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SCHIZOCHYTRIUM PKS GENES

INTRODUCTION

Field of the Invention

This invention relates to modulating levels of enzymes and/or enzyme components
capable of modifying long chain poly-unsaturated fatty acids (PUFAS) in a host cell, and
constructs and methods for producing PUFAs in a host cell. The invention is exemplified by
production of eicosapentenoic acid (EPA) using genes derived from Shewanella puirefaciens

and Vibrio marinus.

Background
Two main families of poly-unsaturated fatty acids (PUFAs) are the «3 fatty acids,

exemplified by eicosapentenoic acid, and the w6 fatty acids, exemplified by arachidonic acid.
PUFAs are important components of the plasma membrane of the cell, where they can be found
in such forms as phospholipids. and also can be found in triglycerides, PUFAs also serve as
precursors to other molecules of importance in human beings and animals. including the
prostacyclins. leukotrienes and prostaglandins. Long chain PUFAs of importance include
docosahexenoic acid (DHA) and eicosapentenoic acid (EPA), which are found primarily in
different types of fish oil, gamma-linolenic acid (GLA), which is found in the seeds of a number
of plants, including evening primrose {Oenothera biennis), borage (Borago officinalis) and black
currants (Ribes nigrum), stearidonic acid (SDA). which is found in marine oils and plant seeds,
and arachidonic acid (ARA). which along with GLA is found in filamentous fungi. ARA can be
purified from animal tissues including liver and adrenal gland. Several genera of marine bacteria
are known which synthesize either EPA or DHA. DHA is present in human mitk along with
ARA.

PUFAs are necessary for proper development, particularly in the developing infant brain,
and for tissue formation and repair. As an example. DHA. is an important constituent of many
human cell membranes. in particular nervous cells (gray matter), muscle cells, and spermatozoa
and believed to aftect the development of brain functions in general and to be essential for the
development of eyesight. EPA and DHA have a number of nutritional and pharmacological

uses. As an example adults affected by diabetes (especially non insulin-dependent) show
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deficiencies and imbalances in their levels of DHA which are believed to contribute to later
coronary conditions. Therefore a diet balanced in DHA may be beneficial to diabetics.

For DHA, a number of sources exist for commercial production including a variety of
marine organisms, oils obtained from cold water marine fish, and egg yolk fractions. The
purification of DHA from fish sources is relatively expensive due to technical difficulties,
making DHA expensive and in short supply. In algae such as Amphidinium and Schizochytrium
and marine fungi such as Thraustochytrium DHA may represent up to 48% of the fatty acid
content of the cell. A few bacteria also are reported to produce DHA. These are generally deep
sea bacteria such as Vibrio marinus. For ARA, microorganisms including the genera
Mortierella, Entomophthora, Phytium and Porphyridium can be used for commercial
production. Commercial sources of SDA include the genera Trichodesma and Echium.
Commercial sources of GLA include evening primrose, black currants and borage. However,
there are several disadvantages associated with commercial production of PUFAs from natural
sources. Natural sources of PUFA, such as animals and plants, tend to have highly
heterogeneous il compositions, The oils obtained from these sources can require extensive
purification to separate out one or more desired PUFA or to produce an oil which is enriched in
one or more desired PUFA.

Natural sources also are subject to uncontrollable fluctuations in availability. Fish stocks
may undergo natural variation or may be depleted by overfishing. Animal oils, and particularly
fish oils, can accumulate environmental pollutants, Weather and disease can cause fluctuation in
yields from both fish and plant sources. Cropland available for production of alternate oil-
producing crops is subject to competition from the steady expansion of human populations and
the associated increased need for food production on the remaining arable land. Crops which do
produce PUFAs, such as borage, have not been adapted to commercial growth and may not
perform well in monoculture. Growth of such crops is thus not economically competitive where
more profitable and better established crops can be grown. Large -scale fermentation of
organisms such as Shewanella also is expensive. Natural animal tissues contain low amounts of
ARA and are difficult to process. Microorganisms such as Porphyridium and Shewanella are
difficult to cultivate on a commercial scale.

Dietary supplements and pharmaceutical formulations containing PUFAs can retain the
disadvantages of the PUFA source. Supplements such as fish oil capsules can contain low levels
of the particular desired component and thus require large dosages. High dosages result in
ingestion of high levels of undesired components, including contaminants. Care must be taken
in providing fatty acid supplements, as overaddition may result in suppression of endogenous
biosynthetic pathways and lead to competition with other necessary fatty acids in various lipid
fractions in vivo, leading to undesirable results. For example, Eskimos having a diet high in ©3
fatty acids have an increased tendency to bleed (U.S. Pat. No. 4,874,603). Fish oils have
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unpleasant tastes and odors, which may be impossible to economically separate from the desired
product, such as a food supplements. Unpleasant tastes and odors of the supplements can make
such regimens involving the supplement undesirable and may inhibit compliance by the patient.

A number of enzymes have been identified as being involved in PUFA
biosynthesis. Linoleic acid (LA, 18:2 A 9, 12) is produced from oleic acid (18:1 A9) by a
Al2-desaturase. GLA (18:3 A 6, 9, 12) is produced from linoleic acid (LA, 18:2 A9, 12) by a A6-
desaturase. ARA {20:4 A5, B, 11, 14) is produced from DGLA (20:3 A 8, 11, 14), catalyzed by
a A5-desaturase. Eicosapentenoic acid (EPA) is a 20 carbon, omega 3 fatty acid containing 5
double bonds (A 5, 8, 11, 14, 17), all in the cis configuration. EPA, and the related DHA (4 4, 7,
10, 13, 16, 19, C22:6) are produced from oleic acid by a series of elongation and desaturation
reactions. Additionally, an elongase (or elongases) is required to extend the 18 carbon PUFAs
out to 20 and 22 carbon chain lengths. However, animals cannot convert oleic acid (18:1 4 9)
into linoleic acid (18:2 A 9, 12). Likewise, u-linolenic acid (ALA, 18:3 A 9, 12, 15) cannot be
synthesized by mammals. Other eukaryotes, including fungi and plants, have enzymes which
desaturate at positions A12 and A15. The major poly-unsaturated fatty acids of animals therefore
are either derived from diet and/or from desaturation and elongation of linoleic acid (18:2 A9,
12) or p-linolenic acid (18:3 A 9, 12, 15). A

Poly-unsaturated fatty acids are considered to be useful for nutritional, pharmaceutical,
industrial, and other purposes. An expansive supply of poly-unsaturated fatty acids from natural
sources and from chemical synthesis are not sufficient for commercial needs. Because a number
of separate desaturase and elongase enzymes are required for fatty acid synthesis from linoleic
acid (LA, 18:2 49, 12), common in most plant species, to the more saturated and longer chain
PUFAs, engineering plant host cells for the expression of EPA and DHA may require expression
of five or six separate enzyme activities to achieve expression, at least for EPA and DHA, and
for production of quantities of such PUFAs additional engineering efforts may be required, for
instance the down regulation of enzymes competing for substrate, engineering of higher enzyme
activities such as by mutagenesis or targeting of enzymes to plastid organelles. Therefore it is of
interest to obtain genetic material involved in PUFA biosynthesis from species that naturally
produce these fatty acids and to express the isolated material alone or in combination in a

heterologous system which can be manipulated to allow production of commercial quantities of
PUFAs.

Relevant Literature

Several genera of marine bacteria have been identified which synthesize either EPA or
DHA (DeLlong and Yayanos, Applied and Environmental Microbiology (1986) 51: 730-737).
Researchers of the Sagami Chemical Research Institute have reported EPA production in E. coli
which have been transformed with a gene cluster from the marine bacterium, Shewanella
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putrefaciens. A minimum of 5 open reading frames (ORFs) are required for fatty acid synthesis
of EPA in E. coli. To date, extensive characterization of the functions of the proteins encoded
by these genes has not been reported (Yazawa (1996) Lipids 31, S-297; WO 93/23545; WO
96/21735).

The protein sequence of open fcading frame (ORF) 3 as published by Yazawa, USPN
5,683,898 is not a functional protein. Yazawa defines the protein as initiating at the methionine
codon at nucleotides 9016-9014 of the Shewanella PKS-like cluster (Genbank accession
U73935) and ending at the stop codon at nucleotides 8185-8183 of the Shewarnella PKS-like
cluster. However, when this ORF is expressed under control of a heterologous promoter in an E.
coli strain containing the entire PKS-like cluster except ORF 3, the recombinant cells do not
produce EPA.

Polyketides are secondary metabolites the synthesis of which involves a set of enzymatic
reactions analogous to those of fatty acid synthesis (see reviews: Hopwood and Sherman, Annu.
Rev, Genet. (1990) 24: 37-66, and Katz and Donadio, in Annual Review of Microbiology (1993)
47: 875-912). It has been proposed to use polyketide synthases to produce novel antibiotics
(Hutchinson and Fujii, Annual Review of Microbiology (1995) 49:201-238).

SUMMARY OF THE INVENTION
Novel compositions and methods are provided for preparation of long chain poly-
unsaturated fatty acids (PUFAs) using polyketide-like synthesis (PKS-like) genes in plants and
plant cells, In contrast to the known and proposed methods for production of PUFAs by means

of fatty acid synthesis genes, by the invention constructs and methods are provided for
producing PUFAs by utilizing genes of a PKS-like system. The methods involve growing a host
cell of interest transformed with an expression cassette functional in the host cell, the expression
cassette comprising a transcriptional and translational initiation regulatory region, joined in
reading frame 5'to a DNA sequence to a gene or component of a PKS-like system capable of
modulating the production of PUFAs (PKS-like gene). An alteration in the PUFA profile of host
cells is achieved by expression following introduction of a complete PKS-like system
responsible for a PUFA biosynthesis into host cells. The invention finds use for example in the
large scale production of DHA and EPA and for modification of the fatty acid profile of host
cells and edible plant tissues and/or plant parts.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 provides designations for the ORFs of the EPA gene cluster of Shewanella.
Figure 1A shows the organization of the genes; those ORFs essential for EPA production in E.
coli are numbered. Figure 1B shows the designations given to subclones.
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Figure 2 provides the Shewanella PKS-like domain structure, motifs and '‘Blast' matches
of ORF 6 (Figure 2A), ORF 7 (Figure 2B), ORF 8 (Figure 2C), ORF 9 (Figure 2D) and ORF 3
(Figure 2E). Figure 2F shows the structure of the region of the Anabeana chromosome that is
related to domains present in Shewanella EPA ORFs.

Figure 3 shows results for pantethenylation - ORF 3 in E. coli strain SJ16. The image
shows {C'*] B-Alanine labelled proteins from E. coli (strain SJ16) cells transformed with the
listed plasmids. Lane 1 represents pUC19, lane 2 represents pPA-NEB (A ORF 3), lane 3
represents pAA-Neb (EPA+), lane 4 represents ORF 6 subclone, lane 5 represents ORF 6 + ORF
3 subclones, and lane 6 represents ORF 3 subclone. ACP and an unknown (but previously
observed) 35 kD protein were labelled in all of the samples. The high molecular mass proteins
detected in lanes 2 and 5 are full-length (largest band) and truncated products of the Shewanella
ORF-6 gene (confirmed by Western analysis). E. Coli strain SJ16 is conditionally blocked in B-
alanine synthesis.

Figure 4A shows the DNA sequence (SEQ ID NO:1) for the PKS-like cluster found in
Shewanella, containing ORF's 3-9. Figure 4B shows the amino acid sequence (SEQ ID NO:2)
of ORF 2, which is coded by nucleotides 6121-8103 of the sequence shown in Fig 4A. Figure
4C shows the amino acid sequence (SEQ ID NO:3) of the published, inactive ORF3, translated
from the strand complementary to that shown in Figure 4A, nucleotides 9016-8186. Figure 4D
shows the nucleotide sequence 8186-9157 (SEQ ID NO:4); its complementary strand codes for
OREF 3 active in EPA synthesis. Figures 4E-J show the amino acid sequences (SEQ 11D NOS:5-
10) corresponding to ORF's 4-9, which are encoded by nucleotides 9681-12590 (SEQ ID
NO:81), 13040-13903 (SEQ ID NO:82), 13906-22173 (SEQ ID NO:83), 22203-24515 (SEQ ID
NO:84), 24518-30529 (SEQ ID NO:85) and 30730-32358 (SEQ ID NO:86), respectively, of
Figure 4A. Figure 4K shows the amino acid sequence (SEQ ID NO:11) corresponding to
nucleotides 32834-34327.

Figure 5 shows the sequence (SEQ ID NO:12) for the PKS-like cluster in an
approximately 40 kb DNA fragment of Vibrio marinus, containing ORFs 6, 7, 8 and 9, The start
and last codons for each ORF are as follows: ORF 6: 17394, 25352; ORF 7: 25509, 28160; ORF
8: 28209, 34265; ORF 9: 34454, 36118.

Figure 6 shows the sequence (SEQ ID NO:13) for an approximately 19 kb portion of the
PKS-like chuster of Figure 5 which contains the ORFs 6, 7, 8 and 9. The start and last codons
for each ORF are as follows: ORF 6: 411, 8369 (SEQ ID NO:77); ORF 7: 8526, 11177 (SEQ
1D NQO:78); ORF 8: 11226, 17282 (SEQ ID N0:79); ORF 9: 17471, 19135 (SEQ ID NO:80).

Figure 7 shows a comparison of the PKS-like gene clusters of Shewanella putrefaciens
and Vibrio marinus; Figure 7B is the Vibrio marinus operon sequence.
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Figure 8 is an expanded view of the PKS-like gene cluster portion of Vibrio marinus
shown in Figure 7B showing that ORFs 6, 7 and 8 are in reading frame 2, while ORF 9 is in
reading frame 3.

Figure 9 demonstrates sequence homology of ORF 6 of Shewanella putrefaciens and
Vibrio marinus. The Shewanella ORF 6 is depicted on the vertical axis, and the Vibrio ORF 6 is
depicted on the horizontal axis. Lines indicate regions of the proteins that have a 60% identity.
The repeated lines in the middle correspond to the multiple ACP domains found in ORF 6.

Figure 10 demonstrates sequence homology of ORF 7 of Shewanella putrefaciens and
Vibrio marinus. The Shewanelia ORF 7 is depicted on the vertical axis, and the Vibrio ORF 7 is
depicted on the horizontal axis. Lines indicate regions of the proteins that have a 60% identity.

Figure 11 demonstrates sequence homology of ORF 8 of Shewanella putrefaciens and
Vibrio marinus. The Shewanella ORF 8 is depicted on the vertical axis, and the Vibro. ORF 8
is depicted on the horizontal axis. Lines indicate regions of the proteins that have a 60%
identity.

Figure 12 demonstrates sequence homology of ORF 9 of Shewanella putrefaciens and
Vibrio marinus. The Shewanella ORF 9 is depicted on the vertical axis, and the Vibrio ORF 9 is
depicted on the horizontal axis. Lines indicate regions of the proteins that have a 60% identity.

Figure 13 is a depiction of various complementation experiments, and resulting PUFA
production. On the right, is shown the longest PUFA made in the E. coli strain containing the
Vibrio and Shewanella genes depicted on the left. The hollow boxes indicate ORFs from
Shewanella. The solid boxes indicate ORFs from Vibrio.

Figure 14 is a chromatogram showing fatty acid production from complementation of
pEPADS from Shewanella (deletion ORF 8) with ORF 8 from Shewanella, in E. coli Fad E-.
The chromatogram presents an EPA (20:5) peak.

Figure 15 is a chromatogram showing fatty acid production from complementation of
pEPADS from Shewanella (deletion ORF 8) with ORY 8 from Vibrio marinus, in E. coli Fad E-.
The chromatograph presents EPA (20:5) and DHA (22:6) peaks.

Figure 16 is a table of PUFA values from the ORF 8 complementation experiment, the
chromatogram of which is shown in Figure 15.

Figure 17 is a plasmid map showing the elements of pCGN7770.

Figure 18 is a plasmid map showing the elements of pCGN8535.

Figure 19 is a plasmid map showing the elements of pCGN8537.

Figure 20 is a plasmid map showing the elements of pCGN8525.

Figure 21 is a comparison of the Shewanella ORFs as defined by Yazawa (1996) supra,
and those disclosed in Figure 4. When a protein starting at the leucine (TTG) codon at
nucleotides 9157-9155 and ending at the stop codon at nucleotides 8185-8183 is expressed
under control of a heterologous promoter in an E. coli strain containing the entire PKS-like
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cluster except ORF 3, the recombinant cells do produce EPA. Thus, the published protein
sequence is likely to be wrong, and the coding sequence for the protein may start at the TTG
codon at nucleotides 9157-9155 or the TTG codon at nucleotides 9172-9170. This information
is critical to the expression of a functional PKS-like cluster heterologous system.

Figure 22 is a plasmid map showing the elements of pCGN8560.

Figure 23 is plasmid map showing the elements of pCGN8556.

Figure 24 shows the translated DNA sequence (SEQ ID NO:14) upstream of the
published ORF 3 and the corresponding amino acids for which they code (SEQ ID NO:15). The
ATG start codon at position 9016 is the start codon for the protein described by Yazawa et al
(1996) supra. The other arrows depict TTG or ATT codons that can also serve as start codons in
bacteria. When ORF 3 is started from the published ATG codon at 9016, the protein is not
functional in making EPA. When ORF 3 is initiated at the TTG codon at position 9157, the
protein is capable of facilitating EPA synthesis.

Figure 25 shows the PCR product (SEQ ID NO:16) for §S9 Photobacter using primers in
Example 1.

Figure 26 shows probe sequences (SEQ ID NOS:17-31) resulting from PCR with
primers presented in Example 1.

Figure 27 shows the nucleotide sequence of Schizochytrium EST clones A. LIB 3033-
047-B5, LIB3033-046-E6 and a bridging PCR product have now been assembled into a partial
cDNA sequence (ORF6 homolog), B. LIB3033-046-D2 (hglc/ORF7/ORF8/0ORF9 homolog), C.
LIB81-015-D5, LIB81-042-B9 and a bridging PCR product have now been assembled into a
partial cDNA scquencé (ORF8/0ORF9 homolog).

Figure 28 shows a schematic of the similarities between Shewanella PKS sequences and
Schizochytrium sequences.

Figure 29 shows the amino acid sequences inferred from Schizochytrium EST clones A.
ORF6 homolog, B. hglc/ORF7/0RF8/ORF9 homolog, C. ORF8/ORF9 homolog.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In accordance with the subject invention, novel DNA sequences, DNA constructs and

methods are provided, which include some or all of the polyketide-like synthesis (PKS-like)
pathway genes from Shewanelia, Vibrio, Schizochytrium or other microorganisms, for
modifying the poly-unsaturated long chain fatty acid content of host cells, particularly host plant
cells. The present invention demonstrates that EPA synthesis genes in Shewanella putrefaciens
constitute a polyketide-like synthesis pathway. Functions are ascribed to the Shewanellq,
Schizochytrium and Vibrio genes and methods are provided for the production of EPA and DHA
in host cells. The method includes the step of transforming cells with an expression cassette
comprising a DNA encoding a polypeptide capable of increasing the amount of one or more
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PUFA in the host cell. Desirably, integration constructs are prepared which provide for
integration of the expression cassette into the genome of a host cell. Host cells are manipulated
to express a sense or antisense DNA encoding a polypeptide(s) that has PKS-like gene activity.
By “PKS-like gene” is intended a polypeptide which is responsible for any one or more of the
functions of a PKS-like activity of interest. By “polypeptide” is meant any chain of amino
acids, regardless of length or post-translational modification, for example, glycosylation or
phosphorylation. Depending upon the nature of the host cell, the substrate(s) for the expressed
enzyme may be produced by the host cell or may be exogenously supplied. Of particular
interest is the selective control of PUFA production in plant tissues and/or plant parts such as
leaves, roots, fruits and seeds, The invention can be used to synthesize EPA, DHA, and other
related PUFAs in host cells.

There are many advantages to transgenic production of PUFAs. As an example, in
transgenic E. coli as in Shewanella, EPA accumulates in the phospholipid fraction, specifically
in the s»-2 position. It may be possible to produce a structured lipid in a desired host cell which
differs substantially from that produced in either Shewanella or E. coli. Additionally transgenic
production of PUFAs in particular host cells offers several advantages over purification from
natural sources such as fish or plants. In transgenic plants, by utilizing a PKS-like system, fatty
acid synthesis of PUFAs is achieved in the cytoplasm by a system which produces the PUFAs
through de novo production of the fatty acids utilizing malonyl Co-A and acetyl Co-A as
substrates. In this fashion, potential problems, such as those associated with substrate
competition and diversion of normal products of fatty acid synthesis in a host to PUFA
production, are avoided.

Production of fatty acids from recombinant plants provides the ability to alter the
naturally occurring plant fatty acid profile by providing new synthetic pathways in the host or by
suppressing undesired pathways, thereby increasing levels of desired PUF As, or conjugated
forms thereof, and decreasing levels of undesired PUFAs. Production of fatty acids in
transgenic plants also offers the advantage that expression of PKS-like genes in particular tissues
and/or plant parts means that greatly increased levels of desired PUFAs in those tissues and/or
parts can be achieved, making recovery from those tissues more economical. Expressionin a
plant tissue and/or plant part presents certain efficiencies, particularly where the tissue or part is
one which is easily harvested, such as seed, leaves, fruits, flowers, roots, etc. For example, the
desired PUFAs can be expressed in seed; methods of 1solating seed oils are well established. In
addition to providing a source for purification of desired PUF As, seed oil components can be
manipulated through expression of PKS-like genes, either alone or in combination with other
genes such as elongases, to provide seed oils having a particular PUFA profile in concentrated
form. The concentrated seed oils then can be added to animal milks and/or synthetic or
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semisynthetic milks to serve as infant formulas where human nursing is impossible or undesired,
or in cases of malnourishment or disease in both adults and infants.

Transgenic microbial production of fatty acids offers the advantages that many microbes
are known with greatly simplified oil compositions as compared with those of higher organisms,
making purification of desired components easier. Microbial production is not subject to
fluctuations caused by external variables such as weather and food supply. Microbially
produced oil is substantially free of contamination by environmental pollutants. Additionally,
microbes can provide PUFAs in particular forms which may have specific uses. For example,
Spirulina can provide PUFAs predominantly at the first and third positions of triglycerides;
digestion by pancreatic lipases preferentially releases fatty acids from these positions.
Following human or animal ingestion of triglycerides derived from Spirulina, these PUFAs are
released by pancreatic lipases as free fatty acids and thus are directly available, for example, for
infant brain development. Additionally, microbial oil production can be manipulated by
controlling culture conditions, notably by providing particular substrates for microbially
expressed enzymes, or by addition of compounds which suppress undesired biochemical
pathways. In addition to these advantages, production of fatty acids from recombinant microbes
provides the ability to alter the naturally occurring microbial fatty acid profile by providing new
synthetic pathways in the host or by suppressing undesired pathways, thereby increasing levels
of desired PUFAs, or conjugated forms thereof, and decreasing levels of undesired PUFAs.

Production of fatty acids in animals also presents several advantages. Expression of
desaturase genes in animals can produce greatly increased levels of desired PUFAs in animal
tissues, making recovery from those tissues more economical. For example, where the desired
PUFAs are expressed in the breast milk of animals, methods of isolating PUFAs from animal
milk are well established. In addition to providing a source for purification of desired PUFAs,
animal breast milk can be manipulated through expression of desaturase genes, either alone or in
combination with other human genes, to provide animal milks with a PUFA composition
substantially similar to human breast milk during the different stages of infant development.
Humanized animal milks could serve as infant formulas where human nursing is impossible or
undesired, or in the cases of malnourishment or disease,

DNAs encoding desired PKS-like genes can be identified in a variety of ways. In one
method, a source of a desired PKS-like gene, for example genomic libraries from a Shewanella,
Schizochytrium or Vibrio spp., is screened with detectable enzymatically- or chemically-
synthesized probes. Sources of ORFs having PKS-like genes are those organisms which produce
a desired PUF A, including DHA-producing or EPA-producing deep sea bacteria growing
preferentially under high pressure or at relatively low temperature. Microorgansims such as
Shewanella which produce EPA or DHA also can be used as a source of PKS-like genes. The
probes can be made from DNA, RNA, or non-naturally occurring nucleotides, or mixtures




10

i5

20

25

30

35

WO 00/42195 PCT/US00/00956

10

thereof. Probes can be enzymatically synthesized from DNAs of known PKS-like genes for
normal or reduced-stringency hybridization methods. For discussions of nucleic acid probe
design and annealing conditions, see, for example, Sambrook ef al, Molecular Cloning: A
Laboratory Manual (2™ ed.), Vols. 1-3, Cold Spring Harbor Laboratory, (1989) or Current
Protocols in Molecular Biology, F. Ausubel et al, ed., Greene Publishing and Wiley-
Interscience, New York (1987), each of which is incorporated herein by reference. Techniques
for manipulation of nucleic acids encoding PUFA enzymes such as subcloning nucleic acid
sequences encoding polypeptides into expression vectors, labelling probes, DNA hybridization,
and the like are described generally in Sambrook, supra.

Oligonucleotide probes also can be used to screen sources and can be based on sequences
of known PKS-like genes, including sequences conserved among known PKS-like genes, or on
peptide sequences obtained from a desired purified protein. Oligonucleotide probes based on
amino acid sequences can be degenerate to encompass the degeneracy of the genetic code, or can
be biased in favor of the preferred codons of the source organism. Alternatively, a desired
protein can be entirely sequenced and total synthesis of a DNA encoding that polypeptide
performed.

Once the desired DNA has been isolated, it can be sequenced by known methods. It is
recognized in the art that such methods are subject to etrors, such that multiple sequencing of the
same region is routine and is still expected to lead to measurable rates of mistakes in the
resulting deduced sequence, particularly in regions having repeated domains, extensive
secondary structure, or unusual base compositions, such as regions with high GC base content.
When discrepancies arise, resequencing can be done and can employ special methods, Special
methods can include altering sequencing conditions by using: different temperatures; different
enzymes; proteins which alter the ability of oligonucleotides to form higher order structures;
altered nucleotides such as ITP or methylated dGTP; different gel compositions, for example
adding formamide; different primers or primers located at different distances from the problem
region; or different templates such as single stranded DNAs. Sequencing of mRNA can also be
employed.

For the most part, some or all of the coding sequences for the polypeptides having PKS-
like gene activity are from a natural source. In some situations, however, it is desirable to
modify all or a portion of the codons, for example, to enhance expression, by employing host
preferred codons. Host preferred codons can be determined from the codons of highest
frequency in the proteins expressed in the largest amount in a particular host species of interest.
Thus, the coding sequence for a polypeptide having PKS-like gene activity can be synthesized
in whole or in part. All or portions of the DNA also can be synthesized to remove any
destabilizing sequences or regions of secondary structure which would be present in the
transcribed mRNA. All or portions of the DNA also can be synthesized to alter the base
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composition to one more preferable to the desired host cell. Methods for synthesizing sequences
and bringing sequences together are well established in the literature. In vitro mutagenesis and
selection, site-directed mutagenesis, or other means can be employed to obtain mutations of
naturally occurring PK S-like genes to produce a polypeptide having PKS-like gene activity in
vivo with more desirable physical and kinetic parameters for function in the host cell, such as a
longer half-life or a higher rate of production of a desired polyunsaturated fatty acid.

Of particular interest are the Shewanella putrefaciens ORFs and the corresponding ORF's
of Vibrio marinus and Schizochytrium. The Shewanella putrefaciens PKS-like genes can be
expressed in transgenic plants to effect biosynthesis of EPA. Other DNAs which are
substantially identical in sequence to the Shewanella putrefaciens PKS-like genes, or which
encode polypeptides which are substantially similar to PKS-like genes of Shewanella
putrefaciens can be used, such as those identified from Vibrio marinus or Schizochytrium. By
substantially identical in sequence is intended an amino acid sequence or nucleic acid sequence
exhibiting in order of increasing preference at least 60%, 80%, 90% or 95% homology to the
DNA. sequence of the Shewanella putrefaciens PKS-like genes or nucleic acid sequences
encoding the amino acid sequences for such genes. For polypeptides, the length of comparison
sequences generally is at least 16 amino acids, preferably at least 20 amino acids, and most
preferably 35 amino acids. For nucleic acids, the length of comparison sequences generally is at
least 50 nucleotides, preferably at least 60 nucleotides, and more preferably at least 75
nucleotides, and most preferably, 110 nucleotides.

Homology typically is measured using sequence analysis software, for example, the
Sequence Analysis software package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wisconsin 53705, MEGAlign
(DNAStar, Inc., 1228 S. Park St., Madison, Wisconsin 53715), and MacVector (Oxford
Molecular Group, 2105 S. Bascom Avenue, Suite 200, Campbell, California 95008). BLAST
{(National Center for Biotechnology Information (WCBI) www.ncbi.nlm.gov; FASTA (Pearson
and Lipman, Science (1985) 227:1435-1446). Such software matches similar sequences by
assigning degrees of homology to various substitutions, deletions, and other modifications.
Conservative substitutions typically include substitutions within the following groups: glycine
and alanine; valine, isoleucine and leucine; aspartic acid, glutamic acid, asparagine, and
glutamine; serine and threonine; lysine and arginine; and phenylalanine and tyrosine.
Substitutions may also be made on the basis of conserved hydrophobicity or hydrophilicity
(Kyte and Doolittle, J. Mol. Biol. (1982) 157: 105-132), or on the basis of the ability to assume
similar polypeptide secondary structure (Chou and Fasman, Adv. Enzymol. (1978) 47: 45-148,
1978). A related protein to the probing sequence is identified when p > 0.01, preferably p> 107
or 10 %,
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Encompassed by the present invention are related PKS-like genes from the same or other
organisms. Such related PKS-like genes include variants of the disclosed PKS-like ORFs that
occur naturally within the same or different species of Shewanella, as well as homologues of the
disclosed PKS-like genes from other species and evolutionarily related proteins having
analogous function and activity. Also included are PKS-like genes which, although not
substantially identical to the Shewanella putrefaciens PKS-like genes, operate in a similar
fashion to produce PUF As as part of a PKS-like system. Related PKS-like genes can be
identified by their ability to function substantially the same as the disclosed PKS-like genes; that
is, they can be substituted for corresponding ORFs of Shewanella, Schizochytrium or Vibrio and
still effectively produce EPA or DHA. Related PKS-like genes also can be identified by
screening sequence databases for sequences homologous to the disclosed PKS-like genes, by
hybridization of a probe based on the disclosed PKS-like genes to a library constructed from the
source organism, or by RT-PCR using mRNA from the source organism and primers based on
the disclosed PKS-like gene. Thus, the phrase "PKS-like genes" refers not only to the nucleotide
sequences disclosed herein, but also to other nucleic acids that are allelic or species variants of
these nucleotide sequences. It is also understood that these terms include nonnatural mutations
introduced by deliberate mutation using recombinant technology such as single site mutation or
by excising short sections of DNA open reading frames coding for PUFA enzymes or by
substituting new codons or adding new codons. Such minor alterations substantially maintain
the immunoidentity of the original expression product and/or its biological activity. The
biological properties of the altered PUFA enzymes can be determined by expressing the
enzymes in an appropriate cell line and by determining the ability of the enzymes to synthesize
PUF As. Particular enzyme modifications considered minor would include substitution of amino
acids of similar chemical properties, e.g., glutamic acid for aspartic acid or glutamine for
asparagine.

When utilizing a PUFA PKS-like system from another organism, the regions of a PKS-
like gene polypeptide important for PKS-like gene activity can be determined through routine
mutagenesis, expression of the resulting mutant polypeptides and determination of their
activities. The coding region for the mutants can include deletions, insertions and point
mutations, or combinations thereof. A typical functional analysis begins with deleiion
mutagenesis to determine the N- and C-terminal limits of the protein necessary for function, and
then internal deletions, insertions or point mutants are made in the open ready frame to further
determine regions necessary for function. Other techniques such as cassette mutagenesis or total
synthests also can be used. Deletion mutagenesis is accomplished, for example, by using
exonucleases to sequentially remove the 5° or 3’ coding regions. Kits are available for such
techniques. After deletion, the coding region is completed by ligating oligonucleotides
containing start or stop codons to the deleted coding region after 5° or 3’ deletion, respectively.
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Alternatively, oligonucleotides encoding start or stop codons are inserted into the coding region
by a variety of methods including site-directed mutagenesis, mutagenic PCR or by ligation onto
DNA digested at existing restriction sites. Internal deletions can similarly be made through a
variety of methods including the use of existing restriction sites in the DNA, by use of
mutagenic primers via site directed mutagenesis or mutagenic PCR. Insertions are made through
methods such as linker-scanning mutagenesis, site-directed mutagenesis or mutagenic PCR.
Point mutations are made through techniques such as site-directed mutagenesis or mutagenic
PCR.

Chemical mutagenesis also can be used for identifying regions of a PKS-like gene
polypeptide important for activity. A mutated construct is expressed, and the ability of the
resulting altered protein to function as a PKS-like gene is assayed. Such structure-function
analysis can determine which regions may be deleted, which regions tolerate insertions, and
which point mutations allow the mutant protein to function in substantially the same way as the
native PKS-like gene. All such mutant proteins and nucleotide sequences encoding them are
within the scope of the present invention. EPA is produced in Shewanella as the product of a
PKS-like system, such that the EPA genes encode components of this system. In Vibrio, DHA is
produced by a similar system. The enzymes which synthesize these fatty acids are encoded by a
cluster of genes which are distinct from the fatty acid synthesis genes encoding the enzymes
involved in synthesis of the C16 and C18 fatty acids typically found. in bacteria and in plants.
As the Shewarnella EPA genes represent a PKS-like gene cluster, EPA production is, at least to
some extent, independent of the typical bacterial type II FAS system. Thus, production of EPA
in the cytoplasm of plant cells can be achieved by expression of the PKS-like pathway genes in
plant cells under the control of appropriate plant regulatory signals.

EPA production in E. coli transformed with the Shewanella EPA genes proceeds during
anaerobic growth, indicating that O2-dependent desaturase reactions are not involved. Analyses

of the proteins encoded by the ORFs essential for EPA production reveals the presence of
domain structures characteristic of PKS-like systems. Fig. 2A shows a summary of the domains,
motifs, and also key homologies detected by “BLAST” data bank searches. Because EPA is
different from many of the other substances produced by PKS-like pathways, i.c., it contains 5,
cis double bonds, spaced at 3 carbon intervals along the molecule, a PKS-like system for
synthesis of EPA is not expected.

Further, BLAST searches using the domains present in the Shewanella EPA ORFs reveal
that several are related to proteins encoded by a PKS-like gene cluster found in Anabeana. The
structure of that region of the Anabeana chromosome is shown in Fig. 2F. The Anabeana PKS-
like genes have been linked to the synthesis of a long-chain (C26), hydroxy-fatty acid foundin a
glycolipid layer of heterocysts. The EPA protein domains with homology to the Anabeana
proteins are indicated in Fig. 2F.
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OREF 6 of Shewanella contains a KAS domain which includes an active site motif
{(DXAC*), SEQ ID NO:32, as well as a *GFGG”, SEQ ID NO:33, motif which is present at the
end of many Type If KAS proteins (see Fig. 2A). Extended motifs are present but not shown
here. Next is a malonyl-CoA:ACP acyl transferase (AT) domain. Sequences near the active site
motif (GHS*XG), SEQ 1D NO:34, suggest it transfers malonate rather than methylmalonate, i.e.,
it resembles the acetate-like ATs. Following a linker region, there is a cluster of 6 repeating
domains, each ~100 amino acids in length, which are homologous to PKS-like ACP sequences.
Each contains a pantetheine binding site motif (LGXDS*(L/D)), SEQ ID NOS:35 and 36. The
presence of 6 such ACP domains has not been observed previously in fatty acid synthases (FAS)
or PXS-like systems. Near the end of the protein is a region which shows homology to B-keto-
ACP reductases (KR). It contains a pyridine nucleotide binding site motif “GXGXX(G/A/P)”,
SEQ ID NOS:37, 38 and 39.

The Shewanella ORF 8 begins with a KAS domain, including active site and ending
motifs (Fig. 2C). The best match in the data banks is with the Anabeana HglD. There is also a
domain which has sequence homology to the N- terminal one half of the Anabeana HglC. This
region also shows weak homology to KAS proteins although it lacks the active site and ending
motifs. It has the characteristics of the so-called chain length factors (CLF) of Type II PKS-like
systems. ORF 8 appears to direct the production of EPA versus DHA by the PKS-like system.
ORF 8 also has two domains with homology to 8-hydroxyacyl-ACP dehydrases (DH). The best
match for both domains is with E. coli FabA, a bi-functional enzyme which carries out both the
dehydrase reaction and an isomerization (frans to cis) of the resulting double bond. The first
DH domain contains both the active site histidine (H) and an adjacent cysteine (C) implicated in
FabA catalysis. The second DH domain has the active site H but lacks the adjacent C (Fig. 2C).
Blast searches with the second DH domain also show matches to FabZ, a second E. coli DH,
which does not possess isomerase activity.

The N-terminal half of ORF 7 (Fig. 2B) has no significant matches in the data banks.
The best match of the C-terminal half is with a C-terminal portion of the Anabeana HglC. This
domain contains an acyl-transferase (AT) motif (GXSXG), SEQ ID NO:40. Comparison of the
extended active site sequernces, based on the crystal structure of the £. coli malonyl-CoA:ACP
AT, reveals that ORF 7 lacks two residues essential for exclusion of water from the active site
(E. coli nomenclature; Q11 and R117). These data suggest that ORF 7 may function as a
thioesterase.

ORF 9 (Fig. 2D) is homologous to an ORF of unknown function in the Anabeana Hgl
cluster. It also exhibits a very weak homology to NIFA, a regulatory protein in nitrogen fixing
bacteria. A regulatory role for the ORF 9 protein has not been excluded. ORF 3 (Fig. 2E) is
homologous to the Anabeana Hetl as well as EntD from E. coli and Sfp of Bacillus. Recently, a
new enzyme family of phosphopantetheinyl transferases has been identified that includes Hetl,
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EntD and Sfp (Lamblot RH, ez al. (1996) A new enzyme superfamily - the phophopantetheiny!
transferases. Chemistry & Biology, Vol 3, #11, 923-936 ). The data of Fig. 3 demonstrates that
the presence of ORF 3 is required for addition of B-alanine (i.e. pantetheine) to the ORF 6
protein. Thus, ORF 3 encodes the phosphopantetheiny! transferase specific for the ORF 6 ACP
domains. (See, Haydock SF ef al. (1995) Divergent sequence motifs correlated with the
substrate specificity of (methyl)malonyl-CoA:acyl carrier protein transacylase domains in
modular polyketide synthases, FEBS Lest., 374, 246-248). Malonate is the source of the carbons
utilized in the extension reactions of EPA synthesis. Additionally, malonyl-CoA rather than
malonyl-ACP is the AT substrate, i.e., the AT region of ORF 6 uses malonyl Co-A.

Once the DNA sequences encoding the PKS-like genes of an organism responsible for
PUFA production have been obtained, they are placed in a vector capable of teplication in a host
cell, or propagated in vitro by means of techniques such as PCR or long PCR. Replicating
vectors can include plasmids, phage, viruses, cosmids and the like. Desirable vectors include
those useful for mutagenesis of the gene of interest or for expression of the gene of interest in
host cells. A PUFA synthesis enzyme or a homologous protein can be expressed in a variety of
recombinantly engineered cells. Numerous expression systems are available for expression of
DNA encoding a PUFA enzyme. The expression of natural or synthetic nucleic acids encoding
PUFA enzyme is typically achieved by operably linking the DNA to a promoter (which is either
constitutive or inducible) within an expression vector. By expression vector is meant a DNA
molecule, linear or circular, that comprises a segment encoding a PUFA enzyme, operably
linked to additional segments that provide for its transcription. Such additional segments
include promoter and terminator sequences. An expression vector also may include one or more
origins of replication, one or more selectable markers, an enhancer, a polyadenylation signal, etc.
Expression vectors generally are derived from plasmid or viral DNA, and can contain elements
of both. The term "operably linked" indicates that the segments are arranged so that they
function in concert for their intended purposes, for example, transcription initiates in the
promoter and proceeds through the coding segment to the terminator. See Sambrook e al,
supra.

The technique of long PCR. has made ir vitro propagation of large constructs possible, so
that modifications to the gene of interest, such as mutagenesis or addition of expression signals,
and propagation of the resulting constructs can occur entirely in vitro without the use of a
replicating vector or a host cell. /n vifro expression can be accomplished, for example, by
placing the coding region for the desaturase polypeptide in an expression vector designed for in
vitro use and adding rabbit reticulocyte lysate and cofactors; labeled amino acids can be
incorporated if desired. Such in vitro expression vectors may provide some or all of the
expression signals necessary in the system used. These methods are well known in the art and
the components of the system are commercially avatlable. The reaction mixture can then be
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assayed directly for PKS-like enzymes for example by determining their activity, or the
synthesized enzyme can be purified and then assayed.

Expression in a host cell can be accomplished in a transient or stable fashion. Transient
expression can occur from introduced constructs which contain expression signals functional in
the host cell, but which constructs do not replicate and rarely integrate in the host cell, or where
the host cell is not proliferating. Transient expression also can be accomplished by inducing the
activity of a regulatable promoter operably linked to the gene of interest, although such inducible
systems frequently exhibit a low basal level of expression. Stable expression can be achieved by
introduction of a nucleic acid construct that can integrate into the host genome or that
autonomously replicates in the host cell. Stable expression of the gene of interest can be
selected for through the use of a selectable marker located on or transfected with the expression
construct, followed by selection for cells expressing the marker. When stable expression results
from integration, integration of constructs can occur randomly within the host genome or can be
targeted through the use of constructs containing regions of homology with the host genome
sufficient to target recombination with the host locus. Where constructs are targeted to an
endogenous locus, all or some of the transcriptional and translational regulatory regions can be
provided by the endogenous locus. To achieve expression in a host cell, the transformed DNA is
operably associated with transcriptional and translational initiation and termination regulatory
regions that are functional in the host cell.

Transcriptional and translational initiation and termination regions are derived from a
variety of nonexclusive sources, including the DNA to be expressed, genes known or suspected
to be capable of expression in the desired system, expression vectors, chemical synthesis The
termination region can be derived from the 3’ region of the gene from which the initiation region
was obtained or from a different pene. A large number of termination regions are known to and
have been found to be satisfactory in a variety of hosts from the same and different genera and
species. The termination region usually is selected more as a matter of convenience rather than
because of any particular property. When expressing more than one PKS-like ORF in the same
cell, appropriate regulatory regions and expression methods should be used. Introduced genes
can be propagated in the host cell through use of replicating vectors or by integration into the
host genome. Where two or more genes are expressed from separate replicating vectors, it is
desirable that each vector has a different means of replication. Each introduced construct,
whether integrated or not, should have a different means of selection and should lack homology
to the other constructs to maintain stable expression and prevent reassortment of elements
among constructs. Judicious choices of regulatory regions, selection means and method of
propagation of the introduced construct can be experimentally determined so that all introduced
genes are expressed at the necessary levels to provide for synthesis of the desired products.
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A variety of procaryotic expression systems can be used to express PUFA enzyme.
Expression vectors can be constructed which contain a promoter to direct transcription, a
ribosome binding site, and a transcriptional terminator. Examples of regulatory regions suitable
for this purpose in E. coli are the promoter and operator region of the E. coli tryptophan
biosynthetic pathway as described by Yanofsky (1984) J. Bacteriol., 158:1018-1024 and the
leftward promoter of phage lambda (P2.) as described by Herskowitz and Hagen, (1980) A»nn.
Rev. Genet., 14:399-445. The inclusion of selection markers in DNA vectors transformed in
E.coli is also useful. Examples of such markers include genes specifying resistance to
ampicillin, tetracycline, or chloramphenicol. Vectors used for expressing foreign genes in
bacterial hosts generally will contain a selectable marker, such as a gene for antibiotic resistance,
and a promoter which functions in the host cell. Plasmids useful for transforming bacteria
include pBR322 (Bolivar, ef al, (1977) Gene 2:95-113), the pUC plasmids (Messing, (1983)
Meth. Enzymol. 101:20-77, Vieira and Messing, (1982) Gene 19:259-268), pCQV2 (Queen,
ibid.), and derivatives thereof. Plasmids may contain both viral and bacterial elements.
Methods for the recovery of the proteins in biologically active form are discussed in U.S. Patent
Nos. 4,966,963 and 4,999,422, which are incorporated herein by reference. See Sambrook, et al
for a description of other prokaryotic expression systems.

For expression in eukaryotes, host cells for use in practicing the present invention
include mammalian, avian, plant, insect, and fungal cells. As an example, for plants, the choice
of a promoter will depend in part upon whether constitutive or inducible expression is desired
and whether it is desirable to produce the PUFAs at a particular stage of plant development
and/or in a particular tissue. Considerations for choosing a specific tissue and/or developmental
stage for expression of the ORFs may depend on competing substrates or the ability of the host
cell to tolerate expression of a particular PUFA. Expression can be targeted to a particular
location within a host plant such as seed, leaves, fruits, flowers, and roots, by using specific
regulatory sequences, such as those described in USPN 5,463,174, USPN 4,943,674, USPN
5,106,739, USPN 5,175,095, USPN 5,420,034, USPN 5,188,958, and USPN 5,589,379. Where
the host cell is a yeast, transcription and transiational regions functional in yeast celis are
provided, particularly from the host species. The transcriptional initiation regulatory regions can
be obtained, for example from genes in the glycolytic pathway, such as alcohol dehydrogenase,
giyceraldehyde-3-phosphate dehydrogenase (GPD), phosphoglucoisomerase, phosphoglycerate
kinase, etc. or regulatable genes such as acid phosphatase, lactase, metallothionein,
glucoamylase, etc. Any one of a number of regulatory sequences can be used in a particular
situation, depending upon whether constitutive or induced transcription is desired, the particular
efficiency of the promoter in conjunction with the open-reading frame of interest, the ability to
join a strong promoter with a control region from a different promoter which allows for
inducible transcription, ease of construction, and the like. Of particular interest are promoters
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which are activated in the presence of galactose. Galactose-inducible promoters (GALI, GAL7,
and GAL10) have been extensively utilized for high level and regulated expression of protein in
yeast (Lue et al, (1987) Mol. Cell. Biol. 7:3446; Johnston, (1987) Microbiol. Rev. 51:458).
Transcription from the GAL promoters is activated by the GAL4 protein, which binds to the
promoter region and activates transcription when galactose is present. In the absence of
galaciose, the antagonist GALS80 binds to GAL4 and prevents GALA4 from activating
transcription. Addition of galactose prevents GAL80 from inhibiting activation by GALA4.
Preferably, the termination region is derived from a yeast gene, particularly Saccharomyces,
Schizosaccharomyces, Candida or Klwyveromyces. The 3’ regions of two mammalian genes, y
interferon and a2 interferon, are also known to function in yeast.

Nucleotide sequences surrounding the translational initiation codon ATG have been
found to affect expression in yeast cells. If the desired polypeptide is poorly expressed in yeast,
the nucleotide sequences of exogenous genes can be modified to include an efficient yeast
translation initiation sequence to obtain optimal gene expression. For expression in
Saccharomyces, this can be done by site-directed mutagenesis of an inefficiently expressed gene
by fusing it in-frame to an endogenous Saccharomyces gene, preferably a highly expressed gene,
such as the lactase gene.

As an alternative to expressing the PKS-like genes in the plant cell cytoplasm, is to target
the enzymes to the chloroplast. One method to target proteins to the chloroplast entails use of
leader peptides attached to the N-termini of the proteins. Commonly used leader peptides are
derived from the small subunit of plant ribulose bis phosphate carboxylase. Leader sequences
from other chloroplast proteins may also be used. Another method for targeting proteins to the
chloroplast is to transform the chioroplast genome (Stable transformation of chloroplasts of
Chiamydomonas reinhardtii (1 green alga) using bombardment of recipient cells with high-
velocity tungsten microprojectiles coated with foreign DNA has been described. See, for
example, Blowers et al Plant Cell (1989) 1:123-132 and Debuchy et ol EMBO J (1989) 8:2803-
2809. The transformation technique, using tungsten microprojectiles, is described by Kline ef
al, Nature (I.ondon} (1987) 327:70-73). The most common method of transforming chloroplasts
involves using biolistic techniques, but other techniques developed for the purpose may also be
used. (Methods for targeting foreign gene products into chloroplasts (Shrier et al EMBO J.
(1985) 4:25-32) or mitochnodria (Boutry ef al, supra) have been described. See also Tomai er al
Gen. Biol. Chem. (1988) 263:15104-15109 and US Patent No. 4,940,835 for the use of transit
peptides for translocating nuclear gene products into the chloroplast. Methods for directing the
transport of proteins to the chloroplast are reviewed in Kenauf TIBTECH (1987) 5:40-47.

For producing PUFAs in avian species and cells, gene transfer can be performed by
introducing a nucleic acid sequence encoding a PUFA enzyme into the cells following
procedures known in the art. If a transgenic animal is desired, pluripotent stem cells of embryos
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can be provided with a vector carrying a PUFA enzyme encoding transgene and developed into
adult animal (USPN 5,162,215, Ono et al. (1996) Comparative Biochemistry and Physiology A
113(3):287-292; WO 9612793; WO 9606160). In most cases, the transgene is modified to
express high levels of the PKS-like enzymes in order to increase production of PUFAs. The
transgenes can be modified, for example, by providing transcriptional and/or translational
regulatory regions that function in avian cells, such as promoters which direct expression in
particular tissues and egg parts such as yolk. The gene regulatory regions can be obtained from
a variety of sources, including chicken anemia or avian leukosis viruses or avian genes such as a
chicken ovalbumin gene. '

Production of PUFAs in insect cells can be conducted using baculovirus expression
vectors harboring PKS-like transgenes. Baculovirus expression vectors are available from
several commercial sources such as Clonetech. Methods for producing hybrid and transgenic
strains of algae, such as marine algae, which contain and express a desaturase transgene also are
provided. For example, transgenic marine algae can be prepared as described in USPN
5,426,040, As with the other expression systems described above, the timing, extent of
expression and activity of the desaturase transgene can be regulated by fitting the polypeptide
coding sequence with the appropriate transcriptional and translational regulatory regions
selected for a particular use. Of particular interest are promoter regions which can be induced
under preselected growth conditions. For example, introduction of temperature sensitive and/or
metabolite responsive mutations into the desaturase transgene coding sequences, its regulatory
regions, and/or the genome of cells into which the transgene is introduced can be used for this
purpose. _

The transformed host cell is grown under appropriate conditions adapted for a desired
end result. For host cells grown in culture, the conditions are typically optimized to produce the
greatest or most economical yield of PUFAs, which relates to the selected desaturase activity.
Media conditions which may be optimized include: carbon source, nitrogen source, addition of
substrate, final concentration of added substrate, form of substrate added, acrobic or anaerobic
growth, growth temperature, inducing agent, induction temperature, growth phase at induction,
growth phase at harvest, pH, density, and maintenance of selection. Microorganisms such as
yeast, for example, are preferably grown using selected media of interest, which include yeast
peptone broth (YPD) and minimal media (contains amino acids, yeast nitrogen base, and
ammonium sulfate, and lacks a component for selection, for example uracil). Desirably,
substrates to be added are first dissolved in ethanol. Where necessary, expression of the
polypeptide of interest may be induced, for example by including or adding galactose to induce
expression from a GAL promoter.

When increased expression of the PKS-like gene polypeptide in a host cell which
expresses PUFA from a PKS-like system is desired, several methods can be employed.
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Additional genes encoding the PKS-like gene polypeptide can be introduced into the host
organism. Expression from the native PKS-like gene locus also can be increased through
homologous recombination, for example by inserting a stronger promoter into the host genome
to cause increased expression, by removing destabilizing sequences from either the mRNA or
the encoded protein by deleting that information from the host genome, or by adding stabilizing
sequences to the mRNA (see USPN 4,910,141 and USPN 5,500,365). Thus, the subject host
will have at least have one copy of the expression construct and may have two or more,
depending upon whether the gene is integrated into the genome, amplified, or is present on an
extrachromosomal element having multiple copy numbers, Where the subject host is a yeast,
four principal types of yeast plasmid vectors can be used: Yeast Integrating plasmids (Ylps),
Yeast Replicating plasmids (YRps), Yeast Centromere plasmids (YCps), and Yeast Episomal
plasmids (YEps). Yips lack a yeast replication origin and must be propagated as integrated
elements in the yeast genome. YRps have a chromosomally derived autonomously replicating
sequence and are propagated as medium copy number (20 to 40), autonomously replicating,
unstably segregating plasmids. YCps have both a replication origin and a centromere sequence
and propagate as low copy number (10-20), autonomously replicating, stably segregating
plasmids. YEps have an origin of replication from the yeast 2pim plasmid and are propagated as
high copy number, autonomously replicating, irregularly segregating plasmids. The presence of
the plasmids in yeast can be ensured by maintaining selection for a marker on the plasmid. Of
particular interest are the yeast vectors pYES2 (a YEp plasmid available from Invitrogen,
confers uracil prototrophy and a GAL1 galactose-inducible promoter for expression), and
pYX424 (a YEp plasmid having a constitutive TP1 promoter and conferring leucine
prototrophy; (Alber and Kawasaki (1982). J Mol. & Appl. Genetics 1: 419).

The choice of a host cell is influenced in part by the desired PUFA profile of the
transgenic cell, and the native profile of the host cell. Even where the host cell expresses PKS-
like gene activity for one PUFA, expression of PKS-like genes of another PKS-like system can
provide for production of a novel PUFA not produced by the host cell. In particular instances
where expression of PKS-like gene activity is coupled with expression of an ORF 8 PKS-like
gene of an organism which produces a different PUFA, it can be desirable that the host celi
naturally have, or be mutated to have, low PKS-like gene activity for ORF 8. As an exampie,
for production of EPA, the DNA sequence used encodes the polypeptide having PKS-Iike gene
activity of an organism which produces EPA, while for production of DHA, the DNA sequences
used are those from an organism which produces DHA. For use in a host cell which already
expresses PKS-like gene activity it can be necessary to utilize an expression cassette which
provides for overexpression of the desired PKS-like genes alone or with a construct to
downregulate the activity of an existing ORF of the existing PKS-like system, such as by

antisense or co-suppression. Similarly, a combination of ORFs derived from separate organisms




10

15

20

25

30

35

w0 00/42195 PCT/USQ0/00956

21

which produce the same or different PUF As using PKS-like systems may be used. For instance,
the ORF 8 of Vibrio directs the expression of DHA in a host cell, even when ORFs 3, 6,7 and 9
are from Shewanella, which produce EPA when coupled to ORF 8 of Shewanella. Therefore, for
production of eicosapentanoic acid (EPA), the expression cassettes used generally include one or
more cassettes which include ORFs 3, 6, 7, 8 and 9 from a PUFA-producing organism such as
the marine bacterium Shewanella putrefaciens (for EPA production) or Vibrio marinus (for
DHA production). ORF 8 can be used for induction of DHA production, and ORF 8 of Vibrio
can be used in conjunction with ORFs 3, 6, 7 and 9 of Shewanella to produce DHA. The
organization and numbering scheme of the ORFs identified in the Shewanella gene cluster are
shown in Fig 1A. Maps of several subclones referred to in this study are shown in Fig 1B. For
expression of a PKS-like gene polypeptide, transcriptional and translational initiation and
termination regions functional in the host cell are operably linked to the DNA encoding the
PKS-like gene polypeptide.

Constructs comprising the PKS-like ORFs of interest can be introduced into a host cell
by aﬁy of a variety of standard techniques, depending in part upon the type of host cell. These
techniques include transfection, infection, bolistic impact, electroporation, microinjection,
scraping, or any other method which introduces the gene of interest into the host cell (see USPN
4,743,548, USPN 4,795,855, USPN 5,068,193, USPN 5,188,958, USPN 5,463,174,

USPN 5,565,346 and USPN 5,565,347). Methods of transformation which are used include
lithium acetate transformation (Methods in Enzymology, (1991) 194:1 86-187). For convenience,
a host cell which has been manipulated by any method to take up a DNA sequence or construct
will be referred to as “transformed” or “recombinant™ herein. The subject host will have at least
have one copy of the expression construct and may have two or more, depending upon whether
the gene is integrated into the genome, amplified, or is present on an extrachromosomal element
having multiple copy numbers.

For production of PUFAs, depending upon the host cell, the several polypeptides
produced by pEPA, ORFs 3, 6, 7, 8 and 9, are introduced as individual expression constructs or
can be combined into two or more cassettes which are introduced individually or co-transformed
into a host cell. A standard transformation protocol is used. For plants, where less than a]l PKS-
like genes required for PUFA synthesis have been inserted into a single plant, plants containing
a complementing gene or genes can be crossed to obtain plants containing a full complement of
PK S-like genes to synthesize a desired PUFA.

The PKS-like-mediated production of PUFAs can be performed in either prokaryotic or
eukaryotic host cells. The cells can be cultured or formed as part or all of a host organism
including an animal, Viruses and bacteriophage also can be used with appropriate cells in the
production of PUFAs, particularly for gene transfer, cellular targeting and selection. Any type of
plant cell can be used for host cells, including dicotyledonous plants, monocotyledonous plants,
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and cereals. Of particular interest are crop plants such as Brassica, Arabidopsis, soybean, corn,
and the like. Prokaryotic cells of interest include Eschericia, Baccillus, Lactobaccillus,
cyanobacteria and the like. Eukaryotic cells include plant cells, mammalian cells such as those
of lactating animals, avian cells such as of chickens, and other cells amenable to genetic
manipulation including insect, fungal, and algae cells. Examples of host animals include mice,
rats, rabbits, chickens, quail, turkeys, cattle, sheep, pigs, goats, yaks, etc., which are amenable to
genetic manipulation and cloning for rapid expansion of a transgene expressing population. For
animals, PKS-like transgenes can be adapted for expression in target organelles, tissues and
body fluids through modification of the gene regulatory regions. Of particular interest is the
production of PUFAs in the breast milk of the host animal.

Exampiles of host microorganisms include Saccharomyces cerevisiae, Saccharomyces
carlsbergensis, or other yeast such as Candida, Kluyveromyces or other fungi, for example,
filamentous fungi such as Aspergillus, Neurospora, Penicillium, etc. Desirable characteristics of
a host microorganism are, for example, that it is genetically well characterized, can be used for
high level expression of the product using ultra-high density fenmentation, and is on the GRAS
(generally recognized as safe) list since the proposed end product is intended for ingestion by
humans. Of particular interest is use of a yeast, more particularly baker's yeast (5. cerevisiae), as
a cell host in the subject invention. Strains of particular interest are SC334 (Mat o pep4-3 prbl-
1122 ura3-52 leu2-3, 112 regl-501 gall; (Hovland et al (1989) Gene 83:57-64); BJ1995 (Yeast
Genetic Stock Centre, 1021 Donner Laboratory, Berkeley, CA 94720), INVSC1 (Mat o hiw3Al
leu2 trp1-289 ura3-52 (Invitrogen, 1600 Faraday Ave., Carlsbad, CA 92008) and INVSC2 (Mat
o his3A200 ura3-167; (Invitrogen). Bacterial cells also may be used as hosts. This includes E.
coli, which can be useful in fermentation processes. Alternatively, a host such as a
Lactobacillus species can be used as a host for introducing the products of the PKS-like pathway
into a product such as yogurt.

The transformed host cell can be identified by selection for a marker contained on the
introduced construct. Alternatively, a separate marker construct can be introduced with the
desired construct, as many transformation techniques introduce multiple DNA molecules into
host cells. Typically, transformed hosts are selected for their ability to grow on selective media.
Selective media can incorporate an antibiotic or lack a factor necessary for growth of the
untransformed host, such as a nutrient or growth factor. An introduced marker gene therefor
may confer antibiotic resistance, or encode an essential growth factor or enzyme, and permit
growth on selective media when expressed in the transformed host cell. Desirably, resistance to
kanamycin and the amino glycoside G418 are of particular interest (see USPN 5,034,322). For
yeast transformants, any marker that functions in yeast can be used, such as the ability to grow
on media lacking uracil, lencine, lysine or tryptophan.
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Selection of a transformed host also can occur when the expressed marker protein can be
detected, either directly or indirectly. The marker protein can be expressed alone or as a fusion
to another protein. The marker protein can be one which is detected by its enzymatic activity;
for example B-galactosidase can convert the substrate X-gal to a colored product, and luciferase
can convert luciferin to a light-emitting product. The marker protein can be one which is
detected by its light-producing or modifying characteristics; for example, the green fluorescent
protein of Adequorea victoria fluoresces when illuminated with blue light. Antibodies can be
used to detect the marker protein or a molecular tag on, for example, a protein of interest. Cells
expressing the marker protein or tag can be selected, for example, visually, or by techniques
such as FACS or panning using antibodies.

The PUF As produced using the subject methods and compositions are found in the host
plant tissue and/or plant part as free fatty acids and/or in conjugated forms such as acylglycerols,
phospholipids, sulfolipids or giycolipids, and can be extracted from the host cell through a
variety of means well-known in the art. Such means include extraction with organic solvents,
sonication, supercritical fluid extraction using for example carbon dioxide, and physical means
such as presses, or combinations thereof. Of particular interest is extraction with methanol and
chloroform. Where appropriate, the aqueous layer can be acidified to protonate negatively
charged moietics and thereby increase partitioning of desired products into the organic layer.
After extraction, the organic solvents can be removed by evaporation under a stream of nitrogen.
When isolated in conjugated forms, the products are enzymatically or chemically cieaved to
release the free fatty acid or a less complex conjugate of interest, and are then subjected to
further manipulations to produce a desired end product. Desirably, conjugated forms of fatty
acids are cleaved with potassium hydroxide.

If further purification is necessary, standard methods can be employed. Such methods
include extraction, treatment with urea, fractional crystallization, HPLC, fractional distillation,
silica gel chromatography, high speed centrifugation or distillation, or combinations of these
techniques. Protection of reactive groups, such as the acid or alkenyl groups, can be done at any
step through known techniques, for example alkylation or iodination. Methods used include
methylation of the fatty acids to produce methyl esters. Similarly, protecting groups can be
removed at any step. Desirably, purification of fractions containing DHA and EPA is
accomplished by treatment with urea and/or fractional distillation.

The uses of the subject invention are several. Probes based on the DNAs of the present
invention find use in methods for isolating related molecules or in methods to detect organisms
expressing PKS-like genes. When used as probes, the DNAs or oligonucleotides need to be
detectable. This is usually accomplished by attaching a label either at an internal site, for
example via incorporation of a modified residue, or at the 5° or 3’ terminus. Such labels can be
directly detectable, can bind to a secondary molecule that is detectably labeled, or can bind to an
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unlabelled secondary molecule and a detectably labeled tertiary molecule; this process can be
extended as long as is practicable to achieve a satisfactorily detectable signal without
unacceptable levels of background signal. Secondary, tertiary, or bridging systems can include
use of antibodies directed against any other molecule, including labels or other antibodies, or can
involve any molecules which bind to each other, for example a biotin-streptavidin/avidin
system. Detectable labels typically include radioactive isotopes, molecules which chemically or
enzymatically produce or alter light, enzymes which produce detectable reaction products,
magnetic molecules, fluorescent molecules or molecules whose fluorescence or light-emitting
characteristics change upon binding. Examples of labelling methods can be found in USPN
5,011,770. Alternatively, the binding of target molecules can be directly detected by measuring
the change in heat of solution on binding of a probe to a target via isothermal titration
calorimetry, or by coating the probe or target on a surface and detecting the change in scattering
of light from the surface produced by binding of a target or a probe, respectively, is done with
the BIAcore system.

PUFAs produced by recombinant means find applications in a wide variety of areas.
Supplementation of humans or animals with PUFAs in various forms can result in increased
levels not only of the added PUFAs, but of their metabolic progeny as well. Complex regulatory
mechanisms can make it desirable to combine various PUFAs, or to add different conjugates of
PUFAs, in order to prevent, control or overcome such mechanisms to achieve the desired levels
of specific PUFAs in an individual. In the present case, expression of PKS-Iike gene genes, or
antisense PKS-like gene transcripts, can aiter the levels of specific PUF As, or derivatives
thereof, found in plant parts and/or plant tissues. The PKS-like gene polypeptide coding region
is expressed either by itself or with other genes, in order to produce tissues and/or plant parts
containing higher proportions of desired PUFAs or containing a PUFA composition which more
closely resembles that of human breast milk (Prieto et al., PCT publication WO 95/24494) than
does the unmodified tissues and/or plant parts.

PUFAs, or derivatives thereof, made by the disclosed method can be used as dietary
supplements for patients undergoing intravenous feeding or for preventing or treating
malnutrition. For dietary supplementation, the purified PUFAs, or derivatives thereof, can be
incorporated into cooking oils, fats or margarines formulated so that in normal use the recipient
receives a desired amount of PUFA. The PUF As also can be incorporated into infant formulas,
nutritional supplements or other food products, and find use as anti-inflammatory or cholesterol
lowering agents.

Particular fatty acids such as EPA can be used to alter the composition of infant formulas
to better replicate the PUFA composition of human breast milk. The predominant tfiglyceride in
human milk is reported to be 1,3-di-oleoyl-2-palmitoyl, with 2-palmitoyl glycerides reported as
better absorbed than 2-oleoy! or 2-lineoyl glycerides (see USPN 4,876,107). Typically, human
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breast milk has a fatty acid profile comprising from about 0.15 % to about 0.36 % as DHA, from
about 0.03 % to about (.13 % as EPA, from about 0.30 % to about 0.88 % as ARA, from about
0.22 % to about 0.67 % as DGLA, and from about 0.27 % to about 1.04 % as GLA. A preferred
ratio of GLA:DGLA:ARA in infant formulas is from about 1:1:4 to about 1:1:1, respectively.
Amounts of oils providing these ratios of PUFA can be determined without undue
experimentation by one of skill in the art. PUFAs, or host cells containing them, also can be
used as animal food supplements to alter an animal’s tissue or milk fatty acid composition to one
more desirable for human or animal consumption.

For pharmaceutical use (human or veterinary), the compositions generally are
administered orally but can be administered by any route by which they may be successfully
absorbed, e.g., parenterally (i.e. subcutaneously, intramuscularly or intravenously), rectally or
vaginally or topically, for example, as a skin ointment or lotion. Where available, gelatin
capsules are the preferred form of oral administration. Dietary supplementation as set forth
above also can provide an oral route of administration. The unsaturated acids of the present
invention can be administered in conjugated forms, or as salts, esters, amides or prodrugs of the
fatty acids. Any pharmaceutically acceptable salt is encompassed by the present invention;
especially preferred are the sodium, potassium or lithium salts. Also encompassed are the N-
alkylpolyhydroxamine salts, such as N-methyl glucamine, described in PCT publication WO
96/33155. Preferred esters are the ethyl esters.

The PUFAs of the present invention can be administered alone or in combination with a
pharmaceutically acceptable carrier or excipient. As solid salts, the PUFAs can also be
administered in tablet form. For intravenous administration, the PUFAs or derivatives thereof
can be incorporated into commercial formulations such as Intralipids. Where desired, the
individual components of formulations can be individually provided in kit form, for single or
multiple use. A typical dosage of a particular fatty acid is from 0.1 mg to 20 g, or even 100 g
daily, and is preferably from 10 mg to 1, 2, 5 or 10 g daily as required, or molar equivalent
amounts of derivative forms thereof. Parenteral nutrition compositions comprising from about 2
to about 30 weight percent fatty acids calculated as triglycerides are encompassed by the present
invention. Other vitamins, and particularly fat-soluble vitamins such as vitamin A, D, E and L-
camitine optionally can be included. Where desired, a preservative such as a tocopherol can be
added, typically at about 0.1% by weight.

The following examples are presented by way of illustration, not of limitation.
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EXAMPLES

Example 1
The Identity of ORFs Derived from Vibrio marinus

Using polymerase chain reaction (PCR) with primers based on ORF 6 of Shewanella (Sp
ORF 6) sequences (FW 5' primers CUACUACUACUACCAAGCT

AAAGCACTTAACCGTG, SEQ ID NO:41, and CUACUACUACUAACAGCGAAATG -

CTTATCAAG, SEQ ID NO:42, for Vibrio and SS9 respectively and 3' BW primers:
CAUCAUCAUCAUGCGACCAAAACCAAATGAGCTAATAC, SEQ ID NO:43, for both
Vibrio and S89) and genomic DNAs templates from Vibrio and a borophyllic photobacter
producing EPA (provided by Dr. Bartlett, UC San Diego), resulted in PCR products of ca.400
bases for Vibrio marinus (Vibrio) and ca.900 bases for SS9 presenting more than 75% homology
with corresponding fragments of Sp ORF 6 (see Figure 25) as determined by direct counting of
homologous amino acids.

A Vibrio cosmid library was then prepared and using the Vibrio ORF 6 PCR product as a
probe (see Figure 26); clones containing at least ORF 6 were selected by colony hybridization.

Through additional sequences of the selected cosmids such as cosmid #9 and cosmid
#21, a Vibrio cluster (Figure 5) with ORFs homologous to, and organized in the same sequential
order (ORFs 6-9) as ORFs 6-9 of Shewanella, was obtained (Figure 7). The Vibrio ORFs from
this sequence are found at 17394 to 36115 and comprehend ORFs 6-9,

Table
Vibrio operon figures

17394 1025349  length = 7956 nt
25509 1028157  length= 2649 nt
28209 t0 34262 length = 6054 nt
34454 1036115  length = 1662 nt

The ORF designations for the Shewanella genes are based on those disclosed in Figure 4, and
differ from those published for the Shewanella cluster (Yazawa ef al, USPN 5,683,898). For
instance, ORF 3 of Figure 4 is read in the opposite direction from the other ORFs and is not
disclosed in Yazawa et al USPN 5,683,898 (See Fig. 24) for comparison with Yazawa et al
USPN 5,683,898.

Sequences homologous to ORF 3, were not found in the proximity of ORF 6 (17000
bases upstream of ORF 6) or of ORF 9 (ca.4000 bases downstream of ORF 9). Motifs
characteristic of phosphopantethenyl transferases (Lambalot et al (1996) Current Biology 3:923-
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936) were absent from the Vibrio sequences screened for these motifs. In addition, there was no
match to Sp ORF 3 derived probes in genomic digests of Vibrio and of SC2A Shewanella
(another bacterium provided by the University of San Diego and also capable of producing
EPA). Although ORF 3 may exist in Vibrio, its DNA may not be homologous to that of Sp
ORF 3 and/or could be located in portions of the genome that were not sequenced.

Figure 6 provides the sequence of an approximately 19 kb Vibrio clone comprising ORFs
6-9. Figures 7 and 8 compare the gene cluster organizations of the PKS-like systems of Vibrio
marinus and Shewanella putrefacians. Figures 9 through 12 show the levels of sequence
homology between the corresponding ORF5 6, 7, 8 and 9, respectively.

Example 2
ORF 8 Directs DIHA Production

As described in example 1, DNA homologous to Sp ORF 6 was found in an unrelated
species, SS9 Photobacter, which also is capable of producing EPA. Additionally, ORFs
homologous to Sp ORF 6-9 were found in the DHA producing Vbrio marinus (Vibrio). From
these ORFs a series of experiments was desighed in which deletions in each of §p ORFs 6-9 that
suppressed EPA synthesis in E. coli (Yazawa (1996) supra) were complemented by the
corresponding homologous genes from Vibrio.

The Sp EPA cluster was used to determine if any of the Vibrio ORFs 6-9 was responsible
for the production of DHA. Deletion mutants provided for each of the Sp ORFs are EPA and
DHA null. Each deletion was then complemented by the corresponding Vibrio ORF expressed
behind a lac promoter (Figure 13).

The complementation of a Sp ORF 6 deletion by a Vibrio ORF 6 reestablished the
production of EPA. Similar results were obtained by complementing the Sp ORF 7 and ORF 9
deletions. By contrast, the complementation of a Sp ORF 8 deletion resulted in the production
of C22:6. Vibrio ORF 8 therefore appears to be a key element in the synthesis of DHA.

Figures 14 and 15 show chromatograms of fatty acid profiles from the respective
complementations of Sp del ORF 6 with Vibrio ORF 6 (EPA and no DHA) and Sp del ORF 8
with Vibrio ORF 8 (DHA). Figure 16 shows the fatty acid percentages for the ORF 8
complementation, again demonstrating that ORF 8 is responsible for DHA production.

These data show that polyketide-like synthesis genes with related or similar ORFs can be
combined and expressed in a heterologous system and used to produce a distinct PUFA species
in the host system, and that ORF 8 has a role in determining the ultimate chain length. The
Vibrio ORFs 6, 7, 8§, and 9 reestablish EPA synthesis. In the case of Vibrio ORF 8§, DHA is also
present (ca. 0.7%) along with EPA (ca. 0.6%) indicating that this gene plays a significant role in
directing synthesis of DHA vs EPA for these systems.
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Example 3
Requirements for Production of DHA

To determine how Fibrio ORFs of the cluster ORF 6-9 are used in combination with
Vibrio ORT 8, some combinations of Vibrio ORF 8 with some or all of the other Vibrio ORFS 6-
9 cluster were created to explain the synthesis of DHA.

Vibrio ORFs 6-9 were complemented with Sp ORF 3. The results of this
complementation are presented in Figures 16b and 16c. The significant amounts of DHA
measured (greater than about 9%) and the absence of EPA suggest that no ORFs other than those
of Vibrio ORFs 6-9 are required for DHA synthesis when combined with Sp ORF 3. This
suggests that Sp ORF 3 plays a general function in the synthesis of bacterial PUF As.

With respect to the DHA vs EPA production, it may be necessary to combine Vibrio
ORF 8 with other ¥ibrio ORFs of the 6-9 cluster in order to specifically produce DHA. The
roles of Vibrio ORF 9 and each of the combinations of Vibrio ORFs (6,8), (7, 8), (8, 9), etc in
the synthesis of DHA are being studied.

Example 4
Plant Expression Constructs

A cloning vector with very few restriction sites was designed to facilitate the cloning of
large ‘fragments and their subsequent manipulation. An adapter was assembled by annealing
oligonucleotides with the sequences AAGCCCGGGCTT, SEQ ID NO:44, and
GTACAAGCCCGGGCTTAGCT, SEQ ID NO:45. This adapter was ligated to the vector
pBluescript II SK+ (Stratagene) after digestion of the vector with the restriction endonucleases
Asp718 and Ss#l. The resulting vector, pCGN7769 had a single S#/I (and embedded Snal)
cloning site for the cloning of blunt ended DNA fragments.

A plasmid containing the napin cassette from pCGN3223, (USPN 5,639,790) was
modified to make it more useful for cloning large DNA fragments containing multiple restriction
sites, and to allow the cloning of multiple napin fusion genes into plant binary transformation
vectors. An adapter comprised of the self annealed oligonucleotide of sequence
CGCGATTTAAATGGCGCGCCCTGCAGGCGGCCGCCTGCAGGGCGC
GCCATTTAAAT, SEQ ID NO:46, was ligated into the vector pPBC SK+ (Stratagene) after
digestion of the vector with the restriction endonuclease BssHII to construct vector pCGN7765.
Plamids pCGN3223 and pCGN7765 were digested with Notl and ligated together. The
resultant vector, pPCGN7770 (Figure 17), contains the pCGN7765 backbone and the napin seed
specific expression cassette from pCGN3223.

Shewanella constructs
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Genes encoding the Shewanella proteins were mutagenized to introduce suttable cloning
sites 5' and 3' ORFs using PCR. The template for the PCR reactions was DNA of the cosmid
pEPA (Yazawa et al, supra). PCR reactions were performed using Pfu DNA polymerase
according to the manufacturers’ protocols. The PCR products were cloned into Srfl digested
pCGN7769. The primers CTGCAGCTCGAGACAATGTTGATT
TCCTTATACTTCTGTCC, SEQ ID NO:47, and GGATCCAGATCTCTAGCTAGTC
TTAGCTGAAGCTCGA, SEQ ID NO:48, were used to amplify ORF 3, and to generate
plasmid pCGN8520. The primers TCTAGACTCGAGACAATGAGCCAGACCTC
TAAACCTACA, SEQ ID NO:49, and CCCGGGCTCGAGCTAATTCGCCTCACTGTC
GTTTGCT, SEQ ID NO:50, were used to amplify ORF 6, and generate plasmid pCGN7776.
The primers GAATTCCTCGAGACAATGCCGCTGCGCATCG
CACTTATC, SEQ ID NO: 51, and GGTACCAGATCTTTAGACTTCCCCTTGAAG
TAAATGG, SEQ ID NO:52, were used to amplify ORF 7, and generate plasmid pCGN7771.
The primers GAATTCGTCGACACAATGTCATTACCAGACAATGC
TTCT, SEQ ID NO:53, and TCTAGAGTCGACTTATACAGATTCTTCGATGCT
GATAG, SEQ ID NO:54, were used to amplify ORF 8, and generate plasmid pCGN7775. The
primers GAATTCGTCGACACAATGAATCCTACAGCAACTAACGAA, SEQ ID NO:55, and
TCTAGAGGATCCTTAGGCCATTCTTTGGTTTGGCTTC, SEQ ID NO:56, were used to
amplify ORF 9, and generate plasmid pCGN7773.

The integrity of the PCR products was verified by DNA sequencing of the inserts of
pCGN7771, PCGN8520, and pCGN7773. ORF 6 and ORF 8 were quite large in size. In order
to avoid sequencing the entire clones, the center portions of the ORFs were replaced with
restriction fragments of pEPA. The 6.6 kilobase Pacl/BamHl fragment of pEPA containing the
central portion of ORF 6 was ligated into Pacl/BamHI digested pCGN7776 to yield
pCGN7776B4. The 4.4 kilobase BamHI/Bg/IlI fragment of pEPA containing the central portion
of ORF 8 was ligated into BamHI/Bgl1l digested pCGN7775 to yield pCGN7775A. The regions
flanking the pEPA fragment and the cloning junctions were verified by DNA sequencing.

Plasmid pCGN7771 was cut with Xhol and BgllII and ligated to pCGN7770 after
digestion with Sall and Bglil. The resultant napin/ORF 7 gene fusion plasmid was designated
pCGN7783. Plasmid pCGN8520 was cut with Xhol and Bg/II and ligated to pCGN7770 after
digestion with Sa/l and Bgl/ll. The resuftant napin/ORF 3 gene fusion plasmid was designated
pCGN8528. Plasmid pCGN7773 was cut with Sall and BamH1I and ligated to pCGN7770 after
digestion with Sall and Bg/ll. The resultant napin/ORF 9 gene fusion plasmid was designated
pCGN7785. Plasmid pCGN7775A was cut with Sa/T and ligated to pCGN7770 after digestion
with Sall. The resultant napin/ORF § gene fusion plasmid was designated pCGN7782. Plasmid
pCGN7776B4 was cut with Xhol and ligated to pCGN7770 after digestion with Sall. The
resultant napin/ORF 6 gene fusion plasmid was designated pCGN7786B4.
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A binary vector for plant transformation, pPCGN5139, was constructed from pCGN1558
(McBrirde and Summerfelt (1990) Plant Molecular Biology, 14:269-276). The polylinker of
pCGN1558 was replaced as a Hindl1l/4sp718 fragment with a polylinker containing unique
restriction endonuclease sites, Ascl, Pacl, Xbal, Swal, BamHI, and Norl. The Asp718 and
HindIll restriction endonuclease sites are retained in pCGNS5139. PCGN5139 was digested
with Notl and ligated with Notl digested pCGN7786B4. The resultant binary vector containing
the napin/ORF 6 gene fusion was designated pCGN8533. Plasmid pCGN8533 was digested
with Sse83871 and ligated with Sse83871 digested pCGN7782. The resultant binary vector
containing the napin/ORF 6 gene fusion and the napin/ORF 8 gene fusion was designated
pCGN8535 (Figure 18).

The plant binary transformation vector, pPCGN5139, was digested with Asp718 and
ligated with Asp718 digested pCGNE528. The resultant binary vector containing the
napin/ORF 3 gene fusion was designated pCGN8532. Plasmid pCGN8532 was digested with
Noil and ligated with Nofl digested pCGN7783. The resultant binary vector containing the
napin/ORF 3 gene fusion and the napin/ORF 7 gene fusion was designated pCGN8534. Plasmid
pCGN8534 was digested with Sse83871 and ligated with Sse8387! digested pCGN7785. The
resultant binary vector containing the napin/ORF 3 gene fusion, the napin/ORF 7 gene fusion
and the napin/ORF 9 gene fusion was designated pCGN8537 (Figure 19).

Vibrio constructs

The Vibrie ORFs for plant expression were all obtained using Vibrio cosmid #9 asa
starting molecule. Vibrio cosmid #9 was one of the cosmids isolated from the Vibrio cosmid
library using the Vibrio ORF 6 PCR product described in Example 1.

A gene encoding Vibrio ORF 7 (Figure 6) was mutagenized to introduce a Sa/l site
upstream of the open reading frame and BamHI site downstream of the open reading frame using

" the PCR primers: TCTAGAGTCGACACAATGGCGGAATTAGCTG

TTATTGGT, SEQ ID NO:57, and GTCGACGGATCCCTATTTGTTCGTGTITGCTA
TATG, SEQ ID NO:58. A gene encoding Vibrio ORF 9 (Figure 6) was mutagenized to
introduce a BamHI site upstream of the open reading frame and an XhoHI site downstream of
the open reading frame using the PCR primers: GTCGACGGATCCA
CAATGAATATAGTAAGTAATCATTCGGCA, SEQ ID NO:59, and GTCGACCTC
GAGTTAATCACTCGTACGATAACTTGCC, SEQ ID NO:60. The restriction sites were
introduced using PCR, and the integrity of the mutagenized plasmids was verified by DNA
sequence. The Vibrio ORF 7 gene was cloned as a Sall-BamHIi fragment into the napin cassette
of Sal-Bgll digested pCGN7770 (Figure 17) to yield pCGN8539. The Fibrio ORF 9 gene was
cloned as a Safl-BamHI fragment into the napin cassette of Sal-Ball digested pCGN7770 (Figure
17) to yield pCGNB543.
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Genes encoding the Vibrio ORF 6 and ORF 8 were mutagenized to introduce Sall sites
flanking the open reading frames. The Sa/l sites flanking ORF 6 were introduced using PCR.
The primers used were: CCCGGGTCGACACAATGGCTAAAAAGAACA
CCACATCGA, SEQ ID NO:61, and CCCGGGTCGACTCATGACATATCGTTCAAA
ATGTCACTGA, SEQ ID NO:62. The central 7.3 kb BamHI-Xhol fragment of the PCR product
was replaced with the corresponding fragment from Vibrio cosmid #9. The mutagenized ORF 6
were cloned into the Sall site of the napin cassette of pPCGN7770 to yield plasmid pCGN8554.

The mutagenesis of ORF 8 used a different strategy. A BamHI fragment containing ORF
8 was subcloned into plasmid pHC79 to yield cosmid #9". A Sall site upstream of the coding
region was introduced on and adapter comprised of the oligonucleotides
TCGACATGGAAAATATTGCAGTAGTAGGTATTGCTAATTT
GTTC, SEQ ID NO:63, and CCGGGAACAAATTAGCAATACCTACTACTGCAAT
ATTTTCCATG, SEQ ID NO:64. The adapter was ligated to cosmid #9" after digestion with
Sall and Xmal. A Sall site was introduced downstream of the stop codon by using PCR for
mutagenesis. A DNA fragment containing the stop codon was generated using cosmid #9" as a
template with the primers TCAGATGAACTTTATCGATAC, SEQ ID NO:65 and
TCATGAGACGTCGTCGACTTACGCTTCAACAATACT, SEQ ID NO:66. The PCR product
was digested with the restriction endonucleases Clal and 4arll and was cloned into the cosmid
9" derivative digested with the same enzymes to yield plasmid 8P3. The Sa/l fragment from
8P3 was cloned into Sa/l digested pCGN7770 to yield pCGN8515.

PCGN8532, a binary plant transformation vector that contains a Shewannella ORF 3
under control of the napin promoter was digested with Notl, and a No#l fragment of pCGN8539
containing a napin Vibrio ORF 7 gene fusion was inserted to yield pCGN8552. Plasmid
pCGN8556 (Figure 23), which contains Shewannella ORF 3, and Vibrio ORFs 7 and 9 under
control of the napin promoter was constructed by cloning the Sse8357 fragment from
pCGN8543 into Sse8387 digested pCGNBS352.

The Nod digested napin/ORF 8 gene from plasmid pCGN8515 was cloned into a Nol
digested plant binary transformation vector pCGN5139 to yield pCGN8548. The Sse8387
digested napin/ORF 6 gene from pCGN8554 was subsequently cloned into the Sse8387 site of
pCGN8566. The resultant binary vector containing the napin/ORF 6 gene fusion and
napin/ORF 8 gene fusion was designated pCGN8560 (Figure 22).

Example 5
Plant Transformation and PUFA Production

EPA production
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The Shewanella constructs pCGN8535 and pCGN8537 can be transformed into the same
or separate plants. If separate plants are used, the transgenic plants can be crossed resulting in
heterozygous seed which contains both constructs.

pCGN8535 and pCGN8537 are separately transformed into Brassica napus. Plants are
selected on media containing kanamycin and transformation by full length inserts of the
constructs is verified by Southern analysis. Immature seeds also can be tested for protein
expression of the enzyme encoded by ORFs 3, 6, 7, 8, or 9 using western analysis, in which
case, the best expressing pCGNES535 and pCGN8537 T transformed plants are chosen and are
grown out for further experimentation and crossing. Alternatively, the T transformed plants
showing insertion by Southern are crossed to one another producing T2 seed which has both

insertions. In this seed, half seeds may be analyzed directly from expression of EPA in the fatty
acid fraction. Remaining half-seed of events with the best EPA production are grown out and
developed through conventional breeding techniques to provide Brassica lines for production of
EPA.

Plasmids pCGN7792 and pCGN7795 also are simultaneously introduced into Brassica
napus host cells. A standard transformation protocol is used (see for example USPN 5,463,174
and USPN 5,750,871, however Agrobacteria containing both plasmids are mixed together and
incubated with Brassica cotyledons during the cocultivation step. Many of the resultant plants
are transformed with both plasmids. '

DHA production _

A plant is transformed for production of DHA by introducing pCGN8556 and
pCGN8560, either into separate plants or simultaneously into the same plants as described for
EPA production.

Alternatively, the Shewanella ORFs can be used in a concerted fashion with ORFs 6 and
8 of Vibrio, such as by transforming with a plant the constructs pCGN8560 and pCGN7795,
allowing expression of the corresponding ORFs in a plant cell. This combination provides a

PKS-like gene arrangement comprising ORFs 3, 7 and 9 of Shewanella, with an ORF 6 derived
from Vibrio and also an OFR 8 derived from Vibrio. As described above, ORF 8 is the PKS-like
gene which controls the identity of the final PUFA product. Thus, the resulting transformed
plants produce DHA in plant oil.

Example 6
Transgenic plants containing the Shewanella PUFA genes

Brassica plants
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Fifty-two plants cotransformed with plasmids pCGN8535 andpCGN8537 were analyzed
using PCR to determine if the Shewanella ORFs were present in the transgenic plants. Forty-
one plants contained plasmid pCGN8537, and thirty-five plants contained pCGN8535. 11 of the
plants contained all five ORFs required for the synthesis of EPA. Several plants contained genes
from both of the binary plasmids but appeared to be missing at least one of the ORFs. Analysis
is currently being performed on approximately twenty additional plants.

Twenty-three plants transformed with pCGN8535 alone were analyzed using PCR to
determine if the Shewanella ORFs were present in the transgenic plants. Thirteen of these plants
contained both Shewanella ORF 6 and Shewanella ORF 8. Six of the plants contained only one
ORF.

Nineteen plants transformed with pCGN8537 were alone analyzed using PCR to
determine if the Shewanella ORFs were present in the transgenic plants. Eighteen of the plants
contained Shewanella ORF 3, Shewanella ORF 7, and Shewanella ORF 9. One plant contained
Shewanella ORFs 3 and 7.

Arabidopsis
More than 40 transgenic Arabidopsis plants cotransformed with plasmids pCGN8535

and pCGN8537 are growing in our growth chambers. PCR analysis to determine which of the
ORFs are present in the plants is currently underway.

Example 7
Evidence of A PKS System of PUFA Synthesis In Schizochytrium

The purpose of this experiment was to identify additional sources of PKS genes.

Polyunsaturated long chain fatty acids were identified in Schizochytrium oil. Furthermore,
production of polyunsaturated fatty acids was detected in a culture of Schizochytrium. A freshly
diluted culture of Schizochytrium was incubated at 24°C in the presence of [*C]-acetate
(5uCi/mL) for 30 min with shaking (150 rpm). The ceils were then collected by centrifugation,
lyophilized and subjected to a transesterification protocol that involved heating to 90°C for 90
minutes in the presence of acidic (9% H,50,) methanol with toluene (1 volume of toluene per
two volumes of acidic methanol) as a second solvent. The resulting methylesters were extracted
with an organic solvent (hexane) and separated by TLC (silica gel G, developed three times with
hexane:diethyl ether (19:1)). Radioactivity on the TLC plate was detected using a scanner
(AMBIS). Two prominent bands were detected on the TLC plate. These bands migrated on the
TLC plate in positions expected for short chain (14 to 16 carbon), saturated methyl esters (the
upper band) and with methylesters of polyunsaturated long chain (20 to 22 carbon) fatty acids
(the lower band). These were also the major types of fafty acids detected by GC analysis of
FAMESs of Schizochytrium oil.
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In a paralle]l experiment thiolactomycin, a well known inhibitor of Type II fatty acid
synthesis systems as well as several polyketide synthesis systems including EPA production by
E, coli transformed with PKS genes derived from Shewanella, was added to the test tubes of
varying concentrations (0, 1, [0 and 100 pug/ml) prior to addition of the Schizochytrium cell
cultures and ["*C] acetate. Analysis of incorporation of [C] acetate, as described above,
revealed that 100 ug/mL thiolactomycin completely blocked synthesis of polyunsaturated fatty
acids, while partial inhibition of synthesis of polyunsaturated fatty acids was observed at 10
ug/mL thiolactomycin. Synthesis of the short chain saturated fatty acids was unaffected at all
tested thiolactomycin concentrations. Thiolactomycin does not inhibit Type [ fatty acid
synthesis systems and is not toxic to mice, suggesting that it does not inhibit the elongation
system leading to EPA or DHA formation. Furthermore, thiolactomycin did not inhibit the
elongation system leading to PUFA synthesis in Phaeodactylum tricornutum. Therefore,
although Schizochytrium is known to possess a Type 1 fatty acid synthesis system, the data
suggested that the polyunsaturated fatty acids produced in this organism were derived from a
system which was distinct from the Type I fatty acid synthesis system which produced short
chain fatty acids, and from a system that was similar to the elongation/desaturation pathway
found in mice and Phaeodactylum. The data are consistent with DHA formation being a result
of a PKS pathway as found in Vibrio marinus and Shewanella putrefaciens.

Example 8
PKS Related Sequences From Schizochytrium

The purpose of this experiment was to identify sequences from Schizochytrium that
encoded PKS genes. A ¢cDNA library from Schizochytrium was constructed and approximately
8,000 random clones (ESTs) were sequenced. The protein sequence encoded by Shewanella
EPA synthesis genes was compared to the predicted amino acid sequences of the Schizochytrium
ESTs using a Smith/Waterman alignment algorithm. When the protein sequence of ORF6
(Shewanella) was compared with the amino acid sequences from Schizochytrium ESTs, 38 EST
clones showed a significant degree of identity (P<0.01). When the protein sequence of ORF7
was compared by Schizochytrium ESTs, 4 EST clones showed significant identity (P<0.01)
suggesting that the molecules were homologous. When the protein sequence of ORF8 and
ORF9 were compared with the Schizochytrium ESTs, 7 and 14 clones respectively showed
significant identity (P<0.01).

Example 9
Analysis of Schizochytrium ¢cDNA Clones
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Restriction enzyme analysis of the Schizochytrium EST clones was used to determine the
longest clones, which were subsequently sequenced in their entirety. All of the EST sequences
described in Example 8 were determined to be part of 5 cDNA clones.

Two of the cDNA clones were homologous to Shewanella ORF6. LIB3033-047-B5 was
homologous to the C-terminus of ORF6. The sequence of 1.L1IB3033-047-B5 could be aligned
with Shewanella ORF6 from amino acids 2093 onwards. The open reading frame of LIB3033-
047-B5 extended all the way to the 5° end of the sequence, thus this clone was not likely to be
full length. LIB3033-046-E6 shared homology to the ACP domain of ORF6. It contained 6
ACP repeats. This cDNA clone did not have a poly-A-tail, and therefore, it was likely to be a
partial cDNA with additional regions of the cDNA found downstream of the sequence. The
PCR primers GTGATGATCTTTCCCTGATGCACGCCAAGG (SEQ ID NO: 67) and
AGCTCGAGACCGGCAACCCGCAGCGCCAGA (SEQ ID NO: 68) were used to amplify a
fragment of approximately 500 nucleotides from Schizochytrium genomic DNA. Primer
GTGATGATCTTTCCCTGATGCACGCCAAGG was derived from LLIB3033-046-E6, and
primer AGCTCGAGACCGGCAACCCGCAGCGCCAGA was derived from LIB3033-047-B5.
Thus, LIB3033-046-E6 and LIB3033-047-B5 represented different portions of the same mRNA
(see Figure 28) and could be assembled into a single partial cDNA sequence (see Figure 27A),
SEQ ID NO: 69, that was predicted to encode a protein with the sequence in Figure 29A (SEQ
ID NO: 70). The open reading frame extended all the way to the 5 end of the sequence, thus this
partial cDNA was not likely to be full length. Analysis of additional cDNA or genomic clones
will allow the determination of the full extent of the mRNA represented by clones LIB3033-046-
E6 and LIB3033-047-B5. It may contain condensing enzyme related domains similar to those
found near the N-terminus of Shewanella ORF6.

One of the cDNA clones, LIB3033-046-D2, was homologous to Shewanella ORF9 at its
3* end. This clone was homologous to the chain length factor region of Shewanella ORF8 at its
5" end. This clone was also homologous to the entire open reading frame of the Anabaena HglC
ORF. The Anabaena HglC ORF is homologous to the chain length factor region of Shewanella
ORFS8 and Shewanella ORF7. Thus this cDNA (Figure 27B), SEQ ID NO: 71, was homologous
to part of Shewanella ORF8, Shewanella ORF7 and Shewanella ORF9 (see Figure 28). The
amino acid sequence (Figure 29B), SEQ ID NO: 72, encoded by the open reading frame of
LIB3033-046-D2 extended all the way to the 5’ end of the sequence; thus this clone was not
likely to be full length. Analysis of additional cDNA or genomic clones will allow the
determination of the full extent of the mRNA represented by LIB3033-046-E6. It may contain
condensing enzyme related domains similar to those found near the N-terminus of Shewanella
ORF3.

Two additional cDNA clones were homologous to Shewanella ORFS8. LIB81-015-D5
was homologous to the C-terminus of ORFS§. The 5’ sequence of LIB81-015-D5 could be
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aligned with Shewanella ORF8 from amino acids 1900 onwards. The 3° end of LIB81-015-D5
could be aligned with Shewanella ORF9 (see Figure 28). The amino acid sequence (Figure
29C), SEQ ID NO: 73, encoded by the open reading frame of LIB81-015-D35 extended all the
way to the 5’ end of the sequence; thus this clone was not likely to be full length. LIB81-042-
B9 was homologous to amino acids 1150 to 1850 of Shewarnella ORF8. LIB81-042-B9 did not
have a poly-A-tail, and therefore, it was likely to be a partial cDNA with additional regions of
the cDNA found downstream of the sequence. The PCR primers
TACCGCGGCAAGACTATCCGCAACGTCACC (SEQ ID NO: 74) and
GCCGTCGTGGGCGTCCACGGACACGATGTG (SEQ ID NO: 75) were used to amplify a
fragment of approximately 500 nucleotides from Schizochytrium genomic DNA. Primer
TACCGCGGCAAGACTATCCGCAACGTCACC was derived from LIB81-042-B9, and
primer GCCGTCGTGGGCGTCCACGGACACGATGTG was derived from LIB81-015-D5.
Thus, LIB81-042-and L.IB81-015-D5 represented different portions of the same mRNA and
were assembled into a single partial cDNA sequence (see Figure 27C), SEQ ID NO: 76. The
open reading frame of LIB81-042-B9 also extended all the way to the 5 end of the sequence,
thus this clone was also not likely to be full length. Analysis of additional cDNA or genomic
clones will allow the determination of the full extent of the mRNA represented by LIB81-042-
B9.

By the present invention PKS-like genes from various organisms can now be used to
transform plant cells and modify the fatty acid compositions of plant cell membranes or plant
seed oils through the biosynthesis of PUFAs in the transformed plant cells. Due to the nature of
the PKS-like systems, fatty acid end-products produced in the plant cells can be selected or
designed to contain a number of specific chemical structures. For example, the fatty acids can
comprise the following variants: Variations in the numbers of keto or hydroxy! groups at various
positions along the carbon chain; variations in the numbers and types (cis or frans) of double
bonds; variations in the numbers and types of branches off of the linear carbon chain (methyl,
ethyl, or longer branched moieties); and variations in saturated carbons. In addition, the
particular length of the end-product fatty acid can be controlled by the particular PKS-like genes
utilized.

All publications and patent applications mentioned in this specification are indicative of
the level of skill of those skilled in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated
by reference.
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The invention now being fully described, it will be apparent to one of ordinary skill in
the art that many changes and modifications can be made thereto without departing from the
spirit or scope of the appended claims.
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What is claimed is:

1. An isolated nucleic acid comprising;:

a Vibrio marinus nucleotide sequence selected from the group consisting of ORF 6 (SEQ
ID NO:77), ORF 7 (SEQ ID NO:78), ORF 8 (SEQ ID NQO:79), and ORF 9 (SEQ ID NO:80), as
shown in Figure 6.

2. An isolated nucleic acid comprising:
a nucleotide sequence which encodes a polypeptide of a polyketide-like synthesis
system, wherein said system produces a docosahexenoic acid when expressed in a host cell.

3. The isolated nucleic acid according to Claim 2, wherein said nucleotide sequence is
derived from a marine bacterium.

4. An isolated nucleic acid according to Claim 2, wherein said nucleotide sequence is
derived from Schizochytrium.

3. The isolated nucleic acid according to Claim 2, wherein said nucleotide sequence is a
Vibrio marinus ORF 8 (SEQ ID NO:79), as shown in Figure 6.

6. An isolated nucleic acid comprising a Schizochytrium nucleotide sequence comprising a
sequence shown in a SEQ ID NO selected from the group consisting of SEQ ID NOS: 69, 71
and 76.

7. An isolated nucleic acid comprising:

a nucleotide sequence which is substantially identical to a sequence of at least 50
nucleotides of a Vibrio marinus nucleotide sequence selected from the group consisting of ORF
6 (SEQ ID NO:77), ORF 7 (SEQ ID NO:78), ORF 8 (SEQ ID NO:79), and ORF 9 (SEQ ID
NO:80), as shown in Figure 6.

8. A recombinant microbial cell comprising at least one copy of an isolated nucleic acid
according to Claim 6.

5. The recombinant microbial cell according to Claim 8, wherein said cell comprises each
element of a polyketide-like synthesis system required to produce a long chain polyunsaturated
fatty acid.
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10.  The recombinant microbial cell according to Claim 9, wherein said cell is a eukaryotic
cell.
11, The recombinant microbial cell according to Claim 10, wherein said eukaryotic cell is a

fungal cell, an algae cell or an animal cell.

12.  The recombinant microbial cell according to Claim 11, wherein said fungal cell is a yeast
cell and said algae cell is a marine algae cell.

13.  The recombinant microbial cell according to Claim 8, wherein said cell is a prokaryotic
celk.

4, The recombinant microbial cell according to Claim 13, wherein said cell is a bacterial
cell or a cyanobacterial cell.

15. A recombinant cell according to Claim 14, wherein said bacterial cell is a lactobacillus
cell.

16. The microbial cell according to Claim 8, wherein said recombinant microbial cell is

enriched for 22:6 fatty acids as compared to a non-recombinant microbial cell which is devoid of
said isolated nucleic acid.

17. A method for production of docosahexenoic acid in a microbial cell culture, said method
comprising:

growing a microbial cell culture having a plurality of microbial cells, wherein said
microbial cells or ancestors of said microbial cells were transformed with a vector comprising
one or more nucleic acids having a nucleotide sequence which encodes a polypeptide of a
polyketide synthesizing system, wherein said one or more nucleic acids are operably linked to a
promoter, under conditions whereby said one or more nucleic acids are expressed and
docasahexenoic acid is produced in said microbial cell culture.

18. A method for production of a long chain polyunsaturated fatty acid in a plant cell, said
method comprising:

growing a plant having a plurality of plant cells, wherein said plant cells or ancestors of
said plant cells were transformed with a vector comprising one or more nucleic acids having a
nucleotide sequence which encodes one or more polypeptides of a polyketide synthesizing
system which produces a long chain polyunsaturated fatty acid, wherein each of said nucleic
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acids are operably linked to a promoter functional in a plant cell, under conditions whereby said
polypeptides are expressed and a long chain polyunsaturated fatty acid is produced in said plant
cells.

19.  The method according to Claim 17 or Claim 18 wherein said nucleotide sequence is
shown in a SEQ ID NO selected from the group consisting of SEQ ID NOS: 69, 71 and 76.

20.  The method according to Claim 18, wherein said long chain polyunsaturated fatty acid
produced in said plant cells is a 20:5 and 22:6 fatty acid.

21. The method according to Claim 17, wherein said nucleotide sequence is selected from
the group consisting of Vibrio marinus ORF 6 (SEQ ID NO:77), ORF 7 (SEQ ID NO:78), ORF
8 (SEQ ID NO:79), and ORF 9 (SEQ ID NO:80), as shown in Figure 6 and Shewanella
putrefaciens ORF 6 (SEQ 1D NO:83), ORF 7 (SEQ ID NO:84), ORF 8§ (SEQ ID NO:85), ORF 9
(SEQ ID NO:86}, and ORF 3, which is complementary to SEQ 1D NO:4, as shown in Figure 4.

22, The method according to Claim 18, wherein said nucleic acid construets are derived from
two or more polyketide synthesizing systems.

23. The method according to Claim 18, wherein said long chain polyunsaturated fatty acid is
eicosapentenoic acid.

24.  The method according to Claim 18, wherein said long chain polyunsaturated fatty acid is
docosahexenoic acid.

25. A recombinant plant cell comprising:

one or more nucleic acids having a nucleotide sequence which encodes one or more
polypeptides of a polyketide synthesizing system which produces a long chain polyunsaturated
fatty acid, wherein each of said nucleic acids are operably linked to a promoter functional in said
plant cell.

26.  The recombinant piant cell according to Claim 25, wherein said nucleotide sequence is
shown in a SEQ ID NO selected from the group consisting of SEQ 1D NOS: 69, 71 and 76.

27.  The recombinant plant cell according to Claim 26, wherein said recombinant plant cell is
a recombinant seed cell.
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28. The recombinant plant cell according to Claim 27, wherein said recombinant seed cell is
a recombinant embryo cell.

29.  The recombinant plant cell according to Claim 26, wherein said recombinant plant cell is

from a plant selected from the group consisting of Brassica, soybean, safflower, and sunflower,

30. A plant oil produced by a recombinant plant cell according to Claim 26.

31.  The plant oil according to Claim 30, wherein said plant oil comprises eicosapentenoic
acid.

32. The plant oil according to Claim 30, wherein said plant oil comprises docosahexenoic
acid.

33.  The plant oil according to Claim 30, wherein said plant oil is encapsulated.

34. A dietary supplement comprising a plant oil according to Claim 30.

3s. A recombinant E, coli cell comprising:

one or more nucleic acids having a nucleotide sequence which encodes one or more
polypeptides of a polyketide synthesizing system which produces a long chain polyunsaturated
fatty acid, wherein each of said nucleic acids are operably linked to a promoter function in said
E. coli cell.

36.  The recombinant E. coli cell according to Claim 35, wherein said long chain
polyunsaturated fatty acid is docosahexenoic acid.

37. The recombinant E. coli cell according to Claim 35, wherein said nucleotide sequence is
shown in a SEQ ID NO selected from the group consisting of SEQ ID NOS: 69, 71 and 76.

38. A plant oil produced by a recombinant plant cell wherein said plant oil comprises a long
chain polyunsaturated fatty acid exogenous to said plant oil, wherein said plant cell is produced
according to a method comprising:

transforming said plant cell or an ancestor of said plant cell with a vector comprising one
or more polypeptide of a polyketide synthesizing system which produces a long chain
polyunsaturated fatty acid wherein each of said nucleic acids are operably linked to a promoter
functional in said plant cell.
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39. A plant oil according to Claim 38, wherein said long chain polyunsaturated fatty acid is

eicosapentenoic acid.

40. A plant oil according to Claim 38, wherein said long chain polyunsaturated fatty acid is

docosahexenoic acid.
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t
iATAGATCGACTCGCAAAAGTTGCTTAAGATAGTGTCAATATAGCTTCTTATTTGTA

AATATTGTTTTTTATGTGTARACATGTTTAGTGTGTGTARATGCTGTTAATTATCCT
TTTGGGATTGTAATAGCTGATGTTGCTGGCTAATGAGTACTTTTAGTTCGGCAATAT
CTTGCTTTAAATCGUTAACTTCAGTTTTTAATTCACCCACACTTGTTGTATTTTTAA
GGCTCTCTTCCCCACCATCCACAAACCAGCGATGATATGAAACCGGTAAACGTACCAA
AGAGACCGACACCTGCAGTCATGAGTAATGCCGCAATGATACGTCCGCCAGTGGTGA
CGGGGTAGTAGTCACCGTAACCAACAGTCGTTATTGTCACAAATGACCACCAANGTG
COTCCATGCCGTTATTGATGTTACTGCCTACTTGATCCTGTTCTARCAATARAATAC
CGATAGCACCAAAGGTGACAAGGATGAAGGATATCGCAGATACCAGCGAAAAGGTGG
CTTTAAACCGATGTTCARAAATCATTTTTAAGATAATTTTTGATGAGCGTATATTCT
GAATAGATCTTAATACTCTAGCGATACGAATTATGCGAATAAACTGCAGTTGCTCGA
CCATCGGAATACTCGACAGTAGGTCAATCCAACCCCATTTCATAAACTGAAATTTAT
TCTCAGCTTGGTGAAAGCGAATTACAAAGTCAGTGAAAAAGAATAAGCAAATCGTAT
TATCTACGCTCGTTAATATTTCAGTGACGTTACTTGAAAAGGTAAAAATAAGTTGCA
GTAGTGATGATACGACCACATGAAGTGATAAARTAAGCATGAMAATCTGAAATGGAT
TTACATCACTGTTGTTTITTGGTGCCACTTTTAAGGTTCGTTTTCACAATCTGCTGCC
TCGGTTCATTGAT T TTGT TAATATAAACCTTAGTCAGTAGCAAGACARAATATATTT
ACATCAATGTCATCGTATTATTCAACCGCGCGTCGTGTATTCAGACCAAGATCGTTG
TATATGTTAGTCATGTAGCGATGAGATTATCATGCGACAGGAGAGAATTATGTTTGT
TATTATTTTTTACGTACCTAAAGTTAATGTTGAAGAAGTAAAACAGGCGTTATTTAA
CGTCGGAGCTGGCACCATCGGTGATTATGATAGTTGTGCTTGGCAATGTTTGGGGAC
TGGGCAGTTCCAACCTTTACTTGGTAGCCAGCCACATATTGGTAAGCTAAATGAGGT.
TGAATTCGTTGATGAGTTTAGAGTAGAAATGGTTTGTCGAGCAGAAAATGTAAGGGC
AGCAATRAATGCACTTATTGCTGCGCACCCTTATGAAGAACCTGCTTATCATATTCT
GCAMACATTGAATCTTGATGAGTTACCTTAAGTTAGATGCACTGCACTTAATTGGTT
CGCTGTGCTAGGTTAGCAATTAGCAATTTTGACCATGTTAGCGATAGTTTTGGCACA
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AGTGATCGATATTAAACTATCCGATTCAGATCCCATTTTTACTGCTGAATTAGGTTT
CATTACACTTGT TCTAGTGGTTTTTCCCGACAGGTGTAACT CTGTTACTTGCGTARG
GTTGATAATCTCTACCGCATTGGCAGGAGTTACACCTGCACCAGGCATAATACTAAT
TCTACCATCTGCTTGGTTRACTAACGTTTGGATTAAGGCGCAGCCTTCTAGCGCTTG
AGCTTGTTGACCAGAGGTTAARAATACGCTCACAACCAGCAGTGATCAAGGTCTCCAA
GGCTTGTTGTGGATCATTACACAAGTCGAAAGCGCGETGGAAGGTTACGCCGAGATC
ACGTGATGCCACCATTAAGCGTTTTAAAGCTGGCTCGTCAATAT TACCATCTGCTGT
TAACGCGCCAATAACGACCCCTTGGACACCGAGTAACTTCATGAATTTGATCETCGGA
AACCATAATATCAACTTCTTIGTTCGCTATATACAAAATCACCGGCGCGAGGGCGAAT
AATGGCATAAATGGGGATCGTTGCTAGATCAATAGACTTTTGTACAAALCCTGCGTT
GGCGGTCAAGCCACCTAATGCTAATGCCGAGCACAACTCAATACGATCGGCGCCAGA
TGCTTGAGCCGTCAGCAGTGATTCTATATTATCGACACATACTTCTATTGTCATTGT
CATATACTTCTCTTTAARAAGTTTATTAAARATAATAAAGCCAGCATAAGTCGTTTT
ATACAATATGAAAGGGGAARAAGGCGACTTAGCTCGCCTAGATCAATTATTATGGCAG
AATACTGCCGTATTGTGATTAGAAAGACAGTTTTTTAAGCTCAATAGCCGTTATCGC
GTTGTTATCTACCATCGTGTAACTTTTCTGGCCTGGGTGCTTTATTAACACTGTTTC
AGTGGCTGGATTAGGGTGAAATGATTCTTTTITCAAATCTGTTTTTTTGTATTTGAR
CGTACCTGTAATGTCTTGCTGCTCACGAAGACGTACAAATATTGGTTGCGCATAGCT
TGGTAGTGCCGCATTGACATGTTGATAGAATTCAGACGCTGAAAATTCATGAATAGG
GCAATTCAAAGTCAGCGCGACCATGCCTGCTCGGCCATCGTGATGTGGGAGCTTGAC
ACCATAAGCCACACTTTGCTCAATTTGCACARAATCCTTAACTTGAGCTTCTACTTG
CGfCGTGGCGACATTTTCACCTTTCCAGCGGAATGTATCACCTAATCTATCCACAAA
GGAAATATGGCGATAACCTTGGTAATGAACGAGATCGCCGGTATTAAAATAACAGTC
ACCGTCTTTTAATACTGACTTAAATAGCTTTTTATTACTTTCGTTGTCATCGGTATA
ACCATCRAATGGTGAACGTTTAGTTATCTTTGTTAGCAGTAGCCCTGTTTCTCCCGT
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TTTTACTTTGGTCATTTTCCCTTTCGCATTATACACAGGTTTGTCATTGTCAATATC
ATATTGTATGACGGTAAAAGCAAGTGGAGTAACCCCCGCTGTATGCGGTAAGTTCAG
CGCATTGGAGAACACAAGATTACACTCACTGGCGCCATAGAATTCATTAATATGCTC
GATCCCARAACGTTGTTGGAAATGATCCCAAATTTCGGGGCGTAATCCATTACCTAT
GATTTITCTTTATATTATGCTGTTTGTCTT TATTGCTAGGCGGTACATTTAATAAATA
ACGGCAGAGCTCGCCGATGTAAGTAAACGCAGTGGCATTATGAGCAC&AACTTCATC
CCAAAAGCGACTTGAACTGAATTTTTCAGAAAGTGCGAGGGETTGCTGCGCTACCARA
CACGGCGCTTAATGACACTGTCAGTGCATTGTTATGGTATAGGGGGAGTGATAAATA
CAATACATCATCAGCTGTTAAGCGTAATGATGCCATCCCCATGCCTGCCATGGATTT
AAACCAACGGTGATGGCTCATTCTTIGCTGCTTTTGGCAGTCCAGTTTTTCCCGAGGT
AAAGATATAAAACGCGCAATGCTTAAGCTGTATTTGTGCTGTTGATTCAGGGTTCAA
TACTGAATATCCTGCGACTAGTGTAGATATGTTTTTATAACCATCACTCATGTCTGG
CGTTTCTAAAGCGGGTACGTAAAAGACATTCTGTTGTAATGTCGATGACAAATTGGT
TTCAATATTATTAATGGCGGATGTGTATAGTTCATCTGCGATGAGTAATTTGGTATC
GACCACGCTARGACTATGTTCGAGGATTGAATCCCGTTGTGTCGTATTTATCATACA
AGCAATCGCGCCAAGCTTGACAACTGCGAGGGCAATAATGATGGTTTCAGGCCTGTT
ATCGAGCATGATGGCGACTTTATCATTTTTACCAATGCCGTATTCATGAAGGAAATG
GGCATATTGATTTGCTTGCTTATTCAATGAATCGTAACTATAACGCTGGTCTTTAAA
TTGTATTGCGATCAAGTCAGAGTTATTGACAGCTTGCTGCTCTAGTAATAAACCAAT
AGACATAAAACGTTCGGGCTTTGCTTGTTGTAAGTGCCATAAGCCTTTGATGATTGG
CTTTGGGGTTTTTAATAGATTGATGGTACTTTTCAGGAATTGTTTGCCGGTTATAAC
AGTCATAAGCTAATTCTTTTTATCAAGAAGAGGGGTTATGACACCARATAAATGGET
CACGCGTTGGTTTAATTTGGTTAGACTAARTGTGTTGTTTTGCTGTGATAATGCGAC
GTTCAAACARACTTGAGAAGGTARARAAATAGCATTT TTAAATTGAACATCAATACT
AATGTGTTGAATATCAATCAARGTTTTCTAACTGTGCGAGCACGCGTGCTTTAGCAAA
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CATGCCATGTGCTATTGCTGTTTTRAACCCCATTAGTTTCGCTGGGATARAATGTAA
ATGGATTGGATTTGTGTCTTTGGAGATATAAGCATATTTATATACGTCAAAAGGACT
ARATTTAAACAATGAAATCGGCTCGTAAGCATAATTCGCTGGCGTATTTACTATTTT
CTCACCGCTGGAACGTTGAGATCGTTGGCACGTTTTTCGCTGTTTCGTTTTCTGTAR
GAATGTCGATGTACACTCCCACGCAAATTGTCCATCTACAAACACATCAATATGAGT
ATCAATGARACGTCCTGTATCCGTTATGTACTCCTTAATTACACGACATGTGCTCET
CAATATCGCGT T TAATGCTATCGGTTGATGTTGTGTTATGCGATTTCGATAATGCGAC
TAGTCCTAATATAGATATCCGAAATTGTGTTGATGTCATGAGTTTCATCAATAATGE
AMARGATCATCACAAATGGATAAGTAACCGGTACATAGTTTGTGTTATTAAACCCACA
GCATTTAATATATTGCTTTAAATTTCGCTGATCTATTTTTTGTCCACTGATACTAAA
TTGCTCAGTACACACTTGTGTCGACCAAGTGTTCATCAGTGTTTTAACAATTGTATT
GACCACTGCTTTCACATATAAAAGCGAGATAATCGGTTGCTTTGTTAACAGTGTGAT
CTGGTTAGCGTGCATTGAAATAATTCATATAAGAGTATGTAGCATTTATGTTAATAT
TTTGTTTTGGAAGTTGAATTGGCGAATCCGTAATCGGTTTATGGCAGTTCGGTCAAA
TACTTCAGGTARACTCGTTACTCATACCATTGATAGTGTTAAAGTGATTGACTGAAT
AAAGAATAGAGCTAAANLGTGGAAAAARTTATGCAAGATGCGGGTATGTTATTACGCAT
TGCTTATGAGGCAATGAAAGAGTTAGAGGTTGATGT CATTGAAGTACTTTCTCGTTG
TAACATAAGTGRAGAAGTACTGAATGATAAGGATCTTCCGCACACCTARTCATGCACA
AACACATTTTTGGCAAGTATTAGAAGACATATCACAAGATCCTAACATCGGCATTTG
ACTTGGTGAGAGAATGCCAGTGTTCACGGGGCAGGTATTACAGTATCTTTTTCTCAG
TAGTCCTACATTTGGTACTGGCTGGGAACGCGCAACAAAATACTTTCGATTAATCAG‘
TGATGCGGCGAGTGTTTCTATCAAGATGGAAGGCTGTGAAGCGCGATTATCTGTGAA
CTTAGATGGTTTAGCGGAAGATGCGAATCCTCATTTGAATGATTGCCTAGTGATCGG
TGCATTTARATTTTGTTTATATGTGACAGAAGGCGAATTTAAAGTAAGCAAAATAGC
CTTTGCTCATGCTCGCCCGAAAGATATTACTGCCTATACCAATGTATTTACATGTCC
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GATTGAGTTTGCTGCCGAAGATAATTATATTTATTTCGATGCTGATTTACTCGAACG
TCCTTCTTCGCATGCGGAGCCTGAGCTATTCGCCTTACACGATCAGCTTGCAAGCCG
TAAAATAGCCAAGT TAGAACTGCAAGATTTAGTGGATAAAGTACGTAAGGTTATTGC
ACAACAACTTGAGTCTGGTGTGGTGACTTTAGAAAGTATCGCCACTGAACTTGACAT
GAAACCACGTATGCTAAGAGCGAAGTTAGCTGACATTGATTATAACTTTAATCARAT
ACTCGCTGATTTTCGCTTGCGAGTTATCAAAARARCTGTTGGCGAATACGGACGAGTC
TATTGATCAGATTGTCTATCTCACTGGTTTTTCTGAACCAAGTACTTTTTATCGTGC
CTTTAAGCGCTGGGTTAAAATGACGCCAATTGAATATCGCCGTAGCARACTCGCGGT
TAGGCATGCTAATCAACACGAGTCCTAAAANTTCGCTGCTTAGTGCATAGTGCATAG
TGCATAGTGCTAGTAAGCCAAGTACAAAGCGTTAAAGTTAAGTACTTGAGCGAACCA
TCAGACACCACTTACTAGATTAAGCACCTATTAATGATTGACCACAAATTCTGATCG
TATTGCCTGTGATCCCTGCAGCTTGAGGT TGCGCAAAAARAGCTATCGCTTCAGCAA
CATCAACTGGCTTACCACCTTGTTTTAATGAATTCATACGACGACCAGCTTCACGAA
CTGTAAATGGAATCGCTGCTGTCATTTTTGTTTCAATAAAGCCTGGTGCAACAGCAT
TARATGGTGATGTATTTGTCTGCAAGCGGAGTTTGCATTGCATCAACATAACCAATGA
CTGCGGCCTTAGACGTTGCATAATTAGTCTGACCAAAGTTACCCGCAATCCCACTCA
TCGAAGACACACAAACAATGCGGCCATAGTCGTTGAGCAGATCATCATTTAGCAGTC
GCTCATTGATTCTTTCCATTGCCGACAAGTTRAATATCCATCAGTACATCCCAATGGT
TATCCGGCATACGTGCTAGCGTTTTGTCTTTTGTTACCCCGGCATTATGGACGATGA
TATCAAGCGACTGTTCTCGCACAAAGTCAGCAATGATATTTGGGGCGTCAGCAGCGG
TAATATCAGCAACAATGCTGCTACCTTTCAAGCAATGAGCTACTTTTTCAAGGTCCT
GTTTTRAATGCCGGAATGTCTAAGCAAATAACATGTGCGCCATCACGGGCGAGTGTTT
CAGCAATAGCAGCCCCGATGCCACGTGATGCACCAGTGACAAGTGCTGTCTTTCCTT
GTAATGGTTTTGCCGTGTTACTTGTTTCGTTAATAACTTCGTTAATAACTTCGTTAA
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TAACTTCGTTAATAGCCCCATTAATCGAACCGGGTTTTACGTTAATAACCTGTGCTG
AGATATAGGCTGATTTTGCTGAGGTTAAGAAACGTAGCGGGGCCTCTAATAATTGCT
CACTACCAGGTTGTACATAGATAAGTTGACAGGTACTACCATTCTTGCCTATTTCTT
TGGCGACACTGCGACAAAACCCTTCTAAAGATCTTTGTACAGTCGCGTAGCTTACAT
CGTCAAGATGTTCACTCGGATGACCTAACACGATCACTCTGCTGCATGGCGAGAGCT
GCTTAATTACAGGTTGAAAAAAACGATGTAATGCACTTAATTGCTTGCTGTTCTTAA
TGCCTGAGGCGTCGAAGATAATACCGTTGAAGCGATCTGTTTTAGCGATAGCATTAA
GGCTAATAGGTGTCGCGACTAAAGACGTTTGATTAAATTCARTATTAAGATCGGCTA
ACGCTGACGTGTTATTAGGATAAGARATCGTGACTTCAGCATCTTTAAATGTGTTAA
GAATGGGTTTAATTAATTTGCTGTTGCTGGCTGCGCCGATGAGTAAGTTGCCAGAGA
TGAGATCGGTTCCCTGATCGTAGCGTGTTAACGTAACCGGTCGTGGCAGATTAAGCG
CTTTAARATAAACCTGATGTCCACTTGCCATTAGCGAGTTTTGCGTATGTATCCGTCA
TTTTCTAATCCTTGTTATAGTGAACAGTTTGAATCTCGAAGATGTACATGTGTTAAA
AATTATCTGATAGCTATGACTTATCTGCCACTACGTAATAATAAATAGACCAGTTCA
TTACATCGTTAATCGATATAGTATAACTAAATACTAAGTAAATTATAATGATAAGAC
TGTTATCGTACTCGGATCAAACTCTGATCAGCAAATAATCAAATTAGAGTTTTTATT
TTABRACTTGTATCAACAATGTTACAT TAATGTATCTTACGT CTAATGTGCTACGGGC
ATATTTAAGTCACTAAATTARAGGAATAAACCATGACAGGTCARACAATARGAAGAG
TAGCAATTATCGGCGGTAACCGTATCCCGTTTGCACGTTCAAATACAGCGTATTCAA
AACTAANGTAACCAAGATATGCTGACGGAAACTATCCGTGGCTTGGTGGTTAAATATA
ACCTACGTGGTGAACAACTGGGGGAAGTTGTTGCTCGTGCGGTAATTAAGCATTCTC
GTGATTTTAACTTAACACGTGAAGCCGTGCTAAGTGCAGGTCTTGCACCTGAAACGC
CTTGTTATGACATTCAACAAGCTTGTGGTACTGGTCTAGCTGCAGCTATCCAAGTAG
CAAACAAAATTGCGCTTGGTCAAATAGAAGCGGGTATTGCTGGTGGTTCTGATACGA
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CATCAGATGCACCGATTGCAGTCAGTGAAGGCATGCGTAGTGTATTACTTGAGCTTA
ATCGAGCTAAAACGGGTAAGCAACGTTTGAAAGCACTATCTCGT CTACGTCTAAAAC
ACTTTGCGCCACTAACGCCTGCAAATAAAGAGCCGCGTACCAAANATGGCGATGGGECG
ATCATTGTCAAGTAACAGCGAAAGAGTGGAATATCTCACGTGAAGCAQAAGATGCAT
TGGCCTGCGCAAGTCATCAAAAATTAGCTGCAGCATATGAAGAAGGTTTCTTTGATA
CGTTAGTTTCACCTATGGCCGGCTTAACGAAAGATAACGTATTACGCGCAGATACAA
CAGTTGAGARACTGGCTAAATTGAAACCTTGTTTTGATAAAGTAAACGGCACTATGA
CGGCGGGTAACAGTACTAACCTTACCGATGGAGCATCAGCTGTATTACTTGCAAGTS
AAGAATGGGCAGCGGCACATAACTTACCAGTACAAGCTTATCTAACATTTGGTGAAA
CGGCCGCTATCGACTTCGTTGATARGAAAGAAGGTCTGTTAATGGCGCCTGCATACG
CAGTGCCAAAAATGTTGAAGCGTGCTGGCCTTACATTACAAGACTTCGATTACTATG
AAATACATGAAGCATTTGCTGCGCAGTTATTAGCAACGCTAGCAGCTTGGGAAGACG
AAARAATTCTGTAAAGAAAAACTGGGTCTAGATGCTGCGCTTGGTTCAATTGATATGA
CCBAGTTAAACGTGAAAGGGAGTAGCTTAGCCACGGGTCACCCATTTGCCGCARCTG
GTGGTCGTCTTGTCGCTACGCTAGCGCAATTACTTGATCAGAAAGGTTCAGGTCGTG
GTTTGATCTCGATTTGTGCTGCTGGTGGTCAAGGTATCACGGCAATTTTAGAGAAAT
ARACGCACTGTTTATTATCTATTGATTAAGCTGTCCTGAGATACTGGATATTTTTAA
ATAAAACGCCAATACTGCAGAGTATTGGCGTTTTTTTGTAATACCAATTCCTATATA
ACGGTGCATTTTAAACACTTAATTTCCGGCATTGGTATCATARAAAAGCAGCACCGA
AGTGCTGCTTGATTGTAGATTAACCTATTAAAATAGAGAGGCTAGAATTAGTCTTCG
TATGCTTCATTATGTACGCCAGCTGCACGACCCGATGGATCAGCATTGTTTTGGAAA
CTTTCATCCCAAGCTAATGCTTCTACAGTTGAACAAGCAACGGATTTACCAAACGGT
ACGCATTTCGCTGCTGAATCACCTGGGAAGTGATCTTCAAAGATGGCACGATAGTAG
TAACCTTCTTTCGTATCTGGTGTGTTAATTCGGAACTTAAATGCTGCACTTGCTAAC
ATTTGATCAGTTACCGCTTCTTCAACGTGTACTTTAAGTTCGTCAATCCAAGAATAA
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CCAACACCATCAGAGAATTGTTCTTTTTGACGCCATACAATTTCTTCAGGTAGTAARL
TCTTCAAATGCTTCTCGARATGATGTTTTTCTCAATGCGGTCGCCCGTGATCATTTTT
AGTTCAGGGTTTAGACGCATTGACGCATCAACAAATTCTTTATCTAAGAAAGGAMACA
CGTGCTTCGATGCCCCAAGCTGCCATAGATTTGTTTGCACGTAAGCAATCAAACATA
TGTAATTTATTTACTTTACGTACCGTCTCTTCATGGAATTCTTTCGCATTTGGCGCT
TTGTGGAAGTACAAGTAACCACCGAACAGTTCATCAGCACCTTCACCAGARMRAGCACC
ATCTTAATCCCCATGGCTTTAAT TTTACGTGCCATTAGGTACATAGGGGTTGATGCA
CGRATTGTTGTTACATCGTAGGTTTCAATGTGGTAAATCACGTCGCGTAMAGCGTCG
ATACCTTCTTGCACAGTARATTCAATTGAATGATGGATAGTACCTAAGTGATCTGCC
ACTTTTTGTGCAGCGGCTAAATCTGGAGAACCATTTAGGCCTACAGAGAAAGAGTGT
AGTTGTGGCCACCATGCT TCGETTTTACCACCGTCTTCAATACGACGT TTTGCATAC
TGTTGGGTGATTGCTGARATAACAGATGAATCTAACCCGCCTGATAATAATACGCCG
TAAGGTACATCACACATTAATTGACGTTTAACTGCATCTTCCAAACCTTGCTTAACA
ACGCTTTTATCACCACCATTTTGTGCAACGTTATCAAAAT CTTTCCAATCACGTTGA
TAATAAGGCGTGACTACACCATCCTTACTCCACAGGTAATGACCTGCTGGGAATTCT
TCAATTTGAGTACAAATTGGCACTAGTGCTTTCATTTCAGAGGCAACATAANAGTTA
CCGTGTTCATCATAGCCCGTATAAAGAGGGATGATACCGATATGGTCACGGCCAATC
AGGTAAGCGTCCTCTGTTTCGTCATATAAAGCGAMAGCAAARATACCATTTAGATCA
TCTARAAATTGTGTGCCTTTTTCTTTATATAGCGCAAGTATCACTTCGCAATCTGAT
TCTGTTTGGAATTCARAGTCTACGTTCAGCGTTTTCTTTRAAATCTTTGTGGTTATAA
ATTTCACCATTAACAGCAAGTACGTGTGTCTTTTCTTCATTATATAGCGGCTGTGCA
CCATTATTTACATCGACAATAGCAAGACGTTCATGAACTAAAATAGCATTGTCACTT
GTATAGATACCTGACCAATCTGGGCCGCGGTGACGTAGTAACTTTGATAGTTCTAGT
GCTTGTTCGCGAAGAGGTTTAATGTCTGATTTGATGTCTAGAATTCCGAATATTGAG
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CACATAACTAATTCCTTCTGGGGLTGCGTCTGCAGCTAACTTTCTAAATAGTGTGTC
TAATTTGCCACATTGTAGATTTAATGCAAACATTAATGATARAACATTTATAAAAAL
TGTAATTCAATGTGGAATCGATAATTTAATGGCTTAAAAGTGAAGATCCATTAATTG
TGATGGCGAGGTGATAGACCAATGTAGACCTTAATGAATAAAGCAGGCACGATTGAA
TCCATTCAACGCAAAGTGGTACTAACTATTGTTTTAAACGTTATAAATAGTGTTTTA
AAGGTTATAAGTAAATAATTTAAAAACAATAATAATCCACATGCATTAAATTTATCA
TGATAAACCGCTATATCTCAATGGCAATTTGGGATAAGTGTAAAATATATGTAAAAT
GAATGAGTTGACTIGCTTTTTTTACACTAAGTGATGAAATTAAAGCTAGATGTCGTT
GTTAGCATTGATTAATAACGTACTAAAATACGACATCTAGTATAGAAATTTAAAAARD
CAGTTGGTTTTGATAGCATAACTGCATARACTRATCAGCTTATTGTCTGTAATATTT
TTGTAATTTAAATAGGTTTAATAAAATTATATGTCTGATAAATATAAACCGTACGAC
CTTTCCTTTAAAAAGACGTTTTTGCTGCCTAAGTTTTGGCCTGTGTGCGTTCGGGGTG
TTTGCAATATACTTATTAGCTTTTATGCCAGTAAAGCCGCGTGATAAATTTGCTCGA
TTCATAGCGAAGAAATTGTTTAGTCTAAAAATGATGGCAAAGCGTAAAAAGGTAGCA
‘AAGATCAATTTATCTATGTGCTTCCCTGAAATGGATCGATACGGAACAAGACCGTATA
ATCATGGTCAATCTAGTTACTTTTTGTCAAACTATCTTAAGTTATGCAGAGCCAAGT
GCGCGTAGTCGTGCTTATAACCGTGACCGTATGATAGTGCATGGTGGCGAGAATTTA
TTTCCGCTACTTGAACAAGGTAAGGCTTGTATCTTATTAGTGCCGCATAGCTTCGCT
ATTGATTTTGCAGGTTTACACATTGCTTCTTATGGCGCGCCATTTTGTACTATGTTT
AACAATTCTGAGAATGAGTTGTTCGATTGGCTGATGACACGTCAACGCGCTATG?TT
GGAGGCACTGTTTATCACCGCAAGGCAGGGCTAGGGGCTCTAGTTAAATCACTTAAG
AGCGGTGAAAGCTGTTATTACTTACCTGATGAAGACCATGGACCTAAGCGTAGTGTA
TTTGCGCCTTTATTTGCGACTCARAAAGCAACTTTACCTGTAATGGGCAAGCTAGCA
GAAAAAACARATGCACTCGTTGTTCCTGTTTATGCGGCATATAATGAATCACTAGGT
AAATTTGAAACCTTTATTCGACCAGCAATGCARAACTTTCCATCAGRAAAGCCCAGAN
CAAGATGCAGTGATGATGAATAARAGAGATTGAAGCCTTGATTGAATGTGGTGTTGAT
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CAATATATGTGGACACTTAGATTATTGAGAACACGTCCGGACGGTAAAAARATCTAC
TAATAAAGTTTAATAAACACCATAATCTTCGTTGAATATGGTGTTTACCCCCCTGAA
TACCCTCTAAATTAATAACAAAAAAAGCCATTTACGTAACATCTAATGATGATTTAG
CCTGCACTTGCTTTGTTTTTAGTCTTAAGAGCCTAATAAACTTGATCTAGGTATAGA
TTCTGTCTTTCTTTACGTAACGCGATCTATTTT TTTTAACCGATAGTTGTTATAATT
AGTTTCATATGAAAGAGATATCGTTTCAGTAAAAGCTATTTCGTTTCAATAGATAAT
TTATTTATAGTCATATTTTCTGTAATGACAATCATTTTCTCATCTAGACTATAGATA
AGAATACGAATTAAGTAAGAACATTAATTTTACAAGAATATAAAATATCCCATCGGA
GCTATAAGAATGAAAAAGACTARAATTGT T TGTACAATTGGTCCARAAACTGAATCA
GTAGAGAAACTAACAGAGCTTGTTAATGCAGGCATGARACGTTATGCGTTTAAATTTC
TCTCATGGTAACTTTGCTGAACATTCAGTGCCTATTCAARATATCCGTCAAGTAAGT
GAAAACCTGAATAAGAAAATTGCTGTTTTACTGGATACTAAAGGTCCAGARATCCGT
ACGATTAAACTAGAAAACGGTGACGATGTAATGTTGACCGCTGGTCAGTCATTCACG
TTTACAACAGACATTAACGTGGTAGGTAATAAAGACTGTGTTGCTGTAACATATGCT
GGTTTTGCTAAAGACCTTAATCCTGGTGCARTCATCCTTGTTGATGATGGTTTAATT
GAAATGGAAGTTGTTGCAACARCTGACACTGAAGTTAAATGTACAGTATTAAATACT
GGTGCACTTGGTGAAAATAAAGGCGTTAACTTACCTAACATCAGTGTAGGTCTACCT
GCATTGTCAGAARAAGATAARGCTGATTTAGCGTTTGGTTGTGAGCAAGAAGTTGAT
TTTGTTGCTGCATCATTTATTCGTAAGGCTGATGATGTAAGAGAAATTCGTGAAATC
CTATTTAATAATGGTGGCGAARAACATTCAGATTATCTCGAAAATTGAAAACCAAGAL
GGTGTAGACAATTTCGATGAAATCTTAGCTGAATCAGACGGTATCATGGTTGCTCGT
GGCGATCTCGGTGTTGAGATCCCAGTTGAAGAAGTGATCATGGCACAGAAGATGATG
ATCAAAAAATGTAATAAAGCAGGTAAAGTTGTAATTACTGCAACACAAATGCTTGAT
TCAATGATCAGTAACCCACGTCCAACACGTGCAGAAGCGGGCGATGTTGCCAATGCT
GTGCTTGACGGTACCGACGCGGTAATGCTTTCTGGTGARACTGCGAAAGGTAAATAC
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CCAGTTGAAGCTGTGTCTATCATGGCARACATCTGTGARACGTACTGATAACTCALTG
TCTTCGGATTTAGGTGCGAACATTGTTGCTAAAAGCATGCGCATTACAGAAGCTGTG
TGTAAAGGTGCGETAGAAACAACAGAAARATTGTGTGCTCCACTTATTGTTGTTGCA
ACTCGTGGCGGTAAATCAGCARAATCTGTTCGTAAATACTTCCCGAAAGCAAATATT
CTTGCTATCACAACAAATGAAANAGCAGCGCAACAGTTATGCCTAACTAAAGGCGTA
AGCAGCTGCATCGTTGAGCAGATTGATAGCACTGATGAGTTCTACCGTAAAGGTAAR
GAGCTTGCATTAGCAACTGGTTTAGCTAAAGAAGGCGATATCGTTGTTATGGTATCA
GGTGCGTTAGTACCATCAGGTACAACGAATACGGCATCTGTTCACCAACT TTAAGTT
GCCATATTGATATTATAAAAAAGAGAGCGTATGCTCTCTTTTTTTATATCTGTAGTT
TATATGTCTGTACAAAAAAATGATAAAGAGTACATAAACTATTAATATAGCGTAATA
TATAATGATTAACGGTGATGAAAGGGTTAAATAAATGGATAGTGCTARACATAMDAT
TGGCTTAGTCCTTTCTGGCGGTGGTGCGAAAGGTATTGCTCATCTTGGTGTATTAAA
ATACCTGTTAGAGCAAGATATAAGACCGAATGTAATTGCGGGTACAAGTGCTGGCTC
TATGGTTGGTGCACTTTATTGCTCAGGACTTGAGATTGATGACATTTTACAATTCTT
CATCGATGTAAAACCTTTTTCTTGGAAGTTTACCCGTGCCCGTGCTGGCTTTATAGA
CCCGGCAAAATTATATCCTGAAGTGCTAAAATATATCCCCCAGGATAGCTTTGAGTA
CCTTCAACCTGAATTGCGCATTGTTGCCACCAACATGTTACTCGGTAAAGAGCATHT
ATTTAAAGATGGCTCCGTCGATTAATGCCTTATTAGCATCAGCCAGCTACCCTTTAGT
TTTTTCTCCGATGATCATTGACGATCAAGTGTATTCAGATGGCGGTATTGTTAATCA
TTTCCCCGTGAGTGTCATTGAAGATGATTGCGATAARATAATCGGCGTATACGTGTT
GCCCATTCGTCAGGTCGAAGCTGACGAACTCTCGAGTATAARAGACGTGGTATTACG
TGCGTTCACGCTGCAGGGTAGTGGTGCTGAATTAGATAAACTATCGCAATGTGATGT
GCAAATTTATCCAGAAGCGCTATTGAATTACAATACGTTTGCAACCGATGAAAAATC
ATTACGGGAGATCTACCAGATTGGTTATGATGCTGCAAARGATCRACATGACRAACCT
TATGGCATTGAAAGAAAGTATCACCACCAGCGAGGTTARAAAGAACGTCTTTAGCAA
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ATGGTTTGGTGATAAACTTGCTAGCAACAGCGGCAAATAGCGGCCCACACGGATTTA
TACACTAGGATAATGGGCGTTAATAGCCTCACTGTCGTTGTGTGGTCTCTAATTTTA
GCTAAATCTTGTGTTATACTGACTTCCTATTAATCATAAACGATTTATCACGGTAAA
CATGACTCARATAAATAACCCGCTTCACGGCATGACACTCGAAAAAGTAATTAACAG
TCTCGTTGAACAATATGGCTGGGATGGTCTTGGATACTACATCAACATTCGTTGCTT
TACTGAAAATCCAAGTGTTAAGTCTAGTCTTAAATTTTTACGTAAAACCCCTTGGGCT
ACGTGATAAAGTAGAAGCGCTATATATCAARATGGTGACTGAAGGCTAACTGTCTCC
ACGCTAGCGAACCGCTGTTTATAGTTAATATAAGTACTATAAGCAGGGCTCGTTAAT
TCAGTATGTAATTAATCCTGAATACCTCCGCTTATTTCAACATTGTACTCTCTAGAT
AACACTCTCAACATTACACCTTCAACATCACAGCCTCCACATAACATCCGATGACAT
AGCCCTGTTATTTTTCACATTTATCTATATGCTATATATTTTAGCCATTTGATCAAT
TGAGTTAATTTCTGCAATGACAAAGATATACCATCATCCAGTACAAATTTATTATGA
AGATACCGACCATTCTGGTGTTGTTTACCACCCTAACTTTTTAAAATACTTTGAACG
TGCACGTGAGCATGTGATAAATAGTGACTTACTAGCAACATTGTGGAATGAACGCGG
TTTAGGTTTTGCGGTGTATAAAGCCAATATGACTTTTCAGGATGGGGTCGAATTTGC
TGAAGTGTGTGATATTCGCACTTCTTTTGTCCTAGACGGTAAGTACAAAACGATCTG
GCGCCAAGAAGTATGGCGTCCGAATGCCGACTAGGGCTGCCGTTATCGGTGATATTGA
AATGGTGTGCTTAGACAAACAAAAACGTTTACAGCCCATCCCTGATGATGTGTTAGC
TGCAATGGTTAGTGAATAAATGGTTCATGCATAAATAGTTAATACATGATTCTGGCC
CGTCACGTTTACAGATAAGAGGCATCCGATGCCTCCTTCCTATTACCAATACTACTG
CTTATCCCTTTCTAACTATCTTTAGCGTCCATAACACACTGAGCATTTATTCTATTA
ATCAGTGATTGTGATTTAATTATCTTCTATATATGTAATTTAATGTAATTTTCAATT
TATTTTTAGCTACATTAAGGCTTACGAATGTACGCTAAAATGAGATGTCAGACTAAT
TTTAGCTTATTAATCTGTTAGCCGTTTATATTTTATAAAGATGGGATTTAACTTAAA
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TGCAATTAATTATGGCGTAAATAGAGTGAAAACATGGCTAATATTCACTAAGTCCTG
AATTTTATATAAAGTTTAATCTGTTATTTTAGCGTTTACCTGGTCTTATCAGTGAGS
TTTATAGCCATTATTAGTGGGATTGAAGTGATTTTTAAAGCTATGTATATTATTGCA
AATATAAATTGTAACAATTAAGACTTTGGACACTTGAGTTCAATTTCGAATTGATTG
GCATAAAATTTAAAACAGCTAAATCTACCTCAATCATTTTAGCAAATGTATGCAGGT
AGATTTTTTTCGCCATTTAAGAGTACACTTGTACGCTAGGTTTTTGTTTAGTGTGCA
AATGAACGTTTTGATGAGCATTGTTTTTAGAGCACAAAATAGATCCTTACAGGAGCA
ATAACGCAATGGCTAAAAAGAACACCACATCGATTAAGCACGCCAAGGATGTGTTAA
GTAGTGATGATCAACAGTTAAATTCTCGCTTGCAAGAATGTCCGATTGCCATCATTG
GTATGGCATCGGTTTTTGCAGATGCTAAAARACTTGGATCAATTCTGGGATAACATCG
TTGACTCTGTGGACGCTATTATTGATGTGCCTAGCGATCGCTGGAACATTGACGACC
ATTACTCGGCTGATAAAAAAGCAGCTGACAAGACATACTGCARACGCGGTGETTTICA
TTCCAGAGCTTGATTTTGATCCGATGGAGTTTGGTTTACCGCCAAATATCCTCGAGT
TAACTGACATCGCTCAATTGTTGTCATTAATTGTTGCTCGTGATGTATTAAGTGATG
CTGGCATTGGTAGTGATTATGACCATGATAARATTGGTATCACGCTGGGTGTCGETG
GTGGTCAGAAACARATTTCGCCATTAACGTCGCGCCTACAAGGCCCGGTATTAGARA,
AAGTATTAAAAGCCTCAGGCATTGATGAAGATGATCGCGCTATGATCATCGACAAAT
TTAAAAMAGCCTACATCGGCTGGGRAAGAGAACTCATTCCCAGGCATGCTAGGTAACG
TTATTGCTGGTCGTATCGCCAATCGTTTTGATTTTGGTGGTACTAACTGTGTGGTTG
ATGCGGCATGCGCTGGCTCCCTTGCAGCTGTTAAAATGGCGATCTCAGACTTACTTG
AATATCGTTCAGRAGTCATGATATCGGGTGGTGTATGTTGTGATAACTCGCCATICA
TGTATATGTCATTCTCGARAAACACCAGCATTTACCACCAATGATGATATCCGTCCGT
TTGATGACGATTCAAAAGGCATGCTGGTTGGTGAAGGTATTGGCATCGATGGCGTTTA
AACGTCTTGAAGATGCTGAACGTGACGGCGACAAAATTTATTCTGTACTGAAAGGTA
TCGGTACATCTTCAGATGGTCGTTTCAAATCTATTTACGCTCCACGCCCAGATGGCC
AAGCAARAAGCGCTAARACGTGCT TATGAAGATGCCGGTTTTGCCCCTGAAACATGTS
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GTCTAATTGAAGGCCATGGTACGGGTACCAAAGCGGGTGATGCCGCAGAATTTGCTG
GCTTGACCABACACTTTGGCGCCGCCAGTGATGAAAAGCAATATATCGCCTTAGGCT
CAGTTAAATCGCAAATTGGTCATACTARATCTGCGGCTGGCTCTGCGGGTATGATTA
AGGCGGCATTAGCGCTGCATCATAAAATCTTACCTGCAACCGATCCATATCGATAAAC
CAAGTGAAGCCTTGGATATCAAAARACAGCCCGTTATACCTARACAGCGAAACGCGTC
CTTGGATGCCACGTGAAGATGGTATTCCACGTCGTGCAGGTATCAGCTCATTTGGTT
TTGGCGGCACCAACTTCCATATTATTTTAGAAGAGTATCGCCCAGGTCACGATAGCG
CATATCGCTTAARACTCAGTGAGCCAAACTGTGTTGATCTCGGCAAACGACCAACAAG
GTATTGTTGCTGAGTTAAATAACTGGCGTACTAAACTGGCTGTCGATGCTGATCATC
AAGGGTTTGTATTTAATGAGTTAGTGACAACGTGGCCATTAAAAACCCCATCCGTTA
ACCAAGCTCGTTTAGGTTTTGTTGCGCGTAATGCAAATGAAGCGATCGCGATGATTG
ATACGGCATTGAAACAATTCAATGCGAACGCAGATAAAATGACATGGTCAGTACCTA
CCGGGGTTTACTATCGTCAAGCCGGTATTGATGCAACAGGTAAAGTGGTTGCGCTAT
TCTCAGGGCAAGGTTCGCAATACGTGAACATGGGTCGTGAATTAACCTGTAACTTCC
CAAGCATGATGCACAGTGCTGCGGCGATGGATAAAGAGTTCAGTGCCGCTGGTTTAG
GCCAGTTATCTGCAGTTACTTTCCCTATCCCTGTTTATACGGATGCCGAGCGTAAGC
TACAAGAAGAGCAATTACGTTTAACGCAACATGCGCAACCAGCGATTGGTAGTTTGA
GTGTTGGTCTGTTCAAAACGTTTAAGCAAGCAGGTTTTARAGCTGATTTTGCTGCCG
GTCATAGTTTCGGTGAGTTAACCGCATTATGGGCTGCCGATGTATTGAGCGAAAGCG
ATTACATGATGTTAGCGCGTAGTCGTGGTCAAGCAATGGCTGCGCCAGAGCAACAAG
ATTTTGATGCAGGTAAGATGGCCGCTGTTGTTGGTGATCCAAAGCAAGTCGCTGTGA
TCATTGATACCCTTGATGATGTCTCTATTGCTAACTTCAACTCGRATAACCAAGTTG
TTATTGCTGGTACTACGGAGCAGGTTGCTGTAGCGGTTACAACCTTAGGTAATGCTG
GTTTCAAAGTTGTGCCACTGCCGGTATCTGCTGCGTTCCATACACCTTTAGTTCGTC
ACGCGCAAAARCCATTTGCTAAAGCGGTTGATAGCGCTAAATTTARAGCGCCAAGCA
TTCCAGTGTTTGCTAATGGCACAGGCTTGGTGCATTCAAGCAAACCGAATGACATTA
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AGAARAAACCTGAAAAACCACATGCTGGAATCTGTTCATTTCAATCAAGAAATTGACA
ACATCTATGCTGATGGTGGCCGCGTATTTATCGAATTTGGTCCAAAGARTGTATTAA
CTAAATTGGTTGAAAACATTCTCACTGAAAAATCTGATGTGACTGCTATCGCGGTTA
ATGCTAATCCTAAACAACCTGCGGACGTACAAATGCGCCAAGCTGCGCTGCARATGG
CAGTGCTTGGTGTCGCATTAGACAATATTGACCCGTACGACGCCGTTAAGCGTCCAC
TTGTTGCGCCGARAGCATCACCAATGTTGATGAAGTTATCTGCAGCGTCTTATGTTA
GTCCGAAAACGAAGAAAGCGTTTGCTGATGCATTGACTGATGGCTGGACTGTTAAGC
ARGCGAAAGCTGTACCTGCTGTTGTGTCACAACCACAAGTGATTGAAAAGATCGTTG
AAGTTGAAARGATAGTTGAACGCATTGTCGAAGTAGAGCGTATTGTCGAAGTAGAAA
AAATCGTCTACGTTAATGCTGACGGTTCGCTTATATCGCAAAATAATCARGACGTTA
ACAGCGCTGTTGTTAGCAACGTGACTAATAGCTCAGTGACTCATAGCAGTGATGCTG
ACCTTGTTGCCTCTATTGAACGCAGTGTTGGTCAATTTGTTGCACACCAACAGCAAT
TATTAAATGTACATGAACAGTTTATGCAAGGTCCACAAGACTACGCGAAAACAGTGC
AGAACGTACTTGCTGCGCAGACGAGCAATGAAT TACCGGAAAGT TTAGACCGTACAT
LUTCTATGTATAACGAGTTCCAATCAGAAACGCTACGTGTACATGARACGTACCTGA
ACAATCAGACGAGCAACATGAACACCATGCTTACTGGTGCTGAAGCTGATGTGCTAG
CAACCCCAATAACTCAGGTAGTGAATACAGCCGTTGCCACTAGT CACAAGGTAGTTG
CTCCAGTTATTGCTAATACAGTGACGAATGTTGTATCTAGTGTCAGTAATAACGCGG
CGGTTGCAGTGCARACTGTGGCATTAGCGCCTACGCAAGARATCGCTCCAACAGTCG
CTACTACGCCAGCACCCGCATTGGTTGCTATCGTGGCTGRACCTGTGATTGTTGCGC
ATGTTGCTACAGAAGTTGCACCAATTACACCATCAGTTACACCAGTTGTCGCAACTC
AAGCGGCTATCGATGTAGCAACTATTAACAAAGTAATGTTAGAAGTTGTTGCTGATA
AMACCGGTTATCCARACGGATATGCTGGAACTGAGCATGGACATGGAAGCTGACTTAG
GTATCGACTCAATCAAACGTGTTGAGATATTAGGCGCAGTACAGGAATTGATCCCTG
ACTTACCTGAACTTAATCCTGAAGATCTTGCTGAGCTACGCACGCTTGGTGAGATTG
TCGATTACATGAATTCARAAGCCCAGGCTGTAGCTCCTACAACAGTACCTGTAACAA
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GTGCACCTGTTTCGCCTGCATCTGCTGGTATTGATTTAGCCCACATCCARAAACGTAA
TGTTAGAAGTGGTTGCAGACAAAACCGGTTACCCAACAGACATGCTAGAACTGAGCA
TGGATATGGAAGCTGACTTAGGTATTGATTCAATCAAGCGTGTGGAAATCTTAGGTG
CAGTACAGGAGATCATAACTGATTTACCTGAGCTAAACCCTGAAGATCTTGCTGAAT
TACGCACCCTAGGTGAAATCGTTAGTTACATGCAARAGCARAGCGCCAGTCGCTGAAA
GTGCGCCAGTGGCGACGGCTCCTGTAGCAACAAGCTCAGCACCGTCTATCGATTTGA
ACCACATTCAAACAGTGATGATGGATGTAGTTGCAGATAAGACTGGTTATCCAACTG
ACATGCTAGAACTTGGCATGGACATGGAAGCTGATTTAGGTATCGATTCAATCAAAC
GTGTGGAAATATTAGGCGCAGTGCAGGAGATCATCACTGATTTACCTGAGCTAAACC
CAGAAGACCTCGCTGAATTACGCACGCTAGGTGAAATCGTTAGT TACATGCAAAGCA
AAGCGCCAGTCGCTGAGAGTGCGCCAGTAGCGACGGCTTCTGTAGCAACAAGCTCTG
CACCGTCTATCGATTTAAACCATATCCAAACAGTGATGATGGAAGTGGTTGCAGACA
AANCCGGTTATCCAGTAGACATGTTAGAACTTGCTATGGACATGGAAGCTGACCTAG
GTATCGATTCAATCAAGCGTGTAGAMATTTTAGGTGCGGTACAGGARAATCATTACTG
ACTTACCTGAGCTTAACCCTGAAGATCTTGCTGAACTACGTACATTAGGTGARATCG
TTAGTTACATGCAAAGCARAGCGCCCGTAGCTGAAGCGCCTGCAGTACCTGTTGCAG
TAGAAAGTGCACCTACTAGTGTAACAAGCTCAGCACCGTCTATCGATTTAGACCACA
TCCAAAATGTAATGATGGATGTTGTTGCTGATAAGACTGGTTATCCTGCCAATATGC
TTGAATTAGCAATGGACATGGAAGCCGACCTTGGTATTGATTCAATCAAGCGTGTTG
AAATTCTAGGCGCGGTACAGGAGATCATTACTGATTTACCTGAACTARACCCAGAAG
ACTTAGCTGAACTACGTACGTTAGAAGAAATTGTAACCTACATGCARAGCAAGGCGA
GTGGTGTTACTGTAAATGTAGTGGCTAGCCCTGAAAATAATGCTGTATCAGATGCAT
TTATGCAAAGCAATGTGGCGACTATCACAGCGGCCGCAGAACATAAGGCGGAATTTA
AACCGGCGCCGAGCGCAACCGTTGCTATCTCTCGTCTRAGCTCTATCAGTARAATAN
GCCAAGATTGTAAAGGTGCTAACGCCTTAATCGTAGCTGATGGCACTGATAATGCTG
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TGTTACTTGCAGACCACCTATTGCAAACTGGCTGGAATGTAACTGCATTGCAACCAA
CTTGGGTAGCTGTAACAACGACGAAAGCATTTAATAAGTCAGTGAACCTGGTGACTT
TAAATGGCGTTGATGAAACTGARATCAACAACATTATTACTGCTAACGCACAATTGG
ATGCAGTTATCTATCTGCACGCAAGTAGCGAAATTAATGCTATCGAATACCCACAAG
CATCTAAGCAAGGCCTGATGTTAGCCTTCTTATTAGCGAAATTGAGTAAAGTAALCTC
AAGCCGCTAAAGTGCGTGGCGCCTTTATGATTGTTACTCAGCAGGGTGGTTCATTAG
GTTTTGATGATATCGATTCTGCTACAAGTCATGATGTGAAAACAGACCTAGTACAAA
GCGGCTTAAACGGTTTAGTTAAGACACTCTCTCACGAGTGGGATAACGTATTCTGTC
GTGCGGTTGATATTGCTTCGTCATTAACGGCTGAACAAGTTGCAAGCCTTGTTAGTG
ATGAACTACTTGATGCTAACACTGTATTAACAGAAGTGCGTTATCAACAAGCTGGTA
AAGGCCTTGAACGTATCACGTTAACTGGTGTGGCTACTGACAGCTATGCATTAACAG
CTGGCAATAACATCGATGCTAACTCGGTATTTTTAGTGAGTGGTGGCGCAARAGGTG
TAACTGCACATTGTGTTGCTCGTATAGCTAAAGAATATCAGTCTAAGTTCATCTTAT
TGGCGACGTTCAACGTTCTCAAGTGACGARCCGAGCTGGGCAAGTGGTATTACTGATG
AAGCGGCGTTAAAGAANGCAGCGATGCAGTCTTTGATTACAGCAGGTGATARACCAA
CACCCGTTAAGATCGTACAGCTAATCAAACCAATCCAAGCTAATCGTGARATTGCGC
AAACCTTGTCTGCAATTACCGCTGCTGGTGGCCARGCTGAATATGTTTCTGCAGATG
TAACTAATGCAGCRAGCGTACAAATGGCAGTCGCTCCAGCTATCGCTAAGTTCGGTG
CAATCACTGGCATCATTCATGGCGCGGGTGTGTTAGCTGACCAATTCATTGAGCARAA
AAACACTGAGTGATTTTGAGTCTGTTTACAGCACTAAAATTGACGGTTTGTTATCGC
TACTATCAGTCACTGAAGCAAGCAACATCAAGCAATTGGTATTGTTCTCGTCAGCGG
CTGGTTTCTACGGTAACCCCGGCCAGTCTGATTACTCGATTGCCAATGAGATCTTAA
ATARAACCGCATACCGCTTTAAATCATTGCACCCACARGCTCAAGTATTGAGCTTTA
ACTGGGGTCCTTGGGACGGTGGCATGGTAACGCCTGAGCTTAAACGTATGTTTGACC
AACGTGGTGTTTACATTATTCCACTTGATGCAGGTGCACAGTTATTGCTGAATGAAC
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TAGCCGCTAATGATAACCGTTGTCCACAAATCCTCGTGGGTAATGACTTATCTARAG
ATGCTAGCTCTGATCAAAAGTCTGATGAAAAGAGTACTGCTGTAAARAAGCCACRAG
TTAGTCGTTTATCAGATGCTTTAGTAACTAAAAGTATCAAAGCGACTAACAGTAGCT
CTTTATCAAACARGACTAGTGCTTTATCAGACAGTAGTGCTTTTCAGGTTAACGAAA
ACCACTTTTTAGCTGACCACATGATCAAAGGCAATCAGGTATTACCAACGGTATGCG
CGATTGCTTGGATGAGTGATGCAGCAAAAGCGACTTATAGTAACCGAGACTGTGCAT
TGAAGTATGTCGGTTTCGAAGACTATAAATTGTTTAAAGGTGTGGTTTTTGATGGCA
ATGAGGCGGCGGATTACCAAATCCAATTGTCGCCTGTGACAAGGGCGTCAGAACAGGE
ATTCTGAAGTCCGTATTGCCGCAAAGATCTTTAGCCTGAAAAGTGACGGTAAACCTG
TGTTTCATTATGCAGCGACAATATTGTTAGCAACTCAGCCACTTAATGCTGTGAAGG
TAGAACTTCCGACATTGACAGAAAGTGTTGATAGCRACAATAAAGTAACTGATGAAG
CACAAGCGTTATACAGCAATGGCACCTTCGTTCCACGGTGAARAGTCTGCAGGGCATTA
AGCAGATATTAAGTTGTGACGACAAGGGCCTGCTATTGGCTTGTCAGATAACCGATG
TTGCAACAGCTAAGCAGGGATCCTTCCCGTTAGCTGACAACAATATCTTTGCCAATG
ATTIGETTTATCAGGCTATGTTGGETCTGGETGCGCAAACAATTTGGTTTAGGTAGCT
TACCTTCGGTGACAACGGCTTGGACTGTGTATCGTGAAGTGGTTGTAGATGAAGTAT
TTTATCTGCAACTTAATGTTGTTGAGCATGATCTATTGGGTTCACGCGGCAGTARAG
CCCGTTGTGATATTCAATTGAT TGCTGCTGATATGCAATTACTTGCCGAAGTGAMAT
CAGCGCAAGTCAGTGTCAGTGACATTTTGAACGATATGTCATGATCGAGTAAATAAT
AACGATAGGCGTCATGGTGAGCATGGCGTCTGCTTTCTTCATTTTTTAACATTAACA
ATATTAATAGCTAAACGCGGTTGCTTTAAACCAAGTAAACAAGTGCTTTTAGCTATT
ACTATTCCAAACAGGATATTAAAGAGAATATGACGGAATTAGCTGTTATTGGTATGG
ATGCTAAATTTAGCGGACAAGACAATATTGACCGTGTGGAACGCGCTTTCTATGAAG
GTGCTTATGTAGGTAATGTTAGCCGCGTTAGTACCGAATCTAATGTTATTAGCAATG
GCGAAGAACAAGTTATTACTGCCATGACAGTTCTTAACTCTGTCAGTCTACTAGCGC
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AADCGAATCAGTTAAATATAGCTGATATCGCGGTGTTGCTGATTGCTGATGTARRAN
GTGCTGATGATCAGCTTGTAGTCCARATTGCATCAGCAAT TGAAAAACAGTGTCCGA
GTTGTGTTGTTATTGCTGATTTAGGCCAAGCATTARATCAAGTAGCTGATTTAGTTA
ATAACCAAGACTGTCCTGTGGCTGTAATTGGCATGAATAACTCGGTTAATTTATCTC
GTCATGATCTTGAATCTGTAACTGCAACAATCAGCTTTGATGAAACCTTCAATGGTT
ATAACAATGTAGCTGGGTTCGCGAGTTTACTTATCGCTTCAACTGCGTTTGCCAATG
CTAAGCAATGTTATATATACGCCAACATTAAGGGCTTCGCTCAATCGGGCGTAAATG
CTCAATTTAACGTTGGAAACATTAGCGATACTGCAAAGACCGCATTGCAGCAAGCTA
GCATAACTGCAGAGCAGGTIGGTTTGTTAGRAGTGTCAGCAGTCGCTGATTCGGCAA
TCGCATTGTCTGAAAGCCAAGGTTTAATGTCTGCTTATCATCATACGCAAACTTTGC
ATACTGCATTAAGCAGTGCCCGTAGTGTGACTGGTGAAGGCGGGTGTTTTTCACAGG
TCGCAGGTTTATTGAAATGTGTAATTGGTTTACATCAACGTTATATTCCGGCGATTA
AAGATTGGCAACAACCGAGTGACAATCARATGTCACGGTCGGCGGAATTCACCATTCT
ATATGCCTGTAGATGCTCGACCTTGGTTCCCACATGCTGATGGCTCTGCACACATTG
CCGCTTATAGTTGTGTGACTGCTGACAGCTATTGTCATATTCTTTTACAAGARAMCG
TCTTACAAGAACTTGTTTTGAAAGAAACAGTCTTGCAAGATAATGACTTAACTGAAA
GCAAGCTTCAGACTCTTGAACAAAACAATCCAGTAGCTGATCTGCGCACTAATGGTT
ACTTTGCATCGAGCGAGTTAGCATTAATCATAGTACAAGGTAATGACGAAGCACAAT
TACGCTGTGAATTAGAAACTATTACAGGGCAGTTAAGTACTACTGGCATAAGTACTA
TCAGTATTAAACAGATCGCAGCAGACTGTTATGCCCGTAATGATACTAACAAAGECT
ATAGCGCAGTGCTTATTGCCGAGACTGCTGAAGAGTTAAGCAAAGAAATAACCTTGG
CGTTTGCTGGTATCGCTAGCGTGTTTAATGAAGATGCTAAAGAATGGAAAACCLCCGA
AGGGCAGTTATTTTACCGCGCAGCCTGCAAATAAACAGGCTGCTAACAGCACACAGA
ATGGTGTCACCTTCATGTACCCAGGTATTGGTGCTACATATGTTGGTTTAGGGCGTG
ATCTATTTCATCTATTCCCACAGATTTATCAGCCTGTAGCGGCTTTAGCCGATGACA
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TTGGCGAAAGTCTAAAAGATACTTTACTTAATCCACGCAGTATTAGTCGTCATAGCT
TTAAAGAACTCAAGCAGTTGGATCTGGACCTGCGCGGTAACTTAGCCAATATCGCTG
ANGCCGGETGTGGGTTTTGCTTGTGTGTTTACCAAGGTATTTGAAGAAGTCTTTGCCG
TTAAAGCTGACTTTGCTACAGGTTATAGCATGGGTGAAGTAAGCATGTATGCAGCAC
TAGGCTGCTGGCAGCAACCGGGATTGATGAGTGCTCGCCTTGCACAATCGAATACCT
TTAATCATCAACTTTGCGGCGAGTTAAGAACACTACGTCAGCATTGGGGCATGGATG
ATGTAGCTAACGGTACGTTCGAGCAGATCTGGGARACCTATACCATTAAGGCAACGA
TTGAACAGGTCGAAATTGCCTCTGCAGATCGAAGATCGTGTGTATTGCACCATTATCA
ATACACCTGATAGCTTGTTGTTAGCCGGTTATCCAGAAGCUTGTCAGCGAGTCATTA
AGAATTTAGGTGTGCGTGCAATGGCATTGAATATGGCGAACGCAATTCACAGCGCGC
CAGCTTATGCCGAATACGATCATATGGTTGAGCTATACCATATGGATGTTACTCCAC
GTATTAATACCAAGATGTATTCAAGCTCATGTTATTTACCGATTCCACAACGCAGCA
AAGCGATTTCCCACAGTATTGCTAARATGTTTGTGTGATGTGGTGGATTTCCCACGTT
TGGTTAATACCTTACATGACAAAGGTGCGCGGGTATTCATTGAAATGGGTCCAGGTC
GTTCGTTATGTAGCTGCGTAGATAAGATCTTAGTTAATGGCGATGGCGATAATAARAA
AGCAAAGCCAACATGTATCTGTTCCTGTGAATGCCARAGGCACCAGTGATGAACTTA
CTTATATTCGTGCGAT TGCTAAGTTAATTAGTCATGGCGTGAATTTGAATTTAGATA
GCTTGTTTAACGGGTCAATCCTGGTTAAAGCAGGCCATATAGCAARACACGAACADAT
AGTCAACATCGATATCTAGCGCTGGTGAGTTATACCTCATTAGTTGAAATATGGATT
TAARGAGAGTAATTATGGAAAATATTGCAGTAGTAGGTATTGCTAATTTGTTCCCGG
GCTCACAAGCACCGGATCAATTTTGGCAGCAATTGCTTGAACAACAAGATTGCCGCA
GTAAGGCGACCGCTGTTCAAATGGGCGTTGATCCTGCTARATATACCGCCAACAAAG
GTGACACAGATAAATTTTACTGTGTGCACGGCGGTTACATCAGTGATTTCAATTTTG
ATGCTTCAGGTTATCAACTCGATAATGATTATTTAGCCGGTTTAGATGACCTTAATC
AATGGGGGCTTTATGTTACGAAACRAGCCCTTACCGATGCGGGTTATTGGGGCAGTA
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CTGCACTAGAAAACTGTGGTGTGAT TTTAGGTAATTTGTCATTCCCAACTAAATCAT
CTAATCAGCTGTTTATGCCTTTGTATCATCAAGTTGTTGATAATGCCTTAAAGGCGG
TATTACATCCTGATTTTCAATTAACGCATTACACAGCACCGAAAARAACACATGCTG
ACARATGCATTAGTAGCAGGTTATCCAGCTGCATTGATCGCGCAAGCGEGCGEGETCTTG
GTGGTTCACATTTTGCACTGGATGCGGCTTGTGCTTCATCTTGTTATAGCGTT%AGT
TAGCGTGTGATTACCTGCATACGGGTAAAGCCAACATCGATGCTTGCTGGTGCGGTAT
CTGCAGCAGATCCTATGTTCGTAAATATGGGTTTCTCGATATTCCAAGCTTACCCAG
CTAACAATGTACATGCCCCGTTTGACCAAAATTCACAAGGTCTATTTGCCGGTGRAG
GCGCGGGCATGATGGTATTGAAACGTCARAGTGATGCAGTACGTGATGGTGATCATA
TTTACGCCATTATTAAAGGCGGCGCATTATCGAATGACGGTAAAGGCGAGTTTGTAT
TAAGCCCGAACACCAAGGGCCAAGTATTAGTATATGAACGTGCTTATGCCGATGCAG
ATGTTGACCCGAGTACAGTTGACTATATTGAATGTCATGCAACGGGCACACCT%AGG
GIGACAATGTTGAATTGCGTTCGATGGAAACCTTTTTCAGTCGCGTAAATAACAAAC
CATTACTGGGCTCGGTTARATCTAACCTTGGTCATTTGTTAACTECCGCTGGTATGC
CTGGCATGACCAAAGCTATGTTAGCGCTAGGTAAAGGTCTTATTCCTGCAACGATTA
ACTTAAAGCAACCACTGCAATCTAAAANCGGTTACTTTACTGGCGAGCAAATGCCAA
CGACGACTGTGTCTTGGCCAACAACTCCGGGTGCCARAGGCAGATAAACCGCGTTACCG
CAGGTGTGAGCGTATTTGGTTTTGGTGGCAGCAACGCCCATTTGGTATTACAACAGC
CAACGCRAACACTCGAGACTAATTTTAGTGTTGCTAARACCACGTGAGCCTTTGGCTA
TTATTGGTATGGACAGCCATTTTGGTAGTGCCAGTAATTTAGCGCAGTTCARAACCT
TATTAMATAATAATCAAAATACCTTCCGTGAATTACCAGAACAACGCTGGAARAGGCA
TGGAAAGTAACGCTAACGTCATGCAGTCGTTACAATTACGCAAAGCGCCTAARMGGCA
GTTACGTTGAACAGCTAGATATTGATTTCTTGCGTTTTAAAGTACCGCCTAATGARA
AAGATTGCTTGATCCCGCAACAGTTAATGATGATGCAAGTGGCAGACAATGCTGCGA
AAGACGGAGGTCTAGTTGAAGGTCGTRATGTTGCGGTATTAGTAGCGATGGGCATGG
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AACTGGAATTACATCAGTATCGTGGTCGCGTTAATCTAACCACCCARAATTGAAGACA
GCTTATTACAGCAAGGTATTAACCTGACTGTTGAGCAACGTGAAGAACTGACCAATA
TTGCTAAAGACGGTGTTGCCTCGGCTGCACAGCTAMAATCAGTATACGAGTTTCATTG
GTAATATTATGGCGTCACGTATTTCGGCGTTATGGGATTTTTCTGGTCCTGCTATTA
CCGTATCGGCTGAAGAAAACTCTGTTTATCGTTGTGTTGAATTAGCTGAAAATCTAT
TTCAAACCAGTGATGTTGAAGCCGTTATTATTGCTGCTGTTGATTTGTCTGGTTCAA
TTGAAAACATTACTTTACGTCAGCACTACGGTCCAGTTAATGAAAAGGGATCTGTAR
GTGRATGTGGTCCGGTTAATGAAAGCAGTTCAGTAACCAACRATATTCTTGATCAGC
AACAATGGCTGGTGGGTGAAGGCGCAGCGGCTATTGTCGTTAAACCGTCATCGCAAG
TCACTGCTGAGCAAGTTTATGCGCGTATTGATGCGGTGAGTTTTGCCCCTGGTAGCA
ATGCGAAAGCAATTACGATTGCAGCGGATARAGCATTAACACTTGCTGGTATCAGTG
CTGCTGATGTAGCTAGTGT TGAAGCACATGCAAGTGGTTTTAGTGCCGAARATAATG
CTGAAAAAACCGCGTTACCGACTTTATACCCAAGCGCAAGTATCAGTTCGGTGAAAG
- CCAATATIGGTCATACGTTTAATGCCTCGGGTATGGCGAGTATTATTAAAACGGCGT
TGCTGTTAGATCAGAATACGAGTCAAGATCAGAAAAGCAAACATATTGCTATTAACG
GTCTAGGTCGTGATAACAGCTGCGCGCATCTTATCTTATCGAGTTCAGCGCAAGCGC
ATCAAGTTGCACCAGCGCCTGTATCTGGTATGGCCARGCAACGCCCACAGTTAGTTA
AAACCATCARACTCGGTGGTCAGTTAATTAGCAACGCGATTGTTAACAGTGCGAGTT
CATCTTTACACGCTATTAAAGCGCAGTTTGCCGGTAAGCACTTAAACAAAGTTAACC
AGCCAGTGATGATGGATAACCTGAAGCCCCAAGGTATTAGCGCTCATGCAACCAATG
AGTATGTGGTGACTGGAGCTGCTAACACTCAAGCTTCTAACATTCAAGCATCTCATG
TTCAAGCGTCAAGTCATGCACAAGAGATAGCACCAAACCAAGTTCAARATATGCAAG
CTACAGCAGCCGCTGTAAGTTCACCCCTTTCTCAACATCAACACACAGCGCAGCCCG
TAGCGGCACCGAGCCTTGTTGGAGTGACTGTGAAACATAAAGCARGTAACCAAATTC
ATCAGCAAGCGTCTACGCATAAAGCATTTTTAGAAAGTCGTTTAGCTGCACAGAARA
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ACCTATCGCAACTTGTTGAATTGCAAACCAAGCTGTCAATCCAAACTGGTAGTGACA
ATACATCTAACAATACTGCGTCAACAAGCAATACAGTGCTAACAAATCCTGTATCAG
CAACGCCATTAACACTTGTGTCTAATGCGCCTGTAGTAGCGACAAACCTAACCAGTA
CAGAAGCAAAAGCGCAAGCAGCTGCTACACAAGCTGGTTTTCAGATAARAGGACCTG
TTGGTTACAACTATCCACCGCTGCAGTTAATTGAACGTTATAATAARCCAGAAAACG
TGATTTACGATCAAGCTGATTTGGTTGAATTCGCTGAAGGTGATATTGGTAAGGTAT
TTGGTGCTCAATACAATATTATTGATGGCTATTCGCGTCEGTGTACGTCTGCCAACCT
CAGATTACTTGTTAGTAACACGTGTTACTGAACTTGATGCCAAGGTGCATGARATACA
AGAAATCATACATGTGTACTGAATATGATGTGCCTGTTGATGCACCEGTTCTTAATTG
ATGGTCAGATCCCTTGGTCTGTTGCCGTCGAATCAGGCCAGTGTGATITGATGTTGA
TTTCATATATCGGTATTGATTTCCAAGCGAAAGGCGAACGTGTTTACCGTTITACTTG
ATTGTGAATTAACTTTCCTTGAAGAGATGGCTTTTIGGTGGCGATACTTTACGTTACG
AGATCCACATTGATTCGTATGCACGTAACGGCGAGCAATTATTATTCTTCTTCCATT
ACGATTGTTACGTAGGGGATAAGAAGGTACTTATCATGCGTAATGGTTGTGCTGGTT
TCTTTACTGACGAAGAACTTTCTGATGGTAARAAGGCGTTATTCATAACGACAAAGACA
AAGCTGAGTTTAGCAATGCTGTTAAATCATCATTCACGCCGTTATTACAACATAACC
GTGGTCAATACGATTATAACGACATGATGAAGTTGGTTAATGGTGATGTTGCCAGTT
GTTTTGGTCCGCAATATGATCAAGGTGGCCGTAATCCATCATTGAARATTCTCGTCTG
AGAAGTTCTTGATGATTGAACGTATTACCAAGATAGACCCAACCGGTGGTCATTGGG
GACTAGGCCTGTTAGAAGGTCAGAAAGATTTAGACCCTGAGCATTGGTATTTCCCTT
GTCACTTTAAAGGTGATCAAGTAATGGCTGGTTCGTTGATGTCGGAAGGTTGTGGCC
AAATGGCGATGTTCTTCATGCTGTCTCTTGGTATGCATACCAATGTGAACAACGCTC
GTTTCCAACCACTACCAGGTGAATCACAAACGGTACGTTGTCGTGGGCAAGTACTGC
CACAGCGCAATACCTTAACTTACCGTATGGAAGTTACTGCGATGGGTATGCATCCAC
AGCCATTCATGAAAGCTAATATTGATATTTTGCTTGACGGTAAAGTGGTTGTTGATT
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TCAAAAACTTGAGCGTGATGATCAGCGAACAAGATGAGCATTCAGATTACCCTGTAA
CACTGCCGAGTAATGTGGCGCTTAAAGCGATTACTGCACCTGTTGCGTCAGTAGCAC
CAGCATCTTCACCCGCTAACAGCGCGGATCTAGACGAACGTGGTGTTGAACCGTTTA
AGTTTCCTGAACGTCCGTTAATGCGTCTTGAGTCAGACTTGTCTGCACCGAAAAGCA
AARGGTGTGACACCGATTAAGCATTTTGAAGCGCCTGCTGTTGCTGGTCATCATAGAG
TGCCTAACCAAGCACCGTTTACACCTTGGCATATGTTTGAGTTTGCGACGGGTAATA
TTTCTAACTGTTTCGGTCCTGATTTTGATGTTTATGAAGGTCGTATTCCACCTCGTA
CACCTTGTGGCGATTTACAAGTTGTTACTCAGGTTGTAGAAGTGCAGGGCGAACGTC
TTGATCTTAAAAATCCATCAAGCTGTGTAGCTGAATACTATGTACCGGAAGACGCTT
GGTACTTTACTAAARACAGCCATGAAAACTGGATGCCTTATTCATTAATCATGGARAA
TTGCATTGCAACCAAATGGCTTTATTTCTGGTTACATGGGCACGACGCTTARATACC
CTGAAAAAGATCTGTTCTTCCGTAACCTTGATGGTAGCGGCACGTTATTAAAGCAGA
TTGATTTACGCGGCAAGACCATTGTGAATAAATCAGTCTTGGTTAGTACGGCTATTG
CTGGTGGCGCGATTATTCAAAGTTTCACGT TTGATATGTCTGTAGATGGCGAGCTAT
TTTATACTGGTAAAGCTGTATTTGGTTACTTTAGTGGTGAATCACTGACTAACCAAC
TGGGCATTGATAACGGTAAAACGACTAATGCGTGGTTTGTTGATAACAATACCCCCG
CAGCGAATATTGATGTGTTTGATTTAACTAATCAGTCATTGGCTCTGTATAAAGCGC
CTGTGGATAARACCGCATTATAAATTGGCTGGTGGTCAGATGAACTTTATCGATACAG
TGTCAGTGGTTGAAGGCGGTGGTAAAGCGGGCGTGGCTTATCTTTATGGCGAACGTA
CGATTGATGCTGATGATTGGTTCTTCCGTTATCACTTCCACCAAGATCCGGTGATGC
CAGGTTCATTAGGTGTTGAAGCTATTAT TGAGTTGATGCAGACCTATGCGCTTAAAL
ATGATTTGGGTGGCAAGTTTGCTAACCCACGTTTCATTGCGCCGATGACGCAAGTTG
ATTGGAAATACCGTGGGCARATTACGCCGCTGAATARACAGATGTCACTGGACGTGC
ATATCACTGAGATCGTGAATGACGCTGGTGAAGTGCCAATCGTTGGTGATGCGAATC
TGTCTARAGATGGTCTGCGTATTTATGAAGT TARARACATCGTTTTAAGTATTGTTG
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AAGCGTAAAGGGTCAAGTGTAACGTGCTTAAGCGCCGCATTGGTTAAAGACGCTTTG
CACGCCGTGAATCCGTCCATGGAGGCTTGGGGTTGGCATCCATGCCAACAACAGCAA
GCTTACTTTAATCAATACGGCTTGGTGTCCATTTAGACGCCTCGAACTTAGTAGTTA
ATAGACARAATAATTTAGCTGTGGAATGAATATAGTAAGTAATCATTCGGCAGCTAC
ADRAMAGGARATTAAGRATGTCGAGTTTAGGTTTTAACRAATARCAACGCAATTAACTG
GGCTTGGAAAGTAGATCCAGCGTCAGTTCATACACAAGATGCAGAAATTAAAGCAGT
TTTAATGGATCTAACTAAACCTCTCTATGTGGCGAATAAT TCAGGCGTAACTGGTAT
AGCTAATCATACGTCAGTAGCAGGTGCGATCAGCAATAACATCGATGTTGATGTATT
GGCGTTTGCGCAAAAGTTARACCCAGAAGATCTGGGTGATGATGCTTACAAGAAACA
GCACGGCGTTAAATATGCTTATCATGGCGGTGCGATGGCAAATGGTATTGCCTCGGT
TGAATTGGTTGTTCCGTTAGGTAMAGCAGGGCTGTTATGTTCATTTGEGTGCTGCAGS
TCTAGTGCCTGATGCGGTTGAAGATGCAATTCGTCGTATTCAAGCTGAATTACCAAR
TEGCCCTTATGCGGTTAACTTGATCCATGCACCAGCAGRAGAAGCATTAGAGCGTGG
CGCGGTTGAACGTTTCCTAAAACTTGGCGTCAAGACGGTAGAGGCTTCAGCTTACCT
TGGTTTAACTGAACACATTGTTTGGTATCGTGCTGCTGGTCTRAACTAAAADCGCAGA
TGGCAGTGTTAATATCGGTAACAAGGTTATCGCTAAAGTATCGCGTACCGAAGTTGG
TCGCCGCTTTATGGAACCTGCACCGCAAAAATTACTGGATAAGTTATTAGAACAAAA
TAAGATCACCCCTGAACAAGCTGCTTTAGCGTTGCTTGTACCTATGGCTGATGATAT
TACTGGGGAAGCGGATTCTGGTGETCATACAGATAACCGTCCGTTTTTAACATTATT
ACCGACGATTATTGGTCTGCGTGATGAAGTGCAAGCGAAGTATAACTTCTCTCCTGE
ATTACGTGTTGGTGCTGGTGGTGGTATCGGAACGCCTGAAGCAGCACTCGCTGCATT
TAACATGGGCGCGGCTTATATCGTTCTGGGTTCTGTGAATCAGGCGTGTGTTGAAGT
GGGTGCATCTGAATATACTCGTAAACTGTTATCGACAGTTGAAATGGCTGATGTGAC
TATGGCACCTGCTGCAGATATGTTTGAAATGGCGTGTGAAGCTGCAAGTATTAALACG
CGGTTCTATGTTCGCGATGCGTGCGAAGAAACTGTATGACTTGTATGTGGCTTATGA
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CTCGATTGAAGATATCCCAGCTGCTGAACGTGAGAAGATTGAAAAACAAATCTTCCG
TGCAAACCTAGACGAGATTTGGGATGGCACTATCGCTTTCTTTACTGAACGCGATCC
AGAAATGCTAGCCCGTGCAACGAGTAGTCCTAAACGTAAAATGGCACTTATCTTCCG
TTGGTATCTTGGCCTTTCTTCACGCTGGTCARACACAGGCGAGAAGGGACGTGAAAT
GGATTATCAGATTTGGGCAGGCCCAAGTTTAGGTGCATTCAACAGCTGGGTGAAAGG
TTCTTACCTTGAAGACTATACCCGCCGTGGCGCTGTAGATGTTGCTTTGCATATGCT
TAAAGGTGCTGCGTATTTACAACGTGTAAACCAGTTGAAATTGCAAGGTGTTAGCTT
AAGTACAGAATTGGCAAGTTATCGTACGAGTGATTAATGTTACTTGATGATATGTGA
ATTAATTAARAGCGCCTGAGGGCGCT I TT T I TGGT TTTTAACTCAGGTGTTGTAACTC
GAAATTGCCCCTTTCAAGTTAGATCGATTACTCACTCACAATATGTTGATATCGCAC
TTGCCATATACTTGCTCATCCAAAGCCCTATATTGATAATGGTGT TAATAGTCTTTA
ATATCCGAGTCTTTCTTCAGCATAATACTAATATAGAGACTCGACCAATGTTAAACA
CAACAMAGAATATATTCTTGTGTACTGCCTTAT TATTAACGAGTGCGAGTACGACAG
CTACTACGCTAAACAATTCGATATCAGCAATTGARCAACGTATTTCTGGTCGTATCGE
GTGTGGCTGTTTTAGATACGCAAAATAAACAAACGTGGGCTTACAATGGTGATGCAC
ATTTTCCGATGATGAGTACATTCAAAACCCTCGCTTGCGCGARAATGCTAAGTGAAT
CGACAAATGGTAATCTGGATCCCAGTACTAGCTCATTGATAAAGGCTGAAGAATTAA
TCCCTTGGTCACCAGTCACTAAAACGTTTGTGAATAACACTATTACAGTGGCGAAAG
CGTGTGAAGCAACAATGCTGACCAGTGATAATACCGCGGCTAATATTGTTTTACAGT
ATATCGGAGGCCCTCAAGGCGTTACTGCATTCTTGCGAGAAATTGGTGATGAAGAGA
GTCAGTTAGATCGTATAGAACCTGAARTTGAATGAAGCTAAGGTCGGAGACTTGCGTS
ATACCACGACACCGAAAGCCATAGTTACCACGCTCAACARACTACTACTTGGTGATG
TTCTACTTGATTTGGATAAMAACCAACTTARAACATGGATGCAAAATAATAAAGTGT
CAGATCCTTTACTGCGTTCTATATTACCGCAAGGCTGGTTTATTGCCGACCECTCAG
GTGCGGGTGGTAATGGTTCTCGAGGTATAACTGCTATGCTTTGGCACTCCGAGCETC
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AACCGCTAATCATCAGTATTTATTTAACCGAAACTGAGTTAGCAATGGCAATGCGCA
ATGAGATTATTGTTGAGATCGGTAAGCTGATATTCAAAGAATACGCGGTGAAATAAT
AAGTTATTTTTTGATAATACTTTAACGAGCGTAGCTATCGAAGTGAGGGCGTCAATT
AGACACCTTTGCTTCCCCTACARAATCTAATGTGTATTACCTCGGCTAGTACAATTG
CCCTAAGTTATTTCTGTCCAGCTTTGGCTTAGTGCAATTGCGTTAGCCAATGTGAAC
ACCAAGGGACTTTGTCGTACCATAACTACCAAGCGACTTTGTCGTTTTTATCTTTTC
TTAGACAAACAGAGGTTAAATGAGTGACGCCTTCCAAATCACAGGAATGAATCCGCA
TTTCAATAAARATCTAACCCGTACCAACTCCGTACAAGTTGATCTTTAGTTGTTTAAA
ATCTATAATAAATTCAATTACGGAATTAATCCGTACAACTGGAGGTTTTATGGCTAC
TGCAAGACTTGATATCCGTTTGGATGAAGAAATCAAAGCTAAGGCTGAGARAGCATC
AGCTTTACTCGGCTTAAARAGTTTAACCGAATACGTTGTTCGCTTAATGGACGAAGA
TTCAACTAAAGTAGTTTCTGAGCATGAGAGTATTACCGTTGAAGCGAATGTATTCGA
CCAATTTATGGCTGCTTGTGATGAAGCGAAAGCCCCAAATARAGCATTACTTGAAGC
CGCTGTATTTACTCAGAATGGTGAGTTTAAGTGAGTTATTCCAAACGTTTCAAAGAA
CTGGATAAATCAAAACATGACAGAGCATCATTTGACTGTGGCGAAARAGAGCTARAT
GATTTTATCCAAACTCAAGCAGCCAAACATATGCAAGCAGGTATTAGCCGCACTCTG
GTTTTACCTGCTTCTGCGCCGTTACCAARCAARARATATCCAATTTGCTCATTTTAT
AGTATCGCGCCAAGCTCAATTAGCCGCGATACGTTACCACAAGCAATGGCTARRAAG
TTACCACGTTATCCTATCCCTGTTTTTCTTTTGGCTCAACTTGCCGTCCATAAAGAG
TTTCATGGGAGTGGGTTAGGCAAAGTTAGCTTAATTARAGCGTTAGAGTACCTTTGG
GAAATTAACTCTCACATGAGAGCTTACGCCATCGTTGTTGATTGTTTAACTGAACAN
GCTGAGTCATTCTACGCTARATATGGTTTCGACGTTCTCTGCGAAATAAATGGTCGA
GTAAGAATGT TCATATCAATGARAACAGTCAATCAGTTATTCACTTAACAGTAAGAG
TTAGTATAACAGTTGTATGAATTAAATTTATTATATTCGGTAATCTCATTGCGATCA
CGCTAGAAGTGCGAGCGGGTCAGACCGAGGCCACAATAGCAGCCGTTACGTTTAGGS

FIG. 5-27




WO 00/42195 PCT/USD0/00956

85/134

GATGACTTARAAAGATAACTACTACGTCAGTGGCGATCCTAGAGGATTAAAGGTTTA
TGATTCACAACATTTATTTATTGTGCTTARATTTITTTCTATCCAATATGCGCAAGCTG
TAAATATCACTGAAGTAGACTTTTATGTCAGTGATGATATCCCTAAAGATGTTGCCA
AATTAAAGATAGGTGAATCCATAACGAACTCCAGCCTTATTCTARGTAACTCATCTA
TTCCACTCTCGCGGGAGACGGGTAACATATATTAQTCTTCATCAATTGCTAACTTGA
ACTATGACTCGATAGAATTTGTTATGGCTCAATTGATGGCCGAAGATTCCAGCCTTT
ACAAGATGCTGGTAAATAGCGATAGGTTGTCCGTGCTAGTAATGACATCTTCCCAGT
CCACAGATCTCTATGGCTCGACTTACTCGGCTTAT T TTCCTAATGTTGCGGTCATCG
ATTTGAATTGTGACTCGCTAACTTTAGAACATGAGCTCGGCCATCTATACGGAGCTG
AACATGAAGAAATATATGACGACTATGTCTTCTATGCTGCGATATGTGGAGACTATA
CGACTATCATGAACTCTATGCAGCCTGAAATGAAAGAAANACAAATGATARAGGCAT
ATTCATTCCCTGAATTAAAAGTGGATGGCTTGCAGTGCGGAAATGAAAATACGAATA
ACAAAAAGGTTATTTTAGACAATATTGGTCGGTTTAGATAGGATTGGGATATTATTC
TCATTCGGCTCTACTTAGTGCTGTTATTATGAGTGCCAGTGCTTCTATCTACGATAT
TGGTCTTRACAAGTATTTATCTATAGACGCTAAGGTGTTATGTATTTAAGGGATSTT
CAAGATGAAACTAGGTGTARACGATGTATAGTTGTATARCATTTTTTCAACGGTTGE
AACGTTCGATTCTATCGGGTAACAAGACCGCGACGATCCGCGATAAGTCCGATAGTC
ATTACITAGTTGGTCAGATGTTAGATGCTTGTACTCACGAAGATAATCGGAAAATGT
GTCAAATAGAAATACTGAGCATTGAATATGTGACGTTTAGTGAATTAAACCGTGCGC
ACGCCARATGCTGAAGGTTTACCGTTTTTGTTTATGCTTAAGTGGATAGTTCGAMAAGA
TTTATCCGACTTCARATGATTTATTTTTCATAAGTTTCAGAGTTGTAACTATCGATA
TCTTATAAGTCTTAGTGCACAAAACAGAACTATTTATAGCGCTCAAGAAGGCGATAA
TTTGATAATGAATTATCGCCTTGTTACTATTAAGAGACTTTAAATGACTGAGATATA
AGATATGACACGGAAGAACATATTGATCACAGGCGCAAGTTCAGGGTTGGGCCGAGG
TATGGCCATCGAATTTGCARAATCAGGTCATAACTTAGCACTTTGTGCACGTAGACT
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TGATAATTTAGTTGCACTGAAAGCAGAACTCTTAGCCCTCAATCCTCACATCCAAAT
CGARATAAAACCTCTTGATGTCAATGAACATGAACAAGTCTTCACTGTTTTCCATGA
ATTCAAAGCTGRATTTGGTACGCTTGATCGTATTATTCTTAATGCTGGATTAGGCAA
GGGTGGATCC

46.‘1 38
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iAATGCAATTAATTATGGCGTAAﬂTAGAGTGAAAACATGGCTAATATTCACTAAGTC
CTGAATTTTATATAAAGTTTAATCTGTTATTTTAGCGTTTACCTGGTCTTATCAGTG
AGGTTTATAGCCATTATTAGTGGGATTGAAGTGATTTTTAAAGCTATGTATATTATT
GCRAATATAAATTGTAACAATTAAGACTTTGGACACTTGAGTTCAATTTCGAATTGA
TTGGCATAAAATTTAAAACAGCTAAATCTACCTCAATCATTTTAGCAAATGTATGCA
GGTAGATTTTTTTCGCCATTTAAGAGTACACT TGTACGCTAGGTTTTTGTTTAGTGT
GCAAATGAACGTTTTGATGAGCATTGTTTTTAGAGCACAAAATAGATCCTTACAGGA
GCAATAACGCAATGGCTAAAAAGAACACCACATCGATTAAGCACGCCAAGGATGTGT
TAAGTAGTGATGATCAACAGTTAAATTCTCGCTTGCAAGAATGTCCGATTGCCATCA
TTGGTATGGCATCGGTTTTTGCAGATGCTAAAAACTTGGATCAAT TCTGGGATAACA
TCGTTCGACTCTGTGGACGCTATTATTGATGTGCCTAGCGATCGCTGGAACATTGACG
ACCATTACTCGGCTGATAAAAAAGCAGCTGACAAGACATACTGCAAACGCGGTGGTT
TCATTCCAGAGCTTGATTTTGATCCGATGGAGTTTGGTTTACCGCCAAATATCCTCG
AGTTAACTGACATCGCTCAATTGTTGTCATTAATTGTTGCTCGTGATGTATTAAGTG
ATGCTGGCATTGGTAGTGATTATGACCATGATAAAATTGGTATCACGCTGGGTGTCG
GTGGTGGETCAGAAACAAATTTCGCCATTAACGTCGCGCCTACAAGGCCCGGTATTAG
AARAMGTATTAAAAGCCTCAGGCATTCGATGAAGATGATCGCGCTATGATCATCGACA
AATTTAAARAAGCCTACATCGGCTGGGAAGAGAACTCATTCCCAGGCATGCTAGGTA
ACGTTATTGCTGCTCGTATCGCCAATCGTTTTGATTTTGGTGGTACTAACTGTGTGG
TTGATGCGGCATGCGCTGGCTCCCTTGCAGCTGTTAAAATGGCGATCTCAGACTTAC
TTGAARTATCGTTCAGAAGTCATGATATCGGETGGTGTATGTTGTGATAACTCGCCAT.
TCATGTATATGTCATTCTCGAAAACACCAGCATTTACCACCAATGATGATATCCGTC
CGTTTGATGACGATTCAAAAGGCATGCTCGCTTGGTGAAGGTATTGGCATGATGGCGT
TTAAACGTCTTGAAGATGCTGAACGTGACGGCGACAAAATTTATTCTGTACTGAAAG
GTATCGGTACATCTTCAGATGGTCGTTTCAARATCTATTTACGCTCCACGCCCAGATG
GCCAAGCAAAAGCGCTAAAACGTGCTTATCGAAGATGCCGGTTTTGCCCCTGAAACAT
GTGGTCTAATTGAAGGCCATGGTACGGGTACCAAAGCGGGTGATGCCGCAGAATTTG
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CTGGCTTGACCAAACACTTTGGCGCCGCCAGTGATGAAAAGCAATATATCGCCTTAG
GCTCAGTTAAATCGCARATTGGTCATACTAAATCTGCGGCTGGCTCTGCGGGTATGA
TTAAGGCGGCATTAGCGCTGCATCATARAATCTTACCTGCAACGATCCATATCGATA
AACCAAGTGAAGCCTTGGATATCAAMAACAGCCCGTTATACCTAAACAGCGAAACGC
GTCCTTGGATGCCACGTGAAGATGGTATTCCACGTCGTGCAGGTATCAGCTCATTTG
CTTTTGGCGGCACCAACTTCCATATTATTTTAGAAGAGTATCGCCCAGGTCACGATA
GCGCATATCGCTTAAACTCAGTGAGCCAAACTGTGTTGATCTCGGCAAACGACCAAC
AAGGTATTGTTGCTGAGTTAAATAACTGGCGTACTAAMACTGGCTGTCGATGCTGATC
ATCAAGGGTTTGTATTTAATGAGTTAGTGACAACGTGGCCATTAAAAACCCCATCCG
TTAACCAAGCTCGTTTAGGTTTTGTTGCGCGTAATGCAAATGAAGCGATCGCGATGA
TTGATACGGCATTGARACAATTCAATGCGAACGCAGATAAAATGACATGGTCAGTAC
CTACCGGGGTTTACTATCGTCAAGCCGGTATTGATGCAACAGGTAAAGTGGTTGCGC
TATTCTCAGGGCAAGGTTCCGCARTACGTGAACATGGGTCGTGAATTAACCTGTAACT
TCCCAAGCATGATGCACAGTGCTGCGGCGATGGATAAAGAGTTCAGTGCCGCTGGTT
TAGGCCAGTTATCTGCAGTTACTTTCCCTATCCCTGTTTATACGGATGCCGAGCGTA
AGCTACAAGAAGAGCAATTACGTTTAACGCAACATGCGCAACCAGCGATTGGTAGTT
TGAGTGTTGGTCTGTTCAAAACGTTTAAGCARGCAGGTTTTAAAGCTGATTTTGCTG
CCGGTCATAGTTTCGGTGAGTTAACCGCATTATGGGCTGCCGATGTATTGAGCGAAA
GCGATTACATGATGTTAGCGCGTAGTCGTGGTCARGCAATGGCTGCGCCAGAGCAAC
AAGATTTTGATGCAGGTAAGATGGCCGCTGTTGTTGGTGATCCAAAGCAAGTCGCTG
TGATCATTGATACCCTTGATGATGTCTCTATTGCTAACTTCAACTCGAATAACCAAG
TTGTTATTGCTGGTACTACGGAGCAGGTTGCTGTAGCGGTTACAACCTTAGGTAATG
CTGGTTTCAAAGTTGTGCCACTGCCGGTATCTGCTGCGTTCCATACACCTTTAGTTC
GTCACGCGCARAAACCATTTGCTAARAGCGGTTGATAGCGCTAAATTTAAAGCGCCAA
GCATTCCAGTGTTTGCTAATGGCACAGGCTTGGTGCATTCAAGCAAACCGAATGACA
TTAAGAARAACCTGAAAAACCACATGCTGGAATCTGTTCATTTCAATCAAGAAATTG
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ACAACATCTATGCTGATGGTGGCCGCGTATTTATCGAATTTGGTCCAAAGAATGTAT
TAACTAAATTGGTTGAAAACATTCTCACTGAAAAATCTGATGTGACTGCTATCGCGG
TTAATGCTAATCCTAAACAACCTGCGGACGTACAAATGCGCCARGCTGCGCTGCAAA
TGGCAGTGCTTGGTGTCGCATTAGACAATATTGACCCGTACGACGCCGTTAAGCGTC
CACTTGTTGCGCCGAAAGCATCACCAAIGTTGATGAAGTTATCTGCAGCGTCTTATG
TTAGTCCGAAMACGAAGAAAGCGTTTGCTGATGCATTGACTGATGGCTGGACTGTTA
AGCAAGCGAAAGCTGTACCTGCTGTTGTGTCACAACCACAAGTGATTGAAAAGATCG
TTGAAGTTGAARAGATAGTTGAACGCATTGTCGAAGTAGAGCGTATTGTCGAAGTAG
AAAAAATCGTCTACGTTAATGCTGACGGTTCGCTTATATCGCAAAATAATCAAGACG
TTAACAGCGCTGTTGTTAGCAACGTGACTAATAGCTCAGTGACTCATAGCAGTGATG
CTGACCTTGTTGCCTCTATTGAACGCAGTGTTGGTCAATTTGTTGCACACCAACAGC
AATTATTAAATGTACATGAACAGTTTATGCAAGGTCCACAAGACTACGCGAAAACAG
TGCAGAACGTACTTIGCTGCGCAGACGAGCAATGAATTACCGGAAAGTTTAGACCGTA
CATTGTCTATGTATAACGAGTTCCAATCAGABRACGCTACGTGTACATGAAACGTACC
TGAACAATCAGACGAGCAACATGAACACCATGCTTACTGGEGTGCTGAAGCTGATGTGC
TAGCAACCCCAATAACTCAGGTAGTGAATACAGCCGTTGCCACTAGTCACAAGGTAG
TTGCTCCAGTTATTGCTAATACAGTGACGAATGTTGTATCTAGTGTCAGTAATAACG
CGGCGGTTGCAGTGCARACTGTGGCATTAGCGCCTACGCAAGARATCGCTCCAACAG
TCGCTACTACGCCAGCACCCGCATTGGTTGCTATCGTGGCTGAACCTGTGATTGTIG
CGCATGTTGCTACAGAAGTTGCACCAATTACACCATCAGTTACACCAGTTGTCGCAA
CTCAAGCGGCTATCGATGTAGCAACTATTAACAAAGTAATGTTAGAAGTTGTTGCTG
ATAAAACCGGTTATCCAACGGATATGCTGGAACTGAGCATGGACATGGAAGCTGACT
TAGGTATCGACTCAATCAAACGTGTTGAGATATTAGGCGCAGTACAGGAATTGATCC
CTGACTTACCTGAACTTAATCCTGAAGATCTTGCTGAGCTACGCACGCTTGGTGAGA
TTGTCGATTACATGAATTCAAAAGCCCAGGCTGTAGCTCCTACAACAGTACCTGTAA
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CAAGTGCACCTGTTTCGCCTGCATCTGCTGGTATTGATTTAGCCCACATCCAAMACG
TAATGTTAGAAGTGGTTGCAGACAAAACCGGTTACCCAACAGACATGCTAGAACTGA
GCATGGATATGGAAGCTGACTTAGGTATTGATTCAATCAAGCGTGTGGAAATCTTAG
GTGCAGTACAGGAGATCATAACTGATTTACCTGAGCTARACCCTGAAGATCTTACTG
ARTTACGCACCCTAGGTGAAATCGTTAGTTACATGCAAAGCAAAGCGCCAGTCGCTG
AAAGTGCGCCAGTGGCGACGGCTCCTGTAGCAACAAGCTCAGCACCGTCTATCGATT
TGAACCACATTCAAACAGTGATGATGGATGTAGTTGCAGATAAGACTGGTTATCCAA
CTGACATGCTAGAACTTGGCATGGACATGGAAGCTGATTTAGGTATCGATTCAATCA
AACGTGTGGAAATATTAGGCGCAGTGCAGGAGATCATCACTGATTTACCTGAGCTAA
ACCCAGAAGACCTCGCTGAATTACGCACGCTAGGTGAAATCGTTAGTTACATGCAAA
GCAAAGCGCCAGTCGCTGAGAGTGCGCCAGTAGCGACGGCTTCTGTAGCAACAAGCT
CTGCACCGTCTATCGATTTAAACCATATCCARACAGTGATGATGGAAGTGGTTGCAG
ACARAACCGGTTATCCAGTAGACATGTTAGAACTTGCTATGGACATGGAAGCTGACT
TAGGTATCGATTCAATCAAGCGTGTAGAAATTITAGGTGCGGTACAGGAAATCATTA
CTGACTTACCTGAGCTTAACCCTGAAGATCTTGCTGAACTACGTACATTAGGTGARA
TCGTTAGTTACATGCAAAGCAAAGCGCCCGTAGCTGAARGCGCCTGCAGTACCTGTTG
CAGTAGAAAGTGCACCTACTAGTGTAACAAGCTCAGCACCGTCTATCGATTTAGACC
ACATCCAAAATGTAATGATGGATGTTGTTGCTGATAAGACTGGTTATCCTGCCRAATA
TGCTTGAATTAGCAATGGACATGGAAGCCGACCTTGGTATTGATTCAATCAAGCGTG
TTGAAATTCTAGGCGCGGTACAGGAGATCATTACTGATTTACCTGAACTAAACCCAG
AAGACTTAGCTGAACTACGTACGTTAGAAGAAATTGTAACCTACATGCARAGCANGGE
CGAGTGGTGTTACTGTAAATGTAGTGGCTAGCCCTGAAAATAATGCTGTATCAGATG
CATTTATGCAAAGCAATGTGGCGACTATCACAGCGGCCGCAGAACATAAGGCGGAAT
TTAAACCGGCGCCGAGCGCAACCGTTGCTATCTCTCGTCTAAGCTCTATCAGTAALA
TAAGCCRAGATTGTARAGGTGCTAACGCCTTAATCGTAGCTGATGGCACTGATAATG
CTGTGTTACTTGCAGACCACCTATTGCAAACTGGCTGGAATGTAACTGCATTGCANC
CAACTTGGGTAGCTGTAACAACGACGAARGCATTTAATAAGTCAGTGAACCTGGTGA
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CTTTARATGGCGTTGATGAAACTGAAATCAACAACATTATTACTGCTAACGCACAAT
TGGATGCAGTTATCTATCTGCACGCAAGTAGCGAAATTAATGCTATCGAATACCCAC
ARGCATCTAAGCAAGGCCTGATGTTAGCCTTCTTATTAGCGAAATTGAGTAAAGTAA
CTCAAGCCGCTAAAGTGCGTGGCGCCTTTATGATTGTTACTCAGCAGGGTGGTTCAT
TAGGTTTTGATGATATCGATTCTGCTACARGTCATGATGTGAAAACAGACCTAGTAC
AAAGCGGCTTAAACGGTTTAGTTAAGACACTGTCTCACGAGTGGGATAACGTATTCT
GTCGTGCGGTTGATAT TGCTTCGTCATTAACGGCTGAACAAGTTGCAAGCCTTGTTA
GTGATGAACTACTTGATGCTAACACTGTATTAACAGAAGTGGGTTATCAACARAGCTG
GTAAAGGCCTTGAACGTATCACGTTAACTGGTGTGGCTACTGACAGCTATGCATTAA
CAGCTGGCAATAACATCGATGCTAACTCGGTATTTTTAGTGAGTGGTGGCGCAAAAG
GTGTAACTGCACATTGTGTTGCTCGTATAGCTAAAGAATATCAGTCTAAGTTCATCT
TATTGGGACGTTCAACGTTCTCAAGTGACGAACCGAGCTGGGCAAGTGGTATTACTG
ATGAAGCGGCGTTAAAGAAAGCAGCGATCCAGTCTTTGATTACAGCAGGTGATAAAC
CAACACCCGTTAAGATCGTACAGCTAATCAAACCAATCCAAGCTAATCGTGAAATTG
CGCAAACCTTGTCTGCAATTACCGCTGCTGGTGGCCAAGCTGAATATGTTTCTGCAG
ATGTAACTAATGCAGCAAGCGTACAAATGGCAGTCGCTCCAGCTATCGCTAAGTTCG
GTGCAATCACTGGCATCATTCATGGCGCGGETGTGTTAGCTGACCAATTCATTGAGC
AAAAAACACTGAGTGATTTTGAGTCTGTTTACAGCACTAAAATTGACGGTTTGTTAT
CGCTACTATCAGTCACTGAAGCRAGCAACATCAAGCAATTGGTATTGTTCTCCTCAG
CGGCTGGTTTCTACGGTAACCCCGGCCAGTCTGATTACTCGATTGCCAATGAGATCT
TAAATAAAACCGCATACCGCTTTAAATCATTGCACCCACAAGCTCAAGTATTGAGCT
TTAACTGGGGTCCTTGGGACGGTGGCATGGTAACGCCTGAGCTTARACGTATGTTTG
ACCAACGTGGTGTTTACATTATTCCACTTGATGCAGGTGCACAGTTATTGCTGAATG
AACTAGCCGCTAATGATAACCGTTGTCCACAARATCCTCGTGGGTAATGACTTATCTA
AAGATGCTAGCTCTGATCAAAAGTCTGATGARAAGAGTACTGCTGTAAARAANGCCAC
AAGTTAGTCGTTTATCAGATGCTTTAGTAACTRAAAAGTATCAAAGCGACTAACAGTA
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GCTCTTTATCAAACAAGACTAGTGCTTTATCAGACAGTAGTGCTTTTCAGGTTAACG
ARAACCACTTTTTAGCTGACCACATGATCAAAGGCAATCAGGTATTACCAACGGTAT
GCGCGATTGCTTGGATGAGTCATGCAGCAAAAGCGACTTATAGTAACCGAGACTGTG
CATTGAAGTATGTCGGTTTCGAAGACTATAAATTGTTTAAAGGTGTGGTTTTTGATG '
GCAATGAGGCGGCGGATTACCAAATCCAATTGTCGCCTGTGACAAGGGCGTCAGAAC
AGGATTCTGAAGTCCGTATTGCCGCAAAGATCTTTAGCCTGAARAGTCACGGTABAC
CTGTGTTTCATTATGCAGCGACAATATTGTTAGCAACTCAGCCACTTAATGCTGTGA
AGGTAGAACTTCCGACATTGACAGARAGTGTTGATAGCAACAATAAAGTAACTGATG
AAGCACAAGCGTTATACAGCAATGGCACCTTGTTCCACGGTGAMAGTCTGCAGGGCA
TTAAGCAGATATTAAGTTGTGACGACAAGGGCCTGCTATTGGCTTATCAGATAACCE
ATGTTGCAACAGCTAAGCAGGGATCCTTCCCGTTAGCTGACAACAATATCTTTGCCA
ATGATTTGGTTTATCAGGCTATGTTGGTCTGGGTGCGCAAACAATTTGGTTTAGGTA
GCTTACCTTCGGTGACAACGGCTTGGACTGTGTATCGTGAAGTGGTTGTAGATGAAG
TATTTTATCTGCAACTTAATGfTGTTGAGCATGATCTATTGGGTTCACGCGGCAGTA
AAGCCCGTTGTGATATTCAATTGATTGCTGCTGATATGCAATTACTTGCCGAAGTGA
AATCAGCGCAAGTCAGTGTCAGTGACATTTTGAACCGATATGTCATGATCGAGTARAT
AATAACGATAGGCGTCATGGTGAGCATGGCGTCTGCTTTCTTCATTTTTTAACATTA
ACAATATTAATAGCTAAACGCGGTTGCTTTARACCAAGTAAACAAGTGCTTTTAGCT
ATTACTATTCCAAACAGGATATTAAAGAGAATATGACGGAATTAGCTGTTATTGGTA
TGGATGCTAAATTTAGCGGACAAGACAATATTGACCGTGTGGAACGCGCTTTCTATG
AAGGTGCTTATGTAGGTAATGTTAGCCGCGTTAGTACCGAATCTAATGTTATTAGCA
ATGGCGAAGAACAAGTTATTACTGCCATGACAGTTCTTAACTCTGTCAGTCTACTAG
CGCAAACGAATCAGTTAAATATAGCTGATATCGCGGTGTTGCTGATTGCTGATGTAA
AAAGTGCTGATGATCAGCTTGTAGTCCARATTGCATCAGCAATTGAAAAACAGTGTG
CGAGTTGTGTTGTTATTGCTGATTTAGGCCAAGCATTAAATCAAGTAGCTGATTTAG
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TTAATAACCAAGACTGTCCTGTGGCTGTRATTGGCATGAATAACTCGGTTAATTTAT
CTCGTCATGATCTTGAATCTGTAACTGCAACAATCAGCTTTGATGAAACCTTCAATG
GTTATAACAATGTAGCTGGGTTCGCGAGTTTACTTATCGCTTCAACTGCGTTTGCCA
ATGCTAAGCAATGTTATATATACGCCAACATTAAGGGCTTCGCTCAATCGGGCGTAA'
ATGCTCAATTTAACGTTGGAAACATTAGCGATACTGCAAAGACCGCATTGCAGCAAG
CTAGCATAACTGCAGAGCAGGTTGGTTTGTTAGAAGTGTCAGCAGTCGCTGATTCGG
CAATCGCATTGTCTGAAAGCCAAGGTTTAATGTCTGCTTATCATCATACGCARACTT
TGCATACTGCATTAAGCAGTGCCCGTAGTGTGACTGGTGAAGGCGGGTGTTTTTCAC
AGGTCGCAGGTTTATTGAAATGTGTAATTGGTTTACATCAACGTTATATTCCGGCGA.
TTAAAGATTGGCAACAACCGAGTGACAATCAAATGTCACGGTGGCGGAATTCACCAT
TCTATATGCCTGTAGATGCTCGACCTTGGTTCCCACATGCTGATGGCTCTGCACACA
TTGCCGCTTATAGTTGTGTGACTGCTGACAGCTATTGTCATATTCTTTTACAAGAAA
ACGTCTTACAAGAACTTGTTTTGAAAGAAACAGTCTTGCAAGATAATGACTTAACTG
ARAGCAAGCTTCAGACTCTTGAACAARACARTCCAGTAGCTGATCTGCGCACTAATG
GTTACTTTGCATCGAGCGAGTTAGCATTAATCATAGTACAAGGTAATGACGAAGCAC
ARTTACGCTGTGAATTAGAAACTATTACAGGGCAGTTAAGTACTACTGGCATAAGTA
CTATCAGTATTAAACAGATCGCAGCAGACTGTTATGCCCGTAATGATACTAACAAAG
CCTATAGCGCAGTGCTTATTGCCGAGACTGCTGAAGAGTTAAGCAAAGAAATAACCT
TGGCGTTTGCTGGTATCGCTAGCGTGTTTAATGAAGATGCTAAAGAATGGAAAACCC
CGAAGGGCAGTTATTTTACCGCGCAGCCTGCARATAAACAGGCTGCTAACAGCACAT
AGAATGGTGTCACCTTCATGTACCCAGGTATTGGTGCTACATATGTTGGTTTAGGGC
GTGATCTATTTCATCTATTCCCACAGATTTATCAGCCTGTAGCGGCTTTAGCCGATG
ACATTGGCGAAAGTCTAARAGATACTTTACTTAATCCACGCAGTATTAGTCGT CATA
GCTTTAAAGAACTCAAGCAGTTGGATCTGGACCTGCGCGGTAACTTAGCCAATATCG
CTGAAGCCGGTGTGGGTTTTGCTTGTGTGTTTACCAAGGTATTTGAAGAAGTCTTTG
CCGTTAAAGCTGACTTTGCTACAGGTTATAGCATGGGTGAAGTAAGCATGTATGCAG
CACTAGGCTGCTGGCAGCAACCGGGATTGATGAGTGCTCGCCTTGCACAATCGAATA
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CCTTTAATCATCAACTTTGCGGCGAGTTAAGAACACTACGTCAGCATTGGGGCATGG
ATGATGTAGCTAACGGTACGTTCGAGCAGATCTGGGAAACCTATACCATTAAGGCAA
CGATTGAACAGGTCGAAATTIGCCTCTGCAGATGAAGATCGTGTGTATTGCACCATTA
TCAATACACCTGATAGCTTGTTGTTAGCCGGTTATCCAGAAGCCTGTCAGCGAGTCA
TTAAGAATTTAGGTGTGCGTGCAATGGCATTGAATATGGCGAACGCARTTCACAGCG
CGCCAGCTTATGCCGAATACGATCATATGGTTGAGCTATACCATATGGATGTTACTC
CACGTATTAATACCAAGATGTATTCAAGCTCATGTTATTTACCGATTCCACAACGCA
GCAAAGCGATTTCCCACAGTATTGCTAAATGTTTGTGTGATGTGGTGGATTTCCCAC
GTTTGGTTAATACCTTACATGACAAACGTGCGCGGGTATTCATTGAAATGGGTCCAG
GITCGTTCGT TATGTAGCTGGGTAGATAAGATCTTAGTTAATGGCGATGGCGATAATA
AARAGCAAAGCCAACATGTATCTGTTCCTGTGAATGCCAAAGGCACCAGTGATGAAC
TTACTTATATTCGTGCGATTGCTAAGTTAATTAGTCATGGCGTGAATTTGAATTTAG
ATAGCTTGTTTAACGGGTCAATCCTGGTTAAAGCAGGCCATATAGCAAACACGAACA
AATAGTCAACATCGATATCTAGCGCTGGTGAGTTATACCTCATTAGTTGAAATATGG
ATTTARAGAGAGTAATTATGGAAAATATTGCAGTAGTAGGTATTGCTAATTTGTTCC
CGGGCTCACAAGCACCGGATCAATTTTGGCAGCAATTGCTTGAACAACAAGATTGCC
GCAGTAAGGCGACCGCTGTTCAAATGGGCGTTGATCCTGCTARATATACCGCCAACA
AAGGTGACACAGATAAATTTTACTGTGTGCACGGCGGTTACATCAGTGATTTCAATT
TTGATGCTTCAGGTTATCAACTCGATAATGATTATTTAGCCGGTTTAGATGACCTTA
ATCAATGGGGGCTTTATGTTACGAAACAAGCCCTTACCGATGCGGGTTATTGGGGCA
GTACTGCACTAGARAAACTGTGGTGTGATTTTAGGTAATTTGTCATTCCCAACTAAAT
CATCTAATCAGCTGTTTATGCCTTTGTATCATCAAGTTGTTGATAATGCCTTAAAGG
CGGTATTACATCCTGATTTTCAATTAACGCATTACACAGCACCGAAAARMARACACATG
CTGACAATGCATTAGTAGCAGGTTATCCAGCTGCATTGATCGCGCAAGCGGCGGGTC
TTGGTGGTTCACATTTTGCACTGGATGCGGCTTGTGCTTCATCTTGTTATAGCGTTA
AGTTAGCGTGTGATTACCTGCATACGGGTAAAGCCAACATGATGCTTGCTGGTGCGE
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TATCTGCAGCAGATCCTATGTTCGTARATATGGGTTTCTCGATATTCCAAGCTTACC
CAGCTAARCAATGTACATGCCCCGTTTGACCAAAATTCACAAGGTCTATTTGCCGGTG
AAGGCGCGGGCATGATGGTATTGARACGTCAAAGTGATGCAGTACGTGATGGTGATC
ATATTTACGCCATTATTAAAGGCGGCGCATTATCGAATGACGGTAAAGGCGAGTTTG
TATTAAGCCCGAACACCAAGGGCCAAGTATTAGTATATGAACGTGCTTATGCCGATG
CAGATGTTGACCCGAGTACAGTTGACTATATTGAATGTCATGCAACGGGCACACCTA
AGGGTGACAATGTTGAATTGCGTTCGATGGAAACCTTTTTCAGTCGCGTARATAACA
BACCATTACTGGGCTCGGTTAAATCTAACCTTGGTCATTTGTTAACTGCCGCTGGTA
TGCCTGGCATGACCAAAGCTATGTTAGCGCTAGGTAAAGGTCTTATTCCTGCAACGA
TTAACTTAAAGCAACCACTGCAATCTAAAAACGGTTACTTTACTGGCGAGCAAATGC
CAACGACGACTGTGTCTTGGCCAACAACTCCGGGTGCCAAGGCAGATAARCCGCGTA
CCGCAGGTGTGAGCGTATTTGGTTTTGGTGGCAGCAACGCCCATTTGGTATTACAAC
AGCCAACGCAAACACTCGAGACTAATTTTAGTGTTGCTAAACCACGTGAGCCTTTGG
CTATTATTGGTATGGACAGCCATTTTGGTAGTGCCAGTAATTTAGCGCAGTTCRAAAA
CCTTATTAAATAATAATCAAAATACCTTCCGTGAATTACCAGAACAACGCTGGAAAG
GCATGGAAAGTAACGCTAACGTCATGCAGTCGTTACRATTACGCAAAGCGCCTAAAG
GCAGTTACGTTGAACAGCTAGATATTGATTTCTTGCGTTTTAAAGTACCGCCTAATG
AARAARGATTGCTTGATCCCGCAACAGTTAATGATGATGCAAGTGGCAGACRATGCTG
CGAAAGACGGAGGTCTAGTTGAAGGTCGTAATGTTGCGGTATTAGTAGCGATGGGCA
TGGAACTGGAATTACATCAGTATCGTGGTCGCGTTAATCTAACCACCCARATTGAAG
ACAGCTTATTACAGCAAGGTATTAACCTGACTGTTGAGCAACGTGAAGAACTGACCA
ATATTGCTARAGACGGTGTTGCCTCGGCTGCACAGCTAAATCAGTATACGAGTTTCA
TTGGTAATATTATGGCGTCACGTATTTCGGCGTTATGGGATTTTTCTGGTCCTGCTA
TTACCGTATCGGCTGAAGAAAACTCTGTTTATCGTTGTGTTGAATTAGCTGARAATC
TATTTCAAACCAGTGATGTTGAAGCCGTTATTATTGCTGCTGTTGATTTGTCTGGTT
CAATTGAAAACATTACTTTACGTCAGCACTACGGTCCAGTTAATGAAAAGGGATCTG
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TAAGTGAATGTGGTCCGGTTAATGAAAGCAGTTCAGTAACCAACAATATTCTTGATC
AGCAACAATGGCTGGTGGGTGAAGGCGCAGCGGCTATTGTCGTTAAACCGTCATCGC
BAGTCACTGCTGAGCAAGTTTATGCGCGTATTGATGCGGTGAGTTTTGCCCCTGGTA
GCAATGCGARRGCAATTACGATTGCAGCGGATAAAGCATTAACACTTGCTGGTATCA
GTGCTGCTGATGTAGCTAGTGTTGAAGCACATGCAAGTGGTTTTAGTGCCGAAAATA
ATGCTGAAAAAACCGCGTTACCGACTTTATACCCAAGCGCAAGTATCAGTTCGGTGA
AAGCCAATATTGGTCATACGTTTAATGbCTCGGGTATGGCGAGTATTATTAAAACGG
CGCTGCIGTTAGATCAGAATACGAGTCAAGATCAGAAAAGCAAACATATTGCTATTA
ACGCGTCTAGGTCGTGATAACAGCTGCGCGCATCTTATCTTATCGAGTTCAGCGCAAG
CGCATCAAGTTGCACCAGCGCCTGTATCTGGTATGGCCARGCAACGCCCACAGTTAG
TTAAAACCATCAAACTCGGTGGTCAGTTAATTAGCAACGCCGATTGTTAACAGTGCGA
GTTCATCTTTACACGCTATTAAAGCGCAGTTTGCCGGTAAGCACTTAAACAAMAGTTA
ACCAGCCAGTGATGATGGATAACCTGAAGCCCCAAGGTATTAGCGCTCATGCAACCA
ATGAGTATGTGGTGACTGGAGCTGCTAACACTCAAGCTTCTAACATTCAAGCATCTC
ATGTTCAAGCGTCAAGTCATGCACAAGAGATAGCACCAAACCAAGTTCAAAATATGC
AAGCTACAGCAGCCGCTGTAAGTTCACCCCTTTCTCAACATCAACACACAGCGCAGT
CCGTAGCGGCACCGAGCCTTGTTGGAGTGACTGTGAARCATARAGCAAGTAACCAAAL
TTCATCAGCAAGCGTCTACGCATAAAGCATTTTTAGAAAGTCGTTTAGCTGCACAGA
AARAACCTATCGCAACTTGTTGAATTGCAAACCAAGCTGTCAATCCARACTGGTAGTG
ACAATACATCTAACAATACTGCGTCAACAAGCAATACAGTGCTAACAAATCCTGTAT
CAGCAACGCCATTAACACTTGTGTCTAATGCGCCTGTAGTAGCGACAMACCTAACCA
GTACAGAAGCAAAAGCGCAAGCAGCTGCTACACAAGCTGGTTTTCAGATAAARGGAC
CTGTTGGTTACAACTATCCACCGCTGCAGTTRATTGAACGTTATAATAAACCAGAAA
ACGTGATTTACGATCAAGCTGATTTGGTTGAATTCGCTGAAGGTGATATTGGTAAGG
TATTTGGTGCTGRATACAATAT TATTGATGGCTATTCGCGTCGTGTACGTCTGCCAA
CCTCAGATTACTTGTTAGTAACACGTGTTACTGAACTTGATGCCAAGGTGCATGAAT
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ACAAGAAATCATACATGTGTACTGAATATGATGTGCCTGTTGATGCACCGTTCTTAA
TTGATGGTCAGATCCCTTGGTCTGTTGCCGTCGAATCAGGCCAG?GTGATTTGATGT
TGATTTCATATATCGGTATTGATTTCCAAGCGAAAGGCGAACGTGTTTACCGTTTAC
TTGATTGTGAATTAACTTTCCTTGAAGAGATGGCTTTTGGTGGCGATACTT TACGTT
ACGAGATCCACATTGATTCGTATGCACGTAACGGCGAGCAATTATTATTCTTCTTCC
ATTACGATTGTTACGTAGGGGATAAGAAGGTACTTATCATGCGTAATGGTTGTGCTG
GTTTCTTTACTGACGAAGAACTTTCTGATGGTAAAGGCGTTATTCATAACGACAAAG
ACAAAGCTGAGTTTAGCAATGCTGTTAAATCATCATTCACGCCGTTATTACAACATA
ACCGTGGTCAATACGATTATAACGACATGATGAAGTTGGTTAATGGTGATGTTGCCA
GTTGTTTTGGTCCGCAATATGATCAAGGTGGCCGTAATCCATCATTGAARATTCTCGT
CTGAGAAGTTCTTGATGATTGAACGTATTACCAAGATAGACCCAACCGGTGGTCATT
GGGGACTAGGCCTGTTAGAAGGTCAGAAAGATTTAGACCCfGAGCATTGGTATTTCC
CTTGTCACTTTAAAGGTGATCAAGTAATGGCTGGTTCGTTGATGTCGGAAGGTIGTG
GECAAATGGCGATGTTCTTCATGCTGTCTCTTGGTATGCATACCAATGTGAACAACG
CTCGTTTCCAACCACTACCAGGTGAATCACAAACGGTACGTTGTCGTGGGCAAGTAC
TGCCACAGCGCAATACCTTAACTTACCGTATGGAAGTTACTGCGATGGGTATGCATC
CACAGCCATTCATGAAAGCTAATATTGATATTTTGCTTGACGGTAAAGCTGGTTGTTG
ATTTCAAAAACTTGAGCGTGATGATCAGCGAACAAGATCGAGCATTCAGATTACCCTG
TAACACTGCCGAGTAATGTGGCGCTTAAAGCGATTACTGCACCTGTTGCGTCAGTAG
CACCAGCATCTTCACCCGCTAACAGCGCGGATCTAGACGAACGTGGTGTTGAACCGT
TTAAGTTTCCTGAACGTCCGTTAATGCGTGTTGAGTCAGACTTGTCTGCACCGARAAA
GCAAAGGTGTGACACCGATTAAGCATTTTGAAGCGCCTGCTGTTGCTGGTCATCATA
GAGTGCCTAACCAAGCACCGTTTACACCTTGGCATATGTTTGAGTTTGCGACGGGTA
ATATTTCTAACTGTTTCGGTCCTGATTTTGATGTTTATGAAGGTCGTATTCCACCTC
GTACACCTTGTGGCGATTTACAAGTTGTTACTCAGGTTGTAGAAGTGCAGGGCGAAC
GTCTTGATCTTARAAATCCATCAAGCTGTGTAGCTGAATACTATGTACCGGAAGACG
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CTTGGTACTTTACTAAAAACAGCCATGAAAACTGGATGCCTTATTCATTAATCATGG
AAATTGCRTTGCAACCAAATGGCTTTATTTCTGGTTACATGGGCACGACGCTTAART
ACCCTGAAAAAGATCTGTTCTTCCGTAACCTTGATGGTAGCGGCACGTTATTAARGC
AGATTGATTTACGCGGCAAGACCATTGTGAATAAATCAGTCTTGGTTAGTACGGCTA
TTGCTGGTGGCGCGATTATTCAAAGTTTCACGTTTGATATGTCTGTAGATGGCGAGC
TATTTTATACTGGTAAAGCTGTATTTGCTTACTTTAGTGGTGAATCACTGACTAACC
AACTGGGCATTGATAACGGTAAAACGACTAATGCGTGGTTTGTTGATAACAATACCC
CCGCAGCGAATATTGATGTGTTTGATT TAACTAATCAGTCATTGGCTCTGTATAAAG
CGCCTGTGGATAAACCGCATTATARATTGGCTGGTGGTCAGATGAACTTTATCGATA
CAGTGTCAGTGGTTGAAGGCGGTCGTAAAGCGGGCGTGGCTTATGTTTATGGCGAAC
GTACGATTGATGCTGATGATTGGTTCTTCCGTTATCACTTCCACCAAGATCCGGTGA
TGCCAGGTTCATTAGGTGTTGAAGCTATTATTGAGTTGATGCAGACCTATGCGCTTA
AAAATGATTTGGGTGGCAAGTTTGCTAACCCACGTTTCATTGCGCCGATGACGCAAG
TTGATTGGAAATACCGTGGGCARATTACGCCGCTGAATAAACAGATGTCACTGGACG
TGCATATCACTGAGATCGTGAATGACGCTGGTGAAGTGCGAATCGTTGGTGATGCGA
ATCTGTCTARAGATGGTCTGCGTATTTATGAAGTTAARAACATCGTITTAAGTATTG
TTGAAGCGTAAAGGGTCAAGTGTAACGTGCTTAAGCGCCGCATTGGTTAAAGACGCT
TTGCACGCCGTGAATCCGTCCATGGAGGCTTGGGGTTGGCATCCATGCCAACAACAG
CAAGCTTACTTTAATCAATACGGCTTGGTGTCCATTTAGACGCCTCGAACTTAGTAG
TTAATAGACAAAATAATTTAGCTGTGCGAATGAATATAGTAAGTAATCATTCGGCAGC
TACAARAARGGAATTAAGAATGTCGAGTTTAGGTTTTAACAATAACAACGCAATTAA
CTGGGCTTGGAAAGTAGATCCAGCGTCAGTTCATACACAAGATGCAGAAATTAAAGC
AGCTTTAATGGATCTAACTARACCTCTCTATGTGGCGAATAATTCAGGCGTAACTGG
TATAGCTAATCATACGTCAGTAGCAGGTGCGATCAGCAATAACATCGATGTTGATGT
ATTGGCGTTTGCGCAAAAGTTARACCCAGAAGATCTGGGTGATGATGCTTACAAGAA
ACAGCACGGCGTTARATATGCTTATCATGGCGGTGCGATGGCARATGGTATTGCCTC
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GGTTGAATTGGTTGTTGCGTTAGGTARAGCAGGGCTGTTATGTTCATTTGGTGCTGC
AGGTCTAGTGCCTGATGCGGTTGAAGATGCAATTCGTCGTATTCAAGCTGAATTACC
AAATGGCCCTTATGCGGTTAACTTGATCCATGCACCAGCAGAAGAAGCATTAGAGCG
TGGCGCEGTTGRACGTTTCCTAAMACTTGGCGTCAAGACGGTAGAGGCTTCAGCTTA
CCTTGGTTTAACTGAACACATTGTTTGGTATCGTGCTGCTGGTCTAACTARARNCGC
AGATGGCAGTGTTAATATCGGTAACAAGGTTATCGCTAAAGTATCGCGTACCGAAGT
TGGTCGCCGCTTTATGGAACCTGCACtGCAAAAATTACTGGATAAGTTATTAGAACA
AAATAAGATCACCCCTGAACAAGCTGCTTTAGCGTTGCTTGTACCTATGGCTGATGA
TATTACTGGGGAAGCGGATTCTGGTGGTCATACAGATAACCGTCCGTTTTTAACATT
ATTACCGACGATTATTGGTCTGCGTGATGAAGTGCAAGCGAAGTATAACTTCTICTCC
TGCATTACGTGTTGGTGCTGGTGGTGGTATCGGAACGCCTGAAGCAGCACTCGCTGC
ATTTAACATGGGCGCGGCTTATATCGTTCTGGGTTCTGTGAATCAGGCGTGTGTTGA
AGCGGGTGCATCTGAATATACTCGTAAACTGTTATCGACAGTTGAAATGGCTGATGT
GACTATGGCACCTGCTGCAGATATGTTTGARATGGGTGTGAAGCTGCAAGTATTARA
ACGCGGTTCTATGTTCGCGATGCGTGCGAAGRAACTGTATGACTTGTATGTGGCTTA
TGACTCGATTGAAGATATCCCAGCTGCTGAACGTGAGAAGATTGAAAAACAAATCTIT -
CCGTGCAAACCTAGACGAGATTTGGGATGGCACTATCGCTTTCTTTACTGAACGCGA
TCCAGAAATGCTAGCCCGTGCAACGAGTAGTCCTAAACGTAAAATGGCACTTATCTT
CCGTIGGTATCTTGGCCTTTCTTCACGCTGGTCAAACACAGGCGAGAAGGGACGTGA
AATGGATTATCAGATTTGGGCAGGCCCAAGTTTAGGTGCATTCARCAGCTGGGETGAA
AGGTTCTTACCTIGAAGACTATACCCGCCGTGGCGCTGTAGATGTTGCTTTGCATAT
GCTTAAAGGTGCTGCGTATTTACAACGTGTAAACCAGTTGAMATTGCARGGTGTTAG
CTTRAGTACAGAATTGGCAAGTTATCGTACGAGTGATTAATGTTACTTGATGATATG
TGAATTAATTARAGCGCCTGAGGGCGCTTTTTTIGGTTTTTAACTCAGGTGTTGTAA

CTCGAAATTGCCCCTTTC
*®
19227
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CECTOCCGCCGCATCTCGCCECGCCGCGCCGCGCCEGCCGCCGCCGCTCGCGCGCACGLT
CGCGLGTCTCGCCGCGCCTGCTGTCTCGAACGAGCTTCTCGAGAAGGC L ZAGACCGTCG
TCATGGAGGTCCTCGCCGCCARGACTGGCTACGAGACTGACATGATCGAGTCCGACATG
GAGCTCGAGACTGAGCTCGGCATTGACTCCATCAAGCETETCCAGATCCTCTCCGAGET
TCAGGCCATGCTCAACGTCGAGGCCAMGGACGTCGACGCTCTCAGCCGCACTCGCACTG
TGGGTGAGGTCGTCAACGCCATCAAGGCTGAGATCGCTGGTGGCTCTGCCCCGGLGLCT
GCCBCCGCTGCCCCAGGTCCGGCTGCTGCCGCCCCTGCGCCTGCTGTCTCGAGCGAGCT
TCTCGAGRAGGCCGAGACTGTCGTCATGGAGGTCCTCGCCGCCAAGACTGGC TACGAGA
CTGACATGATTGAGTCCGACATGGAGCTCGAGACCGAGCTCGGCATTGACTCCATCAAG
COTGTCGAGATTCTCTCCGAGGTTCAGGCCATGCTCAACGTCGAGGCCAAGGACGTCGA
CGCTCTCAGCCGCACTCGCACTGTTGGTGAGETCGTCCATGLCATGAARGGCTGAGATCG
CTGGCAGCTCCGCCTCGECECCTGCOGCCGCTGCTCCTGCTCCGGCTGCTGCCECTCCT
GCGCCCGCTGECCGCCECCCCTGCTGTCTCGAACGAGCTTCTCGAGAAAGC CGAGACTGT
CGTCRATGGAGGTCCTCGCCGCCAAGACTGGCTACGAGACTGACATGATCGAGTCCGACA
TGGAGCTCGAGACTGAGCTCGGCATTGACTCCATCAAGCGTGTCGAGATCCTCTCCGAS
GTTCAGGCCATGCTCAACGTCGAGGCCAAGGACGTCGATGCCCTCAGCCGCALCCGCAC
TGTTGGCGAGGTTGTCGATGCCATGAAGGCCGAGATCGCTEGGTGGCTCTGCCCCGGCGL
CTGCCGCCGCTGLCCCCTGCTCCGGCTGCCGCCGCCCCTGCTSTCTCGAACGAGCTTCTT
GAGAAGGCCGAGACTGTCGTCATGGAGGTCCTCGCCGCCAAGACTGGCTACGAGACCGA
CATGATCGAGTCCGACATGGAGCTCGAGACCGAGCTCGGCATTGACTCCATCARGCETG
TCGAGATTCTCTCCGACGTTCAGGCCATGCTCAACGTCGAGGCCAAGGACGTCGATGCT
CTCAGCCGCACTCGCACTGTTGGCGAGGTCGTCGATGCCATGAAGGCTGAGATCGCCGE
CRGCTCCGCCCCBGCGCCTECCGCCECTGCTCCTGCTCCGGLTGCTECCGCTCCTGCGT
CCECTGCCGCTGCCCCTGCTGTCTCCAGCGAGCTTCTCGAGAAGGUCGAGACCGTCGTL
ATGGAGGTCCTCGCCGCCARAGACTGGCTACGAGACTGACATGATTGAGTCCGACATGGA
GCOTCGAGACTGAGCTCGGCATTGACTCCATCAAGCGTGTCGAGATCCTCTCCGAGGTIC
AGGCCATGCTCAACGTCGAGGCCAAGGACGTCGATGCCCTCAGCCGCACCCGCACTGTT
GBCGAGGTTGTCGATGCCATGARGGCCGAGATCGCTGETGGCTCTGCCCCGGLGCCTGC
CGCCGCTGCCCCTGCTCCGGCTGCCGCCGCCCCTGCTGTCTCGAACGAGCTTCTTGAGA
AGGCCGAGACCGTCGTCATGGAGGTCCTCGCCGCCAAGACTGGCTACGAGACCGACATG
ATCGAGTCCGACATGGAGCTCGAGACCGAGCTCGGCATTGACTCCATCAAGCGTGTCGA
GATTCTCTCCGAGGTTCAGGCCATGCTCAACGTCGAGGCCAAGGACGTCGACGCTCTCA
GCCGCACTCGCACTGTTGGCGAGGTCGTCCGATGCCATGAAGGCTGAGATCGCTGGTGGC
TCTGCCCCGGCGCCTGCCGCCGLTGCTCCTGCCTCGGCTGGCGCCECGCCTGCGGTCAA
GATTGACTCGGTCCACGGCGECTGACTGTGATGATCTTTCCCTGATGCACGCCAAGGTGG
TTGACATCCGCCGCCCGGACGAGCTCATCCTGGAGCGCCCCCAGAACCGCCCCGTTCTC
GTTGTCGATGACGGCAGCGAGCTCACCCTCGCCCTGGTCCGLCGTCCTCGGCGLCTGLGE
CGTTGTCCTGACCTTTGAGGGTCTCCAGCTCGCTCAGCGCGCTGGTGCCGCTGCCATCC
GCCACGTGCTCGCCAAGGATCTTTCCGCGGAGAGCGCCGAGAAGGCCATCARGGAGGCC
GAGCAGCGCTTTGGCGCTCTCGGTGGCTTCATCTCGCAGCAGGCGEAGCGCTTCGAGCC
CGCCGAARTCCTCGGCTTCACGCTCATGTGCGCCAAGTTCGCCAAGGCTTCCCTCTGCA
CGGCTGTGGCTGGCGGCCGCCCGGCCTTTATCGGTGTGGCGCGCCTTGACGGCCGCCTC
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GGATTCACTTCGCAGGGCACTTCTGACGCGCTCAAGCGTGCCCAGCGTGGTGCCATCTT
TGCCCTCTGCAAGACCATCGGCCTCGAGTGETCCGAGTCTGACGTCTTTTCCCGCGGLG
TGGACATTGCTCAGGGCATGCACCCCGAGGATGCCGLCCGETGGCGATTGTGCGCGAGATG
GCGTGCGCTGACATTCGCATTCGCGAGGTCGGCATTGGCGCARACCAGCAGCGCTGCAC
GATCCGTGCCGCCAAGCTCGAGACCGGCAACCCGCAGCGCCAGATCGCCARGGACGALG
TGCTGCTCGTTTCTGGCGGCGLTCGCGGCATCACGCCTCTTTGCATCCGGGAGATCACG
CECCAGATCGCGGGCGGCARAGTACATTCTGCTTGGCCGCAGCAAGGTCTCTGCGAGCGA
ACCGGCATGGTGCGCTGGCATCACTGACGAGAAGGCTGTGCAAAAGGCTGCTACCCAGE
AGCTCAAGCGCGCCTTTAGCGUTGGCGAGGGCCCCAMGCCCACGCCCCGLCGCTGTCACT
AAGCTTGTGGGCTCTGTTCTTGGCGCT CGCGAGGTGCGCAGCTCTATTGCTGCGATTGA
AGCGCTCGGCEGCAAGGCCATCTACTCGTCGTGCGACGTGAACTCTGCCECCGACGTGG
CCAAGGCCGTGCGCGATGCCCGAGTCCCAGCTCGGETGCCCGCGTCTCGGGCATCGTTCAT
GCCTCGEGCGTGCTCCGCGACCGTCTCATCGAGAAGAAGCTCCCCGACGAGTTCGACGC
COTCTTTGGCACCAAGGTCACCGGTCTCGAGARCCTCCTCGCCGCCGTCGACCGLGCCA
ACCTCAAGCACATGGTCCTCTTCAGCTCGCTCGCCGGCTTCCACGGCAACGTCGGCCAG
TCTGACTACGCCATGGCCAACGAGGCCCTTAACAAGATGGGCCTCGAGCTCGCCAAGGA
COETCTCGETCAAGT CGATCTGCTTCGGT CCCTGGEACGGTGGCATGGEGTGACGCCGCAGT
TCAAGARAGCAGTTCCAGGAGATGGGCGTGCAGATCATCCCCCGLCGAGGGCGGCGCTGAT
ACCGTGGCGCECAT CGTGCTCGGCTCCTCECCEGUTGAGATCCTTGTCGGCAACTGGCG
CACCCCGTCCAAGAAGGTCGGCTCGGACACCATCACCCTGCACCGCAAGATTTCCGCCA
AGTCCAACCCCTTCCTCGAGGACCACGTCATCCAGGGCCGCCGCGTGUCTGCCCATGACG
CTGGCCATTGGCTCGCTCGCGGACGACCTGCCTCGGCCTCTTCCCCGGCTACTCGCTCTG
GGCCATTGACGACGCCCAGCTCTTCAAGGGTGTCACTGTCGACGGCGACGTCARCTGCG
AGGTGACCCTCACCCCGTCGACGGCGCCCTCGGGCCGCGTCAACGTCCAGGCCACGCTC
ARGACCTTTTCCAGCGGCAAGCTGGTCCCGGCCTACCGCGCCGTCATCGTGCTCTCCAA
CCAGGGCGCGLCCCCGGCCARCGCCACCATGCAGCCGCCCTCGCTCGATGCCGATCCGG
CGCTCCAGGGCTCCGTCTACGACGGCAAGALCCTCTTCCACGGCCCGGCCTTCCGLGEC
ATCGATGACGTGCTCTCGTGCACCAAGAGCCAGCTTGTGGCCARGTGCAGCGLCTGTCCC
CGGCTCCGACGCCGCTCGCOGCGAGTTTGCCACGGACACTGACGCCCATGACCCCTTCG
TGAACGACCTGOGCCTTTCAGGCCATGCTCGTCTGGETECGCCGCACGCTCGGCCAGGCT
GCGCTCCCCAACTCGATCCAGCGCATCGTCCAGCACCGCCCGGTCCCGCAGGACAAGCC
CTTCTACATTACCCTCCGCTCCAACCAGTCGGGCGETCACTCCCAGCACAAGCACGCCC
TTCAGTTCCACAACGAGCAGGGCGATCTCTTCATTGATGTCCAGGCTTCGGTCATCGCC
ACGGACAGCCTTGCCTTCTAA
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TGCCGTCTTTGAGGAGCATGACCCCTCCAACGCCGCCTGCACGGGCCACGACTCCATTT
CTGCGCTCTCGGCCCGCTGCGGCEGTGARAGCAACATGCGCATCGCCATCACTGGTATG
GACGCCACCTTTGGCGCTCTCAAGGGACTCGACGCCTTCGAGCGCGCCATTTACACCGE
CGCTCACGGTGCCATCCCACTCCCAGAAAAGCGCTGECGCTTTCTCGGCAAGGACAAGS
ACTTTCTTGACCTCTGCGGCGTCAAGGCCACCCCGCACGGCTGCTACATTGAAGATGTT
GAGGTCGACTTCCAGCGCCTCCGCACGCCCATGACCCCTGAAGACATGCTCCTCCCTCA
GCAGCTTCTGECCGTCACCACCATTGACCGCGCCATCCTCGACTCGGGAATGAAAAAGG
GTGGCAATGTCGCCGTCTTTGTCGGCCTCAGCACCGACCTCGAGCTCTACCETCACCGT
GCTCGCGTCGCTCTCAAGEAGCGCGTCCGCCCTGAAGCCTCCAAGAAGCTCAATGACAT
GATGCAGTACATTAACGACTGCGGCACATCCACATCGTACACCTCGTACATTGGCARCC
TCGTCGCCACGCGCGTCTCGTCGCAGTGEEGCTTCACGGECCCCTCCTTTACGATCACT
GAGGGCAACAACTCCGTCTACCGCTGCGCCGAGCTCGGCAAGTACCTCCTCGAGACCGE
CGAGGTCGATGGCETCGTCGTTGCGEATGTCGATCTCTGCGGCAGTGCCGAARACCTTT
ACGTCAAGTCTCGCCGCTTCARGGTGT CCACCTCCGATACCCCGCGCGCCAGCTTTGAC
GCCGCCGCCGATGGCTACT TTGTCGGCGAGGGCTGCEGTGCCTTTGTGCTCAAGCGTCA
GACTAGCTGCACCAAGGACGACCGTATCTACGCTTGCATGGATGCCATCGTCCCTGGCTA
ACGTCCCTAGCGCCTGCTTGCGCGAGECCCTCEACCAGGCGCGCGTCAAGCCGGGCGAT
ATCGAGATGCTCGAGCTCAGCGCCGACTCCGCCCGCCACCTCARGGACCCGTCCGTCCT
GCCCAAGGAGCTCACTGCCGAGGAGGARATCGGCEGCCTTCAGACGATCCTTCATGACG
ATGACAAGCTCCCGCGCAACGTCGCAACGGGCAGTGTCAAGGCCACCGTCGGTGACACE
GGTTATGCCTCTGGTGCTGCCAGCCTCATCAAGGCTGCGCTTTGCATCTACAACCGCTA
CCTGECCAGCAACGGCGACGACTGGGATCGAACCCGCCCCTEAGGCGCCCTGGGACAGCA
CCCTCTTTGCGTGCCAGACCTCGCGCGCTTGGCTCAAGAACCCTGGCGAGCGTCGCTAT
GCGGLCETCTCGGGCGTCTCCGAGACGCGCTCGTGCTAT TCCGTGCTCCTCTCCGARAGT
CGAGGGCCACTACGAGCGCGAGAACCGCATCTCGCTCGACGAGGAGGCGCCCARGCTCA
TTGTGCTTCGCGCCGACTCCCACGAGGAGATCCTTGETCGCCTCGACAAGATCCGCCAG
CGCTTCTTGCAGCCCACGGGECGCCECCCCGCGCGAGTCCAAGCTCAAGGCGCAGGCCCS
CCGCATCTTCCTCGAGCTCCTCGGCGAGACCCTTGCCCAGGATGCCGCTTCTTCAGGCT
CGCARAAGCCCCTCGCTCTCAGCCTCGTCTCCACGCCCTCCARGCTCCAGCGCGAGGTC
GAGCTCGCGGCCAAGGETATCCCGCGCTGCCTCARGATGCGCCGCGATTGGAGCTCCCC
TGCTGGCAGCCGCTACGCGCCTGAGCCECTCGCCAGCGACCGCATCGCCTTCATGTACG
GCGAAGGTCGCAGCCCTTACTACGGCATCACCCAAGACATTCACCGCATTTGGCCCGAA
CTCCACGAGGTCATCARCGAAAAGACGAACCGTCTCTGGGCCGAAGGCGACCGCTGGAT
CATGCCGCGCGCCAGCT TCAAGTCGGAGCTCGAGAGCCAGCAGCAAGAGTTTGATCGCA
ACATGATTGARATGTTCCGTCTTGGAATCCTCACCT CARTTGCCTTCACCAATCTGGCG
CGCGACGTTCTCAACATCACGCCCAAGGCCGCCTTTGECCTCAGTCTTGGCGAGATTTC
CATGATTTTTGCCTTTTCCAAGAAGAACGGTCTCATCTCCGACCAGCTCACCAAGGATC
TTCGCGAGTCCGACGTGTGGAACAAGGCTCTGGCCGTTGAATTTAATGCGCTGCGCGAG
GCCTGGOGCATTCCACAGAGTGTCCCCARGGACGAGTTCTGECAAGGCTACATTGTGCG
CGGCACCAAGCAGGATATCGAGGCGGCCATCGCCCCGGACAGCAAGTACGTGCGCCTCA
CCATCATCAATGATGCCAACACCGCCCTCATTAGCGGCAAGCCCGACGCCTGCAAGGLT
GCGATCGCGCGTCTCGGTGGCAACATTCCTECGCT TCCCGTGACCCAGEGCATETGCGS
CCACTGCCCCGAGGTGGGACCTTATACCAAGGATATCGCCARGATCCATGCCAACCTTG
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AGTTCCCCGTTGTCGACGGCCTTGACCTCTGGACCACAATCAACCAGAAGCGLCTCGTG
CCACGCGCCACGGGCGCCAAGGACGAATEGCECCCCTTCTTCCTTTGGCGAGTACGCCGG
CCAGCTCTACGAGAAGCAGGCTAACTTCCCCCARATCGTCGAGACCATTTACAAGCARA
ACTACGACGTCTTTGTCGAGGTTGGGCCCAACAACCACCGTAGCACCGCAGTGCGCACC
ACGCTTGEGETCCCCAGCGCAACCACCTTGCTGGCGCCATCGACAAGCRAGARACGAGGATGC
TTGGACGACCATCGTCAAGCTTGTGGCTTCGCTCARAGGCCCACCTTGTTCCTGGCGTCA
CGATCTCGCCGCTGTACCACTCCAAGCTTGTGGCGCGAGGCTCAGGCTTGCTACGCTGCG
CTCTGCAAGGGTCGAAARGCCCAAGAAGARCARAGTTTGTGCGCAAGATTCAGCTCAACGEG
TCECTTCAACAGCAAGGCGGACCCCATCTCCTCGGCCGATCTTGCCAGCTTTCCGCCTG
CGGACCCTGCCATTGAAGCCGCCATCTCGAGCCGCATCATGAAGCCTETCGCTCCCAAG
TTCTACGCGCGTCTCAACATTGACGAGCAGGACGAGACCCGAGATCCGATCCTCAACAA
GGACAACGCGCCGTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTC
CGTCECCTGCTCCTTCGGCCCCCGTGCAAAAGANGGOTGCTCCCGCCGCGGAGALCAAG
GCTGTTGCTTCGGCTGACGCACTTCGCAGTGCCCTGCTCGATCTCGACAGTATGCTTGC
CGCTGAGCTCTGCCAGTGCCTCCGGCAACCTTGTTGAGACTGCGCCTAGCGACGCOTCGG
TCATTGTGCCGCCCTGCAACATTGCGGATCTCGGCAGCCGCGCCTTCATGAAMACGTAC
GETETTTCGGCGCCTCTGTACACGGGCGCCATGGCCAAGGGCATTGCCTCTGCGGACCT
CGTCATTGCCGCCGGCCGCCAGGGCATCCTTGCGTCCTTTGGCGCCGGCGGACTTCCCA
TGCAGGTTGTGCGTGAGTCCATCGAAAAGATT CAGGCCGCCCTGCCCAATGGCCCGTAC
GCTGTCAACCTTATCCATTCTCCCTTTGACAGCAACCTCGARAAGGGCAATGTCGATCT
CTTCCTCGAGAAGGGTGTCACCTTTGTCGAGGCCTCGGCCTTTATGACGCTCACCCCGC
AGGTCGTGCGGTACCGCGCGGCTGGCCTCACGOGCANCGCCGACGGCTCGGTCAACATC
CGCARCCGTATCATTGGCAAGGTCTCGCGCACCGAGCTCGCCGAGATGTTCATGCGTCC
TGCGQCCGAGCACCTTCTTCAGAAGCTCATTGCTTCCGGCGAGATCAACCAGGAGCAGG
CCGAGCTCGCCCGCCGTGTTCCCGTCGCTGACGACATCGCGGTCGAAGCTGACTCGGET
GGCCACACCGACAACCGCCCCATCCACGTCATTCTGCCCCTCATCATCAACCTTCGCGA
CCGCCTTCACCGCGAGTGCGGCTACCCGGCCAACCTTCGCGTCCGTCTGGECECCCGGLG
GTGGCATTGGGETGCCCCCAGGCGGCGCTGGCCACCTTCAACATGGGTGCCTCCTTTATT
GTCACCGGCACCGTGAACCAGGTCGCCAAGCAGTUGGGCACGTGCGACAATGTGCGCAA
GCAGCTCGCGRAGGCCACTTACTCGGACGTATGCATGGCCCCGGCTGCCCACATGTTCG
AGGAAGGCGTCAAGCTTCAGGTCCTCAAGAAGGGARCCATGTTTCCCTCGCGLGCCANC
ARGCTCTACGAGCTCTTTTGCAAGTACGACTCGTTCGAGTCCATGCCCCCCGCAGAGCT
TGCGCGCGTCGAGAAGCGCATCTTCAGCCGCGCGUTCCAAGAGGTCTGGGACGAGACCA
AARACTTTTACATTAACCGTCTTCACAACCCGGAGAAGATCCAGCGCGCCGAGCGLGAC
CCCARGCTCAAGATGTCGCTGTGCTTTCGCTGGTACCTGAGCCTGGLGAGCCGCTGEGC
CAACACTGGAGCTTCCGATCGCGTCATGGACTACCAGSTCTGGTGCGGTCCTGCCATTG
GTTCCTTCAACGATTTCATCAAGCGAACTTACCTTGATCCGGECURTCGCAAACGAGTAC
CCGTGCGTCGTTCAGATTAACAAGCAGATCCTTCGTGGAGCGTGCTTCTTGCGCCGTCT
CGAAATTCTGCGCAACGCACGCCTTTCCGATGGCGCTGCCGCTCTTGTGGCCAGCATEG
ATGACACATACGTCCCGGCCGAGAAGCTGTAAGTAAGCTCTCATATATGTTAGTTGCGT
GAGACCGACACGAAGATAATATCACATACGCTTTTGTTTGTTCTTTCAATTATTTGTCT
GTGCTTCATGTTGCTCCTCAGTATCTAGCTGGCGGCTCTTATCTTCTTTTAAAATATCT
GGACAAGGACAAARACARAGANTAARGGCGAGAAGATGTGAATTTCATTTCGACTTGAGA
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ACTCGAAGAGCATTGATGCGGTTAGTATATGGGTATTTTC CAGACACTTTTCATCATCA
TCATCATCATCATCATTATGAAGAAGTAGTAGCTGATAAAGTAGAC TCACTGTTTGCAG
CGAGAAAAADADNNNDNANRDDARA
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CGAGCAGAGGCCGGCCGCGAGCCCGAGCCCGCGCCGCAGATCACTAGTACCGCTGCGGA
ATCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCCACGAGAGE
GAGATAAAGAAAAAGCGGCAGAGACGATGGCGCTCCGTGTCAAGACGAACAAGAAGCCA
TGCTGGGAGATGACCAAGGAGGAGCTGACCAGCGGCAAGACCGAGGTETTCAACTATGA
GGAACTCCTCGAGT TCGCAGAGGGCGACATCGCCAAGGTCTTCGGACCCGAGTTCGCCG
TCATCGACAAGTACCCGCGCCECGTGCGCCTGCCCGCCCGCGAGTACCTGCTCGTGACT
CQCGTCACCCTCATGGACGCCGAGETCAACAACTACCGCOTCGECGCCCGCATGG TCAL
CGAGTACGATCTCCCCGTCAACGGAGAGCTCTCCGAGGGCEGAGACTGCCCCTEGGCCE
TCCTCQTCGAGAGTGGCCAGTGCGATCTCATGC TCATCTCCTACATGGGCATTGACTTC
CAGAACCAGGGCGACCGCGTCTACCGCCTGCTCAACACCACGCTCACCTTTTACGGCGT
GGCCCACGAGGGCGAGACCCTCGAGTACGACATTCGCGTCACCEGCTTCGCCAAGCETC
TCGACGGCGGCATCTCCATGTTCTTCTTCGAGTACGACTGOTACGTCAACGGCCGCCTC
CTCATCGAGATGCGCGATGGCTGCGCCGGCTTCTTCACCAACGAGGAGCTCGACGCCGG
CAAGGGCGTCGTCTTCACCCGCOGCGACCTCGCCGCCCGCGCCAAGATCCCARAGCAGGE
ACGTCTCCCCCTACGCCGTCGCCCCCTGCCTCCACAAGACCAAGCTCAACGAMAAGGAG
ATGCAGACCCTCGTCGACAAGGACTGGGCATCCGTCTTTEGCTCCAAGAACGGCATGCE
GGAAATCAACTACAAACTCTGCGCGCGTAAGATGCTCATCATTGACCGCGTCACCAGCA
TTGACCACAAGGGCGETGTCTACGGCCTCGRTCAGCTCGTCGGTGARAAGAT CCTCGAG
CGCGACCACTGGTACTTTCCCTGCCACT T TETCAAGGATCAGGTCATGGCCGEATCCCT
CGTCTCCGACGGCTGCAGCCAGATGCTCAAGATGTACATGATCTGGCTCGGCCTCCACC
TCACCACCGGACCCTTTGACTTCCGCCCGETCAACGECCACCCCAACAAGGTCCGOTGC
CGCGGCCAAATCTCCCCGCACAAGGGCARGCTCGTCTACGTCATGGAGATCAAGGAGAT
GGGCTTCGACGAGGACAACGACCCGTACGCCATTGCCGACGTCAACATCATTGATGTCG
ACTTCGAAAAGGGCCAGGACTTTAGCCTCGACCGCATCAGCGACTACGGCARGGGCGAC
CTCAACAAGAAGAT CGTCGTCGACTTTAAGGGCATCGCTCTCAAGATGCAGAAGCGCTC
CACCAACAAGAACCCCTCCAAGGTTCAGCCCGTCTTTGCCAACGGCGCCGCCACTGTCG
GCCCCGRAGGCCTCCAAGGCTTCCTCCGGUGCCAGCGCCAGCGCCAGCGCCGCCCCGGCC
BAGCCTGCCTTCAGCGCCGATGTTCTTGCGCCCAAGCCOGTTGCCCTTCCCGAGCACAT
COTCARGGGCGACGCCCTCGCCCCCAAGGAGATGTCCTEGCACCCCATGGCCCGCATCC
CGGGCAACCCGACGCCCTCTTTTGCGCCCTCGGCCTACARAGCCGCGCARCATCGCCTTT
ACCCCCTTCCCCGGCAACCCCAACGATAACGACCACACCCCGGGCARGATGCCGCTCAC
CTGGTTEAACATGGCCGAGTTCATGGCCGECAAGE TCAGCATGTGCCTCGGCCCCGAGT
TCGCCAAGTTCGACGACTCGAACACCAGCCGCAGCCCOGCTTGGGACCTCGCTCTCGTC
ACCCGCGCCETGTCTGTGTCTGACCTCAAGCACGTCAACTACCGCAACATCGACCTCGA
_CCCCTCCAAGGGTACCATGGTCGGCCAGTTCGACTGCCCCGCGGACGCCTGGTTCTACA
AGGGCGCCTGCAACGATGCCCACATGCCGTACTCGATCCTCATGGAGATCGCCCTCCAG
ACCTCGGGTGTGCTCACCTCEGTGCTCAAGGCGCCCCTGACCATGGAGAAGGACGACAT
CCTCTTCCGCAACCTCGACGCCAACGCCGAGTTCGTECGCGCCEGACCTCGACTACCECG
GCAAGACTATCCGCAACGTCACCAAGTGCACTGGCTACAGCATGCTCGGCGAGATEGGE
GTCCACCGCTTCACCTTTGAGCTCTACGTCGATGATGTGCTCTTTTACARGGGCTCEAC
CTCGTTCGGCTEGTTCGTGCCCGAGETYTTTGCCGCCCAGGCCGECCTCGACAACGGCT
GCAAGTCGGAGCCCTGGTTCATTGAGAACAAGGTTCCCGCCTCGCAGGTCTCCTCCTTT
GACGTGCGCCCCAACOGCAGCGGLCGCACCGCCATCTTCGCCAACGCCCCCAGCGGOGT
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CCAGCTCAACCGCCGCACGGACCAGGGCCAGTACCTCCACGCCGTCGACATTGTCTCCG
GCAGCGGCAAGARAGAGCCTCGGCTACGCCCACGETTCCAAGACGGTCAACCCGAACGAC
TGETTCTTCTCGTGCCACTTTTGGTTTGACTCGGTCATGCCCGGAAGTCTCGGTGTCGA
STCCATGTTCCAGCTCGTCGAGGCCATCGCCGCCCACGAGGATCTCGCTCGCAMAGCAL
GGCATTGCCAACCCCACCTTTGTGCACGCCCCCGGECAAGATCAAGCTGGAAGTACCGL
GGSCAGCTCACGCCCAAGAGCAAGAAGATGGACTCGGAGGTCCACATCGTETCCGTGGA
CGCCCACGACGGCGTTGTCGACCTCGTCGCCCGACGGCTTCCTCTGGGCCGACAGCCTCC
GCGTCTACTCGGTGAGCAACATTCGLGTGCGCATCGCCTCCGETGAGGCCCCTGLCCGCT
GCCTCCTCCECOGCCTC TETGGECTCCTCGGCTTCGTCCGTCGAGCGCACGCGLTCGAG
CCCCGOTGETCGCCTCCGGCCCGGCCCAGACCATCGACCTCAAGCAGCTCAAGACCGAGT
TCCTCGAGCTCGATGCCCCEGCTCTACCTCTCGCAGGALCCCGACCAGCGGCCAGLTCAAG
BAGCACACCGACGTGGCCTCCGGCCAGGCCACCATCGTGCAGCCCTGCACGCTCGGCGA
CCTCGGTGACCGCTCCTTCATGCAGACCTACGGCETCGTCGCCCCGCTGTACALGGECG
CCATGGCCAAGGGCATTGCCTCEGCGGACCTCGTCATCGCCGCCGGCARGCGCAAGATC
CTCGGCTCCTTTGGCGCCAGCGGLCTUCCCATGCACCACGTGCGCGCCGCCCTCGAGAA
GATCCAGGCCGCCCTGCCTCAGGGCCCCTACGCCGTCAACCTCATCCACTCGCCTTTTG
ACAGCAACCTCGAGARGGGCAACGTCGATCTCTTCCTCGAGAAGGGCGTCACTGTGGTG
GAGGCCTCGGCATTCATGACCCTCACCCCGCAGGTCGTGCGCTACCGCGCCGCLEGGLCT
CTCGCGCAACGCCGACGGTTCGETCAACATCCGCARCCGCATCATCGGCAAGBTCTCGC
GCACCGAGCTCGCCGAGATGTTCATCCGCCCGGCCCCGGAGCACCTCCTCGAGAAGCTC
ATCGCCTCGGGCGAGATCACCCAGGAGCAGGCCGAGCTCGLGLGCCGCGTTCCCGTCGL
CGACGATATCGCTGTCGAGGCTGACTOGGGCGGCCACACCGACARCCCCCCCATLCALG
TCATCCTCCCGCTCATCATCAACCTCCGCAACCGUCTGCACCGCGAGTGCGGCTALCCCC
GCGCACCTCCGCGTCCGCATTGGCGLOGGLGETGGCEGTCEGCTGCCCGCAGECCECCGL
CGCCGCGCTCACCATGGGCGCCGCCTTCAT CGTCACCGGCACTGTCARCCAGGTCGCCA
AGCAGTCCGGCACCTCGCGACAACGTGCGCAAGCAGCTCTCGCAGGCCACCTACTCGGAT
ATCTGCATGGCCCCGGCLGCCGACATETTCGAGCGAGGGCGTCAAGCTCCAGGTCCTCAA
GARAGGGAACCATGTTCCCCTCGCGCGCCAACAAGCTCTACGAGCTCTTTTGCAAGTACG
ACTCCTTCGACTCCATGCCTCCTGCCGAGCTCGAGCGCATCGAGAAGCGTATCTTCAAG
CGCGCACTCCAGGAGGTCTGGGAGGAGACCAAGGACTTTTACATTAACGGTCTCAAGAA
CCCGGAGAAGATCCAGCGCGCCGAGCACGACCCCAAGCTCARGATGTCGCTCTGCTTCC
GCTGGTACCTTGGTCTTGCCAGCCGCTGGGCCAACATGGGCGCQ?CGGACCGCGTCATG
GACTACCAGGTCTGGTGTGGCCCGGCCATTGGCGCCTTCAACGACTTCATCAAGGGCAL
LTACCTCGACCCCGCTGTCTCCARCGAGTACCCCTGTGTCGTCCAGATCAACCTGCARA
TCCTCCGTGGTGCCTGCTACCTGCGCCETCTCAACGCCCTGCGCANCGACCCGCGCATT
GACCTCGAGACCGAGGATGCTGCCTTTGTCTACGAGCCCACCAACGCGCTCTAAGARMRDG
TGAACCTTGTCCTAACCCGACAGCGAATGGCGGGAGGGGGCGAGCTARAAGATCGTATT
ACATAGTATTTTTCCCCTACTCTTTGTGAAAAANRNDNARRARNAAN
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RCRRVSPRRAAPPPPLARTPARLAAPAVSNELLEKAETVVMEVLAAKTGYETDMIESDM
ELETELGIDSIKRVEILSEVQAMLNVEAKDVDALSRTRTVGEVVNAMKAEIAGGSAPAP
AARAPGPAAAAPAPAVSSELLEKAETVVMEVLAAKTGYETDMIESDMELETELGIDSIK
RVEILSEVOQAMLNVEAKDVDALSRTRTVGEVVDAMKAEIAGSSASAPAAAAPAPAAMAP
APBAAAPAVSNELLEKAETVVMEVLARKTGYETDMIESDMELETELGIDSIKRVEILSE
VQAMLNVEAKDVDALSRTRTVGEVVDAMKAE IAGGSAPAPAAAAPAPAAARAPAVSNELL
EKAETVVMEVLAAKTGYETDMIESDMELETELGIDSIKRVEILSEVOAMLNVEAKDVDA
LSRTRTVGEVVDAMKAEIAGSSAPAPAAAAPAPAAAAPAPAAAAPAVSSELLEKAETVV
MEVLAAKTGYETDMIESDMELETELGIDSIKRVEILSEVQAMLNVEAKDVDALSRTRTV
GEVVDAMKAETAGGSAPAPAAAAPAPAARAPAVENELLEKAETVVMEVLAAKTGYETDM
IESDMELETELGIDSIKRVEILSEVOAMLNVEAKDVDALSRTRTVGEVVDAMKAEIAGG
SAPAPAAAAPASAGAAPAVKIDSVHGADCDDLSLMHAKVVDIRRPDELILERPENRPVL
VVDDGSELTLALVRVLGACAVVLTFEGLOLAQRAGAAATRHVLAKDLSAESAEKAIKEA
EQRFGALGGFISQQAERFEPARILGFTLMCAKFAKASLCTAVAGGRPAFIGVARLDGRL
GFTSQGTSDALKRAQRGAIFGLCKTIGLEWSESDVFSRGVDIAQGMHPEDAAVAIVREM
ACADIRIREVGIGANQORCTIRAAKLETGNPORQIAKDDVLLVSGGARGITPLCIREIT
ROIAGGKYILLGRSKVSASEPAWCAGITDEKAVOKAATOELKRAFSAGEGPKPTPRAVT
KLVGSVLGAREVRSSIAATEALGGKATIYSSCDVNSAADVAKAVRDAESQLGARVSGIVH
ASGVLRDRLIEKKLPDEFDAVFGTKVTGLENLLAAVDRANLKHMVLFEF SSLAGFHGNVGO
SDYAMANEALNKMGLELAKDVSVKSI CFGPWDGGMVTPOLKKQFQEMGVQI IPREGGAD
TVARIVLGSSPAEILVGNWRTPSKKVGSDTITLHRKISAKSNPFLEDHVIQGRRVLPMT
LAIGSLAETCLGLFPGYSLWAIDDAQLFKGVTVDGDVNCEVTLTPSTAPSGRVNVQATL
KTFSSGKLVPAYRAVIVLSNQGAPPANATMOPPSLDADPALQGSVYDGKTLFHGPAFRG
IDDVLSCTKSQLVAKCSAVPGSDAARGEFATDTDAHDPFVNDLAFQAMLVWVRRTLGQA
ALPNSIQRIVQHRPVPQDKPFYITLRSNQSGGHSOHKHALQFHNEQGDLFIDVQASVIA
TDSLAF

Figure 29 A
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AVFEEHDPSNAACTGHDSISALSARCGGESNMR IAITGMDATFGALKGLDAFERAIYTG
AHGA I PLPEKRWRFLGKDKDFLDLCGVKATPHGCY IEDVEVDFQRLRTPMTPEDMLLEQ
OLLAVTTIDRAILDSGMKKGGNVAVFVGLGTDLELYRHRARVALKERVR PEASKKLNDM
MOYINDCGTSTSYTSY IGNLVATRVS SQWGFTGPSFTITEGNNSVYRCAELGKYLLETG
EVDGVVVAGVDLCGSAENLYVKSRRFKVSTSDTPRASFDAAADGYFVGEGCGAFVLKRE
TSCTKDDRIYACMDAI VPGNVPSACLREALDOARVKPGDIEMLELSADSARHLKDPSVL
PKELTAEEEIGGLQT ILRDDDKLPRNVATGSVKATVGDTGYASGAASLIKAALCIYNRY
LPSNGDDWDEPAPEAPWDSTLFACQOTSRAWLKNPGERRYAAVSGVSETRSCYSVLLSEA
EGHYERENRISLDEEAPKLIVLRADSHEEILGRLDKIRERFLOPTGAAPRESELKAQAR
RIFLELLGETLAQDAASSGSQKPLALSLVSTPSKLOREVELAAKGI PRCLKMRRDWSSP
AGSRYAPEPLASDRVAFMYGEGRSPYYGITQDIHRIWPELHEVINEKTNRLWAEGDRWV
MPRASFKSELESQQQEFDRNMIEMFRLGILTSIAFTNLARDVLNITPKAAFGLSLGELS
MIFAFSKKNGLISDQLTKDLRESDVWNKALAVEFNALREAWGI POSVPKDEFWQGYIVR
GTKQDIEAAIAPDSKYVRLTIINDANTALISGKPDACKAAIARLGGNI PALPVTQGMCG
HCPEVGPYTKDIAK IHANLEFPVVDGLDLWTTINQKRLVPRATGAKDEWAPSSFGEYAG
OLYEKQANFPQIVET I YKONYDVFVEVGPNNHRSTAVRTTLGPORNHLAGA IDKONEDA
WITIVKLVASLKAHLVPGVTISPLYHSKLVAEAQACYAALCKGEKPKKNKFVRKIQLNG
RFNSKADPISSADLASFPPADPAIEAAISSRIMKPVAPKFYARLNIDEQDETRDPILNK
DNAPSSSSS5SSSSSSSSSPSPAPSAPVOKKAAPAARETKAVASADALR SATLDLDSMLA
LSSASASGNLVETAPSDASVIVPPCNIADLGSRAFMKTYGVSAPLYTGAMAKGIASADL
VIAAGRQOGILASFGAGGLPMQVVRESIEKIQAALPNGPYAVNLIHS PFDSNLEKGNVDL
FLEKGVTFVEASAFMTLTPQVVRYRAAGLTRNADGSVNIRNRI IGKVSRTELAEMFMRE
APEHLLOKLIASGEINQEQAELARRVPVADDIAVEADSGGHTDNRPIHVILPLI INLRD
RLHRECGYPANLRVRVGAGGGIGCPQAALATFNMGASFIVTGTVNQVAKQOSGTCDNVRK
QLAKATYSDVCMAPAADMFEEGVKLQVLKKGTMFPSRANKLYELFCKYDSFESMPPAEL
ARVEKRIFSRALEEVWDETKNFYINRLHNPEKIQRAERDPKLKMSLCFRWYLSLASRWA
NTGASDRVMDYQVWCGPAIGSFNDFIKGTYLDPAVANEY PCVVQINKQOILRGACFLRRL
EILRNARLSDGAAALVASIDDTYVPAEKL

Fipure 29 B
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RAEAGREPEPAPQITSTAAESQQQQOQOQQOQVQQUPREGDKEKAAETMALRVKTNKKPCWEMT
KEELTSCKTEVFNYEELLEFAEGDIAKVFGPEFAVIDKYPRRVRLPAREYLLVTRVTLMDAEVN
NYRVGARMVTEYDLPVNGELSEGGDCPWAVLVESGQCDLMLISYMGIDFONQGDRVYRLLNTTL
TFYGVAHEGETLEYDIRVTGFAKRLDGGISMFFFEYDCYVNGRLL IEMRDGCAGFFTNEELDAG
KGVVFTRGDLAARAKIPKQDVSPYAVAPCLHKTKLNEKEMOTLVDKDWASVFGSKNGMPEINYK
LCARKMLMIDRVTSIDHKGGVYGLGOLVGEKILERDHWYFPCHFVKDQVMAGSLVSDGCSQMLK
MYMIWLGLHLTTGPFDFRPVNGHPNKVRCRGQISPHKGKLVYVME IKEMGFDEDNDPYATADVIN
I IDVDFEKGODFSLDRISDYGKGDLNKKIVVDFKGIALKMOQKRSTNKNPSKVQPVFANGAATVG
PEASKASSGASASASAAPAKPAFSADVLAPKPVALPEHILKGDALAPKEMSWHPMARIPGNPTP
SFAPSAYKPRNIAFTPFPGNPNDNDHTPGKMPLTWFNMAEFMAGKVSMCLGPEFAKFDDSNTSR
SPAWDLALVTRAVSVSDLKHVNYRNIDLDPSKGTMVGEFDCPADAWFYKGACNDAHMPYSILME
IALQTSGVLTSVLKAPLTMEKDDILFRNLDANAEFVRADLDYRGKTIRNVTKCTGYSMLGEMGV
HRFTFELYVDDVLFYKGSTSFGWFVPEVFAAQAGLDNGRKSEPWF IENKVPASQVSSFDVRPNG
SGRTAIFANAPSGAQLNRRTDOGQYLDAVDIVSGSGKKSLGYAHGSKTVNPNDWFFSCHFWFDS
VMPGSLGVESMFOLVEAIAAHEDLAGKARHCOPHLCARPRARSSWKYRGQLTPKSKKMDSEVHT
VSVDAHDGVVDLVADGFLWADSLRVYSVSNIRVRIASGEAPAAASSAASVGSSASSVERTRSSP
AVASGPAQTIDLKQLKTELLELDAPLYLSQDPTSGQLKKHTBVASGOATIVQPCTLGDLGDRSE
METYGVVAPLYTGAMAKGIASADLVIAAGKRKILGSFGAGGLPMHHVRAALEKIQAALPQGPYA
VNLIHSPFDSNLEKGNVDLFLEKGVTVVEASAFMTLTPOQVVRYRAAGLSRNADGSVN IRNRIIG
KVSRTELAEMFIRPAPEHLLEKLIASGEITQEQAELARRVPVADDIAVEADSGGHTDNRPIHVI
LPLIINLRNRLHRECGYPAHLRVRVGAGGGVGCPQAAAAALTMGAAFIVTGTVNQVAKQSGTCD
NVRKQLSQATYSDICMAPAADMFEEGVKLQVLKKGTMFPSRANKLYELFCKYDSFDSMPPAELE
RIEKRIFKRALQEVWEETKDFYINGLKNPEKIQRAEHDPXLKMSLCFRWYLGLASRWANMGAPD
RVMDYQVWCGPAIGAFNDFIKGTYLDPAVSNEYPCVVQINLQILRGACYLRRLNALRNDPRIDL
ETEDAAFVYEPTNAL

Figure 29 C
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adaagaaacta
atcacccaat
tcaaatacaa
aaaccecage
aaatagtgta
tcagcaagaqg
attascttygg
tatatgtgea
ccaactceaaa

gatagcaata

trectttgbta

ccaatgccaa
tatcaatcta
gagtticttct
aagtgttrteg
gcgtaasatct

tgttattgte

afstaataatc

gotttgacaa

SEQUENCE LISTING

SCHIZOCHYTRIUM PKS GENES
CONE.1L31.02WO

Shewanella putrefaciens

toctcaatgey
cagecataaa
agtgeccaac
gotgagttayg
atattcgaca
dacgatageg
ceaategtoa
thatgattay
actgegtega
aactgtaaaa
ataagtgcct
aaacgocgcht
toccccaacga
cgaatagccoc
ataaaaaaqy
tetgoogtga
cttgaccttyg
aattcgtgca

aazsttigeet

aatttaacct
actgtaaagt
ccaageaaat
taatacataa
gtttctatge
cttactcatt
grtgttetat
caaaaactec
taagcttact
tgccacattg
gagttgaata
cacctaaggg
acatacgaat
cgagaagett
gatcatcatg
gataaactgc
atcacacaac
ttaagecaggt

agacLttaac

1

taatteggrt
gggtactcasa
ccatatocga
gocgaataata
tgatgttgag
actcacacct
cgtctcaaag
gataccatca
gecatagoeco
gecactiggt
ccaaccagta
aacctgotga
aagégcttgc
ttgetcatac
ataggcgtca
acgacactct
accaatgtaa
cageatteect

gatagesaatc

SUBSTITUTE SHEET (RULE 25)
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taattacgge
aggtggctgg
taataggtaa
ggatcactaa
ataaataaaa
cggtaaaaaa
ttatgecegac
agatgaagtt
tegoecttget
aagctetcata
cttaacaaca
gtcactatge
tecctgbtgoe
tgcgeottgat
cagagaatag
tccatggeet
caagactgta
ttgetasaca

atgargaaqag

60

120
180
240
300
360
420
480
540
600
660
720
180
840
300

360
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agaaaagcta
aaacaccgag
acaacgccgc
gcaattgaac
agcttttgga
tggaccgaag
caactttaaa
accactggag
taaaaaagca
cccattaaag
cggtttttat
ccaacattga
aataatttat
aacttacatg
aggatatgcc
cgattgagca
tagcattgat
tgcaacagtt
cagcaaaaga
tcctccaget
aatttgataa
tgaactacga
tggtttgctt
atttaacgat
acgoctttaat
tgcgecacgt
accaagttygg
cgacaccttg
acgaatgatc
tactaaagct
gecgtggttgyg
tttatacecgt
tggcagtcaa
cacctgcegce
acactagagt
gcecattttca
atttcattct
taaccgcagg
atttaacgct
ccgtcaacat
getttoctett
gatcccacac
aaaaatgact
caacattagc
cggagcecgc
gttcaccaag
gtaaagaaga
gaaaccgtat

caacctagag
tttatcgacc
aagatctatc
agtttatcaa
gcecatcgea
tcatcgacca
ttttgccgta
tacattcgtce
cataaacttc
taaccacttg
cttgagtttt
ccacacagec
ttttcatttt
ccaaaacaca
tagagcaata
agtgctaaca
taaaaccaaa
taagtctatg
aactcaatat
agaaaacgcc
cttacaacaa
tttgaatgtt
gaagcttatc
ggtgagttta
agtccttggg
gaaaagtata
cagctacttt
cagecctattce
cgttggcaaa
gaatttgccg
gacttacgtg
grragcggty
gaatggctgc
atcgtatcta
ttagtcagca
tcgatactat
ttgccagatc
tgtaaccctt
ttgtacttca
tttatcttea
catcattaaa
ttggattagc
gccaaaaaat
aaattcacca
ttcggegaca
cttatccatqg
cactrtaagcce
tgatgacaca

gggaataatc
atacttagat
acacctgtrt
tgaccatcaa
aaagcacttc
cttagacacec
agccatctcc
tttagtegt
tttatecggee
ctctttactc
ctcecaagcea
cgttagcecet
aacttcectgt
agctgttgtt
ataattacca
getgctaaaa
cttggtaata
agtgcagaag
ggtcaatcaa
ctcaatgaat
aacctgatga
ttgataacac
gagccaatgg
aagcacgcat
taaatagtgc
ttggccaaga
acacaagtta
cactgtatca
cagaatggca
cacttgaaga
gcagagtcga
aaagcttage
tecgataaacce
atatctcecttg
taaaaatgge
atatcagcag
cctggatgat
ggagtcaatt
cctggaattt
tcatcaagaa
tgaccaatga
tcaccttgge
ggattaattt
ggttgttgac
acacactcag
taggcttgtt
agttccaaaa
acatcatgat

aaacaactgc
agagtcatag
ttacagctag
ttagcggaca
ttaattgagt
ttattaagaa
ccccacccca
ttaccatcac
tgaatatagyg
atgcctagag
ccgtgattat
aagcttgcaa
tatgacatta
ttaaatgact
atgtttaagy
aaatcaatga
gcatcccaat
aaagacaagc
gcttatctca
taagaaacga
ataaagagcc
cacgattact
ccaggttcta
gttaacccea
actcgaagay
tattaattct
tgtgcacatg
aattccagca
agcttgtgat
gctaaccagt
atacttgacg
agtagaaaag
attattggat
ggaccattta
gcttatattt
actattttecc
ctagttgtgg
cgtttataaa
caatccatac
taccaataaa
tgttttgttg
cccattgtga
ctgcagataa
gtacaaccga
acttttgtec
gatatttaga
tcagttataa
ccctacagta

taagatctag
caacgagaat
gattagcaaa
atatattgct
catttaatga
aaaactaacc
caacagcgtt
catgggtacy
cttogttaaa
atatctttgt
cccagtcaga
tcccaaaaca
tttttgetta
ttatttatta
aatttgacta
acaaggtaga
gcgcgagtta
aatacctagc
atctgaacaa
atttaatggyg
tgacaccaaa
gcagcagaaa
ggtcgtgaat
gaaaaaagca
ctaaccgaag
gaagcatcta
tgctcaccac
actgccaacy
gaattgcaaa
catcagagtg
aaaattccga
cagcgctett
atgttccatt
taactcttce
caattaaaag
gcgtaaatta
catcgactct
ctcgtttaaa
gctgccatea
ccaagtcgge
taagtattca
gtcaaaaaat
tatcatttca
ttgccaaaac
ttgcgeataa
taaaaaaaga
taggggtcta
acgcccccga
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ataatgtaat
agttatggat
tgatcaaccc
acatcaagca
agatgcccag
attacaacag
gttgcttatg
ttgagtgcga
atcagctgit
caaattgtca
ttcccroatca
tgctaaacct
gaagaaaagc
ttagecctttt
actatgagtc
gaaccaacat
atccaaggtt
agcttagcaa
gctgatagga
ctaaaaagtc
tgcatgtaat
aagccattaa
ttgecegttge
gcttatctaa
ccaaattgct
gccaagacac
taagaaatgg
gcgatcataa
tggccgcagce
atctatttag
cctattacta
gtcctaagty
ttcgctgtga
gagtcttate
aaatataagc
gcccacatta
tcaataggtt
ctgtcactta
ctattattaa
tcttgettaa
aaatcagttt
agcggtgcag
agtgetgttt
actgcgceccat
tatcttgget
tctaaageag
ttttgacatg
actttctgaa

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
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2160
2220
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2340
2400
2460
2520
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2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
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3960
4020
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ttaactttag
tgcegegtaa
gtgatatttg
ctattgcaga
agctgtattt
gtttaactga
ctaagcaatt
atattgaagt
aagtcatggt
ctcagcctga
agctacttag
agcgtatatt
gttatacccg
cagaaaatca
ataagccaag
gecttttagt
ctgtaattta
aaatacetgt
taacgecatca
catttgectt
gcgeatctta
gatecttggg
cttaaatgcc
tagygtccatc
agtgcectgt
atacacataa
ttgctcaatt
aggtttaact
cgaaatcgca
agatgaggtg
ctgcgacata
agagcactct
atattcataa
aatcaattca
aactaaatge
atgaaacaga
gcgcaacaty
accatagctc
gagcaatecgt
gccgaatttg
caggctcage
gtccgeggta
tacgatgttt
ctacctaaaqg
cactttggcg
gataacatca
cgegeagett
gcgctaggta

gaaagtcgac
attaaaccgt
gactggctac
ctttaaccta
aaacagctat

‘agacttaagc

taaccaccty
tgatgactat
tgctgaaacg
ctggggtaca
atatctgatt
tgttgattta
cecgtggtggt
gegcctageg
cttatgggca
tttatcgcta
tggctccaca
aagccaaaca
ctttttgagg
gccggtaaca
aaaataatat
tgagcatttc
gcagattctg
tgcaactctt
aacagttgct
aaagtteget
gttgacatég
cccctaccea
ttactaaccg
cgatacaccyg
aatcagctat
agctcaaaaa
taaaagtatt
agttacctat
aatattgaga
ctctaatgge
aacatgacca
acaaccaagc
ctaaaaatct
cttttattag
ttaatatggt
ccgacttatc
tgttaaccaa
atggcgattt
gagctcgegy
ctaaagaaat
atcaatacgg
aaggtctatc

cggttatcaa
gatgctatcg
gaactgtctt
agttttgata
aaccaaacac
gectgtgeec
agagtggtty
agctttaact
ctaacgtcaa
gtgatgatcc
tcatttagac
aagcactatt
ttagatatca
agacagtaat
tttttatatt
aattaagccyg
ccatgaaata
gcttggcata
caaccgacat
cetgtttagt
getttteatt
gtgécacaca
gcagccaaat
cttcaatgag
caatttgatc
cacttgaagt
cgceccygogay
ctcgagtaaa
acgactgagt
cagtaaaaac
ctccttateeo
caactcagceg
cataatataa
actggcctca
cataaagctt
tatctcaatce
catcactgtt
tgtagctaaa
agtcgccaay
cgatgaaatc
gcctaatggt
taaccttaca
agaagcageca
acccgttgtt
tgttcaagag
tgtcgatgag
cgcaacactyg
aaaaggtgaa

gagcagtatg
gtcraaccaa
ggctaaatgce
gtaaaaatct
gatttgatag
aaggcacagt
atatgccayg
ctgactatct
acttattgaa
gttatcaagg
agcacaatga
gccaatgtyge
acccatatcg
tgattgcagt
atcaacttgt
ctcteteage
ctctatcgge
ttegtcagtyg
catacttaat
cagcaagtey
aaagtattgce
aactaattta
atctaaggct
cggcggectea
ttgcaagagt
ggggtcaaat
ctgttgataa
caactcttct
¢caaatceage
gecgaaataaa
ttatcettat
tattaagcca
ataccaagtc
attaagcaaa
tgaactgatt
atgtcgettt
gattacgaag
acacttaact
tttgataaag
cctgactcgg
ctgtataaag
cttatcegca
aaagcctcac
gcgatgattt
atgttecctg
aacgtacttig
ggcaaacatg
atcacttacg

atgcatcttt
tgagctacet
taaaggcaag
gatcgagtct
cgttcaagcg
tacggtaaaa
tacctgecatt
caccgacagt
atcaaactgc
gcctaagata
atttcatgag
caaacttact
tagcgacttt
acctacaaaa
catcaaacet
caaatatttg
tctaccgeaa
tgggecttttg
attgatgatt
gcaacactta
tettgegtea
tcctgecatta
aaatccacct
cgaaatacaa
tgtattgccg
gettecaaage
agcgtcatceg
ccaacaatac
tcttctgeoyg
ttaagatcaa
ccttataaaa
atattttggg
ataatttagce
tgtctcatceca
caatcttacg
tttcattcaa
ggaaagccgc
ttgecegacac
caactgccga
ttaaccegtce
tgagcgatygg
gtgataacgg
tacaatttge
actcccatag
atgtcaaagt
ccggtaacge
accacggtat
tcgocecccaga

PCT/US00/30956

actacaagcqg
tttcatgget
ccaatgattg
aagtcgttta
gttcaagaac
gtgattgaac
gacgatttag
gttgatgaca
ctaatcacét
gaccgtgaaa
cagtgtgttg
gtctatgecac
gaaaaccctg
aacaatgcecct
cagccgecaa
caggattttg
aaggtaagtc
acgcgatagce
gctcgetaty
aattgtageqg
acccaccttyg
ctttttgact
tttctagttg
tattaattge
actecgectgge
tagtcgcaac
cacttgocggt
tttttagcct
cccggctaaa
aagctttttg
agttagctcc
aactcaatta
cctaattatt
gtcteceectge
agggtaactt
tgcgcetagea
aacagaacac
gcgtgeattt
tatattacgt
tctetaccgt
catttaccag
ttggatagca
gttaaagaat
ccatgcggac
ctacggctca
catgagccgc
tgttgatgct
ctacacctta

4080
4140
4200
4260
4320
4380
1440
4500
4560
4620
4680
4740
4800
1860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
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aacagtgaag
gcectcgggea
tggacggcgyg
gtacgtgatg
gatgtcgaad
gatttettac
gccaacdatg
tctatctaca
gcggtttata
ccaaccaagc
aagegegcta
aaggtygtga
gagcaacttg
caagagctac
agtgaaatgqg
gcggctaage
tatattgage
gacgcaaacc
ctaaaagcgt
aaaatagccg
aaatgaggca
ccatttttta
aattcacttc
gataactatc
gttctttage
aactcgactc
gttgatgctc
ttttaggtge
attttagecga
acaaatcaaa
ctgattcaga
caatgtcgac
cgectttatt
taaagtggac
catattcaaa
aatagcectct
taattaactc
cttgtattgt
gacactcttt
gccaaaacta
attatacttg
tctccectaaa
ccaatgggat
cttcagtaaa
gaacaaataa
caaaaaagca
ataacaatta
aacttgeccat

gcaaatggga
ccgaagctga
agcttaécta
cgctcaagtg
tgctgtttge
gcctacagdcyg
gtgtecggtat
agacgtggca
acaagtatct
aagaatctge
aagatgatta
tggccgagcec
gttatcaagc
gagtaggtat
acatgecgac
acggcttagt
taagcaacygg
ttatggttaa
tattagccag
atagcatggt
ttaatctcaa
tgcaattttg
ttctgctgea
atcaagatgg
ctcaatcaaa
tagtaaagca
aaccttgtga
attaactcea
taatgccage
aaagcggtct
gaaataatga
gccaaactca
atcagcagtg
cececggtttga
gcgccattca
taccattaaa
atcttcagge
taacggacag
aaagcaacaa
attgagaata
tataaattat
acaagattga
aaagtatatt
agcatatttt
gcagacaata
acaagagtaa
tattaaggga

atcecgecagge

aacgctgacyg
gtcagaaatyg
tcaaggtaty
gtcaaaagat
ctegeactcet
tgataactac
acaagatatt
taccaatggt
aggctacttc
caagtttgte
cgctcaaggt
agaaaatgac
agaaggggcet
tcaagectgge
tctatttgac
taagatgaat
taacttaagce
taaagctgac
cggcgatgec
cgagtttaca
caagtgcaag
aactagctag
atacttattt
cccagtaaac
cctaaaccag
agaccaatat
tccgcaatag
agaaaagttt
ccaagtectt
cgctacaagy
ctaagaatag
atactagcag
caaatgecta
gcaaattgeg
ttggggcgta
ccttgagtit
agccatgact
aagtataagg
acataacccecc
gtgtcaaact
tttacacacc
ataaaaaaat
gaattcattt
gcecgttagtg
aaaccaagqgc
cgtttagtat
atgagtatgt
ttaacagcct

attgatggtc
atcacttata
cacaacattt
atcaacgaaa
gcgcoccagtgt
ggecctagtge
ggcgatgcga
taccacggca
gatatgaacc
gaatacatgg
gaataccgcet
tcecgetegte
ggctyggagaa
gcgectaaaa
ttcctegegg
gttatcaccc
aacgcagtygg
gttaaccgca
aagectcactg
cctgactteg
ctagacataa
tcttagectga
gctgacactg
aatgccaatt
acttttgtgg
cttgttttaa
catcggaaat
cgctcagtge
tcgectttaat
cctetyggtaa
agtggatatt
agtcagtttc
ctaatagcca
catcactcaa
tttcactatg
tagettettyg
taaccaactc
aaatcaatcg
tatttttace
agctttaaag
aaagccatga
aaaccttaac
ttaaggaaaa
tgaaaaaaaa
gcaacacaaa
ttggatatgy
ttttaaatte
cgctagcetat

tagagatggt
tteccctetaa
atacgctgcyg
tgatcaatgc
ggggtaacca
acaatcaaac
ttcaagacac
cttatagecca
cagccaacct
gcggegcaga
ttgttgcaac
aattgctagc
acatttactt
ccgcategge
tgaagattga
ctgatactaa
tcgacaaaga
tecttacttgg
gtgataaaac
aaatcgtacce
aaarggggcg
agctcgaaca
accaatactc
atcagcageg
ctcagegtta
caaaacctgt
atcaacacaa
agagaagtca
gtaagactcc
cgctaacaag
ggtgctgtta
ctcettgett
atctccacta
tctaggctta
ttgtgacaat
tttaatgtag
tgtagtctgg
agaagttagce
aatttaagat
gaaaaaaata
tcttocacaaa
tttcatatag
attcaaattg
caaatttaaa
caacgegett
ttattgtaat
aaaactttcg
gectgttttt
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gtttatggat
aaaagegctc
cggcgetaaa
ctttggtcaa
agcgatcaac
cttgagactt
gattccagag
taacgctaaa
taatccgc%g
tgccgecaatt
ggcattaaat
cgatacctat
aactggcgea
agatgtcatc
tagtcaacag
agatattctc
gcaagcagct
ccaagtaacc
ggcatttagt
aacgeectgtt
attagacgcc
acagctttaa
agtgcaaaac
ttcatttgct
ggcttattag
cgctgattaa
tggctcaagce
aacgcaaaag
ttgagcgoec
gctogetttt
cggcaacgct
gectgactgg
tgactcacat
cctttgtege
aaagecgegca
cgattaacct
ttatcgecact
aatttttcag
caaaactaaa
taaaaagaac
attagctecee
ataaaacaaa
aattcaagcet
aaccaacata
acaattttca
tgagaatttt
cgctcagtca

gcagaagaaa

6960
7020
7080
7140
7200
1260
7320
7380
7440
7500
7560
7620
7680
7740
7800
78660
7920
7580
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8gs0
8940

13000

3060
9120
9180
5240
9300
9360
9420
9480
8540
9600
2660
8720
9780
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ctgctgctga
agctaactca
atcaagattt
ttggtaataa
gtgctaacag
cagctgaggt
ccggeggtgce
ttaaagaaga
taggcactca
gtaatgtaac
gccaattcga
ttecagacag
tcaatgcatt
cacaacaaga
acacatgttt
ttggctcatc
atgtaaaqgtce
tcaatgttga
gtcaaaccaa
ataaacgcga
ccatatttga
ttaatgacct
ctggcttage
cocgegtetgt
cagcagaagc
aagtgattgg
caatecgctat
aatttactaa
acgtgactga
atgagttgag
aagcatggaa
taggtgaagc
ttggccgegt
caaactgtgc
ataccttatc
gtcttgtttg
ttcaaattga
actcaactgyg
atgatattga
ttgaatttca
gcttcaacct
ctgatgagat
gcatcgatta
tagtaactta
taggctcaat
ttaacggtygyg
tatatgatct
ttacgcctet

agaacaaata
accagcteca
aggtagcgta
caatagcaac
aaccttagta
agatttgteca
ttcagcaatt
ctttgaaggce
agagcactct
cttctacgea
tgcttgggga
actacgtgta
tggtggtgga
acgtgatgygy
caacactgaa
attcaacttt
agatattcag
agataacgcc
tgoctagtttt
acttttccgt
ttacgacctt
aattcctgat
agcgtgtege
aaatggtagc
ccgcgactag
tggtactctc
ggttgttggt
agcaggttte
gtattttgtt
ctttgacggt
agctggtatg
agtacgagca
ttcagatcca
agcattgggy
tggtggtaac
gacaccaacg
ggatgctatt
cggacctgac
acttgttege
agctgecatac
attggggaac
taatgatgaa
cocgtctagat
tgatgtctct
gacaactcat
tgtacgtaac
agttggtcge
aactaataaa

gaaagagtcy
gtecgtecagcee
ctagcagaat
tcaagegcaqg
ttagtcaacg
actataccaa
tatggttcgg
tttgagttta
tttgacattt
ggttatgaac
acaattaaaa
ccacgagttt
attggtcgcet
actaacagct
gcatacgaaa
gattttaccg
caacaattte
tttttgaatg
gccaagtttt
tacgtaggtg
tactatgttt
aactttgteg
tcacaagtag
gactgtgtty
gtttetgetg
ggtaccgatt
tttgaatacc
ttgacaagcg
gaggtgaaca
gcataccgta
ttetactcac
ccaaacattyg
tgtgatgcag
atcecctecag
ccagatctaa
tttgetgaca
ttgtcagtag
accgacttet
tctggttatc
tcattagatc
caattacttyg
aaaggcgaag
gatctaagtg
gaaaatggtyg
gacttgageg
ctatttgacyg
cgtgcattece
aatgcaatct

cagtgaccgg
tttcagccga
tacctgctat
gtgttagctc
gtaagcgcta
ctagcatgat
acgctgtatc
acgcacgtac
tgggtggtgc
gtacaaaaga
acgaagccga
attctgaaat
caacctttga
ttgeatttyy
actatattcc
ataacattca
agccticatt
acgacttgeg
ttgatgaatt
getttaaagy
atggagagac
cagctgtcga
caagogctca
cttataaccc
atgtgactcg
ctgaagaact
gtgaagaaac
ctgcaacgce
tceccagtact
atgctgatta
cattagagca
cagaagecctt
ataacattaa
gattccaage
aacctgaaac
atctatcatt
ccacccagac
gtagtcaagt
taaatgccge
tagagtcttt
aactagaacy
taggtgatee
ttagcetggaa
gctctectga
ctacatacta
cacttccacc
taggtattaa
cttcgtagag

atcgcgaate
agaactgaca
tggtgcaacc
agcagacttg
cgttgccgge
ctcgegagtt
aggtgttatc
tagecggttct
aaacgttgeca
agtcatggct
tggtggtgaa
gattaatgcet
cagtaacggc
ttcattecect
aggggtagaa
attttacact
cegttttggt
tcagcaaatg
aggaaatcgce
tggetttgat
taataaccgt
ctctgttatt
aggcgatgac
atttggcatg
tgaagacaaa
atttgagett
gtctggttca
agattcttat
aaaagaatta
ctcacatgee
acttgcatta
tagtccacge
tgacgatccg
taatgataac
atcaacatcc
cactgtcgat
tgtggctgat
tgatcgtaat
ggcattgaat
caacgcgcct
tcttgaatte
agagctgcag
cacgcgttat
agatttatat
catcaatgag
tggatacact
ggtaatgatg
attgecatttt
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gctaaagcag 9840

aaatttggta 9900

aacactatta 9960

cgtcgtetag 10020
caaccgggcet 10080
gagattgtaa 10140
aacgttatec 10200
actgaaagtg 10260
gatggacg%g 10320
accgacattc 10380
gatgatggta 10440
acecggtgtta 10500
aatcctattg 10560
aatggctgtg 10620
agaataaacg 10680
gacttcagat 10740
aacattaata 10800
ctcgatgegg 10860
tcagcagaaa 10920
attagcgaaa 10980
cgtaaaacce 11040
gatcctgata 11100
tatacagate 11160
ggtcaagctt 11220
ataactcaac 11280
caaggtggtg 11340
acaaccgatg 11400
ggcgaatacg 11460
ccttttgeac 11520
ggtaagactg 11580
cgtggtacgg 11640
tcteoctggtt 11700
gategegtgt 11760
gtcagtgtag 11820
tttacaggtg 11880
tattatgata 11940
aactgtgttg 12000
ccaacgacect 12060
accaaaggta 12120
ggtgaactac 12180
caaaatcgtc 12240
ttececgectag 12300
attgatagcg 12360
ccaggceccaca 12420
aacttcatga 12480
aacgatgege 12540
taattaatta 12600
tttatgaaat 12660
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ccaatcttaa
cgccaaagtt
cagctcacgc
agtgttctce
ataagctcay
tgtggcttag
acggaaaccc
tacttcgaat
acctgagdatg
attaaatatc
tcctaatace
ggacetgoyt
tatcaatcea
acgggtgagt
cactcaaggc
agccttacct
aaagttaacc
gatctatctc
tgtgctaaaa
tttacageygc
aatcaacaag
aaacctacaa
aaacgactaa
cgctatttga
ccatcaactce
agctactgta
ctgccgcocaa
aaagaagtgt
accttaggtyg
ccagtattga
atcaagaaat
ggtaacgtta
gttgatgety
gaaggtcget
tatatgagcet
atcgactcaa
gaagatgcag
tctgacggta
aaccgtgcet
ggaacaggta
gaaggcaacyg
actaaatcaa
gtactgcecge
ccgttttatce
cgcgcgggta
tacaaccaag
gcgcaaagct
ctagcagcat

actggttctc
aattgcttac
tttttatttt
caagctyggtc
gtagtctgct
cgctaagttc
gctaaactga
aagtgtacgc
cgecgattca
agtgaagcta
ccgecaccatce
tatcaattga
aacgtgtecgc
gatatccaaa
agcgatgtgce
agtaccgatg
gaagaagcac
gacatatacc
cacgggccat
tttceoctggag
acgcctgaaa
actcagcaac
aagatatgcc
ataagttttg
actggeagecc
aacgtggtgg
acattttgga
tggctgatgc
teggeggtgg
agaaagtatt
tccaagacca
ttgcygggeceg
cetgtgetgg
ctgaaatgat
tttcaaaaac
aaggcatgat
agcgcgatgg
agtttaaatc
atgatgacgce
ctgcagcagg
ataccaagca
ctgcaggtac
cgaccattaa
taaacactga
ttagctcatt
aacacagccg
tecttgttag
ctgcaageca

cgagecatctt
acgcacttac
acccttgatt
gtatctgtaa
ctgeccattag
accgtaagtt
tggcaaaaat
aaacagagac
tacaagagte
ccgtacgtaa
tcaataccac
aaatgccatt
gctcaggttt
geeccacacgt
aaacctacac
gtgacaatgt
ccagttcaat
aagatggcaa
tccatttacyg
cgacgcaaaa
cacaggecacc
tgagcaagca
aattgctatt
ggacttaatc
tgaagaatat
ctttttgeca
actgaccgat
taacttacct
tcaaaasatt
cgccaatagce
atatgtacac
tatcgeoeaac
atcacttgct
gatcaccgge
gcccgecttt
gattggtgaa
¢gaccgcatt
aatctatgceco
aggttttgeg
tgacgcggea
acacattgeg
agcaggttta
cgttagtcag
gactcgtcca
tggrtttggt
tactgatage
cgcaagcgat
agctgagttt

acgccttaaa
acaaacgaac
ttactacata
ttattcagtc
ctaaacaata
ttatcggeat
aaatagtgaa
tgaggctegg
ggatctecagt
gtggcgcaag
gctaaccccet
agacagattyg
agcaagatgt
dccaatgcge
cctgcactat
ggtgcaagty
titgetcgge
tacacaagec
aaagttactc
tcgcogeece
cagtggagac
caagactcac
gttggcatygy
agcgaaaaaa
tacgacgcag
gatgtagact
tcatcgcaac
gagaattacg
agccacagec
ggcattagtg
tgggaagaaa
cgcttcgatt
gctatgegta
ggtgtgtgta
accactaacqg
ggtattggea
tactctgtaa
cectegeccat
ccgcataccet
gagtttgeoeg
ctaggttcag
attaaagcetyg
ccaagcccta
tggttaccac
ggcactaact
gaaaaagcta
aaagcatcgc
atcctcaaag

aacccogeee
aatttcatta
aaattgcgtt
ccaggtgatt
ttgacaaaat
taagtcccaa
cacttggatg
catagaaatg
gttagccaac
cgtgactctg
ttgcaagaat
ctcaaagcaa
ttgaagcgtt
tactttaatc
gaaacgctgg
gtgtctctca
attgatccte
acgaatagat
gtgcgtaact
tctaaagata
tcataatgag
aagctgactc
cgagtatttt
ttgatgcgat
ataaaaccgc
tcaacccaat
tattatcact
accgcgataa
taacagegeg
acaccgacag
actcgttcce
ttggcggeat
tggcgctaac
ctgataactc
aaaccattca
tggtggegcet
ttaaaggtgt
caggccaage
taggtctaat
gecectrttgete
ttaaatcaca
ctocttgettt
aacttgatat
gtgttgatgg
tcoattttgt
agtatcgtca
taattaacga
atgcagcagc
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ctcaatgtaa 12720
acacgagaca 12780
ttagcgeaca 12840
gtattgacec 125900
ggcgataaaa 12960
cagattatta 13020
aagctactat 13080
ccactacaac 13140
tgtctaaa;t 13200
tegaaaactyg 13260
atgtggttgt 13320
cccaagagtt 13380
atggcgtttc 13440
aaattccagt 13500
caaaaacett 13560
ccattcecacc 13620
atagcgactg 13680
atatggctta 13740
atcacacctt 13800
tgcctgaaac 13860
ccagacctcet 13920
tcgtttaaat 13980
tgcaaactct 14040
tactgaatta 14100
agcagacaaa 14160
ggagtttgge 14220
catcgttget 14280
aattggtate 14340
tctgcaatac 14400
cgaaatgett 14460
aggttcactt 14520
gaactgtgtg 14580
agagctaact 14640
accctctatg 14700
geccatttgat 14760
aaagcgtctt 14820
gggtgcatca 14880
taaagcactt 14940
tgaagctcac 15000
agtatttget 15060
aattggtcat 15120
gcatcacaag 15180
cgaaaactca 15240
tacgecegege 15300
actagaagag 15360
acgccaagtg 15420
gttaaacgta 15480
aaactatgge 15540
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gtacgtgagce
ttagcaggcc
cagctacctg
ttrgectggeeo
gagatgcgtc
ttatcgcaaa
gccattttga
tacgatttgt
gagctaagtg
tttgctcgtg
gcaggagcaa
accatcgcta
attgcaggcc
aaagcgatta
gcgecatteg
tcaaatgcaa
aaacatatgc
geccegtgtat
cttgtcaaca
agtgatctge
gaaattgacc
tcgecttaatg
gagacaggta
gagaaactgg
gaggttgaag
gcteccagtaa
agtggtgatg
cagttcttag
gctaaactgg
ttccaccaac
ggtagcaaca
attcacaatg
atttcaacac
cagccagcac
gcaccagttc
gccttcageg
gttgctgaga
gatttaggea
cecgggtctac
gttgactata
ggttecgeag
atgatgtctg
gatatggaaqg
caagatgagc
ctaggcgaaa
gaaggctceta
ggtctctctyg
tacccaactyg

ttgataaaaa
taattaagca
gtggcactag
aaggttcaca
agoaatttgt
ctetgtatoce
ccaataccgc
ttactgcggce
cactgtgtge
gtgaggctat
tgtttgcaat
aatttgatgg
caacagcaac
acctgccagt
ctaaagcgat
ctggcggact
ttcaatcagt
ttgttgaatt
ctgaaaatga
agcttaagea
cataccaagc
ctgctaacca
tcgtcaccte
ttgaagtcga
ctcctgttaa
tagagaacca
cactcagcaa
ctattccgca
caagttictgg
tacaagcgca
ttgcagcgtt
aagcgattca
aagttaacca
ctgtgacaac
aagccgcetat
ccgaaacagc
aaaccggtta
tcgattctat
ctgagcttag
tgggcagtaa
ctgcgactcee
tggttgccga
ccgatttagy
taccgggtct
tcgttgacta
tgaattctca
cggagaaagt
aaatgctaga

tgcaccacgg
agcacttgec
ctaccgegcee
atatctcaat
aactgcagat
aaagcctgta
caatgcccaa
tggetttaat
tgcaggtgtt
ggcaacaaaa

cataaccaag

ggtgaaadgtc
taccgctgat
atcaggtgca
tgacgcagecc
ttatgaaage
gegetttact
tggtccaaag
agtttgcact
agcagcaatyg
cgatattgee
tatcagcaaa
gcaaatagaa
aaagatcgte
ttcagtgcaa
agtegtgtet
cttttttget
geaatatggt
tgttgcaatt
aacactacaa
aaacctactc
aagccaagtg
tgtgtcagag
tgcagttcaa
tgaaccgatt
cctgagegra
cccaactgaa
caagcgtgta
ccctgaagat
actgccgget
tgcagecgaat
aaagactggce
catagattct
acctgagctt
tatgaactct
gectgtctaca
tcaagcgact
acttgaaatg

atcggtttag
aaactagcaqg
gcetgcagtag
atgggcecgtg
aaagtatttg
tttaataaag
agcgcaattg
gecgacatgg
atttcagety
gcaccggcta
agtgctgcag
gctaactata
gcggctaaag
ttecacacty
aaatttacta
actgctgcaa
agccagetag
aacatcttac
atctctatca
cagctagcgy
gcaccagcga
gcaactecgcg
catgttattg
gaaaaagtgg
geccaatgcaa
aaaaacagta
gcacagcagc
gagacgttca
ccagagagte
agccacacce
aatagcagcc
gttcaaagcc
cagccaactc
actgceteegg
aatacaagtg
acaaaagtcc
atgctagage
gaaattcttg
ctagctgagt
gaaggctcta
ggtetttetyg
tacccaactg
atcaagcgecg
agccctgaag
aaactcgctg
agtgccgeag
atgatgtctg
gatatggaag

ttgcaaacac
ctagecgatga
aaggtaaagt
accttacttg
ccgeaaatga
atgaattaaa
gtgcgattte
ttgcaggecca
atgactacta
aagacggcgt
accttgaaac
acgcgccaac
cgctaactga
aacttgttgy
aaacaagccy
agattaaagc
aagccatgta
aaaaattagt
accctaatcc
ttactggtygt
aaaagtcgcece
ctaagatggc
aagaaaaaat
ttgaagtaga
ttcaaacccy
agccagcagt
aaaccgcaca
ctacgctgat
tgcaacgetc
agttccttga
aagcaactta
aaactgcagt
aagctccage
cacaagttgt
ttgcgactac
aagccactat
ttgaaatgga
gcacagtaca
gtcgaacgct
tgaattetea
cggagaaagt
aaatgctaga
Ltgaaattet
atctagctga
acggctctaa
ctgcgactce
tggttgecga
ctgaccttgg
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agctgaagag 15600
taacgcatgg 15660
tgecgeactg 15720
ttattaccca 15780
taaaacgccg 15840
ggctcaagaa 15900
aatgggtcaa 15960
tagctttggt 16020
caagctgght 16080
tgaagcagat 16140
cgttgaagec 16200
gcaatcagta 16260
gcttggttac 16320
tcacgctcaa 16380
agcactttac 16440
ctegtttaag 16500
caacgacggc 16560
tcaaggecacg 16620
taaagttgat 16680
ggtactcagt 16740
aatgageatt 16800
caagtcttta 16860
cgttgaagtt 16920
gaaagttgtt 16980
ttcagttgtc 17040
ccagagcatt 17100
gttgecatcag 17160
gaccgagcaa 17220
aatggagcaa 17280
gatgcaagcg 17340
cgetecagee 17400
ccagccagta 17460
tcecaaaagcg 17520
tcgtcaagec 17580
aacgccttea 17640
gcttgaagtg 17700
tatggaagee 17760
agatgagcta 17820
aggcgaaatc 17880
gctgtctaca 17940
tcaagcgact 18000
gcttgaaatg 18060
tggcacagta 18120
gtgtcgtact 18180
getgeegget 18240
tgcagcgaat 18300
aaagactggec 18360
catcgattca 18420
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atcaagegcyg
aatccagaag
aaactcgctyg
agtaccgctg
atgatgtctg
gatatggaag
caagatgage
ctaggcgaaa
agtgccgetg
gtatcgaacyg
aagaccggct
atecgactcaa
ccagagctta
atgaactcta
gecactgetyg
atgtctgtag
atggaagcag
gatgagctcec
ggcgaaatcg
gcggetgaag
gcagaaccaa
gogaacaagco
cacaacgcag
cgtttaccga
gcctcaagcec
actcaggttg
caaacggcayg
gccaaattat
gtaagccgta
ctaaaccaag
ttctgteogeg
accagtgaac
ggcaaagtta
gagcttaaca
tgtgcactgg
ttacaagctt
atcgcacata
tggccagtge
gcctcagetg
aatggtcget
catattcaag
ctaaaagcgc
tctgcagcag
cttaacaagg
aactggggtc
cgtggtgtgt
gctgaaactg
gcaactgaga

ttgaaattct
atttggcaga
acggctétaa
ctgcgactce
tagttgcaga
ccgatttagg
taccgggttt
tcgttgacta
cgtctcttaa
gtctctctgce
acccaactga
ttaaacgcgt
atcctgaaga
agetggctga
cgactcctgco
ttgctgaaaa
accttggtat
caggtttacc
ttagctatat
gctctgotga
gtgttgagct
tagaaaattg
gcgttttage
aaggtcagce
aagaatctga
gegetattgg
taaacctaga
tgcaaccaaa
tcgacggtgyg
cagcattagc
cgeotagatat
tatttgatag
accgecgtaac
gcacagataa
cattagcate
taccaagctyg
ttatttctac
aaagcagcat
aatacgtcag
caaatgagat
acaagactct
tgctegoggeoe
gtttttacgy
cagegetgea
cttgggatgg
acgttattce
gcgtgcagtt
ctgcttotgt

tggcacagta
gtgtcgtact
gctgccagct
tgtagcgaat
taaaactggc
tatcgattct
acctgagceta
tatgggcagt
tgttagtgce
agagaaagtyg
aatgctagaa
tgagattctt
tttagetgag
cggctctaag
agtgaatggt
gaccggctac
tgattctatt
tgagcttaat
gaactctcaa
tacaagtgcet
tcctecteat
tttcgocgea
tgagaaactt
tcaatcgcea
gecttgaagec
tggctttatt
tgcgecaaagr
gctegttget
ctttggttac
tggtttaact
tgcaacagat
ccaagctcag
tctagttget
aatcttagtg
tcgeageocag
ggctgagggt
tggtcaaaag
tgaaattaat
catggatgtt
caccggtett
tgctgaactt
acttgagcca
taatatcgge
gttcaccget
cggcatggtt
actaaaagca
gctcattggt
aaaaaagctt

caagatgagc
cttggcgaaa
gaaggctcta
ggtctctetg
tacccaactg
atcaagcgcg
aatccagaag
aaactgccgg
gttgcggege
c¢aaagcacta
cttggcatgg
ggcacagtac
tgecegtacge
cttecagetg
ctttetgety
ccaactgaaa
aagcgegttg
cctgaagatce
ctggctgatg
gcaaatgctg
agcgaggtag
gacgcaagtg
attaaacaag
ctttcaageg
agtatcactg
cacttgcaac
tttactcacy
ggagcagatyg
ctaaatactg
aaaaccttaa
gttgatgecaa
ctacctgaag
gctgaagcety
actggtgggyg
tctcacttta
aagcaaacta
ccaacgccta
geegeoctayg
accgatageg
attcatggeg
gctaaagttt
agcaaaatta
caaagcgatt
cgcaacccac
aacccagegc
ggtgcagage
acgtcaatgc
aatgcgggty

taccgggtet
tcgtgactta
tgcactateca
cagaaaaagt
aaatgcttga
ttgaaattct
atctagcaga
ctgaaggctc
ctcaagctgc
tgatgtcagt
atatggaagce
aagatgagct
tgggcgaaat
aaggctcetge
acaaggtaca
tgctagaact
aaattcttgg
tcgectgagtyg
gctctaaact
caaagccggc
cgctaaaaaa
ttgtgattaa
gcctaaaagt
atgttgctag
cagttatcge
cagaagcgaa
trtagcaatgc
cgegtecgetyg
acgccctaaa
gccatgaatcg
ccecatecttge
tgggcttaag
cagataaaac
caaaaggggt
tcttagctgg
gcgagctaaa
agcaagttga
ccgectttaa
ccgcaatcac
caggtgtact
atggcactaa
aattacttgc
acgcgatgte
aagctaaagt
ttaaaaagat
tatttgccac
aaggtggcag
aggtgctaag

PCT/US00/00956

acctgagcta
tatgaactct
gctgtectaca
tcaagcgacc
acttgaaatg
tggcacagta
gtgtecgeacc
tgctaata;a
tgcgactect
agttgcagaa
cgatttaggt
actgggtcta
cgttgactat
taatacaagt
ggcgactatg
tggcatggat
cacagtacaa
ccygcacgett
ttctacaagt
agcaatttcg
gcttaatgcg
cgatgatggt
agcegtigtg
ctttgagett
gcagattgaa
tacagaagag
gttcttgtgg
ttttgtaaca
agatgctgag
gccacaagtg
tgatgcaatc
cttaattgat
agcaaaagca
gacatttgaa

gogecagtgaa

atcagctgca
agccgetgtg
caaagttggc
agcagcactt
agccgacaag
agtcaacggce
tatgttetea
gaacgatatt
catgagecttt
gtttaccgag
tcagctattg
cgacactaaa

tgecatcgeat

18480
18540
18600
18660
18720
18780
18840
18900
18260
19020
19080
19140
19200
19260
19320
19380
19440
19500
18560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
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ccgecgtgetyg
ccaagtgccea
gtatgcgeca
gtacttgatt
acacttgagc
aatgggegtce
aacaagcagt
ggcaccitgt
caaggcttaa
ttgccgcaaa
atgotggttte
tttacctecat
aagcacaaca
agtgccatgt
cctgectgtet
cgatgcogetr
tcgacecagtc
atagtgcgcecc
gctttgagte
ttgctacggce
tccatcetca
tatctggtga
ctcatgecttt
agaacctcaa
gcocgcoaccca
aaagccacta
atggccaaca
caatgctaaa
ccgcatcaat
agctttctct
cagacaaact
ctgttagcgce
ctgagcaaac
gcagttactt
cttttgteta
acttecctge
cagaagatat
ccattgetgg
ttaagcctaa
gcgtatggca
ctygctatttc
cggaaatcca
taaaagatta
gctgtgaaat
atcgtgtaac
tttatetgea
atttaactgc
ctattgecga

gtgeacaaaa
tggtcttcat
tcgactggat
acaagctatt
taacgeccaga
cgcaatacaa
ttgatttaaqg
tccacggtcee
ttgctaaagt
ceccacatggg
gggctcgect
accaaccaat
aacgctcact
ttaagtcagc
tagcaaacga
gcgecatcgea
agtattagcc
gacacctgaa
gcagctaaat
aactcacgct
tgcgeagott
gctaaagctt
aagccaagcc
aagtgaacag
tgtgagaaaa
ttggtttage
agcaaccagc
ccagcaaaga
aactcagtta
agaatgccaa
cactactcgce
tgcaaagcaa
aaacgccaca
aaccctaaca
tcegggtgtyg
gectttacgeco
ctatcatctt
cgtggggage
ttttgcatta
aaacccgcat
cggcaaattg
gtggaatagc
cccacacgct
ccaatgtaaa
ggcgatgeat
accgttaaaa
caagcaaacyg
caccttetge

aacaccacta
tgaagatcac
gcgtgaagey
aaaaggcatt
cgattcagac
ggcgacgett
cgctaaggeq
gcgtctacaa
cgctctgect
tggcagtcaa
taaaactgge
ggeetttggt
tgaagcgaat
taaaatcacc
cagtgaggcg
cttatcttac
agctatcaaa
atgctcagea
gctgocgaccea
ttgttaatgc
gecgetatge
ggcgctaatg
aagcgtaact
cagttcacag
gaggttaatc
gaatttcacc
tatgtgctta
ttaatgttta
atgcagcaat
ctagagctge
gatagtaagce
gagttaagcyg
tcaacgaata
ccgettggca
ggaacggttt
aaacttgagc
gaccctaaac
agctacctgt
ggttactcaa
gcgctgatea
accgeggtta
tttgtggtta
tacctegega
gcgetacttg
acgcagcctg
gcagagctte
gtgagtgagc
caaaccttgg

caagctgtca
cgecattggeg
gcaagcgaca
gtatttgaga
gaagctacgc
atcagtgata
attaccacag
gggatccaat
aaggttgaac
ccttttgetg
tcggcaagtt
gaaactggta
gttgcactat
attagcaaaa
aattagtgga
tgccaacacc
cactgcagce
tcactatcte
acgcaattaa
tgcetgeatt
agcaagctaa
cgctaagect
taactgatgt
aggtttattc
aaggtgtgga
aaaacegtgt
cteocaaggttc
tettgeocggg
tagagcgttt
tcagcataat
ccgettatea
cgcttaacga
aaggcttaat
gcaacaatga
acgccgatat
gtgaaggcga
atgctgeecca
taactcagct
tgggtgaage
gcaaaaccca
gacaagcttyg
gaagtgaagc
ttattcaagg
cagcactggg
cgatgeaaga
ctagtgaaat
aagcacttag
actttaccge

ctgcaacgcyg
gtaacagtgt
tgcttggcge
ctgatgageco
tacaagcatt
atgccgatat
caaaagagct
ctgtagtgca
ttagegatty
aggacttgct
tgccatcaag
ccatagaget
atcgtgacaa
gcttaaattc
acaaacgecct
gcagtttgaa
tgagctaaat
agatgatagc
caatggctat
aaaagcgygcy
atcgacgcea
agctcagact
cagcgtgaat
gettatteag
acttggcecet
tgectgeccatc
aggattgtta
taacagtcag
gcaggtaact
gtatgacaac
ggctgtgatt
tgcactcaca
ccaatacaaa
caacgcccaa
gettaatgag
tttaaaggcyg
aatgagctta
gcteaccgat
atcaatgtgg
aaccgacecy
gcagcttgat
agcgocgatt
ggatacctgc
taaacgeggt
gcatcaaaat
aagctttatc
cagccaagtc
gctagtacat
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tctgttaacce
gttgccaacyg
tcaagttaag
gcaagagtta
aatcagetgt
taagcaactt
ttatagcaac
gttcgatgat
tggtgagttc
attacaagct
cattggtgag
tgaagtgatt
cggcgagtta
agcattttta
aaagctagtg
gttaactetyg
gccectgetta
gatgcaaaca
ategtcaagc
caaatgcgga
atgagtcaag
aatgcgctgt
gagtgttttg
caacttgcta
aaacaagcca
aactttatta
gctgcygaaat
caacaaataa
gaggttaatyg
ttagtcaacy
caagcaagct

gcgctgtttg
acaccggcqgg
gcgggtetry
ctgcatcagt

atgctacaag

ggtgacttag
gagtttaata

gcaagcttag

ctatttactt

gataccgcag
gaagecttge

gtaatcgctg

attgcagcta

gtgatggatt

agcgccogetyg

gttgctcagt

cacgcccaac

21360
21420
21480
21540
21600
21660
21720
21780
21840
21300
21960
22020
22080
22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23340
24000
24060
24120
24180
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atcaaggcge
acaagattgt
ctatgaacgc
ttagccatca
cactttgecca
agtctaacca
taaccacctt
taaaatcgcc
ttggcagaat
cgctaacagce
aggcggctac
cttaaatggc
tgatgctggt
gctgtegtte
tgaaaaagcc
tcataccget
taacagctca
tgctgcctgt
caaagccgat
gggattctca
cagtaaaggt
tgecgageyge
cggtaaaggc
tgcttatgct
aggcacaccyg
gctgcaagge
aactgcagcy
gccaagtatc
cctgectagce
aacccgtcac
tgagtcatac
tgagcegeta
actcaacaat
gaaaggectt
aggtgcttat
agatgacecgt
tgatgecaac
tgaactgecat
cgceatgggce
cagegtgett
gtcacgeygty
gcaatectgtg
tgcggeggtg
tgccattgcea
aagctggaat
gggctgctca
ggctaccgac
aactatggca

taagctgtrt
taaacaagat
aaaaggtagc
ggtgccatta
attgaccagc
agaccattta
tctgecaacco
attgtcggtt
ttgetggata
caagattatc
attgagaact
ttggacgaca
attgatatca
ccaactaccc
ctgcaagata
cgegoggeaa
aaagtggtgg
actagttcgg
atcatgctag
atcttccacyg
ttgtttgcetg
gacaatgaca
cagtttgtat
gecagtgaca
cttggcgata
accgatgcac
catgcgggga
aatattagtg
atggttcaag
gcaggcgtat
aacggcaaag
aaagtggttg
gctgtgacce
gaaaagcaca
gttgataact
ttgatctecac
cttgagecgg
cagttcecgceg
atgagtttat
gatgctgeca
gcgtcactat
agccgctgta
attgcagcgg
cctgtageca
gtcggtgaag
tacggccaaa
aagctactga
gcgeectgeta

gttgaaattg
ggtgccagea
caagatatta
tcggtgeaac
caacagctgyg
cttcaagggg
agaaaggcygc
tagccactct
aacgcgacte
aaggtgtgeca
tcagetttaa
getteetttg
acggcgctga
gotcaaacga
aactaggcgt
atgagagcag
cegatgeact
tttactcatt
caggcgcagt
cctacccaga
gcgaaggcgce
aaatctatgc
taagccctaa
ttgagccaaa
aaattgagct
cgttaattgg
tcatgaagat
atgctatege
gctggeccaga
cggtatttgg
gaacagtaaa
geccttgecte
aagatgggaa
gtgaactgtt
tcgagetgga
agcagctaat
ggcaaaaagt
gocecgggttaa
caacggatga
agctcaatca
gggactttaa
tcgatgtgge
tcgatctcte
ttgagccaaa
gtgctggcegce
ttgatgcact
gccaaactgce
gccaaattca
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gcgcggatag
gtgtacaaca
ccagecgtgat
catttattga
cagcacatgce
aagtctaatg
atctcaggca
gtatcecagac
tecgecageace
aggccaatct
tgctgeadgce
ggcgetegat
ttrtaagececge

‘totgttittg

aaaggcattt
cctaaatgca
tggcecttgge
aaagcttgcc
atctggecgeg
ccatggtatc
tggcgtatta
ggttgttagc
tccaaaaggt
agacattgaa
cacttcaatg
ctecagctaag
gatcttcgec
ttegeocgaaa
taaqccatég
ctttggtggc
ggcagaagecc
gcactttggg
tggctttatc
agetgaatte
ctttttacge
gctaatgecga
agctgtatta
cttgcatact

ataccaagcg-

gtacaccagc
tggcccagece
gcaaaacctc
tggtagecttt
cctcgaagcea
ggtcgtgett
tggectttget
cacagacttt
attagcgcca

acaaaactgc
tcaaccttgt
taaagcgett
tggactcaag
aaatgttgac
tcattaccag
agtaaaacca
gctaaaaccco
ttaactaacyg
gaccgttttt
tacaaattgc
actagccgta
gcaggtgtag
ccaatttate
aagctaagcc
goccaatggtg
ggcgcacaac
tgcgattacce
gatcctttct
tcagtaccgt
gtgcttaaac
ggcgtaggte
caggtgaagg
gtgattgagt
gaaaccttct
tctaacttag
atgaaagaag
aaactettcg
aataatcatt
tgtaacgccc
actcaagtac
cctottageca
gaactgccga
ggcttagcat
tttaaactge
gtaacagacg

grggcaatgg

caattagege
cttgaagcca
tttattggta
tLcactattt
atcatggagyg
gagcaagtca
agcettaate
gttaaaaatg
aaaactgccy
aataaggtta
atagttagct

PCT/US00/00956

accttgatag
tgcacagtge
ggccaattaa
cgcgagctaa
agcaagttitg
acaatgcttc
gtaagcaaag
cgcaagaatt
aaaaactcgg
attgtaataa
cggagcaaag
acgcactaat
tcatgggege
acagcgeogt
caactaatgc
ccattgecea
taagcctaga
taagcactgg
ttattaatat
ttgatgecag
gtcttgaaga
tatcaaacga
cctttgaacg
gccacgcaac
ttgaagacaa
gccacctatt
gttacctgecc
gtaaaccaac
ttggtgtaag
atctgttgct
cgcgtcaagce
gcattaatgc
aaaagcgctyg
ctgegecasaa
cgccaaacga
aagccattcg
aaactgaget
aaagtcttgc
tcgccatgga
atattatggc
cagcagcaga
ataacctaga
ttcttaaaaa
caacatcagc
aagctacatc
aaacagcgtt
aagtgattga
ctcaagtgac

24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220

26280

26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
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tcacactgct
attacacggc
tatcaacaat
acaacaagca
ggttaagcaa
tgcaagccett
ccaagttaaa
aagctcagca
cgctcaggca
tacagcaaat
ggttggctct
cctegocttt
acagctagct
cgatactcaa
acctgttcaa
taatgtgcca
cgatttagtt
tatcgacagce
cgtgaccaaa
cgacatccct
agaatcaggc
aggcgagegg
tggcggagat
cgtgetgtte
tggcggcetge
cacagaagaa
agattgtcet
tgagggttgt
tgaaaaattc
acttggctta
tttcaagggc
gcagttctat
tcttgaaaac
gctaacttac
taacatcgat
gataaaagag
cactgcacaa
tgcgecatta
gatttceeat
gcecatteacy
gccagagttc
agtgaccaca
gtgtatcger
cgcagtgatg
aggrracatg
cggtagcggt
acgtttatta

aagcactgac

gcagagcagc
ttacttaact
atcagtgaaa
ttaaccgcgc
gtcaccttag
gaaagcatta
cctattaagg
gagccacaaa
accaaacgtg
aatttagaca
ggcgacatag
cttgaaagceo
caagtaacag
acaagcgaga
gttacaacac
ccatacacgc
gagtacgcag
tactcgcgcec
cttgatgcga
gttgatgcgc
caatgtgact
gtttatcgac
accctacgtt
ttcttctegt
getggettet
gagattaaag
aaaacccaat
tttggcccaa
ttgatgattg
attgagggtc
gaccaagtga
atgetgcacce
gccteacage
cgtatggaag
atcttgctta
gaagatgadgt
gtaaacgctc
atggcacaaa
gttgaagcac
ccgtatcaca
tcaatctatc
cgtgtgattg
gaatatgaag
ccatattcaa
ggcacaacce
gagttactac
tcaacagtga
ggtgagectt

gtgttggtca
taaatactgt
accaattatc
gtttaageaa
gtggeceogtga
Ctcagaaatt
ccgetggete
taacaattgc
aattaggtac
agactcttga
tcaattttca
gcagtgegdg
gccaaactat
atgtagcgat
ctgttcaaat
cgccagtgcoe
aaggcgatat
gegtacgtct
ccatcaatca
cgtacttagt
tgatgcttat
tactcgattg
acgacattaa
atgagtgttt
tcactgatga
ctcgecagcet
ttagttatgg
gocacagtgg
aacaagtcag
ataagcagct
tggctggctce
ttggtatgea
aagtacgctyg
tgactgaaat
atggcaaagc
gtactcgtta
aaacaagtgc
ttcctgatet
caattacgcc
tgtttgagtt
gcggeatgat
aagttaacgg
tgcectgcaga
ttttaatgga
taggcttccce
gtgaagtaga
tggccggeac
tctatcgegg
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ctgctttgct
agcccaaacce
acagctgttg
tgagcttaaa
tatctaccag
ggcgcaagceg
agtcgaaatg
agcacaacag
cccaccaatg
gactgttget
acagaaccaa
tatgaaggtyg
cgataatcag
tgeegeagaa
cagtgttgtg
tgcattaaag
cgcecaaggta
accgaccact
atttaagecca
agacggacaa
tagctatete
taccctcace
gatcaataac
tgttggecgac
agagecttgec
agtgcaaaaqg
tgatattcat
cgtccaccayg
caaggttgat
tgaagcagac
gctaatggcet
tacccaaact
tcgeggtcaa
cggtttecagt
ggtagtggat
tccacttityg
gaaaaaggta
gactaaagag
agactacccy
tgctacagge
cceaccacgt
taagcgtage
tgegtggtat
gatctcactg
tggecttgag
tctacgtygt
taacatcatc
cactgeggta

gcagcegggta
aataaagcca
attagccaaa
tccgatgeta
catattgttg
acagcatcga
gctaactcat
actygcaaaca
acaacaaata
ggcaatactyg
caattggctc
gctgatgectt
gcecectegata
tcaccagttc
gagttaaaac
ccgtgtatct
tttggcagtg
gactacctgt
tgctcaatga
atcccttggg
ggtatecgact
ttcctaggeg
tatgctegea
aagatgatcc
gacggtaaaqg
caacgcttta
aagctattaa
cogtecacttt
cgcactggcg
cactggtact
gaaggttgtg
aadaatggtce
gtgctgccac
ccacgecceat
ttccaaaacc
actgaatcaa
tacaagccaqg
ccaaacaagqg
aaccgtgtac
aatatcgaaa
acaccatgcg
gactttaaaa
ttcgataaaa
caacctaacg
ctgttcttce
aaaaccatcc
caaagcttta
tttggectatt

PCT/USD0/00956

tggcaagecet
attgcgecget
cagcgagcga
aacaccaact
atacaccget
cagtggtcaa
tcgaaacgga
ttggecgtcac
ccattgctﬁa
ttgctagcaa
aacaagctca
tattgaagca
ctcaagecgt
aagttacaac
cagatcacgc
ggaactatgce
attatgccat
tggtategcg
ccactgagta
cggtagcagt
ttgagaacaa
acttgeccacyg
acggegacac
tcaagatgga
gcgtgatteg
atccgttact
ctgctgatat
gtttegecate
gtacttgggg
tccecatgtca
gccagttatt
gttteccaace
aatcaggcgt
atgctaaagce
taggggtgat,
caacggctag
éatcagtcaa
gcgttattee
ctgatacagt
actgtttogg
gtgacttaca
agccatcate
acageccacygg
gctttatcte
gtaacttaga
gtaacgactc
gcttcgaget
ttaaaggtga

27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27500
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28820
28980
29040
29100
29160
29220
29280
29340
29400
29460
29520
29580
29640
29700
29760
29820
29880
29940
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cgcacttaaa
taacggcgtt
tgcgecaget
tgttgaaatt
cattgaccca
ctcettaggt
gggcgcagat
tcgcggtcaa
cadagatgaa
gcgeatatac
gactgtctgg
gcgogettte
ggtttaattg
ttacaaataa
acagagtcaa
cgggcatgtt
atcgtgactg
ttaggtaccg
tattacgcag
caagctggca
gcggcaatta
catagtccta
gtacgcaccyg
gcagcaggat
aaagtaagtc
caaaaactag
cctatggctg
ttagtaacat
tacgacactc
gcaacgttta
gaagcgggcyg
actatggcac
ggcacgctat
atcgaagega
ctagatgaaa
gaacgcgcag
ctttectagte
gctggecoctg
caagaccgaa
cgtatrtaact
ccaaaccaaa
gattagtggc
atcagcactc
gctagcaaac
aagttggeta
gtttctcgtt
tgcgggeatt
accattaatt

gatcagctag
gctgcaagea
aaccagccac
gttgataatg
agtgattggt
gttgaagcaa
ttcaaaaatc
atcaatccge
gacggtaaga
gaggtctteg
ctattttact
ttctggaaat
aaaagaacaa
tgaatcctac
atatcagttt
acgtggtcaa
aacaagcggce
aaagcctagg
gegetatgge
ttttgtgtgg
accgtattca
gcgagecage
ttgaagcatc
tgagccgaga
gcaccgaagt
ttgatgacgy
acgacatcac
tgectygccaac
ctattcgtgt
acatgggcge
caagtgatca
cagctgcaga
teccaatgeg
tccecattaga
tatgggcagg
agggtaaccc
gctggtcaaa
ctectcggtge
atgccgtega
cgctaacgge
gaatggccta
tttrtttatt
tgactttaca
aagcaagttyg
gagattcgtt
atcatcaaaa
tttatcttat
gaggcctcat

gecragataa
ctaaggtgaa
actatcgtet
gcggcaccga
tcrtccagtt
ttattgaaac
ctaagtttgg
tgaacaagca
aagtcatcac
atatagctat
caatttectgt
tgagcaaaag
cagctaagag
agcaactaac
tgacgtgcaa
tcatgeccgac
aaacagcaca
cgacaataat
aaacggtatt
ttcgtttgga
agcagcgctg
attagagcgt
agctttctta
cgcacaaggt
ggctgaaaag
ttcaattacc
tgcagaggcce
cattttageg
cggttgtggt
ggegtatatt
cactcgtaaa
tatgttcygag
cgctaacaag
cgagcgtgaa
tacagtggcyg
taagcgtaaa
ctcaggcgaa
atttaaccaa
tttggcaaag
tcaaggegtt
atacacttac
gtggtcaata
agcaaattat
cccagtaaaa
attgatcttt
tacactctca
ttgcecacage
tagttaaatt

12

cggtaaagtc
cetgettygat
agceggtggt
aggtttaggt
ccactteccac
catgcaaget
tcagatttta
gatgtctatg
aggtaatgcc
cagcatcgaa
gtcaaaagtg
tatctgegtc
ccgcaagctc
gaaatgcttt
gtgatggaac
cacggcttty
gatttacctg
ttccgecgeg
tcatctgaag
gcagcecggte
ccaaatggcc
ggcagcygtag
ggtctaacac
aaagrrgtgg
tttatgatge
gctgagcaaa
gattcaggtg
ctgaaagaag
ggcggtgtygyg
gttaccgget
ttacttgecca
atgggcgtaa
ctatatgaga
aagcttgaga
cactttaacyg
atggcattga
gtgggtcgtg
tgggcaaaag
cacttaatgt
aaagtgccag
aaagcaccag
tgaggctatt
aattaaggca
caacaaggta
actgattaga
aacctttaat
tgtatttgec
atctgagcaa

actcagccat
aagagctgcc
cagctgaact
tacttgtatg
Caagatccgg
tacgctatta
tcgaacatea
gatgtcagca
agcttgagta
gaatctgtat
ctcacctata
ctaactcgat
aatataaata
ctecegtggee
aacaacttaa
gtattgegea
ttagtgottt
ttcacggegt
agctagtgat
ttattccaag
cttatatgtt
agctattttt
cacaaatcgt
ttggtaacaa
cagcgeoecge
tggagectgge
geccatactga
aaattcaage
gtacgectga
ctatcaacca
ccactgaaat
aactgcaggt
tctacaccceg
aacaagtatt
agcgcgacce
Ltttcegtty
aaatggatta
gcagttactt
acggcgcgyge
cacagttact
tctaaaaage
tagectgtaa
gggectctact
cectgatttat
gtcgetetgt
caattacaac
tttaggtttt
gagctcacct

PCT/US00/00956

ggcatgtage
gtcactttaa
ttatcgacag
ccgagegeac
ttatgccagg
gtaaagactt
agtggaagta
ttacttca§t
dagatggtct
aaatcggagt
ttcataggcet
ttataagaat
attaagggtc
atgggctgty
agattttagc
aactgccgat
tactcctgca
taaatacgct
tgccectaggt
tcgoegttgaa
taaccttatc
aaagcaﬁaag
ctattaccgt
ggttatcget
aaaaatgcta
gcaacttgta
taaccgtceca
taaataccaa
tgcagegety
agcttgtgtt
ggccegatgtg
ggttaagcege
ttacgattca
ccgcetcaagc
taagcaaatc,
gtacttaggt
tcaaatttgg
agataactat
ttacttaaat
tcgctggaag
cactaatett
gecctgaaaat
catttatact
atcgtcataa
ttggaaaaag
ttaggcttte
gggtgcaact
ctttaaatta

30000
30060
30120
30180
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320
31380
31440
31500
31560
31620
31680
31740
31800
31860
31920
31980
32040
32100
32160
32220
32280
32340
32400
32460
32520
32580
32640
32700
32760
32820
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* egettttcag
cagaacctac
tgagtaccca
tacaaatcayg
tgaattaact
ggcacaccca
ggttatcgec
tcgtageggc
cgctgagcta
cgcacaatta
acggttaata
taaccaaccg
tttactgate
ggcttcagat
ccctattact
ggaacaaact
tegtogeget
tggctttact
gcaccttget
ccgtgcagaa
catacctgat
cadcctacct
cacagttgtt
ggctgcatta
gtcaaaaact
tcaagcctaa
gtggctacaa
tttaagtcaa
ctatttctag
aaaactattt
ttecgecactag
aatgtacaat
aaacaaaatsa
atacttgctg
gcgatgageg
ttagccaaag
gcatcaagtg
gcttgtggtg
gatggcgatc
atctatcgcg
tttaaaactg
caattaccat
tcgttteteca
cccaaatcat
aaactattgt
acctgagcta
tatcacctga
aatagattga

caaatgagaa
agctatatga
gatgatacgt
cecagttttta
gactttaaac
ccggcaagta
acacgatacg
tceccaacttg
tcgcaataca
gcgagattag
actaatgtcg
ccgcecgatge
ctegettatt
attaaaaaaa
gagctagtca
aaacagctta
tttgagcage
ctcatcattg
ggggatgaag
gatatttgtyg
gagceettge
catccaaact
gctgttgatg
atcgcagata
actattactg
actcgttcga
ggcttactct
tttagcetat
caatataaaa
aatcattatt
taaaaataaa
aattcactta
cgaaaggctt
ctgtggcact
gtcagtttte
gctacaacac
acacaggttt
aactatggca
taatgactgc
atctgtattt
gtgaaataga
aaatttggcyg
gcatatatca
atctaacttt
tgactcagceqg
tcaaaaatgg
ccaatctcaa
gaagcaaagt

agccactaca.

aatcaaactc
tcaagagttt
gtaaaggttt
aacatccaca
agccgttaga
gtccageaat
gttatttagt
ctgcegecagyg
gcgcaaacac
atggtaagce
tagattacag
tectttacte
tggataaaag
aagttgcgac
atgaacaagt
gacttgaaac
ccgatgtgga
cattaataaa
cccgttttgy
agagaaagct
catcaaccge
attttgaatt
aggcgecttta
ttgatgagat
gtactttcee
ttcaaaacct
taaacagagt
acttatccat
ttacagatga
cattagatcg
atttaatact
tacattaatt
gccgaaatte
atcatttgaa
tgcggttgaa
tcegtactca
tggcattace
agatgtcgat
tattcagcege
aattattgat
cttatctaag
aaatacacag
acactgcatc
ctaaaatatg
tcacetcate
ttatcggegt
cgcaaaacaa

13

aaccattaat
agcgagcogcet
aaaagtcgac
taatcataga
aaacatcgca
ctececctgat
ttatagcetet
cttcattagg
tgttgaaatc
taagcttaat
tctgttgaag
tataataatt
ctacttctta
tcgtgaaatt
tcacttcaac
ttttattgat
ctattgccaa
tcattttasa
agtggcacaa
tggtgaagaa
cgatgcgatg
taattacgtt
taaaagtgag
tcatgctaaa
tgagcaatta
ctaagtcaga
gcatcaatag
taatgacagc
tagtagtaac
ttagctacca
ggttcagatc
gcatattttt
gaattagtca
atcaatgttc
agtgccgtaa
aagctcteag
acatcaggea
gatacagact
attgcttaca
tcattaccta
gotttetaca
ttgtacttge
caaaaatttg
taattccaaa
cgatgcaaca
agcactttga
atttctgcta
gcgageatga

tacgactatg
aaaaggtact
ggagtattta
aatgatatac
ttatctecac
gatgtgcett
accagcattt
ttaattgaty
gctatggetg
aaagtaaccg
ttagtgottt
ctattagttyg
gtcaggccag
azaaagctaa
gccetaatgg
aaattaacca
ctgctagecec
gagtacaacyg
acactatcge
tttattatgt
ctgcactectt
actgtgagcce
tcgeatatta
gectgtggtce
gaagcaaata
gctatttgee
aacacagcaa
tcatggtege
caataaaaaa
cccaccttaa
aatttacgag
acaagtagag
tcgtgattat
aagatgacgc
aactatacca
gctttggeea
cgagtactga
tcacaattgg
cctategtgyg
ctaaggtgat
accctgacgg
tctgaccgac
gggttagcta
cagtatccag
aacaagtctt
cgtcctgtty
tgttgaaact
ctatataggt

PCT/US00/00956

cggtgtggga
atgaaaaaca
tattcaaccg
cgctggtctt
aaaccaaaca
ctacccatgqg
taaaatctga
aatggttcat
atgccgcaéa
ctacatecga
accataccaa
agatgtcatt
ttagaaaéct
ggtatcacta
ggacgattca
atattcccaa
ggcaacaaat
atactcttgyg
aacagtttta
tatttogaga
ttgcagagot
ttggggtitg
ttggcagtca
gtaaccagtt
aaatcggtea
acttcaagat
aatacaataa
aacttattag
actaatatat
gctggctata
tctcgtataa
agcggtgatg
tattcteggt
taggatetet

tagcggttgy,

aggtaatgtt
tgtgcataaa
tgcggttagt
tgatatgtgt
gaactacaaa
ctcaactggt
acaaataatg
tatagctaac
ccaaaagcct
ggatcgcaat
cggactegtet
caccaataac
cagttggcaa

32880
32940
33000
33060
33120
33180
3324¢0
33300
33360
33420
33480
33540
33600
33660
33720
33780
33840
33800
33960
34020
34c80
34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
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ctegtgetta
ctgcgcettca
acaagcagct
caagttttca
cttgctcact
cgtagcatct
agcattaacy
aaatacgtta
tgttttcecag
gttcgecgece
aaacgcttet
ttcagttaaa
tatcaccatc
ggttcggcaa
catcaactgc
acacgtgacc
tacctctate
gattatgacc
ttagccetge
catcaaggtt
gcatacecge
cgéatcaatt
gccgtgaaaa
tfccggtgga
gcagtcataa
aactcttgeca
aatacctact
taccgttgat
tgatcttaac
tagttgactg
tgettgatac
cctagttcat
tgctttggaa
tcagtatcca
caaaccaaat
ccttagetga
agcatattga

<210> 2

<211> 654
<212> PRT
<213>

<400> 2

cecactttat
aataaaggcyg
tgtgcatcac
gttttgctag
gctagcactt
tctotegega
gtagtggcag
gtgccgtgge
ccogacaaggt
tgtgcattaa
ttaacagcga
tagatcatat
agtatcaaat
aatatgtaga
ttcaataatg
gctgtecgtca
acccgaaaga
aataacactg
catgactaaa
ttgatagctt
tgcgegaaty
aattgctgtt
ctcgectgege
ataccaccac
gaaccacaga
ttaatacctt
gcataaataa
acagtgactyg
gttttaaaat
aggttattaa
tgactttget
caatcaatct
aatgcttata
ccageacgcea
gattagtact
tgccgctaga
aaagaaacta

cagecgeooeat
cttgagctgt
aagctteoggc
cactacggcece
catattcagc
ggtaactcac
caatcaccgn
atggtaaacc
ttggcgttyga
ctaccggygaa
tataagccag
taccaccccet
acatggtact
cgactaccta
ccgtgetett
cacactaaac
gccatccaac
gtcactaccyg
tcgaagaagg
tgcgctgttg
cgtcageagce
tttcaaaaca
cagacgttag
gatggccatc
aatgatttag
ggtcraacat
tgtctgtgta
gtgagttttt
gcggtcttag
taaatactgg
gagtegtgga
aacaagtttg
ttcaaagtat
tttatrtttat
gaagatctac
acactaaata
tcgattagec

Shewanella putrefaciens

tgragaaata
ggttgctgtg
attaatgecct
aactaccaat
ctgatgaccg
tgctactgcea
ctgcaacata
atgtttatgg
agccgacttt
caaggttget
ctcatgggag
gcactcgatt
gagcgtgcat
écgggaactg
gattaacagt
cataaccaca
ccgeatcaat
ttgcggcaat
tgtacacacc
gtgttgaacc
ttgtacagce
ttgatatgac
tatctgagea
acaatcaatt
ctgatgecget
tttagcaata
acctttagat
agtgggtaat
gtttgeacct
cttatttaca
aagtatttga
atgcctagee
ttgaaagaca
attaactatt
gttttatcag
tcacgccace
tgate

tgecgttcococtg
ataataatat
ttttctaata
accttagtta
gtaccaaaaa
tcggcagcac
ccggttaatg
ttatcaggcc
aatgagaaca
ttatcatcta
atgagctttg
ccagatctca
tgaagetgtt
cgctaaatca
tataacctgt
atcttttgge
gaaaatccag
atcagttaac
cgctctaacc
aatactaacy
gctgcaactt
tcaccagecgt
atttcaatca
tcaattaatg
tgctcaacac
cgoggcaact
gctaaggccet
aaaaactcgg
aatccttcaa
tataaaaacg
gtagatggca
acagtggett
tcaaacttet
atcaagatat
cgtaatcegec
atcagtgaca

PCT/US00/00956

cttgtaccca
ctgcttgttce
aacgcttaac
atgaacgaac
cagttaatac
cagtgeggta
gatcgagtaa
aatagectygcec
tttcattaég
cggcagcegac
atgtttgcgce
tagccaccat
gcacaggegt
ataacgcege
agacctgata
tgctctgcag
tttttateag
tgacacacgt
tcggtgatcee
atgtcacatt
cattttgcge
gagtnagtac
acttatcggce
ctggtatttg
tatcaagtaa
taccatcgge
cggectettt
ctgcttcaag
ttttttggeg
gtgtatcaat
tctttaatat
gtattcatga
tgtttaatgce
agattaggtt

agtcatcgca,

ttaaggttgc

Met Lys Gln Thr Leu Met Ala Ile Ser Ile Met Ser Leu Phe Ser Phe

1

5

10

15

Asn Ala Leu Ala Ala Gln His Glu His Asp His Ile Thx Val Asp Tyrx

14

35760
35820
35880
35840
36000
36060
36120
36180
36240
36300
3e360
36420
36480
36540
36600
36660
36720
36780
16840
36900
36960
37020
37080
37140
37200
37260
37320
37360
37440
37500
37560
37620
37680
37740
37800
37860
37895
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Glu Gly Lys Ala Ala Thr Glu His 'Thr Ile Ala His Asn Gln Ala Val
35 40 45

Ala Lys Thr Leu Asn Phe Ala Asp Thr Arg Ala Phe Glu Gln Ser Ser
50 55 60

Lys Bsn Leu Val Ala Lys Phe Zsp Lys Ala Thr Ala Asp Ile Leu Arg'
65 70 75 8O

Ly
o}

Ala Glu Phe Ala Phe Ile Ser Asp Glu Ile Pro Asp Ser Val Asn Pro
85 90 95

Ser Leu Tyr Arg Gln Ala Gln Leu Asn Met Val Pro Asn Gly Tyr Lys
100 105 1i0

Val Ser Asp Gly Ile Tyr Gln Val Arg Gly Thr Asp Leu Ser Asn Leu
115 120 125

Thr Leu Ile Arg Ser Asp Asn Gly Trp Ile Ala Tyr Asp Val Leu Leu
130 135 140

Thr Lys Glu Ala Ala Lys Ala Ser Leu Gln Phe Ala Leu Lys Asn Leu
145 150 155 160

Pro Lys Asp Gly Asp Pro Val Val Ala Met Ile Tyr Ser His Ser His
165 176 175

hla Asp His Phe Gly Gly BAla Arg Gly Val Gln Glu Met Phe Pro Asp
180 185 190

Val Lys Val Tyr Gly Sexr Asp Asn Ile Thr Lys Glu Ile Val Asp Glu
185 200 205

Asn Val Leu Ala Gly Asn Ala Met Ser Arg Arg Ala Ala Tyr Gln Tyr
210 215 220

Gly Ala Thr Leu Gly Lys His Asp His Gly Ile Val Bsp Ala Ala Leu
225 230 235 240

Gly Lys Gly Leu Ser Lys Gly Glu Ile Thr Tyr Val Ala Pro Asp Tyr
245 250 255

Thr Leu Asn Ser Glu Gly Lys Trp Glu Thr Leu Thr Ile Asp Gly Leu
260 265 : 270

Glu Met Val Phe Met Asp Ala Ser Gly Thr Glu Ala Glu Ser Glu Met

15
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Ile
Tyr
305
Asp
Gly
Gly
Gly
Ile
383
Ty}
ARla
Ala
Glu
Tyr
465
Val
Thr

Ile

Ala

Thr

290

Gln

Ala

Gln

Asn

Leu

370

Gln

Lys

Lys

Asn

Tyr

450

Ala

Met

Tyr

Tyr

Pro

275

Tyr Ile
Gly Met
Leu Lys

Asp Val
340

Gln Ala
355

Val His
Asp Ile
Thr Trp

Ala vVal
420

Leu Asn
435

Met Gly
Gln Gly
Ala Glu

Glu Gin
500

Leu Thzr
515

Lys Thr

Pro

His

Trp

325

Glu

Ile

Asn

Gly

His

405

Tyr

Pro

Gly

Glu

Pro

485

Leu

Gly

Ala

Ser

Asn

31¢

Ser

Val

Asn

Gin

Asp

390

Thx

Asn

Leu

Ala

Tyr

470

Glu

Gly

Ala

Ser

Lys

295

Ile

Lys

Leu

Asp

Thr

375

Ala

Asn

Lys

Pro

Asp

455

ATY

Asn

Tyr

Gln

Ala

280

Lys

Tyr

Asp

Phe

Phe

360

Leu

Ile

Gly

Tyr

Thr

440

Ala

Fhe

Asp

Gln

Glu

520

Asp

16

‘Ala Leu

Thr Leu
Ile_Asn
330

Ala Ser
345

Leu Arg
Arg Leu
Gln Asp

Tyr His
410

Leu Gly
425

Lys Gln
Ala Ile
val Ala
Ser Ala

450

Ala Glu
505

Leu Arg

Val Ile

Trp

Arg

315

Glu

His

Leu

Ala

Thr

385

Gly

Tyr

Glu

Lys

Thr

475

Arg

Gly

Val

Ser

Thr

300

Gly

Met

Ser

Gln

Asn

380

Iie

Thr

Phe

Ser

Arg

460

Ala

Gln

Ala

Gly

Glu

285

Ala

Ala

Ile

Ala

Arg

365

Asp

Pro

Tyr

Asp

Ala

445

Ala

Len

Leu

Gly

Ile

525

Met

Glu

Lys

Asn

Pro

350

Asp

Gly

Glu

Ser

Met

430

Lys

Lys

Asn

Leu

Trp

510

Gin

Asp

PCT/US00/00956

Leu

Val

Ala

335

Val

Asn

Val

Ser

His

415

Asn

Phe

Asp

Lys

Ala

495

Arg

Ala

Met

Thr

Arg

320

Phe

Trp

Tyr

Gly

Ile

400

Asn

Pro

vVal

Asp

val

480

Asp

Asn

Gly

Pro



WO 00/42195 PCT/USOD/00956
530 53¢ 540

Thr Leu Phe Asp Phe Leu Ala Val Lys Ile Asp Ser Gln Gln Ala Ala
545 550 555 560

Lys His Gly Leu Val Lys Met Asn Val Ile Thr Pro Asp Thr Lys Asp
565 570 575

Ile Leu Tyr Ile Glu Leu Ser Asn Gly Asn Leu Ser Asn Ala Val Val
580 585 590

Asp Lys Glu Gln Leu Met Val Asn Lys Ala Asp Val Asn Arg Ile Leu
59% 600 €05

Leu Gly Gln Val Thr Leu Lys Ala Leu Leu Ala Ser Gly Asp Ala Lys
610 615 620

Leu Thr Gly Asp Lys Thr Ala Phe Ser Lys Ile Ala Asp Ser Met Val
625 630 635 640

Glu Phe Thx Pro Asp Phe Glu Ile Val Pro Thr Pro Val Lys
645 650

<210> 3

<2i1> 277

<212> PRT

<213> Shewanella putrefaciens

<400> 3
Ser Thr Lys Ala Ser Ala Arg Val Val ARla Lys Phe Asn Val Glu Glu
1 5 10 15

Ala Ala Ile Ser Ile Gln Gln Cys Gln Gly Ile Ser Leu Ala Phe Arg
20 25 30

Tyr Ser Asp Asp Leu His Gly Leu Leu Cys His Trp Asn Asp Ala Ala
35 40 45

Asn Met Gln Gln Glu Lys Ala Glu Ile Leu Gly Leu Gly Ser Lys Gln
50 55 60

Pro Glu Ala Asn Pro Lys Asn Ser Ser Ser Glu Leu Leu Ala Leu Gly
65 70 75 80

Ile Asp Gln Lys Leu Leu Val Gln Arg Gln Asn Leu Gln His Glu Val

85 90 95

17
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Ile
105

Ile Ala Ser Asp Val Ser Leu Ser

130

Ala His

100

Lys His Asp Asp Cys

Val Phe Thr Glu

120

Ala
125

Ala Leu Ser Leu Ser Phe

115

Lys Pro Asn Gly Asp

Leu Ala Leu Leu Ala

140

Ser
135

Phe Ala Phe Ser Leu

13¢C

Lys Gly Gly Lys Lys

Ala Phe

155

Glu Leu Len Phe

150

Ile Ser

145

Tryo Asp Gln

160

Tyr Lys Arg Asp Arg

Ala Glu lewn Ala Leu Leu Glu Ser Glu Phe

165

Pro Arg

170

Lys Ser

175

Leu

His Ile Asn Thr

185

Leu Ile Ser Ser Asn Glu

180

Tyr His Serx Arg Cys

190

Arg

val Ile Ala

195

Phe Glu Ser Ser

200

Ile Thr Glu

205

Asp Gly Asp Glu Lys Ser

All Gln hla

210

Ala Asn Thr

215

Ile
220

Ser Gly Lys Asp Cys Gly Val Leu Leu

Val Phe Val

235

Ser Asn His

230

Trp Ser His Thr

225

Asp Gly Gly Gln Ala Phe

240
Gln Ala

Leu Pro

245

Sar Arg Lys Gly Lys

250

Asp Gly Glu Phe

255

Tyr Arg

Ile Glu His Gln

265

Glu Asn Ser Ala

270

Pro Ser Leu Leu

260

Trp Arg Arg Leu

Tyx Gly Arg Val Met

275

<210> 4

<211> 1480

<212> DNA

<213> Shewanella putrefaciens

<400> 4

gctagtctta
gctgecaatac
agatggaaar
shscecagta
aaacctaaac

goctgasrthr
ttatttgetg
gvavaaaysh
aacaatgcea
cagactttig

ysaasragct
acactgacca
asnvaggaaa
attatcagca
tggctcageg

18

cgaacaacayg
atactcagtg
asrgngncys
gcgtrteattt
ttaggcttat

ctttaaaatt
caaaacgata
gngysraaha
gectgttottt
taggycyshs

cacrteottet
actatcatca
rgtyrsrasa
agcctcaatc

trasnasaaa

60

120
180
240
300
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aasnmtgngn
aagaccaata
atccgeaata
saaaaassra
gctcagtgca
srysraaasn
gtaagactcc
cgctaacaag
aaaaargysg
cggcaacgct
ssrsrhsasn
ctgactggcg
actcacatta
vatrasgysr
acctttgtcg
taaagcgcgc
nsraaargaa
attaacctta
gygnthrysa
actcttgrat

<21:0> 5
<211> 970
<212> PRT

gysaaggygy
tcrrtgtttta

gcatcggaaa
tcaacacaat
gagaagtcaa
vagyhthrgs
ttgagecgeee
goregeotte
ctgattcaga
caatgtcgac
thrsrasnar
cctttattac
aagtggaccc
hssrvaasnh
ccatattcaa
aaahgnaaas
tagcctetta
attaactcat
aggnystyra
tgttaacgga

srysgnrgaa
acaaaacctg
tsrsrgaagy
ggctcaagct
acgcaaaaga
raasrhasha
acaaatcaaa
gygyysaays
gaaataatga
gccaaactca
gcysarggas
cagcagtgca
cggtttgagy
hsvagythrg
agcgccattc
srargrysqy
ccattaaacc
cttcaggcag
rgasnvaysg
cagaagtata

<213> Shewanella putrefaciens

<400> 5
Met
1

Ser

Ile Ser

Glu Thr

Ile
50

Arg

Ser
65

Ala

Ala

Leu

Asn Asn

Met

Ala

Ala

35

Ala

Glu

Glu

Ser

Phe Leu

Gly Leua T

20

Ala Glu G

Lys Ala G

Glu Leu T

Pro
85

Len A

Asn Ser S

100

Asn

Ser Lys

hr Ala Ser

lu Gln Ile

40
1lu

Leu Thr

55

hr
70

Lys Phe

la Ile Gly

er Bla Gly

19

Leu

Leu

Glu

Gln

Gly

Ala

val
105

asnrysasns
tegotgatta
asgnysvagn
tttagygtgca
ttttagecgat
ahsryssraa
agagcggtct
tyrsrgysaa
ctaagaatag
atactagcag
vagyhgsraa
aatgcctact
ssraagnsra
ngcaaattge
attggggcgt
ysasgytyrg
ttgagtttta
ccatgactta
asgrtrsrys
aggaaatcaa

Ser

10
Ala Met
25

Arg Val

Ala

Pro

Gln
75

Asn

Thrx
90

Asn

Ser Serx

raactcgact
agttgatgct
arggnasngn
ttaactccaa
aatgccagca
ccaagtcert
cgctgcaagg
trashharga
agtyggatatt
agtcagttte
srasthrgct
aatagocaat
agyysasnas
gcatcactca
atttcactat
hargtrgasn
gettettgtt
accaactcety
vagtgtagtec

Ser Val Lys

Val Phe

30

Pro

Ala Val Thr

45

Pro Val Val

60

Asp Leu Gly

Thr Ile Ile

Ala Leu

110

Asp

PCT/USG0/00956

ctagraaagc
caaccttgtg
hsgvayshsa
gaaaagttic
svacyshssx
tocgetttaat
coctctggtaa
sarggnaadr
ggtgctgtéa
srgsrhtyrh
cctetgettge
ctccactatg
aathrcysgy
atctaggctt
gttgtgacaa
rarggsrhsg
taatgtagcg
rgyargvamt
tggrtatcege

Leu Ala
15

Ala Glu

Gly Ser

Ser Leu

Ser Val
80

Gly Asn
a5

Axrg Arg

360
420
480
540
600
660
720
780
840
900
960
1020
1a80
1140
12c0
1260
1320
1380
1440
1480
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Leu Gly Ala Asn Arg Thr Leu Val Leu Val Asn Gly Lys Arg Tyr Val
115 . 12¢ 125

Ala Gly Gln Pro Gly Ser Ala Glu Val Asp Leu Ser Thr Ile Pro Thr
130 13% 140

Ser Met Ile Ser Arg Val Glu Ile Val Thr Gly Gly Ala Ser Ala Ile
145 150 155 160

Tyr Gly Ser Asp Ala Val Ser Gly Val Jle Asn Val Ile Leu Lys Glu
165 170 175

Asp Phe Gilu Gly Phe Glu Phe Asn Ala Arg Thr Ser Gly Ser Thr Glu
180 185 190

Ser Val Gly Thr Gln Glu His Ser Phe Asp Ile Leu Gly Gly Ala Asn
195 200 205

Val BAla Asp Gly Arg Gly Asn Val Thr Phe Tyr Ala Gly Tyr Glu Arg
210 215 220

Th¥ Lys Glu Val Met Ala Thr Asp Ile Arg Gin Phe Asp Ala Trp Gly
225 230 235 240

Thr Ile Lys Asn Glu Ala Asp Gly Gly Glu Asp Asp Gly Ile Pro Asp
245 250 255

Arg Leu Arg Val Pro Arg Val Tyr Ser Glu Met Ile Asn Ala Thr Gly
260 265 - 270

Val Ile Asn Ala Phe Gly Gly Gly Ile Gly Arg Ser Thr Phe Asp Ser
275 280 285

Asn Gly Asn Pro Ile Bla Gln Gln Glu Arg Asp Gly Thr Asn Ser Phe
230 295 300

Ala Phe Gly Ser Phe Pro Asn Gly Cys Asp Thr Cys Phe Asn Thr Glu
3o0s 310 315 320

Ala Tyr Glu Asn Tyr Ile Pro Gly Val Glu Arg Ile Asn Val Gly Ser
325 330 335

Ser Phe Asn Phe Asp Phe Thr Asp Asn Ile Gln Phe Tyr Thr Asp Phe
340 345 350

Arg Tyr Val Lys Ser Asp Ile Gln Gln Gln Phe Gln Pro Ser Phe Arg
355 360 365

20
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Phe Gly
370

Asp Leu
385

Ala Lys

Giu Leu

Glu Thr

Asn Arg

450

Ala Val
465

Ser Gln

Val Asn

Ala Ser

Asp Lys

530

Glu Glu

545

Phe Glu

Lys Ala

Tyr Asp

Glu Leu
610

Asn

Arg

Phe

Phe

Ile

435

Arg

Asp

Val

Gly

Ala

Ile

Gln

FPhe

Arg

420

Phe

Lys

Ser

Ala

Ser

500

Glu

515 -

Ile

Leu

Tyr

Gly

Val

595

Pro

Thr

Phe

Arg

Phe

580

Thr

Phe

Asn

Gln

Asp

405

Tyr

Asp

Thr

val

Ser

485

Asp

ala

Gln

Glu

Glu

565

Leu

Glu

Ala

Met

390

Glu

val

Tyr

Leu

Jle

4790

Ala

Cys

Arg

Gln

Leu

550

Glu

Thr

Tyr

His

Asn
375
Leu
Leu
Gly
Asp
Asn
455
Asp
Gln
Val
Asp
Val

535

Gln

Ser
Phe

Glu
£15

val

Asp

Gly

Gly

Leu

440

Asp

Pro

Gly

Ala

Trp

520

Ile

Gly

Ser

Ala

Val

600

Leu

21

Glu

Ala

Asn

Phe

425

Tyx

Leu

Asp

Asp

Tyr

505

Val

Gly

Gly

Gly

Ala

585

Glu

Ser

Asp

Gly

Arg

410,

Lys

Tyr

Ile

Thr

Aap

450

Asn

Ser

Gly

Ala

Ser

570

Thx

Val

Phe

Asn

Gln

395

Ser

Gly

Val

Pro

Gly

475

Tyr

Pro

Ala

Thxr

Ile

555

Thr

Pro

Asn

Asp

Ala

380

Thr

Ala

Gly

Tyr

Asp

460

Leu

Thr

Phe

Asp

Len

540

Ala

Thr

Asp

1le

Gly
620

Phe

Asn

Glu

Fhe

Gly

445

Asn

Ala

Asp

Gly

Val

525

Gly

Met

Asp

Ser

Pro

605

Ala

Leu

Ala

Asn

Asp

430

Glu

Phe

Ala

Pro

Met

510

Thx

Thr

Val

Glu

Tyr

590

Val

Tyr
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Asn Asp

Ser Phe
400

Lys Arg
415

Ile'Ser

Thr Asn

Val Ala

Cys Arg

480

Ala Ser
495

Gly Gln

Arg Glu

Asp Ser

Val Gly

560
Phe Thr
875
Gly Glu

Leu Lys

Arg Asn
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Ala Asp Tyr Ser

625

Phe

Bla

Gly

Asp

Phe

705

Pro

Trp

Asp

Ala

Ser

785

Ser

Gln

Leu

Glu

Gly
865

Tyr

Val

Phe

Pro

€30

Gln

Asp

Thr

Ile

Asp

770

Gln

Gly

Ala

Arg

Fhe

B850

Asp

Ser Pro

Arg Ala
660

Gly Arg
€75

Asp Arg

Ala Asn

Leu Lys

Pro Thr
T40

Gln Ile
755

Asn Cys

Val Asp

Tyr Leu

Rla Tyx

820

Phe Asn
835

Gln Asn

Pro Glu

His

Leu

645

Pro

Val

Val

Asp

Pro

725

Phe

Glu

Val

Arg

Asn

805

Ser

Leu

Arg

Leu

hla

630

Glu

Asn

Ser

Ser

Asn

710

Glu

Ala

Asp

Asp

Asn

790

Ala

Leu

Leu

Pro

Gln
8740

Gly

Gin

Asp

Asn

695

vVal

Thr

Asp

Ala

Ser

175

Fro

Ala

Asp

Gly

Asp

855

Phe

Leu
ala
Pro
680
Cys
Ser
Ser
Asn
Ile
700
Thr
Thr
Ala
Leu
Asn
840

Glu

Arg

22

Thr

Ala

Glu

665

Cys

Ala

Val

Thr

Leu

745

Leun

Gly

Thr

Leu

Glu

825

Glin

Ile

Leu

Glu

Leu

650

Ala

Asp

Ala

Asp

Ser

730

Ser

Ser

Gly

Tyr

Asn

810

Ser

Leu

Asn

Gly

ABla

635

Arg

Phe

Ala

Leu

Thx

715

Phe

Fhe

Val

Pro

Asp

795

Thr

Phe

Leu

Asp

Ile
875

Trp

Gly

Ser

Asp

Gly

700

Leu

Thr

Thr

Ala

Asp

780

Ile

Lys

Asn

Glu

Glu

860

Asp

Lys

Thr

Pro

Asn

685

Ile

Ser

Gly

val

Thr

765

Thr

Glu

Gly

Ala

Leu

845

Lys

Tyr

Ala

Val

Aryg

670

Ile

Pro

Gly

Asp

750

Gln

Asp

Leu

Ile

Pro

830

Glu

Gly

Arg
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Gly Met
640

Gly Glu
655

Ser Pro

Asn Asp

Pro Gly

Gly Asn
720

Leu Val
735

Tyr Tyr

Thr Val

Phe Cys

Val Arg

BOO

Glu FPhe

815

Gly Glu

Arg Leu

Glu val

Leu Asp
880
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S3er Trp Asn Thr Arg Tyr Ile Asp Ser Val Val Thr
BBS B90 B35

-

Asp Leu Ser Va

Tyr Asp Val Ser Glu Asn Gly Gly Ser Pro Glu Asp Leu Tyr Pro Gly
200 905 910

His Ile Gly Ser Met Thr Thr His Asp Leu Ser Ala Thr Tyr Tyr Ile
915 920 925

Asn Glu Asn Phe Met Ile Asn Gly Gly Val Arg Asn Leu Phe Asp Ala
930 935 940

Leu Pro Pro Gly Tyr Thr Asn Asp Ala Leu Tyr Asp Leu Val Gly Arg
945 950 : 855 960

Arg Rla Phe Leu Gly Ile Lys Val Met Met
965 970

<210> 6

<211> 288

<21%2> PRT

<213> Shewanella putrefaciens

<400> 6
Met Bla Lys Ile Asn Ser Glu His Leu Asp Glu Ala Thr Ile Thr Ser
1 5 10 15

Asn Lys Cys Thr Gln Thr Glu Thrx Glu Ala Arg His Arg Asn Ala Thr
20 25 30

Thr Thr Pro Glu Met Arg BArg Phe Ile Gln Glu Ser Asp Leu Ser Val
35 ' 40 45

Ser Gln Leu Ser Lys Ile Leu Asn Ile Ser Glu Ala Thr Val Arg Lys
50 55 60

Trp Arg Lys Arg Asp Ser Val Glu Asn Cys Pro Asn Thr Pro His His
65 7Q 75 80

Leu Asn Thr Thr Leu Thr Pro Leu Gln Glu Tyr Val Val Val Gly Leu
BS a0 a5

Arg Tyr Gln Leu lys Met Pro Leu Asp Arg Leu Leu Lys Ala Thr Gln
100 ' 105 110

Glu Phe Ile Asn Pro Asn Val Ser Arg Ser Gly Leu Ala Arg Cys Leu
118 120 125 '

23
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Lys Arg Tyr
130

Pro Met Arg
145

Gln Thr Tyr

Pro Ser Thr

Pro Pro Lys

195

Asp Pro His
210

Thr Gln Ala
225

Phe His Leu

Arg Phe Pro

Glu Thr Tle
275

<210>» 7
<211> 2756
<212> PRT

Gly

Tyz

Thr

Asp

180

Leu

Ser

Thr

Arg

Gly

260

Asn

val

Fhe

Leu

165

Gly

Thr

Asp

Asn

Lys

245

Ala

Lys

Ser

Asn

150

His

Asp

Glu

Trp

Arg

230

Leu

Thr

Thr

Arg

135

Gln

Tyzr

Asn

Glu

Ile

215

Tyr

Leu

Gln

Pro

Val

Ile

Glu

Val

Ala

200

Tyr

Met

Val

Asn

Giu
280

<213> Shewanella putrefaciens

<400> 7

Ser

Pro

Thr

Val
185

-Pro

Leu

Ala

Axg

Arg

265

Thr

Met Ser Gln Thr Ser Lys Pro Thr Asn

1

5

Asp Ser Gln Ala Asp Ser Arg Leu Asn

20

25

Ile ala Ile Val Gly Met Ala Ser Ile

24

Asp

val

Leu

176

Gln

Ser

Asp

Tyr

Asn

250

Arg

Gln

Ser
10

Lys

Phe

Ile

Thr

185

Ala

Val

Ser

Ile

Val

235

Tyr

Pro

Ala

Gln

140

Gln

Lys

Val

Ile

Tyr

220

Leu

His

Ser

Pro

Ser

Gly

Thr

Ser

Leu

205

Gln

Lys

Thr

Lys

Ser
285

Pro

Ser

Leu

Leu

190

Leu

Asp

His

Phe

Asp

270

Gly
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His

Asp

Ala

175

Thr

Gly

Gly

Gly

Leu

255

Met

Asp

Val

Val

160

Leu

Ile

Ile

Asn

Pro

240

Gln

Pro

Ser

Ala Thr Glu Gln Ala Gln

15

Arg Leu Lys Asp Met Pro

30

Ala Asn Ser Arg Tyr Leu
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35 40 45

Asn Lys Phe Trp Asp Leu Ile Ser Glu Lys Ile Asp Ala Ile Thr Glu
50 55 60

Leu Pro Ser Thr His Trp Gln Pro Glu Glu Tyr Tyr Asp Ala Asp Lys
65 ‘ 70 75 80

Thr Ala Ala Asp Lys Ser Tyr Cys Lys Arg Gly Gly Phe Leu Pro Asp
85 20 85

Val Asp Phe Asn Pro Met Glu Phe Gly Leu Pro Pro Asn Ile Leu Glu
100 105 110

Leu Thr Asp Ser Ser Gln Leu Leu Ser Leu Ile Val Ala Lys Glu Val
115 120 125

Leu Ala Asp Ala Asn Leu Pro Glu Asn Tyr Asp Arg Asp Lys Ile Gly
130 135 140

Ile Thr Leu Gly Val Gly Gly Gly Gln Lys Ile Ser His Ser Leu Thr
145 . 150 155 160

Ala"Arg Leu Gln Tyr Pro Val Leu Lys Lys Val Phe Ala Asn Ser Gly
165 170 175

Ile Ser Asp Thr Asp Ser Glu Met Leu Ile Lys Lys Phe Gln Asp Gln
180 185 180

Tyr Val His Trp Glu Glu Asn Ser Phe Pro Gly Ser Leu Gly Asn Val
195 200 205

Ile Ala Gly Arg Ile Ala Asn Arg Phe Asp Phe Gly Gly Met Asn Cys
210 215 220

Val Val Asp Ala Ala Cys Ala Gly Ser Leu Ala Ala Met Arg Met Ala
225 230 235 240

Leu Thr Glu Leu Thr Glu Gly Arg Ser Glu Met Met Ile Thx Gly Gly
245 250 255

Val Cys Thr Asp Asn Ser Pro Ser Met Tyr Met Ser Phe Ser Lys Thr
260 265 270

Pro Ala Phe Thr Thr Asn Glu Thr Ile Gln Pro Phe Asp Ile Asp Ser
275 280 285

Lys Gly Met Met Ile Gly Glu Gly Ile Gly Met Val Ala Leu Lys Arg

25
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290 295 300

Leu Glu Asp Ala Glu Arg Asp Gly Asp Arg Ile Tyr Ser val Ile Lys
305 310 315 320

Gly Val Gly Ala Ser Ser Asp Gly Lys Phe Lys Ser Ile Tyr Ala Pro
325 330 335

Brg Pro Ser Gly Gln Ala Lys Ala Leu Asn Arg Ala Tyr Asp Asp Ala
340 345 350

Gly Phe Ala Pro His Thr Leu Gly Leu Ile Glu Ala His Gly Thr Gly
355 360 365

Thr Ala Ala Gly Asp Ala Ala Glu Phe Ala Gly Leu Cys Ser Val Phe
370 375 380

Ala Glu Gly A=zn Asp Thr Lys Gln His Ile Ala Leu Gly Ser Val Lys
385 3580 395 400

Ser Gln Ile Gly His Thr Lys Ser Thr Ala Gly Thr Ala Gly Leu Ile
405 410 415

Lys Ala Ala Leu Ala Leu His His Lys Val Leu Pro Pro Thr Ile Asn
420 425 430

Val Ser Gln Pro Ser Pro Lys Leu Asp Ile Glu Asn Ser Pro Phe Tyr
435 440 445

Leu Asn Thr Glu Thr Arg Pro Trp Leu Pro Arg Val Asp Gly Thr Pro
450 455 460

Arg Arg Ala Gly Ile Ser Ser Phe Gly Phe Gly Gly Thr Asn Phe His
465 470 475 480

Phe Val Leu Glu Glu Tyr Asn Gln Glu His Ser Arg Thr Asp Ser Glu
485 490 495

Lys Ala Lys Tyr Arg Gln Arg Gln Val Ala Gln Ser Phe Leu Val Ser
500 505 510

Ala Ser Asp Lys Ala Ser Leu Ile Asn Glu Leu Asn Val Leu Ala Ala
515 520 52%

Ser Ala Ser Gln Ala Glu Phe Ile Leu Lys Asp Ala Ala Ala Asn Tyr
530 535 540

Gly Val Arg Glu Leu Asp Lys Asn Ala Pro Arg Ile Gly Leu Val Ala
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545 550 555 560

Bsn Thr Ala Glu Glu Leu Ala Gly Leu Ile Lys Gln Ala Leu Ala Lys
565 570 575

Leu Ala Ala Ser Asp Asp Asn Ala Trp Glmn Leu Pro Gly Gly Thr Ser
580 585 590

Tyr Arg Ala Ala Ala Val Glu Gly Lys Val Ala Ala Leu Phe Ala Gly
585 600 605

Gln Gly Ser Gln Tyr Leu Asn Met Gly Arg Asp Leu Thr Cys Tyr Tyr
610 615 620

Pro Glu Met Arg Gln Gln Phe Val Thr ARla Asp Lys Val Phe Ala Rla
625 630 635 640

Asn BAsp Lys Thr Pro Leu Sexr Gln Thr Leu Tyr Pro Lys Pro Val Phe
645 €50 655

Asn Lys Asp Glu Leu Lys Ala Gln Glu Ala Ile Leu Thr Asn Thr Ala
660 665 670

Asn Ala Gln Ser Ala Ile Gly Ala Ile Ser Met Gly Gln Tyr Asp Leu
675 680 €85

Phe Thr Ala Ala Gly Phe Asn ARla Asp Met Val Ala Gly His Ser Phe
690 695 700

Gly Glu Leu Ser Ala Leu Cys Rla Ala Gly Val Ile Ser Ala Asp Asp
705 710 715 720

Tyr Tyr Lys Leu Ala Phe Ala Arg Gly Glu Ala Met Ala Thr Lys Ala
725 730 735

Pro Ala Lys Asp Gly Val Glu Ala Asp Ala Gly Ala Met Phe Ala Ile
740 745 750

Ile Thr Lys Ser Ala Ala Asp Leu Glu Thr Val Giu Ala Thr Ile Ala
755 760 765

Lys Phe Asp Gly Val Lys Val Ala Asn Tyr Asn Ala Pre Thr Gln Ser
770 775 780

Val Ile Ala Gly Pro Thr Ala Thr Thr Ala Asp Rla Ala Lys Ala Leu
785 790 795 BOO

Thr Glu Leu Gly Tyr Lys Ala Ile Asn Leu Pro Val Ser Gly Ala Phe
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His

Asp

Thr

Lys

B65

Met

Ile

val

Gln

Ser

945

Ser

Thr

Gln

val

Val

Thr

Ala

Gly

g§50

Lys

Tyr

Leu

Cys

Leu

8930

Glu

Pro

Arg

Ile

Glu

1010

Glu

1025

Thr

Arg

Asn Ser

Glu

Ala

835

Gly

His

Asn

Gln

Thr

915

Lys

Ile

Met

Ala

Glu

995

Val

Val

Ser

Lys

805

Leu Val
820

Lys Phe

Leu Tyr

Met Leu

Asp Gly
885

Lys Leu
200

Ile Ser

Gln Ala

Asp Pro

Ser Ile

965

Lys Met
880

His Val

Glu Lys

Glu ala

Val Val

1045

Pro Ala

Gly

Thr

Glu

Gin

870

Ala

Val

Ile

Ala

Tyr

950

Ser

Ala

Ile

His

Lys

Ser

855

Ser

Arg

Gln

Asn

Met

935

Gln

Leu

Lys

Glu

Thr

B840

Thr

Val

Val

Gly

Pro

820

Gln

Ala

Asn

Ser

Glu
1000

Ile Val Glu

Pro
1030

Ala

Val

1015

val

Pro

Gln

Asn

Val

Ser

28

810

Gln Ala Pro
B25

Ser Arg Ala

Ala Ala Lys

Arg Phe Thr

875

Phe val Glu
890

Thr Leu Val
205

Asn Pro Lys

Leu Ala Val

Asp Ile Ala

955

Ala Ala Asn
870

Leu Glu Thr
985

Lys Tle Val

Fhe

Leu

Ile

860

Ser

Phe

Asn

Val

Thr

940

Ala

His

Gly

Glu

Ala

Tyr

845

Lys

Gln

Gly

Thr

Asp

925

Gly

Pro

Ile

Ile

Val
1005

Lys Val Val Glu val
1020

Ser Val Gln Ala Asn

1035

Ile Glu Asn Gln Val

1050

Ile Ser Gly Asp Ala

Lys

830

Ser

Ala

Leu

Fro

Glu

510

Ser

Val

Ala

Ser

Val

290

Glu

Glu

Ala

Val
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815

Ala Ile

Asn Ala

Ser Phe

Giu Ala
880

Lys Asn
895

Asn Glu

Asp Leu

Val Leu

Lys Lys
960

Lys Ala
875

Thr Ser

Lys Leu

Lys Val

Ile Gln

1040

Ser Lys

1055

Leu

Ser Asn
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10€G

Phe Phe Ala Ala Gln Glpn Gln Thr

1075

Ala Ile Pro
1050

Gln Ala Lys
1105

Arg Ser Met

His Thr Gln Phe Leu Gliu Met

Asn Leu Leu
115%

Glu Ala
2170

1le

val Ile
1185

Ser

Pro Ala Pro

Ala Pro

Glu Pro Ile
1235

Ala Glu
1250

Thr

Val val
1265

Ala

Met

Met Asp

Ile Leu

Pro Glu

Gln Gln Tyr

Leu Ala Ser

1110

Glu Gln Phe

1125

1140

Asn Ser Ser

Gln Ser Gln

Thr. GlIn Val

1190

Lys Ala Gln

1205

1220

Asn Thr Ser

Ala Leu Ser

Glu Lys Thr

1270

Glu Ala Asp
1285

Gly Thr Val Gln

1300

Asp Leu Ala Glu

1080

Gly Glu

1085

Ser Gly

His Gln

Gln

Glon Ala
1160

val Val
1175

Asn His

Pro Ala

Ala Gln Val Val Arg Gln Ala

val Ala
1240

Ala Thr

1255

Gly Tyr

Leu Gly

Asp Glu

Cys Arg

29

{233
n

Thr Phe Thr

Val Ala lle

1115

Leu Gln Ala
1130

Ala
1145

Gly Ser

Thr Tyr Ala

Gln

Val Ser Glu

1195

Pro Val
1210

Thr

Ala Pro

1225
Thr

Thr Thr

Lys Val Gln

Thy Glu
1275

Pro

Ile Asp Ser

1250

Leu Pro Gly
13405

Thr Leu Gly

Thr

1100

Pro

Gln

Asn

Pro Ala 1le

1180

Gln Leu His Gln Gln

1085

Leu

Glu

Thr

Ile

1165

Ser Gln Thr Ala

Gln Pro

Thr

Val Gln Ala Ala

Pro

Ala

1260

Met

Ile

Leu

Glu

Ala

Ser

1245

Thr

Leu

Lys

Pro

Ile
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1070

Phe Leu

Met Thr Glu

Ser Leu Gln

11z0

Leu Gln Ser
1135

Ala
1150

Ala Leu

His Asn

Val Gln Pro

Thr Gln Ala

1200

Val Gin
1215

Thr

Ile
1230

Ala Phe Ser

Met Leu Glu

Glu Leu Glu
1280

Arg Val Glu
1295

Glu Leu Ser
1310

Val Asp Tyr
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1315 1320 132

w

Met Gly Ser Lys Leu Pro Ala Glu Gly Ser Met Asn Ser Gln Leu Ser
1330 1335 1340

Thr Gly Ser Ala Ala Ala Thr Pro Ala Ala Asn Gly Leu Ser Ala Glu
1345 1350 1355 1360

Lys Val Glpn Ala Thr Met Met Ser Val Val Ala Glu Llys Thr Gly Tyr
1365 1370 1375

Pro Thr Glu Met Lew Glu Leu Glu Met Asp Met Glu Ala Asp Leu Gly
1380 1385 13ap

Ile Asp Ser Ile Lys Arg Val Glu Ile Leu Gly Thr Val Gln Asp Glu
1395 1400 1405

Leu Pro Gly Leu Pro Glu Leu Ser Pro Glu Asp Leu Ala Glu Cys Arg
1410 1415 1420

Thr Leu Gly Glu Ile Val Asp Tyr Met Asn Ser Lys Leu Ala Asp Gly
142% 1430 1435 1440

Ser Lys Leu Pro Ala Glu Gly Ser Met Asn Ser Gln Leu Ser Thr Ser
1445 1450 1455

Ala Ala Ala Ala Thr Pro Ala Ala Asn Gly Leu Ser Ala Glu Lys Val
1460 1465 1470

Gln Ala Thr Met Met Ser Val Val Ala Glu Lys Thr Gly Tyr Pro Thr
1475 1480 1485

Glu Met Leu Glu Leu Glu Met Asp Met Glu Ala Asp Leu Gly Tle Asp
1480 1495 1500

Ser Ile Lys Arg Val Glu Ile Leu Gly Thr Val Gln Asp Glu Leu Pro
1505 1510 1515 1520

Gly Leu Pro Glu Leu Asn Pro Glu Asp Leu Ala Glu Cys Arg Thr Leu
1525 1530 1535

Gly Glu Ile Val Thr Tyr Met Asn Ser Lys Leu Ala Asp Gly Ser Lys
1540 1545 1550

Leu Pro Ala Glu Gly Ser Met His Tyr Gln Leu Ser Thr Ser Thr Ala
1855 1560 1565

Ala Ala Thr Pre Val Als Aspn Gly Leu Ser Ala Glu Lys Val Gln Ala
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1570 1575 1580

PCT/US0O/B0956

Thr Met Met Ser Val Val Ala Asp Lys Thr Gly Tyr Pro Thr Glu Met

1585 1580 1595

Leu Glu Leu Glu Met Asp Met Glu Ala Asp Leu Gly Ile Asp
1605 1610

Lys Arg Val Glu Ile Leu Gly Thr Val Gln Asp Glu Leu Pro
1620 1625 1630

Ser
1615

Gly

Pre Glu leu Asn Pro Glu Asp Leu Ala Glu Cys Arg Thr Leu Gly

1635 1640 1645

Ile Val Asp Tyr Met Gly Ser Lys Leu Pro Ala Glu Gly Ser
1650 1655 1660

Thr Ser Ala Ala Ala Ser Leu Asn Val Ser Ala Val Ala aAla
1665 1670 1675

Ala Ala Ala Thr Pro Val Ser Asn Gly Leu Ser Ala Glu Lys
1685 1690

Ser Thr Met Met Ser Val Val Ala Glu Lys Thr Gly Tyr Pro
1700 1705 1710

Met Leu Glu leu Gly Met Asp Met Glu Ala Asp Leu Gly Ile
1715 1720 1725

Ile Lys Arg Val Glu Ile Leu Gly Thr Val Gln Asp Glu Leu
1730 1735 1740

Leu Pro Glu leu Asn Pro Glu Asp Leu Rla Glu Cys Arg Thr
1745 1750 1755

Glu Ile Val Asp Tyr Met Asn Ser Lys Leu Ala Asp Gly Ser
1765 177¢

Pro Ala Glu Gly Ser Ala Asn Thr Ser Ala Thr Ala Ala Thr
1780 1785 1790

Val Asn Gly Leu Ser Ala Asp Lys Val Gln Ala Thr Met Met
1795 1800 1805

Val Ala Glu Lys Thr Gly Tyr Pro Thr Glu Met Leu Glu Leu
1810 1815 1820

Asp Met Glu Ala Asp Leu Gly Ile Asp Ser Ile Lys Arg Val

31

Ala

Pro

val

1695

Thr

Asp

Pro

Leu

Lys

1775

Pro

Ser

Gly

Glu

1600

Ile

Leu

Glu

Asn

Gln

1680

Gln

Glu

Ser

Gly

Gly

1760

Leu

Ala

val

Met

Ile
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1825 1830 1835 1840

Leu Gly Thr Val Gin Asp Glu Leu Pro Gly Leu Pro Glu Leu Asn Pro
1645 1850 iB55

Glu Asp Leu Ala Glu Cys Arg Thr Leu Gly Glu Ile Val Ser Tyr Met
1860 1865 1870

Asn Ser Gln Leu Ala Asp Gly Ser Lys Leu Ser Thr Ser Ala Ala Glu
1875 1880 18B5

Gly Ser Ala Asp Thr Ser Ala Ala Asn Ala Ala Lys Pre Ala Ala Ile
1890 1895 1900

Ser BAla Glu Pro Ser Val Glu Leu Pro Pro His Ser Glu Val Ala Leu
1905 1810 1915 1920

Lys Lys Leu Asn Alaz Ala Asn Lys Leu Glu Asn Cys Phe Ala Ala Asp
1925 1930 1935

Ala Ser Val Val Ile Asn Asp Asp Gly His Asn Ala Gly Val Leu Ala
1840 1945 1950

Glu Lys Leu Ile Lys Gln Gly Leu lys Val Ala Val Val Arg Leu Pro
1955 1960 1965

Lys Gly Gln Pro Gln Ser Pro Leu Ser Ser Asp Val Ala Ser Phe Glu
1970 1975 1980

Leu Ala Ser Sef Gln Glu Ser Glu Leu Glu Ala Ser Ile Thr Ala Val
1885 158990 1985 2000

Ile ARla Gln Ile Glu Thr Gln Val Gly Ala Ile Gly Gly Phe Ile His
2005 2010 2015

Leu Gln Pro Glu Ala Asn Thr Glu Glu Gin Thr Ala Val Asn Leu Asp
2020 2025 2030

Ala Gln Ser Phe Thr His Val Ser Asn Ala Phe Leu Trp Ala Lys Leu
2035 2040 2045

fL.eu Gln Pro Lys Leu Val Ala Gly Ala Asp Ala Arg Arg Cys Phe Val
2050 2055 2060

Thr Val Ser Arg lle Asp Gly Gly Phe Gly Tyr Leu BAsn Thr Asp Ala
2065 2070 2075 2080

Leu Lys Asp Ala Glu Leu Asn Gln Ala Ala Leu Ala Gly Leu Thr Lys

32




WO 00/42195

Thr Leu Ser

His

2100

Ala Thr Asp
2115

Lew Phe Asp
2130

Asp Gly Lys
2145

Lys Thr Ala

Gly Gly Ala

val

Ser

Val

Lys

Lys

2180

Arg Ser Gln
2195

Leu Pro Ser
2210

Ala Ile Ala
2225

Vval Glu Ala

Ala Leu Ala Ala Phe Asn Lys Val
22860

Ser

Trp

His

Ala Val Trp Pro Val

2085

2092

Glu Trp Pro Gln Val Phe

Asp Ala Thr

Gln Ala Gin

2135

Asn Arg Val
2150

Ala Glu Leu
2165

Gly Val Thr

His Phe Ile

Ala Glu Gly

2215

Ile 1le Ser

2230

2245

2105

H.s
2120

Leu

Leuw FPro

Asn Ser

Phe Glu

2185

Leuw Ala

2200

Lys Gln

Thr

Gly

Gln

Gly
2265

Met Asp Val Thr Asp Ser Ala Ala lle

2275

2280

Ser Asn Glu Ile Thxr Gly Leu Ile His

2290

2285

Lys His Ile Gln Asp Lys Thr Leu Ala

2305

2310

&la

Glu

Thr

2170

Cys

Gly

Thr

Gln

Ser

2250

Ala

Thr

Gly

Giu

Cys Arg Ala

Asp Ala Ile

2125

Val Gly Len

2140

2155

Asp Lys Ile

Ala Leu Ala

Arg Ser Glu

2205

Ser Glu Leu
2220

Lys Pro Thr

2235

Ser Ile Glu

Ser Ala Glu

PCT/US00/00956

2095

Leu Asp Ile
2110

Thr Ser Glu

Ser Leu Ile

Leu Val Ala Ala Glu Ala Ala Asp

2160

Leu Val Thr
2175

Leu Ala Ser

2190

Leu Gln Ala

Lys Ser Ala

Pro Lys Gin

2240

Ile Asn Ala
2255

Tyr Val Ser

2270

Ala Leu
2285

Ala

Ala Gly val

2300

Leu Ala Lys
2315

Thr Lys Val Asn Gly Leu Lys Ala Leu Leu Ala Ala Leu

2325

2330

Lys Ile Lys Leu Leu Rla Met Phe Ser Ser Ala ARla Gly

i3

Asn Gly Arg

Leu Ala Asp

Val Tyr Gly

2320

Glu Pro Ser
2335

Phe Tyr Gly
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2340 2345 2350

Asn Ile Gly Gln Ser Asp Tyr Ala Met Ser Asn Asp Ile Leu Asn Lys
2355 2360 2365

Ala Ala Leu Gln Phe Thr Ala Arg Asn Pro Gln Ala Lys Val Met Ser
2370 2375 2380

Phe Asn Trp Gly Pro Trp Asp Gly Gly Met Val Asn Pro ARla Leu Lys
2385 2390 2395 2400

Llys Met Phe Thr Glu Arg Gly Val Tyr Val Ile Pro Leu Lys Ala Gly
2405 2410 2415

Ala Glu Leu Phe Ala Thr Gin Leu Leu Ala Glu Thr Gly Val Gln Leu
2420 2425 2430

Leu Ile Gly Thr Ser Met Gln Gly Gly Ser Asp Thr Lys Ala Thr Glu
2435 2440 2445

Thr Ala Ser Val Lys Lys Leu Asn Rla Gly Glu Val Leu Ser Rla Ser
2450 2455 2460

His"Pro Arg Ala Gly Bla Gln Lys Thr Pro Leu Gln Ala Val Thr Ala
2465 2470 2475 2480

Thr Arg Leu Leu Thr Pro Ser Ala Met Val Phe Ile Glu Asp His Arg
2485 2490 2495

Ile Gly Gly Asn Ser Val Leu Pro Thr Val Cys Ala Ile Asp Trp Met
2500 2505 2510

Arg Glu Ala Ala Ser Asp Met Leu Gly Ala Gln Val Lys Val Leu Asp
2515 2520 2525

Tyr Lys Leu Leu Lys Gly Ile Val Phe Glu Thr Asp Glu Fro Gln Giu
2530 2535 2540

Leu Thr Leu Glu Leu Thr Pro Asp Asp Ser Asp Glu Ala Thr Leu Gln
2545 2550 2555 2560

Ala Leu Ile Ser Cys Asn Gly Arg Pro Gln Tyr Lys Ala Thr Leu Ile
2565 - 2570 2575

Ser Asp Asn Ala Asp Ile Lys Gln Leu Asn Lys Gln Phe Asp Leu Ser
2580 2585 2580

Ala Lys Ala Ile Thr Thr Ala Lys Glu Leu Tyr Ser Asn Gly Thr Leu
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2585 2600

PCT/US00/00956

2605

Phe His Gly Pro Arg Leu Gin Gly Ile Gln Ser Val Val Gln Phe Asp

2610 2615 2620

Asp Gln Gly Leu Ile Ala Lys Val Ala Lea Pro Lys Val Glu Leu Ser

2625 2630 2635

2640

Asp Cys Gly Glu Phe Leu Pro Gln Thr His Met Gly Gly Ser Gln Pro

2645 2650

2655

Phe Ala Glu Asp Leu Leu Leu Gln Ala Met Leu Val Trp Ala Arg Leu

2660 2665

2670

Lys Thr Gly Ser Ala Ser Leu Pro Ser Ser Ile Gly Glu Phe Thr Ser

2675 2680

Tyr Gln Pro Met Ala Phe Gly Glu Thr Gly Thr Ile
2690 2695 2700

Ile Lys His Asn Lys Arg Ser Leu Glu Ala Asn Val
2705 2710 2715

Asp Asn Gly Glu Leu Ser Ala Met Phe Lys Ser Ala
2725 2730

Ser Lys Ser Leu Asn Ser Ala Phe Leu Pro Ala Val
2740 2745

Ser Glu Ala Asn
2755

<210> 8

<211i> 771

<212> PRT

<213> Shewanella putrefaciens

<400> 8
Met Pro Leu Arg Ile Ala Leu Ile Leu Leu Pro Thr
1 5 10C

Val Asn Ser Val Asp Gln Ser Val Leu Ala Ser Tyr
20 25

Pro Glu Leu Asn Ala Leu Leu Asn Ser Ala Pro Thr
35 40

35

2685

Glu

Leu Glu Val

Ala Leu Tyx Arg

Lys

2720

Yle Thr Ile
2735

Leu Ala Asn Asp

Pro

Gln

Pro
415

2750

Gin Phe Glu
15

Thr Leu Gln
30

Glu Met Leu
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Ser Ile Thr Ile Ser Asp Asp Asp Rla Asn Ser Phe Giu Ser Gln
50 55 €0

in
m
[

Leu Asn Ala Ala Thr Asn Ala Ile Asn Asn Gly Tyr Ile Val Lys Leu
65 70 75 BO

Ala Thr Ala Thr His Ala Leu Leu Met Leu Pro Ala Leu Lys Ala Ala
85 90 85

Gln Met Arg Ile His Pro His Ala Gln Leu Ala Ala Met Gln Gln Ala
100 105 110

Lys Ser Thr Pro Met Ser Gln Val Ser Gly Glu Leu Lys Leu Gly Ala
115 120 125

Asn Ala Leu Ser Leu Ala Gln Thr Asn Ala Leu Ser His Ala Leu Ser
130 135 140

Gln Ala Lys Arg Asn Leu Thr Asp Val Ser Val Asn Glu Cys Phe Glu
145 150 155% 160

Asn-Leu Lys Ser Glu Gln GIn Phe Thr Glu Val Tyr Ser Leu Ile Gln
165 170 175

Gln Leu Ala Ser Arg Thr His Val Arg Lys Glu Val Asn Gln Gly Val
180 185 190

Glu Leu Gly Pro Llys Gln Ala Lys Ser His Tyr Trp Phe Ser Glu Fhe
185 200 205

His Gln Asn Arg Val Ala Ala Ile Asn Phe Ile Asn Gly Gln Gln Ala
210 215 220

Thr Ser Tyr Val Leu Thr Gln Gly Ser Gly Leu Leu Ala Ala Lys Ser
225 230 235 240

Met Leu Asn Gln Gln Arg Leu Met Phe Ile Leu Pro Gly Asn Ser Gln
245 250 255

GIn Gln Ile Thr Ala Ser Ile Thr Gln Leu Met Gln Gln Leu Glu Arg
260 265 270

Leu Gln Val Thr Glu Val Asn Glu Leu Ser Leu Glu Cys Gln Leu Glu
275 280 285

Leu Leu Ser Ile Met Tyr Asp Asn Leu Val Asn Ala Asp Lys Leu Thr
290 295 300
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Thr Arg Asp Ser Lys Pro Ala Tyr Gln Ala Val lle Gln Ala Ser Ser
305 310 315 329

Val Ser Ala Ala Lys Gln Glu Leu Ser Ala Leu Asn Asp Ala Leu Thr
325 330 335

Ala Leu Phe Ala Glu Gln Thx Asn Ala Thr Ser Thr Asn Lys Gly Leu
340 345 350

Ile Gln Tyr Lys Thr Pro Ala Gly f£er Tyr Leu Thr Leu Thr Pro Leu
355 360 365

Gly Ser Asn Asn Asp Asn Ala Gln Ala Gly Leu Ala Phe Val Tyr Pro
370 375 . 380

Gly Val Gly Thr Val Tyr ARla Asp Met Leu Asn Glu Leu His Gln Tyr
385 390 395 400

Phe Pro Ala Leu Tyr Ala Lys Leu Glu Arg Glu Gly Asp Leu Lys Ala
405 410 415

Met Leu Gln Ala Glu Asp Ile Tyr His Leu Asp Pro Lys His Ala Ala
420 425 430

Gln Met Ser Leu Gly Asp Leu Ala Ile Ala Gly Val Gly Ser Ser Tyr
435 440 445

Leu Leu Thr Gln Leu Leu Thr Asp Glu Phe Asn Ile Lys Pro Asn Phe
450 455 460

Ala Leu Gly Tyr Ser Met Gly Glu Ala Ser Met Trp Ala Ser Leu Gly
465 470 475 480

Val Trp Gln Asn Pro His Ala Leu Ile Ser Lys Thr Gln Thr Asp Pro
485 490 495

Leu Phe Thr Ser Ala Ile Ser Gly Lys Leu Thr Ala Val Arg Gln Ala
500 505 510

Trp Gln Leu Asp Asp Thr Ala Ala Glu Ile Gln Trp Asn Ser Phe Val
515 520 525

Val Arg Ser Glu Ala Ala Pro Ile Glu Ala Leu Leu Lys Asp Tyr Pro
530 535 540

His Ala Tyr Leu Ala Ile Ile Gln Gly Asp Thr Cys Val Ile ARla Gly
545 550 555 560

7
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Cys Glu Ile Gln Cys Lys Ala Llen Leu Ala Ala Leu Gly Lys Arg Gly
5€% 570 575

Ile Ala ARla Asn Arg Val Thr Ala Met His Thr Gln Pro Ala Met Gln
5B0 585 £90

Glu His Gln Asn Val Met Asp Phe Tyr Leu Gin Pro Leu Lys Ala Glu
595 600 605

Leu Pro Ser Glu Ile Ser Phe Ile Ser Ala Ala Asp Leu Thr Ala Lys
610 615 620

Gln Thr Val Ser Glu Gln Ala Leu Ser Ser &Gln Val Val Ala Gln Ser
625 630 : 635 640

Ile Ala Rsp Thr Phe Cys Gln Thr Leu Asp Phe Thr Ala Leu Val His
645 650 655

His Ala Gln His Gln Gly Ala Lys Leu Phe Val Glu Ile Gly Rla Asp
660 665 670

Arg«Gln Asn Cys Thr Leu Ile Asp Lys Ile Val Lys Gln Asp Gly Ala
675 680 6B5

Ser Ser Val Gln His Gln Pro Cys Cys Thr Val Pro Met Asn Ala Lys
690 695 700

Gly Ser Gln Asp Ile Thr Ser Val Ile Lys Ala Leu Gly Gln Leu Ile
705 710 715 720

Ser His Gln Val Pro Leu Ser Val Gln Pro Phe Tle Asp Gly Leu Lys
725 730 735

Arg Glu Leu Thr Leu Cys Gln Leu Thr Ser Gln Gln Leu Ala Ala His
740 745 750

Ala Asn Val Asp Ser Lys Phe Glu Ser Asn Gln Asp His Leu Leu Gln
755 760 765

Gly Glu Val
770

<210> 8

<211> 2004

<212> PRT

<213> Shewanella putrefaciens
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<400> 9
Met Ser Leu Pro Rsp Asn Ala Ser Rsn His Leu Ser Ala Asn Gln Lys
1 8 10 15

Gly Ala Ser Gln Ala Ser Lys Thr Ser Lys Gln Ser Lys Ile Ala Ile
20 25 30

Val Gly Leu Ala Thr Leu Tyr Pro Asp Ala Lys Thr Pro Gln Glu Phe
35 40 45

Trp Gln Asn Leu Leu Asp Lys Arg Asp Ser Arg Ser Thr Leu Thr Asn
50 55 &0

Glu Lys Leu Gly Ala Asn Ser Gln Asp Tyr Gln Gly Val Gln Gly Gln
65 70 75 80

Ser Asp Arg Phe Tyr Cys Asn Lys Gly Gly Tyr Ile Glu Asn Phe Ser
85 S0 95

Phe Asn Ala Ala Gly Tyr Lys Leu Pro Glu Gln Ser Leu Asn Gly Leu
100 105 110

Asp Asp Ser Phe Leu Trp Ala Leu Asp Thr Ser Arg Asn Ala Leu Ile
115 120 i25

Asp Ala Gly Ile Asp Ile Asn Gly Ala Asp Leu Ser Arg Ala Gly Vval
130 135 140

Val Met Gly Ala Leu Ser Phe Pro Thr Thr Arg Ser Asn Asp Leu Phe
145 150 155 160

Leu Pro Ile Tyr His Ser Ala Val Glu Lys Ala Leu Gln Asp Lys Leu
165 170 175

+Gly Val Lys RAla Phe Lys Leu Ser Pro Thr Asn Ala His Thr Ala Arg
180 185 180

Ala RAla Asn Glu Ser Ser Leu Asn Ala Ala Asn Gly Ala Ile Ala His
195 200 205

Asn Ser Ser Lys Val Val Ala Asp Ala Leu Gly lLeu Gly Gly Ala Gln
210 215 220

Leu Ser Leu Asp Ala Ala Cys Ala Ser Ser Val Tyr Ser Leu Lys Leu
225 230 235 240

Ala Cys Asp Tyr Leu Ser Thr Gly Lys Ala Asp Ile Met Leu Ala Gly
245 250 255
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Ala Val Ser Gly Ala Asp Pro Phe Phe Ile Asn Met Gly Phe Efer lle
260 265 270

Phe His Ala Tyr Pro Asp His Gly Ile Ser Val Pro Phe Asp Ala Ser
275 2B0 285

Ser Lys Gly Leu Phe Ala Gly Glu Gly Ala Gly Val Leu Val Leu Lys
290 295 300

Arg Leu Glu Asp Ala Glu Arg Asp Asn Asp Lys Ile Tyr Ala Val Val
305 310 315 320

Ser Gly Val Gly Leu Ser Asn Asp Gly Lys Gly Gln Phe Val Leu Ser
325 330 335

Pro Asn Preo Lys Gly Gln Val Lys Ala Phe Glu Arg Ala Tyr Ala Ala
340 345 350

Ser Asp Ile Glu Pro Lys Asp Ile Glu Val Ile Glu Cys His Ala Thr
355 360 365

Gly Thr Pro Leu Gly Asp Lys Ile Glu Leu Thr Ser Met Glu Thr Phe
370 375 380

Phe Glu Asp Lys Leu Gln Gly Thr Asp Ala Pro Leu Ile Gly Ser Ala
385 380 395 400

Lys Ser Asn Leu Gly His Leu Leu Thr Ala Ala His Ala Gly Ile Met
405 410 415

Lys Met Ile Phe Ala Met Lys Glu Gly Tyr Leu Pro Pro Ser Ile Asn
420 425 430

Ile Sexr Asp Ala Ile Ala Ser Pro Lys Lys Leu Phe Gly Lys Pro Thr
435 440 445

Leu Pro Ser Met Val Gln Gly Trp Pro Asp Lys Pro Ser Asn Asn His
450 455 460

Phe Gly Val Arg Thr Arg His Ala Gly Val Ser Val Phe Gly Phe Gly
465 470 475 480

Gly Cys Asn Ala His Leu Leu Leu Glu Ser Tyr Asn Gly Lys Gly Thr
485 490 495

Val Lys Ala Glu Ala Thr Gln Val Pro Arg Glmn Ala Glu Pro Leu Lys
500 S05 510
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val Val Gly
515

Leu Asn Asn
S30

Lys Lys Arg
545

Phe Gly Leu
Leu Asp Phe
Ile Ser Gln

595

Asp Rla Lys
610

Glu Thr Glu
625

Thr Gln Leu
Asp Glu Tyr
Ala Ala Lys

675

Ser Arg Val
650

S5er Ala Ala
705

Leu Ile Met

Leu Ser Gly

Val Ala Ile
755

Leu

Ala

Trp

Ala

Leu

580

Gln

Leu

Leu

Ala

Gln

660

Leu

Ala

Glu

Glu

Ser
740

Ala

Val

Lys

Ser

565

Arg

Leu

Glu

Glu

Gln

645

Ala

Asn

Ser

Gln

Asp

725

Phe

Pro

Ser

Thr

Gly

550

Ala

Phe

Met

Pro

Leu

630

Ser

Leu

Gln

Leu

Ser

710

Asn

Glu

Asn

His

Gin

535

Leu

Pro

Lys

Leu

Gly

615

His

Leu

Glu

Tyr

Trp

695

Val

Leu

Gln

Leu

Phe

520

Asp

Glu

Lys

Leu

Met

600

Gln

Gln

Ala

Ala

Thr

680

Asp

Ser

Asp

Val

Glu

760

41

Gly

Gly

Lys

Gly

‘Pro

585

Arg

Lys

Phe

Ala

Ile

665

Ser

Phe

Arg

Ala

Ile

745

Ala

Pro

Asn

His

Ala

570

Prao

Val

Val

Met

650

Ala

Phe

Asn

Cys

Val

730

Leu

Ser

Leu

Gly

Ser

555

Tyr

Asn

Thr

Ala

Gly

635

Gly

Met

Ile

Gly

Ile

715

Val

Lys

Leu

Ser

Phe

540

Glu

Val

Glu

Asp

Val

620

Arg

Val

Asp

Gly

Pro

700

Asp

Ile

Asn

Asn

Ser

325

Ile

Leu

Asp

Asp

Glu

605

Leu

Val

Ser

Serx

Asn

685

Ala

Val

Ala

Ala

Pro
765

Ile

Glu

Leu

Asn

Asp

590

Ala

Val

Asn

Leu

val

670

Ile

Phe

Ala

Ala

Ile

750

Thr
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Asn Ala

Leu Pro

Ala Glu
560

Phe Glu
575

Arg Leu

Ile Arg

Ala Met

Leu His
640

Sexr Thr
655

Leu Asp

Met Ala

Thr Ile

Gln Asn

720

Val Asp
735

Ala Pro

Ser Ala
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Ser Trp Asn Val Gly Glu Gly Ala & £la Val Val Leu Val Lys Asn
770 ' 775 780

Glu Ala Thr Ser Gly Cys Ser Tyr Gly Gln lle Asp Ala Leu Gly Phe
785 790 785 800

Ala Lys Thr Ala Glu Thr Ala Leu Ala Thr Asp Lys Leu Leu Ser Gln
BOS 810 815

Thr Ala Thr Asp Phe Asn Lys Val Lys Val Ile Glu Thr Met Ala Ala
B20 825 B30

Pro Ala Ser Gln Tle Gln Leu Ala Pro Ile Val Ser Ser Gln Val Thr
B35 840 845

His Thr Ala Ala Glu Gln Arg Val Gly His Cys Phe Ala Ala Ala Gly
850 855 860

Met Ala Ser Leu Leu His Gly Leu Leu Asn Leu Asn Thr Val Ala Gln
B65 870 875 880

Thr Asn Lys Ala Asn Cys Ala Leu Ile Asn Asn Ile Ser Glu Asn Gln
885 890 g85

Leu Ser Gln Leu Leu Ile Ser Gln Thr Ala Ser Glu Gln Gln Ala Leu
a00 305 810

Thr Ala Arg Leu Ser Asn Glu Leu Lys Ser Asp Rla Lys His Gln Leu
915 920 925

Val Lys Gln Val Thr Leu Gly Gly Arg Asp Ile Tyr Gln His Ile Val
930 935 840

Asp Thr Pro Leu Ala Ser Leu Glu Ser Ile Thr Gln Lys Leu Ala Gln
945 850 955 960

Ala Thr Ala Ser Thr Val Val Asn Gln Val Lys Pro Tle Lys Ala Ala
965 970 975

Gly Ser val Glu Met ARla Asn Ser Phe Glu Thr Glu Ser Ser Ala Glu
980 985 2990

Pro Gln Ile Thr Ile Ala Ala Gln Gln Thr Ala Asn Ile Gly Val Thr
995 1000 1005

Ala Gln ala Thr Lys Arg Glu Leu Gly Thr Pro Pro Met Thr Thr Asn
1010 1015 1020
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Thr Ile Ala Asn Thg Ala Asn Asn leu Asp lys Thy Leu Glu Thr Val
1025 1030 1035 1040

Ala Gly Asn Thr Val Ala Ser Lys Val Gly Ser Gly Asp Ile Val Asn
1045 1050 1055

Phe Gln Gln Asn Glin Gln Leu Ala Gln Gln Ala His Leu Ala Phe Lau
1060 1065 1070

Glu Ser Axg Ser Ala Gly Met Lys Val RAla Asp Ala Leu Lew Lys Gln
1073 1080 1085

Gln Leu Ala Gln Val Thr Gly Gln Thx Ile Asp Asn Gln Ala.Leu Asp
1490 1095 1100

Thyr Gln Ala Val Asp Thr Gln Thr Ser Glu Asp Val Ala Ile hla Ala
1105 1110 1115 1120

Gly Ser Pro Val Gln Val Thr Thr Pre Val Gln Val Thr Thr Pre Vval
1125 1130 1135

Gln Ile Ser Val Val Glu Lew Lys Fro Asp His Ala Asn Val Pro Pro
1140 1145 1150

Tyr Thrx Pre Pro val Pro Ala Leu Lys Pro Cys Ile Trp Asn Tyi Bla
1155 1160 1165

Asp Leu Val Glu Tyr Ala Glu Gly Asp 1Ile Ala Lys Val Phe Gly Ser
1170 1175 1180

Asp Tyr Ala Ile Ile Asp Ser Tyr Sex Arg Arg Val Arg Leu Pro Thr
1185 11%0 1195 1200

Thz Asp Tyr Leu Leu Val Ser Arg Val Thr Lys Leu Asp Ala Thr Ile
1205 12310 1215

Asn Gin Phe Lys Pro Cys Ser Met Thx Thx Glu Tyr Asp Ile Pro Val
1220 1225 1230

Asp Ala Pro Tyx Leu Val Asp Gly Gln Ile Pro Trp Ala Val Ala Val
1235 1240 1245

Glu Ser Gly Gln Cys Asp Leu Met Leuw Ile Ser Tyr Leu Gly Ile Asp
1250 1255 1260

Phe Glu Asn Lys Gly Glu Arg Val Tyr Arg lLeu Leu Asp Cys Thr Leu

1265 1270 1275 1280

43
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Thr Phe Leu-Gly Asp Leu Pro Arg Gly Gly Asp Thr Leu Arg Tyr Asp
1285 1290 1295

Ile Lys Ile As=n Asn Tyr Ala Axg Asn Gly Aap Thr Leu Leu Phe Phe
1300 1305 1310

Phe Ser Tyr Glu Cys Phe Val Gly Asp Lys Met Ile Leu Lys Met Asp
1315 1320 1325

Gly Gly Cys Ala Gly Phe Phe Thr Asp Glu Glu Leu Ala Asp Gly Lys
13130 1335 1340

Gly Val Ile Arg Thr Glu Glu Glu Jle Lys Ala Acg Ser Leu Val Gln
1345 1350 1355 1360

Lys Gln Rrg Phe Asn Pro Leu Leu Asp Cys Pro Lys Thr Gln Phe Scr
1365 1370 1375

Tyr Gly Asp Ile His Lys Leu Leu Thr Ala Asp Ile Glu .Gly Cys Phe
1380 l3aa5s 1390

Gly Pro Ser His Ser Gly Val His Gln Pro Ser Leu Cys Phe Ala Ser
1395 1400 1405

Gl Lys Phe Leun Met Ile Glu Gln Val Ser Lys Val Asp Arg Thr Gly
1410 1415 1420

Gly Thr Trp Gly Leu Gly Leu Ile 'Glu Gly Bis Lys Glm Leu Glu Ala
1425 1430 1435 1440

Asp His Trp Tyxr Phe Pro Cys His Phe Lys Gly Asp Gln Val Met Ala
1445 1450 1455

Gly Ser Leu Met Ala Glu Gly Cys Gly Gln Leu Leu Gln Phe Tyr Met
1460 1465 1470

Leu His Leu Gly Met His Thr Gln Thr Lys Asn Gly Arg Phe Glmn Pro
1475 1460 1485

Leu Glu Asn Ala Ser Gln Gla Val Arg Cys Arg Gly Gln Val Leu Pro
1480 1498 1500

Cln Sex Gly Val Leu Thr Tyr Arg Met Glu Val Thr Glu Ile Gly Phe
1505 1510 1515 1520

Ser Pro Arg Pro Tyr Ala Lys Ala Asn Ile Asp Ile Leu Leu Asn Gly
1525 1530 1535

44
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Lys Ala val Vval
1540

Asp Glu Cys Thr
15855

Thr Ala
1570

Gln Val

Ala 5er
1585

Val Asn

Glu Pre Asn Lys

Thx Pro Asp Tyrx

1620

Tyr His Met Fhe
1635

Pro Glu
1650

Phe Serx

Gly Asp
1663

. Leu Gln

Gly Asp

Ala Asp Ala Trp

1700

Tyxr Ser Ile Leu
1715

Gly Tyr Met Gly
1730

Arg Asn Leu Asp
1745

Gly Lys Thr Ile

Gly Thr Asn Ile Ile Gln Ser

1780

Asp Phe Gln Asn

Arg Tyr Pro Leu

1560

Asn Ala Gln Thr
1575

ARla Pro
1590

Leu Met

Gly val
1605

Ile Pro

Pro Asn Arg Val

Glu Phe Ala Thr

1640

Ile Tyxr Arg Gly
1655

Val Thr Thr Arg
1670
5 ¥1: 1

Tyr Phe Asp Lys

Met
1720

Thr Thr Leu

1735

Gly

Gly Ser Gly
1750

Glu

brg Asn Asp Ser

1743

45

Leu
1%45

Gly Val Met

Leu Thr Glu Ser

Ser Ala Lys Lys

1580

Ala Gln Ele Pro
15485

Val

Ile Ser His

1610
Pro Asp Thr
1625

val

Gly Asn Ile Glu

PCT/US00/00956

Ile Lys Glu CGlu

1550

Thr
1565

Thr Ala Ser

Val Tyr Lys Pro

Asp Lew Thx Lys

1600
Gluy Ala

Pro lle

lel5

Pro Phe
1630

T™hx Pxo

Asn Cys Phe Gly

1645

Met Ile Pro Pro

1660

Val Ile Glu Val
1675

Phe Lys Lys Pro Ser Ser Cys Ile Ala Glu

1690

Asn Sex His Gly
17405

Giu Ile Ser Leuw Glp Pro Asm Gly Phe

Phe Pro Gly Leuw
1740

Leu Leu Arg Glu
175%

Arg Leu Leu Sex
1770

Phe Ser Pne Glu Leu

1785

SUBSTITUTE SHEET (RULE 26)

Axg Thr Pro Cys

Asn Gly Lys Arg

168D

Glu val
1695

Tyr Pro

Ala Val
1710

Met Pro

1le Ser

1725

Glu Leu Phe Phe

Val Asp Leu Arg

1760

Thr vVal Met Ala
1775

Sex Thr Asp Gly
1790
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Glu Pro Phe Tyr Arg Gly Thr Ala Val Phe Gly Tyr Phe Lys

1795

Ala Leu Lys Asp Gln Leu Gly
1810 1815

Trp His Val Ala Asn Gly Val
1825 1830

Asp Lys Ser Cys Arg His Phe
184%

Arg Leu Ala Gly Gly Gln Leu
1860

Asp Asn Gly Gly Thr Glu Gly
1875

Ile Asp Pro Ser Asp Trp Phe
18580 1895

Val Met Pro Gly Ser Leu Gly
1805 1910

Ala Tyr Ala Ile Ser Lys Asp
1925

Phe Gly Gin Ile Leu Ser Asn
1940

1800

Leu Asp Asn Gly Lys

Ala

Asn Ala Pro Ala Asn

Asn

Leu

1880

Phe

Val

Leu

1805

1820
Bla Ser Thr lys Val
1835
1850

Phe Ile Asp Ser Val
1865

Gly Tyf Leu Tyr Ala
1885

Gln Phe His Phe His
1900

Glu Ala Ile Ile Glu
1915

Gly Ala Asp Phe Lys
1930

Val

PCT/US00/00956

Gly asp

Thr Gln Pro

Asn Leu Leu

Glu
1870

Glu

1840

Gln Pro His Tyr

1855

Ile Val

Arg Thr

Gln Asp Pro

Thr

Asn

Met Gln
1920

Pro Lys
1835

Ile Lys Trp Lys Tyr Arg Gly Gln Ile

1945

Asn Pro Leu Asn Lys Gln Met Ser Met Asp Val Ser Ile

1955

1560

1865

Lys Asp Glu Asp Gly Lys Lys Val Ile Thr Gly Asn Ala

1970 19875

1380

Lys Asp Gly Leu Arg Ile Tyr Glu Val Phe Asp Ile Ala

1985 1990

Glu Glu Ser Val

<210> 10
<211> 543
<212> PRT

<213> Shewanella putrefaciens

46

1995

1950

Thr

Ser

Ile

Ser Ile

Leu Ser

Ser Ile
2000
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<400> 10
Met Asn Pro Thr Ala Thr Asn Glu Met Leu Ser Pro Trp Pro Trp Ala
1 5 10 15

Val Thr Glu Ser Asn Ile Ser Phe Asp Val Gln Val Met Glu Gln Gln
20 25 30

Leu Lys Asp Phe Ser Arg Ala Cys Tyr Val Val Asn His Ala Asp His
35 40 45

Gly Phe Gly Ile Ala Glm Thr Ala Asp Ile Val Thr Glu Gln Ala Ala
50 55 60

Asn Ser Thr Asp Leu Pro Val Ser Ala Phe Thr Pro Rla Leu Gly Thr
65 70 75 80

Glu Ser Leu Gly Asp Asn Asn Phe Arg Arg Val His Gly Val Lys Tyr
BS 90 95

Ala Tyr Tyr Ala Gly Ala Met Ala Asn Gly Ile Ser Ser Glu Glu Leu
100 10% 110

Val Ile Ala Leu Gly Glp Ala Gly Ile Leu Cys Gly Sex Phe Gly Ala
115 120 125

Ala Gly Leu Ile Pro Ser Arg Val Glu Ala Ala Ile Asn Arg Ile Gln
130 135 140

Ala Ala Leu Pro Asn Gly Pro Tyr Met FPhe Asn Leu Ile His Ser Pro
145 150 155 160

Ser Glu Pro Ala Leu Glu Arg Gly Ser Val Glu Leu Phe Leu Lys His
1les 170 175

Lys Val Arg Thr Val Glu Ala Ser Ala Phe Leu Gly leu Thr Pro Gln
180 185 180

Ile Val Tyr Tyr Arg Ala Rla Gly Leu Ser Arg Asp Ala Gln Gly Lys
i9s 200 205

Val Val Val Gly Asn Lys Val Ile Ala Lys Val Ser Arg Thr Glu Val
210 215 220

Ala Glu Lys Phe Met Met Pro Ala Pro Ala Lys Met Leu Gln Lys Leu
225 230 235 240

Val Asp Asp Gly Ser Ile Thr Ala Glu Gln Met Glu Leu Ala Gln Leu

47
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245 250 ‘ 25%

Val Pro Met Ala Asp Asp Ile Thr Ala Glu Ala Asp Ser Gly Gly His
260 285 270

Thr Asp Asn Arg Pra Leu Val Thr Leu Lau Pro Thr Ile Leu Ala Leu
275 290 285

Lys Glu Glu Ile Gln Ala Lys Tyr Gln Tyr Asp Thr Pro Ile Arg Val
299 295 300

Gly Cys Gly Gly Gly Val Gly Thr Pro Asp Ala Ala Lew Ala Thr Phe
08 . 310 ' 315 . 320

Asn Met Gly Ala Ala Tyr Ile Val Thr Gly Ser Ile Asn Gln Ala Cys
325 ’ 330 335

Val Glu Ala Gly Ala Ser Rsp His Thr Arg Lys Leu Leu Ala Thr Thr
340 345 350

Glu Met Ala Asp Val Thr Met Ala Pro Ala Ala Asp Mer Phe Glu Met
355 360 3865

Gly V¥al Lys Leu Gln Val Val Lys iu:g Gly Thx Leu FPhe Pro Met Arg
370 375 380

Ala Asn Lys Leu Tyr Glu Ile Tyr Thr Arg Tyr Asp Ser Ile Glu Ala
385 igo 395 400

Ile Pro Leu Asp Glu Arg Glu Lys Leu Glu Lys Gln Val Phe Arg Ser
405 410 415

Ser Leu Asp Glu Ile Trp Ala Gly Thr val Ala His Fhe Asn Glu Arg
420 425 430

Asp Pro Lys GIln YXle Glu Arg Ala Glu Gly Asn Pro Lys Arg Lys Met
435 440 445

Ala Leu Ile Phe Arg Trp Tyr Leu Gly Leu Sexr Ser Arg Trp Ser Asn
430 455 160

S5er Gly Glu Val Gly Rrg Glu Met Asp Tyr Gln Ile Trp Ala Gly Pro
465 470 475 450

Ala Leu Gly Ala Phe Asn Gln Trp Ala Lys Gly Ser Tyr Leu Asp Asn
485 490 495

Tyxr Gln Asp Arg RAsn Ala Val Asp Leu Rla Lys His Leu Met Tyr Gly

48
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500 505 510D

Ala Ala Tyr Leu Asn Axg Ile Asn Ser Leu Thr Ala Gln Gly Val Lys
515 520 525

val Pro Als Gln Leu Leu Arg Trxp Lys Pro Asn Gln Arg Met Ala
530 535 540

<210> 11

<211> 499

<212> PRT _
<213> Shewanella putrefaciens

<49Q0> 11
Met Arg Lys Pro Leu Gln Thr Yle Asn Tyr Asp Tyr Ala Val Trp Asp
1 5 10 15

Arqg Thr Tyr Ser Tyr Met Lys Ser Asn Ser Ala Ser Ala Lys Arg Tyr
20 25 30

Iy¥r Glu Lys His Glu Tyr Preo Asp Asp Thr Phe Lys Sexr Leu Lys Val
35 40 45

Asp Gly Val Phe Ile Phe Asn Arg Thr Asn Gln Pro Val Phe Ser Lys
50 5% &0

Gly Phe Azn His Arg Asn Azp Ile Pro Leu Val Phe Glu Leu Thr Asp
65 70 75 80

Phe Lys Glpn His Pro Gln Asn Ile Ala Leu Ser Pro Gln Thr Lys Gln
85 80 25

Ala His Pro Pro Ala Ser Lys Pro Leu Asp Ser Prc Asp Asp Val Pro
100 105 iio

Ser Thr His Gily Val Ile Ala Thr Arg Tyr Gly Pro Ala Ile Tyr Tyr
115 120 L 125

Ser Ser Thr Ser Ile Leu Lys Ser Asp Arg Ser Gly Ser Gln Leu Gly
130 135 140

Tyr Leu Val Phe Ile Arg Leu Ile Asp Glu Trp Phe Tle Ala Glu Leu
145 150 155 160

Ser Gln Tyr Thr Ala Ala Gly Val Glu Ile Ala Met Ala Asp Ala Ala
165 170 175

49
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Asp

Thr

Leu

Asp
225

Leu

Leu

Leu

Phe

Glu

305

Phe

Ile

Asn

aAla

Arg

a5

Glu

Leu

Ala

Ala

Lys

210

Tyr

Ala

Ala

Arg

Asn

250

Gin

Glu

Gly

Asp

Gln

370

Phe

Pro

Aszn

Gln

Thr
195

Leu

Ser

Tyr

Ser

Tyr

275

Ala

val

Gln’

Phea

The

355

Thr

Gly

Leu

Leu

Leu
180

Ser

Val

Ile

Phe

hAsp

260

His

Leu

Phe

Arg

Thr

340

Leu

Leu

Gly

Gln

Pro
420

ala

Clu

Leu

Ile

Leu
245

Ile

Tyr

Met,

Ile

Leu

325

Leug

Gly

Sex

Giu

Arg
405

His

Arg

Arg

Tyr

Ile
230

Tyz

Lys

Pro

Gly

Asp

310

Glu

Ile

His

Gln

Glu
350

Lys

Pro

Leu

Leu

His
215

Leu

Sex

Lys

Ile

Thr

235

Ly=s

The

Tle

Len

Gln

375

Phe

Leu

Asn

GCly

Ile
200

Thr

Leu

Tyr

Met

Thr

280

Ile

Leny

Tyr

Ala

Ala

A&D

Phe

Ile

Ser

50

Ala
185

Thr

Asn

Val

Phe

Asp

265

Gly

Gln

Thr

Cys

Asp

345

Gly

Tyr

Met

Ala

Ser
425

Asn

Asn

Asn

Glu

Leu
250

Lys
Leu
Glu
Asn
Gin

aio

Val

Asp

Arg

Leu

Met
410

Thr

Thr

Val

Gln

Met
235

val

Ser

Val

Gln

Ile
315
Leu
Asp
Glu

Ala

Phe
195

Leu

Ala Asn

SUBSTITUTE SHEET {RULE 26)

Lys

Asp

Pro
220

Ser

Arg

Arg

Lys

Thx

00

Pro

Leu

His

Ala

Glu
380

Axg

His

Leu

Gly
20%

Pro

Phe

Pro

Glu

Val

285

Lys

Asn

Ala

Phe

Leu

365

Asp

Asp

Ser

Tyr

PCT/US00/00956

Asn
190

Lys

Pro

Leun

Val
Ile
270
Ala
Gln
Axg
Arg
Lys
350

fle

Iie

Ile

Phe

val
430

Lys

Pro

Met

Leu

Arg
255
Ly..s
Thr
Leu
Arg
Gln

ais

Glu

Lys

Cys

Pro

Ala
415

Thr

Val

Leu

Leu

Ile
240

Lys

Lys

His

Asn

Ala

320

Gin

Tyr

Val

Ala

Asp
400

Glu

Val
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Ser Leu Gly Vval

Cys

435

Ser Glu Ser His

430

Ala Leu Tyr His

485

Thr Thr Ile Thr

Ile

Ala

Thr

Ile

Lys

440

455

470

val
485

Gly His Gln

<210>
<211>
<212>
<213

12
40138
DNA
Vibri

<400>.12

aatagatcga
attgttttte
attgtaatag
aatcgetaac
caccatcgac
cagtcatgag
aaccaacaget
tactgeatac
tgaaggatat
ttaagataat
ttatgcgaat
cocattteat
amaagaataa
aggtaaaaat
_ aaatctgaaa
caatetgorg
aatatartra
tcgttgtata
tgttattatt
cgreggaget
gocagttccaa
cgttgatgag
tgcacttatt
tcttgatgag
goaatragca

atccgattica

O marinus

cTogcaaaag
atgtgtaaac
ctgatgttgc
ttcagroett
aaaccaggat
taatgoccgea
cgttattgrc
ttgaccetglt
cgcagatace
ttttéatgag
aaactgcagt
aaactgaaat
gcaaatcgta
aagntgcaﬁt
tggatttaca
cetoggtica
catcaatqgre
tgtragtcecat
ttttacgtac
ggcaccatceyg
cocrtcacttg
ttragagtag
goctgcgeace
ttaccttaag
actttgacca
gatccecattt

Asp

ttgcttaaga
atgrttagtg
tggctaatga
aattcaccea
gatatgaaac
atgatacgtc
acaaatgacc

tctaacaata-

agcgsaaagg
cgratattct
tgcrtecgacca
ttattcteag
ttatctacgc
agtgatgata
tcactgrtgt
ttgattttgt
atcgrattat
gragcgatga
ctaaagtLaa
gtgattatga
gtagccagecce
aaatygtttg
cttatgaaga
ttagatgcac
tgtragegat
tractgetga

val Val Ala Val Asp

Gly Ser Gln Ala Ala

Ala Cys Gly Arg Asn

475

Glu Ile Glu Cln Leu

190

tagtgtcaat

tgtgtaaatg

gtacCtttay
cacttgttgr
cggraaacygt
cgccagtggt
accaaagtgc
aaataccgat
tggcttitaaa
gaatagatct
tcggaatact
ctrggtgaaa
tcgttaatar
cgaccacatg
trttggbtgcc
taatataaac
tcaaccgege
gattatcatg
tgttgaagaa
tagttg;gct
acatattggt
tcgagcagaa
actctgetrat
tgcacttaac
agrttiggca
attaggtitc

51

PCT/US00/00956

Asp Phe Glu Phe Lys

445

Lew Ile Ala Asp Lys

460

Gln Ala Leu Ser Lys

480

Glu Ala Asn Lys Ile

atagcttcrt
ctgttaatta
ttocggcaata
atttttaagyg
agcaaagaga
gacggggtag
gtegatgoccg
agcaccaaag
ccgatgtkca
taatactcta
cyacagtagg
qgcgaattaca
trcagtgacg
azgrgataaa
acrttttaagg
ctragtcagt
gtcgtgtatt
cgacaggaga
gtaaaacagg
tggcaatgtt
aagctaaatg
aatgtaagyg
catattctge
cggrregety
caagtgatcyg
artacacttg

SUBSTITUTE SHEET (RULE 26)

495

atttgtaaar
teoctretggg
tcttgettta
ctctecttoee
ccgacacctg
tagtcaccgt
ttattgatgc
gtgacaagga
daaatcatto
gcgatacgaa
tcaatccaac
aagrcagtga
ttacttgaaa
ataagcatga
crcgttttca
agcaagacaa
cagaccaaga
gaattatgtt
cgrtatttaa
tgggyactgyg
aggttgaatt
cagcaataaa
aaacattgaa
tgctaggtta
atattaaact
ttctagtggt

60
120
180
240
300
360
420
480
540
600
660
728
780
840
aou
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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ttttceggac
aggagttaca
ttggattaag
acaaccagca
gegytggaag
gtcaatatta
catgaatttg
ggcqgcgagoy
aaaacctgeg
qgCgccagat
cattgtcata
tttatacaat
aatactgccg
gttatctace
toggattaggyg
aatgtcrtge
attgacatgt
cgcgaccatg
ctcaattrge
ttEccagayy
Atgaacgaga
ctttrrarta
tgrtagcagt
cacaggtrty
cgergtargo
gaattcatta
t#atccatta
ﬁtttaataaa
aacttcatec
aécaaacacg
atacaataca
aaaccaacgyg
gatartaaaac

atatcetgeg.

agegggracg
aatggcggat
atgtticgagg
gacaactgcyg
ateatrtrta
caatgaatcg
gacagetige
taagtgccat
caggaattgt
tatgacacca
ttgctgtgat
ttgaacarca
téctttagca
aé&atgtaaa

aggrgtaact
ccrtgcaccag
gcgecagectt
gtgatcaagg
gttacgcega
ccatctgerg
atgrcggaaa
cgaataatggy
ttggcggtca
gcttgagoeg
tacttctett
atgaaagggg
tattgtgatt
atcgtgtaac
tgaaatgatt
tgotocacgaa
tgatagaatt
cctgotegyce
acaaaatgyt

Aatgcatcac

tcgooggtat
CLTTegttge
agcectgrert
tcantgtcsa
ggtaagttca
atatgetega
cohatgattt
taacggcaga
caasagcgac
gegocttaatg
tcatcagerg
tgatggctca
gocgcaatgen
actagrgtayg
Taaaagacat
gtgtatagtt
attgaatccc
agggcaataa
ccaatgcegt
taactataac
tgotctagta
aagcetttga
ttgcgggtea
aataaatggg
aatgcgacgt
atactaatgt
aacatgceat
tggactggat

ctgttacttg
gcataatact
ctagecgettg
et occaagge
gat.cacgtga
ttaacgcgcce
ccataatatc
catazatggg
agocacctaa
tcagcagtyga
taaagagttt
aaaaggcgac
agaaagacag
ttetctggee
cttttttcaa
gacgrtacaaa
cagacgotga
catcgfgatg
taactrgagc
etaatcrate
taaaataaca
categgtata
ctecoghtEt
tagcatatrg
gcgratigga
Toccaaaacy
f£ctttatate
goctegaecgat
ttgaactgaa
acactgtcag
ttaagcgtaa
ttottngoege
taagctgtat
atatgttttt
teogttgtaa
catctgcgak
grtgtgtcgt
tgatggLtee
attcactygaag
gCLggheLTe
ataaaccaat
tgatrtggctt
taacagtcatc
Ccacgegttg
tcaaacaaac
gttgaatatc
gtgetattgco
ttgtgtette

cgtaaggttg
aattctacca
agettgttga
ttgttgtgga
tgccacecatt
asgtaacgacec
aacttcttgt
gatcgttget
tgctaatééc
ttectatatta
attaaaaata
ttagcrcocgco
ttetttaage
tgggrgcttt
atcrgttrtt
tattggttge
aaattcatga
tgogagottyg
tectacrige
cacaaaggaa
gtcaccgtet
agcatcaaal
tactrtggte
tatgacggta
daacacaaga
ttgrtggaaa

atgergttty

gtaagtaaan
tttttcagaa
tgocattgtta
tgatgccate
terrggcagt
ttgtgetgtt
ataaccatea
tgtcgatygac
gagraattig
atttatcata
aggcetgtta
gaaatgggca
aaattgtatt
agacataasa
Ttgyggrettt
aagctaattc
gttraatcrg
ttgagaaggt
aatcaagttt
tytrrtazac
ggagatataa

52

atagtcteta
tctgettagt
ccagaggtta
tcattacaca
aageogtttta
ecttggacac
tcgetatata
agatcaatag
gagcacaact
tcgacacata
ataaageccay
tagatcaatn
teaatagceg
attaacactyg
ttgtatttga
gecatagoetty
atagggeaal
acaccataag
gtegtggcga

atatggcgar-

ttraatactg
ggrgaacgrc
acrtttcocett
aaagcaagtg
ttacacrtcac
tgatcocaaa
tetttattge
goagtggcat
agrgcgaggq
tggtataggy
cccatgectg
cecagttttre
gattcagggt
cteatgtetg
aaattggtrt
gtatcgacca
caagcaatcg
tcgageatga
tattgatttg
gcgatcaagt
cgttegggct
aatagattga
tttttateaa
gttagactaa
aaaaaaatag
rctaactgtyg
cccattagot
gocatatttat
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cegcattggce
taactaacgt
aaatacgctc
agtcgagagc
aagctggete
cgagtaactt
caAjaatcace
acrtttgtac
caatacgatc
cttctattgt
cataagtcgt
attatggcag
ttategogtu
tttecagtggce
acgtacctgc
gtagtgccgo
ucaaagtcag
ccacactrtg
mattttocace
dacettggra
acttaaatag
tagttatocht
tegecattata

gagtaaccoc
tggegecdata
“tttoggggag

taggoggtac
tatgagcacg
ttgoctgeget
ggagtgataa
ccatggattt
cogaggtaaa
tcaatactyga
gegtttctaa
caatatratt
cgctaagact
cgccaagett
tgygcgacttt
ctrgettatt
cagagttatt
ttgcttgttg
tggtactttt
gaagaggggt
atgrgttgrt
catttttaaa
cgagracgeg
tocgergggat
atacgtcaaa

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
25940
3600
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
31720
3780
3840
3500
1360
4020
4080
4140
4200
4260
4320
4380
4440




WO 00/42195

aggactaaat
tttoctcaccy
gaatgtcgat
aatgaaacgt
cgoegritaat
tatagatatc
aaatggataa
ctrtaaattt
Lgtcgaccaa
aagcgagata
tcatataaga
ccgtaatcegg
tgatagtgtt
agatgcgggt
cattgsagta
cacacctaat
taacatcggc
tcritttete
attaatcagt
tgtgaactta
cggtgcantt
ctttgctcat
tgagtttgct

Ltggeatgag.

.caagttagaa

grtctggtgtg.

aagagcgaag
cgagttatca
cactggtttt
gecaattgaa
agaattocgcr
gttaaagtta
atgartgacc
amaaagctat
gacgaccagc
ctggtgcaac
cataaccaat
tcccacteat
gcagtegecto
ggttatcogy
tatcaagega
tatcagcaac
atgccggaat
cagccoogat
cegtgttact
coccattaat
ctgaggttaa
taagrtgaca

ttaaacaatg
ctgéaa:gtt
gtacactccc
cctgtatceg
gctatcggtt
ggaaattgtg
gtaaccggta
cgotgatcta
gtgttcatea
atcggttget
gtatgtagca
tttatggcag
Aaagtgattg
atgttattac
ctttctcgrt
catgcacaaa
atttcacttg
agtagtecta
gatgcggcga
gartggtttag
aasttttgre
gotcgcoecga
gccgamagata
gagecctgagc
ctgcaagatt
grgacrttag
ttagrertgaca
aaaaaactgt
tctgaaccaa
tatcgecgta
gcttagtgca
agtacttgaqg
acaaattctg
cygctitcagea
ttcacgaact
agcattaaty
gactgeggee
cgaagacaca
attgatcett
catacgtgct
ctgttetege
aatgctgcta
gtctaadgcaa
gocacgtgat
tgrtttegteta
cgaaccgggt
gaaacgtage
ggtactacca

aaatrcggetc
gagatcgttg
acgeasattg
ttatgracte
gatgtrgrgt
ttgatgtoat
catagrttigt
ttrretgtoa
gtgttrtaac
ttgreaacag
tLtatgttaa
ttcggtcaaa
actgaataaa
gcattgctta
gtaacataag
cacattttrg
gtgagagaat
cact:ggtnc
gtgtttctac
cggaagatge
tatatgtgac
aagatattac

atratattta:
tattcgoott,

tagtggataa
asagrtatcge
ttgattataa

-tggogaarac

gractLttta
gcaaactecge
tagrgcatag
cgaaccatca
ategtattge
acatcaactg

‘gtaaatggaa

gtgargtatt
ttagacgttyg
caaacaatgc
tccattgeeg
agocgttttgt
acaaagtcag
cctttcaaqe
ataacatgtg
gcaccagtga
ataacttcgt
tttacgttaa
ggggcortcota
ttetergecta

gtaagcataa
gcacgretry
toceocatctaca
cttaattaca
tatgcgattt
gagtttcate
gttattaaac
actgatacta
aattgtattg
tgtgatctyg
tatrtegtet
tacttcaggt
gaatagagct
tgaggcaatyg
tgaagaagta
gcaagrattia
geoagtgttc
tggetgggaa
caagatrggaa
gaatcgocat
agaaggcgaa
tgectatace
tttegatget
acacgatcag
agtacgtaag

.cactgaactt

ctrttaatcaa
ggacgagtet
tcgtgeettt
ggttaggecat
tgcatagtgo
gacaccactt
ctgtgatcce
gcttaceace
tcgcotgetgt
tgtcotgcaag
Cataarttagt
ggccatagtc
acaagttaac
cttttgttac
caatgatatt
aatgagctac
cygccatcacg
caagtgctgt
taataacttec
taacctgtge
ataattgctc
tttcrrogge

53

ttegetggcog
cgotgtiteyg
aacacatcaa
cgacatgtgc
cgataatgga
aataatggaa
ccacagceatt
aattgctcag
accactgctt
ttagegtgeca
tggaagttga
aaactcgtta
aaaagtggaa
aaagagttag
ctgaatgatra
gaagacatat
acggggcagg
cgcgcadcaa
ggctgtgaay
ttgaatgatt
tttasagtaa
aatgtatrita
gatttactcg
cttgcaagec
gttatrtgcac
gacatgaaac
atactcgcry
attgatcaga
aagcgctgoy
gctaatcaac
tagtaagceca
actagattaa
tgcagcttga
ttgttttaar
cattttitgte
cagagtttge
ctgaccaaag
grtgagcaga
atccatcagt
ccoggeatta
tggggcgtea
tLoitecaaqy
ggcgagrgte
cttrecttgth
gttaataact
tgagatatag
actaccaggt
gacactgcga
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tatttacrat
ttttctgraa
tatgagtatc
tcgtcaatat
ctzgtectaa
agatcatcac
taatatattg
tacacacttyg
tcacatataa
ttgaaataat
attggogaat
ctecatacecat
aaattatgea
aggrtgatgt
aggatcttcg
cacdagatcc
tattacagta
aatacttteg
cgcgattate
gcotagrgat
gcaaaatagc
catgtcocegat
aacgtectte
graaaatagc
aacaacttga
cacgtatgct
attttogtty
ttgtezator
ttaaaatgac
aggagrccta
agtacaaagc
gcacetatta
ggttgcgeaa
gaattcatac
tcaataaagc
attgcatcaa
ttacccgeaa
tcatcattta
acatcgcaat
tggacsgatga
gcagcggtasa
tcectgthbtea
tcagcaatag
aatggtrtty
tcgttaatag
gotgatttty
fgtacataga

caasaccctt

4500
1560
4620
4680
4740
4800
4860
4520
4880
5040
5100
5160
5220
5280
3340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5930
G000
8060
e120
6180
6240
6300
6360
6420
64B0
6540
66800
6660
6720
6780
640
6800
6960
120
7080
7140
7200
7260
7320
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ctaaagacct
acacgatcac
atgcacttaa
gatctgtrtt
attcaatatt
catctttaaa
gtaagttgco
dgcagattaag
tatcegtcat
gttaaaaatt
tcattacatc
tgttatcgta
aacttgtatc
aagtcactaa
tcggogqgtaa
aagatatgetr
aactggggga
gtgaagccgt
crtgtyggtac
tagaageqggg
daqgratgceg
aagoactate
cgocgtaceaa
cacgtgaage
aagaaggttc

tacgogeaga:

acggeactat
ttgcaagtyga
gtgaaacygc
acgoagtgoe
aaatacatga
aattctgtaa
taaacgtgaa
ttgtegetac
tetgtgcrge
tatertattga
agagtattgg
atttccggea
ctattaaaac
cgacecgatg
gaacaagcaa
tcttcaaaga
ttaaatgerg
tggqreaatco
tettecaggta
gtgarcaere
aaaggaacac
aacatatgta

ttgtacaqtc
tctgotgeat
ttgcttgoctg
agegatagoa
aagareggcy
tgtgttaaga
agagatgaga
cyctttaaat
tticrtaatcc
atctgatage
gttaatagat
crcocggatcaa
aacaatgtta
artaaaggaa
ccgtatecceyg
gacggaaact
agtLtgttgct
goctaagtgeca
tggtctagot

‘Cattgctggt

tagtgtatta
tocgtctacgt
aatggcygatg
acaagatgea
cttbtgatacg

tacaacagtt
gacggegggt

agaatgggeoa
cgctatcgac
aaasatgttg
agcatttget
agaaaaacty
agggagtages
gctagegcaa
tggtgatcaa
Ttaagctgte
cgtrtteiryg
ttggtatrcat
agagaggcta
gatcagecatt
cggatttace
tggoacgata
cactitgctaa
aagaataacc
gtaaatette
ttagttcagy
gtgcttcgat
atttattctac

gcgtagetta
ggcgagagct
ttectraactge
ttaaggctaa
aacgctgacy
atgggtttaa
teggticoot
aascctygaly
tLgttatagr
tatgacttacg
atagtaraac
actctgatca
cattaatgta
taaacsatga
tttgecacgtt
atccgtggeh
ggtgcggrtaa
ggtctigcac
gcagctatoo
ggttctgata
cttgagctta
ctaaaacact
ggcgatcakt
ttyggretgey
ttagtttcac

gagaaactyg
sacagtacta

goggoeacata
trtegttgata
aagcgtgetg
gogoagrtat
ggtctagatg
ttagecacygg
rtacttgatc
ggtatcacgg
ctgagatagt
Caataccaat
aaaaaageag
gaattagtct
gttttggaaa
aaacggracyg
gtagtaacct
cagttgatca
aacaccatca
aaatgettet
gtttagacge
goccoaaget

Lrtacgtace

catcgtcaag
gcttaattac
ctgaggoghc
taggtgtogo
tgttacttagg
cttaatttgct
gatcgtageg
toccacoLgeo
gaacagttryg
ctgcecactac
taaatactaa
gcaaataatc
tcttacgtece
caggtcaaac
caaatacagc
tggrggttan
cttaageattc
ctgaaacgcs
aagtagcaaa
cgacatcaga
atcgagctaa
ttgegecact
gtcaagtaac
caagtcatca
ctatggocegg
ctaaartgaa
acstracega
acttaccagt
agaaagaagg
geocttacatt
tagcaacgct
CrocgoTroky
gtcacccatt
agaaaggttc
caattittaga
ggacarcttte
tcctatataa
caczcgaagtyg
tcgratgott
ctttcatceo
catttegotyg
tetttogkat
gttaccgett
gagaatigrt
cgaatgatgt
attgacgcat
gccatcagatt
gtctcrbcac
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atgttcactc
aggtigaaaa
gaagataata
gactaaagac
ataagaaate
gtigcrggct
tgLtaacqra
atragegagt
aatctegaag
gtaataataa
graaatctata
aaatragagrt
aatgugctac
aataagaaqga
gtattcaaaa
atataaccta
tcgigatttr
ttgttatgac
caaaattgeg
tgraccogatt
aacqggtaay
aacgdctgea
agegaaagag
Aaaatraqct
cttadogaaa
accrrgtttt
tggagcatca
acaagctrar
ccegtraatg
acaagacttc
agragcttgyg
ttcaattgat
tgccgeaact
aggtegrggt
gaaataaacg
asataaaacqg
cggtgeattt
ctgotrgatt
cattatgtac
aagctaatge
ctgaateaco
ctggrgiget
cttcaacgtqg
ctttttgacg
ttttctcaat
cdacaaatte
tgrttgcacg
ggaattgrtt

SUBSTITUTE SHEET (RULE 26)
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ggatgaccta
aaacgatgra
ccgttgaage
gretgattaa
gtgacttcag
gcgecdatga
acoggtogtg
tttgcgtatg
atgtacacgr
atagaccagt
atgataagac
ttttatteta
gggeatattt
gtagcaatta
ctaagtaacc
cgrtggtgaac
aactrtaacac
attcaacaag
crtggtcaasa
écaqtcagtg
caacgtttga
aataaagage
tggastatct
gcagearatg
gataacgtac
gataaagtaa
geLgtatcac
ctaacacttg
gegectgoat
gattactatyg
gaagacgaaa
atgaccaagt
ggtggregtg
ttgatctoga
cactgtttat
ccaatactge
Caaacackta
gtagattaac
goccagetgea
ttctacagtt
tgggaagtga
aattgggaac
tactttaage
ccatacaatg
geggtegoce
ttratctaag
taagcaatca
cgcatttgge

7180
T440
7500
156D
7620
7680
7740
7808
7860
7920
7940
8040
8loo
glsp
8220
2280
4340
8400
8460
8520
8580
B540
8700
8760
8B20
8RB0
B940
9000
9060
9120
91e0
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9B40
3300
5960
10020
10080
10140
10200
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gctttgtgyga
atcttaatce
attgttgtta
tcttgecacag
gcageggeta
catggttcgy
gaaataacag
aattgacgre
rgtgcaacgt
ttactceaca
getticatet
atgatacoga
aaagcaaaaa
agtatcactt
aaatcttegt
tatagcgget
gcattgtecac
agttetageg
attgagcaca
gtcraattrtg

tgtaatteaa“

tggcgaggtg
caacqraaag
agrtaaataat
atarctcaat
crttttttac
cgtactaaaa
ctgcataaac
aattatatgt
cctaagtttc
gtaaagccgeo
stggcaaage
gatacgygsac
agttatgocag
Jgtggcdaga
catagetteyg
actatgttra
atgtttggag
aagagcggtyg
tttgagectt
aaaacaaakg
gaaaccttta
gtgatgatga
acactrtagat
adcaccataa
caaaaaaaqc
gtcttaagag
atcrtattrtt

agtacaagla
ccatggetet
catcgtaggt
taaattcaal
aatctggaga
fttttaccacc
atgaatctaa
taactgoatec
tatcaaaate
ggtaatgacc
cagagqgeaac
tatggtcacg
taccatttag
cgeaatctga
ggttataaat
gtgcaccatt
ttgratagat
cttgticgog

taactaattc

ccacategta
tgrggaarey
atagaccaat
tggtactaac
trtaaaaacaa
ggcaatttog
actaagtgat
tacgacatrct
taatcagcoctt
crgataaata
gyccrgryty
gtgataaatt
gtaaaaaggrc
aagaccgtat
agccaagtgeo
acttabtttec
ctattgattt
acaattctga
gcactgttra
aaagctgtta
tatrtgegac
cacrtcgtogt
trcgaccage
ataaagagat
tattgagaac
tcttcgttga
catttacgta
cctaataaac
tttaaccgat

aceaccgaac
asdttrtacgt
ttcaatgtgy
tgaatgatgg
accatttadgg
gtcttcaata
cecgectgat
ttccaaacct
LLICCAALCa
tgctgggaat
ataasagtta
gccaatcagg
atcatctaaa
ttectgtttgg
ttcaccatta
atttacatcg
acctgaccaa
aagaggrtta
ctrctgggge
gactttaavgco
ataatttaat
gragacctra
tagrgretta
taarastcca
gataagtgta
gaaattaaag
agtatagaaa
attgtctgra
taaaccgtac
gttcggggty
tgctocgatte
agcaaagatc
agtcatggte
gegtagtegt
gcracttgaa
tgeaggttia
gaatgagrtyg
tcaccgoaag
tracttacct
tcaaaaagca
tecugtetat
aatgcaaaac
Lgaagcetty
acgtcerggac
atatggtgtt
acatctaaty
ttgatctagg
agrtgttata

agttcatcag
gccattaggt
taaatcacgt
atagraccta
cctacagaga
cgacgttttg
aataatacge
tgottadcaa
cgttgataat
tcttcaattt
ccgtgttcat
taagcgtcct
aattgtgtgc
aattcaaagt
agagcaagta
acaatagcaa
tctgggooge
argtctgatt
tgcgtetgca
aaacatraat
ggcttaaaag
atéaataaag
aAacgttartaa
cakgcattaa
aaptatatgt
ctagatgteg
tttaaaaaac
atattetrgt
gaccrrtect
tttgcaatac
atagcgaaga
aatttatcta
aatectagtta
gcrtataacc
caaggtaagg
cacatrgett
ttcgattyge
goagggctag
gatgaagacc
actttacctg
gcggeatata
tttccatcag
attgaatgtg
ggtaaaaaaa
taccreoctg
atgacttage
tatagattct
attagtrttca

55

cacetteace
acataggqggt
cgcgtasaage
agtgatctygc
aagagtgtag
catactgttg
cgtaaggtac
cgeottttace
aaggcgtgac
gagtacaaat
catagocegt
ctgtttegte
ctttrtettt
cracgttcag
cgrgtgtctt
gacgttcatg
ggtgacgrag
tgatgtctag
getaacttte
gataaagcat
tgaagatcca
caggcacgat
atagtgettt
attratcatyg
aaaatgaaty
ttgttagecarn:
agttggrttt
aatttaaata
Ttasaaagac
acttarttage
aattgrtray
tgtgeocttoco
crtittgtca
gtgacrcgtatc
ecrtgtatctt
crcratggcgc
tgatgacacg
gggotoragt
atggacctaa
taatgggcaa
atgaatcact
aaagcceoada
gtgttgatca
tctactaata
aataccetar
ctgcacrttgc
gtottretts
tatgaaagag

SUBSTITUTE SHEET (RULE 26)
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agaaagcacc
tgatgcacga
gtcgatacct
cactttttgt
ttgtggceac
ggtgattget
atgacacatt
accaccattt
tacaccatoe
tgygcactagt
ataaagaggg
atataaagcg
atatagcyca
cgttttottt
ttettcatta
aacraaaata
taactttgat
aattcocgaat
taaatagcgt
ctrtataaaaaa
traattgtga
tgaatecate
aaaggttata
ataaaccget
agttgacttg
tgatctaataa
gatagcataa
ggtctaartaa
gtitrrgcty
tttratgcea
tctaaaaatg
tgaaatggat
aactatctta
gatagtgeat
attagtgcecg
gccattoogt
rcsacgagcr
taaafcactt
gcgraqgtgta
gotagcagaa
aggtaaattt
acaagatgca
atatatgtgg
asagtttaata
aaattcaataa
trogtretta
acgtaacgcg
atategtotc

10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
las20
109H0
11040
liio0
11160
11220
11280
11349
11400
11460
11520
11580
11640
11700
11780
11820
11880
11840
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12800
12660
12720
12780
12840
129090
12960
13020
13080
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agtaaaagcet

atcattttct

aagaatataa

attggtccaa
gttatgegtt

atccgtcaayg
ccagaaatce
tcattcacgt

tatgetggtt
attgaaatgy
ggtgcacttyg
ttgtcagaaa
gctgeatcat
aatggtyggcyg
ttegatgaaa
gagatcccag
gcaggtaaag
ccaacacgtg
atgctttctg
aacatctgtg
aaaagecatgc
tgtgetecac
tacttccega
tgcctaacta
taccgtaaag
gttatggtat
ctttaagttg
gtagtttata
atatataatg
tggcettagte
cctgttagag
tggtgcactt
aaaacctttt
atatcctgaa
gogecattgtt
gattaatgccec
cgatcaagtg
tgattgcgat
actctcgagt
attagataaa
tacgtttgea
aaaagatcaa
aaagaacgtc
gcccacacqg
tctetaattt
cacggtaaac
taacagtctc
ctttactgaa

atttcgtttc
catctagact
aatatcccét
aaactgaatc
taaatttctc
taagtgaaaa
gtacgattaa
ttacaacaga
ttgctaaaga
aagttgttgce
gtgaaaataa
aagataaagc
ttattcgtaa
aaaacattca
tcttagetga
ttgaagaagt
ttgtaattac
cagaageggg
gtgaaactgc
aacgtactga
gcattacaga
ttattgttgt
aagcaaatat
aaggcgtaag
gtaaagagct
caggtgcgtt
ccatattgat
tgtctgtaca
attaacggtyg
ctttctyggeyg
caagatataa
tattgectcag
tcttggaagt
gtgctaaaat
geccaccaaca
ttattagcat
tattcagatg
aaaataatcyg
ataaaagacg
ctatcgcaat
accgatgaaa
catgacaacc
tttagcaaat
atttatacac
tagctaaatce
atgactcaaa
gttgaacaat
aatccaagty

aatagataat
atagataaga
cggagctata
agtagagaaa
tcatggraac
cctgaataag
actagaaaac
cattaacgtg
ccttaatcct
aacaactgac
aggegttaac
tgatttageg
ggctgatgat
gattateteg
atcagacggt
gatcatggca
tgcaacacaa
cgatgttgee
gaaaggtaaa
taactcaatg
agctgtgtgt
tgcaactegt
tecttgetate
cagctgcatc
tgcattagea
agtaccatca
attataaaaa
aaaaaatgat
atgaaagggt
gtggtgegaa
gaccgaatgt
gacttgagat
ttaccegtge
atatcaccga
tgttactcgy
cagccagera
gcggtattgt
gcgtatacgtr
tggtattacyg
gtgatgtgeca
aatcattacg
ttatggeatt
ggrrrggtga
taggataatg
ttgtgttata
taaataaccc
atggctggga
ttaagtctag

36

ttatttatag
atacgaatta
agaatgaaaa
ctaacagagc
tttgctgaac
aaaattgctyg
ggrgacgatlg
gtaggtaata
ggtgcaatca
acrtgaagtta
ttacctaaca
tttggttgtg
gtaagagaaa
aaaattgaaa
atcatggtty
cagaagatga
atgettgatt
aatgctgtgce
tacccagutg
tecttcecggatt
aaaggtgcgg
ggcggtaaat
acaacaaatg
gttgagcaga
actggtttag
ggtacaacga
agagagcgta
aaagagtaca
taaataaatg
aggtattget
aattgcgggt
tgatgacatt
ccgtgetgge
ggatagcttt
taaagagcat
ceoctttagtt
taatcatttc
gtcgceccatt
tgcgtteacg
aatttatcca
ggagatctac
gaaagaaagqt
taaacttget
ggcgttaata
ctgactteet
gcttcacgge
tggrctigga
tctraaattt

tcatattttc
agtaagaaca
agactaaaat
ttgttaatgc
attcagtgcg
ttttactgga
taatgttgac
aagactgtgt
tcettgttga
aatgtacagt
tcagtgtagg
agcaagaagt
ftcgtgaaat
accaagaagg
ctcgtggecga
tgatcaazaa
caatgatcag
ttgacggtac
aagctgtgtce
taggtgcgaa
tagaaacaan
cagcaaaatc
aaaaagcago
ttgatagcac
ctaaagaagq
atacggcatc
tgeteoteottt
taaactatta
gatagtgcta
catcttggtg
acaagtgctg
ttacaattct
tttatagacc
gagtaccttc
atatttaaag
ttttecrecega
cccgtgagtyg
cgtcaggicg
ctgcagggta
gaagcgctat
cagattggtt
atcaccacca
agcaacagcyg
gcotcactgt
attaatcata
atgacactecg
tactacatca
ttacgtaaaa

PCT/USG0/00956

tgtaatgaca
ttaattttac
tgtttgtaca
aggcatgaac
tattcéaaat
tactaaaggt
cgetggtcag
tgctgtaaca
tgatggttta
attaaatact
tectacctgea
tgattttgtt
cctatttaat
tgtagacaat
tcteggrgtt
atgtaataaa
taacccacgt
cgacgoeggta
tatcatggca
cattgttgct
agaaaaattyg
tgttcgtaaa
gcaacagtta
tgatgagttc
cgatatcgtt
tgttcaccaa
trtratatect
atatagcgta
aacataaaat
tattaaaata
gctctatggt
tcatcgatgt
cggcaaaatt
aacctgaatt
atgactccgt
tgatcattga
tcattgaaga
aagetgacga
gtggtygctga
tgaattacaa
atgatgectge
gcgaggttaa
gcaaatageg
cgttgtgtag
aacgatttat
aaaaagtaat
acattcgttg
cccocttggge

13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
152460
15300
15360
15420
154B0
15540
15600
15660
15720
15780
15840
15300
15960
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acgtgataaa

ctagcgaace

tgtaattaat

aacattacac

tttcacattt

aatgacaaayg
tgttgtttac
tagtgactta

caatatgact

tgtcctagac
tagggctgce
geccatecoct

agttaataca
ctattaccaa
gcatttatic
taattttcaa

cagactaatt
cttaaatgcea
ctgaatttta
tttatagcca
ataaattéta
aatrtaaaac
tcgecattta
gatgagcatt
aaaagaacac
taaattcteg
atgctaaaaa
atgtgcctag
acaagacata
ttggtttacc
ttgctogtga
gtatcacgct
aaggcccggt
tgatcatcga
tgctaggtaa
gtgtggttga
tacttgaata
tcatgtatat
ttgatgacga
gtettgaaga
catcttcaga
cgctaaaacg
gccatggtac
ttggcgecyge
gtcatactaa
ataaaatctt
acagceogtt
cacgtecgtgce

gtagaagcyge
gctgtttata
c:tgaatadc
cttcaacatc
atctatatge
atataccatc
caccctaact
ctagcaacat
tttcaggatg
ggtaagtaca
gttatcggtg
gatgatgtgt
tgattctgge
tactactgct
tattaatcag
tttattetra
ttagcttatt
attaattatg
tataaagtrt
ttattagtgg
acaattaaga
agctaaatct
agagtacact
gtttttagag
cacatcgatt
cttgcaagaa
cttggatcaa
cgatcgetgg
ctgcaaacgc
gccaaatatc
tgtattaagt
gggtgtcggt
attagaaaaa
caaatttaaa
cgttattget
tgcggeatgce
togttcagaa
gtcattcteg
ttcaaaaggc
tgctgaacgt
tggtegtttce
tgcttatgaa
gggtaccaaa
cagtgatgaa
atctgegget
acctgcaacyg
atacctaaac
aggtatcagc

tatatatcaa
gttaatataa
tcagettatt
acagcectcca
tatatatrtt
atceagraca
ttttaaaata
tgtggaatga
gggtcgaatt
aaacgatctyg
atattgaaat
tagctgeaat
ccgtcacgtt
tateccctttc
tgattgtgat
gctacattaa
aatctgttag
gcgtaaatag
aatctgrrat
gattgaagtg
ctttggacac
acctcaatca
tgtacgctag
cacaaaataqg
aagcacgeca
tgtcegattg
ttctgggata
aécattgacg
ggtggtttca
ctcgagttaa
gatgetggea
ggtggtcaga
gtattaasag
aaagcctaca
ggtegtatog
getggeteec
gtcatgatat
aaaacaccag
atgctggtig
gacggcgaca
aaatctattt
gatgccggtt
gcgggtgaty
aagcaatata
ggcteotgegg
atccatateg
agcgaaacge
tcatttggtt

57

aatggtgact
gtactataag
fcaacattgt
cataacatec
agccatttga
aatttattat
ctttgaacgt
acgcggttta
tgctgaagtg
gecgccaagaa
ggtgtgetta
ggttagtgaa
tacagataag
tadctatett
ttaattatet
ggcttacgaa
ccgtttatat
agtgaaaaca
tttagegttt
atttttaaag
ttgagttcaa
trttagcaaa
gtttttgttt
atccttacaq
aggatgtgtt
ccatcattgg
acatcgttga
accattactc
ttecagaget
ctgacatcgc
ttggtagtga
aacaaatttc
cctecaggcat
teggetggga
ccaategtrt
ttgcagetgt
cgggtggtgt
catttaccac
gtgaaggtat
aaatttatte
acgctccacy
ttgecccctga
ccgeagaatt
tcgeecttagg
gtatgattaa
ataaaccaaq
gtccttggat
ttggeggeac

gaaggctaac
cagggetegt
actctctaga
gatgacatag
tcaattgagt
gaagatacey
gcacgtgagc
ggtttigegqg
tgtgatattc
gtatggegte
gacaaacaaa
taaatggttc
aggcatccga
tagegteeoat
tetatatatg
tgtacgctaa
tttataaaga
tggctaatat
acectggtctt
ctatgtatat
tttcgaattg
tgtatgcagg
agtgtgcaaa
gagcaataac
aagtagtgat
tatggcatcg
ctotgtggac
ggctyataaa
tgattttgat
tcaattgttg
ttatgaccat
gceoattaacqg
tgatgaagat
agagaactrca
tgattteggt
taaaatggey
atgrrgtgat
caatgatgat
tggcatgatg
tgtactgaaa
ceccagatgge
aacatgtagt
tgetggottg
ctcagttaaa
ggcggcatta
tgaagectty
gccacgtgaa
caacttecceat
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tgtctccacyg
taattcagta
taacactctc
cectgttatt
taatttctgce
accattetgg
atgtgataaa
tgtataaaqq
gcacttcrtt
cgaatgcgac
aacgtttaca
atgcataaat
tgcectecttce
aacacactga
taatttaatg
aatgagatgt
tgggatttaa
tcactaagtc
atcagtgagyg
tattgcaaat
attggcataa
tagatttttt
tgaacgtttt
geaatggeta
gatcaacagt
gtttttgeag
gectattattyg
aaagcagctg
ccgatggagt
tcattaattg
gataaaattyg
tcgcgeetac
gatcgegeta
ttcccaggea
ggtactaact
atctcagact
aactcgeccat
atcecgtcoegt
gcgtttaaac
ggtatcggta
caagcaaaagq
ctaattgaayg
accaaacact
tcgeoaaatty
gcgetgcate
gatatcaaaa
gatggtattc
attattttag

16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16B00
leB60
16820
16980
17044
17100
17160
17220
17280
173490
17400
17460
17520
17580
17640
17100
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
18360
18420
18480
18540
18600
18660
18720
18780
18840
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aagagtateg
tgatctcgge
tggctgtcga
taaaaacccec
cgatcgegat
ggtcagtace
ttgcgectatt
acttcccaag
taggccagtt
tacaagaaga
ttggtctgtt
grttcggtyga
tgttagecgeg
gtaagatggc
atgatgtcte
agcagygttge
cggtatctge
cggttgatag
tggtgcattc
ctgttcattt
aatttggtcc
atgtrgactgce
aagctgegcet
ccgttaageg
cgtcttatgt
ctgttaagca
tcgttgaagt
aaaaaatcgt
acagcgctgt
ttgttgccte
atgtacatga
ttgctgegea
acgagttcca
acatgaacac
tagtgaatac
tgacgaatgt
tagcgectac
ctatcgtgge
catcagttac
taatgttaga
tggacatgga
tacaggaatt
cgettagtga
tacctgtaac
aaaacgtaat
tgagcatgga
gtgcagtaca
tacgcaccct

cccaggtcac
aaacgaccaa
tgctgatcat
atccgttaac
gattgatacqg
taccggggtt
ctcagggdcaa
catgatgcac
atctycagtt
gcaattacgt
caaaacgttt
gttaaccgca
tagtcgtggt
cgetgttgtt
tattgctaac
tgtagcggtt
tgegttecat
cgctaaattt
aagcaaaccg
caatcaagaa
aaagaatgta
tatcgcggtt
gcaaatggca
teccacttygtt
tagtccgaaa
agcgaaagct
tgaaaagata
ctacgttaat
tgttagcaac
tattgaacgc
acagtttatg
gacgagcaat
atcagaaacg
catgcttact
agoecgttgec
tgtatctagt
gcaagaaatc
tgaacctgtg
accagttgtc
agttgttgct
agctgactta
gatccctgac
gattgtcgat
aagtgcacct
gttagaagqlg
tatggaagct
ggagatcata
aggtgaaatc

gatagcgecat
caaggtattg
caagggtttg
caagctceget
gcattgaaac
tactategtc
ggttcgcaat
agtgctgcgg
actttceoccta
ttaacgcaac
aagcaagcag
ttatgggctg
caagcaatgg
ggtgatccaa
ttcaactega
acaaccttag
acacctttag
aaagcgccaa
aatgacatta
attgacaaca
ttaactaaat
aatgctaatc
gtgctrggtg
gcgcogaaag
acgaagaaad
gtacctgctyg
gttgaacgca
gctgacggtt
gtgactaata
agtgttggtc
caaggtccac
gaattaccgyg
ctacgtgtac
ggtgctgaag
actagtcaca
gtcagtaata
gctccaacag
attgttgcge
gcaactcaag
gataaaaccg
ggtatcgact
ttacctgaac
tacatgaatt
gtttegeetg
gttgcagaca
gacttaggta
actgatttac
gttagttaca

58

atcgcttaaa
ttgctgagtt
tatttaatga
taggttttgt
aattcaatgc
aagccggtat
acgtgaacat
cgatggataa
tceetgetta
atgcgcaacc
gttttaaagc
ccgatgtatt
ctgcgeccaga
agcaagtcge
ataaccaadgdt
gtaatgctgg
ttcgtecacge
gcattccagt
agaaaaacct
tctatgcectga
tggttgaaaa
ctaaacaacc
tcgcattaga
catcaccaat
cgtttgctga
ttgtgtcaca
ttgtcgaagt
cgcttatatc
gctcagtgac
aatttgttge
aagactacgc
aaagtttaga
atgaaacgta
ctgatgtgct
aggtagttgce
acgcggcggt
tegetactac
atgttgctac
cggctatcga
gttatcecaac
caatcaaacg
ttaatcetga
caaaagccca
catctgectgg
aaaccggtia
ttgattcaat
ctgagctaaa
tgcaaagcaa

ctcagtgagce
daaataactgg
gttagtgaca
Lgcgogtaat
gaacgcagat
tgatgcaaca
gggtcgtgaa
agagttcagt
tacggatgcec
agcgattggt
tgattttgct
gagcgaaagc
gcaacaagat
tgtgatcatt
tgttattgct
tttcaaagtt
gecaaaaacca
gtttgctaat
gaaaaaccac
tggtggccgce
cattctecact
tgecggacgta
caatattgac
gttgatgaayg
tgcattgact
accacaagtg
agagcgtatt
gcaaaataat
tcatagcagt
acaccaacag
gaaaacagtyg
ccgtacattg
cctgaacaat
agcaacccca
tccagttatt
tgcagtgcaa
gccagcaccee
agaagttgca
tgtagcaact
ggatatgetyg
tgttgagata
agatcttgct
ggctgtagct
tattgattta
cccaacagac
caagcgtgtg
ccctgaagat
agcgccagto
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Caaactgtgt
cgtactaaac
acgtggecat
gcaaatgaag
aaaatéacat
ggtaaagtgg
ttaacctgta
gccgectggtt
gagcgtaagé
agtttgagtg
gccggtcata
gattacatga
Lttgatgcag
gatacccttg
ggtactacgyg
gtgccactgc
tttgctaaag
ggcacaggct
atgctggaat
gtatttatcg
gaaaaatctg
caaatgcgec
ccgtacgacyg
ttatctgcag
gatggctgga
attgaaaaga
gtcgaagtag
caagacgtta
gatgctgace
caattattaa
cagaacgtac
tctatgtata
cagacgagca
ataactcagg
gctaatacag
actgtggeat
gcattggttyg

ccaattacac
attaacaaag

gaactgagca

ttaggcgcecag
gagctacgca

cctacaacag

gcccacatcce

atgctagaac

gaaatcttag
cttgctgaat

gctgaadagtg

18900
18960
13020
19080
19140
198200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20180
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
215490
21600
21660
21720
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cgccagtgge
ttcaaacagt
aacttggcat
taggecgcagt
aattacgcac
gtgcgecagt
atatccaaac
tagaacttgce
ttttaggtge
ctgaactacg
aagcgectge
cgtctatcga
gttatcctge
caatcaagcg
taaacccaga
gcaaggcgag
atgcatttat
ttaaaccgge
gceaagatty
tacttgcaga
tagetgtaac
ttgatgaaac
atctgcacgc
tgaﬁgttagc
gcgcectttat
ctacaagtca
cactgtctca
cggctgaaca
cagaagtggg
ctactgacayg
tgagtggtgyg
agtctaagtt
gtggtattac
gtgataaacc
aaattgcgca
cagatgtaéc
gtgcaatcac
aaacactgag
tatcagtecac
tctacggtaa
cataccgett
gggacggtgg
ttattccact
gttgtccaca
ctgatgaaaa
taactaaaag
cagacagtag
gcaatcaggt

gacggctect
gatgaugygat
ggacatggaa
gcaggagatc
gctaggtgaa
agcgacgget
agtgatgatg
tatggacaty
ggtacaggaa
tacattaggt
agtacctgtt
tttagaccac
caatatgctt
tgttgaaatt
agacttagct
tggtgttace
gcaaagecaat
gccgagegca
taaaggtgct
ccacctattg
aacgacgaaa
tgaaatcaac
aagtagcgaa
cttcttatta
gattgttact
tgatgtgaaa
cgagtgggat
agttgcaagc
ttatcaacaa
ctatgcatta
cgcaaaaggt
catcttattg
tgatgaagcg
aacacccgtt
aaccttgtet
taatgcagca
tggcatcartt
tgattttgag
tgaagcaagc
ccococggccag
taaatcattg
catggtaacg
tgatgcaggt
aatectcgtyg
gagtactgcect
tatcaaagcyg
tgcttttcag
attaccaacg

gtagcaacaa
gtagttgcag
gctgatttaqg
atcactgatt
atcgttagtt
tctgtagcaa
gaagtggttyg
gaagctgace
atcattactg
gaaatcgtta
gcagtagaaa
atccaaaatg
gaattagcaa
ctaggcgcgyg
gaactacgta
gtaaatgtag
gtggcgacta
accgttygcta
aacgccttaa
caaactgget
gcatttaata
aacattatta
attaatgcta
gcgaaattga
cagcagggty
acagacctag
aacgtattct
cttgttagtg
gctggtaaag
acagctggca
gtaactgcac
ggacgttcaa
gcgttaaaga
aagatcgtac
gcaattaceg
agcgtacaaa
catggcgcgg
tectgtttaca
aacatcaagc
tctgattact
cacccacaaqg
cctgagetta
gcacagttat
ggtaatgact
gtaaaaaagc
actaacagta
gttaacgaaa
gtatgcgcga
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gctcagcace
ataagactgyg
gtatcgattc
tacctgagct
acatgcaaag
caagctctyc
cagacaaaac

taggtatcga

acttacctga
gttacatgca
gtgcacctac
taatgatgya
tggacatgga
taéaggagat
cgttagaaga
tggctagccc
tcacagcgge
tctctcgtet
tegtagetga
ggaatgtaac
agtcagtgaa
ctgctaacgc
tcgaatacce
gtaaagtaac
gttcattagg
tacaaageygg
gtcgtgeggt
atgaactact
gccttgaacg
ataacatcga
attgtgttge
cgttcotcaag
aagcagcgat
agctaatcaa
ctgctggtqgg
tggcagtege
gtgtgttage
gcactaaaat
aattggtatt
cgattagccaa
ctcaagtatt
aacgtatgtt
tgctgaatga
tatctaaaga
cacaagttag
gectctttate
accacttttt
ttgcttggat

gtctatcgat
ttatccaact
aatcaaacgt
aaacccagaa
caaagcgcca
accgtctatc
cggttatcca
ttcaatcaag
gcttaacccet
aagcaaagcg
tagtgtaaca
tgttgttgct
agccgacett
cattactgat
aattgtaacc
tgaaaataat
cgcagaacat
aagctctatc
tggcactgat
tgcattgcaa
cctggtgact
acaattggat
acaagcatct
tcaagceget
ttttgatgat
cttaaacggt
tgatattgct
tgatgctaac
tatcacgtta
tgctaactcyg
tcgtataget
tgacgaaccy
gcagtctetg
accaatccaa
ccaagctgaa
tccageotate
tgaccaatte
tgacggtttg
gttctegtea
tgagatctta
gagctttaac
tgaccaacgt
actagocget
tgctagctct
tcgtttatca
aaacaagact
agctgaccac
gagtgatgca
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ttgaaccaca
gacatgctag
gtggaaatat
gacctcgetg
gtcgcégaga
gatttaaacc
gtagacatgt
cgtgtagaaa
gaagatcttyg
ccecgtagetg
agctcagcac
gataagactg
ggtattgatt
ttacctgaac
tacatgcaaa
gctgtatcag
aaggcggaat
agtaasataa
aatgctgtgt
ccaacttggg
ttaaatggcqg
gcagttatct
aagcaaggcc
aaagtgcegtg
atcgattcectg
ttagttaaga
tcgtcattaa
actgtattaa
actggtgtgg
gtatttttag
aaagaatatc
agctgggcaa
attacagcag
gctaatcgty
tatgtitctg
gcetaagtteg
attgagcaaa
ttatcgctac

gcggetggtt

aataaaaccy

tggggtectt

ggtgtttaca

aatgataacc

gatcaaaagt

gatgctttag

agtgetttat

atgatcaaaqg

gcaaaagcga

21780
21840
21900
21960
22020
22080
22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
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cttatagtaa
aaggtgtggt
caagggegtc
gtgacggtaa
atgctgtgaa
ctgatgaagc
gcattaagca
atgttgcaac
atttggttta
cttcggtgac
tgcaacttaa
atattcaatt
gtgtcagtga
ggtgagcatg
ggttgcttta
aagagaatat
atattgaccdg
ttagtaccga
ttcttaactc
tgttgctgat
caattgaaaa
aagtagctga
cggttaattt
ccttcaatgg
ttgccaatge
taaatgctca
ctagcataac
tcgecattgtc
ctgecattaag
gtttattgaa
aacaaccgag
atgctcgacce
tgactgctga
tgaaagaaac
aaaacaatcec
taatcatagt
ggcagttaag
atgcccgtaa
agttaagcaa
ctaaagaatg
ctgctaacag
ttggtttagg
tagccgatga
gtcatagctt
tcgetgaagce
ccgttaaagc
taggectgcty
atcatcaact

ccgagactgt
ttttgatggc
agaacaggét
acctgtgtct
ggtagaactt
acaagcegtta
gatattaagt
agctaagcag
tcaggctatg
aacggettgg
tgttgttgag
gattgctgct
cattttgaac
gegtetgett
aaccaagtaa
gacggaatta
tgtggaacge
atctaatgtt
tgtcagtcta
tgctgatgta
acagtgtgcy
tttagttaat
atctcgtcat
ttataacaat
taagcaatgt
atttaacgtt
tgcagagcag
tgaaagccaa
cagtgcecgt
atgtgtaate
tgacaatcaa
ttggttccca
cagctattgt
agtcttgcaa
agtagctgat
acaaggtaat
tactactgge
tgatactaac
agaaataacc
gaaaaccccg
cacacagaat
gcgtgatcta
cattggcgaa
taaagaactc
cggtgtgggt
tgactttgct
gcagcaaccg
ttgcggcgag

gcattgaagt
aatgaggcgyg
tctgaagtcc
cattatgcag
ccgacattga
tacagcaatg
tgtgacgaca
ggatccttee
ttggtctgag
actgtgtatc
catgatctat
gatatgcaat
gatatgtcat
tettcatttt
acaagtgctt
gctgttattg
getitetatyg
attagcaatg
ctagcgcaaa
aazagtgctg
agttgtgttg
daccaagact
gatcttgaat
gtagcetggygt
tatatatacg
ggaaacatta
gttggtttgt
ggtttaatgt
agtgtgacty
ggtttacatc
atgtcacggt
catgctgatg
catattcttt
gataatgact
ctgcgcacta
gacgaagcac
ataagtacta
aaagcctata
ttggegtttyg
aagggcagtt
ggtgtcaccet
frttcatctat
agtctaaaag
aagcagttgg
tttgcttgtg
acaggttata
ggattgatga
ttaagaacac

60

atgtoggrtt
cggattacca
gtattgccge
cgacaatatt
cagaaagtgt
gcacettgtr
agggcctget
cgttagctga
tgcgcaaaca
gtgaagtggt
tgggttcacyg
tacttgccga
gatcgagtaa
ttaacattaa
ttagectatta
gtatggatge
aaggtgctta
gcgaagaaca
cgaatcagtt
atgatcagct
ttattgctga
gtectgtgyc
ctgtaactgc
tcgecgagttt
ccaacattaa
gcgatactge
tagaagtgte
ctgecttatcea
gtgaaggcgyg
aacgttatat
ggcggaatte
gctctgcaca
tacaagaaaa
taactgaaag
atggttactt
aattacgctg
tcagtattasa
gcgcagtgcet
ctggtatecge
attttacecge
tcatgtacee
tcccacagat
atactttact
atctggacct
tgtttaccaa
gcatgggtga
gtgctcgccect
tacgtcagca

cgaagactat
aatccaattg
aaagatctet
gttagcaact
tgatagcaac
ccacggtgaa
attggecttgt
caacaatatc
atttggttta
tgtagatgaa
cggcagtaaa
agtgaaatca
ataataacga
caatattaat
ctattccaaa
taaatttagce
tgtaggtaat
agttattact
aaatatagct
tgtagtccaa
tttaggccaa
tgtaattgge
aacaatcagc
acttatcget
gggctteget
aaagaccgca
agcagteget
tcatacgcaa
gtgtttttea
tccggcgatt
accattctat
cattgccoget
cgtcottacaa
caagcttecag
tgcatcgagc
tgaattagaa
acagatcgca
tattgccgag
tagcgtgttt
gcagcctgca
aggtattggt
ttatcagcct
taatccacgc
gocgocggtaac
ggtatttgaa
agtaagcatg
tgcacaatcg
ttgggygcatg
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aaattgttta
tcgecctgtga
agcctgaaaa
cagccactta
aataaégtaa
agtctgcagg
cagataaccyg
tttgccaatg

ggtagcttac

gtattttatc
geccegttgtg
gcgcaagtcea
taggecgtcat
agctaaacgc
caggatatta
ggacaagaca
gitagcogeg
gccatgacag
gatatecgegg
attgcatcag
gecattaaatc
atgaataact
tttgatgaaa
tcaactgcgt
caatcgggcg
ttgcagcaag
gattcggcaa
actttgcata
caggtcgcag
aaagattggce
atgcctgtag
tatagttgtg
gaacttgttt
actcttgaac
gagttageat
actattacag
gcagactgtt
actgctgaayg
aatgaagatg
aataaacagg
gctacatatg
gragcggert
agtattagte
ttagccaata
gaagtctttg
tatgcagcac
aataccttta
gatgatgtag

24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
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ctaacggtac
tcgaaattge
gcttgrtgtt
gtgcaatggc
atcatatggt
caagctcatg
aatgtttgtg
cgcgggtatt
tagttaatgg
ccaaaggcac
gcgtgaattt
tagcaaacac
gttgaaatat
atttgttccce
attgccgcag
acaaaggtga
ttgatgcrtc
aatgggggct
cactagaaaa
agctgtttat
ctgattttca
tagcaggtta
cactggatgce
atacgggtaa
taaatatggg
accaaaatta
aaagtgatgc
cgaatgacgdg
atgaacgtgc
atgcaacggqg
gtcgcgtaaa
ctgccgetgg
ctgcaacgat
aaatgccaac
gtaccgcagg
agccaacgca
ttattggtat
taaataataa
gtaacgctaa
aacagctaga
tccecgecaaca
tLtgaaggtcy
atcgtggteg
acctgactgt
ctgcacagct
cgttatggga
gttgtgttga
ctgetgttga

gttcgagcag
ctetgeagat
agceggttat
attgaatatqg
tgagctatac
ttatttaccg
tgatgtggtg
cattgaaatg
cgatggcgat
cagtgatqgaa
gaatttagat
gaacaaatag
ggatttaaag
gggctcacaa
taaggcgaceo
cacagataaa
aggttatcaa
ttatgttacg
ctgtggtaty
gocetttgtat
attaacgcat
tccagetgea
ggecttgtget
agccaacatg
tttctecgata
acaaggtcta
agtacgtgat
taaaggcgag
ttatgcegat
cacacctaag
taacaaacca
tatgcetggco
taacttaaag
gacgactgtg
tgtgagcgta
aacactcgag
ggacagccat
tcaaaatacc
cgtcatgcag
tattgatttc
gttaatgatg
taatgiigcey
cgttaatcta
tgagcaacgt
aaatcagtat
tttttetggt
attagctgaa
tttgtctggt

atctgggaaa
gaagatcgtg
ccagaagcct
gegaacgcaa
catatggatg
attccacaac
gattteecac
ggtccaqgtc
aataaaaage
cttacttata
agcttgttta
tcaacatcga
agagtaatta
gcaccggatc
gctgttcaaa
ttttactgtyg
ctcgataatg
aaacaagccce
attttaggta
catcaagttg
tacacagcac
ttgatcgege
tcatcttgtt
atgcttgecty
ttccaagett
tttgcoggtyg
ggtgatcata
titgtattaa
gcagatgttg
ggtgacaatg
ttactgggct
atgaccaaag
caaccactge
tecttggecaa
tLLggtttey
actaatttta
tttggtagtg
ttcecgtgaat
tegttacaat
ttgcgtttta
atgcaagtgg
gtattagtag
accacccaaa
gaagaactga
acgagtttca
cctgctatta
aatctatttc
tcaattgaaa

61

cctataccat
tgtattgcac
gtcagcgagt
ttcacagcgc
ttactccacyg
gcagcaaagc
gtttggttaa
gttcgttatg
aaagccaaca
ttcgtgcgat
acgggtcaat
tatctagcgc
tggaaaatat
aattttggca
tgggcgttyga
tgcacggcgg
attatttagc
ttaccgatge
atttgtcatt
ttgataatge
cgaaaaaaac
aagcggoggy
atagcgttaa
gtgcggtatc
acccagctaa
aaggcgcyggg
tttacgccat
gccocgaacac
acccgagtac
ttgaattgcg
cggttaaatc
ctatgttagc
aatctaaaaa
caactccggg
gtggcagcaa
gtgttgctaa
ccagtaattt
taccagaaca
tacgcaaagce
aagtaccgce
cagacaatgc
cgatgggcat
ttgaagacag
ccaatattgc
ttggtaatat
ccgtatcgge
aaaccagtga
acattacttt

taaggcaacg
cattatcaat
cattaagaat
gccagcttat
tattaatacc
gatttcccac
taccttacat
tagctgggta
tgtatctgte
tgctaagtta
cctggttaaa
tggtgagtta
tgcagtagta
gcaattgctt
tcctgctaéa
ttacatcagt
cggtttagat
gyggttattgy
cccaactaaa
cttaaaggcg
acatgctgac
tcttggtggt
gttagcgtgt
tgcagcagat
caatgtacat
catgatggta
tattaaaggce
caagggccaa
agttgactat
ttegatggaa
taaccttggt
gctaggtaaa
cggttacttt
tgccaaggea
cgcceatttyg
accacgtgag
agcgcagttc
acgetggaaa
gcctaaaggce
taatgaaaaa
tgcgaaagac
ggaactggaa
cttattacag
tamagacggt
tatgycgtca
tgaagaaaac
tgttgaagcce
acgtcagcac
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attgaacagg
acacctgata
ttaggtgtge
gccgaatacg
aagatgtatec
agtattgeta
gacaaaggtyg
gataagatct
cctgtgaatg
attagtcatyg
gcaggecata
tacctcatta
ggtattgcta
gaacaacaay
tataccgcca
gatttcaatt
gaccttaatc
ggcagtactg
tcatctaatc
gtattacate
aatgcattag
tcacattttyg
gattacctgc
cctatgtteg
geeccegtttg
ttgaaacgtc
ggcgeattat
gtattagtat
attgaatgtc
acctttttca
catttgttaa
ggtcttatte
actggcgagce
gataaaccge
gtattacaac
cctttggeta
aaaaccttat
ggcatggaad
agttacagttg
gattgcttga
ggaggtctag
ttacatcagt
caaggtatta
gttgcctegg
cgtatttegyg
tctgtttate
gttattattg
tacggtccag

27540
27600
27660
27720
27780
27840
27900
27560
28020
28080
28140
28200
28260
28320
28380
28440
2850¢€
28560
28620
28680
28740
28800
28860
28920
28980
29040
29100
29160
29220
29280
29340
29400
29460
28520
29580
29640
28700
287860
25820
29880
29940
30000
3cosl
30120
30180
30240
30300
30360
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ttaatgaaaa
acaatattct
aaccgtcatc
cececetggtag
gtatcagtgc
ataatgctga
aagccaatat
tgctgttaga
taggtcgtga
ttgcaccagc
aactcggtgg
ctattaaagc
ataacctgaa
ctgctaacac
aagagatage
ccetttetca
ctgtgaaaca
tagaaagtcg
tgtcaatcca
tgctaacaaa
cgacaaacct
agataaaagg
aaccagazaa
gtaaggtatt
caacctcaga
acaagaaatc
atggtcagat
catatatcgg
aattaacttt
ttgattcgta
taggggataa
aactttctga
ctgttaaatc
acatgatgaa
gtggccgtaa
ccaagataga
tagaccctga
cgttgatgtc
ataccaatgt
gtcgtgggca
tgggtatgeca
tggttgttga
accctgtaac
tagcaccage
ttaagtttce
aaggtgtgac
ctaaccaagc
actgtttcgg

gggatctgta
tgatcagcaa
gcaagtcact
caatgcgaaa
tgctgatgta
aaaaaccygcg
tggtcatracy
tcagaatacyg
taacagctgc
geetgtatet
tcagttaatt
gcagtttgece
gcecccaaggt
tcaagcttct
accaaaccaa
acatcaacac
taaagcaagt
tttagctgceca
aactggtagt
tcctgtatea
aaccagtaca
acctgttggt
cgtgatttac
tggtgctgaa
ttacttgtta
atacatgtgt
ccecttggtet
tattgatttc
ccttgaagag
tgcacgtaac
gaaggtactt
tggtaaaggc
atcattcacg
gttggttaat
tceatcattg
ccecaaccggt
geattggtat
ggaaggttgt
gaacaacgct
agtactgcca
tccacageccea
tttcaaaaac
actgccgagt
atcttcaccee
tgaacgtccyg
accgattaag
accgtttaca
tcctgatttt

agtgaatgtg
caatggctgg
gctgagcaag
gcaattacga
gctagtgttyg
ttaccgactt
tttaatgecct
agtcaagatc
gcgecatetta
ggtatggcca
agcaacgcga
ggtaagcact
attagcgctc
aacattcaag
gttcaaaata
acagcgcagce
aaccaaattc
cagaaaaace
gacaatacat
gcaacgccat
gaagcaaaag
tacaactatc
gatcaagqctg
tacaatatta
gtaacacgtg
actgaatatyg
gtigccgteg
caagcgaaag
atggcttttg
ggdcgagcaat
atcatgcgta
gttattcata
cegttattac
ggtgatgtig
aaattectcgt
ggtcattggg
ttccctigte
ggccaaatgg
cgtttcecaac
cagcgcaata
ttcatgaaag
ttgagcgtga
aatgtggcge
gctaacagcg
ttaatgegtg
cartttgaaqg
ccttggcata
gatgtttatg

62

gtcoggttaa
tgggtgaagg
tttatgegeg
ttgcagegga
aagcacatgc
tatacccaag
cgggtatgge
agaaaagcaa
tcttatcgag
agcaacgccce
ttgttaacag
taaacaaagt
atgcaaccaa
catctcétgt
tgcaagctac
ccgtagcggce
atcagcaagc
tatcgcaact
ctaacaatac
taacacttgt
cgcaagcagc
caccgctgca
atttggttga
ttgatggcta
ttactgaact
atgtgecctgt
aatcaggeca
gecgaacqgtgt
gtggcgatac
tattattctt
atggttgtge
acgacaaaga
aacataaccg
ccagttgttt
ctgagaagtt
gactaggcct
acttraaagg
cgatgttectt
cactaccagyg
ccttaactta
ctaatattga
tgatcagcga
ttaaagcgat
cggatctaga
ttgagtcaga
cgectgotgt
tgtttgagct
aaggtcgtat

tgaaagcagt
cgcagcggcect
tattgatgeyg
taaagcatta
aagtggttre
cgcaagtatc
gagtattatt
acatattgct
ttcagecgceaa
acagttaqgtt
tgcgagttca
taaccagcca
tgagtatgtg
tcaagegtca
agcagecgcet
accgagcgtt
gtetacgcat
tgttgaattg
tgcgtcaaca
gtctaatgcg
tgctacacaa
gttaattgaa
attcgctgaa
ttcgegtegt
tgatgccaag
tgatgcaccyg
gtgtgatttg
trtaccgttta
tttacgttac
cttccattac
tggtttctet
caaagctgag
tggtcaatac
tggtccgeaa
cttgatgatt
gttagaaggt
tgatcaagta
catgcectgtet
tgaatcacaa
ccgtatggaa
tattttgett
acaagatgag
tactgcacct
cgaacgtggt
cttgtctgca
tgctggteat
tgcgacgggte
tccacctcgt

PCT/US00/00956

tcagtaacca
attgtcgtta
gtgagttttg
acacttgctg
agtgcbgaaa
agttcggtga
saaacggcygce
attaacggtc
gcgcatcaaé
aaaaccatca
tctttacacg
gtgatgatgg
gtgactggag
agtcatgcac
gtaagttcac
gttggagtga
aaagcatttt
caaaccaage
agcaatacag
cctgtagtag
gectggttttc
cgttataata
ggtgatattyg
gtacgtctgce
gtgcatgaat
ttcttaattg
atgttgattt
cttgattgty
gagatccaca
gattgttacg
actgacgaag
tttagcaatyg
gattataacg
tatgatcaag
gaacgtatta
cagaaagatt
atggctggtt
cttggtatge
acggtacgtt
gttactgcga
gacygtaaag
cattcagatt
gttgcgtcag
gttgaaccgt
ccgaaaagea
catagagtgc
aatatttcta
acaccttgtyg

30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320
31380
31440
31500
31560
31620
31680
31740
31800
31860
31920
31980
32040
32100
32160
32220
32280
32340
32400
32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240
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gcgatttaca
atccatcaag
acagccatga
gotttattte
gtaaccttga
tgaataaatc
cgtttgatat
ttagtggtga
ggtttgttga
cattggctct
tgaactttat
tttatggcga
atccggtgat
cgcttaaaaa
aagttgattg
tgcatatcac
tgtctaaaga
cgtaaagggt
gtgaatcegt
aatcaatacg
atttagctgt
aatgtcgagt
agcgtcagtt
tctotatgtyg
tgcgatcage
agatctgggt
tgcgatggca
gttatgttca
tattcaagct
agaagcatta
ggcttoaget
taaaaacgca
cgaagttggt
acaaaataag
tattactggg
accgacgatt
acgtgttggt
gggcgcgget
tgaatatact
tgcagatatg
gatgcgtygeg
agctgctgaa
ggatggcact
tagtcctaaa
gtcaaacaca
aggtgcattce
tgtagatgtt
gaaattgcaa

agttgttact
ctgtgtagct
aaactggétg
tggttacatg
tggtagcgge
agtettggtt
gtctgtagat
atcactgact
taacaatacc
gtataaagcg
cgatacagtyg
acgtacgatt
gccaggttca
tgatttgggt
gaaataccgt
tgagatcgtg
tggtctgegt
caagtgtaac
ccatggaggce
gcttggtgtc
ggaatgaata
ttaggtttta
catacacaag
gogaataatt
aataacatcg
gatgatgctt
aatggtattg
tttggtgectg
gaattaccaa
gagcgtggeyg
taccttggtt
gatggcagtyg
cgcegcttta
atcacccctg
gaagcggatt
attggtetge
gctggtggty
tatatcgttc
cgtaaactgt
tttgaaatgg
aagaaactgt
cgtgagaaga
atcgcectttcet
cgtaaaatgg
ggcgagaagg
aacagctggg
gctttgcata
ggtgttagct

caggrtgtag
gaatactatyg
ccttattecat
ggcacgacge
acgtrtattaa
agtacggcta
ggcgagctat
aaccaactgg
cecgcagega
cctgtggata
tcagtggttyg
gatgctgatg
ttaggtgttyg
ggcaagtttg
gggcaaatta
aatgacgety
atttatgaaq
gtgcttaagc
ttggggttgg
catttagacyg
tagtaagtaa
acaataacaa
atgcagaaat
caggcgtaac
atgttgatgt
acaagaaaca
ccteggttga
caggtctagt
atggecctta
cggttgaacg
taactgaaca
ttaatatcgg
tggaacctgc
aacaagctgc
ctggtggtca
gtgatgaagt
gtatcggaac
tgggttctgt
tatcgacagt
gtgtgaagct
atgacttgta
ttgaaaaaca
ttactgaacg
cacttatctt
gacgtgaaat
tgaaaggttce
tgcttaaagg
taagtacaga

63

aagrgcaggg
taccggaaga
taatcatgga
ttaaataccc
agcagattga
ttgctggrygy
tttatactgg
gcattgataa
atattgatgt
aaccgcatta
aaggcggrgg
attggttctt
aagctattat
ctaacccacyg
cgcegetgaa
gtgaagtgcg
ttaaaaacat
gecgecattag
catccatgcc
cctecgaactt
tcattcggea
cgcaattaac
taaagcagct
tggtataget
attggcgttt
gcacggcgtt
attggttgtt
gcctgatgeg
tgcgygttaac
tttectaaaa
cattgtttgg
taacaaggtt
accgcaaaaa
tttagegttyg
tacagataac
gcaagcgaag
gcctgaagea
gaatcaggeg
tgaaatggcet
gcaagtatta
tgtggcttat
aatcttcegt
cgatccagaa
ccgttggtat
ggattatcag
ttaccttgaa
tgctgegtat
attggcaagt

c¢gaacgtctt
cgcttggtac
aattgcattg
tgaaaaagat
tttacgegge
cgegattatt
taaagctgta
cggtaaaacg
gtttgattta
taaattggct
taaagcgggce
ccgttatcac
tgagttgatg
tttcattgeg
taaacagatg
aatcgttggt
cgttttaagt
ttaaagacgc
aacaacagca
agtagttaat
gctacaaaaa
tgggcettygga
ttaatggatc
aatcatacgt
gcgcaaaagt
aaatatgectt
gocgttaggta
gttgaagatg
ttgatcecatg
cttggegtca
tatcgtgctg
atcgctaaag
ttactggata
cttgtaccta
cgtccgtttt
tataacttct
gcactcgctg
tgtgttgaag
gatgtgacta
aaacgcggtt
gactcgattg
gcaaacctag
atgctagccc
cttggeottt
atttgggcag
gactataccc
ttacaacgtyg
tatcgtacga
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gatcttaaaa
tttactaaaa
caaccaaatg
ctgttcttce
aagac&attg
caaagtttca
tttggttact
actaatgcgt
actaatcagt
ggtggtcaga
gtggcttatg
ttccaccaag
cagacctatg
ccgatgacge
tcactggacg
gatgcgaatc
attgttgaag
tttgcacgce
agcttacttt
agacaaaata
aggaattaag
aagtagatcc
taactaaace
cagtagcagg
taaacccaga
atcatggegy
aagcagggct
caattcgtcg
caccagcaga
agacggtaga
ctggtctaac
tatcgcgtac
agttattaga
tggctgatga
taacattatt
ctocectgeatt
catttaacat
cgggtgcatc
tggcacctgc
ctatgttcge
aagatatccc
acgagatttg
gtgcaacgag
cttcacgctg
gecccaagttt
gcegtggege
taaaccagtt
gtgattaatg

33300
33360
33420
33480
33540
33600
33660
33720
33780
33840
33900
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
35760
35820
35880
35940 -
36000
36060
36120
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ttacttgatyg
caggtgrtigt
ttgatatcge
tagtctttaa
taaacacaac
cagctactac
gtgtggctgt
ttccgatgat
atggtaatct
caccagtcac
caatgctgac
aaggcgttac
aacctgaatt
tagttaccac
aacttaaaac
cgcaaggctg
ctgctatgcet
ctgagttagc
aagaatacgc
gaagtgaggg
cggctagtac
gccaatgtga
tatcttttct
tccgcatttic
aaaatctata
tgrcaagactt
tttactcgge
taaagtagtt
ggetgettgt
tcagaatggt
catgacagag
gcagccaaac
ttaccaaaca
cgcgatacgt
cttttggctc
ttaattaaag
gttgttgatt
ctectgeogaaa
ttcacttaac
atctcattgc
ttacgtttag
aaaggtttat
aagctgtaaa
ccaaattaaa
ttccactcecte
atgactcgat
tgctggtaaa
tctatggectce

atatgtgaat
aactcgaasat
acttgccafa
tatccgagtc
aaagaatata
gctaaacaat
tttagatacyg
gagtacattc
ggatcccagt
taaaacgttt
cagtgataat
tgcattcttg
gaatgaagct
gctcaacaaa
atggatgcaa
gtttattgce
ttggcactcc
aatggcaatg
ggtgaaataa
cgtcaattag
aattgcccta
acaccaaggy
tagacaaaca
aataaaatct
atazattcaa
gatatccgtt
ttaaaaagtt
tctgagcatg
gatgaagcga
gagtttaaqt
catcatttga
atatgcaagc
aaaaatatcc
taccacaagc
aacttgeegt
cgttagagta
gtttaactga
taaatggtcg
agtaagagtt
gatcacgcta
gggatgactt
gattcacaac
tatcactgaa
gataggtgaa
gcgggagacg
agaatttgtt
tagcgatagg
gacttactcg

taattaaagc
tgceectttce
tacttgctca
tttettcage
ttcttgtgta
tcgatatcag
caaaataaac
aaaacectcy
actagctcat
gtgaataaca
accgcggcecta
cgagaaattyg
aaggtcggag
ctactacttyg
aataataaag
gaccgctcag
gagcgtcaac
cgcaatgaga
taagttattt
acacctttgce
agttatttct
actttgtogt
gaggttéaat
aacccgtace
ttacggaatt
tggatgaaga
taaccgaata
agagtattac
aagccccaaa
gagttartcc
ctgtggcgaa
aggtattage
aatttgctca
aatggctaaa
ccataaagag
cctttgggaa
acaagctgag
agtaagaatyg
agtataacag
gaagtgcgag
daaaagataa
atttatttat
gtagactttt
tccataacga
ggtaacatat
atggctcaat
ttgtccgtge
gettattttc

64

gcctgagggce
aagttagatc
tccaaagccc
ataatactaa
ctgccttatt
caattgaaca
aaacgtggge
cttgcgcgaa
tgataaaggc
ctattacagt
atattgtttt
gtgatgaaga
acttgcgtga
gtgatgttect
tgtcagatcc
gtgcgggtgg
cgctaatcat
ttattgttga
tttgataata
ttcecectaca
gtccagecttt
accataacta
gagtgacgee
aactccgtac
aatccgtaca
aatcaaagect
cgttgttcge
cgttgaagcg
taaagcatta
aaacgtttca
aaagagctaa
cgcactctgyg
ttrtatagta
aagttaccac
tttcatggga
attaactcte
tcattctacg
ttcatatcaa
ttgtatgaat
cgggtcagac
ctactacgtc
tgtgcttaat
atgtcagtga
actccagect
attactcttc
tgatggccga
tagtaatgac
ctaatgttgc

gctttttttg
gattactcac
tatattgata
tatagagact
attaacgagt
acgtatttct
ttacaatggt
aatgctaagt
tgaagaatta
ggcgaaagcg
acagtatatc
gagtcagtta
taccacgaca
acttgatttg
tttactgcgt
taatggttct
cagtatttat
gatcggtaag
ctttaacgag
aaatctaatg
ggcttagtge
ccaagcgact
ttccaaatca
aagttgatct
actggaggtt
aaggctgaga
ttaatggacg
aatgtattecg
cttgaagccg
aagaactgga
atgattttat
ttttacctge
tcgegccaag
gttatcctat
gtgggttagg
acatgagagc
ctaaatatgyg
tgaaaacagt
taaatttatt
cgaggccaca
agtggcgatc
tttttctatce
tgatatccct
tattctaagt
atcaattgct
agatteccagce
atcttcccag
ggtcatcgat
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gtttttaact
tcacaatatg
atggtgttaa
tgaccaatgt
gcgagtacga
ggtcgtatcg
gatgcacatt
gaatcgacaa
atcccttggé
tgtgaagcaa
ggaggeecte
gatcgtatag
ccgaaageca
gataaaaacc
tctatattac
cgaggtataa
ttaaccgaaa
ctgatattca
cgtagctatc
tgtattaccet
aattgcgtta
ttgtecgtttt
caggaatgaa
ttagttgtrt
ttatggctac
aagcatcagc
aagattcaac
accaatttat
ctgtatttac
taaatcaaaa
ccaaactcaa
ttctgecgeeyg
ctcaattagc
ccctgttttt
caaagttagc
ttacgccatc
tttcgacgtt
caatcagtta
atattcggta
atagcagccg
ctagaggatt
caatatgcge
aaagatgttg
aactcatcta
aacttgaact
ctttacaaga
tccacagatc

ttgaattgtyg

36180
36240
36300
36360
36420
36480
36540
36600
36660
36720
36780
36840
36300
36960
37020
37080
37140
37200
37260
37320
37380
37440
37500
37560
37620
37680
37740
37800
37860
37920
37880
38040
38100
38160
38220
38280
38340
38400
38460
38520
38580
38640
38700
38760
38820
38880
385940
39000
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actcgctaac
atgacgacta
tgcagcctga
tggatggctt
ttggtcggtt
tatgagtgcc
taaggtgtta
gtataacatt
tccgecgataa
aagataatcyg
aattaaaccg
tagttcgaaa
ctatcgatat
cgataatttg
ataagatatg
tatggccatce
taatttagtt
aaaacctctt
tgaatttggt

<210> 13

tttagaacat
tgtcttctat
aatgaaagéa
gecagtgcgga
tagataggat
agtgcttcta
tgtatttaag
ttctcaacgg
gtcegatagt
gaaaatgtgt
tgogcacgee
gatttatccg
cttataagtc
ataatgaatt
acacggaaga
gaatttgcasz
gecactgaaag
gatgtcaatg
acgecttgatc

<21%> 19227

<212> DNA

<213> Vibrioc marinus

<400> 13

aaatgcaatt
aattttatat
atagccatta
aattgtaaca
ttaaaacagc
ccatttaaga
gagcattgtt
agaacaccac
attctegott
ctaaaaactt
tgcctagega
agacatactg
gtttaccgce
ctcgtgatgt
tcacgetggg
gocecggtate
tcatcgacaa
taggtaacgt
tggttgatgc
ttgaatatcy
tgtatatgtc
atgacgattc

aattatggeg
aaagtttaat
ttagtgggat
attaagactt
taaatctacc
gtacacttgt
tttagagcac
atcgattaag
gcaagaatgt
ggatcaattc
tcgctggaac
caaacgeggt
aaatatcctc
attaagtqgat
tgtcggfggt
agaagaagta
atttaaaaaa
tattgctggrt
ggcatgcget
ttcagaagtc
attctcgaaa
aaaaggcatg

gagctecggec
gctgcgatat
aaacaaatga
aatgaaaata
tgggatatta
tctacgatat
ggatgttcaa
ttggaacglt
cattacttag
caaatagaaa
aatgctgaag
acttcaaatg
ttagtgcaca
atcgeottgt
acatattgat
aatcaggtca
cagaactctt
aacatgaaca
gtattattgt

taaatagagt
ctgttatttt
tgaagtgatt
tggacacttg
tcaatcattt
acgctaggtt
aaaatagatc
cacgccaagyg
cegattgaeca
taggataaca
attgacgacc
ggtttcattce
gagttaactg
gotggeattg
gygtcagaaac
ttaaaagcct
gecctacateg
cgtatcgeca
ggcteoecttg
atgatatcgg
acaccagcat

ctggttggty

65

atctatacgg
gtggagacta
taaaggcata
cgaataacaa
ttctecattcg
tggtcttaac
gatgaaacta
cgattctate
ttggtcagat
tactgagcat
gtttaccgtt
atttatettt
aaacagaact
tactattaag
cacaggcgca
taacttagca
agcecctcoaat
agtcttcact
taatgetgga

gaaaacatgg
agcgtttacce
tttaaagcta
agttcaattt
tagcaaatgt
tttgtttagt
cttacaggag
atgtgttaag
tcattggtat
tcgttgactc
attactegge
cagagcttga
acatcgctca
gtagtgatta
aaatttcgece
caggecattga
gctgggaaga
atcgttttga
cagctgttaa
gtggtgtatg
ttaccaccaa
aaggtattgg

agctgaacat
tacgactatc
ttcattccet
aaaggttatt
gctctactta
aagtatttat
ggtgtaaacy
gggtaacaag
gttagatgct
tgaatatgtg
tttgtttatg
cataagttteo
atttatagcg
agactttaaa
agttcagggt
ctttgtgcac
cctecacatce
gttttccatyg
ttaggcaagg

ctaatattceca
tggtcttatc
tgtatattat
cgaattgatt
atgcaggtag
gtgcaaatga
caataacgca
tagtgatgat
ggcatcggtt
tgtggacgct
tgataaaaaa
ttttgatecg
attgttgtca
tgaccatgat
attaacgtcg
tgaagatgat
gaactcatte
ttttggtggt
aatggecgatc
ttgtgataac
tgatgatatc
catgatggcyg
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gaagaaatat
atgaactcta
gaattaaaag
ttagacaata
gtgcthttat

ctatagacgc

atgtatagtt
accgcgacga
tgtactcacé
acgtttagtg
cttaagtgga
agagttgtaa
ctcaagaagg
tgactgagat
tgggeccgagy
gtagacttga
aaatcgaaat
aattcaaagc
gtggatcc

ctaagtectg
agtgaggttt
tgcaaatata
ggcataaaat
attttttteg
acgttitygat
atggctaaaa
caacagttaa
tttgcagatg
attattgatg
gcagetgaca
atggagtttyg
ttaatrgttg
aaaattggta
cygcctacaag
cgcgcetatga
ccaggecatge
actaactgtg
tcagacttac
tcgecattea
cgtcogtttg
trtaaacgtc

39060
35120
30180
358240
38300
39360
38420
38480
33540
39600
39660
35720
39780
39840
39500
39960
40020
40080
40138

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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ttgaagatgc
cttcagatgg
taaaargtgc
atggtacgqy
gcegcogerag
atactaaate
aaakbcttacc
geccgttata
gtecgtgecaqy
agtategeac
tcteggoaaa
ctgtogatyc
aaaccceccatc
tcgogatgat
cagtacctac
cgctattcte
tcecaagoatc
gtoagttate
aadaagageca
gtetgttcaa
Tcggtgagre
tagcgeatag
agatggecyc
argtetctat
aggttgctgr
tatectgctge
ttgartagcge
tgcattoaag
ttcatitcaa
ttggtccaaa
Egactgctat
ctgegoctgca
ttaagcgtee
cttatgttag
ttaagcaage
ttgaagtiga
aaategtcta
gegetgttgt
ttgcctetag
tacatlgaaca
ctgcgcagac
agtLccaate
tgaacaccat
tgaatacage
cgaatgttgt
cgcetacgea
tcgtggctga
cagttacace

tgaacygtgac
tcgttrcaaa
ttatgaagat
taccaaagcg
tgatgaaasg
Egeggotgge
tgcaacgatc
cctaaacage
tatcaqgetesa
aggtcacgat
cgaccaacaa
tgatcatcaa
ﬁgttaaccaa
tgatacggca
cggggirttac
agggcaaggt
gatgcacagt
tgcagttact
attacgttta
aacgtttaag
aaccgsatta
tcgtggtcaa
tgetgttggt
tgotaactte
ageggtraca
grtoccataca
taaatttaaa
caaaccgaat
tcaagaaatt
gaartgtatta
cgoggttaat
aatggcagtg
acrtgttgcg
tocogaaaacy
gaaagetgra
aaagatagtt
cgttaat?ct
tagcaacqgrg
tgaacgcagt
gtttatgcaa
gagcaatgaa
agaaacgaeta
gcttactggt
cgttgccact
atctagrgte
agasatcget
acctgtgatct
agttgtcgca

ggcgacaaaa
rctatttacg
gcocggttttg
ggtgatgeey
caatatatey
tergegggea
catatcgata
gaaacgcgtc
tttggrrerg
agcgcatate
ggtattgttyg
gggtttgrar
gcoctcocgtetag
ttgaaacaat
tatcgtcaag
tcgcaatacy
gctgeggrga
ttcectatce
acgcaacatd
caagcaggtt
tgggctgecg
gcaatggorty
gatccaaago
aactsgaata
accttaggta
cetttagtoo
gogoosagea
gacattaaga
gacaacatct
acttaaattgg
gctaatecta
cttggtgteg
ccgaaagcat

_aagaaagcgt

ccrgetgttg
gaacgcattg
gacggttcgc
acraataget
greggrceaat
ggtccacaag
ttaccggaaa
cgtgtacatyg
gctgaagetyg
agtcacaaqgqg
agtaataacg
Ctaacagteg
gtigcgoatg
actcaagcgg

tttactctgt
ctcocacgcee
ccoccrtgaaac
cagaatcttge
ccttaggete
tgattaaggc
aaccaagtga
cttygargce
goggcacecaa
gcttaaactc
ctgagttaaa
ttaargagtt
greetgtrge
tcaatgegaa
ciggtartga
tgdaacatggg
tggataaaga
ctgtttatac
cgcaaccadge
ttaaagctga
atgractgag
egccagagea
aagreogergt
actaagttgt
atgctggtit
gtcacgogea
trecagtgtt
asaacctgaa
atgctgatgyg
ttgaaaacaf
aacaacetgc
cattagacaa
caccaatgtt
trgergatge
tgtcacaacc
tcgaagtaga
ttatatcgca
cagtgactca
LLgttgcaca
actacgcgaa
gtrtagaccg
aaacgtacct
atgtgctage

tagttgetee

cggeggttge
ctactacgcc
Ltgctacaga
ctatcgatgt
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actgaaaggt
agatggccaa
atgtggtcta
tggcttgace
agttaaatcg
ggcattagcg
agccttggat
acgtgaagat
cttccatatt
agtgagcraa
taactggcgr
agtgacaacg
gcgtaatgea
cgcagataaa
tgcaacaqgr
tegtgaatta
gttecagtgoc
gyuatgscgag
gatrggtagt
thtrgergec
cgaaagegat
acaagatttt
gatcattgat
tarrgerggt
caaagrLygtg
aaaaccatit
tgctaatggco
aaaccacarg
tggocgegta
tetcactgaa
ggacgtacaa
Tactgacocoyg
gatgaagtta
attgactgat
acaagtgattc
gcgtattglc
aaataatcaa
tagcagtgat
ccaacagcaa
aacagtgcaq
tacattgtct
gaacaatcag
aaccccaata
agtrattger
agtgcaaact
agcaccegea
agttgcacca

agcaactaty

SUBSTITUTE SHEET (RULE 25)
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atcggtacat
gcaaaagcgc
attgaaggece
aaaéacttcg
caaatiggtc
ctgcatcata
atcaaaaaca
gytattcecac
attttagaaé
actgtgttga
actaaactgg
tggocattaa
aatgaagcga
argacatggu
aaagtggttg
accrgraact
gctggrttag
cgtaagctac
ttgagtgetg
ggtcatagtt
tacatgatge
gatgcaggta
acscttgatg
actacggagc
ccactgocag
gctaaagegg

acaggeregy:

crggaatcotyg
tttatcgaat
aaatctgatg
atgcgceaag
tacgacgeeg
tctgcagegr
ggerggachg
gaaaagatcyg
gaagtagaaa
gacgttaaca
gerogacettg
ttattaaatg
aacgtacity
atgtataacg
acgagcaaca
actcaggtag
aatacagtga
gtggcattag
ttggttgcra
attacaceat

aacaaagraa

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
g6l
3720
3780
igao
1900
3960
1020
2080
4140
4200
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tgttagaagt
acatggaagc
aggaattgat
ttggtgagat
ctgtaacaaqg
argtaatgrt
gcatggatat
cagtacagga
gcaccetagyg
cagtggogac
aaacagtgat
ttggcatgga
gcycagrgea
Cacgcacget
cgéoagrags
tccaaacagt
aacttgctat
taggtgeggt
aactacgtac
cgootgcagt
ctatecgartt
atcctgecaa
tcaaé:gtgt
acceagaaga
aggegagtgy
catttatgeca
aaccqgegoc
aagattgtaa
ttgcagacca
ctgtaacaac
atgaaacrga
tgcacgcraag
tgttagcectt
cetttatgat
taagtcarga
tgtctcacya
ctgaacaagt
azagtgggtta
ctgacagcta
gtggtggcgc
ctaagttcag
gtattaccga
ataaaccaac
ttgcgcaaac
atgtaactaa
caatcactgg
cactgagtga
cagrcactga

tgtigcoctgat
tgacrtaggt
ccgtgactta
tgtcgattac
tgcacetget
agaagLgygtt
ggaagctgac
gatcataact
tgaaatcegtt
ggctcctgta
gatggartgta
catggaagct
ggagatcatc
aggtgaaarc
gacggorict
gatgatqgaa
ggacatggaa
acaggaaatc
attaggtgaa
acctgttgea
agaccacatc
tatgettgaa
tgaaattcta
cttagctgaa
tgttacrtgra
aagcaatgtg
gagcgoaaco
aggtgctaac
cotatigocaa
gacgaaagca
adtcaacaac
tagcgaaatt
cttattagcy
tgttactcay
tgtgaaaaca
gtgggataac
tgcaagecctt
tcaacaaget
tgcattaaca
aaaaggtgta
Lttattggga
tgaageggcyg
acecgttaag
cttgtctgea
tgcagcaage
catcatteat
ttrregagtet

Aagoaagcaac

aaaaccggte
atcgactcaa
cectgaaccra
atgaattcaa
tegeetgeat
geagacaaaa
Ltaggtattg
gatttacctg
agrtacatgc
gcaacaagct
gttgcagata
gattraggta
actgatttac
grragttaca
gtagcaacaa
gtggttgcag
gcrgacetag
attactgact
accgttagtt
gtagaaagtg
caaaatgraa
ttagcaatgg
ggoegeggtac
ctacgtacqgt
aatgtagtgyg
gogactatca
gttgctater
gccc:aatég
actggctgga
tttaataagt
actattactg
aatgctatcyg
aaattgagta
cagggtoggtt
gacctagtac
gtattctgtc
gtrtagtgatg
ggraaaggce
goctgguaata
actgcacatt
cgttcaacgt
trasagaaag
atcgtacageo
attaccgctg
gtacasatgg
ygegcggaty
grtracagca
atcaagcaart

atecaacgga
tcaaacqLgt
atcctgaaga
adagaccagge
ctgctggtat
cocgghtacce
attcaatcaa
agctaaaaee
aaagcaaagec
cagcaccgteo
agactggtta
tegattocaat
ctgagcetaaa
tgcaaagcaa
gcrtcrgeace
acaasaccgg
gtatcgatte
tacctgagct
acatgcaaag
cacctactag
tgatggatgt
acatggaage
aggagatcat
tagaagaast
ctagecctga
cageggeoge
ctegtctaag
tagctgatgg
atgtaactge
cagtgaacct
craacgoaca
aatacccaca
aagraactca
cattaggtot
aaagcggecrt
gtgcggttga
aactacttga
ttgaacgtat
acatcgatge
grgttgeteg
tctoaagtga
cagcgatgca
CaAtcamace
ctggtggcca
cagtogeotec
tgttagctga
ctaaaattga
tggrtatcget
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tatgcrggaa
tgagatatta
tcttgectgag
ftgtagctcer
tgatttagee
aacagacatg
gogtgtggaa
tgaagatcte
gecagtoget
tatcgatteg
tccaactgac
caaacgigtg
cccagaagac
agcgeccagtc
gtctatcgat
ctatocagta
aatcaagcgt
raaccctgaa
caaagcgeec
tgtaacazgc
Tgttgctgat
cgacettggt
tactgartta
tgtaaccrac
aaataatget
agaacataag
ctctactcagr
cactgataat
attgcaacca
ggtgacttta
attggatgca

‘ageatcrtaag

agocgctaaa
tgatgatatc
asacggttta
tagrgcttcg
tgctaacact
cacgttaact
taacteggra
tatagctaaa
cgaaccgagc
gretttgatt
aatccaagct
agctgaatat
agctatcgcot
ccaattcatt
cggreogtta
ctcgrcagocg

SUBSTITUTE SHEET (RULE 26)
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ctgagcatgy
ggegcagtac
ctacgecaegeo
acaacagtac
cacatccaaa
ctagaactga
atcttaggtg
gcotgaattac
gaazagrgcge
aaccacatte
atgctagaac
gaaatattag
ctégetgaat
gctgagagry
ttaaaccara
gacatgttag
gragaaatty
gatcttgetg
gtagcrtgaag
tcagcaccogt
aagactggrt
attgatrcaa
cctgaactaa
atgcaaagea
gtatcagatg
geggaattta
daaataagcc
gctgtgrrac
actrgggtag
aatggcgttyg
gtiatctate
caaggoeetga
gtgogtggcyg
gattcrgcta
gttaagacac
tcattaacygyg
grattaacag
ggtgtggcta
Tttttagrga
gaatatcagt
tgggcaagtg
acagcagygry
aatcgtgaaa
grttctgeray
aagttcocggtg
gagcaaaaaa
Lcgctactat
gerggreect

1260
4320
4380
440
4500
4560
4620
1680
4740
4800
4860
4920
4980
5040
5100
5160
5220
$280
5340
5400
3460
5520
5580
5640
5700
5760
5820
5880
5840
4000
8060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6300
6960
7020
7080
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acggtaacce
accgctttaa
acggtggeat
ttccacttga
gtccacaaat
atgaaaagag
ctaaaagtat
acagtagtgc
atcaggtatt
atagtaaccg
gtgtggrttt
gggcgtcaga
acggtaaacc
ctgtgaaggt
atgaagcaca
ttaagcagat
ttgcaacagc
tggtttatca
cggtgacaac
aacttaatgt
ttcaattgat
tcagtgacat
gagcatggcy
tgctttaaac
agaatatgac
ttgaccgtgt
gtaccgaatce
ttaactctgt
tgctgattge
ttgaaaaaca
tagctgattt
ttaatttatc
tcaatggtta
ccaatgctaa
atgctcaatt
gcataactgce
cattgtctga
cattaagcag
tattgaaatg
aaccgagtga
ctcgaccttg
ctgctgacag
aagaaacagt
acaatccagt
tcatagtaca
agttaagtac
cccgtaatga
taagcaaaqga

cggccagrct
atcattgeac
ggtaacgccet
tycaggtgca
cctegtgggt
tactgctgta
caaagcgact
ttttcaggtt
accaacggta
agactgtgca
tgatggcaat
acaggattct
tgtgttteat
agaacttccg
agcgttatac
attaagttgt
taagcaggga
ggctatgttg
ggcttggact
tgttgagcat
tgctgetgat
tttgaacgat
tctgetttet
caagtaaaca
ggaattagcet
ggaacgcgct
taatgttatt
cagtctacta
tgatgtaaaa
gtgtgcgagt
agttaataac
tegtcatgat
taacaatgta
gcaatgttat
taacgttgya
agagecaggtt
aagccaaggt
tgococcgtagt
tgtaattggt
caatcaaatg
gttcccacat
ctattgtcat
cttgcaagat
agctgatctyg
aggtaatgac
tactggcata
tactaacaaa

aataaccttg

gattactcga
ccacaagectc
gagcttaaac
cagttattge
aatgacttat
aaaaagccac
aacagtagct
aacgaaaacc
tgcgcgattyg
ttgaagtatyg
gaggeggcdg
gaagtccgta
tatgcagcga
acattgacag

.agcaatggeca

gacgacaagq
tcectteccgt
gtctgggtgce
gtgtatcgtyg
gatctattgg
atgcaattac
atgtcatgat
tcatttttta
agtgctttta
gttattggta
ttctatgaag
agcaatggog
gcocgeaaacga
agtgctgatg
tgtgttgtta
caagactgtc
cttgaatcty
gctgggttcog
atatacgcca
aacattageg
ggtttgttag
ttaatgtctg
gtgactggtg
ttacatcaac
tcacggtyge
gctgatggct
attcttttac
aatgacttaa
cgcactaatg
gaagcacaat
agtactatca
gcctatageg
gcgtttgctg
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ttgccaatga
aagtattgag
gtatgtttga
tgaatgaact
ctaaagatgc
aagttagtcyg
ctttatcaaa
actttttage
cttggatgayg
tcggtttcga
attaccaaat
ttgeccgcaaa
caatattgtt
aaagtgttga
ccttgttcea
gecetgeotatt
tagctgacaa
gcaaacaatt
aagtggttgt
gttcacgcgg
ttgccgaagt
cgagtaaata
acattaacaa
gctattacta
tggatgctaa
gtgcttatgt
aagaacaaqt
atcagttaaa
atcagcttgt
ttgectgattt
ctgtggctgt
taactgcaac
cgagtttact
acattaaggg
atactgcaaa
aagtgtcage
cttatcatca
aaggcgggtg
gttatattcc
ggaattcacc
ctgcacacat
aagaaaacgt
ctgaaagcaa
gttactttgc
tacgctgtga
grattaaaca
cagtgcttat
gtatcgctag

gatcttaaat
ctttaactgyg
ccaacgtggt
agccgctaat
tagctctgat
tttatcagat
caagactagt
tgaccacatg
tgatgcagca
agactataaa
ccaattgtcy
gatctttagce
agcaactcag
tagcaacaat
cggtgaaagt
ggcttgtcag
caatatcttt
tggtttagygt
agatgaagta
cagtaaagcc
gaaatcagcg
ataacgatag
tattaatagc
ttccaaacag
atttagcgga
aggtaatgtt
tattactgce
tatagctgat
agtccaaatt
aggccaagca
aattggcatg
aatcagcttt
tategettea
cttecgectcaa
gaccgeattyg
agtegetgat
tacgcaaact
tttttecacag
ggcgattaaa
attctatatg
tgcegettat
cttacaagaa
gcttcagact
atcgagcgaqg
attagaaact
gatcgcagca
tgccgagact
cgtgtttaat
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aaaaccgcat
ggtecttogg
gtttacatta
gataaccgtt
caaaaétctg
gctttagtaa
getttatceag
atcaaaggcea
éaagcgact%
ttgtttaaag
cctgtgacaa
ctgaaaagtg
ccacttaatg
aaagtaactg
ctgcagggca
ataaccgatyg
gccaatgatt
agcttacctt
ttttatctge
cgttgtgata
caagtcagtg
gcgtcatggt
taaacgcggt
gatattaaag
caagacaata
agccgegtta
atgacagttc
atcgcggtgt
gcatcagcaa
ttaaatcaag
aataactcgg
gatgaaacct
actgcgtttyg
tcgggcgtaa
cagcaagcta
teggeaateg
ttgcatactg
gtcgcaggtt
gattggcaac
cctgtagatg

agttgtgtga

cttgttttga

cttgaacaaa

ttagcattaa

attacagggce

gactgttatg

gctgaagagt

gaagatgcta

7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
B460
8520
8580
8640
8700
8760
8820
8B80
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
Q540
8600
9660
9720
9780
9840
9300
9960
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aagaatggaa
ctaacagcac
gtttagggcy
ccgatgacat
atagctttaa
ctgaagecegg
ttaaagctga
gctgetggca
atcaactttg
acggtacgtt
aaattgccte
tgttgttage
caatggcatt
atatggttga
gctcatgtta
gtttgtgtga
gggtattcat
ttaatggcga
aaggcaccag
tgaatttgaa
caaacacgaa
gadatatgga
tgttcceggg
gcbgcagtaa
aaggtgacac
atgcttcagg
gggggcettta
tagaaaactg
tgtttatgcc
attttcaatt
caggttatcee
tggatgcggce
cgggtaaagce
atatgggttt
aaaattcaca
gtgatgcagt
atgacggtaa
aacgtgctra
caacgggcac
gecgtaaataa
ccgctggtat
caacgattaa
tgccaacgac
cogeaggtgt
caacgcaaac
ttggtatoga
ataataatca
acgctaacgt

aacecccgaag
acagaatggt
tgatctattt
tggcgaaagt
agaactcaag
tgtgggtttt
ctttgctaca
gcaaccggga
cggcgagtta
cgagcagatc
tgcagatgaa
cggttatcca
gaatatggcyg
gctataccat
tttaccgatt
tgtggtggat
tgaaatgggt
tggcgataat
tgatgaactt
tttagatagc
caaatagtca
tttaaagaga
ctcacaagca
ggcgaccgct

agataaattt’

ttatcaacte
tgttacgaaa
tggtgtgatt
tttgtatcat
aacgcattac
agctgcattg
ttgtgcttca
caacatgatg
ctegatatte
aggtcrattt
acgtgatggt
aggcgagttt
taccgatgea
acctaagqggt
caaaccatta
gceectggeatg
cttaaagcaa
gactgtgtet
gagcgtattt
actcgagact
cagccattte
aaatacctte
catgcagtcg

ggcagttatt
gtcaccttca
catctattec
ctaaaagata
cagttggatc
gcttgrgtyt
ggttatagca
ttgatgagtg
agaacactac
tgggaaacct
gatcgtgtgt
gaagccetgte
aacgcaattc
atggatgtta
ccacaacgca
ttceecacgtt
ccaggtcgtt
aaaaagcaaa
acttatattc
ttgtttaacy
acatcygatat
gtaattatgg
ccggatcaat
gttcaaatgg
tactgtgtgce
gataatgatt
caagccctta
ttaggtaatt
caagttgttg
acagcactga
atcgcgcaag
tcttgttata
cttgctggtg
caagcttacc
gccggtgaag
gatcatattt
gtattaagcece
gatgttgacc
gacaatgttg
ctgggctcegy
accaaagcta
ccactgcaat
tggccaacaa
ggttitggtg
aattttagtg
ggtagtgcea
cgtgaattac
ttacaattac
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ttaccgcgea
tgtacccagg
cacagattta
ctttacttaa
tggacctygceg
ttaccaaggt
tgggtgaagt
ctegecttge
gtcagecattyg
ataccattaa
attgcaccat
agcgagteat
acagcgegcec
cteccacgtat
gcaaagcgat
tggttaatac
cgttatgtag
gccaacatgt
gtgcgattge
ggtcaatcct
ctagcgetgg
aaaatattgce
tttggcagea
gegttgatec
acgygcggtta
atttagccgg
ctgatgcggyg
tgtcattecc
ataatgcett
aaaaaacaca
cyggcgggtcot
gegttaagtt
cggtatctge
cagctaacaa
gcgcgggcat
acgccattat
cgaacaccaa
cgagtacagt
aattgegtece
ttaaatctaa
tgttagcgcet
ctaaaaacgg
ctecgggtge
gtagcaacge
ttgetaaacce
gtaatttagce
cagaacaacg
gcaaagegeco

gcctgcaaat
tattggtgct
tcagcctgta
tcecacgcagt
cggtaactta
aTtttgaagaa
aagcatgtat
acaatcgaat
gggcatggat
ggcaacgatt
tatcaataca
taagaattta
agcttatgcc
taataccaag
ttcecacagt
cttacatgac
ctgggtagat
atctgttcct
taagttaatt
ggttaaagca
tgagttatac
agtagtaggt
attgettgaa
tgctasatat
catcagtgat
tttagatgac
ttattgggge
aactaaatca
aaaggcggta
tgctgacaat
tggtggttea
agecgtgtgat
agcagatcct
tgtacatgcce
gatggtattyg
taaaggcggce
gggccaagta
tgactatatt
gatggaaacc
ccttggteat
aggtaaaggt
ttactttact
caaggcagat
ccatttggta
acgtgagect
gcagttcaaa
ctggaaaggc
taaaggragt
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aaacaggctg
acatatgtrg
gcggctttag
attagtcgtce
gccadfatcg
gtctttgceyg
gcagcactag
acctttaatc
gatgtagcta
gaacaggtcg
cctgataget
ggtgtgcgtg
gaatacgatc
atgtattcaa
attgctaaat
aaaggtgcge
aagatcttag
gtgaatgcca
agtcatggcg
ggccatatag
ctcattagtt
attgctaatt
caacaagatt
accgeccaaca
ttcaattttg
cttaatcaat
agtactgecac
tctaatcage
ttacatcctg
gcattagtag
cattttgcac
tacctgcata
atgttcgtaa
ccgtttgacc
aaacgtcaaa_
gcattatcga
ttagtatatg
gaatgtcatg
tttttcagtc
ttgttaactg
cttattcctg
ggcgagcaaa
aaaccgegta
ttacaacagc
ttggctatta
accttattaa
atggaaagta
tacgttgaac

10020
10080
10140
16200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
i08é60
10320
iopes0
110490
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
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agctagatat
cgcaacagtt
aaggtogtaa
gtggtcgegt
tgactgttga
cacagctaaa
tatgggattt
gtgttgaatt
ctygttgatcy
atgaaaaggg
atattcftga
cgtcatcgoa
ctggtagcaa
tcagtgestge
atgctgaaaa
ceaatattgg
tgttagatca
gtocgtgatas
caccagcgec
toggtggtca
Lraaagogea
acctgaagec
ctaacacteca
agatagcacc
tttctocaaca
tgaaacataa
aaagtegttt
caadtcraaac
taacaastcc
caaacctaac
taaaaggacc
cagaaaacgt
aggtattitgg
cctcocagatta
agaaatcata
gtcagatcceo
atatcggtat
taactttecct
attcgratge
gggataagaa
tttchgatgg
Crtaaatcatc
Lgatgaaget
gregtaatec
agatagaccc
accctgagca
tgatgtchgga
ccaatgtigaa

tgatttertg
aabtgatgatg
tgttgcggta
taatctaacc
gcaacgtgaa
tcagtatacyg
ttoctggrect
agcocrgaaaat
gtotggtrca
atcrgtaagt
tcagcaacaa
agtcactgct
tgrgaaagea
tgatgtagct
aaccgocgtta
tcatacgttt
gaatacgagt
cagot-gegeg
tgtatctggt
gttaattagec
gtrtgococggt
ccaaggtart
agcrreraac

aaaccaagrt’

Ccaacacaca
agcaagtaac
agcetrgcacag
Tggtagtgac
tgtatcageca
cagtacagaa
tgrtggtac

gattracgat

tgectgaatac
cttgtcagta
catgtgtace
ttggtctgtt
tgatttccaa
tgaagagatg
acgtaacggc
ggtactratc
taaaggegtt
attcasgeeg
ggrraatggt
atcattgaaa
2accggtggt
Ltggtatttc
aggttgtgge
caacgctcgt

cgttttaaag
caagltggcag
ttagtagsyga
Acccaaattg
gaactdacca
agtttcattg
gcrattaccg
ctatttc#aa
attgaaaaca
gaatgtggte
tggctggtgyg
gagcaagttt
attacgattg
agtgrttyaag
ccgacrttat
aargectegyg
caagatcaga
catcttatct

.atggccaagc
‘aacgogattg

aagcacttaa
agcgetoatqg
attcaagcat
caaaatatge
gcgcagcoeg
caaattcate

Aaaalcctat

aatacatcta
acgccattaa
gcocaaaagedo
aactartccac
caagetgatt
aatattacty
acacgtgtta
gaatatgaty
gocgtogaart
gcgaaaggog
gocttttggtg
gagcaarrac
atgcgtaatg
attcataacg
ttattacaac
gatgttgcca
ttectogtetg
cattggggac
coctitgtecact
caaatggcga

ttccaacecacg

taccgeetas
acaalgctgoc
tgggcatgga
aagacageLt
atatggctaa
gtaatacrat
tateggoctga
ccagtgatgt
ttacktttacy
cggttaatga
gtgaaggcgc
atgcgegrat
cagcggataa
cacatycaag
acccaagege
gtarcggcegag
aaagcaaaca
tatcgagttc
aacgcceaca
traacagtgeo
acaaagttaa

caaccaatga

,ctcatgtteca

dagctacage
tagcggeaco
agcaagegreo
cgcaacttgt
acaatactgc
cacttgtgtc
aagcagctge
cgotgcagrt
tggktgaatt
atggetarte
ctgaxcttga
tgeetgttga
caggcecagtg
aacgtgttta
gcgatactty
tattecteertr
gttgtgctgg
acaaagacaa
ataaccgtqgg
grtgtLLtgg
agaagttettc
taggcctgtt
ttaaaggltga
tgttcttcat
taccaggtga

70

tgaaaaagat
gaaagacgga
actggaatta
attadagcéa
agacggtgtt
ggcgtcacgt
agaasactecl
tgaagccgtt
tcagcactac
aagcagttca
agoggetatt
tgatgcggrg
agcattaaca
tggtcttagt
aagtatesgt
rattattaaa
ractgctatc
agcgcaagecy
gttagttaaa
gagttcatct
ceagocagtg
gtatgtggtg
agegteaagc
agoccgetgra
gagegotgtt
tacgcataaa
tgaacttgcaa
gtezacaage
taatgcgeoetr
tacacaagct
aarrgaacgt
cgetgaaggrt
gcgtocgtgta
tgccaaggtg
tgeacocgtte
tgattrgatg
cegtttactt
acgrtacgag
ccatracgat
tttctttact
agctgagttt
tcaatacgat
tccgoaatat
gatgattgaa
agaaggtcag
ccaagtaatg
gergretett

atcacaaacg

SUBSTITUTE SHEET (RULE 26)

PCT/US00/00956

tgottgakcc
ggrctagttg
catcagtatc
ggtatraacc
gccccdgctg
atricggeyt
grrtatcgtt
attattgctyg
ggtccagtta
gtaaccaaca
gtegttaaac
agttttgceo
crtgctggta
gccgaanata
tcggtgaaag
acggogetgoc
aacggrctag
catcaagttg
accatcaaac
ttacacgeta
atgatggata
actggagctg
catgcacaag
agttcacecc
ggagrgactg
graticttag
accaagcrgt
aatacagtgc
gtagtagcga
ggttttcaga
tataataaac
gatattggta
cgtorgcocaa
catgaataca
ttaattgatng
ttgatttcat
gattgtgaat
atcracateyg
tgttacgtag
gacgaagaac
ag-aatgctg
Cataacgaca
gatcaaggtyg
cg:at£:tca
aaagattvag
gctggrrogt
ggtatgcata
gtacgtogue

12900
12960
13020
13080
13140
13200
13260
13320
13380
13340
13500
13560
13620
13680
13740
13800
13860
13920
131980
14040
14100
14160
14220
14280
14140
14400
14460
14520
14580
14540
14700
14760
14820
14880
14340
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
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gtgggcaage
gtatgcatcc
ttgrtgatre
ctgtaacact
caccageatc
agtttcciga
gtgtgacacc
a:caag:ahc
gtttcggtceeo
atttacaagt
catcaagctg
goocatgaaaa
ttatttetgg
agctrgatgg
ataaatcagt
Trgatatgtc
grggtgaatc
ttgttgataa
tggetctgta
actttarega
atggcgaacy
cggrtgatgece
ttaaaaatga
ttgattggaa
atatcactga
Cctaaagatqy
aaagggtcaa
aatccgteca
caatacggct
tagctgtyga
gtegagtota,
gtcagtteac
ctatgtggcg
gatcagcaat
tectgggtgat
gatggcaaat
atgttcattr
tcaagctgaa
agcattagag
ttcagcttac
aaacgcagat
agtrtggtcge
aaataagatc
tactggggaa
gacgattatt
tgttogtyct
Tgeggottat
atatactegt

actgcéacag
acagccattie
caaaaacttg
gccgagtaat
ttcacceget
acgtccgtta
gattaagcat
gttracacet
tgatkttgac
tgttactecag
tgtagetgaa

ctggatgeot

ttacatgggc
tagcggcacg
cttggrragt
tgtagatgge
actgactaac
caataceoer
taaagegaoct
tacagtgtca
tacgattgat
aggrtcatta
trtgggryye
atacaegrgyg
gatcgtgaatc
totgegtatt
grgtaacygry
tggaggertyg
tggtgtocat
atgaatatag
ggrtttaaca
acacaagatg
aataattcag
ascatcgatg
gargctraca
ggtattgocr
ggtgetgcag
traccaaatyg
cgtggcgeyg
cttggtttaa
ggcagtgtta
cgctttatygg
accecctgaac
gCcggattoLg
ggtctgegty
ggtggtggta
atcgttctgg
aaactgttatc

cggaatacct
atgaaagcta
agcgtgatga
gtygcgeotta
aacagcgcoyy
atgegtgrty
ctttgaagcode
tgygcatatgr
gtttatgaag
gttgtagaag
tactatgtac
tattcattaﬁ
acgacgcrta
trattaaaqge
acggctatrg
gagerartry
caactgggca
gcagcgaata
grtggataaac
gtggttogaag
gctégtgatt
ggtgttgaay
aagtttgeta
caaattacges
gacgctggtg
tatgaagtta
cTtaagecgoe
qagttggcat
ttagacgect
taagtaatca
ataacaaegc
cagaaattaa
gecgtaactgy
ttgatgtatc
agaaacaqgca
cggttgaatt
gtctagtgeo
gceocttatgo
ttgaacgttt
ctgaacacat
atatcggtaa
aacctgcaca
aagetgeortt
gtggtcatac
atgaagtgca
tcggaacgcc
gttctgtgaa
cgacagttga

taacttaccg
atattgatat
tcagcgaaca
aagcgattac
atctagacga
agtcagactt
ctgcrgttge

ttgagettge

gtcgtatteo
tgcagggega
cggaagacgc
tcatggaaat
aataccetga
agattgattt
ctggtggcagc
atactggtaa
ttgataacggy
ttgatgtgtt
corattataa
geggtggtaa
ggttottecg
ctattattga
acccacgrtt
cgctgaataa
aagtgcgaat
aaaacatcgt
gcattgguia
ccatgccaac

cgaacttagt’

ttcgyeagect
aartsactgg
agcagcrtta
tatagctaat
ggegttegeg
cggegttaaa
ggrtgttgcy
tgatgoggtc
ggttaacttyg
cctaaaactt
tgttiggtat
caaggttatc
gcaaasatta
agcgtigeort
agataaccgt
agcgaageat
tgaagcagca
Lcaggogtgt
aatggcrtgat
71

Latggaagre

tttgettgac

agatgagcat
tgcacctgtt
acgtggtgtt
gtctgecaceyg
tggtcatcat
gacgggtaat
acctcgtaca
acgtcttgat
rtggtacktte
tgcattgcaa

‘daaagatctyg

acgecggcaag
gattactcaa
agctgtattt
Taaaacgact
tgatrttaact
attggcrggt
agegggcgrg
tratcacttc
gttyatgcag
catrgcgccg
acagatgtca
cgttggtgat
tttaagtatt
aagacgcttt
aacagcaagc
agtiaataga
acaaaaaagg
gcttggaaag
atggatctaa
catacgtcag
cdaaaagitaa
rtatgcttate
ttaggtaaag
gaagatgcaa
atccatgcac
ggcgrcaaga
cgtgctgetg
gctaaagtat
ctggataagt
gtacctatgg
ccgrttrtaa
aacttctcecte
ctrgctgcat
gttgaagegg
gtgactatgg

SUBSTITUTE SHEET (RULE 26)

PCT/US00/00956

actygcgatgg
ggtaaagtgyg
Lcagattacc
gegtcagtag
gaaccéttta
aaaagcaaag
agagtgccta
atttctaact
ccttgtggcd
crtaaaaate
actaaaaaca
ccaaatgget
ttcttecgra
acgattgtga
agtttecacgt
ggrtcacttta
aatgegtagt
aatcagtcat
gytcagatga
gcttatgttt
cacraagatc
acctatgogo
atgacgcaag
ctggacgtgc
grgaatctgt
grtgaagegt
geacgeegtg
tractttaat
Caaaataatt
aattaagaat
tagatccagc
ctaaacctct
tagcaggtge
acccagaaga
atggoggtgc
cagggergrt
ttcgtcgtat
cagcagaaga
cggtagaggtc
grctaactaa
cgcgtaccga
tattagaacsa
ctgatgatat
cattattacc
ctgcattacyg
ttaacatggg
gtgcatctga
cacctgctge

15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16800
16860
16920
16980
17040
17200
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820

17880
17940
28000

18060

18120

16180

18240

18300

18360

18420

18480
18540

18600
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agatatgttt
gcgtgcgaag
tgctgaacgt
tggcactatc
tcctaaacgt
aaacacaggc
tgcattcaac
agatgttget
attgcaaggt
cttgatgata
gtgttgtaac

<210>
<211>
<212>
<213>

14
217
DNA

<400> 14

attggtaaaa
tctogattga
acagagttgg
aaarvaagaaqg

<210> 15
<211> 72
<212> PRT

gaaatgggtyg
aaactgtatg
gagaagattg
gotttettta
aaaatggcac
gagaagggac
agctgggtga
ttgcatatgce
gttagcttaa
tgtgaattaa
tcgaaattgc

ataggggtta
tttccttata
ttaagtcatg
ctaaaactca

tgaagctgeca
acttgratgt
aaaaacaaat
ctgaacgcga
ttatcttccg
gtgaaatgga
aaggttctta
ttaaaggtge
gtacagaatt
ttaaagcgce
ccettte

Shewanella putrefaciens

<213> Shewanella putrefaciens

<400> 15
Ile Gly Lys
1

Lys Leu

Ile Gln

Leu

Glu

Asn Arg G

Thr
20

Ser A

Cys Asp A

35

Glu
50

Pro

Lys Thr

65

<210> 16
<211> 8B5S
<212> DNA

Asp

Gln

Glu Leu I

Gly Leu M

agtattaaaa
ggcttatqgac
cttecegtgea
tccagaaatg
ttggtatctt
;tatcagatt
ccttgaagac
tgcgtattta
ggcaagttat
tgagggcgcet

cgcggttcta
tcgattgaag
aacctagacyg
ctagcccgtg
ggcetttcett
tgggcaggcec
tataccogcee
caacgtgtaa
cgtacgagtg
ttttttggtt

PCT/US00/00956

tgttcgcgat
atatcccagc
agatttggga
caacgagtag
cacgétggtc
caagtttagg
gtggcgetgt
accagttgaa
attaatgtté
tttaactcag

tgtttgttge tttaaagagt gtcectgaaaa attgctaact
cttctgtceg ttaacaatac aagagtgcga taaccagact
gctgectgaa gatgagttaa ttaaggttaa tcgctacatt
aggtttaatg gtaagag
ly Tyr Val Cys Cys Phe Lys Glu Cys Pro Glu
10 15
rg Leu Ile Ser Leu Tyr Phe Cys Pro Leu Thr
25 30
sn Gln Thr Thr Glu Leu Val Lys Ser Trp Leu
40 45
le Lys Val Asn Arg Tyr Ile Lys Gln Glu Ala
55 60
et Val Arg
70

72

18660
18720
18780
18840
18900
18960
19020
15080
19140
15200
19227

60

120
180
217
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<213> Shewanella putrefaciens

<400> 16

agcgaaatgc
ctggttcact
tgaactgtgt
gegagettgt
caccéaccat
aaccattcga
ttaaacgtct
ttgggtgcat
aggctaagge
tacttgaagce
actctgtate
cacagattgg
cactgcacca
atattgaaga
atggtacacc

<210>
<211>
<212>
<213>

17
409
DNAR

<400> 17

ccaagctaaa
tctaattgaa
gaccaaacac
atcgcaaatt
agcgetgeat
ggatatcaaa
agatggtatt

<210>
<211>
g212>
<213>

18
81
DNA

<220>
<223>

<400> 18

ttatcaagaa
gggtaacgtt
cgttgatgea
tgaaggccgce
gtacatgage
tattgactcg
tgaagacgca
cttcagacgg
acttaaacgt
ccacggcaca
cagtgaaggc
tcacactaaa
taaagtactg
ctcgecttte
gcgtegtget

gcacttaacc
ggccatggta
ttrtggecgccg
ggtcatacta
cataaaatct
aacagccegt
ccacgteogtyg

atteccaagat
attteceggec
gcatgtgcag
agcgaaatga
ttectctaaaa
aaaggtatga
gagegtgatg
taatttatta
gcttacgacg
ggcacagcag
aatgacgaaa
tcaacagcygg
ccgecaacaa
tacctcaata
ggtattagct

Shewanella putrefaciens

gtgcttatga
cgggtaccaa
ccagtgatga
aatctgcgge
tacctgcaac
tatacctaaa

caggtattag

Artificial Sequence

caatacatca
gtattgctaa
gccctettge
tgattacagg
caccggcecatt
tgattggtga
gcgaccgtat
agagtantta
atgcaggtte

caggtgatgt

agcaacacat
gtactgcggg
tcaatgtaac
cacagacgeyg
catttggttt

agatgcecggt
agcgggtgat
aaagcaatat
tggetetgeg
gatccatate
cagcgaaacqg
ctcatttggt

ctgggaagaa
ccgettecgac

tgcattgcgt
tggtytgtgt
cacgacaaac
aggtatcgygt
ctattccgtyg
tgegentegt
cgcaccgcac
ggcagaattc
cgcattaggt
tctaatcaaa
cagccctaac

teccatggatyg
tggtg

tttgcecectyg
gccgcagaat
atcgccttag
ggtatgatta
gataaaccaa
cgtccttgga
tttggtggc

Description of Artificial Sequence: SYNTHETIC

PCT/US00/00956

aattcattcc
cttagtgyca
atggcattaa
accgataact
gaaacaatte
atgattgcd&
attaaaggtg
cctgaaggtc
acacttgget
agtggtctta
tcagtgaaat
gegtetttag
cctaaactga
caacgtgtcg

aaacatgtgg
ttgctggett
gctcagttaa
aggcggeatt
gtgaagoctt
tgccacgtga

60

120
180
240
300
360
420
480
540
600
660
720
780
840
B85

60

120
180
240
300
360
409

ccaagctaaa gcacttaacc gtgcctatga tgatgecggt tttgceccctg aaacatgtgg 60
tctaattgaa ggccatggta ¢

<210> 19
<211> 81
<212> DNA

73
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<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 19

ccaagctaaa gcacttaacc gtgecttatga agatgeocggt tttgocccetg aaacatgtgg 60
tctaattgaa ggccatggta c 81

<210> 20

<211> 43

<212> DNB

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 20
agaacgcaaa gttgccgcac tgtttggtcog ccaaggttca caa 43

<210> 21

<214> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 21
caaagcqgggt gatgccgcac tgtttggtceg cttgacctaa cac 43

<210> 22

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 22

cattgcgeta ggttcagtta aatcacaaat tggtcatact aaatcaactg caggt 55

<210> 21

<211> 55

<212> DNA .

<213> Artificial Sequence

<220>

74
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<223> Description of Artificial Sequence:; SYNTHETIC

<4Q00> 23
tatcgcctta ggctcagtta aatcgcaaat tggtcatact aaatctgegg ctggc 55

<210> 24

<211> 2%

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 24
cggctteogat tttggcggca tgaacggtg 29

<210> 25

<211> 29

<212> DNA

<213>» Artificial Seguence

<220>
<223; Description of Artificial Seguence: SYNTHETIC

<400> 25
cgegtatgat taaggcggcea ttagegetg 29

<210> 26

<211> 23

<212> DNA

<213>» Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 26
geactgotge aagcatgaac gcogtogtt 28

<210> 27

<211> 28

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Segquence: SYNTHETIC

<400> 27
gctctgogyge tatcattaac goggcatt 2g

75
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<210> 28

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 28
tcecctggtge taaccatatc agcaaacca 29

<210> 29

<211> 29

<212> DHNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 29

tacetgcaac gatccatatc gataaacca 29

<210> 30

<211> 98

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 30

ctcaccttty tatctaaaca ctgagacttc gtecatggtt accacgtgtt gatggtacgce 60
cgcogecgeygce gggtattage tcatttggtt ttggtgge S8

<210> 31

<211> 98

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SYNTHETIC

<400> 31
cagcccgtta tacctaaaca gcgaaacggce gtcocttggat gocacgtgaa gatggtattc 60
cacgtcgtgc aggtattagec tcatttggtt ttggtgge 948
<210> 32

76
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<211> 4
<212> PRT
<213> Shewanella putrefaciens

<400> 32
Asp Xaa Ala Cys
1

<210> 33

<211> 4

<212> PRT

<213> Shewanella putrefaciens

<400> 33
Gly Phe Gly Gly
1

<210> 34

<211> 5

<212> PRT

<213> Shewanella putrefaciens

<400> 34
Gly His Ser Xaa Gly
1 5

<210> 35

<211> 6

<212> PRT

<213> Shewanella putrefaciens

<400> 35
Leu Gly Xaa Asp Ser Leu
1 5

<210> 36

<211> 6

<212> PRT

<213> Shewanella putrefaciens

<400> 136
Leu Gly Xaa Asp Ser Ile
1 5

11

PCT/USBO/B0956
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<210> 37

<211> 6

<212> PRT

<213> Shewanella putrefaciens

<400> 37
Gly Xaa Gly Xaa Xaa Gly
1 5

<210> 38

<211> 6

<212> PRT

<213> Shewanella putrefaciens

<400> 38
Gly Xaa Gly Xaa Xaa Ala
1 5

<21Q> 39

<21l1l> &

<212> PRT

<213> 'Axial Seamount’ polynoid polychaete

<400> 39
Gly Xaa Gly Xaa Xaa Pro
1 5

<210> 40

<211> 5

<212> PRT

<213> Shewanella putrefaciens

<400> 40
Gly Xaa Ser Xaa Gly
1 5

<210> 41

<211> 35S

<212> DNA

<213> Artifiecial Sequence

<220>
<223> Description ¢of Artificial Sequence: synthetic

78




WO 00/42195 PCT/US00/00956

<400> 41

cuacuacuac uaccaageta aagcacttaa ccgtg 35

<210> 42

<211l> 32

<212> DHRA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 42 _
cuacuacuac uaacagcgaa atgcttatca ag 32

<210> 43

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<228> Description of Brtificial Sequence: synthetic

<400> 43

cuacuacuac uagcgaccaa aaccaaatga getaatac 38

<210> 44

<211> 12

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic

<400> 44
aagccceggge tt 12

<210> 45

<211> 20

<212> DNA

<213> Artificial Sequence -

<220>
€223> Description of Artificial Sequence: synthetic

<400> 45
gtacaagcce gggcttagcet 20

79
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<210> 46

<211> 56

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 46
cgcgatttaa atggcgocgec ctgcaggcgg cocgoctgeag ggcgegeccat ttaaat

<210> 47

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 47
ctgcagectceg agacaatgtt gatttcctta tacttctgte c

<210> 48

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 48
ggatccagat ctctagcectag tcttagctga agctcga

<210> 49

<211> 39

<212> DNA

<213> Artificial Segquence

<220>

<223> Description of Artificial Sequence: synthetie

<400> 49

tctagactcg agacaatgag ccagacctct aaacctaca

<210> 50

<211> 37

<212> DNA

<213> Artificial Sequence

80O

56

a1

37

39
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<220> _
<223> Description of Artificial Sequence: synthetic

<400> 50
ccecgggetcg agetaattcg cctcactgte gtttget 37

<210> 51

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 51
gaattccteg agacaatgcc goctgcgcatc gcacttatc 39

<210> 52

<211> 37

<212> DNA

<213> Artificial Sequence

<2Z20>

<223> Description of Artificial Sequence: synthetic

<400> 52
ggtaccagat ctttagactt ccecttgaaqg taaatgg 37

<210> 53

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 53
gaattcgtcg acacaatgtc attaccagac aatgcttct 39

<210> 54

<211> 38

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic

g1
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<400> 54
tetagagtcyg acttatacag attcttcocgat geotgatag ) 38

<210> 55

<211> 39

<212> DNA

<213> BArtificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 55
gaattcgtcg acacaatgaa tectacagea actaacgaa 39

<210> 56

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 56
tctagaggat ccttaggcecca ttcotttggtt tggette 37

€210> 57

<211> 39

<212> DNA

<213> Artificial Sequence

<220>.
<223> Description of Artificial Sequence: synthetic

<400> 57
tctagagteog acacaatgge ggaattaget gttatrtggt i9 .

<210> 58

<211> 36

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 5B
gtcgacggat ccetatttgt tegtgtitgce tatatg 36

<210> 59

82
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<211>
<z212>
<213>

<220>
223>

<400>

42
DNA
Artificial Sequence

Description of Artificial Sequence: synthetic

59

gtcgacggat ccacaatgaa tatagtaagt aatcattcgg ca 42

<210>
<211>
<212>
<213>

<220>
223>

<400>

60

37

DNA

Artificial Sequence

Description of Artificial Sequence: synthetic

60

gtcgacceteg agttaatcac tecgtacgata acttgec 37

<210>
<211>
<212>
<213>

<220>
<223>

<400>

61

39

DNA

Artificial Sequence

Description of Artificial Sequence: synthetic

61

cccgggtcecga cacaatggect aaaaagaaca ccacatcga 39

<210>
<211>
<212>
<213>

220>
<223>

<400>

62

40

DNA

Artificial Sequence

Description of Artificial Sequence: synthetic

62

cecgggtcga ctcatgacat atecgttcaaa atgtcactga 40

<210>
<211>
<212>
<213>

63
44
DNA

Artificial Sequence

83
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<220>
<223> Description of Artificial Sequence: synthetic

<400> 63
tcgacatgga aaatattgca gtagtaggta ttgctaattt gttc 44

<210> 64

<211> 44

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 64

ccgggaacaa attagcaata cctactactg caatattttc catg 44

<210> 65

<21l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic

<400> 65
tcagatgaac tttatcgata ¢ 21

<210> 66

<211> 36

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Secuence: synthetic

<400> 66
tcatgagacy tcgtcgactt acgcttcaac aatact 36

<210> 67
<211> 30

<212> DNA
<213> Schizochytrium aggregatum

<400> 67
gtgatgatct ttccctgatg cacgccaagg 30

<210> 68

84
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<211> 30
<212> DNA

<213> Schizochytrium aggregatum

<400> 68

agctcgagac cggcaaccced cagegecaga

<210>
<211>
<212>
<213>

€9
4446
DNA

<400> 69

cgctgeegoc
gegegteteg
atggaggtce
ctegagactg
gccatgectca
gaggtegtca
getgccceag
aaggccgaga
attgagtccg
attctcteceg
cgcactegea
geccteoggegce
gccgeecctg
ctcgeegeca
gagctcggca
aacgtcgadg
gatgccatga
gctoccggetg
gtcatggagg
gagctcgaga
caggcecatgce
ggcgaggtcg
gecgetgete
tcgagcgage
ggctacgaga
teccatcaage
gacgtcgaty
gagatcgctg
gceeccoctgety
gccgeccaaga
ctcggeattg
gtcgaggcca
gccatgaagg
tcggotggeg
ctttecectga

gcgtctoegee
ccgegectgce
tcgocgccaa
agctcggeat
acgtcgaggce
acgccatgaa
gtccggctge
ctgtegtcat
acatggagct
aggttcaggc
ctgttggtga
ctgccgeooge
ctgtcteogaa
agactggcta
ttgactccat
ccaaggacgt
aggcegagat
ccgecgeoee
tcectegecgce
cocgagetegg
tcaacgtcga
tcgatgccat
ctgctcecgge
ttctcgagaa
ctgacatgat
gtgtcgagat
cectcageey
gtggctctge
tctcgaacga
ctggctacga
actccatcaa
aggacgtcga
ctgagatcgc
cecgogectge
tgcacgceaa

Schizochytrium aggregatum

gcgococgegeo
tgtctegaac
gactggetac
tgactecate
caaggacgtec
ggctgagatc
tgccgeeoct
ggaggtccte
cgagaccgag
catgctcaac
ggtcgtecgat
tgctoctgot
cgagcttcte
cgagactgac
caagcgtgtc
cgatgcecte
cgctggtggce
tgctgtcteg
caagactggc
cattgactecc
ggccaaggac
gaaggctgag
tgctgceget
ggccgagace
tgagtccgac
cectctccgag
caccegeact
ceeggegeet
gcttettgag
gaccgacatg
gcgtgtcgag
cgctctcage
tggtggctct
ggtcaagatt
ggtggttgac

85

gegccgecyge
gagctteteg
gagactgaca
aagcgtgtcg
gacgctctca
gctggtgget
gcgectgetg
gccgccaaga
ctcggcattg
gtocgaggcca
gccatgaagg
ccggetgetg
gagaaagccg
atgatcgagt
gagatcctct
agccgcacce
tetgocccegg
aacgagecttc
tacgagaccqg
atcaagegtyg
gtcgatgete
atcgccggcea
cectgegecey
gtcgtecatgg
atggagctcg
gttcaggcca
gttggcgagy
gccgeogetg
aaggccgaga
atcgagtccg
attctctceg
cgcactecgeca
gcccocggege
gactcggtee
atccgocgcece

cgeccgectege
agaaggccga
tgatcgagtce
agatccteote
geegeacteyg
ctgoccecgge
tctcgagega
ctggctacga
actccatcaa
aggacgtecga
ctgagatcgc
ccgoctoctge
agactgtegt
ccgacatgga
ccgaggttca
gcactgttgyg
cgectgecge
ttgagaaggce
acatgatcga
tcgagattet
tcagocegeac
gcteccgooceo
ctgecgetge
aggtcctege
agactgagct
tgctcaacgt
ttgtegatge
cccctgetee
ccgtecgteat
acatggagct
aggttcagge
ctgttggcga
ctgeccgecge
acggcgctga
cggacgaget

PCTAUSH0/00936

gogcacgoee
gacecgtegtc
cgacatggag
cgaggttcag
cactgtggdt
gcctgecegee
gcttectecgag
gactgacatg
gcgtgtegag
cgctctecage
tggcagcteco
gocceocgotgcoe
catggaggtc
getecgagact
ggecatgete
cgaggttgtc
cgoctgoccct
cgagactgtc
gtcegacatg
ctecegaggtt
tegeactgtt
ggegectgece
cocotgetgte
cgccaagact
cggcattgac
cgaggcecaag
catgaaggcc
ggctgcegcee
ggaggtcctc
cgagaccgag
catgctcaac
ggtcgtcgat
tgctecetgeo
ctgtgatgat
catcctggag

30

60
120
180
240
300
360
420
480
540
600
660
720
780
B40
a00
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
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cgcoceccgaga
gtccgagtceo
cgcgetggtg
gagaaggcca
caggcggage
gccaaggcett
cgeocttgacg
cagcgtggtg
gtctttteece
attgtgcgcg
cagcagecget
gccaaggacy
cgggagatca
tetgcgageg
gctacccagg
gctgtcacta
gcgattgaag
gacgtggcca
gttcatgect
gacgecgtcet
gccaacctca
cagthctgact
gacgtctcgyg
ctcaagaagc
accgtggcge
accccgteca
tccaacceoct
geccattgget
attgacgacg
accctcacce
ttttccageg
gogecccegg
ggctccgtot
gtgctctecgt
geegetegeg
gcetttcagy
tcgatccage
ctcegetoca
gagcagggcyg
ttctaa

<210>
<211>
<212%>
<213>

10
1481
PRT

<400> 70.

accgcecegt
tcggcgectyg
ccgctgccat
tcaaggaggc
gcttcgagec
ccctetgeac
gccgeoctogg
ccatctttgg
gcggegtgga
agatggcegtg
gcacgatcecg
acgtgctget
cgcegecagat
aaccggcatg
agctcaagcg
agcttgtggg
cgcteggogy
aggccgtgeg
cgggcgtgct
ttggcaccaa
agcacatggt
acgeccatggeo
tcaagtcgat
agttccagga
gcatecgtget
agaaggtcgg
tcctcgagga
cgetegegga
cccagectett
cgtcgacggce
gcaagctggt
ccaacgccac
acgacggcaa
gcaccaagag
gcgagtttge
ccatgctcgt
gcatcgtcca
accagtcggg
atctcttcat

tctcgttgte
cgeegttgtce
ccgccacgtyg
cgagcagcgce
cgccgaaatc
ggctgtgget
attcacttcg
cctctgcaag
cattgcteag
cgctgacatt
tgccgccaag
cgtttctgge
cgegggegge
gtgcgctggce
cgcctttage
ctctgttctt
caaggeceatc
cgatgccgag
ccgcgaccgt
ggtcaccggt
cctettcecage
caacgaggce
ctgcttcggt
gatgggcgtg
cggctcectcg
ctcggacace
ccacgteatc
gacctgectc
caagggtgtc
gcceteggge
cececggectac
catgcagccg
gaccctette
ccagcttgtg
cacggacact
ctgggtgecge
gcaccgecccg
cggtcactcc
tgatgtccag

Schizochytrium aggregatum

gatgacggca
ctgacctttyg
ctcgccaagg
tttggcgetc
ctcggecttca
ggcggecgec
cagggcactt
accatecggec
ggcatgcace
cgcattcgeg
ctcgagaceyg
ggcgctcgeg
aagtacattc

atcactgacg

gctggegagg
ggcgcrtegeg
tactcgtcgt
tcccageteg
ctcatcgaga
ctcgagaacc

tecgctcgeeg

cttaacaaga
ccctgggacg
cagatcatcce
ccggctgaga
atcaccctge
cagggccgce
ggcctettec
actgtcgacg
cgcgtcaacg
cgcgecgtea
ccctegeteyg
cacggccogy
gccaagtgca
gacgcccatg
cgcacgctcg
gtcoccygcagg
cagcacaagc
gctteggtea

gcgagcteac
agggtctcca
atctttcege
tcggeggoett
cgctcatgtyg
cggecctttat
ctgacgecgct
tcgagtggtc
ccgaggatge
aggteggeat
gcaaccegea
gcatcacgcc
tgcttggecy
agaaggctgt
gccccaageoc
aggtgcgcag
gcgacgtgaa
gtgcccgegt
agaagctccc
tectegecge
gcttecacgg
tgggcctaga
gtggcatggt
ccegegaggg
tccttgtegg
accgcaagat
gcgtgctgec
ccggetacte
gcgacgtcaa
tccaggeocac
tegtgotcte
atgececgatee
ccttcegegg
gcgetgtcecece
acccecttogt
gccaggctge
acaagcectt
acgccctteca
tcgeccacgga

PCT/US00/00956

cctegecctg
gctegeteoag
ggagagcgcc
catctegcaq
cgccdﬁgttc
cggtgtggceg
caagcgtgcc
cgaqtctgag
cgccgtggey
tggcgcaaac
gcgccagatce
tctttgeate
cagcaaggtc
gcaaaaggct
cacgececge
ctctattgct
ctctgeccgece
ctcgggcatc
cgacgagttc
cgtegaccge
caacgtegge
gctcgeoccaag
gacgccgeag
cggcgetgat
caactggcgce
ttcegccaaqg
catgacgctg
gctctgggec
ctgcgaggtyg
gctcaagace
caaccagggec
ggcgeteeayg
catcgatgac
cggctecegac
gaacgacctyg
gctccecaac
ctacattacc
gttccacaac
cageccttgcce

Arg Cys Arg Arg Val Ser Pro Arg Arg Ala Ala Pro Pro Pro Pro Leu

g6

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4446
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1

Ala

Leu

Gly

Leu

65

Ala

Arg

Gly

Ala-

Val

145

Ile

Lys

Ala

Val

Ala

225

Rla

Val

Arg

Glu

Tyr

50

Gly

Met

Thr

Ser

Pro

130

val

Glu

Arg

Lys

Asp

210

hla

Ala

Met

Thr

Lys

35

Glu

Ile

Leu

Val

Ala

115

Ala

Met

Ser

Val

Asp

185

Ala

Ala

Pro

Glu

Pro

20

Ala

Thr

Asp

Asn

Gly

100

Pro

Pro

Glu

Asp

Glu

180

Val

Met

Ala

bla

Val

Aia

Glu

Asp

Ser

vVal

85

Glu

Ala

Ala

Val

Met

165

Ile

Asp

Lys

Pro

Val

245

Leu

Arg

Thr

Met

Ile

70

Glu

Val

Pro

val

Leu

150

Glu

Leu

Ala

Ala

Ala

230

Ser

Ala

Leu

Val

Ile

55

Lys

Ala

Val

Ala

Ser

135

Ala

Leu

Ser

Leu

Glu

215

Pro

Asn

Ala

Val

40

Glu

Arg

Lys

Asn

Ala

120

Ser

Ala

Glu

Glu

Ser

200

Ile

Ala

Glu

Ala Lys

87

Ala

25

Met

Ser

Val

Asp

Rla

105

Ala

Glu

Lys

Thr

Val

185

Arg

Ala

Ala

Leu

Thr

10

Pro

Glu

Asp

Glu

Val

80

Met

Ala

Leu

Thr

Glu

170

Gln

Thr

Gly

Ala

Leu

250

Gly

Ala

Val

Met

Ile

15

Asp

Lys

Pro

Leu

Gly

155

Leu

Ala

Arg

Ser

Ala

235

Glu

Tyt

Val

Leu

Glu

60

Leu

Ala

Ala

Gly

Glu

140G

Tyxr

Gly

Met

Thr

Ser

220

Pro

Lys

Glu

Ser

Ala

45

Len

Serxr

Leu

Glu

Pro

125

Lys

Glu

Ile

Leu

vVal

205

Ala

Ala

Ala

Thr

Asn

30

Ala

Glu

Glu

Ser

Ile

110

Ala

Ala

Thr

Asp

Asn

190

Gly

Ser

Pro

Glu

Asp

15

Glu

Lys

Thr

Val

Arg

95

Ala

Aia

Glu

Asp

Ser

175

val

Glu

Ala

Ala

Thr

255

Met

PCT/US00/80956

Leu

Thr

Glu

Gln

80

Thr

Gly

Ala

Thr

Met

160

Ile

Glu

val

Pro

Ala

240

Val

Ile
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Glu

Arg

Lys

305

Asp

Ala

Leu

Thr

Glu

385

Gln

Thr

Gly

Ala

Leu

463

Gly

Leu

Ala

Ser

Val

290

Asp

Ala

Ala

Leu

Gly

370

Leu

Ala

Arg

Ser

Ala

450

Glu

Tyx

Gly

Met

Asp

275

Glu

Val

Met

Ala

Glu

355

Tyr

Gly

Met

Thrx

Ser

435

Pro

Lys

Glu

Ile

260

Met

Ile

Asp

Lys

Pro

340

Lys

Glu

Ile

Leu

val

420

Ala

Ala

Ala

Thr

Asp

500

Asn

Glu
Leu
Ala
Ala
25
Ala
Ala
Thr
Asp
Asn
405
Gly
Pro
Pro
Glu
Asp
485

Ser

Val

Leu

Ser

Leu

310

Glu

Pro

Glu

Asp

Ser

390

val

Glu

Ala

Ala

Thr

470

Met

Ile

Glu

Glu

Glu

295

Ser

Ile

Ala

Thr

Met

375

Ile

Glu

Val

Pro

Ala

455

Val

Ile

Lys

Ala

Thr

280

Val

Arg

Ala

Ala

Val

360

Ile

Lys

Bla

Val

ARla

440

Ala

Val

Glu

Arg

Lys

B8

265

Glu

Gln

Thx

Gly

Ala

345

Vail

Glu

Arg

Lys

Asp

425

Ala

Ala

Met

Ser

vVal

505

Asp

Leu

Ala

Axg

Gly

330

Ala

Met

Ser

Val

Asp

410

Ala

Ala

Pro

Glu

Asp

4490

Glu

Val

Gly
Metl
Thx
315
Ser
Pro
Glu
Asp
Glu
395
Val
Met
Bla
Ala
Val
475
Met
Ile

Asp

Ile

Leu

300

Val

Ala

Ala

Val

Met

380

Ile

Asp

Lys

Pro

Val

460

Leu

Glu

Leu

Ala

Asp

285

Asn

Gly

Pro

Val

Leu

365

Glu

Leu

Ala

Ala

Ala

445

Ser

Ala

Leu

Ser

Leu

270

Ser

Val

Glu

Ala

Ser

350

Ala

Leu

Ser

Leu

Glu

430

Pro

Ser

Ala

Glu

Glu

510

Ser

Ile

Glu

Val

Pro

335

Asn

Ala

Glu

Glu

Ser

415

Ile

Ala

Glu

Lys

Thr

485

Val

Arg

PCT/US00/00956

Lys

Ala

Val

320

Ala

Glu

Lys

Thr

Val

400

Arg

Ala

Ala

Leu

Thr

480

Glu

Gln

Thr
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Arg Thr
530

Gly Ser
545

Ala Pro

Met Glu

Ser Asp

Val Glu

610

hsp Val

625.

Ala Met

hla Ala

Val His

Val Asp

620

Arg Pro

705

val Arg

Gln Leu

Lys Asp

Gln Arg

515

Val

Ala

Ala

Val

Met

595

Ile

Asp

Lys

Pro

Gly

675

Ile

Val

Val

Ala

Leu

755

Phe

Gly

Pro

Val

Leu

580

Glu

Leu

Ala

Ala

Ala

660

Ala

Arg

Leu

Leu

Gln

740

Ser

Gly

Giu

Rla

Ser

565

Ala

Leu

Ser

Leu

Glu

645

Ser

Asp

Arg

val

Gly

725

Arg

Ala

Ala

Val

Pro

550

Asn

Bla

Glu

Glu

Ser

630

Ile

Ala

Cys

Pro

Val

710

Ala

Ala

Glu

Leu

Val

535

Ala

Glu

Lys

Thr

Val

615

Arg

Ala

Gly

Asp

Asp

695

Lsp

Cys

Gly

Sex

Gly

520

Asp

Ala

Leu

Thr

Glu

600

Gln

Thr

Gly

Ala

Asp

680

Glu

Asp

Ala

Ala

Ala

760

Gly

89

Ala
Ala
Leu
Gly
585
Leu
Ala
Arg
Gly
Ala
665
Leu
Leu
Gly
Val
Ala
745

Glu

Phe

Met

Ala

Glu

570

Tyr

Gly

Met

Thr

Ser

650

Pro

Ser

Ile

Ser

Val

730

Ala

Lys

Ile

Lys

Pro
555

Lys
Glu
Ile
Leu
Val
635
Ala
Ala
Leu
Leu
Glu
715
Leu
Ile

Ala

Ser

Ala

540

Ala

Ala

Thr

Asp

Asn

620

Gly

Pro

Val

Met

Glu

700

Leu

Thx

Arg

Ile

Gln

525

Glu

Pro

Glu

Asp

Ser

605

Val

Glu

Ala

Lys

His

685

Arg

Thr

Phe

His

Lys

765

Gln

Ile

Ala

Thx

Met

590

Ile

Glu

Val

Pro

Ile

670

Ala

Pro

Leu

Glu

Val

750

Glu

Ala

Ala

Ala

Val

575

Ile

Lys

Ala

Val

Ala

655

Asp

Lys

Glu

Ala

Gly

735

Leu

Ala

Glu

PCT/US00/60956

Gly

Ala

560

Val

Glu

Arg

Lys

Asp

640

Ala

Ser

Val

Asn

Leu

720

Leu

Ala

Glu

Arg
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770

Phe Glu
785

Ala Lys

Ile Gly

Thr Ser

Cys Lys
850

Gly Val
865

Ile Val

Ile-Gly

Thr Gly

Ser Gly

930

Arg Gln
945

Ser Ala

Val Gln

Glu Gly

Val Leu

1010

Leu Gly

Pro

Alé

Val

hsp

835

Thr

Asp

Arg

Ala

Asn

915

Gly

Ile

Ser

Lys

Pro

995

Gly

Gly

Ala

Ser

Ala

820

Lla

Ile

Ile

Glu

Asn

900

Pro

Ala

Ala

Glu

Ala
380

Lys

RAla

Lys

Giu
Leu
805
Arg
Leu
Gly
Ala
Met
885
Gln
Gln
Arg
Gly
Pro

965

Ala
Pro
Arg

Ala

775

Ile Leu Gly
790

Cys Thr Ala
Leu Asp Gly
Lys Arg Ala

840

Leu Glu Trp
855

Gln Gly Met
870

‘Ala Cys Rla

Gln Arg Cys
Arg Gln Ile
920

Gly Ile Thr
935

Gly Lys Tyr
950

Ala Trp Cys

Thr Gln Glu

Thr Pro Arg
1000

Glu Val Arg

1015

Ile Tyr Ser

90

Phe

Val

Arg

825

Gln

Ser

His

Asp

Thr

205

Ala

Pro

Ile

Ala

Leu

985

Ala

Ser

Ser

Thr

Ala

810

Leu

Arg

Glu

Pro

Ile

B20O

Ile

Lys

Leu

Leu

Gly

S0

Val

Ser

Cys

780

Leu Met Cys
795

Gly Gly Arg
Gly Phe Thr
Gly Ala Ile

845

Ser Asp Val
860

Glu Asp Ala
B75

Arg Ile Arg
Arg Ala Ala
Asp Asp Val

925

Cys Ile Arg
940

Leu Gly Arg
955

Ile Thr Asp
Arg Ala Phe
Thr Lys Leu

1005

Ile Ala Ala
1020

Asp Val Asn

Ala

Pro

Ser

B30

Phe

Phe

Ala

Glu

Lys

910

Leu

Glu

Serx

Glu

Ser

990

Val

Ile

Ser

Lys

Ala

815

Glin

Gly

Ser

Val

val

895

Leu

Leu

Ile

Lys

Lys

975

Ala

Gly

Glu

Ala
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Phe

800

Phe

Gly

Leu

Arg

Ala

880

Gly

Glu

vVal

Thr

Val

960

Ala

Gly

Ser

Ala

Ala
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1025

Asp Val Ala Lys

Val Ser Gly Ille

1060

Glu Lys Lys Leu

1075

Thr Gly Leu Glu
1090

His Met Val
1105

Leu

Gln Ser Asp Tyr

Glu Leu Ala Lys
1140

Asp Gly Gly
1155

Met

Gly Val Gin
1170

Ile

Ile Val Leu
1185

Gly

Thr Pro Ser Lys

Ile Ser Ala Lys
1220

Arg Arg Val Leu
1235

Cys Leu Gly Leu
1250

Gln Leu Phe Lys
1265

Thr Leu Thr Pro

1030

Ala

1045

Val

Pro

Asn

1050

1065

1080

1095

1035

1100

1085

His Ala Ser Gly Val Leu Arg Asp Arg

1070

Asp Glu Phe Asp Ala Val Phe Gly Thr

Leu Leu Ala Ala Val Asp Arg Ala Asn

Phe Ser Ser Leu Ala Gly Phe His Gly Asn

1110

Ala
1125

Met

Asp Val

Val Thr

Ile Pro

Ser Ser
1180

Lys Val

1205

S5er Asn

Met

Pro

Phe Pro

Ala Asn Glu Ala
1130

Ser Val Lys Ser
1145

Pro Gln Leu Lys
1160

Arg Glu Gly Gly
1175

1115

Val Arg Asp Ala Glu Ser Glmn Leu Gly Ala

1055

Leu

Lys

Leu

Val
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1040

Arg

Ile

Val

Lys

Gly
1120

Leu Asn Lys Met Gly Leu

1135

Ile Cys Phe Gly Pro Trp

1150

Lys Gln Phe Gln Glu Met

1165

Ala Asp Thr Val Ala Arg

1180

Pro Ala Glu Ile Leu Val Gly Asn Trp Arg

Gly Ser Asp Thr
1210

Pro Phe Leu Glu
1225

Thr Leu Ala Ile
1240

Gly Tyr Ser Leu
1255

1195

Ile Thr Leu His Arg

1215

Asp His Val Ile Gln

1230

Gly Ser Leu Ala Glu

1245

Trp Ala Ile Asp Asp

1260

1200

Lys

Gly

Thr

Ala

Gly Val Thr Val Asp Gly Asp Val Asn Cys Glu Val

1270

1275

1280

Ser Thr Ala Pro Ser Gly Arg Val Asn Val Gln Ala
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Thr Leu Lys Thr Phe Ser Ser Gly Lys
1300 1305

Val Ile Val Leu Ser Asn Gln Gly Ala
1315 1320

Gln Pro Pro Ser Leu Asp Ala Asp Pro
1330 1335

Asp Gly Lys Thr Leu Phe His Gly Pro
1345 1350

Val Leu Ser Cys Thr Lys Ser Gln Leu
1365

Pro Gly Ser Asp Ala Ala Arg Gly Glu
1380 1385

His Asp Pro Phe Val Asn Asp Leu Ala
1385 1400

Val "Arg Arg Thr Leu Gly Gln Ala Ala
1410 1415

Ile Val Gln His Arg Pro Val Pro Gln
1425 1430

Leu Arg Ser Asn Gln Ser Gly Gly His
1445

Gln Phe His Asn Glu Gln Gly Asp Leu
1460 1465

Val Ile Ala Thr Asp Ser Leu Ala Phe
1475 1480

<210> 71

<211> 5215

<212> DNA

<213> Schizochytrium aggregatum

<400> 71

1280

Leu Val

Pro Pro
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1295

Pro Ala Tyr Arg Ala
1310

Ala Asn Ala Thr Met
1325

Ala Leu Gln Gly Ser Val Tyr

Ala Phe
1355

Val Ala
1370

Phe Ala

Phe Gln

_Leu Pro

Asp Lys
1435

Ser Gln
1450

Phe Ile

1340

Arg Gly Ile Asp Asp
136D

Lys Cys Ser BAla Val
1375

Thyx Asp Thr Asp Ala
1390

Ala Met Leu Val Trp
1405

Asn Ser .Ile Gln Arg
1420

Pro Phe Tyr Ile Thr
1440

His Lys His Ala Leu
1455

Asp Val Gln Rla Ser
1470

tgcecgtettt gaggagcatd acccctccaa cgccgcctgoe acgggocacg actccattte 60
tgcgetcteg gocogotgeg goggtgaaag caacatgcge atcgecatca ctggtatgga 120
cgeccacctti ggcgetctea agggactcga cgccttegag cgcgcecattt acaccggoge 180
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tcacggtgec
tcttgacctc
cgacttccag
tectggeegee
tgtegcegtce
cgctctecaag
cattaacgac
gocgegteteg
cteceocgtetac
cgtegtcegtt
ccgcttcaag
ctactttgtce
ggacgaccgt
cttgcgegag
cagcgccgac
cgaggaggaa
cgtegeaacy
' cagcctcatc
ctgggatgaa
gcgegettag
gacgcgcteg
ccgecatoteg
ggaqé%cctt
cccgogcgag
gacccttgcc
ctccocacgecc
cctecaagaty
cgccagcgac
ccaagacatt
tctetgggee
gagccagcag
ctcaattgee
tggcctcagt
ctccgaccag
tgaatttaat
ctggcaaggc
cagcaagtac
gccogacgec
gacccagggce
gatccatgcc
ccagaagcgco
tggcgagtac
catttacaag
cgcagtgcege
gaacgaggat
tcetggegte
ctacgctgcg
gctcaacggt

atceccactcc
tgcggcgtca
cgcctecgea
accaccattg
tttgtcggec
gagcgegtec
tgcggcacat
tcgcagtggg
cgctgeogccy
gcgggtgteg
gtgtccacct
ggcgaggget
atctacgett
gccctcgace
tccgeccgeco
atcggecggcec
ggcagtgtca
aaggctgagce
ceccgecoectg
ctcaagaacc
tgctattecg
ctcgacgagg
ggtcgectcog
tccgagctca
caggatgccg
tccaageotce
cgcecgeogatt
cgecgtcgect
caccgeattt
gaaggegace
caagagtttg
ttcaccaatc
cttggcgaga
ctcaccaagg
gecgetgogeyg
tacattgtgc
gtgcgectea
tgcaaggcty
atgtgcggcce
aaccttgagt
ctcgtgccac
gccggccage
caaaactacg
accacgcttg
gcttggacga
acgatctcgc
ctctgcaagg
cgcttcaaca

cagaaaagcg
aggcceaccecc
cgeccatgac
accgcgeccat
tcggcaccga
gecctgaage
ccacatcgta
gcttcacggg
agctcggcaa
atctctgegyg
ccgatacccco
gcggtgoett
gcatggatge
aggcgegegt
acctcaagga
ttcagacgat
aggeccacegt
tttgecatecta
aggcgcectg
ctggcgageyg
tgctcctete
aggcgcccaa
acaagatccg
aggcgcaggce
cttcttecagg
agogcgaggt
ggagcteccce
tcatgtacgg
ggeccgaact
gectgggtcat
atcgcaacat
tggcgegega
tttccatgat
atcttcgega
aggcctgggy
gcggcaccaa
ceatcatcaa
cgatcgegeg
"actgccecga
tecceogttgt
gcgecacggg
tctacgagaa
acgtctttgt
gtcecceccageg

ccatcgtcaa

cgctgtacca
gtgaaaagcce
gcaaggegga

93

ctggcgettt
gcacggctge
ccctgaagac
cctegacteyg
cctegagetce
ctccaagaag
cacctcgtac
ccecctecttt
gtacctccte
cagtgccgaa
gcgcgceeage
tgtgctcaag
catcgtcecct
caagccgggce
ccegteoegte
ccttcgtgac
cggtgacacc
caaccgctac
ggacagcacc
tcgectatgey
cgaagccgag
gctecattgtg
cgagcgette
cegecgeate
ctcgcaaaag
cgagetcgceg
tgctggecagc
cgaaggtcgce
ccacgaggtc
gcocgogegec
gattgaaatg
cgttctcaac
ttttgecttt
gtcegacgtg
cattecacag
gcaggatatc
tgatgccaac
tcteggtgge
ggtgggacct
cgacggectt
cgccaaggac
gcaggctaac
cgaggtiggyg
caaccacctt
gcttgtgget
ctccaagctt
caagaagaac

ccececatctec

ctcggcaagqg
tacattgaag
atgctectec
ggaatgaaaa
taccgtcacc
ctcaatgaca
attggcaace
dcgatcaccg
gagaccggcyg
aacctttacg
tttgacgccg
cgtgagacta
ggcaacgtec
gatatcgaga
ctgcccaagg
gatgacaagc
ggttatgcct
ctgcccagea
ctetttgegt
gccgtctcgg
ggccactacg
cttogegeog
ttgcagcceca
ttecctegage
cccetegete
gccaagggta
cgctacgege
agcccttact
atcadcgaaa
agcttcaagt
ttccgtcoctty
atcacgeccca
tccaagaaga
tggaacaagg
agtgtcecca
gaggcggccea
accgcectca
aacattcectg
tataccaagyg
gacctctgga
gaatgggccc
ttceccccaaa
cccaacaace
gectggegeca
tcgctcaagg
gtggcggagg
aagtttgtgc
tcggccygatc
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acaaggactt
atgttgaggt
ctcagcaget
agggtggcaa
gtgctégcgt
tgatgcagta
tcgtcgecac

agggcaacaa

aggtcgatgg
tcaagtcteg
ccgcegatgy
gcltgecaccaa
ctagcgecctg
tgctecgaget
agctcactge
tccocgegeaa
ctggtgetge
acggcgacga
gccagacctc
gegtctecga
agcgcgagaa
actcccacga
cgggcgoego
tccteggega
tcagecctegt
tccogegetg
ctgagceget
acggcatcac
agacgaaccyg
cggagctega
gaatcctgac
aggccgectt
acggtctcat
ctctyggecgt
aggacgagtt
tcgecccgga
ttagcggcaa
cgctteoccocogt
atatcgecaa
ccacaatcaa
cttcttectt
tcgtcgagac
accgtageac
tcgacaagca
ccecaccttgt
ctcaggettg
gcaagattca
ttgccagcott

240
300

360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
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tccgectgeg
tcccaagtte
caacaaggac
ttcteocegteg
caaggctgtt
tgcgectgage
ggtcattgtg
cggtgtttcg
cgtcattgce
gcaggttgtg
tgtcaacctt
cctcgagaag
cgtgecggtac
ccgtatcatt
cgagcacctt
cgececgecgt
cgacaaccgc
ccgcgagtge
gtgccocceag
cgtgaaccag
ggccacttac
gcttcaggtc
cttttgecaag
gcgcatctte
ccgtettcac
gctgtgettt
tcgcgtcatyg
caagggaact
caagcagatc
cetttoccogat
gaagctgtaa
acatacgctt
ctagctggcg
ggcgagaaga
atatgggtat
agtagctgak

<210> 72

<211> 1622
«<212> PRT
<213>

<400> 72

gaccctgeca
tacgcgegtc
aacgcgccgt
cctgectecte
gctteggcetg
tctgeccagtg
ccgocctgcea
gcgecctetgt
groegygeocgcc
cgtgagtcca
atccattctc
ggtgtcacct
cgcgcggcety
ggcaaggtet
cttcagaagc
gttcccgtcg
ccecatccacy
ggetaccegg
gcggegetgg
gtcgceccaage
tcggacgtat
ctcaagaagyg
tacgactcgt
agccgegcge
aacccggaga
cgctggtace
gactaccagg
taccttgatc
cttcegtggag
ggcgctgecg
gtaagctctc
ttgtttgtte
gctettatcet
tgtgaatttc
tttccagaca
aaagtagact

ttgaagcecge
tcaacattga
cttecttette
cggcccccgt
acgcactteg

‘cetecggeaa

acattgcgga
acacgggegce
agggcatcct
tcgaaaagat
cctttgacag
ttgtcgagye
gecctecacgeqg
cgcgcaccga
tcattgcttc
ctgacgacat
tcattctgee
ccaacctteg
ccaccttcaa
agtcygggcac
gecatggeccc
gaaccatgtt
tcgagtecat
tcgaagaggt
agatccagecy
tgagcetgge
tctagtgcgyg
cggccgtcge
cgtgcttcetrt
ctcttgtgge
atatatgtta
tttcaattat
tcttttaaaa
atttcgactt
cttttcatca
cactgtttge

Schizochytrium aggregatum

catctegage
cgagcaggac
ttcttettct
gcaaaagaag
caétgccctg
ccttgttgag
tcoteggcage
catggccaaqg
tgcgteocttt
tcaggccgcee
caacctcgaa
cteggecttt

caacgccgac

gctegeegag
cggcgagatc
cgcggtegaa
ccteatecate
cgtccgtgtg
catgggtgceo
gtgcgacaat
ggctgeegac
tcecctogege
gcccccecgcea
ctgggacgag
cgeccgagegs
gagccgctgg
tcectgecatt
aaacgagtac
gegeegtcote
cagcatcgat
gttgcgtgag
ctgtctgtge
tatctggaca
gagaactcga
tcatcatcat
agcyagaaaa

cgcatcatga
gagaccegag
tcttottctt
gctgcteococg
ctcgatcteg
actgcgecta
cgcgecttea
ggcattgect
ggcgecggeg
ctgcoccaatg
aagggcaatqg
atgacgctca
ggctcggtca
atgttcatge
aaccaggagc
gctgactegg
aaccttcgeg
ggcgccggcg
tcctttattyg
gtgcgcaagc
atgttcgagqg
gccaacaagc
gagcttgcge
accaaaaact
gaccccaage
gccaacactg
ggttccttca
ccgtgecgteg
gaaattectge
gacacatacy
accgacacga
ttcatgttgc
aggacaaaaa
agagcattga
catcatcatt

dadaaaaaaa
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agcctgtcegeo
atccgatcct
cttcttcotte
ccgcggagac
acagtatgct
gcgacgecte
tgaaaacgta
ctgecggacct
gacttcccat
gcccgtacge
tcgatetett
ccecgeaggt
acatccgcaa
gtcetgegeco
aggcegaget
gtggccacac
accgccttca
gtggcattgyg
fcaccggeac
agctcgcgaa
aaggcgtcaa
tctacgaget
gcgtocgagaa
tttacattaa
tcaagatgte
gagcttccga
acgatttcat
ttcagattaa
gcaacgcacg
tccecggecga
agataatatc
tcctcagtat
caagaataaa
tgcggttagt
atgaagaagt
aaaaa

Ala Val Phe Glu Glu His Asp Pro Ser Asn Ala BAla Cys Thr Gly His

1

5

10

15

Asp Ser Ile Ser Ala Leu Ser Ala Arg Cys Gly Gly Glu Ser Asn Met
30

20

94

25

3120
3180
3240
3300
3380C
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4520
4980
5040
5100
5160
5215
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Arg Ile RAla

Leu

Pro

65

Leu

Asp

Asp

Ala

val

145-

Ala

Met

Tyr

Thx

Cys

225

Val

Val

Ser

Asp
50

Leu

Asp

Val

Met

Ile

130

Gly

Leu

Met

Ile

Gly

210

Ala

val

Lys

Phe

35

Ala

Pro

Leu

Glu

Leu

115

Leu

Leu

Lys

Gln

Gly

195

Pro

Glu

Val

Ser

Asp
275

Ile
Phe
Glu
Cys
Val
100
Leu
Asp
Giy
Glu
Tyr
180
Asn
Ser
Leu

Ala

Arg
260

Ala

Thr

Glu

Lys

Gly

85

Asp

Pro

Ser

Thr

Arg

165

Ile

Leu

Phe

Gly

Gly

245

Arg

Ala

Gly

Arg

Arg

70

Val

Phe

Gln

Gly

Asp

150

Val

Asn

Val

Thx

Lys

230

Val

Phe

Ala

Met

Ala

55

Trp

Lys

Gln

Gln

Met

135

Leu

Arg

Asp

Ala

Ile

215

Tyr

Asp

Lys

Asp

Asp

40

Ile

Arg

Ala

Arg

Leu

120

Lys

Glu

Pro

Cys

Thr

200

Thr

Leu

Leun

Val

Gly

280

85

Ala

Tyr

Phe

Thr

Leun

105

Leu

Lys

Leu

Glu

Gly

185

Arg

Glu

Leu

Cys

Ser

265

Tyr

Thr

Thr

Leu

Pro

20

Arg

Ala

Gly

Tyr

Ala

170

Thr

Val

Gly

Glu

Gly

250

Thx

Phe

Phe

Gly

Gly

75

His

Thr

Val

Gly

Arg

155

Ser

Ser

Ser

Asn

Thr

235

Ser

Ser

Val

Gly

Ala

60

Lys

Gly

Pro

Thx

Asn

140

His

Lys

Thr

Ser

Asn

220

Gly

Ala

Asp

Gly

Ala

45

His

Asp

Cys

Met

Thr

125

Val

Arg

Lys

Ser

Gln

205

Ser

Glu

Glu

Thr

Glu
285

Leu

Gly

Lys

Tyr

Thr

110

Ile

Ala

Ala

Leu

Tyr

190

Trp

Val

Val

Asn

Pro

270

Gly

Lys

Ala

Asp

Ile

95

Pro

Asp

Val

Arg

Asn

175

Thr

Gly

Tyr

Asp

Leu

255

Arg

Cys
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Gly

Ile

Phe

g0

Glu

Glu

Arg

Phe

Val

160

Asp

Ser

Phe

Arg

Gly

240

Tyr

Ala

Gly
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Ala

Tyr

305

Leu

Met

Val

Thr

Ser

385

Ser

Asn

Thr

Glu

Tyr

465

Arg

Asp

Phe

Gln

Phe

250

Ala

Arg

Leu

Leu

Ile

370

Val

Leu

Gly

Leu

Arg

450

Ser

Ile

Ser

Leu

Ala
530

Val

Cys

Glu

Glu

Pro

355

Leu

Lys

Ile

Asp

Pne

435

Arg

Val

Ser

His

Gln

5153

Arg

Leu

Met

Ala

Leu

340

Lys

Arg

Ala

Lys

Asp

420

Ala

Tyr

Leu

Leu

Glu

500

Pro

Arg

Lys

Asp

Leu

325

Ser

Glu

Asp

Thr

Ala

405

Trp

Cys

Ala

Leu

Asp

485

Glu

Thr.

Ile

Arg

Ala

310

Asp

Ala

Leu

Asp

Val

390

Ala

Asp

Gln

Ala

Ser

470

Glu

Ile

Gly

Phe

Glu

295

Ile

Gln

Asp

Thr

Asp

375

Gly

Leu

Glu

Thr

Val

455

Glu

Glu

Leu

Ala

Leu
535

Thr Ser

Val Pro

Ala Arg

Sexr Ala
345

Ala Glu
Je0

Lys Leu

Asp Thr

Cys Ile

Pro Ala
425

Ser Arg
440

Ser Gly

Ala Glu

Ala Pro

Gly Arg
505

Ala Preo
520

Glu Leu

96

Cys

Gly

Val
330

Arg

Glu

Pro

Gly

Tyr

410

Pro

Ala

Val

Gly

Lys

490

Leu

Arg

Leu

Thr

Asn
315

Lys

His

Glu

Arg

Tyr

395

Asn

Glu

Trp

Ser

His

475

Leu

Asp

Glu

Lys

300

Val

Pro

Leu

Ile

Asn

380

Ala

Arg

Ala

Leu

Glu

460

Tyr

Ile

Lys

Ser

Glu
540

Asp

Pro

Gly

Lys

Gly

365

Val

Ser

Tyr

Pro

Lys

445

Thr

Glu

Val

Ile

Glu

525

Thr

Asp

Ser

Asp

Asp

350

Gly

Ala

Gly

Leu

Trp

430

Asn

Arg

Arg

Leu

Arg

510

Leu

Leu

Arg

Ala

Ile

335

Pro

Len

Thr

Ala

Pro

415

Asp

Bro

Ser

Glu

Arg

495

Glu

Lys

Ala
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Ile

Cys

320

Glu

Ser

Gln

Gly

Ala

400

Ser

Ser

Gly

Cys

Asn

480

Ala

Arg

Ala

Gln
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Asp

545

Ser

Ile

Ser

Tyr

Aryg

625

Leu

Ser

Met

Arg

Gly

705

Ser

Ala

Gln

Thr

Arg
785

Ala

Thx

Pro

Arg

Gly

610

Tle

Trp

Glu

Phe

Asp

690

Glu

Asp

Leu

Ser

Lys

770

Leu

Ala

Pro

Arg

Tyr

595

Glu

Trp

Ala

Leu

Arg

675

Val

Ile

Gln

Ala

Val

755

Gln

Thr

Ser

Ser

Cys

580

Ala

Gly

Pro

Glu

Glu

660

Leu

Leu

Ser

Leu

Val

740

Pro

Asp

Ile

Ser

Lys

565

Leu

Pro

Arg

Glu

Gly

645

Sex

Gly

Asn

Met

Thr

725

Gluy

Lys

Ile

Ile

Gly

250

Leu

Lys

Glu

Ser

Leu

630

Asp

Gln

Ile

Ile

Ile

710

Lys

Phe

A=zp

Glu

Asn
790

Ser

Gln

Met

Pro

Pro

615

His

Arg

Gln

Leu

Thr

695

Phe
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Asn

Glu

Ala

775

Asp

Gln
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Leu

600

Tyr

Glu

Trp

Gln

Thr

€80

Pro

Ala

Leu

RAla

Phe

760

Ala

Bla

97

Lys

Glu

Arg

585

Ala

Tyr

Val

Val

Glu

663

Ser

Lys

Phe

Axrg

Leu

745

Trp

Ile

Asn

Pro

Val

570

Asp

Ser

Gly

Ile

Met

650

FPhe

Ile

Ala

Ser

Glu

T30

Arg

Gln

Ala

Thr

Leu
555

Glu

Trp

Asp

Ile

Asn

635

Pro

Asp

Ala

Ala

Lys

715

Ser

Glu

Gly

Pro

Ala
795

Ala Leu

Leu Ala

Ser Ser

Arg Val
605

Thr Gln
620

Glu Lyg
Arg Ala
Arg Asn
Phe Thr

685

Phe Gly
700

Lys Asn

Asp Val

Ala Trp

Tyr Ile
765

Asp Ser
780

Leuy Ile

Ser

Ala

Pro

590

Ala

Asp

Thr

Ser

Met

670

Asn

Ley

Gly

Trp

Gly

750

Val

Lys

Ser

Leu

Lys

575

Ala

Phe

Ile

Asn

Phe

655

Ile

Leu

Ser

Leu

Asn

7358

Ile

Arg

Tyr
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Pro Asp

Ala Leu

Pro Tyr

val val
850

Val Pro
865

Gly Glu

Ile Val

Gly Pro

Gin Arg

930

Trp Thr
945

Pro Gly

Ala Gln

Asn Lys

Ala Asp
1010

Pro Ala
1025

Pro Lys

Ala Cys

Pro Val
820

Thr Lys
835

Asp Gly

Arg Ala

Tyr Ala

Glu Thr
S00

Asn Asn
915

Asn His

Thr Ile

Val Thr

Ala Cys
980

Phe Val
ags

Pro Ile

Ile Glu

Phe Tyr Ala Arg Leu Asn

Lys
805

Thr

Asp

Leu

Thr

Gly

885

Ile

His

Leu

Val

Ile

965

Tyr

Arg

Ser

Ala

Gln

Ile

Asp

Gly

870

Gln

Ty

Arg

Ala

Lys

950

Ser

Ala

Lys

Ala

Gly

Ala

Leu

855

nla

Leu

Lys

Ser

Gly

935

Leu

Pro

Ala

Ile

Ile Ala

Met Cys

825

Lys Ile
B40

Trp Thr

Lys Asp

Tyr Glu

Gln Asn
905

Thr Ala
920

Ala Ile

Val Ala

Leu Tyr

Leu Cys

985

Gln Leu
1000

Ser Ala Asp Leu

1015

Ala BAla Ile Ser Ser

1045

1030

98

Arg

B10Q

Gly

His

Thr

Glu

Lys:

890

Tyr

Val

Rsp

Ser

His

970

Lys

Asn

Ala

Leu

His

Ala

Ile

Trp

875

Gln

Asp

Arg

Lys

Leu

955

Ser

Gly

Gly

Gly

Cys

Asn

Asn

860

Ala

Ala

Val

Thx

Gln

940

Lys

Lys

Glu

Arg

Gly

Pro

Leu

845

Gln

Fro

Asn

Phe

Thr

225

Asn

Ala

Leu

Lys

Phe

1005

Ser Phe Pro

1020

Arg Ile Met Lys

1450

1035

Ile Asp Glu Gln Asp

Asn

Glu

B30

Glu

Lys

Sax

Phe

Val

910

Leu

Glu

His

Val

Pro

9580

Asn

Pro

Pro

Ile

815

Val

Phe

Arg

Ser

Pro

895

Glu

Gly

Asp

Leu

Rla

975

Lys

Ser

Ala
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Bsp Pro Ile Leu Asn Lys Asp Asn Ala Pro Ser Ser Ser Ser Ser Ser
1060 1065 1070

Ser Ser Ser Ser Ser Ser Ser Ser Ser Pro Ser Pro Ala Pro Ser Ala
1075 1080 1085

Pro Val Gln Lys Lys Ala Ala Pro Ala Ala Glu Thr Lys Ala Val Ala
1080 1095 1100

Ser Ala Asp Ala Leu Arg Ser Ala Leu Leu Asp Leu Asp Ser Met Leu
1105 1110 1115 1120

hla Leu Ser Ser Ala Ser BRla Ser Gly Asn Leu Val Glu Thr Ala Pro
1125 1130 1135

Ser Asp Ala Ser Val Ile Val Pro Pro Cys Asn Ile Ala Asp Leu Gly
1140 1145 1150

Ser Arg Ala Phe Met Lys Thr Tyr Gly Val Ser Ala Pro Leu Tyr Thr
1155 1160 1165

Gly Ala Met Ala Lys Gly Ile Ala Ser Ala Asp Leu Val Ile Ala Ala
1170 1175 1180

Gly Arg Gln Gly Ile Leu Ala Ser Phe Gly Ala Gly Gly Leu Pro Met
1185 1180 1195 1200

Gln Val Val Arg Glu Ser Ile Glu Lys Ile Gln Ala Ala Leu Pro Asn
1205 1210 1215

Gly Pro Tyr Ala Val Asn Leu Ile His Ser Pro FPhe Asp Ser Asn Leu
1220 1225 1230

Glu Lys Gly Asn Val Asp Leu Phe Leu Glu Lys Gly Val Thr Phe Val
1235 1240 1245

Glu Ala Ser Ala Phe Met Thr Leu Thr Pro Gln Val Val Arg Tyr Arg
1250 1255 1280

Ala Ala Gly Leu Thr Arg Asn Ala Asp Gly Ser Val Asn Ile Arg Asn
1265 1270 1275 1280

Arg Ile Ile Gly Lys Val Ser Arg Thr Glu Leu Ala Glu Met Phe Met
1285 1290 1295

Arg Pro Ala Pro Glu His Leu Leu Gln Lys Leu Ile Ala Ser Gly Glu
1300 1305 1310
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Ile Asn Gln Glu Gln Ala Glu Leu Ala Arg Arg Val Pro Val Ala Asp
1315 ' 1320 1325

Asp Ile Ala Val Glu Ala Asp Ser Gly Gly His Thr Asp Asn Arg Pro
1330 1335 1340

Ile His Val Ile Leu .Pro Leu Ile Ile Asn Leu Arg Asp Arg Leu His
1345 1350 1355 1360

Arg Glu Cys Gly Tyr Pro Ala Asn Leu Arg Val Arg Val Gly Ala Gly
1365 1370 1375

Gly Gly Ile Gly Cys Pro Gln Ala Ala Leu Ala Thr Phe Asn Met Gly
1380 1385 1330

Ala Ser Phe Ile Val Thr Gly Thr Val Asn Gln Val Ala Lys Gln Ser
1395 1400 1405

Gly Thr Cys Asp Asn Val Arg Lys Gln Leu Ala Lys Ala Thr Tyr Ser
1410 1415 1420

Asp Val Cys Met Ala Pro Ala Ala Asp Met Phe Glu Glu Gly Val Lys
1425 1430 1435 : 1440

Leu Gln Val Leu Lys Lys Gly Thr Met Phe Pro Ser Arg Ala Asn Lys
14453 1450 1455

Leu Tyr Glu Leu Phe Cys Lys Tyr Asp Ser Phe Glu Ser Met Pro Pro
1460 ) 1465 1470

Ala Glu Leu Ala Arg Val Glu Lys Arg Ile Phe Ser Arg Ala Leu Glu
1475 1480 1485

Glu Val Trp Asp Glu Thr Lys Asn Phe Tyr Ile Asn Arg Leu His Asn
1490 1495 1500

Pro Glu Lys Ile Glmn Arg Ala Glu Arg Asp Pro Lys Leu Lys Met Ser
150% 1510 1515 1520

Leu Cys Phe Arg Trp Tyr Leu Ser Leu Ala Ser Arg Trp Ala Asn Thr
1525 1530 1535

Gly Rla Ser Asp Arg Val Met Asp Tyr Gln Val Trp Cys Gly Pro Ala
1540 1545 1550

Ile Gly Ser Phe Asn Asp Phe Ile Lys Gly Thr Tyr Leu Asp Pro Ala
1555 1560 1565
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Val Ala Asn Glu Tyr Pro Cys Val Val Gln Ile Asn
1570 1575 1580

Arg Gly Ala Cys Phe Leu Arg Arg Leu Glu Ile Leu
1585 15950 1595

Leu Ser Asp Gly Ala Ala Ala Leu Val Ala Serxr Ile
1605 lel@

Val Pro Ala Glu Lys Leu
1620

<210> 73

<211> 1551

<212> PRT

<213> Schizochytrium aggregatum

<400> 73
Arg Ala Glu Ala Gly Arg Glu Pro Glu Pro Ala Pro
1 5 10

Thr Ala Ala Glu Ser Gln Gln Gln Gln Gln Gln Gln
20 25

Gln Gln Gln Gln Pro Arg Glu Gly Asp Lys Glu Lys
35 40

Met Ala Leu Arg Val Lys Thr Asn Lys Lys Pro Cys
50 55 60

Lys Glu Glu Leu Thr Ser Gly Lys Thr Glu val Phe
65 70 15

Leu Leu Glu Phe Ala Glu Gly Asp Ile Ala Lys Val
85 30

Phe &la Val Ile Asp Lys Tyr Pro Arg Arg Val Arg
100 105

Glu Tyr Leu Leu Val Thx Arg Val Thr Leu Met Asp
115 120

Asn Tyr Arg Val Gly Ala Arg Met Val Thr Glu Tyr
130 135 140

Asn Gly Glu Leu Ser Glu Gly Gly Asp Cys Pro Trp

101
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Lys Gln Ile Leu

Arg Asn Ala Arg

1600

Asp Asp Thr Tyr

Gln Ile

Gln Gln
30

Bla Ala
45

Trp Glu

Asn Tyr

Phe Gly

Leu Pro
110

Ala Glu
125

Asp Leu

Ala Val

1615

Thr

15

Gln

GLlu

Met

Glu

Pro

95

Ala

Val

Pro

Leu

Ser

Gln

Thr

Thr

Glu

80

Glu

Arg

Asn

Val

Val
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145

Glu

Phe

Thr

Arg

Phe

225

Arg

Lys
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Thr

ARla

305

Leu

His

Leu

val

Met

385

Phe

Ser

Gln

Phe

Val
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Phe

Asp

Gly

‘Lys

Lys

290

Ser

Cys
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Glu

Met

370

Tyr

Arg

Gly

Asn

Tyr

185

Thr

Glu

Gly

Val

Gln

275

Leu

Val
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Gly

Arg

355
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Met

Pro

Gln

Gln
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Gly

Gly
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Cys

Val

260

Asp

Asn
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Arg

Gly

340

Asp

Gly

Ile

Val

Cys
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Val
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Lys
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Asn
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Asp
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Ser
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Gly
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Gly
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Met
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Ser
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Gly
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Asn
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Asp
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Gln

Gly
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Gly
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Asp

Asn

102

Ile

170

Arg

Glu

Asp

Gly

Asn
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Leu

val
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Met
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Gln
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Gly
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Ser
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Gly
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Glu
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Gly
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Gly
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Gly

Thr
190

Tyr

Ser

Ile

Asp

Ala

270

Leu

Lys
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350

Lys

Met
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Ile

Met
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Iile

465

Phe
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Val
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Leu

Cys
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Sexy
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Ser
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Pro
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Ala

Met

Phe

Pro

Thr

610

Leu
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Ala
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595
Trp
Gly

Ala
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420
Asp
Val
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Pro
Trp
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Thr
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475

Arq

Gly

Ser

Val

Asp

555

Pro

Asn

Thr

Ala

Asp

635

Arg

Asp

Met

Ile

Phe

460

Lys

Sex

Ala

Ala

Leu

540

Ala

Gly

Ile

Pro

Gly

620

Ser

Ala

Leu

Glu

Ala

445

Ser

Ile

Thr

Ala

Ser

525

Ala

Leu

Asn

Ala

Gly

605

Lys

Asn

Val

Asp

Ile

430

Asp

Leu

val

Asn

Thr

510

Ala

Pro

Ala

Pro

Phe

590

Lys

Val

Thrx

Ser

Pro

415

Lys

Val

Asp

Val

Lys

495

Val

Ser

Lys

Pro

Thr

575

Thr

Met

Ser

Ser

Val

655

Ser

PCT/US00/00956

Glu

Asn

Arg

Asp

480

Asn

Gly

Ala

Pro

Lys

560

Pro

Pro

Pro

Met

Axg

640

Ser

Lys




WO 00/42195

Gly Thr

Lys Gly

690

Ile Ala
705

Leu Thr

Ala Glu

Asn Val

His Arg

-770

Gly Ser
785

ARla Gly

Lys Val

Ser Gly

Asn Arg

850

Ser Gly

865

Val Asn

Val Met

Ala Ile

Met

675

Ala

Leu

Met

Phe

Thr

755

Phe

Thr

Leu

Pro

Arg

B35

Arg

Ser

Pro

Pro

Ala

660

val

Cys

Gln

Glu

Val

740

Lys

Thr

Ser

Asp

Ala

820

Thx

Thr

Gly

Asn

Gly

900

Ala

Gly
Asn
Thr
Lys
725
Arg
Cys
Phe
Phe
Asn
805
Ser
Ala
Asp
Lys
Asp
885

Ser

His

Glu

Asp

Ser

710

Asp

Ala

Thr

Glu

Gly

790

Gly

Gln

Ile

Gln

Lys

870

Trp

Leu

Glu

Phe

Ala

6953

Gly

Asp

Asp

Gly

Leu

775

Trp

Arg

Val

Phe

Gly

855

Ser

Phe

Gly

Asp

680

His

Val

Ile

Leu

Tyr

760

Tyr

Pha

Lys

Ser

Ala

840

Gln

Leu

Phe

Val

665

Cys

Met

Leu

Leu

Asp
745
Ser
Val
Val
Ser
Ser

825

Asn

Tyr

Gly

Ser

Glu
905

Asp Leu Ala

104

Pro

Pro

Thr

Phe

730

Tvr

Met

Asp

Pro

Glu

810

Phe

Ala

Leu

Tyr

Cys

B9O

Ser

Gly

Ala

Tyr

Ser

715

Arg

Arg

Leu

Asp

Glu

795

Pro

Asp

Pro

Asp

Ala

875

His

Met

Lys

Asp

Ser

700
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915 920 925

Pro His Leu Cys Ala Axg Pro Arg Ala Arg Ser Ser Trp Lys Tyr Arg -
930 935 940

Gly Gln Leu Thx Pro Lys Ser Lys Lys Met Asp Ser Glu Val His Ile
845 950 955 960

Vval Ser Val Asp Ala His Asp Gly Val Val Asp Leu Val Rla Asp Gly
965 970 975

Phe Leu Trp Ala Asp Ser Leu Arg Val Tyr Ser Val Ser Asn Ile Arg
980 985 9480

Val Arg Yle Bla Ser Gly Glu Ala Pro Ala Ala BRla Ser Ser Ala Ala
995 1000 1005

Ser Val Gly Ser Ser Ala Ser Ser Val Glu Arg Thr Arg Ser Ser Pro
1010 1015 1020

Ala Val Ala Ser Gly Pro Ala Gln Thr Ile Asp Leu Lys Gln Leu Lys
1025 1030 1035 1040

“Thr Glu Leu Leu Glu Leu Asp Ala Pro Leu Tyr Leu Ser Gln Asp Pro
1045 1050 1055

Thr Ser Gly Gln Leu Lys Lys His Thr Asp Val Ala Ser Gly Gin Ala
1060 1065 1070

Thr Ile Val Gln Pro Cys Thr Leu Gly Asp Leu Gly Asp Arg Ser Phe
1075 1080 1085

Met Glu Thr Tyr Gly Val Val Ala Pro Leuw Tyr Thr Gly Ala Met Ala
1090 1095 1100

Lys Gly Ile Ala Ser Ala Asp Leu Val Ile Ala BAla Gly Lys Arg Lys
1105 1110 1115 1120

Ile Leu Gly Ser Phe Gly Ala Gly Gly Leu Pro Met His His Val Arg
1125 1130 1135

bla ZAla Leu Glu Lys Ile Gln Ala Bla Leu Pro Gln Gly Pro Tyr Ala
i140 ‘ 1145 1150

Val Asn Leu Ile His Ser Pro Phe Asp Ser Asn Leu Glu Lys Gly Asn
1155 1160 1165

Val BAsp Leu Phe Leu Glu Lys Gly Val Thr val Val Glu Ala Ser Ala

105
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1170 1175 11680

Phe Met Thr Leu Thr Pro Gln Val Val Arg Tyr Arg Ala Ala Gly Leu
1185 1190 1195 1200

Ser Arg Asn Ala Asp Gly Ser Val Asn Ile Arg Asn Arg Ile Ile Gly
1205 1210 1215

Lys Val Ser Arg Thr Glu Leu Ala Glu Met Phe Ile Arg Pro Ala Pro
1220 1225 1230

Glu His Leu Lew Glu Lys Leu JIle Ala Ser Gly Glu Ile Thr Gln Glu
1235 1240 1245

Gln Ala Glu Leu Ala Arg Arg Val Pro Val Ala Asp Asp Ile Ala Val
1250 1255 1260

Glu Ala Asp Ser Gly Gly Bis Thr Asp Asn BArg Pro Ile His Val Ile
1265 1270 1275 1280

Leu Pro Leu Ile Ile Asn Leu Arg Asn Arg Leu His Arg Glu Cys Gly
1285 1290 1295

Tyr Pro Ala His Leu Arg Val Arg Val Gly Ala Gly Gly Gly Val Gly
1300 1305 1310

Cys Pro Gln Ala Ala Ala Ala Ala Leu Thr Met Gly Ala Ala Phe Ile
1315 1320 1325

Val Thr Gly Thr Val Asn Gln Val Ala Lys Gln Ser Gly Thr Cys Asp
1330 1335 1340

Asn Val Arg Lys Gln Leu Ser.Gin Ala Thr Tyr Ser Asp Ile Cys Met
1345 1350 1355 1360

Ala Pro Ala Ala Asp Met Phe Glu Glu Gly Val Lys Leu Gln Val Leu
1365 1370 1375

Lys Lys Gly Thr Met Phe Pro Ser Arg Ala Asn Lys Leu Tyr Glu Leu
1380 1385 1390

Phe Cys Lys Tyr Asp Ser Phe Asp Ser Met Pro Pro Ala Glu Leu Glu
1395 1400 14905

Arg Ile Glu Lys Arg Ile Phe Lys Brg Ala Leu Gln Glu Val Trp Glu
1410 1415 1420

Glu Thr Lys Asp Phe Tyr Ile Asn Gly Leu Lys Asn Pro Glu Lys Ile
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1425

1430

PCT/USHD/00956
143% 1440

Gln Arg Ala Glu His Asp Pro Lys Leu Lys Met Ser Leu Cys Phe Arg

1445

1450

1455

Trp Tyr Leu Gly Leu Ala Ser Arg Trp Ala Asn Met Gly Rla Pro Asp

Arg Val Met Asp Tyr Gln Val Trp

1460 1465

1475 1480

1470

Cys Gly Pro Ala Ile Gly Ala Phe

1485

Asn Asp Phe Ile Lys Gly Thr Tyr Leu Asp Pro Ala Val Ser Asn Glu
1490 1485

1500

Tyr Pro Cys Val Val Gln Ile Asn Leu Gln Ile Leu Arg Gly Ala Cys

1505

1510

1515 1520

Tyr Leu Arg Arg Leu Asn Ala Leu Arg Asn Asp Pro Arg Ile Asp Leu

Glu Thr

<210>
<211>
<212>
<213>

<400>

1525

1540 1545

T4

30

DNA

Schizochytrium aggregatum

74

taccgcggea agactatccg caacgtcace

<210>
<211>
<212>
<213>

<400>

75

30

DNA

Schizochytrium aggregatum

75

gecgtegtgg geogtecacgyg acacgatgtg

<210>
<211>
<212>
<213>

<400>

76
4767
DNA

Schizochytrium aggregatum

76

1530

1535

Glu Asp Ala Ala Phe Val Tyr Glu Pro Thr Asn Ala Leu

1550

30

30

cgagcagagg ccggccgcgd gcccgagooc gogccgecaga tecactagrac cgcetgcggaa 60
tcacagcagc agcagcagta gcagcagcagd cagcagcage agcagcagcce acgagaggga 120
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gataaagaaa
tgggagatga
ctectocgagt
gacaagtacc
accctecatgyg
gatctecececeg
gagagtggcc
ggcgaccgeg
ggcgagaccc
actctccatgt
cgcgatgget
ttecaccegeg
éccgtcgccc
gacaaggact
ctctgcgege
gtctacggcc
ccectgecact
cagatgctca
ttccgecccgyg
aagggcaagc
ccgtacgeca
agcetcgacc
tttaagggeca
cageccgtct
ggcgccageyg
gcgcocccaagce
gagatgtcct
tcggcctaca
gaccacaccc
aaggtcagca
agcccecgett
gtcaactacc
tgccocccgregyg
atcctcatgg
ctgaccatgg
cgcgcogace
agecatgctcg
ctcttttaca
gceccggecteg
tecgcaggtcect
aacgccccea
gtcgacateg
gtcaacccga
agtctcggtg
gctggcaaag
tggaagtacc
gtgtccgtgg
gacagcctcc

aagcggcaga
ccaaggagga
Tcgcagaggg
cgogcocgogt
acgccgaggt
tcaacggaga
agtgcgatct
tectacegect
tcgagtacga
tcttcttcga
gcgecggett
gcgacctege
cctgectcecea
gggcatccgt
gtaagatgct
tecggtcaget
ttgtcaagga
agatgtacat
tcaacggeca
tecgtctacgt
ttgeccgacgt
gcatcagcga
ccgctctcaa
ttgccaacgg
ccagcgecag
ccgttgceoct
ggcaccccat
agccgcgcaa
cgggcaagat
tgtgcctegy
gggacctcge
gcaacatcga
acgcctggtt
agatcgoect
agaaggacga
tcgactaccg
gcgagatggyg
agggctegac
acaacggccy
cctcctttga
gcggcgocca
tctececggeag
acgactggtt
tcgagteocat
cacggecattg
gcggscagct
acgcccacga
gcgtctacte

gacgatggcg
gcrgaccagc
cgacatcgeco
gcgeectgece
caacaacrtac
getctccgag
catgctcatc

gctcaacacc

cattcgcegte

gtacgactgc
cttcaccaac
cgceoegegec
caagaccaag
ctttggctcc
catgattgac
cgteggtgaa
tcaggtcatg
gatctggctc
coccaacaaqg
catggagatec
caacatcatt
ctacggcaag
gatgcagaag
cgccocgocact
cgcogecacy
teccgagcac
ggccegeatco
catcgeettt
gccgoteaceo
cccegagtte
tctcgtcace
cctegacece
ctacaagggc
ccagacctcyg
catcctette
cggcaagact
cgtccacogc
ctcgttcgge
caagtcagag
cgtgcgeecce
gctcaacogo
cggcaagaag
cttctcgtéc
gttccagcte
ccaacccgac
cacgcccaag
cggecgttgte
ggtgagcaac

108

ctccgtgtca
ggcaagaccyg
aaggtctteg
gcecegegagt
cgcgtcggeg
ggcggagact
tcctacatgyg
acgctcacct
accggcoctteg
tacgtcaacyg
gaggagctey
aagatcccaa

ctcaacgaaa

aagaacggca
cgcgtecacca
aagatccteg
gccggatcocee
ggcctecace
gtccgetgcee
aaggagatgg
gatgtcgact
ggcgacctca
cgectccacca
gtcggccccyg
gccaagectyg
atcetcaagg
ccgggeaace
acgcccttce
tggttcaaca
gccaagttcy
cgegecgtgt
tccaagggta
gcctgcaacyg
ggtgtgctea
cgcaaccteg
atccgcaacyg
ttcacctttg
tggttcgtge
cectggttea
aacggcagcy
cgcacggace
agecctcggcot
cacttttggt
gtcgaggcca
ctttgtgcac
agcaagaaga
gacctoegtceg
attcgecgtge

agacgaacaa
aggtgttcaa
gacccgagtt
acctgoctegt
ccegeatggt
gceccetggge
gecattgactt
tttacggcgt
ccaagegtet
gecgectect
acgeoggoaa
agcaggacgt
aggagatgca
tgccggaaat
gcattgacca
agcgcgacca
tcgtcteocga
tcaccacegg
gcggccaaat
gcttcgacga
tcgaaaaggyg
acaagaagat
acaagaacecec
aggcctccaa
ccttcagege
gcgacgceoct
cgacgecectce
ccggeaacce
tggccgagtt
acgactcgaa
ctgtgtctga
ccatggtcecgg
atgcccacat
cctcoggtget
acgccaacge
tcaccaagtg
agcectctacgt
ccgaggtytt
ttgagaacaa
gccgcaccgce
agggcecagta
acgeeccacyq
ttgactcggt
tcgececgocca
gcceeeggge
tggactcgga
ccgacggctt
gcatcgecte

PCT/USG0/00956

gaagccatge
ctatgaggaa
cgccgteatc
gacecgegtc
caccghgtac
cgtecctggte
ccagaaccag
ggcccacgay
cgacggcggé
catcgagatg
gggcgtcgtc
ctccccctac
gaccetegte
caactacaaa
caagggeggt
ctggtacttt
cggctgcage
accctttgac
ctccccgeac
ggacaacgac
ccaggacttt
cgtcgtcgac
ctccaaggtt
ggcttectee
cgatgtictt
cgccocccaayg
ttttgcgcce
caacgataac
catggceggc
caccagccgce
cctcaageac
cgagttcgac
gcecgtactog
caaggcygecc
cgagttcgtyg
cactggctac
cgatgatgtg
tgccgeccag
ggttceggcc
catcttecgec
cctcgacgee
ttccaagacg
catgccegga
cgaggatctc
aagatcaagc
ggtccacatc
cctctgggcce
cggtgaggce

180
240

300

360

420

480

540

600

660

720

780

B40

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
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cectgeocgecyg
cgctcgagee
accgagetcee
ctcaagaagc
ggcgacctcg
ggcgecatgg
atcctcgget
aagatccagg
gacagcaacc
gaggcctegg
tcgcgcaacy
accgagetcg
gcctcgggeg
gatatcgectg
ctcccgetca
ctcegegted
ctcaccatgy
ggcacctgcg
gcccoccggccg
atgttcccocct
tccatgecctce
gaggtctggg
cagcgcgcocg
ctfgcecagee
tgtggccegy
gtctccaacyg
tacctgeges
gctgeocterg
acagcgaatg
tctttgtgaa

<210>
<211>
<212>
<213>

77
7959
DNA

<400> 717

atggctaaaa
caacagttaa
tttgcagatg
attattgatg
gcagctgaca
atggagtttg
ttaattgtrg
aaaattggta
cgcctacaag
cgcgctatga
ccaggcatgc

cectectecge
ccgctgtocge
tcgagctega
acaccgacgt
gtgaccgctc
ccaagggcat
cctttggcge
ccgeectgee
tcgagaaggg
cattcatgac
ccgacggttce
ccgagatgtt
agatcaccca
tcgaggetga
tcatcaacct
gogttggegc
gcgeccgectt
acaacgtgcg
ccgacatgtt
cgcgegccaa
ctgccgaget
aggagaccaa
agcacgacca
gctgggcocaa
ccattggcge
agtacccctyg
gtctcaacgc
tctacgagcecc

gcgggaggyy
aaaaaaaaaa

Vibrio marinus

agaacaccac
attctegett
ctaaaaactt
tgectagcga
agacatactg
gtttaccgec
ctcgtgatgt
tcacgctggy
gccecggtatt
rtcatcgacaa

taggtaacgt

cgcectoctgty
ctcecggeccg
tgccecegetce
ggccteegge
cttcatggag
tgcecteggeg
cggcggecte
tcagggcecee
caacgtcgat
cctcacceceg
ggtcaacatce
catcecgeccg
ggagcaggcc
ctecgggegge
ccgcaaccge
eggecggtgge
catecgtcacce
caagcagetc
cgaggagggc
caagctctac
cgagcgcatc
ggacttttac
caagctcaag
catgggcgec
cttcaacgac
tgtcgtcceag
cctgegcaac
caccaacgcy
gcgggcetaaa
aaaaaaa

atcgattaag
gcaagaatgt
ggatcaattc
tcgetaggaac
caaacgcggt
aaatatccte
attaagrtgat
tgtcggtggt
agaaaaagta
atttaaaaaa
tattgctggt

109

ggctcctegg
gcccagacca
tacctctcge
caggccacca
acctacggcy
gacctcgtca
cccatgcacce
tacgcegtca
ctcttecteg
caggtcgtge
cgcaaccgca
gccoecggage

gagectegege

cacaccgaca
ctgcaccgeg
gtcggetgoe
ggcactgtca
tcgcaggceca
gtcaagctcc
gagctctttt
gagaagcgta
attaacggte
atgtcgcetct
ccggaccgeg
ttcatcaagg
atcaacctgc
gacccgegea
ctctaagaaa
agatcgtatt

cacgccaagyg
ccgattgces
tgggataaca
attgacgace
ggtttcatte
gagttaactg
gctggcattg
ggtcagaaac
ttaaaagcct
gcctacatcg
cgtatcgceca

cttcgtccocgt
tcgacctcaa
aggacccgac
tcgtgcagcce
tcgtegocceeo
tcgeocgocygg
acgtygcegcge
acctcatcca
agaagggcgt
gctaccgcge
tcatcggecaa
acctecectega
gccgecgttcc
accgececeocat
agtgcggceta
cgcaggccge
accaggtcgeo
cctactcgga
aggtocctcaa
gcaagtacga
tcttecaageg
tcaagaacce
gctteegety
tcatggacta
gcacctacct
aaatccteccg
ttgacctcga
gtgaaccttg
acatagtatt

atgtgttaag
tcattggtat
tcgttgactce
attactegge
cagagcettga
acatcgctca
gtagtgatta
aaatttcgce
caggcattga
gctgggaaga
atcgttttga

PCT/US00/00956

cgagcgeacy
gcagctcaag
cagcggecag
ctgcacgectc
gctgﬁécacg
caagcgcaag
cgccctocgag
ctcgeetttt
cactgtggté
cgccggecte
ggtctegege
gaagctcatc
cgtecgccgac
ccacgtcatce
ccoccocgogeac
cgccgccocgeg
caagcagtcc
tatctgcatg
gaagggaacc
ctecctteocgac
cgcactccag
ggagaagatc
gtaccttggt
ccaggtctgg
cgacccecget
tggtgecctge
gaccgag@at
tcctaacecy
ttteccectac

tagtgatgat
ggcatcggtt
tgtggacgct
tgataaaaaa
ttttgatceg
attgttgtca
tgaecatgat
attaacgtcg
tgaagatgat
gaactcattc
ttttggtggt

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
37290
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4767

60

120
180
240
300
360
420
480
540
600
€60
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actaactgtg
tcagacttac
tcgecattca
cgtcegtetg
tttaaacgtc
atcggtacat
goaaaageygce
attgaaggcc
aaacactttg
caaattggtc
ctgcatcata
atcaaaaaca
ggtattccac
attttagaaq
actgtgttga
actaaactgg
tggccattaa
aatgaagcga
atgacatggt
aaagtggttg
acctgtaact
gctggtttag
cgtaagctac
ttgagtgttg
ggtcatagtt
tacatgatgt
gatgcaggra
acccttgatg
actacggagc
ccactgccqgg
gctaaagegg
acaggcttgg
ctggaatctg
tttatcgaat
aaatctgatyg
atgcgccaag
tacgacgccg
tctgcagegt
ggctggactrg
gaaaagatcyg
gaagtagaaa
gacgttaaca
gctgacctrg
ttattaaatg
aacgtacttg
atgtataacg
acgagcaaca
actcaggtag

tggttgatgc
ttgaatatcyg
tgtatatgtc
atgacgattc
ttgaagatge
cttcagatgg
taaaacgtgce
atggtacggg
gcgocgeocag
atactaaatc
aaatcttace
gcccgttata
gtegtgcagg
agtatcgccco
tctcggecaaa
ctgtegatgce
aaaccccate
tcgegatgat
cagtacctac
cgctattctc
tcccaageat
gccagttatc
asagaagagca
gtetgttcaa
tcggtgagti
tagcgcgtag
agatggcoge
atgtctctat
aggttgctgt
tatctgctge
trtgatagcge
tgcattcaag
ttcatttcaa
ttggtccaaa
tgactgctat
ctgcocgectgea
ttaagcgtcce
cttatgttag
ttaagcaagc
ttgaagttga
aaatcgtcta
gcgetgttge
ttgcctctat
tacatgaaca
ctgcgcagac
agttccaatc
tgaacaccat

tgaatacagc

ggecatgcgct
ttcagaagtc
attctcgaaa
aaaaggeatg
tgaacgtgac
tcgtttcaaa
ttatgaagat
taccaaagcg
tgatgaaaaqg
tgcggetgge
tgcaacgatc
cctaaacagc
tatcagctca
aggtcacgat
cgaccaacaa
tgatcatcaa
cgttaaccaa
tgatacggca
cggggtttac
agggcaaggt
gatgcacagt
tgcagttact
attacgttta
aacgtttaag
aaccgcatta
tcgtggtcaa
tgttgttggt
tgctaacttc
agcggttaca
gttccataca
raaatttaaa
caaaccgaat
tcaagaaatt
gaatgtatta
cgcggttaat
aatggcagtg
acttgttgceg
tccgaaaacg
gaaagctgta
aaagatagett
cgttaatgct
tagcaacgtg
tgaacgcagt
gtttatgcaa
gagcaatgaa
agaaacgcta
gcttactggt
cgttgccact

1106

ggctccettg
atgatatcgg
acaccagcat
ctggttggtg
ggcgacaaaa
tctatttacg
geocggttttyg
ggtgatgceg
caatatatcg
tctgecgggta
catatcgata
gaaacgegte

tttggttttg

agcgcatatc
ggtattgtty
gggtttgtat
gectcgtttag
ttgaaacaat
tatcgtcaag
tcegecaatacg
getgcggega
tteecctatce
acgcaacatyg
caagcaggtt
tgggctgecy
gcaatggctyg
gatccaaagce
aactcgaata
accttaggta
cctttagttc
gcgccaagcea
gacattaaga
gacaacatct
actaaattgg
gctaatccta
cttggtgteg
ccgaaagcat
aagaaagegt
cctgetgttg
gaacgcattg
gacggttcgc
actaatagct
gttggtcaat
ggtccacaaq
ttaccggaaa
cgtgtacatg
gctgaagetg
agtcacaagg

cagctgttaa
gtyggtgtatg
ttaccaccaa
aaggtattgg
tttattctgt
ctccacgece
cccctgaaac
cagaatttgc
ccttaggcete
tgattaaggc
aaccaagtga
cttggatgec
gcggraccaa
gcttaaacte
ctgagttaaa
ttaatgagtt
gttttgttge
tcaatgcgaa
ccggtattga
tgaacatggy
tggataaaga
ctgtttatac
cgcaaccage
ttaaagetga
atgtattgag
cgccagagca
aagtogetgt
accaagttgt
atgctggttt
gtcacgegca
trccagrgtt
aaaacctgaa
atgctgatgg
ttgaaaacat
aacaacctgc
cattagacaa
caccaatgtt
ttgctgatge
tgtcacaacc
tcgaagtaga
ttatatecgca
cagtgactca
ttgttgcaca
actacgcgaa
gtctagaccyg
aaacgtacct
atgtgctagc
tagttgctec

PCT/US00/00956

aatggcgatc
ttgtgataac
tgatgatatc
catgatggcg
actgéaaggt
agatggccaa
atgtggtcta
tggcttgacc
agttaaatcé
ggcattageqg
agccttggat
acgtgaagat
cttccatatt
agtgagccaa
taactggcgt
agtgacaacg
gcgtaatgcea
cgcagataaa
tgcaacaggt
tecgtgaatta
gttcagtgcc
ggatgccgag
gattggtagt
tttegetygec
cgaaagcgat
acaagatttt
gatcattgat
tattgctggt
caaagttgtg
aaaaccattt
tgctaatgge
aaaccacatg
tggccgcgta
tctcactgaa
ggacgtacaa
tattgacccg
gatgaagtta
attgactgat
acaagtgatt
gcgtattgte
aaataatcaa
tagcagtgat
ccaacagcaa
aacagtgcag
tacattgtct
gaacaatcag
aaccccaata

agttattgct

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
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aatacagtga
gtygcattag
ttggttgcta
attacaccat
aacaaagtaa
ctgagcatgg
ggcgeagtac
ctacgcacge
acaacagtac
cacatccaaa
ctagaactga
atcttaggtg
gctgaattac
gaaagtgcgc
aaccacattc
atgctagaac
gaaatattag
ctcgctgaat
gctgagagty
ttaaaccata
gacatgttag
gtagaaattt
gatcttgctg
gtagctgaay
tcagcaccgt
aagactggtt
attgattcaa
cctgaactaa
atgcaaagca
gtatcagatyg
gcggaattta
aaaataagcc
getgtgttac
acttgggtag
aatggegttyg
gttatctatc
caaggecctga
gtgcgtggeyg
gattctgcta
gttaagacac
tcattaacgyg
gtattaacag
ggtgtggcta
tetttagtga
gaatatcadgt
tgggcaagtyg
acagcaggtyg

aatcgtgaaa

cgaatgttgt
cgecctacgea
tcgtggetga
cagttacacc
tgttagaagt
acatggaagc
aggaattgat
ttggtgagat
ctgtaacaag
acgtaatgtt
gcatggatat
cagtacagga
gcaccctagg
cagtggcgac
aaacagtgat
ttggcatgga
gegecagtgea
tacgcacgct
cgcecagtage
tccaaacagt
aacttgctat
taggtgeggt
aactacgtac
cgcctgcagt
ctatcgattt
atcctgeccaa
tcaagcgtgt
acccagaaga
aggcgagtgg
cattratgca
aaccggegec
aagattgtaa
ttgcagacca
ctgtaacaac
atgaaactga
tgcacgcaag
tgttagecectt
cctttatgat
caagtcatga
tgtctcacga
ctgaacaagt
aagtgggtta
ctgacagcta
gtggtggcge
ctaagttecat
gtattactga
ataaaccaac

ttgcgeaaac

atctagtgtc
agaaatcgct
acctgtgatt
agttgrtcdca
tgttgctgat
tgacttaggt
ccctgactta
tgtecgattac
tgracctgtt
agaagtggtt
ggaagctgac
gatcataact
tgaaatcgtt
ggctectgta
gatggatgta
catggaagct
ggagatcatc
aggtgaaatc
gacggcttct
gatgatggaa
ggacatggaa
acaggaaatc
attaggtgaa
acctgttgea
agaccacatc
tatgecttgaa
tgasattota
cttagctgaa
tgttactgta
aagcaatgtg
gagcgcaace
aggtgctaac
cctattgcaa
gacgaaagca
adatcaacaac
tagcgaaatt
cttattageg
tgttactecag
tgtgaaaaca
gtgggataac
tgcaagcett
tcaacaagct
tgcattaaca
aaaaggtgta
cttattggga
tgaagcggceg
accegttaag
crtgtetgea

111

agtaataacg
tcaacagtcg
gttgcgeatg
actcaagcgg
aaaaccggtt
atcgactcaa
cctgaactta
atgaattcaa
tcgectgeat
gcagacaaaa
ttaggtattg
gatttaccty

agttacatgc

gcaacaagct
gttgcagata
gatttaggta
actgatttac
gttagttaca
gtagcaacaa
gtggttgcag
gctgacctag
attactgact
atcgttagtt
gtagaaagtg
caaaatgtaa
ttagcaatgg
ggcgeggtac
ctacgtacgt
aatgtagtgg
gcgactataa
gttgctatct
gccttaateg
actggctgga
tttaataagt
attattactg
aatgectatcg
aaattgagta
cagggtggtt
gacctagtac
gtattctgtce
gttagtgatg
ggtaaaggcc
gctggcaata
actgcacatt
cgttcaacgt
ttaaagaaag
atcgtacage
attaccgctyg

cggcggtigce
ctactacgcca
ttgetacaga
ctatcgatgt
atccaacgga
tcaaacgtgt
atcctgaaga
aageccaggce
ctgeoctggtat
ccggttacen
attcaatcaa
agctaaaccc
aaagcaaage
cagcacecgtc
agactggtta
tcgattcaat
ctgagctaaa
tgcaaagcaa
gotctgeace
acaaaaccgg
gtatecgatte
tacctgagct
acatgcaaaqg
cacctactaqg
tgatggatgt
acatggaagce
aggagatcat
tagaagaaat
ctagccctga
cagcggccgo
ctcgtctaay
tagctgatgg
atgtaactge
cagtgaacct
ctaacgcaca
aatacccaca
aagtaactca
cattaggttt
aaagcyggett
gtgcggttga
gactacttga
ttgaacgtat
acatcgatgc
gtgttgctcg
tctcaagtga
cagcgatgca
taatcaaacc

ctggtggcca

PCT/US00/00956

agtgcaaact
agcacccgca
agttgcacca
agcaactatt
tatgétggaa
tgagatactta
tcttgetgag
tgtagctect
tgatttagéc
aacagacatg
gcgtgtggaa
tgaagatctt
gcecagtogot
tatcgatttg
tccaactgac
caaacgtgtg
cccagaagac
agcgecagte
gtctatcgat
ttatccagta
aatcaagcgt
taaccctgaa
caaagcgcceo
tgtaacaagce
tgttgctgat
cgaccttggt
tactgattta
tgtaacctac
aaataatgct
agaacataag
ctectatcagt
cactgataat
attgcaacca
ggtgacttta
attggatgca
agcatctaayg
agcecgctaaa
tgatgatate
aaacggttta
tattgcttcg
tgctaacact
cacgttaact
taactcggta
tatagctaaa
cgaaccgagec
gtctttgatt
aatccaayct

agctgaatat

3600
3660
3720
3780
3840
3900
3960
1020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
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gtttectgcag
aagttcggty
gagcaaaaaa
tcgetactat
gctggtttet
aaaaccgecat
ggtecttggy
gtttacatta
gataaccgtt
caaaagtctyg
gctttagtaa
getttatcayg
atcaaaggca
aaagcgactt
ttgtttaaag
cctgtgacaa
ctgaaaagtyg
ccacttaatg
aaagtaacty
ctgcagggca
ataaccgatg
gccaatgatt
agcttacctt
ttétatctgc
cgttgtgata
caagtcagtg

<210>
<211>
<2l2>
<213>

78
2652
DNA

| <400> 78

atgacggaat
cgtgtggaac
gaatctaatg
tctgtcagte
attgctgatg
aaacagtgtg
gatttagtta
ttatctcgtc
ggttataaca
gctaagcaac
caatttaacg
actgcagagc
tctgaaagcce
agcagtgccc
aaatgtgtaa

atgtaactaa
caatcactgg
cactgagtga
cagtcactga
acggtaacce
accgetitaa
acggtggcat
ttccacttga
gtccacaaat
atgaaaagag
ctaaaagtat
acagtagtgc
atcaggtatt
atagtaaccy
gtgtggtttt
gggcgtcaga
acggtaaacc
ctgtgaaggt
atgaagcaca
ttaagcagat
ttgcaacagc
tggtttatca
cggtgacaac
aacttaatgt
ttcaattgat
tcagtgacat

Vibrio marinus

tagctgttat
gegotttota
ttattagcas
tactagcgea
taaaaagtgce
cgagttgtgt
ataaccaaga
atgatcttga
atgtagetgg
gttatatata
ttggaaacat
aggttggttt
aaggtttaat
gtagtgtgac
ttggtttaca

tgcagcaagc
catcattcat
ttttgagtet
agcaagcaac
cggcecagtcet
atcattgcac
dggtaacgcct
tgcaggtgea
cctecgtgggt
tactgctgta
caaagcgact
ttttcaggtt
acgaacggta
agactgtgca
tgatggcaat
acaggattct
tgtgtttcat
agaacttccg
agcgttatac
attaagttgt
taagcaggga
ggctatgttg
ggcttggact
tgttgagcat
tgctgectgat
tttgaacgat

tggtatggat
tgaaggtget
tggcgaagaa
aacgaatcag
tgatgatcag
tgttattget
ctgtcctgtg
atctgtaact
gttcgcgagt
cgccaacatt
tagcgatact
gttagaagtg
gtctgottat
tggtgaagge
tcaacgttat

112

gtacaaatgy
ggcgcgggty
gtttacagca
atcaagcaat
gattactcga
ccacaagctce
gagcttaaac
cagttattgec
aatgacttat
aaaaagccac
aacagtagct
aacgaaaacc
tgcgecgattg
ttgaagtatg
gaggcggedyg
gaagrtccgta
tatgcagcga
acattgacag
agcaatggca
gacgacaagg
tcettceoogt
gtctgggtge
gtgtatcgty
gatctattgg
atgcaattac
atgtcatga

gctaaattta
tatgtaggta
caagttatta
ttaaatatag
cttgtagtce
gatttaggcc
gctgtaattg
gcaacaatca
ttacttatcy
aagggetteg
gcaaagaccqg
tcagecagteg
catcatacgc
gggcgtttet
attececggega

cagtcgetec
tgttagctga
ctaaaattga
tggtattgtt
ttgccaatga
aagtattgag
gtatgtttga
tgaatgaact
ctaaagatgc
aagttagtcg
ctttatcaaa
actttttage
cttggatgag
tcggtttega
attaccaaat
ttgccgeazaa
caatattgtt
aaagtgttga
ccttgttcca
gcctgetatt
tagctgacaa
gcaaacaatt
aagtggttgt
gttcacygcgg
ttgccgaagt

gcggacaaga
atgttageccg
ctgcocatgac
ctgatatege
aaattgcatce
aagcattaaa
gcatgaataa
gctttgatga
cttcaactgc
ctcaatcggyg
cattgcagca
ctgattcecgge
aaactttgca
cacaggtege
ttaaagattg

PCT/US00/00956

agctatcget
ccaattcatt
cggtttgtta
ctcgtcageg
gatcitaaat
ctttaactgy
ccaacgtggt
agccgctaqt
tagctctgat
tttatcagat
caagactagt
tgaccacatg
tgatgcagca
agactataaa
ccaattgtcg
gatctttage
agcaactcag
tagcaacaat
cggtgaaagt
ggcttgtcag
caatatcttt
tggtttaggt
agatgaagta
cagtaaagcc
gaaatcagcg

caatattgac
cgttagtacc
agttcttaac
ggtgttgctg
agcaattgaa
tcaagtagect
ctcggttaat
aaccttcaart
gtttgccaat
cgtaaatget
agctagcata
aatcgecattg
tactgcatta
aggttrartg

gcaacaaccg

6480
63540
6600
6660
6720
€780
6840
6900
6960
7020
7080
7140
7200
72€0
7320
7380
74490
7500
7560
7620
7680
7740
7800
7860
732G
7959

60

.120

180
240
3C0
360
420
480
540
600
660
720
780
840
900
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agtgacaatc
cettggttcc
gacagctatt
acagtcttgc
ccagtagetg
gtacaaggta
agtactactg
aatgatacta
aaagaaataa
tggaaaacce
agcacacaga
gggcgtgatc
gacattggcyg
tttaaagaac
gceggtgtgg
gctgacttty
tggcagcaac
ctttgeggcyg
acgttegagce
gcetetgeag
ttagccggtt
gcdttgaata
gttgagetat
tgttatttac
tgtgatgtgg
ttcattgaaa
ggcgatggceg
accagtgatg
ttgaatttag
acgaacaaat

<210> 79
<211> 6057
<212> DNA

aaatgtcacg
cacatgcetga
gtcatattct
aagataatga
atctgecgeac
atgacgaagc
gcataagtac
acaaagccta
ccttggogtt
cgaagggcayg
atggtgtcac
tattrtcatct
aaagtctaaa
tcaagcagtt
gttttgettg
ctacaggtta
cgggattgat
agttaagaac
agatctggga
atgaagatcg
atccagaagce
tggcgaacgc
accatatgga
cgattcecaca
tggatttcce
tgggtccagg
ataataaaaa
aacttactta
atagcttgtt
ag

<213> Vibrioc marinus

<400> 79

atggatttaa
ccgggcteac
agtaaggcga
gacacagata
tcaggttacc
ctttatgtta
aactgtggtg
atgcetttgt
caattaacgc
tatccagetd

gcggetrgtg

agagagtaat
aagcaccgga
ccgctgttca
aattttactg
aactcgataa
cgaaacaagce
tgattttagg
atcatcaagt
attacacagce
cattgatcgce
cttcatcttg

gtggcggaat
tggctctgea
tttacaagaa
cttaactgaa
taatggttac
acaattacgc
tatcagtatt
tagcgcagtg
tgctggtatc
ttattttacc
cttecatgtac
attcccacag
agatacttta
ggatctggac
tgtgtttacc
tagcatgggt
gagtgctege
actacgteag
aacctatacc
tgtgtattge
Cctgtcagcga
aattcacagc
tgttactceca
acgcagcaaa
acgtttggtt
tegttegtta
gcaaagccaa
tattcgtgeg
taacgggtca

tatggaaaat
tcaattttgg
aatgggcgtt
tgtgcacggc
tgattattta
cocttacegat
taatttgtca
tgttgataat
accgaaaaaa
gcaagcggceg
ttatagcgtt
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tcaccattet
cacattgcecyg
aacgtcttac
agcaagcttc
tttgecatcga
tgtgaattag
aaacagatcg
cttattgccy
gctagecgtgt
gcgecagectg
ccaggtattyg
atttatcagc

.cttaatccac

ctgcgecggta
aaggtatitg
gaagtaagca
cttgcacaat
cattggggea
attaaggcaa
accattatca
gtcattaaga
gcgccagett
cgtattaata
gcgattteoe
aataccttac
tgtagctggg
catgtatctg
attgctaagt
atcctggtta

attgcagtag
cagcaattgce
gatcctgeta
ggttacatca
geccggtttag
gcgyggttatt
ttccecaacta
gccttaaagg
acacatgctg
ggtcetggty
aagttagecgt

atatgecctgt
cttatagttyg
aagaacttgt
agactcttga
gcgagttage
aaactattac
cagcagactg
agactgectga
ttaatgaaga
caaataaaca
gtgctacata
ctgtagcggce
gcagtattag
acttagccaa
aagaagtctt
tgtatgcage
cgaatacctt
tggatgatyt
cgattgaaca
atacacctga
atttaggtgt
atgccgaata
ccaagatgta
acagtattgc
atgacaaagg
tagataagat
ttcetgtgaa
taattagtca
aagcaggcca

taggtattgc
ttgaacaaca
aatataccgc
gtgatttcaa
atgaccttaa
ggggcagtac
aatcatctaa
cggtattaca
acaatgcatt
gttcacattt
gtgattacct

PCT/US00/60956

agatgctcga
tgtgactgct
tttgaaagaa
acaaaacaat
attaatcata
agggcagtta
ttatgccecgt
agagttaagc
tgctaaagéa
ggctgctaac
tgttggttta
tttagccgat
tcgtcatage
tatcgctgaa
tgccecgttaaa
actaggctge
taatcatcaa
agctaacggt
ggtcgaaatt
tagcttgttg
gcgtgcaatg
cgatcatatg
ttcaagctca
taaatgtttg
tgcgcgggta
cttagttaat
tgccaaagge
tggcgtgaat
tatagcaaac

taatttgtto
agattgccge
caacaaaggt
ttttgatget
tcaatggggy
tgcactagaa
tcagctgttt
tectgatttt
agtagcaggdt
tgcactggat
gcatacgggt

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
15860
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2652

60

120
180
240
300
360
420
480
540
600
660
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aaagccaaca
ggtttctcga
tcacaaggtc
gcagtacgtg
ggtaaaggcy
gcttatgeeg
ggcacaccta
aataacaaac
ggtatgcctg
attaacttaa
acgacgactg
ggtgtgagcg
caaacactcqg
atggacagcc
aatcaaaata
aacgtcatge
gatattgatt
cagttaatga
cgtaatgttyg
cgcgrtaatc
gttgagcaac
ctdaatcagt
gatttttetg
gaéttagctg
gatttgtctyg
aagggatctg
cttgatcagc
tcgcaagtca
agcaatgcga
gctgctgatg
gaaaaaaccy
attggtcata
gatcagaata
gataacagct
gcgectgrat
ggtcagttaa
gcgecagtttg
aagccccaag
actcaagett
gcaccaaacc
caacatcaac
cataaagcaa
cgtttagctg
'caaactggta
aatcctgtat
ctaaccagta
ggacctgttyg
aacgtgattt

tgatgcttgc
tattccaagce
tatttgccgg
atggtgatca
agtttgtatt
atgcagatgt
agagtgacaa
cattactggyg
gcatgaccaa
agcaaccact
tgtcttggcc
tatttggttt
agactaattt
attttggtag
cctteccgtga
agtcgttaca
tcttgegttt
tgatgcaagt
cggtattagt
taaccacceca
gtgaagaact
atacgagttt
gtcctgetat
aaaatctatt
gttcaattga
taagtgaatg
aacaatggct
ctgctgagca
aagcaattac
tagctagtgt
cgttaccgac
cgtttaatgce
cgagtcaaga
gcgcgeatct
ctggtatggce
ttagcaacge
ccggtaagea
gtattagcge
ctaacatteca
aagttcaaaa
acacagegcea
gtaaccaaat
cacagaaaaa
gtgacaatac
cagcaacgce

.cagaagcaaa

gttacaacta
acgatcaagc

tggtgcggta
ttacccaget
tgaaggcgeyg
tatttacgcce
aagcccgaac
tgacccgagt
tgttgaattg
ctcggttaaa
agcectatgtra
gcaatctaaa
aacaactccg

tggtggcage

tagtgttget

tgccagtaat
attaccagaa
attacgcaaa
taaagtacceyg
ggcagacaat
agcgatggge
aattgaagac
gaccaatatt
cattggtaat
taccgtatcg
fcaaaccagt
aaacattact
tggtcecggtt
ggtgggtgaa
agtttatgeg
gattgcagcg
tgaagcacat
tttataccca
cteggygtatg
tcagaaaage
tatcttatcg
caagcaacgce
gattcgttaac
cttaaacaaa
tcatgcaace
agcatcteat
tatgcaagct
gcoogtageg
tcatcagcaa
cctatcgcaa
atctaacaat
attaacactt
agcgcaagcea
tccaccgetg
tgatttggtt

114

tctgcageag
aacaatgtac
ggcatgatgg
attattaaag
accaagggcec
acagttgact
cgttcgatgy
tctaaccttg
gcgctaggta
aacggttact
ggtgccaagg
aacgcccatt
aaaccacgtg
ttagcgcagt
caacgctgga
gcgccraaag
cckaatgaaa
gctgcgaaag
atggaactgg
agcttattac
gctaaagacg
attatggcgt
gectgaagaaa
gatgttgaay
ttacgtcagc
adatgaaagca
ggcgcagcgyg
cgtattgatg
gataaagcat
gcaagtggtt
agcgcaagta
gcgagtatta
aaacatattg
agttcagcgce
ccacagttag
agtgcgagtt
gttaaccagc
aatgagtétg
gttcaagcgt
scagcagecy
gcaccgagcyg
gcgtctacgc
cttgttgaat
actgcgtcaa
gtgtctaatg
gctgctacac
cagttaattg
gaattegetg

atcctatgtt
atgcceccgtt
tattgaaacg
gecggegeatt
aagtattagt
atattgaatg
aaaccttttt
gtcatttgtt
aaggtcttat
ttactggcga
cagataaacc
tggtattaca
agcctttgyge
tcaaaacctt
aaggcatgga
gcagttacgt
aagattgett
acggaggtét
aattacatca
agcaaggtat
gtgttgcete
cacgtatttc
actctgttta
ccgttattat
actacggtcc
gttecagtaac
ctattgtcgt
cggtgagttt
taacacttge
ttagtgccga
tcagtteggt
ttaaaacggc
ctattaacgyg
aagcgcatca
ttaaaaccat
catctttaca
cagtgatgat
tggtgactgg
caagtecatgce
ctgtaagttc
ttgttggagt
ataaageatt
tgcaaaccaa
caagcaatac
cgectgtagt
aagctggttt
aacgttataa
aaggtgatat

PCT/USO0/00956

cgtaaatatg 720

tgaccaaaat 780

tcaaagtgat B840

atcgaatgac 900

atatéaacgt 960

tcatgcaacg 1020
cagtcgcgta 1080
aactgccget 1140
tcctgcaacg 1200
gcaaatgcca 1260
gcgtaccgeca 1320
acagccaacy 1380
tattattggt 1440
attaaataat 1500
aagtaacgct 1560
tgaacagcta 1620
gatcccgeaa 1680
agttgaaggt 1740
gtatcgtggt 1800
taacctgact 1860
ggctgcacag 1920
gycgttatgyg 1980
tcgttgtgtt 2040
tgetgectgtt 2100
agttaatgaa 2160
caacaatatt 2220
taaaccgtca 2280
tgcecetggt 2340
tggtatcagt 2400
aaataatgct 2460
gaaagccaat 2520
gotgetgtta 2580
tctaggtecgt 2640
agttgcacca 2700
caaactcggt 2760
cgctattaaa 2820
ggataacctg 2880
agctgctaac 2940
acaagagata 3000
accecctttct 3060
gactgtgaaa 3120
tttagaaagt 3180
gectgtcaatc 3240
agtgctaaca 3300
agcgacaaac 3360
tcagataaaa 3420
taaaccagaa 3480
tggtaaggta 3540
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tttggtgetg
gattacttgt
tcatacatgt
atccettggt
ggtattgatt
ttcecttgaag
tatgcacgta
aagaaggtac
gatggtaaaqg
tcatcattca
aagttggtta
aatccatcat
gacccaaccg
gagcakttggt
tcggaaggtt
gtgaacaacg
caagtactgc
catccacagc
gatttcaaaa
acactgccga
gcatcttcac
cctigaacgtc
acaccgatta
gcéccqttta
ggtcctgatt
caagttgtta
agetgtgtag
gaaaactgga
tctggttaca
gatggtageg
tcagtcettygg
atgtctgtag
gaatcactga
gataacaata
ctgtataaag
atcgatacag
gaacgtacga
atgeocaggtt
aatgatttgg
tggaaatace
actgagatcg
gatggtctge

<210>
<211>
<212>
<213>

B0
1665
DNA

aatacaatat
tagtaacacg
gtactgaata
ctgttgcegt
tccaagcogaa
agatggettt
acggcgagca
ttatcatgcg
gogttattca
cgecegttatt
atggtgatgt
tgaaattcte
gtggtcattg
atttececcttg
gtggccaaat
ctcgttteca
cacagcgcaa
cattcatgaa
acttgagcgt
gtaatgtgge
cegaetaacaq
cgttaatgcy
agcattttga
caccttggea
ttgatgttta
ctcaggtigt
ctgaatacta
tgcettattce
tgggcacgac
gcacgttatt
ttagtacggc
atggcgagcet
ctaaccaact
ccecccgeage
cgcctgtgga
tgtcagtggt
ttgatgctga

cattaggtgt.

gtggcaagtt
gtgggcaaat
tgaatgacgc
gtatttatga

Vibrio marinus

tattgatggce
tgttactgaa
tgatgtgcet
cgaatcaggc
aggcgaacgt
tggtggcgat
attattattc
taatggttgt
faacgacaaa
acaacataac
tgccagttgt
gtctgagaag

gggactaggc

tcactttaaa
agcgatgtte
accactacca
taccttaact
agctaatatt
gatgatcagc
gcttaaagceg
cgcggatcta
tgttgagtca
agegeetget
tatgtttgag
tgaaggtegt
agaagtgcag
tgtaccggaa
attaatcatg
gecttaaatac
aaagcagatt
tattgectggt
attttatact
gygcattgat
gaatattgat
taaaccgcat
tgaaggcggt
tgattggtte
tgaagctatt
tgctaacccea
tacgccgctyg
tggtgaagtg
agttaaaaac

115

tatccgegte
cttgatgcca
gttgatgeac
cagtgtgatt
gtttaccgtt
actttacgtt
ttcttccatt
gctggtttet
gacaaagctg
cgtggtcaat
tttggtcege
tteottgatga
ctgttagaag
ggtgatcaag
ttcatgetgt
gygtgaatcac
taccgtatgg
gatattttge
gaacaagatg
attactgcac
gacgaacgtg
gacttgtctg
gttgctggte
tttgcgacyg
attccacctce
gacgaacgtc
gacgcttggt
gaaattgcat
cctgaaaaag
gatttacgcg
ggcgegatta
gdgtaaagctyg
aacggtaaaa
gtgtttgatt
tataaattgg
ggtaaagcyg
ttcecgttatc
attgagttga
cgtttcatty
aataaacaga
cgaatcgtty
atcgttttaa

gtgtacgtct
aggtgcatga
cgttcttaat
tgatgttgat
tacttgattg
acgagatcca
acgattgtta
ttactgacga
agtttagcaa
acgattataa
aatatgatca
ttgaacgtat
gtcagaaaga
taatggctgg
ctcttggtat
aaacggtacg
aagttactgc
ttgacggtaa
agcattcaga
ctgttgegte
gtgttgaacc
caccgaaaaqg
atcatagagt
gtaatatttc
gtacaccttg
ttgatcttaa
actttactaa
tgcaaccaaa
atctgttctt
gcaagaccat
ttecaaagttt
tatttggtta
cgactaatgce
taactaatca
ctggtggtca
gcgtggetta
acttccacca
tgcagaccta
cgccgatgac
tgtcactgga
gtgatgcgaa
gtattgttga

PCT/S00/00956

gecaacctca 3600

atacaagaaa
tgatggtcag

3660
3720

ttcatatate 3780

tgaaftaact

3840

cattgatteg 3900

cgtaggggat
agaactttqt
tgctgttaaa

3960
4020
4080

cgacatgatg 4140

aggtggceegt
taccaagata
tttagaccet
ttcgttgatg
gcataccaat
ttgtecgtggg
gatgggtatyg
agtggttgtt
ttacectgta
agtagcaceca
gtttaagttt
caaaggtgtg
gcctaaccaa
taactgtttc
tggcgattta
aaatccatca
aaacagccat
tggcettatt
ccgtaacctt
tgtgaataaa
cacgtttgat
ctttagtggt
gtggtttgtt
gtcattggct
gatgaacttt
tgtttatgge
agatccggtg
tgcgetrtaaa
gcaagttgat
cgtgcatatc
tctgtctaaa
agcgtaa

4200
4260
4320
2380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580

5640
5700
5760
5820
5880
5940
6000
6057
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<400> BD

atgaatatag
ggttttaaca
acacaagatg
aataattcag
aacatcgatg
gatgcttaca
ggtattgcct
ggtgctgeag
ttaccaaatg
cgtggcgcgqg
cttggtttaa
ggcagtgtta
cgctttatgg
acccctgaac
gocggattetg
ggtctgcgty
ggtggtggta
atcgttotyyg
aaactgttat
gaaatgggtg
aaattgtatg
gagaagattg
getttettta
aaaatggcac
gagaagggac
agctgggtga
ttgcatatgce
gttagettaa

<210> 81
<211> 2910
<212> DNA

taagtaatca
ataacaacgc
cagaaattaa
gcgtaactgg
ttgatgtatt
agaaacagca
cggttgaatt
gtctagtgeo
gcecttatge
ttgaacgttt
ctgaacacat
atatcggtaa
aacctgcace
aagctgettt
gtggtcatac
atgaagtgca
tcggaacgco
gttctgtgaa
cgacagttga
tgaagctgea
acttgtatgt
aaaazacaaat
ctgaacgega
ttatcttceg
gtgaaatgga
aaggttctta
ttaaaggtgc
gtacagaatt

ttcggcagct
aattaactgg
agcagcttta
tatagctaat
ggcgtttgeg
cggcgttaaa
ggttgttgcyg
tgatgcggtt
ggttaacttg
cctaaaactt
tgtttggtat
caaggttatc
gcaaaaatta
agcgttgcett
agataaccgt
agcgaagtat
tgaagcaqgca
tcaggegtgt
aatggctgat
agtattaaaa
ggcttatgac
cttcegtgea
tccagaaatyg
ttggtatett
ttatcagatt
ccttgaagac
tgcgtattta
ggeaagttat

<213> Shewanella putrefaciens

<400> 81

atgagtatgt
ttaacagcct
gaaagagtcg
gtcgtecagee
ctagcagaat
tcaagcgcag
ttagtcaacg
actataccaa
tatggttcgg
tttgagttta
tttgacatte
ggttatgaac

ttttaaattc
cgctagetat
cagtgaccgg
tttcagecga
tacctgcetat
gtgttagctc
gtaagcgcta
ctagcatgat
acgctgtate
acgcacgtac
tgggtggtgc
gtacaaaaga

aaaacttteg
geoctgttttt
atcgcgaatc
agaactgaca
tggtgcaacc
agcagacttg
cgttgcegge
ctcgcgagrt
aggtgttatc
tagcggttct
aaacgttgea
agtcatggct

116

acaaaaaagqg
gcttggaaag
atggatctaa
catacgtcag
caaaagttaa
tatgettate
ttaggtaaaqg
gaagatgcaa
atccatgcac
ggcgtcaaga
cgtgctgetg

gctaaagtat

ctggataagt
gtacctatgg
ccgtttttaa
aacttctcte
ctcgetgeat
gttgaagcgg
gtgactatgg
cgeggttcta
tcgattgaag
aacctagacg
ctageccgtyg
ggcctttett
tgggecaggcc
tataccegee
caacgtgtaa
cgtacgagtyg

cgctcagtca
gcagaagaaa
gctaaagecag
aaatttggta
aacactatta
cgtcgtctag
caaccggget
gagattgtaa
aacgttatcc
actgaaagtg
gatggacgtg
accgacattc

aattaagaat
tagatccagce
ctaaacctct
tagcaggtgc
acccagaaga
atggcggtge
cagggectgtt
ttegtegtat
cagcagaaga
cggtagagge
gtctaactaa
cgegtacecga
tattagaaca
ctgatgatat
cattattacc
ctgcattacy
ttaacatggyg
gtgcatctga
cacctgctgce
tgttcgcgat
atatcceage
agatttggga
caacgagtag
cacgctggte
caagtttagg
gtggcgctgt
accagttgaa
attaa

aacttgccat
ctgctgctga
agctaactca
atcaagattt
ttggtaataa
gtgctaacag
cagctgaggt
ccggeggtge
ttaaagaaga
taggcactca
gtaatgtaac
gccaattcga

PCT/US00/00956

gtcgagttta
gtcagttcat
ctatgtggcyg
qatcégcaat
tctgggtgat
gatggcaaat
atgttcattt
tcaagctgéa
agcattagag
ttcagcttac
aaacgcagat
agttggtcgeo
aaataagatc
tactggggaa
gacgattatct
tgttggtget
cgeggecttat
atatactcgt
agatatgttt
gcgtgcgaag
tgctgaacgt
tggcactate
tcctaaacgt
aaacacaggc
tgcattcaac
agatgttgct
attgcaaggt

atccgcagge
agaacaaata
accagctcca
aggtagcgta
caatagcaac
aaccttagta
agatttgtca
ttcagcaatt
ctttigaaggc
agagcactct
cttctacgca
tgcttgggga

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560
1620
1665

60

120
180
240
300
360
420
480
540
600
660
720
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acaattaaaa
ccacgagttt
attggtecget
actaacagct
gcatacgaaa
gattttaccg
caacaatttc
tttttgaatg
gccaagtttt
tacgtaggtyg
tactatgttt
aactttgtcyg
tcacaagtag
gactgtgttg
gtttetgctyg
ggtacecgatt
tttgaatacc
ttgacaagcg
gaggtgaaca
gcataccgta
ttctactcac
ccaaacattg
tgtgatgcag
atécctccag
ccagatctaa
tttgctgaca
ttgtcagtag
accgacttet
tctggttate
tcattagarc
caattactcg
aaaggcgaag
gatctaagty
gaaaatggtg
gacttgagcg
ctatttgacg
cgtgecattee

<210>
<211>
<212>
<213>

82
B64
DNA

<400> 82

atggcaaaaa
caaacagaga
atacaagagt
accgtacgta

acgaagccga
attctgaaat
caacctttga
ttgcatttgy
actatattcc
ataacattca
agccttcatt
acgacttgcy
ttgatgaatt
gctttasagyg
atggcgagac
cagctgtcga
caagcgetca
cttataaccce
atgtgactcyg
ctgaagaact
gtgaagaaac
ctgcaacgcc
tcccagtact
atgctgatta
cattagagca
cagaagcctt
ataacattaa
gattccaagce
aacctgaaac
atctatcatt
ccaceccagac
gtagtcaagt
taaatgccge
tagagtcttt
aactagaacg
taggtgatcc
ttagetggaa
gctctoctga
ctacatacta
cacttcecacc

taggtattaa

taaatagtga
ctgaggecteg
cggatctcag
agtggcgcaa

tggtggtgaa
gattaatgct
cagtaacggc
ttcattecect
aggggtagaa
attttacact
cegttttggt
tcagcaaatyg
aggaaatcgc
tggectttgat
taataaccgt
ctctgttatt

aggcgatgac,

atttggcatg
tgaagacaaa
atttgagett
gtctggttca
agattcttat
aaaagaatta
ctcacatgce
acttgcatta
tagteccacgce
tgacgatccg
taatgataac
atcaacatce
cactgtcgat
tgtggctgat
tgatcgtaat
ggcattgaat
caacgegect
tcttgaatte
agagctgcag
cacgegttat
agatttatat
catcaatgag
tggatacact
ggtaatgatg

Shewanella putrefaciens

acacttggat
gcatagaaat
tgttageccaa
gcgrgactct

117

gatgatggta
accggtygtta
aatcctattg
aatggctgtg
agaataaacg
gacttcagat
aacattaata
ctecgatgogg
tcagcagaaa
attagcgaaa
cgtaaaaccc
gatecctgata
tatacagatc
ggtcaagett
ataactcaac
caaggtggtg
acaaccgatg
ggcgaatacyg
ccttttgcac
ggtaagactg
cgtggtacgg
tcteectggkt
gatcgegtgt
gteagtgtag
tttacagygtg
tattatgata
aactgtgttyg
ccaacgacct
accaaaggta
ggtgaactac
caaaatcgte
Ltccgectag
attgatagey
ccaggccaca
aacttcatga
aacgatgcgc

gaaggctacta
gccactacaa
ctgtctaaaa
gtcgaaaact

ttccagacag
tcaatgeatt
cacaacaaga
acacatgttt
ttggctecate
atgtaaagte
tcaatgttga
gtcaaaccaa
ataaacgcga
ccatatttga
ttaatgacct
ctggcttage
ccgegtetgt
cagcagaagc
aagtgattgg
caatcgetat
aatttactaa
acgtgactga
atgagttgag
aagecatggaa
taggtgaagc
ttggccgego
caaactgtyc
ataccttatc
gtcttgtttg
ttcaaactga
actcaactgg
atgatattga
ttgaatttca
gcttcaacct
ctgatgagat
gcatcgatta
tagtaactta
taggctcaat
ttaacgqtagg
tatatgatet

ttacttcgaa
cacctgagat
tattaaatat
gtcctaatac

PCT/US00/00956

actacgtygta
tggtggtgga
acgtgatyggg
caacactgaa
attcéﬁcttt
agatattecag
agataacgcc
tgctagtett
acttttccgt
ttacgacctt
aattcctgat
agcgtgtege
gaatggtagc
ccgcgactgg
tggtactctc
ggttgttggt
agcaggtttc
gtattitget
ctttgacggt
agctggtaty
agtacgagca
ttcagatcca
agcattggyg
tggtggtaac
gacaccaacyg
ggatgctatt
cggacctgac
acttgttege
agctgecatac
attggggaac
taatgatgaa
ccgtctagat
tgatgtctet
gacaactcat
tgtacgtaac
agttggtcge

taagtgtacyg
gegoegatte
cagtgaagct
ceocgeacceat

780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1660
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2910

120
180
240
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ctcaatacca
aaaatgccat
cgctcagget
agcccacacy
caaacctaca
ggtgacaatg
cccagttcaa
caagatggca
ttceatttac
gcgacgcaaa
acacaggcac

83
8268
DNA

<210>
<211>
<212>
<213>

<400> 83

atgagccaga
gactctegtt
atttttgecaa
gcdattactyg
accgeageag
ccéatggagt
tcactcatcg
gataaaattg
gcgcgtctge
gacagcgaaa
ttccocaggtt
ggcatgaact
ctaacagagc
aactcacecct
attcagccat
gcgctaaagc
ggtgtgggtyg
caagctaaaqg
ctaattgaag
tgeotcagtat
tcacaaattyg
getttgeatce
gatatcgaaa
gatggtacge
tttgtactag
cgtcaacgcc
aacgagttaa
gcagcaaact
aacacagctg
gatgataacyg

cgctaacccee
tagacagatt
tagcaagatg
taccaatgcg
cectgcacta
tggtgcaagt
tttrgoteqgg
atacacaagc
gaaagttact
atcgeegoos
ccagtggaga

cctctaaacce
taaataaacy
actctecgcta
aattaccatc
acaaaagcta
ttggcctgco
ttgctaaaga
gtatcacctt
aatacccagt
tgcttatcaa
cacttggtaa
gtgtggttga
taactgaagg
ctatgtatat
ttgatatcga
gtcttgaaga
catcatctga
cacttaaccg
ctcacggaac
ttgctgaadg
gtcatactaa
acaaggtact
actcaccgtt
cgcegocgege
aagagtacaa
aagtggcgca
acgtactagc
atggcgtacg
aagagttagc
catggcagct

tttygcaagaa
gctcaaagea
tttgaagcgt
ctactttaat
tgaaacgcty
ggtgtctectc
cattgatcct
cacgaataga
cgtgcgtaac
ctrtaaagat
ctca

Shewanella putrxefaciens

tacaaactca
actaaaagat
tttgaataag
aactcactgg
ctgtaaacgt
gccaaacatt
agtgttggct
aggtgtcggc
attgaagaaa
gaaattccaa
cgttattgeqg
tgctgecectgt
tcgetctgaa
gagcttttca
ctcaaaaggc
tgcagagege
cggtaagttt
tgcctatgat
aggtactgca
caacgatace
atcaactgca
gcocgccgacce
ttatctaaac
gggtattagc
ccaagaacac
aagcttcett
agcatctgca
tgagcttgat
aggcctaatt
acctggtggce

118

tatgtggttg
acccaagagt
tatggcgttt
caaattccag
gcaaaaacct
accattccac
catagcgact
tatatggett
tatcacacct
atgcctgaaa

gcaactgage
atgcecaattyg
ttttgggact
cagecctgaag
ggtggctttt
ttoggaactga
gatgctaact
ggtggtcaaa
gtattcgcca
gacraataty
ggccgtatcg
gctggatcac
atgatgatca
aazaacgcccqd
atgatgattg
gatggcgacc
aaatcaatct
gacgcaggtt
gcaggtgacqg
aagcaacaca
ggtacagcag
attaacgtta
actgagactc
tcatttggte
agccgtactg
gttagcgcaa
agccaagetyg
aaaaatgcac
aagcaagcac
actagctace

tgggcetygcy
ttatcaatcc
cacgggtgag
tcactcaagg
tagccttacc
caaagttaac
ggatctatet
atgtgctaaa
ttttacagceg
caatcaacaa

aagcacaaga
ctattgttgg
taatcagcga
aatattacga
tgccagatgt
ccgattceatce
tacctgagaa
aaattagcca
atagcggcat
tacactggga
ccaaccgcett
ttgctgectat
ccggtggtgt
cctttaccac
gtgaaggtat
gecatttacte
atgecccctceg
ttgcgcegea
cggcagagtt
ttgegctagy
gtttaattaa
gtcagccaag
gtccatggtt
ttggtggcac
atagcgaaaa
gcgataaagc
agrttatcet
cacggatcgg
ttgccaaact
gcgcogcotge

PCT/USB0/00956

ttatcaattg 300
aaacgtgtcg 360
tgatatccaa 420
cagcygatgtg 480
tagtébcgat 540
cgaagaagca 600
cgacatatac 660
acacgggceca 720
ctttcctgéﬁ 780
gacgcetgaa 840

864

ctcacaagect 60
catggcgagt 120
aaaaattgat 180
cgcagataaa 240
agacttcaac 300
gcaactatta 360
ttacgaccgc 420
cagcctaaca 480
tagtgacacc 540
agaaaactcyg 600D
cgattttggc 660
gcgtatggeg 720
gtgtactgar 780
taacgaaacc B40
tggecatggtg 900
tgtaattaaa 960
cccatcagge 1020
taccttaggt 1080
tgccggectt 1140
ttcagttaaa 1200
agctgctett 1260
cecctaaactt 1320
accacgtgtt 1380
taacttccat 1440
agctaagtat 1500
atcgctaatt 1560
caaagatgca 1620
tttagttgca 1680
agcagctage 1740
agtagaaggt 1800




WO 00/42195

aaagttgeccg
acttgttatt
aatgataaaa
ttaaaggetc
atttcaatgy
ggccatagcet
tactacaagc
ggcgttgaag
gaaaccgttg
ccaacgcaat
actgagcttqg
gttggtcacg
agcoccgagcacdc
aaagcctcgt
atgtacaacyqg
ttagttcaay
aatcctaaaqg
ggtgtggtac
tcgccaatga
atggccaagt
aaaatcgttyg
gtagagaaag
ac;égttcag
gcagtccaga
gcacagttgc
ctgatgaccg
cgctoaatgy
cttgagatgc
acttacgcte
gcagtccage
ccagetoecaa
gttgttcgtce
actacaacgc
actatgettg
atggatatgg
gtacaagatyg
acgctaggcg
tctecagetgt
aaagttcaag
ctagagcttyg
attcrtggca
getgagtgtc
tctaagetge
actcctgcag
gccgaaaaga
cttggcatcg
ggtttacctg
acttatatga

cactgtttgc
acccagagat
cgeocogttate
aagaagccat
gtcaatacga
ttggtgagcet
tggettttge
cagatgcagqg
aagccaccat
cagtaattygce
gttacaaagce
ctcaagocgec
CLttactcaaa
ttaagaaaca
acggegcecg
gcacgcettgt
ttgatagtga
tcagtgaaat
gcatttogct
ctttagagac
aagttgagaa
ttgttgaggt
ttgtegetee
gcattagtgg
atcagcagtt
agcaagctaa
agcaattcocca
aagcgggtag
cagccattca
cagtaatttc
aagcgcagec
aagcecgecacc
cttcaygecett
aagtyggttge
aagccgattt
agotaccqgqg
aaatcgttga
ctacaggtic
cgactatgat
aaatggatat
cagtacaaga
gtactctagg
cggctgaagg
cgaatggtct
ctggectacco
attcaatcaa
agctaaatoce
actctaaact

tggccaaggt
gcgtcagecaa
gcaaactctyg
tttgaccaat
tttgtttact
aagtgcacty
tcgtggtgag
agcaatgttt
cgctaaattt
aggcecaaca
gattaacctyg
atttgctaaa
tgcaactggc
tatgetteaa
tgtatttgtt
caacactgaa
tctgcagett
tgacccatac
taatgctget
aggtategte
actggttgaa
tgaagctcct
agtaatagag
tgatgcactc
cttagectatt
actggcaagt
ccaactacaa
caacattgca
caatgaagcy
aacacaagtt
agcacctgtyg
agttcaagcoe
cagcgecgaa
tgagaaaacc
aggcatcgat
tctacctgag
ctatatgggce
cgcagectgeg
gtctgtggtt
ggaagccgat
tgagctaccg
cgaaatcgtt
ctctatgaat
ctctgeggag
aactgaaatyg
gcgecgttgaa
agaagatttg
cgctgacggce

119

tcacaatatc
tttgtaactg
tatccaaagc
accgccaaty
gcggctgget
tgtgctgecag
gctatggcaa
gcaatcataa
gatggggtga
gcaactaccg
ccagtatcag
gegattgacg
ggactttatg
tcagtgeget
gaatttggtc
aatgaagttt
aagcaagcag
caagecgata
aaccatatca
acctcgcaaa
gtcgaaaaga
gttaattcag
aaccaagtcg
agcaactttt
ccgcagcaat
tctggtgttig
gcgcaaacac
gcgttaaacc
attcaaagec
aaccatgtgt
acaactgcaq
gctattgaac
acagcectga
ggttacccaa
tctatecaage
cttagcectg
agtaaactgc
actcctgcag
goecgaaaaga
ttaggcataqg
ggtctacctyg
gactatatga
tctecagetgt
aasagttcaag
ctagaactty
attcttggea
gcagagtgtc
tctaagctge

tcaatatggg
cagataaagt
ctgtatttaa
cccaaagcgc
ttaatgcecyga
gtgttatttc
caaaagcacc
ccaagagtge
aagtcgetaa
ctgatgcggc
gtgcattceca
cagccaaatt
aaagcactgc
ttactageea
caaagaacat
geactatcte
caatgcagcot
ttgccgeace
gcaaagcaac
tagaacatgt
tcgtcgaaaa
tgcaagccaa
tgtctaaaaa
ttgectgcaca
atggtgagac
caattccaga
tacaaagcca
tactcaatag
aagtggttca
cagagcagcc
ttcaaactgce
cgattaatac
gocgeaacaaa
ctgaaatgct
gtgtagaaat
aagatctagc
cggctgaagyg
cgaatggtct
ctggctacce
attctatcaa
agcttagccc
actctaaact
ctacaagtgce
cgactatgat
aaatggatat
cagtacaaga
gtactcttgg
cagctgaaqgg

PCT/US00/00956

ccgtgaccett
atttgccgea
taaagatgaa
aattyggtgcg
catggttygea
agctgatgac
ggctaaagac
tgcagacctt
ctataacgcg
taaagcgcta
cactgaactt
tactaaaaca
tgcaaagatt
gctagaageo
cttacaaaaa
tatcaaccet
agcggttact
agcgaaaaag
tcgegcoctaag
tattgaagaa
agtggttgaa
tgcaattcaa
cagtaadgcca
gcagcaaace
gttcactacyg
gagtctgcaa
cacccagttc
cagccaagca
aagccaaact
aactcaagct
tceggcacaa
aagtgttgeg
agtccaagco
agagcttgaa
tcttggecaca
tgagtgtecga
ctctatgaat

ttetygcggag
aactgaaatqg
gcgcgttgaa
tgaagatcta
cgotgacggo
cgecagetgeg
gtctgtggtt
ggaagctgac
tgagctaccyg
cgaaatcghyg
ctctatgecac

1860
1920
1980
2040
2100
2160
2220
2280
2346
2400
2464
2520
2580
2640
2700
2766
2820
2880
2940
3000
3060
3120
31890
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3§40
3800
1360
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
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tatcagctgt
aaagttcaag
cttgaacttyg
attcttggca
gcagagtgtc
ggctctgcta
gctgectgcga
tcagtagttg
gaagcecgatt
gagctaccgg
gaaatcgttg
tctgctaata
gtacaggcga
gaacttggca
cttggcacag
gagtgccgca
aaactttcta
ccggcagcaa
aaaaaqgctta
attaacgatg
aaagtagccg
gctagectttg
atcgcgcaga
gcgaatacag
aatgegttct
cgetgttttyg
ctaaaagatg
gaatggccac
cttgctgatg
ttaagcttaa
aaaacagcaa
ggggtgacat
gctgggcgea
ctaaaatcag
gttgaagccg
tttaacaaag
atcacagcag
gtactagccg
actaaagtca
cttgctatgt
atgtcgaacg
aaagtcatga
aagatgttta
gccactcage
ggcagcgaca
ctaagrgcat
acgcgtctgt
agtgtgttgce

ctacaagtac
cgaccatgat
aaatggatat
cagtacaaga
gcaccctagg
atacaagtgc
ctcctgtatce
cagaaaagac
taggtatcga
gtctaccaga
actatatgaa
caagtgccac
ctatgatgtc
tggatatgga
tacaagatga
cgcttggcga
caagtgegygc
tttcggeaga
atgcggcgaa
atggtcacaa
ttgtgcgttt
agcttgeete
ttgaaactca
aagagcaaac
tgtgggccaa
taacagtaag
ctgagctaaa
aagtgttctyg
caatcaccayg
ttgatggcaa
aagcagagct
ttgaatgtgc
gtgaattaca
ctgcaatcgc
ctgtgtggcc
ttggcgecte
cacttaatgg
acaagcatat
acggcctaaa
tctecatetge
atattcttaa
gctttaactg
ccgagcgtgg
tattggetga
ctaaagcaac
cgcatcegeg
taaccccaag

caacggtaty

cgctgctgcg
gtetgtagtt
ggaagecogat
tgagctaccyg
cgaaatcgtt
cgctgegtct
gaacggtcte
cggctaccea
ctcaattaaa
gcttaatect
¢ctctaagety
tgctgegact
tgtagttgct
agcagacctt
gctocccaggto
aatcgttage
tgaaggctct
accaagtgtt
caagctagaa
cgcaggegtt
accgaaaggt
aagccaagaa
ggttggcget
ggcagtaaac
attattgcaa
ccgtatcgac
ccaagcagca
tcgocgogcta
tgaactattt
agttaaccge
taacagcaca
actggcatta
agctttacca
acatattatt
agtgcaaagc
agectrgaatac
tcgcetcaaat
tcaagacaag
agcgctgcte
agcaggtttt
caaggcagcg
gggtcettygg
tgtgtacgtt
aactggcgtg
tgagactgct
tgctggtgea
tgccatggtc
cgecategac

120

actcetgtag
gcagataaaa
ttaggtatcg
ggtttacctyg
gactatatgg
cttaatgtta
tctgcagaga
actgaaatgc
cgcgttgaga
gaagatttag
gctgacggcet
cctgcagtga
gaaaagaccg
ggtattgatt
ttacctgagc
tatatgaact
gctgatacaa
gagcttcctc
aattgtcttcyg
ttagctgaga
cagcctcaat
tctgagettg
attggtggct
ctagatgcgc
ccaaagctcg
ggtggerretyg
ttagctggtt
gatattgcaa
gatagccaag
gtaactctag
gataaaatct
gcatctcgca
agctgggetg
tctactggtce
agcattgaaa
gtcagcatgyg
gagatcaccg
actcttgcty
gcggcacttg
tacggtaata
ctgcagttca
gatggcggcea
attccactaa
cagttgctca
tctgtaaaaa
caaaaaacac

ttcattgaag
tggatgcgty

cgaatggtct
ctggctacce
attctatcaa
agctaaatcc
gcagtaaact
gtgcegttge
aagtgcaaag
tagaacttgyg
ttcttggecac
ctgagtgecg
ctaagcttce
atggtctttc
gctacccaac
ctattaagcg
ttaatcctga
ctcaactgge
gtgctgcaaa
ctcatagcga
ccgcagacgco
aacttattaa
cgccactttce
aagccagtat
ttattcactt
aaagttttac
ttgctggagc
gttacctaaa
taactaaaac
cagatgttga
ctcagctace
ttgectgetga
tagtgactagg
gccagtetea
agggtaagca
aaaagccaac
ttaatgeccge
atgttaccga
gtcttattea
aacttgceraa
agcecaagcaa
tcggecaaag
ccgctcgcaa
tggttaacce
aagcaggtgce
ttggtacgtc
agcttaatge
cactacaagc
atcaccgcat

aagcggcaag

PCT/US00/00956

ctctgcagaa
aactgaaatg
gcgcgttgaa
agaagatcta
gccggctgaa
ggcgectcaa
cactatgatg
catggatatg
agtacaagat
tacgctggge

‘agctgaaggc

tgctgacaag
tgaaatgcta
cgttgaaatt
agatctcgct
tgatggetcet
tgctgcaaag
ggtagcgeta
aagtgttgtg
acaaggccta
aagcgatgtt
cactgcagtt
gcaaccagaa
tcacgttage
agatgcgegt
tactgacgce
cttaagccat
tgcaaccecat
tgaagtggge
agctgcagat
tggggcaaaa
cttratctta
aactagcgag
gcctaagcaa
cctagcecgee
tagcgeccegea
tggcgcaggt
agtttatggce
aattaaatta
cgattacgcg
cccécaagct
agcgcttaaa
agagctatett
aatgcaaggt
gggtgaggtg
tgtcactgca
tggcggtaac
cgacatgctt

4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
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ggcgctcaag
gagcoegcaag
gcattaatca
gatattaagce
gagctttata
gtgcagttcg
gattgtgytg
ttgctattac
tcaagecattg
gagcttgaag
gacaacggcg
aattcagcat

<210>
<211>
<212>
<213>

B4
2313
DNA

<400> 84

atgccgctge
gaccagtcag
agtgecgecga
tttgagtecge
gctacggcaa
catcctecatg
tctggtgagc
catgctttaa
aacctcaaaa
cgcacccatg
agccactatt
ggccaacaaqg
atgctaaacc
gecatcaataa
ctttctctag
gacaaactca
gttagcgetg
gagcaaacaa
agttacttaa
tttgtctatc
ttcecetgoge
gaagatatct
attgctggeyg
aagcctaatt
gtatggcaaa
gctattteccg
gaaatccagt
aaagattacc
tgtgaaatce

ttaaggtact
agttaacact
gctgtaatgg
aacttaacaa
gcaacggcac
atgatcaagg
agttcttgee
aagcrtatget
gtgagtttac
tgattaagca
agttaagtgc
ttttacctge

gcatcgecact
tattagccaq
cacctgaaat
agctaaatgce
ctcacgcttt
cgecagettge
taaagcttgg
gccaagccaa
gtgaacagca
tgagaaaaga
ggtttagcga
caaccageta
agcaaagatt
crcagttaat
aatgccaact
ctactecgcga
caaagcaaga
acgccacatc
cocctaacacce
cgggtgtggg
tttacgccaa
atcatcttga
tggggagcag
ttgcattaqg
acccgecatge
gcaaattgac
ggaatagctt
cacacgetrta
aatgtaaagc

tgattacaag
tgagctaacg
gecgtacgcaa
gcagtttgat
cttgttcecac
cttaattgct
gcaaacccac

ggtttgggct
ctcataccaa

-caacaaacgc

catgtttaag
tgtettagca

Shewanella putrefaciens

tatcttacty
ctatcaaaéca
gctcagcatc
tgcgaccaac
gttaatgctg
cgctatgcag
cgctaatgcyg
gcgtaactta
gttcacagag
ggttaatcaa
atttcaccaa
tgtgcttact
aatgtttatc
gcagcaatta
agagctgete
tagtaagccce
gttaagcgcg
aacgaataaa
gcttggeage
aacggtttac
acttgagcgt
ccctaaacat
ctacctgtta
ttactcaatg
gctgatcage
cgecggttaga
tgtggttaga
cctegegatt
gctacttgca
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ctattaaaayg
ccagacgatt
tacaaggcga
ttaagegcta
ggtccgcgte
aaagtecgecte
atgggtggea
cgecttaaaa
ccaatggcct
tcacttgaag
tcagctaaaa
aacgacagtg

ccaacacetge
ctgcagccectg
actatctecag
gcaattaaca
cctgcattaa
caagctaaat
ctaagectag
actgatgtca
gtttattcge
ggtgtggaac
aaccgtgttg
caaggttcag
ttgccgggta
gagecgtttge
agcataatgt
gcttatcagg
cttaacgatg
ggcttaatcc
aacaatgaca
gccgatétgc
gaaggcgatt
gctgcccaaa
actcagctgc
ggtgaagcat
aaaacccaaa
caagcttggc
agtgaagcag
attcaagggg
gcactgggta

gcattgtatt
cagacgaagc
cgcttatcag
aggcgattac
tacaagggat
tgcctaaggt
gtcaaccttt
ctggctegge
ttggtgaaac
cgaatgttge
teaccattag
aggcgaat

agtttgaagt
agctaaatgc
atgatagecga
atggctatat
aagcggcgcoa
cgacgccaat
ctcagactaa
gcgtogaatga
ttattcagca
ttagccetaa
ctgoccatcaa
gattgttagc
acagtcagca
aggtaactga
atgacaactt
ctgtgattca
cactcacagc
aatacaaaac
acgcccaage
ttaatgaget
taaaggcgat
tgagcttagg
tcaccgatga
caatgtgggce
ccgacceget
agcttgatga
cgcegattga
atacctgegt
aacgcggtat
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tgagactgat
tacgctacaa
tgataatgcc
cacagcaaaa
ccaatétgta
tgaacttage
tgctgaggac
aagtttgcca
tggtaccata
getatategt
caaaagctta

taactctgte
cctgecttaat
tgcaaacagc
cgtcaaéctt
aatgecggatc
gagtcaagta
tgcgetgtet
gtgttttgag
acttgetage
acaagccaaa
ctttattaat
tgcgaaatca
acaaataacc
ggttaatgag
agtcaacgca
agcaagctct
gctgtttget
accggeggge
gggtcttgct
gcatcagtac
gctacaagca
tgacttagcc
gtttaatatt
aagecttaggc
atttacttct
taccgcagcg
agccttgcta
aatcgctgge
tgcagctaat

7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
B2eg

60
120
180
240
300
360
420
480
540
600
660
720
780
B40
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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cgtgtaacgg
tatctgcaac
ttaactgcca
attgccgaca
caaggcgcta
aagattgtta
atgaacgcaa
agccatcagg
ctttgccaat
tctaaccaagq

85
6012
DNA

<z210>
<211>
<2lz>
<213>

<400> 85

acgteattac
gcaagtaaaa
gacgctaaaa
accttaacta
tctgacegtt
ggctacaaat
gatactagece
cgcgcaggtg
ttgeccaattt
tttaagctaa
gcagccaatg
ggcggcgcac
gectgegatt
gcggatcectt
atctcagtac
fttagtgctta
agcggcgtag
ggtcaggtga
gaagtgattyg
atggaaacct
aagtctaact
gccatgaaag
aaaaaactct
tcgaataatc
ggctgtaacg
gccactcaag
gggcctctta
atcgaactgc
tttggcttag
cgeckttaaac
cgagtaacag

cgatgcatac
cgttaaaage
agcaaacyggt
ccttctgcca
agctgtttgt
aacaagatgg
aaggtagcca
tgccattatc
tgaccagcca
accatttact

cagacaatge
ccagtaagca
cccocgeaaga
acgaaaaact
tttattgtaa
tgceggagca
gtaacgcact
tagtcatggg
atcacagcgce
gceccaactaa
gtgeccattge
aactaagcct
acctaagcac
tectttattaa
cgtttgatgc
aacgtcttga
gtctatcaaa
aggcctttga
agtgccecacgc
tctttgaaga
taggccacct
aaggttacct
tcggtaaacc
attttggtgt
cccatctgtt
taccgcecgtca
gcagcattaa
cgaaaaagcy
catctgcgeco
tgccgccaaa
acgaagccat

gcagecctgeg
agagcttcct
gagtgagcaa
aaccttggac
tgaaattggc
tgececagcagt
agatattacc
ggtgcaacca
acagctggca
tcaaggggaa

Shewanella putrefaciens

ttctaaccac
aagcaaaatc
attttggcag
cggcgctaac
taasaggcgge
aagcttaaat
aattgatgct
cgegotgtcg
cgttgaaaaa
tgctecatacce
ccataacagc
agatgctgcce
tggcaaagcce
tatgggattce
cagcagtaaa
agatgccgag
cgacggtaaa
acgtgcttat
aacaggcaca
caagctgecaa
attaactgca
gccgeccaagt
aaccctgecct
aagaaccecgt
gcttgagtca
agctgagccg
tgcactcaac
ctggaaagge
aaaaggtgct
cgaagatgac
tcgtgatgcee
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atgcaagagc
agtgaaataa
gcacttagca
tttaccgecge
goeggatagac
gtacaacate
agcgtgatta
tttattgatg
gcacatgcaa
gtc

ctttctygcca
gccattgtcg
aatttgctgg
agccaagatt
tacattgaga
ggcttggacqg
ggtattgata
ttcccaacta
gccctgeaag
gctcgegegg
tcaaaagtgg
tgtgctagtt
gatatcatge
tcaatcttce
ggtttgtttg
cgcgacaatg
ggccagtttg
getgccagtyg
ccgcttggeyg
ggcaccgatg
gegeatgegy
atcaatatta
agcatggttce
cacgcaggceqg
tacaacggca
ctaaaagtgq
aatgctgtga
cttgaaaagc
tatgttgata
cgtttgatct
aagcttgage

atcaaaatgt
getttatcag
gccaagtegt
tagtacatca
aaaactgcac
aaccttgtty
aagcgcttgg
gactcaagcg
atgttgacag

accagaaagqg
gtttagccac
ataaacgcga
atcaaggtgt
acttcagcectt
acagcttcct
tcaacggcgce
cccgctcaaa
ataaactagg
caaatgagag
tggccgatgce
cggtttactc
tagcaggcygc
acgccetacce
ctggcgaagyg
acaaaatcta
tattaagccc
acattgagcc
ataaaattga
caccgttaat
ggatcatgaa
gtgatgctat
aaggctggee
tatcggtatt
aaggaacagt
ttggeccttge
cccaagatgg
acagtgaact
acttcgaget
cacagcagct
cggggcaaaa
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gatggatttt
cgecgetgat
tgctcagtet
cgcccaacat
cttga&agac
cacagtgcct
ccaattaatt
cgagctaaca
caagtttgag

cgcatctcag
tctgtateca
ctctegeage
gcaaggccaa
taatgectgea
ttgggcgectco
tgatttaagc

cgatctgttt

cgtaaaggca
cagcctaaat
acttggcctt
attaaagctt
agtatctgyc
agaccatggt
cgectggegta
tgocyggttgtt
taatccaaaa
aaaagacatt
gctcacttca
tggctcagct
gatgatcttc
cgcticgceg
agataagcca
tggctttggt
aaaggcagaa
ctcgecacttt
gaatggcttt
gttagctgaa
ggacttttta
aatgctaatg
agtagctgta

1800
1860
1320
1980
2040
2100
2160
2220
2280
2313

60
120
180
240
300
360
420
480
540
600
660
720
T80
§40
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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ttagtggcaa
actcaattag
gcgcttgaag
agctttattg
gccttcacta
ctcatcatgg
tttgagcaag
gcaagcctta
cttgttaaaa
gctaaaactyg
tttaataagg
ccaatagtta
gctgcagegyg
accaataaag
ttgattagecc
aaateccgatg
cagcatattg
gcgacagcat
atggctaact
cagactgcaa
atgacaacaa
gctggcaata
caacaattgg
gtgdctgatyg
caggccetey
gaatcaccag
gtggagttaa
aagccgtgta
gtatttggca
actgactacc
ccatgctcaa
caaatccctt
ctcggtatcy
accttcctag
aactatgctc
gacaagatga
gccgacggta
aagcaacgct
cataagctat
cagccgtcac
gatcgcactg
gaccactggt
gctgaaggtt
actaaaaatg
caagtgctgc
agtccacgce
gatttccaaa
ttgactgaat

tggaaactga
cgcaaagtet
ccatcgccat
gtaatattat
tttecagcagc
aggataacct
tcattcttaa
atccaacatc
atgaagctac
ccgaaacage
ttaaagtgat
gctctcaagt
gtatggcaag
ccaattgege
aaacagcgag
ctaaacacca
ttgatacacc
cgacagtggt
cattcgaaac
acattggcgt
ataccattgc
ctgttgctag
ctcaacaage
ctttattgaa
atactcaagc
ttcaagttac
aaccagatca
tctggaacta
gtgattatgc
tgttggtatc
tgaccactga
gggcggtage
actttgagaa
gcgacttgee
gcaacggcga
tectcaagat
aaggcgtgat
ttaatccgtt
taactgctga
tttgtttege
gcggtacttg
acttcecatyg
gtggccagtt
gtecgtttcoca
cacaatcagg
catatgctaa
acctaggggt
caacaacggc

gcttgaactg
tgccgocatg
ggacagcgtg
ggcgtcacge
agagcaatct
agatgcggtg
aaatgeccate
agcaagctgg
atcgggetge
attggctacce
tgaaactatg
gactcacact
cctattacac
gettatcaac
cgaacaacaa
actggttaag
gcttgecaage
caaccaagtt
ggaaagctca
caccgctcag
taatacagca
caaggttggc
tcacctcgcece
gcaacagcta
cgtcgatact
aacacctgtt
cgctaatgtg
tgccgattta
cattatcgac
gcgegtgace
gtacgacatc
agtagaatca
caaaggcgag
acgtggcgga
caccetyctyg
ggatggcdge
tcgcacagaa
actagattgt
tattgagggt
atctgaaaaa
gggacttggc
tcatttcaag
attgcagttc
acctcttgaa
cgtgctaact
agctaacatc
gatgataaaa
tagcactgca

123

catcagttce
ggcgtgagtt
cttgatgctyg
gtggegtcac
gtgagcegcet
gtgattgcag
gcacctgtag
aatgtcggtg
tcatacggec
gacaagctac
gcagegeoty
gctgcagagc
ggcttactta
aatatcagtg
gcattaaccg
caagtcacct
cttgaaagca
aaacctatta
gcagagccac
gcaaccaaac
aataatttag
tctggecgaca
tttcttgaaa
gctcaagtaa
caaacaagcyg
caagttacaa
ccaccataca
gttgagtacg
agctactcgc
aaacttgatg
cctgttgatg
ggccaatgtg
cgggtttatc
gataccctac
ttcttcttct
tgegctggcet
gaagagatta
cctaaaaccc
tgttttggce
ttcttgatga
ttaattgagg
ggcgaccaag
tatatgctge
aacgcctcac
taccgtatgg
gatatcttge
gaggaagatg
caagtaaacyg

goggcegggt
tatcaacgga
ccaagctcaa
tatgggactt
gtatcgatgt
cggtcgatct
ccattgagce
aaggtgctgg
aaattgatqgc
tgagccaaac
ctagccaaat
agcgtgttgg
acttaaatac
aaaaccaatt
cgcgtttaag
taggtggecg
ttactcagaa
aggccgctygg
aaataacaat
gtgaattagg
acaagactct
tagtcaattt
gccgecagtge
caggccaaac
agaatgtagce
cacctgttca
cgococgecagt
cagaaggcga
gcecgegtacyg
cgaccatcaa
cgecgtactt
acttgatgct
gactactcga
gttacgacat
cgtatgagtg
tcttcactga
aagctcgcayg
aatttagtta
caagccacayg
ttgaacaagt
gtcataagcea
tgatggctgg
accttggtat
agcaagtacg
aagtgactga
ttaatggcaa
agtgtactcg

ctcaaacaag

PCT/US00/00956

taacttgcat
tgaataccaa
tcagtacacc
taatggccca
ggcgcﬁaaac
ctctggtage
aaacctcgaa
cgcggtcgtyg
acttggettt
tgccacagac
tcaattagcg
tcactgettt
tgtagcccaa
atcacagetg
caatgagctt
tgatatctac
attggegcaa
ctcagtcgaa
tgcagcacaa
taccccacca
tgagactgtt
tcaacagaac
yggtatgaag
tatcgataat
gattgcecgca
aatcagtgtt
gcctgecatta
tatcgecaag
tctaccgace
tcaatttaag
agtagacgga
tattagctat
ttgtacccectce
taagatcaat
ttttgttgge
tgaagagctt
cctagtgcaa
tggtgatatt
tggcgtccac
cagcaaggtt
gcttgaagca
ctcgetaatg
gcatacccaa
ctgtcgeggt
aatcggttte
agcggtagtg
ttatccactt
tgcgaaaaag

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
35900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
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gtatacaagct
gagccaaaca
ccgaaccgtg
ggcaatatcyg
cgtacaccat
ggcgacttta
tatttcgata
ctgcaaccta
gagctgttct
ggtaaaacca
atccaaagct
gtatttggct
gtcactcagc
gataagagct
ggtcagctga
ggttacttgt
caccaagatc
gcttacgcta
ttatcgaaca
atggatgtca
gcecagottga
gaagaatctg

<210> 86
<211> 1629
<212> DNA

cagcatcagt
agggcgttat
tacctgatac
aaaactgttt
geggtgacte
aaaagccatc
aaaacagcca
acggctttat
tccgtaactt
tccgtaacga
ttagecttcga
attttaaagg
catggcatgt
gcecgtecactt
actttatcga
atgccgageg
cggttatgce
ttagtaaaga
tcaagtggaa
gcattacttc
gtaaagatgg
ta

caatgcgcca
tccgatttee
agtgccattc
cgggccagag
acaagtgacc
atcgtgtate
cggcgeagryg
ctcaggttac
agacggtagc
ctcacgttta
gctaagcact
tgacgcactt
agctaacggc
taatgcgeca
cagtgttgaa
caccattgac
aggctcctta
cttgggcgea
gtatcgcggt
aatcaaagat
tctgcgcata

<213> Shewanella putrefaciens

<400> 86

atgaatccta
aatatcagtt
tacgtggtca
gaacaagcegg
gaaagcctag
ggcgetatygg
attttgtgtg
aaccgtattc
agcgagecay
gttgaagcat
ttgagcoeygag
cgcaccgaag
gttgatgacyg
gacgacatca
ttgctgccaa
cctattcgrg
aacargggcyg
gcaagtgatc
cocagoctgcay

cagcaactaa
ttgacgtgca
atcatgccga
caaacagcac
agcgacaataa
caaacggtat
gttcgttigyg
aagcagcgct
cattagageg
cagctttctt
acgcacaagyg
tggctgaaaa
gttcaattac
ctgcagaggc
ccattttage
tcggttgtyyg
cggogtatat
acactcgtaa
atatgttcga

cgaaatgctt
agtgatggaa
ccacggcttt
agatttacct
ttteoegeege
ttcatctgaa
agcagceggt
gccaaatgge
tggcagegta
aggtctaaca
taaagttgtyg
gtttatgatg
cgctgagcaa
cgattcaggt
gctgaaagaa
tggcggtgtyg
tgttacegge
attacttgcc
gatgggcgta

124

ttaatggecac
catgttgaag
acgccgtatc
ttctcaatct
acacgtgtga
gctgaatatg
atgeceatatt
atgggcacaa
ggtygagttac
ttatcaacag
gacggtgagc
aaagatcagc

_gttgctgcaa

gctaaccagc
attgttgata
ccaagtgatt
ggtgttgaay
gatitcaaaa
caaatcaatc
gaagacggta
tacgaggtct

tctcegtgge
caacaactta
ggtattgecge
gttagtgctt
gttcacggeg
gagctagtga
cttattccaa
ccttatatgt
gagctattit
ccacaaatcy
gttggtaaca
ccagcgceccy
atggagctgg
ggccatactg
gaaattcaag
ggtacgcctg
tctatcaacc
accactgaaa

asactgcagyg

aaattcctga
caccaattac
acatgtttga
atcgeggeat
ttgaagttaa
aagtgcctge
caattttaat
ccctaggett
tacgtgaagt
tgatggccgg
ctttctatcg
taggcctaga
gcactaaggt
cacactatcyg
atggeggcac
ggttettcca
caattattga
atcctaagtt
cgctgaacaa
agaaagtcat
tecgatatagc

catgggctgt
aagattttag
aaactgccga
ttactcctge
ttaaatacgc
ttgecectagg
gteogogttga
ttaaccttat
taaagcataa
tectattaceg
aggttatcge
caaaaatgct
cgcaabttgt
ataaccgtecc
ctaaatacca
atgcagcegcet
aagcttgtgt
tggccgatgt
tggttaagcyg

PCT/USOH/00956

tctgactaaa
gccagactac
gtttgctaca
gatcccacea
cggtaégcgt
agatgegtgyg
ggagatctca
ccctggocott
agatttacgt
cactaacatc
cggcactgag
taacggtaaa
gaacctgctt
toctageoggt
cgaaggttta
gttccactic
aaccatgcaa
tggtcagatt
gcagatgtct
cacaggtaat
tatcagcatc

gacagagtca
ccgggeatgt
tatcgtgact
attaggtacc
ttattacgca
tcaagctggc
agcggcaatt
ccatagtect
ggtacgcace
tgocagecagga
taaagtaagt
acaaaaacta
acctatggct
attagtaaca
atacgacact
ggcaacgttt
tgaagcgggc
gactatggca
cyggcacgcta

4800
488D
4920
49890
50440
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6012

60
120
180
240
300
360
4§20
480
540
600
660
720
780
840
900
960
1020
1080
1140
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ttececcaatge
atcccattag
atatgggecag
gagggtaacc
cgckggtcaa
gctctcggtg
aatgccgteg
tcgctaacgg
agaatggec

gcgctaacaa
acgagcgtga
gtacagtggce
ctaagcgtaa
actcaggcga
catttaacca
atttggcaaa
ctcaaggcgt

gctatatgag
aaagcttgag
gcactttaac
aatggcattyg
agtgggrcgt
atgggcaaaa
gcacttaatyg
taaagtgcca

125

atctacaccc
aaacaagtat
gagcgegacce
attttcegtt
gaaatggatt
ggcagttact
tacggcgegy
gcacagttac

gttacgattc
tcegetcaag
ctaagcaaat
ggtacttagg
atcaaatttg
tagataacta
cttacttaaa
ttcgetggaa

PCT/US00/00956

aatcgaagcyg
cctagatgaa
cgaacgecgcea
tetttetagt
ggctggcect
tcaagaccga
tecgtattaac

gccaaaccaa

1200
1260
1320
1380
1440
1500
1560
1620
1629
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