19 DANMARK (10 DK/EP 2333045 T3
12
(12) Overseettelse af
europeeisk patentskrift
Patent-og
Varemaerkestyrelsen
(51) Int.Cl. C12N 9/62 (2006.01) C12N 1/15(2006.01) C 12N 15/57 (2006.01)
C12 P 21/02 (2006.01) C12R 1/66 (2006.01)

(45)  Overseettelsen bekendtgjort den: 2017-02-20
(80) Dato for Den Europaeiske Patentmyndigheds

bekendtgorelse om meddelelse af patentet: 2016-11-09
(86) Europaeisk ansggning nr.: 10188499.7
(86) Europeeisk indleveringsdag: 2006-04-11
(87) Den europaeiske ansggnings publiceringsdag: 2011-06-15
(30) Prioritet: 2005-04-12 US 670415 P
(62)  Stamansegningsnr: 09005625.0
(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IS IT LI LT LU LV MC NL

PL PT RO SE SI SK TR
(73) Patenthaver: Danisco US Inc., 925 Page Mill Road, Palo Alto, California 94304, USA
(72) Opfinder: WANG, Huaming, Genencor International, Inc., 925 Page Mill Road, Palo Alto, CA 94304, USA
(74) Fuldmeegtig i Danmark: Marks & Clerk (Luxembourg) LLP, 44 rue de la Vallée, B.P. 1775, L-1017 Luxembourg,

Luxembourg
(54) Benaevnelse: GEN-INAKTIVEREDE MUTANTER MED A NDRET PROTEINPRODUKTION
(56) Fremdragne publikationer:

WO-A1-97/22705

WO-A2-02/068623

US-B1- 6 509 171

MORALEJO FRANCISCO J ET AL: "Silencing of the aspetrgillopepsin B (pepB) gene of Aspergillus awamori by
antisense RNA expression or protease removal by gene disruption results in a large increase in thaumatin
production."”, APPLIED AND ENVIRONMENTAL MICROBIOLOGY JUL 2002 LNKD- PUBMED:12089041, vol. 68,
no. 7, July 2002 (2002-07), pages 3550-3559, XP002644547, ISSN: 0099-2240

HOMBERGH VAN DENJ P T W ET AL: "DISRUPTION OF THREE ACID PROTEASES IN ASPERGILLUS NIGER
EFFECTS ON PROTEASE SPECTRUM, INTRACELLULAR PROTEOLYSIS, AND DEGRADATION OF TARGET
PROTEINS", EUROPEAN JOURNAL OF BIOCHEMISTRY, BLACKWELL PUBLISHING, BERLIN, DE, vol. 247, no.
2, 1 January 1997 (1997-01-01), pages 605-613, XP001153668, ISSN: 0014-2956, DOI: DOI:10.1111/J.1432-
1033.1997.00605.X

VAN DEN HOMBERGH J P T W ET AL: "Aspergillus as a host for heterologous protein production: the problem
of proteases”, TRENDS IN BIOTECHNOLOGY, ELSEVIER PUBLICATIONS, CAMBRIDGE, GB, vol. 15, no. 7, 1
July 1997 (1997-07-01), pages 256-263, XP004092682, ISSN:0167-7799, DOI: DOI:10.1016/S0167-7799(97)01020-2
OKA TAKUJI ET AL: "Molecular characterization of protein O-mannosyltransferase and its involvement in cell-
wall synthesis in Aspergillus nidulans”, MICROBIOLOGY (READING), vol. 150, no. Part 6, June 2004 (2004-06),
pages 1973-1982, XP002399299, ISSN: 1350-0872

BARTKEVICIUTE D ET AL: "Disruption of the MNN10 gene enhances protein secretion in Kluyveromyces lactis

Fortsaettes ...



DK/EP 2333045 T3

and Saccharomyces cerevisiae”, FEMS YEAST RESEARCH, WILEY-BLACKWELL PUBLISHING LTD, GB, NL,
vol. 4, no. 8, 1 September 2004 (2004-09-01), pages 833-840, XP004533627, ISSN: 1567-1356, DOI:
DOI:10.1016/J.FEMSYR.2004.03.001



DK/EP 2333045 T3
DESCRIPTION

FIELD

[0001] The present disclosure provides cells that have been genetically manipulated to have an altered capacity to produce
expressed proteins. In particular, the present disclosure relates to filamentous fungal microorganisms, such as Aspergillus
species wherein one or more chromosomal genes have been inactivated, and preferably, wherein one or more chromosomal
genes have been deleted from the Aspergillus chromosome.

BACKGROUND

[0002] Genetic engineering has allowed the improvement of microorganisms used as industrial bioreactors, cell factories and in
food fermentations. In particular, filamentous fungi (e.g. Aspergillus and Trichoderma species) and certain bacteria (e.g., Bacillus
species) produce and secrete a large number of useful proteins and metabolites (Bio/Technol. 5: 369 - 376, 713 - 719 and 1301 -
1304 [1987] and Zukowski, "Production of commercially valuable products," In: Doi and McGlouglin (eds.) Biology of Bacilli:
Applications to Industry, Butterworth-Heinemann, Stoneham. Mass pp 311-337 [1992]). Important production enzymes include
glucoamylases, a-amylases, cellulases, neutral proteases, and alkaline (or serine) proteases, and important production proteins
include hormones and antibodies. However, the occurrence of protein degradation and modification in some of these host cells
provides a major hurdle for protein production, and in spite of advances in the understanding of production of proteins in
filamentous fungal host cells, there remains a need for methods to increase expression of important proteins.

[0003] Accordingly, an object of the present invention is to provide an Aspergillus strain defective in protein degrading genes
and protein modification genes, which can be used for more efficient production of heterologous or homologous proteins of
interest.

SUMMARY

[0004] The present disclosure is concerned with the inactivation of genes, which may be involved in protein degradation and
modification (e.g., protease genes, endoplasmic reticulum (ER) degradation pathway genes and glycosylation genes). In some
embodiments, the gene inactivation is a non-revertable inactivation that results in a genetically engineered microbial cell referred
to as an inactivated mutant. In some embodiments, the inactivated mutant has an altered capacity to produce an expressed
protein of interest.

[0005] WOO02/068623 describes gene sequences that encode proteases obtainable from Aspergillus niger. Full length gene
sequence of the genes, their cDNA sequences as well as the full-length functional protein and fragments thereof are disclosed.
Also described are methods of using the enzymes in industrial processes and methods of diagnosing fungal infections. Cells
transformed with the described DNA, and cells wherein a described protease is genetically modified to enhance or reduce its
activity and/or level of expression are described.

[0006] MORALEJO FRANCISCO J et al., App. & Env. Microbiol. 2002, vol. 68, no. 7, July 2002, pages 3550-3559 discloses the
detection of Aspergillopepsin B in culture broths of Aspergillus awamori by in situ detection of its proteolytic activity and by
immunodetection with anti-aspergillopepsin B antibodies. The pepB gene encoding aspergillopepsin B of A.awamori was cloned
and characterized. To completely remove aspergillopepsin B, the pepB gene was deleted by double crossover. Reduction of
proteolytic degradation by gene silencing with antisense mRNA or total removal of the aspergillopepsin B by directed gene
deletion was a very useful method for improving thaumatin production in A.awamori.

[0007] US6509171 discloses mutant filamentous fungi which are deficient in the gene for the corresponding aspartic proteinase.
These organisms are used as production hosts in the production of heterologous polypeptides such as chymosin.

[0008] HOMBERGH van den, J P T W, et al., Eur. J. Bioc., vol. 247, no. 2, 1997, pages 605-613 describes the disruption in
Aspergillus niger of three acid protease genes encoding two extracellular proteases (pepA and pepB) and one intracellular
protease (pepE). Characterization of the residual proteolytic spectra in the disruptants indicated that the relevant protease activity
was reduced. Ln supernatant of the disruptants reduced degradation of a proteolytically very susceptible tester protein (pelB) was
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observed.

[0009] WO97/22705 describes fungi which do not produce proteases. The described fungi are used as hosts for the production
of proteins susceptible of proteolytic degradation by the proteases usually produced. Also disclosed are processes for the
production of proteins of interest in high yields using the described fungi, as are methods for producing the fungi and DNA
constructs to be used in those methods.

[0010] Van den HOMBERGH, J P T W et al., TIBS, vol. 15, no. 7, July 1997 (1997-07), pages 256-263 is a review describing
homologous and heterologous protein production by filamentous fungi, and how this may be improved by eliminating specific
protease activities.

[0011] OKA Tajuki et al., Microbiology, vol. 150, no. part 6, June 2004, pages 1973-1982 , describes disruption of the pmtA gene
in Aspergillus nidulans. Disruption of the pmtA gene resulted in the reduction of in vifro protein O-D-mannosyltransferase activity
to 6% of that of the wild-type strain.

[0012] BARTKEVICIUTE D et al., FEMS Yeast Research, vol. 4, no. 8, September 2004, pages 833-840 describes disruption of
the mnn10 gene in Kluyueromvces lactis, as well as of mnn70 and mnn11 in Saccharomyces cerevisiae; the disruption conferred
a super-secreting phenotype. mnn10 isolated from Saccharomyces cerevisiae suppressed the super-secretion phenotype in
Kluyueromyces lactis mnn10 disruptants, as did the homologous Kluyueromyces lactis mnn10 gene.

[0013] In one aspect, the disclosure relates to an Aspergillus inactivated mutant comprising one or more non-revertable
inactivated chromosomal genes selected from the group consisting of derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepAa,
pepAb, pepAc, pepAd, and pepF combinations thereof and homologous sequences thereto. In some embodiments, the
inactivated mutant will further include a non-revertable inactivated chromosomal gene selected from the group consisting of pepB,
pepC, pepD, combinations thereof and homologous sequences thereto. In other embodiments, the Aspergillus inactivated mutant
is an A. niger inactivated mutant. In further embodiments, the inactivated mutant further comprises a polynucleotide encoding a
heterologous protein of interest. In additional embodiments, the protein of interest is an enzyme, a protease inhibitor or an
antibody or fragment thereof. In yet other embodiments, the Aspergillus inactivated mutant has an enhanced level of expression
of the protein of interest compared to a corresponding parent Aspergillus strain when said inactivated mutant and parent strain
are cultured under essentially the same growth conditions. In yet further embodiments, the one or more inactivated chromosomal
genes have been deleted or the one or more inactivated chromosomal genes have been disrupted in the protein-coding region.

[0014] In a second aspect, the disclosure relates to a method for producing a protein of interest in an Aspergillus inactivated
mutant comprising a) obtaining an Aspergillus inactivated mutant capable of producing a protein of interest, wherein said
Aspergillus inactivated mutant has at least one non-revertable inactivated chromosomal gene selected from the group consisting
of consisting of derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepAa, pepAb, pepAc, pepAd, and pepF gene fragments
thereof, and homologous sequences thereto; b) growing said Aspergiflus inactivated mutant under conditions such that said
protein of interest is expressed; and c) recovering the protein of interest. In some embodiments, the expression of said protein of
interest in the inactivated mutant is enhanced compared to the expression of said protein of interest in a corresponding parent
Aspergillus. In some embodiments, two chromosomal genes are inactivated. In other embodiments, the Aspergillus inactivated
mutant further comprises inactivated chromosomal genes selected from the group consisting of pepB, pepC, pepD and
combinations thereof and homologous sequences thereto. In additional embodiments, the protein of interest is an enzyme, a
protease inhibitor or an antibody or fragments thereof. In some preferred embodiments, the protein of interest is a heterologous
protein and in other embodiments the protein of interest is a homologous protein.

[0015] In a third aspect, the disclosure relates to a DNA sequence encoding the protein sequences of DERA, DERB, HTMA,
MNN9, MNN10, OCHA, DPP4, Dpp5, PEPAa, PEPAb, PEPAc and PEPAd and functionally homologous sequence thereto.

[0016] In a fourth aspect, the disclosure relates to the DNA sequences comprising the genes of derA, derB, htmA, mnn9, mnn10,
ochA, dpp4, dpp5, pepAa, pepAb, pepAcand pepAd.

[0017] In a fifth aspect, the disclosure relates to a method of making a recombinant filamentous fungal cell comprising
introducing into a filamentous fungal cell a DNA construct that recombines with a chromosomal gene selected from the group of
derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dppb, pepAa, pepAb, pepAc, pepAd, pepFor functionally homologous sequences
thereto wherein the chromosomal gene is inactivated. In one embodiment, the inactivated gene is deleted and in another
embodiment, the inactivated gene is disrupted.

BRIEF DESCRIPTION OF THE DRAWINGS



[0018]

FIGS 1A - B set forth a genomic Aspergillus derA DNA sequence (SEQ ID NO: 1).
FIG. 2 sets forth the putative protein sequence of DERA (SEQ ID NO: 2).

FIGS. 3A - B set forth a genomic Aspergillus derB DNA sequence (SEQ ID NO: 3).
FIG. 4 sets forth the putative protein sequence of DERB (SEQ ID NO: 4).

FIGS. 5A - E set forth a genomic Aspergillus htmA DNA sequence (SEQ ID NO: 5).
FIG. 6 sets forth the putative protein sequence of HTMA (SEQ ID NO: 6).

FIGS. 7A - D set forth a genomic Aspergillus mnn9 DNA sequence (SEQ ID NO: 7).
FIG. 8 sets forth the putative protein sequence of MNN9 (SEQ ID NO: 8).

FIGS. 9A - C set forth a genomic Aspergillus mnn10 DNA sequence (SEQ ID NO: 9).
FIG. 10 sets forth the putative protein sequence of MNN10 (SEQ ID NO: 10).

FIGS. 11A - E set forth a genomic Aspergillus ochA DNA sequence (SEQ ID NO: 11).
FIG. 12 sets forth the putative protein sequence of OCHA (SEQ ID NO: 12).

FIGS. 13A - C set forth a genomic Aspergillus dpp4 DNA sequence (SEQ ID NO: 13).
FIG. 14 sets forth the putative protein sequence of DPP4 (SEQ ID NO: 14).

FIGS. 15A - B set forth a genomic Aspergillus dpp5 DNA sequence (SEQ ID NO: 15).

FIG. 16 sets forth the putative protein sequence of DPP5 (SEQ ID NO: 186).

FIGS. 17A - B set forth a genomic Aspergillus pepAa DNA sequence (SEQ ID NO: 17).

FIG. 18 sets forth the putative protein sequence of PEPAa (SEQ ID NO: 18).

FIGS. 19A - C set forth a genomic Aspergillus pepAb DNA sequence (SEQ ID NO: 19).

FIG. 20 sets forth the putative protein sequence of PEPAb (SEQ ID NO: 20).

FIGS. 21A - B set forth a genomic Aspergillus pepAd DNA sequence (SEQ ID NO: 21).

FIG. 22 sets forth the putative protein sequence of PEPAd (SEQ ID NO: 22).

FIGS. 23A - C set forth a genomic Aspergillus pepF DNA sequence (SEQ ID NO: 23).
FIG. 24 sets forth the putative protein sequence of PEPF (SEQ ID NO: 24).

FIGS. 25A - B set forth a genomic Aspergillus pepB DNA sequence (SEQ ID NO: 25).
FIG. 26 sets forth the putative protein sequence of PEPB (SEQ ID NO: 26).

FIGS. 27A - D set forth a genomic Aspergillus pepC DNA sequence (SEQ ID NO: 27).
FIG. 28 sets forth the putative protein sequence of PEPC (SEQ ID NO: 28).

FIGS. 29A - B set forth a genomic Aspergillus pepD DNA sequence (SEQ ID NO: 29).

FIG. 30 sets forth the putative protein sequence of PEPD (SEQ ID NO: 30).

FIGS. 31A - C set forth a genomic Aspergillus pepAc DNA sequence (SEQ ID NO: 31).

FIG. 32 sets forth the putative protein sequence of PEPAc (SEQ ID NO: 32).
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FIG. 33 illustrates the general cloning strategy used for making inactivated mutants . Fig. 33A illustrates the strategy for making a
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gene deletion using the vector pMW1-AderA to make a deletion of the derA gene, Further details are outlined in example 1a. Fig.
33B illustrates the strategy for making a disruption in the protein coding region of the gene using the vector pBS-disruption(ochA)
as detailed for ochA in example 1f.

FIG. 34 depicts the analysis of the PCR fragment generated from total cellular DNA extracted from inactivated mutants of
Aspergillus niger by fractionation on agarose gel. The gene mnn9 is representative of an inactivation by deletion (Fig. 34A),
wherein lane 1 represents the DNA molecular weight marker, lane 3 represents a parent control which includes the mnn9 gene
and lane 7 represents an inactivated strain with a mnn9 gene deletion. The gene ochA is representative of an inactivation by
disruption (Fig. 34B), wherein lane 1 represents the DNA molecular weight marker, lane 3 represents a parent control, which
includes an ochA gene and lane 7 represents an inactivated strain with an ochA gene deletion. The genomic DNA was extracted
from strains harboring either a gene deletion or a gene disruption. For gene deletions or disruptions two primers were designed;
one primer was located on the coding region of a hydromycin gene (Phph, SEQ ID NO: 37) and one specific primer from each

gene was used (See SEQ ID NOs: 38, 43, 48, 53, 58, 61, 67, 70, 73, 76, 79, 84, 89, 92 and 95). A specific PCR product was
detected if the gene was deleted or disrupted. When DNA from the parent control strain was used as template PCR a band was
not detected.

DETAILED DESCRIPTION

[0019] The present disclosure provides recombinant fungal cells having one or more inactivated genes. In some embodiments,
the fungal cells have been genetically manipulated to have an altered capacity to produce expressed proteins. In particular, the
present disclosure relates to filamentous fungal cells, such as Aspergillus cells having enhanced expression of a protein of
interest, wherein one or more chromosomal genes have been inactivated. In some preferred embodiments, the one or more
chromosomal genes have been deleted from an Aspergillus chromosome and in other embodiments the one or more
chromosome genes have been disrupted in the protein-coding region.

Definitions.

[0020] Unless defined otherwise-herein, all technical and scientific terms used-herein-have-the-same meaning as commonly
understood by one of ordinary skill in the art (See e.g., Singleton et al., DICTIONARY OF MICROBIOLOGY AND MOLECULAR
BIOLOGY, 2D ED., John Wiley and Sons, New York [1994]; and Hale and Marham, THE HARPER COLLINS DICTIONARY OF
BIOLOGY, Harper Perennial, NY [1991], both of which provide one of skill with a general dictionary of many of the terms used
herein). Although any methods and materials similar or equivalent to those described herein can be used in practice or testing ,
the preferred methods and materials are described. Numeric ranges are inclusive of the numbers defining the range. As used
herein, the singular "a", "an" and "the" includes the plural reference unless the context clearly dictates otherwise. Thus, for
example, reference to a "host cell” includes a plurality of such host cells.

[0021] Unless otherwise indicated, nucleic acids are written left to right in 5' to 3' orientation; amino acid sequences are written
left to right in amino to carboxyl orientation, respectively. The headings provided herein are not limitations of the various aspects
or embodiments that can be had by reference to the specification as a whole. Accordingly, the terms defined immediately below
are more fully defined by reference to the Specification as a whole.

[0022] As used herein, "inactivated mutant" or "inactivated strain" (e.g., an Aspergillus inactivated mutant) refers to genetically
engineered recombinant host cells having one or more inactivated genes. The term encompasses progeny thereof. In some
embodiments, inactivation is the result of gene deletions and these inactivated mutants are sometimes referred to as deletion
mutants. In other embodiments, inactivation is the result of disruption to the protein coding sequence and these inactivated
mutants are sometimes referred to as disruption mutants. In some embodiments, the inactivation is non-revertable. In some
embodiments, non-revertable refers to a strain, which will naturally revert back to the parental strain with a frequency of less than

1077, In some embodiments, inactivation will result in a cell having no detectable activity for the gene or gene product
corresponding to the inactivated gene.

[0023] A "corresponding parent strain" refers to the host strain (e.g., the originating and/or wild-type strain) from which an
inactivated mutant is derived.
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[0024] The term "inactivation" includes any method that prevents the functional expression of one or more of the derA, derB,
htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepAa, pepAb, pepAc, pepAd, pepF, pepB, pepC, pepD genes, fragments or
homologues thereof, wherein the gene or gene product is unable to exert its known function. Means of gene inactivation include
deletions, disruptions of the protein-coding sequence, insertions, additions, mutations, gene silencing (e.g. RNAiI genes
antisense) and the like.

[0025] As used herein "protein-coding region" refers to the region of a gene that encodes the amino acid sequence of a protein.
[0026] As used herein "amino acid" refers to-peptide or protein sequences or portions thereof. The terms "protein”, "peptide”
and "polypeptide" are used interchangeably.

[0027] As used herein, the term "heterologous protein" refers to a protein or polypeptide that does not naturally occur in the host
cell.

[0028] As used herein, "homologous protein" or "endogenous protein” refers to a protein or polypeptide native or naturally
occurring in a cell.

[0029] As used herein, "host cell" or "host strain" refers to a cell that has the capacity to act as a host or expression vehicle for a
newly introduced DNA sequence. In preferred embodiments, the host cells are Aspergillus sp..

[0030] As used herein, "the genus Aspergillus" includes all species within the genus "Aspergillus,” as known to those of skill in
the art, including but not limited to A. niger, A. oryzae, A. awamori, A. kawachi and A. nidulans.

[0031] As used herein, "nucleic acid" refers to a nucleotide or polynucleotide sequence, and fragments or portions thereof, as
well as to DNA, cDNA, and RNA of genomic or synthetic origin which may be double-stranded or single-stranded, whether
representing the sense or antisense strand. It will be understood that as a result of the degeneracy of the genetic code, a
multitude of nucleotide sequences may encode a given protein.

[0032] As used herein the term "gene" means a chromosomal segment of DNA involved in producing a polypeptide chain that
may or may not include regions preceding and following the coding regions (e.g. promoter, terminator, 5' untranslated (5' UTR) or
leader sequences and 3' untranslated (3' UTR) or trailer sequences, as well as intervening sequence (introns) between individual
coding segments (exons)).

[0033] As used herein, the term "vector" refers to any nucleic acid that can be replicated in cells and can carry new genes or
DNA segments into cells. Thus, the term refers to a nucleic acid construct designed for transfer between different host cells. An
"expression vector" refers to a vector that has the ability to incorporate and express heterologous DNA fragments in a foreign cell.
Many prokaryotic and eukaryotic expression vectors are commercially available. Selection of appropriate expression vectors is
within the knowledge of those having skill in the art.

[0034] As used herein, the terms "DNA construct," "expression cassette," and "expression vector," refer to a nucleic acid
construct generated recombinantly or synthetically, with a series of specified nucleic acid elements that permit transcription of a
particular nucleic acid in a target cell (i.e., these are vectors or vector elements, as described above). The recombinant
expression cassette can be incorporated into a plasmid, chromosome, mitochondrial DNA, plastid DNA, virus, or nucleic acid
fragment. Typically, the recombinant expression cassette portion of an expression vector includes, among other sequences, a
nucleic acid sequence to be transcribed, a promoter and a terminator. In some embodiment, DNA constructs also include a series
of specified nucleic acid elements that permit transcription of a particular nucleic acid in a target cell. In some embodiments, a
DNA construct comprises a selective marker.

[0035] As used herein, "transforming DNA," "transforming sequence," and "DNA construct” refer to DNA that is used to introduce
sequences into a host cell or organism. The DNA may be generated in vitro by PCR or any other suitable techniques. In some
embodiments, the transforming DNA comprises an incoming sequence, while in other embodiments it further comprises an
incoming sequence flanked by homology boxes. In yet a further embodiment, the transforming DNA comprises other non-
homologous sequences, added to the ends (i.e., stuffer sequences or flanks). The ends can be closed such that the transforming
DNA forms a closed circle, such as, for example, insertion into a vector.

[0036] As used herein, the term "plasmid” refers to a circular double-stranded (ds) DNA construct used as a cloning vector, and
which forms an extrachromosomal self-replicating genetic element in many bacteria and some eukaryotes. In some embodiments,
plasmids become incorporated into the genome of the host cell.



DK/EP 2333045 T3

[0037] As used herein, the terms "isolated" and "purified" refer to a nucleic acid or amino acid (or other component) that is
removed from at least one component with which it is naturally associated.

[0038] As used herein, the term "enhanced expression” is broadly construed to include enhanced production of a protein of
interest. Enhanced expression is that expression above the normal level of expression in the corresponding parent strain that has
not been altered according to the teachings herein but has been grown under essentially the same growth conditions.

[0039] As used herein the term "expression" refers to a process by which a polypeptide is produced based on the nucleic acid
sequence of a gene. The process includes both transcription and translation. In preferred embodiments, the process also
includes secretion.

[0040] As used herein in the context of introducing a nucleic acid sequence into a cell, the term "introduced" refers to any
method suitable for transferring the nucleic acid sequence into the cell.

[0041] As used herein, the terms "transformed" and "stably transformed" refers to a cell that has a non-native (heterologous)
polynucleotide sequence integrated into its genome or as an episomal plasmid that is maintained for at least two generations.

[0042] As used herein "an incoming sequence" refers to a DNA sequence that is introduced into the host cell chromosome. In
some embodiments, the incoming sequence is part of a DNA construct. In some embodiments, the incoming sequence encodes
one or more proteins of interest. In other embodiments, the incoming sequence comprises a sequence that may or may not
already be present in the genome of the cell to be transformed (i.e., it may be either a homologous or heterologous sequence). In
some embodiments, the incoming sequence includes a functional or non-functional gene and/or a mutated or modified gene. In a
preferred embodiment, the incoming sequence comprises a gene selected from the group consisting of derA, derB, htmA, mnn9,
mnn10, ochA, dpp4, dpp5, pepAa, pepAb, pepAc, pepAd, pepF, pepB, pepC, pepD, fragments and homologous sequences
thereof. In yet another embodiment, the incoming sequence includes a selective marker. In a further embodiment the incoming
sequence includes two homology boxes. In some embodiments, the incoming sequence encodes at least one heterologous
protein of interest.

[0043] As used herein, "homology box" refers to a nucleic acid sequence, which is homologous to a sequence in the Aspergillus
chromosome. More specifically, a homology box is an upstream or downstream region having between about 80 and 100%
sequence identity, between about 90 and 100% sequence identity, or between about 95 and 100% sequence identity with the
immediate flanking coding region of a gene or part of a gene to be inactivated. These sequences direct where in the chromosome
a DNA construct or incoming sequence is integrated and directs what part of the chromosome is replaced by the DNA construct or
incoming sequence. A homology box may include about between 1 base pair (bp) to 200 kilobases (kb). Preferably, a homology
boxincludes about between 1 bp and 10.0 kb; between 1 bp and 5.0 kb; between 1 bp and 2.5 kb; between 1 bp and 1.0 kb, and
between 0.25 kb and 2.5 kb. A homology box may also include about 10.0 kb, 5.0 kb, 2.5 kb, 2.0 kb, 1.5 kb, 1.0 kb, 0.5 kb, 0.25
kb and 0.1 kb. In some embodiments, the 5' and 3' ends of a selective marker are flanked by a homology box wherein the
homology box comprises nucleic acid sequences immediately flanking the coding region of the gene.

[0044] As used herein, the terms "selectable marker" and "selective marker" refer to a nucleic acid (e.g., a gene) capable of
expression in host cell, which allows for ease of selection of those hosts containing the marker. Thus, the term "selectable marker"
refers to genes that provide an indication that a host cell has taken up an incoming DNA of interest or some other reaction has
occurred. Typically, selectable markers are genes that confer antimicrobial resistance or a metabolic advantage on the host cell
to allow cells containing the exogenous DNA to be distinguished from cells that have not received any exogenous sequence
during the transformation. A "residing selectable marker" is one that is located on the chromosome of the microorganism to be
transformed. A residing selectable marker encodes a gene that is different from the selectable marker on the transforming DNA
construct. Selective markers are well known to those of skill in the art. As indicated above, preferably the marker is an
antimicrobial resistant marker (e.g., ampR; phIeoR; specR; kanR; eryR; tetR; cmpR; hygroR and neoB; See e.g., Guerot-Fleury,
Gene, 167:335-337 [1995]; Palmeros et al., Gene 247:255-264 [2000]; and Trieu-Cuot et al., Gene, 23:331-341 [1983]). Other
markers include, but are not limited to auxotrophic markers, such as tryptophan, pyrG and amdS; and detection markers, such as
- galactosidase.

[0045] As used herein, the term "promoter" refers to a nucleic acid sequence that functions to direct transcription of a
downstream gene. In preferred embodiments, the promoter is appropriate to the host cell in which a desired gene is being
expressed. The promoter, together with other transcriptional and translational regulatory nucleic acid sequences (also termed
"control sequences") is necessary to express a given gene. In general, the transcriptional and translational regulatory sequences
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include, but are not limited to, promoter sequences, ribosomal binding sites, transcriptional start and stop sequences,
translational start and stop sequences, and enhancer or activator sequences.

[0046] A nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic acid sequence. For
example, DNA encoding a secretory leader (i.e., a signal peptide), is operably linked to DNA for a polypeptide if it is expressed as
a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence
if it affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding sequence if it is positioned
so as fo facilitate translation. Generally, "operably linked" means that the DNA sequences being linked are contiguous, and, in the
case of a secretory leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is
accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers
are used in accordance with conventional practice.

[0047] As used herein, "homologous genes" refers to a pair of genes from different, but usually related species, which
correspond to each other and which are identical or very similar to each other. The term encompasses genes that are separated
by speciation (i.e., the development of new species) (e.g., orthologous genes), as well as genes that have been separated by
genetic.duplication (e.g., paralogous genes). In preferred embodiments the homologous genes are functionally related.

[0048] As used herein, "ortholog" and "orthologous genes" refer to genes in different species that have evolved from a common
ancestral gene (i.e., a homologous gene) by speciation. Typically, orthologs retain the same function in during the course of
evolution. ldentification of orthologs finds use in the reliable prediction of gene function in newly sequenced genomes.

[0049] As used herein, "paralog" and "paralogous genes" refer to genes that are related by duplication within a genome. While
orthologs retain the same function through the course of evolution, paralogs evolve new functions, even though some functions
are often related to the original one. Examples of paralogous genes include, but are not limited to genes encoding trypsin,
chymotrypsin, elastase, and thrombin, which are all serine proteinases and occur together within the same species.

[0050] As used herein, "homology" refers to sequence similarity or identity, with identity being preferred. This homology is
determined using standard techniques known in the art (See e.g., Smith and Waterman, Adv. Appl. Math., 2:482 [1981 ];
Needleman and Wunsch, J. Mol. Biol., 48:443 [1970]; Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444 [1988]; programs
such as GAP, BESTFIT, FASTA, and TFASTAin the Wisconsin Genetics Software Package (Genetics Computer Group, Madison,
WI); and Devereux et al., Nucl. Acid Res., 12:387-395 [1984]).

[0051] "Homologous sequences" as used herein means a nucleic acid or polypeptide sequence having at least 100%, at least
99%, at least 98%, at least 97%, at least 96%, at least 95%, at least 94%, at least 93%, at least 92%, at least 91%, at least 90%,
at least 88%, at least 85%, at least 80%, at least 75%, at least 70% or at least 60% sequence identity to a subject nucleic acid or
polypeptide sequence when optimally aligned for comparison. In some embodiments, homologous sequences have between 80%
and 100% sequence identity, while in other embodiments between 90% and 100% sequence identity, and in more preferred
embodiments, between 95% and 100% sequence identity. A functionally homologous sequence means the corresponding gene
or protein functions in the same manner as the subject gene or protein.

[0052] One example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence alignment from a group of related
sequences using progressive, pairwise alignments. It can also plot a tree showing the clustering relationships used to create the
alignment. PILEUP uses a simplification of the progressive alignment method of Feng and Doolittle (Feng and Doalittle, J. Mol.
Evol., 35:351-360 [1987]). The method is similar to that described by Higgins and Sharp (Higgins and Sharp, CABIOS 5:151-153
[1989]). Useful PILEUP parameters including a default gap weight of 3.00, a default gap length weight of 0.10, and weighted end

gaps.

[0053] Anocther example of a useful algorithm is the BLAST algorithm, described by Altschul ef al., (Altschul et al., J. Mol. Biol.,
215:403-410, [1990]; and Karlin et al., Proc. Natl. Acad. Sci. USA 90:5873-5787 [1993]). A particularly useful BLAST program is
the WU-BLAST-2 program (See, Altschul et al., Meth. Enzymol.,, 266:460-480 [1996]). WU-BLAST-2 uses several search
parameters, most of which are set to the default values. The adjustable parameters are set with the following values: overlap span
=1, overlap fraction = 0.125, word threshold (T) = 11. The HSP S and HSP S2 parameters are dynamic values and are
established by the program itself depending upon the composition of the particular sequence and composition of the particular
database against which the sequence of interest is being searched. However, the values may be adjusted to increase sensitivity.
A % amino acid sequence identity value is determined by the number of matching identical residues divided by the total number of
residues of the "longer" sequence in the aligned region. The "longer” sequence is the one having the most actual residues in the
aligned region (gaps introduced by WU Blast 2 to maximize the alignment score are ignored).
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[0054] As used herein, the term "hybridization" refers to the process by which a strand of nucleic acid joins with a complementary
strand through base pairing, as known in the art.

[0055] A nucleic acid sequence is considered to be "selectively hybridizable" to a reference nucleic acid sequence if the two
sequences specifically hybridize to one another under moderate to high stringency hybridization and wash conditions.
Hybridization conditions are based on the melting temperature (Tm) of the nucleic acid binding complex or probe. For example,
"maximum stringency" typically occurs at about Tm-5°C (5° below the Tm of the probe); "high stringency" at about 5-10°C below
the Tm; "intermediate stringency" at about 10-20°C below the Tm of the probe; and "low stringency" at about 20-25°C below the
Tm. Functionally, maximum stringency conditions may be used to identify sequences having strict identity or near-strict identity
with the hybridization probe; while an intermediate or low stringency hybridization can be used to identify or detect polynucleotide
sequence homologs.

[0056] Moderate and high stringency hybridization conditions are well known in the art. An example of high stringency conditions
includes hybridization at about 42°C in 50% formamide, 5X SSC, 5X Denhardt's solution, 0.5% SDS and 100 pg/ml denatured
carrier DNA followed by washing two times in 2X SSC and 0.5% SDS at room temperature and two additional times in 0.1X SSC
and 0.5% SDS at 42°C. An example of moderate stringent conditions include an overnight incubation at 37°C in a solution
comprising 20% formamide, 5 x SSC (150mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt's
solution, 10% dextran sulfate and 20 mg/ml denaturated sheared salmon sperm DNA, followed by washing the filters in 1x SSC at
about 37 - 50°C. Those of skill in the art know how to adjust the temperature, ionic strength, etc. as necessary to accommodate
factors such as probe length and the like.

[0057] As used herein, "recombinant” includes reference to a cell or vector, that has been modified by the introduction of a
heterologous nucleic acid sequence or that the cell is derived from a cell so modified. Thus, for example, recombinant cells
express genes that are not found in identical form within the native (non-recombinant) form of the cell or express native genes
that are otherwise abnormally expressed, underexpressed, overexpressed or not expressed at all as a result of deliberate human
intervention. "Recombination, "recombining," or generating a "recombined" nucleic acid is generally the assembly of two or more
nucleic acid fragments wherein the assembly gives rise to a chimeric gene.

[0058] In an alternative embodiment, the transforming DNA sequence comprises homology boxes without the presence of an
incoming sequence. In this embodiment, it is desired to delete the endogenous DNA sequence between the two homology boxes.
Furthermore, in some embodiments, the transforming sequences are wild-type, while in other embodiments, they are mutant or
modified sequences. In addition, in some embodiments, the transforming sequences-are homologous, while in-other
embodiments, they are heterologous.

[0059] As used herein, the term "target sequence" refers to a DNA sequence in the host cell that encodes the sequence where it
is desired for the incoming sequence to be inserted into the host cell genome. In some embodiments, the target sequence
encodes a functional wild-type gene or operon, while in other embodiments the target sequence encodes a functional mutant
gene or operon, or a non-functional gene or operon.

[0060] As used herein, a "flanking sequence" refers to any sequence that is either upstream or downstream of the sequence
being discussed (e.g., for genes A-B-C, gene B is flanked by the A and C gene sequences). In a preferred embodiment, the
incoming sequence is flanked by a homology box on each side. In another embodiment, the incoming sequence and the
homology boxes comprise a unit that is flanked by stuffer sequence on each side. In some embodiments, a flanking sequence is
present on only a single side (either 3' or 5", but in preferred embodiments, it is on each side of the sequence being flanked. The
sequence of each homology box is homologous to a sequence in the Aspergillus chromosome. These sequences direct where in
the Aspergillus chromosome the new construct gets integrated and what part of the Aspergillus chromosome will be replaced by
the incoming sequence. In some embodiments these sequences direct where in the Aspergillus chromosome the new construct
gets integrated without any part of the chromosome being replaced by the incoming sequence. In a preferred embodiment, the &'
and 3' ends of a selective marker are flanked by a polynucleotide sequence comprising a section of the inactivating chromosomal
segment. In some embodiments, a flanking sequence is present on only a single side (either 3' or 5'), while in preferred
embodiments, it is present on each side of the sequence being flanked.

[0061] As used herein, the term "primer" refers to an oligonucleotide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which is capable of acting as a point of initiation of synthesis when placed under conditions in
which synthesis of a primer extension product which is complementary to a nucleic acid strand is induced, (i.e., in the presence of
nucleotides and an inducing agent such as DNA polymerase and at a suitable temperature and pH). The primer is preferably
single stranded for maximum efficiency in amplification. Preferably, the primer is an oligodeoxyribonuclectide.
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[0062] As used herein, the term "polymerase chain reaction" ("PCR") refers to the methods of U.S. Patent Nos. 4,683,195
4,683,202, and 4,965,188.

[0063] As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer to bacterial enzymes, each of which
cut double-stranded DNA at or near a specific nucleotide sequence.

[0064] A "restriction site" refers to a nucleotide sequence recognized and cleaved by a given restriction endonuclease and is
frequently the site for insertion of DNA fragments. In certain embodiments restriction sites are engineered into the selective
marker and into 5' and 3' ends of the DNA construct.

[0065] As used herein, "strain viability" refers to reproductive viability. In preferred embodiments, the inactivation of a
chromosomal gene does not deleteriously affect division and survival of the inactivated mutant under laboratory conditions.

[0066] As used herein, the term "chromosomal integration" refers to the process whereby an incoming sequence is introduced
into the chromosome of a host cell (e.g., Aspergillus). The homologous regions of the introduced (transforming) DNA align with
homologous regions of the chromosome. Subsequently, the sequence between the homology boxes is replaced by the incoming
sequence in a double crossover (i.e., homologous recombination).

[0067] "Homologous recombination" means the exchange of DNA fragments between two DNA molecules or paired chromosomes
at the site of identical or nearly identical nucleotide sequences. In a preferred embodiment, chromosomal integration is by
homologous recombination.

Preferred Embodiments

[0068] The present disclosure provides inactivated mutants (e.g., deletion mutants and disruption mutants) that are capable of
producing a protein of interest. In particular, the present disclosure relates to recombinant filamentous fungal microorganisms,
such as Asperqgillus species having altered expression of a protein of interest, wherein one or more chromosomal genes have
been inactivated, and preferably wherein one or more chromosomal genes have been deleted from the Aspergillus chromosome
or wherein the protein-coding region of one or more chromosomal genes has been disrupted. Indeed, the present disclosure
provides means for deletion of single or multiple genes. In preferred embodiments, such deletions provide advantages such as
improved production of a protein of interest.

Inactivated Genes -

[0069] As indicated above, the present disclosure includes embodiments that involve single or multiple gene inactivations. In
some embodiments, the gene inactivations are gene deletions or gene disruptions. In some embodiments the inactivations are
non-revertable.

[0070] Genes to be inactivated include but are not limited to those involved in protein degradation or protein modification, such
as proteins in the ER degradation pathway, proteases genes, such as secreted serine and aspartic protease genes, glycosylation
genes and glycoprotein degradation genes. In some embodiments, the chromosomal gene to be inactivated includes one or more
of the following genes derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepF, pepAa, pepAb, pepAc and pepAd, or
functionally homologous sequences thereto having at least 99%, at least 98%, at least 97%, at least 96%, at least 95%, at least
94%, at least 93%, at least 92%, at least 91%, at least 90%, at least 88%, at least-85%, at least 80%, at least 70% or at least 60%
sequence identity therewith.

[0071] With respect to the genes to be inactivated derA and derB genes are believed to function in the ER degradation pathway.
ER degradation pathway enzymes include ER resident proteins such as those involved in the translocation of misfolded protein
from the ER to the cytosol, and non ER resident proteins such as ubiquitin conjugating enzymes which target the misfolded
protein for proteasomal degradation (Bonifacino and Weissman [1998] Ann. Rev. Cell. Biol.14:19 - 57). The htmA, mnn9, mnn10
and ochA genes are believed to function in glycoprotein modification. Glycoprotein modifying enzymes are enzymes that modify
oligosaccharide molecules, which have been added to amino acid residues on a protein. The dpp4, dpp5, pepF, pepAa, pepAb,
pepAc, pepAd, pepB, pepC and pepD genes are believed to be proteinases. Proteinases are protein-degrading enzymes, which
catalyze the hydrolytic cleavage of proteins. More specifically, proteases are enzymes that cleave peptide bonds. In some
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embodiments, the protease genes are aspartic proteinases (e.g. pepAa, pepAb, pepAc, pepAd and pepB). Enzymatically active
aspartic proteinases are those enzymes or fragments thereof that contain aspartic acid residues at their active site. (Kosta, V (Ed)
ASPARTIC PROTEINASES AND THEIR INHIBITORS, Walter de Gruyter, NY pp 27 - 40; 151 - 161 and 163 - 177 ). In other
embodiments, the protease genes are dipeptidyl peptidases (e.g. dpp4 and dpp5). In other embodiments, the protease genes are
serine carboxylpeptidase (e.g., pepF), and in further embodiments, the protease genes are serine proteases (e.g. pepC and
pepD).

[0072] In some embodiments, inactivated genes will include two or more (e.g. two, three or four) inactivated genes. In other
embodiments, the inactivated genes will include at least one of the above-enumerated genes and a gene selected from the group
consisting of pepB, pepC, pepD, combinations thereof and functionally homologous sequences thereto having at least 99%, at
least 98%, at least 97%, at least 96%, at least 95%, at least 94% at least 93%, at least 92%, at least 91%, at least 90%, at least
88%, at least 85%, at least 80%, at least 70% or at least 60% sequence identity therewith.

[0073] In other embodiments, inactivated genes will include any one of the above-enumerated genes and an inactivated pepA
gene or homologous sequence thereto, such as the aspergillopesins disclosed in Berka et al.,, [1990] Gene 86:153-162, USP
5,840,570 and USP 6,509,171.

[0074] Genes to be inactivated include the following combinations and functionally homologous genes thereto: (a) mnn9 and
mnn10; (b) mnn9 and ochA; (c) mnn9, mnn10 and ochA; (d) dpp4 and dpp5; (e) dpp4, dpp5 and pepA; (f) pepAa and pepAb; (g9)
pepAa, pepAb and pepAc; (h) pepAa and pepAc; (i) pepAa, pepAb, pepAc and pepB; (j) pepAa, pepAb, pepAc and pepC; (k)
pepAa, pepAb, pepAc and pepD:; (I) pepB, pepC, pepD and pepF; (m) pepAa, pepAb, and pepAc; and n) dpp4. dpp5 and mnn9.
Further embodiments include any one of the above mentioned combinations (a - n) and an inactivated pepA gene or homologous
gene thereto.

[0075] In some embodiments, the DNA coding sequences of these genes from Aspergilius are provided in SEQ ID NO: 1, SEQ ID
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO:
19, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, and SEQ ID NO: 31. As indicated above, it is
contemplated that functionally homologous genes found in filamentous fungal cells will find use. In some embodiments, the
functionally homologous genes will have at least 80% sequence identity to any one of the above enumerated sequences.

[0076] Methods for determining homologous sequences from host cells are known in the art and include using a nucleic acid
sequence disclosed herein to construct an oligonucleotide probe, said probe corresponding to about 6 to 20 amino acids of the
encoded protein. The probe may then be used to clone the homologous protein degradation gene. The filamentous fungal host
genomic DNA is isolated and digested with appropriate restriction enzymes. The fragments are separated and probed with the
oligonucleotide probe prepared from the protein degradation sequences by standard methods. A fragment corresponding to the
DNA segment identified by hybridization to the oligonucleotide probe is isolated, ligated to an appropriate vector and then
transformed into a host to produce DNA clones.

[0077] In other embodiments, the DNA encodes the protein sequences selected from the group consisting of SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NC: 22, SEQ ID NO: 24; SEQ ID NO: 26; SEQ ID NO: 28; SEQ ID NO: 30 and SEQ ID NO: 32 and functionally
homologous sequence thereto. In some embodiments, a functionally homologous sequence will be a protein found in a
filamentous fungal cell (i.e. Aspergillus) and have at least 95% sequence identity to any one of the above enumerated
sequences. In some embodiments, the functionally homologous sequence will be found in an Aspergillus niger or Aspergillus
oryzae and will have at least 90% or also at least 95% sequence identity to and one of the above enumerated sequences. In
other embodiments, a protein sequence will differ from any one of the above enumerated protein sequences by one or more
conservative

[0078] amino acid replacements, such as but not limited to the groups of glycine and alanine; valine, isoleucine and leucine;
aspartic acid and glutamic acid; asparagine and glutamine; serine and threonine; tryptophan, tyrosine and phenylalanine; and
lysine and arginine.

Methods of Inactivation and General Construction of DNA Constructs to be used to Inactivate Chromosomal Genes -

[0079] In some embodiments, the present description includes a DNA construct comprising an incoming sequence. The DNA
construct is assembled in vitro, followed by direct cloning of the construct into a competent host (e.g. an Aspergillus host), such
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that the DNA construct becomes integrated into the host chromosome. For example, PCR fusion and/or ligation can be employed
to assemble a DNA construct in vitro. In some embodiments, the DNA construct is a non-plasmid construct, while in other
embodiments it is incorporated into a vector (e.g., a plasmid). In some embodiments, circular plasmids are used. In preferred
embodiments, circular plasmids are designed to use an appropriate restriction enzyme (i.e., one that does not disrupt the DNA
construct). Thus, linear plasmids find use.

[0080] In some embodiments, the incoming sequence comprises a derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepAa,
pepAb, pepAc, pepAd, pepF pepC, pepB, pepD gene, gene fragments thereof, homologous sequences thereto; or immediate
chromosomal coding region flanking sequences. A homologous sequence is a nucleic acid sequence having functional similarity
to one of the above enumerated sequences and having at least 99%, 98%, 97%, 96%, 95%, 94% 93%, 92%, 91%, 90%, 88%,
85%, 80%, 70% or 60% sequence identity to a derA, derB, htmA, mnn9, mnn10, ochA, dpp4, dpp5, pepAa, pepAb, pepAc,
pepAd, pepF, pepB, pepC or pepD gene or gene fragment thereof.

[0081] In some embodiments, wherein the genomic DNA is already known the 5' flanking fragment and the 3' flanking fragment of
the gene to be deleted is cloned by two PCR reactions, and in embodiments wherein the gene is disrupted, the DNA fragment is
cloned by one PCR reaction.

[0082] In some embodiments, the coding region flanking sequences include a range of about 1 bp to 2500 bp; about 1 bp to
1500 bp, about 1 bp to 1000 bp, about 1 bp to 500 bp, and 1 bp to 250 bp. The number of nucleic acid sequences comprising the
coding region flanking sequence may be different on each end of the gene coding sequence. For example, in some
embodiments, the 5' end of the coding sequence includes less than 25 bp and the 3' end of the coding sequence includes more
than 100 bp.

[0083] In some embodiments, the incoming sequence comprises a selective marker flanked on the 5' and 3' ends with a fragment
of the gene sequence. In other embodiments, when the DNA construct comprising the selective marker and gene, gene fragment
or homologous sequence thereto is transformed into a host cell, the location of the selective marker renders the gene non-
functional for its intended purpose. In some embodiments, the incoming sequence comprises the selective marker located in the
promoter region of the gene. In other embodiments, the incoming sequence comprises the selective marker located after the
promoter region of gene. In yet other embodiments, the incoming sequence comprises the selective marker located in the coding
region of the gene. In further embodiments, the incoming sequence comprises a selective marker flanked by a homology box on
both ends. In still further embodiments, the incoming sequence-includes a sequence that interrupts the transcription and/or
translation of the coding sequence. In yet additional embodiments, the DNA construct includes restriction sites engineered at the
upstream and downstream ends of the construct.

[0084] Whether the DNA construct is incorporated into a vector or used without the presence of plasmid DNA, it is used to
transform a microorganism, which results in an inactivated mutant, preferably having a stable and non-reverting inactivation of the
chromosomal gene. Methods used to ligate the DNA construct and to insert them into a suitable vector are well known in the art.
Linking is generally accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide
linkers are used in accordance with conventional practice. (See, Sambrook (1989) supra, and Bennett and Lasure, MORE GENE
MANIPULATIONS IN FUNGI, Academic Press, San Diego (1991) pp 70 - 76.). Additionally, vectors can be constructed using
known recombination techniques (e.g., invitrogen Life Technologies, Gateway Technology). Examples of suitable expression
and/or integration vectors that may be used are provided in Sambrook et al., (1989) supra, Ausubel (1987) supra, van den
Hondel et al. (1991) in Bennett and Lasure (Eds.) MORE GENE MANIPULATIONS IN FUNGI, Academic Press pp. 396-428 and
U.S. Patent No. 5,874,276. Particularly useful vectors include pFB6, pBR322, pUC18, pUC100 and pENTR/D.

[0085] In some embodiments, at least one copy of a DNA construct is integrated into the host chromosome. In some
embodiments, one or more DNA constructs are used to transform host cells. For example, one DNA construct may be used to
inactivate a derA gene and another construct may be used to inactivate a derB gene. Of course, additional combinations are
contemplated and provided.

[0086] Inactivation occurs via any suitable means, including deletions, substitutions (e.g., mutations), interruptions, and/or
insertions in the nucleic acid gene sequence and gene silencing mechanisms, such as RNA interference (RNAI). In one
embodiment, the expression product of an inactivated gene is a truncated protein with a corresponding change in the biological
activity of the protein. In preferred embodiments, the inactivation results in a loss of biological activity of the gene. In some
embodiments, the biological activity of the inactivated gene in a recombinant fungal cell will be less than 25% (e.g. 20%, 15%,
10%, 5% and 2%) compared to the biological activity of the same or functionally homologous gene in a corresponding parent
strain.

11
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[0087] In some preferred embodiments, inactivation is achieved by deletion and in other preferred embodiments inactivation is
achieved by disruption of the protein-coding region of the gene. In some embodiments, the gene is inactivated by homologous
recombination. As used herein, "deletion" of a gene refers to deletion of the entire coding sequence, deletion of part of the coding
sequence, or deletion of the coding sequence including flanking regions. The deletion may be partial as long as the sequences
left in the chromosome-render the gene functionally inactive. In preferred embodiments, a deletion mutant comprises deletion of
one or more genes that results in a stable and non-reverting deletion. Flanking regions of the coding sequence may include from
about 1 bp to about 500 bp at the 5' and 3' ends. The flanking region may be larger than 500 bp but will preferably not include
other genes in the region which may be inactivated or deleted. The end result is that the deleted gene is effectively non-
functional. In simple terms, a "deletion” is defined as a change in either nucleotide or amino acid sequence in which one or more
nucleotides or amino acid residues, respectively, have been removed (i.e., are absent). While not meant to limit the methods used
for inactivation in some embodiments, derA, derB, htmA, mnn9, mnn10, pepC, pepB and functionally homologous genes may be
inactivated by deletion.

[0088] A "disruption" is a change in a nucleotide or amino acid sequence, which has resulted in the addition of one or more
nucleotides or amino acid residues, respectively, as compared to the parent or naturally occurring sequence. In some
embodiments, the disruption may be by insertion of a marker gene into the protein-coding region in vitro through a restriction
enzyme site. Flanking regions of the coding sequence may include about 1 bp to about 500 bp at the 5' and 3' ends. The flanking
region may be larger than 500 bp, but will preferably not include other genes in the region. The DNA constrict aligns with the
homologous sequence of the host chromosome and in a double crossover event the translation or transcription of the gene is
disrupted. For example, ochA chromosomal gene is aligned with a plasmid comprising the gene or part of the gene coding
sequence and a selective marker. In some embodiments, the selective marker is located within the gene coding sequence or on a
part of the plasmid separate from the gene. The vector is integrated into the host chromosome, and the gene is inactivated by the
insertion of the marker in the coding sequence. While not meant to limit the methods used for inactivation, in some embodiments
ochA, dpp4, dpp5, pepAa, pepAb, pepAc, pepAd, pepF, pepD and functionally homologous sequences may be inactivated by this
method.

[0089] An "insertion" or "addition" is a change in a nucleic acid or amino acid sequence in which one or more nucleotides or
amino acid residues have been added as compared to the endogenous chromosomal sequence or protein product. In some
embodiments inactivation is by insertion in a single crossover event with a plasmid as the vector. For example, the vector is
integrated into the host cell chromosome and the gene is inactivated by the insertion of the vector in the protein-coding sequence
of the gene or in the regulatory region of the gene.

[0090] In alternative embodiments, inactivation results due to mutation of the gene. Methods of mutating genes are well known in
the art and include but are not limited to site-directed mutation, generation of random mutations, and gapped-duplex approaches
(See e.g., US. Pat. 4,760,025, Moring et al., Biotech. 2:646 [1984]; and Kramer et al., Nucleic Acids Res., 12:9441 [1984]).

Host Cells -

[0091] The host cell is preferably a filamentous fungal cell (See, Alexopoulos, C. J. (1962), INTRODUCTORY MYCOLOGY,
Wiley, New York) preferred filamentous fungal cells include Aspergillus sp., (e.g., A, oryzae, A. niger, A. awamori, A. nidulans, A.
sojae, A. japonicus, A. kawachi and A. aculeatus); Rhizopus sp., Trichoderma sp. (e.g., Trichoderma reesei (previously classified
a s T. longibrachiatum and currently also known as Nypocrea jecorina), Trichoderma viride, Trichoderma koningii, and
Trichoderma harzianums)) and Mucor sp. (e.g., M. miehei and M. pusillus). Most preferred host cells are Aspergillus niger cells.
In some embodiments, particular strains of Aspergillus niger include ATCC 22342 (NRRL 3112), ATCC 44733, and ATCC 14331
and strains derived there from. In some embodiments, the host cell is one that is capable of expressing a heterologous gene. The
host cell may be a recombinant cell, which includes a heterologous protein. In other embodiments, the host is one that
overexpresses a protein that has been introduced into the cell. In some embodiments, the host strain is a mutant strain deficient
in one or more genes such as genes corresponding to protease genes other than the protease genes disclosed herein. For
example a preferred host is an Aspergillus niger in which a gene encoding the major secreted aspartyl protease, such as
aspergillopepsin has been deleted (U.S. Pat. Nos. 5,840,570 and 6,509,171).

Methods of Determining Gene Inactivations -

[0092] One skilled in the art may use various methods to determine if a gene has been inactivated. One method which can be
used is the phenol/chloroform method described in Zhu (Zhu et al., Acat Mycologica Sinica 13:34-40 [1994]). Briefly, in this
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method the genomic DNA is used as a template for PCR reactions. Primers are designed so that one primer anneals to a
selectable marker gene (e.g., a hygromycin resistant marker gene, hph) and a second primer anneals to a sequence further 3'
from the DNA homologous fragment at the 3' end of the gene. An inactivated mutant will produce a specific PCR product when its
genomic DNA is used as a PCR reaction template as opposed to the corresponding parent strain (having an non-inactivated
gene) which will not generate PCR fragments when its genomic DNA is used as a template. In addition the PCR fragment from the
inactivated mutant may be subjected to DNA sequencing to confirm the identity if the inactivated gene. Other useful methods
include Southern analysis and reference is made to Sambrook (1989) supra.

Proteins of Interest -

[0093] In some embodiments an inactivated mutant encompassed will overexpress a homologous protein of interest and in other
embodiments an inactivated mutant will express a heterologous protein of interest.

[0094] In some embodiments, the protein of interest is intracellular while in other embodiments, the protein of interest is a
secreted polypeptide. In addition the protein of interest may be a fusion or hybrid protein. Preferred polypeptides include
enzymes, including, but not limited to those selected from amylolytic enzymes, proteolytic enzymes, cellulytic enzymes,
oxidoreductase enzymes and plant cell-wall degrading enzymes. More particularly, these enzyme include, but are not limited to
amylases, glucoamylases, proteases, xylanases, lipases, laccases, phenol oxidases, oxidases, cutinases, cellulases,
hemicellulases, esterases, perioxidases, catalases, glucose oxidases, phytases, pectinases, glucosidases, isomerases,
transferases, galactosidases and chitinases. Particularly preferred enzymes include but are not limited to amylases,
glucoamylases, proteases, phenol oxidases, cellulases, hemicellulases, glucose oxidases and phytases. In some particularly
preferred embodiments, the polypeptide of interest is a protease, cellulase, glucoamylase or amylase. These enzymes are well
known in the art.

[0095] In some embodiments, the protein of interest is a secreted polypeptide, which is fused to a signal peptide (i.e., an amino-
terminal extension on a protein to be secreted). Nearly all secreted proteins use an amino- terminal protein extension, which plays
a crucial role in the targeting to and translocation of precursor proteins across the membrane. This extension is proteolytically
removed by a signal peptidase during or immediately following membrane transfer.

[0096] In some embodiments the polypeptide of interest is a protein such as a protease inhibitor, which inhibits the action of
proteases. Protease inhibitors are known in the art, for example the protease inhibitors belonging to the family of serine proteases
inhibitors which are known to inhibit trysin, cathepsinG, thrombin and tissue kallikrein. Particularly preferred protease inhibitors
include Bowman-Birk inhibitors and soybean trypsin inhibitors (See, Birk, Int. J. Pept. Protein Res. 25:113-131 [1985]; Kennedy,
Am. J. Clin. Neutr. 68:1406S-1412S [1998] and Billings et al., Proc. Natl. Acad. Sci. 89:3120 - 3124 [1992]).

[0097] In some embodiments, the polypeptide of interest is selected from hormones, antibodies, growth factors, receptors,
cytokines, etc. Hormones include but are not limited to, follicle-stimulating hormone, luteinizng hormone, corticotropin-releasing
factor, somatostatin, gonadotropin hormone, vasopressin, oxytocin, erythropoietin, insulin and the like. Growth factors include, but
are not limited to platelet-derived growth factor, insulin-like growth factors, epidermal growth factor, nerve growth factor, fibroblast
growth factor, transforming growth factors, cytokines, such as interleukins (e.g., IL-1 through IL-13), interferons, colony
stimulating factors, and the like. Antibodies include but are not limited to immunoglobulins obtained directly from any species from
which it is desirable to produce antibodies. In addition, the present disclosure encompasses modified antibodies. Polyclonal and
monoclonal antibodies are also encompassed. In particularly preferred embodiments, the antibodies or fragments thereof are

humanized antibodies, such as anti-p185He'2 and HulD10-.

[0098] In a further embodiment, the nucleic acid encoding the protein of interest will be operably linked to a suitable promoter,
which shows transcriptional activity in a fungal host cell. The promoter may be derived from genes encoding proteins either
homologous or heterologous to the host cell. The promoter may be a truncated or hybrid promoter. Further the promoter may be
an inducible promoter. Preferably, the promoter is useful in a Trichoderma host or an Aspergillus host. Suitable nonlimiting
examples of promoters include cbh1, cbh2, egl1, egt2, xyn1 and amy. In one embodiment, the promoter is one that is native to the
host cell. Other examples of useful promoters include promoters from the genes of A. awamori and A. niger glucoamylase genes
(g/aA) (Nunberg et al., (1984) Mol. Cell Biol. 4:2306-2315 and Boel et al., (1984) EMBO J. 3:1581-1585); Aspergillus oryzae
TAKA amylase; Rhizomucor miehei aspartic proteinase; Aspergillus niger neutral alpha-amylase; Aspergillus niger acid stable
alpha-amylase; Trichoderma reesei xin1 and the cellobiohydrolase 1 gene promoter (EPA 137280A1) and mutant, truncated and
hybrid promoters thereof.
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[0099] In some preferred embodiments, the polypeptide coding sequence is operably linked to a signal sequence which directs
the encoded polypeptide into the cell's secretory pathway. The 5' end of the coding sequence may naturally contain a signal
sequence naturally linked in translation reading frame with the segment of the coding region which encodes the secreted
polypeptide. The DNA encaoding the signal sequence is preferably that which is naturally associated with the polypeptide to be
expressed. Preferably, the signal sequence is encoded by an Aspergillus niger alpha-amylase, Aspergillus niger neutral amylase
or Aspergillus niger glucoamylase. In some embodiments, the signal sequence is the Trichoderma cdh1 signal sequence which is
operably linked to a cdh1 promoter.

Transformation of Fungal Cells -

[0100] Introduction of a DNA construct or vector into a host cell includes techniques such as transformation; electroporation;
nuclear microinjection; transduction; transfection, (e.g., lipofection mediated and DEAE-Dextrin mediated transfection); incubation
with calcium phosphate DNA precipitate; high velocity bombardment with DNA-coated microprojectiles; agrobacterium mediated
transformation and protoplast fusion. General transformation techniques are known in the art (See, e.g., Ausubel et al., (1987),
supra, chapter 9; and Sambrook (1989) supra, Campbell et al., (1989) Curr. Genet. 16:53-56 and THE BIOTECHNOLOGY OF
FILAMENTOUS FUNGI, Chap. 6. Eds. Finkelstein and Ball (1992) Butterworth and Heinenmann). The expression of heterologous
protein in Trichoderma is described in USP 6,022,725; U.S. Pat. No. 6,268,328; Harkki et al. (1991); Enzyme Microb. Technol.
13:227-233; Harkki et al., (1989) Bio Technol. 7:596-603; EP 244,234; EP 215,594 ; and Nevalainen et al., "The Molecular Biology
of Trichoderma and its Application to the Expression of Both Homologous and Hetero/ogous Genes", in MOLECULAR
INDUSTRIAL MYCOLOGY, Eds. Leong and Berka, Marcel Dekker Inc., NY (1992) pp. 129 - 148). Reference is also made to Cao
et al., (2000) Sci. 9:991 - 1001 and USP 6,509,171 for transformation of Aspergillus strains. Transformants are then purified by
known techniques.

Cell Culture -

[0101] The fungal cells may be grown in conventional culture medium. The culture media for transformed cells may be modified
as appropriate for activating promoters and selecting transformants. The specific culture conditions, such as temperature, pH and
the like will be apparent to those skilled in the art. Preferred culture conditions may be found in the scientific literature such as
Sambrook, (1982) supra, and from the American Type Culture Collection. Additionally, fermentation procedures for production of
heterologous proteins are known per se in the art. For example, proteins can be produced either by solid or submerged culture,
including batch, fed-batch and continuous-flow processes. Fermentation temperature can vary somewhat, but for filamentous
fungi such as Aspergillus niger the temperature generally will be within the range of about 20°C to 40°C, generally preferably in
the range of about 28°C to 37°C, depending on the strain of microorganism chosen. The pH range in the aqueous microbial
ferment (fermentation admixture) should be in the exemplary range of about 2.0 to 8.0. With filamentous fungi, the pH normally is
within the range of about 2.5 to 8.0; with Aspergillus niger the pH normally is within the range of about 4.0 to 6.0, and preferably in
the range of about 4.5 to 5.5. While the average retention time of the fermentation admixture in the fermentor can vary
considerably, depending in part on the fermentation temperature and culture employed, generally it will be within the range of
about 24 to 500 hours, preferably presently about 24 to 400 hours. The type of fermentor employed is not critical, though
presently preferred is operation under 15L Biolafitte (Saint-Germain-en-Laye, France).

Methods for Determining Expressed Protein Activity -

[0102] Various assays are known to those of ordinary skill in the art for detecting and measuring activity of intracellularly and
extracellularly expressed polypeptides. Means for determining the levels of secretion of a protein of interest in a host cell and
detecting expressed proteins include the use of immunoassays with either polyclonal or monoclonal antibodies specific for the
protein. Examples include enzyme-linked immunosorbent assay (ELISA), radicimmunoassay (RIA), fluorescence immunoassay
(FIA), and fluorescent activated cell sorting (FACS). However, other methods are known to those in the art and find use in
assessing the protein of interest (See e.g., Hampton et al., SEROLOGICAL METHODS, A LABORATORY MANUAL, APS Press,
St. Paul, MN [1990]; and Maddox et al., J. Exp. Med., 158:1211 [1983]). In some preferred embodiments, the expression and/or
secretion of a protein of interest are enhanced in an inactivated mutant. In some embodiments the production of the protein of
interest is at least 100%, at least 95%, at least 90%, at least 80%, at least 70%, at least 60%, at least 50%, at least 40%, at least
30%, at least 20%, at least 15%, at least 10%, at least 5% and at least 2% greater in the inactivated mutant as compared to the
corresponding parent strain.
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Protein Recovery -

[0103] Once the desired protein is expressed and, optionally, secreted the protein of interest may be recovered and further
purified. The recovery and purification of the protein of interest from a fermentation broth can be done by procedures known per
se in the art. The fermentation broth will generally contain cellular debris, including cells, various suspended solids and other
biomass contaminants, as well as the desired protein product.

[0104] Suitable processes for such removal include conventional solid-liquid separation techniques such as, e.g., centrifugation,
filtration, dialysis, microfiltration, rotary vacuum filtration, or other known processes, to produce a cell-free filtrate. It may be
preferable to further concentrate the fermentation broth or the cell-free filtrate prior to crystallization using techniques such as
ultrafiltration, evaporation or precipitation.

[0105] Precipitating the proteinaceous components of the supernatant or filtrate may be accomplished by means of a salt,
followed by purification by a variety of chromatographic procedures, e.g., ion exchange chromatography, affinity chromatography
or similar art recognized procedures. When the expressed desired polypeptide is secreted the polypeptide may be purified from
the growth media. Preferably the expression host cells are removed from the media before purification of the polypeptide (e.g. by
centrifugation).

[0106] When the expressed recombinant desired polypeptide is not secreted from the host cell, the host cell is preferably
disrupted and the polypeptide released into an aqueous "extract" which is the first stage of purification. Preferably the expression
host cells are collected from the media before the cell disruption (e.g. by centrifugation).

[0107] The manner and method of carrying out the present disclosure may be more fully understood by those of skill in the art by
reference to the following examples, which examples are not intended in any manner to limit the scope of the claims.

EXPERIMENTAL

[0108] The following Examples are provided in order to demonstrate and further illustrate certain preferred embodiments and
aspects of the present disclosure and are not to be construed as limiting the scope thereof.

[0109] In the experimental disclosure which follows, the following abbreviations apply: °C (degrees Centigrade); HyO (water);
dH20 (deionized water); (HCI (hydrochloric acid); aa (amino acid); bp (base pair); kb (kilobase pair); kD (kilodaltons); gm (grams);
Mg (micrograms); mg (milligrams); pl (microliters); ml (milliliters); mm (millimeters); pm (micrometer); M (molar); mM (millimolar); uM
(micromolar); MW (molecular weight); sec (seconds); min(s) (minute/minutes); hr(s) (hour/hours); NaCl (sodium chloride); PBS
(phosphate buffered saline [150 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); PCR (polymerase chain reaction); SDS
(sodium dodecyl sulfate); wiv (weight to volume); v/v (volume to volume); ATCC (American Type Culture Collection, Rockville,
MD); BD BioSciences (Previously CLONTECH Laboratories, Palo Alto, CA); Invitrogen (Invitrogen Corp., San Diego, CA); and
Sigma (Sigma Chemical Co., St. Louis, MO).

[0110] Table 1 below illustrates the primers (and their sequence identification) used in the examples to make the corresponding
gene inactivations

TABLE 1
Gene Primer Sequence (5' to 3') SEQID NO:
derA P1a TAGTTAACTCGTCGTCTCCTGGCGGC 33
P2a AGGTCGACGAAGTATAGGAAGGTTGTGAACAG 34
T1a AGGGATCCACGTCTGGTACTTCTTCAACG 35
T2a TCTCGCGATTGGATCAAACCATACGATAC 36
Phph GAGGGCAAAGGAATAGAGTAG 37
PT-outa CTCAGGCAGAGAAGTATTGTC 38
derB P1b CGGTTAACCAGATGGATTTGTCTAATAAGCAG 39
P2b TGGTCGACGGAGGACATTTTGATTG 40
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Gene

Primer Sequence (5' to 3°)

SEQID NO:

T1b AGGGATCCCTAAAGATTATCCGCTTAGTCC

41

T2b AAGATATCCATCCAAGCTATGCCACATTTTCCTCC

42

PT-oUTh TAGAAGTGGGCATCAAATAG

43

htmA

P1c CGGTTAACATATCATATTCGCGATTGGAGTTAC

44

P2c TATCTCGAGCAAAAGAAATACAGATGAAG

45

T1c ATGGATCCTAAAGTGCAAGTGTTCGAGACGGTG

46

T2c AATGATATCCCGCAGTACCATCTCTCC

47

PT-ouTc TCTTGGGGATAATTAGAGGGTG

48

mnn9

P1d TAGTTAACAGCCCGCCAAAGTCACAAAG

49

P2d AGGTCGACAAGGAGATGAGGAGGAAG

50

T1d TTGGATCCGTCTACGGCTTGCCTGATTAC

51

T2d ACCTCGCGACTTCACTCACAACATTACC

52

PT-oUTd CCGACAAGGACGACGAGAAGG

53

mnn0

P1e TCATGCTATTCCTCTTCCGTC

54

P2e AGGCATGCACAAGATGTCAGTG

55

T1e AGGGATCCGGAATTGAACTTGATA

56

T2e TGGTTTAGGATGATGTTGCTGAC

57

PT-0UTe TGAATGATACGGTTGGTGATGTTC

58

ochA

Pf TAGTTAACACAGCTGTCTGCCAG

59

Tf AGGTTAACATATGTCAAGAGATCAAAGTGC

60

PT-outf ACAGCAAGATGTTGTCGTTC

61

app4

Pg AGTCGCGAGATGTAGAAGAGGGAGAAG

62

Tg AGTCGCGAGCGTGTTTTGAATGTG

63

PT-oUTg TCTGGATAGAAATGCAAATCGTAG

64

dpp5

Ph TGCCAGGTCCAGCCTTACAAAGAAG

65

ThACGATATCAGCATCCACAACACCCATAATC

66

PT-outh TCGTTATAGCTTCGTACACAATG

67

pepAa

Pi GCACTTCTTTCCCCTITITGTTTAC

68

Ti AGGTTAACTTGAATTGTAGATACAGCCAC

69

PT-ouTi TCATGGATTAGGGTTAGAAAGAGTG

70

pepAb

Pj ACGTTAACCATATCACAGCTATATCCCC

71

TjACGTTAACGCCAGGTCCTCCTICTGC

72

PT-0UT) GGAGAGATAGGACGTAAACTTCATG

73

pepAd

Pk TGGTTAACTCGTAAGTAGGTAGGCTGTAC

74

Tk ATGTTAACCCGAGGTGCTGCTTG

75

PT-0uTk AGAGCAGAGAAGAAATACTGAGGAG

76

pepF

PIAGGTTAACTTGGCTTGGCGAAGCAAACTC

77

TIAGGTTAACATCAGCGCGGTCAAAGTAG

78

PT-ouTl TCTGACGGGAGCGGACAGTCATG

79

pepB

P1m CCGTTAACCCTCCACGTATTCCAATATACC

80

P2m AAGTCGACACCAGTCTGGAGAATAGCGG

81

T1m CGGGATCCTTGAGGGTGATCTTTGCGAGACCAAC

82
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Gene Primer Sequence (5' to 3°) SEQID NO:
T2m GGGTTAACATGTCGCATTACTCCTGGCTGAAG 83
PT.oUTm TCGTTATAGCTTCGTACACAATG 84
pepC P1 n AAGTTAACCGTTTCCGTAGCATTGCCCG 85
P2n TCGTCGACAGTGAGTTCCGTGACCATTGCC 86
T1n CTGGATCCAAGCTGAAGAAGAACATCATCG 87
T2n TAGATATCTGTCTATTCTATATGAAGCCCCTC 88
PT.outh ATACAGCACAGTCTATCAATATGAG 89
pepD Po TAAGGCCTAGCAAGCAATCAGTG 90
To AACAGAAAGGACCAATAACAAACGG 91
PT-0UTo ACAAGAACCTGTCTCCAGTATGAG 92
pepAc  {Pp TGGTTAACGAGGGATTGCTCTATTG 93
Tp TGGTTAACTGTGCTATGCTATTIGGTG 94
PT.outp TCTGCTCGTCGGTGGTTGTG 95
EXAMPLE 1

Creation of Aspergillus Deletion Constructs and Strains

[0111] Yeast genes known to be involved in endoplasmic reticulum (ER) degradation [Der1 gene (M. Knop et al, [1996] EMBO J.
15:753-763), Der2 gene (Hiler et al, [1996] Science 273:1725-1728) and Him1 gene (C. Jakob et al, [2001] EMBO report 21:423-
430)] and glycosylation [(Mnn9 gene (Yip et al., [1994] Proc.Natl Acad. Sci. 91:2723-2727 , Mnn10 (Dean et al., [1996] Glycobiol.
6:73-81 and Och1 (Nakayama et al. [1992] EMBO J 11:2511-2519)] were used to search an Aspergifilus genomic sequence
database to find homologous genes. The ddp4 and dpp5 genes were from the Aspergillus genomics database based on the
annotation of the genes. Aspergillus niger pepA gene (Berka et al. [1990] Gene 86:153-162) was used to search the Aspergillus
genomic sequence database to find homologous genes (pepAa, pepAb, pepAc and pepAd). A. niger pepB (Inoue et al. [1991] J.
Biol. Chem 266:19484-19489); pepC (Frederick et al., [1993] Gene 125:57-64); pepD (Jarai et al., [1994] Gene 139:51 - 57) and
pepF (van den Hombergh et al., [1994] Gene 151:73-79) can be found in public databases.

a. Deletion of the derAgene.

[0112] Fig. 1 (SEQ ID NO: 1) sets forth the 2400 bp genomic DNA sequence of the Aspergillus derA gene and Fig. 2 (SEQ ID
NO: 2) sets forth the 246 amino acids sequence translated from the derA genomic DNA of Fig. 1.

[0113] To construct the deletion plasmid, two pairs of PCR primers were designed. The first pair of PCR primers amplify the
promoter region of the gene and they are indicated in Table 1 as SEQ ID NO: 33 (P1 a) and SEQ ID NO: 34 (P2a). The second
pair of PCR primers amplifies the terminator region of gene and they are indicated in Table 1 as SEQ ID NO: 35 (T1a) and SEQ
ID NO: 36 (T2a). The terminator fragment DNA sequence (T1) was amplified in PCR using the following conditions: the PCR tube
was heated at 94°C for 3 minutes to denature template DNA. Then, the PCR reaction was run at 94°C for 1 minute, 57°C for 1
minute and 72°C for 1 minute 30 seconds and this cycle was repeated 30 times. Finally, PCR reaction was extended at 72C for 10
minutes before the tube was incubated at 4°C. The ends of the T1 fragment were then filled in with T4 DNA polymerase and then
cut with restriction enzyme (BamH1). This modified PCR fragment was then cloned to pMW1 (Urrich Kuck et al., [1989] Appl.
Micorbiol. Biotechnol. 31:358-365) to construct plasmid pMW1-T 1(derA).

[0114] The promoter DNA sequence, (the P1 fragment), was amplified in PCR reaction using the same condition as the T1
fragment with two primers (SEQ ID NO: 33 and SEQ ID NO: 34). The ends of the P1 fragment were then filled in with T4 DNA
polymerase and cut with restriction enzyme Sail. This modified PCR fragment was cloned to pMW1-T1(derA) to generate pMW1-
AderA. The plasmid was analyzed by restriction enzyme digestion to confirm its identity. The plasmid was linearized by two
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restriction enzymes digestion (Hapl and Nrul).

[0115] The digested DNA fragment was used to transform a derivative of an AP-4 Aspergillus niger strain (Ward et al. [1993]
Appli. Microbiol. Biotechnol 39:738-743) comprising an expression plasmid expressing Tramete versicolor laccase under the
glucoamylase promoter and terminator control.

[0116] Figure 33A illustrates the general strategy used to make the deletion plasmids used in the examples provided and as
described in detail herein.

[0117] The transformation protocol utilized was a modification of the Campbell method (Campbell et at. 1989. Curr. Genet.
16:53-56) wherein the beta-D-glucinase G (InterSpex Products, Inc. San Mateo, CA) was used to produce protoplasts and pH was
adjusted to 5.5. All solutions and media were either autoclaved or filter sterilized through a 0.2 micron filter. The DNA was
extracted from transformants using a phenol/chloroform method (Zhu et al. 1993. Nucleic Acid Res. 21:5279-80). The deletion
strain was detected by PCR using two primers SEQ ID NO: 37 (Pppp) and SEQ ID NO: 38 (Ptouta), which gave a specific PCR
product of 1064 bp when the DNA from the deletion strain was used as template for PCR amplification while no band was seen
when the DNA was from the parent strain (Fig. 34).

b. Deletion of the derB gene.

[0118] Fig. 3 (SEQ ID NO: 3) sets forth the 2673 bp genomic DNA sequence of the Aspergillus derB gene and Fig. 4 (SEQ ID
NO: 4) sets forth the 166 amino acid sequence translated from the derA genomic DNA of Fig. 3. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0119] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 39 (P1b) and
SEQ ID NO: 40 (P2b). The second pair of primers used to amplify the terminator region are designated in Table 1 as SEQ ID NO:
41 (T1b) and SEQ ID NO: 42 (T2b). In this example, the ends of the T2 fragment were filled in with T4 DNA polymerase and then
cut with restriction enzyme (BamHI). The modified PCR fragment was then cloned to pMW1 to construct plasmid pMW1-T2(derB).
The P2 fragment was amplified in PCR reaction using the same conditions as the P1 fragment. The ends of the P2 fragment were
then filled in with T4 DNA polymerase and cut with restriction enzyme Sall.

[0120] This modified PCR fragment was cloned to pMW1-T2(derB) to generate pMW1-AderB. The plasmid was analyzed by
restriction enzyme as described above in Example 1a. The plasmid was linearized by two restriction enzymes digestion (Hpal and
EcoRV).

[0121] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1 A. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 43
(Pt-outb), which gave a specific PCR product of 694 bp when the DNA from the deletion strain was used as template for PCR
amplification while no band was seen when the DNA was from the parent strain. However, the wild type band was also identified
from the deletion strain.

c. Deletion of the htmA gene.

[0122] Fig. 5 (SEQ ID NO: 5) sets forth the 7000 bp genomic DNA sequence of the Aspergillus htmA gene and Fig. 6 (SEQ ID
NO: 8) sets forth the 1076 amino acid sequence translated from the himA genomic DNA of Fig. 5. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0123] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 44 (P1c) and
SEQ ID NO: 45 (P2c). The second pair of primers used to amplify the terminator region are designated-in Table 1 as SEQ ID NO:
46 (T1c) and SEQ ID NO: 47 (T2c). In this example, the P3 and T3 fragments were amplified in PCR reactions using the same
conditions as the P1 and T1 fragments. The ends of the T3 fragment were filled in with T4 DNA polymerase and then cut with
restriction enzyme (BamHl). The modified PCR fragment was then cloned to pMW1 to construct plasmid pMW1-T3(htmA). The
ends of the P3 fragment were then filled in with T4 DNA polymerase and cut with restriction enzyme Xhol. This modified PCR
fragment was cloned to pMW1-T3(htmA) to generate pMW1-AhtmA. The plasmid was analyzed by restriction enzyme as described
above in Example 1a. The plasmid was linearized by two restriction enzymes digestion (Hpal and EcoRV).
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[0124] The digested DNA fragment was used to transform Aspergillus niger GAP3-4 (Ward et al. [1993] Appl. Microbiol.
Biotechnol. 39:738 - 743) and DNA was extracted from the transformants as described above for example 1A. The deletion strain
was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 48 (Ptoutc), Which gave a specific PCR product of
1497bp when the DNA from the deletion strain was used as template for PCR amplification while no band was seen when the DNA
was from the parent strain.

d. Deletion of the mnn9 gene.

[0125] Fig. 7 (SEQ ID NO: 7) sets forth the 4947 bp genomic DNA sequence of the Aspergillus mnn9 gene and Fig. 8 (SEQ ID
NO: 8) sets forth the 369 amino acid sequence translated from the mnn9 genomic DNA of Fig. 7. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0126] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 49 (P1d) and
SEQ ID NO: 50 (P2d). The second pair of primers used to amplify the terminator region are designated in Table 1 as SEQ ID NO:
51 (T1d)and SEQ ID NO: 52 (T2d).

[0127] In this example, the ends of the P4 fragment were filled with T4 DNA polymerase and then cut with restriction enzyme
(8all). The modified PCR fragment was cloned to pMW1 to construct plasmid pMW1-P4 (mnn9). The ends of the T4 fragment
were filled in with T4 DNA polymerase and then cut with restriction enzyme (BamHl). The modified PCR fragment was then cloned
to pMW1-P(mmn9) to generate plasmid pMW1-Amnn9. The plasmid was analyzed by restriction enzyme as described above in
Example 1a. The plasmid was linearized by two restriction enzymes (Hpal and Nrul).

[0128] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 53
(Ptoutd), which gave a specific PCR product of 1330 bp when the DNA from the deletion strain was used as template for PCR
amplification (Fig. 34A, lane 7). No band was seen when the DNA was from the parent strain (Fig. 34A, lane 3).

e. Deletion of the mnn10 gene.

[0129] Fig. 9 (SEQ ID NO: 9) sets forth the 4524 bp genomic DNA sequence of the Aspergillus mnn10 gene and Fig. 10 (SEQ ID
NO: 10) sets forth the 466 amino acid sequence translated from the mnn10 genomic DNA of Fig. 9. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0130] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 54 (P1e) and
SEQ ID NO: 55 (P2e). The second pair of primers used to amplify the terminator region are designated in Table 1 as SEQ ID NO:
56 (T1e) and SEQ ID NO: 57 (T2e).

[0131] In this example, the ends of the P5 fragment were filled in with T4 DNA polymerase and then cut with restriction enzyme
(Sphl). The modified PCR fragment was then cloned to pMW1 to construct plasmid pMW1-P5 (mnn10). The ends of the T5
fragment were filled in with T4 DNA polymerase and then cut with restriction enzyme (BamHl). The modified PCR fragment was
cloned to pMW1-P5(mnn10) to generate plasmid pMW1-Amnn10. The plasmid was analyzed by restriction enzyme as described
above in Example 1a. The plasmid was linearized by two restriction enzymes (Nrul and EcoRV).

[0132] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1 a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 53
(Ptoute), which gave a specific PCR product of 1295 bp when the DNA from the deletion strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

f, Disruption of the ochA gene.

[0133] Fig. 11 (SEQ ID NO: 11) sets forth the 6724 bp genomic DNA sequence of the Aspergillus ochA gene and Fig. 12 (SEQ ID
NO: 12) sets forth the 380 amino acid sequence translated from the ochA genomic DNA of Fig. 11. The disruption plasmids were
constructed as described above for Example 1 a with the following differences.
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[0134] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 59 (Pf) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 60 (Tf). Using these primers, the coding region of the
ochA gene including the promoter region of 80 bp and terminator region of 624 bp was amplified. The DNA sequence, named the
W6 fragment, was amplified in a PCR reaction using the following conditions: The PCR tube was heated at 94°C for 4 min to
denature template DNA, the PCR reaction was then run at 94°C for 1 min, 55°C for 2 min, and 72°C for 1 min 30 sec and this
cycle was repeated 30 times. The PCR reaction was extended at 72°C for 10 min before the tube was incubated at 4°C. The
produced 1787 bp PCR-fragment W6 was cloned to pBS-T, a TA vector derived from pBlue-script (Tian Wei Biotech. Co. Ltd) to
construct plasmid pBS-W6(ochA). The DNA fragment containing the hygromycin resistant gene was inserted into the coding
region of the ochA gene at the EcoRV site to generate pBS-disruption ochA. The plasmid was linearized by restriction enzyme
(Hpal) digestion.

[0135] Figure 33B illustrates the general strategy used to make the disruption plasmids used in the examples provided and as
described in detail herein.

[0136] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 61
(Pt-outl), Wwhich gave a specific PCR product of 1336 bp when the DNA from the disruption strain was used as template for PCR

amplification (Fig. 34B, lane 7), while no band was seen when the DNA was from the parent strain (Fig. 34B, lane 3).

d. Disruption of the dpp4 gene.

[0137] Fig. 13 (SEQ ID NO: 13) sets forth the 3989 bp genomic DNA sequence of the Aspergillus ddp4 gene and Fig. 14 (SEQ ID
NO: 14) sets forth the 915 amino acid sequence translated from the dpp4 genomic DNA of Fig. 13. The disruption plasmids were
constructed as described above for Example 1f with the following differences.

[0138] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 62 (Pg) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 63 (Tg). Using these primers, the 950 - 3356 bp region of
the coding region (817 - 3663) of the ddp4 gene was amplified.

[0139] The produced 2407 bp PCR fragment W7 was cloned to pBS-T to construct plasmid pBS-W7(ddp4). The DNA fragment
containing the hygromycin resistant gene was inserted into the coding region of the dpp4 gene at the EcoRI-EcoRI (2175 -2257
bp) site to generate pBS-disruption dpp4. The plasmid was linearized by restriction enzyme digestion (Nrul).

[0140] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 64
(Pt-out9), Which gave a specific PCR product of 1191 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

h. Disruption of the dgp5 gene.

[0141] Fig. 15 (SEQ ID NO: 15) sets forth the 2647 bp genomic DNA sequence of the Aspergillus dpp5 gene and Fig. 16 (SEQ ID
NO: 16) sets forth the 726 amino acid sequence translated from the dpp5 genomic DNA of Fig. 15. The disruption plasmids were
constructed as described above for Example-1f with the following differences.

[0142] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 65 (Ph) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 66 (Th).

[0143] Using these primers, the 195-2490 bp region of the coding region (1 - 2647bp) of the dpp5 gene was amplified. The
produced 2295 bp PCR fragment W8 was cloned to pBS-T to construct plasmid pBS-W8(dpp5). The DNA fragment containing the
hygromycin resistant gene was inserted into the coding region of the dpp5 gene at the Bglll site to generate pBS-disruption dpp5.
The plasmid was linearized by restriction enzyme (EcoRV) digestion.

[0144] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 67
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(Ptouth), which gave a specific PCR product of 1282 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

i. Disruption of the pepAa gene.

[0145] Fig. 17 (SEQ ID NO: 17) sets forth the 2777 bp genomic DNA sequence of the Aspergillus pepAa gene and Fig. 18 (SEQ
ID NO: 18) sets forth the 394 amino acid sequence translated from the pepAa genomic DNA of Fig. 17.

[0146] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 68 (Pi) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 69 (Ti).

[0147] Using these primers, the coding region of the pepAa gene and some promoter region (355 bp) and terminator region (326
bp) was amplified. The DNA sequence, named as the W9 fragment was amplified in a PCR reaction as described above for
Example 1f with the following differences.

[0148] The produced 1920 bp PCR fragment W9 was cloned to pBS-T to construct plasmid pBS-W9(pepAa). The DNA fragment
containing the hygromycin resistant gene was inserted into the coding region of the pepAa gene at the BstBlI site to generate
pBS-disruption pepAa. The plasmid was linearized by restriction enzyme (Hpal) digestion.

[0149] The digested DNA fragment was used to transform Aspergiflus niger and DNA was extracted from the transformants as
described above for example 1 a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 70
(Pt-outi), which gave a specific PCR product of 1140 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

j- Disruption of the pepAb gene.

[0150] Fig. 19 (SEQ ID NO: 19) sets forth the 3854 bp genomic DNA sequence of the Aspergiflus pepAb gene and Fig. 20 (SEQ
ID NO: 20) sets forth the 417 amino acid sequence translated from the pepAb genomic DNA of Fig. 19.

[0151] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 71 (Pj) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 72 (Tj).

[0152] Using these primers, the coding region of the pepAb gene and some promoter region (1025 bp) was amplified. The DNA
sequence, named as the W10 fragment was amplified in a PCR reaction as described above for Example 1f with the following
differences.

[0153] The produced 2170 bp PCR fragment W10 was cloned to pBS-T to construct plasmid pBS-W10(pepAb). The DNA
fragment containing the hygromycin resistant gene was inserted into the coding region of the pepAb gene at the Eco47lll site to
generate pBS-disruption pepAb. The plasmid was linearized by restriction enzyme (Hpal) digestion.

[0154] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 73
(Pt-outi), which gave a specific PCR product of 1191 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

k. Disruption of the pepAd gene.

[0155] Fig. 21 (SEQ ID NO: 21) sets forth the 2411 bp genomic DNA sequence of the Aspergillus pepAd gene and Fig. 22 (SEQ
ID NO: 22) sets forth the 480 amino acid sequence translated from the pepAd genomic DNA of Fig. 21.

[0156] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 74 (Pk) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 75 (Tk).
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[0157] Using these primers, the 1201 bp coding region of the 1443 bp pepAd gene and some promoter region (858 bp) was
amplified. The DNA sequence, named as the W11 fragment was amplified in a PCR reaction as described above for Example 1f
with the following differences.

[0158] The produced 2059 bp (23 - 2081 bp) PCR fragment W11 was cloned to pBS-T to construct plasmid pBS-W11 (pepAd).
The DNA fragment containing the hygromycin resistant gene was inserted into the coding region of the pepAd gene at the Aaul
site to generate pBS-disruption pepAd. The plasmid was linearized by restriction enzyme (Hpal) digestion.

[0159] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 76
(Pt.outh), which gave a specific PCR product of 1086 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

|. Disruption of the pepFgene.

[0160] Fig. 23 (SEQ ID NO: 23) sets forth the 3525 bp genomic DNA sequence of the Aspergillus pepF gene and Fig. 24 (SEQ
ID NO: 24) sets forth the 531 amino acid sequence franslated from the pepF genomic DNA of Fig. 23. The disruption plasmids
were constructed as described above for Example 1f with the following differences.

[0161] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 77 (PI) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 78 (TI).

[0162] Using these primers, the coding region of the pepF gene and some promoter region (1058 bp) was amplified. The DNA
sequence, named as the W12 fragment was amplified in a PCR reaction as described above for Example 1f.

[0163] The produced 2350 bp PCR fragment W12 was cloned to pBS-T to construct plasmid pBS-W12(pepF). The DNA
fragment containing the hygromycin resistant gene was inserted into the coding region of the pepF gene at the Nrul site to
generate pBS-disruption pepF. The plasmid was linearized by restriction enzyme (Hpal) digestion.

[0164] The digested DNA fragment was used to transform Aspergiflus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO:
79(Prout!), which gave a specific PCR product of 1231 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

m. Deletion of the ene.

[0165] Fig. 25 (SEQ ID NO: 25) sets forth the 3000 bp genomic DNA sequence of the Aspergillus pepB gene and Fig. 26 (SEQ
ID NO: 26) sets forth the 282 amino acid sequence translated from the pepB genomic DNA of Fig. 25. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0166] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 80 (P1 m) and
SEQ ID NO: 81 (P2m). The second pair of primers used to amplify the terminator region are designated in Table 1 as SEQ ID NO:
82 (T1 m) and SEQ ID NO: 83 (T2m).

[0167] In this example, the ends of the P13 fragment were filled in with T4 DNA polymerase and then cut with restriction enzyme
(Sall). The modified PCR fragment was then cloned to pMW1 to construct plasmid pMW1-P13 (pepB). The ends of the T13
fragment were filled in with T4 DNA polymerase. The modified PCR fragment was then cloned to pMW1-P13(pepB) to generate
plasmid pMW1-ApepB. The plasmid was analyzed by restriction enzyme as described above in Example 1a. The plasmid was
linearized by restriction enzyme (Hpal) digestion.

[0168] The digested DNA fragment was used to transform Aspergiflus niger and DNA was extracted from the transformants as
described above for example 1a. The deletion strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 84
(Pt-outm), which gave a specific PCR product of 1357 bp when the DNA from the deletion strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.
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n. Deletion of the peaC gene.

[0169] Fig. 27 (SEQ ID NO: 27) sets forth the 3220 bp genomic DNA sequence of the Aspergiilus pepC gene and Fig. 28 (SEQ
ID NO: 28) sets forth the 533 amino acid sequence translated from the pepC genomic DNA of Fig. 27. The deletion plasmids were
constructed as described above for Example 1 a with the following differences.

[0170] The first pair of PCR primers used to amplify the promoter region are designated in Table 1 as SEQ ID NO: 85 (P1 n) and
SEQ ID NO: 86 (P2n). The second pair of primers used to amplify the terminator, region are designated in Table 1 as SEQ ID NO:
87 (T1n) and SEQ ID NO: 88 (T2n).

[0171] In this example, the ends of the T14 fragment were filled in with T4 DNA polymerase and then cut with restriction enzyme
(BamHI). The modified PCR fragment was then cloned to pMW1 to construct plasmid pMW1-T14 (pepC). The ends of the P14
fragment were filled in with T4 DNA polymerase and cut with restriction (Sall). The modified PCR fragment was then cloned to
pMW1-P14(pepC) to generate plasmid pMW1-ApepC. The plasmid was analyzed by restriction enzyme as described above in
Example 1a. The plasmid was linearized by two restriction enzymes (Hpal and EcoRV) digestion.

[0172] The digested DNA fragment was used to transform Aspergillus niger strain GAP3-4 (Ward et al. [1993] Appl. Microbiol.
Biotechnol. 39:738-743) and DNA was extracted from the transformants as described above for example 1a. The deletion strain
was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 89 (Pouih), which gave a specific PCR product of 1054
bp when the DNA from the deletion strain was used as template for PCR amplification while no band was seen when the DNA was
from the parent strain.

o. Disruption of the pepD gene.

[0173] Fig. 29 (SEQ ID NO: 29) sets forth the 2993 bp genomic DNA-sequence of the Aspergillus pepD gene and Fig. 30 (SEQ
ID NO: 30) sets forth the 416 amino acid sequence translated from the pepD genomic DNA of Fig. 29. The disruption plasmids
were constructed as described above for Example 1f with the following differences.

[0174] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 90 (Po) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 91 (To).

[0175] Using these primers, the coding region of the pepD gene and some promoter region (392 bp) and terminator region (521
bp) were amplified. The DNA sequence, named as the W15 fragment was amplified in a PCR reaction as described above for
Example 1f. The produced 2317 bp PCR fragment W15 was cloned to pBS-T to construct plasmid pBS-W15(pepD). The DNA
fragment containing the hygromycin resistant gene was inserted into the coding region of the pepD gene at the BstBI site to
generate pBS-disruption pepD. The plasmid was linearized by restriction enzyme digestion (Stul).

[0176] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1f. The disruption strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 92
(Pt-outo), which gave a specific PCR product of 1344 bp when the DNA from the disruption strain was used as template for PCR

amplification while no band was seen when the DNA was from the parent strain.

p- Disruption of the pepAc gene.

[0177] Fig. 31 (SEQ ID NO: 31) sets forth the 4531 bp genomic DNA sequence of the Aspergillus pepAc gene and Fig. 32 (SEQ
ID NO: 32) sets forth the 453 amino acid sequence franslated from the pepAc genomic DNA of Fig. 31. The disruption plasmids
were constructed as described above for Example 1f with the following differences.

[0178] The PCR primer used to amplify the promoter region is designated in Table 1 as SEQ ID NO: 93 (Pp) and the primer used
to amplify the terminator region is designated in Table 1 as SEQ ID NO: 94 (Tp).

[0179] Using these primers, the coding region of the pepAc gene, some promoter region (789 bp) and some terminator region
(509) were amplified. The DNA sequence, named the W16 fragment was amplified in a PCR reaction.
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[0180] The produced 2753 bp PCR fragment W16 was cloned to pBS-T to construct plasmid pBS-W16(pepAc). The DNA
fragment containing the hygromycin resistant gene was inserted into the coding region of the pepAc gene at the EcoRYV site to
generate pBS-disruption pepAc. The plasmid was linearized by restriction enzyme (Hpal) digestion.

[0181] The digested DNA fragment was used to transform Aspergillus niger and DNA was extracted from the transformants as
described above for example 1f. The disruption strain was detected by PCR using two primers SEQ ID NO: 37 and SEQ ID NO: 95
(Pt-outP), which would give a specific PCR product of 1520 bp when the DNA from the disruption strain was used as template for

PCR amplification while no band was seen when the DNA was from the parent strain.

EXAMPLE 2

Inactivated Double Deletion Mutants

a. Disruption of dpp4 and dpp5.

[0182] To construct the dpp4(amdS) deletion plasmid, the 2.7kb DNA fragment containing the amdS gene was inserted into the
coding region (position 950 to 3356) of the dpp4 gene at the EcoRV-EcoRV site (position 2175 to 2256) in plasmid pBS-W7
(dpp4) to generate plasmid pBS-disruption ddp4(amdS). The plasmid was analyzed by restriction enzyme digestion to confirm its
identity. The plasmid was linearized by restriction enzyme digestion (Nrul). The digested DNA fragment was used to transform A.
niger strain (Adpp5-19) which expresses a Tramete laccase under the glucoamylase promoter and terminator control and
carrying the disrupted dpp5 gene (as described in Example 1 h). The double deletion strain was detected by PCR using two pairs
of primers. The two primers of the first pair each respectively annealing to the amdS gene and 3' downstream the W7 fragment on
the chromosomal DNA which gave a specific PCR product of 1224 bp when the DNA from dpp4 deletion strain was used as a
template for PCR amplification while no band was seen when the DNA was from the recipient strain.

Primers:

[0183]

Pout(dpp4) 5'---TCTGGATAGAAATGCAAATCGTAG---3' SEQ ID NO: 64
Pamds 5'---TTTCCAGTCTAGACACGTATAACGGC---3' SEQ ID NO: 96

The second pair of primers was the same as the originally used primers for detection of the single dpp5 deletion strain (SEQ ID
NOs: 37 and 67). The double deletion strain and its control strains were used for production of laccase and total protein
production.

b. Disruption of mnn9 and ochA.

[0184] To construct the mnn9 (amdS) deletion plasmid, the 2.7kb DNA fragment containing the amdS gene was inserted into the
pMW1-Amnn9 (the amdS fragment directly replacing the hph fragment) to generate plasmid pMW1-disruption mnn9(amdS). The
plasmid was analyzed by restriction enzyme digestion to confirm its identity. The plasmid was linearized by restriction enzyme
digestion (Asull-Nrul). The digested DNA fragment was used to transform A. niger strain (AochA-23) which expresses a Tramete
laccase under the glucoamylase promoter and terminator control and carrying the disrupted ochA gene as described in-Example
1f. The double deletion strain was detected-by-PCR-using two pairs of primers. The two primers of the first pair each respectively
annealing to the amdS gene and 3' downstream the T4 fragment on the chromosomal DNA which gave a specific PCR product of
1380 bp when the DNA from mnn9 deletion strain was used as a template for PCR amplification while no band was seen when the
DNA was from the recipient strain.

Primers:
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[0185]

Pout(mnng) 5'--GATATCAACCTCAGCGTCAAATTGG---3' SEQ ID NO: 53

Pamds 5'---TTTCC AGTCT AGACA CGTAT AACGGC---3' SEQ ID NO: 97

DK/EP 2333045 T3

The second pair of primers was the same as the originally used primers for detection of the single ochA deletion strain (SEQ ID
NOs: 37 and 61). The double deletion strain and its control strains were then used for production of the laccase and total protein

production.

EXAMPLE 3

Use of Inactivated Mutants for the Production of a Heterologous Protein

[0186] To illustrate the advantages of using the inactivated mutant, production of laccase in the parent (wild-type) was compared
to the production of laccase in inactivated mutants as described above in examples 1 and 2.

[0187] Assays were performed in shake flask cultures using 250 ml baffled flasks containing 50 mL of growth media (Promosoy)
suitable for laccase production as known in the art. The strains were grown in shake flasks for 120 hrs. Laccase activity was
measured following a standard assay procedure based on the oxidation of ABTS; 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonate by oxygen in sodium acetate buffer (pH 4.6). The culture broths were incubated with ABTS in sodium acetate buffer
(SIGMA) at 37°C for 30 min and color formation was measured at an optical density of OD 420 nM. The level of laccase produced
by the inactivated strain was measured relative to the corresponding parent strain. Results are illustrated in Table 2A and 2B.

Total extracellular protein was measured using the Folin phenol method as described in Lowry, et al., [1951] J. Biol. Chem.
193:265-275 and results are illustrated in Table 2A.

TABLE 2A - Single Inactivations

Inactivated Mutant Strain § Production of Laccase (% increase in Total Protein % (compared to Parent (Wild-
(A) 0D420) Type))
AderA -80 106.4
AderB 157 104.3
AhtmA 101.1
Amnn9 146 99.6
Amnn10 127 102.6
AochA 7.2 102.3
Adpp4 6.0 102.7
Adpp5 154 994
ApepB 8.6 99.3
ApepC 100.0
ApepD 4.8 102
ApepF 53 998
ApepAa 0.5 100.5
ApepAb 134 96.5
ApepAd 2.7 96.5
TABLE 2B - Multiple Inactivations
Inactivated Mutant strain (A) Production of Laccase (% Increase in OD 420)
Adpp4 11.8
Adpp5 153
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Inactivated Mutant strain (A) Production of Laccase (% Increase in OD 420)
Adppa! Adppd 266
Ann9 130
AochA 8.5
Amnn9/ AochA 16.8
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-1-
GEN-INAKTIVEREDE MUTANTER MED ANDRET PROTEINPRODUKTION
PATENTKRAV

1. Rekombinant filamentgs svampecelle, der omlatler et inaktiveret kromosomalt gen, der er pepAb

ifglge SEQ ID NO: 19, hvor inaktiveringen opstar ved:

) deletion af en del af de kodende sekvenser;
(ii) forstyrrelser i nukleinsyregensekvensen;
(iil) indsztninger i nukleinsyregensekvensen og/eller
@iv) brud i den proteinkodende sekvens.
2. Rekombinant filamentgs svampecelle ifglge krav 1, hvilken svampecelle endvidere omfatter et

inaktiveret kromosomalt gen, der er udvalgt fra derA ifglge SEQ 1D NO: 1, derB ifglge SEQ 1D NO: 3,
hitmA ifglge SEQ ID NO: 5, mnn9 ifglge SEQ ID NO: 7, mnnl0 ifglge SEQ ID NO: 9, ochA ifglge SEQ ID
NO: 11, dpp4 ifplge SEQ ID NO: 13, dpp5 ilylge SEQ ID NO: 15, pepAa ilvlge SEQ ID NO: 17, pepAc
ifglge SEQ 1D NO: 31, pepAd ifglge SEQ 1D NO: 21, pept ifplge SEQ 1D NO: 23; og funktionelt
homologe sekvenser, der har mindst 60 % sekvensidentitet dermed.
3. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvilken svampecelle omfatter
to inaktiverede kromosomale gener.
4, Rekombinant [ilamentgs svampecelle ifplge et af kravene 1 eller 2, hvor det inaktiverede
kromosomale gen er pepAb ifplge SEQ ID NO: 19, og som endvidere omfatter et andet inaktivereret
kromosomalt gen.
5. Rekombinant filamentgs svampecelle ifglge krav 3, hvor de to inaktiverede kromosomale gener er
pepAb ifglge SEQ TD NO: 19 og pepAa ifglge SEQ TD NO: 17.
6. Rekombinant filamentgs svampecelle ifglge krav 4, hvor de inaktiverede kromosomale gener
indbefatter fglgende kombinationer:

a) pepAb ifglge SEQ ID NO: 19, pepAa ifglge SEQ ID NO: 17 og pepAc ifplge SEQ ID NO:
31;

b) pepAb iflge SEQ ID NO: 19, pepAa ifglge SEQ ID NO: 17, pepAc ifglge SEQ ID NO:
31 og pepB ilplge SEQ ID NO: 25;

9) pepAb ifslge SEQ ID NO: 19, pepAa ifglge SEQ ID NO: 17, pepAc ifglge SEQ ID NO:
31 og pepC ifglge SEQ ID NO: 27; eller

d) pepAb ifslge SEQ ID NO: 19, pepAa ifglge SEQ TD NO: 17, pepAc ifglge SEQ TD NO:
31 og pepD ifglge SEQ ID NO: 29.
7. Rekombinant filamentgs svampecelle ifglge krav 1, hvilken svampecelle endvidere omfatter et
inaktiveret kromosomalt gen, der er udvalgt fra pepAa ifglge SEQ ID NO: 17, pepAc ifglge SEQ ID NO:
31, pepAd ifglge SEQ ID NO: 21, pepF ifglge SEQ ID NO: 23, og funktionelt homologe sekvenser, der har
mindst 95 % sekvensidentitet dermed.
8. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvor den filamentgse

svampecelle er en Aspergillus-celle.

9. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvilken svampecelle endvidere
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omfatter et inaktiveret pepA.

10. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvor det inaktiverede gen er
delvist deleteret eller brudt.
11. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvilken svampecelle endvidere
omfatter et inaktiveret gen, der er udvalgt fra pepB ifglge SEQ ID NO: 25, pepC ifglge SEQ ID NO: 27,
pepD ifglge SEQ ID NO: 29, og funktionelt homologe sekvenser, der har mindst 60 % sekvensidentitet
dermed, og kombinationer deraf.
12. Rekombinant filamentgs svampecelle ifglge et af kravene 1 eller 2, hvilken svampecelle endvidere
omfatter en indsat nukleinsyre, der koder for et protein af interesse.
13. Rekombinant filamentgs svampecelle ifglge krav 12, hvor proteinet af interesse er et enzym.
14. Rekombinant filamentgs svampecelle ifglge krav 12, hvor proteinet af interesse er en
proteaseheemmer, et antistof eller et fragment deraf.
15. Fremgangsmade til fremstilling af en rekombinant filamentgs svampecelle, der omfatter et
inaktiveret kromosomalt gen, der er pepAb ifglge SEQ ID NO: 19, hvilken fremgangsmade omfatter:

6)) tilvejebringelse af en filamentgs svampecelle, der omfatter et kromosomalt gen, der er
pepAb ifglge SEQ ID NO: 19;

(i) inaktivering af det kromosomale gen, der er pepAb ifglge SEQ ID NO: 19.



DRAWINGS

FIG. 1A
CCCCGGGCGAGTCAATGACGU T TAGETTTARATGETGTGAGE IGETGCGCCARCTCGT
CETCTCCTEECEGCCIGAGGUTTTGARTAAATTGAGCTCTGGGCECGAYCGACTGGCAC
AGTCCAGAAATAAGCTGCAAZGCGARRACCGCGGAGGAGCETTTGTCAGECGATCGAGATT
GCATGCGAGAGAGGGACCCATCCGGGAGGCCGAACGCACTATGAACTCATGGAATCCCC
AGCCATCCGAATTCTTGTCCECGACECETGCCAGGCCCETCTTTCCEECATCEAAGCECE
CGGGAGCGACACGTGACATATGCGCCGGECAGTGACAGETCACACCTGAGGCCAARAGE
CCAGCTGGAGCTCGGCGATTACGGCGCAACTARACTRCGCAGTTATTTAGTGGTGATTCG
GCATCATCCCQTTATCGATCATACTCGCCCGTCTTCTCTCGAGTCCTTAAACGCCAAAA
GACGACTGTCTGCATCCTCTCTATTTCGCTTACCGCTTCGTCECATCGTACCCGCCACC
CGAGCAACCTCCCCCCTAAGTTAATCCCAACGTTCGCAACTCTACTACCCATCAATTAT
GGCCGCCATCTGCEGETAACGECEGECAGGCTGGCCAGTTCCCECTGCGAGCAATGGTTCT
ATGARATGCCCCCTGTAACTCGATCCTCGCACACCAGCCACAGTTCGCCACTTCAGTCTTG
GTCCAATGTCACGTCCTCACCCCATTCCAGCTGTTTTATAGCTTCCGCGCAGTCTATGT
TAAGTCTCAGGTACGTCGCAGCTAGTACTTCCGTCCACTGTATAGGGTAGACGAATCAC
GCGGCTAACCATCACATAGTATTGECCTCTGTTCACARCCTITCCTATACTTCGCGACCAC
TCAATCTCGACTTACTATTTCATCTCTTCTTCTTGCAGCEATACTCECGCCTCITGCAG
GAATCATCGGGECGATCGCCEECCCACTTCTCEIGCCTTCTGTTCTACCCCATEGCCTC
TCTCCTCGTCCTCTCECCATTTCTCTCCCTTCCATTCCTGGGCACGGCTCTCTCTTCCA
GTCTGGTCTACATCTGGASTCCTCGCAACCCEGAAACTCGCCTCAGCTTCCTAGGAATG
CTGGTCTTCACCGCCCCCTATCTCCCCTGEGTTCTGATGGCATTCAGCCTGGTCGTCCA
TGGCATCGTGCCCAAGGATGARATCTGCEECETTGTCETCOGCCACGTCTGGTACTTCT
TCAACGATGTTTACCCTTCGCTTCACCETEGTCACCGTCCTTTCGATCCTCCTATGTGE
TGGEGTGCETCTCTTTCAGTCAGEGCCCCCGCAACCAGGCACCEGACGCTCCCAACETCAA
CGCGGAATTCGCCGCTECTGCTGCACCCGAAGTTCGGTCGAGCTATTTGTGCACCCCACT
GGCGCATTTACTGCATGGCGATECAAAGAATCGTCCGCETAATCGCTCTGCARACGTCA
GCATATATGTGTGTACTGCCAACTACTCGCGCCCGACACGCECGAAGCATGAGAAGTTAA
TACTGTCAGGATATAAGCARGGATCACCGCCCACAGACTTGATEGCATTICTTATCGTGT

GGCTTETCTTETCCAGEGAGAGTCATTTCATCTGCCCCCACGCCECCETECCTIATTEC
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FIG. 1B
GCTCTGECCTCCTATTAGAAATGCCGCAACGCACAAGACCGTCAGAGTCCCCGAGTATCA
ATATGCGAGAGGCAGAGCAATCAACTTATTTCGCCAACCAGTGGAAGGAGTTGGGATCA
CTTGTGRGCARGATGTGCAAGARAGGAAGAGAGEAGTATCATCAAGGCAATAGCGRECE
CTCTGTCTGCGCGEGTTAGTAACAGGTGTGTCTGTAAGAGAGACAGACTATCATGGCGA
TCAATCAGCTAGTAGT TCAATGAAAATACCCAAGTCATGTTTTTAGCTSATAATTTACA
TTTTGCCAGAGGCGAGCGAGCEGGCCCETGARCGCATCEACGCATGAGGT TGCTCTCCCA
TATGCAGTAGGAATATCGTAGCATCCCAATTACCTGAACGEGCCGCCCACGTCTCGATC
CAGGGETGCAAGCTCGAAGTTTGGCGTAAATTCTCCGCAATGTCTATCCCAATGTCGCTT
TCTACTTTCTICTITCCCACTTTTAATCAATGCCATACAGACTTGTATZCAGGATTTGC
CCCTAGTTCAGTATCETATGCTTTGATCCAATCGATCGATCTGGACT TCCTCICTTTCC
CCGCGTTACATAGCACCACCGGTATAGTTACCATCTACAACAACCATGACAATACTTCT
CTGCCTGAGCGTTCGATCAACCAGTCAGAGACAGACGCTTTGGCCGATCAARGACAAGAT
AGTCTTAATTCTCTCACCATGRAGACTAGCTATCTACACA
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FIG. 2

MAATWENGGQAGQFPLEQWFYEMPPVTRWWTAATVATSVLVQCHVLTPFQLFYSTITRAVY
VKSQYWRLFTTFLYFGPLNLDLLFHVFFLORY SRLLEESSGRS PAIII GWLLI YAMASLL
VLSPFLSLPFLGTALSSSLVYIWSRRNPETRLS FLGMLVFTAPYLPWVLMAFSLVVHGE
VPKDEILCGVVVGHVWYFFNDVYPSLHGGHRPFDPPMWKVRLFESGPGERGTDAANVNGE

FAMBARAPEVR
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FIG. 3A
GGCTCAGCACAATGEGCTCCACTACGGCGGARATACAACCTCTTCACGTATCACCACTC
GCCAAATCCACGCGACAGACATGAAARCACGAGARCGCTACCGCTTAACCAGATGGATTTGT
CTAATAAGCAGCAAATCCAGCTGETCCAATCATCTCAGAGTEGCCARGARACGGGCGRA
TATCACCAATTCGCCTACGTGGACCGAGCCTTT CTTGTCATEGEGATTTTGETCTACGCTC
GGCTGACARACAGCTGATCGGCTCTGTEAATCCCARCTITGCCGEETTTIGCCCGGGARA
TCTTCACGEATACGGGTETCIATGCTCTGCGAATGEACTCTGCTTCTCCCAGCGARGRE
TTCCTCGACAAGAACCGTGCCGCTACTGGCATGACATTCGACCAGCGTGCCGTGATGCT
GECAACCGCTGTCAGCATTCGACTTTGACTACT TTAGTCECCATAGCAACTCEGETCGAT
TTGETTTCATGCCTCTCTEGATCCCTCCATTTGETCETEGAGGCAGCTECTEEEGETGCT
GCCGCGEGECGCAGCAGCCEETGAAGCAGGTGCCETCCEOGAAGCEGCCGCGEGAACTCT
TGETCGGECTGECECAGCCGETCCAATGGCTCATGCCECTGCAGCAGETEGCAGCAGETG
CGGGCGCAATGECTGGCTACGAAGCCATGTCCCGTCGGATGEGAGGCAGCCAGCCTGLT
CCCGATCAGCAAGCGGCACCTGTAGACCAACAGCCACCGACGCCAGETCARACGGETCC
GTATGGAGATGTCTGCEGEGARGAGTCCGAGAACCCATECECARAGGAGCCTGAGAACA
CATGGCGCCAGGAAGAGGATCCGTCAGTACGATCGARGCCCACGAGGECGAGGEAGGCGAT
GATTTCGATTGGTTTTAAGCGCCTGATAACTACAAACAGGCAGTARCATCAGGATGGTT
GACATTGTGAGACGGTCAGACATATACTATCCCCCCATTCATGCAGGGATAACGACGAC
AGAGCTCATGTAATCGGEGGCACTCAGAATCACCGTAACGECTTCAATGACATGGCCTG
CGGCATACTCGACATGATCTCGACCGAGTAGACATCCGACGTCATTCATACTCGECCCTGC
TTGAAGTGCAAAGCGGTTTATGCAGCTGACTGACGATGATTAGCCCGATGTACCATARC
GACAATAAAATCTCCARATARCTGTATAATATCACGCCGARARATGARACAATGCTAGCC
AGAAATAAACTCAAGATCATTCTCCTTTCATACTGATGAAAGCCGCCATAAGCATCATT
GCAGCCTCAGCECACCCARCACATCCCACCEGCTCAACCATCGATGAATGEAACCTCAAT
CACTCAATCATTCATTGGCTTTCACGAGTGCCAAACCTTGATTTCTCCTCCAATTCAATT
CCAACCCACTCATCTTCCCCAGTAAACCGACCTCTAAAAAGTTTTTCTTAGTCCTATCT
CCTCAACGCCACCCCAGGTACATAACCACCACCCCTATTAAGTACCCCCGETATCCTCA
CCCTCTCCGRTCCGATCTCCECACTCTCCTCTCCCCTCTTTATCTARTCICCAGATAGA

CAGCCAGACCGCCACCACCACCAGCACCAAARACCCACTACCTGCTTCCCTCCCACGAC
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FIG. 3B
GCCGGAGAAATTAAGCCAATAATTAAAACCAATACTTCAATACACAAAZARRGGCAGTG
ATCAATCARARTGTCCTCCGTCGECCCAGARACCCCTCTTTCACGATACAARRACCTCTC
CACCAACCCCCCCOAGGGECATCACCGLCGGCCCCGTCACCCAACATGAZATETTCCACT
GGGAAGCACTAATCCAGGGECCTGRAGGTACGCCCTTCEGAGEECEECATGETTCACBGCL
GAGTTGAAGTTCCCTAAAGATTATCCGCTTAGTCCGCCTACAATCAAGT TTGTCGCTGG
TGGGETTTGGCATCCTAATGGTAAATAACTCCTTCTTTTCCCCTTCITTCTCTGTCTGE
ATTTTTCTTTGTCTTCAAGTCTTfTCTGGTGATGCTTGGTTGAGCTTATGCTAACGTGT
TTTGGACATACGTATAGTATACCCCAACGCAACCGTGETGCATTTCCATCCTCCACCCCC
CCGGTGACGACCCCAACCATTACGAACATGCTTCGGAGCGGTGGTCTCCTATCCAGAGC
GTGGAGAAGATTCTCATCTCCGTTATGAGTATGTTGGCCCAGCCGAATIATGAGTCTCC
GGCGAACGTGCGAGGCTGCGAAGATETGCAGGCAGCGGACGGCECAGTATGAGCGCAAGG
TGAGGCGATGAGGTTAGCAAGGGATTGEGGCTGTGARACCCTCTCTTCTTTAATTTGAGT
TGAATGGTGARCGGGGAGGGCCTTGGTCATATATAAGTGACCCGGTTGETECGCTGCTTGL
TCACTGTCTGICTATACTCTGTGTCGTGCACCGAAAATCTGECATAGCTTGCATCCATGC
ATTGCTTECTTCGGTTGGCAETTETCETGCCTTCETTCITTCTCTTTCTITCATCTTTAT
ATATATTCTATTTGATGCCCACTTCTAGGGATAGATGCATGGCCAGGAATGCATAGATG
CTTTGTTCAGTATATATCGGTATCTTTCETCGTGATAATCETACEAAGT CATGAATACT

CGRATTCGCCCTATAGTA
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FIG 4

MSSVAQKRLFXIQKXFXTNPPEGITAGPVTEDDMFHWEAL IQGPEGTPFEGGVE
ARELKFPKDYPLSPPTMKFVGGGVWHPNVYENGTVCISI LHPPGDDPNHYFHAS
ZRWSPIQSVEKILISVMSMLAEPNDES PANVEAAKMWRERRCEYERKVRDEVRK
GLGL



FIG. 5A

GATATAATAGTGAACTGCTTGTCGCACT CTCTCCETGCTEGAACCGAATCACCCTCCCCT
AACCEGCTGECCTGETECTCECCCTGTTCCTTCGCTTTTITCTACCCGT TCGTTTCARAG
CCCAATTTTCITCIATCTACTCTATCCCGAGACGCATTTACCAATCCTCTTGCTATCTA
ATTGCCTTTGECTCGCCATCGCCCETGTCCTETGACTCCGLGALCEGGGATICCTGCGTC
TGATGCTECTCTCCCCTGEGCCCCCCTCCTACACCCCAGGCTCGATCTTCATTATCGAAT
GTATAGCETCCCGAAATCATAACGAATTTCCCAGTTCGGCCACAGATATCCGCCTTCGLC
AGCAATTATCCGCTTTECETCGTAAAGETCCTCATTCCAGGCAGTTTGCATCCGGTTCT
GCETTCCCCCCGACGCTTATTTATETETTGTTCARACCAATGCGEAAGTEGECAGTACATA
TCGACGCAAAACATATCATATTCGCGATTGGAGTTACCECTGTCGACGCCTATAATATT
AATCAGTGATCTCTGCCGAAACACTTGAAAGTCECGECCCTACGTCTGTCCAGATGTCATT
GTACGATTGCTAGTTTGAATTCACATCGGAATCGGTTCAGCTGTCTCATTCGGGATCGAC
AACACATTCCAGCTCGATCCCCGBCATATTCTCGCCCCATCEGCTCTTCGCATGT CAATA
CCRAGTGGGTCARTCECAGATGACCAGCCTCEGACGACGCTCCCAAT CGEGACCAGCGATTC
ACATCATGGETAGCCEACCATCETCTCEGACCTGCAACAGCGAATCCTTGETGACCGCEL
TGAGCGTCGCCAATCCCGTCTACCTGATCCACCAGCGCCATCGCATAGTTCTCTTAGAG
ACCCTGCTGCATCTCAATATGCGCCAASAGGGCCGTATGTCCCARTTGAGTTGCAGTCC
GCAGCAGCAGGAAGCTCCECCGARGCECEETCGCATGCECECTCAGAACGAGAATCGCA
TTCAGCACACTCCCCGCCTGACCCTGARGACCTCCEATSCAGECARTCECAATCGTTCG
TATCACGGCTGAAGCAGARGAGGECTACCGGAGGCEACTGATTACGCTGGTTATATCTGCA
TGTTTTCTCATCCTCGTTATCGCCATTTACCTCGCATTCGCTGCTTCCCGTACGACATT
GGGCCGAGAGCTCCAAATACTTCTCATCTTCATGATCTTAATTCTTGGCATTGTTTTCT
GTCATTCTCTCACGCGCTTCTTGATGGCACTATTACCGACGGCCTGACTCTGATETCGCT
ACGCAATCGCATACCCACTAGEGCAGGGCCAGCCCGCTATGCGCARCCAGCGCGTCCCAT
CCACGTTATTCTAGCTCEGAGATCACGCACCTTGEAGCCGCGAGTCCEGAATGCCGETECECE
ABARGETCACGGCECCTCCTCCCGCATACGETCTTTEGCCGAGARAGTGTGGTAAGTACA
TGATTACAGGAATCGCCTTATTTCCTTEGATGETGACCAGTCCCGCTAACTTTGTGCACGA
GGATTAACCCCCACTTGTTGTACTCGCAGCGCATCCAARATAACAATGCGCACGTACCC

ARGCGTGTTTCGCACGCATCECGAGCAATAAATCACEGATCCCACCGCOGCCTAGCTACA
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FIG. 5B
CCTCTGACAACGRCETCEACTATGTGATAGAAGCGCAACCCCEATCATTCACCCARATGE
CGGATTCCTGAAGAATCAGGGCATCAGCCATGACCCATACATATCTCTCTCTCTTTTCT
CGACATACTGAACGCTGCATTCACCGACACAATGACATCCACRATCETCTCGTTATCCGC
AARATCATTTATATAGCGGTACTGTGATCACCTTCATCTGTATTTCTTTTGCTCGAGAT

ATCCCCTGTGACTTGGCTTCTTTCCCTTTTT I TTCACCCTTT TGCGGCATTCTCATCAL
CAATCATGTGATCTITCTTTIGTITTTCTTTITGTACCTGAARAT TCTTCGATGARGCCGGR
GITACATTGGCATACACACTCGATCTTCCTCACEGAGCATTTCTTTCAGCGCTATTTCATT
ARGCTTGGTTTTCTAACTTACTGCARAGTACATCTTAACCCTTCTARATGT TAAAGTAT
CIGGGARACGAGGCCTACCGTAAGCAACCCGATTCGTCARARATCCTGTATTAATAATA
TAAACATCCCCTAAAATTGAATTAAGGGATCCTGTAGTCCGARGGGAAGGGGGAGTGGA
GGGAGAATGTAAACGGCATATCTGGCCGCARATTGGTTCECCGCGGATTGAATACGACC
TCACGTGCGGCGCCGCTGCCACCACCAACTTCCCCTCAAGCCTCCCCCCTCAGGARCCC
TTCTCTGGAGGCAGTTCAGTTCGCCGETCTGCCGEATTTTCACATTGAACAGTTCATCA
ACGCGCTCCCATGCCATTGATAACTGTTTCGCTACTGCGITAATGCECTCCGEEATGTTG
GCACTCGCAGATGTCCGCCCTCCGTTCAGCATGCGATCATGACCTGGGTCTTGCTEGCTGT
CECTETCECTCGCCATGECCCAGGECATGCEGACCECTCAGGTTAACGAACTCAGGTAA
ATCTCACCAGTCATTACCTEATTCCCGATTTCGCTEOTATAGGGGCCOATCOACTCACA
CCCTCGATATTTAGGAAGCGAGACAGAGCATATGTTCTACCACGCATTCCGAAAACTATCT
CGAACZACGCCTTTCCTGAAGACGAACTCCGTCCTTTAACATGCCGTCCGCTGETTCGCE
ACCGAGAGAATCCCGCGCATGCAGAGCTCAACCGATGTCCTGEGTAATTATTCATTGACT
CTGATCGACAGTCTGTCCTCCCTGGCAATACT TTCATCCAGTCCCCACCAGGGCCAGAR
GGCTTGGGAT TACTTCCAGAATGCAGTGRAGGAT T TTCTTACACTGTACCGCGATGGAT
CCGATGGCCCCGCEGACCAGGGTCAGAGEGGACGAGGAT TCAGATATGGATAGTAAAGTG
CAAGTGTTCGAGACGETGATTCGAGGETTAGGTAGECATCGEATCTTIGTGCATGGGCAG
TATGCATCTCCATTAATGETTTTCTCTAGGTGCGCCTACTCAGCGCTCATCTTTTTGCTG
TGEGGECGATCTTCCTATCACCGGATACAAT CCGCCGGAGACCGARGCCAACTTCGCCAGA
GCCTGGEATAACGCACTCCTTCCCTCGAAGGCAGTCGCCECATCGAGTGGAACGCGACGGATT

CGTCTACGATGGCCAACTTCTACGECTTGCTGTCCATCTTGCAAATCGAATTTTACCCG
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FIG. 5C

CGTTCTATACGGACACTGGACTCCCTTACCCTCGAGTGAACTTGAAGTACGGGGTGCAA
CGGCAGCCGTACTACGCAAACTCACCGTTTAATGCAGCCCCTACGTGTGATAAAGCCAA
TCCTCAACAGTGCCAAAAGCCTCGCCECTCCTCGACCT TTCGAGACTACGGAAACCTGCA
GCGCTGCCECTCECAGTCTAGTCCTCEAGTITACAGTT TTGAGCAGACTTACAGGCGAT
GOACGATATGAGGAGCTTGCCAAGCEAGCATTCTECECCETTTEGGECAAGCGAGEAGTGA
TATTGGACTGATTGGGTCCGGTATTGATGCCGAGTCAGCTAGATGGETTCATTCCTATA
CCGGGETCAGTCARATCAAGCACGTGCATTTGAATATGGCTAACACTACCACGTCCCAG
ATCGGCGCAGGAATTGATAGCTTTTTCGAGTATGCTTTCAAGTCCTACGTACTACTCTC
GTCAGGGGAACGGCCCCCGGCCARTACTAGCAGCCCGTGGCATGCCCTGGACGACTATT
TCCTACCACTTTCAGAATACGAGCACTCCCCCGATGCCTTTCTGAAGGTCTGGGAGAAG
TCTCATGCCTCARTAARACGTCACCTATACCGCGGAGAGGCECCATCAGCACCCGCATCT
GATCCAGGGAGACATCTTCACCGEAGCGACTCGTGCTTTTTGCGATCGACAGTCTTAGCG
CCTTCTACCCCGGACTTCTTACTTTAGCECCAGAAGTGCGATGAAGCCATTGGCATCCAT
CTTCTGACGACCUECAGTCTGEACTCEATTTTCCGETCTTCCTEGAGCGATGCAATGTIGC
CACCCGGEGACATTGAACAGGGCCTTTCCTGETATECTCGCCGCCCTCACTTCGTGGAAT
CTACTTACTACCTCTACCGAGCGACAAAGGACCCCTEGTATCTGCATCTCGCAGAGATG
GTACTGCCECGATTTCGAAACGGCGATCGCTGEACCAAGTGCECTTGGGCTGETATTCAGGA
CGTTCCGAATGGCGAGCTCAATGACCGCATGGAGAGCTTCTTCCTGGGTGARACTGCCA
AGTACATGTTTCTGCTGTACGATTTfGATCATCCCCTCAATAAGCTAGACCAGCCGTTC
GTCTTCTCCACCGAGGGCCACCCTCTAATTATCCCCAAGAACAGCACGGCACAGCGLGL
TGAGCGCAAGCAGGTACCAGTCGTTCTCGAGAGCGAGGGTTTGACATGCCCAACAGCAC
CTCAGCCTCCAACGCTEEGGETTTCATCCACTGCEGCACGGTCCGATCTGTTCCACGLC
GCGAACCTGGCACGCCTACACCTCATECCGAGTAGAGETCTAGCGEAAGGCCCTCTTCT
GGATTACGCTCGEGACCACCCEAGCETATCAGTGTCAGACTTGTCETCGCCCACCAACT
ACACATTCTTCCCATGCACATTGCCTCCACGAGCTTGTGCCATTTAACGCAACCAGCGCG
CCGATGACAATCCGTCCTACGCTCGACATTTCTTTCCCCGCECTTCCCGGTATCGTCGT
GEGGCCTGGATCACTGGAACCAGTGCCCCATCCECATCT T TATCAAAGCCATCEGGGEGECT

TACCGACTAAGTATGGTTCAGGATETCCCTEGTGCAAGGGCGAAT CCOEGAGCGCACGAGAGT
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FIG. 5D

GATGAATTCCGCATCCAGCTTATCAACAACGTGCCACTGEGCAAAGACCAGAAGCTATA
TCTTCTACGGGARATCACATTTGATGTCCTCGACCCCACCGACCCGAATTTCACGCGGG
TTCGCGACACCGCCATGATTGACATCCGTCATTGACGTTATCCCAGAGATTATCCGTCGR
COAAATGATTCAGATGATAGTCATGAACCAGCTGCGCCTCGACGTGCCAACGEAGCCAT
CGTCCATGGCTCCAGCTCCGTCGACAGTAAAGTCGGCAGCGTAGATGCETCGACCTCCA
GCATGAAGACTGTCCTCTCCTCGCTAGTCAACACTCTATCTACACTCCTTCGEGATGAR
GTACAGGGCCAGACCAGCCTGCCGCAGAAGARAGCCACCTCGTTACGTCTICCTGCTCCC
GGCCGCCATCTCCACGGEECTCEGCTCGICCCCGCTCCCCGACGTGGARGACECCACGA
CAGTCTCCATCACGGECGACCCTTCCAAGCAACGCCTCACATGGAACAGCATCTACTTC
GCCGGACGAGCTCIGCGACAACCGCATCCTACGAGAAGTTGCACAGAACCACCAGGTCCT
CGTAATCAAGCGAGGCGEATGCAACTTTTCGCAGAAGCTCCGCAACATTGCCECGTATC
CGCCTTCTCGGTACGCCCTGAAACTAGTCATCATGGTCTCCTACGACGATGAAGTAGTC
GAGGAGGAGCAGCGCGAGGAATCAGACACCACCACGACCCCGEEGGCTAGCTEGCGETCCG
CGCGEAACCTTATCTGEETECGBCCCCATCTGEACCAGACECAAATGACAGCCGCERRCE
TCCCCGCGECCCCAGCTGCTCAGCGTAGTCATCETAGCCGCAGGCGCAAGARACATACCAG
CTACTGCCGACAAGCCACGGAGCETEGCCATTAAACCCCCGATATTCGUTCGCCGATCGCAGCEG
AGTTCCCATCRACAATCTGTATATTTTGTGAGAAGGATATCAGTGACCCTTAGCACATG
CCCEATTGCAACGAGTTTACCTATATGATATAGCATCATAGCATAGCTTTTTCATCCTA
GTCATAACATATTAGTAGCATTCCCAGTACACGTCACTCCTCCCGCCTCCCTCCACCTT
GGGAATACTGACATACCAAACACTATGCCCATGACATACGTACATACATACATACATAC
ATACCATGAATGACATGATGACATACCAAARACACCCTGATC T I'CATTTTCAACCCTCG
CCACZTCCGGACGGGAAACCCCGATCGATCCGCAATCGTTCGGTGGCCCTCCCCCTIGCC
ACAACZCGAGATCCGGCGTCACGTCARATGTCACCATTAAGATTAATGGTTAAGCARAGT
ATTGGCTGTGGCTGCCACGGGGAACCAGCTGACTCACGCTGCTCAGCCTTCAGATGTTCC
GAATGETTTGAAAGGCTTGAAGGCTTGAAGAAGTGGCEATEGEEACACCTTTACTTGCCGA
TTGGTTCAATCCCCCETGGAGCAACGGATAAGARRACCCCTGCCGATAGAACGAAAAGC

AAAATGTAAGGCGGGATGGCAAATCAAAGCGAGCAGGTTTAAGATTTACGTCGCTTTCGCGA
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FIG. SE

ATGTGTCCCIGATTTGGGEEEGEETGTCTCEGCACTGEGCTGTCGCCAAGGETTATARATA

CCTGCTTCCTTTTCTCTTTTCTTTTTARGGGTACAGAGAGAGGGATCTCTAGATCTGAA
TCAATAACGAGGATTTACTTGTCTATTTGATTATACATATACATATTTGGACTGGTTCT
GGTACTATATATCCGGACACTCATTGAGTCCTACTAT TTACTCATTCACTTCTTTCCTC
GAGTATATATCTATTATAACAGTCCTATCCCTCTCAACTACTACTATTACTACACAACT
CACTACGAACCARAATCAARATGCATCTCCACACAGACCTCGACGTCGACACCACCCCT
TCCACCCTCATCAACATCACCACGGCCACCTCCGCAGCCARACCCACCACAACCGCCAC
AACCACCCTCACCGAACTCACCTCCACAACCCCGTCCC
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FIG. 6

RTQUNLTSHYLTIPGFAGIGADRLTRPSI FRKETEHMF YHGFENYLEHAFFEDELRPLTCR
PLVRDRENPAHAELNDVLGNYSLTLIDSLSSLAILSSSPDQGQKAWDYFQNGRGRGFDM
DSKVQVFETVIRCLCGLLSAHLFAVGDLP ITGYNPPETEANFARAWDKHSFPEGSRGIE
WEDGFVYDGQLLRLAVDLANRILPAFY TDTGLPYPRVNLKYGVQRQPYYANSPFNAAPT
CDKANPEQCQKPRRSSTFETTETCSAGAGSLVLEFTVLSRLTGDGRYEELAKRAFWAVH
ARRSDIGLIGSGIDAESGRWVHSYTGVSQIKHVHLNMANTTTSQIGAGIDSFFEYAFKS
YVLLSSGERPPANTSSPWHALDDYFLPLSEY EHSADAFLKVWEKSHASTKRHLYRGEGH
QHPHLIQGDIFTGATRAFWIDSLSAFYPELLTLAGEVDEAIGIHLLTTAVWTIRFSGLPE
RWNVATGDIEQGLEWYCGRPEFVESTYYLYRATKDPWY LEVGEMVLRDLKRRCWTKCGH
AGIQDVRNGELNDRMESHFFLGETAKYMFLLYDFDHPLNKLDOPFVFSTEGHPLI IPKNS
TAQRAERKQVPVVVESEGLTCPTAPCPPTLGVSSTAARSDLFHAANLARLHLMPSRGLA
EGPLLDYARDHPSVSVSDLSSPINYTFFPWILPPELVPFNATSAPMTIRPTLDISFPAL
PGMVVGPGSLERVRLCGIFIKAIGCGLRLSMVODVPVQCESGSAES DEFRVQVINNVEPLGK
DERKVYLLREITFDVLDPTDPNFTRVRDTAMIDIVIDVIPEITIRRRNDSDDSHEPAAPRR
ANGAIVHGESSVDSRVGSVOASTSSMKTVLSSLVNTLSTLLRDEVQGQTSLPQKKATSL
RLLLPAATSTGLGSAPLPDVEDATTVS ITGDRSKQRLTWNSIYFADELCONRILREVAQ
NHQVLVIKRGGCNFSQKLRNIAAYPPSRYALKLVIVVSYDDEVVEEEQREESDTTTTPG
LAAVRAEPYLVRPHLDETQMTAAGVPRRQLLSVVMVGGGQETYELLRQATGVGIKRRYS

VRSQGVPINNLYIL
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FIG. 7A

ATCCGGAGTACCAGAGCARCATTCTTCCGGGATTATGGCCARGGCCGATACACCARAGA
ACAGCCCGCCABAGTCACAAAGCTCTAAGCATGACTATARAGGCTTTGTAGCGEGAGTC
TTCTCAGGAATCGCCAAACTTAGTGATATGTTCTGGCCCACECGTECECATAGTCTGCGT
GCTITTTTGGGAGTAACCATCECTAACAGATTCCGATGCATAGT TGECCATCCGTACGT
GACTGCGCACCTTCTTCCTCTTCCCCECCACTTATACTGCCTCTCAATGGACAACTCCA
TATARTCTCACAAATTGACCATGGGTGATTCTCGCGCAGATTCCACACAATCAAGGTAC
GCTTACAGACCAGCCATGATGGGCATTTCCGGGGCCCATTGEACTCTCTGCTACAAACG
GTCCGCAAAGAGCGGTGTTAGTGEGTTGTATAAGGGAGCCACTCCGCCGCTGGTCEETTG
GATGGTCATGGACTCTGTGTGAGTAACTTTGCCCCECCCCTCEAAAACGCCAAARAGAC
AARAGAGAGAGAGAGAGAGAGAGAGAGACGRAAGGACTCGATCAGTCARACACAGCATGC
TGGGTTCCTTAACCTTATATCGCCGECTATTACTGGAAAGCETETTTTCGAAACCAGAG
ATTCGCECARGCATGCCETTCATTGGCAAGCAGACECATCTTCACACGCTCCCTAGCTT
CGGTCATGGCATTCCGEGCATCATGGCTECAACGACTGTCAGTTTCATTGCCGCACCEE
TGGAGCACGTCAAGGCGCETCTTCAGATTCAGTACTCTGCAGATAAATCCARGCGCCTG
TATAGTGGACCTATAGATTCCGTTCGCAAGATCOTAACARATACGGETCTCCTARRACG
TCCGACCTTGTTGGCTGACCTATATACATAGCTTCCCACACACGGCATTGCCCGGETTAT
ATCGTGEACTCTCCECGACCATGCTATTTCGETCGTTCTTTI TCTTCTGGTEGEETTCC
TACGACGTCCTTACTCGGTTGATGAAGGAGAAGACCAGCCTGTCTGCTCCTACCATCAR
CITCTGGGCCCGGGEEATTTCCGCGCARGTTTTCTGGATCACGTCGTATCCGTCCGATG
TGGTSAAGCAGCGCCTCATGACGGACCCGATGEGAGECGCCCTGGECGACGGGCAGCEL
AGGTTCCAGTGGTGCAAGGATGCTACAGTCGCGETCTATCGGRAACGAGGGTEGAGEGE
GTATTGGCGAGGGTTTGTGCCATGCTTCTTACGAGCATTCCCGGCGARTGCCATGGCTT
TGGTTGCATTTGACGGATGTGATACGGTGECTGCCGTGAGATCGTGGTTCGCCICCGAGE
CAGAAGGCGACGATGARGCTACAGARGCACAACACACGGATCTCECTAGACCCGAACGA
TTARAATGAACGEGACTCCAATAGATCCTGAARAGAAGCCTATATAATGTGATAGACGA
TAGAAATAGAATTGAATTCTCCAGCCAACCCATCCAACGGGCCCEAT CETGRRACECET
CTCACAGCAGGGATTCATCAATCTGGCCEGGETGCAACCGGCCECATGCCGCGATECCTCG

CCCAATGCAGCCACTGCTGCACCTTCCACTACCTTATCCAAT CCATGCAACAAATCCTT
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FIG. 7B

CGGATICTTG CTACCGAAGAAATCARGTTTGACTGACCCAAATCGCTCACGAGGAGACGG
CAGGEATETTGTGGTAGACAGARGAGACAGAGAGTCAGAGAGACAAGTETGTCCAGGAGGE
TGAATCGGGAGACAGAGAGAGGGTTCEGEECTCCGCEGTGTACTTTTTCCGGCCTGCTTCA
ACCTTGCCATAGTTCGTTCCATCCCGTCATCTCCAATCTATCTTCTTCCCTCACTTCCT
CCTCATCTCCTTATCCGTCTTGAACTTCTTCAECTCCCTCTCCT ITCCCTCCECAGTCT
CTTCCGCTATGTCCGGEGACCGGEGATCATCCGCCTTCTGATTGCTGGCTAAAGAGCTCT
CTCGCCTTCTCGCCGGGCCAGATCGATTCCGCCGCCGCCTTATCCAATCGCGCAGTCCA
ACCACRACCATCACCTTGACTGCGARCCTCCCCCCTTCTCCCTCAATCAGCAAACGGCT
ACGATGECCATCECACGCTCCATACETCGCACAAGCCCCATTACGATCTTCCTGRCTGC
TCTGCTAGCTTTCGGATTCCTTTGCTTTCTGCTCTCCCCTTCCTCATCCGCCGCTGCCC
GCCGCTCCTCCTGTCACCGATTCCTCCTCGCAGCTACGACGAGAAGATGCCGCCGAACA
TCCCCTTTCTCCTCCGACGABACCCTTCCTCAAATCTCAAGCCGTCCCCGARGATGECC
TGAMAGCACCCCCGCCAGTCATGCACTACAATCTCGAACGAGCTCAGCAGCACCAGCGAA
TCCATTAAGARAAGGCGAACGGETGCTGAT TCTCGACCCCATTGGCCCGCTTCTACCAAGA
ATTCTGGGACAATGTACTCAAACTGAGCTATCCACATGAGCTCATCTCGATTGGATTCA
TCETCCCTAACACCAAGBACGECCATECCECCETCACCECECTEGAGCAGGCAATCAGC
GAGACTCAGTCTGGETCCGATTGACAGCCCCTTTCECCAGCATCAGCATCCTTCGCCAGE
ACTTCGACCCGCCCATTCAATCCGCACGACGAGAAAGAGCGCCACAAAATCTCCAACCAG
AAAGCACGTCGTCGAGCTCCATCGAGTCCCEGCCCGCAAACAGCCTCCTCTTCACCACICTCG
GTCCTAGCACCTCCTAGETACTCTGECTCGACTCCGACATTGTCGAGACCCCAGTGACC
CTTATTCAAGATCTGACTGCCCACARCCGACCTGTGATTGTCCCGAACTGCTTCCAGCS
CTACTATAACARAGCATGCCAAGAAGATGCATGTCCECCCTTATCGACTTCAACTCGTGGA
TCGACAGTTCGACCGCCGAACAGCTTGCEGAGACAATGGEEECCGGACGAGATCTCCTCG
AGGGAARAGCTGGACTGCCCACCCTCCGGECACCCCGGAGGCCCACAAGECCARATTCCG

GGGEECGECCCCCGTCCTAGCCGCEGAAATCEGAACTCGACGGCGTCGGTEENACAGCACTCC

TTGTCARAGCGGATGTGCATCETGACUGECGCCATETTCCCCEGCCTTCCCGTTCTATCAC.

CTCGTCGAGACGGAGGCGTTTCGCCAAGATCECGAARGCGTCTGGGATATT CCGTCTACGG
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FIG. 7C

CTTGCCTGATTACTTTGTACGTTCCCCTACAATTTCCCATCCGATTGAACCCACTAACG
CCATGGCCACAGCTGTATCACTATAACGAGTGATGCCATAGATTTCAATTACGAGATGA
GTTCACATGAAGCGAACATCCGACAATAGACCCGCAACGGAGAATGTTTTTTTTTTTTTT
TTTCTTCGCTTTGCTTTATTTTGCTTTGATTAGACTATCCTAGTTGGCGATTTCCACGTC
CACTACAAGATTCAGACTTCACTTTATCCATCTACATCTACTTGGGGCGTTATTATTTT
ACGTCCGCGCECTGCGCECTTAGTCCTTCTEETGTTCCGGCTCAGTAGCTGTCTTACAA
CTACTACTACTATATATAGTTAGGATTTATGTCCATTTGCTATACACTGCACTCGCCTG
TTCAATGCGCABRACRGTCAATAAGCCGAGGAAGCGTAGGTTTCGTCCGTGCAATATGGA
CCAGATTACTCCTTACGTGGTAATATCGCACTAGTACCTCCGAAACTTCCGGTATTGARATT
GTCTATTCTGTGCGCGAASTCCACACCATTATTTACTACTAAGATACTGATTCTATATCC
ATAAGCCGTCTCTCCETTTTTCAATETGCTTCCTTCTCATAATCETCAGTCGAGCTATC
GCETTGEGCTTEGTTETCTAATCCCRAAGAAATCCTACCGATCACCETTACCGATCGAGATA
ATCACGATCTETCETACCAAGCARGCAGCCATAGAAACATACACAAGCATAATCCCCGC
CCCCAACCATAACGGCCAAGAACTGCACCATTGTCTTCTTGATCTCCACGCGCTTATCC
TTGCCCETTTCCAATAACTCCGGGATAACCCAAACTETTCCTACGTACAGCAATETCCC
TGCCATGAAGGGTAGGAGCATATCACCCCAGATEAGGCTTGTTCCAAGBAGGCCAGTTC
GCAGGCTATTAGTCAATGTECAGETGGCAGCAGTAGAGCCATTCCCGCCCAACTCTTEG
ACGGCGATTCCGATCAAAGTECCGACGGEAAGECGCCAATGECTETGACCAATTGCGCECC
CATAGCTTTGCGCTTTGAGAAGCCEGATTGOGATGAGGAGTGCGAAGTCGCCAACCTCGT
GGGGEATTTCGTGCAAGAAGACGEGCEACAGLGETCETTGCGCCGATGETGEEEGAGECE
TAGAAGGACGAGGACATGGCGAGGCCAGTCGETAATCGTTGTGAGTGAAGTCGGCAATCAG
GTTGAGCTAGCCGCCCAATTTGACGCTGAGGTTGATATCCTITCTCGTCGTCCTTGTCEG
COGGGITGCGCAGCGETETTECTCCTTCCEGECTTCCECTETT TGAGATCCEGTGCAGGGET
TGCGECGAGGCGCCAETTETTGTCCCTCTGEGTTTGTCCTCETCETTCGCEGCTGTCAGT
GTGAGCGTECGCGTEGCAGTGETCCTCGTCCAGCTCCTCCEGTGGCGATACGTAGGGTTT
TETCZATTGCGACGAAGETGAAGAAGCCCACCATCGATTCCCAGEGCCCAGGAGGAGGTTG

CGGTTTGGCTCAACCATCACGAAGCGAALATGETCTCEGCAGTCTTCGCCGAGAAAGAT
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FIG 7D

CTCGGUGAGCAAGTCGGAAGATGGTATCGCCTAGGAGCCCGCCTACTGCGARCGCGACCA
TGACGGACAGGGAGGACGGATCGATGTTTCCAGCGCATAGGCCAGGAGGA
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FIG. 8

LSDSFAFMCSPLPRPPPEAAPPVTDSSSQLRREDAAEHPLSPPTKPFLKSQAVREDGLKA
PPPVMHYNLNELSSTSESIKKGERVLILTPLARFYQEFWDNVVKLSYPHELISIGFIVE
NTKDGHAAVTALEQAISETQSGPIDSRFRQHQHPSPGLRPAHSIAGRﬁRAPQNVQPEST
SLLFTTLGPSTSWVLWLDSDIVETPATLIQDLTAENRPVIVPNCFQRYYNKDAKKMDVR
PYDFNSWIDSSTAEQLAETMGPDEISSREKLDCPPSGTPEAHKAKFRGRPRPSREIRLD
GVGGTALLVKADVHRDGAMFPAFPFYHLVETEGFAKMAKRLGYSVYGLPDYFVRSPTIS

HPIEPTNAMATGVSL
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TIG. 9A
CGAAATGCTGATATGITCGECTTTTCGGCGACTGG IGALCCAGTTTTIAT TCARCGACAT
GTCATGCTATTCCTCTTCCETCCTTTCCACCTGGTGACTCCTGAACCGAAGAGTAATTT
TACTTTAATTTCTAGCTCTCTTTTAATTTTCTGGGTCGATAGCCATCTGTTACTTCACT
AACGTATCTCCTACACCTCCGCTCCAARACCTCGTCCTTTTTTTCCATCCTGCTGCGCT
CCTETTCCCCAAGTTGCGGGCECCCATTTCARAGARAGACATCTCCCATTGACCTCCTC
CACAGCGGCCCTCTGCCGAGCACGAACTCCCCAATCACGCCCCCCTETEGCTACTCCGE
GEGCCATTETECTCGCCCGUCATTGCCCTTCCTGCCEGECATCCCTEGTCEGTTCCIACTC
CCCGCTCATGTCCTTGTCGCGATCECCCTCTCCCCACCCCCCGEEAGCAGCGATGETCTA
GTCCTGEACTCACTTCGCCCAGTEGCTCTACCACGCCTCACAATGGCTTCCTGTCGECCA
ARTCCCATAGGCGCCAGCGECATCTCCTCGECCGCCECCAAAGCGAAGAGCGACGAGGT
ACGAGGCTACCCGTCCTTTTCGACGAAGAACAGCEGATTCTTCTCGCGCTCAAGACGCC
AGCICTCCGCCACTTTGCCECGCTTTCGTCTGEECTCEGEETCTCCGAATGGTTATATC
GATAAGGATGAGTTTGGCCGAGAEACAGCCTCTCTCCCCAGCTACGGGCTGECECTTGRA
GTTTGGECAGGTCGETTCTGCGECECAGACGATCGCGCTTEGCTCETAGECECTGATCTTTC
TTTTGCTGGGCTATATGTTTTT TGGCECETOTAAGTGARATCGCATACCAATCGGGAAGAA
AGCCTGCAGGTAGCTGACCTTGTTACAGCTCTTCTCCAGRAGTATCGGCGCTCTCCGCT
AGGCGGTGGGCGCARATTCETCATCATACTGGAATCCAACATAGAAGCECGGCGTGATGG
AGTGGAACCCAGCGCGCGAATGCCCCATCCAGCCCARCACGCATATGGAACAAGAAGAAT
TATGTGGAACGATGGGGCTACGACTTGGARACCGTCAACATGTTGGCGARAGAAGCGGTA
TTCACACGAATCOCCCCAGAGCTGGGAGAAGETGCACCTTATCCGGGAGACGATGCGAA
AGCATCCCGATGCTGAATGEGTATGCTTGCCATATTTGATTCCGTGAGCATCACTEACAT
CITGTGCAGCTTTTGGTCCCTGCACCTTAGCACT TGEATCATGCAATACTCCTACTCGT
TACAGGACCATATATTCGACCGCTTGGATCGARATCATTTACCEGGACATCAATGTCTAT

AACCCATTGAACATCAGCCACCCGCCBGACGACGCTTATCTCGACGAGGTEGTCTCGTTC

GCCAAACGGRCGACGGGEGACCCATCATCGETACATATGCTATTGTCGCAGCACTGTGEEE

GCTTCAACCTCGECTCTTTCTTCATCCCECECTCCCTCTEEGCCGACCECCTECTEGAL
GCETEGTGCCACCCAGTCATCTACGAACAGAAACATATCCACTCGCACCATAAAGAGCA

GGATECCATGCAATACCTCTATGCGACGCAGCCETAAGATTCACAGCCACGT'TGRCTTCC
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FIG 9B

TCCCTCAACGCTATATCARCTCGTATCCCCAGSCCECATCTGGECGACGAGARTGACTCE
AATGTCCACTACCAGGAAGATCARAGAGACTTCCTGETCAACATGGCTGGGTGTCAGTA
TGGACGCGACTGCTCCECCCCAGATGTACCAGTACCGTGARATCAGCAAGCAGCTGARCC
TGACATGGTGGGAGCGCATGAACCACAAGTTIGAACGECCTTTACGAGAAGCTTTTCICG
GGCGAGGAACAGCAAGTTCGAATGAAARAGTCCOTTGCTGGCATACEGCATGTTGCTITCA
CTTTGATGTTTACTGCAGATCGATGATTGCGTCTCGAGACATGACCATGTAAAATCGCGGACT
AATAACGACCTGGCTGACGGCETATCGCATGCATTCTACCGTGTTTGGCTGATITGCTAT
TTTTGCCEAGGCGTTTGGTETTAGCGETAGCTATCTAGACTTCAAGTAGCTCATCTACT
ACCTCTTTATCTGTGCTCTGCAATAATCARAAGACTTACGAACTAAGTATTATACAATT
GTAGTTGCACAACTAACCACTCATAACCCGCTTAGTAATTATCCACAGCCCCACGTGAC
ACAATGAACTTAGCACACCCGACCECCCACACCCCCCAACCAATCAAACCACCGCAATT
GCATCTIGCTACTCTCGCGACCTCCGGAATTCGAARCTTCGATACACTCGACTGACCTCTCTAC
GTACGTACTCTCCCTCCGGTCCCTCCTCCAACCTACACACCGAACCTCCTCCCCCCGAA
GGCAACAACCAAGGGAACACCHEAMMATGCCGACCCCCERAATCCECCTCCTTCCTGGCCA
AGAAGCCCACCGETGCCGCCEACCTACGACGECETCCGACTTCGAAGACAACGTCGCTAETC
CACAACGCCCGCGACGCCATTATCCGTGAACAATECGTCCCCAGTATGATGTCTCGTCT
GETCGCCCAGGAATTGGEAAAGTCTTATGCCCETGAGGGCCTTAATCATTTCCAGAAGT
GTGGGETTTTGAGCGGTGACTTTATACCTGTTCTTTCTTITCTTTCTATCCCCGGAGCCC
TTTTGGGGATGGTCTCGGCTAGCCAAGATAGAGTGAGAATTATGGCTAATATGTGTCTC
TCTTTTCGETGTGTAGAGAAGTACTTCGAGTTCGCTCCGCGAGCECAAGATCAAGGGTTA
CTTGTTCCAGGAGAAGAACTACTTTGCTECGGAGGGAAACAAGTCTGCTTAGATTTTIGC

TCGGTGEATTCGAATCGARATTGGEGTTTECAGCETTTCTGTCTTATGTTATGTGATATAC

AATATATGCATTGTCGTTTCTTTTCCTACTTICTTTTTCTTITTCTTCTGGGTTTGETTT
GTGCGGAGTTAGAGGGTCTECATGCTGCTTITGACCAGTCCCGEECTCTGATTGTATGA
TATCCTTCCGAGATGGCCTCEATTTGECTCTGCCGTGCTTTATATACTCGCTTGTGAGGET

GCCGAGTGAGGGGTCCACGTETCTATATTCATACTGCGTATGTGCAGTAAGCATTATCEGGA

TGGTAATATGCTTGTGCTCAGTGATACATGTATAGGAACAAGCTCEGARGCTCGARGCTC
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FIG 9C
GAAGCTCGAAGCTGAGATCAATAATAGGCACTETCGCTCCECTCCGGTACTGTCCCCGG
CGTATACACACGCGCCACACTGECTECCTCCTCGTCACTGTCCTCGACATCACTTCCCG
GTCCARAGTCETCCTCCACCGRCEGCECACGCATGCGCACCAGCTGCTCCTCATCCAGC
GAGGGAATCTTGTATGCTGCTGCCGCCGAATGGATATCTCCGACCGEAGGGCAACTTGEGEC
AAGCAAGGTCCETAGAGGGTGGGATCAGCTGGETATTGATCTGTGTTCGTCAGCARCAT
CATCCTAARCCAATGACGTGAACATCACCAACCGTATCATTCATCCGCACCCACTTCGT
CTCCAACATCTCAATCACTCGACTCTCCTCCTCCCGACCTGCATTATCCCCCGGTCCTA
GCTCGCCCTTCTCCGTCCGATCCCOCACTECCCEGCATCTTTCTCCATTCGTCTCTCCTCC
CGCCGCTCCATCCAACCCTGCTTCAATCTCCACAGTCCGGTCCGACTCTTAGTATTCGT
CTCCTTTGTITTCCGCTGCAGCTGTTCCAGCTCCCCGGACCCCCAATGCCCCCTTCGCTG
CTCTCAGCCATACAATGCCCTCCCCGATCTTCCCAGACAATTCCGCATCCACCCCGARG
AACCGGCAGGCTCTCGCCCGCECAACCCEGTCCCAGTACCCGCGTATACCCTAGCAGATC
ATCATCAATTCCCATCCGECCCCTCTGACCCGACAGATCCCAGCCCCGCAGCAGCTTATT
CCGCATACTCCGCAGCCCGGATACATAATCTAGCGAAGAGGTGCGCCCGGACCTTGAGE
ATCTCCGGCGCCCGEACCATCCAGTCCTTGTCATTGCEATTECECGCTTCAATACACGEC
CGCGACGTAGCAATCGTCCTTCAAGACAGCCAGGACACGTTCCTTCTGCCAGCGGCCGAGAC
AGGACAGGECCCCTTCCETCECGEEETCEAGCGGTCCEEEAGCETAGATGTTCCATTTTTE
TTATTGCAGATCCAATCCGCTECACTTCCCAARCACCCCCAGCAAGCEACCACCCACTG
TACCGCACTGECTTCCAGGAGETETTTCETEECTCTTTCCATEBCEECGETGCECTETT
CCGGAGTCGGGETCECCGATGCGTARAGTGTGCGCETGACCGCCAATGCGGGCAAGCGAG
TTGAGCACGTAGCTGAGGGTGGAGAGGACARAGGCTATCTCGAAGTCGAGGCCCTGTCC

TGGATGCGEGTGETGGTGGECIGCTGTTGAGGAGAGCETG
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FIG 10

MSLSRSPSPHPAGAGWSSPGLTSPSGSTTPHNGFLSPNPIGASGISWAAAKAKSDEVRGk

YPSFSTENSGFFSRSRRQLSATLPRFRLGSCSPNGYVDKDEFGRGRPLS PATGWRLGFG
RSVLRRRRSRLLVALIFLLLGYMFFGASDLVTALLQKYRRSPLGGGRKFVIILESNIEG
GVMEWKGAREWATERNSIWNKKNYVERWGYELETVNMLAKKRYSHEWRESWEKVDLIRE
TMRKHPDAEWFWWLDLSTWIMEYSYSLODHIFDRLDEI TYRDINVYNPLNISHPPDDAY
LDEVSRSPNGDGDPSSVAMLLSQDCEGFNLESFFIRRSLWADRLLDAWWDPVMY EQKHM
EWEHKEQDAMEYLYATQPWVRSHVGFLPQRY INSYPQGACGDENDPNVHYQEDERDFLV

NMAGCQYGRDCWGEMYQYREI SKQLNLTWWERMKDKLNGLYEKLFPGEEQQVE
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FIG 11A
CTATATGCTGCTTACACTGATCTEGCTTTTCGATCETCGGCGCGAGCTTAGCGEGCAGAGACE
GCTGCGETTCTACATAACACAGCTECTCTACCAGCTCATTGCGCCTETGTCGACAATCCAC
CTAATTAGCGATCTTCTCATATTCCCACAGACGATGCTCACCTTCCEGAAGTCGCTACTC
GCCGCTGCGCTTCTGATTACCTTTATCGT CTACCTCCGATCETCGCATACCGCCTCTTC
CCTTCCETCTCCEGATACCTCCTCCEGCCECGACACCTCTACARCCAGGATTACGATGETC
ATGCAGACAATGAGCGAAAAGGTGCAACTAGAGACACCGTACAACAGCTGCCACTEACT
CCGCCACCCGAGCECCCLCTTCCACGATCEGCTTGCGCTACCACTTTCCEGTACCATCTGGA
AGCCAAGTTCCCEGCGTTCATCTGGCAGACGTGGARATATGCGCCGTCATCCATGTTCT
TCAGCGAAAGICTGCETGATCCGEACTCCAGCTCGETCCGAGTTACATCCCGGATTCGETC
CACGAGGTCCTTCCCGATGATACCCAACGCCATCTGATCAAATACCIGIACGECGCTGT
TCCTGATETATTCGAGACTTACGATECTATGCCGTTGCCCETCITCARGGCCGACTTCT
TCCCGATACTTGATCTTGCTCGCGCAEGGCTCEAATCTACAGCGATATCGATACCACGGCE
TTGAAGCCECCGTCTGACTGGCTGCCAGCCGACTTGEATCTGECCACAGTTGGAGCGET
GETGEGECATTGAGGCCGEATCCTGACCECCCCGACTCGECATCGACTGETATGCCCECAGAA
TCCAGTTCTGCCAATGEACCATCCAAGCCARACCCGBACACCCCATCATGCGCGATATT
GTCTCCTACATTACGCAGGAGACATTCCGCATGAAGAAGGCGGETATTCTAAACACTGG
CAAGATGGACAAGACCGTCATGGAGTACACTGGGCCAGGCCCTTGGACGGATGCGGTTT
TCCGGETATTTCAACGATCCAGAGTACTTCAACATTCAACCCGGCTCCGACGTTGAACATT
ACCTATGAGCGACTTTACGCGTCAGCGAGGEATATAAGAAGCGTCGCGAGATGTGETGGTCTT
GCCCATCACCAGCTTCAGCCCGGGAGTGCACCAAATGGGTGCCGGAGATGTTGA&GATC
CCATGGCATTCGTGAAGCATCACTTTGAACETATGCCGCCTCARTTCCTCCTATTGCTT
GACTCAAAGCTAACACGCCAACCAGGAACTTGGARGGATGACTCCTCTCTATARGCCET
CATTATAAATCGCTTTACATTACACCTTACACTACGATACGTGCGCGTEGTTGAATCCT
ACTGCTTCGTCGACAGCGACTTGCACAACGCACGTCCTTAGACAGCTGGATATGACCATA
TAGCATAAGTGGCATATCATCAGATCCTTGCACCTTETCAGTCGGACACGAGCAGGGEC
CCTTCATGGCCACCTACACAACAACCTCGCAGCATCCACCCAACATTTTCCGTCCTCAA
ACTCAATCTAATCGCCCCTTGCTCACCCAAGCTAGCCATGTCCCGTATACGAAARTGCTG
GCTCTCCGGCAGAGTGAGCTATTGCTTTETGCTCATGACTCACGGCTCTCAGCTTAGCT
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FIG. 11B

TLCCATCCATGACAAGCATGTCCGAGC TETAGCTCCAT CEGCIAGCATGCTTGTCAAALG
GGCCCCCCTCTGTTTCTTCTCTGIGTCCATATAACCTACATATGTTTTTAGTGTCTTGC
TCCAAAATCTTTAGAATTTCGATACCCECAGGCTGGGAACACGAATGAGARCAGCCATGC
ACTTTGATCTCITGACATATGTTTTACCTAATCTAGAGTTACATTGCATTCCGGAATGT
GCCTITGCGCATACTTTAATAGARACT CGTAATTTECCCTCTTCCTTTCCTTCATAGET
CGAATGAAACGGTAATGCTTTAATTGT CTACAAGAACGACAACATCTTGCTGTCTTGAA
GCATTATGACTCTACTTCATACGCECGAAATCACTTCOTATCCGCTCTACCARCCECAGAC
AATCGCGTCTCTTCTCAGCCGTGACCAACATCCAGGCAATARAATGGACCTCGCTCGAC
TTTGETCCGACCAATCTGTCCCCTTTCTTCTTGATTGTCGCGTACAGCGGCACATETGE
CTCCAATTCAGGQTACTGATGGAGCAGCTCCGCTGTGGCATCTTCGGTCTTCATGATCC
CGGCAACATCTTCTTGGAGGACCGACGCACCCGAGAGATTATAGCCAGGTCCAT TTAAGAAT
GOATGGCACAAAGCCCTCTATCGAAGCTCGTCATTGACTGCGAAGAGCATCTGCTEGGEC
GAAATAATCCACTCCGTAGACCAAGTTGACGCCAACAGTCTCCAGATACCCTGCTEEEC
GECCETTTATCTCGAGCAGATACACACGCACACTCTTCTTCCCATCATTGETCTTACCT
TGTCEAGGATACAAATCCTCAACCCCEGTTCTCCCTGTCTTTTCGGAACTCATGACTCGR
ATACTGTAAACGTGCTTCACAATGAAAGGTACCCCTTAGAAATCCTTGACGARGAATAL
TCTGGETCCAGCGCETTCCGCATGGCCTTCAGCTCATGCGETCGAACCGCAGAGGGGATA
TGGACCATAGTCTCCACGAAGTTATCGECTTTGTTGTGCEGTCTAGGGTCCCCAGGGCTTCG
GAAAGTCGTCACTAATCTCGCAAAAGATGACTTCACCATTTAGCAGGACGAAGTTCGCG
TCGACTTCCGGTCCATCGATCTATGGC TCAATAACGGCETCACTTCGCTTCTGTGGACC
AAGTGCATGGCAGTCACAGGCTTTITTCCGACTGCTTGARATAGCTCGTCTTCCGTGGACA
CTTTGGCTGACAGCTTGACTTCCCCACCCTARGCACGGCTTGACCATGAGCEGATATGAC
ACTTCGGTGGACCGAAGAACCTTATCTAACTCCTCCEGTCCCGAAGACCCCAAATGCCCC
GTGCATETCTGGTTCCATTAGTCGAGTTTCGATACTTATCTCCGGCGAGCGATATAGGCTG
ARGATGGTCAGGTAGGGETATCCGAGCATCTCACACGCTCGAGCCACCCCCATCATECAG

CTATCGCTCACTGTCATCAAGCCATCAATGGGCTTATCGTAGCTGCGCACEGCCETCAT
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FIG 11C

GATCCTATCGACGRATCCCTCATCCACGTCAATATTTGCCGGCGACAAATCCTTCTCGGA
GATGGGECETACGGGCCETTETCATTCTGCAGCCAATGCCCCGGCTTCTCAATEATCACC
AGAGAGATCCCTAGGGCTGCTGCCECCTCGTACATEGCGTCGACTCGTATCCGCGTCTTT
GCGACCTTCTACCCATGCAAGGCETTTTGGCACAATTGATGTAGGGACTACCCATGGAT
ATGARATCCGETTACAGAGCGCCTCTTCGACGCTCTGCGAGGETCTCETCGAAGAT CACGAG
‘CCAGAGCCAGTGTCGAGAAGGACCGCACCGACAGACATCGACAGAAGTGTGCTCAGATC
ATGCGCTGTTCCATCTATCTGGACTTCAGCEGTCGTGACTTGTTGTAGTGCACCCGARA
GAGCTACCACCTTGGCAATGTGCTTCACCCCATCTAAGCGCTGCTCTARGAAATCGGAT
CGAGCGAGATAGCCETCTACCCTGGATAGGATAAACTTCATGATAACCGGGCTCTTATT
ATCAGCCCCTTTGTTGCGTTCARARATAGTCETGGTARTGAAACTTGTGATTTCTGGGE
TCAGATACCAAGGGGTGCAGGACTCCTTGTCAfTATCATTTTGGTAACCGTCGAAGCAT
ACTGCTGATGCAGCATCTTTGTTGTTATAGETCTTTGTAACTATGGTATTCGTAGGGTA
GAGTGTGAGATTGACAGATTCATGTTTCTGECCAACAAAGCCCTTGACTGGGATCGCCT
TATTCCATTCACATGTAARATGGTCTGATATGCAAATCCATCGAT TAGATAATGATCAGT
GAAGCARGAAATGGCTTATTGGTACTGETGTACCAATCTCGATCCTGGCTAGTGAGAGCT
AGGAAGCAACTGTAGGCCATTCTGGGCGCTEGCAACGACACGAGTCTCGATGARATTGCGT

TTGGCGCGGGCCCARAAGATCGAGTTAGTAGATCGAGAGCCTTTCAGCCTGCAGTITTAATA
CCCGAGTAGCAGGAACACCTTCACCTGTGTCATACTCTTTCCTTGACCAAGCEAGGCAG
TTTCAGTATTGGGAGAAGCTCCAGGCT CGGATTCGGCETACCETACTGACTCECTACGT
AGTCAGTCACTACTTACTCCGCAGTCCGBGETTTACTCCGATGCCGTCCACCAGTGAGC
CCTTATTCGTGCAAATTATGTGGCTACCTGGAATTATAGGCCACTTTAGCCCTTATCCG
CATATCGATACTTCTTEGCTTAATTCTCARACAGAACTGTCATTTCCTGTTGACACTCAC
TCCAAGGCAAGATACTATTGAGTACTTGCATTGGTTCEATCATTACARTTGCTAGATCT
GCACCGCETGTCCAGTCACTGGCCTCACTGTTCCCTGATITARGGACTTCARGTCARAT
TCACATCACCCAATTGCCCTTCCCEGETTAGGCATTCATCTCTGGCACATGTGCATTAAT
GTAGGTCAGCCTTTITGARATGCGTGACARAGTGGAGTATGATCTTT ICGGCCAGCAAC

CTGCACAGCTCGETGICCCARGATTAGCGGCCATTGGAAATTAT I T TAGTAAGTCCAGT
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FIG. 11D

ACTTGTCATTCTTGGEGTCCETCCCTTTIGCGTARGARCTAGTACARRT TAGCTACCAC
TGTTTCATTAGGAGCCTCCACCECTTTTCTACCETCACCAAGTCAGRACCGCGAATTAAC
CATTTGGACCAGGATGCACCATCTTAAAACTTGATTCCCAGAATCTGTATTTATTGCCT
TCAACAAACCAGAAGGTCCCARARATTGTTCTTTTGGATTCCATTGACAAATAAGCATT
CTTATCAAAGCATCTCCTTGCACGGGCCCACACECEGETATTTTGCCAATATTTTCTTC
GGACAAGTCCTCACGGATACGCTTCGATGACGAT CAGCCTCACAARCTTTCAAACACCTTTA
CTAACCGTTCTGTTACTGGAACAGGCAAGCTATGCATAATACATATT TCGATCAGAGGC
ATTAAGCCACTGTAGTGTCTTTTAATCGAGTCTTGATCACCAGCAGATGAATTCCGEGT
ACTCTGAAAGACTTCCTCCCATAGATCGACTGCTCTAGTATATCGAACAATCTGCCTCG
CAGCTTTATACTGAACTGTTGGCAGAATCGARAAGGCTTATGACAATTTARATAGT CACAG
TTGTTCCTTTCABACCTCCAGATCGCTCTCCARACGTCGTTGAAGTCTATTTCGCCAGG
CCACTTATGGAGGAGCCACTGTAGCCCGEAARCGGCTGETTGCGGCAGCAGCAACCATGA
CTCTTTCAGTAAGTGGCAGTGCCTGGAAGCCATACCTTTCAATTAACCAAGGTAATGCA
GACAGTTTTTCATAAGTGGCAAGCATAACCACTTTCTCAGTTAGGAAAGCGAGGCACATC
GGGTCCAAGTGCGTGGAGARGAAGTTGAAARAGCGTCCAAGCTCTACGAGGCTGCCAACA
GRAACTTTCTCAGTTATTGCGTACTTGTGGGCCACAATGAGCCAGAATCCETCTTATATTG
TTGETCCGTCTTTCTGCTCCTCCCACEGCTATCATGAATTCTTCCCAGATTGGAATATC
CTCTATTCGCTCATCGAGCAGAATGCACAGTGCTTTCTCETGGGATGCTGCTGCTGLTC
GEATEGCEECTTTCTCTETGATGCATACACACGETGCTET CCGCAGCAGGAGTTCCARA
GCTGGATGATTGTECECARATCTTTCCACAATTCCTTGGTCAACTTCCGARGAGCTTICT
GTCCAAAAGGAGTTGEATTATTTCTGTAGCACTCTGATGATTACCGTACTTTTCTAATG
TTATTAGCATCTTCGACACCEETAATTGTCCATECCETTGTTTCATTAGAAGCGECTAGC
ATCGATGAATCGCAACTCGCATCGCTTCAACAAACATATTATCCCTCACTTTGCCCATTGE
TCETACGCGCARAATTECCTTCACAGTATTAGTTGTCAAGCETCTTACAGCATCCGACA
TGACTTTTTCCOTGAGAGGRAGGECCTCTATTTGAGACCTTGCTTCARGAT CTAATAGA
AARCAGATCAAGGCTTCACTCCTTGARTTGAGCAATATGTCTTCGGTTATTGAGATCCT

CAARGCCTCCGTTGTTCATGAGTATCTCABAGATATCTTTACCTTGTGGC TTAGAGGECTG
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FIG. 11E

CTTGGCATAGAATTGCATGAGTGACGETGAATCCAGCTTGCTGCCTGTGTAARAGCATG
TTGAGAATCTCAGCTGCATATATCCATTTGTTCACGATCTTCAGCATGACTTTTTCGCT
TATTGARARATCCGGACCACAGTCATCTAGTAGGAGTTCAAGCATTTCGACGACAATGEG
GTGCGTTCGTATTACACACTGCCGTACAGAGTACATCCTCGCTAACCTGTGCCCGATTC
TGTCGTCCACGAAGAATTTGACGCAAGACATCGACATCCAGTCCATTATTAGCCGCTCC
TACGAACACTTTTCAGCéAGCAAGAAATCGTCATTCATGTACTTAGATCTCGATCTA
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FIG. 12

MLTFRKSLLAAALLITFIVYLRSSHTASSLPSPDTESAGHLYNQDYDGHADNERKGGTR
DTVQQLPLIPPPSAPLRDRLRYHFPYDLEAKF PAFIWQTWKYAPSSMFFSESLRDPESS
WSELHPGFVHEVVPDDTQRHLIKYLYGAVPDVFEAYDAMPLPVLKADFFRYLILLARGG
IYSDIDTTALKPASDWLPAELDLATVGAVVGIEADPDRPDWHDWYARRIQFCQWTIQAK
PGHPIMRDIVSY ITEETLRMKKAGILKTGKMDKTVMEY TGPCAWTDAVFRYFNDPEYFN
LEPGSTLNITYEDFTGQEGYKKVGDVVVLPITSFS2CVHOMCAGDVDDPMAFVKEHFEG
MPPQFLLLLDSKLTRQPGTWKDDSSL:
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FIG. 13A
GTCGACGCCACCGGECCGACTCCGAGAGCAGGTGETCTTGCETGACGECTGAGCGAAGEE
GGTTTTATTAACTTAARCTCATGTTGTACGCEETGCATGTACCTAGAACTATGCCAGETG
GGAAGGCCGGECESCCCETCGEARAAGECCTTCACACCGAGATGGTTATGAGCCETCIT
ATATATCATCAACTACCCTCAATACCTACAATGAATCATTCGACCACATTTGACCATEG
TAGTAGTAGTAGTAGTAGTACTAGTAGTATAGATCTTCTGTACAAGTATGTATARGCCT
CAAGCCTAATGTCCATCCCCATTGETTGCATTTCCAACCAGTAATAATAAGATTTTAGT
AGTATGCTGCAGAACATCCCCGAAAAGCCCEGTCAATAGAAGCCCGGCTTGAATAACACAG
TGGATGCCTCAGGCGACAARACACCCCCGTAGATCTGCTGCCCCTCCCGTTTCACTTGCT
GATCTCCTCCAACTCTCCGGECCATCGTETCCGARACTCARCCTTGACAATCCCTCTTCT
GCTTTGATTCTCCAGTCCATGACTECATTCGTTCTTTAAGAGCACCGAACCGGTGCACRA
ACTGTTCACTACCTTTCGCACTCCTCTTCGACCCCATCACCCCCGATCCCCCGAGCCGA
CGATAACGATCCCTCGCECTCTTATCTACCGOAGCTGCCAGTGACTCCCTTCCACCGCTA
CCCTCGTGATCATATGTGACACGGAGACACTCTCCAGCCTTCCCTCOTTTAGGATCCTC
TCCCAGAATGEZCAAATACCCAAGAGGGTCACAACAACCAATTCCTCCCATGAGCAGTC
CACGGCCGTCCACGTCCTCAACATCCTCCGATTCGGEGTCTCTCCEGTCGATACCACCGCC
TACCCCGARGAATCCAAGTACACTTCAACCGCCCCCGGCGCCGGTGEACTGTCCCGATGA
GAATAGATACCEAGATGTAGAAGAGGCGAGAAGCAGEAGCAGACCAGCCETTCCTCCCTT
CGGCAAAGAAGCAAGCTGCCTCCGEAAGCCGCACGTCTCCGTCTGATT TGGEGCCTGETCG
ATACTCTGCETCGCCEGTTGECTTTCGGEGCCTCEGTETTETITCGTCGACTCAARATCGCTC
GGCCCAGCAGTCAGTTTCCGAAGCACTECAATCECACGAGTCCEETECEATCTCCCGGA
GTTCCAGTTCTGGARARCCCGETTACGCTGGAGCAGGTGCTTACGGGACAGTGGCTTCCT
CGGTCCCATECTGTTICTTECATTGCAGGACCTAATGGCCGACGATGETCTTTTCETGEA
GCAAGGAGAGGATCAGCECAAGEGATATTTGCGRGTCGACGACATTCGEGAGTCGCARAG
GCGATGCCACTAGCCAGCARACGCAGGCETGCTCGATGGAARAGCCARTTGTECARGTGGAT
GGACGGACGATCTTCCCEETCTCAACATGGCCCAGCCCARACTTGARCARGGTCCTECT
TTTGTCCCAGCECCAGAAGARCTGEGAGACACTCTTTCACTECGAAATATTGGATCTTCG
ATCTCGCTACCCAAACCCCACAGCCECTTGACCCAAGTAACCCTCGATGCACGCETGCAG

CTCGCAATCTGGTCGCCAACCTCAGACATGCTTCGCCTTCCTCAGGCACAACAACTTCTA
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FIG. 13B
CITGCGTAGATTGTCCTCGAAGGAGGTGETTCCTATTACAAAAGACGGCGGTCCGGATC
TITTCTACGGCATTCCCGATTGEGTCTATGAGGAAGAGGTCTTTTCAGECAATAGTGTA
ACATGGTGCTCTGGACACGECGARATACGTGECTTTCCTGCCAACCARCGAGACGGCTET
CCCTEAATTTCCCGTCCAGTACTACCTCTCACGGCCATCTGGCAAGCGACCTCCCCCAG
GGCTGGAGGATTACCCAGAAGTCAGGEAGATCAAGTALCCCAAGGCTGICGCTCCCRAC
CCCGTTEGTCAGTCTGCAGTTCTACGACGTTGAGAARCAAGAAGTCTTCTCCGATCGAAGC
ACCGGATGATTTCGAGGATCGACCATCAGCATCCTCATTGAGATCCTGTGEGECACCGARG
GGAAGATCCTTGTCCGCGCAACCAACCCGAGAARGCGATGTCCTGAAGGIGTTCTTETTC
GACACGAAAGCCAGAACCAGCAAACTTICTACCGTACTGAGARATGTCGCTEATATCGACGG
TGGCTCGETACAGCCTACGCAGTACACATGETTCATCCCAGCAGATCCCAGCAATGGCC
GCCCTCATGATGGATATCTCGATACTETGATCCACGAGGGTTACCAGCACCTGGGTTAC
TTCACGCCCCTEGACRACTCAGAACCCAT TCTCCTCACCCAGGGTCGAGTEGGEAAGTAGT
GGACGCGCCAACCECCGTGCACTTGCECAAAGECAT CETCTACTTCATCTCTACARRGG
AATCCCCCACTGAGCGACACCTCTACCAGGTGAATCTAGACGGATCCAACCTCAAGCCT
CTRAACAGACACCTCCAAGCCCGGCTACTACGACGTATCCTTCTCCCACGGAACCGGCTA
CGCCCTGCTCAGCTACCEAGETCCTTCCATTCCATGGCARGCCATCGTCAACACCGEAGA
CCGACGAGCTGAAGTACCAGCGAGACCATCGAAGACRACGCCGETCTGGCACGTATGETT
GACTCATACGCCCTTCCCACTGAGATCTACCAGAACGTGACCGATCGACGGCTTCACCCT
ACARGTCATCCAGCGCCETCCCCCACACTTCARCCCAGCCAAGRAGTACCCGGTCCICT
TCTACCTCTACAACGACCCACGCTCCCAAACCGTCGACCGCAARTTCAGCATCGACTTC
CAATCCTACGTCGCCTCCAGCCTCOGCTACATCEGTCGTGACCGTCGACGGCCGCGGCAL
CGGTTTCTCTGGCCGCAARACCCCCTACATCATCCGCGGCAACCTACGGCTACTACGAAG
CCTACGACCAAATCACCACGGCGAACCTCTGGGECGAGAAGCCTTACGTCCGATGARACT
CGOATGTCCATCTGAGGCTGEAGTTACGGCGEATTCATGACACTTAAGACATTGGAACA
AGATGCCCGGCACGACCTTCCAGTACCECATCECCETAGCCCCTCTGACTCACTGECEAL
ATTATGGTAGGCCCCTCCTTAACCCTCTCCTCTTATARACTCACACTAAAACTAATAAT

AAATAGACTCGATCTACACCGAACGCTACATECACACCCCAGCCCACAACCCCARCGEC
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FIG 13C

TACGACAACACCTCCATAACCGACATGACCCGCTCTCCAACARACCGTGCGATTCCTCGT
CATCCACGGCGCCTCGGACéACAACGTCCACATTCAAAACACGCTCGTCCTCGTGGATA
ARCTGCACCTGECEGECETECAGAACTACCGATTTGCATTTCTATCCAGATTCAGATCAT
AGTATCAACTTTCACAATGCGCATAGEATGCTTTATGACGCETGAGCCCCCCTTCCCTTC
CCCAATCCCGTGCATGTCAAGTACGGGTGGTATTCAGACATGTACTGATGATATTGATA
ATAGGACTATCGAGCTGGCTCETCARCGCTTTCAACGATGAATGGCATCGCATAGCGGA
TCCGETCCCGCATGACTCAATGTGEGACAACGTCGARCAGGTCGTTCGCCGATGTTCATGA
ATTGAATTGAATTGATTTGTTTCATACTAGIGCATACATATATATCATGGTTICGRGET
CATATCTAGTTCCTACATACTACATAGCATCGATACCTATGTATCGACATGTCAARGGCG
TTTTCTATTCACTATAGGTACTCATCTATCACGGARARGGGAAGTACTTTAATCGCATT
AAARGCATTACAGTAGTAGTAGTATTT I TCATATCACCATGCAACTGAAACAACARTCAA
CAARACATCCCAACATCTCTATGCTATGCAAGTTTCAGCTCARAACCAACATCAACATC
AACACCAACATCTGTACAATGRAGGCATATAGCAAG
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FIG. 14

MGKYQEDDNNEFLPMSSPRPSTSSTSSDSGLSVDTTAYPEESKYTSTAPGAGGLSDENR
YRDVEEGEAGADEPFLPSAKKQAASGSRTSRLIWGLVILCVAGWLWGLVLFVIQNRSAQ
QSVSEALQSHESGAISGSSSSEKPVTLEQVLTCQWLPRSHAVSWIAGPNGEDGLLVEQG
EDQGKGYLRVDDIRSRKGDATSQESRVLMEKATVQVDGRTIFPVETHPSPNLNKVLLLS

EREKNWRHSFTGKYWIFDVATQTAQPLDPSNPDGRVQLAIWSPTSDMVAFVRDNNLYLR

RLSSKEVVPITKDGGADLEYGIPDWVYEEEVF SGNSVTWWSCGDGKYVAFLRTINETAVEPE
FPVQYYLSRPSGKRPPPGLEDYPEVREIKY PKAGAPNPVVSLQFYDVEKQEVFS ITEAPD
DFEDDDRIVIEIVWGTEGKILVRATNRESDVLKVFLEDTKARTSKLVRTENVADIDGGW
VEPTQYTWFIPADPSNGRPHDGYLDTVIHEGYEHLGYFTPLDNSEPILLTQGEWEVVDA
PTAVDLRKGIVYFISTKESPTERHLYQVNLDGSNLKPLTDTSKEGYYDVSFSHGTGYAL
LSYRGPSIPWQAIVNTETDELKYEETIEDNACLARMYDSYALPTEIYQNVT IDGFTLQV
VERRPPHFNPAKKYPVLFYLYNGPRSQTVDRKFSIDFQSYVASSLGY IVVIVDGRGTGF
SGRKTRCIVRGNLGYYEAYDQITTAKLWGEKPYVDETRMS IWGWSYCGFMTLKTLEQDA
GRTFQYGMAVAPVTDWRHYDS IYTERYMHTPAHNPNGYDNTS ITDMTALQQTVRFLVIH
GASDDNVHIQNTLVLVDKLDLAGVQNYDLHFYPDSDHS INFENAHRMVYERLSSWLVNA

FNDEWHR IADPVPDDSMWEKVKRSLPMLVN
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FIG 15A
ATGGGAGCTCTTCAGTGGCTETCCATCACGGCTGCTECEGCCTCCGCAGTGTCAGCCTT
GACCCCGGAGTAAGTATCTCCAATCATCTCGAATTGACCCATATCGTGCATAGCTRACC
AGCTTACCTGCATAGGCAGATGATCCATGCCCCACGGAGAACCCAAGTTATACCARACC
CCTCCGGETGTATCCCCATTGCCAGGTCCAGCCTTACAAAGAAGCETCGTCTGCTGACAC
GAGAAGGACACCGETCTATTCTCCGACCTCCCARTGGTCATTTGACACTCATTCTCAGAG
CACCTGGTGGASCTTGATCCACCTCGAATCGCGGCCACGACCACCACTCTCACCGATGATA
GCGATATCGAGGAGATCATCTGGCTCECTTCCGACAGTTCCACGCTCCTCTACATCAAC
AGCACCAACGCICAGATTCCCGETEGTGTGGACGCTGTGEATTGCAGACTCTTCTGACTT
TGCTAATGCGTTGETTCAGACCTTTAACCATGCCTCTCGCAGACTAGTGCTAATCCTACC
TGCTGCAGTTACARGGCAGCCTCTCTCTCCECCGGTTTCCTCGECATCARATCARCCGT
GACAGATTCCGGCGACGTGCATTTCATCCTTCGTGGARAGTCCTATCCCARCCGAACGE
CATACAATGATCAGCTCGCAGAGACCTATCCCAGTACAGCCCECATCTACGACAGCATC
TTTGTGCGGCACTGCCACACTTACCTGACCACCGCCTCCCACGCTGTATTCTCCGGTAC
TCTGCRAAGCTCGACCAGCGACCGACGGCAATCTT CAATATACCTCTTCAGGGGGATTGA
CGAACCTGGTTAACCCAGTCAAGGETCCCGARAGCCCATTCCCTCCTTTTGGAGGCAAC
GACGACTATGACCTCTCGCCTGACGGCAAATGGETTACCTTCAAGAGCARAGCGCCAGA
GCTGCCTCTTGCTAACARCACGGCTGCCTATGTCTATCTCGTCCCACACGACGGCTCTG
CGACTGCCTTTGCTGTCAACGGCCCTGATAGTCCTGCAACCCCGGAGGGAGTTGAAGGA
GAATCCAATAATCCCGTGTTCTCCCCIGATAGCGACARAATAGCGTACTTCCAAATGGEC
AACTAATACATACGAGTCGGACCGCAACCTGCTATACGTATACTCCATCGCCGATGACA
CTATCACCCCCCTTGCAAAGGACTGGGACCCATCCCCTAGCTCCETGACATGGGTCGAT
GGAGRCAACCTCGTCGTGGCAAGCCAAGATCTAGGACGAACCAGACTTTTCGCCATCCC
AGGECGATCGCACGGEACCACTTCAAGCCCACGARCTTCACCCACGECEEETCCETETCEGEC
TCAATACGTCCTATCCARCTCTACCCTCCTTGTCACGTCCAGCGCCTTCTGGACANGTT
GGAGCGTCTACACCGCCAGCCCTGACCAGEGCATGATCAACACACTGECCTCAGCCAAC

GACATCCACCCCCAGCTTAGCCGECCTTAGTTCCTCCGACTTTGARGACTTCTACTITGA

CGGCAACTGCACTACCGTAAGTCTATCCCTCCTTCCCTCCACCACCACATCACARACAT

ACTAAACTCACCGCAGCTCCAAGGATEGGATCACCTACCCCCAAGACT TCCGACTCATCCA
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FIG. 15B

AGARATACCCCCTCGCCTTCCTCATTCACGGCGECCCCGARGACECCTGEGCCCGATCAG
TGEARCCTGAAATGGCACTCCAAGGTCTTCGCCGACCAGGGATACGT CATCGTCCAGCT
AARCCCCACAGEARGCACCCEGETTCGGCCAGCAGCTCACAGACGCTATCCARCTTAACT
GGAGTACGCCATTCCCTATCCCCARACTCCCCTCTTARACATACAGCTAACARATGARR
TARCAGCCGGCGCCGCCTACGACGACCTAACCARAGCCTGECAATACGTGCACGATACC
TACGACTTCATCGACACAGACAACGGCETCGCCEGCGGGTCCCAGCTTCGGCGCGTTCAT
GATCACCTGGATCCACGGCGATCGACTTTCGACGCAAGTTCAAGGCCCTGCTTAGCCATG
ATGGTCCGTTCATTCGCCATGCGTCGCETCGAGACCEATGAGTTATGGTTTGTTGAGCAT
GAGGTGAGTGGACCAAACCAAACCCCCCTTTTCTTCCCTTACACCATTAGCCCTATACA
AATATGATGATTCTGACCGTGTATAGTTCAACGACACCTTCTGGCAAGCGCGCCGACGCA
TTCCACARACACGGACCCATCCEGCCCCAGCCEGCETCCTCGCATACAGCACCCCCCAGLT
CGTCATCCACAGTGACAAGGATTATCGCATACCTETGCCCAATCGCATTEGACTCTTTA
ATACGCTGCAGGAGAGGGGCCTGCCCAGTCAGTTTTTCGAATTTCCCGCATGAGGAT CAT

TGGTATGTTCATACCCTTTTCTTCCCCCTTTTTTCTCCCATCGATTATGGGETGTTGTGGA
TGCTGATCTAGCTATGTGTCTGTTTAGGGTCACCEGECARGAARACAGCCTCGTCTGSET
ATCAGCAGGTGCTGGGATCGATCAATCCCTATTCTGECETCGGAGGETCGARTCCTGAT
GCGATTCCTTTGGAGGATACGGTGAATCCGGTGETGGATTTGAATCCTTGA
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FIG. 16

MCALQWLSITAAAASAVSALTPEQMICARPRRTEVIPNPSGDTCLEETSQWEFDTIISEST
WWSLIDLESGETTTLTDDSDIERI IWLGSDSSTLLY INSTNAQVPGGVELWIADSSDFA
NAYKAASLSAGFLGIKSTVTIDSGDVHF ILRGKSYPNGTAYNDQLAETYPSTARIYDSIF
VRHWDTYLTTASHAVEFSGTLQSSTSDDGNVQY TS SGCLTNLVNPVKGAES PFPPFGGND
DYDLSPDGKWVTFKSKAPELPLANNTAAYVYLVPHDGSATAFAVNGPDSPATPEGVEGE
SNNPVFSPDSDKIAYFQMATNTYESDRNVLYVYSIADDTITPLAKDWDRSPSSVIWVDG
DNLVVASQDLGRTRLFAIPGDAGXDFKPTNFTDGGSVSAQYVLESNSTLLVTSSAFWTSW
SVYTASPDEGVINTLASANEIDPELSGLSSSDFEEFYFDGNWT TLQGWITYPQDFDSSK
KYPLAFLIHGGPEDAWADEWNLKWHSKVFADQGYVVVQPNPTGSTGFGQQLTDAIQLNW
TGAAYDDLTKAWQYVHDTYDFIDTDNGVAAGPSFGAFMITWIQGDDFGRKFKALVSHDG
PFIGDAWVETDELWFVEHEFNGTFWQARDAFHENTDPSGPSRVLAY STPQLVIHSDKDYR
IPVANGIGLFNTLQERCGVPSRFLNFPDEDHWVTCQENSLVWYQQVLGWINRY SGVGGSN
PDAIALEDTVNPVVDLNP
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FIG. 17A

CTATGGACACTTTCTTCTCTTCCCTCCCCTCCCATCCCCOCCGGTETCAGGCARATCGAR
GATGEGTTTCCCCTGGGTTTCTCCCGTCGAGTCCACGCTARCTGCECCTEGGATCATCCAG
GATTGGTTGATGATTCCACCECTGGGCTTTTGGBACCAGACTGGTCCAGCTAGTTGGAA
CAATGCCACCCCTCCAGCCTCCGTGCTGGGTGGATCGATGTAGAGTGCGAAAGTCTTGG
TGTCTGGGECGAATCAACTATAGTAGGCCTACTARRAGTCACTCGACGGTGAATAATGC
CTCGCCGAACTTTTTCCTGTTCGACTTGCTGCCCTTTITATAGACTGCACTTCTTTCCCC
TTTTTGITTACATTTCTCTTCTAGT TZGTTAACCTTAGTGTTCTTITCATTTCTCGTTCC
CGCTGTCACTTTCTTTCTCATCTGCCGGECTTTGTIGGECTCAGCGCTACTTCTTTCTC
TCTCTTGGTCTGTTCGTTGCTCCGCCAGTTGCTT CACTCAGCCTCGTAACATCAGTATA
CCAGGCTAAGTCAGGACTTTGGCCCCCATACTGITTCCCCTTTTITTATAARACTCAAT
CCTTCTGGAAAGGATTCTATTTCTCAATTCTCACGACTACTTAATACGTTCTTTGTTITC
AAATTGTTTTGTTTCTGAAACTTGCCEGGCCCTATCCCATCTTTTTTATAGTCCGCCTG
TCGACATCATATCCAGAGTGAGCCACCATGCAGCTCCTCCAGTCCCTCATTGTTGCCGT
TTGCTTCAGCTACGGCGTCCTCTCCTTACCCCATGGCCCGTCAAACCAGCACAAAGCAC
GTTCCTTCAAGGTTGAACGGGTCCGTCGTGGAACCGGTGCTCTGCATGGGCCCGCTGCT
CTCCGCAARCCATACCCCAAGTACGCAATACGCTCCCAGCAGTTTCAACATCCATCTEGC
AGACTTTAAACCCATTACCACAACCCATCCTACTACTCECACCCGACATTGCAGAGCCTG
ATCACGACTACCAECTGTCAGTECTACTTCCGTCCAGAACGATCCCCAGTTCATTTCGCCT

GTTCTTATTGGCGGCCAGARGATCGTCATGACATTTGACACTGGT TCTTCTGACTTGTA

AGTCTTGGATGCAGCTGTTTACTCTTTCGTACAGTGATTAACGTCCATCTACAGTTGGEE
TGTTCGATACGAATCTCAATGAAACCT TGACGGEACACACGGAGTACAACCCTTCGAAC
TCCTCGACCTTCAAGAAGATGGACGGATACACCTTCGATGTCTCGTATGGTGACGACTC
GTACGCCI'CTGGCCCCGTCGGARCEGGATACCGTCAACATTGGCGGCGCCATTGTCAAGG
AGCAAGCCTTCGGTGTCCCCGACCAGCTATCCCAGTCGTTCATCGAGGACACGAACTCC
AACGECCTGETCEEGTTEEECTTTTCCTCCATCAACACCATCARACCGGAGGCGCARGA
CACGTTCTTCGCCAATGTCACACCAACTCTGGACGAGCCCETCATGACCGCCTCGCTCA
AGGCTGACGGAGTGGGCCACGTACGAGT TCAEGCACCATCGACAAAGACAAGTACCAGGEGEC
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FIG 17B

AACATTGCCARCATCAGCGTGGACTCATCGAACGCATACTCCCACGTTCTCCACTCCCAA
GTACTCCGTGGCAGACGEAGAGCTGAAGGACATTGCGARGCTTGAACACCTCCATCECGG
ACACCGGTACCTCCCTTATGCTGCTGEATGAACACGTGGTTACTGCCTACTATGCGCAA
GTTCCCAACTCGGTCTACGTGAGCAGTGCCGETGGETTACATCTACCCCTGCAARCACCAC
TCTTCCCAGCTTCTCGCTTGTCCTIGGCCAGTCBAGCCTGGCCACCGATCCCCGETAACC
TGATCAATTTCTCCAAGGTTGECACCAACACCACCACCGCGACAGGCCTGTARGTTGCTC
CCCTTCTTTTGCATGATTGAACATGATTEACTGATTGTGCTCETTAGTATCGCTTTCGCG
GCATTCAATCCAACGGAARACACCTCGCTCCAGATTCTGGCGCCGATATTTTCCTCARGGLC
TTTTTCETTGTCTTCGACATGCAECEGCCCCTCGCTTGCTGTTGCCTCTCCCARGARCTA
GTTTCCTTTTCCTETACTTTTCCCCCACETGTAATAATATCCTCTCATTTTTTGEACTC
TCTCCTACGTGGGCARGATGEGATGEATAGTTTGCTCACETECATTGCTTTACCTTGGGT
CTGTGAGTCAAGGCAGGAGTECOTGGCTGTATCTACAATTCAAGT TACAGTGCCGACCG
TTATTGCCTTCCACATCGAAAAACATAGACACTCTTTCTAACCCTAATCCATGATACAR
GTATATACTTCGAGTCCATATTATECTGGTCTAT CAAGGECGCCATGTTTATATCTAATG
ARACCAACGTAGCTCTCATCTTCATACGTTGTTTAAARGCGTGCCCAAGAATATACGAAG
ATAGATATAGTAGCACCCCGARAGTCTAACGEGCTAATCAGCCCCGGTAAACGGTARACT
CCAGGCAAAGGAACACGAGGTAGGCAACTAAGAGAACTACACCTECACTCCTCCCCAGT
CCCARABAGATAACAGCACAARATACCCCAGAGEACACCCACACGGTCACCAGCTCARA
BAGCACAAAATTATCTGCCTCTTGTACCTGATACCCCACCACTGCAACGACACCAACAL
AGAGCGTCAGCAAGAARATCTTGCTTCCTGCAGT CGTCGCAGCCATAATGCCGCCETGC

CGCG
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FIG. 18

MQLLQSLIVAVCFSYGVLSLPHGPSNQHKARSFKVERVRRGTGALHGPAALRKAYRKYG
IAPSSFNIDLADFXPITTTHARAGSEIARPDQTGAVSATSVENDAEFVSPVLIGGQKIV
MTFDTGSSCFWVEFDTNLNETLTGHTEYNPSNSSTFKKMDGY TFDVSYGDDSYASGPVGT
DTVNIGGAIVKEQAFGVPDQVSQSEF IRDTNSNGLVGLGFSSINTIKPEAQDTFFANVAP
SLDEPVMTASLKADGVGEYEFGTIDKDKYQGNIANT SVDSSNGYWQFSTPKYSVADGEL
KDIGSLNTSIADTGTSLMLLDEDVVTAYYAQVPNSVYVSSACGYIYPCNTTLPSFSLVL

GESSLATIEGNLINFSKVETNTTTGQACKLLPFFCMIEHD
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FIG. 19A
CTTTCCCCGAARAGTGCCACCTGACGT CTAAGAAACCATTATTATCATGACATTAACCT
ATAABRAATAGGCGTATCACCGAGGCCCTTTCOTCTCECECCTITCAGTGATCACGGTGAR
AACCTCTGACACATGCAGCTCCCGEGAGACGETCACAGCTTETCTGTAAGCGGATGCCGE
GAGCAGACAAGCCCCTCAGGGECGCETCAGCCGETETTCGCECETETCGGEECTGGCTTA
ACTATGCGGCATCAGAGCAGATTGTACTCGAGAGTGCACCATATGCGGTGTCARATACCG
CACAGATGCGTARGGAGARAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAA
CTGTTGGGAAGGGCCGATCGGTGCCEGCCTCTTCECTATTACGCCAGCTGGCCGARAGCGE
GATGTGCTGCAAGGCGATTARGTTGCCTAACGCCAGEGTTTTCCCAGTCACGACGTTGT
AADMACCGACGGCCAGTGAATTGTAATACGACTCACTATAGCGCGAATTCGAGTTCATTTC
GATGAGCGGETCAGCTGGTTACTATTAAGGTTCTTGCACTATTAAGGTTCTTACCCCTCT
GCCCTCTCTTCAARTGTCTACTATAATGACTCTAGGATAGATTCCGTTATTCTARATCC
ATTGATTGCATTCTTCTGAGCAGATAATGAGCGTATAGCAGTAATTCCTATTATCGCATA
GTCAATATATCTATAAGGCCCTTATGAAGTATCATCETTTCTGAACGTGECAGAGTTAG
TACGTTGCGTACCGCACCGGAGAGATAGGACGTARACTTCATGAGGTGATTCCAGTCAT
GGTTTGCGTGCAATTATGACTAGTTACATAGCGCATCTTTGCATCGTAACCATATCACAG
CTATATCCCCTCATTGTCTGTCTTGTTGACAT CATTGAT TTAGATCAGT CTCATAGAGA
ATGCATTATAGGAGGAGATTGTTGTGAGGCATGAGGCATTTCTGAGGCCCGCTACTCCG
CATTCTGCAGCATATCGTCTCTGCGTAGCCEAGETCCGAAACCAGCTGTAGGACTCGGCT
TCGGTCTATCTCGTACCCGACTCACTAGAAATCGCT CAATCGTGTAGTATAGCTGTCTCTT
TGTTCCTCACRACATGTCTACGATATGCTATCAARRARAAGCAGAAGATECAGTCAGAGC
CACCCGGTTAGCGCCECECCGCCCCGGCACCACAACAAAATACGGEACAGAATCTCAGTG
ATGGGGGAGAAGAGAGAGTGGCGACCTGACAATTCACACAéGACACGAATAATAGCCGA
AACTAACAAGATAAATCACATCACATCATGAAGAAGACCTGCETAATGATGATARGCAA
TCCCACCAATAATACARATGCCATTGATAGTCGCTGACCTGARGCAATTCEGGGAGGAGA
CGCCARGCTCGACGATCACCEGAGCTTGAAAGACCAACGAGACAAGATGACAGGCCCET
CGCACCACGCCACTARCTGCCCTAACAGARATCGRCCTGAATACGTGCGACGAGTETCCC
GETTCTGGGCCTCCACGATAAGATAAGTCATGGECT TATCGCEGTCATCGGCGCCGATCT

CGCGATCAGCTGAAACCAATéATTCAATCGATTTGCATCACCCGACTGGGGGCGAGATT
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FIG. 19B

TCAGGGCCAGCTGAAAGGGTCGACTCCCGACATTCTCACTCCATCATCAATGTTATGCT
GGAAGAGAGGGGGAGAATCGACGTCTCAATTCTGGETCACTTACTAGTTGACTAGCCACT
TAGTATTTAGCTGCTAGCTAGGEAT TCGETTTAAAAGCCTAGTGETTTCTCTCTTCTTC
TCGTCATTTTCTCTTCATCTCATACCCATTCTTCAANACTCCTCCACTTTGATCARTTA
TCCTCCATCATGGCTACCARAATCAAGCTCATCCCCAATCTCAACTACARGCGCTCAGG
CACCAAGTCCTACGTCGCACTTGATGCGCARGTACCCCTTCCATCCCACCAAGCCTGGTC
CCTACACTCTCAGCAGCTCCATCCAACAGACCGETCGTCCCTACACTGAAANGCCCATC
GGGEGETCGECECCCATATCCEECAGCTGETGCOGARGARGAGCACCACCAGCGATGAGET
TGGECGAGGTTCCGGCCGARGATETGCAGAACGACTCCATCTATCTGGCCGACCETGGGEA
TCGGAACCCCGECECAGARCCTHAAGTTGCGACTT TGACACTCGGTTCAGCTGATCTITCG
GTACACCCCCATTATGARAGACCTAATATCGGAAACGAGCGTCACTGACAGATGTAGGTC
TGGTCCAACARACTCCCCTCAACCCTTCTATCCCAGAACAAGACCCATGCCGATCTTCGA
CTCGTCCARATCGAGCACCTTCARGACCTTGGAAGGTCAATCCTGGCARATCTCCTACG
GAGATCGGATCCTCCGCATCAGGEAGTGTAGECACCEACCACCTCAACATTGCCGGCATA
GTCGTCAAGAACCAAGCCATTGAGCTGGCAGAGAAGATGTCCAGCACATTCGCCCAAGG
CGAAGGGGACGGATTCECTCGETCTAGCATTCAGCARCATCARCACGGTACAGCCAAAGT
CCGTGARAACGCCCGTCGAGRACATGATCCTGCAGGATGACAT TCCCARGTCGGCTCAG
CTGTTCACGGCCAAGCTEGATACCTGECGEGACACTGATCGACGAGTCGTTTTACACCTT
TGECTTCATTGACCAGCGATCTGATGAAGACCGECAGGTGAAGAGCGTCTACTACACCCCTG
TCCGATAACAGTCAAGGCTTCTGGCTATTCAACTCGACCTCCGCGACGCTAAATGCAARG
ACCATTAACCGGTCGEGTAACACCECCATTGCTGATACCECTACGACCCTCECCTTGET
GGACGATGACACGTGTGAGGCCATT TATAGTGCAATTGACGGCGCCTATTATGATCAGE
AAGTACAGGECTGGATCTATCCGACCGATACGCGCCCAGGATAAGCTACCCACTGTGTCG
TTTGCCATEEETEAARACCAGTTCETGETGCAGAAGCGAGGACCTERCGT ITTCGGAGGC
GAAGACGGECCTATGTCTATGEAGCAATCCAGAGT CCTCATGATATGACCATGGACATCT
TGGGAGACACATTTTTGARGACTATTTATCCTCTAAGTGCATTECTATTACCETTAAGE

GGTGATATCCAAGCTCACTAACTGCATTGCAGATCTTTGATGTCGGEGAACCTGCGCTIT
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FIG. 19C

GGAGCCGTCCAGCGCGAGGAGTTGCGCCAGAGCTCCGARTTCGCCCTATAGTGAGTCGTA
TTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGCARAACCCTGGCGTTACCC
BACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTEGCETAATAGCCARGAGGCC
CGCACCEATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGECGAATEGCECCTGATGCE
GTATTTTCTCCTTACGCATCTGTCCGETATTTCACACCGCATATCGGTGCACTCTCAGTA
CAATCTGCTCTCATGCCAECATAGTTAACCCAGCCCCGACACCCGCCARCACCCECTGAC
GCGCCCTGACGEGCTTEGTCTGCTCCCGEGCATCCGCTTACAGACRAGCTGTGACCEGTCTC
CGGEGAGCTGCATCTGTCAGAGGTTTTCACCGTCATCACCGARACGCGCCAGACGAAAGG
GBCCTCCTGATACGCCTATTTTTATAGGTTAATCTCATGATAATAATGCETTTCTTAGACGE
TCAGGTGECACTTTTCGGGGARATGTGCGCCGAACCCCTATTTGTTTATTTTTCTAAAT

ACATTCARATATGTATCCG
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FIG. 20

MATKIKLIPNLNYKRSGTKSYVHLMRKYRFHPTKPGPYTLSSSIQQTGRPYTEKPIGGR
AHIRQLVRKKSTTSDEVGEVPAEDVQNDSMYLATVGIGTPAQNLKLDFDTGSADLWVWS
NKLPSTLLSENKTHAIFDSSKSSTFKTLEGESWQISYGDGSSASGSVGTDDVNIGGVVY
KNQAVELAEKMS STFAQGEGDGLLGLAFSNINTVQPKSVKTPVENMI LOQDDTPKSAELF
TAKLDTWRCTDDESFYTFGFIDODLVKTAGEEVY YTPVDNSQGFWLFNS TSATVNGKTL
NRSGNTATADTGTTLALVDDDTCEAIYSAIDGAY YDQEVQGWLYPTOTAQDKLPTVSFA
VGEKQFVVCKEDLAFSEAKTGYVYGGLQSRGDMTMDILEGDTFLKS IYAVSALLLALRGD
IERH
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FIG. 21A

TGTGGCTTGAATGCAATTATGATTATCGAACTCGTAAGTAGGTAGCGCTGTACTATATATA
TGTACTGTTTTCTCCEGCCAGGGTACCGGATAT CTARTCTATCACTGCTAAAARCCTATA
GTAGCAGGCTAGTCGATACTAAGAATGCGAAAATTGATGTCTCACGGACTCATTTCTGCCTG
TACGCTCTCATTTGTGCTCAGCANGAAAAACATGACCCETCCTGCCTGEECTCCACCEL
CGCCAAARAAGGECCTETAGATCEAGCCCTGCATCATTCGECAGCAGCCAGTCGCAGECAT

CCETTGCGCCACCAAAACCTECCCAGTGGECCET TTAGGCTTTEEETCTCCCCACCATE

TAAGCATAATCATTCTGTGCCTCAGTGTCGAAT TCTCCTCTTGGAGGCTGCATCTTAATT

CTTAACTGCATGARAAGCACTTGGCTGCTATTTTCTTTTTICCTTTCTTTCTITTCCGTG
TTCATTTCCATTCCCTTGCTCTTICTTCTTTGTGTCEGACATT'TACARATCACATTTITCT

TATACTTTCTTTTCTTCACCTCGTTTCTTCCTATTCACTCTCTGTGTTCAGCAT TCGTT

ATCARACACTTTATTTTTTGCCTCCTCTCTITTATCTTCACTIGTTTCTGCCCTTTCCCA
CTAGCAATCTATCGTTTGATCTTTCTAGAGCATTGTCTTGATTGTGTCATTCTGTCATT
GACTCCGGCTATCGARATATTATTCTCAATCTGCCTAAAACCARATTCTACTCTATCATT
ACACATTTGTATCACCTGATCTAECCTCGAGATAGCGAGACTCCAGCATCTCATCGTCTGCA
TCAGACAATTGCGATAAAT TCATTGCTTGCACCTET TATTGATTCTTCCAAGTTATGCA
TCTCCCACAGCETCTCGTTACAGCAGCETETCTTTGCCCCAGTCCCACGEGCTTTCATCC
CATACACCATCAAACTCGATACETCCRACGACAT CTCAGCCCEGTGATTCATTAGCTCET
CETTTCCTECCAGTACCAAACCCAAGCEGATGCTCTAGCAGACCGATTCCACCTCATCTGC
CAGCGATGAGTCCCTGTCACTGAACATCARAAGGATTCCCGTTCGTCGTCACAATGATT
TCAACATTGTGETAGCGGAAACTCCCTCTTGETCTAACACCGCCGCTCTCCGATCARGAT
GGTAGCGACATTTCATACATCTCTGTCGTCAACATTGGGTCTCGATGAGAAATCTATGTA
CATGTTGCTCGACACAGGCGGCTCTGATACCTGAGTTTTCAGTTCCAACTGCACGTCCA
CACCCTGCACGATGCACAATACCTTCGGTTCGGACGATTCTTCGACCCTTGAAATGACA
TCGGAAGAGTGGAGTGTGECCTATGGAACTEGGTCTGTCAGCGECTTGCTAGCAARAGA
CAAGCTCACGATTGCAAATGTCACTGTACGCATGACTTTCGCACTTGCTTCCAACGCAT
CGCATAACTTCGAGTCEGTACCCAATGCACGGCAT TCT CEGETCTCEGTCCAACCAACGAT
AGTTCCTACGACAACCCAACATTCATGGATGCCCTTGCACGAAAGTARCGTTTTCAAGTC
GAATATCGTTGACTTCGCCCTTTCACGTAGCLCCGCCAACGATGECACGGTCAGCTTTG
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FIG. 21B
GCACTACTGACAAGCACAAGTACACCGGCGATATCACCTACACCGATACCGTCGGATCG
GACAGCTATTGECECATTCCCATGRACCATGTCTATCT TEECGCECACTTCATGCCGATTT
CTCCAACAAATCAGCCATCATCGATACCGGAACTTCTTATGCTATGCTGCCTTCARGCG
ACTCGAAGACGCTGCACAGTCTCATTCCCGCGCGCCAAATCTTCCCGBAGCTACCACATT
ATTCCGTGCAACACAACTACTAAGCTACAAGTGGCATTCTCTGGTGTGAATTACACCAT
CTCGCCGAAGGACTACGTCGECAGCAACTTCAGETTCTGGATCGCCTTTCGARCATTATCA
GCTACGACTTATTTGGTGATGACATCTGCGCTCCTGEETGACACGTTTCTCAAARATGTG
TATGCTGTGTTTGACTACCATGAGT TACGGGTCGGATTTGCAGAGCATTCCTCGAACAC
CACCTCTGCGTCGAACTCTACCGAGCTCTGGAACAAGCAGCACCTCGGETTCCACTACAR
CGGGCAGCTCAACSACTACCACGAGCTCTGCTACGCTCTAGTAGTTCATCTGATGCTCAR
TCAGGAAGTAGCATGACCATTCCCECTCCTCAGTATTTCTTCTCTGCTCTEGGCGATTGC
TTCCTTCATGCTTTIGGCTCTAGTTAARCCGCATCTTACTCGACGCCTIARCCTCGCCGARA
CATATGCATTATTTACACATGCTGCTGATTTIGTATTTGCATATATTCTTCG
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FIG. 22

MHLPQRLVIAACLCASATARIPYTIKLDTSDDISARDSLARRFLPVPNPSDALADDSTS
SASDESLSINIKRIPYRRDNDFKIVVAETRPSWSNTANLDQDGSDISYISVVNIGSDEKS
MYMLLDTGGSDTWVEGSNCTSTPCTMHNTFGSDDSSTLEMTSEEWSVGYCTGSVSGLLG
KDKLTIANVTVRMTICLASNASDNF ESYPMDG ILCLGRTNDSSYDNPTFMDAVAESNVE
KSNIVGFALSRSPAKDGTVSFGTTDKDKYTGDITY TDTVGSDSYWRI PYDDVYVEGTSC
DFSNKSAIIDTGTSYAMLPSSDSKTLHSLIPGAKSSGSYHI IPCNTTTKLQVAFSGVNY
TISPKDYVGATSGSGCVSNI ISYDLFGDDIWLLGDTFLKNVYAVEDYDELRVGFAERSS
NTTSASNSTSSETSSTSGSTTTGSSTTTTSSASSSSSSDAESGSSMT IPAPQYFFSALA

IASFMLWL
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FIG. 23A

GTCGACTTGGTCGTTATGCACCEACTAAACATACAGARGCACETGCCTGTTTCTCCCTC
TGACGGGAGCGCACAGTCATGGCAGCATTCAACY TCGCTTGECCAAGCAAACTCCCTTT
TTCTTATTCITACTACACAACGGCTTTCTAARACGARCAATGGAGRACATCTCATTCTTAC
TGAGCTATATTTGAATAGCCGATTGAATGATCACCACGATGCTGATTGGTGCAGGCTGC
CGTCCCAAGAACGAACTATTATGATTTCCCGTCTAGATCTAAAGGECCCTCTCCAGAAT
CCGGCCGGAGTATTTGCACACACACTCGAGCTTAATGGGAAGGAA&AAATGGACATAAA
AAGCATTTCAGTCTAAATGGCAACTGCATACTCGCTTTACCCGATAGCTECGCGCTATC
TTTCTGCAGGACTECAGTTCTGCACTCCEECCCATTGCCETTCGEACCCCCGACGTACT
CCGCGAGACCTTGAGACATCGGCGGGACCATCCATCGTATCACAGCCATCCAGCAAGGC
CGAGTGGAGGTGTTCAGECTCCATTCATCACGATATCGGCTCATTAATGCCTCTTATCA
TTAGCGAATGCCGAAGCTTGACCTGATACCACTTCAAGGTATCCTCACCGACARTCGTT
ATCATCACGCTACAGGCCCGCAGTTTCCECTTCAATTCCCGCATTAGGAAATGAGCATC
ACATTCCTCTTCCCACGAGGTCTCTTTCCGAGGGCAGCCECTGCARCATCATTGGGATC
ATGCTTGGTTCTCCTCTCCCATAGCTETCCGCCAGCTTCTCATTGETACCTCTTCCGCTA
CCTCETTGCATCCTATTCGCGCATGGCCCCGCCAGRGATGTTTCTGCARGGTCCCATCA
CCTTGCCECGTTGCTATTCCCCGCCCTCEAGTTCCCCGACAAGTTACTTTGTGTCAGTGG
CTGAGAAGCCTGGTTCTCAGAGTGTACTCAGACAATCATATGGTTCCCTCCATGTGCTA
CGTCGTCCTAGCGTCGCTGCACTACATCATCGTTAGGCAGCATCGAACTGGCACCCCCA
CATARAGCCCCCGACACCCCCATCGATAGGCTCGGTETTCCTGCACGCCTGTCCACTGE
CCCCTCCCCCARAGGCCCTTCATCAGTATGCTETTTCCCAGTCTGTTETCGACGECTGT
CCTAGCCGTCTCGCTGTGCACGGATAATGCTTCAGCTGCTARACATGGT CGATTTGGCC
ARRAAAGCTCECGACGCCATGARCATCEGCCARAGCUTTCCGCTARCGCCGTGAAACACTCG
TTGAAGATCCCTGTCGAGGACTATCAGTTCTTCAACAACAAGACTRAGCGTATGTATCT
CAGTTCCGATATTGAACCGATGGCTGATTTGCTTCCGTCGCGACRGCTTACCGCGTGGARAG
CCTGCCTGATGTTCACTTCGATCTGGACGAGATATATTCCRGLTTGETCCCTATTGAGA
AGGGCAACGTGTCACGGTCCCTITTCTITETCTTCCAGCCCACTATTGGCCGAGCCTGTG
GATGAGATCACCATCIGGCTCAATGGTCECCCTGETTACAGTTCCCTTGAGGCCTTTCT

CCAGGAGAATGCTAGATTCCTGTGGCAGCCTACAACCTACCAGCCTGTTGAGRACCCAT
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FIG. 23B

ACTCGTCGGTCAATCTCACCAATGTTCTGTGGTAACTGTCATATACTCCAT CGCTAGTT
GAGTTTACATGCGCGGTATCGACCTAACCTATTTTTTGTAGCGGTTGACCAACCTGTGGE
AACGGGATTCTCTCTGGETGTCCCAACCECTACGTCCCAGCGAGGAGATTGCTGAAGACT
TTGTGAAGTTCTTCAAGAACTCGCAGCAGATCTTTGGCGAT CAARAACTTCAAGATCTAT
GTTACTGGAGAAAGTTATGCGECCCETTATGTTCCITACATATCCGCTGCTTTCCTAGA
TCAGAATGATACAGAACACTTCAACCTARAAGCTCAGTTATACTTCACCAAGTAATCTT
TAACTAGGGCTTGTACTGATTGTACTATCTAGGTGCACTCGCATATGATCCCTCTATTG
GTCAGTTTGACTACGTGCAGGAGGAAGCACCTGTTGTTCCCTTTGTCCAGAAGARCAAT
GCCCTCTTCAATTTCAATGCAAGCTTTTTGGCCGAACTAGAGAGCAT CCATGAGCAATG
TGGATACAAGGATTTCATCGACCAGTATCTAGTCTTCCCAGCATCCGGTGTCCAGCCGC
CAAAGGCTATGAACTAGAGCGATCCCACCTETCGATCGTTTATGACATCGTTAATAACGCC
GTCCTGGATCCCARCCCGTGCTTCAACCCCTACGAAATCAACGAGATGTGCCCCATTCT
CTGGGACGTTCTTAGATTCCCCACCGAAGTCGACTATCTCCCTCCGGGCGCCAGCATCT
ACTTTGACCGCGCTGATATTAAGCETECCATGCACCGCTCCTARCATCACCTGGTCCGAG
TGCTCCGTGCAGAGCETCTTTATCEGEGGCCACCGGCEETCCCEGAGCAGRAGGGCGACTA
CTCGGCCARCCCCATCGAGCATGTCTTGCCCCAGGTCATCGAACGCACCAACCGAGTTC
TCGATCGGTAACGGTGATTATGACATGETCATCCT TACCAACGECACCCTTCTCTCGATC
CAGARCATGACATEGAATCGCARRGCTTGGATTCGACACGGCCCCCAGCACCCCCATCAA
CATCQACATCCCTGACéTGATGTACAATGAAGTGTTCATTGAGAACGGCTATGACCCAC
AAGGTGCTCAGGGTCTCATCECCATCCAGCACTATCAGCEGTCGETCTTATGTGAGCTCAG
ACCTTCCACACCCCACACATCCACGCCCCAATTCCAACCCACGAGTGTCATACCGTCACCT
TGAGTGGCTACTTECCCACGCETGATACCCTOTAACGTCGCCTACGCTACCACCGCGGCAC
GATGTCACGATGATAGTCATAAGTTATGATCTGTAGATACGTTGTATGCGAATGTACAT
GAATTGCTTITACTGGCAGTCTCTAAAGCARAATTCATAGTAGAGTACTGGCCTACTTA
CCCTCACTTCCCCTATCTTTTCAACCTGAAGACCGGARGAATTGTAACTAACARGCATA
ACGTAGCTGATTTGAAGCAGAGCATAACACACTCTACCCCTCGECACTTCTACTTATGR

CGCTATTTGACTGCTAACTCGGGETT TAATCCTGAAGCTGCAGTCCAATCGTACATTARA
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FIG. 23C

CTCAATGTGCCTTGCCCAGGAAACGATATTTGACTTATATGATCTGAAAATGAACAATT
GTCCCCGAGAGAGAGAGAGAGAGCGAGCGGTAAATACTTAGCAAGTCAGTCACGCAGTA
TCTCCACTAATGCCGTAACACAGGAAATGGACACGAATGGAGCAAGCGAGTATATCAGA
TACACCTTTCCTAACAATGCATGTCTGTAAGCAATTGGCACTAAAGCTAGCTAGATAGA

GAATCTATTTACARTCAAGATAGTAAGGATGATCCCARCCACGAR
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FIG. 24

MLFRSLLSTAVLAVSLCTDNASARKHCRFGOKBRDAMNIAKRSANAVKHSLKI PVEDYQ
FLNNXTKPYRVESLPDVHFDLGEMYSGLVPIEXGNVSRSLFFVFQPT IGEPVDEITIWL
NGGPGCSSLEAFLQENGRFVWQPGTYQPVENPYSWVNLTNVLWVDRPVGTGFSLGVPTA
TSEEEIAEDFVKFFKNWQQIFGIKNFKIYVIGESYAGRYVPY ISAAFLDONDTEHFNLK
GALAYDPCIGQFDYVQEEAPVVPFVQKNNALFNFNASFLAELES IHEQCGYKDFIDQYL
VPPASGVQPPKAMNWSDPTCDVYDIVNNAVLDEPNPCFNPYEINEMCPILWDOVLGFPTEV
DYLPAGASIYFDRADVKRAMHAPNITWSECSVESVEVGGDGCPEQEGDY SANPIEHVLP
QVIEGTNRVLIGNGDYDMV_LTINCGTLLSIQNMTWNGKLGFDTAPSTPINIDIPDLMYNE

VEFIENGYDPQGGQGVMGIQHYERCLMWAETFQSGHMQPOFQPRVSYRELEWLLGRRETL
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FIG. 25A
TGTTCTGCCTGCGCCGETGCCECTTCCCTCCCCTCCTCCCCTGCCTTTTCGGGCGACGCC
ATCCGCGCACTAACCCTCCACGTATTCCAATATACCAAATCTGCCCARAGCGCCAGCCA
GCTTCCTCAAGCCTTGCGGTCAGATARGGCCCTGTACCTAGCTAGTTCGCCGCTECTCCC
GGCGCTCEGCCAAGCCETCEGACGTCCETCCCCCCTCTTTCCCCCTCCTCTCCCCTCTC
CACTGGTGGAACGATGTCTGGCTGTTGCCATCGT TCTCAGARAGCAACGCCCCCTGGATC
GGGTGGCTGTCGTACTATTGCATGTTCGTCCGCECTACTAGCGAAAGT T TTTTCCCACC
CGGAGTATCCETGITTAGTTCGCGIGCTCGCTCGACCEECTAGCTIGGCCETCCCAGTTGE
GTBRAGGTTCCAAGGGAGEACCTTACTAGETACGAAACGCCGATCCAACAATGAGGECGARARA
GGGCGGATATGGCTTGCCGEGEETTCATTGCGGCCTCCACCAAGARAGGGAGATGATCA
CTAATGCAACACAATCTTCCGCTTGCAAGCAATTECGCTCCAACCAGAATGTCTCTGCGT
AGGGATGCCAATTCCTGCGGGCCATCCTGEATCCGATAGCTACGCTGCTCCACTCTCGCTC
GACCTTTTGCAGTCCACAATCGTTTCCCCGTATCCT TGGCCCGECCCETTTTTCTGCAG
CTATGGTTGCTGCTGCCCCGACGATGAACCTTTCTGCATCCCCCGTTTTAGTCGATTTT
AGTTGGCGEGCCTEGAGATTARACTCCGTCCGACGAAGAGGAGCAGTEETETCATCCTC
GGCGGATTACATGCTATCGGAAGAGZCATCCAAGAGGGAARRACATCAACTTCATTTGCAA
AACGCTCGAGCATAAATAGAGGCCTGGATTCCGCCGTTCTGETCETCTTTTCTITCTTCAT
CCAGCATCGCAAGTCTCTCAAGCATCECCTGETTCATTCTTCTCACT CTTCCACCACCA
GCCTTGTCAATAAGTTAGCTCTTCATCTTTTéGAAGAAACCAATTCTCCAAACGTCAAA
ATGAAGTTCTCTACCATCCTTACCICCTCCCTCTTCECCACTGCCECTCTEECTECTCC
TCTCACTGAGAAGCGCCAETGCTCCCAAGGAGGCCCECGCCACTEGCARGCECCACAGCA
ACCCTCCCTACATCCCCGGTTCCGACAAGCGAGATCCTCAAGCTCAACGGCACCTCCAAC
GAGGAGTACAGCTCCAACTGEGCTGEGETGCCETCCTGATCCECGACGECTACACCARGET
CACTGGCGAGTTCACTGTCCCCAGLGTCTCTGCTGGATCTAGCAGCTCCAGTGGLTACG
GCGGTGGCTACGGCTACTGCGAAGAACAAGAGACAATCCCGAGGAGTACTGCGCCTCCGCT
TGGETTGGTATCCGACCGTGACACCTGCGAGACCGCTATTCTCCAGACTCGTGTCGACTT
CTGCTACGAGGATGGCCAGACTTCCTACGATCCCTEGTATGAGTGGTACCCCGACTACG
CCTACGACTTCAGCGACATCACCATCTCTGAGGGTGACAGCATCAAGGTCACTGTCCGAG
TGCCACCAGCAAGAGCAGCGEGTAGCGCCACCETTGAGAACCTGACCACTGECCAGTCCG
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FIG. 25B

TCACCCACACCTTCAGCGGCAACGTTGAGGGTGATCTTTECEACGACCAACGCTGAGTGCG
'ATCGTTGAGGACTTCGAGTCCECTGACTCCCCTTIGTTGCTTTCCCTGACTTCCGCTCCR
TTACCTTCACCAATGCTCGAGGCCACCAGCGGCGECTCCACTETCCECCCCTCTGACGCT
ACCATTATGGACATTGAGCAGGATEGCACCETCCTCACCEAGACCTCCETCTCTCECGA
CAGCGTCACTGTCACCTACCTCTARATGCATCTCTATCCATGAGATATCGATCGCTTCA
ATCTCTTCGTCTCCAACGACARACCCTGECCATGAATGARAAAATCACTCATCAGCTATC
CGGATTGATCTGATCTTGTTGAGTTGTTAATTCTGTTTCTGTTGATGT T TTTGAATGAT
TGTACCTACTTTTARGTAGAAGARATGGATGAGCGCGTGCATGC TGARAATGECTGTCC
CTGqTTATATTGTAGAAGATCTTCCAGAAAGCTGTGCTGCCGACCTGAAGATCTGAAGA
TCACTAGTGAGATCTCGCAGCTCGGCTCTCTAAGTGCTTITCGCTCTGTCGATCATAACT
TTGTAAAAGCTTGLIATGCATAGCCGACATCTATCCGAT TATTIAGATGCCTCAARTTGAT
CTTTACTAGAATTCCCATCCGAATAGAGCTTCAGAGCGTCGGGTECARATGTCGEGCCE
TGGATGGTATCGGAGAAGTCTCACCACATGAACGARAGACCCGCEGTATATGCCCAGTG
TAGGGAGGAAGCGCTGAARAAAGACTTTCCCTATAGTTCATAAGAGCCTTTGCAGT TAGT
CAGAGCTTCAGGAATAGAAATACTAGACGEGECTGGCTTACCGTTCCCCGATAATAGTCC
GCGAGCCATAGTGACATAGACATCGTCARACAGGAATCGAGCACAGCAGATACCTATGT
AGAAGCCCTCTCCATCAGAATTTGTTCCAGAGAACGAGAGCCACCTATTTCTCAGATTAT
TTTGAATGTACACCCGCCATATGATGETCATAGCTCGETTGCAGTCATGGATGTAGGCC
ATAARGTCTCAAGCTGGECCCAGACATCACCTTGCGAAGGTACACCTGATCCGTATAGE
CAGCAGTAGCGCCATATCTACTTTTCTAGTATCAATCATAGCAGACAATTTCGGECGCTE
CETTTAAGGTTAGCAGARCGAACAGCTTATCACCTTCETAATCETCECTCTCTCTCTCT
CTATCAGGAACGCAGATGCTCTCAAGTCTTCAGCCACGGAGTAATGCCACATGTTACCCC
CGACAACTGCATCACTGUTTGAAGCGCATTGTGTACGARGCTATARACGA
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FIG. 26

MKFSTILTGSLFATAALAAPLTEKRRARKEARAAGKRHSNPPY IPGSDKEILKLNGTTN
ERYSSNWAGAVL IGDEYTKVTGEFTVPSVSAGSSEGSSGYGCEYGYWRNKROSEEYCASA
WVGIDGDTCETAILQTGVDFCYEDGQTSYDAWYEWYPDYAYDFSDITISEGDSIRVIVE
ATBKSSGSATVENLTTGQSVTHTFSGNVEGDLCETNAEWIVEDFESGDSLVAFADFGSV

TFTNAEATSGGSTVGPSDATVMDIEQDGSVLTETSVSGDSVTVIYV
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FIG 27A
GGATCCATCCATTCACTCAGCTTTCCTTGTCGGTGGACTGTCGAGTCTACCCCAGETCC
CAGTTTCTCCGACIGCECTAATCOEGEGCTATCCGACAACCACTGATTCTGCTGTGTCAT
CCGGEECCTATGECCTAAATTACCGTATGCCCETTGCATCATCACCTGCTGCCCTTIGCCT
CTTGCTGAATACCGTCCGCCATCCATCTGTCCTCCTCTCCCTCTCTCTTCATCTCCAAC
CTCCCCTTCCTCCTCCCTCCCTCCTTCTCTTCATCTTTATCTTGACCTATTTCCATCTT
TCTCATCTCTCACTTGTTTCAATCTCTTGTACACGCCCTACTCACTCTCCTTTTCACCG
GGCTGCTGTCGETTCCETCTTAAGCTATCCATCATGAAGGGCATCCTCGGCCTTTCCCT
CCTCCCGTTGCTGACGECTGCETCECCCETCTTCETTGACTCCATCCATAATGARGCTG
CCCCCATCTTGTCTGCTACCARCGCGAAGGAGGTTCCCGACTCCTACATCGTCGTTTTIC
AAGAAGCACGTCACTTCAGAGCTGECTTCGGCTCACCACAGCTCEGTGCAGGACATCCA
TGACTCTCAGAGCCGAGCGCACTCAGCTGAACAAGCHEGTCGCTCTTCGGCCTTEGECGACG
AGGTCTATCTGCGTCTCAAGAACACCTTTGACAT TGCTGETTCTCTGATCGETTACTCT
GGTCACTTCCACGAGGATGTCATCEAGCAACTCCGCAGACACCCCGATGTGAGTTACAC

CCCCTATCTARGCATCCCTCGTTATCTCTARGATARGCTTCTARCATCGGTCAATGTAG

GTCGATTACATCGAGCGEGATTCCEAAGTTCACACCATGCARGCEGCCACCGARRAGRA
CGCCCCTTGECGEGTCTGGCTCGTATCTCTCACCGTCATAGCCTGACCTTCGETAACTTCA
ACAAGTACCTGTATGCCTCCCAGCEEECTCAGGGCEGTTCACGCCTACACCATTGACACG
GGTATCAACGTTCACCACGTTCGACTTCEAGCECCETACCACTTCGCECARGACARATCCC
TACCAACGATGAAGATCTCCATGGCAATGGTCACGGAACTCACTGCTCCGEARCCATCG
CTGGTAAGAAGTACGGTGTTCGCCARGAAGGCCAACCTCTATGCTGTCARGGTCCTCCGG
TCEAGCAGCTCTGECACCATGTCTGATETCCTTTCTGGTGTCGAGTATGCCGTCCAGEC
TCATATCAAGAAGGCCARGGATGCCAAGAACGGCAAGGTCARGGGAT TCRAAGGGCAGCE
TTGCCAACATGAGTCTCGGTGGTGGCAAGTCTAAGACCCTCGAGGATGCTEITAACGCT
GATGTTGAGGCTGETCTTCACTTCECCETTCCCEGCCGGTAATCGACAATCGCTGATGCTTG
CAACTACTCTCCTGCTGCTCCCGAGRAGGCCATCACCAETTGETGCCTCCGACALCTTGCTG
ACGAGCGTGCGTACTTCTCCAACTACGGAGAGTGCACTGACATCTTCGCTCCTGGTCTC
BACATCCTETCCACCTGGATTGICAGCAACTACGCCACCAACATCATCTCTGGCACTTC

CATGGCCTCTCCTCACATTGCTEGCCTEGCTGECCTACTTTGTCTCCCTCCAGCCCTCCT
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FIG. 27B

CGGACTCTGCATTCGCTEGTTGAGGAGCTTACTCCTGCTAAGCTCGAAGAAGGACATCATC
GCCATCECCACCGAGGGCECTCTCACTGACATTCCCTCCAACACCCCCAGGATCCATCC
ATTCACTCAGCTTTCCTTGTCGGTGCACTGTCGAGTCTACCCCAGETCOCAGTTTCTCC
GACCGCECTAATCGGGGGCTATCCACRACCAGTGATTCTGCTCTETCATCCAGECATAT
GGCGTAAATTACCETATGCCGGTTEGCATCATCACCTGCTGCCCTTGCCTCTTGCTGAAT
ACCGTCCGCCATCCATCTGTCCTCCTCTCCCTCTCTCTTCATCTCCAACCTCCCCTTCC
TCCTCCCTCCCTCCTTCTCTTCATCTTTATCT TGACCTATTTCCATCTTTCTCATCTCT
CAGTTGTTICAATCTCTTGTACACGCCCTACTCACTCTCCTTTTCACCGGGCTECTCTG
GGTTCCGTCTTAAGCTATCCATCATGARAGGGCATCCTCGGCCTTTCCCTCCTCCCETTS
CTGACGGCTGCGTCGCCCOTCTTCRTTGACTCCATCCATARTCARGCTGCCCCCATCIT
GTCTGCTACCAACGCGAAGGAGGTTCCCGACTCCTACATCATCGTTTTCARGAAGCACG
TCACTTCAGAGCTGGCTTCGECTCACCACAGCTGGETGCAGCGACATCCATGACTCTCAG
AGCGAGCGGACTGAGCTGARGAAGCGETCCCTCTTCGECCTTGCEGACGAGGTCTATCT
GAGTCTCAAGAACACCTTTGACATTGCTGGTTCTCTGATCGGTTACTCTGGETCACTICC
ACGAGGATGTCATCGAGCARGTCCECAGACACCCCEATETGAGTTACACCCCCTATCTA
AGCATCCCTCGTTATCTCTAAGATARGCTTCTAACATCGCTCAATGTAGGTCGATTACA
TCGAGCAGEATTCCGAAGTTCACACCATAGAAGGGECCACCCARARGAACGCCCCTTGG
GGTCTEGECTCETATCTCTCACCETGATAGCCTGACCTTCGGTAACTTCARCAAGTACCT
GTATGCCTCCGAGECCGEETEACGECGTTCACGCCTACACCATTGACACGGCTATCARCE
TTGACCACGTTGACTTCGAGGGCCGTGCCACTTGGEECAAGACAATCCCTACCAACGAT
GAAGATCTCCATGGCAATCGTCACGCGAACTCACTGCTCCCCAACCATGGCTGETANCGAR
GTACGGTCITGCCAAGARGECCAACCTCTATGCTGTCARGGETCCTCCGGTCGAGCEGCT
CTGGCACCATGTCTGATGTCGTTTCTGGTGTCGAGTATCGCCGTCCAGGLTCATATCAAG
BAGGCCAAGGATGCCARGAACGGCAAGGTCAAGGCATTCAAGEGCAGCETTGCCAACAT
GAGTCTCGGTCGTGGCAAGTCTAAGACCCTCEAGGATGCTGTTAACGCTGETGTTGAGH
CTGGTCTTCACTTCGCCGTTGCCCCCEETAATGACRATGCTGATGCT TGCAACTACTLCT

CCTGCTGECTGCCGAGAAGGCCATCACCGTTGETGCCTCGACACTTGCTGACGAGCGTGC
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FIG. 27C

GTACTTCTCCAACTACGGAGAGTGCACTCACATCTTCEGCTCCTEGGTCTCAACATCCTGT
CCACCTGGATTGGCAGCAACTACGCCACCAACATCATCTCTGGCACT TCCATGGCCTCT
CCTCACATTGCTGECCTGCTEGCCTACTTTATCTCCCTCCAGCCCTCCTCGGACTCTGC
ATTCGCTGTTCGAGGAGCTTACTCCTGCTAACCTCARGARGGACATCATCGCCATCGCCA
CCGAGGACGCTCTCACTGACATTCCCTCCAACACCCCCARCGTARGTCATGCCGCTATT
GGTATTTATAAGAGARACGAGCTAACTCAGAAATTCAGCTCCTTGCCTAGAACGATAGT
GGTTCCGAGAACTACACCGACATCETTCCCAGCGGTGECTACARGGTCTCCTCTGCCAA
GAACCGCATCGAGGACCGTATTGAGCGETCTCETTCACRAGCCCCARGABCTECTCACCE
AGCGAGCTTGGTGCCATCTACACCCAGATCCAGCATGCCGTCCTCGCATAGAT CAGARCT
CGTGCTTTCCAGACGTAGATCCGAAGACTTGCTTTTTTTTTGAGCGTATGCGGATGGTTGA
TCGGACATTTTIGGCGCTEGTCTCTITTTATTGTETITCCTCTCCAAGACGCTGATGCAT
TGACTGTATCGEGCTGTATCACTCCGCCCCTGCTTATCTGTTTGCTTCATCTTTATGGTA
GTATACATGTCTGCAAAGRAGGTTTTCGTTACCTCACTTAGARTGCTTCTGGTTCTATAAC
AGACTGACAATCTCACTEGETTATCTAAGAGATCTCACAAACGCTTGGTAGAAGAGARA
GGTGAGGGAGTAGACATCATCAGTCTARATCCACATTACGACATGCCGTAATAGATCAG
AGCACCGCGATGCTAGCCTTTGTAGACTACARAGGAGAAAACCCCTAGGAARGGTAATTT
CTAAGTCATGCCCACCTATTCTCTCTATCTCTTACTGAGACAGTCAATCCCATGACGAR
CAACTAATCGACATCATGGGTCACGCTACCECGTCATGCCCAAACGANGCCCGAAGTACTA
CTCCTAAGTAAAGCCACAACTTTECATACCTTCATTCNGGAAACGGAAACACAGGACGA
ACGAATATTCARATATCTTCACCCGCTTCATATAGAATACGACAGATATATARTAGTTGTC
BARGTATACARAAAGARCCTCATGCATECTAACACATAAAGCAARGGATCTCATATTGAT
AGACTGTGCTGTATACCACCTCTTAATGCAGCGCCTGCGCTATGCCACGATGAAATATA
ARGGGGGARAAAGTCATGTARGTAGTARGTAGAAACTCCARGCCCCARATATATAGATA
GTAATAGGGGTGGCGACATARTTTGGCTTTTATACT TGATAGGTTGARCARATCAAGTG
GCCCIGTGCTCETCTTCCTCCTCATCACTGCCGGARTCTTGETCTTCGTCATCETCATC
GACGTCAAGGTCCTCGTCGGAGTCECTACCGCCGAAGACGTCGTCGTCCACATCGCTCT
CGGCCCAGAAGTCGRAGTCETCCTTCTCCACAGCTT TGCAGACTGTCGTGETCGATTCG
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TIG. 27D

TGAGTCGECATGACGAATCCCTCGEGARTATCETTCTTCGARTCCTC CACGTGOTGTTT
CACGATCCGATTITGTATTCATCAGGECTCTTGCGCARCATCGACCCAGGCGTCAACGTTGE
CGGECGGGAAGAGATCCEGEGAATTC
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FIG. 28

MKGILGLSLLPLLTAASPVRVDS IHNZAAPILSATNAKEVEDSY IVVFKKHVTSELASA

HHSWVQDIHDSQSERTELRKRKRSLFGLEGDEVYLGLKNTEDIAGSLIGYSGHFHEDVIEQV
RRHPDVDYIERDSEVHTMEGATEKNAPWGLARISHRDSLTFGNFNKYLYASEGGECGVDA
YTIDTGINVDHVDFEGRATWGKTIPTNDEDLDGNGHGTHCSG TMACKKYGVAKKANLYA
VRVLRSSGSGTMSDVVSGVEYAVQAHIKKAKDAKNGKVKGFKGS VANMSLGGGKSKTLE
DAVNAGVEAGLHFAVAAGNDNADACNYSPAAAEKALTVGASTLADERAYFSNYGECTDT
FAPGLNILSTWIGSNYATNI ISGTSMASPHIAGLLAYFVSLQPSSDSAFAVEELTPAKL
KKDIIAIATEGALTDIPSNTPNVSHAAVCIYKRNELTQKFSSLPGTVVVPRTTPTSLAA
VATRSPLPRTASRTVLRVSFTRPKSCSPRSLVPSTARSRMPSSHREELVLSRRRSELLYV
FF
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FIG. 29A
BAGCTTCGTATATAATTCCCTTTTCACAATGTCAAAATCTTTTCGACCACTAATATAGC
TGCATGGACCCCTTAATCAGAGGTTATT TT'IGTCCTCGARTGCCGTGTAACATTGGATA
ATAGTACACTCCTTTCACCCACCCTCAGATGCCCGCCCCCTACAGTAGGGTTGTCAATA
TCCCTCACCTTTCCAATTGCTGATCCAGAATGGACCTGATATAGAAGCCTCACAGCACC
AGAGACTACCGCCTGAAGATGCCAAGTATTCGATGGOTTACATTGECTGGCGAATAGACT
GTTCACCATCCCCCGCCTGTACAAGACTCATTGAGCGACCTTTATTTCTATGARGGCTT
CTTGCAGTGTAGAGCCCCTGTTTAGAACTCCCARATAGGCATGCATAGTATGAACTCAA
TCAGCAGAGTCAATCCGATTCACACTAACGCCTAGCARGCAATCAGTGCTCACAGEAAGC
TAACAGATGGCTGGTTAAGCTGCCCCAGAAACGAAATGTGTCCGCAATCCCATCCCTGC
ATGCTTATCTGTATTCTETGCATGCATGATCCTT'TCCTCACGGEECATTACCCAGTAGT
CCGARGACGCAATGTGACCATCTGACTGAGTT TTAAATATACTGTCCAAGTGCCTTCTG
ACCCGGTCCCCOCTTGATGACARTCARCARARGGTGAATCTGACTGARAGGCGTGGETCC
AGACRACAGGCCTTAGACTTTATTGTCGAGACTATAAARGCATCTAACTATTGCACTACT
GAARATTAAGCATTCTAGTCTACCATTGACATTTCTCCCCTTTCGETGGGCCACTCGCTC
AACATGGCTTTCCTCAAACGCATTCTCCCGCTGCTGGCCCTCATCTTCCCTGCAGTTTT
CAGTGCCACAGAACAGGTCCCTCATCCGACCATCCAGACCATCCCEGGGARGTACATTG
TTACTTTCAAGTCCGGCATTGACAATGCGAARATTGAGTCTCATGCCGCATGCGTAACG
GAGCTCCACAGGCACAGCTTAGAAGGCCGCAGTACRA
CCGARGATGACCTTCCCGCCEECATCGAGAGAACTTACAGAATTGCCAATTTTGCTGGE
TACGCGGGGTCTTTCCATGAGAAAACTATCGAGEAGATCCGCARACATAACCATGTTTG
TETCCACGTATCCCAGGCCGTATGETTTCGACTAACTGCTGTACAGGTAGCCTATGTGE
AACAAGATCAGGTCTCETACCTCGATACGCTAGTTACCGAAAGACGAGCTCCTTGGGGA
CTGGEGAGCATCTCTCACCGTGETGCGTCTAGCACCCACTACATCTATGATGACAGCGEC
TGGGCAGGGTACATACGCTTATGTAGTGCACACTGCCATCITECCTACGCATAATCAGT
TTGETGETCATCCTACCCTEECATACAATGCTGCACCCEETCAGCACCTTCATCETATT
GGACATGGCACACATGTACCAGGGACCATCGETGGCAAARCATACCEGETTTCCARARA
TGCTCACCTACTGTCCGTGARGETGTTTGTACGGTGAATCCAGCTCGACATCGGTCATTC

TGGATGGCTTCAATTGEGGCTGCCAATGATATCGTGAGCAAGAACCGGACCAGTAAGGLG
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FIG. 29B

GCGATTAACATGAGTCTIGETATGTGCGCCCTCTCTERECATCTAATGCCECTTAACCET
GATGCAGCTGGAGGCTACTCCTATECCTTTAACAATGCAGT TGAGAATGCTTTTGACGA
GCGTETGCTCTCTTGTETTGCCGCTGEAAATGACAATGTAAGCTCTGCTGAACTGTCCA
CCATTGAGCTAAATTTAGACTAATGTTTTGCAGAGAGATGCAGCACGGACTAGCCCAEATC
TTCTGCACCCGACGCCATTACTGTTGCCGCTATCAACAGAAGCAATGCCCCTGCETCAT
TCTCAAACTACGGCTCTGTGGTTGACATTTTTGCCCCGEGACARGCARGTACTTTCTGCA
TGGACCGGCTCGAACTCGECCACCAACACGAT CTCCEGGCACCTCCATGGCTACACCTCA
TGTGACAGGTTTGATCCTCTATTTGATGGECTTECCGEACCTTEGCTACCCCAGCEECTE
CAACGACCGAGCTCAAGAGGTITGGCTACGCGEAATACTGTCACCAATETGCCGGETAGC
CCCAATCTTCTGGCCTACARTGGAAACAGCCGCETGTCARAAGGEGCTAGCGATGATGG
AGATGAGGACTAGGTGCGTAACATGAGTGAATATGECTTAGAATAGTCGGCATCGEAGA
GTAGACTAGTTTATATGCGARATARRGTGTGTATCAGCACCCTGEGCCTGTTCATGTARG
TCGGCATTTTCACTTTTGCCEGACACCGCARATATGCTGTGCTTGAGGCTGTTGCCTCCC
QAGCCAGCCTTCCCGAGACTGAAACTCACACATCCATTGGATGTATAAAGTTCTGCACA
fGCGAAATGCCGCTGCCGCTTACCTCCCGACGTGGTACCGGACCGAAGGCAGACACAGA
TCATGGACCGCTATACCGCACAGACAACTTGTGCTCCTTACTCARAGTACCATTCCACA
GETCATTGCACCATGATGACTGATGATGTACT TCTCCCCATCAAGAACCACTGACGETG
GTTGGAATGAATCTAGATCARAGAGATCAACCGCTTCCCCAGACAGATCAGGCCTATGC
CCATAATGAACCGCTGACTGTGTAACCCTGTTACARTCCGTTTGTTATTGGTCCTTITCT
GTTTGCTEGATEGCATGTACTACCTCAGAGCTTEGTECTCCTAGGAGCTCATACTGGAGA
CAGGTTCTTGTATATAGTCATAGCCTARGTCCGETETCTAGGARACAGTATGCTCCAGH
TCTTTTCCGATTCTCACAATGAGAACTETCGCCCREGTCTTTACGECCCCTCTGGAARG
CGAAAAGGAGACGCTTCTEGCECTACTTCCACAATACCCGCTCAARCTAGCCCCGGACG

GGATCC
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FIG. 30

MAFLKRILPLLALILPAVFSATEQVPHPTIQTIPGKY IVTFKSGIDNAKIESHAAWVTE
LHRRSLEGRSTTEDDLPAGIERTYRIANFAGYAGSFDEKTIEEIRKHNEVAYVIZQDOVW
YLDTLVTERRAPWOLGS ITSHRCASSTLY IYDDSAGECTYAY VVDTGILATHNEFGGRAS
LAYNAAGGEHVDGVGHGTIIVAGT IGERTYIVSKNAHLLSVKVFVEES 58TSVILDGINW
AANDIVSKNRTSKAAINMSLGGGY SYAFNNAVENAFDECGVLECVAAGNENRDAARTS PA
SAPDAITVAAINRSNARASFSNYGSVVDIFAPGEQVLSAWTGSNSATNTISGTSMAT PH
VTGLILYLMGLRDLATPARATTELKRLATRNAVINVAGS PNLLATNGNSGVSKGGSDDG

DED
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FIG. 31A

GCTACGGACCAACCCCACCACATCAACCTACATGACTCACGARGCCGAGGACGAG
CTCCTCCGCTCCECATTGCACAAGT TCACCARCGTGEATGECACCAACGGCCATA
CTGETCCTGCCCTTCCCGCATGACATGTTCTATGT TCCTGAGTTCAGGARGTATCA
TGAGATGTCATACTCGGAGCGEATTCATCARATCCEGCATGAGTTCGAGCCT TAAT
GAACGGAGTTCTCTGGAAGCGTTTATATTACTTTGCTCTCECGCAACGCTCGAGA
ATACGCTCATTTGGAGAATTCCTGCATTGETGGGCCATCGAGCGGATATACGTATCA
GGGATGCATGGACTGCTTGATAARGTTATAAGTTCAAGGATGGGCAGTCTGCATTT
GCGAGGAGGTTTTCCGAGCGRGGCGHCCGGCGACCGEGCAGGTTGGEETATETETTTG
CGTGTCCGGTTAGGAGTGTTGTTAATGAGAGACGATCCECTGAGAGTCACGECGAG
GGATGGGAGECAGTTCGTTGCCARGCGGETGGTTTGCACTATTCCCCTCARTETC
TTGTCCACGATCCAGTTCTCACCTECCCTGTCEACEGCGAGAGGATCTCTGCTATGC
AGGCAGGTCATGTGAATATGTGCACGAAGETGCATGCCGAAGTGCGACAATAAGCA
TATGCGATCETGCACGEGGCATTGCETACCCT TTCAATAAACTGTGCTATGCTATT
GGTGATGGCACCGACTCCCGCGCGARACACGCATCTGETETGTTTCGGGACGGATG
CCAATCATATCCACCCCGATCAGCACCTECEGCACGACCTTCGAAGECEGTTCGECA
GTTAGCGCCTGEGGACATTTGCGAGTGAMGCCGETTGETCTTTCACAATTGCGTGARAG
GATGAGTTTGCGAAGGRECGCETGRTTCTTCTCTAGEGCCTGGCATGGTCGAGTGAGT
GTTTGCAGEGCTTCGAGECACAAGCATGCEGETETGCTCTTTGCGAATTCAGATTG
CGGCGTTCCCCTCCAGCACCTTTATTCGATCCCCCCAT TCACGACCGCGACCAGAGCT
GCTAGGCCTCGTCTTCCACCGAATTCECAACGAAGAGECGAGETCARGGCTCGTTTGT
GATTGATTAAAGCCATTAACCEGEGTATTGATTGTGAACATGAATTTCATACTACAT
TCAACATAACTATACATGTCAATAATGCCCACATATCCAGTCTATATCTAGTAGE
TGTCETTGGAGGTGTAGTTCTCGCCAGCAGCCGAATCTCAGCTCCGTGGCGCCAAT
GTCGAACACAGTCGACGACATTCTTCTGGAACGTGTCGCCCAGAATGTAGAGATCT
TCGGAGCGTETCGCTACCACCGTCARCGATACCGGARATGCAGATGGTGTTGCCCT
COTCATCECTGECCAGCATCCAGGAT CATATCGAGGEGGTTGATCTAGAAGGTCTT
TCCGCTGATCETGATGCCGTCAGTGGCAGGEGTGGCGTCGCAGTCTACAATGTAG
GCGCCCTCCTCETCCEAGTAAGT CECCEGCACGCEEAGAAAGCGECETTGATCTCCT
CAGCGATGGAAGTTGGETACTASTTCAGCGTGETGCCCGARTCGACCTGCATCTGE
TTAGACACCATCAGGTAAAGGGETGCTCCACTCAACGTACGATGTACTGGATGTC
GTC
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FIG.31B

GCCACCAGCGCTGGTCARGCTCTTECCETTCAGAGTGACAGCGTCAATGTTGATE
GCTGTAGAAGTCGTAGGCCTTGCAGTAGCCTTCCGATGTTGCTGACCAGGATTCGAGE
TTTTGGTGAAGTCTTCCACGARGTCCACAGGAGGCAGACCGCCEGAGARGCCAGATA
GCCAGCGGCACCGEAAACATCGCGLTCAATGGCCAGACTAAACAGAGGTTCGATC
AGGCCCTCCTCCCACATGGTGCTAATCATATTCCTGTAGACAATCTGCTCGTCEG
TGGTTGTGCAGTAGCCGCTCCTACTGATACATGTTAGAAGCCTGACTATCAGTAR
TTGGGGCAGAATACATACAGGGCAGGGTACCGCARGACCAGTCACGCCAGAGETGE
TTCCGTCGCCCTCCCAGGCGGCCTCAGTGACCACTCCGATGGTTTGATCCACAGT
GATATCGECAAGAGCGACCGTTTCGTTACCCATCACTCCGTAGAGGTACTCACCA
TCACCATACTCGATGECGAATTCTTCGCCCTCAATTTCCTTGARAGAGCTCTCGA
CAGTCCAGGTGGACGCCAAAGT CGCAGCTCCACTCOCAGETTTCAECGECCGETETC
GAGGTCARATACATGTGAAGCCCGTCTTAACCACCCAGGTATCACTGGAACCGETG
TCGACGATAACGTCAAARAGAATCACCACCCGATGGTGATTGACGTAGCGAACTCCT
CGCCTTCGARGAGGGAGATCARGCTGEAGCTGCCACTGCTGGTCGAGCECTTCAC
GTAGGCAGCACTACGAGGETTCACATTTCCCTTEGACTTCGTCTTGCTCAGCTCG
AGGTACTTGCGAGGAGGCCTTCTTCTGACTGCCGAGCAGCCAAGGCCGCGEGCTTGT
AGACGGTGTGGCTGCCGCTTCTGCEGACGATATTTCTTCCCTTCAGCGEGGAGGE
AGTGGCTGCAGCCAGACGCAGCCCCEGCAAGCAGCCACGCAGTGGCAAGEGTACCE
ACGGCGGATATACATCCCCECAGCTCGAGTCACAAGTCATCTARGTGATTGCTTGAC
TEACAGGAGAGAAGCCTCGTECAGAAGAGGGETECGTTCGGGAGATTATATACTG
TTECCAAATTACATCCGETAGTCCGACAAGACCACCAATCTAGCTACAATTAARC
ATACAGGAATCGAGAGACATTCGCTGCGATTGCAGAATCTCGCTGTTGTCEGACTAGT
ATAGCTCGCAGCTTCCGAAGTCCCEGTTACGCAATGACGCCATGCCGAGTCGTTGAA
ARGACARGGCGGACCGCTATAGTGCTGCCTCGATAGTGACGAGACATGGCCTCCCA
CTCGATGGCTAGGAACAATAGCGCCGTGTGEGCCCEECACCGATATIGCTGATAG
GGAGCCTTGCETCAGCGCTGGTCCTGGATTCETECGAAGCCAGECCCACACGAAGA
TAAGACGCAAGGTGCGCETCGEAGT CCGCACGGGAGCEETCGAAGGTTGAAGACT
GAACAGATGATAGATTGEAATATATTGGGECAGCCAGARATTGCTTCATGCGCTC
GATGTGATCATTGTTGCCCTTTTCCTTCCCTGTAATAGAGTAACCGAGCCTTGAR
TAATTGTATCGGGCACCATCTCGGECATAACCCTGARGECATTAGCECCCEGECER
AAT

61

DK/EP 2333045 T3



FIG. 31C

GTCCACCAGTGCAGCACACGCAGACTGTCATCCCACAAGGCCATTGTGACGARTC
TGAGGCACACACAGTTCCCCTTCATTTCGATAACGACCAATANT TGCCATCCTAAG
AATGCCAATAGAGCAATCCCTCETTGACGACATETATCAGCTCOTTTTCGTCCGAG
ACGCCCCTCTGTTAGACGTTCACAAGCGTGCTATAACCTTCGARACCCACATCTGA
CTCCTGACAGGCCCATGACTGGETCCAAGGTAGGCCAAGCATCGGAGACAACCGA
GAGGGGGAGATGGTTTCATCCTTCGATGCTGTCAAGCTCAGATCGGCGGATTATCG
GAGTAGCTGTCAGATCACGTGGTGEGECATAGATAGCAGCCCTGTGTTGCTGGTA
TGTGACATTTTAGTAGCCCATCACTAAACAGGCACATACCGCAGACTTGTTAATT
AACTCTGCGATAAGGGACGTCCTTCTTAGTCCCTGAAGTGTATAGTAACGACGGA
GATGCCGTGAAGAAAGAACGCTGAGAGEGCARACACGTEGCGEGGAACCTCGGAAGA
GAAAGACCCGCACCGCCCCGEGCAGCCATCGGACATCCGCGGATTTCATTTCAGC
GTCCTTCGAGTTTCCACAACACT CTTCATATCAGCCCACTATCEGATAGCGCCAT
CAGTAGCTAATATCCGCGCATACTTGCATGGCTTTTATGCCTTGATGGTCCGCCEA
GCGGGTCCCCATGGETCGCGACGGACTCCGETACTAATCCCCAGTCGCGAGGTAT
GCCCAGTTTTCGTCGCACACCCGCAGGTCATGECTARCGTCTTCTCGCETCCCAG
GATGCTTTCRATGCTCABAACGCCGGATTGTCTACGACACGAGEGGARCCTACCTG
CTTCAAGTGTCAGRAGARAAGGCATTGAATGCTCGEGGATCCGEGTCECTTTCGCTTC
AGCCCCGECCTAGCGAGTCCGGGGAMAACTCARAGGCTGCACGATTCCGATACCTG
ATGTCGACCCGAGATCGCTATACAAAGAAGGCTTACGATGGCCCTCGTCCCATTCG
GTGGAAGGATGACCTGAATAGAGTCAACRARACCAGARGCCCAGACTTAGCGGGA
AGGAGCGGETAGTCCCCAATCCACTCCTCACAGAGACAAGETTCECCCAGTGEACE
CAGAGCTTCGCANCCANATCGATATCTATCGCARACCAGACGTATCCTAGCTCAG
ACAATNGTTCCGCGA
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FIG. 32

MYIPVGTLATASLLAGAALAAPTPSPLKGRNIVRRSGSHTVYKFPAAFAAPSHNKA
SSKYLELSKTKSKCGNVNPRSAAYVKRSTSSCGSSSLISLFEGEEFATSITIGGDSE
DVIVDTGSSDTWVVKTGFTCIDLDTGRETSESSCDFGS THIVESSFKEIEGEEFA
LEYGDCGEYLYGVMGNETVALADITVDQTIGVVIEARWEGDGTTSGLTGLAYPALT
SAYSTTTDEQIVYSNIITTMWEEGLIEPLFSLAIERDVSCAAGYLALGGLPPVDF
VEDFTKTSILVINIEGYSKAYDIYT INIDAVTLNGKSLTSACGODIQYIMQVDSG
TTLNYYPTSIAEEINAAFSPAATYSDEEGAY IVDCDATPPTHGITISGKTFYINR
LDMILDAGTDDEGNTICISGIVDEGSDTSEDLY ILGDTEFQKNVVTVEFDIGATILR
FAARENYTSNDTY
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FIG. 33A.: General cloning strategy for gene deletion in Aspergillus.

64

DK/EP 2333045 T3



hph expression unit

linear fragment for transformation
Pl
—»P fragment i j_-—-—PT fragment
W

X" X
chromosomal DNA of wild type strain
/ / P fragment T fragment

chromosomal DNA of the geno delstion »
. Tiph

/e

T fragment

// P fragment i

-«
Prou

PCR detection of the deletion slrain i(——————»l

FIG. 33B: General cloning strategy for gene disruption in Aspergillus.
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FIG. 34A: PCR analysis of the mnn9 deletion strain

FIG. 34B: PCR analysis of ochA disruption strain
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