgggcaa
gtggggcata
cgtaatctge
gacctacata
caacaggcgg
ttccatgaac
cgtcgeccaac
cgccttecag
cctcatcaat
ttcccacaac
tgccgcaacc
gcttttccta
gtggtatgtc
ttcagacggc
catattcgca
cceccgecact
ttccgcaaac

gccggaatac

caccccgecg
ccctttacct
gcagceggec
atcccecgeca
ctgatgaacc
gccgtcageg
accctgtttyg
cagtttgccyg
ggcgtaateg
ctcgccgecg
ctgattatge
gecgecateg
acgatgctceyg
accattctgg
ggcggttteca
tcegeeccega
gccgaacagce
atcgtecctec
ctgctgacgg
atctgcacge
tatttcctca
atcgeccttca
ggattgctge
gacgacagtg
agtccgatgce

ccecgaaaccc

ccaaactgcec
tcgecgctcaa
tgattgtcct
tcagcttcct
tgatttaccce
cgtgggecty
cctggteget
gctgggaaga
gacacatcgg
cctacctcaa
agaccgceegt
ccctecatect
gcatagccge
aaacctttac
cagacttgec
tattcgggca
acaacatata
aactcecttge
gcattgccagg
ttgccgtcag
tcectttegg
aaaaagccge
acttggactg
ccaaaaccct
tgtcctttta

agacttggge

gatttacatc
actgaaaccg
gttgttcctce
tctgtttgca
cggtatgaac
ccggagettg
gcttatcgge
cacccctcty
gcagcgcaac
cggacaacga
tttaggtttg
tcccttcetagg
agccgtattc
tggcatccgc
gcgecaaatc
cggctggaac
cgacaacctc
agagatggga
gctgcttaaa
tatgtgccac
actgatgctc
caatctcgge
gacatacacc
caaccggaaa
tgccgactte

ggaagaagca

60

120

180

240

360

420

480

540

600

660

780

840

900

1020

1080

1140

1200

1260

1320

1380

1440
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acceteasat cactuasata cegeccecac tecgecacet accgeatege cctotacctg 1620

atgcggcaag gcaaagttgce agaagcaaaa caatggatge gggcgacaca gtcctattac 1680
S ccctacctga tgccccgata cgccgacgaa atccgcaaac tgcccgtatyg ggcgcecgcetg 1740

ctacccgaac tgctcaaaga ctgcaaagcec ttcgecgecyg cgeccggtcea tecggaagea 1800

aaacccectgeca aatga 1815
10 '

[0048] As used herein, an “isolated” oligosaccharyltransferase refers to an

oligosaccharyltransferase that is substantially pure or substantially separated from
other cellular components that naturally accompany the native protein in its natural
host cell. Typically, the isolated oligosaccharyltransferase of the present invention is
15  atabout 80% pure, usually at least about 90% pure, and preferably at least about 95%
pure. Purity can be assessed using any method known in the art, e.g., polyacrylamide
gel electrophoresis, HPLC, etc. The isolated oligosaccharyltransferase can be
obtained from the organism from which it is derived directly, or it can be
recombinantly produced and purified from a host cell as described in the Examples
20  herein or using techniques readily known in the art as described below. 7
{0049] Generally, the use of recombinant expression systems to produce and
isolate a protein of interest involves inserting a nucleic acid molecule encoding the
amino acid sequence of the desired protein into an expression system to which the
molecule is heterologous (i.e., not normally present). One or more desired nucleic
25  acid molecules encoding one or more proteins may be inserted into the vector. When
multiple nucleic acid molecules are inserted, the multiple nucleic acid molecules may
encode the same or different enzymes. The heterologous nucleic acid molecule is
inserted into the expression system or vector in proper sense (5’ —3’) orientation
relative to the promoter and any other 5’ regulatory molecules, and correct reading
30 frame.
[0050] The preparation of the nucleic acid constructs can be carried out using
standard cloning procedures well known in the art as described by Joseph Sambrook
et al., MOLECULAR CLONING: A LABORATORY MANUAL (Cold Springs Harbor 1989)
and U.S. Patent No. 4,237,224 to Cohen and Boyer, which are hereby incorporated by
35 reference in its entirety. These recombinant plasmids are then introduced by means of
transformation and replicated in a suitable host cell.
(0051} A variety of genetic signals and processing events that control many

levels of gene expression (e.g., DNA transcription and messenger RNA (“mRNA”™)
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translation) can be incorporated into the nucleic acid construct to maximize enzyme

production. For the purposes of expressing a cloned nucleic acid sequence encoding
one or more desired enzymes, it is advantageous to use strong promoters to obtain a
high level of transcription. Depending upon the host system utilized, any one of a
number of suitable promoters may be used. For instance, when cloning in E. coli, its
bacteriophages, or plasmids, promoters such as the T7 phage promoter, lac promoter,
trp promoter, recA promoter, ribosomal RNA promoter, the Pr and P promoters of
coliphage lambda and others, including but not limited, to lacUVS5, ompF, bla, Ipp,
and the like, may be used to direct high levels of transcription of adjacent DNA
segments. Additionally, a hybrid trp-lacUVS5 (tac) promoter or other E. coli
promoters produced by recombinant DNA or other synthetic DNA techniques may be
used to provide for transcription of the inserted gene. Common promoters suitable for
directing expression in mammalian cells include, without limitation, SV40, MMTYV,
metallothionein-1, adenovirus Ela, CMV, immediate early, immunoglobulin heavy
chain promoter and enhancer, and RSV-LTR.

[0052] There are other specific initiation signals required for efficient gene
transcription and translation in prokaryotic cells that can be included in the nucleic
acid construct to maximize peptide production, e.g., the Shine-Dalgarno ribosome
binding site. Depending on the vector system and host utilized, any number of
suitable transcription and/or translation elements, including constitutive, inducible,
and repressible promoters, as well as minimal 5° promoter elements, enhancers or
leader sequences may be used. For a review on maximizing gene expression see
Roberts and Lauer, “Maximizing Gene Expression on a Plasmid Using
Recombination In Vitro,” Methods in Enzymology 68:473~82 (1979), which is hereby
incorporated by reference in its entirety.

[0053] A nucleic acid molecule encoding an oligosaccharyltransferase or other
protein component of the present invention (e.g., glycoprotein target, enzymes
involved in glycan production), a promoter molecule of choice, including, without
limitation, enhancers, and leader sequences, a suitable 3’ regulatory region to allow
transcription in the host, and any additional desired components, such as reporter or
marker genes, are cloned into the vector of choice using standard cloning procedures
in the art, such as described in Joseph Sambrook et al., MOLECULAR CLONING: A
LABORATORY MANUAL (Cold Springs Harbor 1989); Frederick M. Ausubel, SHORT
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. PROTOC o|_sINMOLECULARBloLoGy(Wlley1999),andUSPatemNo 4’237’224&

Cohen and Boyer, which are hereby incorporated by reference in their entirety.
[0054] Once the nucleic acid molecule encoding the protein or proteins has
been cloned into an expression vector, it is ready to be incorporated into a host.
Recombinant molecules can be introduced into cells, without limitation, via
transfection (if the host is a eukaryote), transduction, conjugation, mobilization,

electroporation, lipofection, protoplast fusion, calcium chloride transformation,

“mobilization, transfection using bacteriophage, or particle bombardment, using

standard cloning procedures known in the art, as described by JOSEPH SAMBROOK et
al., MOLECULAR CLONING: A LABORATORY MANUAL (Cold Springs Harbor 1989),
which is hereby incorporated by reference in its entirety.

{0055] Suitable host cells for recombinant protein production include both
prokaryotic and eukaryotic cells. Suitable prokaryotic host cells include, without
limitation, E. coli and other Enterobacteriaceae, Escherichia sp., Campylobacter sp.,
Wolinella sp., Desulfovibrio sp. Vibrio sp., Pseudomonas sp. Bacillus sp., Listeria sp.,
Staphylococcus sp., Streptococcus sp., Peptostreptococcus sp., Megasphaera sp.,
Pectinatus sp., Selenomonas sp., Zymophilus sp., Actinomyces sp., Arthrobacter sp.,
Frankia sp., Micromonospora sp., Nocardia sp., Propionibacterium sp., Streptomyces
sp., Lactobacillus sp., Luctococcus sp., Leuconostoc sp., Pediococcus sp.,
Acetobacterium sp., Eubacterium sp., Heliobacterium sp., Heliospirillum sp.,
Sporomusa sp., Spiroplasma sp., Ureaplasma sp., Erysipelothrix, sp.,
Corynebacterium sp. Enterococcus sp., Clostridium sp., Mycoplasma sp.,
Mycobacterium sp., Actinobacteria sp., Salmonella sp., Shigella sp., Moraxella sp.,
Helicobacter sp, Stenotrophomonas sp., Micrococcus sp., Neisseria sp., Bdellovibrio
sp., Hemophilus sp., Klebsiella sp., Proteus mirabilis, Enterobacter cloacae, Serratia
sp., Citrobacter sp., Proteus sp., Serratia sp., Yersinia sp., Acinetobacter sp.,
Actinobacillus sp. Bordetella sp., Brucella sp., Capnocytophaga sp., Cardiobacterium
sp., Eikenella sp., Francisella sp., Haemophilus sp., Kingella sp., Pasteurella sp.,
Flavobacterium sp. Xanthomonas sp., Burkholderia sp., Aeromonas sp., Plesiomonas
sp., Legionella sp. and alpha-proteobacteria such as Wolbachia sp., cyanobacteria,
spirochaetes, green sulfur and green non-sulfur bacteria, Gram-negative cocci, Gram
negative bacilli which are fastidious, Enterobacteriaceae -glucose-fermenting gram-

negative bacilli, Gram negative bacilli - non-glucose fermenters, Gram negative
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ucose fermenting, oxidase positi

cells such as mammalian, insect, and yeast systems are also suitable host cells for
transfection/transformation of the expression vector for recombinant protein
production. Mammalian cell lines available in the art for expression of a heterologous
protein or polypeptide include Chinese hamster ovary cells, HeLa cells, baby hamster
kidney cells, COS cells and many others.

[0056] Purified proteins may be obtained from the host cell by several
methods readily known in the art, including ion exchange chromatography,
hydrophobic interaction chromatography, affinity chromatography, gel filtration, and
reverse phase chromatography. The peptide is preferably produced in purified form
(preferably at least about 70 to about 75% pure, or about 80% to 85% pure, more
preferably at least about 90% or 95% pure) by conventional techniques. Depending
on whether the recombinant host cell is made to secrete the protein into growth
medium (see U.S. Patent No. 6,596,509 to Bauer et al., which is hereby incorporated
by reference in its entirety), the protein can be isolated and purified by centrifugation
(to separate cellular components from supernatant containing the secreted protein)
followed by sequential ammonium sulfate precipitation of the supernatant. The
fraction containing the protein can be subjected to gel filtration in an appropriately
sized dextran or polyacrylamide column to separate the protein from other cellular
components and proteins. If necessary, the protein fraction may be further purified by
HPLC.

[0057] The oligosaccharyltransferase catalyzes the transfer of a glycan from a
lipid donor to an acceptor protein, peptide, or polypeptide. In one embodiment of the
present invention, the lipid donor or carrier molecule is a prokaryotic lipid donor, i.e.,
it is made in a prokaryote or native to the prokaryote. Examples of prokaryotic lipid
donors include an undecaprenyl-phosphate and an undecaprenyl phosphate-linked
bacillosamine (Weerapana et al., “Investigating Bacterial N-Linked Glycosylation:
Synthesis and Glycosyl Acceptor Activity of the Undecaprenyl Pyrophosphate-linked
Bacillosamine,” J. Am. Chem. Soc. 127: 13766-67 (2005), which is hereby
incorporated by reference in its entirety). In another embodiment of the present
invention, the lipid donor is a eukaryotic lipid donor, i.e., it is made in a eukaryotic
cell or native to the eukaryotic cell. An exemplary eukaryotic lipid donor is

dolichylpyrophosphate
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. [0 058] B P allaspects
glycan comprises an oligosaccharide or polysaccharide that is linked to a lipid donor
molecule. The composition of the glycan component varies in number and type of
monosaccharide units that make up the oligosaccharide or polysaccharide chain. The

5 monosaccharide components of a glycan include, but are not limited to, one or more
of glucose (Glc), galactose (Gal), mannose (Man), fucose (Fuc), N-
acetylgalactosamine (GalNAc), N-acetylglucosamine (GlcNAc), glucorionic acid,
xylose, sialic acid (e.g., N-acetyl-neuraminic acid (NeuAc), 6-deoxy-talose, and
rhamnose monosaccharides.

10 [0059] In accordance with this and all aspects of the present invention, the
glycan can be a prokaryotic, archaea, or eukaryotic glycan. Alternatively, the glycan
may comprise a completely unnatural glycan composition.

[0060] In one embodiment of the present invention, the glycan is a prokaryotic
glycan that is produced by one or more prokaryotic glycosyltransferases. In another

15 embodiment of the present invention, the prokaryotic glycan is produced using a
combination of prokaryotic and eukaryotic- glycosyltransferases, but has a
monosaccharide composition that mimics a prokaryotic glycan structure. In another
embodiment of the present invention, the prokaryotic glycan is synthetically produced
(Seeberger et al., Chemical and Enzymatic Synthesis of Glycans and Glycoconjugates,

20  in ESSENTIALS OF GLYCOBIOLOGY (A. Varki et al. eds., 2009), which is hereby
incorporated by reference in its entirety).

[0061] An exemplary prokaryotic glycan is a glycan produced by the
glycosyltransferases of the C. jejuni, C. Coli, C. lari, or C. upsaliensis Pgl gene
clusters or a modified C. jejuni, C. Coli, C. lari, or C. upsaliensis Pgl gene cluster.

25  Genes of the Pgl cluster include wlaA, galE, wlaB, pglH, pgll, pglJ, pgiB, pglA, pglC,
pglD, wlaJ, pglE, pglF, and pglG (Szymanski and Wren, “Protein Glycosylation in
Bacterial Mucosal Pathogens,” Nature Microbiol. 3:225-237 (2005), which is hereby
incorporated by reference in its entirety). A prokaryotic glycan typically comprises
the diacetamido-trideox y-sugar, bacillosamine (Bac; 2,4-diacetamido-2,4,6-

30 trideoxyglucose). A suitable prokaryotic glycan of this and all aspects of the present
invention is a heptasaccharide comprising glucose, N-acetylgalactosamine, and

bacillosamine, i.e., GlcGalNAcsBac.
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[0062] AsdescrlbedmtheExamplesherem,theglycanofthmandallagpects T

of the present invention can be recombinantly produced. For example, a modified or
unmodified C. jejuni pgl gene cluster encoding the enzymes that carry out the
biosynthesis of the GlcGalNacsBac heptasaccharide and other glycan structures can
be isolated and transferred to a suitable host cell for production of a lipid-linked
glycan (see also Wacker et al., “N-Linked Glycosylation in Campylobacter jejuni and
its Functional Transfer into E. coli,” Science 298(5599): 1790-93 (2002), which is
hereby incorporated by reference in its entirety). Pgl gene clusters from other
Campylobacter species, e.g., C. coli, C. lari, and C. upsaliensis, are also suitable for
recombinant production of glycans for use in all aspects of the present invention
(Szymanski and Wren, “Protein Glycosylation in Bacterial Mucosal Pathogens,”
Nature Microbiol. 3:225-237 (2005), which is hereby incorporated by reference in its
entirety). Additionally, similar Pgl-like glycosylation gene loci have been identified
in Wolinella succinogens, Desulfovibrio desulfuricans, and D. vulgaris that are also
suitable for recombinant production of glycans for the present invention (Baar et al.,
“Complete Genome Sequence and Analysis of Wolinella succinogenes,” Proc. Natl.
Acad. Sci. USA 100: 11690-11695 (2003) and Szymanski and Wren, *‘Protein
Glycosylation in Bacterial Mucosal Pathogens,” Nature Microbiol. 3:225-237 (2005),
which are hereby incorporated by reference in their entirety).

[0063] The Pgl gene cluster may be modified to enhance lipid-linked glycan
production, accumulation, and isolation in the host cell. For example, inactivation of
the oligosaccharyltransferase component of the gene cluster (e.g., the pgiB gene in the
pgl gene cluster) is desirable to prevent transfer of the lipid-linked glycan to a
glycoprotein target of the host cell. Additionally, in some embodiments of the present
invention, it may be desirable to attenuate, disrupt, or delete competing glycan
biosynthesis reactions of the host cell. In particular, inactivation of host cell
glycosyltransferase enzymes (N-linked or O-linked reaction enzymes) or other
enzymes involved in the transfer or ligation of a glycan to acceptor moieties of the
host cell may also be desirable. For instance, when E. coli is utilized as the host cell,
deletion of the Waal. enzyme which transfers glycans from the undecaprenyl lipid
carrier onto lipid A, which in turn shuttles the oligosaccharides to the outer leaflet of
the outer membrane, will ensure that the recombinantly produced lipid-linked glycans

accumulate in the inner membrane. Other E. coli host cell glycosylation related
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~ enzymes that may be deleted, disrupted, or modified include, without limitation,
wecA, wbbL, glcT, glf, gafT, wzx, wzy, and enzymes of the O16 antigen biosynthesis
pathway.

10064] In another embodiment of the present invention, the glycan is a

5  eukaryotic glycan, i.e., a glycan produced by one or more eukaryotic
glycosyltransferases. In one embodiment, of the present invention, a eukaryotic
glycan is produced by only eukaryotic glycosyltransferases. In another embodiment
of the present invention, the eukaryotic glycan is produced using a combination of
both eukaryotic and prokaryotic glycosyltransferase enzymes, but mimics eukaryotic

10 glycan structure. In another embodiment of the present invention, the eukaryotic
glycan is synthetically produced (Seeberger et al., Chemical and Enzymatic Synthesis
of Glycans and Glycoconjugates, in ESSENTIALS OF GLYCOBIOLOGY (A. Varki et al.
eds., 2009), which is hereby incorporated by reference in its entirety).

[0065] In one embodiment, the eukaryotic glycan comprises a GlcNAc; core.

15  The GlcNac, core may further comprise at least one mannose residue. Suitable
eukaryotic glycan structures may comprise, but are not limited to, Man;GlcNAc,
Man,GIcNACc;, and Man;GlcNACc;.

[0066] As described above, the eukaryotic lipid-linked glycan can be
recombinantly produced by introducing one or more eukaryotic glycosyltransferase

20  enzymes in a suitable host cell. A eukaryotic glycosyltransferase as used herein refers
to an enzyme that catalyzes the transfer of a sugar reside from a donor substrate, e.g.,
from an activated nucleotide sugar, to an acceptor substrate, e.g., a growing lipid-
linked oligosaccharide chain. Suitable glycosyltransferase enzyme that can be
utilized in host cells to facilitate the recombinant production of a eukaryotic lipid-

25  linked glycan of the system include, without limitation, galactosyltransferases (e.g.,
B1.4-galactosyltransferase, B1,3-galactosyltransferase), fucosyltransferases,
glucosyltransferases, N-acetylgalactosaminyltransferases (e.g., GaINACT, GalNAc-
T1, GalNAc-T2, GalNAc-T3), N-acetylglucosaminyltransferases (e.g., $-1,2-N-
acetylglucosaminyltransferase 1 (GnTI-), GnT-I1I, GnT-III, GnT-1V, GnT-V, GnT-V],

30  and GvT-IVH), glucuronyitransferases, sialytransferases (e.g., a(2,3)sialyltransferase,
o-N-acetylgalactosaminide a-2,6-sialytransferase I, GalB1,3GalNAc o2,3-
sialyltransferase, B galactoside-a-2,6-sialyltransferaase, and a2,8-sialyltransferase),

mannosyltransferases (e.g., a-1,6-mannosyltransferase, a-1,3-mannosyltransferase, B-



WO 2013/067523 PCT/US2012/063590

10

15

20

25

30

-58 -

1,4-mannosyltransferase), glucuronic acid transferases, galacturonic acid transferases,

and the like. The aforementioned glycosyltransferase enzymes have been extensively
studied in a variety of eukaryotic systems. Accordingly, the nucleic acid and amino
acid sequences of these enzymes are known and readily available to one of skill in the
art. Additionally, many of these enzymes are commercially available (e.g., Sigma-
Aldrich, St. Louis, MO).

[0067] Suitable host cells for the production of a prokaryotic or eukaryotic
lipid-linked glycan include both prokaryotic host cells and eukaryotic cells. An
exemplary list of suitable host cells is provided supra. When utilizing eukaryotic
glycosyltransferases in prokaryotic host cells, the nucleotide sequences of the
eukaryotic glycosyltransferases can be codon optimized to overcome limitations
associated with the codon usage bias between E. coli (and other bacteria) and higher
organisms, such as yeast and mammalian cells. Codon usage bias refers to
differences among organisms in the frequency of occurrence of codons in protein-
coding DNA sequences (genes). A codon is a series of three nucleotides (triplets) that
encodes a specific amino acid residue in a polypeptide chain. Codon optimization can
be achieved by making specific transversion nucleotide changes, i.e. a purine to
pyrimidine or pyrimidine to purine nucleotide change, or transition nucleotide change,
i.e. a purine to purine or pyrimidine to pyrimidine nucleotide change.

[0068] In accordance with this and all aspects of the present invention, a
“glycoprotein target” includes any peptide, polypeptide, or protein that comprise one
or more glycan acceptor amino acid residues. Typically glycan acceptor residues
comprise an asparagine (N or Asn) to form an N-linked glycoprotein, or hydroxyl
oxygen on the side chain of hydroxylysine, hydroxyproline, serine, threonine, or
tyrosine to form an O-linked glycoprotein. A wide variety of glycoprotein targets
exist including, without limitation, structural molecules (e.g., collagens), lubricant and
protective agents (e.g., mucins), transport proteins (e.g., transferrin), immunological
proteins (immunoglobulins, histocompatibility antigens), hormones, enzymes, cell
attachment recognition sites, receptors, protein folding chaperones, developmentally
regulated proteins, and proteins involved in hemostasis and thrombosis. Therapeutic
proteins, such as antibodies are important glycoprotein targets of the system of the

present invention.
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[0069] Accordlngtothlsanda][aspec toftheprescntmvemmn ,theone Or

more oligosaccharide acceptor residues of the glycoprotein target may be an
asparagine (N or Asn) residue. The asparagine residue is positioned within a
glycosylation consensus sequence comprising N-X;-S/T (eukaryotic consensus
sequence) or D/E-X;- N-X,-S/T (SEQ ID NO: 1) (prokaryotic consensus sequence)
where D is aspartic acid, X and X; are any amino acid other than proline, N is
asparagine, and T is threonine.

[0070] The glycoprotein target according to this and all aspects of the present
invention can be a purified protein, peptide, or polypeptide comprising the requisite
glycan acceptor residues. Alternatively, the glycoprotein target can be in the form of
an isolated nucleic acid molecule encoding the glycoprotein target. In accordance
with this embodiment of the present invention, the system further includes reagents
suitable for synthesizing the glycoprotein target from said nucleic acid molecule, i.e.,
translation reagents.

[0071] Reagents for synthesizing proteins from nucleic acid molecules in vitro
(i.e., in a cell-free environment) are well known in the art. These reagents or systems
typically consist of extracts from rabbit reticulocytes, wheat germ, and E. coli. The
extracts contain all the macromolecule components necessary for translation of an
exogenous RNA molecule, including, for example, ribosomes, tRNAs, aminoacyl-
tRNA synthetases, initiation, elongation, and termination factors. The other required
components of the system include amino acids, energy sources (e.g., ATP, GTP),
energy regenerating systems (creatine phosphate and creatine phosphokinase for
eukaryote systems, and phosphoenol pyruvate and pyruvate kinase for prokaryote
systems), and other cofactors (e.g., Mg®*, K, etc.). If the nucleic acid molecule
encoding the glycoprotein target is a DNA molecule, the cell-free translation reaction
is coupled or linked to an initial transcription reaction that utilizes a RNA polymerase.
[0072] Another aspect of the present invention is directed to a kit comprising
an isolated oligosaccharyltransferase capable of transferring a glycan from a lipid
carrier molecule to a glycoprotein target, and one or more isolated glycans, wherein
each glycan is linked to a lipid carrier molecule.

[0073] In accordance with this aspect of the present invention, the isolated
oligosaccharyltransferase of the kit may be a purified protein or may be in the form of

a nucleic acid encoding the oligosaccharyltransferase. The nucleic acid molecule can

PCT/US2012/063590
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be aDNAorRNAm

e, and it can be linearized (naked) or circularized (housed
in an expression vector). Exemplary prokaryotic, archaea, and eukaryotic
oligosaccharyltransferases are described supra.

[0074)] As described supra, the one or more glycans are linked to a lipid carrier
5 molecule (e.g., an undecaprenol-pyrophosphate, an uhdecaprenyl pyrophosphate-
linked bacillosamine, or a dolichylpyrophosphate). The glycan may comprise a
prokaryotic, archaea, eukaryotic, or completely unnatural synthetic glycan as also
described supra. Suitable prokaryotic core glycan structures comprise a
heptasaccharide containing glucose, N-acetylgalactosamine, and optionally

10 bacillosamine (e.g., GlcGalNAcsBac). Suitable eukaryotic glycan core structures
comprises N-acetylglucosamine and mannose (e.g., Man;GlcNAc;, Man,GlcNAc;,
and Man;GIlcNAc;).

[0075] In one embodiment of this aspect of the present invention, the one or
more isolated glycans linked to a lipid carrier molecule of the kit are in an assembled

15  and purified form. Alternatively, the kit of the present invention comprises one or
more nucleic acid molecules encoding one or more eukaryotic and/or prokaryotic
glycosyltransferase enzymes, and host cells (eukaryotic or prokaryotic) that contain a
polyisoprenyl pyrophosphate glycan carrier and are capable of expressing the one or
more nucleic acid molecules. In accordance with this embodiment, the kit may

20 further contain instructions for recombinantly producing and isolating the lipid-linked
glycan in the host cells prior to use with the other kit components.

[0076] The kit of the present invention may further include in vitro or cell-free
transcription and/or translation reagents for synthesizing the oligosaccharyltransferase
and/or a glycoprotein, peptide or polypeptide of choice.

25  [0077] Another aspect of the present invention relates to a method for
producing a glycosylated protein in a cell-free system. This method involves
providing an isolated oligosaccharyltransferase capable of transferring a glycan from
a lipid carrier molecule to a glycoprotein target, providing one or more isolated
glycans, wherein each glycan is linked to a lipid carrier molecule, and providing a

30 glycoprotein target comprising one or more glycan acceptor amino acid residues.
This method further involves combining the oligosaccharyltransferase, one or more
isolated glycans, and glycoprotein target to form a cell-free glycosylation reaction

mixture, and subjecting the cell-free glycosylation reaction mixture to conditions
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molecule to the one or more glycan acceptor residues of the glycoprotein target to
produce a glycosylated protein.

[0078] . The components of the method of the present invention, i.e., the
oligosaccharyltransferase, isolated glycans linked to a lipid carrier molecule, and
glycoprotein target are described in detail supra.

[0079] The method of the present invention may comprise one or more
additional steps. For example, glycoprotein target translation may be coupled with
glycosylation by providing reagents suitable for synthesizing a glycoprotein target
from a nucleic acid molecule. In this embodiment of the present invention, the
nucleic acid moleculé encoding the glycoprotein target, the translation reagents,
oligosaccharyltransferase, isolated glycans are all combined to form a translation-
glycosylation reaction mixture. The glycoprotein target is then synthesized from the

target nucleic acid molecule prior to or concurrent with the glycosylation reaction.

EXAMPLES

Materials and Methods for Examples 1-4

[0080] Protein purification. For the purification of CjPglB, E. coli strain
C43(DE3) (Lucigen, Middleton, WI) was freshly transformed with plasmid pSN18
(Kowarik et al., “N-Linked Glycosylation of Folded Proteins by the Bacterial
Oligosaccharyltransferase,” Sciehce 314:1148-1150 (2006), which is hereby
incorporated by reference in its entirety), a modified pBAD expression plasmid
encoding C. jejuni pglB with a C-terminal decahistidine affinity tag. Cells were
grown in 1.5 L of terrific Broth supplemented with 100 pg/mL of ampicillin at 37°C.
When the optical density (A600) of the culture reached ~1.0, cells were induced by

the addition of 0.02% arabinose (w/v) for 4.5 h at 30°C. All following steps were

performed at 4°C unless specified differently. Cells were harvested by centrifugation,
resuspended in 25 mM Tris, pH 8.0, and 250 mM NaCl and lysed by three passages
through a French press (SLM-Aminco; 10,000 PSI, SLM Instruments, Inc., Urbana,
IL). Following the removal of cell debris by‘centrifugation, the membrane fraction
was isolated by ultracentrifugation at 100,000 x g for | h. Membranes containing

PglB were resuspended in 25 mM Tris-HCI, pH 8.0, 250 mM NaCl, 10% glycerol
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incubated for 2 h. The insoluble fraction was removed by ultracentrifugation at
100,000 x g for 1 h. All subsequent buffers contained DDM as the detergent. The
solubilized membranes were supplemented with 10 mM imidazole, loaded onto a Ni-
NTA superflow affinity column (Qiagen, Valencia, CA) and washed with 60 mM
imidazole before PgIB was eluted with 200 mM imidazole. The purified protein was
then injected onto a Superdex 200 gel filtration column using AKTA-FPLC (GE
Healthcare, Waukesha, WI). Eluate fractions were subjected to sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) and stained with Coomassie
blue to identify the fractions containing PglB (Figure 2). The protein was desalted
with a PD10 desalting column (GE Healthcare) into 20 mM Tris, pH 7.5, 100 mM
NaCl, 5% glycerol (w/v) and 0.05% DDM (w/v) and concentrated to 5-10 mg/mL in
an Amicon centricon with a molecular mass cutoff of 100 kDa. Expression and
purification of the inactive CjPglB mutant was performed identically except
C43(DE3) cells carrying plasmid pSN18.1, which encodes an inactive copy of pglB
subcloned from pACYCpglmut (see below) were used. CIPgIB was purified from
BL2-Gold(DE3) cells (Stratagene, La Jolla, CA) carrying plasmid pSF2 as described
elsewhere (Lizak et al., “X-ray Structure of a Bacterial Oligosaccharyltransferase,”
Nature 474:350-355 (2011), which is hereby incorporated by reference in its entirety).
For long-term storage at —20°C, the glycerol content in PglB samples was increased
to 10% (w/v). Purification of AcrA and scFv13-R4-GT was from periplasmic
fractions isolated from BL21(DE3) cells carrying plasmid pET24(AcrA-per) (Nita-
Lazar et al., “The N-X-S/T Consensus Sequence is Required but not Sufficient for
Bacterial N-Linked Protein Glycosylation,” Glycobiology 15:361-367 (2005), which
is hereby incorporated by reference in its entirety) or pET24-ssDsbAscFv13-R4-GT
(see below). Periplasmic extracts were prepared as described previously (Schwarz et
al., “Relaxed Acceptor Site Specificity of Bacterial Oligosaccharyltransferase in
Vivo,” Glycobiology 21:45-54 (201 1), which is hereby incorporated by reference in
its entirety), supplemented with imidazole to reach a final concentration of 10 mM,
sterile filtered (0.22 pm), and purified by nickel affinity chromatography using Ni-
NTA superflow affinity column (Qiagen, Valencia, CA).

[0081] Isolation of Lipid-linked Glycans. Escherichia coli SCM6 cells
transformed with pACYCpglmut (Wacker et al., “N-Linked Glycosylation in
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Campylobacz erjejumandnsFuncnonal TransferlntoEcolt,” T L

1793 (2002), which is hereby incorporated by reference in its entirety), which codes
for the biosynthesis of the C. jejuni LLO and an inactivated C. jejuni pglB gene
(W458A and D459A), were grown in | L of Luria-Burtani supplemented with 25
pg/mL of chloramphenicol at 37°C. When the A600 reached ~1.0, cells were
harvested by centrifugation and the pellet was lyophilized to dryness for 20 h at
—-80°C and 0.04 mbar. All subsequent steps were performed using glass tubes and
glass pipettes. Homogenized pellets were extracted in 25mL of 10:20:3
CHCl;:MeOH:H,0 followed by centrifugation at 3000 x g for 30 min. The
supernatants were evaporated using a rotary evaporator (Biichi, Flawil, Sankt Gallen,
Switzerland), after which the resulting pellet was resuspended in 1 mL of 10:20:3
CHCl;:MeOH:H,O and sonicated until homogenous. The sample was dried under
nitrogen gas at 37°C, dissolved in 10 mM HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid), pH 7.5, 1 mM MnCI2 and 0.1% DDM (w/v) and
stored at —20°C. An identical procedure was followed to extract lipids from SCM6
cells carrying empty pACYC.

[0082] Cell-Free Translation and Glycosylation. For in vitro glycosylation
of purified acceptor proteins, a 50 pL solution containing 3 pg of purified PglB, 5-10
uL of extracted LLOs and 5 pg of purified AcrA or scFv13-R4-GT in 10 mM HEPES,
pH 7.5, | mM MnCI2 and 0.1% DDM (w/v) was incubated for 12 h at 30°C. For in
vitro translation of AcrA and scFv13-R4-GT in the absence of glycosylation, a 50 pL
reaction was prepared using the S30 T7 High-Yield Expression System (Promega,
Fitchburg, WI) or PURExpress (New England Biolabs, Ipswich, MA) according to the
manufacturer’s instructions. A total of 1 ug of the following plasmids were added to
each reaction: pET24b (Novagen, Madison, WI); pET24-AcrA encoding full-length
C. jejuni AcrA with a C-terminal hexahistidine tag (Nita-Lazar et al., “The N-X-S/T
Consensus Sequence is Required but not Sufficient for Bacterial N-Linked Protein
Glycosylation,” Glycobiology 15:361-367 (2005), which is hereby incorporated by
reference in its entirety); pET24(AcrA-per) encoding a version of AcrA with an N-
terminal PelB signal peptide in place of its native export signal (Nita-Lazar et al.,
“The N-X-S/T Consensus Sequence is Required but not Sufficient for Bacterial N-
Linked Protein Glycosylation,” Glycobiology 15:361-367 (2005), which is hereby

incorporated by reference in its entirety); pET24(AcrA-cyt) encoding a version of



WO 2013/067523 PCT/US2012/063590

10

15

20

25

30

-64 -

S/T Consensus Sequence is Required but not Sufficient for Bacterial N-Linked
Protein Glycosylation,” Glycobiology 15:361-367 (2005), which is hereby
incorporated by reference in its entirety), and pET24-ssDsbA-scFv13-R4-GT
encoding the expression-optimized scFv13-R4 intrabody gene (Martineau et al.,
“Expression of an Antibody Fragment at High Levels in the Bacterial Cytoplasm,” J.
Mol. Biol. 280:117-127 (1998), which is hereby incorporated by reference in its
entirety) with an N-terminal signal peptide from E. coli DsbA for secretion and a C-
terminal GT (Fisher et al., “Production of Secretory and Extracellular N-Linked
Glycoproteins in Escherichia coli,” Appl. Environ. Microbiol. 77:871-881 (2011),

~which is hereby incorporated by reference in its entirety) followed by a FLAG and a

hexahistidine epitope tag. For in vitro translation/glycosylation reactions, 50 pL of
translation reactions was supplemented with 3 pg purified PglB, 5 pL extracted LLOs,
1 g purified plasmid DNA, 1 mM MnCI2 and 0.1% DDM (w/v) and incubated for 12
h at 30°C. DDM was chosen for in vitro translation/glycosylation because it was
previously observed to be well tolerated in an E. coli-derived CFE system (Klammt et
al., “Evaluation of Detergents for the Soluble Expression of Alpha-Helical and Beta-
Barrel-Type Integral Membrane Proteins by a Preparative Scale Individual Cell-Free
Expression System,” Febs J. 272:6024-6038 (2005), which is hereby incorporated by
reference in its entirety).

[0083] Western blot analysis. Expression and glycosylation of AcrA and
scFv13-R4-GT was analyzed by immunoblot following SDS-PAGE.
Immunodetection was performed with monoclonal anti-His antibody (Qiagen,
Valencia, CA), monoclonal anti-FLAG antibody (Abcam, Cambridge, MA),
polyclonal anti-AcrA serum (Wacker et al., “N-Linked Glycosylation in
Campylobacter jejuni and its Functional Transfer Into E. coli,” Science 298:1790-
1793 (2002), which is hereby incorporated by reference in its entirety) and polyclonal
anti-glycan serum hR6. All in vitro translation samples were treated with RNase A
(Roche Diagnostics GmbH, Mannheim, Germany) prior to SDS-PAGE to reduce the
irregularity of gel electrophoresis due to excess RNA. All experiments were

performed at least in triplicate, and representative samples are shown.
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[0084] To begin, functional reconstitution of bacterial N-linked glycosylation
in vitro was attempted. Minimally, this required three components: an OST, a lipid-
5  linked oligosaccharide (LLO) (i.e., a lipid-linked glycan) and an acceptor protein
carrying the D/E-X;-N-X,-S/T motif. For the OST, CjPgIB was expressed in the
membrane fraction 6f E. coli cells, solubilized with 1% N-dodecyl-p-D-
maltopyranoside (DDM) and purified to near homogeneity by nickel affinity
chromatography followed by gel filtration (Figure 2B). Separately, E. coli cells
10 carrying the C. jejuni pgl locus were used for producing the oligosaccharide donor.
This gene cluster encodes enzymes that carry out the biosynthesis of a
GlcGalNAc5Bac heptasaccharide (where Bac is bacillosamine) and its transfer from
membrane-anchored undecaprenylpyrophosphate (UndPP) to asparagine residues.
Here, a modified version of this cluster that carried an inactivated pglB gene (Wacker
15  etal., “N-Linked Glycosylation in Campylobacter jejuni and its Functional Transfer
Into E. coli,” Science 298:1790-1793 (2002), which is hereby incorporated by
reference in its entirety) was transferred to E. coli SCM6 cells and used to prepare
LLOs. SCMS6 cells were chosen for several reasons. First, these cells lack the Waal.
enzyme that naturally transfers oligosaccharides (e.g. O-antigens, glycans) from the
20  lipid carrier undecaprenyl onto lipid A, which in turn shuttles the oligosaccharides to
the outer leaflet of the outer membrane (Feldman et al., “Engineering N-Linked
Protein Glycosylation With Diverse O Antigen Lipopolysaccharide Structures in
Escherichia coli,” Proc. Nat’l. Acad. Sci. U.S.A. 102:3016-3021 (2005), which is
hereby incorporated by reference in its entirety). Thus, in the absence of WaalL, the
25  desired lipid-linked glycans accumulate in the inner membrane. Second, the
lipopolysaccharide and enterobacterial common antigen initiating GIcNAc
transferase, WecA, is removed. Thus, this strain should only produce LLOs with
GlcGalNAc5Bac at the reducing end. In support of this notion, previous mass
spectrometry analysis of LLOs extracted from an E. coli strain similar to the one used
30  here (i.e. Awaal. AwecA) revealed that only LLOs containing GlcGalNAc5Bac
heptasaccharide were detected (Reid et al., “Affinity-Capture Tandem Mass
Spectrometric Characterization of Polyprenyl-Linked Oligosaccharides: Tool to Study
Protein N-Glycosylation Pathways,” Anal. Chem. 80:5468-5475 (2008), which is
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model glycoprotein AcrA from C. jejuni (Nita-Lazar et al., “The N-X-S/T Consensus
Sequence is Required but not Sufficient for Bacterial N-Linked Protein
Glycosylation,” Glycobiology 15:361-367 (2005), which is hereby incorporated by
reference in its entirety) was purified from the periplasm. AcrA presents two
consensus D/E-X-N-X;-S/T sites that are glycosylated by CjPgIB (Kowarik et al.,
“Definition of the Bacterial N-Glycosylation Site Consensus Sequence,” EMBO J.
25:1957-1966 (2006), which is hereby incorporated by reference in its entirety).
Alternatively, a glycoengineered single-chain variable fragment (scFv) called scFv13-
R4-GT, which carried a C-terminal glycosylation tag (GT) consisting of four
consecutive DQNAT motifs separated from one another by consecutive glycine
residues (Fisher et al., “Production of Secretory and Extracellular N-Linked
Glycoproteins in Escherichia coli,” Appl. Environ. Microbiol. 77:871-881 (2011),

which is hereby incorporated by reference in its entirety), was similarly purified.

Example 2 - Functional Reconstitution In vitro of the C. jejuni Protein
Glycosylation Pathway

[0085] To evaluate the reconstituted glycosylation pathway, CjPgIB OST was
combined with LL.Os extracted from E. coli cells and purified AcrA. This reaction
resulted in efficient glycosylation of both AcrA sites as evidenced by the mobility
shift of nearly all of the AcrA from the unmoditied (g0) to the fully glycosylated (g2)
form (Figure 3A). This activity was dependent on PgIB and LL.Os. Doubling the
LLO concentration resulted in the appearance of the g0 and gl forms of AcrA, in
addition to g2, suggesting slightly less efficient glycosylation. Importantly,
glycosylation activity was lost when lipid extracts from cells lacking the pgl cluster or
an inactive CjPglB mutant was used (Figure 3A). These results were corroborated by
detecting glycosylated AcrA with serum specific for the C. jejuni N-glycan (Figure
3A). Nearly identical results were observed when the glycoengineered scFv13-R4-
GT protein was used as the oligosaccharide acceptor (Figure 3A). It should be noted
that g2, g3 and g4 were the predominant glycoforms detected here, with barely
detectable levels of gl. To demonstrate that other OSTs could be used in this system,
in vitro glycosylation of AcrA was also performed using Campylobacter lari Pg|B
(CIPgIB), which is 56% identical to that of C. jejuni (Schwarz et al., “Relaxed

Acceptor Site Specificity of Bacterial Oligosaccharyltransferase in Vivo,”
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entirety). This resulted in nearly equal amounts of the g0, gl and g2 forms of AcrA
under the conditions tested (Figure 3B). To be useful for translation/glycosylation
reactions, the purified glycosylation components must tolerate long-term storage and

5 freeze-thaw cycles. To test this, the components were stored separately at —~20°C for
3 months. No changes were made to the storage buffers except
that the final concentration of glycerol in the PglB samples was increased to 10%.
Each of the components was thawed and refrozen 5-10 times during this period, after
which an in vitro reaction with CIPglB was performed. This reaction yielded the

10 glycosylation of AcrA that appeared to be only slightly less efficient than the

glycosylation observed with freshly purified components (compare Figure 3B and
30).

Example 3 - Cell-Free Translation of Protein Targets

[0086] To determine whether existing cell-free translation systems could
15  synthesize protein targets of interest, both an E. coli CFE-based protein synthesis
system and the PURE (protein synthesis using recombinant elements) system that
uses purified translation components and T7 RNA polymerase (Shimizu et al., “Cell-
Free Translation Reconstituted With Purified Components,” Nat. Biotechnol. 19:751-
755 (2001), which is hereby incorporated by reference in its entirety) were evaluated.
20  This involved priming the CFE and PURE systems with three different AcrA DNA
sequences cloned in a T7 promoter-driven pET vector. Using the CFE system, ~150-
250 pg/mL of each AcrA variant was produced as a full-length polypeptide in 1 h
(Figure 4A). AcrA carrying its native signal peptide accumulated to the highest level
but also experienced the greatest amount of degradation. In contrast, AcrA carrying a
25  PelB signal peptide in place of the native signal and AcrA lacking a signal peptide
each accumulated to a slightly lower concentration but experienced no visible
degradation. The PURE system similarly produced all three AcrA variants as full-
length polypeptides albeit at a slightly lower level (~100 pg/mL/h of each) than the
CFE-based system (Figure 4A). Both systems were also able to generate appreciable
30 amounts of scFv13-R4-GT (Figure 5A). It should be noted that this scFv was
previously optimized for expression under nonoxidizing conditions (i.e., in the

absence of disulfide bonds) (Martineau et al., “Expression of an Antibody Fragment at
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, nghLevelsmtheBactenaletoplaqm,” JM(;IBm[280]]7-|27(l998),wh1ch15 .

hereby incorporated by reference in its entirety) and thus did not require special

transcription/translation conditions.
Example 4 - Cell-Free Translation and Glycosylation of Target Glycoproteins

[0087] Encouraged by these results, the glycoCFE and glycoPURE
translation/glycosylation systems were constructed by combining the purified
glycosylation components (minus the acceptor protein) with one of the cell-free
translation systems. The plasmid pET24(AcrA-cyt) that encodes AcrA without an N-
terminal signal peptide was chosen to evaluate these systems because it gave rise to
significant amounts of target protein in both translation systems with no detectable
degradation. When either the CFE or the PURE system were primed with this
plasmid along with CjPg|B and LLOs, AcrA was produced primarily as the doubly
glycosylated g2 glycoform with lesser amounts of gl and virtually no detectable
unmodified AcrA (Figure 4B). It was estimated that ~100-150 pg of glycosylated
AcrA was produced in a | mL reaction volume after 12 h. Likewise, scFv13-R4-GT
was efficiently produced by both the glycoCFE and glycoPURE systems, with ~50%
of the protein in the fully glycosylated g4 form and 50% in the g3 form (Figure 5B).
Both systems produced ~50-100 pg/mL of glycosylated scFv13-R4-GT in 12 h. Thus,
the glycoCFE and glycoPURE systems contain all the components essential for

efficiently translating N-linked glycoproteins.

Discussion of Examples 1-4

[0088] A major advantage of the open prokaryote-based translation/
glycosylation systems developed here is that the supply of purified glycosylation
components as well as their substrates and cofactors (Lizak et al., “X-ray Structure of
a Bacterial Oligosaccharyltransferase,” Nature 474:350-355 (2011), which is hereby
incorporated by reference in its entirety) can be provided at precise ratios. Likewise,
the concentration of inhibitory substances such as proteases and glycosidases that
catalyze the hydrolysis of glycosidic linkages can be reduced or eliminated entirely.
Additionally, the in virro systems permit the introduction of components that may be
incompatible with in vivo systems such as certain LLOs that cannot be produced or

flipped in vivo. This level of controllability is unavailable in any previous



WO 2013/067523 PCT/US2012/063590

10

20

25

30

-69 -

to avoid glycoprotein heterogeneity, which is particularly bothersome in fundamental
studies to assess the contribution of specific glycan structures or in pharmaceutical
glycoprotein production. Along these lines, the glycoCFE and glycoPURE systems
should allow the examination of factors that interact with or stimulate the
glycosylation machinery and promote increased acceptor site occupancy. While the
glycosylation efficiency observed here with CjPglB exceeded the level typically
observed in vivo (Kowarik et al., “N-Liriked Glycosylation of Folded Proteins by the
Bacterial Oligosaccharyltransferase,” Science 314:1148-1150 (2006); Kowarik et al.,
“Definition of the Bacterial N-Glycosylation Site Consensus Sequence,” EMBO J.
25:1957-1966 (2006); Fisher et al., “Production of Secretory and Extracellular N-
Linked Glycoproteins in Escherichia coli,” Appl. Environ. Microbiol. 77:871-881
(2011), which are hereby incorporated by reference in their entirety), it should be
pointed out that further study of the reaction conditions should lead to increases in
productivity and glycosylation efficiency. Second, it facilitates the integration/co-
activation of multiple complex metabolic systems and pathways in vitro including
transcription, translation, protein folding and glycosylation. Therefore, the glycoCFE
and glycoPURE systems should provide a unique opportunity for studying the
interplay of these important mechanisms under conditions where system complexity is
reduced and structural barriers are removed. For instance, since the bacterial OST can
glycosylate locally flexible structures in folded proteins (Kowarik et al., “N-Linked
Glycosylation of Folded Proteins by the Bacterial Oligosaccharyltransferase,” Science
314:1148-1150 (2006), which is hereby incorporated by reference in its entirety) and
also structured domains of some proteins, these systems should help to decipher the
influence of protein structure on glycosylation efficiency. Also, since bacterial and
eukaryotic glycosylation mechanisms display significant similarities, these bacterial
systems could provide a simplified model framework for understanding the more
complex eukaryotic process. Third, it allows for further customization of the system
by reconstituting additional or alternative steps (both natural and unnatural) in the
glycosylation pathway. For instance, the sequential activities of the
glycosyltransferases in the pgl pathway have been reconstituted in vitro (Glover et al.,
“In Vitro Assembly of the Undecaprenylpyrophosphate-Linked Heptasaccharide for
Prokaryotic N-Linked Glycosylation,” Proc. Nat’l. Acad. Sci. U.S.A. 102:14255-
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easily be integrated with the translation/glycosylation reactions into a single
integrated platform. While glycoengineered E. coli have the potential to provide a
wide array of UndPP-linked glycans (Feldman et al., “Engineering N-Linked Protein
Glycosylation With Diverse O Antigen Lipopolysaccharide Structures in Escherichia
coli,” Proc. Nat'l. Acad. Sci. U.S.A. 102:3016-3021 (2005); Yavuz et al,,
“Glycomimicry: Display of Fucosylation on the Lipo-Oligosaccharide of
Recombinant Escherichia coli K12,” Glycoconj. J. 28:39-47 (2011), which are hereby
incorporated by reference in their entirety), the ability to extend beyond bacterial
glycans can be achieved by supplementation with specific glycosyltransferases and
the requisite activated sugars. This approach can be used for making eukaryotic
glycan mimetics (Schwarz et al., “A Combined Method for Producing Homogeneous
Glycoproteins With Eukaryotic N-Glycosylation,” Nat. Chem. Biol. 6:264-266
(2010), which is hereby incorporated by reference in its entirety) and will allow finer
control over the diversity of glycoforms that can be used for modifying target proteins
in vitro. Since CjPglB has relaxed specificity toward the glycan structure (Feldman et
al., “Engineering N-Linked Protein Glycosylation With Diverse O Antigen
Lipopolysaccharide Structures in Escherichia coli,” Proc. Nat’l. Acad. Sci. U.S.A.
102:3016-3021 (2005), which is hereby incorporated by reference in its entirety), all
of these UndPP-linked glycans are likely to be suitable substrates. Even if CjPgIB
should prove insufficient, the demonstration here that two different OSTs could be
used interchangeably suggests that virtually any single-subunit OST including those
from other bacteria, archaea and even some eukaryotes (Nasab et al., “All in One:
Leishmania Major STT3 Proteins Substitute for the Whole Oligosaccharyltransferase
Complex in Saccharomyces cerevisiae,” Mol. Biol. Cell 19:3758-3768 (2008), which
is hereby incorporated by reference in its entirety) could be used in these systems. In
support of this notion, the Leishmania major and Pyrococcus furiosus single-subunit
OSTs can be functionally expressed in E. coli membranes (Igura & Kohda, “Selective
Control of Oligosaccharide Transfer Efficiency for the N-Glycosylation Sequon by a
Point Mutation in Oligosaccharyltransferase,” J. Biol. Chem. 286:13255-13260
(2011), which is hereby incorporated by reference in its entirety). Finally, because
one is not limited to natural glycans, the glycoCFE and glycoPURE systems should

permit synthesis of hybrid natural/unnatural or even completely artificial glycans. For
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~ example, the addition of synthetic sugar-nucleotide donor substrates and/or mutant

glycosyltransferases and OSTs having new specificities will enable the construction
of a glycosylation system founded on a noncanonical glycan code. For all of these
reasons, the glycoCFE and glycoPURE systems are useful additions to the cell-free
translation and glycobiology tookits alike.

[0089] Although preferred embodiments have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various
modifications, additions, substitutions, and the like can be made without departing
from the spirit of the invention and these are therefore considered to be within the

scope of the invention as defined in the claims which follow.
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L. A cell-free system for producing a glycosylated protein
cdmpn'sing:
an isolated oligosaccharyltransferase capable of transferring a glycan
from a lipid carrier molecule to a glycoprotein target;
one or more isolated glycans, wherein each glycan is linked to a lipid
carrier molecule; and |
a glycoprotein target comprising one or more glycan acceptor amino

acid residue, or a nucleic acid molecule encoding said glycoprotein target.

2. The system of claim 1, wherein the oligosaccharyltransferase is

a prokaryotic oligosaccharyltransferase.

3. The system of claim 2, wherein the prokaryotic

oligosaccharyltransferase is derived from Campylobacter.

4. The system of claim |, wherein the oligosaccharyltransferase is

an archaea oligosaccharyltransferase.

5. The system of claim 1, wherein the oligosaccharyltransferase is

a eukaryotic oligosaccharyltransferase.

6. The system of claim 1, wherein the lipid carrier molecule

comprises undecaprenyl-phosphate.

7. The system of claim 1, wherein the one or more isolated

glycans comprise a prokaryotic glycan.

8. The system of claim |, wherein the prokaryotic glycan
comprises GlcGalNAcsBac.
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glycans comprise a eukaryotic glycan.

10. The system of claim 9, wherein the eukaryotic glycan
comprises GIcNAc;.

1. The system of claim 10, wherein the eukaryotic glycan further
comprises at least one mannose residue.

12. The system of claim 9, wherein the eukaryotic glycan

comprises a composition selected from Man,;GlcNAc,, Man,GIcNAc;, and
Man;GlcNAc;.

13. The system of claim I, wherein the one or more glycan

acceptor amino acid residues of the glycoprotein target is an asparagine residue.

14. The system of claim 13, wherein glycoprotein target further
comprising an N-X;-S/T or a D/E-X;- N-X-S/T (SEQ ID NO: 1) glycan acceptor
amino acid sequence motif wherein D is aspartic acid, X, and X; are any amino acid

other than proline, N is asparagine, and T is threonine.

15. The system of claim 1 further comprising:
reagents suitable for synthesizing the glycoprotein target from said

nucleic acid molecule.

16. The system of claim 1, wherein the glycoprotein target

comprises an antibody.

17. A kit comprising:

an isolated oligosaccharyltransferase capable of transferring a glycan
from a lipid carrier molecule to a glycoprotein target and

one or more isolated glycans, wherein each glycan is linked to a lipid

carrier molecule.
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18. The kit of claim 17 further comprising:
reagents suitable for synthesizing a glycoprotein target from a nucleic

acid molecule encoding said glycoprotein target.

19. A method for producing a glycosylated protein in a cell-free
system comprising:
providing an isolated oligosaccharyltransferase capable of transferring
a glycan from a lipid carrier molecule to a glycoprotein target;
providing one or more isolated glycans, wherein each glycan is linked
to a lipid carrier molecule;
providing a glycoprotein target comprising one or more glycan acceptor
amino acid residues;
combining the oligosaccharyltransferase, one or more isolated glycans
and glycoprotein target to form a cell-free glycosylation reaction mixture; and
subjecting the cell-free glycosylation reaction mixture to conditions
effective for the oligosaccharyltransferase to transfer the glycan from the lipid carrier
molecule to the one or more glycan acceptor residues of the glycoprotein target to

produce a glycosylated protein.

20. The method of claim 19, wherein the oligosaccharyltransferase

is a prokaryotic oligosaccharyltransferase.

21. The method of claim 20, wherein the prokaryotic

oligosaccharyltransferase is derived from Campylobacter.

22. The method of claim 19, wherein the oligosaccharyltransferase

is an archaea oligosaccharyltransferase.

23. The method of claim 19, wherein the oligosaccharyltransferase

is a eukaryotic oligosaccharyltransferase.
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comprises undecaprenyl phosphate.

25. The method of claim 19, wherein the one or more isolated

glycans comprise a prokaryotic glycan.

26. The method of claim 25, wherein the one or more prokaryotic

glycans comprise GlcGalNAcsBac.

27. The method of claim 19, wherein one or more isolated glycans

comprise a eukaryotic glycan.

28. The method of claim 27, wherein the one or more eukaryotic

glycans comprise GlcNAc..

20. The method of claim 28, wherein the one or more eukaryotic

glycans further comprise at least one mannose residue.

30. The method of claim 28, wherein the one or more eukaryotic
glycans comprise a composition selected from Man,GIcNAc,, Man,GlcNAc,, and
Man3GlcNAcz.

3L The method of claim 19, wherein said providing a glycoprotein
target comprises providing a nucleic acid molecule encoding the glycoprotein, said
method further comprising:

providing reagents suitable for synthesizing a glycoprotein target from
said nucleic acid molecule and

blending the reagents with the glycosylation reaction under conditions
effective to synthesize the glycoprotein target from the nucleic acid molecule prior to,

or concurrent with, said subjecting.

32. The method of claim 19, wherein the one or more glycan

acceptor amino acid residues of the glycoprotein target is an asparagine residue.
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33. The method of claim 32, wherein the glycoprotein target further
comprising an N-X;-S/T or a D/E-X;- N-X;-S/T (SEQ ID NO: 1) glycan acceptor
amino acid sequence motif wherein D is aspartic acid, X; and X; are any amino acid

5  other than proline, N is asparagine, and T is threonine.

34. The method of claim 19, wherein the protein comprises an

antibody.
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Sequence alignment of PglB homologs from Campylobacter

Q9S4vV7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BI9KDD4_CAMLR

Consensus

Q9S4V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BIKDD4_CAMLR

Consensus

Q9S4V7_CAMJIU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BI9KDD4_CAMLR

Congensus

Q9S54V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BI9KDD4_CAMLR

Consensus

Q9S4V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BY9KDD4_CAMLR

Consensus

.................................................... ISNDGYAF
-MLKKEYFKN-PTFILLAFIILAYVFSVLCRFYWIFWASEFNEYFFNNELMIISNDGYAF
- ~-MKNEAVKN-ANLRLVFFILLAFGFSVLCRFYWIYWASDFNEYFFNNQLMISSNDGYTF
MKLQQNFTDNNSIKYTCILILIAFAFSVLCRLYWVAWASEFYEFFFNDQLMITTNDGYAF

ekkkk Kk

XXNDGYXF

AEGARDMIAGFHQPNDLSYYGSSLSTLTYWLYKITPFSFESIILYMSTFLS-LVVIPIIL
AEGARDMIAGFHQPNDLSYYGSSLSTLTYWFYKITPFSLESIFIYISTFLSSLVVIPLIL
AEGARDKIAGFHQENDLSFINSSLSILTYVLYKITPFSFESIILYMSVFFSSLIVVPLIL
AEGARDMIAGFHQOPNDLSYFGSSLSTLTYWLYSILPFSFESIILYMSAFFASLIVVPIIL

hhkhkkk hhkhkkk *khkkk. hhkkk Kkkk ok Kk kkk.kkk. . .k.k k.. *.*.*u**

AEGARDX IAGFHQXNDLSXXXSSLSXLTYXXYXILPFSXESTIXXYXSXFXXXLXVXPXIL

LANEYKRPLMGFVAALLASIANSYYNRTMSGYYDTDMLVIVLPMFILFFMV-MILKKDFF
IANEYKRPLMGFVAALLASIANSYYNRTMSGYYDTDMLVIVLAMMIVFFMIRLILKKDLL
IANELKRPLMGLFAAFLASIAKSYYNRTMAGYYDTDMLAIVLPMFILYFFIRLILRKDDF
IAREYKLTTYGFIAALLGSIANSYYNRTMSGYYDTDMLVLVLPMLILLTF IRLTINKDIF

.* * * * . ** * *** ******* Ehkkkhkkkk k% L s R .. *k .

X>¥mxxxxxNQNk>>NbNmkum&&ZWHR%O%%DHUZbNN<ﬁxENHNxxNxNNxNxNUxx

SLIALPLFIGIYLWWYPSSYTLNVALIGLFLIYTLIFHRKEKIFYIAVIL-SLTLSNIAW
SLITLPLFVGIYLWWYPSSYTLNVALLGLFFIYTLVFHIKEKTLYMAIILASITLSNIAW
SLLALPFFMGLYLWWYPSSYTLNVAFIALFTLYVLIYHRKERSFYMAALLCAITLSNIAW
TLLLSPVFIMIYLWWYPSSYSLNFAMIGLFGLYTLVFHRKEKIFYLTIALMIIALSMLAW

s k. *.*- n*********.** L * % n*.*nn* **u n*.. * s akk ok Kk

XLXXXPXFXXXYLWWYPSSYXLNXAXXXLFXXYXLXXHXKEXXXYXXXXLXXXXLSXXAW

FYQSTIIVILFALFALEQKRLNFVIIGILASVILIFLILSGGVDPILYQLK-YIFRSDES
FYQSAIIVILFSLFVLONKRFSFALLGILGLATLVFLILSGGIDPILYQLKFYIFRSDES
FYQSAIIVLLFALFMLKNSFFNFKFIALLALGVLVFLALSGGIDPILYQLKFYLLRSDES
O<xr>bH<ﬁbw>Hﬂ>MNmmNHZwKSHEPhHmHmHbHbmrmOObUm<b<Oth<<wN>mU<

e k%, k.o ok oo [ * se ek hhkhkookk o hkkokk Koo oo

- . - .. - I R

xKMNNxH<NEWNNwxNNxNNXXwNNxNxbexNNNxbxrm@@xUmNb%OﬁN&KNN%N%NN
Figure 6A
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Sequence alignment of PgIB homelogs from Campylobacter (Cont.)

Q9S84V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BI9KDD4_CAMLR

Consensus

Q984V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
B9KDD4_CAMLR

Consensus

Q9S4V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BYKDD4_CAMLR

Consensus

Q9S54V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BY9KDD4_CAMLR

Consensus

ANLT-QGFMYFNVNQTIQEVENVDLSEFMRRISGSEIVFLFSLFGFVWLLRK-KSMIMAL
ANLA-QGFMYFNVNQTIQEVESIDLSIFMQRISGSELVFFVSLIGFIFLVRKHKSMILAL
ASLA-RGFAYFNVNLTIQEVESIDLSTFMORISGSELVFLLSLFGFLWLLKKHKVMLLTL
QNLKDAAFMYFNVNETIMEVNTIDPEVFMQRISSSVLVFILSFIGFILLCKDHKSMLLAL

* .»‘ kkkkk kk kko % AKoehKkk X +kk. Kkeakko ¥k o * *unn*

. . . . . . .. .. . . .

Nxbxxxxmx<mz<2xﬂme<NNNUNxxmzwamxmxx<ﬂxxmxxﬂmxxbxxxxxxzxxxb

PILVLGFLALKGGLRFTIYSVPVMALGFGFLLSEFKAILVKKYS-—--—-———-—-—~—-—————
PMLALGFLALKSGLRFTIYAVPVLALGFGFLMSLLQERKQKNNN---====—~=======—-
PMLLLGFLALRGGLRFTIYAVPIMALGFGFLSVQILSLIQKMRPLKETRKLRIFFYGIFP
PMLALGFMALRAGLRFTIYAVPVMALGFGYFLYAFFNFLEKKQIKLSL-—-~~~=====~=~

* ok *kk o **c ******# **.q*****.. . *

wxbxhﬂmxbbxxﬂﬁwﬁﬂH<x<mxx>bﬂﬂﬂxxxNxNNNNxxwxxx ||||||||||||||||

----YCIF----ATILTLAPVFIHIYNYKAPTVFSQNEASLLNQLKNIANREDYVVTWWD
I---GVFI----FTFLSLIPMFYHINNYKAPTVFSQNEATKLDELKKIAQREDYVVTWWD
DIRFVCSFYIVGVLLFSLWANLSHIYNYRAHTVFSYNEASILDNLKANVSREDYIVAWWD
|||||| ZbeHbH>WﬂmHmm>bZEHKMKNmmH<@Hm&m>mHEZUENZNPOWmUK<<>EEU

<« kX koo Kkkk, ko ko ok%k hkkd o ko kkk

lalthxNII|lxxNNNxxxxNNmHXNKNN%H<WNN%MDNxbeVNNNxNNMU<N<xSSO

302
357
356
360

346
401
416
408

351
407
476
411

403
460
536
465

TQ9S4V7_CAMJU YGYPVRYYSD-KTLVDGGKHLGKDNFFPSFALSKDEQAAANMARLSVEYTEKSFYAPQND 462
H7WYI6_CAMCO YGYPIRYYSDVKTLADGGKHLGKDNFFPSFVLSKDQVAAANMARLSVEYTEKSFYAPLND 520
E6LAJ2_CAMUP YGYPIRYYSDVKTLADGGKHLGKDNFFPSFVLSQNPRAAANMARLSVEYTEKGFKTPYND 596
BY9KDD4_CAMLR YGYPIRYYSDVKTLIDGGKHLGKDNFFSSFVLSKEQIPAANMARLSVEYTEKSFKENYPD 525

Consensus

hhkkkokkhhhk Khk dhhkhkhhkhhkhx *k kK.,

hkhkhkhkhkhkkkkhkhkikkkx * *

YGYPXRYYSDXKTLXDGGKHLGKDNFFXSFXLSXXXXXAANMARLSVEYTEKXFXXXXXD

Figure 6B
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Sequence alignment of PgIB homologs from Campylobacter (Cont.)

0954V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BI9KDD4_CAMLR

Consensus

Q9S4V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
B9KDD4_CAMLR

Consensus

Q9S54V7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BY9KDD4_CAMLR

Consensus

Q9S4v7_CAMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BY9KDD4_CAMLR

Consensus

ILKTDILQA-MKDYNQSNVDLFLASLSKPDFKIDTPKTRDIYLYMPARMSLIFSTVASFES
ILKNDLLQAMMKDYNQNNVDLFLASLSKPDFKINTPKTRDVYIYMPARMSLIFSTVASFES
||||| LLEAMMKDYNY SNVNLFLAALSKEDFTLQTPKTRDIYIYMPSRMAAIFGTVASFS
||||| VLKAMVKDYNKTSAKDFLESLNDKDFKFDTNKTRDVYIYMPYRMLRIMPVVAQFA

u*n* n**** koK LA IR Khkkk ok g kkk K% . kK ko

XLXAXXKDYNXXXXXXFLXXLXXXDFXXXTXKTRDXYXYMPXRMXXIXXXVAXFX

FINLDTGVL-DPFTFSTAYP--LDVKNGEIYLSNGVVLSDDFRSFKIGDNVVSVNSIVEL
FVDLETGEINKPFTFSAAYP--LDVKNGEIYLSNGIALSDDFRSFKINNSTISVNSIIEL
YMSLETGELENPFVYSVAYY~~ LGNEDGKLVLSNNMLLHSDFRSFDLNGKNYAINSLVEF
NTNPDNGEQEKSLFFSQANATAQDKTTGSVMLDNGVEI INDFRALKVEGASIPLKAFVDI

. ok . u&.* * . ok X Akk oo o R EEE]

. .. . PRI R

XXXXKXXGXXXXXKXXXSKAXK XXX XXX XGXXXLENXXXXXXDFRXX XXX XX XX XXX XX XXX

NSIKQGEYKITPD-DKAQFYIFYLKDSAIPYAQFILMDKTMFNSAYVQMFFLGNYDKNLF
NSIKQGEYKITPIDDMAQFYIFYLKDSTIPYAQFILMDKTMFNSAYVQMFFLGNYDKNLY
TSVQQKYYSVVEIDKNAKYYLFHIKDANIPNVQFILMDKAMYESAFVOMFFFGKYDESLY
ESITNGKFYYNEIDSKAQIYLLFLRE-~-~~YKSFVILDESLYNSSYIQMFLLNQYDQDLF

*u H . ke Koo ovs KeveKeoooskoookkkao, u**u.*n

. .. . MR

XSAXXXXXXXXXXXXKXAXXY XX XXX XXX XXX XX FXXXDXXXXXSXXXQMFXXXXYDXXLX

DLVINSRDAKVFLKI- 652
DLVINARDAKVFKLKI 714
ELIVDSKEAKVYKLKL 785
EQITNDTRAKIYRLKR 712

. - * koo .

XXXXKXXXAKXXXKXX

Figure 6C
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Sequence alignment of Stt3 homologs from Pyrococcus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus Seq

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9Vv250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9vV250_PYRAB
FBAIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23__PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

---MVKTQIKEKKKDE------ KVTIPLPGKIKTVLAFLVVLAFAAYGFYIRHLT-AGKY
MKSLVKVEVKREKKDRKEKREIGNISRHYGKIKLALTFIVTLIFAWYAFHIRHLT-AGKY
- —-MVKRK---~KEEK---EIKGEKREFYSKIKRMIIPIIVLGFATYGFYLRHLT-AGRY
- - —-MVKSKVKK-VEKG-~~KEGEEKRSTYVLLKKVLIPILVFGFAIYAFYLRHLT-AGKY
~~-MVKTKVKEEKEEK-~~SEKSEGKSLYPLLKRILIPLAVIGFGIYAYYLRHLT-AGKY
— ——MVKTKVKREKREEKAPE--HRPKTLVVFFKRFGIPLIVLAFATLGFYIRYLPGTGKY

s X% .« * . . % v ek oKk .*u*

- - . PR

XVKXXXXXXEZXXKXKXXXX XXX KK KX KX XX KK XXX KK RX KX KFX XXX KX KRXLEXXGXY

FSDPDTFYHFEIYKLVLKEGLPRYYPMADAPFGSLIGEPLGLYILPAIFYKIISIFGYNE
FPDPDTFYHYEIYKLVLKEGLPKYYPMSDAPFGSLIGEPLGLYILPAIFYKILSAFGYNE
FPDPDTFYHFEIYKLVIKEGLPKYYPLSDAPFGSLIGEPLGLYILPAIFYKVISAFGYNE
FPDPDTFYHFEIYKLVLKEGLPRYYPMSDAPFGSLIGEPLGLYLLPAAFYKVVSLFGYNE
FPDPDTFYHFEIYKLVLKEGLPKYYPMAEAPFGSLIGEPLGLY ILPAIFYKVVSVFGYNE
FIDPDTYYHYEIYKLVLKEGLPRYYSMAEAPFGSLIGEPLGLYLLPAIFYKLISAFGYTT

A AAkAKk o hkk.hhkhkhhokAKAKk oAk oo khhhhhkhdhdbkhd . kkk *xkk . .k kkk
. . . . . . P .

FXDPDTXYHXEIYKLVXKEGLPXYYXXXXAPFGSLIGEPLGLYXLPAXFYKXXSXFGYXX

LEAFLLWPPFVGFLSVIGVYLLGRKVLNEWAGMWGAIILSVLTANFSRTF SGNARGDGPF
FQAFLLWPPFVGFLSVIGVYLLGRKILNEWAGLWAAAILAVSTANFSRTFSGNARGDGPF
FQAFLLWPPFVGFLSVVGIYLLGRKVLNEWAGLWAAVILSVSTANFSRTFSGNARGDGPF
LOAFLLWPPFVGFLGVIAVYLLGRKVLNEWTGLWGAVVLTVSTANF SRTF SGNARGDGPF
FQAFLMWPPFVGFLGVIAVYLLGRKVLNEWAGLWAAVILSVSTANF SRTF SGNARGDGPF
LOAFKLWPPTVGFLSIIATYLLARKIHGEWAGLWSAATMSFLLAHFTRTF SGNARGDGPF

s ek K ekkk Khkkk .. Hhk Kk **u*.*.* PRy *.*n****i********

XXAFXXWPPXVGFLXXXXXYLLXRKXXXEWXGXWXAXXXXXXXAXFXRTF SGNARGDGPF

MMLFTFSAVLMLYYLTEENKNKKI INGTLFVLLAGISTAAWNGSPFGLMVLLGFASFQTI
MMLFVFSMVALLYYLEEARIKRKAVWGALFVILAGLSTMAWNGSPFGLMVLLGFASLQTI
MMLFVFSAILMFHYLRETSKTKKVLYGTLFVILASISLGAWNGSPFGLMVLLGFASFQTI
MALFIFASVAMLYYLKESNKTRKIIYGTLFVLLTVISLGAWNGSPFGLMVLLGFASLQTI
MTLFLFSLVAMLYYLKENDIKKKSLWGAVFVLLASISLGAWNGSPFGLMVLIGFASFQTI
LMLFLFASVAMLYYLEAKDVKRKMVYGTLFVALSVIALSAWNGSPFSLMVFLGFGALQAT

. kK *u . ..u** ek .ok kX ko .. *******.***..** n.*u*

XXLFXFXXXXXXXYLXXXXXXXKXXXGXXFVXLXXXXXXAWNGSPFXLMVXXGFXXXQXI
Figure 7A
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Sequence alignment of Stt3 homologs from Pyrococcus (Cont.)

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9Vv250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_SEURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

ILFIFGKINELREFIKEYYPAYLGILAISYLLTIPGIGKIGGFVRFAFEVFLGLVFLAIV
ALFIFGKIDELKKFIKEFYPAYVSVLILSYLLTIPGLAKIQSFIRFAFEVFLGLVFLAIV
ALFIFGKISELKKFATEFYPAYLGILALGYLLTIPGIVKIGSFIKFAFEVFLGLVVLLTI
ILFIFGKLEELKKFVKEFYPAYLAILAFGYALTFPGIVKIGGFIRFAFEVFLGLIFLLVI
ALFIFGKIKELKKFVKEFYPAYLAILATIGYGLTIPGIAKIGGFIKFAFEVFLGLVLLVTI
VLFVFGRIEELREFIKLYYPTYLTVLLLGYLLTFPRIVAVKGHILFALKVFLGLAGLTVL

Ak okka. . k. oKk chkk ok, .k L * Kk ok . . . ** .***** * .

xbmxmmxxxmbxxmxxxxwmxwxxxhxNNmNbexvxxxxxxxxxxw>Nx<wabNNbxxx

MLYGGKYLNYSDKKHRFAVVAVIVIAGFAGAYIYVGPKLFTLMGGAYQSTQVYETVQELA
MLYGEKFLNYSDKKHRFLVVAIIVLIGFAGAYAYVGPKLFRLMGGAYQSTQVYQTVQELA
MLYGGRYLNYSDKKHRFLVVAVVVLIGFAGAYAYVGPKLFRLMGGAYQSTQVYETVQELA
MLYGGRYLNYSDKKHRFLVVTI IVLLGFGGAYAYVGPKLFRLMGGAYQSTQVYETVQELA
MLYGGKFLNYSDKKHRFAVVAVIVLLGFAGAYAYVGPKLFRLMGGAYQSTQVYQTVQELA
MLYGGKWLNYSDRRHRFAVVAVVTLLGFVGAYIYVGPKLFSLMAGAYQSTQVYETVQELA

* k% %k -.***%*- *** hkooe o Kk hkk hkhkkkk **.*********.******
.. .

EF&OxXNbZKmUxxmWWN<<xxxxNmexO>%NK<Omxwabzxm>&0meo<<xﬂ<omr>

KTDWGDVKVYYGVEKPNGIVFFLGLVGAMIVTARYLYKLFKDGRRPHEELFAITFYVMSI
KTSMQDIKLYYGVEKANGLIFFLSIPGFLIMLSLYLIGLWSKSESPNKELLGITFYVMSI
KTTMRDIKVYYGVENPNGLIFFLSIPGIIIILVKYLVDLFRKSESSNETLFAAVFYIMSI
KTTIGDVKAYYGVESGNGLIFFLSIPGLLILLTKYLYDLFKKAKSDNETLFALVFYTMSL
KTTLSDIKLYYGVEGNNGLVFFLSIPGFLIILGLYLNALLKKSESSNEYMLSLVFYIMSL
KTTLGDIKAYYGIKGTDGIVFFMSLAGVLVLLYRYLTTLLREGRSSHEYLFALTLYGMSL

* Kk * ok *kk .. .&..**. .« k... * & * .k **.

Y ‘e e .o . ‘. ..

WNN%NUxWx<<OxNxxxONNm1xxxxOxNNxxNx<bebxxxxNxNxNNNxxxxxﬁxKmx

YLLWTAARFLFLASYATALMSGVFAGYVLETVEKMKESIPIKAALGGVIATMLLLIPLTH
YLMSLAVRFLFLASYAIALFAGILVGYGLEVIEKMKENVGIKAALAIVISIMILLIPITH
YLLSLAVRFLFLASYAIALFAGIFAGFVIEIVEKMKESIGIKAALGIVISIMILMIPITH
YLLYLAVRFLFLASYAVALFFGIFIGFSMDVIEKMKENIGIKAALGIVLSLMILVIPFVH
YLLSLAVRFLFLASYAIALFSGIFAGFTMEVIEKMKENVGIKAALGIATAVMILMVPITH
YLVWSAVRFLFLASGAVILMAGVFAGELFRIIEDMKEKATTKITLGLALTVMLLLMPVTG

* k. L *k ok kk kK *. . k.. * * *** * .* ..-* *;»*

. . . ..

bexxwkwmbmb>mx>erxxmxxxoxxxxxxmxzwmxxxxxxxrxxxxNxZNbxxvax
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Sequence alignment of Stt3 homologs from Pyrococcus (Cont.)

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
FAHM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1l_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

GPLLAQSAKSMRTTEIETSGWEDALKWLRENTPEYSTATSWWDYGYWIESSLLGQRRASA
GPVLARSAKAMSKTEVETSGWEQALKWLRNNTPKYATATSWWDYGYWIESSLLGNRRASA
APVLARSARSLSRTEVETTGWEQVLKWLRSNTSQYATATSWWDYGYWIESSLLGNRRASA
APVLARSARALKNTEIEVTGWEQALKWLRSNTSKYATATSWWDYGYWIESSLLGNRRASA
GPVIARNAKALKVSEIETTGWEQVLKWLNENTSKYATATSWWDYGYWIESSLLGHRRASA
VPLMINTAKAMKTSEVERSGWEDALMWLRENTSEYATATSWWDYGYWIESSLLGNRRASA

Koo | Kear  akak kkkg Kk Kk kk ok kkARAAAAAIKKKAKARK ek k kK

XPXXXXXAXXXXXXEXEXXGWEXXLXWLXXNTXXYXTATSWWDYGYWIESSLLGXRRASA

DGGHARDRDHILALFLARDGNI SEVDFESWELNYFLVYLNDWAKFNAISYLGGAITRREY
DGGHARDRDHILALFLARDGNVSEVDFESWELNYFIVYLNDWAKFNAISYLGGAITKREY
DGGHARDRDHILALFLARDGNVSEVDFESWELNYFIVYLNDWAKFNAISYLGGALTRREY
DGGHARDRDHILALFLARDGNISEVDFESWELNYFIIYLNDWAKFNAISYLGGAITRKEY
DGGHARDRDHILALFLARDGNVSEVDFESWELNYFITIYLNDWAKFNAISYLGGAITRREY
DGGHARDRDHILALFLARDGNVSEVDFESWELNYFIAYMODWRKFNAISYLGGAITRREY

AhhkkkkAkkhhAkdrkkhkhkk s khkhhrA A XA XK KK, * oo kX Xk kkkkkhkk k.. * Kk

DGGHARDRDHILALFLARDGNXSEVDFESWELNYFXXYXXDWXKFNAISYLGGAXTXXEY

NGDESGRGAVTTLLPLPRYGEKYVNLYAKVIVDVSNSS----VKVTV-GDRECDPLMVTF
SGDEKGRGSIPTIILAPRFGEQYINPYNGVSIKVLNNSQ---VTVTI-GSTTCSPLMIVF
KGDETGRGSVTSILITQGAGNVYVNPYAGITIKVVEENKTRKVVVNI-GRLECSPMTTVV
NGDENGRGRVTTILLTQAAGNVYVNPYARIVIKVIQQNKTRRIAVNI-GQLECSPILSVA

NGDETGRGQVTTILPLQOGSGGIYVNPYAGI SVRVVQSNTTSKVTVNVRGRAECSPIYTLL
KGDESGRGGVTTIVLLPGANGVYSNPYMGLTLRVENRT - -~ ~-~~-~- VKVNGYCEPMESVI
X * Kk . . Kk . L

*** *xk*x . see

N@Omxmw@xxxNXNxNNxxxxx&xzx%xxxxxN<NNxxxNxNxNxNNMxNxxOxmxxxxx

TPSGKTIKGTGTCSDGNAFPYVLHLTPTIGVLAYYKVATANFIKLAFGVPASTIPGFSDK
IPGNKKVKGQGSCTNGGSFPFVVYLTPTLGVISYYKVATSNFLKLAYGIPASKEPGFTDK
FPGNIHIKGTGSCNNGSSFPYVVYLTPSLGIIAYYKVATSNFIKLAFGIPVSNYKGFTEK
FPGNIKIKGSGRCSDGSPFPYVVYLTPSLGVLAYYKVATSNFVKLAFGIPTSSYSEFAEK
IPGNKKIPGNGRCSDGSPFPYVLYLAPNFGLITYYKVATSNFIKLAFNIPISKYSGFTEK
LPSNTHIKGSGQCETGSYFPYVAYVTPTFAVLAYYKVATSNFLKLAFGIPASKEANFTEK

* . Xk Xk X * KKk 00k seskXkRkKk . hk hkk . ok K * ook

NTxxxNNNONONONxOxMWWX<NNNN@%%NNNX<<W<>HNZM%NPWNNX@NmeNxMxxK
Figure 7C
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Sequence alignment of Stt3 homologs from Pyrococcus (Cont.)

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
FAHM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
FBAIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9v250_PYRAB
F8AIG3_PYRYC

Consensus

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

LFSNFEPVYESGNVIVYRFTPFGIYKIEENINGTWKQVYNLTPGKHELKLYISAFGRDIE
LFSNFKMVYQEGNVVIYEFRPFAIYKLQEFTNGTWKTITTLSPGKHTLKLYISAFGRDIK
LFSNFVPVYQAGNVIVYEFRPFAIYGMEELVNGSWRYIGYLTPGKHTLRLYISAFGRDIK
LFSNFIPVYQYGSVIVYEFRPFAIYKIEDFINGTWREVGKLSPGKHTLRLYISAFGRDIK
LYSNFVPVYCGYGNVIVYEFRPFAIYRIEELINGTWKAVNSLTPGKHELKLYISAFGRDIR
LYANFELVFQSGDVIVYEFKPFAVYKAEELVNGTWRAVETLTPGEHTLKLYISAFGRDVK

»u.*.» * . * ke ok Kk kk ok .. LR * ** * * ****#****

bxemNx<xxxmx<xx<xmxvmxx%xxxxxNZOxixxxbeNmoxmxwxr&HmeOWUNx

NATLYIYATINNEKIIEKIKIAEISHMDYLNEYPIAVNVTLPNATSYRFVLVQKGPIGVLL
NATLYIDAIKDNRTIQRIKIGEIKYMSHLNETPITVNVTLPDADKYKFVLVQKGPVGVLT
NATLYVYAINGTEITAKIRLTKIDYMNHLNEYPITVNVTLPPAQKYRFVLVQKGPVGVLT
NATLYVYALNGTKIIKRIKVGEIKYMNHLEEYPIIVNVTLPTAQKYRFILAQKGPVGVLT
NATLYVYAIGNK--TEKIKIGEIEYMNHLNEKPIIVNVTLPKAEKYRLVLVQKGPVGVLT
NATLYVEALKDGKVVERIKVAEGLYIDHLNEKP IEVKVNLPEADEYRFVLVQKGPVGVLT

**.}** * . ek v [ * *x%k *. .». ** * KXo ook .».»** * k%

Z>Gb<xx>xxxxxxxxNHxxxxxxkxxxbxmxmHN<N<NPmxbxxwxxxhxomﬁvxﬁ<ﬁx

DAPKVNGEIRSPTNILREGESGEIELKVGVDKDYTADLYLRATFIYLVRKSGKDNEDYDA
APPKVNGKIANPVRVLNDGESGRLELKVGVDKDYKADLYLRATFIYLVRKSGTSNDDYNA
GPPKLNGKIVNPISVLKEGEEGELELKVGVDKNYTADLYLRATFIYLVRKGGTSNEDYNA
GPVRVNGKITNPAYIMREGESGRLELKVGVDKEYTADLYLRATFIYLVRKGGKSNEDYDA
GPPKLNGEIANPIRIAREGEKGTLSLKVGVDKDYTADLYLRATFIYLVRKEGKSNDDYNA
SAPRVNGSIANPIKVLGEGQSGTLELKAAFDRDYTADLYLRVTFIYLVRKSGRSNDDIDA

..** * .,» . -,>.. *x . ** *-.* ****** hkhkhkkhkkk %k * * . %

xxxxeONHNxmxNNNNXQxxONbeNxxxdxx<x>cb&bwxemH%F<ﬁNxONxeUxN>

AFEPQMDVFFITKIGENIQLKEGENTVKVRAELPEGVISSYKDELQRKYGDKLIIRGIRV
AFEPHMDVFFITKLKSGISLHKGENEVTVEAKMPENVISDYKKKLEAEYGDKLIIRGIRV
AFEPHMDVFFISRVKEGIKLHPGDNYVKAHVEMPKGVISSYKEELEKKYGDRLIIRGIRV
SFEPHMDTFFITKLKEGIKLRPGENEIVVNAEMPKNAISSYKEKLEKEHGDKLIIRGIRV
AFEPHMDTFFITKLKGGIKLHKGDNVVTAELNMPNGVISSYKEKLEKEYGDKLIIRGIRV
AFEPHMDTFFAAKLAEGLKLKKGEDT ITVNAGLPAGVISSYEEKLKALYGDRLIIRGIRV

*** .»* * % [ .. .». *.. B .. ..» *.» *...*. .**.********
xwmmxzcxmmxxxxxxxxxbxxmxxxxxwxxxxwxxxHmxwxxbexNXOUxPHHwQHw<
Figure 7D
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Sequence alignment of Stt3 homologs from Pyrococcus (Cont.)

Q8U4D2_PYRFU
I3RCF1_9EURY
FAHM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

Consensus

EPVFIAEKEYLMLEVSASAPHH---
EPVFIAEKEYVMLEVRASAPHHSSE
EPVFIAEKEYTMLEVSASAPHHSSE
EPVFIVEKEYTMIEVSASAPHHSSE
EPVFIAEKEYVMAEVRASAPHHGSE
EPVFIADKAYTIWEVRASAPHHGSE

*****..* * . *x KAk kkhk

EPVFIXXKXYXXXEVXASAPHHXXX

967
980
973
976
976
972

Figure 7E
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Q9USNS8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9U5N8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USNS_LEIMA
E9BRZ2_LEIDB
A4TB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

MAAASNVNAPESNVMTTRSAVAPPSTAAPKEASSETLLIGLYKMPSQTRSLIYSSCFAVA
||||||||||||||||||||||||||||||||||||||||||| MSSQTRSIIYSSCFAVA
||||||||||||||||||||||||||||||||||||||||||| MSSQTRSIIYSSCFAVA
||||||||||||||||||||||||||||||||||||||||||| MSSQTRSLIYSSCFAVV
|||||||||||||| MVTERGAATPSTAASGEAPSETLLLGEYKVSLHARSTIYTACFAVP

. s kK LEEEE S A8

XXXXXXSTXYTXXFAVP

MAIALPIAYDMRVRSIGVYGYLFHSSDPWFNYRAAEYMSTHGWSAFFSWFDYMSWYPLGR
MAIALPIAYDMRVRSIGVYGYLFHRSDPWFNYRAAEYMSTHGWSAFFSWFDYMSWYPLGR
MAIALPIAYDMRVRSIGVYGYLFHRSDPWFNYRAAEYMSTHGWSAFFSWEFDYMSWYPLGR
MAIGLSIAYDMRVRSIGVYGYLFHSSDPWFNYRAAEYMSTHGWSAFFSWEFDYMSWYPLGR
MAILFPIAYKMRVRSIDVYGYLFHRNDPWFNYRAAEYMSAHGWSAFFSWFDYMSWYPLGR

Ak o Akk hrkhkhkik Fhkkhkhik kAA A A A Ak khkxk . khhkkhkdkhkkhkhkhkkhkhkhkrhkk

MAIXXXIAYXMRVRSIXVYGYLFHXXDPWFNYRAAEYMSXHGWSAFFSWFDYMSWYPLGR

PVGSTTYPCLQOLTAVAIHRALAAAGMPMSLNNVCVLMPAWF SLVSSAMAALLAHEMSGNM
PVGSTTYPCLQLTAVATHRALAAAGMPMSLNNVCVLMPAWFSLVSSAMVALLAHELSGNM
PVGSTTYPGLQLTAVAIHRALAAAGMPMSLNNVCVLMPAWF SLVSSAMVALLAHELSGNM
PVGSTTYPGLQFTAVAIHRALAAAGMPMSLNDVCVLIPAWFSLLSSAMVALLAHEI SGNM
PVGTTTYPGLQLTAVAIHRALAAAGVPMSLNNVCVLIPAWF SLVSSAMVALLAHEMTGNM
Khkk Rk kkkhh kAR AKI KRR hk hhhhk g kR ko hkrkdkh  dekhk KIkkkkw,  kh¥

PVGXTTYPGLQOXTAVAIHRALAAAGXPMSLNXVCVLXPAWF SLXSSAMXALLAHEXXGNM

AVASISSILFSVVPAHLMRSMAGEFDNECIAVAAMLLTFYCWVRSLRTRSSWPIGVLTGV
AVASISSILFSVVPAHLMRSMAGEFDNECIAVAAMLLTFYCWVRSLRTRSSWPIGVLTGV
AVASISSILFSVIPAHLMRSMAGEFDNECIAVAAMLLTFYCWVRSLRTRSSWPIGVLTGV
AVASVSSILFSVVPAHLMRSMAGEFDNECIAVTAMLLTFYCWVRSLRTRSSWPIGVLTGV
ATSSISSILFSVVPAHLMRSMAGEFDNECIAVAAMLLTFYLWVRSLRTRCSWPIGILTGI

* -*n*******u*******************u******* *kxkkkkkk *****u***u

AXXSXSSILFSVXPAHLMRSMAGEFDNECIAVXAMLLTFYXWVRSLRTRXSWPIGXLTGX

Figure 8A
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Q9USN8_LEIMA
ES9BRZ2_LEIDB
A4IB10_LEIIN
E9B524_LEIMU
A4HMD6_LEIBR

Consensus

Q9USN8_LEIMA
E9BRZ2_LEIDB
A41IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9U5N8_LEIMA
E9BRZZ2_LEIDB
A4IB10_LEIIN
E9B5z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

AYGYMAAAWGGYIFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGY IFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGYIFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGYIFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGY IFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYALFYVVGTATATRVPP

*kkk k% ********************#*****************u*******#**. * k%

AYGYMXAAWGGYIFVLNMVAMHAGISSMVDWARNTYNPSLLRAYXLFYVVGTAIAXXVPP

VGMSPFKSLEQLGALLVLVFIFGQSVCEAQRRRLGIARLSKEGVALLIRIDAAFFVGIVA
VGMSPFKSLEQLGALLVLLFIFGQSVCEAQRRRLETIARFSKEGVALLIRIYAAFFVGIVA
VGMSPFKSLEQLGALLVLLFIFGQSVCEAQRRRLETIARFSKEGVALLIRIYAAFFVGIVA
VGMSPFKSLEQLGALLVLLFIFGQALCEAQRSRLGIERFSKEGVALLIRIYAAFFVGIVA
VGMSPFRSLEQLGALVVLLFLCGLQACETQRSRLGVERF STEGVSLLVRIYAAFFVGIVA

»*»***"**&*****"**u*n * LR * Kk *u*.***n**u** Ahkkhkkkkkk*k

VGMSPFXRSLEQLGAXVVELXXCXXXACXTQXSRXXXEXFXTEGXSLXRIXAAFFVGIVA

VATIAPAGFFKPLSLQANATI ITGVSRTGNTLVDILLAQDASNLLMVWQLFLFPFLGWVAG
VATIAPAGFFKPLSLQASAIITGVSRTGNTLVDTLIAQDASNLLIVWQLFLFPVFGWVAG
VATIAPAGFFKPLSLQASATIITGVSRTGNTLVDTLIAQDASNLLIVWQLFLFPVFGWVAG
VAAVAPAGFFKPLSLQATAIIAGVSRTGNTLVDILIAQDASNLLIVWQLFLFPLLGWVVG
VVAMAPAGFFKPLSLQAHAMIAGAQPTGNTLVDMLIAKDASSLLVAWELLLFPFFGWMVG

X ok kkkkkkkkkkkk kok ok kkkkkkk Kk ko kkk kk. ¥k kkk kK, X

VXXXAPAGFFKPLSLQAXAX IXGXXXTGNTLVDXLXAXDASXLLXXWXLXLF PXXGWXXG

MSAFLRELIRNYTYAKSFILMYGVVGMYFASQSVRMMVMMAPVACIFTALLFRWALDYLL
MSAFLTELVRNYTYTKSFMLMYGVVGLYFASQSVRMMVMMAPVACIFTALLFRWALDYLL
MSAFLTELVRNYTYTKSFMLMYGVVGLYFASQSVRMMVMMAPVACIFTALLFRWALDYLL
MSLFLTELVRNFTYAKSFILMYGVVGIYFASQSVRMMVMMAPVACIFTALLFRWTLDYLL
MGAFLTELVQSFTYTKSFMLMYGAVGMYFASQSVRMMVMMAPVACIFTALLFCLALDYAL

*. * X **uu.n**u***u****.**"************************* s XAkk %

MXXFLXELXXXXTYXKSFXLMYGXVGXYFASQSVRMMVMMAPVACIFTALLFXXXLDYXL

Figure 8B

300
257
257
257
286

360
317
317
317
346

420
377
377
377
406

480
437
437
437
466



PCT/US2012/063590

WO 2013/067523

16/27

Sequence alignment of Stt3 homologs from Leishmania (Cont.)

Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USNS_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

GSLFWAEMPPSFDTDAQRGRQQQTAEESEAETKRKEEEYNTMQVKKMSVRMLPFMLLLLL
GSLFWAEMPPCFDTDAQRGRQQQTAEEAEAETKRKEEEYNTMOQVKKMT TRMLPFMFLLLL
GSLFWAEMPPCFDTDAQRGRQQQTAEEAEAETKRKEEEYNTMQVKKMTTRMLPFMFLLLL
GSFFWAEMPLSLDTDAQRGRQQQTAEEAEAETKRKEEEYNTMQVKKMTVRMVPFMILLLL
GALFWAEIPPSIDSDAQQELHQQTAEAA-KTKKRKQEEYTTMQVKMI SVRMMPLMLLVLL

LENE LA L R sk ok kk . u***** . .**ﬁu***.****» ...**n*u*u*u*$

P . .

GXXFWAEXPXXXDXDAQXXXXQQTAEXXXXXXKRKXEEYXTMQVKXXXXRMXPXMXLXLL

FRLSGFIEDVAAISRKMEAPGIVFPSEQVQGVSEKKVDDYYAGYLYLRDSTPEDARVLAW
FRLSGFIEDVAAISREMEAPGIVFPSGQVQGVSEKKVDDYYAGYLYLRDNTPEDARILAW
FRLSGFIEDVAAISREMEAPGIVFPSGQVQGVSEKKVDDYYSGYLYLRDNTPEDARILAW
FRLSGFIEDVAAISREMESPGIIFPRGQVQGMPEDKVDDYYAGYLYLRENTPEDARILAW
FRFSGFIEDVAAISREIEVPGIVFPGSMVQGLSDDMIDDYYAGYLYLRDNTPADARVLSW

Xk o kXX AAXAARKAKR AR o & *hkk kK kK Kk o chkhkhkkekkkhkhkkk. K%k ***u*u*

FRXSGFIEDVAAISRXXEXPGIXFPXXXVQGXXXXXXDDYYXGYLYLRXXTPXDARXLXW

WDYGYQITGIGNRTSLADGNTWNHEH IATIGKMLTSPVAEAHSLVRHMADYVLISAGDTY
WDYGYQITGIGNRTSLADGNTWNHEHIATIGKMLTSPVAEAHSLVRHMADYVLIFAGDTY
WDYGYQITGIGNRTSLADGNTWNHEHIATIGKMLTSPVAEAHSLVRHMADYVLIFAGDTY
WDYGYQITGIGNRTSLADGNTWNHEH IAT IGKMLTSPVAEAHSLVRHMADYVLIFSGDKY
WDYGYQITGIGNRTSLADGNTWNHEH IATIGKMLTSPVAEAHSLVRHMADYVLIFAGDMH

EEXELE ST RS RS SRR RS RS R R R RR R R SR EREREREEEEEEEEESEESEE IS S

WDYGYQITGIGNRTSLADGNTWNHEHIATIGKMLTSPVAEAHSLVRHMADYVLIXXGDXX

FSDLNRSPMMARIGNSVYHDICPDDPLCSQFVLOQKRPKAAAAKRSRHVSVDALEED-DTA
FSDLNRSPHMARIGNSVYRDICPHDPLCSRFVLOKRPKAAAAKRSRHVSVDELEEE-DNA
FSDLNRSPHMARIGNSVYRDICPHDPLCSRFVLQKRPKAAAAKRSRHVSVDELEEE-DNA
FSDLNRSPMMARIGNSVYRDICPNDPLCSQFVLQKRRKVAAAKRSRHVTVNEQEED-DNP
FSDLINSPMMARIGNSVYHDICPNDPLCSRFVFQEKRKIAPARSGRHINLAKLGDDEEET

*hkkk k% *********u»***.*****n**"*"u  x k. _kk. . ..

FSDLXXSPXMARIGNSVYXDICPXDPLCSXFVXOXXXKXAXAXXXRHXX XXX XX XXXXXX

Figure 8C
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Q9USN8_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

Consensus

Q9USNS_LEIMA
EYBRZ2_LEIDB
A4IB10_LEIIN
E9B524_LEIMU
A4HMD6 LEIBR

Consensus

EHMVYEPSSLIAKSLIYHLHSTGVVTGVTLNETLFQHVFTSPQGLMRIFKVMNVSTESKK 779
EHVVYEPSSLMAKSLIYHLHSAGVVTGVTLNETLFQHVFTSAQGLIRIFKVMNVSEESKK 736
EHVVYEPSSLMAKSLIYHLHSAGVVKGVTLNETLFQHVFTSAQGLIRIFKVMNVSEESKK 736
ESVVYEPSSLMAKSLIYHLHSTGVVEGCVMLDETLFQNVFTSTQGFMRIFKVMNVSAESKK 736
ONVEYEPSPLMAKSLIYHLHSAGVKEGVTLNDKLFQHVYTSAHGLMR IFKVMNVSAESKK 765
s KKEK Kk RKKKRAKKEAR KK Kk Koo Kk kokk ok o ARKkkkkkk kkkk
Xxxx&mwmxrxwaEHMmbmmNO<NxO<NbeNﬁMOM<NHmxxoxxwHWN<ZZ<mxmm%N
WVADSANRVCHPPGSWICPGQYPPAKEIQEMLAHQHTNFKDLLDPRTTWSGSRR--~- 833

WVADPANRVCHPPGSWICPGQYPPAKEIQEMLAHQHTNFKDLLDAMNDLEREQALNKE 794
WVADPANRVCHPPGSWICPGQYPPAKEIQEMLAHQHTNFKDLLDAMNDLEREQALNKE 794
WVADPANRVCRPPGSWICPGQYPPAKEIQEMLAHONTNFKDLLDAMNDLEQAQALNKY 7934
WVADPANRVCHPPGSWICPGQYPPAKEIQEMLAHRYTSLKDLVDSMSDSEREGTLNGE 823

kkkk kxkik. kkkkkkkhkkkkkrkkkkkhkkkkxx, * s kX Kk oKk

2<>UN>ZW<Oxmm®m€HOWQO@mwbwmHOMEH>meHxNNUPXUxNxNNNNN%NxNNx
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Figure 9A

UniProtkB
Entry No. |Entry name Protein names Gene names Organism EMBL Acc. No.
Dolichyl-diphosphooligosaccharide—protein
: glycosyltransferase subunit STT3A (Qiigosaccharyl
Q2KJI2 STT3A_BOVIN transferase subunit STT3A) (STTI-AJ(EC 2.4.1.119) |STT3A Bos taurus (Bovine) BC105328;
Dolichyl-diphosphogoiigosaccharide—protein
glycosyltransferase subunit STT3A (Oligosacchary! 1 38961:L47337,AK25
transterase subunit STT3A) (STT3-A)(EC 2.4.1.119) 0040,AK290657; 870G
{B5) (Integral membrane protein 1) (Transmembrane 7100,CH47 1065,BC0O
PA6STT STTAA_HUMAN |protein TMC) STT3AITM1 TMC  [Homo saptens (Human) 20965.8C048348;
Dolichyl-diphospheoligosaccharide—-prcten
glycosyransferase subunit STT3A (Gligosacchary!
transferase subunit STT3A) (STTI-A}(EC 2.4.1.118)
P46978 STT3A _MOUSE [(BS5) {integral membrane protein 1) Stt3a kmt Mus muscuius {Mouse) L34260;8C037612;
Dalichyl-diphosphooligesaccharide-protein
giycosytiransferase subunit STT3A (Oligosaccharyl Pongo abelii {Sumatran orangutan)
Q5RCE2 |STT3A PONAB |transferase subunit STT3A) (STT3-A)(EC 2.4.1.119) |STT3A (Pongo pygmaeus abelii) CRB58329;
Dolichyltiphosphootigosaccharide-protein
glycosyitransferase subunit STT3B (Oligosaccharyt
transferase subunit STT3B) (STT3-B) (EC 2.4.1.119) AY074880;,AK027789
{Source of immunodominant MHC-associated peplides ;AK075380,BC01588
Q8TCJ2 STT3B_HUMAN homoiog) STT38 SIMP Homo sapiens (Human) 0
Dolichyl-diphosphooligesaccharide—-protein AKO18758,AK145674
glycosyltransferase subunit STT38 (Gligosaccharyl AK154979,AK 15289
{ransferase subunit STT3B) (STT3-B} (EC 2.4.1.119) G.AK 170079,BC0032
(Bdom1 antigen) {Sowrce of tmmunodominant MHC- 06;8C013054,BC052
Q3T0Q1 STT3B_MOUSE jassociated peptides) Stt3b Simp MUs musculus (Mouse) 433,
P46975 STT3 CAEEL Oiigosaccharyl transferase subunit STT3 homolog T12A22 Caenorhabdifis elegans FOO80619;
Dotichyl-giphosphootigosaccharide—protein
glycosyttransierase subunit STT3 (Ofgosaccharyl sti3 Dictyostetium disccideum (Slime
Q54NMg  |STT3 DICDH fransferase subunit STT3) (EC 2.4.1.119) DDB_G0285159 mold) AAFI02000074;
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UniProtKB
Entry No.  |Entry name Protein names Gene names Organism EMBL Acc. No.
Dolichyl-diphosphooligosaccharide—-proiein Schizosaccharomyces pombe
glycosyltransferase subunit s#t3 (Oligosaccharyl {strain 972 / ATCC 24843) (Fission [ABU15232:CU329671
094335 STT3_SCHPO transferase subunit stt3) (EC 2.4.1.119) sit3 SPBC1271.02  |yeast) ;
Doiichyl-diphosphooligosaccharide—protein Saccharomyces cerevisiae (strain
glycosyltransferase subunit 8113 (Oligosacchary! ATCC 204508 / $288¢) {Baker's D28952,772544,BK0
P33007 STT3_YEAST transferase subunit STT3} {(EC 2.4.1.119) STT3 YGLO22W yeast) 06941,
STT3 Ca019.1478
Ca(019.9053 Candida albicans {strain 8C5314/ |AACQO1000008.AAC
Q5ALUS Q5ALUB_CANAL |Putative uncharacterized protein STT3 orf19.1478 ATCC MYA-2876) (Yeast} Q01000007
Gaeumannomyces graminis var.
Qligosacchary! transferase STT13 subunit tritici (strain R3-111a-1) {Wheat and
JINKVY JANKV9_GAGT3 |(Uncharacterized protein) GGTG_01500 bariey take-ali root rot fungus) GL385395;
Pyrenaphora tritici-repentis (strain Pt}
1C-BFP} (Wheat tan spot fungus)
B2WCM5  |B2WCMS_PYRTR |Oligosacchary! transferase stt3 subunit PTRG_07734 {Drechslera tritici-tepentis) DS231622,
Ajellomyces capsuiata (strain
G186AR 1 HB2 1 ATCC MYA-2454/
RMSCC 2432) (Darling’s disease
CONFY5 CONFY5_AJECG  |Oligosaccharyl transferase stt3 subunit HCBG_01601 fungus) (Histoplasma capsulatum) |GG663364;
Aspergillus oryzae (strain 3.042)
17ZPMO 17ZPM0_ASPO3  |Oligosaccharyltransferase, ST13 subunit {Yellow koji mold} AKHY01000199;
Aspergiflus clavatus (strain ATCC
1007 / CBS 51365 /DSM 816/
A1C3V4 AIC3Y4 ASPCL |Oligosacchary! transferase subunit (Sit3), puiative ACLA_D57800 NCTC 3887 / NRRL 1) DS026930;
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UniProtkB

Entry No. |Entry name Protein names Gene names Organism EMBL Acc. No.
Arthroderma otae {strain ATCC
MYA-4605 / CBS 113480)

CE5FX11 C5FX11_ARTOC |Oligosaccharyl transferase sttd subunit MCYG_07670 {Microsporum canis} DS895707;
Trichophyton tonsurans (strain CBS

F2RXK5 F2RXKS TRITt1  |Oligosaccharyl transferase subunit Stt3 TESG 03514 112818) {Scalp nngworm fungus)  {GG698492;
Ajellomyces capsulata {strain H143)
{Darling's disease fungus)

C6HLE1 Co6HLG1 AJECH |Qligosaccharyl transferase stt3 subunit HCDG 06942 {Histoplasma capsulatunt) GG692430;
Trichophyton rubrum {strain ATCC
MYA-4607 / CBS 116892} (Athiete's

F25iZ28 F25iZ8 TRIRC  |Oligosacchary! transferase 8TT3 subunit TERG 01982 foot fungus) GG700649;
Candida orthopsitosis (strain 80-

HOWX50  [HBWX50 _CANOQS |Su3 cligosaccharyltransferase complex component CORT_DAD9700 125) {Yeast} HEEB81719;
Verticillium dahliae (strain VdLs. 17/

G2WYZD  1G2WYZD VERDV |[Oligosaccharyl transferase ST13 subunit VDAG_(3232 ATCC MYA-4575/ FGSC 10137)  |DS572699,

Dolichyl-diphosphooligasaccharide—protein Pichia pastoris {strain GS115/

C4QYMs  |CAQYM6_PICPG |glycosyltransferase subunit STT3 PAS chri-4 0685 |ATCC 20864) (Yeast) FN392319;
Uncinocarpus reesii (strain UAMH

CadiHS C4JIH5_UNCRE  |Qligosacchary! transferase STT3 subunit UREG 01512 1704) CHA76615;
Magnaporthe oryzae {strain 70-15/
ATCC MYA-4617  FGSC 8958}
{Rice blast fungus) (Pyricularia

GAMTS9  [G4MTS9 MAGOT |Oligosacchary! transferase STT3 subunit MGG_(4773 oryzae) CMG01232;
Aspergilius terreus (strain NiH 2624

QOD1X6 QOD1X6_ASPTN |Oligosacchary! transferase stt3 subunit ATEG 00058 { FGSC A1156) CH476594;,

Figure 9C
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Entry name

Proteln names
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Organism

EMBL Acc. No.

CHGUYS

CHGUYS_AJEDR

Oligosaccharyl transferase ST13 subunit

BDCG_08079

Ajeflomyces dermatdidis {sfran ER-
31 ATGC MYA-2586) {Blastomyces
dermalitidis)

£Q999982,

GOSZES

GOSZE9 _RHOG2

Oligosaccharyl transferase ST73 subunit

RTG_D2108

Rhodotorula glutinis {strain ATCC
204081 /1iP 30/ MTCC 1151)
{Yeast)

GL983651,

HIWT1

H1VW71_8PEZ]

Qligosaccharyl transferase STT3 subunit

CH063_03249

Colletotrichum higginsianum

CACQ02006645;

14YCSO

13YCS0_WALSC

ST713 subunit of Oligosaccharyl transferase

WALSEDRAFT_602
3t

Wallemia sebi (stran ATCC MYA-
4683 / CBS 633.66}

JHE68230,

E42VS4

E4ZVS4 LEPMJ

Similar to oligosaccharyl ransferase subunit {St3)

LEMA P028520.1

i eptosphaeria maculans {strain JN3
/ isolate v23.1.3/ race Av1-4-5-6-7-
8) (Blackieg fungus) {Phoma lingam)

FP929127;

B6KE02

B6KG602_SCHJY

Oligosaccharylitransferase subunit 343

SJAG_ 04127

Schizosaccharomyces japonicus
{strain yFS275 / FY16936j (Fission
yeast)

DS022228,

Q4WCH2

Q4WCH2_ASPFU

Oligosacchary! transferase subunit (Sit3}, putative

AFUA_BGO4430

Neasartorya fumigata (strain ATCC
MYA-4609 f Af293 / CBS 1013557
FGSC A1100) (Aspergiilus
funygatus)

AAHF01000013;

CE5MAYD

CEMSYQ_CANTT

Oligosacchary! transferase STT3 subunit

Candida tropicalis (strain ATCC
MYA-3404 / T1) (Yeast)

GG692395;

BOCTI0

BOGT30_LACBS

Oligosaccharyi transferase STT3 subunit

CTRG_1261

STT3
LACBIDRAFT_3050
18

! accana bicolor (strain $238N-HB2 /
ATCC MYA-4686) (Bicoloured
deceiver) (Laccaria faccata var.
bicolar)

DS547092,

JEK258

JEH268_BEAB2

QOligosaccharyl transferase STT3 subunit

Beauvena bassiana (strain ARSEF
2860) (White muscardine disease
fungus) {Tritirachium shiotae}

JH725150;

Figure 9D
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Entry No.

Entry name

Protein names

Gene names

Organism

EMBL Acc. No.

QEFXVE

Q6FXV8_CANGA

Similar to uniprotiP39007 Saccharomyces cerevisiae
YGLO22w STT3

CAGLOAGO209g

Candida glabrata (strain ATCC 2001
F CBS 1387 JCM 3761 { NBRC 0622
f NRRL Y-85} {Yeast) (Toruiopsis
|glabrata)

CR380947,

ESDZXT

E9DZX7_METAQ

Oligosaccharyl transferase STT3 subunit

MAC_03175

Metarhizium acridum {strain CQMa
102}

(GL69648T;

EQEWT1

ESEWT1_METAR

Oligosaccharyl transferase STT3 subunit

MAA 04270

Metarhizium robestsii {strain ARSEF
23/ ATCC MYA-3075) {Metarhizium
anisopliae)

GL6S8T15:

QaxXwas

Q5XWB6_HORWE

Oligosacchary! transferase subunit STT3 (Fragment)

Hortaea wemecki

AY731090;

ESCTLE

E9CTLE_COCPS

Cligosacchanyl transferase subunit Stt3

CPSG_00060

Coccidioides posadasii {strain
RMSCC 757 / Silveira) { Valley fever
fungus)

(GL636486;

CISMES

CISMES_VERA1

Oligosaccharyl transferase STT3 subunit

VDBG_06073

Verticdlium albo-atrum {strain
VaMs. 102 1 ATCC MYA-4576 1
FGSC 10136) (Verticillum wilt)

DS5965220,

BOYA20

BOYA20_ASPFC

Oligosaccharyl transferase subunit (S#3), putative

AFUB 083110

Neosartorya fumigata (strain CEA10
/ CBS 144 89/ FGSC A1163)
(Aspergillus fumigatus)

08499600,

A6Q7B9

AGQZB9_AJECN

Oligosaccharyi fransferase STT3 subunit

HCAG_02726

Ajellomyces capsulata (strain NAm/1
¢ WU24} (Darding’s disease fungus)
{Histoplasma capsulatum)

CH476656,

BENYJO

BBNYJO_ASPFN

Oligosacchary! transferase subunit (Stt3), putative

AFLA_011600

Aspergiius flavus (strain ATCC
200026 / FGSC A1120 / NRRL 3357
{ JCM 12722 I SRRC 167)

EQ963486;

F2INIO

F2TIN10_AJEDA

Oligosaccharyl transferase STT3 subunit

BDDG_07568

Ajeliomyces dermatitidis {strain
ATCC 18188/ CBS 674.68)
{Blastanyces dermatitidis)

GG749474;

Figure 9E
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Entiy name

Protein names

Gene names

Organism

EMBL Acc. No.

A1DB54

A1DBS4_NEOFI

Oligosaccharyl transferase subunit (S#3}, putative

NFIA_Q97170

Neosartorya fischeri {strain ATCC
1020/ D5M 3700/ FG3C A1164/
NRRL 181} (Aspergillus
fischerianus)

DS027694;

ATUW38

ATUW38 NEUCR

Oligosaccharyi transferase ST13 subunit

NCU10497

Neurospora crassa (strain ATCC
24698 / 74-OR23-1A/CBS 708.7T1 ¢/
DSM 1267 { FGSC 987)

AABX02000006,

E4UYCOD

E4UYCD_ARTGP

Oligosaccharyi transferase stt3 subunit

MGYG_05086

Arthroderma gypseum (strain ATCC
MYA-4604  CBS 118893)
{Microsporum gypseum)

D8589828;

C1G5Lt

C1G5L1_PARBD

Oligosaccharyl transferase stt3 subunit

PADG_02466

Paracoccidioides brasiliensis (strain
Pb18)

D§572752;

B6QM75

B6QM75_PENMQ

Oligosaccharyt transferase subunit (Stt3}, putative

PMAA_059810

Peniciiiium mameffei {strain ATCC
18224 1 CBS 334,59 QM 7333)

05995903,

CORXC3

CORXC3 _PARBP

Oligosaccharyttransferase subunit Stt3

PABG_00078

Paracoccidioides brasiliensis (strain
PLO3)

DS5544803;

ABNEM6

ABNBME_COPC7

Oligosacchary) transferase STT3 subunit

CC1G_15851

Coprinopsis cinerea (strain
Okayama-7 / 130 /] ATCC MYA-4618
¢/ FGSC 9003} {Inky cap fungus)
{Homegraphiella aspergiflata)

AACS02000007,

G3JKCI

G3JKCY_CORMM

Oligosacchary! transferase STT13 subunit

CCM_06368

Cordyceps mifitaris (strain CMO1)
{Caterpiliar fungus)

JH126402,

E3QD87

£3QD87_COLGM

Oligosaccharyl transferase STT3 subunit

GLRG 04003

Coilefotrichum graminicola {strain
M1.001/ M2/ FGSC 10212) {Maize
anthracnose fungus) (Glomerella

graminicola)

5G6IT342;

Figure 9F
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Entry No. {Enfry name Protein names Gene names Organism EMBL Acc. No.
Putative Dolichyl-diphosphoofigosaccharide—protein Glarea lozoyensis (strain ATCC
HOERJS HOERJY_GLAL7 |glycosyltransferase subunit st3 M71 5318 74030 ! MF5533) AGUEG1000135;
Talaromyces stipdatus {strain ATCC
Oligosaccharyi fransferase subunit (Stt3), putative (EC 10500 / CBS 375.48 /1 QM 6753/
88MDZ2 BBMDZ2 TALSN [|2.4.1.119) TSTA 011780 NRRL 1006} (Peniclium stipitatum) |EQ362656,
Pichia angusta (strain ATCC 26012 /|
Dolichyl-diphosphooligosaccharide-protein NRRL Y-7560 / DL-1} (Yeast)
E7RBB6 E7RBB6_PICAD |[glycosyltransferase subunit STT3 HPODL_3889 {Hansenula polymorpha) AEOI01000013;
Trichophyton equinum {strain ATCC
MYA-4606 / CBS 127.97} {Horse
F2PGT2 F2PGT2_TRIEC |Oligosacchary! transferase st3 subunit TEQG_00154 nngworn fungus) DS995718;
Ajellomyces dermatitidis {strain
StH14081) (Blastomyces
C5JP67 C5JPE7_AJEDS  |Oligosaccharyl transferase STT3 subunit BDBG_04234 dermatitidis} GGE57454;
12JW381 12Jw81 _DEKBR |Oligosaccharyt transferase stt3 subunit AVWRI1499 2864  [Dekkera bruxellensis AWRII499  |AHIGD1080163;
Candida abicans (strain WO-1}
C4YJCB C4YJC6_CANAW |Oligosaccharyi transferase STT3 subunit CAWG_03939 {Yeast} CHE72380,
Oligosaccharyl transferase STT3, putative (EC TGME49_031430 05984734,£Q970680
B6KJL1 BEKJLT_TOXGO [24.1.119) TGVEG_024140  |Toxoplasma gondii :
. Giardia intestinalis (strain P15)
E1F783 E1F783_GIAIA Oligosaccharyl transferase STT3 subunit GLP15 1743 {Giardia lambhia} ACVCU1000215;
Capsaspora owczarzaki (stran
EICBAY ESCBAY9_CAPO3 |Oligosaccharyi transferase STT3 subunit CAOG 05399 ATCC 30864) GGAIT250,
Q7YYIs Q7YYI9_CRYPY [Oligosacchary! transferase sit3 protemn, probable 1848.157 Cryptesporidium parvum BX538351;
Plasmodium falciparum (isolate
Q8IKO QBHKO PLAF7 QOligosaccharyl transferase STT3 subunit, putative PF11_G173 3D7) AED14186;
Ofigosacharyl transferase STT3 subunit, putative .
Q4YNV1 Q4YNV1 PLABA [{Fragment} PBOC0B57.03.0 Plasmodium berghei (strain Anka} [CAAIO1003269;
Figure 9G
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Oligosaccharyitransferase oirgosaccharyl transferase Scyfla paramarwosain (green mud

FB8QXJ9 FBQXJ9 BEUCA |STT3 subunit (Fragment) crab) HM217858;

Ascans suum {Pg roundworm)
F1KS44 F1KS44_ASCSU [0ligosacchary! transferase subunit STT3 {Ascaris lumbricoides) JI1164969;
DICPUDRAFT_150 |{Dictyostelium purpureum {Stime

FOZGL1 FOZGL1_DICPU  |STT3 subunit of cligosaccharyl transferase 543 mold) GLBT1013,

A2EPMA A2EPM4_TRIVA  [Oligosacchary! transferase STT3 subunit family protein [TVAG_131010 Trichomonas vaginalis DS5113450;

A2EI94 AZEI94_TRIVA Oligosaccharyl transferase STT3 subunit family protein [TVAG_430200 Trichomonas vaginalis DS113335;

A2EDZ3 A2EDZ3_TRIVA  |Oligosaccharyi transferase STT3 subunit famity protein [TVAG_230650 Trichomonas vaginalis DS5113364;

A2FGMO A2FGMO_TRIVA  |Oligosacchary! ransferase STT3 subunit family protein [TVAG_077860 Trichomonas vaginalis DS8113781,

QbCKUQ QSCKUQ_CRYHO [Oligasaccharyt transferase stt3 protein Chro.60239 Cryptosporidium hominis AAELQ1000072;

FAYIK6 FAYIKE_TRYBR [Putative oligosacchary! transferase STT3 subunit OSTI Trypanosoma brucei rhodestense  {GU245336,;

FAYIKT FA4YSK7 _TRYBR |Putative oligosacchary! {ransferase ST713 subunit O3TH Trypanosoma brucei rhodesiense  |GU245937;
Putative oligosaccharyl ransferase STT3 subunit

F4YAX2 F4YAXZ TRYBR [{Fragment} OSTH Trypanosoma brucei rthodesiense  |GU475126,
Putativa oligosacchary! transferase STT3 subunit

F4YAXT FAYAX1_TRYBR |{Fragment) OS5TI Trypanosoma brucei rhodesiense {GU475125;
Oligosaccharyi transferase stt3 subunit homologue

015615 015515 ENTHI  [{Fragment) Entamoeba histolytica ABQ02773:

Q7TRMM7  [Q7RMM7_PLAYO |Stt3 protein-related PYD2151 Plasmadium yoelii yoelii AABLG1000550;

Cryptospondium parvum (strain

Q5CX9%0 Q5CX90_CRYPI  |Ofigesaccharyi transferase STT3 protein cgdb_2040 lowa i) AAEE01000002;

B3L4W9 B3L4W9_PLAKH |Oligosacharyl ransferase STT3 subunit putative PKH_0514C0 Plasmodium knowlesi (strain H}) AMS10951;
Oligosacharyl transferase STT3 subunit, putative

Q4XT08 Q4XT08_PLACH [(Fragment) PCO006621.03.0 Plasmodium chabaudi CAAJD1003402,

Figure 9H
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Oligosaccharyl transferase STT3 subunit homelog, Brugia malayi {Filarial nematode
ABNPF6  |ABNPF6_BRUMA |putative Bm1_06940 worm) DS237740;
STT3, subunit of the oligosaccharyltransferase Schistosoma japoenicum {Biood
CiilHe C1LIHE_SCHJA  |complex, homolog B (EC 2.4.1.-} STT3B fluke} FN318778;
5773, subunit of the oligosaccharyltransferase Schistosoma japonicum {Blood
CiLiH7 CALIH7_SCHJA  [complex, homolog B (EC 2.4.1.-) 5TT3B fiuke) FN318777;
STT3, subunit of the oligesaccharyltransferase Schistosoma japonicum (Blood
C1L600 C1iL600_SCHJA  |complex, homolog B {(EC 2.4.1.-) ST138 fluke) FN314335;
Perkmsus marinus (strain ATCC
CEKDG4  |C5KDGA PERMS |St3 protein, putative Pmar PMAR025427|50983 / TXsc) GG672080;
Perkinsus mannus (strain ATCC
CHK5UB CEK5U6_PERMS | SHt3 protein, putative Pmar_PMAR026732(50983 / TXsc) GG670791:
A7ASS2 A7ASS2_BABBO |Ofigosacchary! transferase STT3 subunit, putative BBOV 11000220 Babesia bovis L AAXTO1060003;
QOUBNS QYUSNS LEIMA  |Hypothefical STT3 ortholog sitd Leishmania major AJ251127;
{37353 097353 TOXGO |SH3 protein {Fragment} sit3 Toxoplasma gondii AJ132382;
Oligosaccharyl transferase STT3, putative (EC
89PGS3 BSPGS3_TOXGO [2.4.1.113) TGGT1_116240 Toxoplasma gondii EQ867475;
JIIDC3 J9IDC3 9SPIT Oligosacchary! transferase 5TT3 subunit family protein Oxytricha trifallax AMCR0G1018082;
ASK4HB AS5K4HB_PLAVS |Cligosacharyl transferase STT13 subunit, putative PVX_ 051460 Piasmodium vivax {strain Salvador 1)| AAKM0 1006005,
QOligosacchary transferase STT3 subunit homolkeg Brachionus phicatilis (Marnine rotifer)
C8KI1 CBKIVI_BRAPC  |(Fragment} stt3 {Brachionus muelleri) AB491800;
Ohgosaccharyi transferase S¥73 subunit family protein
BSADK3 BGADK3_CRYMR [{EC 24.1.119) CMU_807850 Cryptosporidium muris (stzain RN66){DS989729;
Tetrahymena thermophita (sirain
Q23H40 Q23H40 TETTS |Oligosaccharyl transferase STT3 subunit family protein [TTHERM_00877020{58210) GG662702;
STT3, suburut of the oligosaccharyliransferase Mustela putorius furo (Eurcpean
GIKRR7 GIKRR7 MUSPFE |complex,dike protein B (Fragment) domestic ferret) (Mustela furo) JP018898;

Figure 91
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[UniProtKB
Entry No.  [Entry name Protein names (Gene names Organism EMBL Acc. No.
STT3, subunit of the oligosaccharyltransferase Musteia putorius furo {European
GIKRRE  |GYKRR6_MUSPF [complex -like protein A (Fragment) domestic ferret) (Mustela furo) JPO18997;
0s05g0519900 protein {Putative ofigosaccharyl P0483D07 5
transferase STT3) {Putative oligosaccharyl transferase |PO599F04.15 AC130611,AC132491
STT3 subunit) {cDNA clone:J313C39L06, fufl insert  [Os05g0515900 ;APD06211;,AKDE722
Q6F271 Q6F271_ORYSJ [sequence) Os) 19234 Oryza sativa subsp. japonica (Rice) |4,CM000142;
: Dalichyl-diphosphodligosacchande--protein
glycosyltransferase [Putative oligosacchary! STY3A Athg19690  |Arabudopsis thakana (Mouse-ear AY056191,CP002688
Q83Zy3 QY3ZY3_ARATH |transferase STT3}) AT5G18630 cress) :
PHATRDRAFT_551 |Phaeodactylum tricomutum {strain
B7GE39 B7GE39_PHATC |STT3 subunit-fke protein ] CCAP 1655/1) CM000632;
B6TS14 B6T514 MAIZE  [Oligosaccharyl transferase STT3 subunit Zea mays (Maize) EUS60079;
GTR25
CHLREDRAFT_127 |Chiamydomonas reinhardti
A8IH85 A8IH85 CHLRE  |Oligsaccharyi transferase STT3 subunit 991 {Chlamydomanas smithii) DS496117;
Putative oligosaccharyl transferase STT3 protein
Q6XLT0 QEXLTO VITVI {Fragment} It § Vitis vinifera {Grape) AY226831;
STT38
SELMODRAFT_110|Selaginella moallendorffii
DBS57P7 D8S7TP7_SELML |Oligosaccharyitransferase subumt STT3 405 {Spikemoss) GL377605,
STT3A
Oligosaccharyitransferase subunit STT3 {(EC SELMODRAFT_452|Selaginella moellendorffis
DasKg7 DB8SKY7_SELML |2.4.1.119) 919 |{Spikemoss) GL377624;
10ZaM4 10Z24M4_9CHLO  {STT3 subunit of Oligosaccharyi transferase Coccomyxa subellipsoidea G-169  [AGSI0 1000004,
STT3, subunit of the oligosaccharyltransferase Stt3a tm1 ;AK169669;CH46652
Q3Ub673 Q3U573_MOUSE |complex, homolog A {S. cerevisiae) mCG_4136 Mus musculus (Mouse} 2;
STT3, subunit of the ohgosaccharylransferase
Q5U412 Q5U412_MOUSE |complex, homolog A (8. cerevisiae) Stt3a itmi Mus musculus (Mouse} BCU85313;
STT3, subunit of the oligosaccharyliransferase Danio reno (Zebrafish) (Brachydanio
Q7ZTH5 Q7ZTH5_DANRE |complex, homolog B {S. cerevisiae) sti3b rero) BCO62114,
Figure 9]
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing fited or furnished:

a. (means)

D on paper

in electronic form

b. (time)
in the international application as filed
Vo
together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that mose than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first shee®)

This intemational search report has not been established in respect of certain claims under Anicle 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searchcd by this Authority, namcly:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
cxtent that no meaningful intemational search can be carried out, specifically:

3. I:] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: claims 1-16, directed to a cell-free system for producing a glycosylated protein comprising: an isolated
oligosaccharyitransferase capable of transferring a glycan from a lipid carrier molecule to a glycoprotein target; one or more isclated
glycans, wherein each glycan is linked to a lipid carrier molecule; and a glycoprotein target comprising one or more glycan acceptor
amino acid residue, or a nucleic acid molecule enceding said glycoprotein target. (applicants may opt for the method comprising
determining the sequences of the glycans, or for additional glycans to be searched by specifying the glycans and paying an additional
invention search fee for the method, or for each elected marker).

- Please see extra sheet for continuation -

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-16

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional scarch fees.

Form PCT/ASA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box ili: Lack of Unity of Invention

Group II: claims 17 and 18, directed to a kit comprising: an isolated oligosaccharylitransferase capable of transferring a glycan from a
lipid carrier molecule to a glycoprotein target and one or more isolated glycans, wherein each glycan is linked to a lipid carrier molecule.

Group lII: claims 19-34, directed to a method for producing a glycosylated proteln in a cell-free system comprising: providing an isolated
oligosaccharyltransferase capable of transferring a glycan from a lipid camrier molecule to a glycaprotein target; providing one or more
isolated glycans, wherein each glycan is linked to a lipid carrier molecule: providing a glycoprotein target comprising one or more glycan
acceptor amino acid residues; combining the oligosaccharyltransferase, one or more isolated glycans and glycoprotein target to form a
cell-free glycosylation reaction mixture; and subjecting the cell-free glycosylation reaction mixture to conditions effective for the
oligosaccharyltransferase to transfer the glycan from the lipid carrier molecule to the one or more glycan acceptor residues of the
glycoprotein target to produce a glycosytated protein.

The inventions listed as Groups | - Il do not relate to a single general inventive concept under PCT Rule 13.1 baecause, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of the claims of Groups ! - I are indicated in the Group descriptions, above.

The only common technical elements shared by the above groups is that they are related to an isolated oligosaccharyitransferase
capable of transferring a glycan from a lipid carrier molecule to a glycoprotein target; one or more isolated glycans, wherein each glycan
is linked to a lipid camier molecule. These common technical elements do not improve upon the prior art of US 2010/0286067 A1 to
DeFrees et al., which teaches an N-linked glycosylation sequence which is preferabiy a substrate for an oligosaccharyltransferase (e.g.,
bacterial PglB), which can catalyze the transfer of a glycosyl moiety from a lipid-bound glycosyt danor molecule (e.g., a lipid
pyrophosphate-linked glycosyl moiety) to an asparagine (N) residue of the glycosylation sequence (abstract).

Groups | and |I} are related to a cell-free system and a glycoprotein target comprising one or more glycan acceptor amino acid residue.
These common technical elements do not improve upon the prior art of US 2011/0039729 A1 to Delisa et al. in which the N-glycans can
be attached to proteins or synthetic glycoprotein intermediates, which can be maniputated further in vitra or in vivo (para [0047]) and a
peptide containing four consecutive D-X 1-N-X2 -T sequons were efficiently glycosylated by Pg18 during in vitro experiments (para
[0102]). Although a cell-free system was not specifically recited by Delisa, an individual of ordinary skill in the art would have understood
that in vitro experiments involving sequons glycosylated by Pg1B would have been performed in the absence of a cell-based system.

Therefore, the inventions of Group | - Hl lack unity of invention under PCT Rule 13 because they do not share a same or corresponding
special technical feature.

Form PCT/1ISA/210 (extra sheet) (July 2009)
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L ~MHTEFBEUEONEARALR IR REEHE

RESHRBHERRES FREEREAEANSRNEREER .

—HRSHSBHRE, KT SR SRARES TER LR

REOER HEE— MBS/ BREIFEERARE, SERBARBESLEIN
BB T

2. REPRNER | FIRNALR, KPR EHREMRRRENIREEH,

3 MBEMAMER 2 FRAMARZE HPFRERENEREBHRRATSHAER
(Campylobacter) .

BRERAER 1 FTRNAR KPR ERREBE T AT ERREE.
CAREAFIER L TR AR, KPR EREEBRER KA ERRBE.
CRBRAER 1 IRORR, KPRBEREES TRE+— R S BHRE.
CRBRFER | FIRHARZR, KPR — S H S ENREQEREENRE,
IRIEARRIE R 1 TRIARLR, KPR R VB FE &1E GlcGalNAcBac.
CARBRAER L TRRR, KPR — RS RO RNREQERELYRRE.

10. MRIFAFIE K 9 FRIARL, K iR B EMRIE R GlcNAc,.

11, R\AAER 10 FRMAR, HPREBEYREG — P REED> I HER
.

12. REBPMHAEROTREORR, KPR REAE YR L5 % B Man,GloNAc,.
Man,G1cNAc, R Man,G1eNAc, I 4 »

13, RBRAER | FIEMRL KPR EARAN—RENRERRGEE
MRERRLBERE.

4. MERAER BARORE X PEEOQRAE— P QENX-S/Ta D/
E-X,N-X;-S/T(SEQ ID NO:1) RMZEZEEERFIIERF HFDRRLEAR. XL X, &
FARRUSMHEREER. N BR LB T RARR.

15, RIBRFER 1 TROAL LA — S8 EThfRRRS TERMEAEA
I o

16. RI|AFER | FTRMWALR, KPR ERE8EHEk.

17. — R A&, BF .

RESHERBERRES FHEEREOLANIBHEERBE, U

—HhE B MO B, K 8RN SRREES FiEE.

18. AMBRAER 17 FrRMEFIE, Ht— S aHE .

& F oy SR BT R 5 9 A R 0 T RO BB S SR AR

19. —RELARREPETBEUROR T E, FrRTEEE .

RUBEBHREBBABRES FTRESHEARANSIENEREEE .

RPN BHRR, AP ERESRREGES TEE .

RUEBE— AL HRREZGEERBRENREALA

BHRERFEEH.  —HRSHSRAREMEEORAH G U AT AREEL R
PRE AR

BRTARBEE LR NBSYVETEEREBMHA B RERBHERRES T

2

=N

0w 00 1 & O
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FEEREARRN IS/ EHEESERENA G TUSERELEA.

20. IRBAER 19 IR T KPR EREBHRERENEREBE,

21 RWRFER 20 Frid o ik, HP AR EZEYEREBBRETZHNER
(Campylobacter) . '

22. IRI|BIAE XK 19 FriRfmik, KA EREBRE WL HEHERER.

23. IRWIFZE R 19 Frid 72, KPR EREBBREARENERRERBRE.

24. RWIRNER 19 Frikfm e, RPRERR &S FRBE+ K ZBHRE.

25. RIBRAEXRK 19 IR A, HPHRA-—HREMNSBENRBFRERRZEDE

26. IRIBBAIE X 25 FriR5 5, KPR BEEEY BB EHE GlcGalNAcBac.

27. WMIBERAIER 19 FriRfhZ, HP— MR 2RI ENREOEEREYERRE.

28. IRIBIFNE K 27 FriR g5 v, ik — sk B ZEVERE BFE GleNAc,.

29. WRWHAIERK 28 FriRMIH &, HP i —HRESHAEZEVERE-SREZED
—IMHEBRE.

30 BENAER 28 FTIRM AT HE HPFR—FHREREARZEYEERSTESR
Man,G1cNAc,~ Man,G1cNAc, 1 Man,GleNAc, K140 4«

31. MMIBFEK 19 IR, KPR R E oL A B ERHREFTREED
MBS, ik hkE— P e .

REETHIRERS? TERREOER/KERN, A&

ST Bk B 55 Prid 3R 4F R B ke B S I ZE R e BT iR iR o3 F & LT iR #2
FAOLAHEZG T SREBURNES.

32. RI\BFRIEK 19 FIRBITSE, KPR BREAREA KN — MRS EREZREE
BBERERLBEERE.

33. MEBAAER 32 FriRM %, KPR E QLA — S B N-X-S/T 5 D/
E~X,-N-X,-S/T(SEQ ID NO:1) RBEERSZHEERFFIERF HF DR RLER. X, X £
EBLUSMIEEEER. N RRABED T 2AEER.

34. MIBRFEX 19 Fridfr 2, KPR EQafEhis.
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—HMATRERSANETRZEYITHEE RS

[o001] A EEEK 2011 46 11 A 4 HEXKHEXE G £ F S5 K55S 61/555, 854 1L
L HBI S HBAFALRIE.

A A
[0002] FEWHERATAFCBEACEARKNTARAEL ATEMHTE.
[o003] AFHER
[0004] TLAMEBEASERRZEEZH R ATRI I BRMKEEH R AR
A A B 5 X (Katzen &, “The Past, Present and Future of Cell-Free Protein
Synthesis, "Trends Biotechnol. 23:150-156(2005)) . X2 KA, T ZH+FF, TR
EAESHRKRN : (1) BEBERE—RAYREIATER : (11) EHKERMAEERK : (1i1) B
BEREAZREHBEEFRNED DR (Gv) BB B2 100L B EEHFESHEHATH&S.
R /B MR T LHAMIBERY (CEF), @ ERE T XB T8 . &K % PR A sk
FHF, F—RERXTAMMASHWEMKED SR (Shinizu %, “Cell-Free Translation
Reconstituted With Purified Components, ”Nat.Biotechnol. 19:751-755(2001)) .
THERAIER—HNEHRTFE LHXFEFELZHELMEE (Jewett %, “An Integrated
Cell-Free Metabolic Platform for Protein Production and Synthetic Biology, "Mol.
Syst.Biol.4:220(2008)) , AM EARASABRRBEHATENEEZNEYEARANS
A Y% N & (Ryabova %5, “Functional Antibody Production Using Cell-Free
Translation:Effects of Protein Disulfide Isomerase and Chaperones, ”Nat.
Biotechnol. 15:79-84(1997) ;Noireaux %, “Principles of Cell-Free Genetic
Circuit Assembly, ”Proc.Nat’ 1.Acad.Sci.U.S. A. 100:12672-12677 (2003) ;Yang %,
“Rapid Expression of Vaccine Proteins for B—Cell Lymphoma in a Cell-Free
System, ” Biotechnol. Bioeng. 89:503~511(2005)) »
[0005] ZETHRALFHBAB G RAOFEELNETBEERAINARAARNZ A
Sgch B HRS B R EE N- EEER AT R, EBISH . XK. EH. WA
PRI EEM ., (Helenius&Aebi, “Roles of N-Linked Glycans in the Endoplasmic
Reticulum, ” Annu. Rev. Biochem. 73:1019-1049(2004)) . AEM R, BRERMEMR 2
ﬁﬁ?B’J&?i%ﬁ%%%*ﬂlﬂﬂﬂﬁﬁgﬂ_ﬁn%ﬂ%ﬁﬁﬁ EAKBTEGEZRELN
o M, K% FUIRG HA IR 3F CFE RA R ARRMT XM EF EEM, BAHGEZ
ﬁ!{ﬁﬁt (Tarui %5, “A Novel Cell-Free Translatlon/Gchosylanon System Prepared
From Insect Cells, ” J.Biosci.Bioeng. 90: 508—_5_14(2000_))0 X 7] Ulﬁﬂi?l‘_fﬁgﬁﬁﬁ :
R AR B Y CPE R ( Wlﬁﬂﬁﬁﬂﬁﬁﬁﬁ) (ngappa &, “Coupled Cell-Free
Synthesis, Segregation, and Core Glyct)sylatlon of a Secretory Protem, ¥ Proc.
Nat’ 1. Acad. Sci.U.S.A.75:2338- 2342(1978) Rothblatt&Meyer, ‘Secretl_on in
Yeast:Reconstitution of the Translocation and Glycosylation of Alpha—Factor
and Invertase in a Homologous Cell-Free System, ’-"Ce1144>:6159—628(1_986)),'fﬂJ%
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HTF—%CFEE SHAGBRZANHEEERERBIMNALAF T RRE BN THE

A (Rothblatté&Mevyer, “Secretion in Yeast:Reconstitution of the Translocation

and Glycosylation of Alpha—-Factor and Invertase in a Homologous Cell-Free
System, ” Cel1144:619-628(1986) ;Moreno ¥, “AnmRNA-Dependent in Vitro Translation
System from Trypanosomabrucei, ”Mol.Biochem. Parasitol. 46:265-274(1991)). J&
AR AE RS AT N- SEBRE 21k B0 T 40 M BH i R A 06 R SR 08 2 (45 2 41 PR & CFE, X
B (Mikami %5, “A Hybridoma-Based in Vitro Translation System That Efficiently
Synthesizes Glycoproteins, ” J. Biotechnol. 127:65-78(2006)). #%# H=H (Moreno %,
“An mRNA-Dependent in Vitro Translation System from Trypanosomabrucei, ” Mol.
Biochem. Parasitol. 46:265-274(1991)) . & H 4 M (Tarui %,“A Novel Cell-Free
Translation/Glycosylation System Prepared From Insect Cells, ” J.Biosci.
Bioeng. 90:508-514(2000)) 2% "8 ¥L 3z ¥ 4 K (Shibutani %¥, “Preparation of a
Cell-Free Translation System 'from PC12Cell, ” Neurochem. Res. 21:801-807 (1996)) »
R, XKERFAATAR L USIE&HF DBESPERRMERACRNBRKT YR E. TTH,
E ERFTERGET, R LR LR “ R EbsELl iz 5,

[oo06] 2% BA kY B A R IRAFuk b Bﬁﬁ“fﬂif&ﬂﬁéo

[0007] R FAMER

[0008] ZSﬁ%.'ﬂﬂ%”/l\ﬁﬁ%&—ﬁﬁﬁTiiﬁ‘%g{tﬁElH‘J?ﬁﬁﬂﬂ@}f‘:%o RRL R
BHEHOERRES FREEREARANS BHEEREE OSD :—HBBH I
MRS HPEEEREERRAS TERE UAEEAEA, HAE 1 REI BEER
[0009] EEPEMB—AFES KR —HRAE, R R A& G548 015 B i Be R 44
THEBEEEEARANSENEREREER, UA— XM oBNERMA, XS RKEHNS
FRIRBAE 5 FEE.

[oot0] ERAHF—IMFTEB R —MELHEARAZEFTESBEAEONTE, ZHTER
RS EBREREES FTREEREARANS BNIIRELEE, RIt—Ma%
FOSHER KT EERHERRBEAS FERE UARSERE M EMEFEZHK
FEARBENREALA, GHRH—SRERIRERREE. NS H o ERRE
FREEOEAAE LRI RERELRNREY, U&%ﬂ?ﬁ%ﬂﬂﬂﬁ%%&@@%%
ETFHEEREBMA LR EREOERRES TRBERRALAN— 1SS RE
BZABRENFGTUFERREULED.

foo11] %ﬁ&ﬁf&?ﬁ%ﬁ@ﬁﬂﬂﬂTﬁdﬁﬁﬁﬁﬁﬁﬁiﬂﬁﬁB%%%B@Iﬂﬁ AHFERIT
« » F1“glycoPURE". KR
olé}mﬁﬁﬁﬂi%ﬂi%ﬁ% 5EHAN- Eﬁﬁﬁﬂ.ﬁéiﬁ HE ﬁﬁk'ﬂﬁﬁ?ﬁwfﬁ%*iﬁﬂ:ﬁ
EXKAUETHE BTE (Campylobacter jejuni) %@Qﬁ*ﬁ&ﬂgﬁﬁﬁgmﬁﬁ
BE (pgl) (B 1A). EEMKRDE T BAEYRN & AEEED i AR N- E@ﬁ%’ﬂﬁ%
%, E@.EE%’E@E@»ﬁ%ﬁ%%@ﬁf&%ﬁ*ﬂﬁﬂﬂgﬁmﬂﬁﬁﬁﬁﬁﬁﬁgﬁgﬂxﬁv
2 [ EEBEY TR N-X-S/T MEME + 5 D/E-X,-N-X,~S/T(SEQ ID NO:1) (Kowarik

2%, “Definition of the Bacterial N-Glycosylation Site Consensus Sequence, ” EMBO

N -

5
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J. 25:1957-1966 (2006) , HiEid 5| A FH A X BiF ), 2 X, # X, HBEBEBR LSMHIE
BRE] PHRABERE (B 1B). FHEMAEBREUNSIREFESHTEAR
HE/ BEALREPN, HRERWT. H5% FHE pgl EEHEEAH KRBT E GRS
T NEERAOVERI Wacker &, “N-Linked Glycosylation in Campylobacter jejuni
and its Functional Transfer Into E.coli, ”Science298:1790-1793(2002) , Fifd 5l
HEEFATRRE) NTRETHTEENESEEANVLBEASHEREE. BT
AEHERI KRWFEEANH, AESERTREAEENROEERENEESR. H
K, FR A PelB B 525 th H 88 OST(CjPglB) R — M UM EZHM I NELK R T E
BS (Lizak 2, “X-ray Structure of a Bacterial Oligosaccharyltransferase, ” Natur
e474:350-355(2011) , OB 5 | B AE B ), FEHEHATELAIHHBIAST. B
R, CiPglB s AEBFEHBREBEFEEARTNRUEM (Kowarik %, “N-Linked
Glycosylation of Folded Proteins by the Bacterial Oligosaccharyltransferase, ”
Science314:1148-1150(2006) , HiEid S| FHE I ANEHE ) , IRALTFRMINEHKE R
g (Bl ) A I EOHEEL.

[oo12]  BHEfEIIR _

[0013] IA-BERTHFEMNEZEYN- EEBREAN ST, B 1A R T wRE NEE
BEANGIN T BT MTFE 17-kb pel ERE, REEXKBHEAF ZLER, B IBERT
SNEBZAEY (M) MEZEY (A0) b N- EEERAOLER. EZXFNRET, S
TEREEEPBRDEEEFREANBERRMARNERRET EXEREE LE5HRER, — 8
HER, BEBSEAEENER (BHRVEREEN RSN LL0) BIEFEE, 7FE L3
EREBEZRREARIARMEDRE LM Asn ., PelB RRTHE . EABEA,
HE5RZ4EY 0ST STTS KHEAEFYE (R PglB 1 STT3 MESYRERLLFIRS) .
RERBZAEYALHEBFERAN-X-S/TERZEFT (K X2 Pro LUMIEREER) B
R PglB FEA 2 MBS Asp 2R Glu BEMEKHERF (D/E-X,~N-X,-S/T(SEQ ID NO:1),
Hep X, X, TR Pro AMUEREEER ). PeIB 8B ERIFEHBEEBENEERD
REBHRMELEM .

[oo14] Bl 2A-2B 87~ 7 A& OST M4ifk. CiPglB ZEXMFTHE C43 (DE3) MM h KX FH4L
e EIEYY—. {8/ SDS-PAGE Xt W i ikt B SIMI¥E A5 (Bl ) BEITHRE,
FERBEDYHRERERKE (B 28) SHRiiE (B 24) —E4SH. W, 5 FEFRER.
[0015] A-3C BRTHERAMENASEROEREIL, B3 FHREXKBHATEK
a4k By OST IREUHY LLO FOSib B 2 4R A ST & SME R T, B 38 MAZEER
7R T SHEZ ARG AcrA 0 scFv13-R4-GT (39471 -His) SREHE (P - BH) HRARNIER. R
NAYE 3y g TR CiPglB.5(+) B 10(+) uL LLOFI Sp g ESHEH. NREFEFRA
& (-) KI5 5. K35 i PelB (mut) RIS B A7 22 pACYC K SCM6 41 MFY LLO(+/-) o $EEE
W T HERZB B (20) FIEEEATER (g1 M g2) TBRMHE. BB RE5E A
PR By R B, B B A A4k Bk B F 4T RS fi AT & (Campy lobacter lari) (C1PglB)
i PglB. B 3C B T EHEE 3 BRERIA 2B T HRIMBEAL E BRI AcrA RIS EED
7,

[0016] 4A-4B BIR T AcrA ROTCHMRBIEE / BRI, E4A BRI REE FAXKBFE

6
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CFE S (L K9 EBIE L 4 (PURE) {6 /M85 F A AR AcrAME £ (B -Acrd) B GRIEHIE. &
TR RAIRE 5 E 18 RIS AcrA BT EL A AcrA RUIREE . B 4B R A ssAcrA
Ri& (U -Acrh) FFEEAL (F1- B ) HARKEOE. AssAcrA 4R pET24 (AcrA-cyt) /3
B CFE &Y, PURE RABE I THAME T / FELTE., SBEEARAS () HEARBRYK
3k B BH = pACYC A9 SCM6 # Mufi1 LLO(+/-) »

[0017] B 5A-5B &R T scFvI3-R4-GTHI E MM SR/ HEW. BARRUBE
SERRKBHBELHARERY (CFE) R4 IBIELA S PURE) RS BIEFER AR
scFv13-R4-GT (i -FLAG) KR REENE. I £ RE S5 LB _FHKSE{L scFv13-R4-GT
PERRREAT LB A 8 scFv13-R4-GT BUWREE. P 5B RAYW scFv13-R4-GT ik (31 -FLAG) F0
BEA (i -B) M5 &mil, scFvl3—R4-6GT BH HZ pET24-ssDsbAscFv13-R4-GT f3
B CFE 8% PURE RZABI T WEFE / HRAT 4. XBREBEARAS () HEABY.
[oo18] El6A—6C Bn TEATARMNARR AFENTENA RS MITERPeIBEL
FIEERFFILLN S R.PeIBERERFIIRE TEHE tTHE (C Je;lunl) (SEQ ID NO:2).
AT MERS S AT B (C. lari) (SEQ ID NO:4) KIS HiFF & (C. coli) (SEQ ID NO:6) M & &=
BB EFE (C. upsaliensis) (SEQ ID N0:8). (¥) RRAH B . EARTFHIBRENL
B () B RTEAZWEERRMELIER UK () BRRTEAZELHEHNA
it R, T8 E PelB FEFIHLxT i PglB 3L %40 SEQ 1D NO:10 FisR. ZEPIA
ST EBFIZRAAEEETHREU X RA, HP XU REREERRE. 3F, X
% B ZE DA BT RS AT B R 52 — MARAL B R BRI

[oo19] BITA-TEERTERHTEAARHABEREZA. RASHFTENRAARE B
(Pyrococcus) 0ST STT3 W H RIS BRI &8, 0ST HARFFIN A T A KR
& (P. furiosus) (SEQ ID NO:11). Xﬁ%ﬁ (Pyrococcus sp). ST04(SEQ ID NO:13) . kIR
B8 (Pyrococcus sp). (BIBENA2) (SEQ ID NO:14)+ HrEh Kk BRET (P. horikoshii) (SEQ ID
NO:15) S KERE (P. dbyssi) (SEQ ID NO:16) FIL-MEmE EMEMEH KBRS (P. yayanosii)
(SEQ ID NO:17). () RFEAFB—H. . TLERFHRENMLE () FTREFEFAZME
HEEMBUER UR () FRERFEAZMAETRBHALIER. £THERER STT3
FPFULLXS 9 STT3 368 FFFIM SEQ ID NO: 18 FiiR o« ZEAMMIRBRFFIZ AT LRTH
BREL X FR, B X TUREEERLBRRE. ‘2% X & BEANFRGRIREBFFIZ
—HENA B M EEREE.

[0020] EI8A-7D B R TEATF A KB REL. ﬁtﬁﬂ‘%fﬂfi%mx lﬂﬂ’rl‘%ﬁ&)%
(Leishmania)OST STT3 W& MEEMTFILR & E. 05T HAEBMFFIK A FRAFM
B E 1 (L. major) (SEQ ID NO:19) Jkt EFIf+ &8 F & (L. donovani) (SEQ 1D NO:21) < BJLF
f+ 8B & (L. infantum) (SEQ ID NO:22) B EFI4H 8 R A (L. mexicana) (SEQ ID NO:23)
FEFEREE D (L. braziliensis) (SEQ ID N0:24). (%) X REHH M. E2FETH
BEMHME ) BREFEAZEAFECRMAAMUER UR () RFRIEHAZMAE
B R. ETFRH 8 EATE STT3 AR E STT3 LB 5540 SEQ ID NO:25 ff
Re EENHMHERHBRIZMASSRTFHREL X TR, Hh X TURFREER
BE. ZE, X RABELTIRBHTERABFIIZ —HAENA B M EERRE.

[0021] WIOJREATERTALVHNARK RHEMNTENELLEY ST ERER

7
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BRTIR. EREEHEUBETRANEEBRFFIH UniProtkBBIARS (F15]).
UniProtKB MIAZHR (F23) . BALK (B35 HELZHK (F43) . VW (FE>5
) MRET EARBNZERFIIMBRM S FAEYETRE (BBL) BIREEXS (R
6 %) X7~ o .

[0022] &PBHER . _

[0023] FRAME—NMFESRE—HHTESEELEAKNTARAEL. ZEZKSHE
REEHRBHERERAS FEEEREALANI ANEEEBE RS ERE
B HNEREYSRRSMAS FEE URBEREARS, HEFE MRS M RBESEE
ERBE, A RSARBEEOEAHRBRD F.

[0024] MRIBEEKAKX—FEMETHE ST, “EEEBEH”( “0ST”) BERIEBEREN
RN SRR TR AR B ELEREE e AT E, gtk
EVEERSEBEEENEBEREAS F EXRRDEERBRREOANSFCEEREE.
EEMN ST BB EREBEERLBERENRERINS S N- EEBAEK OST, LUK
REEAELITEESsEBEREERBREREE T FHMEREENSE 0- EEEEMLK 0ST.
ARAMSEH OST A LURR—TEKE. S TENBEAYNERE TEZLENBES
YR BE— &, RETXPHRT SRR OST, BRI AN GG B AT A
MR EREBEBYERTELRHA.

[0025] #RIEAR AKX —TEMATHITME, Brid 0ST AT LLR R4 ) 0ST, A KRB,
RETEShEBHAENE KN . BEE0STEAPLIBEATA KA. PeIBR-tHEERES
EAHREXBEEREIEE Kowarik &, “Definition of the Bacterial N-glycosylation
Site Consensus Sequence, “Embo J. 25:1957-66 (2006) , H# KBTI HIFALBE) . R
1025 g% IR FT i (C. jejuni) PglB(UniProtKB B3R5 Q9S4V7) MIEEMF 5Iin TR SEQ ID
NO:2 B

[0026]
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[0027]

Ile
1

Ile

Met

Phe

Tyr
145

Ile
Val
Ser
Arg
Phe

225

Phe

Ile

Ala

Ser

Ser

50

Pro

val

Met

Phe

Ser

130

Pro

Tyr

Ile

Thr

Leu

210

Leu

Tyx

Ser Asn
Gly Phe
Thx Leg
Ile Ile
Ile Ile
Al; Ala
Ser Gly

100

Ile Leu
118

Leu Ile

Ser Ser

Thr Leu

Leu Ser
180

Ile Ile
195
Asn Phe

Ile Leu

Ile Phe

‘Asp Gly

His Gln
Thr Tyzr
Leu Tyr
Leu Leu

70

Leu Leu
85

Tyr Tyr
Phe Phe

Ala Leu

Tyr Thr
150

Ile Phe
165

Ser Leu
Val Ile
Val Ile
Ser Gly

230

Axg Ser

Tyr Ala Phe Ala
10

Pro Asn Asp Leu
: 25

Trp Leu Tyr Lys
40

Met Ser Thr Phe
5S

Ala Asn Glu Tyr
Ala Ser Ile Ala
90

Asp Thr Asp Met
105

Met Val Arg Met
120

Pro Leu Phe lle

135

Leu Asn Val Ala

His Arg Lys Glu
170

Thr Leu Ser Asn
185

Leu Phe Ala Leu
200

Ile Gly Ile Leu

215

Gly Val Asp Pro

Asp Glu Ser Ala

Glu
Ser
Ile
Leu
Lys
75
Asn
Leu
Ile
Gly
Leu
158
Lys
Ile
Phe
Ala
Ile

235

Asn

Gly
Tyx
Thr
Ser
60
Arg
Ser
val
Leu
Ile
140
Ile
Ile
Ala
Ala
Ser
220

Leu

Leu

Ala
Tyr
Pro
Ser
Pro
Tyr
Ile
Lys
125
Tyr
Gly
Phe
Trp
Leu
205
Val
Tyr

Thr

Arg
Gly
30
Phe
Leu
Leu
Tyz
vVal
110
Lys
Leh
Leu

Tyr

Phe

190

Glu

Thy

Gln

Gln

Asp
15
Ser
Sex
val
Met
Asn
95
Leu
Asp

Trp

Met

Ser

Phe

Val

Gly

80

Arg

Pro

Phe

Trp

Leu

160

Leu

Leu

Gly

Ala
Cln
Lys
Ile
Lys

240

Phe
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[0028]

Met

Leu

Phe
Ile
305
Gly
Giy
Gln
Ala
Ser
385
Tyx
Lys
Ala
Tyr
465
Met
Ser

Leu

Phe

Phe

545

Ser

Asp

Tyr Phe Asn
260

Sexr Glu Phe

275
Ser Leu Phe
230

Met Ala Leu
Leu Arg Phe
Phe Leu Leu

340

Leu Thr Ser
355

Pro V;i Phe
Gln Asn Glu
Glu Asp Tyr
Tyr Ser Asp

420

Asp Asn Phe
435

Ala Asn Met
450

Ala Pro Gln
Lys Asp Tyrc
Lys Pro Asp

5C0

Tyr Met Pro
515

Ser Phe Ile
53C

Ser Thr Ala

Asn Gly Val

Asn Val Val
580

245

Val

Met

Gly
Pro
Thr
325
Ser
Asn
Ile
Ala
Val
405
val
Phe
Ala
Asn
Asn
485
Phe
Ala
Asn
Tyr
Val

565

Ser

Asn Gln

Arg Arg

Phe Val
295

Ile Leu
310

Ile Tyr
Glu Phe
Val Cys

His Tle
375

Ser Lau
390

Val Thr
Lys Thr
Pro Ser

Arg Leu
455

Asp Ille
470

Arg Mat

Leu Asp
535

Pro Lzu
550

Leu 3ex

Val Asn

Thr Ile .
265

Ile Ser
280

Trp Leu
vél Leu
Sexr Val
Lys Ala

345

Ile Val
360

Tyxr Asn
Leu Asn
_Trp Tep
Leu Val

425

Phe Ala
440
Ser Val
Leu Lys
Asn Val
Asp Thr
505
Ser Leu
520
Thr Gly
Asp Val

Asp Asp

Sexr Ile
585

10

250

Gln

Leu
Gly
Pro
330
Ile

Phe

Ty

Thz
Asp
4930
Pro
Ile
Val
Lys
Phe

570

Val

Giu

Ser

Arg
Phe
315
val
Leu
Ala
Lys
Leu
395
Tyr
Gly
Ser
Tyt
Asp
475
Leu
Lys
Phe
Leu
Asn
558

Arg

Glu

val

Glu

Lys
300
Leu

Met

Ala
380

Lys
Gly
Gly
Lys
Thx

460

Ile

Thx

Ser

Asp
540
Gly

Serxr

Ile

Glu

Ile
28%

His
Ala
Ala
Lys
Ile
365
Pro
Asn
Tyx
Lys
Asp
445
Glu
Leu
Leu
Axg
Thr
525
Lys
Glu

Phe

Asn

Asn
270

Val

Lys 3

Leu
Leu
Lys

350

Leu

Ile

Pro

His

430

Glu

Lys

Gln

Ala

Pro

Ile

Lys

Ser
590

Val

Phe

Lys
Gly
335
Tyz
Thy
Val
Ala
vVal
418
Leu
Gln
Ser
Ala
Sex
495
Ile
Ala
Phe
Tyr
Ile

575

Ile

Asp

Leu

Met

Gly
32¢C
Phe
Ser
Leu
Phe
Asn
4CC
Arg
Gly
Ala
Phe
Met
480
Leu
Tyr
Ser
Thr
Leu
56C

Gly

Lys
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[0029]

[0030]

Gln Gly

Ile Phe

610

Met
625

Asp
Gly Asn

Ala Lys

Glu
588

Tyr

Lys

Tyr

Tyr Lys

Leu Lys

Thr Met

Asp Lys

lle

Pro Ile As

600

Asp

Phe
630

Asn

Asn Leu

645

Val
660

Phe Lys

Leu Lys

Ala IleAPr
Ala Ty

Phe Asp Le

p Asp Lys

o Tyr Ala

620

r Val Gln
635

u Val Ile

650

Ile

Ala Gln

605
Phe Il
Met

Phe

Asn Ser

Phe

Tyr

Leu

Leu
640

Asp

4719 SEQ ID NO:2 MEEBMAIINEERFFII T i& SEQ ID NO:3 Frim (BMBL &H
BFSHIREEY S AAD51383) -

atcatttcaa
catcagccta
tataaaateca
tctetggtgg
tttgtagctg
tattatgata
agaatgatete
tatcttrggt
atttatacac
tctcttacte
gctttatttg
gtaactttga
tttcatatte
gtcaatcaaa
agtggtagtg
cataaaagta
gggcttagat
agcgagétta
gtttetgcaa
ccaacagtet
agagaagatt
gtgaaaactt
gctteaagea
gaaaaaagct

atgaaagatt

acgatggtta
atgattrgag
caccttrtte
tgattcectat
ctctttrage
cggatatget
taaaaaaaga
ggtatcctte
tratttotca
tttcaaatat
ctttagagca
tattttrgat
ttagaagtga
ccatacaaga
aaategttee
tgatcatgge
ttaccattrca
aggccatace
cctatcectgac
tcteccaaaa
atgtygraac
tagtagatgg
aagacgaaca
tetatgetee

ataatcaaag

tgcttttagcect
ttattatgga
tttcgaaagr
tattttacta
aagtatagca
ggtaattgtt
ctttttttcea
aagctatact
tagazaagzaa
agcatggttt
aaaacgctta
tttaagtgga
tgaaagtgeg
agctgaaaat
tececgrtctee
tctcacceata
ttctgtacee
ggctaaaaaa
tctageczcea
tgaagcatca
teggrgggatc
tggaaagcat
agctgcagct
gcaaaatgat

caatgcggac

gagggtgcas
tcticrrat
attattrat
gctaatgaat
aacagtratt
ttaccraztgt
ttgattgect
ttaaatgrag
aagatttrtt
tatcaaagta
aattttgraa
ggggttgatce
aatttaacgce
gtagatctta
ttgtitggrt
ttggtgettg
gtaatggcct
tatagccaat
gtacttatcce
ctatcaaatcc
tatggttacc
ttaggtaagg
aatatggcaa
attttaaaaa

ttgcttcrag

11

gagatatgat
ctacgctrac
atetgagrac
acaaacgrcec
atastcgcecac
ttettrtact
taccgrtartt
crttaattygyg
atatagctgr
crattatagt
tcataggaa;
ctatacrttra
agggtrttat
gcgaatttat
ttgtatggcet
ggttittagce
taggatttgg
taacticaaa
atatttacaa
aattaaaaaa
ctgtgecgtra
ataatttere
gacttagtgt
cagacatcett

cttcattatce

agcaggttee
ttattggcece
trrttratce
ttrtaatggge
tatgagtggg
ttrtatggta
ﬁataggaatt
acttetttea
gattrtgtct
aatecttett
ttregctagt
tcagettasa
gtatcttaat
gcgaagaatt
tttgagaaaa
cttaaaaggg
ttrettattg
tgittgtatt
ctataaagca
tatagccaat
ttatagtgat
cecetebtet
agaetaraca
acaagccatg

aaaacctgat

60
120
180
240

300

360

420
480
540
600
660
720
780
840
300
960
1020
1080
1140
1200
1260
1320
1380
1440

1500
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[0031]
TLC3333aLCg atacaccaaa aactcgrgat atttatcttt atatgecccgc tagaatgtet 1560
tcgatocttt cracggtgge tagtrtceocr tttattaatt tagatacagg agtuttggat 1620
aaacctitta cctttagecac agetratcca cttgatgtra azaatggaga aatttatcte 1680
agcaacggag tggttrtaag cgatgatttt agasgtttra azataggrga taatgrggre’ 1740
tctgtaaata gratcgraga gattaatect attsaacaag gtgaatacaa aatcactcca 1800
attgatgata aggctcagtt ttatattett tattraaagg etagtgcrat tccttacgea 1860
caattcattc taatggataa aaccatqtt£ aatagtgctt atgrgcaaat gtttrettta 12920
ggaaattatg ataagaactt atttgacttg gtgattaati ctagagatgc taaggttret 1880
aaacttaaaa ttctaa 1985

[0032]  SEQ ID NO:2 1 3 i MEEMAMZERFF 4 H AREHKHZHE thiTHE R

PelB EERAHEBFF ., FFURHERALRBEBAEZL 0 M IHNZHBHABESR
PglB B H, H5 SEQ ID NO:2 REMFIKIFFI— B AT AR, E2 AT HEKIIE.
Ek, HAFME R 5 SEQ ID NO:2 i RniZ B tiif B EERF I AT EDA70% . Efhik
HiZE /b2 75% 8L 80% ALt L ZE /b2 85% B 90 % B 95 % I E B A5 — BRIk B %
BB EL T AEENEEE PelB EEFFIRERATARA. HXZHSHAE
PglB EAKNEERFFI RENEMZERF IR CHHNETEERAR S TIRRH.
[0033) 573 Z MM EA PelB RAEFFI—BUMER / St M ERRST BB ZRERO
Fk B B EBIEAAK ST RERTARKBUX—FTEMFAALE. G, WA
Fiar, 3 B 458 % AT & (Campylobacter lari) H§ PglB(C1PglB), (X5 B it
HEERRFT BT 56% 175 —B M (Schwarz &,“Relaxed Acceptor Site Specificity
ofiBacférial 01ingaccharyltransferase iﬁ1Vivo,"Gl?cobiology21:45454(2011),;i
AWATBEREIAFASREE), EBELRVNTHARBERLARTRBBED L
BANESARERZRE (BIXLBR) . %5 C. lari PglB(UniProtKB % 3%-5 BOKDD4)
KIEEERFF5 TR SEQ ID NO:4 Bk
[0034]

Thr Asn Ile Thr

Met Lys Leu Gln Gln Asn Phe Ser

1 5

Asp Asn
10

Lys Tyr

Ile Leu Ile Ala Phe Ala

25

Leu Ile Phe Ser val Leu Leu

20

Cys Cys

30
val Glu
35

Ala Glu

40

Phe Phe Phe

45

Tyr Trp Trp Ala Ser Tyr Phe Asp

Gln Met Ile Thr Thr Asn Gly Ala

55

Leu Phe Ala Ala

50

Asp Tyr Glu Gly

Arg Asp Met Ile Ala Gly Phe His Gln Pro Asn Asp Leu Ser Tyr Phe

[0035]

12
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65 70 75 80

Gly Ser Ser Leu Ser Thr Leu Thr Tyxr Trp Leu Tyr Ser Ilza Leu Pro
85 %0 95

Phe Ser Phe Glu Ser Ile 1Ile Leu Tyr Met Ser Ala Phe Phe Ala Sex
100 105 119

Leu Ile Val Val Pro Ile Ile Leu Ile Ala Arg Glu Tyr Lys Leu Thr
1i5 120 125

Thr Tyr Gly Phe Ile Ala Ala Leu Leu Gly Ser Ile Ala Asn Ser Tyr
130 135 ) 140

Tyr Asn Arg Thr Met Ser Gly Tyr Tyxr Asp Thr Asp Met Leu Val Leu
145 . 150 15% 160

Val Leu Pro Met Leu Ile Leu Leu Thr Phe Ile Arg Leu Thxr Ile Asn
165 170 175

Lys Asp Ile Phe Thr Leu Leu Leu Ser Pro Val Phe Ile Met Ila Tyr
180 185 190

Leu Trp Trp Tyr Pro Ser Ser Tyr Ser Leu Asn Phe Ala Met Ile Gly
195 200 205

Leu Phe Gly Leu Tyr Thr Leu Val Phe His Arg Lys Glu Lys Ile Phe
219 215 220

Tyr Leu Thz Ile Ala Leu Met Ile Ile Ala Leu Ser Met Leu Ala Tzrp
225 230 235 240

Gln Tyr Lys Leu Ala Leu Ile Val Leu Leu Phe Alz Ile Phe Ala Phe
245 250 255

Lys Glu Glu Lys Ile Asn Phe Tyr Met Tle Trp Alaz Leu Ile Ph=z TIle
260 265 270

Ser Ile Leu Ile Leu His Leu Ser Gly Gly Leu Asp Pro Val Leu Tyx
275 280 2835

‘Gln Leu Lys Phe Tyr Val Phe Lys Ala Ser Asp Val Gln Asn Leu Llys
290 295 300

Asp Ala Ala Phe Met Tyr Phe Asn Val Asn Glu Thxr Ile Met Glu val
305 310 315 320

Asn Thr Ile Asp Pro Glu Val Phe Met Gln Arg Ile Ser Ser Ser Val
328 330 335

Leu Val Phe Ile Leu Ser Phe Ile Gly Phe Ile Leu Leu Cys Lys Asp
340 34 350

U,

His Lys Ser Met Leu Leu Ala Leu Pro Met Leu Ala Leu Gly Phe Met
358 360 365

Ala Leu Arg Ala Gly Leu Axrg Phe Thr Tle Tyxr Ala Val Pro Val Met
370 375 380

Ala Leu Gly Phe Gly Tyr Phe Leu Tyr Ala Phe Phe Asn Phe Leu Glu
3895 390 395 400

Lys Lys Gln Ile Lys Leu S=r Leu Arg Asn Lys Asn Ile Leu Leu Ile
405 410 415

Leu Ile Ala Phe Phe Sex Ile Ser Pro Ala Leu Met His Ile Tyr Tyr
[0036]
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420 425 430

Tyr Lys Ser Ser Thr val Phe Thr Ser Tyr Glu Ala Ser Ile Leu Asn
435 440 445

Asp Leu Lys Asn Lys Ala Gln Arg Glu Asp Tyr val val Ala Trp Trp
450 455 460

Asp Tyr Gly Tyr Pro Ile Arg Tyr Tyr Ser Asp Val Lys Thr Leu Ile
465 470 475 480

Asp Gly Gly Lys His Leu Gly Lys Asp Asn Phe Phe Ser Ser Phe Val
485 490 495

Leu Ser Lys Glu Gln Ile Pro Ala Ala Asn Met Ala Arg Leu Ser Val
500 505 510

Glu Tyr Thr Glu Lys Ser Phe Lys Glu Asn Tyr Pro Asp Val Leu Lys
515 520 525

Ala Met Val Lys Asp Tyr Asn Lys Thr Ser Ala Lys Asp Phe Leu Glu
530 535 540

Ser Leu Asn Asp Lys Asp Phe Lys Phe Asp Thr Asn Lys Thr Arg Asp
545 550 555 560

Val Tyr Ile Tyr Met Pro Tyr Arg Met Leu Arg Ile Met Pro val Val
565 570 575

Ala Gln Phe Ala Asn Thr Asn Pro Asp Asn Gly Glu Gln Glu Lys Sex
580 585 590

Leu Phe Phe Ser Gln Ala Asn Ala Ile Ala Gln Asp Lys Thr Thr Gly
595 600 605

Ser Val Met Leu Asp Asn Gly Val Glu Ile Ile Asn Asp Phe Arg Ala
610 615 620

Leu Lys Val Glu Gly Ala Ser Ile Pro Leu Lys Ala Phe Val Asp Ile
625 630 635 640

Glu Ser Ile Thr Asn Gly Lys Phe Tyr Tyr Asn Glu Ile Asp Ser Lys
645 650 655

Ala Gln Ile Tyxr Leu Leu Phe Leu Arg Glu Tyr Lys Ser Phe Val Ile
660 665 670

Leu Asp Glu Ser Leu Tyr Asn Ser Ser Tyr Ile Gln Met Phe Leu Leu
675 680 685

Asn Gln Tyr Asp Gln Asp Leu Phe Glu Gln Ile Thr Asn Asp Thr Arg
690 695 700

Ala Lys Ile Tyr Arg Leu Lys
705 710

[0037] 5 SEQ ID NO:4 BriRMI4 MRS fhiF i (C. lari) WERERBFIAFTE LA T0%.
BEREHE DA 75% 3 80% Bt et Z D2y 85% 8F 90% 5K 95% — Bl B E B 75k
BRATAKA. 415 SEQ ID NO:4 A MEER TS| HZER A5 T iR SEQ ID NO:5 Fior

(EMBL % EH B -5 B3R BE4R B ACM64573. 1) -
[0038]
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atgaaactac aacaaaatece cacggataat aattctataz aatatacctg tatttraate 60
cttatagcct crgetcttag tgettegtge agattatact gggtagetig ggcaaqgrgag 120
ctttatgagt ccttctttaa tgatcaacte atgattacta ctaatgatgg ctatgetett 180
gcagaaggtg caagagatat gacégcaggt ttrcatcaac ctaatgactt atcctarttt 240
ggaagctcac tttccactee gacttactgg ctttatagie tittgcettt tagettigaa 300
agrattattt catacatgag tgcttccotte gertcetttga tigttgigee tattatatta 360
atcgcaagag agtacasact cactacctat ggetttatag cagctitact tggaagcatt 420
gcaaatagtt attacaaccg cactatgagt gggtattacg atacagatat gctagugtta 480
gttttaccaa tgcttattece gectacctte atacgcttaa ctattaataa agacatttte 540
accctacttt taagtcegge tectatcatg atttattigt ggtggtatcece atcaagttat 600
tctttaaatt ttgcratgac aggacetecttc ggactttata cittagtatt tcatagaaaa 660
gaaaagattt tttatctaac tactgecttg atgatcatag cittaagtat gctagcatgg 720
caatataagc ttgctitgac tgrattatta ttegectattt tigcttttaa agaagaaaaa 780
atcaattttt atatgatﬁcg ggctttgatt tttattagca tittgatatt gcatttaagt 840
ggcggcecttag atcctgttee acaccaactt aaattttatg tatttaaage ttctgatgtg 900
caaaatttaa aagatgctgc ccctatgtat tttaatgtca atgaaaccat tatggaagta 960
aatactatcg atcctgaage acctatgcaa agaattagct ctagtgtttt agtatttate 1020
ctttctttta taggttttat cctactittge asagatcaca aaagcatgct ttiggctcta 1080
cctatgcttg cactaggtct tatggcttta agagctggac ttagatttac catttatgca 1140
gttcetgtga tgactttggg ttttgggtat titttatatg cattrrttaa trttttagaa 1200
aaaaaacaaa tcaaacttag cctaagazat 32323tartct Tactratact cattgcattt 1260
tttagtataa gccectgcttt gatgcatatt tattattaté aatccrectac tgtttttact 1320
tcttatgaag ctagratttt aaatgattta aaaaataaag crcaaagaga agattatgtt 1380
gttgcttggt gggattatgg ttatccaata cgctattata gcgatgtaaa aaccttaéﬁé 1440
gatggtggaa aacacctagg aaaagataat tttttctcat crttrtgtctt aagcaaagaa 1500
caaattccag cagccaatat ggcaagactt agcgtagaat acactgaaaa atctttcaes 1560
gaaaactatc ctgatgtttt aaaagctatg gttaaagatt ataataaaac aagtgctaea 1620
gattttttag aaagrttaaa tgataaagat tttaaatttg ataccaataa aactagagat 1680
gtatacattt atatgcctta tagaatgttg cgtatcatge crgtggtggc acaztttgea 1740
aatacaaatc ctgataatgg agagcaagaa aaaagtttat ttttctccca agctaatgcec 1800
atagctcaag ataaaaccac aggttctgtt atgcttgata atggagtaga aattattaat 1860
gattttagag ccttaaaagt agaaggtgca agcatacctt taaaagctrr tgtggatata 1920
gaatccatta ctaatggcaa attttattac aatgaaattg attcaaaagc tcaaatttet 1980
ttgctetttt taagagaata taaaagcttt gtgattttag atgaaagtct ttataatagt 2040
tcttatatac aaatgtecectt gttaaatcaa tacgaﬁcaag atttatttga acaaattact 2100
aatéatacaa gagcaaaaat ttataggcta aaaagaiga 2139

[0039]
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[o040] HEHETXKRARX—FEMAESONRESHHFERNS - NEEOSTEXRE
KB S (C. Coli) I PglB., HIEKREKBHEITHE (C. coli) # PglB MEER/TF3
(UniProtKB B x5 H7WI6) , R 5L M E (C. jejuni) RE 81% M—FE, tnFik SEQ

ID NO:6 B :
[0041]

Met Leu Lys Lys
1

Phe Ile Ile Leu
20

Ile Phe Trp Ala
35

Met Ile Ile Ser
50

Met Ile Ala Gly
65

Ser Leu Ser Thr

Leu Glu Ser Ile

100

val Ile Pro Leu
115

Gly Phe Val Ala
130

Arg Thr Met Ser
145

Ala Met Met Ile
Leu Leu Ser Leu
180

Trp Tyr Pro Ser
195

Phe Ile Tyr Thr
210

Rla Ile Ile Leu
225

Ala

Serx

Asn

Phe

Ala
Gly
Val
165

Ile

Sex

Tyr

Tyzr

Glu

Asp

Thr

Ile

Leu

Leu

Tyr

150

Phe

Thr

Tyr

Phe Lys Asn
Val Phe Ser
28

Phe Asn Glu
40

Gly Tyr Ala

Gln Pro Asn

Tyr Trp Phe

Tyr Ile Ser
105

Ile Ala Asn
120

Leu Ala Ser

135

Tyr Asp Thr

Phe Met Ile

Leu Pro Leu
185

Thr Leu Asn
200

Leu Val Phe His Ile

Rla

Ser

230

Gln Ser Ala Ile Ile Val

245

Lys Arg Phe Ser Phe Ala

260

Val Phe Leu Ile Leu Ser

[0042]

215

Ile Thr Leu
Ile Leu Phe
Leu Leu Gly

265

Gly Gly Ile

16

Pro
10
vVal
Tyr
Phe

Asp

Tyr
S0

Ile

Asp

Lys
Ser
Ser
250

Ile

Asp

Leu

Phe

Ala

Leu

75

Lys

Phe

Tyr

Ala

Met
155

Leu

Val

Ala

Glu

Asn
235
Leu

Leu

Pro

Phe

Cys

Phe

Glu

Ser

Ile

Leu

Lys

Asn

140

Leu

Ile

Gly

Leu

Lys

220

Ile

Phe

Gly

Ile

Arg
Asn
45
Gly
Tyr
Thr
Serx
Arg
125
Ser
Val
Leu
Ile
Leu

208

Thr

Ala T

Val

Leu

Leu

Leu
Phe
30
Asn
Rla
Tyr
Pro
Sex
110
Pro
Tyx
Ile
Lys
Tyr
190

Gly

Leu

Leu

Ala.
270

Tyr

Leu

15

Tyr

Glu

Arg

Gly

Phe

Leu

Leu

Lys
175
Leu
Leu
Tyx

Phe

Gln
255

Trp

Leu

Asp

Ser

80

Ser

Val

Met

Asn

Leu

160

Asp

Trp

Phe

Met

Tyr

240

Asn

Leu

Leu



CN 104080921 A

i P

14/55 T

[0043]

Lys
Phe
305
Asp
Phe
Met
Sey
Phe

385

Asn

Val
Ala

Ile

465

Leu

val

Ser

Ala

Ser

545

Val

Ala

Phe

Tyr

Ile

Phe
290
Met
Leu
Val
Ile
Gly
370
Gly
Thr
Leu

Phe

Gln
4590

Arg .

Gly

Ala

Phe

Met

53D

Leu

Ty

Ser

Thr

Leu

610

Asn

275

Tyr Ile
Tyr Phe
Ser Ile
Ser Leu

340

Leu Ala
355

Leu Azxg
Phe Lau
Tyr Trp
Ile Pro

420

Ser Gin
435
Arg Glu
Tyr Tyr
Lys Asp
Ala Ala
500
Tyr Ala
Met Lys
Sexr Lys
Ile Tyr
Phe Ser

580

Phe Ser
595

Ser Asn

Asn Ser

Phe Arg Ser
295

Asn Val Asn G

310

Phe Met Gln
325

Ile Gly Phe
Leu Pro Met
Phe Thzr Ile

375

Met Ser Leu
330

Trp Ala Asn
405

Met Phe Tyx
Asn Glu Ala
Asp Tyr vVal

455

Ser Asp Val
470

Asn Phe Phe
485

Aan Met Ala
Pro Leu Asn
Agp Tyxr Asn

535

Pro Asp Phe
550

Met Pro Ala
565

Phe Val- Asp
ARla Ala Tyr
Gly Ile Ala

615

Thr lle Ser

280

Asp

Leu

Iie

His

Thr

440

Val

Lys

Pro

Argy

Arg
Leu
Pro
600

Leu

val

Ile
Phe
345
Ala
Ala
Gln
Gly
Ile
425
Lys
Thx
Thr
Ser
Leu
50S
Ile
Asn
Ile
Met
Glu
585
Leu

Ser

Asn

17

Ser Ala

Ile Gln
315

Ser Gly
330

Leu Val
Leu Gly
Val Pro
Glu Arg

395

Val Phe
410

Asn Asn
Leu Asp
Trp Tzp
Leu Ala

475
Phe Val
490
Ser val
Leu Lys
Asn Val
Asn Thr

555

Ser Leu
570

Thr Gly
Asp val

Asp Asp

Ser lle

Asn-

306

Glu

Arg

Phe

Ile

Tyr

Glu

Asp

4606

Asp

Leu

Glu

Asn

Asp

540

Pro

Ile

Glu I

Lys

Phe
620

Ile

285

Leu
Val
Glu
Lys
Leu
365
Leu
Gln
Phe
Lys
Leu
445
Gly
Ser
Tyr
asp
525
Leu
Lys

Phe

Asn
605

Arg

Glu

Ala

Glu

Leu

His

350

Ala

Ala

Lys
Thr
Ala
430
Lys
Gly
Gly
Lys
Thr
510
Leu
Phe
Thr
Ser
Asn
580

Gly

Ser

Gln

Ser

val

335

Lys

Leu

Leu

Asn

Phe

415

Pro

Lys

Tyx

Lys:

Asp
£95
Glu

Leu

Leu

Phe

Asn

Gly

Ile

320

Phe

Ser

Lys

Gly

Asn

400

Leu

Thr

Ile

Pro

His

480

Gln

Lys

Gln

Ala

Asp

560

Val

Pro

Ile

Lys

Sex
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[0044]

[0045]

[0046]

625

Ile Lys Gln Gly Glu Tyr Lys Ile Thr

Phe

Ile Leu Met Asp Lys Thr Met Phe

Phe
690

Arg
705

630

645

660

675

Tyr Ile Phe Tyr Leu Lys Asp Ser

Leu Gly Asn Tyr Asp Lys Asn

695

Asp Ala Lys Val Phe Lys Leu

710

635

Pro Ile Asp Asp

650

665

Asn
680

Lys

Ser

Leu Tyr

Thr Ile Pro Tyr

Ala Tyr

Asp Leu
700

Ile

Ala
670

Val
685

Val

Met Ala
655
Gln

Gln Met

Ile Asn

640

Gln

Phe

Phe

Ala

5 SEQ ID NO:6 B KB #iiFE (C. coli) MEEMFINEBTE /DL 70%.
FERERE DL T5% L 80 % AL FE DY 85% 8K 90% 5k 95% — B IR R ERFF 71k
ERTA K. %5 SEQ ID NO:6 i MEEERFHIK B 5 F iR SEQ ID NO:7 fim
(EMBL % H BRF SR 4w 5 EIB14175) -

atgttaaaaa
gcgtatgtct
gaatatttct
ggtgcaagag
tcgetttcaa
tttatataca
aatgaataca
agctattarca
gcaatgatga
ataacactgce
aatgrtgcet
acgctttaca
caaagcgcca
tttgetttge
attgatccea
ttggctcaag
gattrtaagca
atcggcttea
gctttaggat
ttagcacteg
aatacctact

atgctctacc

aagaatacecec
tcagtgrtee
tcaactaacga
atatgatagce
cgctcacata
tcagractee
aacgcccectee
atcgcacgac
tagtcttcee
ccttgttrge
tactaggace
tggctattac
tcategtcatc
tcggaattee
tactctatca
gtttcatgca
tctteatgea
tcttecttge
tettagcace
gatteggtee

ggtgggccaa

acatcaacaa

taaaaaccca
acgtaggtte
gecctacgate
gggttrecac
tcggtectac
tcrcatectee
aatggggtte
gagcggatatc
tacgacaagg
aggaacctatc
tcectocate
ccrageotet
accttecage
aggtteggca
acctaaatte
tcctaacgta
aaggactage
tagaaaacatc
taagagcgga
tccaacgage
tacaggcgte

tcataaagca

acttttatet
cattggattt
atctcaaatg
caacctaatg
aaaataactc
ttggtggtta
gttgcagecat
tatgatactg
ctgattttga
ctttggtggt
tataccttgg
atcacactitt
cttittgotte
actctggtat
tatatttita
aatcaaacca
ggaagcgagc
aaaagtatga
cttcgtttta
cteetgcaag
tetatterea

ccaactgttt

18

rattggettt
rttgggcaag
atggatatgce

atttgagtta

tgctagccag
atatgcttgtn
aaaaagattt
atccatrcaag
ttttrcatat
caaatatagc
tgcaaaataa
ttttgatact
gaagtgatga
Tacaagaggt
rtgtattees
TTttggettt
ctattratge
aaagaaaaca
ctttrrtaag

Litcrncaaaa

tataatttta
tgagtttaat
ttttgcagag
ttatggttct

agaaagcatt

t tttgattget

tatagctaat
tatagttctt
attatcttera
ctatacttta
aaaagaaaaa
ctggtttrat
gcgetttage
aagcggtgga
gagtgcaaat
agaaagtata
tgrtatcttta
gccegatgeta
agtacctgtt
aaaaaacaat
tttaattcct

tgaggctacg

60
120
180
240
300
360
420
480
340
600
660
720
780
840
SQO
860

1020
1080
1140
1200
1260

1320
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22attagatg agcttaaaaa aattgcacaa agagsagatt atgragraac ttggtgggat 1380
tatggatatc crattaggta tracagcgat gttaaaactt tggctgatgg gggtraagcecat 1440
tcaggcaagg ataattteet cccatertet gtrtecraagra aagatcaagt ggcrgetgea 1500
aatatggcaa gacttagtgt agaatacaca gaaaaaagtt ttracgcccc trtaaatgac 1560
atttraaaaa atgatctttt acaagccatg atgaaagatt ataatcaaaz taatgtggat 1620
ttgtttttég crtcgettte caagcctgat trraaaatca atacgccaaz aacacgcgat 1680
grgratatct atatgccage tagaatgtct trgatttrrtt caactgrgge tagrtttuct 1740
tttgtggatt tggagacagg tgagataaat a2aacctttta ctrtttagtgc agcttatcce 1800
cttgatgtta aaaatggaga aatttatctt agcaatggta ttgcattaag tgatgactte 1860
agaagctttta aaataaataa tagractata tccgtaaata gtatcataga gattaattct 1920
atcaaacaag gtgaaﬁataa aatcactcct attgatgata tggctcaatt ttataccttt 1980
tatcttaaag atagcaccat accttatgct cagtttattt taatggataa aactatgttt 2040
aatagtgctt atgrgcaaat gtttttcctt ggaaatratg ataaaaattt gtatgattta 2100
gtgattaatg ctagagatgc aaaagttttt aaactcaaaa ttraa 2145

[00471 :

EATARBRX—FENFEHFENS—A S TSR ST 23k 8 & %iER

E M FFE (C. upsaliensis) K PglB. 4RI%F B W EEH S gh#F 5 (C. upsaliensis) fJ PglB
KEEEFY (UniProtkB £S5 E6LAT2) , H ﬁglﬁif%ﬂ:g (C. jejuni) BEfF 57% 11—
¥, {0 TR SEQ ID NO:8 B :

[0048]

[0049]

Met Lys
1

Ile Leu

Tyr Trp

Ser
50

Ile

Ile
65

Ala

Leu Serx

Glu Ser

Val

Pro

Phe
130

Leu

Thr
145

Met

Asn Glu
5

Leu Ala

Ala Ser

Ser Asn

Gly Phe

Ile Leu

Ile
100

Leu
115

Ala Ala

Ala Gly

Ala Val

Phe
Asp
Bsp

His

Leu
Leu

Phe

Lys

Gly Phe

Phe Asn

Gly Tyr

35

Gln
70

Glu
Tyr Val
Tyr Met
Ile Ala

Leu Ala
135

Tyr Tyr Asp

150

Asn Ala

Asn

Leu

10

val

Ser
’ 25

Glu Tyr
Thr Phe
asn

Asp

Leu Tyr

Leu

Phe

Ala

Leu

Lys

Cys Arg

Phe Asn

Glu Gly

60

Ser Phe

Ile Thr

90

Val
105

Ser

Asn Glu

120

Ser

Thr

19

Phe

Leu

Ala

Met

Phe Ser

Lys

Ser
140

Lys

Leu Ala

155

Leu

Phe Tyr

30
Asn Gln
45

Ala Arg

Ile Asn

Phe
Leu

110

Pro Leu
125

Tyr Tyx

Ile Val

Phe
15

Trp

Leu

Asp

Ser

Sex

Ile

Met

Asn

Leu

Phe

Ile
Met
Lys
Sex
Phe
Val
Gly
Arg

Pro
160
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[0050]

Met

Phe

Tyx

Leu

Ala

225

Ser

Phe

Phe

Phe

Ala

305

Leu

Leu

Leu

Gly

Gly

385

Leu

Leu

Ile

Phe

Thrx

465

Val

Asn

Phe
Ser
Pro
Tyr
210
Leu
Ala
FPhe
Leu
Tyxr

290

Tyx

Sex

Leu

Leu

- 3/0

Phe

Lys

Phe

Tyx

Val

450

Pro

Cys

Leu

Ile

Leu

Ser

135

Val

Leu

Ile

Asn

Ala

275

Leu

Phe

Thr

Leu

Thr

355

Arg

Leu

Giu

Ser

Ser

Leu

Leu

180

Ser

Leu

Cys

Ile

Phe

260

Leu

Leu

Asn

Phe

Phe

340

Leu

Phe

Ser

Thz

Leu

420

Ser

Asp

Ile

Phe

His
500

Tyr Phe Phe Ile Arg Leu

165

Ala Leu Pro
Tyr Thr Leu
Ile Tyr His

215

Ala Ile Thr
236G

Val Leu Leu
245

Lys Phe Ile
Ser Gly Gly
Arg Sexr Asp

235

Val Asn Leu
310

Met Gln Arg
325

Gly Phe Leu
Pro Met Leu
Thr Ile Tyr

375

Val Gln Ile
396

Arg Lys Leu
405

Val Leu Gly
Met Gly Val
Thr Leu Leu

455

Phe Glu Leu
47C

Tyr Ile Val
485

Ile Tyx Asn

Phe

Asn

200

Arg

Leu

Phe

Ala

Ile

280

Glu

The

Ile

Tep

Leu
360
Ala
Leu
Arg
Ala
Glu
440
Phe
Leu

Gly

Tyr

Phe

185

Val

Lys

Seyr

Ala

Leu

265

Asp

Ser

Ile

Ser

Leu

345

Leu

val

Ser

Ile

Tyr

425

Phe

Ser

Txp

Val

Axy
505

20

170
Met
Ala

Glu

Asn

Leu-

250

Leu

Ala
Gln
Gly

330

Leu

Leu

Phe
410

Phe

Gln

Leu
490

Ala

Ile
Gly
Phe
Arg
Ile
235
Phe
Ala
Ile
Ser
Glu
315
Ser
Lys
Phe
Ile
Ile
395
Phe
Tyz
Lys
Leu
Lys
475

Leu

His

Leu

Leu

Ser
220
Ala
Met
Leu
Leu
Leu
300
vVal
Glu
Lys
Leu
Met
380
Gln
Tyx
Phe

Asn

Ile

460

Lys

Phe

Thx

Arg
Tyr
Ala

205

Phe

Gly

Tyr

285

Ala

Glu

Leu

His

Ala

3585

Ala

Lys

Gly

Sar

Lys
Leu
190
Leu
Tyr
Phe
Lys
val
270
Gln

Arg

Ser

Lys
350
Leu
Leu
Met

Ile

Gln

430

Phe
445

Leu

Ser

Val

Val

Ala

Ile

Leu

Phe
410

Met

Tyr

Asn

255

Leu

Leu

Gly

Ile

Phe

335

val

Arg

Gly

Arg

Phe

415

Ser

Ser

Ile

Aryg

Trp

495

Ser

Asp
Txp
Thr
Ala
Gln
240
Ser
val
Lys
Phe
Asp
320
Leu
Met
Gly
Phe
Pro
40C
Pro
Ala
Phe
Phe
Fhe
480G

Ala

Tyx
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Asn Glu Ala Ser Ile Leu Asp Asn Leu Lys Ala Asn Val Ser Arg Glu
515 520 525

Ile Val Ala Trp Trp Asp Tyr Gly Tyr Pro Ile Arg Tyx Tyr

Asp Tyr
530 535 540

Ser Asp Val Lys Thr Leu Ala Asp Gly Gly Lys His Leu Gly Lys Asp
545 550 555 560

Asn Phe Phe Pro Ser Phe Val Leu Sex Gln Asn Pro Arg Ala Ala Ala
565 570 575

Asn Met Ala Axrg Leu Ser Val Glu Tyr Thr Glu Lys Gly Phe Lys Thr
580 585 590

Pro Tyr Asn Asp Leu Leu Glu Ala Met Met Lys Asp Tyr Asn Tyr Ser
595 600 605

Asn Val Asn Leu Phe Leu Ala Ala Leu Ser Lys Glu Asp Phe Thr Leu
610 615 : : 620

Gln Thr Pro Lys Thr Arg Asp Ile Tyr Ile Tyr Met Pro Ser Arg Met
625 630 835 640

Ala Ala Ile Phe Gly Thr Val Ala Ser Phe Ser Tyr Met Ser Leu Glu
645 650 655

Thr Gly Glu Leu Glu Asn Pro Phe Val Tyr Ser Val Ala Tyr Tyr Leu
660 665 670

Gly Asn Glu Asp Gly Lys Leu Val Leu Ser Asn Asn Met Leu Leu His
675 680 685

Ser Asp Phe Arg Ser Phe Asp Leu Asn Gly Lys Asn Tyr Ala Ile Asn
690 695 700

Ser Leu Val Glu Phe Thr Ser Val Gln Gln Lys Tyr Tyr Ser Val Val
705 710 715 720

Glu Ile Asp Lys Asn Ala Lys Tyr Tyr Leu Phe His Ile Lys Asp Ala
725 730 735

Asn Ile Pro Asn Val Gln Phe Ile Leu Met Asp Lys Ala Met Tyr Glu
740 745 750

Ser Ala Phe Val Gln Met Phe Phe Phe Gly Lys Tyr Asp Glu Sexr Leu
: 758 760 - 785

Tyr Glu Leu Ile Val Asp Ser Lys Glu Ala Lys Val Tyr Lys Leu Lys
770 775 780

Leu
785

[0051] 5 SEQ ID NO:8 iR EEER I A& (C. upsaliensis) KEEBRFIIREE
DY T0% EREHE DL 75% 5 80% B ILBEHIE /DL 85% BY 90% 8% 95% —BM K&
EMFEFHRER T AKX, 4RI3SEQ ID NO:8 FimMEEM FHIRIZM 75 Fik SEQ ID
NO:9 PR (EMBL BXHERFF3 B PE4R S EFUT1695) :

[0052]
[0053]

21
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[0054]

atgaaaasacqg

ceiggeicta
tactrtrtta
gctagagata
ctectatte
ctatatatyga
gagcttsaac
taztataacce
atgttrattt
gecttgeege
gtcgerttta
rcteacatyg
agtgctatta
aaattratcyg
gaccccatac
gcgegrggte
trasgcacte
ggctrereac
cteggrete
gcgettggee
ttacaegaas
gttttgggag
tricadsaga
ttggctattt
gtgrgragec
atttacaatt
cttaa&gcta
attcgttate
aatttetece
cttagegtag
atgetgaagyg
gatttracte
gcggegatte
gdasacoecte
ccaagtaata
tatgctatta
gagatcgata

gtgcasttta

aggetgrgaa

grtgrtittatg
ataatcagce:
agatagcgqg
tgacttacgz:
gtgtattets
gcectrtaat
gcactatggce
cetetetete
ttottatggg
tcgecactttn
ceygcacttto
Trgrttrac:t
cacttttage
tttatcaget
ttgcgtatts
tratgeaaay
ggcrrttaaa
tagcacttag
rtggctttte
ctcgaaaatt
ctrattttta
acittggayg
ttacgcette
TrTatactge
atagagcaca
atgtttctag
atagcgatgc
cttcttLegs
astacacaga
attataatta

ttcaaacgce

ttggcacggt

ttygtttatag
atatgcrcce:
éttctttggt
azaatgctaa

tcctaatgga

aaatgcgaart

tcgeteetat
taetgataage
ctttecatecag
gctrracaaa
ttetteacet
gggacteees
aggataccat
cetcaggett
actttatcee
teccctttat
gtgtgecact
TTCLTgcters
cttaggagte
Taaactttac
teatgtaaat
azttaycgyga
asagcataag
aggtgggcett
aagcegttcaa
asgaatatte
ctttagtcaa
cptcttcéca
aatcetrtgag
gggggrereyg
cecegteets
ggaagattaz
geaaacctta
tttaagtcaa
azaaggceet
tagcaatgta
caaaactaga
ggcaagttete
tgrggugtac
Tcatagegac
tgaatttacet
atattatcre

teaggcgatyg

ttgaggctag

tggatctatt
tcaaatgacqg
gaaaatgatt
atcacgecte
atagttygtgu
gcggcatttt
gatzacagata
attttaagza
tggtggtatc
grtttgactt
accetoteea
cectatgcetra
ttagtttctt
cttttaagaa
ttaaccatac
agtgagectyg
grgatgcettt
agacttacta
attciaagct
tettatggea
agtgctactt
gaagatacet
cttergrgga
144444 2344
agctacsatg
attgtggett
gctgatgggy
aatccacgeg
aaaacgccrt
aatttatctt
gatatttaca
tettatatga
tatctgygea
tcragaageer
tcggtgeage
tttcacacca

tatgagaqtg

22

tattettrat

gggcgagrga
gctacactrt
taagctttet
tcagroetga
cgcrtatttt
tagcaaguet
tgtcagccét
aagatgattt
catcaagcta
atcatagaaa
atattgeoty
aaaatTcgert
tggctttaeg
qtgatqasa§
aagaggtiga
:gﬁttutact
raaccctace
tttatgctgt
taatccaaaa
tctetecget
atgagagtat
tgceroeeee
gaaaaasgga
tatgggcaaa
aagcgagtat
ggtgggatta
gtaagcattt
cagcggcaza
ataatgatce
tagcggcecact
tctatatgee
gcttagaaac
atygayggacgyg
ttgaccroaa
aaaaateatta
aagacgctaa

ctttcgtgca

cttactagcee

tttieacgaa

tgcagaggge

taatbtecctet

aagcactact

aatigcaaat
tgcacsazagc
tgcgeTtect
ttctttectt
ractcteaat

agaaaggtet

gtcrtcaccaa

tooTaatece
tggggggata
tgcaagrtra
aagtetcgat
ctecectteet
tatgczceeg
qcc:aﬁta:g
aatgegtcce
ttttgtgect
gggagtggaa
tLogetyats
cattcgteee
ttraagreac
tttggataat
tggctatect
gggteaggat
tatggczaga
tttagaageg
ttctzaggag
ttetegracg
gggtgagcett
cadacregee
tggcaagaat
tagtgttgtg
tatcccraat

aatgttttcc

60

120
180
240
300
360
420
480
540
600
660
220

780

840

900
960

1020

1630
1740
1800
1860

1920

1980

2040

2100
2160
2220

2280
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tttggraagt atgacgageg titgtatgza ttaarcgtag atagrasaga agcaaaggtg

tataaattaa aattatga

[0055]

2340

2358

X5 g #1858 P 1B /R 5189 Huxt LI 6A-6C, 2 % tu XY Pg1B 3L & FF5I I 6 oF

fy SEQ ID NO:10 fiR. EWAN BT ERFIZMATLERFHREU XER KT X T
DREEEERRE. 8F, X & AEFRS i &R F5I KRN AL E R NN TR

BEZ—.
[0056]

EFERAKF LRSI, OSTREAWERFELH. flw, B BRER

BEEHERONORLBIERENR BB KBRS (Pyrococcus furiosus) #) OST STT3 I
HEATARKBHX—FEMAEH@D. I AEKE (P. furiosus) (UniProtkB x5
Q8U4D2) HIEFER I ik SEQ ID NO: 11 o

[0057]

Met Val Lys Thr Gln

1

Ile
Leu
Lys
Leu
65

Pro
Ala
Ala
Val
145
Ser
Sex
Lys
Ala

[0058]

Pro
Ala
Tyr
50

val
Phe
Ile
Phe
Tyr
130

Ala

Gly

Ala

Ile

Ala
210

Leu
Phe
35

Phe
Leu
Gly
Phe
Leu
11%
Leu
Jle

Asn

Val

Ile
195

Trp

Pro
20
Ala
Ser
Lys
Ser
Tyr
100
Leu
Leu

Ile

Ala

Leu
180

Trp’

Asn

)

Gly

-Ala

Asp

Glu

Leu

-85

Lys

Trp

Gly

Leu

Arg
165

Met

Gly

Gly

Ile Lys Glu Lys

Lys
Tyr
Pro
Gly
70

Ile
Ile
Pro
Arg
Ser
150

Gly

Leu

Thr

Ser

Ile
Gly
Asp
55
Leu
Gly
Ile
Pro
Lys
135

Val

Asp

Leu

Lys Thr

25

Phe Tyr

40

Thx Phe

Pro Arg

Glu Pro

Ser Ile

105

Phe Val

120

Val Leu

Leuv Thr

Gly Pro

Tyr Leu

185

Phe Val

200

Pro Phe Gly

215

23

Lys
10
val

Ile

Phe

Gly

Asn

Ala

Lys

Leu

Rrg

His

Tyr

75

Gly

Gly

Phe

Asn

~155

Phe
170

Thr

Leu

Leu

Met

Met

Asp Glu

Ala Phe

His Leu
45

Phe Glu
60

Pro Met
Leu Tyr
Tyr Asn
Leu Ser

125

Trp Ala

140

Phe Ser

Met Leu

Glu Asn
Ala Gly
205

Val Leu
220

Lys
Leu
30

Thr
Ile
Rla
Ile
Glu
110
val
Gly

Arg

Phe

Lys
190
Ile

Leu

val
15
val
Ala
Tyr
Asp
Leu
95
Leu
Ile
Met

Thr

Thr
175

Asn
Ser

Gly

val

Gly

Lys

Ala

80

Pro

Glu

Gly

Trp

Phe

160

Phe

Lys

Thr

Phe
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Ala
225
Leu
Ala
Phe
Ile
His
305

Ala

Ile
Tyr
385
Phe
Ala
Val
Ile
Leu

465

Met

Asp
Set
Phe
545

Glu

[0059]

Sear

Arg

Ile

Val

val

290

Arg

Tyr

Trp
val
370
Leu
Ala
Arg
Fhe
Pro
450
Ile
Arg
Leu
Tyr
Ala
530

Leu

Leu

Phe Gln

Glu Phe

Ser Tyr
260

Arg Phe
27%

Met Leu

Phe Ala

Ile Tyr

Ser Thr
340

Gly Asp
355

Phe Pha
Tyr Lys
Ile Thr
Phe Leu

420

Ala Gly
435

Ile Llys
Pro Leu
Thr Thr
Arg Glu

500
Gly Tyx
515
Asp Gly

Ala Arg

Asn Tyr

Thyx
Ile
245
Leu
Ala
Tyr
Val
Val
325
Gln
val
Leu
Leu
Phe
405
Phe
Tyx
Ala
Thr
Glu
485
Asn
Trp

Gly

Asp

Ile
230
Lys
Leu
Phe
Gly
val
310

Gly

val

Phe

330

Leu

Val

Ala

His

470

Ile

Thr

Ile

His

Gly
550

Ile Leu Phe

Glu
Thr
Glu
Gly
295
Rla
Pro
Tyzr
Val
Leu
375
Lys
val
Ala
Leu
Leu
455

Gly
Glu
Pro
Glu
Ala

535

Agsn

Phe Leu Val

565

Tyr
Ile
Val
280
Lys
val
Lys
Glu
Tyx
360
val
Asp
Met
Serxr
Glu
440
Gly
Pro
Thr
Glu
Ser
520
Arg

Ile

Tyr

Tyxr
Pro
265

Phe
Tyy
Ile
Leu
Thr
345

Tyr

Gly

Gly .

Ser
Tyrxr
425
Thr
Gly
Leu
Ser
Tyr

505

Sex

24

Ile Phe
235

Pro Ala
250

Gly Ile
Leu Gly
Leu Asn

val Ile
315

Phe Thr
330

Val Gln
Gly Val
Ala Met

Arg Arg
395

Ile Tyr
410

Ala Ile
Val Glu
Val Ile
Leu Ala

475

Gly Trp
490

Ser Thr
Leu Leu
Arg Asp
Glu Val

555

Asn Asp

Gly Lys
Tyr Leu
Gly Lys
Leu Val

285
Tyr Ser
300
Ala Gly
Leu Met
Glu leu
Glu Lys

365

Ile Val
380

Pro His
Leu Leu

Ala Leu

Lys Met

445

Ala Ile
460

Gln Ser
Glu Asp

Ala Thr

Gly Gln

525

His Ile

Asp Phe

Trp Ala

Ile

Phe

Gly

Ala

350

Pro

Thr

Gilu

Trp

Met

430

Lys

Met

Ala

Ala

Ser

510

Arg

Leu

Glu

Lys

Asn

Ile
255

Gly

-Leu

Lys

Ala

Gly

335

Lys

Asn

Ala

Glu

Thr

415

Ser

Glu

Leu

Lys

Leu

495

Trp

Ser

Phe
575

Glu
240
Leu
Gly
Ala
Lys
Gly
32C
Ala
Thx
Gly
Arg
Leu

400

Ala

Sex
48C
Lys
Trp
Ala
Leu
Trp
560

Asn
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[0060]

Ala

Asp

Ser
625

Leu

Lys

Lys

705

val

Asn

Leu

Leu

Ile

785

Val

Gln

GLu

Ile

Ile
Glu
Gly
€10
Asn
MetC
Cys
Ile
Leu
690
Leu
Tyr
Gly
Lys
Tyr
770
Ala
Asn
Lys
Ile
Glu
850
Arg
Asp

Lys

Val

Ser Tyr
580

Ser Gly
595

Glu Lys
Ser Ser
Val Thr
Ser Asp

660

Gly Vval
675

Ala Phe

Phe Ser

Arg Phe

Thr Trp
740

Leu Tyr
755

Ile Tyr

Glu Ile

Val Thr

Gly Pro
820

Arg Ser
835

Leu Lys
Ala Thr
Tyr Asp
Ile Gly

900

Azrg Ala
815

Leu

Axg

Tyr

Val

Phe

645

Gly

Leu

Gly

Asn

Thy

125

Lys

Ile

Ala

Ser

Leu

80S

Ile

Pro

Val

Phe

Ala

885

Glu

Gly

Gly

Val

Lys

630

Thr

Asn

Ala

val

Phe

710

Gln

Sexr

Ile

His

790

Pro

Gly

Thr

Gly

Ile

870

Ala

Leu

Gly Ala

Ala Val
600

Asn Leu
615

Val Thr

Pro Ser

Ala Phe

Tyr Tyr
680

Pco Ala
695

Glu Pro

Phe Gly

Val Tyr

Ala Pha
760

Asn Asn
775

Met Asp
Asn Ala
Val Leu
Asn ILle

840

Val Asp
855

Tyr Leu

Phe Glu

Pro Glu
920

Ile
585

Thr
Tyr
Val
Gly
Pro
665

Lys
Ser
Val
Ile
Asn
745

Gly
Glu
Tyx
Thr
Leu
825

Leu

Lys

Val

Leu

Gly

25

Thr
Ala
Gly
Lys
650

Tyr

Val

Lys
Leu
Ser
810

Asp

Arg

Gln
890

Lys

Val

Arg

Leu

Lys

Asp

635

Thr

Val

Ala

Ile

Glu
715

¢ Lys

Thr

Asp

Ile

Asn

795

Tyr

Ala

Glu

Tyr

Lys

875

Met

Glu

Ile

Arg Glu Tyr

Leu
Val
620
Arg
Ile
Leu
Thr
Pro
700
Ser
Ile
Pro
Ile
Iie
780
Glu
Arg
Pro
Gly
Thz
860

Sex

Asp

Sex

Pro

605

Ile

Glu

Lys

His

Ala

685

Gly

Gly

Glu

Gly

Glu

785

Glu

Tyxr

Phe

Lys

Glu

845

Ala

Gly

Val

Glu

Sex
925

590

Leu

Val

Cys

Gly

Leu

670

Asn

Che

Asn

Glu

Lys

750

Asn

Lys

Pro

Val

Val

830

Ser

Asp

Lys

Phe

Asn

Pro

Asp

Asp

Thr

Ser
val
Asn
735
His
Ala
Ile
Ile
Leu
815
Asn
Gly
Leu
Asp
Phe
895

Thx

Lys

Gly

Axrg

Val

Pro

640

Gly

Pro

Ile

Asp

Ile
720

Ile.

Glu
Thr
Lys
Ala
8CC
Val
Gly
Glu
Tyr
Asn
88C
Ile
val

Asp
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[o061]

Glu Leu
930

Val Glu
945

Ser Ala

5 SEQ ID NO:11 Fi/mBOE P K ER B (P. furiosus) HEEBFIAEFTE LY
70% EREHE DL 5% B, 80% AR T Z /D44 85% 5K 90% 2 95 % — B KB X BT
FIHEH TAKE. 485 SEQ ID NO: 11 FrrRIE KB F 3R E/F 51 ik SEQ IDNO:12

935

950

Ser Ala Pro His His

965

Fio~ (EMBL B ERFF3I BB FEYR S AALBO280) :

[o062]

[0063]

atggtgaaaa
gggaagataa
tacattagac
gaaatttata
ccatttggaa
adaataatct
gtaggatttc
gcagggatgt
tcaggcaacg
atgcoetact
gtactcttgg
ctccttggat
cttagagaat
cttctaacga
ttcttagagt
tctgacaaga
gcttatattt
caagcttatg
tatggagtag
gttacagct&
tttgcaataa
ttcctagcga
actgtagaaa
attatgcttc
atgagaacaa

aacactccag

cccaaataaa
aaactgtttt
atttaacagc
agctagtcct
gtctcatagg
caatatttgg
tcagtgttat
ggggtygctat
caagaggcga
aLcraaccga
caggaatatc
tcgecatcgtt
tcataaagga
tcccaggaat
tagtcttctt
agcacaggtt
acgttggtcc
aaacagtaca
aaaagccaaa
ggtacctcta
ctttctatgt
gttatgcgat
agatgaaaga
ttctaatacc
ccgagateqa

aatattcgac

ggagaaaaag
ggccttccta
cggaaagtat
caaagagggc
agaacctctt
gtacaatgag
aggtgtttac
aattctctca
cggcccatte
ggaaaataaa
aactgcagca
ccagacaata
atactaccca
tggaaaaata
agccatcgtc
cgcagtggte
aaaactcttc
ggagctcgeca
cggaatagtc
caaattattt
aatgtcaatt
agcattgatg
gagtatacca
cttaactcat
gactagtgga

cgcaacctct

aaagatgaaa
gtcgttttgg
ttctcagatc
cttcctaggt
ggactataca
ctagaggcat
ttactcggaa
gtcctcacgg
atgatgttgt
aacaagaaaa
tggaacggtt
atcctcttta
gcatacctgg
ggaggatttg
atgctctatg
gcagttatag
actctaatgg
aaaactgatt
ttettecttg
aaagatggaa
tacctectet
tcaggtgtct
ataaaagcag
ggcccactcet
tgggaagatg

tggrgggact

26

940

- 985

aagttactat
catttgcege
cagatacctt
attacccaat
tccttceccage
ttcttctttg
gaaaagttct
caaacttttc
ttacgtttec
LaaLcLyygyg
caccatttqgg
tttttggaaa
gaattttage
taagatttgc
gaggaaaata
ttattgcggg
gtggagctea
ggggagatgt
gattagttgg
ggcgeccaca
ggacagctgc
ttgcaggata
cactaggagg
tagctcaaag
cgctcaaatg

atggatattg

tccactteet
atatggattt
ctaccatttc
ggcagatgct
aatattctac
gcccccatte
gaacgaatgg
aagaacattc
agcagtccta
a&cactgtit
actaatggtt
gatcaatgag
tataagctac
atttgaggtt
cttgaactat
gttcgcagga
tcagtcaacg
aaaagtctat
agcaatgatt
cgaagagtta
tagattccta
cgtcctagag
agtaattgct
cgctaaaagt
gctcagagaa

gatagagtca

Gln Arg Lys Tyr Gly Asp Lys Leu Ile Ile Arg Gly Ile Arg

Pro Val Phe Ile Ala Glu Lys Glu Tyr Leu Met Leu Glu Val
960

60
120
180
240
300
360
420
480
540
600
660
720
780
840
%00
960

1020
1080
1140
1200
1260
1320
1380
1440
1500

1560
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agcctcctag gacagagaag ggccagrget gatggtggac atgcaagaga tagagatcat 1620
atctragecc tatttctage cagagacggt aacattagrg asagtagactt tgagagrrgg 1680
gagcrraact accrcctagt traccttaat gattgggcaa agttczatge aatcagetat 1740
ctaggegggg crataacgag gagagaatac aatggagatg aaagtggaag aggagccgra 1800
acrcacgcrac trecteckbeee aaggtatgga gagaaaracg tcaaccrtcta tgccaaagrut 1860
atagrtgatg tttcaaacte gagcegtaaag gtractgrag gagacagaga gtgtgatcca 1920
ctaatggtta cgttractec a2agtggaaag acgataaaag gaactggaac ctgragtgat 1980
ggcaacgcct tcccatatgt tttacactta actccaacaa ttggagract tgecatactac 2040
aaagtagcaa ctgcaaactt cattaagttaigccttcggtg ttccagcette aacaattece 2100
ggattctctg ataagctatt ctcaaacttt gagecagtgr atgagtcagg aaacgraatea 2160
gtatatcgci tcacaccatt tggaatatac aaaattgagg aaaacattaa cégaacctgg 2220
aagcaagttt ataacctaac tcctggaaaa cacgagctca aactgtacat ttcagcattce 2280
ggaagagaca tcgaaaatgc aacgctgtac atttacgcca taaacaacga gaagactcata 2340
gagaaaatta agactgccga gatatcccac atggactatc taaatgaata cccgacagca 2400
gtgaacgtaa cccrtaccaaa tgctacaagce tacaggtttg tactagrtca aaaaggccca 2460
ataggtgttc ttcragatge accaaaagtc aatggtgaga taagaagrcc aaccaacata 2520
ctaagggaag gagaaagtgg agaaatagag cttaaagttg gggrtgataa agactacact 2580
gccgatctat acttaaggge tacgttcata tatttagtca gaaaaagtgg aaaggataac 2640
gaagattatg acgcagcgtt tgagccccaa atggatgttt tcrrtatcac adagatcgga 2700
gaaaacattc aacttaaaga aggagagaat acagtaaagg ttagggcgga gcttccagaz 2760
ggagttatat ctagctacaa agatgaacta cagagaaaat acggagacaa gttgataatc 2820
agaggaataa gagtagagcc agtgttcata gcagaaaaag agraccraat gctcgaggtce 2880
agtgcatcgg ctectcatca ctea 2904

E¥IIKEKE (P. furiosus)OST STT3 W EIMATEABRFFI—FMERM / Saees

BERBIFBELRFAOMR BKEREE AUk 0ST tE R T AR AKX —7
EFFT J7 T 0, SR T K ERE B (Pyrococcus sp.)STO4(SEQ ID NO:13 ;LniProtKB
No. I3RCF1) . K ERBIFH/E (BIHRNA2) (SEQ ID NO:14 :UniProtKB No. FAHM23) . REWE # K BRE
(P. Horikoshii) (SEQ ID NO:15 :UniProtKB No.074088) .¥£#& K ERE (P. Abyssi) (SEQ ID
NO:16 :UniProtKB No.QOV250) F1%& Hrg RARRE H K ERE (P. yayanosii) (SEQ ID NO:17;
UniProtKB No.F8AIG3) EFIVE OST #J 5 KERE (P. furiosus) OST (& WA 7 (ILLRf 45
1) MEERFFIRA 70% U EFYI—Bt. KERFARBOR—FENFANE. H
LR K BRE R 0ST B HRFIIREMNAETRS FTRBN. BT KRR ST13 7
F 3t 9 STT3 L FEFIME 7 th iy SEQ ID NO:18 fiR. ZEANMARERFEFIZ ARz L
RFEFEEL X TR, Hh X TUREREERBRE. BF X EBEATTRNARER
P32 —BIAR N B IR E R .

[o065] ZEAKREAMIA—EMT D, Frik oST REZAYERELE. S, MAF 4
&R 3 (Leishmania major)OST i) STT3 W, HEEB KR EBE B EEBEANR LB

BE, HERATARANX—AEOAFATE. MAHTRRR (L najor) KIEERKE
27
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(UniProtkB &35 QoUSNS) tnFik SEQ ID NO:19 Fi/R.

(00661

fo067]

Ser
Arg
Leu

65

Tyr

Ser

val

Cys

Ser

225

Ala

Asn

Arg

Ala Ala Ala Ser Asn Val
: )

Arg Ser Ala Vval Ala Pro
20

Ser Glu Thr Leu Leu Ile G

35

Ser Leu lle Tyr Ser Ser
50 S5

Pro Ile Ala Tyr Asp Met
70

Leu Phe His Ser Ser Asp
85

Met Ser Thr His Gly Trp
100

Ser Trp Tyr Pro Leu Gly
115

Leu Gln Leu Thr Ala val
130 135

Met Pro Met Ser Leu Asn
150

Ser Leu Val Ser Ser Ala
145

Gly Asn Met Ala val Ala
180

Pro Ala His Leu Met Arxg
195

Ile Ala Val Ala Ala Met
210 215

Leu Arg Thr Arg Ser Ser T

230

Tyr Gly Tyr Met Ala Ala
245

Met VvVal Ala Met His Ala
260

Asn Thr Tyr Asn Pro Ser

Asn

Pro

Arg

Pro

Ser

Arg

120

Ala

Asn

Met

Ser

Ser

200

Leu

Ala

Gly

Leu

Ala
Ser
25
Leu
Phe
val
Trp
Ala
105
Pro
Ile
Val
Ala
Iie
185
Met
Leu
Pro
Trp
Ile

265

Leu

28

Pro
10

Thr

Arg
Phe
30
Phe
val
His
Cys
Ala
170
Ser
Ala
Thr
Ile
Gly
250

Ser

Axg

Glu

Ala

- Lys

val

Ser

Asn

Phe

Gly

Axg

val

155

Leu

Ser

Gly

Phe

Gly

235

Gly
Ser

Ala

Ser

Met

Ala

60

Ile

Tyr

Ser

Ser

Ala

140.

Leu

Leu

Ile

Glu

Tyr

220

val

Tyr

Met

Tyr

Asn

Pro

Pro

45

Met

Gly

Arg

Trp

Thr

125

Leu

Met

Rla

Leu

Phe

205

Cys

Leu

Ile

val

Thr

val
Lys
30
Ser
Ala
val
Ala
Phe
110
Thr
Ala
Pro
His
Phe
190
Asp
Trp
Thr
Phe
Asp

270

Leu

Met

15

Glu

Gln

Ile

Tyr

Ala

Asp

Tyr

Ala

Ala

Glu

175

Ser

Asn

val

Gly

val

255

Trp

Phe

Gly
80
Glu

Tyr

Pro

Ala

Trp
160
Met
Val
Glu
Arg
Val
240
Leu

Ala

Tyr
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275 280 285

Val Val Gly Thr Ala Ile Ala Va. Cys Val Pro Pro Val Gly Met Ser
290 _ . 285 , 300

Pro Phe Lys Ser Leu Glu Gln Leu Gly Ala Leu Leu Val Leu Val Phs
305 310 315 - 320

Ile Phe Gly Gln Ser Val Cys Glu Ala Gln Arg Arg Arg Leu Gly Ile
325 336 . 335

Ala Arg Leu Ser Lys Glu Gly Val Ala Leu Leu Ile Arg Ile Asp Ala
340 345 350

Ala Phe Phe Val Gly Ile Val Ala Val Ala Thr Ile Ala Prxo Ala Gly
355 _ 363 ' 365 :

Phe Phe Lys Pro Leu Ser Leu Gln Ala Asn Ala Ile Ile Thr Gly Val
370 375 380

Ser Arg Thr Gly Asn Thr Leu Val Asp Ile Leu Leu Ala Gln Asp Ala
385 390 395 . 400

~
(53
(=]

Ser Asn Leu Leu Met Val Trp Gln Leu Phe Leu Phe Phe Leu Gly
405 91¢C 415

Trp Val Ala Gly Met Ser Ala Phe Leu Arg Glu Leu Ile Arg Asn Tyzx
420 425 430

Thr Tyr Ala Lys Ser Phe Ile Leu Met Tyr Gly Val Val Gly Met Tyr
435 440 445 .

The Ala Ser Gln Ser Val Arg Met Met Val Met Met Ala Pro Val Ala
450 455 460

Cys Ile Phe Thr Ala Leu Lau Phe Arg Trp Ala Leu Asp Tyr Leu Leu
465 470 475 480

Gly Ser Leu Phe Trp Ala Glu Met Pro Pro Ser Phe Asp Thr Asp Ala
485 49C 495

Gln Arg Gly Arg Gln Gln Gln Thr Ala Glu Glu Ser Glu Ala Glu Thr
300 505 510

Lys Arg Lys Glu Glu Glu Tyr Asn Thr Met Gln Val Lys Lys Met Ser
515 520 525

vVal Arg Met Leu Pro Phe Met Leu Leu Leu Leu Leu Phe Arg Leu Ser
530 5§35 . 540

Gly Phe Ile Glu Asp Val Ala Ala Ile Ser Arg Lys Met Glu Ala Pro
545 450 _ 555 560

Gly lle Val Phe Pro Ser Glu Gln Val Gln Gly Val Ser Glu Lys Lys
559 57C 575

Val Asp Asp Tyr Tyr Ala Gly Tyr Leu Tyr Leu Avg Asp Ser Thr Pro
580 585 ’ 590 -

Glu Asp Ala Arg Val Leu Ala Trp Tep Asp Tyr Gly Tyr Gln Ile Thx
595 _ 600 605

Gly Ile Gly Asn Arg Thr Ser Leu Ala Asp Gly Asn Thr Trp Asn His
610 . 615 620 .

Glu His Ile Ala Thr Ile Gly Lys Met Leu Thr -Ser Pro Val Ala Glu
[0068]
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[0069]

[0070]

[o071]

625

Ala

Asp

Gly

Gln
690

Ser

Ser
705

Axg
His Met
His Leu

Leu Phe

Ser Leu Val

630

Arg His

645

Thr Tyr Phe

660

Asn Ser Val Tyr

675
Phe

His

Val

His

740

Gln

755

Val
770

Lys

Ala
785

Asn
Tyr Pro
Asn Phe

Arg

Met

Arg

Pro

Val Leu

Val Ser

Tyr Glu

125

Ser Thr

His Val

Asn Val

vVal Cys

Ala Lys

Ser Asp

His

Gln Lys

695

Val
710

Asp
Pro Ser
Gly Val
Phe Thr

Thr
775

Serx
His Pro
790

Glu Ile

805

Lys
820

Asp Leu

Leu Asp

Met Ala

Asp

635

Tyr Val

650

Asn
665

Leu

Asp lle

680

Arg Pro

Ala Leu

Ser Leu

Arg

Cys

Lys

Glu

Ile

Ser Pro

Asp

Ala
700

Glu
715

Asp

Ala Lys

730

Val Thr

745
Ser Pro
760

Glu Serx

Pro

Gly

Gln Glu

Gly

Gln

Lys

Ser

Met

Val Thr

Gly Leu

Lys Trp

780
Trp Ile
795

Leu Ala

810

Pro Arg

825

Thr

Thr Trp

Leu Ile

Met Met

670
Asp Pro
685 -

Ala Ala

Asp Thr
Leu

Ser

Asn
750

Leu

Met
765

Arg

Val Ala

Cys Pro

His Gln

Ser Gly

830"

Ser
655
Ala
Leu
Lys
Ala
Ile
735
Glu
Ile
Asp
Gly
His
815

Ser

640

Ala

Arg

Cys

Arg

Glu

720

Tyr

Thr

Phe

Ser

Gln

800

Thr

Arg

5 SEQ ID NO:19 FronfBR KA+ 8 R E (L. major) MEEBFIIRAE LY
70% FEMEH E DY) 75% 3 80 % B L HL F /D £4 85% B 90%6 8K 95 % — B I E HERFF
FIHER T A K. 4% SEQ ID NO: 19 FIRHIEZEEEFFF) (L. major STT3) MIEERFZIN
TR SEQ ID NO:20 Fro~ (EMBL B HERFFFI 43R EESR S CAB61569) :

atggcggcag
gttgcaccac
ctatacaaga
atggceattg
tacctecttee
cacggctggt
cccgtegget
ctggcggetg

ttttcacttg

cgtcaaacgt
cgrcgacgge
tgccctcgéa
cceteectat
acagcagtga
ccgecttete
ccaccacgta
ccggeatgee

tctcecrercage

gaatgcccece
tgcacccaaa
aactcgtage
cgegtacgac
ccegtagtte
cagcrggtte
ccecgggectg

gatgectctce

gatggeggea

gaaagcaacg
gaggcttcaa
ctcatctact
atgcegtgtec
a2actaccgceg
gactacatga
cagctcactg
aacaacgtgt

ctgctggege

30

tgatgacaac
gtgaaacgct
ccrcetgett
gcrccatcygyg
ctgccgagta
gctggtacee
ccgregecat
gcgtgetgat

atgagatgag

gagaagtgec
gctcatrgge
tgcggtggce
cgtgrecggyg
catgrccacyg
gctgggcecge
tcaccgcgea
gccagcgtgy

cggcaatatg

60
120
180
240
300
360
420
480

540
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gcggtageca gcatctcecgte catcttatte agrgtggttce cagcccacct gatgeggtcc 600
atggegggtg agttcgacaa cgagegtatc gecgtegcag ccatgetcecet caccttetac 660
tgctgggtgc gctegectgeg cacgeggice tcegtggeccca tcggtgrect cacéggtgtc 720
gcctacgget acatggegge ggegrgggge ggctacattt tegngetcaa catggttgcec 780
atgcacgecg gecatatcate gatggtggac tgggeccgeca acacgtacaa cccgtegetq 840
ccgcgtgcat acacgctgtit ctacgtegeg ggcaccgeca tcgecgigtg cgtgcbgcca 900
gcggggatgr cgcccttcecaa gtecgetggag cagectyggtg cgetgetggt gettgretrte 960
atcrteggte agtctgtghtg tgaggeccag cgcagacgat tgggaatcge gegecttrca 1020
aaggagggcg tggcgctgcet catccgcatce gacgcagcect tcttcegtegg tatcegttgec 1080
gtggccacca ttgeceegge cggattettc aageccgcetet ccctgcaage gaacgcgata 1140
atcacrggcg tacctcgtac cggaaacaca ctcgtagaca ttcectgecitge gcaagacgceg 1200
tccaacctac tcatggtgtg gcagettrcet ctetticcect tecttaggitg ggtggegggce 1260
atgagcgcet tccerttagaga gttgatecgg aactacacct acgcgaagag tttcatcctg 1320
atgtacggcg tggrecggrat gtacctcgec agecaglcetg tccgaatgat ggtgatgatg 1380
gcceceegtgg cgrgcacctt caccgeceete ctgttcégct gggcactgga ctacctecte 1440
gggtcrttgt ttcgggecrga gatgeccacct tecttigaca ccgacgcaca gcgtgégcgg 1500
cagcaacaga ccgceccgagga gtcggaggcea gagaccaagce gtaaggagga agagtacaac 1560
accatgcagg tcaagaagat gtcggtgcgce atgttgccct tcatgetgtt gctcrtactg 1620
tttcgtecttt cggggttcat cgaagatgtg gcggcgatat cgcgcaagat ggaggcgecg 1680
ggtatagttt ttcccagtga acaggtgcaa ggcgtgregg agaaaaaggt cgacgactac 1740
tatgcggggt acctgtatct gcgcgacage acgccagagg acgcgcgcgt tttggcctgg 1800
tgggactacg gctaccagat cacaggcatc ggcaaccgca ccrcgetggc cgatggcaac 1860
acctggaacc acgagcacat cgccacgatc ggcaagatgc tgacgtcgcc cgtggcggag 1920
gcgecactcge tggtgcgcecca catggceccgac tatgtictga ttuctgcurgg agecacatat 1980
ttttecgace tgaatcgecte accgatgatg gegecgcatcg gcaacagcgt gtaccacgac 2040
atctgccecg acgacccact ttgragtcag ttegtgrtgce agaaaagacc gazagetgct 2100
gcagcgaagc gcagtcggca cgtcagcgtt gacgcactag aggaggatga cactgcegag 2160
catatggtat acgagccgtc atcactcata gccaagrtcgce tcatatatca cctgcactce 2220
acaggggtgg tgacgggggt cacgctgaat gagacgctcer tccagcaégt cttcacctca 2280
ccgecagggtce tcatgcgcat cttca2ggtc atgaacgtga gcacggagag caaaaagtgg 2340
gttgctgact cggcaaaccg cgtgtgccac ccgectgggt cgtggatctg ccccgggcag 2400
tacccgecgg cgaaggagat ccaggagatg ctggcacacce aacacaccaa cttcaaggac 2460
cttctrtgatc ccagaacgac ttggagcggg agcaggcget ga 2502

f0072]

S5mAFAEESR (L. najor)0ST STT3 TEMXBOABFSI—HMER / MEe
BHRERSIRBZEREAXKENABERUEBHAMRERN STHERTFEAR
BR. Hitn, kP TH EFMH S E S (L. donovani) (SEQ ID NO:21 ;UniProtKB No.E9BRZ2).
W), F 4+ & B & (L infantum) (SEQ ID NO:22 ;UniProtKB No.A4IB10). 2 7§ 3F F| f+
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& J&R $ (L.mexicana) (SEQ ID NO:23 :UniProtKBKB No.FOB5Z4) M E A F H & R &
(L. braziliensis) (SEQ ID NO:24 :UniProtKB No. A4HMD6) fy[E¥44: OST, I ESM AR
SFHR (L. najor) STHREBFY (ZRESHWHXNER) BAH 70% L EHWFFI— B,
EERTARANX—FEMAA S E. Z2FF A48 R EE STT3 FH LI STT3 KB FF
U 8 i) SEQ ID NO:25 Fim. ZERNFIH EREBFHIZ AATEERTFHEREL X
RrHPXTUREEREEERRE. R X EBERINFTRNAAERABFIIZ—K
MR E M EERRE.

[0073] EFEPRWRA A TITHAXP. TREEEYERECBERERR
(Saccharomyces cerevisiae) K STT3., R ¥ B & (S. cerevisiae) B H & B /F 7

(UniProtKB &3k 5 P39007) 1 FiR SEQ ID NO:26 FA7R.
[0074]

Met Gly Ser Asp Arg Ser Cys Val Leu Ser Val Phe Gln Thr Ile Leu
1 5 10 15

Lys Leu Val Ile Phe Val 2la Ile Phe Gly Ala Ala Ile Ser Ser Arg
20 25 30

Leu Phe Ala Val Ile Lys Phe Glu Ser Ile Ile His Glu Phe Asp Pro
35 40 45

Trp Phe Asn Tyr Arg Ala Thr Lys Tyr Leu Val Asn Asn Ser Phe Tyr
50 55 60

Lys Phe Leu Asn Trp Phe Asp Asp Arg Thr Trp Tyr Pro Leu Gly Axg
65 70 75 80

Val Thr Gly Gly Thr Leu Tyr Pro Gly Leu Met Thr Thr Ser Ala Phe
85 50 95

Ile Trp His Ala Leu Arg Asn Typ Leu Gly Leu Pro Ile Asp Ile Arg
100 108 110

Asn Val Cys Val Leu Phe Ala Pro Leu Phe Ser Gly Val Thr Ala Trp
115 120 125

Ala Thr Tyr Glu Phe Thr Lys Glu Ile Lys Asp Ala Ser Ala Gly Leu
130 138 140

Leu Ala Ala Gly Phe Ile Ala Ile Val Pro Gly Tyr Ile Ser Arg Ser
145 150 155 160

Val Ala Gly Ser Tyr Asp Asn Glu Ala Ile Ala Ile Thr Leu Leu Met
165 170 175

Val Thr Phe Met Phe Trp Ile Lys Ala Gln Lys Thr Gly Ser Ile Met
180 185 1590

His Ala Thr Cys Ala Ala Leu Phe Tyr Phe Tyr Met Val Ser Ala Trp
195 200 205

[0075]
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[0076]

Gly Gly 7Tyx val
210

Leu Ile Leu Met
225

Thr Trp Tyr Ala
Gly Phe Leu Pro
260

Phe Gly Leu Ile
275

Ile Ser Thr Ala
290

Ile Leu Val Leu
305

Leu Ile Ala Pro
Tyr Ala Lys Ile
340

Pro Val Ser Trp
355

Ley Phe Pro Ala
370

His Val Phe Val
385

Val Met Val Arg
Ala Ala Val Ala
220

Thr Ser Asp Arg
435

Leu Ile Val Ser
450

His Ser Thr Tzp
465

Leu Pro Ser Gln
Arg Glu Ala Tyr
500

Val Ala Ala Txp
515

Arg Thr Thr Leu
530

Ile Val Gly Lys
545

Phe
Gly
Ile
245
Ile
Gln
Lys
Gly
Trp
325
His
Pro
Gly
Ile
Leu
405
Leu
Lys
Gly
Val
Thr
485
Tyr

Typ

Val

Ile Thr Asn Leu

Arg

230

Gly

Arg

Ile

Phe

val

310

Thr

Ile

Ala

vVal

Ala

390

Met

Ser

Tyr

Sex

Thr

470

Pro

Trp

Asp

Met
550

215

Tyr
Thr
Ser
val
Lys
295
val
Gly
Pro
Phe
Phe
375
Tyr
Leu
Lys
Ala
Phe
455
Arg
Asp
Leu
Tyr
Asn

535

Ala

Ser Ser
Val Ala
Asn Asp

Ala Phe
280

val Ile
Gly Leu

Arg Phe

345

Phe Phe
360

Leu Leu
Ser Val
Thr Leu
Ila Phe

425

Ile Lys
440

Ile Phe T

Thr Ala
Gly Lys
Arg Met

505

Gly Tyr
520
Asn Thr

Ser Pro

33

Ile

Lys

Ser

250

His

Gly

Met

Ser

Ala

Asp

Phe

Leu

Leu
2490
Asn
Gln

Trp

Glu

Pro
Leu
235
Met
Met
Asp
Met
Ala

315

Ser

Thr

Leu

Leu His

Tyzr Ser

Gln Ile

Ala Ala

Phé Val

285

val Ser
300

Leu Thr

Leu Trp

Val Sex

His Phe

365

Asp Leu

380

Cys

Pzo

Ile

Ala

Leu

Ser

475

Ala

Ser

Ile

Asn

Glu
55%

Ser Tyx

Tyr Leu
Ala Leu
445

Tyr Leu
460

Ser Pro

Leu Ile

Asp Glu

Gly Gly
525

Asn Thr
540

Lys Ser

Val

Ala

Pro

Leu

270

Lys

Leu

Tyr

Asp

Glu

350

Leu
Lys
Phe
Cys
Asp
430
Leu
Phe
Ser
Asp
Asp
510
Met
His

Tyx

Pne

Tyz

Phe

255

Gly

Gly

Phe

Met

Thr

335

His

Ile

Asp

Ala

Val

415

Phe

Ala

val

vVal

Asp

49S

Ser

Ala

Ile

Glu

Leu
Thy
24C
val
Val
Gln
Leu
Gly
320
Asn
Gln
Trp
Glu
Gly
400
Ser
Lys
Lys
Phe
vVal
480

Phe

Lys

Ala

Ile
56C
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[0077]

[0078]

[0079]

Leu Lys Glu His

Ile Gly Phe Gly

Ile Ser Glu Gly

Asp Val

Asp

565

580

598

Thr Ala Glu Gly

610

Arg Asn Ser Leu

625

Phe Asn Gly Gly
Pro Leu Asp Val

Glu Asn Trp Met

Gly Aép
Ile
Glu
Léu

Gln

Asp

Trp Pro

Tyr Arg

615

Tyr Lys
630

Ala Thr

645

660

675

Gly Arg Thr Leu

690

Thr Arg Arg Ser

705

Pro

val

Arg

Ile

Pro Leu

Arg Ile

val
695

Asp

Lys
710

Arg

Tye Val

Leu

Val

570

Ile Asn
585

Glu Glu
600
Val Asp

Met Ser

Asp Arg

Lys

;r Lys

val

Phe

Lys

Arg

N
w
(&)

Arg Gln

650

Asp Tyr
665

Tyr Gln
680

Gly Glu

Pro Giliu

Phe

Leu

Leu

Leu

Asp Glu

Lys Lys

Thx Arg

700

Gly Leu
715

Arg
605
Ser
Phe

Gln

val

Gly
Met
590

Tyr

Glu

Met

Phe

Thr

Gln

Ile

655

Thr

670

Asp
685

Asp
Ser Ser

Arg Val

Ala

Thr

Leu

Arg

=
t<
3

Leu
640
Thr
Ser

Gln

Lys

5 SEQ ID NO:26 FroRr IERVEBE R} (S. cerevisiae) BB AT EZDY
70% BN EH F /DL 75 %3 80% BRINEHE DL 85% 8K 90% 8k 95% — B E KR
B AETFALRH. %% SEQ ID NO:26 FinEXEEFY (BRBEEET (S. cerevisiae)
STT3) HAXERFF 54N F ik SEQ ID NO:27 Frs (EMBL & ERFF 5 $1R FE 4 S BAAOG0T9)

atgggatccg
ttcgtggcga
tctattatcce
aattcgtttt
gttactggag
ctgcgcaact
ctattttctg
agcgctggge
gtggcgaggt
ttttggatta
tacttctaca
catgtetttt

acttggtacg

accggtegtg
tttttggggc
atgaattcga
acaagttttt
ggactttata
ggttgggett
gggtcaccgce
ttttggctge
cctacgataa
aggcccaaaa
tggtgtecggce
tgctgatttt

ctattggaac

tgttttgtct
tgccatatca
cccctggttce
gaactggttt
tcectggtttyg
gcccattgac
ctgggcgact
tggttttata
tgaggccatt
gactggctct
ttggggtgga
gatgggcaga

tgttgcatcc

gtgtttcaga
tcacgtttgt
aattataggg
gacgaccgta
atgacgacta
atcagaaacg
tacgaattta
gccattgtcee
gccattacac
atcatgcacyg
tacgtgttca
tattcgtcca

atgcagatcc

34

ccatcctcaa
ttgcagtcat
ctaccaaata
cctggtacce
gtgcgttcat
tttgtgtgct
cgaaagagat
ccggttatat
tattaatggt
caacgtgtgce
tcaccaactt
aactgtattc

catttgtcgg

gctecgtecatce
caaatttgag
tctcgtcaac
cctcggaagg
ctggcacgece
atttgcgcca
taaagatgcc
atctagatca
cactttcatg
agctttattce
gatcccactc
tgccracace

tttcctacct

60
120
180
240
300
360
420
480
540
600
660
720

780
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atcaggtcta acgaccacat ggeccgcattg ggtgttttcg gtttgattca gattgtegec 840
TLLCggtgact Ttegtgaaggg ccaaatcage ecagctaagt ttaaagtcat catgatgget 300
tcocrgtott tgatcttggr ccttggrgtg grecggacttt ctgcecctrgac ctatatgggy 360
TCYaTLgece Crtggactgg tagattrrcat tcgttatggyg ataccaacta cgcaaagacc 1020
cacattccta tcattgecte cgtrttccgaa catcaacccg tttegrtggec cgcttrceee 1080
tctgataccc actctttgat CTtggcetacttc CCCgccgghtg tateccctact atrcctegac 1140
ttgaaagacg agcacgtttt tgtcatcgct tactccgttc cgtgtregra ctrtgccggt 1200
grcatggtta gattgacgtt gacttrgaca ccagtcatcee gtg:gcécgc cgccgtegea 1260
ttgtccaaga tatcttgacat ctacctggat ttcaagacaa gtgaccgcaa atacgccacc 1320
aaaccrgcgg cactactgge caaattgatt gtttccggac céttcatctt ttacttgeat 1380
cttttecgtct tccattctac ttgggtaaca agaactgeat acctccttetec ttergttget 1440
ttgccatcac aaacccecaga tggraaattg gcgttgatcg acgacttcag ggaagcgrac 1500
tattggttaa gaacgaactc tgatgaggac agtaaggttg cagcgtggtg ggattacggt 1560
taccaaattg gtggcatggc agacagaacc actttagtcg ataacaacac gtggaacaat 1620
actcacatcg ccatcgttgg taaagccatg gecttccectg aagagaaatc ttacgaaact 1680
ctaaaagagc atgatgtcga ttatgtcttg gtcatctttg gtggtctaat tgggtttggt 1740
ggtgatgaca tcaacaaatt cttgtggatg atcagaatta gcgagggaat ctggccagaa 1800
gagataaaag agcgttattt ctataccgca gagggagaac acégagtaga tgcaagggct 1860
tctgagacca tgaggaactc gctactttac'aagatgtcct acaaagactt cccacaacta 1920
ttcaacggtg gccaagccac tgacagagrg cgtcaacaaa tgatcacacc attagacgre 1980
ccaccattag actacttcga cgaagttttt acttccgaaa actggatggt tagaatatat 2040
caattgaaga aggatgatgc ccaaggtaga actttgaggg acgtctggtga gttaaccagg 2100
tcttcracga aaaccagaag gtccataaag agacctgaat taggcttgag agtctaa 2157

[0080]

[oos1]

[0082]

EERANE— A EHA AT AR EYERE A EENER
8 (Schizosaccharomyces pombe) K] STT3. E W M E B & (S.pombe) KIE H B JF 5
(UniProtKB ¥ 3x5 094335) #nF ik SEQ

Met
1

Ala
Gln Lys
Ala val .

Ile
50

Ser
Ile Leu

Arg

Ser T

Asn Ser Ala

5

Asp Trp

20
Ser
Ile

Val

Tyzr

Lys

val

Glu

Gln

Pro

Thr Ile

Ile Pro

Ser

Phe Asp

55
Gly Phe
70

Leu Gly

ID NO:28 Fri.

Thr Ser Lys Lys

Gly

10

Leu
25

Arg
40
Pro

Tyr

Arg

35

Lys Vval

Leu Phe’

Trp Phe

Asn Phe

Val Ala

Leu Ile

Ser Val

Phe
60

Asn
Leu Asn
75

Gly Gly

val Lys

Ile
30

Leu
Ile Arg
Arg Ala
Trp Phe

Thr Leu

Ser

Cys

Tyx:

Ser

Asp

Tyzr

His

Ile

Glu

Lys

Glu

80

Pro
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[0083]

Gly Leu Met Val
1co

zg Ile Asn Val
115

Phe Sexr Gly Ile
130

Lys Ser Asp Ala

145

Pro Gly Tyr Thr

Ile Ala Ile The
180

Val Lys Ser Gly
185

Phe Tyr Met Val
216

Ile Pro Leu His
225

Lys Leu Tyr Ile
Ser Met Gln Val
260

His Met Ser 3la
275

Tyr Asn Tyr Val
290

Ile Arg Phe Ala
305

Phe Ala Leu Ser
Tyr Ser Leu Tep
340

Ala Ser Val Ser
355

Asp Leu Gln Phe
370

Phe Lys Glu Leu
385 .

Leu Gly Thr Tyr

Thr Pro Cys Val
420

85

Thr Ser Gly Ile

Asn Iie Arqg Asp
120

Thr Ala Ile Ala
135

Cys GLy Leu Leu
150
Ser Arg Sex Vval
165
Leu Leu Met Serx
Sexr Ser Phe Tip
200

Thr ALa Trp Gly
215

val Phe Val Leu
230

Ala Tyr Thr Thr
245

Pro Phe Val Gly.

Leu GLy Val Phe
280

Lys GLy Leu Val
295

Leu Val Cys Leu
310

Ser Thr Gly Val
325

Asp Thr Asn Tyr
Glu His Gln Pro
360

Leu Ile Trp Leu
375

Arg Asn Glu His
3980

Phe Cys Gly Val
405 :

Cys lie Ala Ala

Ile
105
Val

Thr

Ala

Ala

The
185

Gly.

Gly

Leu

Tyr

Phe

265

Gly

Ser

val

Leu

val

Met

Ala
425

36

90

Phe
Cys
Tyr

Rla

Gly
170
Phe
Ala
Tyx
Leu
Tyr
250

Leu

Ser

Ala
330

Lys
Thr
Pro
Phe
Val

410

Val

lys

Vai

Tyr

Ala
155

Ser

Ala

Cys

val

Met

235

val

Pro

Leu

Lys

Leu

315

Pro

Ile

Ile
395

Arg

Ala

Val
Leu
Leu

140

Phe

Pha
220
Gly
Ile
Val
Gln
Gln
300

Ala

Ser
Gly
380

Ile

Leu

Ile

Leu
Leu
125

Ala

Met

Asp

Trp

Gly

208

Ile

Arg

Gly

Sex

Leu

285

Phe

Ser
365

val

‘Ile

vVal

Ser

His Leu
Ala Pro
Arg Glu

Gly Ile

Asn Glu
175

Ile Lys
190

Leu Leu

Thz Asn

Thz Lau
25S

Thr Ser
Phe Ala
Gln Ile
val val
Gly Arg

335

Pro Ile
350

Leu Phe
Tyr Leu
Tyzr Pro
Leu Thﬁ

41s

Thr Leu
430

Leu

Ala

Leu

nla
16C

Ala

Ala

Ty

Met
Ser
24C
Ala
Glu
Phe
Leu
Leu
320
Phe
Ile
Phe
Cys
Val
4GC

Leu

Leu
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Asp Thr Tyr Met

Ala
Ser
465
Ser
vVal
Val
Asp
Thr
545
Ala
Ile
Pro
Gly
Ile
625
Phe
Thr
Lys
Leu
Thr

705

Leu

435

Ala Ser Ala

450

Phe Phe Thr
Arg Val Leu
Tyr His Ser

S00

Val Leu Ser
515

Phe Arg Glu
530

Lys Val Met

Asp Arg‘Ile

Ala Thr Val

580

Ile Leu Arg
595

Thr Leu Gly

610

Arg Ile Ser

Phe Thr Pro

Met Arg Glu
660

Leu Phe Pro
675

Pro Ser Lys
690

Val His His

Gly Arg Asp

Gly Pro Glu Val Glu
440

Lys Ser Lys Asn Lys
455

Ser Gly Ser Lys Asn
470

Val Ile Ser Ser Thr
485

Ser Trp Val Thr Ser
505

Thr Val Leu Asn Asp
520

Ala Tyr Asp Trp leu
535

Ser Trp Trp Asp Tyr
550

Thr Leu Val Asp Asn
565

Gly Lys Ala Met Ser
585

Lys His Asp Val Asp
600

Tyr Ser Ser Asp Asp
615

Gln Gly Leu Trp Pro
630

Asn Gly Glu Tyr Arg
645

Ser Leu Leu Tyr Lys
665

Pro Asn Gln Gly Tyr
680

Asp Pro Gln Leu Phe
635

Leu Val Arg Leu Tyr
710

Leu Lys Gln Val Thr
725

Lys Lys Ser Ala Val Leu Gln Lys Leu

740

745

Glu
Lys
Ile
Ala
490

Asn
Gly
Arg
Gly
Asn
570

Ser
Tyr
Met
Asp
Thr
650

Met
Asp
Thr
Lys
Leu

730

Thr

Asp

Gly

Gly

Tyr

Ala

Ser

Arg

Tyr

555

Thr

Pro

Ile

Asn

Glu

635

Asp

Ser

Arg

Ile

Val

715

Phe

Lys

Lys

By
|~
So

Ile
Phe
Tyr
Leu
Asn
540

Gln
Trp
Glu
Leu
Lys
620

Ile
Asp
Tyr
Ala
Glu
700

Lys

Glu

Phe

Val
445
Ser
Tyr
Leu
Ser
Met
525
Thr
Ile
Asn
Glu
Ile
605
Phe
Val
Ala
His
Arg
685
Glu
Lys

Glu

Leu

Ser

Ser

Ser

Ile

Tyr

Pro

Ala

Asn

Lys

590

Ile

Leu

Glu

Ala

Gly

670

Asn

Ala

Pro

Gly

Leu

Met
495

Pro T

[le

Tyr

Gly

Thr

575

Ala

Tyr

Trp

Arg

Thr

655

Ala

Gln

Phe

Asp

Lys
735

Glu
Leu
Leu

480

Phe

Asp

Asp

Met

560

His

Tyr

Gly

Met

Asn

640

Pro

Ttp

Lys

Thr

Thr

720

Arg

[0084] L& SEQ ID NO:28 FiRKIEBHEER (S. pombe) HEEBF T AT EDLATI%.
AL T >4 75% 5F 80% - B R e Hh 2 /b #4 85 % B 90% 8% 95% — B B S B3k,
BERETZE KA. 9455 SEQ ID NO:28 FinHI& BT ( RBRAEE (S. pombe) STTI) K
BB FFHan Tk SEQ ID NO:29 Frix (EMBL ZHERFFFISIE FE4R S BAAT6479) .
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[0085]
atggctaatt cecgcrtacaat tacgagtaaa aaaggcgtgz agtctcatca gaaggacrtgqg 6a
aaaattccac ttaaagtget cattcttata tgtattgetg tggecitctgt chectegagg 120
ctttctteeg tcattecgrta cgagtccatt atccatgaat ttgatccttg ghrcaattte 180
céagcttcca aaatactggt ggaacaaggt tt:caﬁaact tﬁttaaattg gtttgatgaa 240
agaagttggt accegttggg tegtgtageg ggtgg:acttrtgtaCCCagg acttatggee 300
acgtctggta ctat:ctéaa sgttttacat cttttaagas ttaacgtgaa catccgtgat 360
gtatgtgrct tacttgcecce tgettectet ggaatcactg cgattgctac ctattatctg 420
gctagagaat tgaaaagtga tgcatgtggc cttitagctg ccgcatttat gggtattgct 480
cctggataca cctceccgtoce cgtegetgget tettacgata atgaagcaat tgctattacce 540
cttttgatgt caacgtttge tecgtggate aaggéagtéé agtctggcecte ctetrtetgg 600
ggtgcctgca caggattget ccactﬁctac ;tggtaactg cgtggggtgg ttatgrattce 660
atcacaaaca tgataccttt acacgtattt gttcttctac ittatgggtcg ctatactage 720
aaattataca ttgcttacac aacatactac'gttactggaa cgctggctte tatgcaagtt 780
ccgtttgttg gtttccaace cgrgtecgact agtgagcata tgtccgcttt aggagrgttt 840
ggcctgttac agctttttge accctacaat tatgttaaag gtctagttic atccaagcaa 900
ttccaaatac ttattcgtcc tgcettggtt tgcitagtgg gictagcaac agtcegtectt 960
tttgctttat cttcaacagg tgctatcget ccttggacag gacgtttcta ttctcectttgg 1020
gatécaaact acgccaagat tcatatccect atcattgcett cggtatcaga acatcagcect 1080
cctacttgga gttcgrtgrt ctttgatctt caattttrtga trttggrtaret gccagttggt 1140
gtttacttgt gtttcaagga acttcgtaat gaacatgtct ttattattat atatcctgte 1200
ttaggaacat atttttgtgg tgtéatggtt cgtttggrtt taaccttaaé tcerrgtgte 1260
tgcatagctg ctgctgtagc aatttccact ctittagaca catatatggg tcctgaagtt 1320
gaagaggaca aagtgagcga agaagccgcet tcagccaaat ctaagaacaa gaaaggtatt 1380
tcctctatte ttaguttett cacttctgge tcaaaaaata tutggaattta cagtttgett 1440
tccagagtat tagtcatttc ctctaccgca tatttccraa taatgtttgr ttatcattcce 1500
agttgggtga cttctaatgc ttactcttcc cctaccgrgg ttttgrctac cgtgttazac 1560
gatggtagtt taatgratat tgatgacttc cgtgaagctt atgactggct tcgtagaszac 1620
actccttatg acacaaaggt tatgagttgg tgggattatg gttaccaaatr tgctggtatyg 1680
gctgatcgta ttactttagt cgacaacaat acgtggaaca acacacatat tgccacagtt 1740
ggaaaagceca tgtcttcacce tgaagaaaza gcttacccta tcctccgtaa acacgatgtt 1800
gattatattc ttattatata ﬁggtggtact cttggataca gcagcgacga catgaacaag 1860
ttcctttgga tgatccgaat ttctcaggga ttatggeccyg atgaaatagr agagcgtaac 1920
ttttttactc ctaactggaga atatcgaact gacgatgcgg ctactcccac tatgecgtgeg 1980
tctttattat ataagatgrc atatcacggt gcttggaaac ttttccctec caatcaagga 2040

[0086]
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fooss]

[0089]

tatgacecgtyg ctegcaatca aaaactacca tcegaaagatce
gaagcattca ctaccgrrca ceatttagtt cgtitgtata

crtggacgcg attcgaaaca agtgacatta tttgaagaag

gtcctgcaaa aactaacgaa attcctttga : . .
loog?7] ZEFXFEAMKAZ AL FIRNPT.FIRAZEYEREEBRAENTE

(Dictyostelium discoideum) f) STT3. #% & M & & (D. discoideum) W & ZE B8 JF 51
(UniProtKB &3k S Q54NMO) fnFik SEQ ID NO:30 FiR.

Met
1
Gln
Glu
Val
Tyr
65
Thr
Asp
Tyf
Ser
Pro
145
Glu

Ile

Glu

Lys
Ala
225

Asn

Ser

Lys Axg
Gln Asp
Asn Lys

35

Ile Tyr
50

Glu Ser
Ile Tyrx
Glu Arg
Pro Gly

115

Leu Asn
130

Trp Phe
Val Lys

Val Pro

Gly Ile
195

Ser Val
210
Tyr Phe

Leu Ile

His Arg

Ser
Val
20

Gly
Val
Val
Leu
Ala

100

Leu

Asp
Gly
180
Ala
Asn
Tyr

Pro

Leu
260

Glu Lys Ser Ser Thr Ser Val

5

Asn Ile Ile Ser Ser

25

His Gln Glu Phe Leu

40

Leu Ala Phe Ser Thr

55

Ile His Glu Phe Asp

70

Val Gln Glu Gly Phe

Trp Tyr Pro Leu Gly

105

Met Ala Thr Ala Ser

120

Thr Val Asn Tle Arxg

135

Ser Asn Thr Ala Met

150

Thr Gln Thr Gly Leu

Tyr Ile Ser Arg Ser

185

Ile Phe Ala Leu 1Ile

200

Thr Gly Ser Leu Met 7T

215

Met Ala Ser Ala Trp

230

Leu His Ala Phe Phe

245

Tyr Ile Ala Tyr Ser

265

39

10

Asn

Leu

Tyr
90
Arg
Leu
Asn
Val
Val
170

Val

Phe

Gly

Leu
250

Glu

Lys

Leu

Asn

Ile

Val

Val

Thr

155

Ala

Ala

Ala
Gly
235

Leu

Met

Val

Val

Val

Phe

60

Phe

Phe

Val

"His

Cys

140

Tyt

Ala

Ala
220
Tyr

Leu

Phe

Ser
Gly
Leu
45
Ser
Asn
Leu
Gly
Trp

125

Val

'Lys'

Ala

Ser

Tyr
205

Ile

Val

Thr

vVal

Asn

Val
30

Asn
Gly
110
Ser
Leu
Phe
Met
Phe
190
Cys

Cys

Phe

Gly.

Ile
270

ctcaactatt tactatcgae
aggttaagaa accggataca

gcaaaagaaa gaagrccgcce

Asn
15
Lys
Leu
Leu
Arg
Trp
95
Thr
Leu
Leu
Ala
Ile
175

Asp

Txp

Ser
Ile
Arg

255

Gly

2100
2160
2220

2250

Lys

Glu

Ser

Phe

Ile

Lys
160
Ala

Asn

Ile

Leu
Ile
240

Tyr

Thr
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[0030]

Ile
Serx
Ala
305
Lys
val
Az

Ile
Phe
385
Phe
Gly
val
Thr
Asp
465
Thr
Glu
Gly
Gly
Gly
545
Asn
Ser

Tyr

Ile

Leu Ser
275

Met

Glu
290

Hzs Leu

Gly Leu 3
Gin

Leu Arg

Val val
340

Leu

Phe Tyrx
355

Ser

Ile
370

Ala Ser

FChe Asp Leu

Cys Phe Gln

Val Thr Ser

420

Leu Ala
435

Pro

Leu

450

Ala Asn Asn

Val Leu Leu

Ala Tyr Ser

500

Ser Arg Val
515

GLn Asn Thr

530

Tyr Gln Leu

Thr Trp Asn

Glu Glu
580

Thr
Val Leu Vval
595

Asn Lys Pheé
610

Thr Thr

Gln Ile

Ala Ala

295

Val
316G

Trp Lys

Leu Thr Val

325

Gly Thr Leu

Leu Leu Asp

Val Ser Glu

280

Ser

Leu

Thr

Pro

360

His

375 .

Ile
390

His Leu

Lys Leu

405

Ile Tyr Phe

Val Ala Cys

The.

vVal

Asp

Ser

Ile

- 440

Tyr Met Lys

455
Ser Lys Glu
470

Ile Leu
485

Tyr

Ser Pro Ser

Ile Phe Asp

Ala Asp Asp
535

Ser Ala Met

550
Asn Ser His
565

Asp Ala Tyr

Ile Phe Gly

Leu Trp Met

615

Lys

Ser

Ala

Ile

Asp

520

Ala

Ala

Thx Phe Ile

Ile Gly Ile

His

Phe

Gly
345

Thr T

Gln- !

Phe
Ala
Gly
425
Leu
Leu
Gly
Phe
Val

50S

Phe

Arg 1

Asn

Ala

Gln

585

Leu

Arg

40

Ser
Phe
Leu
Val

330

Tyr

Asn
410
val

Ala

Lys

Gly

His
490

Leu

Arg

Arg
Gln
570

Met

Thr

Thr
315

Leu

-
—
(]

Ala

Thr

Che

345

Ile

Met

Ala

Ala

Val

475

Cys

Ser

Glu

Met

Thr

585

Val

Lys

Gln
Leu
3C0

Asn
Ser
Ser
Axg
Thr
380

Pro
Phe
Val

Val

Pro

1460

Met

Thr

Ser
540

Val

Pro
285
Leu
Glu
Cys
Pro
Asp
365
Trp
Ala
Leu
Arg
Ala
445
Ser
Val
Trp
Lys
Tyr
525
Trp
Leu
Lys
Leu
Sar

605

Ser

Val
Gln
Ala
Ala
Phe
350
His
Ala
Gly
Ile
Leu
430
Val
Ser
Ala
Vai
Gln

510

Arg

Asp
590

Ser

Cys

Gln

Leu

Phe

Ala

335

Asn

Ile

Ser

Leu

Leu

415

Met

Ser

Pro

Val

Thx

495

Asn

Trp

Asp

Asp

Phe
575

Sex
Tyx
Lys
32¢C
Ala
Gly
Pro
Tyr
Tyr
400
Tyx
Leu
Ala
Ser
Leu
480
Sex
Asp
Ile
Tyr
Asn
560

Ala

Asp

Asp

Fro
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[0091]

[0092]

[0093]

Asn Ile Lys Glu Gln Asp Tyr Leu Thr

625

Lys Gly Ala Ser Pro

Tyr Tyr Arg Phe Ser

Phe Asp Arg Vval Arg

630

Thr Met

645

660

675

Thr Tyr Leu Glu Glu Ala

690

Tyr Lys Val Lys Asp Phe Asp Asn

705

Glu Val

Asn Vval

Phe
695

710

Leu Asn

Asn Gly

Ser Leu

Gln
635

650

Ris Thr
Glu
680

Thzr

Arg

Asp Tyr

Gly Asn

Val His

Lys

Trp
700

Ala

Tyr Arg Ile

Leu
655

Tyr Lys

Arg
670

Asn
685

Phe Asp

Leu Val Arg

Asp
640
Ser
Gly

Leu

val

5 SEQ ID NO:30 FrsRIfEMHFE (D. discoideum) MEEEFFIAEE DY
70% B E /DL 75% 8K 80% BRI H /DL 85% 8K 90% B 95 % — B K E R BT
FIBERTA KA. %3 SEQ ID NO:30 FimKIEXEEFF| ( MEMIRE (D. discoideun)
STT3) WIRZELFFFIan FiR SEQ ID NO:31 frx (EMBL % ERFr 5448 FE4R S EAL64892) .

atgaaaagat
aatatcatca
ttattaaaag
tcagtattac
acaatatatc
tggtatccat
agteragtete
gtattgttat
gaagttaagg
tatatttcac
attrtcacat
atcrgttcat
aatttaatcce
tacatagcct
atﬁagtttcc
ctccaattgt
aaacttcaac
ggtacattaa
acctatgctc

tgggcatcat

cagaaaaatc
gttcaaatga
ttttaattct
gttacgaaag
ttgttcaaga
taggacgtat
attggtcatt
caccatggrt
atacacaaac
gttcagtagce
attattgreg
tggcctacee
cattgcatgce
acagcacaat
aaccagttca
acgectggreo
gtttgacage
ctggttacac
gtgaccacac

acttttrcga

aagtacatct
agttagtgtt
atcagtcatt
tgttattcat
aggtttttat
tgtaggtggr
gaattcattg
tgcatcaaat
tggtttgatt
aggttcattc
gattaagtca
tcatacggcea
ceeeeeettyg
geetgeecate
éccatccgaa
gecatgggta
gectateegee
cccaccatte
tccaaccate

rtccccacatce

gtTgttagta
aaagaagaaa
tatgtttrag
.gaatttgatc
aatttttraa
acaatttacc
aatattacag
acagcaatgg
gcagcagceca
gataatgaag
gtaaacacag
agtgcctggg
ctetttgacag
ggtacaatcc
catttggctg
aagagtcacc
ttatcttgtg
aatggtcgtt
gcatcagtat

ttggtattee

41

ataacaaaca
ataaaggaca
cattrrcaac
catartttaa
attggrttga
caggrttaac
traatattag
taacctataa
tgattgcaat
grattgcaatc
gctcattgat
gtggttatge
gccgrratte
tctctatgca
ccattggtat
tcaccaatga
crgctgecge
tctattcatt
cagagcatca

trtteececage

acaagatgta
tcaagaattc
tcgtttatte
tratagatca
tgazaagagcea
ggcaacagca
aaatgtatgt
actrtgccaeaa
tgttecaggt
crrtgcattg
gtgggctgcee
attcatcatt
acatcgtcte
aattacattc
ctrterggtcte
agcctrcaag
acttgtegtt
gttggatcca
accaaccact

cggrerratac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140

1200
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teetgretee aaaaattaac cgatgctaat attttectca ttctctacgg tgtcaccree 1260
acctaccect ctggrgtaat ggtacgrcett atgttggret tagcaccagt tgcatgratt 1320
ttaéccgccg ttgcegteag tgcaaccccc accacctata rtgaagaagtt azaggetcca . 1380
Tcatcaccaa grgatgctaa taattccaaa gagagtgarg gtgrtatggt tgcagtctta 1440
acctgrrcttt taattctcta cgetttccat tgtacttggg tcactagrga agcctactead 1500
TCcrccatcca trgtactcte tgccaaacaa aacgatggra gtcgtgrgat trtegatgat 1560
ttccgrgaag cctaccgrtg gattggrcaa 2atactgceg acgacgcrtcg tattatgtct 1620
tggtgggace atggrtatca attatcrgea atggccaatc gtaccgratt ggrtgataat 1680
aacacttgga acaatagtca tatcgctcaa gttggtaaag catttgcatc cactgaagaa 1740
gatgcctaca tacazatgaa agcattggat gtcgattatg ttrragrrat ttttggrggt 1800
ttaactggtc acagttctga tgatatcéat aaattcéttt ggatggttag aattggtggt 1860
agttgtgatc caaatattaa agaacaagat tatctcacca atggtcaata tagaatagat 1920
aaaggtgect caccaacaat gttaaattct ctcatgraca aacttagrta ctatcgttte 1980
tcﬁgaagttc acactgacta tcaaagacca acaggtttcg atcgtgraag aaatgcrgaa 2040
attggtaata aaaatttcga tttaacttat ttagaagaag cttrcacatc tgttcatctgg 2100
ttagttagag tttataaagt ta2agatttt gataatagag ctraa 2145

[0094]

RBEEFKANZ - TEMFAE TAEHNEAEZEDEREBRIITE

0A-9G IR T . ZXRP LIRS TAIREOMEERTFIM UniProtkB Wi B HAK S L LR G
TR ERFYIE) EMBL WIREEREX RS ERELE. SEREEREII TR O+
(] UniProtKB #1 EMBL ¥R S U RMANMERABR G TRF G BEEE L3 HIFA X H
o

[0095] TEEXARKAMA—ALHARNT, FIREREFEHBREOEENEREER. —1
PR 0 EH OST RIS BB E (Pseudomonas aeruginosa) B Pil0, Pil0 ATt
EROSREAEEN R CEREEELEMA S EBRRENEET (Faridnoayer 25,
“Functional Characterization of Bacterial Oligosaccharyltransferases Involved
in O-LinkedProtein Glycosylation, ” J. Bacteriol: 189(22) :8088-8098 (2007) , Hifi i
SIS NE BRI ) . R B (P aeruginOSa)-'H{Jﬁﬁﬁ)?ﬁU (UniProtKB &3k &
Q51353) 1 Fik SEQ ID NO:32 B : N

[0096]
Met. Sexr Leu Ala Ser Ser Leu Glu Sér Leu Arg Lys Ile Asp Ile Asn
1 S 10 15
Asp Leu Asp Leu Asn Asn Ile Gly Ser Tzp Pro Ala Ala Val Lys Val
20 25 30
Ile val Cys Val Leu Leu Thr Ala Ala Val Leu Ala Leu Gly Tyr Asn
38 40 45
[0097]

42
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Met Gln Ala Gln Leu
55

Phe His Glu

50

Glu Gln Ala

60

Leu Sexr Asp Gln Ala

Glu
65

Glu Ala

80

Thr Leu Gln Phe Ser Phe Gln Ala

70

Lys Gln Thr Lys Ala

Ser Phe

55

Asn Leu Glu Ala Tyr Ala Gln Met Glu Met Glu Glu

85

Lys Lys

90

Ala Gln Thr Glu Val Pro Leu

110

Pro Ser
105

Leu Leu Leu

100

Arg Asp Gly

Glu Asp Ile Glu

115

Thr Thr Leu Glu Phe

125

Arg Gly Leu Ser

120

Gly Gly

Glu Ile

130

Val Ala Gln Phe Ile

140

Pro Glu Glu Leu

135

Lys Leu Leu Gln Tyz

Ile Val Vval

150

Ala Val

160

Pro
145

Gln Ile His Leu Thr

155

Ser Gly Gly Tyr Asp

Val Ser Phe

178

Sexr Ser Leu Pro Leu His Glu

165

Gly Arg Ile Val

170

Thre Asp

Pro Val Ile

180

Sex  Thr
185

Met
190

Lys Ala Pro Gly Ser Lys Leu Arg Sex

Leu Ala Lys Thr Lys

185 205
[0098] &5 SEQ ID NO:32 PRty B A MIE (P. acruginosa) KR ERFIIATE DY
70% BRI E /DL 75% 8L 80% RN HEM T /DL 85% BR 90 % BX 95 % — B M ME E T
FURER T4 KA. 485 SEQ ID NO:33 Frn IR ZERFF] (SRR B MBS (P. aeruginosa)

Pil0) MIBXERFEFIH T iR SEQ ID NO:33 Bk (EMBL B /T FUSUIR R S AAABT404) o
[0093]

Tyr Arg Tyr Asn Asp Lys Gly Leu Lys
200

atgagtctgg ccagttcccet ggaaagtctg cgcaagatcg atatcaacga tctcgacctg 60
aacaacatcg gttcctggee ggcggeggte aaggtcateg tctgegtget getgaccgeg 120
- gcggtectgg cgctgggcta caacttccat ctgagtgaca tgcaggctea gcetcgaacag 180
caggccgegg aagaggagac gctcaagcag cagttcteca ccaaggectt ccaggcecegceg 240
aacctggaag cctacaaggce acagatgaag gagatggaag agtcctttgg cgecttgetg 300
cggcagttgc ccagcgacac cgaggtacce gggctgctceg aggacatcac‘tcgtaccggc 360
ctgggcageg gectggagtt cgaggaaatce aagetgcttc ccecgaggttygc ccagecagttce 420
tacatcgage tgccgatcca gatcagegty gteggegget accacgactt ggegacctte 480
gtcagceggceg tgtccagcecet gcegeggatc gtcaccctgce atgacttcga gatcaagecg 540
gtcgegeecg gcagcacgte caagctgcge atgagcatec tggccaagac ctatcgetac 600
aacgacaagg ggctgaagaa gtga 624

lot00]  iB T R B T I 45— B O TESEH0 ST Rl 4 XERE (Neisseria

meningitidis) fJ PglL (Faridmoayer ¥, “Functional Characterization of Bacterial

Oligosaccharyltransferases Involved in O-Linked Protein Glycosylation, ”J.
Bacteriol. 189(22) : 8088-8098(2007) , HiB X 3 FIM A AN A PiE ). P4 WERE
(N. meningitidis) MEEEFF] (UniProtKB %3RS GIFG65) M Fik SEQ ID NO:34 FR :
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[o101]

[0102]

Met

Pro

Lys
65

Met
Pro
Ser
Ile
Sex
145
Phe
Gly
Ala
Ile
Thr
225
Tyr
Ala

Leu

Ala

Fro Ala Glu
Ile Tyr Ile
- 20

Phe Ala leu
35

Ala Ala Ala
50

Leu Phe Asp
Ala Ala Phe
Gly Met Asn

100

Ala Trp Ala
115

Val Thr Leu

130

Cys Ile Val
Gln 2Asn Ile
Gln Arg. Asn

180

Ala Tyr Leu
195

Cys Leu Ile
210

Ile Leu Thr
Phe Arg Ser
Ala Val Phe

260

Glu Thr Phe
278

Asn Gly Gly

Thr

Leu

Trp
85
Asp
Cys
Phe
Val
Ile
165
Asn
Asn
Met
Tyr
Asp
245
Leu

Thr

Phe

Thr
S
Pro
Leu
Leu
Lys
70
Tyr
Ile
Arg
Ala
Ile
150
Val
Leu
Gly
Gln
Ile
230
Lys
Thr

Gly

Thz

Val Ser Gly
Cys Phe Leu
25

Lys Pro Ser
40

Ile Val Leu
55

Ile Pro Ala
Leu Gln Ala
Val Ser Trp

105

Ser Leu Val
120

Trp Ser Leu
135

Gln Phe Ala.

Tyr Ser Gly
Gly His Tyr
185

Gln Arg Lys
200

Thr Ala Val
215

Ala Ala Ile
Ser Asn Aig

Ala Leu Phe
265

Ile Axg Tyr
280

Asp Leu Pro

44

Ala

Leu
Ile
Arg
90
Ile

Ala

Leu

Gly

His

10

Asp

Phe

Leu

Phe

His

Ile

Trp

- 155

Gln
170
Leu
Ile
Leu
Ala
Axrg
250
Gln

Glu

Arg

Gly

Met

Pxro

Gly

Leu

235

Thr

Phe

Thr

Gln

Pro

Gly

Phe

Leu

Phe

Met

Ile

Phe

Val

Trp

Ala

Leu

220

Ile

Met

Ser

Ala

Ile

Ala

Ile

Leu
Asn
Leu
Gly
125
Ser
Asp
Ile
Gly
Ala
205
Val
Leu
Leu
Metc
Val

285

Glu

ala
Val
30
His
Ala
Leu
Leu
Leu
110
Gln
Leu
Thx
Gly
Ile
190
Leu
Asn
Pro
Gly
Asn
270

Glu

Trp

Lys

Pro

Asp

Gly

Phe

Ile

Ala

Glu

Leu

Pro

His
175
Leu
Gly
Ser
Phe
Ile
255
Thr

Arg

Asn

Leu

Phe

Ala

Lys

Ala

80

Tyr

Val

Arg

Gln

Leu

160

Ile

Ala

Val

Arg

Trp

240

Ala

Ile

Val

Lys
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290

Ala Leu Ala Ala
305

Ser Phe Ala Gln

Tyr Asp Asn Leu
340

Leu Gln Leu Lleu
355

Ala Thr Leu Leu
370

Pro Ala Ser Leu
385

Ser Met Leu Glu
Gly Leu Met Leu
420

Phe Lys Lys Ala
435

Phe Ala Gly Leu
450

Ala Phe Ser Pro
465

Ile Asn Glu leu
Tyr Ala Asp Phe
500

Thr Gln Thz Trp
515

Pro His Ser Ala
530

Lys Val Ala Glu
545

Pro Tyr Leu Met
Trp Ala Pro Leu
580

Ala Ala Pro Gly
595

Phe

Gln

325

Leu

Ala

Thr

Phe

Tyz

405

Phe

Ala

Leu

Ala
Arg
485
Ser
Ala
Thr
Ala
Pro
565

Leu

His

295

Gln Ser Ala Pro

310

Thr

Ser

Glu

Gly

Leu

39¢

Pro

Leu

Asn

His

Thz

470

Tyr

Leu

Glu

Tyzr

Lys

550

Arg

Pro

Pro

Phe

Asn

Met
Ile
375
Ile
leu
Ser
leu
Leu
455
Asp
Ile
val
Glu
Arg
535
Gln
Tyr

Glu

Glu

Leu Ile

Leu Phe
345

.-
-
1]

Gly
360

Ala Gly

Cys Thr

Trp Tyz

Pro Ala

425

Gly Ile
440

Asp Trp

Asp Ser

Ser Ala

Asn Phe
505

Ala Thr
520

Ile Ala

Trp Met

Ala Asp

Leu Leu

585

Ala Lys
600

Ile
Asn
330
Thr
Ser
Leu
Leu
val
410
Glu
Leu
Thr
Ala
Asan
490
Ala
Leu
Leu
Arg
Glu
570

Lys

Pro

Phe
315
Ala

His

Gly
Leu
Ala
395
Tyz
Ala
Thzr
Tyr
Lys
478
Ser

Leu

Lys

Tyr

Ala
555
Ile

Asp

Cys

300

Gly

Glu

Ser

Thr

Lys

380

val

Phe

Ser

Ala

Thr

460

The

Pro

Pro

Sex

Leu

540

Thz

Arg

Cys

Lys

Leu
365

Arg.

Ser

Leu

Asp

Sex

445

Arg

Leu

Met

Glu

Leu

525

Met

Gln

Lys

Lys

Gly

His

Asn I

350

Leu

Pro

Met

Ile

Gly

430

Ala

Leu

Asn

Leu

Tyr

510

Lys

Arg

Ser

Leu

Ala

- 590

Trp

Asn I

335

val

Leu

Cys

Pro

415

Ile

Ala

val

Arg

Sex

495

Pro

Tyz

Gln

Tyt

Pro

575

Phe

Asn
320

val

Ala
Thr
His
400
Phe
Ala
Ile
A3n
Lys
480
Phe
Glu
Arg
Gly
Tyt

560

val

Ala

[0103] 5 SEQ ID NO:34 By KMl 2 XERE (N.menigitidis) MERBRFEFIAFE
S T0% EREME DL 75% 88 80% RN EHL D) 85 % B 00 % Bk 95 % — B
BEBFHHERTARPA. RBSEQ ID NO:3M4 IRMEERFH (R RE
(N. menigitidis) Pgll) BIX®:F 54 Fik SEQ ID NO:35 FioR (EMBL BH B PP FISUEE &R
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[o104]
atgccecgeryg aaacgaccgt atccggcgeg caccccgecg ccaaactgee gatttacacce 60
ctgccectget tectertggac aggcategte cecctttaccet tcgegetcaa acrgaaacceg 120
tcgeccgact tttaccacga tgccgecgee gocagecggec tgattgtect gttgtrecee 180
acggcaggaa aaaaactgtt tgatgtcaaa atccccecgeca tcagettect tctgtttgea 2440
atggcggegt tctggtateer tcaggcacge ct@gatgaacc tgatttaccce cggtatgaac 300
gacatcgcct cttggattocec catcttgcre gocegecageg cgtgggcectg ccggagertg 360
gtcgcacact tcggacaaga acgcarcgtg accctgtttg cectggtcget gettategge 420
tccetgettc aatccogecat cgtegtcate cagtttgeccg getgggaaga cacccctcetg 480
tttcaaaaca tcatcgttca cagcgggcaa ggcgraatcg gacacatcygg gcagcgcaac 540
aacctcggac actacctcat gcggggcata ctegecgecg cctacctcaa cggacaacga 600
aaaatccceg ccgeectecgg cgtaarctge ctgactarge agaccgecgt tttaggtetg 660
gtcaactcgc gcaccatcect gacctacata gccgccatcg ccectcatcct tcccttetgg 720
tatttecgtt cggacaaace caacaggcgg acgatgctcg gcatagcecygc agecgratte 780
cttaccgecge tgttccaace tcccargaac accattctgg aaacctttac tggcatccge 840
tacgaaactg ccgtcgaacg cgrccgccaac ggcggttica cagacttgcc gcgccaaatc 500
gaatggaata aagcccttgc cgccttccag tecgeecega tattegggea éggctggaac 860
agttttgcce éacaaacctt cctcatcaat gccgaacage acaacatata cgacaaccte 1020
ctcagcaact tgttcaccca ttcccacaac atcgtccrec aactccttgc agagatggga 1080
atcagcggca cgcttctggt tgccgcaace ctgctgacgg gcattgeccgg gectgettaza 1140
cgcccectga cceecgeate gottttecta atctgcacge trgecgtcag tatgtgecac 1200
agtatgctcg aataccettt gtgatatgtc tatttcctca tccetrttegg actgatgcete 1260
ttcctgtcce ccgcagagge ttcagacgge atcgcectrca aaaaagecgce caatctcgge 1320
atactgaccg cctccgecge catattcgca ggattgctge acttggactg gacatacace 1380
cggctggtta acgcecctttte ccccegecact gacgacagtg ccaaaaccct caaccggaza 1440
atcaacgagt tgcgctatat ttccgcaaac agtccgatge tgtccrtttta tgccgactte 1500
tccectegtaa acttegecct gccggaatac €cccgaaaccc agactigggc ggaagaagca 1560
accctcecaaat cactaaaata ccgeccccac tccgccacct accgcatege cctcectaccetg 1620
atgcggcaag gcaaagttgc 2gaagcaaaa caatggatge gggcgacaca grectattac 1680
ccctacctga tgccccgata cgeccgacgaa etccgceaac tgcccgtatg ggcgecgetg 1740
ctacccgaac tgctcaaaga ctgcaaagce ttcgccgecg cgeccggtca tecggaagea 1800
aaaccctgca 2atga o 1815

[ot0s]  fnAERIEHERL, “HBE” EMEBHIEES FRANRES EABAERR

RPTETHRPRAREEERREANEMARASHEBEBE. E¥ih, ARANS
BHEEERREEA80%, BEELH 0% R EMGEHZE DY 05% , 0] LLR A iR
A SRR J5 vEx A BB AT VP48, BN S BUR AR K . HPLC %, FTiR > B EER
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VR LLMNE A K EH Bk BEMAEY R HIRE, B8 M A B i s iE B Frk 89 78 = 4 i o 3l (g
F T SCRR B A S A Sn 0B R B4R AE = fnddiie .

[0106] HEBEEBRT, FHEAFERFEFNAEFENEAS RERERERAN
FEBRFIKNERS FTHARERZAP, IR0 FEHXPRREHEKN (ADEHEANFE
). TURERE-—MHRSHEON-—HRENFITOZRY FRAFTRBRRAEDT. JF\/A
ZHERL T, TR EZERERS T U RISABRSEARIKEE. &R E RS F LR
TRETFIEERAABK S AR FLUREMRMFEERNERKNBERX 6" —~3") AE
BARERG T B P,

lor07]  ATLUCKAATE L MR R P S BB 4, W Joseph Sambrook &,
Moscoar Crovnwe* ALssorarory My (Cold Springs Harbor1989) LA Cohen I Boyer (92 H £ 4
5 4,237,224 FiR i, HoB L 5| BB AR BIE. KRBT FEH TR X ST RN
SINEEMEE MR G E R R, |

[oro8] WL =K EABEE-EEERE ()0 DNA F M= RNA ( “mRNA”) 8Hi% ) &9
RS ES M TSI AKBRHBRAUER KRENIRSENER. BT RERB—
MREHARRY R ENERFT], FABAS FURERKPHERRA AN, BIEM
HERMEERA, THEFH%%‘F:@EB‘JEISB?EPB‘J&E . B, BEKBATE (B coli)
ch T B, T L6 B M B B R R B T T7 M A BF. lac BHF. trp BEF
rech BT BFEH RNA BB T  KIGH B EA A K P A0 P B TEEBNEEATR
FRF lacUV5.ompF. bla. 1pp & LAEARIL AT DNA K B AK I T. Shoh, TSR M E
4 DNA SR 2L At & 3 DNA R HE P24 trp-1acUV5 (tac) BB FREMABITE (€. coli)
Ewﬁ?%@ﬁﬁ)\ﬂ’lﬁlﬁi lﬁﬂ:%Eﬂﬁﬂz;’J%%Bﬂ‘F%‘l@i%)iB‘JﬁLFZJJ?‘@%LZ:BE
F SV40.MITV. & B RS -1. 85 5 Ela.CW. SLEI B . AR EE BB A TAMBET
BA % RSV-LTR,

[or09] FUEBBRMEATINERZERTARENERNE RN RO bRt
BIHES U(ERKXRE R4 EK, BN Shine-Dalgarno HE AL &AL A . RIBHERBER
BEEREENEE, TUMERAEREEEERERM / siF e BEANRT . F S I MEE
BEzhF, URE/NHS Bal P . MR T e ST RRBERESERERENER
. Roberts flLauer, “Maximizing Gene Expression on a Plasmid Using Recombination
In Vitro, ”Methods in Enzymology68:473 - 82(1979) , Hifi it 5| HEEAFH A X EHIE,
[ot10] FHZHSEMIEREERFEROEREEBALARANEMLESA S (il
BEOLEAZE5RBEA™NE) MERSF. NEENBI T2 FEBERBRTHET
MERRFFFEAEBEFERMNEEN Y AEXULAEREMARATIAS MW E FK
IEERE T REZFREFRRBAE D, iR1E Joseph Sambrook %5, MoyranasCronne: ALsoratory
Muua (Cold Springs Harbor1989) :Frederick M. Ausubel, Spoar Protocors v MoLecuiar
Browoey (Wiley1999) LUK Cohen F1 Boyer 13 H &F) 5 4, 237, 224 BTk i, FoBd 5| F 14
FAEHE.

lo111] —BHREEANERS TABEREAZAP, HEOELZTFBABED. FTLUFEA
S A MR ERERFEEA Y FIIANAR P, ARTESE L (MEBEEERK
AP B R CEHES AT ERRR. BAERGRE . FASEL. TIEE
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REEERE RN FED, 10 Jomm Sumorx 2+ Mueans Crove: Alssorrore Mo (Cold Springs
Harbor1989) Fridf, Hilid 5| BR AN K EHIE,

[o12) ATFEHAEALEFMEEBRTIARCEEREZANEZAR. EEMNEZE A
REEEBARTABHAERELHTEMNAERS KEB [Escherichia sp.) I #iff
B /8 (Campylobacter sp.) .YRBEB® B (Wolinella sp.). &% I #E B (Desulfovibrio
sp.)- L EH B (Vibrio sp.) . BB E B (Pseudomonas sp.) - FWHF E B (Bacillus
sp. ) ZEWMFKBHE B (Listeria sp.). % & Bk % B (Staphylococcus sp.). B ER &
J& (Streptococcus sp.). ¥ 1t % ¥K & B (Peptostreptococcus sp.)- B B EH B
(Megasphaera sp.) HIRE @ (Pectinatussp.) BFE B E B (Selenomonas sp.) ¥
KBEHE B (Zymophilus sp.) . WML HE B (Actinomyces sp.). W E B (Arthrobacter
sp. )~ B =W (Frankia sp.) B IZ E (Micromonospora sp.).i& £ KB (Nocardia
sp. ) - A & B (Propionibacterium sp.) -8 EH B (Streptomyces sp.) WITFEHE
(Lactobacillus sp.) ¥ .EREB (Lactococcus sp.) B BB BB (Leuconostoc sp.). A
ER B (Pedioéoccus sp. ) BRI BB (Acetobacterium sp. ) EFF & /B (Eubacterium
sp. )~ APHAFH /A (Heliobacterium sp.) BENEPHIGH /B (Heliospirillum sp.).R7EH
J& (Sporomusa sp. ) MEE{E (Spiroplasma sp.) R B1EE (Ureaplasma sp.) . F}HHE%
B & (Erysipelothrix, sp. ) H# B (Corynebacterium sp. ) JHEKE B (Enterococcus
sp.)s # B B (Clostridium sp.). X J& 1k J& (Mycoplasma sp.). 4+ & # & B
(Mycobacterium sp.) JXERE/® (Actinobacteria sp.) ¥WITIKWE (Salmonella sp.).
EH KB R (Shigella sp.) EWEEE Moraxella sp.) ZEEMER (Helicobacter
sp. ) EFFREME B (Stenotrophomonas sp.) IYERE B (Micrococcus sp.) FHEEHE
J& (Neisseria sp.) i Z I & & (Bdellovibrio sp.)." M #F & /& (Hemophilus sp.).
TEHKE R (Klebsiella sp. ) . A F T H B (Proteus mirabilis) HA BRI E
(Enterobacter cloacae). b & & B (Serratia sp.) . M B I &5 & (Citrobacter
sp. ) AR B (Proteus sp.) WEKEB (Serratia sp.) BR/RBEBERB (Yersinia
sp. ) AEHHFE B (Acinetobacter sp.) JHEITHIB (Actinobacillus sp.) . [EIFEE
& (Bor‘de't'-e'-‘lla sp. J A B EKHE (Brucella sp.) . —H4LBRFEL 4B B (Capnocytophaga
sp. )« & FF B B (Cardiobacterium sp.). X & B /B (Bikenella sp.). ¥b Bf 75 5 (X B4
(Francisella sp. ) PEM & B (Haemophilus sp.) . & EEE (Kingella sp. ) . BHrEH
J& (Pasteurella sp.) & E (Flavobacterium sp.) - EHE MBS /B (Xanthomonas sp. )«
BYHEBE (Burkholderia sp.) S BHE/E (Aeromonas sp.) 4BEPRE/E (Plesiomonas
sp. )EHHRE (Legionella sp.) 1 o - LHEHIMK/REREERE (Wolbachia sp.) B
BB SERERNREIREE. X KSR S RAO0E 2L KBNS BT
- - RN RN X RS - AR X REAA
B -AEBEAENE LS. BRTHABEARLSN EEARNEIsY . B RABEER
SKEURATHEHAROATHRAREFLE / HUKEEE AR, AP GEERER
HATFRERBEMFEORZHRUHEAIPARACTETECRIVLEMAM. HeLa AR . SR E
'S MM, COS MM AR B Fh. '
[ot13] TWUARAARGERAMOETHFENETARPRELUHEL, SEEFTHE
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Pr BUK A EER BT EMEN GRS EFRAENR . Bkt tug g # e AL
MU FEER” (RIEAEZELA T0EA 5%  RNEAFA 0% E 85% EMEH A&
EHLH %% ). RERETHEANBIARFREEOSTUBELEKERET (2
M. Baver FHIKEEF(S 6, 596, 509, KBS 5| ABAEF AL RIE), TLLELHE O (4
RANESHFFURANLBRSE) MEW LB TEERBREIE S BMAH R
H. T EFEANASEEE R TR SRR R BT &KL E U ER R
FOEHMWHRASNEASE. mALE, TTUERA IPLC &R s TE—Lat.
o14] EREEBEMERORARCESERSAES KRB, EXARHEN—
ASE 7T P BTR B R s B 4 F B IR BR S it 44, BN L AE R B AW b & i3 IR
BEDRRARN. REREEENHFRET—FUF - BIRBEN+— 5 06 - BEERE
iE B K FF 8 #% (bacillosamine) (Weerapana %5, “Investigating Bacterial N-Linked
Glycosylation:Synthesis and Glycosyl Acceptor Activity of the Undecaprenyl
Pyrophosphate—linked Bacillosamine, ” J. Am. Chem. Soc. 127:13766—67 (2005) , H.3f it 5|
HBEIFAXREF) . EFRVANFS —ALHEF S, iR e A 2 e 4t 4, BN
ERBEARTHESENERARERAN . RN ZIEREEE 2 R AR,
or1s] W|BEARPHEX—HFEMAALE, IRERC S ERASRES TEENERS
ZH. MNEHRZRENRERATWAGYELBER THEENERRY FRARN. B
B BBASEREERRT A RZ N EERE (Gle) FFHE (Gal) . HEH Man) . EH
% (Fuc). N- ZBtL A (CalNAc) . N- ZBA BB Bk (ClcNAc) HI#ERE® (glucorionic
acid) AKE . EEHNER (B0 N- ZBE - HFLEE (NeuAc)) .6- IRE - IR HFRARE.
[o116]  WEFKANX—FEMAASW, FREBTURBEAY HAEEREEAE
MR, & REBTTUASSEERRNRBAESY.
[o117] ZTEXRAN—PERIRP, TR BRBRBE— NN EZERESSRA™
HRZAEYRE. EEARANI—AMIHETRNP, FRRERZEVEHEERRZEYHERZ
EYBEELEBHASET BEREEAFHEUBRZADEBEMNRBRAEY. €%
R AN EHTRD, TR EREYRBRE SRAEFTH (Seeberger %5, Chemical and
Enzymatic Synthesis of Glycans and Glycoconjugates, in Emrras orCiyvcoraccy (A- Varki
% eds., 2009) , HiBE 5 AR AL BiE) .
[o18]  SRIHEM R A BB 1 ZIH75 WIFTE (C. jejuni) KBS BIFFE (C.Coli).
MRS HATE (C. lari) BRGEFER IS MFTH (C upsaliensis)Pgl EEMR L LMY
2725 MFFE (C. jejuni) KBEHATE (C. Coli) MBS BT H (C. lari BLSEFER
ZIFFE (C. upsaliensis)Pel HEBMHELBEAET KR, Pel MER LIS wlaA,
galE.wlaB.pglH.pgll.pglJ.pglB.pglA.pglC.pglD.wlaJ. pglE{pglF #1 pglG(Szymanski
#1 Wren, “Protein Glycosylation in Bacterial Mucosal Pathogens, ”Nature
Microbiol. 3:225-237(2005) , Hi I S| BAHFALRE ). RERAEVEREFESS =L
BiRi i - =S8, HE R (bacillosamine) (Bac :2,4— —Z.BhlE 2,4, 6- ZREHH
). Zli?i%ﬁ—ﬁfﬁ%ﬂﬁffﬁﬁﬁB‘Jlﬁﬂﬂ‘]ﬁﬁi%%ﬁ%ﬁﬁ@%ﬁﬁﬁ N- ZBt# 3
BEREAATE L, BD GlcGalNAcsBac.
lo119]  Fma eBiE o By SCHE R BTk, Ziﬁ'ﬁli—ﬁﬁfﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂuiéﬂifﬂ 7
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3, W LUK 4R ASRE AT GleGalNacBac BRI KRB ENED S RKBHBHIREE
HHRZHEMAE C jejuni)pgl EEFSEHFEBERTEFRREERNEBENER
BEARE (RSN Facker %, “N-Linked Glycosylation in Campylobacter jejuni
and its Functional Transfer into E.coli, ”Science298(5599) :1790-93(2002), H
B HEAFAXRE), RETHASHTFAN BN OABZ AR (C coli) 4
BES T MM & (C lari) IS ¥EEHE i F & (C. upsaliensis) B Pgl EEHE B E T
BEAEXEPFHATEREBAFRBE AT MES (Szymanski #1 Wren, “Protein Glycosylation
in Bacterial Mucosal Pathogens, ”Nature Microbiol.3:225-237(2005), H if it 5]
REEIFAXRIE). L4 CEPFRBREMKKHTE Wolinella succinogens) - B
5 F R 8 (Desulfovibrio desulfuricans) 1% 3& B %% 96 & (D. vulgaris) F & & 18
BIMAU P REEUEEEREWETEAEFTEARBKER (Baar 2, “Conplete
Genome Sequence and Analysis of Wolinella succinogenes, ” Proc.Natl.Acad. Sci.
USA100:11690-11695(2003) LA & Szymanski Wren, “Protein Glycosylation in
Bacterial Mucosal Pathogens, "Nature Microbisl.3:225-237(2005), ﬁﬁﬂ%lﬁ?%%%’
AE B ) o

[o120]  ®ILAXY Pgl E.ﬁ%ﬁﬁ@ﬁﬁuﬁgﬁﬂsﬁ:@ﬁﬂ’lﬁﬁ&‘ﬁifﬂﬂﬂqﬂ B4 RRA
. 'WJ!ID KEEZNEBEBHAS (PN7E pel EEH DK pelB EFE ) RiSRHK
=R LABH A A )ﬁﬁﬁm%ﬁﬁﬁieﬂlﬂﬂﬂﬁﬁﬁﬂmﬁ%@ SeSh, TR R AW — ST
R, TR ERD BR SRR AE TARTNEFEEEEY AR RN, S51, WAt
FEHSHURBHEUREEEEIAMERZERS OB I AREELEE - 28R
0- BRIV ) RHEMBGRIE. Plin, JEAKGEITE €. coli) 1EHTE L MM, 4R
AT —RRE R R A B EIET A K Waal BEOSRR, R EMERESMNEISI T, X
Yo (R A A RS DS R B E B ch B AR, LB R B R B i b K B AT 1
B EMEBEREAAAXE AIER AR T wecA, wbbL. gleT. glf. gafT. wzx.wzy LAR 016 Hi[R
Y& B ERHIER .

o121] ZTEXERAKRF—PMEETXP,IRERERREDER N — M EHEZK
BEEBBAESTHERE. EXAAN— NIRRT, AZAEYEBNEEEREREES
. EARRFAHID—ANEHART, FREEEBRERRZAEYAEEEREE B
FIEEES BRHLEMEZAYERNEH. EXKANS —ALHITRP, TREH
YRR G AT (Seeberger 25, Chemical and Enzymatic Synthesis of Glycans
- and Glycoconjugates, in ESSENTIALS OF GLYCOBIOLOGY(A Varki %%, eds. , 2009) , Hi@id
SIHBEIFAXDIE),

[0122] . ZFE—NEHEHRP, FIRERZEVEEESE GleNAc, . iR GleNac, 2] LAt
— P ESELIMHBRERE. EEMNERAEYEREHTLLEFEEAEF Man,GlcNAc,,
Man,G1cNAc, 1 Man,G1cNAc,.

[0123] W EXFR, TUBIERENBEARPSIIA—MNRERALEEEERE
AEFRAZEYEREENRE. WA EMERORTEREFBRRELRENH
REVPIMNEUHETFROBHEZEIREYO MK ERERNERENE.
BERAEBETARIERBURSREHERAEY R REENEREAL T HEERE
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EREMOURESRTEIAFEEBE (Flln 81,4- I EHEVE. 81,3- XAWEYL
) EEBEER. AEBESME. N- 2B ARS8 (/W GalNACT. GalNAc-T1.
GalNAc—T2. GalNAc-T3) . N- ZBt M F BB (Al B-1,2-N- ZBiHREE RV
I(GnTI-)\ GnT-II. GnT-III. GnT-IV. GnT-V. GnT-VI F1 GvI-IVH) . RSB B R B . R
BRHEBE (BN a (2,3) BRMETE. o -N- ZBEEIERK « 2, 6- ERBREBER L.
Gal B 1,3GalNAca 2, 3- BERMREBE. 8 LAUBH -0 -2,6- BRBEBEMN «2,8- 5
BREEBRR) HEEEBR (A0 o-1,6- HEHEEH. « -1, - HEHE B .

CB-LA-HEREEER) ANERETE . FAMRREEEYS. CEESHEREYR

Gihat LIREEREEHIT TS AT, B, XEMOERAEERE RASEE
*Aﬁ/\§HMfﬂE$§{§Eﬁ BEAb, ﬁmgﬁqjﬁﬁgﬁmﬁiﬁﬂ’] ( 0 Sigma—Aldrich, St.
Lou1s MO) »
(01241 FBTF A7 5 et 0 8 B A 0 1 5 T 03 20078 1 40 L3 B A 7
EMBAEBEYRE MM, ROIMAEEE EARIIRN LR MEBRREI AR
i AEAREERSBEN, TUN AL EB R TREIIR TER TR USRS
KB (B coli) (RIMRME ) T &L B M) 4k 2 [0 3500 -4 PR IR I AB S 6 R BRI,
RN . BT ARG IR A WA R S 505 DNA BRI (EH) MERT
- BRI HFEER. ERTARLEHE ST EERREN— RS SBEER (=8
1) o FT LB 84 52 B IO i 3 1V 2 P i B B 38 PR 4 A B B
35, B It AT A , IV 02 S VA B 5 ) W U P A EF R A S
[o125] AREARMMIX—FENFTEHE BEORS” LELT— ARSI BEES
HEEBRENCER. . ZHBIES. ANEREESERECSRLBE N el Asn) UL
BEN- MRS, RECRERER. SEMER. L 85, FE RN RSB iR
EFUFR - EEEEE. 2HERNERARATETREERRTEHST (i
KREZRS) GERHERPN (PImhES) HERG (FIINESEE) RERS (RER
BEALHAMRPUR) X 5. AREERI A SR RO BB . REHLER
M5 EMHMBREENES. BWIEEANRBEA R EALEENERAEA.
 [o126]  MRBAFAMX—HENHEHEEE SR AN A REN IR ARET
AR KB (N B Asn) Bl RABBBREMTES N-X-S/T(EREYHLERFF) &
D/E-X,-N-X,-S/T(SEQ ID NO: 1) (ERAEMRA S ) AR EA RS, D £RE
B8, X, X, BRTHERUMUERSER, N RRLBIMN T RV E®.
[0127] MEBFRPX—HFEAFEIENEECEST LRGSR ERBE2ARE
MR KB B K. BRE, IR R (4R A T LR RS ol 8 3 1 48 A B 3 B A
SFRR. BEXLALZDTHS R, ﬁﬁazsz%zﬁf& SAFEETF R RE S 75 R
R A0 A KRN, BERE R '
lor28] TGS (DEMMIFE ) HRES TARESNANAASS AL, &
HRF SR REB R R RMRAR .S EEFHKHITE E coli) MRIMAR. Fik
REYESEBIESEYE RNA STV EHFE XS FAS, BEM A, tRNA, SEB
HtRNA B AL, foth. AR AT R RAF S HEMA S REEREE. AR RE (5
i ATP.GTP) \AE BB A R4 (B FARAEN R AN R MRS A T ERLE
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YVARSHIHRIAB N TR ENRREE) UREMBEEAT (HlioMe” X %) . DRREE
ﬁEﬂﬁ%V@ﬁ?%MkW?W%%Wﬂﬁﬁf%ﬂﬁmm%AmW@ﬁﬁiﬁrﬁ
EREOER . :

[o129] A REAKIS— A?‘J‘E—Y‘/P&—ﬁﬁt?‘]ﬁ mﬁﬁtmﬁ@.ﬁﬁbﬂ?ﬁ%ﬁﬂﬂﬂaﬁﬁ%ﬁ
THBEEREOE AN BNEEEBRN— ﬁ’:ﬁ?ﬂ’ﬁ%%%ﬁ HhEREHERERK
Bk FiER.

lor30] RIEARPHIX—I5MH, Efkﬁﬁf‘ﬂﬁmﬁ%mgﬁ%ﬁmj—UIE*EQB‘J%EIJE%
HURFEERFEMIZRAER . B8RS TR LR DNA 3L RNA 0 F, FFEHATUIRZ
HH (REBER) BEFRE (A TFTREBET) . mAMMBRZEY HAERRNEREYER
i R,

lorar]  an ESTFR, TR — Mk EMEBSBEREES FIEE (Fln+—RLEE - £
BB+ — R USERIREEE RO B SIS R ARIRES ) . N LB, ik Rk
THUASREEY. . TEE . ARAEYRTEERREENRE. EENRZEDZORER
GHAESSHHRE.N- BB ERAMEEB A B (HI0 GlcGalNAcBac) MM, i&
HUREZEYREBEROLHAREN- CBAEEHER (H/30 Man,G1cNAc,. Man,GlcNAc,
1 ManGleNAc) . - -

lo132]  ZEARBX—HFEH—FLHSR P, FIERAEN— MR EERRES T
ﬁﬁﬂ’]ﬁ%ﬂ‘]%ﬁ%fﬁ‘&*ﬂﬁﬁﬂﬁﬂqﬁ—co 7 152{5{35']&%“]%@.%%@“#:&?**317 :
E%W/Tﬁﬁi%%%%@ﬁm HREMBEBRSTURSHRRKL . IR EBHRE
BRRAFAESREA—HREMEBD FTHEIAR (ERSRK) .. RBARBIX
—EHEA R FIRERNET LR~ S FR TEEH LR EA 5 2 5i7ETE 4P
EAEFNSERREENRBEOESAESR.

[0133] 2!:7,{%B‘Jﬁ?“JA—IUIﬁ—ﬁiﬂﬁﬁﬁTAﬁﬁﬁfﬁﬁE’]%ﬁ’f’?%gﬁfﬂ/Zﬁﬁﬁrﬂ fix
BB KR A5 SR B R AN / B TE A

[o134] FERHMA—NTHTEHPR —MELHARARETEBEAEAORTE, ZGEY
BRHE— TR EEHERE Y FESERFORAN S BN EHEABE, 48 —F
REMSHHRRE KD SR ERREAS FEE UARHQE—HREMRERE
RUTEBRRENREALEA. ZOTEH PP REMAEREBEE. — M SHIAR
RELUULREARL QA S LR TTH MR R SR A, LR BT IR o 40 Mokl 24k R
BEYETEERAEHRAIMEERGEREGS FREEEREAL AN —FaisH
ERESARENEGTUAEEANEA.

[o135] AKRBAFENASENERELERE. Eﬂaﬁﬁﬁﬁ?ﬁﬁﬂﬁﬁ%Eﬁﬁﬂfﬂﬁﬁﬁm
REELICP MR,

[o136] AKRAMIEFIUGE—IDSAMMMER. S, lﬂﬂﬁ%#lﬁﬂl HERD &
R S H R AR T LU R R O A B E 5 AL ERE, £ KRR LK T
PR REREEORANEBS 7 BFEAN. EREEER. S ENERESTHE IS
E-RBEARNREY. RE, EHREURNZASHRANBEZRY> FARBEARLA.

S f51
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[0137)  SCHEBY (-4 BYFHEL Ay

[o138] FEELE. XITF CiPglB M4k, f#f A KL pSN18 XT K 4T 88 B bk C43 (DE3)
(Lucigen, Middleton, WI) 3 4T 3 & ¥ 1k (Kowarik %, “N-Linked Glycosylation
of Folded Proteins by the Bacterial Oligosaccharyltransferase, ”Scienc
€314:1148-1150(2006) , @i 5| AR AFF AL RIF ), ik R RRBAEF - Riw+4
AFBEEMRENTHEMITE (C. jejuni)pglB KIZ B4 K pBAD XX k. MMM
3TCTFZENAT 1000 g/ul EFTFGHRE) 1. 5L RPN BEFRE PR, LERYHATE
(4600) ZEZI~ 1. 0B, JIA 0. 02 % IFTRIARE (w/v) 7E B0C TS MM 4. 5h. RAEE TF
BB, B BT B TR P BRISZE 4°C T HEAT . B O EE A I, 35 L EE & T 25mM Tris, pH8. 0
0 250nM NaCl o 3F38 5 = 5838 0 3% (o4 M FE R3S SR 41 . (SLM-Aminco :10, 000PST, SLM
Instruments, Inc., Urbana, IL) . B-0ERZMME F /5, £ 100, 000X g #BH L 1h S BEAH 5
. KEH PelBAIRRERT 25uM Tris - HCI, pH8. 0.250mM NaC1.10% i (v/v) f11%
DDM (w/v) (DDM, Anatrace, Affymetrix, Inc., Santa Clara, CA) FHHEE 2h. £ 100, 000X g
L Ih REREHAS. FrAMERERRTIEE DM EDEHER, ERMEKRH
BN 10mM BKM, 44 3L EFEF Ni-NTA BUSEFIAE (Qiagen, Valencia, CA) _E3FZE{#FH 200nM
Ik Pk Ut f Po1B BT FH 60mM BRBEYE YR . R )53 2 a1k B9 5 &8 4 = 8 F AKTA-FPLC £
Superdex200 BEAR T €4 (GE Healthcare, Waukesha, WI) b, IT¥EAIMIA 34T+ ke
BRE - BB R A sk (SDS - PACE) H R E DR E R A S ESH PelB 4
5 (B 2) {#F PD10 X #h 4k (GE Healthcare) ¥ (1ML E 20nM Tris, pH7. 5.100mM NaCl.
5% H (w/v) 0. 05% DDM(w/v) I 7E# 1L 4> F & 25 100kDa i) Amiconcentricon #BIEE
UG HIRYGEZE 5 - 10mg/nl . T EF MR CiPelB AT MRS R AL, H{EH
#54 JOR pSN18. 1 743 (DE3) 412, B4RF53K B pACYCoglmut Y pglB T 3R Joik HE#I$E I
(WMTFPTR) « NI RAL pSF2 i BL2-Gold (DES) MM (Stratagene, La Jolla, CA) Hr4fifl
C1PglB, I {4 ik (Lizak %,“X-ray Structure of a Bacterial Oligosaccharylt
ransferase, "Nature474:350-355(2011) , Hi@id 5| R4 IF AL BiE) 72 -20C FEHIE
TR K PelB RER PR H A BEMNE 10% (w/v) o S ES B B3 R pET24 (AcrA-per)
(Nita—Lazar 2,“The N-X-S/T Cdnsensu§=_SéQUence- is Required but not Sufficient for
Bacterial N-Linked Protein Glycosylation, ” Glycobiology15:361-367 (2005) , Hif it
SIAB AN EHE) 2 pET24-ssDsbAscFvi3-R4-GT ( L F3C) #9 BL21(DE3) 44 Mt /Al
ﬁéﬁﬁ“*?ﬁ% AcrA 0 scFv13-R4-GT. HIMATFTR (Schwarz ££,“Relaxed Acceptor Site
Speciﬂcity of Bacterial Oligosaccharyltransferase in Vivo, ”Glycobiology21:45— .
54(2011) , BT S| B H AL BRiE) #I&FARIERY, ROk E LR EFIL T 10mM,
FTEIEE (0. 221 m) FHBEL{EH Ni-NTABRFEFE (Qiagen, Valencia, CA) KR FFE
AT, ’ , : ,

[0139] FRAEEEBAISE ¥ FH pACYCpglmut (Wacker & ,“N-Linked Glycosylation
in Campylobacter jejuni and its Functional Transfer Into E. coli, ”Science298:179
0-1793(2002) , FiE 5 A ALK BiE ) BB KB E (Escherichia coli)SCM6 4
T ITCTERZT 2510 g/mLEEEK IL Luria-Burtani FI¥Z3E, pACYCpglnut RIEZE
LHFFE (C. jejuni) LLO FLVE K Z B2 HATE (C. jejuni) pglB EH (W458A F1D459A)
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BIAEME Bi. = A600 X F~ 1.0 i, 2505 M B 3 48 4 M B #E ~80°C#0 0. 04mbar T
RUT R 20h. FIANEELEIIEAREBEREMEEBRERIT, € 250L10:20:3 &
CHC1,:MeOH:H,0 S $R BX 2 5 Fi4b. i 40 A B, B JS 3000X g B L 30min. fEFARERHFER L
(Buchi, Flawil, Sankt Gallen, Switzerland) X F¥E W, SR B EBINMEERT
1mL10:20:3CHC1:MeOH: H,0 R HBFAEZIA. £ 7CTERAIR P TRIER, HHER
7 10mM HEPES (4~ (2- 3222k )-1- WREE Z B ), pH7. 5.1mM MnC12 F0 0. 1% DDM(w/v) F
HE -20C TR KAMEFRKERF MIER S pACYC # SCM6 H Ma -+ BXAE i -

lot40] FTAMBEMEENL. ATHAUNWESZAEA#_THEIBREL BE
1OmMHEPES, pH7. 5.1uM MnC12 01 0. 1% DDM(w/v) & 3 p g 4H4LA) PglB.5 - 10 u L $2HUAY
LLO 01 5 1 g #4546 K AcrA B scFv13-R4-GT Wy 50 u L Y¥VRTE 30°C TIRE 12h. A TXHEH
FEEALH AcrA A scFv13-R4-GT BHATASMEBUE, IRIB A/ AR E A S30T7 MR
X R G (Promega, Fitchburg, WI) 8 PURExpress (New England Biolabs, Ipswich, MA) &
50u L Y. A RNY P IMA ST Lu g B9 FRBTAL :pET24b (Novagen, Madison, WI) :
HEBAACAKEANAEBRERN 2K TZBHE T E C jejuni)AcrA 1y
pET24-AcrA(Nita-Lazar %, “The N-X-S/T Consensus Sequence isRequired but
not Sufficient for Bacterial N-Linked Protein Glycosylation, ” Glycobiology
15:361-367(2005), K S| B A F AL HE) ABELRRFLEESHLER
A N- 3K 4% PelB 15 5 BK 1 AcrA AR 4 B pET24 (AcrA-per) (Nita-Lazar %%, “The N-X-S/
TConsensus Sequence is Required but not Sufﬁcient for Bacterial N-Linked Protei
nGlycosylation, "Glycobiologyl5:361-367(2005) , Hifid 5| HE A AL HIE) (HmIZA
BA N- Kk H {5510 AcrA lA (A ssAcrA) 1 pET24 (AcrA-cyt) (Nita-Lazar %5,“The
N-X-S/T Consensus Sequence is Required but not Sufficient for BacterialN-Linked
Protein Glycosylation, ” Glycobiologyl15:361-367(2005), HiE I 5| BB A& H ALK H
) URHIBEBR B KB HE (B coli)DsbA KIH T 48 8 N- K% {5 5 AKAD C- H
GT (Fisher %,“Production of Secretory and Extracellular N-Linked Glycoproteins
in Escherichia coli, ”Appl.Environ. Microbiol. 77:871-881(2011), F & i 5| f %
fEIHENZ ) 54 FLAG AN HERM B ARS R IX MMM scPv1s-R4 B HL A
(Martineau %5, “Expression of an Antibody Fragment at High Levels in the -
Bacterial Cytoplasm, "J.Mol.Biol.280:117-127(1998) , HiBZ 5| HEM&EH AL H1F) K
pET24~ssDsbA-scFv13-R4-GT. 4 T AT AN / R RN, T 500 L RN RS Y i
A 3n g HitbH) PglB. 5w L REXAY LLO 1 1 g AL AT BURL DNA. 1mM MnC12 F01 0. 1% DDM (w/v)
HLE30°CTIHE 12h. X+ DDM A TIRSMBE / REAL, B AN EL MR HERGITH
(F. coli) RYEHI CFE A& EA B IFH 2 (Klannt %, “FEvaluation of Detergents
for the Soluble Expression of Alpha-Helical and Beta—Barrel-Type Integral

Membrane Proteins by a Preparative Scale Individual Cell-Free Expression
System, ” Febs J. 272:6024-6038(2005) , i3 5| H & H NA i) .

[0141]  Western EP3E 43 #7. 7E SDS-PAGE Z J& #EAT % 2 B 3 3 AcrA 1 scFv13-R4-GT
MEXZMBRELBREIToH. FHRTEHH -His Hi4E (Qiagen, Valencia, CA)
B 53 % ) 1 —FLAG 31 & (Abcam, Cambridge, MA) « % T B B 3 —AcrA I & (Wacker %%,
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“N-Linked Glycosylation in Campylobacter jejuni and its Functional Transfer
Into E.coli, ”Science298:1790-1793(2002) , HiBid 5| H & FALRE ) L WER
Pi - F RIS hR6 34T G # M), 7F SDS-PAGE Z R { FH RNase A{(Roche Diagnostics
GmbH, Mannheim, Germany) 238 Fr KA /MREHE & LURER B13d B RNA B BB .7k
AR, FELERYHELER=R, FERAEZEHFES.

[o142]  sEHEf) (-N- EERBEUAIROHE

[0143] E%, ZFREAINAEN- EEBREMATHERER, BEEE. IFE=
A5 OST JERE MR (LLO) (BUAE FUEEMIERIE ) MIEH D/E-X,-N-X,-S/T & FF
MERKEAD, XTOSTH S, EXBITE (E coli) MM MMM 2+ K& CiPelB,
Pl 1% 0 N- + 253 - B -D- Z3FMET (ODM) W ARIHEIL B A 2T S BRI s AL
EHIEHR (E28). B4 FABEEHT BITE € jeijmi)pgl HE B KB E
(E.coli) 4 MEAE 7= SRR L4k, %3 Bl A4S 50 GlcGalNAcSBac BEHE (3L Bac £ 4T
) £YARI BB EEBEEN+—RRAEBRRE (UndPP) B ERLBBERE
MBS, XE, ¥ %R RS RSN pglB EE (Wacker %. “N-Linked Glycosylation
in Campylobacter jejuni and its Functional Transfer Into E.coli, ’Smence298 1
790-1793 (2002) , HiB 3| F A A A i ) MR MR AR B EATHHT 8 SCM6 48
K3 AT #l& LLO. 1EFF SCM6 M LN R E R Bk, XA MRS Vaal B, ZBER
MUK ER (Flwo- PR, BH) dRASE+—RNGEEZEZRA A HRTFEERE
TRESNEF S H (Feldman %5, “Engineering N-Linked Protein Glycosylation With
Diverse O Antigen Lipopolysaccharide Structures in Escherichia coli, ”Proc.
Nat’l. Acad. Sci. U. S. A. 102:3016-3021(2005) , il it S| FHEERHF AN i ) . XFE, 7ESBL
Z Waal i, T B MR RERNERENERER. LK, R/E83)GlcNAc FBHBIEEBRA
B Ml E PR WecA B ZE . B, EBEHRN ERAETELSE /DK HEB GlcGalNAc5Bac
#9 LLO. ZEIX—Wm BISIRE T, LeRrxt A KB #T B S ik o 3R EX Y LLO BEAT R S AT 4 5%
SxaiEPFEAKN—1 (Bl Awaal AwecA) 2L, XRAML MBI T &F GlcGalNAc5Bac
RN LLO(Reid %, “Affinity—Capture Tandem Mass Spectrometric Characterization
of Polyprenyl-Linked Oligosaccharides:Tool to StudyProtein N-Glycosylation
Pathways, ” Anal. Chem. 80:5468-5475(2008) , B I 5| A& AL BRE ). X TER
B2EmS, ANRARPALRBZHE MAE (€ jejuni) (Nita—Lazar 2%, “The N-X-S/T
Consensus Sequence is Required but not Sufficient for Bacterial N-Linked Protein
Glycosylation, ” Glycobiology15:361-367 (2005) , HiE B ¥ A& FH AL BF ) HEE
$eE A AcrA. AcrA FEEER LA K D/B-X,~N-X=S/T 4L 52, Fo 4 CiPglB ¥EEAL (Kowarik
% “Definition of the Bacterial N-Glycosylation SiteConsensus Sequence, ” EMBO
J.25:1957-1966 (2006) , B 5| B AI AKX B ) . 80, XAFRA scFv13-R4-GT HIHE
ETEMAKBRETTERN B (scFv) BATHEBRL, iR BB B UM ELERKH B
FEA% D[R] B A% £4E DONAT 4R AR I C- R it B PRAE (GT) (Fisher %, “Production of
Secretory and Extracellular N-Linked Glycoproteins in Escherichia coli, ” Appl.
Environ. Microbiol. 77:871-881(2011) , B 51 A HF A X 8iF ) .

[o144]  sEREG) 2- ZEAANT BB EHFFE (C. jejuni) EEREMMGRATHREER
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[o145]  HIPMHEEASERILIER, 1 CjPglB 0ST 5 M A GF 6 48 b #EL A LLO A&tk
B AcrA HE . ERPEFEA AcrA 1 SAIF FOE R, H g 258 AcrA BRE BT
8 (20) BXIBEEHEMLL (22) BEXKTIBEEL (B 34) ., ZEHRGT PelB
FILLO. # LLO FREEMBZE B TRRT g2 LA THILT AcrA B g0 M gl FER, XRULE
EMKUEBFER, EENE, AFEBRZ pgl SERTCEH CjPglB FEITHI4H MUK I8 K18
e, FEEAFEMEER (B34 . BRI THI hITE (C. jejuni)N- BEAFME
FRMERBEE AcrA MIX L RBIT THIE (B 3A) . J{EEEE TRILK scFv13-R4-GT
EOEANERESENMEANT L EHRNER (B34 . NEBMNE, 22.e3 M g4 &
iE AR R M BRI, LR EERR gl. HUESLHAR OST BEBERXNRAFEM,
KA P AT MRS ZS B FF B (Campylobacter lari)PglB(ClPglB) 34T T AcrA MIfkIMERAL,
HEFBEMITEH C. jejuni) BH 56%H—BH (Schwarz 2F,“Relaxed Acceptor Site
Specificity of Bacterial Oligosaccharyltransferase in Vivo, ”"Glycobiology21:45-
54(2011) , KBS SIABAHAETHRE ). ERMFGTLERBEJLFHARER 0. g1 f
g2 X (Bl 3B) . ATHABE/ BEARN A, S ELA 2 BmeEs 28
W FRRYEERN . T XX EATRA, BARA S 4FE -20CTEEINA. BTH
PglB AP HMHWARREME 10% LISN B FEPIR. e A48 & 48 9tk a
5-10 K, Bl 5 {# B C1PglB #HITHAMNR N ZHRM=AH Acrd FEEAL BRI (LBS MK T Hr i
SR RIsEEAL (LB 3B F130) . |

lo146] sEHE() 3- EBR AN LHEEIE

[0147] IHMEREFEHBAREMNEALRANTHARBIEFERS, ﬁ%?k%ﬁ%
(E. coli)CFE FIE B AR ARARF AL #iEA 27 T7TRNA R & B PIRE(HEAT
HHEAEK) 758 (ShimizuZ,“Cell-Free Translation Reconstituted With Purified
Components, ” Nat. Biotechnol. 19:751-755(2001) , HiB i 3| R EIF AKX B iE ) #H4T T
ik, K RBZEHE T7 B3 TIEHRI pET AT I =R AcrA DNA FF3IRY
CFE F1 PURE A% . {3 CFE R 4L, 7F 1h AT~ 150 - 250 u g/mL & AcrA THEER 2K E
R (B 44) . B ERRESHKE AcrA ERZEEE XK FEELHA TR AXENFEE. THE
REIR, ERNE S AL BEHEH PelB T IHI AcrA MR Z E 5 KT AcrA 15 R EBERENR
BERERHIY DA, R, PLRE RALE T 2H=F AcrA BHELL2KENK RE
HAKFE (B~ 100pg/nl/h) BBIETET CFEMEASL (H 40 . B PERRHEBT 4
E%EB‘J scFvls—R4 GT( @ 5A) F&aﬁﬂm,ﬂtﬁu EZ%E%%AU&%#‘F (BRGeZ —HiE)

High Levels in the Bacterlal Cytoplasm ” J.Mol.Biol. 280:117-127(1998) , Hifit 3|
ﬁﬁﬁﬁi%)\ﬂﬂﬁlﬁ ). P ﬁﬁ%?gﬁﬁﬂsﬂ‘f&i / BiE &,

[o148]  SEHEBY 4- %ﬁﬁEBﬁféﬂmﬂﬂéfﬂﬁgw

[0149] %ﬁ‘m%%ﬂ’Iﬁ% ﬁﬁj@“ﬁ@hﬂﬁﬁ%ﬂ.*ﬁﬁ (MBESEER) STHREE
RG22 —AAHME glycoCFE # glycoPURE BHIE / R R4 . HMIFRIDFE N- AMES
BB AcrA B R pET24 (AcrA-cyt) ISR S, BALEXHN RAP 4 BE B
R AT ATRTMREAR. 248 AXHFR LR CiPelB I LLO f33h CPE 2% PURE R4HT,
AcrA EELUEBEALM o2 RN AF, EAFRORN o1 AL/ EASTHUK KRS
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B AcrA( B 4B) . B4 H7E 12h JE7E 1ol RFRPFZ4E~ 100~ 1500 g FEEILAT
AcrA. [RIFEH, FIF glycoCFE #1 glycoPURE REBBROMF 4 scFv13-R4-GT, HEEH~
504 BB ELWEALK g4 B, 50% 4 g3 B (B 5B) . XHNRLEWE 120 AF-E~
50 - 100 1 g/mL FEEEALKY scFv13-R4-GT. Bk, glycoCFE # glycoPURE RAE A H it
FEN-EBEREAMUERLSEAS.
[ots0]  sEHEBY (-4 Byitie
[0151] Kfﬁﬁﬁkﬁ)ﬁlﬁ‘]%:}:@ﬁi%ﬂ@ﬂ#/ﬁ%%%ﬁﬁﬁi‘i?ﬁﬁﬁ‘% LA
Mt RRUEAURBEECA S REEYNRABIET (Lizak %, “X-ray Structure of a
Bacterial Oligosaccharyltransferase, ” Nature 474:350-355 (2011), i35 H#E&
HFHAARRE ). FIEH, BB EeBRESERMSIHEDNEOBHEMRETRKETR
EEHRE. W ZENREAFSIATREGARRAIHEHA T OFLEEFR TG
AFEEFEK LL0. ZERATERNENE / BEURETHREURBETELRKFHFELR
BFTRIUATEREN. 55, HAG) TRABEO MR Y, XETMHRERESHITH
B@EEﬂﬂﬁ*iE%ﬁﬁﬁBB@E?‘ chr BRI . TEFRIXLEN, glycoCFE F1 glycoPURE
RGN AR Eﬁﬁﬂﬁﬂ’%ﬁﬂﬁﬂfﬁﬁiﬁﬁ?‘iﬂﬁﬁ%ﬁl&ﬁ EAm SHERM
WEE. REEAREED CPg1B WA B MK LMY TB B AR NREIH
K (Kowarik %5, “N-Linked Glycosylation of Folded Proteins by the Bacterial
Oligosaccharyltransferase, ” Science 314:1148-1150 (2006) :Kowarik %,“Definition
of the Bacterial N-Glycosylation Site Consensus Sequence, ” EMBO J. 25:1957-1966
(2006) ;Fisher &, “Production of Secretory and Extracellular N-Linked
Glycoproteins in Escherichia coli, ” Appl. Environ. Microbiol. 77:871-881
- (2011) , LS S| R AH AL BRI ), BRNIEHARN RNZHHBI—PHREREE
FRERMBEAEE. R HERHBTEHEENARBMAANRRBE RIMNOES / 5K,
EEEX R EAA2NEEI. B, glycoCFE f1 glycoPURE RA N ERR AL R
AR £ MR IR A1 TR X E BN G IR T R £ T MAS L. 4
W, BT 4 & 0ST ﬁé@?%ﬁ%ﬁ B (Kowarik %, “N-Linked Glycosylation of Folded
Proteins by the -Baéte_rial Oligosaccharyltransferase, ” Science 314:1148-1150
(2006) , FoE A 51 A EFA A BRI ) A—EEAWEHEHERNRTZEEWREL,
H XL R 568 B FARE R SRR R . T B, BA S EME R e YRR
HHLSI R Rt B3 S0ARUE, FTLUX S 4 B R ARG NS 0 M B MR A L R R 1
HERIESR., BR EATFETERRLERTERMMMORSRESE (REMER
SRE) PR RERATH— 5 26l Plin, BEGIER T X pel BRBEFRERBEIK
C RiE (Glover% “In Vitro Assembly of the Undecaprenylpyrophosphate-Linked
Heptasaccharide for Prokaryotic N-Linked Gchosylatmn ¥ Proc. Nat’ 1. Acad. Sci.
U.S. A. 102:14255-14259(2005) , Bl i 5| FHEEAIFA LK BIE ) U R E S G EE / 8
BUEBRESER—NBSTYS. EREIRUOXGTELERE AR UndPP- £
B B (Feldman ¥, “Engineering N-Linked Protein Glycosylation With
Diverse O Antigen Lipopolysaccharide Striictures in Escherichia coli, ”Proc.
Nat’ 1. Acad. Sci.U.S. A. 102:3016-3021(2005) +Yavuz %, “Glycomimicry:Display of
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Fucosylation on the Lipo-Oligosaccharide of Recombinant Escherichia coli
K12, ” Glycoconj. J. 28:39-47(2011) , HoiE I 5| BB A I AN K H1F ) , W] LB AR s 714
KRR TN FENELAEIE RN EHZAFTRBLS . SRHTEEEH T
ERZEYRBEERY (Schwarz £, “A Combined Method for Producing Homogeneous
Glycoproteins With Eukaryotic N—Glycosylation, ”Nat. Chem. Biol. 6:264-266(2010),

HEBETSI ABEIFAXRE) FREBERAMERESHTERIMIBEEANERL
XKLHEM. BT CiPglB N ERBEMNIFRFUERIK (Feldnan %, “Engineering N-Linked
Protein Glycosylation With Diverse O Antigen Lipopolysaccharide Structures
in Escherichia coli, ”Proc.Nat’ 1. Acad.Sci. U.S. A. 102:3016-3021 (2005) , ¥ i i 5|

PSR N A B ), BT LT A IX 5 UndPP- EERH TR EEEMEY. MY CiPglB
ARUBHIE, ZBE PN AR AR OST fe S E R F A MIELRB\ELF LREBLRF

HAibgi 8. EE@%%E%““EV&% {Nasab &, “All in One:Leishmania Major
STTSProtems Substltute for the . Whole Oligosaccharyltransferase Complex in
Saccharomyces cerevisiae, ”Mol.Biol.Cell19:3758-3768(2008) , i k5| FHE A I A
FHIE) HEBREN TR OSTHRYHTXERA T, EX—BMSNIHT, TLUEKX
%ﬂzﬁﬁtlﬁﬁﬁ WFRE AR B R (Leishnania major) FIBMEFLKIRE (Pyrococcus
furiosus) . B A~ ¥ % 0ST (Igura&Kshda, “Selective Control of Oligosaccharide
Tra.nS'fei‘ Efficiency for the N-Glycosylation Sequon by a Point Mutation in
_ Oligosaccharyl transferase, ” J. Biol. Chen. 286 13255-13260 (2011) , 258t 2| FR % (k3
AEBE) . 85, BAEANRT KRB, glycoCPE fl glycoPLRE R4 L F R IR AR
/FERRFBEREZERZEATHERBNE K. B, AERKE - RFBR MR
/ ERTHBEEBBURREFIIIEFERN ST KMt HWEB AN MEREREE RIS L
FEELRA. XETHHXERE, glycoCFR M glycoPLRE R4 L LA MBFEMEA NS
THRHERMET AR

[o152] REEFHFPEXMERTHARHIT T FANERAHR, (ERAERRH X
KEAE & BIRTIR T o] LU AT Z2 M50 0. BARSE , T A B EAANRZEEM S N
B, BHIHGA AR ETER R KB & X AR K REE N .
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[c003]

<400> 2

Ile Ile Ser

1

Ile

Leu

Glu

Ile

65

Phe

Thr-

Met

Phe

Tyr

145

Ile

Val

Ser

Arg

Ala

Ser

Ser

50

Pro

Val

Met

Phe

Ser

130

Pro

Tyr

Ile

Thr

Leu
210

Gly

Thr

35

Ile

Ile

Ala

Ser

Asn

Phe

20

Leu

[le

[le

Ala

Gly

100

Ile
115

Leu

Ser

Thr

Leu

Tle
195

Asn

Leu

lle

Ser

Leu

Ser

180

Ile

Phe

Asp
5
His
Thr
Leu
Leu
Leu
85
Tyr
Phe
Ala
Tyl:
Ile
165
Ser

Val

Val

Gly

Gln

Tyr

Tyr

Leu

70

Leu

Tyr

Phe

Leu
Thr
150
Phe
Leu

Tle

Ile

Tyr Ala Phe

Pro

Trp

Met

55 .

Ala

Ala

Asp

Met

Pro

135

Leu

His

Thr

l.eu

Ile
215

Asn

Leu

Ser

Asn

Ser

Thr

Val

Asp
25

Tyr

Thy

Glu

I[le

Asp

105

Arg

120

Leu
_As'n
Arg
Leu
Phe

200

Gly

Phe

Val

Lys

Ser

185

Ala

Ile

60

Ala
10
Leu
Lys
Phe
Tyr
Ala
90
Met
Met

lle

Ala

Glu A

170

Asn

Leu

Leu

Glu

Ser

Ile

Leu

Lys
75

Asnh

Leu
[le
Gly
Leu
155
Lys
[le

Phe

Ala

Gly

Tyr

Thr

Ser
60

Set
Val

Leu

lle T

140

Ile

Ile

Ala

Ala

Ser
220

Ala
Tyr
Pro
45

Ser
Pro
Tyr
Ile
Lys
125
I'yr
Gly
Phe
Trp
Leu
205

Val

Arg

Gly

30

Phe

Leu

Leu

Tyr

Val
110

Lys

Leu

Leu

Tyr

Phe

190

Glu

Thr

Asp
15

Ser
Ser
Val
Met
Asn
Leu
Asp
Trp
Phe
Ile
175
Tyr

Glin

Leu

Met
Ser
Phe
Val
Gly
80

Arg
Pro
Phe
Trp

Leu

160

Ala

Gln

Lys

Ile
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[0004]

Phe

225

Phe

Met

Leu

Phe

Ile

305

Gly

Gly

Gln

Ala

Ser

385

Arg

Tyr

Lys

Leu

Tyr

Tyr

Ser

Ser

290

Met

Leu

Phe

Leu

Pro

370

Gln

Glu

Tyr

Asp

Ile

Tle

Phe:

Glu
275
Leu
Ala
Arg
Leu
Thr
355
Val
Asn
Asp

Ser

Asn
435

Leu

Phe

Asn

260

Phe

Phe

Leu

Phe

Leu

340

Ser

Phe

Glu

Tyr

Asp

420

Phe

Ser

Arg

245

Val

Met

Gly

Pro

Thr

325

Ser

Asn

Ile

Ala

Val

405

Val

Phe

Gly Gly Val Asp

230

Ser

Asn

Arg

Phe

Ile

310

Ile

Glu

Val

His

Ser

390

Val

Lys

Pro

Asp

Gln

Arg

Val

295

Leu

Tyr

Phe

Cys

Ile

375

Leu

Thr

Thr

Ser

Glu

Thr

Ile

280

Trp

Val

Ser

Lys

Ile

360

Tyr

Leu

Trp

Leu

Phe
440

Ser

Ile

Pro

Ala
250

Gln

265

Ser

Leu

Leu

Val

Ala

345

Val

Asn

Asn

Trp

Val

425

Ala

61

Gly

Leu

Gly

Pro

Jle

235

Asn

Glu

Ser

Arg

Phe

315

Val

330

Ile

Phe

Tyr

Gln

Asp

410

Asp

Leu

Ala

Lys

Leu

395

Tyr

Gly

Leu

Leu

Val

Glu

Lys

300

Leu

Met

Val

Thyr

Ala

380

Lys

Gly

Gly

Leu Ser Lys

Tyr
Thr
Glu
Ile
285
His
Ala
Ala
Lys
Ile
365
Pro
Asn
Tyr

Lys

Asp
445

Gln Leu

Gln Gly
255

Asn Val
270

Val Phe
Lys Ser
Leu Lys

Leu Gly
335

Lys Tyr
350

Leu Thr
Thr Val
Ile Ala

Pro Val
415

His Leu
430

Glu Gln

Lys

240

Phe

Asp

Leu

Met

Gly

320

Phe

Ser

Leu

Phe

Asn

400

Arg

Gly

Ala
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[0005]

Ala

Tyr

465

Met

Ser

Leu

Phe

Phe

545

Ser

Asp

Gln

Ile

Met

625

Gly

Ala

Ala Asn

450

Ala

Lys

Lys

Tyr

Ser

530

Ser

Asn

Asn

Gly

Phe

610

Asp

Asn

Lvs

Pro

Asp

Pro

Met

515

Phe

Thr

Gly

Val

Glu

595

Tyr

Lys

Val

Met

Gln

Tyr

Asp

500

Pro

Ile

Ala

Val

Val

580

Tyr

Leu

Thr

Asp

Phe
660

Ala
Asn
Asn
485
Phe
Ala
Asn
Tyr
Val
565
Ser
Lys
Lys
Met
Lys
645

Lys

Arg

Asp

470

Gln

Lys

Arg

Leu

Pro

550

Leu

Val

Ile

Asp

Phe

630

Asn

Leu

Leu Ser Val Glu

453

Ile

Ser

Ile

Met

Asp

535

Leu

Ser

Asn

Thr

Ser

615

Asn

Leu

Lys

Leu

Asn

Asp

Ser

520

Thr

Asp

Asp

Ser

Pro

600

Ala

Ser

Phe

Ile

Lys

Val

Thr

505

Leu

Gly

Val

Asp

Ile
585

Ile

Ile

Thr

Asp

490

Pro

Ile

Val

Lys

Phe

570

Val

Asp

Pro

Ala Tyr

Asp

62

Leu
650

Tyr

Asp

475

Leu

Lys

Phe

Leu

Asn

555

Arg

Glu

Asp

Tyr

Val

635

Val

Thr

460

Ile

Phe

Thr

Ser

Asp

540

Gly

Ser

Ile

Lys

Ala

620

Gin

Ile

Glu

Leu

Leu

Arg

Thr

525

Lys

Glu

Phe

Asn

Ala

605

Gln

Met

Asn

Lys

Gln

Ala

Asp

510

Val

Pro

Ile

Lys

Ser

590

Gln

Phe

Phe

Ser

Ser

Ala

Ser

495

Ile

Ala

Phe

Tyr

Ile

975

Ile

Phe

Ile

Phe

Arg
655

Phe

Met

480

Leu

Tyr

Ser

Thr

Leu

560

Gly

Lys

Tyr

Leu

Leu

640

Asp
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210> 3
211> 1995
212> DNA
21> THEHHE )
<400> 3 .
atcatttcaa acgatggtta tgcttttget gagggtgcaa gagatatgat agcaggtttt 60
catcagccta atgatttgag ttattatgga tcttctttat ctacgecttac ttattggett 120
tataaaatca cacctttttc tttcgaaagt attattttat atatgagtac ttttttatct 180
tctttggtgg tgattcctat tattttacta gctaatgaat acaaacgtcc tttaatggge 240
tttgtagetg ctcttttage aagtatagéa aacagttatt ataatcgcac tatgagtggg 300
tattatgata cggatatgct ggtaattgtt ttacctétgt ttattttatt ttttatggta 360
agaatgattt taaaaaaaga ctttttttca ttgattgcct taccgttatt tataggaatt 420
tatctttggt ggtatcctte aagctatact ttaaatgtag ctftaattgg acttttttta 480
atttatacac ttatttttca tagaaaagaa aagatttttt atatagctgt gatittgtct 540
tctcttacte tttcaaatat ageatggitt tatcaaagta ctattatagt aatacttttt 600
gctttattty ctttégagéa'aaaacgctta aattttgtaa ttataggaat tttagctagt 660
gtaactrfga tatttttgat‘tttaagtgga.ggggttgatc ctatacttta tcagcttaaa 720
ttttatattt ttagaagtga tgaaagtgeg aatttaacgc agggttttat gtattttaat 780
gtcaatcaaa ccatacaaga agttgaaaat gtagatctta gcgaattfat gcgaagaatt 840
agtggtagtg aaattgtttt tttgttttct‘ttgtttggtt ttgtatgéct tttgagaaaa 900
cataaaagta tgattatggec tttacctata ttggtgettg ggtttttage cttaaaaggg 960
gggcttagat ttaccattta ttctgtacct gtaatggcet taggatttgg tttittattg 1020
agcgagttta aggctatatt ggttaaaaaa tatagccaat taacttcaaa tgtttgtatt 1080
gtttttgcaa ctattttgac tttagctcca gtatttatcc atatttacaa ctataaagca 1140
ccaacagttt tttctcaaaa tgaagcatca ttattaaatc aattaaaaaa tatagccaat 1200
agagaagatt atgtggtaac ttggtgggat tatggttatc ctgtgcgtta ttatagtgat 1260
gtgaaaactt tagtagatgg tggaaagcat ttaggtaagg ataatttttt cccttetttt 1320
gctttaagca aagatgaaca agctgcaget aatatggcaa gacttagtgt agaatataca 1380
gaaaaaagct tttatgctcc gcaaaatgat attttaaaaa cagacatttt acaagccatg 1440 -

[0006] |
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atgaaagatt
tttaaaatcg
ttgatttttt
aaacctttta
agcaacggag
tctgtaaata
attgatgata
caatttattt
ggaaattatg
aaacttaaaa
210> 4

211> 711
212> PRT
213>

<400> 4

Met Lys Leu Gln

1

Cys Ile

Tyr Txrp
35

Gln Leu
50

Arg Asp
65

Gly Ser

Phe Ser

[0007]

Leu

Val

Met

Met

Ser

Phe

ataatcaaag
atacaccaaa
ctacggtggc
cctttagcac
tggttttaag
gtatcgtaga
aggctcagtt
taatggataa
ataagaattt

tttaa

LIRS T e AT B

Gln As
5

Ile
20

Leu I1

Ala Trp Al

Ile Thr Th

Ile Ala Gl

70

Ser Th

85

Leu

Glu
100

Ser Il

caatgtggat

aactcgtgat

tagtttttct_

agcttatcca
cgatgatttt
gattaattct
ttatattttt
aaccatgttt

atttgacttg

n Phe Thr

e Ala Phe

Asp

Ala

ttgttictag
atttatcttt
tttattaatt
cttgatgtta
agaagtttta
attaaacaag
tatttaaagg
aatagtgctt

gtgattaatt

Asn Asn

10

Phe Ser

25

Glu
40

a Ser

r Asn Asp

55

y Phe His

Thr

r Leu

e Ile Leu

Phe
Gly
Gln
Tyr

Tyr

Tyr Glu

Tyr Ala
Pro Asn
Leu

Trp

Met Ser

105

64

cttcattatc
atatgcecge
tagatacagg
aasatggaga

aaataggtga

gtgaatacaa

atagtgctat
atgtgcaaat

ctagagatgce

Ser Ile Lys

Val Leu Cys

30

Phe Phe
_ 45

Phe

Phe Glu

60

Ala

Asp Leu Ser

Tyr Ser Ile

Ala Phe Phe

110

aaaacctgat

tagaatgtct

agttttggat

aatttatctt
taatgtggtt
aatcactcca
tcettacgea
gttititita

taaggttttt

Tyr Thr

15

Leﬁ

Asn Asp

Gly Ala

Phe
80

Leu Pro

95

Ala Ser

- 1500
1560
1620
1680
1740
1800
1860
1920
1980
1995
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[0008]

Leu

Thr

Tyr

145

Val

Lys

Leu

Leu

Tyr

225

Gln

Lys

Ser

Gln

Asp

305

Asn

Ile

Tyr

130

Asn

Leu

Asp

Trp

Phe

210

Leu

Tyr

Glu

Ile

Leu

290

Ala

Thr

VYal

115

Gly

Arg

Pro

Ile

Trp

195

Gly

Thr

Lys

Glu

Leu

275

Lys

Ala

Ile

Val
Phe
Thr
Met
Phe
180
Tyr
Leu
Ile
Leu
Lys
260
Ile
Phe

Phe

Asp

Pro

lle

Met

Leu

165

Thr

Pro

Tyr

Ala

Ala

245

Ile

Leu

Tyr

Met

Pro
325

Ile

Ala

Ser

150

Ile

Leu

Ser

Thr

Leu

230

Leu

Asn

His

Val

Tyr

310

Glu

Ile Leu Ile Ala Arg Glu

Ala
135

Gly

Leu

Leu

Ser

Leu

215

Met

Ile

Phe

Leu

Phe

295

Phe

Val

120

Leu

fyr

Leu

Leu

Tyr

200

Val

Ile

Val

Tyr

Ser

280

Lys

Asn

Phe

Leu
Tyr
Thr
Ser
185
Ser
Phe
Ile
Leu
Met
265
Gly
Ala

Val

Met

65

Gly
Asp
Phe
170
Pro
Leu
His
Ala
Leu
250
Ile
Gly
Ser

Asn

Gln
330

Ser

Thr

155

Ile

Val

Asn

Arg

Leu

235

Phe

Trp

Leu

Asp

Glu

315

Arg

Ile

140

Asp

Arg

Phe

Phe

Lys

220

Ser

Ala

Ala

Asp

Val

300

Thr

Ile

Tyr

125

Ala

Met

Leu

Ile

Ala

205

Glu

Met

Ile

Leu

Pro

285

Gln

Ile

Ser

Lys
Asn
Leu
Thr
Met
190
Met
Lys
Leu
Phe
Ile
270
Val
Asn

Met

Ser

lLeu

Ser

Val

Ile

175

Ile

Ile

Ile

Ala

Ala

255

Phe

Leu

Leu

Glu

Ser
335

Thr
Tyr
l.eu
160
Asn

Tyr

Gly .

Phe

Trp

240

Phe

Ile

Tyr

Lys

Val

320

Val
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[0009]

Leu

His

Ala

Ala

385

Lys

Leu

Tyr

Asp

Asp

465

Asp

Leu

Glu

Ala

Ser
545

Val

Lys

Leu

370

Leu

Lys

Ile

Lys

Leu

450

Tyr

Gly

Ser

Tyr

Met

530

Leu

Phe

Ser

355

Arg

Gly

Gln

Ala

Ser

435

Lys

Gly

Gly

Lys

Thr

515

Val

Asn

Ile

340

Met

Ala

Phe

Ile

Phe

420

Ser

Asn

Tyr

Lys

Glu

500

Glu

Lys

Asp

Leu

Leu

Gly

Gly

Lys

405

Phe

Thr

Lys

Pro

His

485

GIn

Lys

Asp

Lys

Ser

Leu

Leu

Tyr

390

Leu

Ser

Val

Ala

Ile

470

Leu

Ile

Ser

Tyr

Asp
550

Phe Ile Gly

Ala

Arg

375

Phe

Ser

I1e

Phe

Gln

455

Arg

Gly

Pro

Phe

Leu

360

Phe

Leu

Leu

Ser

Thr

440

Arg

Tyr

Lys

Ala

Lys

520

Lys

Lys

345

Pro

Thr

Tyr

Arg

Pro

425

Ser

Glu

Tyr

Asp

Ala

505

Glu

Thr

Phe

66

Phe

Met

Ile

Ala

Asn

410

Ala

Tyr

Asp

Ser

Asn

490

Asn

Asn

Ser

Asp

1le
Leu
Tyr
Phe
395
Lys
Leu
Glu
Tyr
Asp
475
Phe
Met
Tyr

Ala

Thr
555

Leu

Ala

Ala

380

Phe

Asn

Met

Ala

Val

460

Val

Phe

Ala

Pro

Lys

540

Asn

Leu

Leu

365

Val

Asn

Ile

His

Ser

445

Val

Lys

Ser

Arg

Asp

525

Asp

Lys

Cys Lys
350

Gly Phe

Pro Val

Phe Leu

Leu Leu

415

Ile Tyr
430

Ile Leu

Ala Trp

Thr Leu

Ser Phe

495

Leu Ser

510

Val Leu

Phe Leu

Thr Arg

Asp

Met

Met

Glu

400

Ile

Tyr

Asn

Trp

Ile

480

Val

Val

Lys

Glu

Asp
560
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Val Tyr lle Tyr Met

Ala

Leu

Ser

Leu

625

Glu

Ala

Leu

Asn

Ala
705

Gln

Phe

val
610

Lys

Ser

Gln

Asp

Gln

690

Lys

210>
211>
212>
213>

<400>
atgaaactac aacaaaattt cacggataat aattctataa

5
2
D

Phe

Phe

595

Met

Val

Ile

Ile

Glu

675

Tyr

139
NA

565

Ala Asn
580

Ser Gln

Leu Asp

Glu Gly

Thr Asn

645

Tyr Leu
660

Ser Leu

Asp Gln

Tyr Arg

Pro

Thr

Ala

Asn

Ala

630

Gly

Leu

Tyr

Asp

Leu
710

41 BERS S gl FFEE

5

Tyre

Asn

Asn

Lys

Phe

Asn

Leu

695

Lys

Arg Met

Pro Asp
585

Ala Ile
600

Val Glu

Ile Pro

Phe Tyr

Leu Arg
665

Ser Ser
680

Phe Glu

Leu

570

Asn

Ala

Ile

Leu

Tyr

650

Glu

Tyr

Gln

Arg

Gly

Gln

Ile

Lys

635

Asn

Tyr

Ile

Ile

cttatagcect ttgettttag tgttttgtgt agattatact

ttttatgagt ttttctttaa tgatcaactc atgattacta

gcagaaggtg caagagatat gatagcaggt tttcatcaac

ggaagctcac tttctacttt pacttattgg ctttatagta

[o010]

67

Ile Met Pro Val Val
575

Glu Gln Glu Lys Ser
590

‘Asp Lys Thr Thr Gly -

605

Asn Asp Phe Arg Ala
620

Ala Phe val Asp Ile
640

Glu Ile Asp Ser Lys
655

Lys Ser Phe Val Ile
670

Gln Met Phe Leu Leu
685

Thr Asn Asp Thr Arg
700

aatatacctg tattttaatc
gggtagecttg ggcaagtgag
Ctaatgatgg ctatgctttt
Cctaatgactt atcttatttt

ttttgccttt tagectttgaa

60’
120
180
240
300
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agtattattt tatatatgag.tgcttttttt gcttetttga ftgttgtgcc tattatatta 360
atcgcaagag agtataaact cactacctat ggctttatag cagctttact tggaagcatt 420
gcaaatagtt attataaccg cactatgagt gggtattacg atacagatat gctagtgtta 480
gttttaccaa tgcttatttt gettaccttt atacgettaa ctattaataa agacatttte 540
accctacttt taagtccggt ttttatcatg atttatttgt ggtggtatcc atcaagttat 600
tctttaaatt ttgctatgat aggacttttt ggactttata ctttagtatt tcatagaaaa 660
gaaaagattt tttatctaac tattgctttg atgatcatag ctttaagtat gctagcatgg 720
caatataagc ttgctttgat tgtattatta tttgctattt ttgcttttaa agaagaaaaa 780
atcaattttt atatgatttg ggctttgatt tttattagca ttttgatatt gcatttaagt 840
ggcggettag atcctgtttt ataccaactt aaattttatg tatttaaage ttctgatgtg 900
caaaatttaa aagatgctgc ctttatgtat tttaatgtca atgaaaccat tatggaagta 960
aatactatcg atcctgaagt atttatgcaa agaattagct ctagtgtttt agtatttatc 1020
ctttctttta taggttttat cttactttgc aaagatcaca aaagcatgct tttggetcta 1080
cctatgcttg cactaggttt tatggcttta agagctggac ttagatttac catttatgca 1140
gttcctgtga tggetttggg ttttgggtat tttttatatg cattttttaa ttttttagaa 1200
aaaaaacaaa tcaaacttag cctaagaaat aaaaatatct tacttatact cattgcattt 1260
tttagtataa gccectgettt gatgcatatt tattattata aatcctctac tgtttttact 1320
tcttatgaag ctagtatttt aaatgattta aaaaataaag ctcaaagaga agattatgtt 1380
gttgcttget gggattatge ttatccaata cgcetattata gegatgtaaa aaccttaate 1440
gatggtggaa aacacctagg aaaagataat tttttctcat cttttgtctt aagcaaagaa 1500
caaattccag cagccaatat ggcaagactt agegtagaat acactgaaaa atctttcaaa 1560
gaaaactatc ctgatgtttt aaaagctatg gttaaagatt ataataaaac aagtgctaaa 1620
gattttttag aaagtttaaa tgataasagat tttaaatttg ataccaataa aactagagat 1680
gtatacattt atatgcctta tagaatgttg cgtatcatge ctgtggtgge acaatttgcea 1740
aatacaaatc ctgataatgg agagcaagaa aaaagtttat ttttctceca agctaatgcec 1800
atagctcaag ataaaaccac aggttctgtt atgcttgata atggagtaga aattattaat 1860
gattttagag ccttaaaagt agaaggtgca égcétacctt taaaagcttt tgtggatata 1920
gaatccatta ctaatggcaa attttattac aatgaaattg attcaaaagc tcaaatttat 1980.

[oo11]
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ttgetetttt taagagaata taaaagcttt gtgattttag atgaaagtct ttataatagt 2040
tcttatatac aaatgttttt gttaaatcaa tacgatcaag atttatttga acaaattact 2100
aatgatacaa gagcaaaaat ttataggcta_aaaagatga _ 2138
210> 6

211> 714

<212> PRT

213> BB HITH

<400> 6

Met Leu Lys Lys Glu Tyr Phe Lys Asn Pro Thr Phe Ile Leu Leu Ala

1 5 10 15

Phe Ile Ile Leu Ala Tyr Val Phe Ser Val Leu Cys Arg Phe Tyr Trp
20 25 30

Ile Phe Trp Ala Ser Glu Phe Asn Glu Tyr Phe Phe Asn Asn Glu Leu

Met Tle Tle Ser Asn Asp Gly Tyr Ala Phe Ala Glu Gly Ala Afg Asp
50 55 60

Met Ile Ala Gly Phe His Gln Pro Asn Asp Leu Ser Tyr Tyr Gly Ser
65 70 , 75 80

Ser Leu Ser Thr Leu Thr Tyr Trp Phe Tyr Lys lle Thr Pro Phe Ser
85 90 95

Leu Glu Ser [le Phe Ile Tyr lle Ser Thr Phe Leu Ser Ser Leu Val
100 105 110

Val Ile Pro Leu Ile Leu 11e Ala Asn Glu Tyr Lys Arg Pro Leu Met
115 : 120 125

Gly Phe Val Ala Ala Leu Leu Ala Ser Ile Ala Asn Ser TyrlTyr Asn
130 . 135 . 140

Arg Thr Met Ser Gly Tyr Tyr Asp Thr Asp Met Leu Val Tle Val lLeu
145 150 155 160

Ala Met Met [le Val Phe Phe Met Ile Arg Leu Ile Leu Lys Lys Asp
165 170 175 -

[0012]
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[0013]

Leu

Trp

Phe

Ala

225

Gln

Lys

Val

;Lys

Phe:

305

Asp

Phe

" Met

Ser

Phe
385

Leu

Tyr

Ile

210

Ile

Ser

Arg

Phe

Phe

290

Met

Leu

Val

Ile

Gly

370

Gly

Ser

Pro

195

Tyr

Ile

Ala

Phe

Leu

275

Tyr

Tyr

Ser

Ser

Leu

355

Leu

Phe

Leu

180

Ser

Thr

Leu

Ile

Ser

260

Ile

Ile

Phe

Ile

Leu

340

Ala

Arg

lLeu

Ile

Ser

Leu

Ala

Ile

245

Phe

Leu

Phe

Asn

Phe

325

Ile

Leu

Phe

Met

Thr

Tyr

Val

Ser

230

Val

Ala

Ser

Arg

Val

310

Met

Gly

Pro

Thr

Ser
390

LLeu Pro Leu

Thr
Phe
215
Ile
Ile
Leu
Gly
Ser
295
Asn
Gln
Phe
Met
Ile
375

Leu

Leu
200

His

Thr

Leu

Leu

Gly

280

Asp

Gln

Arg

Ile

Leu
360

Tyr

185

Asn

Ile

Leu

Phe

Gly

265

Ile

Glu

Thr

Ile

Phe

345

Ala

Ala

Phe

Val

Lys

Ser

Ser

250

Ile

Asp

Ser

Ile

Ser

330

Leu

Leu

Val

Leu Gln Glu

70

Val

Ala

Glu

Asn

235

Leu

Leu

Pro

Ala

Gln

315

Gly

Val

Gly

Pro

Arg

Gly

Leu

Lys
220

Ile

Phe

Gly

Ile

Asn

300

Glu

Ser

Arg

Phe

Val

380

Lys

395

Ile T

Leu

205

Thr

Ala

Val

Leu

Leu

285

Leu

Val

Glu

Lys

Leu

365

lLeu

Gln

I'yr

190

Gly

Leu

Trp

Leu

Ala

270

Tyr

Ala

Glu

Leu

His

350

Ala

Ala

Lys

leu

Leu

Tyr

Phe

Gln

255

Thr

Gln

Gln

Ser

Val

335

Lys

Leu

Leu

Asn

Trp

Phe

Met

Tyr

240

Asn

Leu

Leu

Gly

Ile

320

Phe

Ser

Lys

Gly

Asn
400
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[0014]

Asn

Ser

Val

Ala

Ile

465

Leu

Val

Ser

Ala

Ser

545

Val

Ala

Phe

Tyr

Thr
Leu
Phe
Gln
450
Arg
Gly
Ala
Phe
Met
530
Leu
Tyr
Ser

Thr

l.eu
610

Tyr

Tle

Ser

435

Arg

Tyr

Lys

Ala

Tyr

515

Met

Ser

Ile

Phe

Phe

595

Ser

Trp

Pro

420

Gln

Glu

Tyr

Asp

Ala

500

Ala

Lys

Lys

Tyr

Ser

580

Ser

Asn

Trp

405

Met

Asn

Asp

Ser

Asn

485

Asn

Pro

Asp

Pro

Met

565

Phe

Ala

Gly

Ala

Phe

Clu

Tyr

Asp

470

Phe

Met

Leu

Tyr

Asn Ile Gly Val

Tyr

Ala

Val

455

Val

Phe

Ala

Asn

Asn

535

Asp
550

Pro

Val

Ala

Ile

Phe

Ala

Asp

Tyr

Ala
615

410

His lle-Asn

Thr

440

Val

Lys

Pro

Arg

Asp

520

Gln

Lys

Arg

Leu

Pro

600

Leu

425

Lys

Thr

Thr

Ser

Leu
505

Ile

Asn

Ile

Met

Glu
585

Leu

Ser

71

Leu

Trp

Leu

Phe

490

Ser

Leu

Asn

Asn

Ser

570

Thr

Asp

Asp

Phe

Asn

Asp

Trp

Ala

475

Val

Val

Lys

Val

Thr

555

Leu

Gly

Val

Asp

Ile

Tyr

Glu

Asp

460

Asp

Leu

Glu

Asn

Asp

540

Pro

Ile

Glu

Lys

Phe

620

Phe

Lys

Leu

445

Tyr

Gly

Ser

Tyr

Asp

525

Leu

Lys

Phe

Ile

Asn
605

Arg

Thr

Ala

430

Lys

Gly

Gly

Lys

Thy

510

Leu

Phe

Thr

Ser

Asn

590

Gly

Ser

Phe
415
Pro
Lys
Tyr
Lys
Asp
495
Glu
Leu
Leu
Arg
Thr
575
Lys

Glu

Phe

Leu
Thr
Ile
Pro
His
480
Gln
Lys
Gln
Ala
Asp
560
Val
Pro

Ile

Lys
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Ile Asn Asn Ser Thr Ile Ser Val Asn Ser Ile Ile Glu Ile Asn Ser
625 630 635 640
Ile Lys Gln Gly Glu Tyr Lys Ile Thr Pro Ile Asp Asp Met Ala Gln
645 650 655
Phe Tyr Ile Phe Tyr Leu Lys Asp Ser Thr Ile Pro Tyr Ala Gln Phe
660 665 670
Ile Leu Met Asp Lys Thr Met Phe Asn Ser Ala Tyr Val Gln Met Phe
675 680 685
Phe Leu Gly Asn Tyr Asp Lys Asn Leu Tyr Asp Leu Val Ile Asn Ala
690 695 700
Arg Asp Ala Lys Val Phe Lys Leu Lys Ile
705 710
210> 7
211> 2145
<{212> DNA
213> SZHEHHE
<400> 7
atgttaaaaa aagaatactit taaaaaccca acttttattt tattggettt tataatttita 60
gegtatgtet ttagtgtttt atgtaggttt tattggattt tttgggcaag tgagttitaat 120
gaatattttt tcaataacga gcttatgatt atctcaaatg atggatatgc ttttgcagag 180
ggtgcaagag atatgatagec gggtttitcat caacctaatg atttgagtta ttatggtict 240
tcgetttcaa cgetcacata tiggttttat aaaataactc ctttttcttt agaaagcatt 300
tttatatata tcagtacttt tttatcttct ttggtggtta tacctttgat tttgattget 360
aatgaataca aacgccctit aatggggttt gttgcageat tgctageccag tatagetaat 420
agctattata atcgcacgat gagcggatat tatgatactg atatgettgt tatagttctt 480
gcaatgatga tagttttctt tatgataagg ctgattttga aaaaagattt attatctita 540
ataacactgc ctttgtttgt aggaatttat ctttggtggt atccatcaag ctatacttta 600
aatgttgett tactaggact tttctttatt tataccttgg tttttcatat aaaaéaaaaa 660
acgctttata tggctattat cctagettct atcacacttt caaatatage ttggttttat 720
[0015]
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caaagcgeca tcattgtcat actttttagt ctttttgttt tgcaaaataa gegttttage 780
tttgetttge ttggaatttt aggtttggea actttggtat ttttgatact aageggtgga 840
attgatccta tactctatca acttaaattt tatattttta gaagtgatga gagtgcaaat 900
ttggctcaag gttttatgta ttttaatgta aatcaaacca tacaagaggt agaaagtata 960
gatttaagta tttttatgca aaggattagc ggaagcgagc ttgtattttt tgtatcttta 1020
atcggcttta ttttccttgt tagaaaacat aaaagtatga ttttggcttt gccgatgtta 1080
gctttaggat ttttagcact taagagtgga cttcgtttta ctatttatge agtacctgtt 1140
ttagcacttg gatttggttt tttaatgagt cttttgcaag aaagaaaaca aaaaaacaat 1200
aatacctatt ggtgggccaa tataggcgtt tttattttta cttttttaag tttaattcct 1260
atgttctatc atatcaacaa ttataaagca ccaactgttt tttctcaaaa tgaggcetacg 1320
aaattagatg agcttaaaaa aattgcacaa agagaagatt atgtagtaac ttggtgggat 1380
tatggatatc ctattaggta ttacagcgat gttaaaactt tggctgatgg gggtaagcat 1440
ttaggcaagg ataatttttt cccatctttt gttctaagta aagatcaagt ggctgctgcea 1500
aatatggcaa gacttagtgt agaatacaca gaaaaaagtt tttacgcccc tttaaatgat 1560
attttaaaaa atgatctttt acaagccatg atgaaagatt ataatcaaaa taatgtggat 1620
ttgtttttag cttcgetttc caagectgat tttaaaatca atacgccaaa aacacgcgat 1680
gtgtatatct atatgccagc tagaatgtct ttgatttttt caactgtgge tagtttttct 1740
tttgtggatt tggagacagg tgagataaat aaacctttta cttttagtgc agcttatcca 1800

| cttgatgtta aaaatggaga aatttatctt agcaatggta ttgcattaag tgatgatttt 1860
agaagtttta aaataaataa tagtactata tccgtaaata gtatcataga gattaattct 1920
atcaaacaag gtgaatataa aatcactcct attgatgata tggctcaatt ttatattttt 1980
tatcttaaag atagcaccat accttatgct cagtttattt taatggataa aactatgttt 2040
aatagtgctt atgtgcaaat gtttttcctt ggaaattatg ataaaaattt gtatgattta 2100
gtgattaatg ctagagatgc aaaagttttt aaactcaaaa tttaa 2145
210> 8
211> 785
212> PRT
Q13> SEFENTEFE
<400> 8

[oo16]
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[0017]

Met

1

Ile

Tyr

Ile

Ile

65

Leu

Glu

Val

Leu

Thr

145

Met

Phe

Tyr

Leu

Lys.

Leu

Trp

Ser

50

Ala

Ser

Ser

Pro

Phe

130

Met

Phe

Ser

Pro

Tyr
210

Asn

Leu

Ala

35

Ser

Gly

Ile
Ile
Leu
115
Ala
Ala
Ile
L¢u
Ser

195

Val

Glu
Ala
20

Ser
Asn
Phe
Leu
Ile
100
Ile
Ala
Cly
Leu
Leu
180

Ser

Leu

Ala Val Lys Asn Ala

5

Phe Gly

Asp

Phe

Asp Gly

His Gln

Thr
85.
Leu
Leu
Phe
Tyr
Tyr
165

Ala

Tyr

e |

Tyr

Tyr

Ile

Leu

Tyr

150

Phe

Leu

Thr

Phe

Asn

Tyr

55

Glu

Val

Met

Ala

Ala

135

Asp

Phe

Pro

Leu

His
215

Ser
Glu
40

Thr

Asn

‘Leu

Ser

Asn

120

Ser

Thr

Ile

Phe

Asn

200

Arg

Val

25

Tyr

Phe

Asp

Tyr

Val
105

Glu

Ile

Asp

Arg

Phe

185

Val

Lys

74

Asn
10
Leu
Phe
Ala
Leu
Lyé'
90
Phe
Leu
Ala
Met
Leu
170
Met

Ala

Glu

Leu

Cys

Phe

Glu

Ser

Ile

Phe

Lys

Lys

Leu

155

Ile

Gly

Phe

Arg

Arg

Arg

Asn-

Gly
60

Phe
Thr
Ser
Arg
Ser
140
Ala
Leu
Leu

Ile

Ser
220

Leu

Phe

‘Asn

15

Ala
Ile
Pro
Ser
Pro
125
Tyr

Ile

Arg

Tyr

Ala
205

Phe

Val
Tyr
30

Gln
Arg
Asn
Phe
Leu
110
Leu
Ty;
Val
Lys
Leu
190

Leu

Tyr

Phe

15

Trp

Leu

Asp

Ser

Ser

95

Ile

Met

Asn

Leu

Asp

Phe

Ile

Met

Lys

Ser

80

Phe

Val

Gly

Arg

Pro

160

Asp

175 -

Trp

Phe

Met

Trp

Thr

Ala
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[0018]

Ala

225

Ser

Phe

Phe

Phe

Ala

305

Leu

Leu

Leu

Gly

Gly

385

Leu

Leu

Ile

Leu

Ala

Phe

Leu

Tyr

290

Tyr

Ser

Ser

Leu

Leu

370

Phe

Lys

Phe

lyr

Leu

[le

Asn

Ala

275

Leu

Phe

Thr

Leu

Thr

355

Arg

Leu

Glu

Val

Glu

435

Cys

Ile

Phe

260

Leu

Leu

Asn

Phe

Phe

340

Leu

Phe

Ser

Thr

Leu

420

Ser

Ala

Val

245

Lys

Ser

Arg

Val

Met

325

Gly

Pro

Thr

Val

Arg

405

Val

Met

Ile

230

Leu

Phe

Gly

Ser

Asn

310

Gln

Phe

Met

Ile

Gln

390

Lys

Leu

Gly

Thr Leu.Ser Asn

Leu

[le

Gly

Phe

Ala

Ile
280

Asp Glu

295

Leu

Arg

Leu

Leu

Tyr

375

Ile

Leu

Gly

Thr

Ile

Trp

Leu

360

Ala

Leu

Arg

Ala

Ala

Leu

265

Asp

Ser

Ile

Ser

Leu

345

Leu

Val

Ser

Ile

Tyr
425

Val Glu Phe

440

75

Leu

250

Leu

Pro

Ala

Gln

Gly

330

Leu

Gly

Pro

Leu

Phe

410

Phe

Gln

Ile

235

Phe

Ala

Ile

Ser

Glu

315

Ser

Lys

Phe

1le

1le
395

-Phe

Tyr

Lys

Ala

Met

Leu

Leu

Leu

300

Val

Glu

Lys

Leu

Met

380

Gln

Tyr

Phe

Asn

Trp

Leu

Gly

Tyr

285

Ala

Glu

Leu

His

Ala

365

Ala

Lys

Gly

Ser

Phe
445

Phe

Lys

Val
270

Gln

Tyr

Asn

255

Leu

Leu

Arg Gly

Ser

Val

Lys

350

Leu

Leu

Met

Ile

Gln

430

Val

Ile

Phe

335

Val

Arg

Gly

Arg

Phe

415

Ser

Ser

Gln

240

Ser

Val

Lys

Phe

Asp

320

Leu

Met

Gly -

Phe

Pro

400

Pro

Ala

Phe
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[0019]

Phe

Thr

465

Val

Asn

Asn

Asp

Ser

545

Asn

Asn

Pro

Asn

Gln

625

Ala

Val

450

Pro

Cys

Leu

Glu

Tyr

530

Asp

Phe

Met

Tyr

Val

610

Thr

Ala

Glu

Leu

Ser

Ser

Ala

515

Ile

Val

Phe

Ala

Asn

595

Asn

Pro

Ile

Thr Gly Glu

Asp

Ile

Phe

His

500

Ser

Val

Lys

Pro

Arg

580

Asp

Leu

Lys

Phe

Leu
660

Thr

Phe

Tyr

485

Ile

Ile

Ala

Thr

Ser

565

Leu

Leu

Phe

Thr

Gly

645

Glu

Leu

Glu

470

Ile

Tyr

Leu

Trp

Leu

550

Phe

Ser

Leu

Leu

Arg

630

Thr

Asn

Leu Phe Ser Leu
455

Leu

Val

Asn

Asp

Trp

535

Ala

Val

Val

Glu

Ala

615

Asp

Val

Pro

Leun

Gly

Tyr

Asn

520

Asp

Asp

Leu

Glu

Ala

Trp

Val

Arg

505

Leu

Tyr

Gly

Ser

Tyr

585

Met

600

Ala

Ile

Ala

Phe

Leu

Tyr

Ser

Val
665

76

Arg

Leu

490

Ala

Lys

Gly

Gly

Gln

570

Thy

_Met

Ser

Ile

Phe

650

Tyr

Leu
Lys
475
Leu
His
Ala
Tyr
Lys
555
Asn
Glu
Lys
Lys
Tyr
635

Ser

Ser

Ile

460

Lys

Phe

Thr

Asn

Pro

540

His

Pro

Lys

Asp

Glu

620

Met

Tyr

Val

Leu

Asp

Ser

Val

Val

525

Ile

Leu

Arg

Gly

Tyr

605

Asp

Pro

Met

Ala

Ala

Ile

Leu

Phe

510

Ser

Afg

Gly

Ala

Phe

590

Asn

Phe

Ser

Ser

Tyr
670

Ile

Arg

Trp

495

Ser

Arg

Tyr

Lys

Ala

575

Lys

Tyr.

Thr

Arg

Leu

655

Tyr

Phe

Phe
480

Ala

Tyr

Glu

Tyr

Asp

560

Ala

Thr

Ser

Leu

Met

640

Glu

Leu
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Val Leu Ser Asn
680

CN 104080921 A 19/140 5¢

Asn Met Leu Leu His
685

Gly Asn Glu Asp Gly Lys Leu
675

Ser Asp Ile Asn .

690

Phe Arg Ser Phe Asn Tyr Ala

700

Asp Leu Asn Gly Lys
695

Val
720

Val Glu Phe Thr
710

Val Gln Gln Lys Tyxr Tvr Ser Val

715

. Ser Leu Ser

705

Glu Ile Phe Ile Asp Ala

735

Tyr Tyr Leu His Lys

730

Asp Lys Asn Ala Lys
725

Ile Pro Asn Val Gln Phe Glu

740

Ile Leu Met
745

Asn Lys. Ala Met Tyr

750

Asp

Ser Ala Phe Val Gln Met
755

Phe Phe Phe Gly Glu

760

Asp Ser Leu

765

Lys Tyr

Tyr Glu
770

Lcu
785

€210> 9
QLY
212>
213>

<400> 9
atgaaaaacg

tttggtttta
tattttttta
gctagagata
ctttctattt
ttatatatga
gagcttaaac
tattataacc

atgtttattt
[0020]

2358
DNA
SEENSHTE

Leu Ile Val Asp

aggctgtgaa
gtgttttatg
ataatcagct
agatagcggg
tgacttatgt
gtgtattttt
gcectttaat
gcactatggce

tatatttttt

Ser
775

aaatgcgaat
tcgettttat
tatgataagc
ctttcatcag
gctttataaa
ttcttcactt
gggacttttt
aggatattat

catcaggctt

Lys Glu Ala Lys

ttgaggctag
tggatttatt
tcaaatgacg
gaaaatgatt
atcacgcett
atagttgtgce
geggeatttt
gatacagata

attttaagaa

7

Val
780

Tyr Lys Leu Lys

tattttttat cttactaget
gggcgagtga ttttaacgaa
gctacacttt tgcagaggpgt
taagctttat taattcctct
ttagttttga aagcattatt
cgcttatttt aattgcaaat
tagcaagtat tgcaaaaagc
tgttagccat tgtgcttect

aagatgattt ttctttactt

60
120
180
240
300
360
420
480
540
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geettgeegt tttttatggs actttatctt tgatggtatc catcaagcta tactctaaat 600
gtegetttta tcgecactttt taccctttat gttttgattt atcatagaaa agaaaggtct 660
ttttatatgg cagcactttt gtgtgccétt accctttcaa atattgettg gttttatcaa 720
agtgctatta ttgttttact ttttgctctt tttatgctta aaaattcgtt ttttaatttt 780
agatttatcg cacttttagc cttaggagtt ttagtttttt tggctttaag tggeggggata 840
gaccccatac tttatcagect taaattttat cttttaagaa gtgatgaaag tgcaagttta 900
gcgegtggtt ttgegtattt taatgtaaat ttaaccatac aagaggttga aagtatcgat 960
ttaagcactt ttatgcaaag aattagegga agtgagettg tgtttttact ttetettttt 1020
ggctttttat ggcttttaaa aaagcataag gtgatgettt taaccctacc tatgettttg 1080
ctcggttttt tagcacttag aggtgggctt agatttacta tttatgetgt gcctattatg 1140
gegettgget ttggettttt aagegttcaa attttaaget taatccaaaa aatgegtcece 1200
ttaaaagaaa ctcgaaaatt aagaatattt ttttatggaa tctttccget ttttgtgett 1260
gttttggges cttattttta ttttagtcaa agtgctattt atgagagtat gggagtggaa 1320
tttcaaaaga actttgtgag cttttttgta gaagatactt tgcttttttc tttgectgatt 1380
ttggetattt ttacgeccettt aatttttgag cttttgtgga gaaaaaagga cattcgtttt 1440
gtgtgtaget tttatattgt gggggttttg cttttttctt tatgggcaaa tttaagtcat 1500
atttataatt atagagcaca caccgttttt agctacaatg aagcgagtat tttggataat 1560
cttaaagcta atgtttctag ggaagattat attgtggett ggtgggatta tggcetatcct 1620
attcgttatt atagcgatgt gaasacctta gctgatgggg gtaagcattt ggptaaggat 1680
aattttttec cttettttgt tttaagtcaa aatccacgeg cagcggcaaa tatggcaaga 1740
cttagegtag aatacacaga aaaaggcttt aaaa;gcctt ataatgatct tttagaagcg 1800
atgatgaagg attataatta tagcaatgta aatttatttt tagcggcact ttctaaggag 1860
gattttactc ttcaaacgcc caaaactaga gatatttaca tctatatgce ttctegtatg 1920
gecggegattt ttggeacggt ggecaagtttt tcttatatga gettagaaac gggtgagett 1980
gaaaatcctt ttgtttatag tgtgregtat tatttgggaa atgaggacgg caaactcgtce 2040
ttaagtaata atatgctcct tcatagcgac tttagaaget ttgaccttaa tggcaagaat 2100
tatgctatta attctptggt tgaatttac? tcggtgecage aaaaatatta tagtgttgtg 2160
gagattgata aaaatgctaa atattatctc tttcacatca aagacgctaa tatccctaat 2220

[0021]
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gtgcaattta tcctaatgga taaggcgatg tatgagagtg ctttcgtgea aatgtttttce 2280
tttggtaagt atgatgagag tttgtatgaa ttaattgtag atagtaaaga agcaaaggtg 2340
tataaattaa aattatga 2358

<210>
211>
212>
<213>

<2205 -

223>

220>
221>
222>
223>

220>
221>
222>
223>

220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
<222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

[0022]

10

661
PRT
ATH

% i 81 B Pe 1B A FE 5

?iic_ie?ture
1).. (2
XaaP] LR R KRR EFEMNE LR

?iic_ie?ture
7).. T
XaaP] LR EBRATF AT EER

misc_feature
(15).. (15)
XaaB] LLZ A B R AR TE7E MOS0

misc_feature
(22)7. (22) ]
XaaR] LRI ERREFENE LR

misc_feature
27).. (29 ,
Xaa ] LU RAE & KR EE B LR

mésg f?ature
4
XwTuEﬂ%X%ﬁEmﬁ%@

?135 f?ature
38
Xaaf] LU RAFERRIEENEED

?1s§ feature
41
XmTU%E%%%ﬁEM§E&

79
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[0023]

<220> -

221>
222>
<223>

<220>
221>
<2225
223>

220>
221>
222>
<223>

<2200
221>
<222>
<223>

<220>
<2215
<222>
<223>

<220>
221>
222>
223>

220>
221>
222>

<223>

<220>
221>
222>
<223>

<220>
<2215
222>
£223>

220>

<221
<222>
223>

<220>
221>
<2225
223>

<2207

misc_ feature
47)..

Xaa—TEln:E[Ei)tﬁkf?{EBQ§§§%E§

misc_feature
(51).. (52)

Xaa T LARAE MR RN R R

T1j§ f?atule
5
XmTMmEa?%ﬁf%ﬁ%&

?1s§ f%ature
56
Xaa®] LRI E RREAMEER

Tl§§ feature
5
Xaa—TleefiE?):ﬁkf?{tﬁqéaﬁ§ﬂ§

Té§§ feature
XM7HEE%%%@E%%§@

Tézc feature
Xaa']leEffﬁiiiﬂkzifﬁﬁﬁﬁiﬁgﬁi

Tls§ f?ature
66
Xaad] A2 R RRFFOEER

misc feature
(69). . (69) _
Xaa R L2 E B AR FEMHEER

Tls§ feature
71
Xaa—TElnaf[%§7:#kf?{Lﬁ§§i§§ﬂ§

T;;g feature
x%ﬁu%&%7%ﬁﬁmﬁ%@

80
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[0024]

<2215
(222>
223>

<2205
<2215
<222>
{2235

<220>
221>
<222>
223>

<220>
221>
<2225
<223>

<220>
221>
222>
223>

220>
221>
<2225

223>

<220>
221>
222>
223>

<2205
<2215
222>
223>

<220>
221>
<2225
223>

220>
221>
<222>
<223>

<220>
<221>
<2225
223>

<220>
221>

T;gg feature
x%Tu%ﬁ%ﬁ%#Emaﬁﬁ

T§8§ feat;re
Xaaf] LR A B KA ELENEER

TIS§ f%ature
84
XaaB] LRI B RAGEENE LR

Tls§ f%ature
86
Xaad] LA RT B RAFENOE AR

misc_feature
(90). . (90)
Xaa Rl R A B FRRAEENELE

misc_ feature
(98).

(98
X%Tumﬁﬁf%#ﬁm%ﬁm

nisc_feature
(107). . (108) y ‘
Xaa Bl B ERRGANTRARD

misc_feature
(111).. (111) o ,
Xaa®] R B RAR G EER

misc_feature
(113).. (113) ,
Xaad] LR B KRR FEN EFER

misc feature
(115). . (124)
Xoa T U R ERAFTENERR

misc_feature
(127).. (129)
Xea M LI R H B RATENELER

misc_feature
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[0025]

<222>
<223>

{220>
221
<222>
223>

220>
<221>
222>
223>

<220>
221
222>
223>

220>
221>
222>
223>

<220>
2215
<222>
<223>

<220>
221>
222>
<2235

220>
221>
222>
223>

<220>
221>
<2225
223>

<220>
221>
<2225
<223>

<2207
221>
£222>
<2235

<220>
221>
222>

(131).. (133)
Xaa®] LLE B RRFENEER

misc_feature
(135).. (135) '
Xaa ¥ LLE T & K K F7E BB LM

misc feature
(137).. (139 s
Xaa®] LR AR KRR FLEWEER

misc_feature
(149). . (149)
Xaa®] LB EEXRFAENTER

misc_feature
(152).. (152) .
Xaaf] LB KRR FENE R

misc_feature
(154). . (156)

Xaa ] LA £F 3 KA EE RO BN

misc_feature
(159).. (160}
Xmﬂu%ﬁﬁ%%ﬁﬁmﬁﬁ@

misc_feature
(162). . (162}
Xea ] LR B R AT EOEER

misc_feature
(164).. (165)
Xaa®] BLRAER R R A ET

misc fedture
(167).. (167)
Xaa_Tklﬁ%fE51332k¥?§E39§i§§E§

misc_feature
(170).. (172}
Xaa®] R AR KR TENTER

misc_featurc
(174).. 17}
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[0026]

<223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

220>
221>
222>
<223>

220>
<2215
222>
<2235

220>
<2215
<2225
<223>

<220>
221>
222>
223>

220>
221>
<222>
223>

220>
<2215
222>
223>

<2205
221
222>
223>

<220>
221>
222>
223>

<2205
221>
<222>
<2235

XaaTT LLEEB KRBT EMEER

misc_feature
(179).. (182)
Xaa Tl LS R K SRIE4E (ORI S

misc feature
(185). . (186)
XaaT] L EF R ERTARISHE

misc_feature
(189).. (189)
Xaaf] LB R REEREER

misc_feature
(191).. (194)
XaaAl U R B RREENEER

misc_feature
(197).. (197)
Xaa"Tklan[ﬁ=7:$k??7'89§&§%ﬂﬁ

misc feature
(200). . (201)
XaaTl LR B ERELNELD

misc_feature
(203).. (210)
Xaafl R F R XA F AT

misc¢_feature
(212) (216)
Xaa—TleEEEﬁia:QKZ?EEﬁgﬁiéé

misc_feature
(218).. (224)
XaaF] L ZERKAFANEER

misc_feature
(226). . (226)
Xaa @] LLREBR K RELE IR

misc_feature
(231).. (231)
Xaaf] LR EBRRAEANSER
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[0027]

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
<2225
223>

<220>
<2215
<222>
<2235

<2205
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
222>
223>

<220>
<2215
222>
<223>

<220>
221>
<222>
<223>

220>
<221>
222>
223>

<2205
221>
222>
223>

misc_feature
(234).. (234)
Xaaf] LB B RRFENEER

misc _feature
(2405. . (240)
Xaa®[ L2 R RARETENEER

misc_feature
(242). . (250)
Xaa @] LLEEBERARFETER

misc_feature
(252).. (255)
Xaa®] LR EERARTZEHEER

misc feature
(257).. (257)
Xaa’Tkiféf[ (RARTFTERR EIR

misc_feature
(263).. (263)
Xaa 7] LR ERRFENEER

misc_feature
(266) .. (266)
Xaa®] LR B RATFEENRER

misc_feature
(269). . (271)
Xaa®] LR fE 3 R RF BRI

misc_feature
(273).. (275)
Xaa®] AR EBRARIFERIRER

misc_feature
(278).. (278)

Xaa®] URE B RREFENEER

misc_feature
(282).. (282)

Xaad] DR E B RREIE MR IE

84
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[0028]

<220>
221>
222>
223>

<220>
2215
222>
223>

<220>
221>
222>
223>

<220>
Q21
222>
223>

<220>
221>
222>
223>

<220>
221>
222>

<223>
<2205

221>
222>
223>

220>
221>
222>
223>

<220>
221
222>
223>

<220>
Q21
<222>
223>

<220>
221>
222>
223>

<220>

misc feature
(284). . (285)
Xaa ] LLRAE & KR EE RO BB

misc_feature
(288). . (289)
Xaa T L2 4E 3 KR BB

misc_feature
(291). . (292)
Xaa®] L @I B R RAF L O E L

misc_feature
(295). . (296)
Xaa'TElAcf[")Eﬁﬁ??%fﬁggiﬁgﬁﬁ

misc_feature
(298). . (301)
Xaa T LU R AF K RFEE B LR

misc_teature
(303). . (303)
Xaa ] LL R & KR U‘J‘ﬁﬁlﬁ

misc feature
(305). . (307) \
XaaP] R KATFENEZEEE

misc_feature
(310). . (310)
Xaa®] u%&wa&%mrma%@

misc_feature
(312). . (312)
Xaa ] LLRAT KRB EL

misc feature
(316). . (316)
Xaa®] Umﬁﬁ%%ﬁ&f&ﬁ%&

misc_feature
(319). . (320)
Xaa ] LA AE B K SR FFIE B E 20
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{0029]

221>
<222>
223>

<220>
221>
222>
223>

220>
221>
<2225
<223>

<220>
221>
222>

223>~

220>
221>
222>
223>

220>
221>
{2225
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
222>
223>

220>
<221>
222>
223>

220>
221>
222>
223>

220>
221>

misc_feature
(328).. (328)
Xaa Pl LRI B RREFENE LR

misc feature
(331).. (332) _
XaaTW] LA BRITE RRFAEMEER

misc_feature
(338) ~. (348).
XaaT[ LA BIEE R RFEMHAER

misc feature
(350). . (373).
Xaa®] LA R EE R RAFEMN S ER

misc feature
(376).. (377)

‘Xaa_TLlnszﬁiiﬁﬂkY“ftUQ§i§§§&

misc_feature
(379).. (381)
Xaa‘TklnefﬁﬁéaiﬁkT?Ztﬁﬁﬁiﬁiﬁﬁ

misc_feature
(385). . (387)

XMTumﬂ%%%ﬁEM§§@

misc_fcature

(3907 . (391)
Xaa®] LRI RRFERER

misc feature
(393).. (394)
Xaa_TleEfE%?359k7?3E99§ﬁ§§§&

?1sc)feature
397
Xaa—Tklzeff%ﬁ?ﬁ#*%?fEﬂqgi§§ﬁﬁ

nisc_feature
(405) . . (405)
XaaP] L BIEBRRFIENRTER

misc_feature
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[0030]

- <2225

<223>

<220>
221>
222>
{223>

220>
221>
222>
<223>

<220>
<221
222>
<2235

<220>
221>
222>
<223>

220>
221>
<222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
2210
222>
<223>

<220>
221>
<222>
<223>

<220>
221>
222>

<223>

<220>
221>
<222>

(107). . (107)
Xeaa B A SR 4F K S8 A7 (0 B2 B

misc_feature
(415). . (415)
Xaaf] LI 2B KR TFENT LR

misc_feature
(421).. (421) L
Xaa®] L2 B KA FEME R

misc_feature
(425). . (425)
Xaa—TkixeffE§9Eﬁ£z?3Eﬁg§i§§E§

misc_feature
(438). . (438)
XaaB] Ll 8 fF 3 R AR e MR AL Y

misc_feature
(441). . (441)
Xaa®] LR E RAFFHIEER

misc_feature
(444) . . (448) _
XaaT] LLRAT B RRFE M HL

misc feature
(463). . (463)
Xaa"Tkizsffffﬂiﬁk?T?Fﬂﬁﬁiigﬁﬁ

misc_feature
(465). . (469)

Xaa®] AR AE B KR FE RS ER

misc_feature
(471). . (471)
Yaa T LR AT B KA NS LR

misc_feature
(473). . (473)
Xaa®d] UM{I%' RARFEE W EB

misc_feature
(475). . (4786)
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[0031]

{223>

<220>
221>
<222>
223>

<220>
221>
222>
223>

220>
<221>
<2225
223>

<220>
221>
222>
223>

<220>
<2215
<222>
<2235

<220>
221>
222>
<223>

<220>
221>
<222>
223>

<2205
<221>
222>
223>

<220>
<2215
<222>
223>

<220>
221>
<222>
223>

<220>
221>
<2227
223>

XaaT] U BRE B RRELEME LR

misc feature
(481). . (486)
Xaa®] LLR B KRR FIE M B KB

misc_feature

(489). . (490)
Yaa 0] MEHE S RAGENELR
misc_feature

(492). . (494)
XaaF] LLR E B RBFENAER

misc_feature
(497).. (499) -
Xaa®] LRI B RATFEM AR

‘misc_feature

(501). . (501)
Xaad] UIEE BRAGEN SR

misc_feature
(506). . (506)
XaaT] LU AF & KR TR M B AL B

misc_feature - -
(508). . (508)
XaaP] LR LB RRAFEMEAER

misc_feature
(512).. (512) .
XaaT] UREBRAFENEER

nisc_feature
(515).. (516)
Xaaf] L2 1F & KRB LR

misc_feature
(518). . (520)
XaaB] LR E & KR ZIE MBS

misc_feature
(523). . (523)
Xaa®] LLE F 8 RAFFIEMEER
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[0032]

<220>
<2215
222>
<223>

<220>
221>
<222>
223>

<220>
<221>
<222>
<223>

<220>
<2215
<2225
<223>

<220>
221>
<222>
223>

<220>
<2215
<2225
<223>

<2205
<2215
222>
<223>

<220>
<2215
222>
<223>

<220>
221>
<222>
<2235

<2205
<2215
222>
223>

<2205
221>
222>
<223>

misc feature
(5255. . (531)
Xaa T LR ERRETNEER

misc_feature
(533Y. . (540)
XaaF] UR T ERARGELENEER

misc_feature
(542).. (542)
Xaa ] LR B RAFENRER

misc_feature
(544).. (552)
Xaaf IR EBRAFLENEER

misc_feature
(554) .. (556)
Xaa®] LR R RRFEMRER

misc_feature
(558). . (558)
Xaa @] LB FBRARFLENEER

misc_feature
(560) .. (565)
Xaa®] LEEERARFENRER

misc_feature
(569). . (586)
Xaa®] LB B RAEENEER

misc_feature
(588).. (601)
Xaa T LR B RARFENAER

misc_feature
(603). . (604)
Xaa®] L REZRRAFENEER

misc_feature
(606) .. (618)
Xaa®] LB B RAFERRER
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[0033]

<220>
221>
222>
223>

<220>
221>
222>
223>

220>
221>
222>
223>

220>
221>
222>
<223>

220>
221>
222>
223>

<2205
221>
222>
223>

<220>
221>
222>
223>

<400>

misc_feature
(620).. (622)
XaaT] LR ER R R EFEMERER

misc_feature
(624).. (628) ,
XaaB LRI BRAFENELER

misc_feature
(630). . (632)
XaaA[ L R IEERXRRFENERR

misc feature
(636).. (639)
XaaR] LB T ERATFERNETRER

misc feature
(642). . (643)
Xaad] L RAEBRATFEMNERER

misc_feature
(645). . (653)
Xaa—Tklmsffi?ﬂiﬁk?F%EBQEa§§E§

?1sc)feature
656
Xaad[ LR IEBRARFENERR

10

Xaa Xaa Asn

Asp Gly Tyr Xaa Phe
1 5

Ala Gly Phe His Gln Xaa Asn Asp

20

Thr Tyr Xaa Xaa Tyr
40

Ser Xaa Leu
35

Ser Ile Xaa Xaa Tyr Xaa Ser Xaa
50 55

Pro Xaa Ile
65

Leu Xaa Ala Xaa Glu
70

Ala Glu Gly Ala Arg Asp Xaa Ile
10 15

Leu Ser Xaa Xaa Xaa Ser Ser Leu
25 30

Xaa Ile Leu Pro Phe Ser Xaa Glu
45

Phe Xaa Xaa Xaa Leu Xaa Val Xaa
60

Xaa Xaa Gly Xaa
30

Xaa Lys Xaa Xaa
75
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[0034]

Xaa
Met
Xaa
Xaa
Pro
145
Tyr
Xaa
Xaa
Xaa
Leu
225
Tyr
Xaa

Xaa

Xaa

Ala

Xaa

Ile

Leu

130

Ser

Xaa

Leu

Xaa

Xaa

210

Xaa

Xaa

Tyr

Xaa

Ser
290

Ala

Gly

Xaa

115

Xaa

Ser

Leu

Xaa

Ile

195

Phe

Leu

Xaa

Phe

Xaa

275

Xaa

Xaa

Tyr

100

Xaa

Xaa

Tyr

Xaa

Xaa

180

Val

Xaa

Ser

Xaa

Asn

260

Phe

Xaa

Leu

85

Tyr

Xaa

Xaa

Xaa

165

Xaa

Xaa

Xaa

Gly

Xaa

245

Val

Met

Gly

Xaa Ser Ile Ala

Asp
Xaa
Pro
Leu
150
His
Xaa
Leu
Xaa
Gly
230
Xaa
Asn

Xaa

Phe

Thr

Xaa

Xaa

135

Asn

Xaa

Leu

Phe

Xaa

215

Xaa

Xaa

Xaa

Arg

Xaa
295

Asp

120

Phe

Xaa

Lys

Ser

Xaa

200

Xaa

Asp

Xaa

Thr

I1le

280

Xaa

Met

105

Xaa

Xaa

Ala

Glu

Xaa

185

Xaa

Leu

Pro

Xaa

Ile

265

Ser

Leu

91

Xaa

90

Leu

Xaa

Xaa

Xaa

Xaa

170

Xaa

Phe

Xaa

Xaa

Xaa

250

Xaa

Xaa

Xaa

Ser Tyr

Xaa Xaa

Xaa Xaa

Xaa Tyr
140

Xaa Xaa
155

Xaa Xaa

Ala Trp

Xaa Xaa

Xaa Xaa
220

Leu Tyr

235

Leu Xaa

Glu Val

Ser Xaa

Xaa Xaa
300

Tyr

Val

Lys

125

Leu

Leu

Tyr

Xaa

Xaa

205

Xaa

Gln

Xaa

Xaa

Xaa

285

Xaa

Asn

Leu

110

Asp

Trp

Phe

Xaa

Tyr

190

Xaa

Xaa

Leu

Xaa

Xaa

270

Val

Lys

Arg

95

Xaa

Xaa

Trp

Xaa

Xaa

175

Xaa

Xaa

Xaa

Lys

Xaa

255

Xaa

Phe

Xaa

Thr

Met

Xaa

Tyr

Xaa

160

Xaa

Xaa

Xaa

Xaa

Xaa

240

Phe

Asp

Xaa

Met
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[0035]

Xaa:

305

Gly

Gly

Xaa

Xaa

Xaa

385

Arg

Tyr

Lys

Ala

Xaa

465

Xaa

Xaa

Arg

Xaa
Leu
Xaa
Xaa
Xaa
370
Xaa
Glu
Tyr
Asp
Ala
450
Xaa
Xaa

Xaa

Met

Xaa

Arg

Xaa

Xaa

355

Xaa

Xaa

Asp

Ser

Asn

435

Asn

Xaa

Xaa

Xaa

Xaa
515

Leu
Phe
Xaa
340
Xaa
Xaa
Glu
Tyr
Asp
420
Phe
Met
Xaa
Xaa
Thr
500

Xaa

Pro

Thr

325

Xaa

Xaa

Xaa

Ala

Xaa

405

Xaa

Phe

Ala

Xaa

Xaa

485

Xaa

Ile

Xaa

310

Ile

Xaa

Xaa

His

Xaa

390

Val

Lys

Xaa

Arg

Asp

470

Xaa

Lys

Xaa

Leu Xaa Leu Gly

Tyr

Xaa

Xaa

Ile

375

Xaa

Xaa

Thr

Ser

Leu

455

Xaa

Phe

Thr

Xaa

Xaa

Xaa

360

Xaa

Leu

Trp

Leu

Phe
440

Ser

Leu

Leu

Arg

Xaa
520

Val

Xaa

345

Xaa

Xaa

Xaa

Trp

Xaa

425

Xaa

Val

Xaa

Xaa

Asp

505

Val

92

Pro
330
Xaa
Xaa
Tyr
Xaa
Asp
410
Asp
Leu
Glu
Ala
Xaa
490

Xaa

Ala

Phe Xaa
315

Xaa Xaa
Xaa Xaa
Xaa Xaa

Xaa Xaa
380

Leu Lys
395

Tyr Gly
Gly Gly
Ser Xaa

Tyr Thr
460

Xaa Xaa
475

Leu Xaa

Tyr Xaa

Xaa Phe

Ala
Ala
Lys
Xaa
365
Xaa
Xaa
Tyr
Lys
Xaa
445
Glu
Lys
Xaa

Tyr

Xaa
525

Leu

Leu

Xaa

350

Xaa

Thr

Xaa

Pro

His

430

Xaa

Lys

Asp

Xaa

Met

510

Xaa

Xaa

Gly

335

Xaa

Xaa

Val

Xaa

Xaa

415

Leu

Xaa

Xaa

Tyr

Asp

495

Pro

Xaa

Xaa

320

Phe

Xaa

Xaa

Phe

Xaa

400

Arg

Gly

Xaa

Phe

Asn

480

Phe

Xaa

Xaa
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[0036]

Xaa Xaa Xaa Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa

530

535

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

545

550 955

Xaa Xaa Xaa Xaa Xaa Asp Phe Arg Xaa Xaa Xaa

565 270

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ser

Xaa Xaa

Xaa Xaa
610

625

. 580 685

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ala Xaa
595 600

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Phe
615

Xaa Xaa Xaa Xaa Ser Xaa Xaa Xaa Gln Met Phe

630 635

Asp Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa

Xaa Xaa

<210>
211>
212>
213>

<400>

645 650

Xaa Xaa Xaa
660

1t

967
PRT

WERLKERE
11

Met Val Lys Thr Gln Ile Lys Glu Lys Lys Lys
1 5

10

Xaa

540

Xaa

Xaa

Xaa

Xaa

Xaa

620

Xaa

Xaa

Asp

Ile Pro Leu Pro Gly Lys Ile Lys Thr Val Leu Ala

20 25

Leu Ala Phe Ala Ala Tyr Gly Phe Tyr Ile Arg His
40

35

93

Ser Xaa
Leu Xaa
Xaa Xaa
Xaa Xaa

590

Tyr Xaa
605

Xaa Xaa

Xaa Xaa

Xaa Ala

Glu Lys

Phe Leu
30

Leu Thr
45

Ala Xaa

Asn Xaa
560

Xaa Xaa
575

Xaa Xaa

Xaa Xaa

Asp Xaa

Xaa Tyr

640

Lys Xaa
655

Val Thr .
15

Val Val

Ala Gly
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[0037]

Lys

Leu

65

Pro

Ala

Ala

Val

Gly

145

Ser

Ser

Lys

Ala

Ala

225

LLeu

Ala

Tyr

50

Val

Phe

Ile

Phe

Tyr

130

Ala

Gly

Ala

Ile

Ala
210

Ser

Arg

Ile

Phe

Leu

Gly

Phe

Leu

115

Leu

Ile

Asn

Val

Ile

195

Trp

Phe

Glu

Ser

Ser

Lys

Ser

Tyr

100

Leu

Leu

Ile

Ala

Leu

180

Trp

Asn

Gln

Phe

Tyr
260

Asp

Glu

Leu

85

Lys

Trp

Gly

Leu

Arg

165

Met

Gly

Gly

Thr

[le

245

Leu

Pro

Gly

70

Ile

Ile

Pro

Arg

Ser

150

Gly

Leu

Thr

Ser

Ile

230

Lys

Leu

Asp Thr Phe Tyr

55

Leu
Gly
Ile
Pro
Lys
135
Val
Asp
Tyr
Leu
Pro
215
Ile

Glu

Thr

Pro

Glu

Ser

Phe

120

Val

Leu

Gly

Tyr

Phe

200

Phe

Leu

Tyr

Ile

Arg Tyr

Pro Leu

90

Ile Phe
105

Val Gly

Leu Asn

Thr Ala

Pro Phe
170

Leu Thr
185

Val Leu

Gly Leu

Phe Ile

Tyr Pro

250

Pro Gly
265

94

His

Tyr

75

Gly

Gly

Phe

Glu

Asn

155

Met

Glu

Leu

Met

Phe

235

Ala

Ile

Phe
60

Pro
Leu
Tyr
Leu
Trp
140
Phe
Met
Glu
Ala
Val
220
Gly

Tyr

Gly

Glu

Met

Tyr

Asn

Ser

125

Ala

Ser

Leu

Asn

Gly

205

Leu

Lys

Leu

Lys

[le
Ala
[le
Glu
110
Val
Gly
Arg
Phe
Lys
190

Ile

Leu

I1e

Gly

Ile
270

Tyrx

Asp

Leu

95

Leu

Ile

Met

Thr

Thr

175

Asn

Ser

Gly

Asn

Lle

255

Gly

Lys
Ala

80

Pro

Glu

Gly

Trp

Phe

160

Phe

Lys

Thr

Phe

Glu

240

Leu

Gly
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[0038]

Phe

Ile

His

305

Ala

Tyr

Asp

Ile

Tyr

385

Phe

Ala

Val

Ile

Val

Val

290

Arg

Tyr

Gln

Trp

Val-

370

Leu

Ala

Arg

Phe

Pro

450

Ile

Arg

Arg

275

Met

Phe

Ile

Ser

Gly

355

Phe

Tyr

Ile

Phe

Phe

Leu

Ala

Tyr

Thr
340

Asp

Phe

Lys

Thr

Leu
420

Ala Gly

435

Ile

Pro

Thr

Lys

Leu

The

Ala

Tyr

Val

Val

325

Gln

Val

Leu

Leu

Phe

405

Phe

Tyr

Ala

Thr

Glu
485

Phe Glu Val Phe Leu

Gly
Val
310
Gly
Val
Lys
Gly
Phe
390
Tyr
Leu
Val
Ala
His
470

Ile

Gly

295

Ala

Pro

Tyr

Val

Leu

375

Lys

Val

Ala

Leu

Leu

455

Gly

Glu

280

Lys

Val

Lys

Glu

Tyr

360

Val

Asp

Met

Ser

Glu

440

GCly

Pro

Thr

Tyr

Ile

Leu

Thr

345

Tyr

“Gly

Gly

Ser

Tyr

425

Thr

Gly

Leu

Ser

95

Leu

Val

Phe

330

Val

Gly

Ala

Arg

Ile

410

Ala

Val

Val

Leu

Gly
490

Gly

Asn

Ile

315

Thr

Gln

Val

Met

Arg

395

Tyr

Ile

Glu

Ile

Ala

475

Trp

Leu

Tyr

300

Ala

Leu

Glu

Glu

Ile:

380

Pro

Leu

Ala

Lys

Ala

460

Gln

Glu

Val

285

Ser

Gly

Met

Leu

Lys

365

Val

His

LG‘U

Leu

Met

445

Ile

Ser

Asp

Phe

Asp

Phe

Gly

Ala

350

Pro

Thr

Glu

Trp

Met

430

Lys

Met

Ala

Ala

Leu

Lys

Ala

Gly

335

Lys

Asn

Ala

Glu

Thr

415

Ser

Glu

Leu

Lys

Leu

Ala
Lys
GCly
320
Ala
Thr
Gly
Arg
Leu
400
Ala
Gly
Ser
Leu
Ser

480

Lys

495
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[0039]

Trp

Asp

Ser

Phe.

545

Glu

Ala

Asp

- Tyr

Ser

625

Leu

Thr

Thr

Lys

Lys
705

Leu

Tyr

Ala

530

Leu

Leu

Ile

Glu

Gly

610

Asn

Met

Cys

Ile

Leu

690

Leu

Arg

Asp

Ala

Asn

Ser

Ser

595

Glu

Ser

Val

Ser

Gly

675

Ala

Phe

Glu

500

Tyr

Gly

Arg

Tyr

Tyr

580

Gly

Lys

Ser

Thr

Asp

660

Val

Phe

Ser

Asn

Trp

Gly

Asp

Phe

565

Leu

Arg

Tyr

Val

Phe

645

Gly

Leu

Gly

Asn

Thr

Ile

His

Gly

550

Leu

Gly

Gly

Val

Lys

630

Thr

Asn

Ala

Val

Phe
710

Pro

Glu

Ala

535

Asn

Val

Gly

Ala

Asn

615

Val

Pro

Ala

Tyr

Pro

695

Glu

Glu

Ser

520

Arg

Ile

Tyr

Ala

Val

600

Leu

Thr

Ser

Phe

Tyr

680

Ala

Pro

Tyr

505

Ser

Asp

Ser

Leu

1le

585

Thr

Tyr

Val

Gly

Pro

665

Lys

Ser

Val

96

Ser
Leu
Arg
Glu
Asn
570
Thr
Thr
Ala
Gl}y
Lys
650
Tyr
Val

Thr

Tyr

Thr
Leu
Asp
Val
555
Aép
Arg
Leu
Lys
Asp
635
Thr
Val
Ala

Ile

Glu
715

Ala

Gly

His

540

Asp

Trp

Arg

Leu

Val

620

Arg

Ile

Leu

Thr

Pro

700

Ser

Thr

Gln

525

Ile

Phe

Ala

Glu

Pro

605

Ile

Glu

Lys

His

Ala

685

Gly

GCly

Ser
510

Arg

Leu

‘Glu

Lys

Tyr

590

Leu

Val

Cys

Gly

Leu

670

Asn

Phe

Asn

Trp

Arg

Ala

Ser

Phe

075

Asn

Pro

Asp

Asp

Thr

655

Thr

Phe

Ser

Val

Trp

Ala

Leu

Trp

560

Asn

Gly

Arg

Val

Pro

640

Gly

Pro

Ile

Asp

{le .
720
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[0040]

Val Tyr

Asn Gly

Leu Lys

- Leu Tyr

770

Ile-Ala
785

Val Asn

Gln Lys

- Glu Ile

-Ile Glu

850

Leu Arg

865

Glu Asp

Thr Lys

Lys Val

Glu Leu
930

Arg
Thr
Leu
755
Ile
Glu
Val

Gly

Arg

835

Leu

Ala

Tyr

Ile

Arg

915

Gln

Phe

Trp
740

Tyr

“Tyr

[le

Thr

Pro

820

Ser

Lys

Thr

Asp

Gly

900

Ala

Arg

Thr

725

Lys

[le

Ala

Ser

Leu

805

Ile

Pro

Val

Phe

Ala

885

Glu

Glu

Pro Phe Gly Ile Tyr

Gln

Ser

Ile

His

790

Pro

Gly

Thr

Gly

Ile

870

Ala

Asn

Leu

Tyr

Yal
Ala
Asn
775
Met
Asn
Val
Asn
Val
855
Tyr
Phe
Ile

Pro

Gly
935

Tyr

Phe

760

Asn

Asp

Ala

Leu

Ile
840

Asp

Leu

Glu

Gln

Glu

920

Asp

Asn
745
Gly
Glu
Tyr
Thr
Leu
825
Leu
Lys
Val

Pro

Leu
905

Gly

Lys

97

730

Leu

Arg

Lys

Leu

Ser

810

Asp

Arg

Asp

Arg

Gln

890

Lys

Val

Leu

Lys Ile Glu

Thr

Asp

Ile

Asn

795

Tyr

Ala

Glu

Tyr

Lys

875

Met

Glu

Ile

[le

Glu

Pro Gly Lvs

Ile

Ile

780

Glu

Arg

Pro

Gly

Thr

860

Ser

Asp

Gly

Ser

Ile
940

Glu

765

Glu

Tyr

Phe

Lys
Glu
845
Ala
Gly
Val
Glu
Ser
925

Arg

750

Asn

Lys

Pro

Val

Val

830

Ser

Asp

Lys

Phe

Asn

910

Gly

Asn

735

His

Ala

Ile

Ile

Leu

815

Asn

Gly

Leu

Asp

Phe

895

Thr

Lys

[le

Ile

Glu

Thr

Lys

Ala

800

Val

Gly

Glu

Tyr

Asn

880

Ile .

Val

Asp

Arg
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-Yal Glu Pro Val Phe Ile Ala Glu Lys Glu Tyr Leu Met Leu Glu Val
945 950 955 960
Ser Ala Ser Ala Pro His His
' 965
210> 12.
211> 2904
<212> DNA
213> WEFLKIRE
<400> 12
atggtgaaaa cccaaataaa ggagaaaaag aaagatgaaa aagttactat tccacttcct 60
gggaagataa aaactgtttt ggecttccta gtcegttttgg catttgecge atatggattt 120
tacattagac atttaacagc cggaaagtat ttctcagatc cagatacqtt ctaccatttc 180
gaaatttata agcectagtcct caaagaggge cttectaggt attacccaat ggcagatget 240
ccatttggaa gtctcatagg agaacctctt ggactataca tccttccage aatattctac 300
aaaataatct caatatttgg gtacaatgag ctagaggcat ttcttectttg geccccattce 360
gtaggatttc tcagtgttat aggtgtttac ttactcggaa gaaasagttct gaacgaatgg 420
gcagggatgt ggggtgctat aattctctca gtecctcacgg caaacttttc aagaacattc 480
tcaggcaacg éaagaggcga cggceccatte atgatgttgt ttacgtttte agcagtecta 540
atgctctatt atctaaccga ggaaaataaa aacaagaaaa taatctgggg aacactgttt 600
gtactcttgg caggaatatc aactgcagca tggaacggtt caccatttgg actaatggtt 660
ctccttggat tcgeatcgtt ccagacaata atcctcttta tttttggaaa gatcaatgag 720
cttagagaat tcataaagga atactaccca gcatacctgg gaattttagc tataagctac 780
cttctaacga tcccaggaat tggaaaaata ggaggatttg taagatttgq atttgagptt 840
ttcttagggt tagttttctt agecatcgte atgctctatg gaggaaaata cttgaactat 3900
tctgacaaga agcacaggtt cgcagtggtt gecagttatag ttattgeggg gttcgecagga 960
gcttatattt acgttggtcc aaaactcttc actctaatgg gtggagetta tcagtcaacg 1020
caagtttatg aaacagtaca ggagctcgca aaaactgatt ggggagatgt aasagtctat . 1080
tatggagtag aaaagccaaa cggaatagtc ttcttccttg gattagttgg agcaatgatt 1140
gttacagcta ggtacctcta caaattattt aaagatggaa ggecgeccaca cgaagagtta 1200
tttgcaataa ctttctatgt aatgtcaatt tacctcctct ggacagetge tagattccta 1260
[0041]
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ttcctagega gttatgegat agcattgatg tcaggtgtct ttgcaggata cgtcctagag 1320
actgtagaasa agatgaaaga gagtatacca ataaaagcag cactaggagg agtaattgcet 1380
attatgcttc ttctaatacc cttaactcat ggecccactct tagctcaaag cgctaaaagt 1440
atgagaacaa ccgagatcga gactagtgga tgggaagatg cgctcaaatg gectcagagaa 1500
aacactccag aatattcgac cgcaacctct tggtgggact atggatattg gatagagtca 1560
agcctcctag gacagagaag ggecagtget gatggtgpac atgcaagaga tagagatcat 1620
atcttagcee tatttctage cagagacggt aacattagtg aagtagactt tgagagttgg 1680
gagcttaact acttcctagt ttaccttaat gattgggcaa agttcaatgc aatcagctat 1740
ctaggeggeg ctataacgag gagagaatac aatggagatg aaagtggaag aggagcecgta 1800
actacgctac ttcctctcce aaggtatgga gagaaatacg tcaacctcta tgccaaagtt 1860
atagttgatg tttcaaactc gagcgtaaag gttactgtag gagacagaga gtgtgatcca 1920
ctaatggtta cgtttactcc aasgtggaaag acgataaaag gaactggaac ctgtagtgat 1680
ggcaacgcect tcccatatgt- tttacactta actccaacaa ttggagtact tgcatactac 2040
aaagtagcaa ctgcaaactt cattaagtta gcectteggtg ttccagettc aacaattcca 2100
ggattetetg ataagetatt ctcaaacttt gagecagtgt atgagtcagg aaacgtaata 2160
gtatatcgct tcacaccatt tggaatatac aaaattgagg aaaacattaa cggaacttgg 2220
aagcaagttt ataacctaac tcctggaaaa cacgagctca aactgtacat ttcagcattc 2280
ggaagagaca tcgaaaatgc aacgctgtac atttacgcca taaacaacga gaagatcata 2340
gagaaaatta agattgccga gatatcccac atggactatc taaatgaata cccgatagceca 2400
gtgaacgtaa ccctaccaaa tgctacaagc tacaggtttg tactagttca aaaaggccca 2460
ataggtgttc ttctagatgc accaaaagtc aatggtgaga taagaagtcc aaccaacata 2520
ctaagggaag gagaaagtgg agaaatagag cttaaagttg gggttgataa agactacact 2580
gcegatctat acttaaggge tacgttcata tatttagtca gaaaaagtgg aaaggataac 2640
gaagattatg acgcagcgtt tgagccccaa atggatgttt tctttatcac aaagatcgga 2700
gaaaacattc aacttaaaga aggagagaat acagtaaagg ttagggcgga gcttccagaa 2760
ggagttatat ctagctacaa agatgaacta cagagaaaat acggagacaa gttgataatc 2820
agaggaataa gagtagagcc agtgttcata gcagaaaaag agtacctaat gctcgaggte 2880
agtgcatcegg ctcctcatca ctaa 2904

[0042]
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<210> 13
211> 980
212> PRT

213>

<2207

<223>

<400> 13

ALY

Met Lys Ser Leu

1

Lys

Lys

Phe

Glu

Ser

Phe

Ile

145

Ser

Gly

Glu Lys

Leu Ala
35

His Ile
50

Phe Tyr

Lys Tyr

Pro Leu

Ala Phe

115

val Gly

130

Leu Asn

Thr Ala

Pro Phe

Arg

20

Leu

Arg

His

Tyr

Gly

100

Gly

Phe

Glu

Asn

Met

Val

5

Glu

Thr

His

Tyr

Pro

85

Leu

Tyr

l.eu

Trp

Phe

165

Met

Lys

Ile

Phe

Leu

Glu

Met

Tyr

Asn

Ser

Ala

150

Ser

Leu

KIREE STO4 OST

Val

Gly

Ile

Thr

55

Ile

Ser

Ile

Glu

Val

135

Gly

Arg

Phe

Glu

Asn

Val

40

Ala

Tyr

Asp

Leu

Phe

120

Tle

Leu

Thyr

Val

Val

Ile

Thr

Lys

Ala

Pro

105

Gln

Gly

Trp

Phe

Phe

100

Lys
10

Ser

Leu

Leu

Pro

90

Ala

Ala

Val

Ala

Ser

170

Ser

Arg Glu

Arg

Ile

Tyre

Val
75

Phe.

Ile

Phe

Tyr

Ala

155

Gly

Met

His
Phe
Phe
60

Leu
Gly
Phe
Leu
l.eu
140
Ala

Asn

Val

Lys

Tyr

Ala

45

Pro

Lys

Ser

Tyr

Leu

125

l.eu

Ile

Ala

Ala

Lys

Gly

30

Trp

Asp

Glu

Leu

Lys

110

Trp

Gly

Leu

Arg

Leu

Asp

15

Lys

Tyr

Pro

Gly

[le

95

[1e

Pro

Arg

Ala

Gly

175

Leu

Arg
Ile
Ala
Asp
Leu
80

Gly
Leu
Pro
lys
Val
160

Asp

Tyr
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Tyr

Phe

Phe

225

Leu

Phe

Ile

Val

Lys

305

Ile

Lys

Gln

Pro
385

Lys

Leu
Val
210
Gly
Phe
Tyr
Pro
Phe
290
Phe
Ile
Leu
Thr
Tyr
370

Gly

Ser

Glu

195

Ile

Leu

Ile

Pro

Gly

275

Leu

Leu

Val

Phe

Val

355

Gly

Phe

Glu

180

Glu

l.eu

Met

Phe

Ala

260

Leu

GCly

Asn

Leu

Arg

340

Gln

Val

Leu

Ser

Ala

Ala

Val

Gly

245

Tyr

Ala

Leu

Tyr

Ile

325

Leu

Glu

Glu

Ile

Pro

Arg

Gly

Leu

230

Lys

Val

Lys

Val

Ser

310

Gly

Met

Leu

Lys

Met

390

Asn

Ile

Leu

215

Leu

Ile

Ser

Ile

Phe

295

Asp

Phe

Gly

Ala

Ala

375

Leu

Lys

Lys

200

Ser

Gly

Asp

Val

Gln

280

Leu

Lys

Ala

Gly

Lys

360

Asn

Ser

Glu

Thr

Phe

Glu

Leu

265

Ser

Ala

Lys

Gly

Ala

345

Thr

Gly

Leu

Leu

101

Met

Ala

Leu

250

Ile

Phe

Ile

His

Ala

330

Tyr

Ser

Leu

Tyr

Leu

Ala

Ala’

Ser

235

Lys

Leu

Ile

Val

Arg

315

Tyr

Gln

Met

lle

Leu
395

Gly

Val

[tp

220

Leu

Lys

Ser

Arg

Met

300

Phe

Ala

Ser

Gln

Phe

380

Ile

Lle

Trp

205

Asn

Gln

Phe

Tyr

Phe

285

Leu

Leu

Tyr

Thr

Asp

365

Phe

Gly

Thr

190

Gly

Gly

Thr

Ile

Leu

270

Ala

Tyr

Val

Val

Gln

350

Ile

Leu

Leu

Phe

Ala

Ser

Ile

Lys

255

Leu

Phe

Gly

Val

Gly

335

Val

Lys

Ser

Trp

Tyr

Leu

Pro

Ala

240

Glu

Thr

Glu

Glu

Ala

320

Pro

Tyr

Leu

lle

Ser

400

Val
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[0045]

Met

Ser

Glu

Ala

465

Pro

Thr

Lys

Ser

Arg

515

Val

Tyr

Ala

Ile

Pro

Ser

Tyr

Val

450

Ile

Val

Ser

Tyr

Ser

530

Asp

Ser

Leu

Ile

Pro

610

Tyr

Ile 1

Ala

435

Ile

Val

Leu

Gly

Ala

515

Leu

Arg

Glu

Asn

Thr

295

Thr

Asn

Tyr

4120

Tle

Glu

Ile

Ala

Trp

500

Thx

Leu

Asp

Val

Asp

580

Lys

Ile

Gly

Ala

Lys

Ser

Arg

485

Glu

Ala

Gly

His

Arg

Tle

Val

Met

Leu

Met

Ile

470

Ser

Gln

Thr

Asn

Ile

550

Phe

Ala

Glu

Leu

Ser

Ser

Phe

Lys

455

Met

Ala

Ala

Ser

Arg

535

Leu

Glu

Lys

Tyr

Ala

615

Ile

Leu
Ala
440
Glu
Ile
Lys
Leu
Trp
520
Arg
Ala
Ser
Phe
Ser
600

Pro

Lys

Ala

425

Gly

Asn

Leu

Ala

Lys

505

Trp

Ala

Leu

Trp

Asn

585

Gly

Arg

Val

102

410

Val

Ile

Val

Leu

Met

490

Trp

Asp

Ser

Phe

Glu

570

Ala

Asp

Phe

Leu

Arg

Leu

Gly

Ile

475

Ser

Leu

Tyr

Ala

Leu

555

Leu

Ile

Glu

Gly

Asn

Phe

Val

lle

460

Pro

Lys

Arg

Gly

Asp

540

Ala

Asn

Ser

Lys

Glu

620

Asn

Leu

GCly
445

Lyvs

Ile

Thr

Asn

Tyr

525

Gly

Arg

Tyr

Tyr

Gly

605

Gln

Ser

Phe

430

Tyr

Ala

Thr

Glu

Asn

510

Trp

Gly

Asp

Phe

Leu

590

Arg

Tyr

Gln

415

Leu
Gly
Ala
His
Val
495
Thr
Ile
His
Gly
Ile
575
Gly
Gly

Ile

Val

Ala

Leu

Leu

Gly

480

Glu

Pro

Glu

Ala

Asn

560

Yal

Gly

Ser

Asn

Thr
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625

Val

Pro

Ser

Tyr

Pro

705

Lys

Phe

lle

Ala

Lys

785

Met

Asp

Val

Arg

Thr

Gly

Phe

Tyr

690

Ala

Met

Ala

Thr

Phe

770

Asp

Ser

Ala

Leu

Val

Ile

Asn

Pro

675

Lys

Ser

Val

Ile

Thr

755

Gly

Asn

His

Asp

Thr

835

Leu

Gly
Lys
660
Phe
Val
Lys
Tyr
Tyr
740
Leu
Arg
Arg
Leu
Lys
820

Ala

Asn

Ser

645

Lys

Yal

Ala

Glu

Gln

725

Lys

Ser

Asp

Thr

Asn

805

Tyr

Pro

630

Thr

Val

Val

Thr

Pro

710

Glu

Leu

Pro

Ile

Ile

790

Glu

Lys

Pro

Thr Cys Ser

Lys

Tyr

Ser

695

Gly

Gly

Gln

Gly

Lys

775

GIn

Thr

Phe

Lys

Gly
Leu
680
Asn
Phe
Asn
Glu
Lys
760
Asn
Afg
Pro

Val

Val
840

Asp Gly Glu Ser

Gln
.665
Thr
Phe
Thr
Val
Phe
745
His
Ala
Lle
Ile
Leu
825

Asn

Gly

103

Pro

650

Gly

Pro

Leu

Asp

Val

730

Thr

Thr

Thr

Lys

Thr

8§10

Val

Gly

Arg

635

Leu

Ser

Thr

Lys

Lys

715

Ile

Asn

Leu

Leu

Ile

795

Val

Gln

Lys

Leu

Met Thr Val

Cys Thr Asn
670

Leu Gly Val
685

Leu Ala Tyr
700

Leu Phe Ser

Tyr Glu Phe

Cly Thr Trp
750

Lys Leu Tyr
765

Tyr Ile Asp
780

Gly Glu Ile

Asn Val Thr

Lys Gly Pro
830

1le Ala Asn
845

Glu Leu Lys

Phe

655

Gly

lle

Gly

Asn

Arg

735

Lys

lle

Ala

Lys

Leu

815

Yal

Pro

Yal

640

Lle

Gly

Ser

Ile

Phe

720

Pro

Thr

Ser

I[le

Tyr

800

Pro

Gly

Val

Gly
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850

Val Asp
865

Tyr Leu

Phe Glu

Ile Ser

Pro Glu
930

Gly Asp
945

Ala Glu

His Ser

210>
211>
212>
213>

<220>
223>

<400>

1

Lys

Val

Pro

Leu

915

Asn

Lys

Lys

Ser

14
973
PRT

Asp Tyr

Arg Lys
885

His Met
900

His Lys

Val Ile

Leu Ile

Glu Tyr

965

Glu
980

ATLH)

855

Lys Ala Asp
870

Ser Gly Thr
Asp Val Phe

Gly Glu Asn
920

Ser Asp Tyr
935

Ile Arg Gly
950

Val Met Leu

KERBE R B HENA2 OST

14

Met Val Lys Arg Lys Lys Glu Glu
5

Glu Phe Tyr Ser Lys Ile Lys Arg

20

Gly Phe Ala Thr Tyr Gly Phe Tyr

35

40

Leu Tyr Leu
875

Ser Asn Asp
890

Phe Ile Thr
905

Glu val Thr
Lys Lys Lys

Ile Arg VYal
955

Glu Val Arg
970

Lys Glu Ile
10

Met Ile Ile
25

Leu Arg His

104

860

Asp

Lys

Val

Leu

940

Glu

Ala

Lys

Pro

Leu

Ala

Tyr

Leu

Glu

925

Glu

Pro

Ser

Gly

Ile

45

Thr Phe

Asn Ala
895

Lys Ser
910

Ala Lys

Ala Glu

Val Phe

975

Glu Lys
15

Ile Yal
30

Ile

880

Ala

Gly

Met

Tyr

Ile

960

His

Arg

Leu

Thr Ala Gly Arg
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Tyr

Val

65

Phe

Ile

Phe

Tyr

Ala

145

Gly

Ala

Val

Ala

Ser

225

Lys

l.eu

Phe
50

Ile
Gly
Phe
Leu
Leu
130
Val
Asn
1le
Leu
Trp
210
Phe

Lys

Gly

Pro

Lys

Ser

Tyr

Leu

115

Leu

Ile

Ala

Leu

Tyr

195

Asn

Gln

Phe

Tyr

Asp

Clu

Leu

Lys

100

Trp

Gly

Leu

Arg

Met

180

Gly

Gly

Thr

Ala

Leu
260

Pro

Gly

Ile

Val

Pro

Arg

Ser

Gly

165

Phe

Thr

Ser

Ile

Thr

245

Leu

Asp

Leu

70

Gly

Ile

Pro

Lys

Val

150

Asp

His

Leu

Pro

Ala

230

Glu

Thr

55

Pro

Glu

Ser

Phe

Val

135

Ser

Gly

Tyr

Phe

Phe

215

Leu

Phe

Ile

Thr Phe Tyr His

Phe

Lys Tyr Tyr Pro

Pro

Ala

Val

120

Leu

Thr

Pro

Leu

Val

200

Gly

Phe

Tyr

Pro

Leu
Phe
105
Gly
Asn
Ala
Phe
Arg
185
Ile
Leu
Ile
Pro

Gly
265

105

Gly

90

Gly

Phe

Glu

Asn

Met

170

Glu

Leu

Met

Phe

Ala

250

Ile

75

Leu

Tyr

Leu

Trp

Phe

155

Met

Thr

Ala

Val

Gly

235

Tyr

Val

Glu
60

Leu

Tyr

Asn

Ser

Ala

140

Ser

Leu

Ser

Ser

Leu

220

Lys

Leu

Lys

Ile

Ser

Ile

Glu

Val

125

Gly

Arg

Phe

Lys

Ile

205

Leu

Ile

Gly

Ile

Asp

Leu

Phe

110

Val

Leu

Thr

Val

Thr

190

Ser

Gly

Ser

Ile

Gly
270

Lys

Ala

Pro

Gln

Gly

Trp

Phe

Phe

175

Lys

Leu

Phe

Glu

Leu

255

Ser

Leu

Pro

Ala

Ala

Ile

Ala

Ser

160

Ser

Lys

Gly

Ala

Leu

240

Ala

Phe
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Ile

Ile

Arg

305

Tyr

Gln

Met

Ile

Leu

385

Ala

Arg

Phe

Gly

Ile

465

Ser

Lys

Met

290

Phe

Ala

Ser

Arg

Phe

370

Val

Ala

Phe

Ala

Ile

450

Pro

Arg

Phe
275

Leu

Leu

Thr

Asp

355

Phe

Asp

Val

Leu

Gly

435

Lys

Ile

Thr

Ala

Tyr

Val

Val

Gln

340

Ile

Leu

Leu

Phe

Phe

420

Phe

Ala

Thr

Glu

Phe

Gly

Val

Gly

325

Val

Lys

Ser

Phe

Tyr

405

Leu

Val

Ala

His

Yal
485

Glu Val Phe
280

Gly Arg Tyr
295

Ala Val val
310

Pro Lys Leu

Tyr Glu Thr

Val Tyr Tyr
360

Ile Pro Gly
375

Arg Lys Ser
390

Ile Met Ser

Ala Ser Tyr

Ile Glu Ile
440

Leu Gly Ile
455

Ala Pro Vval
470

Glu Thr Thr

Leu

Leu

Val

Phe

Val

345

Gly

Ile

Glu

Ile

Ala

425

Val

Val

Leu

Gly

106

Gly

Asn

Leu

Arg

330

Gln

Val

Ile

Ser

Tyr

410

Ile

Glu

Ile

Ala

Trp
490

Leu Val

Tyr Ser
300

Ile Gly
315

Leu Met

Glu Leu

Glu Asn

Ile Ile
380

Ser Asn
395

Leu Leu

Ala Leu

Lys Met

Ser Ile
460

Arg Ser
475

Glu GlIn

Val

285

Asp

Phe

Gly

Ala

Pro

365

Leu

Glu

Ser

Phe

Lys

445

Met

Ala

Val

Leu

Lys

Ala

Gly

Lys

350

Asn

Val

Thr

Leu

Ala

430

Glu

Ile

Arg

Leu

Leu

Lys

Gly

Ala

335

Thr

Gly

Lys

Leu

Ala

415

Gly

Ser

Leu

Ser

Lys
495

Thr

His

Ala

320

Tyr

Thr

Leu

Tyr

Phe

400

Val

Ile

Ile

Met

Leu

480

Trp
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Leu

Tyr

Ala

Leu

545

Leu

Ile

Glu

Gly

Glu

625

Cys

Gly

Leu

Asn

Phe
705

Arg

Gly

Asp

530

Ala

Asn

Ser

Thr

Asn

610

Glu

Ser

Thr

Thr

Phe

690

Thr

Ser

Tyr

515

Gly

Arg

Tyr

Tyr

Gly

595

Val

Asn

Pro

Gly

Pro

675

Ile

Glu

Asn

500

Trp

Gly

Asp

Phe

Leu

580

Arg

Tyr

Lys

Met

Ser

660

Ser

Lys

Lys

Thr

Ile

His

Gly

Ile

565

Gly

Gly

Val

Thy

Thr

645

Cys

Leu

Leu

Leu

Ser

Glu

Ala

Asn

550

Val

Gly

Ser

Asn

Arg

630

Thr

Asn

Gly

Ala

Phe
710

Gln Tyr Ala Thr

Ser

Arg

535

Val

Tyr

Ala

Val

Pro

615

Lys

Val

Asn

Ile

Phe

695

Ser

Ser

520

Asp

Ser

Leu

Leu

Thr

600

Tyr

Val

Val

Gly

Ile

680

Gly

Asn

505

Leu

Arg

Glu

Asn

Thr

585

Ser

Ala

Val

Phe

Ser

665

Ala

Ile

Phe

107

Leu
Asp
Val
Asp
570
Arg
Ile
Gly
Val
Pro
650
Ser
Tyr
Pro

Val

‘Ala Thr Ser

Gly

His

Asp

555

Trp

Arg

Leu

Ile

Asn

635

Gly

Phe

Tyr

Val

Pro
715

Asn

Ile

540

Phe

Ala

Glu

Ile

Thr

620

1le

Asn

Pro

Lys

Ser-

700

Val

Arg

525

Leu

Glu

Lys

Tyr

Thr

605

Ile

Gly

Ile

Tyr

Val

685

Asn

Tyr

Trp

510

Arg

Ala

Ser

Phe

Lys

590

Gln

Lys

Arg

His

Val

670

Ala

Tyr

Gln

Trp

Ala

Leu

Trp

Asn

575

Gly

Gly

Val

Leu

Ile

655

Val

Thr

Lys

Ala

Asp

Ser

Phe

Glu

260

Ala

Asp

Ala

Val

Glu

640

Lys

Tyr

Ser

Gly

Gly
720
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Asn

. Glu

Lys

Asn

Lys

785

Pro

Val

Leu

Glu

Asp

865

Thr

Phe

Asn

Tyr

Val

Leu

His

Ala

770

Ile

Ile

Leu

Asn

Gly
850

Leu

Ser

Phe

Tyr

Lys
930

Ile

Val

Thr

755

Thr

Arg

Thr

Val

Gly

835

Glu

Tyx

Asn

Ile

Val

915

Glu

Val
Asn
740
Leu
Leu
Leu
Val
Gln
820

Lys

Leu

Leu

Glu

Ser
3800

Lys

Glu

Tyr

725

Gly

Arg

Tyr

Thr

Asn

805

Lys

Ile

Glu

Arg

Asp

885

Arg

Glu

Ser

Leu

Val

Lys

790

Val

Gly

Val

Leu

Ala

870

Tyr

Val

Ala His

Leu

Glu

Phe Arg Pro Phe

Trp Arg

Tyr Ile
760

Tyr Ala
775

Ile Asp
Thr Leu
Pro Val
Asn Pro

840

Lys Val
855
Thr Phe

Asn Ala

Lys Glu

Val Clu

920

Lys Lys
935

Tyr

745

Ser

Ile

Tyr

Pro

Gly

825

Ile

Gly

Ile

Ala

Gly

905

Met

Tyr

108

730

Ile

Ala

Asn

Met

Pro

810

Val

Ser

Val

Tyr

Phe

890

Ile

Pro

Gly

Ala

Gly

Phe

Gly

Asn

795

Ala

Leu

Val

Asp

Leu

875

Glu

Lys

Lys

Asp

Ile

Tyr

Gly

Thr

780

His

Gln

Thr

Leu

Lys

860

Val

Pro

Leu

Gly

Arg
3940

Tyr

Leu

Arg

765

Glu

Leu

Lys

Gly

Lys

845

Asn

Arg

His

His

Val

925

Leu

Gly

Thr

750

Asp

Ile

Asn

Tyr

Pro

830

Glu

Tyr

Lys

Met

Pro

810

Ile

Ile

Met
735

Pro

Ile

Thr

Glu

Arg

815

Pro

Gly

Thr

Gly

Asp

895

Gly

Ser

Ile

Glu

Gly

Lys

Ala

Tyr

800

Phe

Lys

Glu

Ala

Gly

880

Val

Asp

Ser

Arg
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Gly Ile Arg Val Glu Pro Val Phe Ile Ala Glu Lys Glu Tyr Thr Met
945 950 955 960

Leu Glu Val Ser Ala Ser Ala Pro His His Ser Ser Glu

965 970
210> 15

211> 976

<212> PRT

213> BEEMKIRE

400> 15

Met Val Lys Ser Lys Val Lys Lys Val Glu Lys Gly Lys Glu Gly Glu
1 5 : 10 : 15

Glu Lys Arg Ser Thr Tyr Val Leu Leu Lys Lys Val Leu Ile Pro Ile
‘ 20 25 30

Leu Val Phe Gly Phe Ala Ile Tyr Ala Phe Tyr Leu Arg His Leu Thr
35 40 i 45

Ala Gly Lys Tyr Phe Pro Asp Pro Asp Thr Phe Tyr His Phe Glu Ile
50 55 60

Tyr Lys Leu Val Leu Lys Glu Gly Leu Pro Arg Tyr Tyf Pro Met Ser
65 70 : 75 80

Asp Ala Pro Phe Gly Ser Leu Ile Gly Glu Pro Leu Gly Leu Tyr Leu
85 . 90 95

Leu Pro Ala Ala Phe Tyr Lys Val Val Ser Leu Phe Gly Tyr Asn Glu
100 . . 105 110

Leu Gln Ala Phe Leu Leu Trp Pro Pro Phe Val Gly Phe Leu Gly Val
115 120 125

Ile Ala Val Tyr Leu Leu Gly Arg Lys Val Leu Asn Glu Trp Thr Gly
130 135 140

Leu Trp Gly Ala Val Val Leu Thr Val Ser Thr Ala Asn Phe Ser Arg
145 150 155 160

[0052]

109
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[0053]

Thre

[le

Thr

Ser

Gly

225

Glu

Ile

Gly

Leu

Lys

305

Gly

Gly

Lys

- Asn

Phe

Phe

Arg

Leu

210

Phe

Glu

Leu

Gly

Leu

290

Lys

Gly

Ala

Thr

Cly

370

Ser

Ala

Lys

195

Gly

Ala

Leu

Ala

Phe

275

Val

His

Ala

Tyr

Thr

355

Leu

Gly

Ser

180

[le

Ala

Ser

Lys

Phe

260

Ile

Ile

Arg

Tyr

Cln

340

lle

Ile

Asn
165

Val

Ile’

Trp

Leu

Lys

245

Gly

Arg

Met

Phe

Ala

325

Ser

Gly

Phe

Ala

Ala

(yr

Asn

Gln

230

Phe

Tyr

Phe

Leu

Leu

310

Tyr

Thr

Asp

Phe

Arg Gly Asp Gly

Met

Gly

Gly

215

Thr

Val

Ala

Ala

Tyr

295

Val

Val

Gln

Val

Leu
375

Leu

Thr

200

Ser

Ile

Lys

Leu

Phe

280

Gly

Val

Gly

Val

Lys

360

Ser

Tyr
185
Leu
Pro
Ile
Glu
Thr
265
Glu
Gly
Thr
Pro
Tyr
345

Ala

Ile

110

170

Tyr

Phe

Phe

Leu

Phe

250

Phe

‘Yal

Arg

Ile

Lys

Pro

Leu

Val

Gly

Phe

235

Tyr

Phe

Lys

Leu

Leu

220

Ile

Pro

Pro Gly

Phe

Tyr

Ile
315

Leu

330

GClu

Tyr

Pro

Thr

Tyr

Gly

Leu

Leu

300

Val

Phe

Val

Gly

Leu
380

Met
Glu
Leu
205
Met
Phe
Ala
Ile
Gly
285
Asn
Leu
Arg
Gln
Val
365

Leu

Ala
Ser
130
Thr
Val
Gly
Tyr
Val
270
Leu
Tyr
Leu
Leu
Clu
350

Glu

Ile

Leu

175

Asn

Val

Leu

Lys

Leu

255

Lys

Ile

Ser

Gly

Met

335

Leu

Ser

Leu

Phe
Lys
Ile
Leu
Leu
240
Ala
Ile
Phe:
Asp
Phe
320
Gly
Ala

Gly

Leu
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[0054]

Thr

385

Thr

Leu

Phe

Glu

Ile

465

Arg

Leu

Trp

Arg.

Ala
545

Ser

Phe

Asn

Lys

Leu

Ala

Gly

Asn

450

Leu

Ala

Lys

Trp

Ala

530

Leu

Trp

Asn

Gly

Tyr

Phe

Val

Ile

435

Ile

Val

Leu

Trp

Asp

515

Ser

Phe

Glu

Ala

Asp
595

Leu

Ala

Arg

420

Phe

Gly

Ile

Lys

Leu

500

Tyr

Ala

Leu

Leu

Ile

580

Glu

Tyr

Leu

405

Phe

Ile

Ile

Pro

Asn

485

Arg

Gly

Asp

Ala

Asp

390

Val

Leu

Gly

Lys

Phe

470

Thr

Ser

Tyr

Gly

Arg

550

Asn
565

Ser

Asn

Tyr

Tyr

Gly

Phe

Phe

Phe

Ala

455

Val

Glu

Asn

Trp

GCly

535

Asp

Phe

Leu

Arg

Tyr

Leu

Ser

440

Ala

His

Ile

Thr

Ile

520

His

Gly

Ile

Gly

Cly
600

Thr

Ala

425

Met

Leu

Ala

Glu

Ser

505

Glu

Ala

Asn

Ile

Gly

585

Arg

111

-Leu Phe Lys Lvs

Met

410

Ser

Asp

Gly

Pro

Val

490

Lys

Ser

Arg

Ile

Tyr

570

Ala

Val

Ala

395

Ser

Tyr

Val

Ile

Val

475

Thr

Tyr

Ser

Asp

Ser

555

Leu

Ile

Thr

Lys

Leu

Ala

Ile

Val

460

Leu

Gly

Ala

Leu

Arg

540

Glu

Asn

Thr

Thr

Ser

Tyr

Val

Glu

445

Leu

Ala

Trp

Thr

Leu

525

Asp

Val

Asp

Arg

Ile
605

Asp

Leu

Ala

430

Lys

Ser

Arg

Glu

Ala

510

Gly

His

Asp

Trp

Lys

550

Leu

Asn

Leu

415

Leu

Met

Leu

Ser

Gln

495

Thr

Asn

Iie

Phe

Ala

575

Glu

Leu

Glu

400

Tyr

Phe

Lys

Met

Ala

480

Ala

Ser

Arg

Leu

Glu

560

Lys

Tyr

Thr
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[0055]

Gln

“Lys

625

Gln

Lys

Val

Ala

Tyr

705

Gln

Lys

Ser

Asp

Ile

785

Glu

Tyr

Ala Ala Gly

610

Val

Leu

Ile

Val

Thr

690

Ser

Tyr

Ile

Pro

Ile

770

Ile

Glu

Arg

Ile

Glu

Lys

Tyr

675

Ser

Glu

Gly

Glu

Gly

755

Lys

Lys

Tyr

Phe

Gln

Cys

Gly

660

Leu

Asn

Phe

Ser

Asp

740

Lys

Asn

Arg

Pro

[le
820

Asn

Gln

Ser

645

Ser

Thr

Phe

Ala

Val

725

Phe

His

Ala

Ile

Iie

805

Leu

Val

Asn

630

Pro

Gly

Pro

Val

Glu

710

Ile

Ile

Thr

Thr

Lys

790

Ile

Tyr Val Asn Pro Tyr

615

Lys

Ile

Arg

Ser

Lys

695

Lys

Val

Asn

Leu

Leu

775

Val

Val

Ala Gln

Thr

Leu

Cys

Leu

680

Leu

Leu

Tyr

Gly

Arg

760

Tyr

Gly

Asn

Lys

Arg

Ser

Ser

665

Gly

Ala

Phe

Glu

Thr

745

Leu

Val

Glu

Val

Gly
825

112

Arg Jle
635

Val Ala
650

Asp Gly

Val Leu

Phe Gly

Ser Asn
715

Phe Arg
730

Trp Arg

Tyr Ile

Tyr Ala

Ile Lys
795

Thr Leu
810

Pro Val

Ala

620

Ala

Phe

Ser

Ala

Ile

700

Phe

Pro

Glu

Ser

Leu

780

Tyr

Pro

Gly

Arg

Val

Pro

Pro

Tyr

685

Pro

Ile

Phe

Val

Ala

765

Asn

Met

Thr

Val

Ile

Asn

Gly

Phe

670

Tyr

Thr

Pro

Ala

Gly

750

Phe

Gly

Asn

Ala

Leu
830

Val

Ile

Asn

655

Pro

Lys

Ser

Val

Ile

735

Lys

Gly

Thr

His

CGln

815

Thr

Tle

Gly

610

Ile

Tyr

Val

Ser

Tyr

720

Tyr

Leu

Arg

Lys

Leu

800

Lys
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[0056]

- Pro

Glu
Tyr
865
Lys
Met
Pro
Ile
Tle

945

Tyr

Val

Gly

850

Thr

Gly

Asp

Gly

Ser

930

[le

Thr

<210>
211>
212>
<213>

<400>

1

Arg

835

Glu

Ala

Gly

Thr

Glu

915

Ser

Arg

Met

16

976

PRT

Val

Ser

Asp

Lys

Phe

900

Asn

Tyr

Gly

Ile

Asn

Gly

Leu

Ser

885

Phe

Glu

Lys

Tle

Glu
965

G KERE

16

Met Val Lys Thr Lys
5

Ser Clu Gly Lys Ser

20

Leu Ala Val [le Gly

35

Thr Ala Gly Lys Tyr

Gly
Arg
Tyr
870
Asn
Ile
[le
Glu
Arg

95

Val

Val
Leu
Phe

Phe

Lys Ile Thr Asn

l.eu
855
Leu
Glu
Thr
Val
Lys
Q935

Val

Ser

Lys

Tyr

Gly

Pro

840

Glu

Arg

Asp

Lys

Val

920

Leu

Glu

Ala

Glu

Ile
40

Asp

Leu

Ala

Tyr

Leu

905

Asn

Glu

Pro

Ser

Glu
Leu
25

Tyr

Pro

. 113

Lys

Thr

Asp

890

Lys

Ala

Lys

Val

Ala
970

Lys
10
Leu

Ala

Asp

Pro

Val

Phe

875

Ala

Glu

Glu

Glu

Phe

355

Pro

Glu

Lys

Tyr

Thr

Ala Tyr

Gly
860

[le ]

Ser

Gly

Met

His

940

Ile

His

Glu

Arg

Tyr

Phe

845

Val

Tyr

Phe

lle

Pro

925

Gly

val

His

Lys

Ile

Leu
45

Tyr

lle

Asp

Leu

Glu

Lys

910

Lys

Asp

Glu

Ser

Ser

Leu

30

Arg

His

Met

Lys

Val

Pro

8395

Leu

Asn

Lys

Lys

Ser
975

Glu
15

Ile

His

Phe

Arg

Glu

Arg

880

His

Ala

Leu

Glu

960 -

Glu

Lys

Pro

Leu

Glu
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[0057]

Ile
65

Ala
Ile
Glu
Val
Gly
145
Arg
Phe
Ile
Ile
Tle
225
Ile

Ala

Ile

50

Tyr

Glu

Leu

Phe

Ile

130

Leu

Thr

Leu

Lys

Ser

210

Gly

Lys

Ile

Gly

Lys

Ala

Pro

Gln

115

Ala

Trp

Phe

Phe

Leu

Pro

Ala

100

Ala

Val

Ala

Ser

Ser

180

Lys

195

Leu

Phe

Glu

Leu

Gly

Lys

Gly

Ala

Leu

Ala

260

Phe

Val
Phe
85

Ile
Phe
Tyr
Ala
Gly
165
Leu
Ser
Ala
Ser
Lys
245

Ile

Ile

Leu

70

Gly

Phe

Leu

Leu

Val

150

Asn

Val

Leu

Trp

Phe

230

Lys

Gly

Lys

55

Lys Glu Gly

Ser

Tyr

Met

Leu
135

Ile

Ala

Ala

Trp

Asn

215

Gln

Phe

Tyr

Phe

l.eu

Lys

Trp

120

Gly

Leu

Arg

Met

Cly

200

Gly

Thr

Val

Cly

Ala

Tle

Val

105

Pro

Arg

Ser

Gly

Leu

185

Ala

Ser

Tle

Lys

Leu

265

Phe

114

Leu

Gly

90

Val

Pro

Lys

Val

Asp

170

Tyr

Val

Pro

Ala

Glu

250

Thr

Glu

Pro

.15

Glu

Ser

Phe

Val

Ser

155

Gly

Tyr

Phe

Phe

l.ew

235

Phe

Ile

Val

60

Lys

Pro

Val F

Val
Leu
140
Thr
Pro
Leu
Val
Gly
220
Phe
Tyr

Pro

Phe

Tyr

l.eu

Gly

125

Asn

Alae

Phe

Lys

Leu

205

Leu

Tle

Pro

Gly

Leu

Tyr

Gly

Gly

110

Phe

Glu

Asn

Met

Glu

190

Leu

Met

Phe

Ala

Ile

270

Gly

Pro
l.eu
95

Tyr
Leu
Trp
Phe
Thr
175
Asn
Ala
Yal
Gly
Tyr
255

Ala

Leu

Met

80

Tyr

Asn

Gly

Ala

Ser

160

Leu

Asp

Ser

Leu

lys

240

Leu

Lys

Val
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[0058]

leu

Asp

30

Phe

Gly

Ala

Asn

Leu

385

Ser

Phe

Lys

Mct
465

“Ala

Val

l.eu
290
Lys
Ala
Gly
Lys
Asn
370

Gly

Tyr

Leu

Ser

Glu

450

Ile

Lys

Leu

275

Val Thr

Lys His

Gly Ala

Ala Tyr
340

Thr Thr
355

Gly Leu
Lev Tyr
Met Leu
Ala Val

120
Gly I1le
435
Asn Val
Leu Met

Ala Leu

Lys Trp

Tle

Arg

Tyr

325

Gln

Leu

Val

Leu

Met

Phe

310

Ala

Ser

Ser

Phe

Asn

-390

Ser

405

Arg

Phe

Gly

Val

Lys
485

Leu

Leu

Phe

Ala

Ile

Pro

470

Val

Asn

Leu

295

Ala

Tyr

Thr

Asp

Phe

375

Ala

Val

Leu

Gly

Lys

455

[le

Ser

Glu

280

Tyr

Val

Val

Gln

Ile

360

Leu

Leu

Phe

Phe

Phe

140

Ala

Thr

Glu

Asn

Gly
Val
Gly
Val
345
Lys
Ser
Leu
Tyr
Leu
425
Thr
Ala
His
Ile

Thr

115

Gly

Ala

Pro

330

Tyr

Leu

Ile

Lys

lle

410

Ala

Met

Leu

Gly

Glu

490

Ser

Lys
Val
315
Lys
Gln
Tyr
Pro
Lys
395
Met
Ser
Glu
Gly
Pro
475

Thr

Lys

Phe

285

leu

300

Jle
Leu
Thr
Tyr
Gly
380
Ser
Ser
Tyr
Val
Ile
460

Val

Thr

_Tyr

Val

Phe

Val

Gly

365

Phe

Glu

Leu

Ala

Ile

445

Ala

Ile

Gly

Ala

Asn

Leu

Arg

Gln

350

Val

Leu

Ser

Tyr

1le

130

Glu

Ile

Ala

Trp

Thr

Tyr

Leu

Leu

335

Glu

Glu

Ile

Ser

Leu

415

Ala

Lys

Ala

Arg

Glu

495

Ala

Ser
Gly
320
Met
Leu
Gly
[le
Asn
400
Leu
Leu
Met
Val
Asn
480

Gln

Thr
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[0059]

Ser

Arg

Leu

545

Glu

Lys

Tyr

Leu

Val

625

Arg

Asn

Pro

Lys

Ser

705

Val

Trp

Arg

530

Ala

Ser

Phe

Asn

Gln

610

Arg

Gly

Lys

Tyr

Val

690

Lys

Tyr

Trp

515

Ala

Leu

Trp

Asn

Gly

595

CGly

Val

Arg

Lys

Val

675

Ala

Tyr

Gly

500

Asp Tyr Gly Tyr

Ser Ala Asp Gly

Phe Leu

Glu leu
565

Ala Ile
580

Asp Glu

Ser Gly

Val Gln

Ala

550

Asn

Ser

Thr

Gly

Ser

630

Ala Glu
645

Ile Pro
660

Lev Tyr
Thr Ser

Ser Gly

Tyr Gly

Cys

Gly

Leu

Asn

Phe

710

Asn

535

Arg

Tyr

Tyr

Gly

Ile

615

Asn

Ser

Asn

Ala

Phe

695

Thr

Val

Trp
520

Gly

Asp

Phe

Leu

Arg

600

Tyr

Thr

Pro

Gly

Pro

680

lle

Glu

Ile

Ile

His

Gly

Tle

Val

Thr

Ile

Arg

663

Asn

Lys

Lys

Val

116

Glu

Ala

Asn

Tle

570

Gly

Gln

Asn

Scr

Tyr

650

Cys

Phe

Leu

Leu

Tyr

Ser

Arg

Val

555

Tyr

Ala

Val

Pro

Lys

635

Thr

Ser

Gly

Ala

Tyr

715

Glu

Ser

Asp

540

Ser

l.eu

Ile

Thr

Tyr

620

Val

Leu

Asp

Leu

Phe

700

Ser

Phe

Leu

525

Arg

Glu

Asn

Thr

Thr

605

Ala

Thr

Leu

Gly

Ile

685

Asn

Asn

Arg

510

Leu

Asp

Val

Asp

Arg

590

Ile

Gly

Val

Ile

Ser

670

Thr

Ile

Phe

Pro

Gly

His

Asp

Trp

575

Arg

Leu

Ile

Asn

Pro

655

Pro

Tyr

Pro

Val

Phe

His

Ile

Phe

560

Ala

Glu

Pro

Ser

Val

640

Gly

Phe

Tyr

Ile

Pro

720

Ala
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[0060]

Ile

Ser

Gly

Lys

785

Asn

Tyr

Pro

Glu

Tyr

865

Lys

Met

Lys

Ile.

Ile

Tyr

[.en

Arg

770

Thr

Glu

Arg

Pro

Gly

850

Thr

Glu

Asp

Gly

Ser

930

Ile

Arg

Thr

755

Asp

Glu

Lys

Leu

Lys

835

Glu

Ala

Gly

Thr

Asp

915

Ser

Arg

Ile

740

Pro

Ile

Lys

Pro

Val

820

Leu

Lys

Asp

Lys

Phe

500

Asn

Tyr

Gly

725

Glu

Gly

Arg

Ile

Ile

805

Leu

Asn

Gly

Leu

Ser

885

Phe

Val

Lys

Ile

Glu

l.ys

Asn

Lys

790

Ile

Val

Gly

Thr

Tyr

870

Asn

Tle

Val

Glu

Arg

Leu

His

Ala

775

Ile

Val

Gln

Glu

Leu

855

Leu

Asp

Thr

Thr

Ile

Glu
760

Thr

Gly

Asn

Lys

1le

840

Ser

Arg

Asp

Ala

920

Lys
935

Yal

Leu

Glu

Asn

745

l.eu

Leu

Glu

Val

Gly

825

Ala

Leu

Ala

Tyr

Glu

Glu

Pro

117

730

Gly

l.ys

Tyr

Ile

Thr

810

Pro

Asn

Lys

Thx

Asn

830

l.ys

Leu

Lys

Val

Thr

l.eu

Val

Glu

795

Leu

Val

Pro

Val

Phe

875

Ala

Gly

Asn

Glu

Phe

Tep

Tyr

Tyr

780

Tyx

Pro

Gly

Ile

Gly

360

Ile

Ala

Gly

Met

Tyr

940

Ile

Lys

Tle
765

Ala

Met

Lys

Val

Arg

845

Val

Tyr

Phe

Tle

Pro

925

Gly

Ala

Ala

750

Ser

Ile

Asn

Ala

Leu

830

Ile

Asp

Leu

Glu

Asp

Glu

735

Val

Ala

Gly

His

Glu

815

Thr

Ala

Val

Pro
895

s leu

Gly

Lys

Lys

Asn.

Phe

Asn

Leu

800

Lys

Gly

Arg

Asp

Arg

880

His

His

Val

Leu

Glu
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[0061]

945 .

950

Tyr Val Met Ala Glu Val Arg Ala Ser

100
1
212>
213

<400>
Met Val
1

Glu His
Pro Leu

Leu Pro

Tyr Glu
65

Ser Met
Leu Tyr
Tyr Thr

Leu Ser
130

Trp Ala
145

Phe Thr

17
972
PRT

965

E M08 g ROKERE

17

Lys

Arg

Ile

35

Gly

Ile

Thr

Pro

20

Val

Thr

Tyr

Ala Glu

Leu

Thy

115

Ile

Gly

Arg

Leu

100

Leu

Ile

Leu

Thr

Lys

5

Lys

Leu

Gly

Lys

Ala

85

Pro

Gln

Ala

Trp

Phe
165

Val

Thr

Ala

Leu

70

Pro

Ala

Ala

Thr

Ser

150

Lys

Leu

Phe

Tyr

55

Val

Phe

Lle

Phe

Tyr

135

Ala

Gly

Arg
Val
Ala
40

Phe
Leu
Gly
Phe
Lys
120
Leu

Ala

Asn

Glu

Val

25

Thr

Tle

Lys

Ser

Tyr

105

Leu

Leu

Ile

Ala

118

Ala
970

Lys

10

Phe

Leu

Asp

Glu

Leu

90

Lys

Trp

Ala

Met

Arg
170

955

Pro

Arg

Phe

Gly

Pro

Gly

75

Ile

Leu

Pro

Arg

Ser

155

Gly

His

Glu

Lys

Phe

Asp

60

Leu

Gly

lle

Pro

Lys

140

Phe

His

Glu

Arg

Gly

Lys

Phe

- 30

Tyr
45

Thy

Pro

Glu

Ser

Thr

125

Ile

Leu

Gly

Ile

Tyr

Arg

Pro

Ser
975

Ala

15

Gly

Arg

Tyr

Tyr

Leu
95

Ala Phe

110

Yal

His

Leu

Pro

Gly

Gly

Ala

Phe
175

960

Glu

Pro

Tle

Tyr

His

Tyr

80

Gly

Gly

Phe

Glu

His

160

Leu
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Met

Lys

Ser

Val

225

Gly

Tyr

Val

Leu

Tyr

305

Leu

Leu

Glu

Lys

Val
385

Leu

Val
210

Phe

Arg

Leu

Ala

Ala

290

Ser

Gly

Met

Leu

Gly

370

leu

Phe

Val

195

Ile

Leu

Ile

Thr

Val

275

Gly

Asp

Phe

Ala

Ala

355

Thr

Leu

Leu

180

Lys

Ala

Gly

Glu

Val

260

Lys

Leu

Arg

Val

Gly

340

Lys

Asp

Tyr

Phe

Arg

Leu

Phe

Glu

245

Leu

Gly

Thr

Arg

Gly

325

Ala

Thr

Gly

Arg

Ala

Lys

Ser

Gly

230

Leu

Leu

His

Val

His

310

Ala

Tyr

Thr

Ile

Tyr

390

Ser

Met

Ala

215

Ala

Arg

Leu

Ile

Leu

295

Arg

Tyr

Gln

Leu

Val
375

Leu

Val

Val

200

Trp

Leu

Glu

Gly

Leu

280

Met

Phe

Ile

Ser

Gly

360

Phe

Thr

Ala

185

Tyr

Asn

Gln

Phe

Tyr

265

Phe

Leu

Ala

Tyr

Thr

345

Asp

Phe

Thr

119

Met

Gly

Gly

Ala

Ile

250

Leu

Ala

Tyr

Val

Val

330

Gln

Ile

Met

Leu

l.eu

Thr

Ser

Ile

235

Lys

Leu

Leu

Gly

Val

315

Gly

Val

Lys

Ser

Leu
395

Tyr
Leu
Pro
220
Val
Leu
Thr
Lys
Gly
300
Ala
Pro
Tyr
Ala
leu

380

Arg

Tyr

Phe

205

Phe

Leu

Tyr

Phe

Val

285

Lys

Val

Lys

Glu

Tyr

365

Ala

Glu

Leu Glu Ala

190

Val

Ser

Phe

Tyr

Pro

270

Phe

Trp

Val

Leu

Thry

350

Tyr

Gly

Gly

Ala

l.eu

Val

Pro

255

Arg

Leu

Leu

Thr

Phe

335

Val

Gly

Val

Arg

Leu
Met
Phe
240
Thr
Ile
Gly
Asn
Leu
320
Ser
Gln
Ile

Leu

Ser
400



CN 104080921 A

F

5l

x

62/140

[0063]

Ser

Leu

Ile

Asp

Thr
465

“Asn

Glu

Ala

Gly

His

545

Asp

Trp

Arg

Val

His

Val

Leu

Met

450

Val

Thr

Asp

Thr

Asn

530

Ile

Phe

Arg

Glu

Leu
610

Glu

Trp

Met

435

Lys

Met

Ala

Ala

Ser

015

Arg

Leu

Glu

Lys

Tyr

595

Leu

Tyr

Ser

420

Ala

Glu

Leu

Lys

Leu

500

Trp

Arg

Ala

Ser

Phe

580

Lys

Pro

Leu
405
Ala
Gly
Lys
Leu
Ala
485
Met
Trp
Ala
Leu
Trp
565
Asn

Gly

Gly

Phe

Val

Val

Ala

Leu

470

Met

Trp

Asp

Ser

Phe
550

Glu

Ala

Asp

Ala

Ala Leu Thr Leu

Arg

Phe

Thr

455

Met

Lys

Leu

Tyr

Ala

635

Leu

Leu

Ile

Glu

Asn
615

Phe

Ala

440

Thr

Pro

Thr

Arg

Gly

520

Asp

Ala

Asn

Ser

Ser
600

Gly

Leu

425

Gly

Lys

Val

Sexr

Glu

505

Tyr

Gly

Arg

Tyr

Tyr

585

Gly

Val

120

410

Phe

Glu

Ile

Thr

Glu

490

Asn

Trp

Gly

Asp

Phe

570

Leu

Arg

Tyr

Tyr

Leu

Leu

Thr

Gly

475

Val

Thr

Ile

His

Gly

555

Ile

Gly

Gly

Ser

Gly

Ala

Phe

Leu
460
Val
Glu
Ser
Glu
Ala
540
Asn
Ala
Gly

Gly

Asn
620

Met

Ser

Arg

445

Gly

Pro

Arg

Glu

Ser

525

Arg

Val

Tyr

Ala

Val

605

Pro

Ser

Gly

430

Ile

Leu

Leu

Ser

Tyr

510

Ser

Asp

Ser

Met

Ile

590

Thr

Tyr

Ile

Ala

Met

Gly

495

Ala

Leu

Arg

Glu

Gln

975

Thr

Thr

Met

Tyr
Val
Glu
Leu
Ile
480
Trp
Thr
Leu
Asp
Val

560

Asp

Arg

Ile

Gly
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Leu

625

Glu

Ser

Thr

Phe

Thr

705

Val

Leu

His

Ala

Ile

785

Ile

Leu

Asn

Thr

Pro

Gly

Pro

Leu

690

Glu

Ile

Val

Thr

Thr

770

Lys

Glu

Val

Gly

Leu

Met

Gln

Thr

675

Lys

Lys

Val

Asn

Leu

755

Leu

Val

Val

Gln

Ser
835

Arg

Clu

Cys

660

Phe

Leu

Leu

Tyr

Gly

740

Lys

Tyr

Ala

Lys

Lys

820

Ile

Val

Ser

645

Glu

Ala

Ala

Tyr

Glu

725

Thr

Leu

Val

Glu

Val

805

Gly

Ala

Glu

630

Val

Thr

Val

Phe

Ala

710

Phe

Trp

Tyr

Glu-

Gly

790

Asn

Pro

Asn

Asn Arg Thr Val

Ile

Gly

Leu

Gly

695

Asn

Lys

Arg

Ile

Ala

775

Leu

Leu

Val

Pro

Leu

Ser

Ala

680

Ile

Phe

Pro

Ala

Ser

760

Leu

Tyr

Pro

Gly

Ile
840

Pro
Tyr
665
Tyr
Pro
Glu
Phe
Val
745
Ala
Lys
Ile
Glu
Val

825

Lys

121

Ser

650

Phe

Tyr

Ala

Leu

Ala

730

Glu

Phe

Asp

Asp

Ala

810

Leu

Val

Lys

635

Asn

Pro

Lys

Ser

Val

715

Val

Thr

Gly

Gly

His

795

Asp

Thr

Leu

Val

Thy

Tyr

Yal

Lys

700

Phe

Tyr

Leu

Arg

Lys

780

Leu

Glu

Ser

Gly

Asn

His

Val

Ala

685

Glu

Gln

Lys

Thr

Asp

765

Val

Asn

Tyr

Ala

Glu
845

Gly Tyr

Ile Lys
655

Ala Tyr
670

Thr Ser
Ala Asn
Ser Gly

Ala Glu
735

Pro Gly
750

Val Lys
Val Glu
Glu Lys

Arg Phe
815

Pro Arg
830

Gly Gln

Cys

640

Gly

Val

Asn

Phe

Asp

720

Glu

Glu

Asn

Arg

Pro

800

Val

Val

Ser .
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Gly Thr Leu Glu Leu Lys Ala Ala Phe Asp Arg Asp Tyr Thr Ala Asp
850 855 860

Leu Tyr Leu Arg Val Thr Phe Ile Tyr Leu Val Arg Lys Ser Gly Arg

865 870 875 880

Ser Asn Asp Asp Lle Asp Ala Ala Phe Glu Pro His Met Asp Thr Phe

885 890 895
Phe Ala Ala Lys Leu Ala Glu Gly Leu Lys Leu Lys Lys Gly Glu Asp
900 905 910
Thr Ile Thr Val Asn Ala Gly Leu Pro Ala Gly Val Ile Ser Ser Tyr
915 920 925

Glu Glu Lys Leu Lys Ala Leu Tyr Gly Asp Arg Leu Ile Ile Arg Gly
930 935 : 940

Ile Arg Val Glu Pro Val Phe Ile Ala Asp-lLys Ala Tyr Thr Ile Trp

945 950 955 960

Glu Val Arg Ala Ser Ala Pro His His Gly Ser Glu

965 970

210> 18

211> 982

{212> PRT

213> AR

220>

223> KEREARSTT3HE F3(

<220>

<221> misc feature

<222> (1)..Q)

223> XaaR] LlEAT B R R EER

220>

221> misc_ feature

<222> (4).. (29

@%>Xm1umﬁ%i%ﬁﬁmﬁ§M

220>

<221> misc_feature

<222> (31).. (40)

f0065]
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[0066]

<2235

<2200
221>
<222>
<223>

<220>

<221> .

222>
<223>

<2200
221>
<222>
<223>

<2205
<221>
<222>
<223>

<220>
<221>
222>
<2235

220>
221>
222>
223>

<220
<221>
222>
<223>

<2200
221>
222>
223

<2205
221>
<222>
223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

Xaa®] LI RERRRFENRER

misc_feature
(42).. (48)
Xaaf] Y24 ﬁ?ﬁ’k#ffiﬂﬁﬁﬁﬁ

misc_feature

(50)7. (50)
Xaa®] R E B RAGFEMNEER

misc_feature
(52).. (54)
Xaa T MR B RAFTHEER

Tlsc f%aturc
56)
Xaaf] U RIEE R RFAENEER

Tgsg feature
XaaT] u&ﬁﬁkﬁﬁﬁmmﬁ’@?

misc_feature
(64). . (64)
Xaa®] LA RAL R RIRFFACHI BB

Tlgc f?ature
67)
Xaa®] LRI ERREFEMNSER

misc_feature
(74).. (74)

ool MR R R AREMELE

misc_fcaturc
(80). . (80)
XaaB] U REE K RFEME LR

n(u s)c feature
83
Xaah] u&ﬁﬁ%ﬁﬁﬁﬂﬁt&@?

misc_feature
(101).. (101) °
Xaafl LR iﬁﬁﬁﬂﬂagﬁ
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<220>
221>
<222>
223>

<220>
221>
<222>
223>

<220>
<221>
<222>
223>

<220>
<2215
<222>
223>

<220>
221>
<222>
<223>

<2205
<221>
222>
<2235

<220>
<2215
222>
<223>

<220>
221>
222>
<223>

<220>
221>
<222>
223>

<220>
221>
<222>
<223>

<2205
<221>
<222>
<223>

misc feéture
(105). . (105)
Xaafl LUB AL B R RAE TR L

misc_feature
(109).. (110)
Xaaf LL2 L8 K R QB E

misc_feature
(112).. (112)
Xaaf LR B RATFENRER

misc_feature
(116).. (119)
Xaaf LLE (& KRR S

misc_feature
(122).. (123).
Xaaf] LB (TR KREENEER

misc_feature
(127).. (127)
XaafA] LR B RARTFLNEER

misc_feature
(132).. (136)
Xaa®] LR X B RATFEHRER

misc_feature.
(140).. (140
Xaaf] LR A B RRFEHRER

misc_featuré
(143).. (145)
Xaaf] LLEAE & R RTBIE MR EE

misc_feature
(148).. (148)
XaaF] L REERRFLENEER

misc_feature
(150).. (1503
Xaa®] LR E B RARTFENRER
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[0068]

<220>
<2215
<2225
223>

<2205
221>
<222>

<223>.

<2205
221>
<222>
223>

<220>
2215

<222

223>

<220
221>
222>

<223> -

<220>
<2215
<2225
223>

<220>
221>
222>
223>

<2207
221>
222>
<2235

<220>
<2215
222>
<223>

220>
<2215
222>
223>

<220>
<221>
<2225
<223>

<220>

misc featuré
(152).. (152)
Xaa"TLlnsﬁ[ifjiﬁkf?{PH9§i§éE§

misc_feature
(154).. (160)

XaaB] LL2 ERRRTF LR

misc_feature
(162).. (162)
Xaa']lesff?iiiﬁk¥?%tﬁﬁﬁiﬁiﬁﬁ

misc_feature
(164).. (164)
XaaT] LR ER R ATFENERR

misc_feature
(178).. (179)
Xaaf] M@ B RARFENEER

misc_feature
(182).. (182)
XaaR] LR B RAFFRORER

misc_teature
(184). . (190)
Xaa®] L 2R R ARF LM

misc_feature

(193).. (199) -

Xaa”TElmsEEﬁaaiﬁkkFﬁEﬁﬁﬁiﬁﬁﬁﬁ |

misc _feature
(201). . (203)
Xaa T Ll R R R AGENE LS

misc_feature
(205). . (206)
Xaa®] BLEAE B R N EAE G E B ®

misc_feature
(209). . (209)
XMTU£Hﬁi%ﬁE%§§M
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[0069]

221>
<222>
223>

<220>
221>
222>
223>

220>

<221

<222>
223>

<2205
221>
222>
<223>

<220>
221>
<222>
<223>

<2207
<2215
<222>
223>

<220>
<221>
222>
<223

<220>
<2215
<222>
<223>

<2205
221>

- <2227

<223>

<2207
<2215
222>
<223>

<220> -

221>
<222>
223>

<220>
<2215

misc_feature
(211).. (216}
Xaa®] L2 R RARGFEN T

misc feature
(224). . (224}
Xaa W] UBRFE B RRGFEMEEER

misc_feature
(228).. (229}
Xaa T RN RRFENEER

misc _feature
(232). . (234)
Xaal] LB R X REEME KIS

misc_feature
(236). . (236)
XMTH%EE%%ﬁ&M§%@

misc_feature
(238).. (238) )
Xaaf] A RAE B R AT EM M

misc feature
(241). . (241}
Xaa A AR B RAFENE LR

misc_feature
(241). . (246)
Xaa ] LURAE 3 K RGN SR

misc_feature
(249). . (250)
XaaR] LR FERAFEMNEEE

misc feature. .
(252). . (255)
Xaa_]Llﬁéfﬁﬁiaiﬁk¥?ZE57§i§%E§

misc teature
(258). . (258)
meuEEEiﬁﬁﬁmaﬁﬁ

misc_feature
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<222>
<223>

220>
22
222>
223>

220>
221>
<222>
223>

(220>
221>
<222>
223>

<220>
221>
<222>
223>

<220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

220>
<221>
<222>

(260). . (262)
Yaad] DR HEERRFENT LR

misc_feature
(264). . (266)

Xaad] LU FE R R AT 7E ISR D

misc feature
(268).. (268)
XaaB] L EEE R ARG EMEER

misc feature
(271).. (271)
Yaa Tl LR ERRRTFAWEED

misc_feature

(273).. (282)

Xea Al U R HB AR FENRER

misc_feature
(285). . (286)
XaaR] R A B RKREENEER

misc feature
(292). . (293)
Xm?Umﬁ%i%ﬁEMiE@

nisc feature
(295). . (297)
Xaa‘Tklnaffi?fﬁﬁkz?ZE39§if§E§

misc feature
(302). . (304)
Xaa®] LR EBRRAGFENE R

misc_feature
(310). . (311)
Xaa®] L2 E RAFEMN SRR

misc_feature
(315). . (315)
de—Tkln:fE IR EENEEER

nisc_feature

(318).. (323)
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223>

220>
221>
<222>
223>

220>
@21
222>
223>

220>
221>
222>
<223>

<2205
221>
222>
223>

220>
221>
<222>
223>

220>
221>
<222>
<223>

<2200
221>
222>
223>

220>
221>
<2225
<223>

<220>
221>
222>
<223>

220>
221>
222>
<2235

220>
<2215

- <2225

<223>

Xaa®] LR KAFEE KL

misc_feature
(32@).. (326) )
XaaR] LR B R R FEM R

misc_feature
(330). . (330)
XaaT] LR HE R REEMNERR

misc_feature
(338).. (338)
XaaTT U BB KRR FEMNEER

misc_feature
(341). . (341)
XaaR] LB B KRR EEMNF AL

misc feature
(351).. (351)
Xaa®) LR AR R R E B

misc_feature
(360). . (362) e
Xaa o] A RAE B R R EE MR IR

misc_feature
(364). . (364)
XuTUmEﬁﬁ%ﬁE%ﬁ%&

misc_feature
(366). . (366)
XaaP] B EE R AFEMEER

misc_feature
(370). . (374)
Xaa W] IR AR RATENEER

misc_feature
(376). . (377)
Xaa—TLlf%ff%??&gkﬁizEEQEiﬁéﬂ§

misc_feature
(380). . (383) » u
X%jumﬁ CRAGEERNE RS
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<220>
221>
<222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
<221>
222>
<223>

<220>
221>
<222>
<223>

<2205
<221>
<222>
<223>

<220>
<2215
222>
<223>

<220>
221>
222>
<223>

<220>
<221>
<222>
<2235

<2205
<2215
222>
223>

<220>
<221>
<222>
<223>

misc_feature
(385). . (391)
Xaaf LI BB KRR EEVEER

misc feature
(394). . (395)
Xaa®[ L@ EERARFLENTER

misc_feature
(397).. (412)
Xaa®] U R T BERAGFENEER

misc_feature
(414).. (414)
Xaa®] LR EERATFENEER

misc_feature
(417).. (41D
Xaaf] U R E R RARGFENEER

misc_feature
(420).. (422)
Xaa®] LLBMF B RARFLEHOEER

misc_feature
(424) .. (424)
Xaa® LLEEBRATFENRAER

misc_feature
(432).. (432)
Xaa®] UR T ERARFENEER

misc_feature
(434). . (435)
Xaa®] LR EBRRFENAER

misc_feature
(437). . (438)
Xaa @] IR FBERRELHOEER

misc_feature
(440). . (442)
Xaa @ LLEEBRRRTFENEER
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<2205
221>
222>
<223>

220>
<2215
222>
223>

<220>
221>
222>
223>

<220>
221>
<2225
223>

220>

<221>
222>
<223>

<220>
<221>
<2225
223>

<2205
221>
<222>
223>

<220>
221>
<222>
223>

<220>
221>
222>
<223>

<220>
<221>
<222>
<223>

<2205
221>
222>
223>

<220>

misc_feature
(4449, . (449)
XaaP] URHB X AFENEER

misc_feature
(451).. (451)
Xaa®] U R A B KRR ELENELR

misc_feature
(455) .. (458) _
Xaa®] LR R RFENBRER

misc_feature
(460). . (461)
Xaa?] LRI E X R FENEER

misc_feature
(463).. (468)
Xaa®] LRI E KRR IFENEER

misc feature
(470). . (470)
Xaa'TLJn:tE'Eﬂ'c?ﬁﬁ?T H‘Iﬁ\él@

misc_tfeature
(472).. (473)
Xaaf®] W BALE KR EENEEDR

misc feature
(475). . (478)
Xaa—TklnzﬁfE’?iﬁka%EHQ§i§§§§

?chyfeatufe
0
Xaa®] 2B R REFENEER

misc_feature
(486) .. (491)

mﬁf&%ﬁ%ﬁ%ﬁﬂiﬂ@&(gﬁ

misc_feature
(493). . (493)
XaaR] U BB RREEMEER
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221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
222>
223>

220>
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223>

<2207
<2215
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<223>

<220>

<221>
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223>

220>
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223>

<2205
221>
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misc.feature
(495). . (496)
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misc_feature
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Xaafi] URHERAFENEER

misc feature
(508 . (503)
XaaTIU R A E KRR EFENEER

misc_feature
(506) . . (507)
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misc_feature
(510). . (511)

XaaTJ IR EBRAEENEER

misc_feature
(513).. (513)
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misc_feature
(532). . (332) |
Xaa T LLE A R R 7E 0 B

misc feétufe
(559) . . (559)
XaaB] LR RAGFE MR

misc_feature
(573).. (574)
Xaa Rl LR B RATFENAER

misc feature
(576).. (577
XaaF] MR ABRXAGFENIER

misc feature
(580). . (580)
Xaa T LU A B R AT 4 B R

misc_feature
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fo075]

{2225
<223

<220>
221>
222>
<223>

<220>
221>
<222>
<223>

<220>
<2215
222>
<223>

220>
221>
<222>
<223>

<220>
221>
<222>
223>

220>
221>
<2225
223>

<2207
221>
222>
<223>

<220>
221>
<222>
<223>

220>
<2215
222>
223>

<220>
<2215
222>
<223>

<220>
221>
<2227

(592). . (592)
Xaa o] LR A BRRAFLENEER

misc feature
(594). . (595)
Xaa P LLEF B KRR ETENRER

misc_feature
(598). . (598)
Xaa®] LT B RAFAEMEELR

misc feature
(602). . (602)
Xaaf] LA R AL B R ORTAIE R el

mis¢_feature
(606).. (619)
Xaa ] bl & {1 % K SR 7E AU ERL I

misc_feature
(621).. (621)
XaaT] LR R KATFEMRER

misc_feature
(623). . (623) _
Xaan] L REB K REEVIEE

misc feature
(625). . (630) )
Xaa—IU\%EE'Eai TR ER

misc feature
(632). . (649)
Xaa"]Llnsfﬁfiﬂiﬂﬁi?%ﬁﬂ95iﬁ¥§§

misc_feature
(651). . (651)
Xaaf] LR B RIRFZIERAIER

misc_ feature
(653). . (658)
X%THEE S RATFIEMERER

misc_feature
(660). . (665)
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[0076]

<223>

220>
221>
<222>
223>

<220>
221>
222>
223>

220>
221>
222>
<2235

<2205
221>
222>
<223>

220>
221>
222>
<223>

<2207
221>
222>
<223>

220>
221>
222>
223>

<220>
221>
222>
<223>

<2205
221>
222>
<223>

220>
221>
222>
<223>

2207
221>
222>
<223>

Xaa ™ LR B RRIFE NS LR

misc_feature
(667). . (667)
Xad_TElnsfﬁﬁiaiﬁk4?%ﬁﬂﬂ§i§§§§

misc_feature
(669). . (669)
XuTU%EaX%ﬁEM%EM

misc_feature
(671).. (672)
Xaa®] LR E H RIAGIEME B

misc_feature
(674) .. (675)
Xaa Rl L2 BERARFENE LR

misc_feature
(678). . (678)
Xaa ™) BUR FE 8 RARE 1B 21

misc feature
(680). . (683)
Xea BT LA F R K AR TEFE RO AL 18

misc_feature
(685). . (690)
Xaa Tl LEHE R R REENS RS

misc_feature
(697). . (697)
XaaTJ U B =B RAFEMELE

misc_featuce
(700). . (700)
Xaaf] DR AF B RATEIE MR

misc feature
(704). . (706)
XmTU%E%%#ﬁEWﬁ%@

misc_feature
(708). . (708)
Xaafl LR & (RN TE RO NG
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[0077]

<220>
221>
<222>
223>

220>
221>
222>
223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<2205
221>
<222>

223>

220>
<221>
<222>
<223>

<220>
221>
222>
<223>

<220>
<221>
222>
223>

<220>
221>
222>
223>

<220>
221>
<222>
<223>

<220>
<2215
<222>
223>

misc_feature
(710).. (713)
Xaaf] U R BRREENEER

misc_feature
(713). . (716) _
Xaa®[ LURE B RRIFAE N EER

misc_feature
(719). . (720)
Xaaf[ IR EBRRATFENEER

misc_feature
(723).. (724)
Xaafl AR EBRRTFENEER

misc_feature
(726).. (728)
Xaaf] L@ R R A ERNEER

misc_feature
(730).. (730) _
Xaa®] LI RAT B RARGFENRER

misc_feature
(732)..(733)
Xaa®] LURAE B RRFERNRER

misc_feature
(735).. (735)
Xaaf] LR B R R FENRER

misc_feature
(737).. (737)
Xmﬂﬂ%&%j%ﬁﬁ%i%@

misc_feature
(740). . (741)
XaaF] IR EB R AFELNEER

misc_feature
(743).. (748)
Xaa®] LR B RAFENRER
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[0078]

220>
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
<2225
<223>

<220>
221>
222>
223>

<220>
<2215
<222>
<223>

<220>
221>
222>
223>

<220>
221>
222>

223>

<220>
221>
<222>
223>

<220>
221>
222>
223>

<220>
221>
<222>
<223>

<2202
221>
222>
223>

<220>

misc featﬁre
(751).. (751)
Xaa—Tkinaff%iﬂiﬁ*??%ﬁﬂﬁ%ii@ﬁ&

misc_feature
(753).. (7157)
Xaaf] LLR AT B RAF VR EEER

misc_feature
(759). . (759)
XaaR] LR £ M K ATFE IR EER

misc_feature
(762). . (162)
XaaT] LR IF B RARTFEMSE KR

nisc_feature
(764). . (764)
XaaB] LARAE & FARTEEE ORI 2E S

misc_feature
(766). . (766)
XmTUmE%f#ﬁEMﬁE&

misc_feature
(776).. (177)
Xaa®] LR E R RAFEMEER

misc_feature
(783).. (784)
Xaan) LR E B KR FE SR

nisc featufe
(786). . (794)
XaaR] U BB RATENERR

misc_feature
(796). . (805)
Xaaf] IR £ B RRFEREREL

Tésc)fe?turc
07
Xaa @ LB E R XA FEMNSHER
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[0079]

221>
<222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<2235

<220>
221>
<222>
<223>

<2205

221>
<222>

<223>

<2207
<2215
<222>
223>

<220>
<2215
222>
<2235

220>

221>
<2225
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<2235

<2207
<221
<222>
223>

<220>
221>

misc_feature
(809). . (809)
XaaB] U R X RAGFHENE EER

misc- Feature -
(812).. (812)
XaaP] LR E R RRFENEER

misc_feature
(814). . (814)
XaafJ AR EE KA GEMEER

misc_feature
(816). . (816)
XaaR] LR B R RTFE NS HER

misc_feature
(819). . (819)
Xaa®] LR AE B KRG B HER

misc_feature
(821).. (822)
Xaa_]klxefﬁﬁﬁﬂﬁﬁ*?T%Eﬂﬂﬁi%§E&

misc feuturé
(824). . (826) N
Xaa ] LR B RRAFEME K

misc_feature
(828).. (828) L
Xaa®] LURAE MR RFENEER

misc_feature
(833).. (833)
xmﬂu%ﬁﬁiﬁﬁﬁm5%®

misc feature
(837).. (842)
Xaaf] AR EERARFEN ST EE

misc feature
(845). . (845)
Xm?UmEﬁX%W&MEE%

misc_feature
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[0080]

<2225
<223>

<220>
221>
<2225
223>

220>
<2215
<222>
223>

220>
221>
<222>
223>

<2207
221>
<222>
<2235

<220>
221>
222>
223>

<220>
<221>
{2225
<223>

<2205
<221>
222>
223>

<220>
221>
222>
<223>

<220>
2215
<222>
<223>

220>
221>
<222>
<223>

<2205
<221>
<222>

(847). . (848)
Xaa P LU RIEE R R FENERER

misc_feature
(850). . (855)
Xaa Bl Ll 2 {F & K REE R BHER

misc_feature
(857). . (858)
Xaaf] LI BAE MR RFANHEER

misc_feature
(860). . (862)
Xaaf] UBREE R AR FEOTEL

misc_feature
(865). . (867)
Xaa®] LA AL B RRFEE B ELEL

?1sc)feature
869
Xaaf] LA AT B R R FAE NS IR

misc_feature
(872). . (872)
Xaa®] LLRIEE R REFENEHR

mlsc.feature
(879). . (879)
Xaa®] Umﬁ‘%‘); %ﬁ?ﬂlqﬁ%@ﬁ

misc_feature
(888). . (888)
Xaa®] LLEAEE T REE R

?1sc)feature
890
Xaal] LU R E KRR EFEMNEER

misc_feature
(893). . (893).
XaaR] LA REE R RFENEER

misc_feature

(895). . (896)
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foos1]

223>

220>
221>
<222>
<223>

<220>
221
<222>
<223>

<220>
221>
222>
223>

<2205
221>
222>
223>

<2207
221>
<2227
<223>

<2202
<221>

- 222>

<223>

<220
221>
222>
223>

<220>
221>
222>
<223>

<2205
221>
222>
223>

<220>
221>
222>
223>

<2205
<2215
<222>
223>

XaaBf LR E KRR EU KE R

misc_feature
(898). . (898)
XaaFJ R E B RAEENE R

misc_feature
(902) .. (302)
Xaa®] LR B RARFEMBEER

misc_feature
(905) . . (905)
Xaa®] LRI BERAFELEMEER

misc_feature
(908) .. (916)
Xaa®] LR E B RAFENEARR

misc_feature
(918). . (819)
Xaa®d] U\E{fﬁﬁﬁ%@ﬁiﬂg'ﬁ%@

nisc_feature
(921).. (930)
Xaa®] U RE R RAFENREE

misc_feature
(932). . (934)
Xaa®] LB E B RAFEMEER

misc_feature
(937).. (937)

YaaB] L BAL M RRBFLEMGARR

misc_featurce
(939). . (941)
Xaa ] LURAE & KA 4475 M AL BE

misc_feature
(943). . (946)
XaaT] LUR {F B R A B B

misc_feature
(949). . (949)
Xaad] L&A & L FARF RIS R
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<220>
<221> misc_feature
<222> (963)..(964) 3 "
223> XaaB] UREERAFEEMNETER
220>
<221> misc_feature
<222> (966).. (966)
<223> XaaR] URMTEXRREENTER
220>
<221> misc_feature
<222>  (968).. (970)
223> XaaW LB EERRATENEES
<220>
<221> wmisc_feature
<222> (973).. (973) B
<223> XaaR] UREBXARFENEER
220>
<221> misc_feature
<222>  (980).. (982).
223> Xaafl Ll BEERREEOEER
<400> 18
Xaa Val Lys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10 15
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Lys Xaa Xaa
20 25 30
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Phe Xaa Xaa Xaa Xaa Xaa Xaa Xaa
35 40 45
Arg Xaa Leu Xaa Xaa Xaa Gly Xaa Tyr Phe Xaa Asp Pro Asp Thr Xaa
50 55 60
Tyr His Xaa Glu Ile Tyr Lys Leu Val Xaa Lys Gluv Gly Leu Pro Xaa
65 70 75 80
Tyr Tyr Xaa Xaa Xaa Xaa Ala Pro Phe Gly Ser Leu Ile Gly Glu Pro
85 90 95
Leu Gly Leu Tyr Xaa Leu Pro Ala Xaa Phe Tyr Lys Xaa Xaa Ser Xaa
100 105 110

[0082]
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Phe

Gly

Xaa

145

Ala

Phe

Xaa

Xaa

Leu

225

Xaa

Pro

Xaa

Leu

Leu

305

Xaa

Gly

Phe
130

Glu '

Xaa

Xaa

Xaa

Leu

210

Met

Phe

Xaa

Xaa

Gly

290

Asn

Xaa

Tyr

115

Leu

[rp

Phe

Xaa

Xaa

195

Xaa

Val

Gly

Tyr

Xaa

275

Leu

Tyr

Xaa

Xaa

Xaa

Xaa

Xaa

Leu

180

Xaa

Xaa

Xaa

Xaa

Xaa

260

Xaa

Xaa

Ser

Gly

Xaa

Xaa

Gly

Arg

165

Phe

Xaa

Xaa

Xaa

245

Xaa

Xaa

Xaa

Asp

Phe
325

Xaa
Xaa
Xaa
150
Thr
Xaa
Xaa

Xaa

Gly
230

Xaa

Xaa

135

Trp

Phe

Phe

Xaa

Xaa

215

Phe

Xaa Glu

Xaa

Xaa

Leu

Xaa

310

Xaa

Leu

Xaa

Xaa

295

Xaa

Gly

Ala Phe
120

Xaa Tyr
Xaa Ala
Ser Gly
Xaa Xaa

185

Lys Xaa
200

Xaa Ala
Xaa Xaa
Leu Xaa
Xaa Xaa

265

Xaa Xaa
280
Xaa Xaa

His Arg

Alé Tyr

140

Xaa

Leu

Xaa

Asn

170

Xaa

Xaa

Trp

Xaa

Xaa

250

Xaa

Xaa

Met

Phe

Xaa
330

Xaa
Leu
Xaa
155
Ala

Xaa

Xaa

Asn

Gln
235

Phe

Tyr

Phe

Leu

Xaa

315

Tyr

Trp

140

Xaa

Arg

Xaa

Gly

Gly

220

Xaa

Xaa

Xaa

Ala

Tyr

300

Val

Val

Pro

125

Arg

Xaa

Gly

Xaa

Xaa

205

Ser

Ile

Xaa

Leu

Xaa

285

Gly

Val

Gly

Pro

Lys

Xaa

Asp

Xaa

190

Xaa

Pro

Xaa

Xaa

Thr

270

Xaa

Xaa

Xaa

Pro

Xaa

Xaa

Xaa

Gly

175

Tyr

Phe

Phe

Leu

Xaa

255

Xaa

Val

Xaa

Xaa

Lys
335

Val

Xaa

Xaa

160

Pro

Leu

Val

Xaa

Phe

240

Tyr

Pro

Phe

Xaa

Xaa

320

Leu
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Phe

Val

Gly

Xaa

385

Xaa

Xaa

Ala

Xaa

Xaa

465

Xaa

Gly

Xaa

Leu

Arg
545

Xaa

Gln

Xaa

370

Xaa

Xaa

Tyr

Xaa

Glu

450

Xaa

Xaa

Trp

Thr

Leu

530

Asp

Leu

Glu

355

Xaa

Xaa

Xaa

Leu

Xaa

435

Xaa

Xaa

Xaa

Glu

Ala

515

Gly

His

Met
340
Leu
Xaa
Xaa
Xaa
Xaa
420
Leu
Met
Xaa
Xaa
Xaa
500
Thr

Xaa

Ile

Xaa

Ala

Xaa

Xaa

Xaa

405

Xaa

Xaa

Lys

Met

Ala

485

Xaa

Ser

Arg

Leu

Gly
Lys
Xaa
Xaa
390
Xaa
Xaa
Xaa
Glu
Xaa

470

Xaa

Leu

Trp

Arg

Ala
550

Ala Tyr Gln Ser

Lys

Gly

375

Xaa

Xaa

Ala

Gly

Xaa

455

Leu

Xaa

Xaa

Trp

Ala

535

Leu

360

Xaa

Tyr

Xaa

Xaa

Xaa

440

Xaa

Xaa

Xaa

Trp

Asp

520

Ser

Phe

345

Xaa

Xaa

Leu

Xaa

Arg

425

Xaa

Xaa

Xaa

Xaa

Leu

505

Tyr

Ala

Leu

141

Xaa
Phe
Xaa
Xaa
410
Phe
Xaa
Xaa
Pro
Xaa
490
Xaa
Gly

Asp

Ala

Thr

Asp

Phe

Xaa

395

Xaa

Leu

Gly

Lys

Xaa

475

Xaa

Xaa

Tyr

Gly

Arg
555

Gln
Xaa
Xaa
380
Leu
Xaa
Phe
Xaa
Xaa
460
Xaa
Glu
Asn
Trp
Gly
540

Asp

Val

Lys

365

Xaa

Xaa

Tyr

Leu

Xaa

445

Xaa

Xaa

Xaa

Thr

(le

525

His

Gly

Tyr

350

Xaa

Xaa

Xaa

Xaa

Ala

430

Xaa

Leu

Xaa

Glu

510

Glu

Ala

Asn

Xaa

Tyr

Xaa

Xaa

Met

415

Ser

Xaa

Xaa

Pro

Xaa

495

Xaa

Ser

Arg

Xaa

Thr
Tyr
Gly
Xaa
400
Ser
Xaa
Xaa
Xaa
Xaa
480
Xaa
Tyx
Ser

Asp

Ser
560
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- Glu

Xaa

Thre

Xaa

Xaa

625

Xaa

Xaa

Gly

Xaa

Xaa

705

Asn

Xaa

Xaa

Ile

Val

Asp

Xaa

Xaa

610

Xaa

Xaa

Xaa

Xaa

Xaa

690

Xaa

Phe

Pro

Xaa

Ser
770

Asp

Trp

Xaa

595

Xaa

Xaa

Xaa

Pro

Xaa

675

Tyr

Pro

Xaa

Phe

Xaa

755

Ala

Phe
Xaa
580
Glu
Xaa
Xaa
Xaa
Xaa
660
Phe
Tyr
Xaa
Xaa
Xaa
740

Xaa

Phe

Glu

565

Lys

Tyr

Xaa

Xaa

645

Xaa

Pro

Lys

Ser

Val

725

Xaa

Xaa

Gly

Ser -Trp Glu Leu

Phe

Xaa

Xaa

Xaa

630

Xaa

Xaa

Xaa

Val

Xaa

710

Xaa

Tyr

Leu

Arg

Asn

Gly

Xaa

615

Val

Xaa

Xaa

Val

Ala

695

Xaa

Xaa

Xaa

Xaa

Asp
775

‘Ala Tle
585

Asp Glu
600

Xaa Xaa

Xaa Xaa

Xaa Xaa

Xaa Xaa
665

Xaa Xaa
680

Thr Xaa

Xaa Xaa

Xaa Gly

Xaa Xaa
745

Pro Gly
760

Xaa Xaa

142

Asn
570

Sef

Xaa

Xaa

Xaa

Cys

650

Gly

Xaa

Asn

Phe

Xaa

730

Xaa

Xaa

Asn

Fyr

Tyr

Gly

Xaa

Xaa-

635

Xaa

Xaa

Xaa

Phe

Xaa

715

Val

Xaa

His

Ala

Phe
Leu
Arg
Tyr
620
Xaa
Pro
Gly
Pro
Xaa
700
Xaa
Xaa
Xaa

Xaa

Thy
780

Xaa

Gly

Gly

605

Xaa

Xaa

Xaa

Xaa

Xaa

685

Lys

Lys

Xaa

Asn

Leu

765

Leu

Xaa

Gly

590

Xaa

Asn

Xaa

Xaa

Cys

670

Xaa

Leu

Leu

Tyr

Gly

750

Xaa

Tyr

Tyr

575

Ala

Xaa

Xaa

Xaa

Xaa

655

Xaa

Xaa

Ala

Xaa

Xaa

735

Xaa

Leu

Xaa

Xaa

Xaa

Xaa

Tyr

Xaa

640

Xaa

Xaa

Xaa

Xaa

Xaa

720

Phe

Trp

Tyr

Xaa
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Ala

785

Xaa

Leu

Xaa

Pro

Xaa

865

Phe

Ala

Xaa

Xaa

Xaa
945

Phe

Pro

-Xaa

Xaa

Pro

Gly

Xaa

850

Xaa

Ile

Xaa

Xaa

Xaa

930

Xaa

Ile

His

210>
<211
212>
<213

Xaa Xaa Xaa Xaa

Xaa Xaa

Xaa Ala
820

Val Leu

83

Xaa Xaa

Xaa Asp

Tyr Leu

Phe Glu

900

Xaa Xaa
915

Pro Xaa

Gly Asp

Xaa Xaa

His Xaa
980

19
833
PRT

Xaa

805

Xaa

Xaa
Xaa
Val
885
Pro
Leu
Xaa
Xaa
Lys
965

Xaa

790

Leu
Xaa
Xaa
Xaa
Xaa
870
Arg
Xaa
Xaa
Xaa
Leu
950

Xaa

Xaa

BRI 8 B

Xaa Xaa Xaa Xaa Ile

Xaa Glu

Tyr Xaa

Xaa Xaa
840

Xaa Gly
855

Tyr Xaa

Lys Xaa

Met Asp

Xaa Gly

920

Ile Ser
935

Ile Ile

Tyr Xaa

Xaa

Xaa

825

Xaa

Xaa

Ala

Gly

Xaa

905

Xaa

Xaa

Arg

Xaa

143

795

Pro Ile
810

Xaa Leu

Xaa Asn

Xaa Gly

Asp Leu
875

Xaa Xaa
890

Phe Phe

Xaa Xaa

Tyr Xaa

Gly Ile

955

Xaa Glu
970 -

Xaa

Xaa

Xaa

Gly

Xaa

860

Tyr

Asn

Xaa

Xaa

Xaa

940

Arg

Val

Xaa
Val
Gln
Xaa
845
Xaa
Leu
Xaa
Xaa
Xaa
925
Xaa

Val

Xaa

Xaa

Xaa

Lys

830

Ile

Xaa

Arg

Asp

Xaa

Xaa
Val
815
Gly
Xaa
Leu
Xaa
Xaa
895

Xaa

910

Xaa

Leu

Glu

Ala

Xaa

Xaa

Pro

Ser
975

Xaa
800
Xaa
Pro
Xaa
Lys
Thr
880
Xaa
Xaa
Xaa

Xaa

Val
960

Ala
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- <4005

19

Met Ala Ala
1

Thr

Ser

Arg

Leu

65

Tyr

Tyr

Met

Gly

Gly

145

Phe

Ser

Val

Cys

Arg

Ser

Ser

50

Pro

Leu

Met

Ser

Leu

130

Met

Ser

Gly

Pro

Ile

Ser

Glu

Leu

Ile

Phe

Ser

Trp

115

Gln

Pro

Leu

Asn

Ala

195

Ala

Ala

Ala

20

Thr

Ile

Ala

His

Thr

100

Tyr

Leu

Met

Val

Met

180

His

Val

Ser

Val

Leu

Tyr

Tyr

Ser

85

His

Pro

Thr

Ser

Ser

165

Ala

Leu

Ala

Asn

Ala

Leu

Ser

Asp

70

Ser

Gly

Leu

Ala

Leu

150

Ser

Val

Met

Ala

Val Asn Ala
Pro Pro Ser

Ile Gly Leu
40

Ser Cys Phe
55

Met Arg Val
Asp Pro Trp

Trp Ser Ala
105

Gly Arg Pro
120

Yal Ala Ile
135

Asn Asn Val
Ala Met Ala

Ala Ser Ile
185

Arg Ser Met
200

Met Leu Leu

144

Pro
10

Thr
Tyr
Ala
Arg
Phe
90

Phe
Val
His

Cys

Ala
170

Glu

Ala

Lys

Val

Ser

Asn

Phe

oLy

Arg

Val

155

Leu

Ser
Ala
Met
Ala
60

Ile
Tyr
Ser
Ser
Ala
140

Leu

Leu

Ser Ser Ile

Ala

Thr

Gly

Phe

Glu

Tyr

Asn

Pro

Pro

Met

Gly

Arg

Trp

Thr

125

Leu

Met

Ala

Leu

Phe

205

Cys

Val

Lys

30

Ser

Ala

Val

Ala

Phe

110

Thr

Ala

Pro

His

Phe

190

Asp

Trp

Met

15

Glu

Gln

[le

Tyr

Ala

Asp

Tyr

Ala

Ala

Glu

175

Ser

Asn

Yal

Thr

Ala

Thre

Ala

Gly

80

Glu

Tyr

Pro

Ala

Trp

160

Met

Val

Glu

Arg
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Ser
225
Ala
Asn
Arg
Val
Pro
305
Ile
Ala
Ala
Phe
Ser
385
Ser

Trp

Thr

210

Leu

Tyr

Met

Asn

Val

290

Phe

Phe

Arg

Phe

Phe

370

Arg

Asn

Val

Tyr

Arg

Cly

Val

Thr

275

Gly

Lys

Gly

Leu

Phe

355

Lys

Thr

Leu

Ala

“Ala

Thr

Tyr

Ala

260

Tyr

Thr

Ser

Gln

Ser

340

Val

Pro

Gly

Leu

G]y‘

420

Lys

Arg

Met

245

Met

Asn

Ala

Leu

Ser

325

Lys

Gly

Leu

Asn

Met

405

Met

Ser

Ser
230

Ala

His

Pro

Ile

Glu

310

Val

Glu

Ile

Ser

Thr

390

Val

Ser

Phe

215

Ser

Ala

Ala

Ser

Ala

295

Gln

Cys

Gly

Val

Leu

375

Leu

Trp

Ala

Ile

Tep
Ala
Gly
Leu
280
Val
Leu
Glu
Val
Ala
360
Gln
Val
Gln

Phe

Leu

Pro

Trp

Ile'
265

Leu
Cys
Gly
Ala
Ala
345
Val
Ala
Asp
Leu
Leu

425

Met

145

Ile
Gly
250
Ser
Arg
Val
Ala
Gln
330
Leu
Ala
Asn
Ile
Phe
410

Arg

Tyr

Gly
235
Gly
Ser
Ala
Pro
Leu
315
Arg
Leu
Thr
Ala
Leu
395
Leu

Glu

Gly

220

Val

Tyr

Met

Tyr

Pro

300

Leu

Arg

lle

1le

Ile

380

Leu

Phe

Leu

Val

Leu

Ile

val

Thr

285

Val

Val

Arg

Arg

Ala

365

Ile

Ala

Pro

Ile

Val

Thry

Phe

Asp

270

Leu

Gly

Leu

Leu

Ile

350

Pro

Thr

Gln

Phe

Arg

430

Gly

Gly

Val
255

Trp

Phe

Met

Val

Gly

335

Asp

Ala

Gly

Asp

Leu

415

Asn

Met

Val
240
lLeu
Ala
Tyr
Ser
Phe
320
[le
Ala
Gly
Val
Ala
400
Gly

Tyr

Tyr
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Phe

Cys

465

Gly

Gln

Lys

Val

Gly

545

Gly

Yal

Glu

Gly

Glu

625

Ala

Ala

450

Tle

Ser

Arg

Arg

Arg

530

Phe

Ile

Asp

Asp

Tle

610

His

His

435

Ser

Phe

Leu

Gly

Lys

515

Met

Ile

Val

Asp

Ala

595

Gly

Ile

Ser

Gly Asp Thr

Gln

Thr

Phe

Arg

500

Glu

Leu

Glu

Phe

Tyr

580

Arg

Asn

Ala

Leu

Ser

Ala

Trp

485

Gln

Glu

Pro

Asp

Pro

565

Tyr

Val

Arg

Thr

Val

- 645

Tyr

Phe

Val
l.eu
470
Ala
Gln
Glu
Phe
Val
550
Ser
Ala
Leu
Thr
Ile
630

Arg

Ser

Arg

455

l.eu

Glu

Gln

Tyr

Met

535

Ala

Glu

Gly

Ala

Ser

615

Gly

His

Asp

440

Met

Phe

Met

Thr

Asn

520

Lev

Ala

Gln

Tyr

Trp

600

leu

Lys

Met

Leu

Met

Arg

Pro

Ala

505

Thr

Leu

Ile

Yal

Leu

585

Trp

Ala

Met

Ala

Asn

146

Val

Trp

Pro

430

Glu

Met

Leu

Ser

Gln

570

Tyr

Asp

Asp

Leu

Asp

650

Arg

Met

Ma

475

Ser

Glu

Gln

Leur

Arg

555

Gly

Leu

Tyr

Gly

Thr

635

Tyr

Ser

Met

460

l.eu

Phe

Ser

Val

Leu

540

Lys

Val

Arg

Gly

Asn

620

Ser

Val

Pro

445

Ala

Asp

Asp

Glu

Lys

525

Phe

Met

Ser

Asp

Tyr

605

Thr

Pro

Leu

Met

Pro

Tyr

Thr

Ala

510

Lys

Arg

Glu

Glu

Ser

590

Gln

Trp

Val

Ile

Met

Val

l.eu

Asp

495

Glu

Met

Leu

Ala

Lys

575

Thr

Ile

Asn

Ala

Ser

655

Ala

Ala
l.eu
480
Ala
Thr
Ser
Ser
Pro
560
Lys
Pro
Thr
His
Glu
640

Ala

Arg
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Ile

Ser

Ser

705

His

His

Leu

Lys

Ala

785

- Tyr

Asn

Arg

Gly

Gln

690

Arg

Met

Leu

Phe

Val

770

Asn

Pro

Phe

<2107
<21
212>
<213>

<400>

atggeggcag cgtcaaacgt gaatgeccce gaaagcaacg tgatgacaac gagaagtgee

gttgcaccac cgtcgacgge tgcacccaaa gaggcettcaa gtgaaacget getcattgge

[0090]

Asn
675
Phe
His
Val
His
Gln
755
Met
Arg

Pro

Lys

20
2502
DNA

660

Ser Val

Val Leu

Val Ser

Tyr Glu
725

Ser Thr
740

His Val

Asn Val

Yal Cys

Ala Lys

805

Asp Leu
820

Tyr His

Gln Lys
695

Val Asp
710

Pro Ser

Gly val

Phe Thr

Ser Thr
775

His Pro
790

Glu Ile

Leu Asp

KRR R SR

20

Asp

680

Arg

Ala

Ser

Val

Ser

760

Glu

Pro

Gln

Pro

665

[le

Pro

Leu

Leu

Thr

745

Pro

Ser

Gly

Glu

Arg
825

Cys

Lys

Glu

Ile

730

Gly

Gln

Lys

Ser

Met

810

Thr

147

Pro Asp Asp
685

Ala Ala Ala
700

Glu Asp Asp
715

Ala Lys Ser

Val Thr Leu

Gly Leu Met
765

Lys Trp Val
780

Trp Lle Cys
795

Leu Ala His

Thr Trp Ser

670

Pro
Ala
Thr
Leu
Asn
750
Arg
Ala
Pro

Gln

Gly
830

Leu

Lys

Ala

Ile

735

Glu

Ile

Asp

Gly

His

815

Ser

Cys

Arg

Glu

720

Tyr

Thr

Phe

Ser

Gln

800

Thr

Arg

120
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ctatacaaga tgccctecgea aactcgtage ctcatctact cctectgett tgeggtggee 180
atggccattg ccctcectat cgegtacgac atgegtgtee getccatcgg cgtgtacgss 240
tacctcttec acagcagtga ccegtggttc aactaccgeg ctgecgagta catgtccacg 300
cacggetggt ccgecttett cagetggttc gactacatga getggtacce getgggeege 360
ccegtegget ccaccacgta cecgggectg cagetcactg cegtegecat tcaccgegea 420
ctggeggetg ceggeatgee gatgtctcte aacaacgtgt gegtgetgat gecagegtgg 480
ttttcacttg tctcttcage gatggeggea ctgetggege atgagatgag cggeaatatg 540
gecggtageca gecatctegte tatcttatte agtgtggttc cagcccacct gatgcggtec 600
atggcggete agttcgacaa cgagtgtatec gecgtegeag ccatgetect caccttctac 660
tgetgggtge getegetgeg cacgeggtee tegtggecca teggtgteet caccggtgte 720
gectacgget acatggegge gegcgtggrec ggctacattt tcgtgetcaa catggttgec 780
atgcatgeccg gcatatcatc gatggtggac tgggcccgea acacgtacaa ccecgtegetg 840
ctgegtgcat acacgetgtt ctacgtcgtg ggecaccgeca tcgeegtgtg cgtgecgeca 900
gtgggratgt cgcccttcaa gtegetgrag cagetgete cgetgetget gettgtettce 960
attttcggtc agtetgtgtg tgaggcccag cgcagacgat tgggaatcge gegectttea 1020
aaggagggecg tggegetget catccgecate gacgecagecet tcttegtegg tatcgttgee 1080
gtggccacca ttgccecgge tggattcttc aagecgetcet ccctgcaage gaacgegata . 1140
atcactggeg tatctcgtac cggaaacaca ctcgtagaca ttctgcttgc gcaagacgceg 1200
tccaacctac tcatggtgtg gcagetttit ctetttcect tcttaggtig ggtggeggsc --1260
atgagcgect tccttagaga gttgatccgg aactacacct acgegaagag tttcatcetg 1320
atgtacggeg tggtcggtat gtacttcgece agééégtctg tccgaatgat ggtgatgatg 1380
gcceeegtgg cgtgecatctt tactgcecte ttgttecget gggcactgga‘ctacctcctc 1440

_gggtetttgt tttgggetga gatgccaccet tcectttgaca ccgacgecaca gegtgggegg 1500
cagcaacaga ccgccgagga gtcggaggcea gagaccaage gtaaggagga agagtacaac 1560
accatgcagg tcaagaagat gtcggtgege atgttgecccet tcatgetgtt getcttactg 1620
tttegtettt cggggttcat cgaagatgtg gegrcgatat cgegcaagat ggaggegeeg 1680
ggtatagttt ttcccagtga acaggtgcaa ggegtgtegg agaaaaaggt cgacgactac 1740
tatgcggggt acctgtatct gegegacage acgccagagg acgegegegt tttggeetgg 1800

[0091]
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tgggactacg gctaccagat cacaggcatc ggcaaccgca cctcgetgge cgatggeaac 1860
acctggaacc acgagcacat cgccacgatc ggcaagatge tgacgtcgee cgtggeggag 1920
gegeactege tggtgcgccé catggcegac tatgttctga tttctgetgg agacacatat 1980
ttttcecgace tgaatcgetc accgatgatg gegegeatcg geaacagegt gtaccacgac 2040
atctgceceg acgacccact ttgtagtcag ttcgtgttge agaaaagacc gaaagciget 2100
gcagcgaage geagtcggea cgtcagegtt gacgcactag aggaggatga cactgcagag 2160
catatggtat acgagccgtc atcactcata gccaagtcge tcatatatca cctgcactcce 2220
acaggggtgg tgacgggggt cacgectgaat gagacgcetct tccagcacgt cttcacctca 2280
ccgcagggtc tcatgegcat cttcaaggtc atgaacgtga gcacggagag caaaaagtgg 2340
gttgctgact cggcaaaccg cgtgtgecac ccgectgget cgtggatetg ccccgggeag 2400
tacccgeegg cgaaggagat ccaggagatg ctggcacacc aacacaccaa cttcaaggac 2460
cttcttgatc ccagaacgac ttggagcggg agcaggeget ga 2502
<210> 21

<211> 794

<212> PRT

213> AR SRR

<400> 21

Met Ser Ser Gln Thr Arg Ser Ile Ile Tyr Ser Ser Cys Phe Ala Val
1 5 10 15

Ala Met Ala Ile Ala Leu Pro Ile Ala Tyr Asp Met Arg Val Arg Ser
20 25 30

Ile Gly Val Tyr Gly Tyr Leu Phe His Arg Ser Asp Pro Trp Phe Asn
35 40 45

Tyr Arg Ala Ala Glu Tyr Met Ser Thr His Gly Trp Ser Ala Phe Phe
50 55 60

Ser Trp Phe Asp Tyr Met Ser Trp Tyr Pro Leu Gly Arg Pro Val Gly
65 70 ' 75 80

Ser Thr Thr Tyr Pro Gly Leu Gln Leu Thr Ala Val Ala Ile His Arg
85 90 95

[0092]
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“Ala

Leu
Leu
Ile
145
Glu
Tyr
Val
Tyr
Met
225
Tyr
Pro
Leu

Arg

Ile
305

Leu

Met

Ala

130

Leu

Phe

Cys

Leu

Ile

210

Val

Thr

Val

Val

Arg

290

Arg

Ala

Pro
115

His

Phe

Asp

Trp

Thr

195

Phe

Asp

Leu

Gly

Leu

275

Leu

Ile

Ala Ala Gly

100

Ala

Glu

Ser

Asn

Val

180

Gly

Val

Trp

Phe

Met

260

Leu

Glu

Tyxr

Trp

Leu

Val

Glu

165

Arg

Val

Leu

Ala

Tyr

Phe
Ser
Val
150
Cys
Ser
Ala
Asn
Arg

230

Val

245

Ser

Phe

Ile

Ala

Pro

Ile

Ala

Ala
310

Met Pro Met Ser

Ser

Ile

Leu

Tyr

Met

215

Asn

Val

Phe

Phe

Arg

295

Phe

Leu
120

 Asn

Ala

Ala

Arg

Gly

200

Val

Thr

Gly

Lys

Gly

280

Phe

Phe

105

Val

Met

His

Val

Thr

185

Tyr

Ala

Tyr

Thr

Ser

265

Gln

Ser

Val

150

Ser

Ala

Leu

Ala

170

Arg

Met

Met

Asn

Ala

250

Leu

Ser

Lys

Gly

Leu

Ser

Val

Met

155

Ala

Ser

Val

His

Pro

235

Ile

Glu

Val

Glu

Ile
315

Asn
Ala
Ala
140
Arg
Met
Ser
Ala
Ala
220
Ser
Ala
Gln
Cys
Gly

300

Val

Asn
Met
125
Ser
Ser
Leu

Trp

Ala
205

Gly

Leu

Val

Leu

Glu

285

Val

Ala

Val
110

“Yal

Ile

Met

Leu

Pro

190

Trp

Ile

Leu

Cys

Gly

270

Ala

Ala

Val

Cys

Ala

Ser

Ala

Thr

175

Ile

Gly

Ser

Arg

Val

255

Ala

Gln

Leu

Ala

Val

Leu

Ser

Gly

160

Phe

Gly

Gly

Ser

Ala

240

Pro

Leu

Arg

Leu

Thy
320
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Ile

Ile

Ile

Phe

Leu

385

Val

Met

Leu

Phe

Ala

465

Val

Leu

Glu

Val

Ala

Ile

Ala

Pro

370

Val

Val

Ala

Asp

Asp

450

Glu

Lys

Phe

Met

Ser
530

Pro

Thr

Gln

355

Val

Arg

Gly

Pro

Tyr

435

Thr

Ala

Lys

Arg

Glu

515

Glu

Ala Gly Phe

Gly

340

Asp

Phe

Asn

Leu

Val

420

Leu

Asp

Glu

Met

Leu

500

Ala

Lys

325

Val Ser

Ala Ser

Gly Trp

Tyr Thr

390

Tyr Phe
405

Ala Cys

Leu Gly

Ala Gln

Thr Lys

470

Thr Thr
485
Ser Gly

Pro Gly

Lys Val

Phe Lys Pro Leu

Arg

Asn

Val

375

Tyr

Ala

Ile

Ser

Arg

455

Arg

Arg

Phe

Ile

Asp
535

Thr

Leu

360

Ala

Thr

Ser

Phe

Leu
440

Gly

Lys

Met

Ile

Val

520

Asp

Gly
345

Leu

Gly

Lys

Gln

Thr

425

Phe

Arg

Glu

Leu

Glu

505

Phe

Tyr

151

330

Asn

Ile

Met

Ser

Ser

410

Ala

Trp

Gln

Glu

Pro

490

Asp

Pro

Tyr

Ser

Thr

Val

Ser

Phe

395

Val

Leu

Ala

Gln

Glu

475

Phe

Val

Ser

Ala

Leu

Leu

Trp

Ala

380

Met

Arg

Leu

Glu

Gln

460

Tyr

Met

Ala

Gly

Cly
540

Gln

Val

Gln

365

Phe

Leu

Met

Phe

Met

445

Thr

Asn

Phe

Ala

Ala

Asp

350

Leu

Leu

Met

Met

Arg

430

Pro

Ala

Thr

Leu

Ile

510

Val

Leu

Ser

335

Thr

Phe

Thr

Tyr

Val

415

Trp

Pro

Glu

Met

Leu

495

Ser

Gln

Tyr

Ala

Leu

Leu

Glu

Gly

400

Met

Ala

Cys

Glu

Gln

480

Leu

Arg

Gly

Leu -
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Arg

545

Gly

Asn

Ser

Val

Pro

625

His

Ala

Glu

Lys

Thre

- 705

Leu

Trp

Ile

Asp
Tyr
Thr
Pro
Leu
610
His
Asp
Ala
Asp
Ser
690
Leu
Ile

Val

Cys

Asn

Gln

Trp

Val

595

Ile

Met

Pro

Ala

Asn

675

Leu

Asn

Arg

Ala

Pro
755

Thr-

Ile

Asn

580

Ala

Phe

Ala

Leu

Lys

660

Ala

Ile

Glu

Ile

Asp

740

Gly

Pro

Thr
565

His

Glu

Ala

Cys

645

Arg

Glu

Tyr

Thr

Phe
725

Pro

Gln

Glu

950

Gly

Glu

Ala

Gly

Ile

630

Ser

Ser

His

His

Leu

710

Lys

Ala

Tyr

Asp Ala Arg lle

Ile

His

His

Asp’

615

Gly

Arg

Arg

Val

Leu

695

Phe

Val

Asn

Pro

Gly

Ile

Ser

600

Thr

Asnh

Phe

His

Val

680

His

Gln

Met

Arg

Pro
760

Asn

Ala

585

Leu

Tyr

Ser

Val

Val

665

Tyr

Ser

His

Asn

Val

745

Ala

152

Arg

570

Thr

Val

Phe

Val

Leu

650

Ser

Glu

Ala

Val

Val

730

Cys

Lys

Leu

955

Thr

Ile

Arg

Ser

Tyr

635

Gln

Val

Pro

Gly

Phe

715

Ser

His

Glu

Ala

Ser

Gly

His

Asp

620

Arg

Lys

Asp

Ser

Val

700

Thr

Glu

Pro

Ile

Trp

Leu

Lys

Met
605

Leu

Asp

Arg

Glu

Ser

685

Val

Ser

Glu

Pro

Gln
765

Trp

Ala

Met

590

Ala

Asn

Ile

Pro

Leu

670

Leu

Thr

Ala

Ser

Gly

750

Glu

Asp

Asp

575

Leu

Asp

Arg

Cys

Lys

655

Glu

Met

Gly

Gln

Lys

735

Ser

Met

Tyr

560

Gly

Thr

Tyr

Ser

Pro

640

Ala

Glu

Ala

Val

Gly

720

Lys

Trp

Leu
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Ala His Gln His Thr Asn Phe Lys Asp Leu Leu Asp Ala Met Asn Asp
770 775 780

Leu Glu Arg Glu Gln Ala Leu Asn Lys Glu
785 790

210> 22
211> 794
<212> PRT
213> BILFHERSR

<400> 22

Met Ser Ser Gln Thr Arg Ser Ile Ile Tyr Ser Ser Cys Phe Ala Val
1 . 5 - 10 15

Ala Met Ala Ile Ala Leu Pro Ile Ala Tyr Asp Met Arg Val Arg Ser

Ile Gly Val Tyr Gly Tyr Leu Phe His Arg Ser Asp Pro Trp Phe Asn
35 40 45

Tyr Arg Ala Ala Glu Tyr Met Ser Thr His Gly Trp Ser Ala Phe Phe
50 55 60

Ser Trp Phe Asp Tyr Met Ser Trp Tyr Pro Leu Gly Arg Pro Val Gly
65 70 75 .80

Ser Thr Thr Tyr Pro Gly Leu Gln Leu Thr Ala Val Ala Ile His Arg
o 85 90 © 85

Ala Leu Ala Ala Ala Gly Met Pro Met Ser Leu Asn Asn Val Cys Val
100 105 110

Leu Met Pro Ala Trp Phe Ser Leu Val Ser Ser Ala Met Val Ala Leu
115 120 125

Leu Ala His Glu Leu Ser Gly Asn Met Ala Val Ala Ser Ile Ser Ser
130 135 140

Ile Leu Phe Ser Val Ile Pro Ala His Leu Met Arg Ser Met Ala Gly
145 : 150 155 160

[0096]
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[0097]

Glu

Tyr

Val

Tyr

Met

225

Tyr

Pro

" Leu

Arg

Ile

305

Ile

Ile

[le

Phe

‘Phe

Cys

Leu

Ile

210

Val

“Thr

Val

Val

Arg

290.

Arg

Ala

Ile

Ala

Pro
370

Asp

Trp

Thr

195

Phe

Asp

Leu

Gly

Leu

275

Leu

Ile

Pro

Thr

Gln
355

Yal

Asn

Val.

180

Gly

Val

Trp

Phe

Met

260

Leu

Glu

Tyr

Ala

Gly

340

Asp

Phe

-Glu

165

Arg

Val

Leu

Ala

Tyr

245

Ser

Phe

Ile

Ala

Gly

325

Val

Ala

Gly T

Cys

Ser

Ala

Asn

Arg

230

Val

Pro

Ile

Ala

Ala

310

Phe

Ser

Ser

Ile Ala Val

Leu

Tyr

Met

215

Asn
Yal
Phe
Phe
Arg
295
Phe
Phe
Arg

Asn

Val
375

Arg
Gly
200
Val
Thr
Gly
Lys
Gly
280
Phe
Phe
Lys
Thr
Leu

360

Ala

Thr
185

Tyr
Ala
Tyr
Thr
Ser
265
Gln
Ser
Val
Pro
Gly
345

Leu

Gly

154

Ala

170

Arg

Met

Met

Asn

Ala

250

Leu

Ser

Lys

Gly

Leu

330

Asn

e

Met

Ala
Ser
Val
His
Pro
235
Ile
Glu
Val
Glu
Ile
315
Ser
Thr

Val

Ser

Met

Ser

Ala

Ala

220

Ser

Ala

Gln

Cys

Gly

300

Val

Leu

Leu

Trp

Ala
380

Leu

“Trp

Ala

205

Gly

Leu

Val

Leu

Glu

285

Val

Ala

Gln

Val

Gln

365

Phe

Leu

Pro

190

Trp

Ile

Leu

Cys

Gly

270

Ala

Ala

Val

Ala

Asp

350

Leu

Leu

Thr
175

Tle

Gly

Ser

Arg

Val

255

Ala

Gln

Leu

Ala

Ser

335

Thr

Phe

Thr

Phe

Gly

Gly

Ser

Ala

240

Pro

Leu

Arg

Leu

Thr

320

Ala

Leu

Leu

Glu
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Leu

385

Val

Met

Leu

Phe

Val

Val

Ala

Asp

Asp
450

Ala Glu

465

Val

Leu

Glu

Val

Arg

545

Gly

Asn

Ser

Lys

Phe

Met

Ser

530

Asp

Tyr

Thr

Pro

Arg

Gly

Pfo

Tyr

435

Thr

Ala

Lys

Arg

Glu

515

Glu

Asn

Gln

Trp

Val
595

Asn

Leu

Val

420

Leu

Tyr

Tyr

405

Ala

Leu

Asp Ala

Glu

Met

Leu

500

Ala

Lys

Thr

Ile

Asn

580

Ala

Thr

Thr

485

Ser

Pro

Lys

Pro

Thr

565

His

Glu

Thr Tyr Thr Lys Ser

390

Phe

Cys

Gly

Gln

Lys

470

Thr

Gly

Gly

Val

Glu

550

Gly

Glu

Ala

Ala

Ile

Ser

Arg

455

Arg

Arg

Phe

Ile

Asp

535

Asp

Ile

His

His

Ser

Phe

Leu

440

Gly

Lys

Met

Ile

Val

520

Asp

Ala

Gly

Ile

Ser
600

Gln

Thr
425

Phe-

Arg

Glu

Leu

Glu

505

Phe

Tyr

Arg

Asn

Ala
585

Leu

155

Ser
410
Ala
Trp
Gln
Glu
Pro
490
Asp
Pro
Tyr
Ile
Arg
570

Thr

Val

Phe
395

‘Val

Leu
Ala
Gln
Glu
475
Phe
Val
Ser
Ser
Leu
555
Thr

[le

Arg

Met

Arg

Leu

Glu

Gln

460

Tyr

Met

Ala

Gly

Gly

Leu
Met
Phe
Met
445
Thr
Asn
Phé
Ala
Gln

525

Tyr

540

Ala

Ser

Gly

His

Trp

Leu

Lys

Met
605

Met.

Met

Arg

430

Pro

Ala

Thr

Leu

Ile

510

Val

Leu

Tep

Ala

Met

590

Ala

Tyr

Val

415

Trp

Pro

Glu

Met

Leu

495

Ser

Gln

Tyr

Asp

Asp

575

Leu

Asp

Gly

400

Met

Ala

Cys

Glu

Gln

480

Leu

Arg

Gly

Leu

Tyr

560

Gly

Thr

Tyr



CN 104080921 A

F

5

%

08/140 3T

[0099]

Val

Pro
625

His

Ala

Glu

Lys
Thr
705

Leu

Trp

Tle

Ala

Leu

610

llis

Asp

Ala

Asp

Ser

690

Leu

Ile

Val

Cys

lle

Met

Pro

Ala

Asn

675

Leu

Asn

Arg

Ala

Pro

- 755

His
770

Leu Glu

185

<210>
211>
<212>
<213>

<400>

Gln

Arg

23
794
PRT

Phe

Ala

Leu

Lys

660

Ala

Ile

Glu

Ile

Asp

740

Gly

His

Glu

Ala Gly Asp Thr Tyr Phe Ser

Arg

Cys

645

Arg

Glu

Tyr

Thr

Phe

725

Pro

Gln

Thr

Gln

Tle

630

Ser

Ser

His

His

Leu

615

Gly

Arg

Arg

Val

Leu

695

Phe

710

Lys

Ala

Tyr

Asn

Ala
790

BETMTERER

23

Val
Asn
Pro
Phe

775

Leu

Asn

Phe

His

Val

680

His

Gln

Met

Arg

Pro

760

Lys

Asn

Ser

Val

Val

665

Tyr

Ser

His

Asn

Val

745

Ala

Asp

Lys

Met Ser Ser Gln Thr Arg Ser Leu Ile

156

Val Tyr
635

Leu Gln
650

Ser Val

Glu Pro

Ala Gly

Val Phe

715

Val Ser

730

Cys His

Lys Glu

Leu Leu

Glu

Asp

620

Arg

Lys

Asp

Ser

Val

700

Thr

Glu

Pro

Tle

Asp
780

Leu

Asp

Arg

Glu

Ser

685

Val

Ser

Glu

Pro

Gln

765

Ala

Asn
[le
Pro
Leu
670
l.eu
Lys
Ala
Ser
Gly
750

Glu

Met

Arg
Cys
Lys
655
Glu
Met
Gly
Gln
Lys
735
Ser

Met

Asn

Ser
Pro
640
Ala
Glu
Ala
Val
Gly
720
Lys
Tep

l.eu

Asp

Tyr Ser Ser Cys Phe Ala Val
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1

Val

Ile

Tyr

Ser

65

Ser

Ala

Leu

Leu

Ile

145

Glu

Tyr

Val

Tyr

Met

Met

Gly

Arg

50

Trp

Thr

Leu

Ile

Ala

130

Leu

Phe

Cys

Leu

Ile

210

Val

Ala

Val

35

Ala

Phe

Thr

Ala

Pro

115

His

Phe

Asp

Trp

Thr

195

Phe

Asp

Ile

20 .

Tyr

Ala

Asp

Tyr

Ala

100

Ala

Glu

Ser

Asn

Val

180

Gly

Val

Trp

Gly

Gly

Glu

Tyr

Pro

Ala

Trp

Ile

Val

Glu

165

Arg

Val

Leu

Ala

Leu

Tyr

Tyr

Met

70

Gly

Gly

Phe

Ser

Val

150

Cys

Ser

Ala

Asn

Arg

Ser

Leu

Met

Ser

Leu

Met

Ser

Gly
135

Pro
Ile
Leu
Tyr
Met

215

Asn

lle

Phe

40

Ser

Trp

Gln

Pro

Leu

120

Asn

Ala

Ala

Arg

Gly

200

Val

Thr T

Ala
25

His

Thr

Tyr

Phe

Met

105

Leu

Met

His

Val

Thr

185

Tyr

Ala

{yr

157

10

Tyr

Ser

His

Pro

Thx

Ser

Ser

Ala

Leu

Thx

170

Arg

Met

Met

Ash

Asp

Ser

Gly

Leu

75

Ala

Leu

Ser

Val

Met

155

Ala

Ser

Val

His

Pro

Met

Asp

Tep

60

Gly

Val

Asn

Ala

Ala

140

Arg

Met

Ser

Ala

Arg

Pro

45

Ser

Arg

Ala

Asp

Met

125

Ser

Ser

Leu

Trp

Ala

205

Ala
220

Ser

Gly

Leu

Val
30

Trp
Ala
Pro
Ile
Val
110
Val
Val
Met
Leu
Pro
190
Trp

Ile

Leu

15

Arg

Phe

Phe

Val

His

95

Cys
Ala
Ser
Ala
Thr
175
Ile
Gly

Ser

Arg

Ser

Asn

Phe

Gly

80

Arg

Val

Leu

Ser

Gly

160

Phe

Gly

Gly

Ser

Ala
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225

Tyr

Pro

Leu

Ser

Ile

1305

Val

Ile

Ile

Phe

Leu

385

Val

Met

Leu

Leu

Thr

Val

Val

Arg

290

Arg

Ala

[le

Ala

Pro

370

Val

Val

Ala

Asp

Asp

lLeu

Gly

Leu

275

Leu

Ile

Pro

Ala

Gln

355

Leu

Arg

Gly

Pro

Tyr

435

Thr

Phe

Met

260

Leu

Gly

Tyr

Ala

Gly

340

Asp

Leu

Asn

Ile

Val

420

Leu

Asp

Tyr

245

Ser

Phe

Ile

Ala

Gly

325

Val

Ala

Gly

Phe

Tyr

405

Ala

Leu

Ala

230

Val

Pro

Ile

Glu

Ala

310

Phe

Ser

Ser

Trp

Thr

390

Phe

Cys

Gly

Gln

Val

Phe

Phe

Arg

295

Phe

Phe

Arg

Asn

Yal

375

Tyr

Ala

Ile

Ser

Arg

Gly

Lys

Gly

280

Phe

Phe

Lys

Thr

Leu

360

Val

Ala

Ser

Phe

Phe

440

Gly

Thr

Ser

265

Gln

Ser

Val

Pro

Gly

345

Leu

Gly

Lys

Gln

Thr

425

Phe

Arg

158

Ala

250

Leu

Ala

Lys

Gly

Leu

330

Asn

Ile

Met

Ser

Ser

410

Ala

Trp

Gln

235

Tle

Glu

Leu

Glu

Tle

315

Ser

Thr

Val

Ser

Phe

395

Val

Leu

Ala

Gln

Ala
Gln

Cys

Val

Leu

Glu

285

Cly
300
Val
Leu
Leu
Trp
l.eu
3380

I1le

Arg

Leu

Glu

Gln

Val

Ala

Gln

Val

Gln

365

Phe

Leu

Met

Phe

Met

445

Thr

Cys

Gly

270

Ala

Ala

Yal

Ala

Asp

350

Leu

l.eu

Met

Met

Arg

430

Pro

Ala

Val

255

Ala

Gln

Leu

Ala

Thr

335

Ile

Phe

Thr

Tyr

Val

415

Tep

Leu

Glu

240

Pro

Leu

Arg

Leu

Ala

320

Ala

Leu

Leu

Glu

Gly

400

Met

Thr

Ser

Glu
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Ala
465
Val
Leu
Glu

Met

Arg
545

Gly 1

- Asn

Ser

Val

Pro

625

Asn

Ala

Asp

450

Glu

Lys

Phe

Met

Pro

530

Glu

I'yr

Thr

Pro

Leu

610

Mct

Asp

Ala

Asp

Ala

Lys

Arg

Glu

915

Glu

Asn

Gln

Trp

Val

595

Ile

‘Mct

Pro

Ala

Asn

Glu
Met
Leu
500
Ser
Asp
Thr
lle
Asn
580
Ala
Phe
Ala
Leu
Lys
660

Pro

Thr Lys
470

Thr Val
485

Ser Gly
Pro Gly
Lys Val
Pro Glu

550
Thr Gly
565
His Glu
Glu Ala

Ser Gly

Arg Ile

Arg

Phe

[le

Asp

535

Asp

[le

His

His

Asp

615

Gly

630

Cys Ser
645

Arg Ser

Glu Ser

Gln

Arg

Val

Lys
Met
Ile
Ile
520
Asp
Ala
Gly
Ile
Ser
600
Lys
Asn
Phe

His

Val

Glu

Val

Glu

505

Phée

Tyr

Arg

Asn

Ala

585

Leu

Tyr

Ser

Val

Val

665

Tyr

159

Pro

490

Asp

Pro

Tyr

Ile

Arg

570

Thr

Val

Phe

Val

Leu

650

Thr

Glu

Glu
475

Phe

Val

Arg

460

Tyr

Met

Ala

Cly

Ala Gly

Leu

555

Thr

Ile

Arg

Ser

Tyr

635

Gln

Val

Pro

540

Ala

Ser

Gly

His

Asp

620

Arg

Lys

Asn

Ser

Asn

lle

Ala

Gln

525

Tyr

Trp

Leu

Lvs

Met

605

Leu

Asp

Arg

Glu

Ser

Thr

Leu

lle

510

Val

Leu

Trp

Ala

Met

590

Ala

Asn

lle

Arg

Gln

670

Leu

Met

Leu

495

Ser

Gln

Tyr

Asp

Asp

575

Leu

Asp

Arg

Cys

Lys

6355

Glu

Met

Gln

480

Leu

Arg

Gly

Leu

Tyr

560

Gly

Thr

Tyr

Ser

Pro

640

Val

Glu

Ala
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His Ala Arg

675

Lys Ser Leu
690

Met Leu Asp
705

Phe Met Arg

Trp Val Ala

Tle Cys Pro
155

Ala His Gln
770

Leu Glu Gln
185

<210> 24
<211> 823
<212> PRT

Ile Tyr His

Glu Thr Leu
710

[le Phe Lys
725

Asp Pro Ala
740

Gly GIn Tyr

Asn Thr Asn

Ala GIn Ala
790

213> Bt E2ESR

<400> 24
Met Val Thr
1

Glu Ala Pro

35

Ile Leu Phe
50

Tyr Gly Tyr
65

GluﬂArg Gly
5
Ser Glu Thr

20

Ser Thr Ile
Pro Ile Ala

Leu Phe His
70

leu
695
Phe
Val
Asn
Pro
Phe
775

Leu

Ala
L¢u
Tyr
Tyr
55

Arg

680

His

Gln

Met

Arg

760

Lys

Asn

Ala

Leu

Ser

Asn

Asn

Val

745

Ala

Asp

Lys

Thr

Leu

- 25

Thr
40

Lys

Asn

Ala

Met

Asp

160

Thr

Val

Val

730

Cys

lLys

Leu

Val

Pro

10

Gly

Cys

Arg

Pro

Gly

Phe

715

Ser

Arg

Glu

Leu

Glu

Phe

Val

Trp
75

685

Val Val
700

Thr Ser

Ala Glu

Pro Pro

Tle Gln
765

Asp Ala
780

Thr Ala

Tyr Lys

Ala Val
45

Arg Ser
60

Phe Asn

Glu

Thr

Ser

Gly

750

Glu

Met

Ala

Val

30

Pro

e

Tyr

Gly

Gln

Lys

735

Ser

Met

Asn

Ser

Met

Asp

Arg

Val

Gly

720

LYS

Trp

l.eu

Asp

Gly

Leu

Ala

Val

Ala
80
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Ala

Asp

Tyr

Ala

Ala

145

Glu

Ser

Asn

Val

Gly
225

Val

Trp

Phe

Met

Glu

Tyr

Pro

Ala

130

Trp

Met

Val

Glu

Arg

210

Ile

Leu

Ala

Tyvr

Ser
290

Tyr

Met

Gly

115

Gly

Phe

Thr

Val

Cys

195

Ser

Ala

Asn

Arg

Val

275

Pro

Met
Ser
100
Leu
Val
Ser
Gly
Pro
180
Ile
Leu
Tyr
Met
Asn
260

Val

Phe

Ser
85

Trp

Gln

Pro

Leu

Asn
165

Ala

Ala

Arg

Gly

Yal

245

Thr

Gly

Arg

Ala

Tyr

Leu

Met

Val

150

Met

His

Val

Thr

Tyr

230

Ala

Tyr

Thr

Ser

His Gly Trp Ser

Pro
Thr
Ser
135
Ser
Ala
Leu
Ala
Arg
215
Met
Met
Asn

Ala

Leu
295

Leu Gly
105

Ala Val
120

Leu Asn

Ser Ala

Thr Ser

Met Arg
185

Ala Met
200

Cys Ser

Val Ala

His Ala

Pro Ser

265

Ile Ala
280

Glu Gln

161

90

Arg

Ala

Asn

Met

Ser

170

Ser

Leu

Trp

Ala

Gly

250

Leu

Thr

Leu

Ala
Pro
Ile
Val
Val
155
Ile
Met
Leu
Pro
Trp
235
Ile
Leu

Arg

Gly

Phe Phe

Val Gly

His Arg
125

Cys Val
140

Ala Leu

Ser Ser

Ala Gly

Thr Phe
205

Ile Gly
220

Gly Gly
Ser Ser
Arg Ala
Va) Pro

285

Ala Leu
300

Ser

Thr

110

Ala

Leu

Leu

Ile

Glu

180

Tyr

Ile

Tyr

Met

Tyr

270

Pro

Val

Trp

95

Thr

Leu

Ile

Ala

Leu

175

Phe

Leu

Leu

Ile

Val

255

Ala

Val

Val

Phe
Thr
Ala
Pro
His
160
Phe
Asp
Trp
Thr
Phe
240
Asp
Leu

Gly

Leu
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[0,105]

Leu
305

Gly

Tyr

Ala

Gly

Asp

385

Phe

Ser

Met

Val

Ala

465

Asp

Lys

Ser

Phe

Val

Ala

Gly

Ala

370

Ala

Gly

Phe

Tyr

Ala

450

Leu

Ala

Lys

Val

Leu

Glu

Ala

Phe
355

Gln

Ser

Trp

Thr

Phe

435

Cys

Gly

Gln

Arg

Arg
515

Cys

Arg

Phe

340

Phe

Pro

Ser

Met

Tyr

420

Ala

Ile

Ala

Gln

Lys

500

Met

Gly

Phe

325

Phe

Lys

Thr

Leu

Val

405

Thr

Ser

Phe

Leu

Glu

485

Gln

Met

Leu

310

Ser

Val

Pro

Gly.

Leu

390

Gly

Lys

Gln

Thr

Phe

470

Leu

Glu

Pro

GIn Ala Cys Glu Thr Gln

Thr

Gly

Leu

Asn

375

Val

Met

Ser

Ser

Ala
455

Trp

His

Glu’

Leu

Glu

Ile

Ser

360

Thr

Ala

Gly

Phe

Val

440

Leu

Ala

Gln

fyr

Met
520

Gly

Val

345

Leu

Leu

Trp

Ala

Met

425

Arg

Leu

Glu

Gln

Thr

505

Leu

162

Val

330

Ala

Gln

Val

Glu

Phe

410

Leu

Met

Phe

Ile

Thr

490

Thr

Leu

315

Ser

Val

Ala

Asp

Leu

395

Leu

Met

Met

Cys

Pro

475

Ala

Met

Val

Leu

Val

His

Met

380

Leu

Thr

Tyr

Val

Leu

460

Pro

Glu

Gln

Leu

Arg

Leu

Ala

Ala

365

Leu

Leu

Glu

Gly

Met

445

Ala

Ser

Ala

Val

J.eu
525

Ser
Val
Met
350
Met
Ile
Phe
Leu
Ala
430
Met
Leu
Ile
Ala
Lys

510

Phe

Arg

Arg
335

Ala

Ile

Ala

Pro

Val

415

Val

Ala

Asp

Asp

Lys

495

Met

Arg

Leu
320
Ile
Pro
Ala
Lys
Phe
400
Gln
Gly
Pro
Tyr
Ser
480
Thre

Ile

Phe
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Ser

Pro
545

- Met

Pro

Thr

His

Glu

625

Ala

Avg

Cys

Ser

Thr

705

[le

Asp

Gly

530

Gly

Ile

Ala

Gly

Glu

610

Ala

Gly

Ile

Ser

Gly

690

Gln

Tyr

Lys

Phe

Tle

Asp

Asp

Ile

595

His

His

Asp

Gly

Arg

675

Arg

Asn

His

Leu

Ile

Val

Asp

Ala

580

Gly

Ile

Ser

Met .

Asn
660

Phe

His

Val

Leu

Phe
740

Glu

Phe

Tyr

565

Arg

Asn

Ala

Leu

His

645

Ser

Val

Ile

Glu

His

725

Gln

Asp

Pro

550

Tyr

Val

Arg

Thr

Val

630

Phe

Val

Phe

Asn

Tyr

710

Ser

His

Val Ala Ala Ile

535

Gly

Ala

Leu

Thr

Ile

615

Arg

Ser

Tyr

Gln

Leu

695

Glu

Ala

Val

Ser

Cly

Ser

Ser

600

Gly

His

Asp

His

Glu

680

Ala

Pro

Gly

Tyr

Met

Tyr

Trp

585

Leu

Lys

Met

Leu

Asp

665

Lys

Lys

Ser

Val

Thy
745

163

Val

Leu ’

570

Trp

Ala

Met

Ala

Ile

650

Ile

Arg

Leu

Pro

Lys

730

Ser

Ser

Asp

Asp

Leu

Asp

635

Asn

Cys

Lys

Gly

Leu

715

Glu

Ala

Arg

540

Gly

Leu

Tyr

Gly

Thr

620

Tyr

Ser

Pro

Ile

Asp

700

Met

Gly

His

Glu

Leu

Arg

Gly

Asn

605

Ser

Val

Pro

Asn

Ala

Ile

Ser

Asp

Tyr

590

Thr

Pro

Leu

Met

Asp

670

Pro

685

Asp

Ala

Val

Gly

Glu

Lys

Thr

Leu
750

Glu

Asp

Asn

575

Gln

Trp

Val

Ile

Met

655

Pro

Ala

Glu

Ser

Leu

735

Met

Val

Asp

560

Thr

Ile

Asn

Ala

Phe

640

Ala

Leu

Arg

Glu

Leu

720

Asn

Arg
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Ile Phe Lvs Val Met Asn Val Ser Ala Glu Ser Lys Lys Trp Val Ala

755 760

765

Asp Pro Ala Asn Arg Val Cys His Pro Pro Gly Ser Trp lle Cys Pro

770 175

780

Gly Gln Tyr Pro Pro Ala Lys Glu Ile Gln Glu Met Leu Ala His Arg

785 790

795

800

Tyr Thr Ser Leu Lys Asp Leu Val Asp Ser Met Ser Asp Ser Glu Arg

805

Gld Gly Thr Leu Asn Gly Glu
820

2100 25
211> 795
<212> PRT
213> ATH

<2205
223> HHERABSTIIXFF5(

<2200

221> misc_feature

<222> (1)..(6)

223> Xaaf] URMAEBERAFEMNERE

<220
<221> misc_feature

222> (9)..(9)
Qm>xM1umﬁ%i%ﬁEmﬁ§@

<220>

<221> misc_feature

222> (12)..(13)

223> XaaTW[UUREBRARGEMEERER

<2200
<221> misc_ feature
222> (21)..

<223> Xaaf] umﬁf’éﬂéﬁﬁﬂzﬁﬁ’i%@

220>
<221> misc_feature
<222> (27).. (27)

<223> Xaal] URATEKRAFEENREE
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<2200
Q221
222>
223>

<2200
Q221
222>
223>

<220>
Q221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220
221>
222>
223>

<220>
<2215
222>
223>

<220>
221>
222>
223>

220>
221>
<222>
<223

220>
Q20

- <222>

223>

<220>
221>
<222>
<223

<220>

TéZf f%aturc
XMTU%E%%%#EW%&@

misc_feature
(42). . (43)
Xaa ] Ll A R REENE LR

T;sg featyre
7
Xaa®] L BB X RFLVE

Té?? f%ature
Xaa T A RFEBKAFENEER

Tég? featgre
Xaa_Tkli%ffﬁiﬁ:ﬁk¥?7_33§i§§§ﬁ

misc_feature
(103).. (103) _
XaaA] UL ZF R KR FENVEER

misc_fcaturc
(109). . (109)
Xaa Tl LU RAL & KR A B L8

misc_feature
(114).. (114)
xMTuéﬁﬁi%ﬁﬁmﬁ%@

misc_feature
(121).. (121)
Xaa®] LURAF B R RF R ER

misc feature
(126).. (126)
XmWU%Eﬁ%%ﬁE%ﬁE&

misc_feature
(133).. (134)
XaaP] UL AL B R ATF ARSI
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<2215
<222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
<2225
<223>

<2205
221>

<2225

<223>

<2207
221>
<222>
223>

- 220>

<221>
222>
223>

220>
221>
<222>
<223>

<220>
221>
<2227
<223>

<220>
<2215
<222>
<223>

220>
221>
<222>
223>

<220>
221>

misc_feature
(139). . (140)
XaaT] LR R R AT IR

misc_feature
(142).. (142)
XaaB] LR AR R AT AN EER

misc _feature
(150). . (150)
Xaa?] L& IR KAREFZEHE B

misc feature
(170). . (170)
Xaa®l] LR R R AGEENEE G

misc_feature
(178).. (178)
Xaa®] L2 R RAFEMEER

misc_ feature
(187).. (187)
Xaaf] stﬁﬁf%ﬁ?fﬂqa%&

misc_feature
(193). . (f33
Xaa®] LA 2T K RIFTE (O ELBR

misc feature
(197). . (197)
de—fu/c{li’ix%ﬁﬂ:ﬂqgkgﬁ

misc_feature
(203). . (203)
XaaR] DR FF B R AR FENE RN

misc feature
(242).. (242)
XaaR] BRI R KA EFENE L

misc_feature
(253). . (254)
Xaa Tl BLRAE B R R4 IO B R

misc_feature
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222>
223>

<220>
221>
222>
223>

<2200
<221>
222>
223>

220>
221>
222>
223>

<220>
<2215
222>
223>

<220>

2215
222>
<223>

220>
<2215
222>
223>

<220>
221>
222>
223>

<220>

221>
222>
<223>

<2205
221>
222>

- <223

<2205
221>
222>
<223>

220>
221>
<222>

(264). . (264)
Xea ] UL RAL B RRIF AL ER

misc_feature
(273).. (273)
Xaa#] LR B KRR FAKSKELR

misc _feature
(276). . (276)
xMTu&ﬂﬁX%ﬁﬁmﬁﬁw

misc_feature
(278).. (279)
Xaaf] LR B RARFER T

?1sc)fe?ture
281
Xaaf] LU B RAFAENEER

misc_feature
(286). . (286)
XaaP] L RIEBRREFEMOELER

misc _feature
(289Y. . (289)
Xaaf] A RAEH KR TFARERE

misc_feature
(292). . (294)
Xaaf] LR RATENTER

misc feature
(296). . (296)
Xaa®] URE B RAEFER TR

Tlsc)fe?ture
298
Xm7umﬁﬁi#ﬁﬁm%§&

misc_feature
(302). . (302)
Xaa—TLLA:E[*Eaiﬁkz?ZEﬂﬁgiigﬁﬁ

misc_feature
(305).. (305)
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<223>

<220>
221>
{222>
223>

<220>
221>
222>
223>

<2205
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
<222>
223>

220>
221>
<2225
<223>

220>
221>
<2225
223>

<2200
221>
<2225
223>

<2205
221>
<2227
<223>

220>
221>
222>
223>

220>
<2215
<222>
<223>

Xaa i LR R RAFENE

misc_feature
(308). . (308)
Xaafl] LR E B RREEMEER

misc_feature
(319).. (321)
Xaa Al URHEEBERRFEMNERR

misc_feature
(335). . (335)
XaaT] UBF B RKATFEMNEER

misc_feature
(337).. (337)
Xaa'TLin:FFi??Eﬁ*??ZEH@éifiﬁﬁ

misc_feature
(339) (339)
Xaad] LLRAER KRG E SRR

misc feature
(341). . (343)
XMTUEEEX%#EMEE@

Tlsc)fe?turf
351
Xaafl R E R KR GENEER

misc_feature
(353). . (353)

XmTU%E RRIFENMEER

misc_feature
(355). . (355)
XaaB] LR R RATFEMEER

Téggyfeature
XMTU%ﬁﬁﬁﬁﬁEm%E@

misc feature
(362). . (363)_ o
Xaa‘]klxeff RAFEMEER
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<220>
<2215
222>
223>

<2205
221>
222>
223>

<2205
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

220>
221>
222>
223>

<2205
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
<221>
222>
<223>

<220>
221>
222>
223>

misc feature
(365). . (365)
XaaT LI BB RRELNEER

misc_feature
(367). . (367)
Xaa® LR LB RAELENTER

misc_feature
(371).. (372)
Xaa®] LR EBRAFEEER

misc_feature
(375). . (376) ]
Xaa ] U RAEBERRTFLENEER

misc_feature
(379). . (380)
Xaa—TElx5f1§?952R¥?1E39§&§£E§

misc_feature
(383)..(383)
Xaa®] LLBE B RAFELHEER

misc_feature
(386). . (389)
Xaa®] LR AR RATFENEAER

misc_feature
(392).. (392)
Xaaf] IR B RRTFELENEER

misc_feature
(396). . (396)
XMTU£HE RARGFEREER

misc_feature
(401). . (401)
Xaad] LU AE B K R 7B BE

misc_feature
(404)..(404)
Xaa®] LR B X AFENRER

169



CN 104080921 A

112/140 T

[0113]

<220>
221>
222>
223>

<220>
Q221>
222>
223>

<220>
221>
<222>
223>

<220>
221>
222>
223>

220>
221>
222>
223

220>
221>
222>
223>

220>
221>
222>
223>

220>
221>
222>
223>

220>
221>
<222>
<223>

220>
221>
222>
223>

<220>
221>
222>
223>

<220>

misc_feature
(430). . (432)
XaaR[LLEE B RAEENEER

misc _feature
(436). . (436)

- XaaW] LR EE KRR EALNE R

misc_feature
(139). . (410)
Xaa®] L RAIBM KA EEXIE R

misc_feature
(445).. (445) )
Xaa®] UL B R K ATFENEER

misc_feature
(447). . (449)
XaaPl LA BT R R EEEHER

misc _feature
(451).. (451)
Xaa® L\ EAEE KR E BB

misc_feature
(455). . (458) v
Xaa®] AR K RFENREER

Tiggyfeature
X%TU%Wﬁ%%ﬁE%ﬁ%@

misc_feature
(473).. (473)
Xaa?] L RAEE R ARFEOEER

misc feature
(477).. (477)
Xaa?ﬂmﬁ%f%ﬁ?"l’&ﬁ%@

?1scyfeature
483
Xaaf] L RAER R ATFERLEER
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[0114]

221>
222>
223>

<220>
221>
<2225
<223>

<220>
221>
222>
223>

220>
221>
222>
<223>

<2205
2215
222>
223>

220>
<2215
222>
223>

<220>
Q221>
222>
<223>

220>
221>
<2225
223>

<2205
221>
222>
<2235

220>
<2215
222>
<223>

220>
221>
222>
223>

<220»
221>

misc_feature
(489). . (489)
Xaaf] LR AL & K R E B ER

misc_feature
(491)..(491[
Xaa®] LR EE R AFAENZRER

misc_feature
(493). . (493)
Xaa ™ LAR L8 R R R ELER

misc_feature
(495). . (495)
XmTUmﬁa%%ﬁﬁ%ﬂ%@

misc_feature
(500). . (500)
XaaB] A BB R REFEN B EE

misc_feature
(513).. (514)
Xaafl LR AR RARFANE R

misc_feature
(516). . (316)
Xaa®] LA RAT @R ARGFEMERR

misc_feature
(520). . (520)
Xaa®] L REERRFENEER

misc_feature
(523). . (525)
XMTUEE@%%##Mﬂiw

misc_feature
(529).. (534)
XaaB] KL & (LB RRFIEN & B

misc feature
(539). . (539)
Xaa Al LR AL B R AR FIENE K

misc_feature
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222>

<2235

<220>
221>
222>
223>

<220>
<2215
222>
223>

220>
<2215
<2225
223>

<220>
221>
<2225
223>

220>
221>
<222>
223>

<220>
221>
222>
223>

<220>
<2215
222>
223>

220>
221>
222>
223>

220>
221>

<222

223>

<2207
221>
222>
<2235

<220>
221>
<2225

(546) .. (547)
Xaa B LR FE KR FENE R

misc_feature
(550). . (550)
Xaa®] LLE B R A EN R EE

misc_feature
(554) . . (554)
Xaa ] LR AR RAFAENHER

misc_feature
(556). . (556)
XaaF] LR EERAFEMNIER

misc_feature
(612). . (613)

Xaa®] Ll 2 E A RREENERE

misc_feature
(616).. (617)
XaaT] LR B R RSN

misc feature
(622).. (623)
Xaa ] LL 24T & KA TEZE B SR ES

misc_feature
(626). . (626)
Xaa 7] L2 B R R R LR

misc;feature
(636). . (636)
Xaa Pl LRI B R RF AN EAER

misc_feature
(641). . (641)
Xaa®] LR R R ARG EME R

misc_feature  _
(647). . (617)
Xaa BT LA 4 B R ARFEZE RO L HeER

misc_feature
(650) .. (650)
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[o116]

<223>

220>
221>
(222>
223>

<220>
221>
222>
<2235

<220>
<2215
222>
223>

220>
221>
<2225
223>

220>
221>
222>
223>

<2205
221>
<222>
223>

<220
221>
222>
<223>

<2200
<2215
222>
<223>

<2202
221>
<2225
223>

<2207
221>
<2225
223>

<2207
221>
<222>
<2235

Xaa ] LR B KR EF AR ER

misc_ feature
(652). . (654)

Xaaf] LR & R RGEE LB RS |

misc_feature
(656). . (656)
Xaa A U R HE B R A FEMNHER

misc_feature
(658). . (658)
XaaRl IR ER KA FENERR

misc_feature
(660) . . (662)
Xaa®] L2 & K REFEMNERLE

nggyfeature
Xaaf] L2 EERRTFEMNRER

Tlsc)feature
636
Xaa®] LA £ & KN TE R B B

Tégg)feature
Xaa T AR E B RREFENEER

misc_feature
(699).. (699)
Xaa ] IR E R R REFLHEER

misc_feature
(702).. (703)

Xaaf] LR EERRFENRAER

misc_feature

_(708). . (706)

XaaﬁTElﬁéfE%39§2K¥?ZEBQ§i§§ﬂ§

misc_feature
(708).. (710)
Xaa B LLRE A KNG RER
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[o117]

<220>
<2215
<222>
223>

<2205
221>
<222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<2205
221>
<2225
<223>

<2205
221>
<222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<2235

<220>
221>
<222>
223>

220>
221>
<222>
<223>

<220>
221>
222>
<223>

misc_feature
(714).. (714)
Xaaf] LR B R R EL N EER

misc_feature
(716). . (716) _
XaaF[ LR B RAGERNRER

misc_feature
(719).. (720)
Xaaf] LLRAE B RAF R R ER

misc_feature
(722).. (723)
Xaaf] LR EB R AFENEER

misc_feature
(733).. (733)
Xaaf] I BERRRFENEER

misc_feature
(742). . (742)
Xaa™] L BAF B R RGN EE

misc_feature
(748). . (748)
Xaa®] LLR £ B RARTF B RE IR

misc_feature
(772).. (173)
Xaaf] LR AE B RARTEEREE R

misc_feature
(775).. (776)
XaaB] L ZEBERARFENEER

misc_feature
(780) . . (780)
Xaaf] LRI ERREFENEER

misc_feature
(782).. (795)
Xaa®] LR LB RARTFENAER
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<400> 25

Xaa Xaa
1

Pro Met

Ile Xaa

Tyr Arg
50

Ser Trp
65

Xaa Thr
Ala Leu

Leu Xaa

Leu Ala
130

‘Ile Leu

145

Glu Phe

Tyr Xaa

Xaa Leu

Tyr Tle
210

Xaa
Ala
Val
Ala
Phe
Thr
Ala
Pro
115
His
Phe
Asp
Trp
Thr

195

Phe

Xaa

Ile

20

Tyr

Ala

Asp

Tyr

Ala

100

Ala

Glu

Ser

Asn

Val

180

Gly

Val

gaa
5-

Xaa
Gly
Glu
Tyr
Pro
Ala
Trp
Xaa
Val
Glu

165

Arg

Xaa

Leu

Xaa Ser Thr Xaa

Xaa

Tyr

Tyr

Met

70

Gly

Gly

Phe

Xaa

Xaa

150

Cys

Ser

Ala

Asn

Xaa

Leu

Met

Ser

Leu

Xaa

Ser

Gly

135

Pro

lle

Leu

Tyr

Met
215

Ile

Phe

40

Ser

Trp

Gln

Pro

Leu

120

Asn

Ala

Ala
Arg
Gly
200

Val

Ala
25

His
Xaa
Tyr
Xaa
Met
105
Xéa
Met
His
Yal
Thr
183

Tyr

Ala

175

Tyr
10

Tyr
Xaa
lis
Pro
Thr
Ser
Ser
Ala
Leu
Xaa
170
Arg

Met

Met

Thr

Xaa

Xaa

Gly

Leu

75

Ala

Leu

Ser

Xaa

Met

155

Ala

Xaa

Xaa

His

Xaa

Met

Asp

Tep

60

Gly

Val

Asn

Ala

Xaa

140

Arg

Met

Ser

Ala

Ala
220

Xaa

Arg

Pro

45

Ser
Arg
Ala
Xaa
Met
125
Ser
Sef
Leu
Trp
Ala

205

Gly

Phe
Yal
30

Trp
Ala
Pro
Ile
Val
110
Xaa
Xaa
Met
Leu
Pro
190

Trp

Tle

Ala

Arg

Phe

Phe

Val

His

Cys

Ala

Ser

Ala

Thr

175

Ile

Gly

Ser

Val

Ser

Asn

Phe

Gly

80

Arg

val

Leu

Ser

Gly

160

Phe

Gly

Gly

Ser
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Met

225

Tyr

Pro

Xaa

Xaa

Xaa

305

Xaa

Xaa

Xaa

Phe

Leu

385

Xaa

Met

Leu-

Val

Xaa

Val

Val

Ser

290

Arg

Ala

Ile

Ala

Pro

370

Xaa

Val

Ala

Asp

Asp

Leu

Gly

Val

275

Arg

1le

Pro

Xaa

Xaa

355

Xaa

Xaa

Gly

Pro

Tyr
435

Trp

Phe

Met

260

Xaa

Xaa

Xaa

Ala

Gly

340

Asp

Xaa

Xaa

Xaa

Val

420

Xaa

Ala

Tyr

245

Ser

Leu

Xaa

Ala

Gly

325

Xaa

Ala

Gly

Xaa

Tyr
405

Arg

230

Val

Pro

Xaa

Xaa

Ala

310

Phe

Xaa

Ser

Trp

Thr

390

Phe

Ala Cys

Leu

Gly

Asn Thr Tyr

Val

Phe

Xaa

Glu

295

Phe

Phe

Xaa

Xaa

Xaa

375

Tyr

Ala

Ile

Xaa

Gly

Xaa

Cys

280

Xaa

Phe

Lys

Thr

Leu

360

Xaa

Xaa

Ser

Phe

Xaa
440

Thr
Arg
265
Xaa
Phe
Val

Pro

Gly
345

peu
Gly
Lys
Gln
Thr
425

Phe

176

Asn

Ala

250

Ser

Xaa

Xaa

Gly

Leu

330

Asn

Xaa

Met

Ser

Ser

410

Ala

Trp

Pro
235

Ile

l.eu

Xaa

Thr

Ile

315

Ser

Thr

Xaa

Xaa

Phe

395

Val

Leu

Ala

Ser

Ala

Glu

Ala

Glu

300

Val

Leu

Leu

Trp

Xaa

380

Xaa

Arg

Leu

Glu

Leu

Xaa

Gln

Cys

285

Gly

Ala

Gln

val

Xaa

365

Phe

Leu

Met

Phe

Xaa
4145

Leu

Xaa

Leu

270

Xaa

Xaa

Val

Ala

Asp

350

Leu

Leu

Met

Met

Xaa

430

Pro

Arg

Val

255

Gly

Thr

Ser

Xaa

Xaa

335

Xaa

Xaa

Xaa

Tyr

Val

415

Xaa

Xaa

Ala

240

Pro

Ala -

Gln

Leu

Xaa

320

Ala

Leu

Leu

Glu

Gly

400

Met

Xaa

Xaa
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Xaa

Xaa

465

Val

Leu

Xaa

Xaa

Arg

545

Gly

Asn

Ser

Val

Pro

625

Xaa

Ala

Asp

450

Xaa

Lys

Phe

Xaa

Xaa

530

Xaa

Tyr

Thr

Pro

Leu

610

Xaa

Asp

Xaa

Xaa

Xaa

Xaa

Arg

Glu

515

Xaa

Xaa

Gln

Tep

Val

595

Ile

Met

Pro

Ala

Asp

Xaa

Xaa

Xaa

500

Xaa

Xaa

Thr

Ile

Asn

580

Ala

Xaa

Ala

Leu

Xaa
660

Ala

Xaa

Xaa

485

Ser

Pro

Xaa

Pro

Thr

565

His

Glu

Xaa

Arg

Cys

645

Xaa

Gln

Lys

470

Xaa

Gly

Gly

Xaa

Xaa

550

Gly

Glu

Ala

Gly

I1e

630

Ser

Xaa

Xaa Xaa Xaz Xaa Gln Gln

455

Arg

Arg

Phe

I1e

Asp

535

Asp

Ile

His

His

Asp

615

Gly

Xaa

Arg

Lys Xaa Glu

Met

Ile

Xaa

520

Asp

Ala

Gly

Ile

Ser

600

Xaa

Asn

Phe

His

Xaa

Glu

505

Phe

Tyr

Arg

Asn

Ala

585

Leu

Xaa

Ser

Val

Xaa

665

117

Pro

490

Asp

Pro

Tyr

Xaa

Arg

570

Thr

Val

Phe

Val

Xaa

650

Xaa

460

Glu Tyr
475

Xaa Met

Val Ala

Xaa Xaa

Xaa Gly
540

Leu Xaa
555

Thr Ser

Ile Gly

Arg His

Ser Asp

620

Tyr Xaa
635

Gln Xaa

Xaa Xaa

Thr

Xaa

Xaa

Ala

Xaa

525

Tyr

Trp

Leu

Lys

Met

605

Leu

Asp

Xaa

Xaa

Ala

Thr

Leu

Ile

510

Val

Leu

Trp

Ala

Met

590

Ala

Xaa

Ile

Xaa

Xaa
670

Glu

Met

Xaa

495

Ser

Gln

Tyr

Asp

Asp

575

Leu

Asp

Xaa

Cys

Lys

655

Xaa

Xaa

Gln

480

Leu

Arg

Gly

Leu

Tyr

560

GCly

Thr

Tyr

Ser

Pro

640

Xaa

Xaa
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[o121]

Xaa

Ala

Val

705

Gly

Lys

Tep

Leu

Xaa
785

Xaa

Lys

690

Xaa

Xaa

Trp

lle

Ala

770

Xaa

<210>
211>
212>
213>

<400>

Xaa
675

Ser

Leu

Xaa

Val

Cys
755

His

Xaa

26
718
PRT

Xaa

Leu

Xaa

Arg

Ala

740

Pro

Xaa

Xaa

ARG EE &

26

Met Gly Ser Asp

1 -

Lys Leu Val Ile

35

20

Leu Phe Ala Val

Trp Phe Asn Tyr

50

Xaa

Ile

Xaa

Ile

725

Asp

Gly

Xaa

Xaa

Arg

Phe

Ile

Arg

Xaa
Tyr
Xaa
710
Phe
Xaa
Gln

Thr

Xaa
790

Ser
Val
Lys

Ala

Xaa Xaa Xaa Tyr Glu

His
695
Leu
Lys
Ala
Tyr
Xaa
775

Xaa

Cys
Ala
Phe

Thr

680

Leu His

Phe Gln

Val Met

Asn Arg
745

Pro Pro
760

Xaa Lys

Xaa Xaa

Val Leu

Ile Phe
25

Glu Ser
40

Lys Tyr

178

Ser

Xaa

Asn

730

Val

Ala

Asp

Xaa

Ser

10

Gly

Ile

Leu

Xaa

Val

715

Val

Cys

Lys

Leu

Xaa
795

Val

Ala

Ile

Val

Pro

Gly

700

Xaa

Ser

Xaa

Glu

Xaa
780

Phe

Ala

His

Asn
60

Ser

685

Val

Thr

Xaa

Pro

Ile

765

Asp

Gln

Ile

Glu

45

Asn

Xaa

Xaa

Ser

Glu

Pro

750

Gln

Xaa

Thr

Ser

30

Phe

Ser

lLeu

Xaa

Xaa

Ser

735

Gly

Glu

Xaa

Ile
15

Ser

Asp

Phe

Xaa

Gly

Xaa

720

Lys

Ser

Met

Xaa

Leu

Arg

Pro

Tyr
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[0122]

Lys

65

Val

Ile

Asn

Ala

Leu

145

Val

Val

His

Gly

Leu

225

Thr

Gly

Phe

Phe

Thr

Trp

Val

Thr

130

Ala

Ala

Thr

Ala

Gly

210

Ile

Trp

Phe

Gly

Leu

Gly

His

Cys

115

Tyr

Ala

Gly

Phe

Thr

195

Tyr

Leu

Tyr

Leu

Leu
275

Asn

Gly

Ala

100

Val

Glu

Gly

Ser

Met

180

Cys

Val

Met

Ala

Pro

260

Ile

Trp

Thr

85

Leu

Leu

Phe

Phe

Tyr

165

Phe

Ala

Phe-

Gly
Ile
245

Ile

Gln

Phe

Leu

Arg

Phe

Thr

Ile
150

Asp

Trp

Ala

Ile

Arg

230

Gly

Arg

Ile

Asp Asp Arg

Tyr
Asn
Ala
Lys
135
Ala
Asn
Ile
Leu
Thr
215
Tyr
Thr

Ser

Val

Pro

Trp

Pro

120

Glu

Ile

Glu

Lys

Phe

200

Asn

Ser

Val

Asn

Ala
280

Gly

Leu

105

Leu

Ile

Val

Ala

Ala

185

Tyr

Leu

Ser

Ala

Asp

265

Phe

179

Thr

Leu

90

Gly

Phe

Lys

Pro

Ile

170

Gln

Phe

Ile

Lys

Ser

250

His

Gly

Trp

Met

Leu

Ser

Asp

Gly

155

Ala

Lys

Tyr

Pro

Leu

235

Met

Met

Asp

Tyr

Thr

Pro

Gly

Ala

140

Tyr

Ile

Thr

Met

Leu

220

Tyr

Gln

Ala

Phe

Pro.

Thr

Ile

Val

125

Ser

Ile

Thr

Gly

Val

205

His

Ser

Ile

Ala

Val
285

Leu

Ser

Asp

110

Thr

Ala

Ser

Leu

Gly

Ala

95

Ile

Ala

Gly

Arg

Leu

- 175

Ser

190

Ser

Val

Ala

Pro

Leu
270

Lys

Ile

Ala

Phe

Tyr

Phe

255

Gly

Gly

Arg

80

Phe

Arg

Trp

Leu

Ser

160

Met

Met

Trp

Leu

Thr

240

Val

Val

Gln
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[0123]

Ile

Ile
305

Leu

- Tyr

Pro

Leu

His

385

Val

Ala

Thr

Leu

His

465

Leu

Arg

Ser
290

Leu-

Ile

Ala

Val

Phe

370

Val

Met

Ala

Ser

Ile

450

Ser

Pro

Glu

Thr

Val-

Ala

Lys

Ser

355

Pro

Phe

Val

Val

Asp

435

Val

Thr

Ser

Ala

Ala
Leu
Pro
Ile
340
Trp
Ala
Val
Arg
Ala
420
Arg
Ser
Trp

Gln

Tyr
500

Gly

Tro

325

His

Pro

Gly

Ile

Leu

405

Leu

Lys

Gly

Val

Thr

485

Tyr

Phe

Val

310

Thr

Ile

Ala

Val

Ala

390

Met

Ser

Tyr

Ser

Thr

470

Pro

Trp

Lys Val Ile Met

295

Val

Cly

Pro

Phe

Phe

375

Tyr

Leu

Lys

Ala

Phe

455

Arg

Asp

Leu

Gly

Arg

Ile

Phe

360

Leu

Ser

Thr

Ile

Ile

440

Ile

Thr

Gly

Arg

Leu

Phe

Ile

345

Phe

Leu

Val

Leu

Phe

425

Lys

Phe

Ala

Lys

Met
505

180

Ser
Tyr
330
Ala
Asp
Phe
Leu
Thr
410
Asp
Pro
Tyr
Tyr
Leu

490

Asn

Met

Ala
315

Ser

Ser

Thr

Leu

Cys

395

Pro

Ile

Ala

Leu

Ser

475

Ala

Ser

Val

300

Leu

Leu

Val

His

Asp

380

Ser

Val

Tyr

Ala

Tyr

460

Ser

Leu

Asp

Ser

Thr

Trp

Ser

Phe

365

Leu

Tyr

Ile

Leu

Leu

445

Leu

Pro

Ile

Glu

Leu

Tyr

Asp

Glu

350

Leu

Lys

Phe

Cys

Asp

430

Leu

Phe

Ser

Asp

Asp
510

Phe

Met

Thr
335

His

Ile

Asp

Ala

Val

415

Phe

Ala

Val

Val

Asp

495

Ser

Leu

Gly

320

Asn

Gln

Trp

Glu

Gly

400

Ser

Lys

Lys

Phe

Val

480

Phe

Lys
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[0124]

Val

Arg

Ile

545

Leu

Ile

Ile

Thr

‘Arg

625

Phe

Pro

Glu

Gly

Ala

Thr

530

Val

Lys

Gly

Ser

Ala

610

Asn

Asn

Leu

Asn

Arg
690

Ala
515

Thr

Gly

Glu

Phe

Clu

595

Glu

Ser

Gly

Asp

Trp

675

Thr

Thxr Arg Arg

705

210> 27
211> 2157
<212> DNA

Trp Trp

Leu Val

Lys Ala

His Asp
565

Gly Gly
580

Gly Ile

Gly Glu

Leu Leu

Gly Gln

645

Val Pro
660

Met Val

Leu Arg

Ser Ile

Asp

Asp

Met

550

Val

Asp

Trp

Tyr

Tyr

630

Ala

Pro

Arg

Asp

Lys
710

Tyr Gly Tyr Gln

Asn

535

Ala

Asp

Asp

Pro

Arg

615

Thr

Leu

Ile

Val

695

Arg

520

Asn Thr

Ser Pro

Tyr Val

Ile Asn

585

Glu Glu
600

Val Asp

Met Ser

Asp Arg

Asp Tyr

665

Tyr Gln
680
Gly Glu

Pro Glu

181

Trp

Glu

Leu
570

Lys

Ile

Ile

Asn

Glu

555

Val

Phe

Lys

Ala Arg

Tyt

Val

650

Phe

Leu

Leu

Leu

Lys

635

Arg

Asp

Lys

Thyr

Gly
715

Gly

Asn

540

Lys

Ile

Leu

Glu

Ala

620

Asp
Gln
Glu
Lys
Arg
790

Leu

Gly

525

Thr

Ser

Phe

Trp

Arg

605

Ser

Phe

Gln

Val

Asp

685

Ser

Arg

Met

His

Tyr

Gly

Met

530

Tyr

Glu

Pro

Met

Phe.

670

Asp

Ser

‘Val

Ala

Ile

Glu

Gly

575

Ile

Phe

Thr

Gln

Ile

655

Thr

Ala

Thr

Asp

Ala

Ile

560

Leu

Arg

Tyr

Met

Leu

640

Thr

Ser

GlIn

Lys
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<400> 27

atgggatccg accggtcegtg tgttttgtct gtgtttcaga ccatcctcaa getcgtcate 60
ttegtggega tttttgggge tgccatatca tcacgtttgt ttgcagtcat caaatitgag 120
tctattatce atgaattcga cccctggttc aattataggg ctaccaaata tctcgtcaac 180
aattcgtttt acaagttttt gaactggttt gacgaccgta cctggtacce cctcggaagg 240
gttactggag ggactttata tcctggtttg atgacgacta gtgecgttcat ctggcacgec 300
ctgcgecaact ggttgggctt geeccattgac atbagaaacg tttgtgtget atttgegeca 360
ctattttctg gggtcaccge ctgggegact tacgaattta cgaaagagat taaagatgcc 420
agcgetggge ttttggetge tggttttata gecattgtee ccggttatat atctagatea 480
gtggegeept cctacgataa tgaggccatt gecattacac tattaatggt cactttcatg 540
ttttggatta aggcccaaaa gactggetcet atcatgcacg caacgtgtge agctttattc 600
tacttctaca tggtgtcgge ttggggtgga tacgtgttca tcaccaactt gatcccactc 660
catgtctttt tgctgatttt gatgggcaga tattcgtcca aactgtattc tgcctacacc 720
acttggtacg ctattggaac tgttgcatcc atgcagatcc catttgtegg tttectacct 780
atcaggtcta acgaccacat ggccegeattg ggtgtttteg gtttgattca gattgtegee 840
ttcggtgact tcgtgaaggg ccaaatcagc acagctaagt ttaaagtcat catgatggtt 900
tctetgtttt tgatcttggt ccitggtgtg gteggacttt ctgecttgac ctatatgggg 960
ttgattgeee cttggactgg tagattttat tcgttatggg ataccaacta cgcaaagatc 1020
cacattccta tcattgectec cgtttcegaa catcaacccg tttegtggee cgetttette 1080
tttgataccec actttttgat ctggetattc cccgeeggtg tattcctact attcctcgac 1140
ttgaaagacg agcacgtttt tgtcatcgect tactccgttc tgtgttegta ctttgeeggt 1200
gttatggtta gattgatgtf gactttgaca ccagtcatct gtgtgtccge cgecgtegea 1260
ttgtccaaga tatttgacat ctacctggat ttcaagacaa gtgaccgcaa atacgecatc - 1320
aaacctgegg cactactgge caaattgatt gtttccggat cattcatctt ttatttgtat 1380
cttttegtet tccattcetac ttgggtaaca agaactgeat actcttctcee ttctgtigtt 1440
ttgcecatcac aaaccccaga tggtaaattg gegttgatcg acgacttcag ggaagegtac 1500
tattggttaa gaatgaactc tgatgaggac agtaaggttg cagegtggtg ggattacggt 1560
taccaaattg gtggcatgge agacagaacce acﬁttagtcg ataacaacac gtggaacaat 1620

[0125]

182
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actcacatcg
ctaaaagagc
ggtgatgaca
gagataaaag
tctgagacca
ttcaatggtg
ccaccattag
caattgaaga

tcttctacga

ccategttgg
atgatgtcga
tcaacaaatt
agcgttattt
tgaggaactc
gccaagecac
actacttcga
aggatgatgc

aaaccagaag

taaagccatg
ttatgtctty
ctigtggatg
ctataccgca
gctactttac
tgacagagtg
cgaagtittt
ccaaggtaga

gtccataaag

gctteceetg
gtcatctttg
atcagaatta
gagggagaat
aagatgtcct
cgtcaacaaa
acttccgaaa
actttgaggg

agacctgaat

aagagaaatc
gtggtctaat
gcgagggaat
acagagtaga
acaaagattt
tgatcacacc
actggatggt
acgttggtga

taggcttgag

ttacgaaatt
tgggttiggt
ctggccagaa
tgcaagggct
cccacaatta
attagacgtc
tagaatatat
gttaaccagg

agtctaa

1680
1740
1800
1860
1920
1980
2040
2100
2157

210>
211>
212>
213>

28

749

PRT
SRS

<400> 28

Ser His

15

Met Ala Asn Ser Ala Thr Ile Thr Ser lys Lys Gly Val Lys
1 5 10

Ile Ile Ile

30

Gln Leu Lys Val Leu Leu Cys

25

Trp Lys Ile Pro
20

Lys Asp

Ala Val Ala Ser Val Ser Ser Arg Leu Phe Ser Val Ile Arg Tyr Glu

Ile Ile Glu Phe Asp Phe Asn Phe Ala Ser Lys

85

Ser His Pro Trp Arg

Phe Glu

80

Leu Asn Trp Asp

75

Ile
65

Val Glu Gln Gly Phe

70

Leu Tyr Asn Phe

Pro Leu Gly Leu Pro

35

Arg Val Ala Gly

90

Gly Thr Tyr

95

Arg Ser Trp Tyr

Val Leu Lev

100

Ile Ile
105

Phe Val His

110

Gly Leu Met Thr Ser Gly Lys Leu

[o126]

183
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~ Arg

Phe

Lys

145

Pro

Ile

Val

Phe

Ile

225

Lys

Ser

His

Tyr

Ile
305

Phe

Ile

Ser

130

Ser

Gly

Ala

Lys

Tyr

210

Pro

Leu

Met

Met

Asn

290

Arg

Ala

Asn
115
Gly
Asp
Tyr
Ile
Ser
195
Met
Leu
Tyr
Gln
Ser
275
Tyr

Phe

Leu

Val

Ile

Ala

Thr

Thr

180

Gly

Val

His

Ile

Val

260

Ala

Val

Ala

Ser

Asn

Thr

Cys

Ser

165

Leu

Ser

Thr

Val

Ala

245

Pro

Leu

Lys

Leu

Ser
325

Ile
Ala
Gly
150
Arg
Leu
Ser
Ala
Phe
230
Tyr
Phe
Gly
Gly
Val

310

Thr

Arg Asp Val

[le

135

Leu

Ser

Met

Phe

Trp

215

Val

Thr

Val

Val

Leu

295

Cys

Gly

120

Ala
Leu
Val
Ser
Trp
200
Gly
Leu
Thr
Gly
Phe
280
Val

Leu

Val

Thr -

Ala

Ala

Thr

185

Gly

Gly

Leu

Tyr

Phe

265

Gly

Ser

Val

Ile

184

Cys

Tyr

Ala

Gly

170

Phe

Ala

Tyr

Leu

Tyr

250

Gln

Leu

Ser

Gly

Ala
330

Val
Tyf
Ala
155

Ser

Ala

Cys.

Val

Met

235

Val

Pro

Leu

Lys

Leu
315

Pro

Leu

Leu

140

Phe

Tyr

Leu

Thr

Phe

220

Gly

Ile

Val

Gln

Gln

300

Ala

Trp

Leu
125
Ala
Met
Asp
Trp
Gly
205
Ile
Arg
Gly
Ser
Leu
285
Phe

Thr

Thr

Ala

Arg

Gly

Asn

Ile

190

Leu

Thr

Tyr

Thr

Thr
270

Phe

Gln

Val

Gly

Pro

Glu

{le

Glu

175

Lys

Leu

Asn

Thr

Leu

255

Ser

Ala

Ile

Val

Arg
335

Ala

Leu

Ala

160

Ala

Ala

Tyr

Met

Ser

240

Ala

Glu

Phe

Leu

Leu

320

Phe
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‘Tyr Ser Leu Trp

Ala Ser Val

Asp

Phe
385

Leu

Thr

Asp

Ala

Ser

465

Ser

Val

Yal

Asp

Thr
545

Leu
370
Lys
Gly
Pro
Thr
Ala
450
Phe

Arg

Tyr

Val

Phe
530

Lys

355

Gln

Glu

Thr

Cys

Tyr

435

Ser

Phe

Val

His

Leu

ol5

Avg

Val

340

Ser

Phe

Leu

Tyr

Val

420

Met

Ala

Thr

Leu

Ser

500

Ser

Glu

Met

Asp
Glu
Leu
Arg
Phe
405
Cys
Gly
Lys
Ser
Val
485
Ser
Thr

Ala

Ser

Thr Asn Tyr Ala

His

Ile

Asn

390

Cys

Ile

Pro

Ser

Gly

470

Ile

Trp

Val

Tyr

Trp
550

Gln

Trp

375

Glu

Gly

Ala

Glu

Lys

455

Ser

Ser

Val

Leu

Asp

53

Trp

Pro

360

L.eu

His

Val

Ala

Val

440

Asn

Lys

Ser

Thr

Asn

520

Trp

Asp

345

Pro

Leu

Val

Met

Ala

425

Glu

Lys

Asn

Thy

Ser

505

Asp

Leu

Tyr

185

Lys

Thr

Pro

Phe

Val

410

Val

Glu

Lys

Ile

Ala

490

Asn

Gly

Arg

Gly

Ile

Trp

Yal

Ile

395

Arg

Ala

Asp

Gly

Gly

475

Tyr

Ala

Ser

Arg

Tyr
555

His

Ser

Gly

380

Ile

Leu

Ile

Lys

Ile

460

Ile

Phe

Tyr

Leu

Asn

540

Gln

Ile

-Ser

365

Val

Ile

Val

Ser

Val

445

Ser

Tyr

Leu

Ser

Met

525

Thy

Ile

Pro

350

Leu

Tyr

Tyr

Leu

Thr

430

Ser

Ser

Ser

Ile

Ser

510

Tyr

Pro

Ala

Ile

Phe

Leu

Pro

Thr

415

Leu

Glu

Ile

Leu

Met

495

Pro

Ile

Tyr

Gly

Ile
Phe
Cys
Val
400
Leu
Leu
Glu
Leu
Leu
480
Phe
Thr
Asp

Asp

Met
560
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Ala Asp Arg

[le Ala
Pro Ile

Gly- Thr
610

Ile Arg
625

Phe Phe
Thr Met
Lys Leu

Leu Pro
690

Thr Val
705 :

-Leu Gly
Lys Lys

210>
<2115
<212>
213>

<400>

atggctaatt ctgctacaat tacgagtaaa aaaggcgtga agtctcatca gaaggactgg

[0129]

Thr

Leu

595

Leu

Ile

Thr

Arg

Phe

675

Ser

lis

Arg

Ser

29

Tle

Val

580

Arg

Gly

Ser

Pro

Glu

660

Pro

Lys

Ilis

Asp

Ala

Thr

565

Gly

Lys

Tyr

Gln

Asn

645

Ser

Pro

Asp

Leu

Leu

725

Val

740 - -

2250 .

DNA

SR B £

29

Leu

Lys

His

Ser

Gly

630

Gly

Leu

Asn

Pro

Val

710

Lys

Leu

Val

Ala

Asp

Ser

615

Leu

Glu

Leu

Gln

Gln

695

Arg
Gln

Gln

Asp

Met

Val
600

Asp

Asn

Ser

585

Asp

Asp

“Asn

570

Ser

Tyr

Met

Txp Pro Asp

Tyr
Tyr
Gly
680
Leu
Leu

Val

Lys

Arg

Lys

665

Tyr

Phe

Tyr

Thr

Thr

650

Met

Asp

Thr

Lys

Leu

- 730

Leu
745

Thy

186

Thr
Pro
Ile
Asn
Glu
635
Asp
Ser
Arg
Ile
Val
715
Phe

Lys

Trp

Glu

Leu

Lys

620

Ile

Asp

Tyr

Ala

Glu

700

Lys

Glu

Phe

Asn Asn

Glv Lys
590

Ile Ile
605

Phe Leu

Val Glu

Ala Ala

His Gly

670

Arg Asn
685
Glu Ala

Lys Pro

Glu Gly

Thr

575

Ala

Tyr

Tep

Arg

Thr

655

Ala

Gln

Phe

Asp

Lys

- 735

Leu

His

Tyr

Gly

Met

Asn

640

Pro

Trp

Lys

Thr

Thy
720

Arg

60
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aaaattccac ttaaagtgct cattcttata tgtattgetg tggettctgt ctcttcgagg 120
cttttttctg tcattcgtta cgagtccatt attcatgaat ttgatccttg gttcaatttc 180

- cgagcttcca aaatattggt ggaacaaggt ttttataact ttttaaattg gtttgatgaa 240
agaagttgst accegttggp tegtgtageg ggtggtactt tgtacccagg acttatggte 300
acgtctggta ttattttcaa agttttacat cttttaagaa ttaacgtgaa catccgtgat 360
gtatgtgttt tacttgccce tgetttcetet ggaatcactg cgattgetac ctattatetg 420
gctagagaat tgaasaagtga tgcatgtgge cttttagetg ccgecatttat gggtattgct 480
cctggataca cctececgtte cgtegetggt tcttacgata atgaagcaat tgctattacc 540
cttttgatgt caacgtttgc tttgtggatc aaggcagtga agtctggctc ctctttetgg 600
ggtgcetgea caggattget ctacttctat atggtaactg cgtgggetgg ttatgtatte 660
atcacaaaca tgataccttt acacgtattt gttcttctac ttatgggtcg ctatactage 720
aaattataca ttgcttacac aacatactat gttattggaa cgctggettc tatgcaagtt 780
ccgtttgttg gtticcaace cgtgtcgact agtgagcata tgtcegettt aggagtgttt 840
ggcetgttac agetttttge attctacaat tatgttaaag gtctagtttc atccaagcaa 900
ttccaaatac ttattcgttt tgccttggtt tgcttagtgg gtctagcaac agtcgtcctt . 960
tttgctttat cttcaacagg tgttatcget ccttggacag gacgtttcta ttctctttgg 1020
gatacaaact acgccaagat tcatattcct atcattgett cggtatcaga acatcagect 1080
cctacttgga gttegttgtt ctttgatett caatttttga tttggttatt gecagttggt 1140
gtttacttgt gtttcaagga acttcgtaat gaacatgtct ttattattat atatcctgtc 1200
ttaggaacat atttttgtgey tgtgatggtt cgtttggttt taaccttaac tccttgtgtt 1260
tgcatagetg ctgctgtage aatttccact cttttagaca catatatggg tcctgaagtt 1320
gaagaggaca aagtgagcgé agaagccget téagccaaat ctaagaacaa gaaaggtatt 1380
tcctctatte ttagtttett cacttctgge tcaaaaaata ttggaattta cagtttgett 1440
tccagagtat tagtcatttc ctctaccgca tatttcctaa taatgtttgt ttatcattce 1500
agttggstga cttctaatge ttactcttec cctaccgtgg tttigtctac cgtgttaaac 1560
gatggtagtt taatgtatat tgatgacttc cgtgaagctt atgactgget tcgtagaaac 1620
actccttatg acacaaaggt tatgagttgg tgggattatg pgttaccaaat tgctggtatg 1680
getgatcgta ttactttagt cgacaacaat acgtggaaca acacacatat tgccacagtt 1740

[0130]
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ggaaaagcca
gattatattc
ttcctttgga
ttttttacte
tctttattat
tatgaccgtg
gaagcattca
cttggacgeg

gtcctgcaaa

tgtettcacce
ttattatata
tgatccgaat
ctaatggaga
ataagatgtc
ctcgcaatca
ctaccgttca
atttgaaaca

aactaacgaa

tgaagaaaaa

tggtggtact
ttctcaggga
atatcgaact
atatcacggt
agaactacca
tcatttagtt
agtgacatta

attcctttga

gcttacccta
cttggataca
ttatggeceg
gacgatgegg
gcttggaaac
tcgaaagatc
cgtttgtata

tttgaagaag

tecteegtaa
gcagcgacga
atgaaatagt
ctactcccac
ttttcectee
ctcaactatt
aggttaagaa

gcaaaagaaa

210>
211>
212>
213>

30
714
PRT
HH
<400> 30
Met Lys Arg
1

Gln Gln Asp

Glu Asn Lys
35

Val Ile Tyr
50

Tyr Glu Ser
65

Thr Ile Tyr

Asp Glu Arg

Tyr Pro Gly
[0131]

PR

Ser Glu Lys

Val
20

Asn Ile

Gly His Gln

Val Leu Ala

His
70

Val Ile

Val
85

Leu Gln

Ala Trp
100

Tyr

Leu Met Ala

Ser
Ile
Glu
Phe
55

Glu
Glu

Pro

Thr

Ser Thr

Ser
25

Ser

Phe
40

Leu

Ser Thr

Phe Asp

Gly Phe

Leu Gly
105

Ala Ser

Ser

10

Asn

Leu

Arg

Pro

Tyr

80

Arg

Leu

188

Val

Glu

Lys

Leu

Tyr

75

Asn

Ile

Val

Val

Val

Val

Phe

60

Phe

Phe

Val

His

Ser

Gly

Leu

45

Ser

Asn

Leu

Gly

Trp

Asn

Val

30

Ile

Val

Tyr

Asn

Gly

110

Ser

acacgatgtt
catgaacaag
agagcgtaac
tatgegteag
caatcaagga
tactatcgaa
accggataca

gaagtccgee

Asn
15

Lys
Glu

Lys

Leu Ser

Arg

Leu

Ser
80

Arg

Trp Phe

95

Thr Ile

Leu Asn

1800
1860
1920
1980
2040
2100
2160
2220
2250
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[0132]

Ser

Pro

145

Glu

Ile

Glu

Lys

Ala

225

Asn

Ser

Ile

Ser

Ala

305

Lys

Val

Leu
130
Tep
Val
Val
Gly
Ser
210
Tyr
Leu
His
Leu
Glu
290
Gly

Leu

Leu

115
l\sﬁ
Phe
Lys
Pro
Ile
195
Val
Phe
Ile
Arg
Ser
275
His
Leu

Gln

Val

Ile

Ala S

Asp

Gly

180

Ala

Asn

Tyr

Pro

Leu

260

Met

Leu

Ser

Arg

Thr

Thr

165

Tyr

Ile

Thr

Met

Leu

245

Tyr

Gln

Ala

Trp

Leu

325

Val

Asn

150

Gln

Ile

Phe

Gly

Ala

230

His

Ile

Ile

Ala

Val

310

Thr

Val Gly Thr

Asn
135
Thr
Thr
Ser
Ala
Ser
215
Ser
Ala
Ala
Thr
Ile
295
Lys

Val

Leu

120

lle

Ala

Gly

Arg

Leu

200

Leu

Ala

Phe

Tyr

Phe

280

Gly

Ser

Leu

Thr

Arg

Met

Leu

Ser

185

Ile

Met

Trp

Phe

Ser

265

Ile

Ile

His

Phe

Gly

189

Asn

Val

Val

170

Val

Phe

Trp

Gly

Leu

250

Thr

Ser

Phe

Leu

Val

330

Tyr

Val

Thr T

155

Ala

Ala

Thr

Ala

Gly

235

Leu

Met

Phe

Gly

Thr
315

Leu

Ile

Cys

140

[yr

Ala

Gly

Tyr

Ala

220

Tyr

Leu

Phe

Gln

Leu

300

Asn

Ser

Ser

125

Val

Lys

Ala

Ser

Tyr

205

Ile

Val

Thr

Val

Pro

285

Leu

Glu

Cys

Pro

leu
Phe
Met
Phe
190
Cys
Cys
Phe
Gly
Ile
270
Val
Gln
Ala

Ala

Phe

l.eu
Ala
Ile
175
Asp
Trp
Ser
Ile
Arg
255
Gly
Gln
Leu
Phe
Ala

335

Asn

Ser

Lys

160

Ala

Asn

Ile

Leu

Ile

240

Tyr

Thr

Ser

Tyr

Lys

320

Ala

Gly
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[0133]

Arg

[le

Phe

385

Phe

Gly

Val

Thr

Asp

465

Thr

Glu

Gly

Gly

Gly

545

Asn

Phe

Lle

370

Phe

Cys

Val

Leu

Leu

450

Ala

Val

Ala

Ser

Gln

530

Tyr

Tyr

355

Ala

Asp

Phe

Thr

Ala

435

Thr

Asn

Leu

Tyr

Arg

515

Asn

Gln

340

Ser

Ser

Leu

Gln

Ser

420

Pro

Thr

Asn

Leu

Ser

500

Val

Thr

Leu

Thr Trp Asn

Leu

Val

His

Lys

405

Tle

Val

Tyr

Ser

Ile

485

Ser

Ile

Ala

Ser

Leu
Ser
lle
390
Leu
Tyr
Ala
Met
Lys
470
Leu
Pro
Phe

Asp

Ala
550

Asp
Glu
375
Leu
Thr
Phe
Cys
Lys
455
Glu
Tyr
Ser
Asp
Asp

535

Met

Asn Ser His

Pro

360

His

Val

Asp

Ser

1le

440

Lys

Ser

Ala

1le

Asp

520

Ala

Ala

1le

Gln

Phe

Ala

Gly

425

Leu

Leu

Gly

Phe

Val

505

Phe

Arg

Asn

Ala

190

Pro

Leu

Asn

410

Val

Ala

Lys

Gly

His

490

Leu

Arg

Ile

Arg

Gln

Ala

Thr

Phe

395

Ile

Met

Ala

Ala

Val

475

Cys

Ser

Glu

Met

Thr

555

Val

Arg

Thr

380

Pro

Phe

Val

Val

Pro

460

Mct

Thx

Ala

Ala

Ser

540

Val

Gly

Asp

365

Trp

Ala

Leu

Arg

Ala
445

Ser

Val

Trp

Lys

Tyr

525

Trp

Leu

Lys

350

His
Ala
Gly
Ile
l.eu
430
Val
Ser
Ala
Val
Gln
510
Arg
Trp

Val

Ala

Ile

Ser

Leu

Leu

415

Met

Ser

Pre

Val

Thr

495

Asn

Trp

Asp

Asp

Phe

Pro

Tyr

Tyr

100

Tyr

lL.eu

Ala

Ser

Leu

480

Ser

Asp

Tle

Tyr

Asn

560

Ala
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565 870 575

Ser Thr Glu Glu Asp Ala Tyr Ile Gln Met Lys Ala Leu Asp Val Asp
580 585 590

Tyr Val Leu Val Tle Phe Gly Gly Leu Thr Gly Tyr Ser Ser Asp Asp

]
595 600 605

Ile Asn Lys Phe Leu Trp Met Val Arg Ile Gly Gly Ser Cys Asp Pro
610 615 . 620 .

Asn Ile Lys Glu Gln Asp Tyr Leu Thr Asn Gly Gln Tyr Arg Ile Asp
625 630 635 6410

Lys Gly Ala Ser Pro Thr Met Leu Asn Ser Leu Vet Tyr Lys Leu Ser
645 650 655

Tyr Tyr Arg Phe Ser Glu Val His Thr Asp Tyr Gln Arg Pro Thr Gly
660 663 670

Phe Asp Arg Val Arg Asn Val Glu Tle Gly Asn Lys Asn Phe Asp Leu
675 630 685

Thr Tyr Leu Glu Glu Ala Phe Thr Ser Val His Trp Leu Val Arg Val
690 695 700

Tyr Lys Val Lys Asp Phe Asp Asn Arg Ala

705 710

<210> 31

211> 2145

<212> DNA "

213> HEPIW

400> 31

atgaaaagat cagaaaaatc aagtacatct gttgttagta ataacaaaca acaagatgta 60

aatatcatca gttcaaatga agttggtgtt aaagaagaaa ataaaggaca tcaagaattc 120

ttattaaaag ttttaattct atcagtcatt tatgttttag cattttcaac tcgtttatte 180

tcagtattac gttatgaaag tgttattcat gaatttgatc catattttaa ttatagatca 240

acaatatatc ttgttcaaga aggtttttat aattttttaa attggtttga tgaaagagca 300

tggtatccat taggacgtat tgtaggtggt acaatttacc caggtttaat ggcaacagca 360
[0134] '

191
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agtttagttc attggtcatt gaattcattg aatattacag ttaatattag. aaatgtatgt 420
gtattgttat caccatggtt tgcatcaaat acagcaatgg taacctataa atttgccaaa 480
gaagttaagg atacécaaac tggtttegtt géagcagcca'tgattgcaat tgttccaggt 540 .
tatatttcac gttcagtagc aggttcattc gataatgaag gtattgcaat ctttgcattg 600
attticacat attatigttg gattaagtca gtaaacacag gctcattgat gtgggctgece 660
atctgttcat tggcctactt ttatatggeca agtgecctggg gtggttatgt attcatcatt 720
aatttaatcc cattgcatge ctitttcttg cttttgacag gececgttattc acatcgtcte 780
tacatagcct acagcacaat gtitgtcatt ggtacaatcce tetctatgeca aattacattce 840
attagtttcc aaccagttca atcatctgaa catttggctg ccattggtat ctttggtcte 900
ctccaattgt acgctggttt gtcatgggta aagagtcacc tcaccaatga agccttcaag 960
aaacttcaac gtttgacagt gtiattcgtt ttatéttgtg ctgetgeegt acttgtegtt 1020
ggtacattaa ctggttacat ctcaccattc aatggtegtt tctattcatt gttggatcca 1080
acctatgctc gtgaccacat tccaatcatt gecatcagtat cagagcatca accaaccact 1140
tgggcatcat actttttcga tctccatatc ttggtattce ttttcccage cggtttatac 1200
ttttgtttcc aaaaattaac cgatgctaat attttcctca ttctctacgg tgtcacctce 1260
atttatttct ctggtgtaat ggtacgtctt atgttggttt tagcaccagt tgcatgtatt 1320
ttagcegeeg ttgecgtcag tgcaaccctc accacctata tgaagaagtt aaaggctcca 1380
tcatcaccaa gtgatgctaa taattccaaa gagagtggtg gtgttatggt tgcagtctta 1440
actgttcttt taattctcta cgctttccat tgtacttggg tcactagtga agcctactca 1500
tctccatcca ttgtactctc tgccaaacaa aacgatggta gtcgtgtgat tttcgatgat 1560
ttccgtgaag cctaccgtig gattggtcaa aatactgeeg acgéEgctcg tattatgtct 1620
tgetgggatt atggttatca attatctgca atggccaatc gtaccgtatt ggttgataat 1680
aacacttgga acaatagtca tatcgctcaa gttggtaaag catttgcatc cactgaagaa 1740
gatgcttaca tacaaatgaa agcattggat gtcgattatg ttttagttat ttttggtggt 1800
ttaactggtt acagttctga tgatatcaat aaattccttt ggatgéttag aattggtggt 1860
agttgtgatc caaatattaa agaacaagat tatctcacca atggtcaata tagaatagat - 1920
éaaggtgcct caccaacaat gttaaattct ctcatgtaca aacttagtta ctatcgtttc 1980
tctgaagttc acactgacta tcaaagacca acaggtttcg atcgtgtaag aasatgttgaa 2040
[0135]
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attggtaata aaaatttcga tttaacttat ttagaagaag ctttcacatc tgticattigg 2100
ttagttagag tttataaagt taaagatttt gataatagag cttaa 2145

210>
QL
212>
213>

<400>

32
206
PRT

R B E

32

Met Ser Leu Ala

1

Asp

[1le

Phe

Glu

65

Asn

Gly

Leu

~Glu

Pro

145

Ser

~ [0136]

Leu

Val

His

50

Glu

Leu

Ala

Glu

Ile

130

Ile

Gly

Asp Leu
20

Cys Val
35

Leu Ser

Thr Leu

Glu Ala

Leu Leu

100

Asp Ile

115

Lys Leu

Gln Ile

Val Ser

Ser

-Asn-

Leu

Asp

Lys

Tyr

85

Arg

Thr

Leu

Ser

Ser
165

Ser

Asn-

Leu

Met

Gln

70

Lys

Gln

Arg

Pro

Val

150

Leu

Leu

Ile

Thr

Gln

55

Gln

Ala

Leu

Thr

Glu

135

Val

Pro

Glu Ser

Gly Ser

Ala Gln

Phe Ser

Gln Met

Pro Ser

105

Gly Leu

120

Val Ala

Gly Gly

Arg Ile

Leu
10

Trp
Val
Leu
Thr
Lys
90

Asp
Gly
Gln

Tyr

Val
170

193

Arg

Pro

Leu

Glu

Lys

75

Glu

Thr

Ser

Gln

His

155

Thr

Lys

Ala

Ala

Gln

60

Ala

Met

Glu

Gly

Phe

140

Asp

Leu

Ile

Ala

Leu

45

Gln

Phe

Glu

Val

Leu

125

Tyr

Leu

His

Asp

Val

30

Gly

Ala

Gln

Glu

Pro

110

Glu

Ile

Ala

Asp

Ile

Lys

Tyr

Ala

Ala

Ser

95

Gly

Phe

Glu

Thr

Phe
175

Asn

Val

Asn

Glu

Ala

80

Phe

Leu

Glu

Leu

Val

160

Glu
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Ile Lys Pro Val Ala Pro Gly Ser Thr Ser Lys Leu Arg Met Ser Ile
180 185 190

Leu Ala Lys Thr Tyr Arg Tyr Asn Asp Lys Gly Leu Lys Lys

195 200 205

<210> 33

<211> 624

<212> DNA

213> ARBEME

<400> 33

atgagtctgg ccagttccct ggaaagtctg cgcaagatcg atatcaacga tctcgacctg 60 -

aacaacatcg gttectggee ggeggeggte aaggtcateg tctgegtget getgacegeg 120

gcggteetgg cgetgggeta caacttccat ctgagtgaca tgcaggctca gctcgaacag 180

caggecgegg aagaggagac gctcaagecag cagttctcca ccaaggectt ccaggeegeg 240
" aacctggaag cctacaagge acagatgaag gagatggaag agtccttigg cgecttgetg 300

cggecagttge ccagcgacac‘cgaggtaccc gggctgetcg aggacatcac tcgtacegge 360

ctgggeageg gectggagtt cgaggaaatc aagetgettic ccgaggtige ccageagttce 420

tacatcgage tgccgatcca gatcagegtyg gtcggegpet accacgactt grcgacctic 480

gtcagcggeg tgtccagect gecegeggatce gtcaccctge atgacttcga gatcaageceg 540

gtcgegeeceg geagcacgte caagetgege atgagecatcec tggecaagac ctatcgetac 600

aacgacaagg ggctgaagaa atga 624 .

210> 34

211> 604

212> PRT o

213> IR IR E

400> 34

Met Pro Ala Glu Thr Thr Val Ser Gly Ala His Pro Ala Ala Lys Leu
1 5 10 15

Pro Tle Tyr Ile Leu Pro Cys Phe Leu Trp Ile Gly Ile Val Pro Phe
20 25 30

Thr Phe Ala Leu Lys Leu Lys Pro Ser Pro Asp Phe Tyr His Asp Ala
35 40 , 45

[0137]
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[0138]

Ala Ala Ala Ala Gly

Lys

65

Met

Pro

Ser

Ile

Ser

145

Phe

Gly

Ala

Ile

Thr

225

Tyr

Ala

50

Leu

Ala

Gly

Ala

Val

130

Cys

Gln

Gln

Ala

Cys

210

Ile

Phe

Ala

Phe

Ala

Met

Trp

115

Thr

Ile

Asn

Arg

Tyr

195

Leu

Leu

Arg

Val

Asp

Phe

Asn

100

Ala

Leu

Val

Ile

Asn

180

Leu

Ile

Thre

Ser

Phe
260

Val

Trp

85

Asp

Cys

Phe

Val

Ile

165

Asn

Asn

Met

Tyr

Asp

245

l.eu

Leu

Lys

70

Tyr

Ile

Arg

Ala

Ile

150

Val

Leu

Gly

Gln

Ile

230

Lys

Thr

Jle Val Leu

55

Ile

Leu

Val

Ser

Trp

135

Gln

Tyr

Gly

Gln

Thr

215

Ala

Ser

Ala

Pro

Gln

Ser

Leu

120

Ser

Phe

Ser

His

Arg

200

Ala

Ala

Asn

Leu

Ala

Ala

Trp

105

Val

Leu

Ala

Gly

Tyr

185

Lys

Val

Ile

Arg

Phe
265

195

Leu

Ile

Arg

Ile

Ala

Leu

Gly

Gln

170

Leu

Ile

Leu

Ala

Arg

250

Gln

Phe

Ser

75

Leu

Phe

His

Ile

Trp

155

Gly

Met

Pro

Gly

Leu

235

Thr

Phe

Leu

60

Phe

Met

Ile

Phe

Gly

140

Glu

Val

Trp

Ala

Leu

220

Ile

Met

Ser

Thr

Leu

Asn

‘Leu

Gly

125

Ser

Asp

Ile

Gly

Ala

205

Val

Leu

Leu

Met

Ala

Leu

Leu

Leu

110

Gln

Leu

Thr

Gly

Ile

190

Leu

Asn

Pro

Gly

Asn
270

Gly

Phe

Ile

95

Ala

Glu

Leu

Pro

His

175

Leu

Gly

Ser

Phe

Ile
255

Thr

Lys

Ala

Tyr

Val

Arg

Gln

Leu

160

Ile

Ala

Val

Arg

Trp

240

Ala

Ile
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[0139]

Leu

Ala

Ala

305

Ser

Tyr

Leu

Ala

Pro

385

Ser

Gly

Phe

Phe

Ala

465

Ile

Clu

Asn

290

Leu

Phe

Asp

Gin

Thr

370

Ala

Met

Leu

Lys

Ala

450

Phe

Asn

Thr

275

Gly

Ala

Ala

Asn

Leu

355

Leu

Ser

Leu

Met

Lys

435

Gly

Ser

Glu

Phe

Gly

Ala

Gln

Leu

340

Leu

Leu

Leu

Glu

Leu

420

Ala

Leu

Pro

Leu

Thr

Phe

Phe

Gln

325

Leu

Ala

Thr

Phe

Tyr

405

Phe

Ala

Leu

Ala

Arg
485

Cly

Thr

Gln

310

Thr

Ser

Glu

Gly

Leu

390

Pro

Leu

Asn

His

Thr

470

Tyr

Jle Arg Tyr Glu

Asp

295

Ser

Phe

Asn

Met

Ile

375

Ile

Leu

Ser

Leu

Leu

455

Asp

lle

280

Leu

Ala

Leu

Leu

Gly

360

Ala

Cys

Trp

Pro

Gly

440

Asp

Asp

Sexr

Pro

Pro

Ile

Phe

345

Ile

Gly

Thr

Tyr

Ala

425

Ile

Trp

Ser

Ala

196

Arg

Ile

Asn

330

Thr

Ser

Leu

Leu

Val

410

Glu

Leu

Thr

Ala

Asn
490

Thr
Gln
Phe
315
Ala
His
Gly
Leu
Ala
395
Tyr
Ala
Thr

Tyr

Lys

475

Ser

Ala

Ile

300

Cly

Glu

Ser

Thr

Lys

380

Val

Phe

Ser

Ala

Thr

460

Thr

Pro

Val

285

Glu

His

Gln

His

Leu

365

Arg

Ser

Leu

Asp

Ser

445

Arg

Leu

Met

Glu

Trp

Gly

His

Asn

350

Leu

Pro

Met

Ile

Gly

430

Ala

Leu

Asn

Leu

Arg

Asn

Trp

Asn

335

Ile

Val

Leu

Cys

Pro

415

Ile

Ala

Val

Arg

Ser
495

Val

Lys

Asn

320

Ile

Val

Ala

Thr

His

400

Phe

Ala

Ile

Asn

Lys

480

Phe
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Tyr Ala Asp Phe Ser Leu Val Asn Phe Ala Leu Pro Glu Tyr Pro Glu
500 505 510
Thy Gln Thr Trp Ala Glu Glu Ala Thr lLeu Lvs Ser leu Lys Tyr Arg
515 520 525
Pro His Ser Ala Thr Tyr Arg Ile Ala Leu Tyr Leu Met Arg Gln Gly
530 535 54
Lys Val Ala Glu Ala Lys Gln Trp Met Arg Ala Thr Gln Ser Tyr Tyr
545 550 555 560
Pro Tyr Leu Met Pro Arg Tyr Ala Asp Glu Ile Arg Lys Leu Pro Val
565 570 575
Trp Ala Pro Leu Leu Pro Glu Leu Leu Lys Asp Cys Lys Ala Phe Ala
580 585 590
Ala Ala-Pro Gly His Pro Glu Ala Lys Pro Cys Lys
595 600
210> 35
<211> 1815
<212> DNA
213> AR A XUBRH
400> 35
atgccegetg aaacgaccgt atceggegeg cacccecegecg ccaaactgee gatttacate 60
ctgcectget tectttggat aggcatcgte cecctttacet tcgegctcaa actgaaacceg 120
tcgeecgact tttaccacga tgecgecgee geagecggee tgattgtect gttgttecte 180
acggcaggaa aaaaactgtt tgatgtcaaa atccccgeca tcagettecet tetgtttgea 240
atggecggegt tttggtatct tcaggcacge ctgatgaacc tgatttacce cggtatgaac 300
gacatcgtct cttggatttt catcttgete geegtcageg cgtgggectg ccggagettg 360
gtcgcacact tcggacaaga acgcatcgtg accctgtttg cectggteget gettategge 420
tccetgette aatcctgeat cgtegtcate cagtttgecg getgggaaga caccectetg 480
tttcaaaaca tcatcgttta cagcgggcaa ggcgtaatcg gacacatcgg geagegeaac 540
aacctcggac actacctcat gtggggcata ctcgecgeeg cctacctcaa cggacaacga 600
aaaatccceg ccgecetegg cgtaatctge ctgattatge agaccgecegt tttaggtttg 660
[0140]
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gtcaactcgce gcaccatctt gacctacata gecgccatcg cectcatcet tceccttetgg 720
tatttccgtt cggacaaatc caacaggegg acgatgetcg gecatagecge agecgtatte 780
cttaccgege tgttccaatt ttccatgaac accattctgg aaacctttac tggcatccge 840
tacgaaactg ccgtegaacg cgtegecaac ggeggtttca cagacttgee gegecaaate 900
gaatggaata aagcccttge cgecttccag teecgeccega tattcgggea cggetggaac 960
agttttgcce aacaaacctt cctcatcaat gecgaacage acaacatata cgacaacctc 1020
ctcagcaact tgttcaccca ttcccacaac ategtectec aactcecettge agagatggga 1080
atcagcggca cgettetggt tgeegcaace ctgetgacgg geattgeegg getgettaaa 1140
cgeceectga ccceccgeate gettttecta atctgeacge ttgecgtcag tatgtgecac 1200
agtatgctcg aatatccttt gtggtatgte tatttcetca tecetttegg actgatgete 1260
ttectgteece cegeagagge ttcagacgge atcgecttca aaaaagecege caatcteggee - 1320
atactgaccg cctcecgeege catattcgeca ggattgetge acttggactg gacatacace 1380
cggetggtta acgectttte ccecgecact gacgacagtg ccaaaaccct caaccggaaa . 1440
atcaacgagt tgcgctatat ttccgcaaac agtccgatge tgtcectttta tgecgactte 1500
tccctegtaa acttegecct gecggaatac cccgaaacce agacttggge ggaagaagea 1560
accctcaaat cactaaaata ccgeccecac tecgecacct accgcatcge cctctacetg 1620
atgcggcaag gcaaagttge agaagcaaaa caatggatgc‘gggcgacaéa gtcctattac” 1680
ccctacctga tgeccccgata cgecgacgaa atccgecaaac tgecececgtatg ggegeegetg 1740
ctacccgaac tgctcaaaga ctgcaaagcce ttcgecgeeg cgeceggteca tccggaagea 1800
aaaccctgca aatga 1815
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A CPgB + - + - + + mul B CiPgiB + - + + .
LLOs + + ++ +3+ - +[- ++ Los + + - +/-
BREE + 4+ + 4+ + <+ *+ BREE + 4+ + +

201
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A - E p 3
w B 5 < Y ?f; <
- < 3 < 5 X < < & -
Z ' « z o 1 <
T &8 & £ a ¥ &8 & £ a 3
<« R B <« & 4 R B 2 & J
2 PeiB-AcrA
b AcA
- - 250 156 150 . -' 100 100 100 wg/mi
CFE PURE
B CFE PURE
CPgB + - + + + - + +
LLOs + + - +/- + + - +/-
BRE + + + + + + + +
37
ASSACrA

El 44-4B
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N\
ab
=
v pt =

d ~ O Q
A - -
e 1 I o
2 2 2 3 2
< £ z B2
9 <] ) = )
7] [~" w (=7 S

b CFE PURE
CPgB + + - + + + - +
LLOos + + + - + + + -
BR#E - + + + - + + +

scFv13-
R4-GT

J-94
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HHATHR PgIB FIEMR 5 Lext

BIKDD4_CAMLR
HA R

Q9S4VT_CAMIU
HTUYT6_CAMCO
E6LAJ2_CAMUB
BOKDD4_CAMLR

FAl

Q9S4VI_CAMTU
HTWY Y 6_CAMCO
ESLAJZ_cAaMuP
BIKDDS _CAMLR
b3) 2]

Q954V1_CaMTY
HTWY16_ CAMCO

E6LAJ2_CAMUP
BIKDDY_CAMLR

FHRF

Q9S4VI_CAMIU
HTWYTI6_CAMCO
E6LAJZ CAMUP
BOKDD4_CAMLR

SEHA -

o i o o= 2w m =T SHDGYAE
~MLKKEYFKN-PTFILLAFE 1LAYVESVLORFYWI FWASEFNEYFENNELMI I SNDGYAF

-~ MKNEAVKN-ANLRLVFF I LLAFGF SVLCRFYWI YWASDENE YFFNNQLMI SSNDGYTE
MKLQONFTDNNSIKYTCILILIAFAFSVLCRLYWVAWASEFYEFFENDOLMITTNDGYAF

.ll..'l'

X)WDGYXP'

AEGARDMIAGFHQPNDLSYYGSSLSTLTYWLYRITPFSFESI ILYMSTFLS-LVVIPYIL.

AEGARDMTAGFHOPNDLSY YGSSLSTLIYWFYR I TPFSLESTFIYISTFLSSLVVIPLLIL
AEGARDKIAGFHQENDLSFINSSLSILTYVLYXITPFSFEST ILYMSVFFSSLIVVPLIL
AEGARDMIAGFHQPNDLSYFGSSLSTLTYWLYSILPFSFEST ILYMSAFFASLIVVPIIL
waAE R RALARR 1‘t-.-= RAmk Aka @ "l_A'l:ﬁxﬁ: ‘.a‘gg-_:_ugg ».;t:&:in

AEGARDXIAGFHQXNDLSXXXSSLSXLTYXXYXILPFSXESIXXYXSKFARKLXVXPXIL

LANEYKRPIMGFVAALLAS TANSYYNRTMSGYY DTDMLVIVLPMP I LFFMV -MILKKDFF
TANEYKRPIMGFVAALLASTARSYYNRTMSGYYDTOMLY IVLAMMIVE FMIRLILKXDLL
TANELXRPLMGLFAAFLAS I AK SYYNRTMAGYYDTOMLATVLPMFILYFFIRLILRKDOY
IAREY KLTI‘YGFIMLEGSIANSYMNSGYYMDMLVLVLPMLILLTFI RL’I‘I NKDI F

P . i. R )tb»th&luik AT ST RE ¥ Seve :

Xax EXK)’XYJG‘{XAAAL)\S [AXSYYNRTMXGYYDT‘DMLXYVLW 1 XXX)\XAXXXKKD‘(Y\

SLIALPLFIGIYLWWYPSSYTLNVALIGLFLIVTLIFHREERIFYIAVIL- SLTLSN Iaw
SLITLPLFVGIYLWWY PSSYTLNVALLGLFF IVTLVFHIKEKTLYMAT TLAS I TLENTAW
SLLALPFFMGLYLWWYPSSYTLNVAP IALFTLYVLI YHRKERSF YMAALLCAITLSNIAW
TLLLSPVFIMIYW!PSSY SLNFAMI GLFGLYTLVF&RKEKIFYL‘BI ALMITALSMLAW

q-n&!nxuﬁ e LRI . ‘o s - :Aq Aq

XL X XXPXFXX XY'LWWY PSSYXLNXAXXXLFKXY XLXMKEXXXY XXXXLXXXXLS KXAW

a a8 s e B
P : H

FYQSTIIVILFALFALEQKRLNFVIIGILASVTLIFLILSCGVDRILYQLK~YIFRSDES
FYQSAITVILFSLFVLONKRFSFALLGILGLATLVFLILSGGIDPILYQLKFYIFRSDES
FYQSAIIVLLEALFMLKNSFFNFKFIALLALGVLVFLALSCGIDPILYQUKFYLLRSDES
QYKLALIVLLFAIF&FKEEXINFYMIWALIPISILILHLSGGLD?VLYQLKFYVFKASDV

B B AEE L XTE IPI R 4 320? MREBR AKX A RRBRR S0y n

XYXXXX IVXLF‘KXE‘XXJ{XXXXXFXXXXXLXXXXXXXLKLSGGXDF’KLYOLKXY‘XXXXXXX

......

E 6A

204

8 (SEQ ID NO:
58 (SEQ IP NO:
57 (SEQ ID NO:
60 (SEQ ID NO:

{SEQ ID NO: 10)

67 .
118
317
120

126
178
177
iso

185
238
237
240

244
298
297
300
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BHFFER PeB AEYOFALN (2EE)

Q9S4V7_CAMJIU
H7WYI6_CAMCO
. ESLAJZ_CAMUP
BIKDD4__CAMLR

FHF3)

Q984Vv'/_ CAMJU
H7WYI16_CAMCO
E6LAJ2_CAMUP
BOKDD4_CAMLR

FHFH

Q9S4v7_camau
H7IWYI6_CAMCO
ESLAJ2_CAMUP
BY9KDD4_CAMLR

N
Q9S4V7_CAMJU
H7WYTI6_CAMCO

E6LAJ2 _CAMUP
BI9KDD4__CAMLR

LRSI

ANLT-QGFMYFNVNQTIQEVENVDLSEFMRRISGSEIVFLFSLFGFVWLLRK~-KSMIMAL
ANLA~QGFMYFNVNQTIQEVESIDLSIFMQRISGSELVFFVSLIGFIFLVRKHKSMILAL
ASLA-RGFAYFNVNLTIQEVESIDLSTFMORISGSELVFLLSLFGFLWLLKKHKVMLLTL
QNLKDAAFMYFNVNETIMEVNTIDPEVFMQRISSSVLVF ILSFIGFILLCKDHKSMLLAL

” R wd ek h kA Ax . . *hghak W, eR . A, Aah . & kE ke ..

XXLXXXXFXYFNVNXTIXEVXXXDXXXFMXRISXSXXVFXXSXXGFXXLXXXXKXMXXXL

PILVLGFLALKGGLRFTIYSVPVMALGFGFLLSEFKAILVKKYS~ === me=mca—-nc-o—
PMLALGFLALKSGLRFTIYAVPVLALGFGFLMSLLQERKQKNNN =~ == mo == === —m =
PMLLLGFLALRGGLRFTIYAVPIMALGFGFLSVQILSLIQKMRPLKETRKLRIFFYGIFP
PMLALGFMALRAGLRFTIYAVPVMALGFGYFLYAFFNFLEKKQIKLSL ............

Wik Awhowad . AARANAN WA kAR R

PXLXLGFXALXXGLRFTIYXVPXXALGFGXXXXXXXXXXXKXXX ----------------

----------------- e e e e e e~~~ = QL~TSN
----------------------- e s = PYWWAN
LEVLVLGAYFYFSQSATYESMGVEFQKNTVSFFVEDTLLFSLLILAYFTPLIFELLWRKK
----------- oy Oy M S | 17 4
--------------------------- i e e m e KKK XXX
----VCIF--- ~ATILTLAPVFTHIYNYKAPTVF SQNEASLLNQLKNTIANREDYVVTWWD
1---GVFI----FTFLSLIPMFYHINNYKAPTVFSONEATKLOELKKIAQREDYVUTWWD

DIRFVCSFYIVGVLLFSLWANLSHIYNYRAHTVFSYNEASTLONLKANVSREDY IVAWWD
-—----NILLILIAFFSISPALMHIYYYKSSTVFTSYEASILNDLKNKAQREDYVVAWWD

* * *:- 'Aﬂ* .k ‘l-:'k .i"l*:tzilﬁ

~——*XXXX—---XXXXXXXXXXXHIXXYXXXTVFXXXEAXXLXXLKXXXXREDYXVXWWD

302
357
356
360

346
401
416
408

351
407
476
411

403
460
536
465

TQRIS4VI_CAMIU YGYPVRYYSD-KTLVDGGKHLGKDNFFPSFALSKDEQAAANMARLSVEYTEKSFYAPOND 462

H7WYI6_ CAMCO
E6LAJ2_CAMUP
BO9KDD4_CAMLR

FHFFH

YGYPIRYYSDVKTLADGGKHLGKDNFFPSFVLSKDQVAAANMARLSVEYTEKSFYAPLND
YGYPIRYYSDVKTLADGGKHLGKDNFFPSFVLSONPRAAANMARLSVEYTEKGFKTPYND
YGYPIRYYSDVKTLIDGGKHLGKDNFFSSFVLSKEQIPAANMARLSVEYTEKSFKENYPD

LANE FREENSANE AL EE LS LELRLE S I T I P Aok rxhxnt * ]

YGYPXRYYSDXKTLXDGGKHLGKDNFFXSFXLSXXXXXAANMARLSVEYTEK XFXXXAXD

& 6B
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520
596
525
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TLHITER PgiB REMOFAIL

Q9s4aVv7_CAaMJU
H7WYI6_CAMCO
E6LAJ2_CAMUP
B9KDD4_CAMLR

KA

Q9S4V7_CAMJIU
H7WYI6_CAMCO
E6LAJ2_CAMUP
BO9KDD4 _CAMLR

REFH

Q9S4V7_CamTu
H7WYI6_CAMCO
E6LAJ2_CAMUP
BSKDD4 _CAMLR

HEEA

Q9S4V7_CAMJU
R7WYIé_CAMCO
E6LAJ2_CAMUP
B9KDD4_CAMLR

FEAF

(% +-H)

1LKTDILQA -MKDYNQSNVDLFLASLSKPDFKIDTPKTRDIYLYMPARMSLIFSTVASFS
1 LKNDLLOAMMKDYNQNNVDLFLASLSKPDFK INTPKTRDVYIYMPARMSLIFSTVASFS
————— LLEAMMKDYNYSNVNLFLAALSKEDFTLQTPKTRDIYIYMPSRMAARIFGTVASFS
----- VLKANVKDYNKTSAKDFLESLNDKDFKFDTNKTRDVYIYMPYRMLRXMPVVAQFA

:k:’ T e w i P A *Q_::t A*ﬁ‘:l:tl. * h 'ﬁk * .

XLXAKXKDYNXX XX XX FLXXLXXADFXXXTXKTRDXYXYMPXRMXXIXXXVAXFX

FINLDTGVL-DPFTFSTAY P~ ~LEVKNGETYLSNGVVLSDDFRSFKIGDNVVSUNSIVET
FVDLETGEINKPFTFSAAYP--LDVKNGEIYLSNGIALSDDFRSFKINNSTISVNSIIET
YMSLETGELENPFVYSVAYY - - LGNEDGK LVLSNWMLLHSDFRSFDLNGKNYAINSLVEF
NTNPDNGEQEKSLFFSQANAIAQDKTTGSVMLDNGVBIINDFRALKVEGASIPLKAFVDI

*® P T 4 1 L I e
N 3o L -

XXXXXXGXXXXXXXXSKAXXXXXXXXXGXXXLXNXXXXXXDFRXXXXXXXXXXXXXXXXX

NSIKQGEYKITPD-DKAQFYIFYLKDSAIPYAQF ILMDKTMFNSAYVOMEFFLGNYDKNLF
NSIKQGEYKITPIDDMAQFYIFYLKDSTIPYAQFILMDK TMEFNSAYVQMFFLGNYDKNLY
TSVQQKYYSVVEIDKNAKYYLFHIKDANI PNVQF ILMDKAMYESAFVQMFFFGKYDESLY
ESITNGKFYYNEIDSKAQIYLLFLRE----YKSFVILDESLYNSSYIQMPLLNQYDQDLF

lo - * * . LIRS Q-::ttl.u -ﬁt‘.ﬁ:

JE- S - A R

XSXXXXXXXXXXAXXKAXXYXXXXXXXXXXXXXFXXXDKXXXASXXXQMFXXAXYDXXLX

.....
.....

DLVINSRDAXVFLKI- 652
DLVINARDAKVFKLKI 714
ELIVDSKEAXVYKLKL 785
EQITNDTRAKIYRLKR 712

o 3

XXXXXXXXAKXXXXXX

&l 6C
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521
580
651
580

578
638
709
640

637
698
769
696
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KERER

Q8U4{D2_PYRFU
I3RCF1_9EURY

FAHN23_PYRSN

074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

KA

Q8U4D2_PYRFU
I3RCF1_9EURY
PAHM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8ATGI_PYRYC

FAFR

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM2)_PYRSN
074088_PYRHO
Q9V250_PYRAB
PBAIGI_PYRYC

AT

Q8U4D2_PYRFU
I3RCF1_9EURY
FAHMZI_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

FHFH

Stt3 RIYEYEY 5 Hxt

« ~~MVKTQIKEKKRDE = = ~ - - ~KVT1 PLPGK 1 KTVLAFLVVLAN AR Y GFY IRHLT-AGKY
MXSLVKVEVKREKKDRKEKREIGNISRHYGKIXLALTFIVTLIFAWYAFHIRHLT-AGKY
« = ~MVKRK~- - “KEEK~~~EIKGEKREFYSK IKRMI I PL IVLGFATYGF YLRHLT-AGRY
- - ~MUKSKVKK-VEKG=~~KEGEERRSTYVLL¥KVLI BT LVFGFAI YAF YLRALP-AGKY
- - ~MVKTKVKEEKEEK -~ - SERSEGKSLYPLLXRILIPLAVIGFGI YAYYLRELT -AGKY
- - -MVKTRVKREKREEKAPE- -HRPK'I‘LWFFF’RFGI pmmmmcwmywcrcxy

I k. h s oA

’VKXXXXXXXXXXX}‘J(.XXXXXKXXMNF AXXMXXXXXFXXXXXXXRXLXXXGXY

FSDPDTFYRFEI YRLVLKEGLPRYYPMADAPFGSLIGEPLGLY ILPAIFYKI ISIFGYNE
FPDPDTFYHYEIYKLVLKEGLPKYYPMSDAPFGSLIGEPLGLYILPAIFYKILSAFGYNE
FPDPDTFYHFEI YKLVIKEGLPKYYPLSDAPFGSLIGEPLGLYILPAIFYRVISAFGYNE
FPDPDTFYHFEIYRLVLKEGLPRYYPMSDAPFGSLIGEPLGLYLLPAAFYKVVSLFGYNE
¥ EDPDIPYHFEY YKLVLKEGL PRYYEMAEAPFGSLIGEPLGLY ILPAIFYKVVSVFGYNE
FIDPDTYYHYEIYKLVLKEGLPRYY SMAEAPFGSLIGEPLGLYLLPAIFYKLISAFGYTT

] l‘ih.h!.lkiQIO kﬁt!t.it :-.ﬁttktii*kt*klt xxe A#l'*l E12

FXDPDTX.YHXEIYKLVXKEGLPXYYX}Q(XAPFGSLIGEPLGLYXLPAXFYK XXSXEGY. XX

LEAFLLWPPFVGPLSVIGVYLLGRKVLNEWAGMWGAT I LSVLTANF SRTFSGNARGDGPF
FQAFLLWPPFVGFLSVIGVYLLGRK ILNEWAGLWAAAILAVSTANF SRTF SGNARGDGPF
FOAFLLWPPFVGFLSVVGT YLLGRKVLNEWAGLWAAVILSVS TANF SRTFSGNARGDGPF
LQAFLLWPPFVGFLGVIAVYLLGRKVLNEWTGLWGAVVLTVS TANP SRTFSGNARGDGPF
FOAFLMWPPFVGFLGYIAVYLLGRKVLNEWAGLWAAVI LSVSTANE SRTFSGNARGDGEF
LQAFRLWPPTVGFLSITATYLLARK THGEWAGLWSAAIMSFLLAHF TRTF SGNARGDGPF
::(ﬁ T RRS .“":c’ lti“l: ﬁh:};ﬁ.i T3, i‘ﬁ:i#iﬁiﬁi‘k{i’i

XXAFXXUPPAVGOFLXXXXX Y LLXRKX XX EWXGENEA XX X XXX AXFXRTF SGNARGEGPF

MMLFTFSAVLMLYYLTEENKNKKI IWGTLFVLLAGI STAAWNGSPPGLMVLLGFASFQTI
MMLFVFSMVALLYYLEEARTKRKAVWGALFVI LAGLS TMAWNGSPFGLMVLLGFASLOTT
MMLFVE SAILMFHYLRETSKTKRVLYGTLEVILASISLGANGSPFGLMVLLGEASFQTY
MALFIFASVAMLYYLKESNKTRKI IYGTLFVLLTVISLGAWNGSPEGLMVLLGFASLQTY
MTLFLFSLVAMLYYLKENDIKKKSLWGAVFVLLAST SLGAYNGS PFGLMVLIGFASFQTT
mnmsvmwnmxnvxmwmwmsv*mmcswsmmmmr

¢ Yk oma o oe cad e AR Ry w RAAEAEA * bR o kk L

XXLFXFXAXXX‘(XY LXXXXXXXKXXAGXXFVXLKXXXXXADNGSPFMVXXGFXA)\QXI

Bl 7A

207

50

49
52

55

110
119
109

112

113
115

170
179

169

172
173
175

230
239
229

232
233

235

(SEQ ID NO
{SEQ ID NO:
{SEQ ID KRO:
(SEQ ID NO:
{SEQ ID NO:
{SEQ 1D NO:

(SEQ ID NO:

: 11)

13)
14)
15)
16)
17)

18)
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KERER Stt3 FEWE ARt (Z£ERm)

Q8U4D2_PYRFU
I3IRCF1_9EURY
F4HM23_PYRSN
O74088_PYRHO
Q9V250_PYRAB
FBAIG3_PYRYC

FHEFFH

Q8U4D2_PYRFU
I3IRCF1_SEURY
F4HM23 _PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3_PYRYC

IS

Q8U4D2_PYRFU
T3RCF1_9EURY

F4HM23_PYRSN X
KTTIGDVKAYYGVESGNGLIFFLSIPGLLILLTKYLYDLFKKAKSDNETLFALVFYTMSE-

~ O74088_PYRHO
Q9V250_PYRAB
FBAIG3_PYRYC

FHFA

Q8U4D2_PYRFU
I3RCF1_9EURY
FA4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8ATG3_PYRYC

FHEFT

ILFIFGKINELREFIKEYYPAYLGILAISYLLTIPGIGK IGGFVRFAFEVFLGLVFLAIV
ALFIFGKIPELKKFIKEFYPAYVSVLILSYLLTIPGLAKIQSFIRFAFEVFLGLVFLAIV
ALFIFGKISELKKFATEFYPAYLGILALGYLLTIPGIVKIGSFIKFAFEVFLGLVVLLTI
ILFIFGKLEELKKFVKEFYPAYLAILAFGYALTFPGIVKIGGF IRFAFEVFLGLIFLLVI
ALFI1FGKIKELKKFVKEFYPAYLAILAIGYGLTIPGIAKIGGFIKFAFEVFLGLVLLVTI
VLFVFGRIEELREFIKAYYPTYLTVLLLGYLLTFPRIVAVKGHILFALKVFLGLAGLTVL

Kk, kR - Sk, P cAk. 2 A i LA S ke Qi llh!l *

XLFXFGXXXELXXFXKXXYPxYXXXLXXXYXLTXPXXXXXXXXXXFAXXVFLGLXXLXXX

MLYGGKYLNYSDKKHRFAVVAVIVIAGFAGAYIYVGPKLFTLMGGAYOSTQVYETVQELA
MLYGEKFLNYSDKKHRFLVVAIIVLIGFAGAYAYVGPKLFRLMGGAYQSTQVYQTVQELA
MLYGGRYLNYSDKKHRFLYVAVVVLIGFAGAYAYVGPKLFRIMGGAYQSTQVYETVOELA
MLYGGRYLNYSDKKHRFLVVTIIVLLGFGGAYAYVGPKLFRLMGGAYQSTQVYETVQELA
MLYGGKFLNYSDKKHRFAVVAVIVLLGFAGAYAYVGPKLFRLMGGAYQSTQVYQTVQELA
MLYGGKWLNYSDRRHRFAVVAVVTLLGFVGAYIYVGPKLFSLMAGAYQSTQVYETVQELA

P RAR L AL E TR LR BN N ke kAhEk RRAKNFRA A® **!ttatli ilbth*

.....

MLYGXXXLNYSDXXHRFXVVXXXXXXGFXGAYXYVGPKLFXLMXGAYQSTQVYXTVQELA

KTDWGDVKVYYGVEK PNGIVF FLGLVGAMI VIARYLYKLFKDGRRPHEELFAITFYVMST
KTSMODIKLYYGVEKANGLIFFLSIPGFLIMLSLYLIGLWSKSESPNKELLGITFYVMSI
TTMRDIKVYYGVENPNGLIFFLSIPGIIIILVKYLVDLFRKSESSNETLFAAVFYIMST

KTTLSDIKLYYGVEGNNGLVFFLSIPGFLIILGLYLNALLKKSESSNEYMLSLVFYIMSL
KTTLGDIKAYYGIKGTDGIVFFMSLAGVLVLLYRYLTTLLREGRSSHEYLFA&TLYGMSL

* R * * iii R vk AR I k4 ok x I ] tk

KKXXXDXKXYYGXXXXXGXXFPXXXXGXXXXXXXYLXXLXXXXXXXXXXXXXKXXYXMSX

YLLWTAARFLELASYAIALMSGVFAGYVLETUEKMKESIPIKAALGGVIAIMLLLIPLTH
YLMSLAVRELFLASYAIALFAGILVGYGLEVIEKMKENVGI KAALAIVISIMILLIPITH
YLLSLAVRFLFLASYAIALFAGIFAGFVIEIVEKMKES IGIKAALGIVISIMILMIPITH
YLLYLAVRFLFLASYAVALFFGIFIGFSMDVIEKMKENIGIKRAALGIVLELMILVIPEVH
YLLSEAVRFLFLASYAIALESGIFAGFTMEVIEKMKENVGI KAKLGIATAVMILMVPITH
YLVWSAVRFLFLASGAVILMAGVFAGELFRIIEDMKEKATTR I TLGLALTVMLLLMPVTG

* K . * ikl!A‘l 2. k. K. R Q*ai * -A s ad ke
H . H . . - .

YLXXXAARFLFLASXAXXLXXGXAXGYXXXXKEXMKBXXXXKXXLXXXXXXMXLXXPXXX

B 7B

208

290
299
289
292
293
295

350
359
349
3582
383
355

410
419
409
412
413
415

470
479
469
472
473
475
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KRR

Q8UAD2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
. Q9V250_PYRAB
F8AIG3_PYRYC
FHFA

QBU4DZ_PYRFU
I3RCF1_SEURY
F4HM23 _PYRSN
074088_PYRHO
QIV250_PYRAB
FBAIGI_PYRYC

IHER

Q8U4D2Z_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
F8AIG3 PYRYC

FEFF

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088 _PYRHO
Q9V250_PYRAR
F8AXG3_PYRYC

el

st FEMNEFILSE (BLE)

GPLLAQSAKSMRTTB!ETSGWEDALKWLRENTPéYSTATSWWDYGYWIESSLLGQRRASA
GPVLARSAKAMSKTEVETSGWEQALKWLRNNTPKYATAT SWWDYGYWIESSLLGNRRASA

-APVLARSARSLSRTEVETTGWEQVLSWLRSNTSQYATRTSWWDYGYWIBSSLLGNRRASA

APVLARSARALKNTE TEVIGWEQALKWLRSNTSKYATATSWWDYGYWIESSLLGNRRASA
GPVIARNAKALKVSEIETTGWEQVLKWLNENTSKYATATSWWDYGYWIESSLLGHRRASA
VPLMINTAKAMKTSEVERSGWEDALMWLRENTSEYATATSWWDYGYWIESSLLGNRRASA

*x, . s itk kb 0 Qf LA JEES 41 it‘f!tﬂ#itltﬁi*i** L2 4 83 )

xPXXXXXAXXXXXxEXEXXGNSXXLXWLXXNTXXYXTATSWWDYGYNIESSLLGXRRASA

DGGHARDRDH I LALPLARDGNI SEVDFESWELNYFLVYLNDWAKFPNAT SYLGGAT TRREY
DGGHARDRDH I LALFLARDGNVSEVDFESWELNYF IVYLNDWAKFNAT SYLGGAT TKREY
DGGHARDRDH I LALFLARDGNVSEVDFESWELNYF IVYLNDWAKFNAT SYLGGALTRREY
DGGHARDRDHILALFLARDGNISEVDFESWELNYF I IYLNDVWAKFNAISYLGGATTRKEY
DGGHARDRDH I LALFLARDGNVSEVDFESWELNYF I I YLNDWAKFNAISYLGGAI TRREY
DGGHARDRDH ILALEFLARDGNYSEVDFESWELNY FI AYMQIMRKFNATSYLGGAITRREY
AR LA RXT AR RN R AR :’*i'ﬂﬂtw:ktxi*t: L :ts EAREARNKKR R o LR
DGGHARDRDHILALFLARDGNXSEVDFESWELNY FXXYXXDWUKFNAT SYLGCAXTHXEY
NGDESGRGAVTTLLPLPRYGEKYVNLYAKVIVDVSNSS- - - ~VKVTV-GDRECDPLMVTF
SGDEKGRGSIPTIILAPRFGEQYINPYNGVSIKVLNNSQ-<-VIVTI-GSTTCSPLMTVE
KGDETGRGSVTSILITOGAGNVYVNPYAGITIKVVEENKTRKVVVNE -GRLECSEMTTVV
NGDENGRGRVTTILLTQAAGNVYVNPYAREVIKVIQONKTRRIAVNI ~GQLECSPILSVA
NGDETGRGQVITILPLOGSGE I YVNPYAGISVRVVOSNTTSKVTVNVRGRAECSPIYTLL
KGDESGRGGVTTIVLLPGANGVYSNPYMGLTLRVENRT--~w-w—‘VKVNGYCEFMESVI

LE RN LN ® N # ' : kﬁ

H L. Fa—

XGDbKGnGXXXXXXXXXXXXX(YXNKYXXXXXXVXXXXXXXXXXXXXXXXXXCXPXXXXX

TPSGKTIKGTGTCSDGNAFPYVLHLTPTIGVLAYYKVATANFIKLAFGVPASTIPGFSDR
IPGNKKVKGQGSCTNGGSFPFVVYLTPTLGVISYYKVATSNFLKLAYGIFASKEPGFTDK
FPGNIHIKGTGSCNNGSSFPYVVYLTPSLGIIAY?KVATSNFIKLAFGIPVSNYKGFTEK
FPGNIKIKGSGRCSDGS PFPYVVYLTPSLOVLAYYKVATSNFVKLAFGIPTSSYSEFAEK
I PGNKKIPGNGRCSDGSPFPYVLYLAPNFGLITYYKVATSNFIKLAFNI PISKYSGETEK
LPSNTﬂIKGSGQCETGSYFPYVAYVTPTFAVLAYYKVRTSNFLXLAFGIPASKEANFTER

: & Rk #* EA R :::ﬁ rrsREARAR KR, L2 b I ni x| &y vk

XPXXXXXXGXGXCXXGXXFPXVXXXXPXXXXXXYYKVATXNTXKLAAXXPXSXXXXFXXK

B’ 7C

209

530
539
529
532
531
538

590
599
589
592
593
595

645
655
548
651
653
647

705,
715
708
711
713
707
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KERER St3 MEMMAFFULER: (2 LB

Q8U4D2_PYRFU
I3RCF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAR
FBAIG3_PYRYC

HHFF

Q8U4D2_PYRFU
I3RCEF1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAB
FBAIG3_PYRYC

3EH R

QBU4DZ_FYRFU
I3RCP1_9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V2S0_PYRARB
FSAIG3_PYRYC

HFR

QB8U4D2_PYRFU
I3RCF1, 9EURY
F4HM23_PYRSN
074088_PYRHO
Q9V250_PYRAR
FBAIG3_PYRYC

FHEF

LESNFEPVYESGNVIVYRFTPFGIYXKIEENINGTWKQVYNLTPGKHELKLY ISAFGRDIE
LESNFXKMVYQEGNVVIYEFRPFAIYXKLQEFTNGTWKTITTLSPGKHTLKLYISAFGRDIK
LFSNFVPVYQAGNVIVYEFRPFATYGMEELVNGSWRY IGYLTPGKHTLRLY ISAFGRDIK
LFSNFIPVYQYGSVIVYEFRPFATIYKIEDFINGTWREVGKLSPGKHTLRLY ISAFGRDIK
LYSNFVPVYGYGNVIVYEFRPFAIYRIEELINGTWKAVNSLTPGKHELKLYISAFGRDIR
DYANFELVFQSGDVIVYEFKPFAVYKABELVNGTWRAVETLTPGEHTLKLYISAFGRDVK

ko odk * ¢ LS SIS I B S ) Ax.n : AE, % R XA ATPRENS .

765
775
768
771
773
767

LXXNFXXVXXXGXVXXYXFXPFXXYXXXXXXNGXWXXXXXLXPGXHXLXLYISAFGRDXX

NATLYIYAINNBKIIEKIKIAEISHMDYLNEYPIAVNVTLPNATSYRFVLVQKGPIGVLL
NATLYIDAIKDNRTIQRIKIGEIKYMSHLNETPITVNVTLPDADKYKFVLVOKGPVGVLT
NATLYVYAINGTEITAKIRLTKIDYMNHLNEYPITVNVTLPPAQKYRFVLVQKGPVGVLT

‘NATLYVYALNGTKIIKRIKVGEIKYMNHLEEYPIIVNVTLPTAQXYRFILAQKGPVGVLT

NATLYVYAIGNK--TEKIKIGEIEYMNHLNEXPI IVNVTLPKAEKXYRLVLVQKGPVGVLT
NATLYVEALKDGKVVERIKVAEGLYIDHLNEK?IEVKVNLPEADEYRFVLVQKGPVGVLT

AxkRAk¥. K. cH L A XA A W RN 2L cAXR

NATLYXXAXXXXXXXXXIXXXXXXXXXXLXEX?IXVXVXLPXAXXYXXXLXQKG?XGVLX

DAPKVNGEIRSPTINILREGESGEIELKVGVDKDY TADLYLRATF IYLVRKSGKDNEDYDA
APPKVNGKIANPVRVLNDGESGRLELKVGVDKDYKADLYLRATFIYLVRKSGTSNDDYNA
GPPKLNGKIVNPISVLKEGEEGELELRVGVDKNYTADLYLRATFIYLVRKGGTSNEDYNA
GPVRVNGKITNPAY IMREGESGRLELKVGVDKEY TADLY LLRATF L YLVRKGGKSNEDY DA
GPPKLNGEIANPIRIAREGEKGTLSLKVGVDKDYTADLYLRRTFIYLVRKEGKSNDDYNA
SAPRVNGSIANPIKVLGEGQSGTLELKAAFDRDYTADLYLRVTFIYLVRRSGRSNDDIDA

A I : P Jhk pR kR AANK KRN ARk AR kA aA X

XXXXXNGXIXXPXXXXXXGXXGXXXLKXXXDXXYXADLYLRXTFIYLVRKXGXXNXDXXA
AFEPQMDVFFITKIGENIQLKEGENTVKVRAELPEGVISSYKDELOQRKYGDKLIIRGIRV

AFEPHMDVFFITKLKSGISLHKGENEVTVEAKMPENVISDYKKKLEAEYGDKLIIRGIRV

AFEPHMDVEF I SRVKEGIKLHPGDNYVKAHVEMPKGVISSYKEELEKKYGDRLIIRGIRV

‘SFEPHMDTFFITKLKEGIKLRPGENETVUNAEMPKNAT SSYKEKLEXEHGDKL I TRGIRV

AFEPHMDTFFITKLKGGIKLHKGDNVVEAELNMPNGVI SSYKEKLEKEYGDKLI FRGIRV
AFEPHMDTF?AAKLAEGLKLKKGEDTITVNAGLPAGVISSYBEKLKALYGDRLIIRGIRV

:l’ﬁ ER 3 'kt e A. LIS : [ AA_A:.- "ﬁ,***ﬁ***i

XFBPYMDXFFXXXXXXXXXLXXGXXXXXXXXX(PXXXISXYXXXLXXXXGDXLIIRGIRV
A 7D

KRIRER St REBRFFILYT (LLEE)

EPVFIAEKEYLMLEVSASAPHH -~~~
EPVFIAEKEYVMLEVRASAPHHSSE
EPVFIAEKEYTMLEVSASAPHHSSE
EPVFIVEKEYTMIEVSASAPHHSSE
BPVFIABKEYVMAEVRASAPHHGSE

EPVFIADKAYTIWEVRAQAPHHGSEV

*****-:* x LE U R A R R

EPVFIXXKXYXXXEVXASAPHHXXX

967
980
973
976
976
972

Q8U4D2_PYRFU
I3RCF1_9EURY
FAHM23_PYRSN
074088_PYRHC
Q9V250_PYRAR
FSAIG3_PYRYC

EHFH

& 7E

210

825
835
828
831
831
827

885
89s
888
891
891

887

945
955
948
951
581
947
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AHEFRRE St3 FFEHMFE

QIUSNS_LEIMA
E9BRZ2_LE1DB
A4TB1O_LETIN
EIB5Z4_LEIMU
A4HMDG_LEIBR

FEAF

QOUSNS_LETMA
E9BRZ2_LEIDB
A4IB1O_LEIIN
E9IB5Z4_LEIMU
A4HMDS_LEIBR

HEHFH

QIUSNE_LEIMA
[E$BRZ2_LEIDB
A4IBL0_LEIIN
E9B5Z4_LEIMU
AGHMDE_LEIBR

A

QSUSNE_LEIMA
E9BRZ2_LEIDE
A4IBIO_LETIN
E3B524_LEIMU
A4HMDE_LEIBR

FHFAN

HAAASNVNAPESNVMTTRSAVAPPSTAAPKEASSETLLIGLSKKPSQTRSLIYSSCFAVA
........................................... MSSQTRSITYSSCFAVA
. ! e - ——— - - - ---MSSQTRSIIYSSCFAVA
e e e st s m oo e e e w wMSSQTRSLI Y SSCFAVV
------- =~ =i e MUTERGAATPSTAASGEAPSETLLLGEYKVSLHARST I Y TACFAVP

(4 n:QQ QQ' '(!‘l

XXX STIYTXAFAVE

MATALPIAYDMRVRSIGVYGYLFHSSDPWENYRAAEYMSTHCHS AFFSWFDYMSWYPLGR

'MATALPTAYDMRVRSIGVYGY LFHRSDPWENYRAAEYMSTHGWSAFF SWFDYMSWYPLGR

MAIALPIAYDMRVRSIGVYGYLFHRSDPWENYRAAEYMSTHCWSAFFSWFDYMSWYPLGR
MAIGLSIAYDMRVRSIGVYGYLFHSSDPWFNYRAAEYMSTHGWSAFFSWFDYMSWYPLGR
MAILFPIAYKMRVRSI DVYGYLFHRNDPWENYRAAEYMSAHGWSAFF SWFDYMSWYPLGR

8% . &AE HABARR SEmAmhAn ~i:t‘nqnnmg~xgn:hé..utli&t"«l«'un'biid

MAI XXX IAYXMRVRS I AVYGY LPHXXDPWFNYRAAEYMS XHGWSAFFSWFDYMSWY PLGR

PVGSTTYPGLOLTAVAITHRALAAAGMPMSLNNVCVEMPAWF SLVSSAMAALLAHENSGNM

PVGSTTY PGLQLTAVAIHRALAAAGMPMSLNNVCVLMPAWFSLVSSAMVALLAHELSGNM
PVGSTTY PGLOLTAVATHRALAAAGHPHSLNNVCVLMPAWFSLVSSAMVALLAHELSGNM
PVGSTTYPGLOPTAVAIHRALAAAGMPMSLNDVCVLI PAWFSLLS SAMVALLAHE I SGNM
PVGTTTY PGLOLTAVA THRALAAAGVPMSLNNVCVLI PAWF SLVSSAMVALLAHEMTGNM

LERFE L AL R ) ﬁgﬁn&ﬁniﬁ#ﬂdi phxh b, ﬁh.t.#lttnl‘lilﬁx kl*bi* AN

PVGXWYPGLQXTRVAIHRAIAMGXWSLNXWPAWFSLXSSAI'DCALLA}(EXXGNH

AVASISSILFSVYI PAHLMRSMAG&FDNECLAVMMLLTE‘YM‘R SLRT‘RSSWPIGVL’PGV
AVASISSILFSVVRAHLMRSMAGEFDNEC IAVAAMLLTFYCHVRSLRTRSSWPIGVLTIGV
AVASISSILFSVIPAHLMRSMAGEFDNEC LAVAAMLLTFYCWVRSLRTRSSWPIGVLTGY
AVASVSSILFSVVPAHLMRSMAGEFDNECIAVTAMLLTFYCWRSLRTRSSWRPIGVLTGV
ATSSISSILFSVVPAHLMRSMAGEFDNECTAVAAMLLIFYLUVRSLRTRCSWPIGILTGI

VogbyRsak AR NERRARSRSARANRkALCA  Sa bR rdvaaTde tanasaad .

AR SXSSILFSVXPAHLMRSMAGEFDNEC IAVXAMLLTF YXWVRSLRTRXSWR I GXLTGX

B 8A

211

60
17
17
17
48

180
137
137
137
166

240

197
197
197
226

{SEQ ID NO: 19)
{SEQ ID NO: 21)
{SEQ ID NO: 22}
(SEQ ID NO¢ 23)
{SEQ ID NO: 24}

(SEQ ID NO: 25)
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Q9USNS_LEIMA
EYBRZ2_LEIDB
A4IB1O_LEIIN
E9BS24_LEIMU
A4HMD6_LEIBR

ERN

Q9USNS_LEIMA
E9BRZ2_LEIDB
A4IB10_LETIN
£9B524_LEIMU
A4HMD6_LEIBR

IHEFA

QOUSNS_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9B5Z4_LEIMU
A4HMD6_LEIBR

FEFH

QSUSNS_LEIMA
E9BRZ2_LEIDB

A4IBLO_LETIN'

ESBSZ4_LEIMU
A4HMD6_ LEIER

ez R 2l

AYGYMAAAWGGY IFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGY I FVLNMVAMHAGY SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGY IFVLNMVAMHAGI S SHVDWARNTYNPSLLRAYTLFYVVGTAIAVCVPP
AYGYMVAAWGGY IFVLNMVAMHAGI SSMVDWARNTYNPSLLRAYTLFYVVGTAIAVCVEP
AYGYMVAAWGGY IFVLNMVAMHAG I SSMVDWARNTYNPSLLRAYALFYVVGTAIATRVPP

FACAL AAASA AT CAS NI L AT AN QIR ANZULRARRRAARRR ;AN AR ORTR R h

AYGYMXAAWGGY IFVLNMVAMHAGT SSMVDWARNTYNPSLLRAYXLFYVVGTAIAXXVPP

VGMSPFRSLEQLGALLVLVFIFGQSVCEAQRRRLGIARLSKEGVALLIRI DAAFFVYGIVA
VGMSPFKSLEQLGALLVLLPIFGQSVCEAQRRRLEIARFSKEGVALLIRIYAAFFVGIVA
VGMSPFKSLEQLGALLVL&FI?GQSVCEAQRRRLEIARFSKEGVALLIRIYAAFFVGIVA
VGMSPFKSLEQLGALLVLLFIFGQALCEAQRSRLGIERFSKEGVALLIRIYAAFFVGIVA
VGMSPFRSLEQLGALVVLLFLCGLQACETQRSRLGVERFSTEGVSLLVRIYAAPFVGIVA

ﬁktiﬁtrit*ihtﬁi.tl.h: ” ak.dH KA

VGHSPFXRSLEQLGAXVVXLXXCXXXACXTQXSRXXXEXFXTEGXSLXRIXAAFFVGIVA

VATIAPAGFFKPLSLOANAI ITGVSRTGNTLVDI LLAQDASNLLMVIWQLFLFEFLGWVAG
VATIAPAGFFKPLSLQASAI ITGVSRTGNTLVDTLIAQDASNLLIVWQLFLFPVEGWVAG
VATIAPAGFFKPLSLOASAT ITGVSRTGNTLVDTL IAQDASNLLIVWQLFLFPVFGWVAG
VAAVAPAGFFKPLSLOATAY IAGVSRTGNTLVDIL I AQDASNLLIVWOLFLFPLLOWVVG
VVAMAPAGFFKPLSLQAHAMIAGAQPTGNTLVDMLI AKDASSLLVAWELLLFPFFGWMVG
'.::i*d‘h***"iii l:(.l.. Akiﬁﬁﬁi“i:i:*it.lfz{*:*:A’i.:ii:_*

VXXXAPAGFFKPLSLQAXAX I XGXXXTGNTLVDXLXAXDASXLLXXWXLXLFPXXGWXXG

MSAFLRELIRNYTYAKSFPILMYGVVGMYFASQSVRMMUMMA PVACIPTALLFRWALDYLL
MSAFLTELVRNYTYTKS FMLMYGVVGLYFASQSVRMMUMMAPVAC IFTALLFRWALDYLL
MSAFLTELVRNYTYTKSFMLMYGVVGLYFASQSVRMMVMMA PVACIFTALLFRWALDYLL
MSLFLTELVRNFTYAXSFILMYGUVGIYFASQSVRMMVMMAPVACT FTALLFRWTLDYLL
MGAFLTELVQSFTYTKSFMLMYGAVGMYFASQSVRMMVMMA PVACIFTALLFCLALDYAL

K, KK RRY s R NRR e HERK NE LR RAKRRRN AR RN A A AR RN ER L NAk R

MXXFLAXELXXXXTYXKSFXLMYGXVGXYFASQSVRIMVMMAPVACTFTALLFXXXLDYXL

& 8B

212

300
257

257

257
286

360
317
317
317
345

: ﬁ:ﬂ.ﬁi*:ik:tl Crashdkrr

420
377
377
377
406

480
437
437
437
466
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A EREE St3 REPRFFILN (ELERD

Q9USNS_LEIMA
E9BR22_LEIDB

A3IB1O_LEIIN
E9BSZ4_LEIMU
A4HMD6_LEIBR

F;HAFA

QOUSNS_LEIMA
ESBRZ2_LEIDB
A4IBLO_LEIIN

E9B5Z4_LEIMU.

AJHMD6_LETIBR
KFF

QI9USNS_LEIMA

E9BRZ2_LEIDB

A4IB1O_LEIIN

E$BSZ4_LEIMU
A4HMD6_LEXIBR

FHFH

Q9USNS_LEIMA
E9BRZ2_LEIDB
A4IB10_LEIIN
E9BSZ4_LEIMU
AJHMD6_LEIBR

A

GSLFWAEMPPSFDTDAQRGRQUQTAEESEAETKRKEEEYNTMQVKKMSVRMLPFMLLLLL
GSLFWAEMPPCFDTDAQRGRQQQTAEEAEAETKRKEEEYNTMQVKKMTTRMLPFMFLLLL
GSLFWAEMPPCFDTDAQRGRQQQTAEEAEAETKRKEEEYNTMQVKKMTTRMLPFMFLLLL
GSFFWAEMPLSLDTDAQRGRQQQTAEEAEAETKRKEEEYNTMQVKKMTVRMYPFMILLLL
GALFWAEIPPSIDSDAQQELHQQTAEAA-KTKKRKQEEYTTMQVKMISVRMMPLMLLVLL

Arrakk&k  choRkh, ARKREY AWK HRK AARAR g wkok 4k R

GXXFWAEXPXXXDXDAQXXXXQOTAEXXX XX XKRK X EEY X TMOVEKX XXX RMXPXMXLXLL

FRLSGFIEDVAAISRKMEAPGIVFPSEQUQGVSEKKVDDYYAGY LYLRDSTPEDARVLAW
FRLSGF1EDVAAISREMEAPGIVFPSGQVQGVSEKKVDDYYAGYLYLRDNTPEDARILAW
FRLSGFIEDVAAISREMEAPGIVFPSGQVQGVSEKKVDDYYSGYLYLRDNTPEDARILAW
FRLSGFI1EDVAAISREMES PGI IFPRGQVQGMPEDKVDDYYAGYLYLRENTPEDARI LAW
FRFSGF1EDVAAISREIEVPGIVFPGSMVQGLSDDMIDDYYAGYLYLRDNTPADARVLSW

AL ARRARF N kR Ak E,  * EXA, P ER R cAEEA L ARRAAR, RA SARL ALK

FRXSGFIEDVAAISRXXEXPGIXFPXXXVQGXXXXXXDDYYXGYLYLRXXTPXDARXLXW

WDYGYQITGIGNRTSLADGNTWNHEH IATIGKMLTS PVAEAHSLVRHMADYVL I SAGDTY
WDYGYQITGIGNRTSLADGNTWNHEHIATIGKMLTSPVAEAHSLVRHMADYVL I FAGDTY
WDYGYQITGIGNRTSLADGNTHNHEHI AT IGKMLTSPVAEAHSLVRHMADYVLIFAGDTY
WDYGYQITGIGNRTSLADGNTWNHEH IATIGKMLTSPVAEAHSLVRHMADYVLIFSGDKY
WDYGYQITGIGNRTSLADGNTWNHEH AT IGKMLTS PVAEAHSLVRHMADYVL I FAGDMH

EXRXRENRRACK N R AR AR AR R ARNAAA LA R RIS L ARAN KR AR KA AR IR NSA L X2

WDYGYQITGLGNRTSLADGNTANHEHIATIGKMLTSPVAEAHSLVREMADYVL I XXGDXX

FSDLNRSPMMARIGNSVYHDICPDDPLCSQFVLOKRPKAAAAKRSRHVSVDALEED-DTA
FSDLNRS PHMARIGNSVYRDICPHDPLCSREFVLQKRPKAAAAKRSRHVSVDELEEE-DNA
FSDLNRSPHMARIGNSVYRDICPHDPLCSRFVLQKRPKAAAAKRSRHVSVDELEEE-DNA
FSDLNRSPMMARIGNSVYRDICPNDPLCSQFVLOKRRKVAARKRSRHVTVNEQEED-DNP
FSDLINSPMMARIGNSVYHDXCPNDPLCSRFVFQEKRKIAPARSGRHINLAKLGDDEEET

LS B ] kA Ak hAkARkk. AR kX li‘kl-!i .. k& Kk '*
» Vo :

FSDLXXSPXMARIGNSVYXDICPXDPLPSXFVXQXXXKXAXAXXXRHXXXXXXXXXXXXX

E 8C

AHEERE Su3 FRAKFFILS (BER)

540
497
497
497
525

600
557
557
557
585

660
617
617
617
645

719
676
676
676
705

779
736
736
736
765

EHMVYEPSSLIAKSLIYHLHSTGVVTGVTUNETLFQHVFTSPQGLMRIFKVMNVSTESKK
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Title of Invention: A PROKARYOTE-BASED CELL-FREE SYSTEM
FOR THE SYNTHESIS OF GLYCOPROTEINS

ABSTRACT |
The present invention is directed to a cell-free system for producing a
‘glycosylated protein. This system comprises an isolated
oligosaccharyltransferase capable of transferring a glycan from a lipid
carrier molecule to a glycoprotein target, one or more isolated glycans,
where each glycan is linked to a lipid carrier molecule, and a
glycoprotein target comprising one or more glycan acceptor amino
acid residues or a nucleic acid molecule encoding said glycoprotein
target. The present invention further relates to kits and methods for

producing a glycosylated protein in this cell- free system.



