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NOVEL P456-BM3 VARIANTS WITH IMPROVED ACTIVITY

[0001] The present application claims priority to US Prov. Pat. Appln. Ser. No. 62/189,281, filed

Toly 7, 2013, hereby incorporated by reference in its entirety for all purposcs.

FIELD OF THE INVENTION
[0002] The present invention provides improved P450-BM3 varniants with improved activity. In

some embodiments, the P450-BM3 varnants exhibit improved activity over a wide range of substrates.

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

[8603] The official copy of the Sequence Listing is submitted concurrently with the specification as
an ASCII formatted text file via EFS-Web, with a file name of “CX2-150USP1_ST25 17, a creation
date of July 7, 2015, and a size of 99.6 kilobytes. The Sequence Listing filed via EFS-Web 1s part of

the specification and is incorporated in its entirety by reference herein.

BACKGROUND OF THE INVENTION

[0004] The cvtochrome P450 monooxgenases (“P450s™) comprise a large group of widely-
distributed heme enzymes that are ubiguitous in the natural world. Cytochrome P450-BM3 (“P450-
BM3™), obtained from Bacillus megarerium catalvzes the NADPH-dependent hyvdroxvlation of long-
chain fatty acids, alcohols, and amides, as well as the epoxidation of vnsaturated fatty acids {(See e.g.,
Narhi and Fulco, I, Biol. Chem ., 261:7160-7169 {1986}, and Capdevilact al., §. Biol. Chem,
271:2263-22671 [1996]). P450-BM3 1s unigue, 1n that the reductase (65 kDa) and monooxygenase
{55 kDa) domains of the enzyme are fused and produced as a catalytically self~sufficient 120 kDa
enzvme. Although these enzymes have been the subject of numerous studies, there remains a need in
the art for improved P450s that extubit hugh levels of enzymatic activity over a wide range of

substrates.

SUMMARY OF THE INVENTION

{0005} The present invention provides improved P456-BM3 variants with tmproved activity. In
some embodiments, the P450-BM3 variants exhibit tmproved activity over a wide range of substrates.
A recombinant cytochrome P450-BM3 variant having at least 90% sequence identity to a polypeptide
sequence comprising the sequence set forth in SEQ IDNOS:2, 4, 6, 8, 10, 12, 14, or 16, In some
embodiments, the recombinant cyvtochrome P430-BM3 varianis of the present invention oxidize at
teast three organic substrates. In some further embodiments, the recombinant cytochrome P4350-BM3
variants oxidize at least one organic substrate selected from loratadine, imatintb, geftinib, and

diclofenac.



[0006] The present invention further provides isolated recombinant polynucleotide sequences
encoding the recombinant cytochrome P450-BM3 polypeptide variants provided herein. In some
embodiments, the isolated recombinant polynucleotide sequence comprises SEQ ID NO:1, 3, 5,7, 9,
11, 13, or 15.
[0007] The present invention also provides expression vectors comprising at least one polynucleotide
sequence provided herein. In some additional embodiments, the vector comprises at least one
polynucleotide sequence that is operably linked with at least one regulatory sequence suitable for
expression of the polynucleotide sequence in a suitable host cell. In some embodiments, the host cell
is a prokaryotic or eukaryotic cell. In some additional embodiments, the host cell is a prokaryotic
cell. In some further embodiments, the host cell is E. coli. The present invention also provides host
cells comprising the vectors provided herein.
[0008] The present invention also provides methods for producing at least one recombinant
cytochrome P450-BM3 variant comprising culturing the host cell provided herein under conditions
such that at least one of the recombinant cytochrome P450-BM3 variants provided herein is produced
by the host cell. In some additional embodiments, the methods further comprise the step of
recovering at least one recombinant cytochrome P450 variant.
[0008A] The present invention also provides a recombinant cytochrome P450-BM3 variant having at
least 80% sequence identity to a polypeptide sequence comprising the sequence set forth in SEQ 1D
NO:2.
[0008B] The present invention also provides a recombinant cytochrome P450-BM3 variant having at
least 80% sequence identity to a polypeptide sequence comprising the sequence set forth in SEQ 1D
NO:2, wherein the variant has at least 90% sequence identity to a polypeptide sequence comprising
the sequence set forth in SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, or 16.
[0008C] The present invention also provides a recombinant cytochrome P450-BM3 variant having at
least 80% sequence identity to a polypeptide sequence comprising the sequence set forth in SEQ ID
NO:2, wherein the variant has at least 90% sequence identity to a polypeptide sequence comprising
the sequence set forth in SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, or 16, and wherein the variant has a
polypeptide sequence comprising the sequence selected from the group comprising:
SEQ ID NO:2 comprising substitutions VV51S; D118R; L219Y; K236H; P351T; S353T;
N579T; T582A; E624D; A632S; D727S; and Q931K;
SEQ ID NO:2 comprising substitutions VV51S; D118R; T179V; L219Y; P351T; N579T,;
T582A; E624D; D727S;
SEQ ID NO:2 comprising substitutions D118R; L219Y; K236H; S353T; N579T; T582A,
E624D; D727S;
SEQ ID NO:4 comprising substitutions C48S; 195P; G115R; L216Y; D232H; M491A,;
N574T; and D722S;



SEQ ID NO:4 comprising substitutions K32R; C48S; 195P; L216Y; D232H; E349T; M491A,
N574T; T577A; E619D; and D722S;

SEQ ID NO:6 comprising substitutions K32R; C48S; Y52F; G115R; L216Y; D232H;
E349K; M491A; T577A; E619D; A627S; and D722S;

SEQ ID NO:6 comprising substitutions K32R; C48S; Y52F; 195P; Q111R; G115R; I1176V;
L216Y; D232H; E349T; M491A; T577A; E619D; and D722S;

SEQ ID NO:8 comprising substitutions Y52F; D232H; E349K; E619D; D722S; R762H;
SEQ ID NO:8 comprising substitutions K32R; Y52F; K95P; Q111R; G115R; 1176V; L216Y;
D232H; P347T; E349T; M491A; T577A; E619D; and D722S;

SEQ ID NO:8 comprising substitutions K95P; Q111R; G115R; 1176V; L216Y; E349T;
M491A; T577A; E619D; and D722S;

SEQ ID NO:10 comprising substitutions K32R; C48S; Y52F; 195P; L216Y; D232H; E349K;
M491A; N574T; and D722S;

SEQ ID NO:10 comprising substitutions K32R; C48S; Y52F; 195P; Q111R; L216Y; D232H;
P347T; E349K; M491A; N574T; E619D; and D722S;

SEQ ID NO:10 comprising substitutions C48S; 195P; G115R; L216Y; S231R; D232H;
M491A; N574T; T577A; E619D; and D722S;

SEQ ID NO:12 comprising substitutions K32R; C48S;Y52F; 195P;Q111R;G115R; D232H;
M491A; T577A; A627S; D722S;

SEQ ID NO:12 comprising substitutions K32R; C48S; Y52F; 195P; G115R; D232H; M491A,;
N574T; T577A; E619D; A627S; and D722S;

SEQ ID NO:14 comprising substitutions Y52F; K95P; G115R; T176V; L216Y; D232H;
E349T; M491A; T577A; and E619D;

SEQ ID NO:14 comprising substitutions Y52F; G115R; T176V; L216Y; D232H; P347T;
E349T; T577A,; D722S;

SEQ ID NO:16 comprising substitutions K32R; C48S; Y52F; 195P; 1176V; L216Y; D232H;
E349K; M491A; N574T; E619D; D722S; A767T; and

SEQ ID NO:16 comprising substitutions C48S; Y52F; 195P; Q111R; 1176V; L216Y; D232H;
P347T; M491A; N574T; and D722S.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 provides the structures of the substrates used in the screening methods described

herein. Diclofenac was used for HTP screening to detect/rank beneficial diversity. The remaining

substrates were used to validate that the evolved BM3 variants were active on substrates that were not

used for HTP screening.
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[0010] Figure 2 provides a graphical summary of the results obtained for the MCYP-1.2-A12
lineage.
[0011] Figure 3 provides a graphical summary of the results obtained for the MCYP-1.2.-A05
lineage.

DESCRIPTION OF THE INVENTION

[0012] The present invention provides improved P450-BM3 variants with improved activity. In
some embodiments, the P450-BM3 variants exhibit improved activity over a wide range of substrates.
P450-BM3 enzymes exhibit the highest rate of catalysis amongst P450 monooxygenases due to the
efficient electron transfer between the fused reductase and heme domains (See e.g., Noble et al.,
Biochem. J., 339:371-379 [1999]; and Munro et al., Eur. J. Biochem., 239:403-409 [2009]). Thus,
P450-BM3 is a highly desirable enzyme for the manipulation of biotechnological processes (See e.g.,
Sawayama et al., Chem., 15:11723-11729 [2009]; Otey et al., Biotechnol. Bioeng., 93:494-499
[2006]; Damsten et al., Biol. Interact., 171:96-107 [2008]; and Di Nardo and Gilardi, Int. J. Mol. Sci.,
13:15901-15924). However, there still remains a need in the art for P450 enzymes that exhibit
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activity over a broad range of substrates. The present invention provides P450-BM3 variants that
have improved enzymatic activity over a broad range of substrates, as compared to a parental P450-
BM3 sequence (1o, SEQIDNO:2, 4,6, 8,10, 12, 14, and/or 16).

[8613] In some embodiments, the present invention provides P430-BM3 variants that provide
improved total percent conversion/turnover number for the oxidation of multiple organic substrates
{See ¢.g., Figure 1), In particvdar, during the development of the present invention, beneficial

diversity was identificd and recombined based on HTP screcning results.

Abbreviations and Defimitions:

13314} Unless defined otherwise, all technical and scientific terms used herein generally have the
same meaning as commonly understood by onc of ordinary skill in the art to which this invention
pertains. Generally, the nomenclature used herein and the laboratory procedures of cell culture,
molecular genctics, microbiology, organic chemistry, analvtical chemistry and nucleic acid chemustry
described below are those well-known and commeonly emploved in the art. Such technigues are well-
known and described 1n numerous texts and reference works well known to those of skill in the art,
Standard technigues, or modifications thereof, are used for chemucal syntheses and chemical analyses.
All patents, patent apphications, articles and publications mentioned herein, both supra and infra, are
hercby expressly incorporated herein by reference.

16615] Although any suitable methods and materials similar or equivalent to those described herein
find use in the practice of the prescut invention, some methods and materials are described herein. It is
to be understood that this mvention 1s not limited to the particular methodology, protocols, and
reagenis described, as these may vary, depending upon the context thevy are used by those of skill in
the art. Accordingly, the terms defined immediatelv below are more fully descrbed by reference to
the application as a whole. All patents, patent applications, articles and publications mentioned herein,
both supra and infra, are hereby expressly incorporated herein by reference.

{8016] Also, as used herein, the singular "a", "an," and "the" include the plural references, unless the
context clearly indicates otherwise,

{6017} Numeric ranges are inchusive of the numbers defining the range. Thus, every numerical range
disclosed herein 1s intended to encompass every narrower numerical range that falls within such
broader numerical range, as if such narrower numerical ranges were all expressly written herein. K is
also intended that every maximum (or minimonm) numerical imitation disclosed herein includes every
fower {or higher) numerical limitation, as if such lower {or higher) numerical limitations were
expressly written herein.

{3318] The teom “about” means an acceptable error for a particular value. In some instances “about”™
means within 0.05%, 0.5%, 1.0%, or 2.0%, of a given value range. In some instances, “about” means

within 1, 2, 3, or 4 standard deviations of a given value.
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j6019] Furthermore, the headings provided herein are not limitations of the various aspects or
embodiments of the invention which can be had by reference to the application as a whole.
Accordingly, the terms defined immediately below are more fully defined by reference to the
application as a whole. Nonetheless, in order to facilitate understanding of the invention, a number of
termas are defined below.

{8620} Unless otherwise indicated, nucleic acids are writien lefi to right in 5'to 3' orientation; amino
acid sequences are written left to right in amino to carboxy orientation, respectively.

[B021] As used heremn, the term “compnising” and s cognates are used in their imclusive sense (e,
equivalent to the term “inclading” and its corresponding cognates).

130227 “EC” number refers to the Enzyme Nomenclature of the Nomenclature Committee of the
International Union of Biochemistry and Molccular Biology (NC-TUBMB}. The ITUBMB biochemical
classification 1s a numerncal classification system for enzymes based on the chemical reactions they
catalyze.

18623F “ATCC” refors to the Amernican Type Culture Collection whose biorepository collection
mcludes genes and strains,

[3024] “NCBI” refers to National Center for Biojogical Information and the sequence databases
provided therein.

{3325] As used herein “cytochrome P450-BM37 and “P450-BM3™ refer to the cytochrome P450
enzvme obtained from Bacillus megaterium that catalyzes the NADPH-dependent hyvdroxylation of
fong-chain fatty acids, alcohols, and amides, as well as the epoxadation of unsaturated fatty acids.
[8026] “Protein,” “polypeptide,” and “peptide” are used interchangeably hercin to dencte a polymer
of at least two amino acids covalently linked by an amide bond, regardiess of length or post-
transiational modification {(¢.g., glvcosylation or phosphorylation).

[B027] “Amino acids” are referred o herein by either their commonly known three-letter symbols or
by the onc-letter symbols recommended by IWPAC-IUB Biochemical Nomenelature Commission.
Nucleotides, likewise, may be referred to by their commonly accepied single letter codes.

[06028] The teom “engivecred,” “recombinant,” “non-naturally occurring,” and “variant,” when used
with reference to a eell, a polynueleotide or a polypeptide refers to a material or a material
corresponding 1o the naniral or native form of the material that has been modified in a manner that
would not otherwise exist in nature or is identical thereto but produced or dertved from synthetic
materials and/or by manipulation using recombinant techniques.

[B029] As psed herein, “wild-type” and “naturally-occurring” refer to the form found in nature. For
example a wild-type polypeptide or polynucleotide sequence is a sequence present in an organism that
can be isclated from a source in nature and which has not been intentionally modified by human
manipulation,

[8639] “Coding sequence” refers to that part of a nucleic acid {¢.g., a gene) that encodes an anuno

acid sequence of a profein.
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[8031] The term “percent (%) sequence identity” is used herein to refer to comparisons among
polymucleotides and polypeptides, and are determined by comparing two optimally aligned sequences
over a comparison window, wherein the portion of the polynucleotide or polypeptide sequence in the
comparison window may comprise additions or deletions (f.e., gaps} as compared to the reference
sequience for optimal alignment of the two sequences. The percentage may be calculated by
determining the mumber of positions at which the identical nucleic acid base or amino acid residue
occurs in both scquences to vicld the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of companson and multiplying the result by
100 to yield the percentage of sequence identity. Alteratively, the percentage may be caleulated by
determining the number of positions at which either the identical nucleic acid base or amino acid
residue occurs in both sequences or a nucleic acid base or amino acid residue 15 aligned with a gap to
vield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and multiplving the result by 100 to vicld the percentage of
sequence 1dentity. Those of skill in the art appreciate that there are many established algorithms
avatfable to align two sequences. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman (Smith and Waieoman, Adv. Appl.
Math., 2:482 [1981]), by the homology alignment algorithm of Necdieman and Wunsch (Needleman
and Wunsch, §. Mol. Biol,, 43:443 [1970), by the search for similarity method of Pearson and Lipman
{Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444 [1988]), by computenzed implementations
of these algorithms (e.g., GAP, BESTHIT, FASTA, and TFASTA m the GCO Wisconsin Software
Package}, or by visual inspection, as known 1 the art.  Examples of algorithms that are suitable for
determining percent sequence identity and sequence similarity include, but are not himited to the
BLAST and BLAST 2.0 algorithis, which are descnibed by Altschul et al. (See, Altschul ot al, J.
Mol Biol, 215: 403-410 [1990]; and Altschul et al., 1977, Nucl. Acids Res., 3389-3402 [1977],
respectively). Seftware for performing BLAST analyses is publicly available through the National
Center for Biotechnology Information website. This algorithm involves first identitving high scoring
sequence pairs (HSPs) by identifying short words of length W in the query sequence, which cither
match or satisfy some positive-valued threshold score T when aligned with a word ot the same length
in a database sequence. T 1s referred to as, the neighborhood word score threshold (See, Altschul et
al, supra). These mitial neighborhood word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are then extended in both directions along each sequence for as
far as the cumulative alignment score can be increased. Cumulative scores are calculated using, for
mucleotide sequences, the parameters M (reward score for a pair of matching residues; always >0) and
N {penalty score for mismatching residues; always <0). For amino acid sequences, a Scoring matrix is
used to calculate the cummlative score. Extension of the word hits in cach direction are halted when:
the cumulative alignment score falls oft by the quantity X from s maximum achieved value; the

cumulative score goes to zero or below, due o the accumulation of one or more nogative-scoring
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residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the aligoment. The BEASTN program {for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=53, N=-4_ and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a
wordlength (W} of 3, an expectation (B} of 10, and the BLOSUMS6?2 scoring matrix (See, Henikoff
and Henikoff, Proc. Natl Acad. Sci USA 89:10913 [1989]). Exemplary determination of sequence
alignment and % sequence identity can employ the BESTFIT or GAP programs in the GCG
Wisconsin Software package (Accelrys, Madison WI), using default parameters provided.

{3032] “Reference seguence” refers to a defined sequence used as a basis for a sequence comparison.
A reference sequence may be a subset of a larger sequence, for example, a segment of a full-length
gene or polypeptide scquence. Generally, a reference sequence is at least 20 nucleotide or amine acid
residues in length, at feast 25 residues in length, at least 50 residues in length, at least 100 residues in
fength or the fudl length of the nucleic acid or polypeptide. Since two polynucieotides or polypeptides
may cach (1) comprise a sequence (i.¢., a portion of the complete sequence) that is similar between
the two sequences, and (2) raay further comprise a sequence that is divergent between the two
sequences, sequence comparisons between two {(or more} polynucieotides or polvpeptides are
typically performed by comparing sequences of the two polynucieotides or polypeptides overa
“comparison window’ to ideniify and compare local regions of sequence similasity. In some
embodiments, a “reference sequence” can be based on a primary areine acid sequence, where the
reference sequence 1s a sequence that can have one or more changes in the primary sequence.
“Comparison window” refers to a conceptual segment of at least about 20 contiguous nucleotide
positions or amino acid residucs wherein a sequence may be compared to a reference sequence of at
teast 20 contiguous nucleotides or amino acids and wherein the portion of the sequence in the
comparison window may comprise additions or deletions {7.e., gaps) of 20 percent or less as compared
to the reference sequence (which does not comprise additions or deletions) for optimal alignment of
the two sequences. The comparnison window can be longer than 20 contiguous residues, and inchudes,
optionally 30, 40, 50, 100, or longer windows.

{0033] “Corresponding to”, “reference to” or “relative to” when used in the context of the numbering
of a given amine acid or polynucleotide sequence refers to the numbering of the residacs of a
specified reference sequence when the given amino acid or polynucleotide sequence 1s compared to
the reference sequence. In other words, the residue number or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residus within the given amino acid or polynncleotide sequence. For example, a given amino acid
sequence, such as that of an engineered P4530-BM3, can be aligned to a reference sequence by
mtroducing gaps to optimize residue matches between the two scquences. In these cases, altbough the
gaps are present, the numbering of the residue in the given amino acid or polynucleotide sequence 1s
made with respect to the reference sequence to which it has been aligned.

={3=
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[8034] “Amino acid difference” or “residue difference” refers to a difference in the amino acid
residue at a position of a polypeptide sequence relative to the amino acid residue at a corresponding
position in a reference sequence. The positions of amino acid differences generally are referred to
herein as “Xn,” where n refers to the corresponding position in the reference sequence upon which the
residoe difference is based. For example, a “residue difference at position X93 as compared to SEQ
1D NG:27 refers to a difference of the amino acid residue at the polvpeptide position corresponding to
posttion 93 of SEQ ID NO:2. Thus, if the refercnce polypeptide of SEQ ID NO:2 has a scrine at
position 93, then a “residue difference at position X93 as compared to SEQ 1D NG:27 an anuno acud
substitution of any residue other than serine at the position of the polypeptide corresponding to
position 93 of SEQ ID NO:2. In most instances herein, the specific amino acid restdue difference at a
position is indicated as “XnY ™ where “Xn” specified the corresponding position as described above,
and “Y” 1s the single letter wdentifier of the amino acid found in the engineered polypeptide (i.e., the
different restdue than i the reference polypeptide). In some mstances {e.g., m Tables 2-9), the
present disclosure also provides specific amino acid differences denoted by the conventional notation
“AnB”, where A is the single fetter identifier of the residue in the reference sequence, “n” 1s the
number of the residue position m the reference sequence, and B 1s the single letter identifier of the
residue substitution in the sequence of the engineered polypeptide. In some mstances, a polypeptide of
the present disclosure can molude one or more amino acid residue differences relative to a reference
sequence, which s indicated by a list of the specified positions where residue differences are present
relative to the reference sequence. In some embodiments, where maore than one amino acid can be
used in a spectfic residue position of a polypeptide, the vanous amine acid residues that can be used
are separated bv a */" {e.g., X30TH/X307P or X307H/P). The present application includes engincered
polvpeptide seqguences comprising one or more amino acid differences that include cither/or both
conservative and non-conservative amino acid substitutions.

[B035] “Conservative amino acid substitution” refers to a substitution of a residue with a different
residue having a similar side chain, and thus typically involves substitution of the amino acid in the
polvpeptide with amino acids within the same or similar defined class of anuno acids. By way of
example and not limitation, an amino acid with an aliphatic side chain may be substituted with
another aliphatic amimo acid {e.g

bl

alaning, valine, leucine, and isoleucing); an amino acid with
hydroxyl side chain is substituted with another amino acid with a hvdroxyl side chain {¢.g., serine and
threonine); an amino acids having aromatic side chains is substituted with another amino acid having
an aromatic side chain {e.g., phenylalamine, tyrosine, tryptophan, and histidine}; an amino acid with a
basic side chain is substituted with another amino acid with a basis side chain (e.g., lysine and
argining); an amine acid with an acidic side chain is substituted with another amino acid with an
acidic side chain (¢ g, aspartic acid or glutanue acid); and/or a hydrophobic or hvdrophilic amino acid

1s replaced with another hydrophobic or hydrophitic anuno acid, respectively.
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[8036] “Non-conservative substitation” refers to substitation of an amino acid in the polypeptide
with an amino acid with sigoificantly differing side chain properties. Non-conservative substitutions
may use arnino acids between, rather than within, the defined groups and affects {(a) the structure of
the peptide backbone in the arca of the substitution {e.g , proline for glycine) (b} the charge or
hydrophobieity, or (¢} the bulk of the stde chain. By way of example and not hmitation, an exemplary
non-conscrvative sebstitution can be an acidic amino acid substitated with a basic or aliphatic amino
acid; an aromatic amino acid substituted with a small anino acid; and a hydrophilic anuno acid
substituted with a hydrophobic amino acid.

{36377 “Deletion” refers to modification to the polypeptide by removal of one or more aming acids
from the reference polypeptide. Deletions can comprise removal of 1 or more amine acids, 2 or more
amino acids, 5 or more amino acids, 10 or more amino acids, 15 or more amino acids, or 20 or more
amino acids, up to 10% of the total number of anuno acids, or up to 20% of the total number of amino
acids making up the reference enzyme while retaming enzymatic activity and/or retaining the
mproved propertics of an engineered P450-BM3 enzyme. Delctions can be directed to the internal
portions and/or terrainal portions of the polypeptide. In varous embodiments, the deletion can
comprise a continuous segment or can be discontinuous.

[3038] “hnsertion” refers to modification to the polypeptide by addition of one or more amino acids
from the reference polypeptide. Insertions can be in the internal portions of the polypeptide. or to the
carboxy or amino terminus. Insertions as used herein melude fusion proteins as is known in the art,
The msertion can be a contiguous segment of amino acids or separated by one or more of the amno
acids in the naturally occurring polvpeptide.

{063%] A “functional fragment” or a “biclogically active fragment” used interchangeably herein
refers to a polypeptide that has an amino-terminal and/or carboxy-terninal deletion{s) and/or internal
deletions, but where the remaining amino acid sequence is identical to the corresponding posttions in
the sequence to which it 15 being compared (e.g., a full-length enginecred P430-BM3 of the present
wrvention) and that retains substantially all of the activity of the full-length polypepiide.

{0040} “Isolated polypeptide” refers to a polypeptide which 1s substantially separated from other
contaminants that naturally accompany i, e.g., protein, lipids, and polynucleotides. The term
embraces polypeptides which have been removed or purified from thetr naturally-occurring
environment or expression system {e.g., host cell or in vitro synthesis). The recombinant P436-BM3
polyvpeptides may be present within a cell, present in the cellular medium, or prepared in various
forms, such as lysates or isolated preparations. As such, in some embodiments, the recombinant P450-~
BM3 polypeptides can be an isolated polypeptide.

{30341}7 “Substantially pure polypeptide”™ refers to a compaosition in which the polypeptide species is
the predominant species present (1., on a molar or weight basis it 15 more abundant than any other
individual macromolecular species in the composition), and 1s generally a substantially punfied

composition when the object species comprises at least about 50 percent of the macromolecular

8-



WO 2017/007547 PCT/US2016/035399

apecies present by mole or % weight. However, in some embodiments, the composition comprising
P450-BM3 comprises P4306-BM3 that this less than 30% pure {e.g., about 10%, about 20%, about
30%, about 40%, or about 50%) Generally, a substantially purc P450-BM3 composition compriscs
about 60% or more, about 709% or more, about 80% or more, about 90% or more, about 93% or morg,
and aboot 98% or more of all macromolecular species by mole or % weight present in the
composition. In some embodiments, the object species is purified to essential homogeneity (1.e.,
contaminant species cannot be detected in the composition by conventional detection methods)
wheremn the composition consists essentially of a single macromolecular species. Solvent species,
small molecules (<500 Daltons), and elemental 1on specics are not considered macromolecular
species. In some embodiments, the solated recombinant P450-BM3 polvpeptides are substantially
pure polvpeptide compositions.

[0042] “Improved enzyme property” refers to an engimeered P450-BM3 polvpeptide that exhibits an
mprovement in any enzyme property as compared 1o a reference P450-BM3 polypeptide and/or a
wild-type P450-BM3 polypeptide or another cngineered P430-BM3 polypeptide. Improved propertics
inchade but are not limited to such properties as increased protein expression, increased
thermoactivity, increased thermostabihty, increased pH activity, increased stability, increased
enzymatic activity, increased substrate specificity or affinity, mncreased specific activity, increased
resistance to substrate or end-product inhibition, increased chemical stability, improved
chemoselectivity, improved solvent stabuity, increased tolerance to acidic pH, increased tolerance to
proteolvtic activity (1.e., reduced sensitivity to proteolysis), reduced aggregation, increased solubility,
and altered temperature profile.

{8843} “Increased enzymatic activity” or “enhanced catalvtic activity” refers to an improved
property of the engineered P450-BM3 polypeptides, which can be represented by an increase in
specitic activity {(e.g., product produced/time/weight protein) or an increase in percent conversion of
the substrate to the product {¢.g, pereent conversion of starting amount of substrate to product in a
specified time period using a specified amount of P450-BM3) as compared to the reference P450-
BM3 enzyme. Exemplary methods to determine enzyme activity are provided in the Examples. Any
property relating to enzyme activity may be affected, including the classical enzyme propertics of £,
Vo OF Ko, Chianges of which can lead to increased enzymatic activity. Improvements in enzyme
activity can be from about 1.1 fold the enzymatic activity of the corresponding wild-type enzyme, to
as much as 2-fold, 5-fold, 10-fold, 20-fold, 25-fold, 50-fold, 73-fold, 100-fold, 150-fold, 200-fold or
more enzymatic activity than the natarally occurning P450-BM3 or another engineered P450-BM3
from which the P450-BM3 polypeptides were derived.

1303447 “Conversion” refers (o the enzymatic conversion {or bistransformation) of a substrate(s) to
the corresponding product(s}. “Percent conversion” refers to the percent of the substrate that is

converted to the product within a period of time under specified conditions. Thus, the “enzymatic
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activity” or “activity” of a P450-BM3 polypeptide can be expressed as “percent conversion” of the
substrate to the product in a specific period of time.

10045] Enzymes with “generalist properties” {or “generalist enzymes™) refer to enzymes that exhibit
improved activity for a wide range of substrates, as compared to a parental sequence. Generalist
enzymes do not necessarily demonstrate improved activity for every possibie substrate. In particolar,
the present invention provides P450-BM3 variants with gencralist properties, in that they demonstrate
similar or improved activity relative to the paremtal gene for a wide range of sterically and
clectromically diverse substrates. Tn addition, the generalist enzymes provided herein were
enginecred to be improved across a wide range of diverse API-like molecules to increase the
production of metabolites/products.

[0046] “Hvbndization stringency” relates to hvbridization conditions, such as washing conditions, in
the hybridization of nucleic acids. Generally, hybrdization reactions are performed under conditions
of lower stringency, followed by washes of varying but higher stringency. The term “moderately
stringent hvbnidization™ refers to conditions that permit target-DNA to bind a complementary nucleic
acid that bas about 60% 1dentity, preferably about 75% identity, about 8539 identity to the target
DNA, with greater than about 90% identity to target-polynuclestide. Exemplary moderately stringent
conditions are conditions equivalent to hybnidization 1n 50% formanude, 3» Denhart's solution,
SxESPE, 0.2% SDS at 42°C, followed by washing 1n 0. 2xSSPE, 0.2% SDS, at 42°C. “High
stringency hyvbridization” refers generally to conditions that are about 10°C or less from the thermal
melting temperature 7, as determined under the solution condition for a defined polynucleotide
sequience. In some embodiments, a high stringency condition refers to conditions that permit
hybridization of only those nucleic acid sequences that form stabie hybrids in 6.018M NaCli at 65°C
{(i.e., if a hybrid is not stable in 0.018M NaCl at 65°C, it will not be stable under high stringency
conditions, as contemplated herem). High stningency conditions can be provided, for example, by
hybridization in conditions equivalent to 50% formamide, Sx Drenhart’s solution, SXSSPE, 0.2% SbBS
at 42°C, followed by washing in 0.1=55PE, and 0.1% SD§ at 65°C. Another high stringency
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
SDS at 65°C and washing m 0.1x S8C containing ¢.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the references
cited above.

[8047] “Codon optimized” refers to changes in the codons of the polynucleotide encoding a protein
to those preferentially used in a particular organism such that the encoded protein 1s more efficiently
expressed in the organiam of interest. Although the genetic code i1s degenerate in that most aming
acids are represented by several codons, called “synonyms” or “synonymous” codons, it is well
known that codon usage by particular organisms is nonrandom and biascd towards particular codon
triplets. This codon usage bias mayv be higher in reference to a given gene, genes of common function

or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
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protein coding regions of an organism’s genome. In some embodiments, the polynucleotides encoding
the P450-BM3 enzymes may be codon optimized for optimal production from the host organism
selected for expression.

[8048] “Control sequence” refers herein to inclade all components, which are necessary or
advantageous for the expression of a polynucieotide and/or polypeptide of the present application.
FEach control sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are not hnuted to. a leader, polvadenylation
sequence, propeptide sequence, promoter sequence, signal peptide seguence, inifiation sequence and
transcription terminator. At a minimem, the control sequences include a promoter, and transcriptional
and translational stop signals. The control sequences may be provided with linkers for the purpose of
mtroducing specific restriction sites facilitating Higation of the control scquences with the coding
region of the macleic acid sequence encoding a polypeptide.

[8049] “Operably hinked” 1s defined herem as a configuration in which a control sequence is
appropriately placed (1.e., 1n a functional relationship) at a position relative to a polynuacleotide of
interest such that the control sequence directs or regulates the expression of the polynucleotide and/or
polypeptide of interest.

[3056] “Promoter sequence” refers to a nucleic acid sequence that 1s recognized by a host cell for
expression of a polynuckeotide of interest, such as a coding sequence. The promoter sequence contains
transcriptional control sequences, which mediate the expression of a polynucleotide of interest. The
promoter may be any nuclete acid sequence which shows transenptional activity in the host cell of
choice including mutant, truncated, and hybrid promoters, and may be obtained from genes encoding
extraceHular or intraceliular polypeptides either homologous or heterologous to the host cell.

[0651] “Suitable reaction conditions” refers to those conditions in the enzymatic conversion reaction
solution {e.g., ranges of enzvme loading, substrate loading, temperature, pH, buffers, co-solvents, etc.)
wnder which a P450-BM3 polypeptide of the present application is capable of converting a substrate
to the destred product compound, Exemplary “suitable reaction conditions™ are provided in the
present application and tHustrated by the Examples. “Loading”, such as in “compound loading™ or
“enzyme loading” refers to the concentration or amount of a component in a reaction mixture at the
start of the reaction. “Substrate” in the context of an enzymatic conversion reaction process refers {o
the compound or molecule acted on by the P450-BM3 polypeptide. “Product” in the context of an
cnzymatic conversion process refers to the compound or molecule resulting from the action of the
P450-BM3 polypeptide on a substrate.

[3052] As ssed herein the term “colturing” refers to the growing of a population of microbial cells
under any suitable conditions {¢.g., using a liguid, gel or sokid medium).

[0053] Recombinant polypeptides can be produced using any suitable methods known 1n the art.
Genes encoding the wild-type polvpeptide of mterest can be cloned in vectors, such as plasnuds, and

expressed in desired hosts, such as £, cofi, etc. Vanants of recombinant polypeptides can be generated
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by various methods known in the art. Indeed, there 15 a wide variety of different mutagenesis
technigues well known to those skilled in the art. In addition, mutagenesis kits are also available from
many commercial molccular biology supplicrs. Methods are available to make specific substitutions
at defined amino acids (site-directed), specific or random mutations in a localized region of the gene
{regio-specific), or random mutagenesis over the entire gene {e. g, saturation mutagenesis).
Numerous suitable methods are known to those in the ait to generate enzyme variants, inchuding but
not limited to site-directed mutagenesis of single-stranded DNA or double-stranded DNA using PCR,
cassetic mutagenesis, gene synthesis, error-prone PCR, shuffling, and chenucal saturation
mutagenesis, or any other suitable method known in the art. Non-limiting examples of methods used
for DNA and protein enginecring arc provided in the following patents: US Pat. No. 6,117,679, US
Pat. No. 6,420,175; US Pat. No. 6,376,246, US Pat. No. 6,586,182, US Pat. No. 7.747.391; US Pat.
No. 7,747,393; US Pat. No. 7,783,428; and US Pat. No. 8,383,346, After the vanants are produced,
they can be screened for any desired property (e.2., high or increased activity, or low or reduced
activity, mmcreased thermal activity, increased thermal stability, and/or acidic pH stability, etc). In
some embodiments, “recombinant P430-BM3 polypeptides™ (also referred to herein as “engincered
P450-BM3 polypeptides,” “vartant P450-BM3 enzymes,” and “P430-BM3 vanants”) find use.

[3054] As used herein, a "vector” 1s a DNA consiruct for mtroducing a DNA sequence mto a cell. In
some embodiments, the vector is an expression vector that 1s operably linked to a suitable control
sequence capable of effocting the expression in a suitable host of the polypeptide encoded in the DNA
sequence. In some embodiments, an "expression vector” has a promoter sequence operably linked to
the DNA sequence {e.g., transgene) to drive expression in a host cell, and 1n some embodiments, also
comprises a transcription terminator sequence.

[0055] As used herein, the term "expression” includes any step involved in the production of the
polvpeptide including, but not limited to, transcription, post-iranseriptional modification, translation,
and post-translational modification. In some embodiments, the term alse encompasses secretion of
the polypeptide from a cell.

[0056] As used herein, the term: “produces” refors to the production of proteins and/or other
compounds by cells. K is intended that the term encompass anv step mvolved in the production of
polvpeptides including, but not limited to, transcription, post-transcriptional modification, transiation,
and post-transiational modification. In some embodiments, the term also encompasses secretion of the
polvpeptide from a cell.

[B037] As psed herein, an amino acid or nucleotide sequence {(e.g., a promoter sequence, signal
peptide, terrmnator sequence, ete.) 13 “heterologous” to another sequence with which if is operably
tinked if the two sequences are not associated in nature.

160581 As used herein, the terms “host cell” and “host strain” refer to suitable hosts for expression

veetors comprising DNA provided herein (e.g., the polvnucleotides cncoding the P450-BM3 vanants).
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In some embodiments, the host cells are prokaryotic or eukarvotic cells that have been transformed or
transfected with vectors constructed using recombinant DNA techniques as known in the art.

10059] The term “analogue” means a polypeptide having more than 70% sequence identity but less
than 100% sequence wdentity {e.g., more than 75%, 78%, 80%. 83%, 85%, 88%., 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% sequence identity} with a reference polypeptide. In some
embodiments, analogues means polvpeptides that contain one or more non-naterafly occuming amine
acid residucs meluding, but not limited, to homoarginine, ormithine and norvaline, as well as naturally
occurring annno acids. In some embodiments, analogues also mnclude one or more D-amino acid
residuss and non-peptide linkages between two or more anuno acid residues.

103068] The teom “effective amount’” means an amount sufficient to produce the desired result. One of
general skill in the art may determine what the effective amount by using routine experimentation.
[8061] The terms “isolated” and “purnified” are used to refer to a molecule {e.g., an 1solated nucleic
acid, polypeptide, etc.) or other component that 1s removed from at Ieast one other component with
which 1t is naturally associated. The term “purified” does not require absolute purity, rather it 1s

mtended as a relative definttion.

Engineered P424-BM3 Polvpeptides:

[8062] In some embodiments, engineered P4A5S0-BM3 polypeptides are produced by cultivating a
microorganism comprising at least one polynucleotide sequence encoding at least one engineercd
P450-BM3 polypeptide under conditions which are conducive for producing the engincered P450-
BM3 polypeptide(s}. In some embodiments, the engincered P430-BM3 polypeptide is recovered from
the resulting culture medium and/or cells.

[B063] The present invention provides exemplary enginesred P450-BM3 polypeptides having P450-
BM3 activity (i.e., P430-BM3 varianis). The Exaiples provide Tables showing sequence structural
mformation correlating specific amino acid sequence teaturcs with the functional activity of the
engineered P430-BM3 polypeptides. This structure-function correlation information is provided in
the form of specific amino acid residues differences relative to a reference engineered polypeptide, as
indicated in the Examples. The Examples further provide experimentally determined activity data for
the exemplary enginecred P450-BM3 polypeptides.

[064] In some embodiments, the engineered P450-BM3 polypeptides of the invention having P450-
BM3 activity comprise: a) an amino acid sequence having at least 85% sequence identity to reference
sequence SEQ IDNG:Z, 4, 6,8, 10, 12, 14, and/or 16; b} an amino acid residue difference as
compared to SEQ D NO:2. 4, 6, 8, 10, 12, 14, and/or 16 at one or more amino acid positions; and ¢)
which exlubits an improved property selected from 1) enhanced catalviie activity, u) reduced

proteolyviic sensitivity, 111) increased tolerance to acidic pH, 1v}) reduced aggregation, v} increased
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activity on a range of substrates (i.¢., enzvmes with a broad substrate range}, or a combination of any
of 1), i1}, 11} or 1v}, as compared to the reference sequence.

[6665] In some embodiments the engincered P450-BM3 which exhibits an improved property has at
least about 835%, at least about 88%, at least about 90%, at least about 91%, at Ieast about 92%, at
least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
teast about 98%, at least about 959%. or at about 100% amino acid sequence identity with SEQ ID
NG:2, 4,6, 8,10, 12, 14, and/or 16, and an amino acid residue difference as compared to SEQ 1D
NG:2. 4, 6,8, 10, 12, 14, and/or 16, at one or more amino acid positions (suchasat 1,2, 3,4, 5,6, 7,
3,9, 10, 11, 12, i4, 15, 20 or more anino acid positions compared to SEQ ID NO:2, 4, 6, 8, 10, 12,
14, and/or 16, or a sequence having at keast 85%, at least 88%, at least 909%, at least 91%, at least
92%, at fcast 93%. at least 94%. at least 95%. at least 96%, at least 97%, at least 98%, at lcast 99% or
greater amino acid sequence wdentity with SEQ ID NG:2, 4, 6, 8, 10, 12, 14, and/or 16} In some
embodiment the residue difference as compared to SEQ 1D NG:2, 4, 6, 8, 10, 12, 14, and/or 16, at one
or more positions will inchude atleast 1,2, 3,4, 5, 6,7, 8,9, 10 or more conservative amino acid
substitutions. In some embodiments, the engincered P450-BM3 polvpeptide is a polypeptide listed in
any of Tables 2-9.

{3066} In some embodiments the enginecred P450-BM3 which exhibits an improved property has at
least 85%, at lcast 8#8%, at least 90%, at least 919, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% amino acid sequence identity with SEQ
D NO:2, 4, 6,8, 10, 12, 14, and/or 16.

[8067} In some embodiments, the engmeered P450-BM3 polvpeptide comprises a functional
fragment of an engincered P450-BM3 polypeptide encompassed by the invention. Functional
fragments have at least 95%%, 96%, 97%, 98%. or 99% of the activity of the engineered P450-BM3
polvpeptide from which is was derived (.e., the parent engineered P430-BM3). A functional
fragment comprises at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% and even 99% of the
parent sequence of the engincered P450-BM3. In some embodiments the functional fragment is
truncated by less than 3, less than 10, less than 15, less than 10, less than 23, less than 30, less than 33,

Iess than 40, less than 45, and less than 50 amino acids.

Variants with Improved Activity:

[0068] In somc embodiments, the engineered P450-BM3 polypeptides of the invention having P450-
BM3 activity comprise: a) an amino acid sequence having at least 85% sequence identity to reference
sequence SEQ ID NQ:2 4,6, 8, 10, 12, 14, and/or 16, or a fragment thereof, b) an amino acid residue
difference as comparad to SEQ 1D NG:2. 4,6, 8, 10, 12, 14, and/or 16, at one or more amino acid
positions; and ¢} which exhibits tmproved activity, as compared to SEQ D NG:2.

[8669] In some embodiments, the engineered P450-BM3 that exhibits improved activity bas at least

85%, at least 88%, at least 90%, at least 919%, at least 92%, at least 93%, at least 94%, at least 95%, at
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feast 96%, at least 97%, at least 98%, at least 99% or greater amino acid sequence 1dentity with SEQ
P NG:2 4,6, 8, 10, 12, 14, and/or 16, and an amino acid residue difference as compared to SEG 1D
MNO:2, 4,6, 8 10, 12, 14, and/or 16, at one or more amino acid positions (suchasat 1,2,3,4, 5,6, 7,
8,9, 10, 11, 12, §4, 15, 20 or more amino acid positions compared to SEQ ID NG:2, 4, 6, 8, 10, 12,
14, and/or 16, or a sequence having at least 85%, at least 88%, at feast 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%. at least 99% or
greater amino acid sequence identity with SEQ ID NO:2, 4, 6, 8, 10, 12, 14, and/or 16.

[B376] In some embodiments, when all other assay conditions are essentially the same, the
enginecred P430-BM3 polvpeptide has improved activity as compared to a reference P450-BM3
polvpeptide. In some embodiments this activity can be measured under conditions that monitor
enzymatic activity using any suitable assay system to assess the maximum activity of the enzyme
{c.g., the £, Tn other embodiments this activity can be measured under substrate concentrations
resubting 1n one-half, one-fifth, onc-tenth or Iess of maximal activity.  Under cither method of
analysis, the engineered polypeptide has improved activity levels about 1.0 fold, 1.5-fold, 2-fold, 5-
fold, 10-fold, 20-fold, 25-fold, 50-fold, 75-fold, 100-fold, or more of the enzymatic activity of the
reforence P450-BM3 In some embodiments, the engineered P430-BM3 polypeptide having improved
activity as compared to a reference P450-BM3 when measured by any standard assay, inchuding, but
not limited to the assays described in the Examples.

106671} In Light of the guidance provided herein, it 18 further conteruplated that any of the exemplary
engineered polypeptides can be used as the starting amino actd sequence for synthesizing other
engineered PA50-BM3 polypeptides, for example by subsequent rounds of evolution by adding new
combinations of various amino acid differences from other polypeptides and other residue positions
described herein. Further improvements may be generated by including amino acid differences at

residue positions that bad been maintained as unchanged throughout earlier rounds of evolution.

Polvnucleotides Encoding Ensineered Polvpentides, Expression Vectors and Host Cells:

[0072] The present imvention provides polynucleotides encoding the engineered P450-BM3
polvpeptides deseribed herein. In some embodiments, the polynucleotides are operatively linked to
one or more heterologous regulatory sequences that control gene expression to create a recombinant
polvinuclectide capable of expressing the polypeptide. Hxpression constructs containing a
heterologous polynucleotide encoding the engincered P450-BM3 polypeptides can be introduced into
appropriate host cells to express the corresponding P450-BM3 polypeptide.

{30737 As will be apparent to the skilled artisan, availability of a protein sequence and the knowledge
of the codons corresponding to the various amino acids provide a description of all the
polvnnclectides capable of encoding the subject polypeptides. The degeneracy of the genetic code,

where the same amino acids are encoded by alternative or synonymous codons, allows an extremely
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farge number of nucleic acids to be made, all of which encode the enginecred P450-BM3 polypeptide.
Thus, having knowledge of a particular amino acid sequence, those skilled in the art could make any
number of different nucleic acids by simply modifying the scquence of one or more codons in a way
which does not change the amino acid sequence of the protein. In this vegard, the present invention
specifically contemplates each and every possible variation of polynucleotides that could be made
encoding the polypeptides described herein by selecting combinations based on the possible codon
choices, and all such variations are to be considered specifically disclosed for any polypeptide
described herein, mncluding the variants provided in Tables 2-9, as well as SEQ ID NOS8:2, 4, 6, 8, 10,
12, 14, and/or 16,

130374} In various embodiments, the codons are preferably selected to it the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bactena. Consequently, codon optimized polynucleotides encoding the engineered P450-BM3
polvpeptides contain preferred codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of
codon positions of the full length coding region.

[B075] In some embodiments, as described above, the polynuclectide encodes an engineered
polvpeptde having P450-BM3 activity with the properties disclosed herem, wheren the polvpeptide
comprises an aming actd sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more identity to a reference sequence {e.g., SEQ ID NO:Z,
4,6, 8, 10,12, 14, and/or 16), or the amino acid sequence of any variant as disclosed in any of Tables
2-9, and one or more residue differences as compared to the reference polypeptide of SEQ I NGO 2,
4,6, 8, 10, 12, 14, and/or 16, or the amino acid sequence of any variant as disclosed 1n any of Tables
2-9 {forexample 1,2, 3, 4,5, 6,7, 8, 9, 10 or more amino acid residue positions). In some
embodiments, the reference sequence is selected from SEQ ID NO:2Z, 4, 6, 8, 10, 12, 14, and/or 16
[0076] In some embodiments, the polvaucleotides are capable of hybridizing under highly stringent
conditions to a reference polynuclectide sequence selected from SEQ ID NG, 3, 5,7, 9. 11, 13,
and/or 15, or a complement thereof, or a polynucleotide sequence encoding any of the variant P450-
BM3 polypeptides provided herein. In some embodiments, the polynucleotide capable of hybridizing
under highiy stringent conditions encodes a P450-BM3 polvpeptide comprising an amino acid
sequience that has one or more residue differences as compared to SEQ IDNG:2, 4, 6, 8, 10, 12, 14,
and/or 16.

[8077] In some embodiments, an isolated polynucleotide encoding any of the engineered P450-BM3
polypeptides provided herein is manipulated 1n a variety of ways to provide for expression of the
polypeptide. In some embodiments, the polynucleotides encoding the polypeptides are provided as
gxpression vectors where one or more controf sequences is present to regulate the expression of the
polvnucicotides and/or polypeptides. Manipulation of the iselated polynucleotide prior to its insertion

into a vector may be desirable or necessary depending on the expression vector. The technigues for
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modifying polvnucleotides and nucleic acid sequences utilizing recombinant DNA methods are well
known in the art.

16678] In some embodiments, the control sequences include among other sequences, promoters,
Ieader sequences, polyvadenviation sequences, propeptide sequences, signal peptide sequences, and
transcription terminators. As kaown in the art, suntable promoters can be selected based on the host
cells used. For bacterial host celis, suitable promoters for ditecting transcrniption of the nucleic acid
constructs of the present application, inchude, but are not limited to the promoters obtained from the Z.
coli tac operon, Strepromyces coelicolor agarase gene {dagA), Bacillus subtilis levansucrase gene
{sacB), Bacillus licheniformis alpha-amviase gene {amyL), Bacilius stearothermophiius maltogenic
amvlase gene {amyM)}, Bacillus amyloliquefaciens alpha-amylase gene (amyQ), Bacillus
ficheniformis penicillinase gene (penP), Bacillus subtilis xylA and xvIB genes, and prokaryotic beta-
factamase gene (See ¢.g., Villa-Kamaroff et al., Proc. Natl Acad. Sci. USA 75: 3727-3731 [1978]}, as
well as the fac promoter (See e.g., DeBoer ¢t al, Proc. Natl Acad. Sci. USA 80: 21-25 [1983}]).
Exemplary promoters for filamentous fungal host cells, include promoters obtained from the genes for
Aspergillus oryzae TAKA amylase, Rhizomucor miehei aspartic proteinasc, Aspergillus niger ncutral
alpha-amylase, dspergillus niger acid stable alpha-amvlase, Aspergilius niger or Aspergillus awamori
glucoamnyvlase (glaA), Rhizomucor michei ipase, Aspergilius orvzae alkaline protease, Aspergillus
oryzae triose phosphate isomerase, Aspergilivs midulans acetamidase, and Fusarium oxysporum
trypsin-like protease {See ¢.g., WO 96/00787), as well as the NAZ-tpi promoter {a hybrid of the

promoters from the genes for Aspergilius niger neutral alpha-amylase and Aspergilius oryzae triose
phosphate isomerase), and mutant, truncated, and hybrid promoters thersof. Exemplary yeast cell
promoters can be from the genes can be from the genes for Saccharomyces cerevisiae enolase (ENG-
1), Saccharomyces cerevisioe galactokinase (GALL), Saccharomyces cerevisiae alcohol
dehydrogenase/glyveeraldehyvde-3-phosphate dehvdrogenase (ADH2/GAP), and Saccharonmyces
cerevisiae 3-phosphoglycerate kinase. Other useful promoters for veast host cells are known n the art
{5ec ¢.g., Romanos et al., Yeast 8:423-48% [15921}.

{60791 In some embodiments, the control sequence is a suitable transcription terminator sequence, a
sequence recognized by a host cell fo terminate franscription. The terminator sequence 1s operably
hinked to the 3" termunus of the nucleic acid sequence encoding the polypeptide. Any ternunator which
is functional in the host cell of choice finds use tn the present invention. For example, exemplary
transcription terminators for filamentous fungal host cells can be obtained from the genes for
Aspergillus oryzae TAKA amyvlase, Aspergilius niger glocoamylase, Aspergillus nidulons anthranilate
synthase, Aspergiilus niger alpha-glucosidase, and Fusarium oxvsporum trypsin-like protease.
Exemplary termunators for veast host celis can be obtained from the genes for Saccharomyces
cerevisiae cnolase, Saccharomyces cerevisiae cvtochrome C (CYC1), and Saccharomyces cerevisiae
glveeraldehyde-3-phosphate dehydrogenase. Other useful ternunators for veast host cells are known

it the art (See e.g., Romanos et al, supra).

o
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[6086] In some embodiments, the control sequence is a suitable leader sequence, a non-translated
region of an mRNA that is important for translation by the host cell. The leader sequence is operably
inked to the 5' terminus of the nucleic acid sequence encoding the polvpeptide. Any leader sequence
that 15 functional i the host cell of choice may be used. Exemplary leaders for filamentous fungal
host celis are obtained from the genes for Aspergillus oryzae TAKA amylase and Aspergillus nidulans
trrose phosphate iscmerase. Suitable leaders for veast host cells include, but are not limited to those
obtained from the genes for Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisice 3-
phosphoglyeerate kinase, Saccharomyees cerevisiae alpha-factor, and Saccharomyces cerevisiae
alcohol dehydrogenase/glyeeraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

130817 The controd sequence may afso be a polvadenylation sequence, a sequence operably finked to
the 3'terminus of the nucleic acid sequence and which, when transcribed. is recognized by the host
cell as a signal to add polvadenosine residues to transcribed mRNA. Any polyadenylation sequence
which 1s functional in the host cell of choice may be used in the present invention. Exemplary
polvadenylation scquences for filamentous fungal host cells include, but are not limited to those from
the genes for Aspergillus oryzae TAKA amvlase, Aspergillus niger glucoamvlasc, Aspergillus
nidulons anthranilate svothase, Fusarium oxysporum trypsin-like protease, and Aspergillus niger
alpha-glucosidase. Useful polvadenylation sequences for veast host cells are also known 1o the art
{S¢e e.g., Guo and Sherman, Mol Cell. Bio., 15:5983-5990 [1995]).

{0682] In some embodiments, the control sequence is a signal peptide coding region that codes for an
amino acid sequence linked to the amino ternmunus of a polvpeptide and directs the encoded
polvpeptide mnto the cell's secretory pathway. The 5" end of the coding sequence of the nucleic acid
sequence may inherently contain a signal peptide coding region naturally linked in translation reading
frame with the segmend of the coding region that encodes the secreted polvpeptide. Alternatively, the
5" end of the coding sequence may contain a signal peptide coding region that is foreign to the coding
sequence. Any signal peptide coding region that directs the expressed polypeptide into the secrelory
pathway of a host celi of choice finds use for expression of the enginecered P450-BM3 polypeptides
provided herein. Effective signal peptide coding regions tor bacterial host cells include, but are not
Limited to the signal peptide coding regions obtained from the genes for Bacillus NCIB 11837
maltogenic amylase, Bacillus stearothermophilus alpha-amylase, Baciflus lichenifornis subtilisin,
Bacillus licheniformis beta-lactamase, Bacillus stearothermophilus neutral proteases (npr'f, nprS,
nprM), and Bacillus subtilis prsA. Further signal peptides are known i the art (See ¢.g., Simonen and
Palva, Microbiol. Rev., 57:109-137 {1993]). Effective signal pepuide coding regions for filamentous
fungal host cells include, bt are not Himited to the signal peptide coding regions obtained from the
genes for Aspergillus orvzae TAKA amylase, Aspergilius niger neutral amylase, Aspergilius niger
glucoamylase, Rhizomucor miehei aspartic proteinase, Humicola insolens ccllulase, and Humicola
lanuginosa hipase. Useful signal peptides for yveast host cells mclude, but are not hmited 1o those from

the genes for Saccharomyces cerevisioe alpha-factor and Saccharoniyees cerevisice nvertase.
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[6083] In some embodiments, the control sequence is a propeptide coding region that codes for an
amine acid sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is
referred to as a “proenzyme,” “propolypeptide,” or “zyvmogen,” in some cases). A propolypeptide can
be converted to a mature active polypeptide by catalytic or autocatalvtic cleavage of the propeptide
from the propolypeptide. The propeptide coding region includes, but 1s not fimited to the genes for
Bacillus subtilis alkaline protease (aprE), Bacillus subtilis nowiral protease (aprl), Saccharomyces
cerevisiae alpha-factor, Rhizomucor michei aspartic proteinase, and Myceliophthora thermophila
tactase (See e.g., WO 95/33836). Where both signal peptide and propeptide regions are present at the
amino ferminus of a polypeptide, the propeptide region 1s positioned next to the amino termunus of a
polypeptide and the signal peptide region is positioned next to the amino terminus of the propeptide
region.

[6084] In some embodiments, regulatory sequences are also utilized. These sequences facilitate the
regulation of the expression of the polypeptide relative to the growth of the host cell. Examples of
regulatory systems are those which cause the expression of the gene to be turned on or off in response
to a chenucal or physical stimulus, including the presence of a regulatory compound. In prokaryotic
host cells, suttable regulatory sequences include, but are not limited to the le, foc, and frp operator
aystems. In yeast host cells, switable regulatory systems mclude, but are not limited to the ADH?2
system or GALT system. In filamentous fungi. suitable regulatory sequences include, but are not
hinnted to the TAKA alpha-amylase promoter, Aspergiflus niger ghucoamvlase promoter, and
Aspergillus oryvzae glucoamylase promoter.

[B085] In another aspect, the present invention also provides a recombinant expression vector
comprising a polvnucleotide encoding an engineered P450-BM3 polypeptide, and one or more
cxpression regulating regions such as a promoter and a terminator, a replication origin, ctc.,
depending on the type of hosts into which they are to be introduced. in some embodiments, the
various nucleic acid and control sequences described above are joined together to prodoce a
recombinant expression vector which inchudes one or more convenient restriction sites to allow for
msertion or substitution of the nucleic acid sequence encoding the varniant P450-BM3 polypeptide at
such sites. Alternativelv, the polymucleotide sequence(s) of the present invention are expressed by
inserting the polvnucleotide sequence or a nucleic acid constract comprising the polynuclectide
sequence into an appropriate vector for expression. In creating the expression vector, the coding
sequence 1s located in the vector so that the coding sequence is operably linked with the appropriate
control sequences for expression.

[3086] The recombinant expression vector may be any vector {e.g., a plaspnd or virss), that can be
conveniently subjected to recombinant BNA procedures and can result in the expression of the vanant
P450-BM3 polynucleotide sequence. The choice of the vector will typically depend on the
compatibility of the vector with the bost cell mnto which the vector is to be intreduced. The vectors

may be lincar or closed circular plassmds.
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[8087] In some embodiments, the expression vector 1s an autonomously replicating vector (1.e., a
vector that exists as an exira-chromosomal entity, the replication of which is independent of
chromosomal replication, such as a plasmid, an extra-chromosomal element, a minichromosome, or
an artificial chromosome). The vector may contain any means for assuring self-replication. In some
akternative embodiments, the vector may be one which, when introduced into the host cell is
integrated into the genome and replicated together with the chromosome(s) into which it has been
miegrated. Furthemmore, a single vector or plasmid or two or more vectors or plasmids which together
contain the total DNA to be mtroduced o the genome of the host cell, or a transposon may be used.
{3088} In some embodiments, the expression vector preferably contains one or more selectable
markers, which permit casy selection of transformed cells. A “sclectable marker™ is a gene the product
of which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to
auxotrophs, and the ke, Examples of bactenial selectable markers include, but are not limuted to the
derl genes from Bacillus subtilis or Baciilus licheniformis, or markers, which confer antibiotic
resistance such as ampicilling kanamyvein, chloramphenicol or tetracyeling resistance. Suttable markers
for yeast host cells include, but are not himited to ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and
URA3. Selectable markers for use in a filamentous fungal host cell include, but are not limited to,
amd$S {acctamidase), argB {omithine carbamovyitransferases), bar {phosphinothricin acetyvitransferase),
hph (hvgromycin phosphotransferase}, niald (nitrate reductase), pvrs (orotidine-5"-phosphate
decarboxvlase), sC (sulfate adenvltransferase), and trpC (anthranilate svnthase}, as well as equivalents
thereof. In another aspect, the present mvention provides a host cell comprising a polynucleotide
encoding at least one enginecred P450-BM3 polypeptide of the present application, the polynuclectide
being operatively linked to one or more control sequences for expression of the engineered P450-
BM3 enzyme(s) in the host cell. Host cells for use in expressing the polvpeptides encoded by the
cxpression vectors of the present invention are well known in the art and include but are not limited
to, bacterial celle, such as . coli, Vidrio fluvialis, Streptomyces and Salmonelic typhimurium cells;
fungal cells, such as yeast cells {e.g., Swccharomyces cerevisiae and Fichia pastoris [ATCC
Accession No. 201178]); insect cells such as Drosophila 82 and Spodoptera S9 cells; animal cells
such as CHO, COS, BHK, 293, and Bowes melanoma cells; and plant cells. Exemplary host celis are
Escherichia coli stramms (such as W3110 (AfthuA) and BL21).

18089] Accordingly, in ancther aspect, the present invention provides methods for producing the
cngincered P430-BM3 polypeptides, where the methods comprise culturing a host cell capable of
expressing a polymucleotide encoding the engineered P450-BM3 polypeptide under conditions
suttable for expression of the polypeptide. In some embodiments, the methods further comprise the
steps of 1solating and/or purifving the P430-BM3 polypeptides, as described herein.

16699} Appropnate culture media and growth conditions for the above-described host cells are well
known in the art. Polynucleotides for expression of the P450-BM3 polypeptides may be introduced

mto cells by various methods known i the art. Technigues include, among others, electroporation,
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biolkistic particle bombardment, liposome mediated transfection, calcium chioride transfection, and
protoplast fusion.

[0091] The engincercd P450-BM3 with the properties disclosed herein can be obtained by subjecting
the polynucleotide encoding the naturally occurring or engineered P450-BM3 polypeptide to
mutagenesis and/or directed evohution methods known in the art, and as described herein. An
exemplary directed evolution techrique is mutagenesis and/or DNA shuffling (Sec ¢ g, Stemmer,
Proc. Natl. Acad. Sci. USA 91 10747-10751 {19941, WO 95/22625, WO 97/0078, WO 97/35966;
WO 98/27230; WO 00/42651, WO 01/75767 and U.S. Pat. 6,537,746). Other directed evolution
procedares that can be used include, among others, staggered extension process (SIEP), in vitro
recombination {See ¢.g., Zhao et al, Nat. Biotechool., 16:258-261 {1998}), mutagenic PCR (See e g,
Caldwell et al., PCR Methods Appl., 3:5136-8140 [1994}), and casscttc mutagencsis (Sce ¢.g., Black
et al., Proc. Natl. Acad. Sci. USA 93:3525-3529 [1996]).

[80692] For example, mutagenesis and directed evolution methods can be readily applied to
polvnuclectides to gencrate variant librarics that can be expressed, screened, and assayed.
Mutagenesis and directed evolution methods are well known in the art (See e.z., US Patent Nos.
5,605,793, 5,830,721, 6,132,970, 6,420,175, 6,277,638, 6,365,408, 6,602,986, 7,288,375, 6,287 861,
6,297,053, 6,576,467, 6,444 468, 5811238, 6,117,679, 6,165,793, 6,180,406, 6,201 242 6,995 017,
6,395,547, 6,506,602, 6 519,065, 6,506,603, 6,413,774, 6,573,008, 6,323,030, 6,344,356, 6 372,497,
7,868,138, 5,834,252, 5,928,905, 6,489,146, 6,096,548, 6,387 702, 6,391,552, 6,358,742, 6,482,647,
6,335,160, 6,653,072, 6,355,484, 6,303,344, 6,319,713, 6,613,514, 6,455,253, 6,579,678, 6,586,182,
6,406,853, 6,946,296, 7.534.564. 7,776,598, 5,837 458, 6,391,640, 6,309,883, 7,105,297, 7,795,030,
6,326,204, 6.251.674, 6,716,631, 6,528,311, 6,287,862, 6,335,198, 6,352,859, 6,379,964, 7,148 054,
7,629,170, 7.620.500, 6,365,377, 6,358,740, 6,406 910, 6,413,745, 6,436,675, 6,961,664, 7430477,
7,873,499, 7,702,464, 7,783,428, 7,747,391, 7,747 393, 7,751,986, 6,376,246, 6 426 224, 6423 542,
6,479,652, 6,319,714, 6,521,433, 6,368,861, 7.421 347, 7,058,515, 7,024,312, 7,620,502, 7,853,410,
7,957,912, 7,904,249, and all related non-US counterparts; Ling et al., Anal. Biochem., 254:157-78
119971; Dale et al., Mcth. Mol. Biol., 37:369-74 [1996]; Smith, Ann. Rev. Genet, 19:423-462 [1983];
Botstem et al., Science, 229:1193-1201 [1985]; Carter, Biochem. J., 237:1-7 [1986}; Kramer et al ,
Cell, 38:8379-887 [1984}; Wells et al, Gene, 34:315-323 [1985]; Minshell et al., Curr. Op. Chem.
Biol., 3:284-290 [1999]}. Christians et al., Nat. Biotechnol , 17:259-264 [1999]; Crameri et al., Nature,
391:288-291 {1998]; Crameri, et al., Nat. Biotechnol ., 153:436-438 [1997]; Zhang et al., Proc. Nat.
Acad. Sci. U S A | 94:4504-4509 [1997]; Crameri et al | Nat. Biotechnof, 14:315-319 [1996];
Stemmer, Nature, 370:389-391 {19941, Stemmer, Proc. Nat. Acad. Sci. USA, 91:10747-10751 [1994];
WG 95/22625, WO 97/0078; WO 97/33966. WO 98/27230, WO 00/42651;, WO 01/75767, WO
2009/152336, and U.S. Pat. No. 6,537,746, all of which are incorporated herein by reference).

[8693] In some embodiments, the enzyme clones obtained following mutagenesis treatment are

screencd by subjecting the enzymes to a defined temperature {or other assay conditions, such as
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testing the enzyme’s activity over a broad range of substrates) and measuring the amount of enzyme
activity remaining after heat treatments or other assay conditicns. Clones containing a polynuclectide
encoding a P430-BM3 polypeptide are then sequenced to identify the nucleotide sequence changes (if
any), and used to express the enzyme in a host cell. Measuring enzyvme activity from the expression
hibraries can be performed using any sutable method known in the art (¢.g., standard biochenustry
techmgques, such as HPLC analysis).

[0094] For engimcered polypeptides of known sequence, the polynuclestides encoding the enzyme
can be prepared by standard solid-phase methods, according to known synthetic methods. In some
embodiments, fragments of up to about 100 bases can be mdividuaily synthesized, then joined {e.g.,
bv enzymatic or chemical ligation methods, or polymerase mediated methods) to form any desired
continuous sequence. For example, polynucleotides and oligonucleotides disclosed herein can be
prepared by chemical synthesis using the classical phosphoranudite method (Sce ¢ g, Beaucage et al.,
Tetra. Lett, 22:1859-6% {1981]; and Matthes et al., EMBGO J., 3:801-05 {1984}, asitis typically
practiced 10 automated svathetic methods. According to the phosphoramidite method,
oligonucleotides are synthesized {e.2., n an automatic DNA synthesizer), purified, anncaled, ligated
and cloned i appropnate vectors,

[0095] Accordingly, in some embodiments, a method for preparing the enginesred P430-BM3
polypeptide can comprise: {a) synthesizing a polynucieotide encoding a polvpeptide comprising an
amino acid sequence selected from the amino acid sequence of any variant provided in anv of Tables
2-9 as well as SEQ 1D NO:2 4,6, 8, 10, 12, 14, and/or 16, and (b) expressing the P450-BM3
polvpeptide encoded by the polvnuclsotide. In some embodiments of the method, the amino acid
sequence encoded by the polynucleotide can optionally have onc orseveral {e.g., upt0 3,4, 5, orup to
10} amine acid residue deletions, insertions and/or substitutions. In some embodiments, the amino
acid sequence has optionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 19, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23,
1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 amino acid residue deletions, imsertions and/or
substitutions. In some embodiments, the amino acid sequence has optionally 1,2,3,4,5,6,7. 8, 9,
10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30. 30, 35, 40, 45, or 50 amino acid
residue deletions, nsertions and/or substitutions. In some embodiments, the amino acid sequence has
optionally 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 25 amino acid
residuc deletions, insertions and/or substitutions. In some embodiments, the substitutions ¢can be
comservative or non-~conservative substitutions.

[096] The expressed enginecred P4350-BM3 polypeptide can be measured for any desired improved
property {e.g., activity, selectivity, stability, acid tolerance, protease sensifivity, etc ), using any
suitable assay known in the art, including but not limited to the assays and conditions described
herein.

[8697] In some embodiments, any of the engineered P450-BM3 polvpeptides expressed m a host cell

are recovercd from the cells and/or the culture medivm using any one or more of the well-known
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techniques for protein purification, mcluding, among others, lysozyme treatment, sonication,
filtration, salting~-cut, ultra-centrifugation, and chromatography.

10098] Chromatographic techniques for isolation of the P450-BM3 polypeptides include, among
others, reverse phase chromatography high performance liquid chromatography, 1on exchange
chromatography, hydrophobic interaction chromatography, gel electrophoresis, and affinity
chromatography. Conditions for punifying a particular enzyme depends, in part, on factors such as net
charge, hydrophobicity, hvdrophilicity, molecular weight, molecular shape, ete., and will be apparent
to those having skill in the art. In some embodiments, affuuty techmques may be used 1o 1solate the
improved variant P450-BM3 enzymes. In some cmbodiments atilizing affinity chromatography
purification, any antibody which specifically binds the variant P450-BM3 polypeptide finds use. For
the production of antibodics, various host animals, including but not limited to rabbits, mice, rats, etc.,
arc wmmunized by injection with a P450-BM3 polvpeptide (¢.g., a P450-BM3 vanant), or a fragment
thereof. in some embodiments, the P450-BM3 polypeptide or fragment 1s attached to a suitable
carrier, such as BSA, by means of a side chain functional group or hinkers attached to a side chain
functional group.

[3099] In some embodiments, the engineered P450-BM3 polypeptide 1s produced in ahost cell bva
method comprising calturing a host cell {e.g., an &. colf strain) comprising a polynucicotide sequence
encoding an engineered PA50-BM3 polvpeptide as described herein under conditions conducive to the
production of the engincered P450-BM3 polypeptide and recovering the engincered P450-BM3
polvpeptide from the cells and/or culture mediom.

[8108] In some embodiments, the engimecred P450-BM3 polypeptides are recovered from the
recombinant host cells or cell culture and they are further purified by any suitable method{s} known in
the art. In some additional embodiments, the purified P450-BM3 polypeptides are combined with
other ingredients and compounds to provide compositions and formulations comprising the
engineered P430-BM3 polvpeptide as appropriate for different applications and nses {e.g.,

pharmaceutical compositions).

{0101] The foregoing and other aspects of the invention may be better understood in connection with
the following non-limiting examples. The examples are provided for iHustrative purposes only and are

not intended to limit the scope of the present invendion i any way.

EXPERIMENTAL

[0102] The following Examples, including experiments and results achieved, are provided for
tinstrative purposes only and are not to be construed as limiting the present invention.

16103} In the expenimental disclosure below, the following abbreviations apply: ppm (parts per
miflion); M (molar); mM (millimolar), uM and uM (micromolar); 1M (nanomolar); mol (moles); gm

and g {gram), mg (milhgrams); ug and pg (micrograms}y; L and 1 (liter); mi and mL (millifter}; cm
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{centimeters);, mm (miliimeters); am and pm (micrometers); sec. (seconds); min{s) (minute(s)); h(s)
and he(s) (hour(s)}; U (units); MW (molecular weight}; rpay (rotations per minute); °C {degrees
Centigrade); CDS (coding sequence); DNA {deoxyribonucleic acid); RNA (ribonucleic acid); NA
{nucieic acid; polynucleotide); AA (amino acid; polypeptide); £ cofi W3110 (commonly used
taboratory £. ¢olf strain, available from the Coli Genetic Stock Center [CGRC], New Haven, CT);
HPLC (high pressure liguid chromatography), SDS-PAGE {sodium dodecyl sulfate polvacrylamide
gel clectrophoresis), PES (polvethersulfone), CFSE {carboxyflucrescein succinmudyl ester); IPTG
(isopropyl beta-D-1-thiogalactopyranoside), PMBS (polymyxin B sulfate), NADPH (uicotinanude
adenne dinucieotide phosphate; GDH (glucose dehydrogenase); TON (tumnover number), FIGPC
{fold mmprovement over positive control}, TON {(turnover mumber); ESI (clectrospray tonization), LB
{Luria broth),TB (terrific broth), MeOH (methanol); Athens Rescarch (Athens Rescarch Technology,
Athens, GA); ProSpec (ProSpec Tany Technogene, East Brunswick, NI, Sigma-Aldrich {(Sigma-
Aldnch, St. Lows, MO); Ram Scientific (Ram Scientific, Inc., Yonkers, NY};, Pall Corp. (Pali, Corp.,
Pi. Washington, NY); Millipore (Millipore, Corp., Billerica MA); Difco (Difco Laboratories, BD
Diagnostic Systems, Detroit, MIy; Molecular Devices (Molecular Devices, LLC, Sunnyvale, CA};
Kuhner (Adolf Kuhmer, AG, Basel, Switzerland); Cambridge Isotope Laboratones, (Cambridge
isotope Laboratories, Inc., Tewksbury, MA): Applied Biosystems (Apphed Biosystems, part of Life
Technologies, Corp., Grand Island, N3, Agilent {(Agilent Technologies, Inc., Santa Clara, CA);
Thermo Sciontific {part of Thermo Fisher Scientific, Waltham, MA), Fisher (Fisher Scientific,
Waltham, MA); Coming (Coming, Inc., Palo Alto, CA);, Waters (Waters Corp., Milford, MA); GE
Healtheare (GE Healtheare Bio-Sciences, Piscataway, NI), Pierce (Pierce Biotechnology (now part of
Thermo Fisher Scientific), Rockford, 1L}, Phenomenex {(Phenomenex, Inc., Tomrance, CA); Optimal

{Optimal Biotech Group, Belmont, CA}; and Bio-Rad (Bio-Rad Laboratorics, Hercules, CA).

EXAMPLE 1
P456-BM3 Evelution and Construction of Expression Veetors
10104] Librarics of P450-BM3 variants were produced using standard methods known in the art,
based on cight parental sequences of SEQ IDNO:2, 4, 6, 8, 10, 12, 14, and 16. These parental strains
were used to generate combinatorial libranes by recombining beneficial diversity. These parental
backbone strains and their Sequence 1Ds are listed in Table 1 below, with the polvnucleotide sequence

lListed first, followed by the polypeptide sequence.

Table 1, P450-BM3 Parental Backbone Sequences

Backbone Names SEQ 1D NOS:

MCYP-1.2-A05 1/2

e
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Table 1, P450-BM3 Parental Backbone Sequences
Backbone Names SEQ 1D NOS:
MCYP-1.2-A07 3/4
MCYP-1.2-A12 5/6
MCYP-P1.2-B0Z 7/8
MCYP-P1.2-Bi2 9/10
M{OYP-PE2-D06 11/12
MCYP-P1.2-F02 13/14
MCYP-1.2-F12 15716

[0105] These vanants were cloned into an IPTG-mmducible vector, transformed inte £ coli strain
BL21, and plated on LB agar plates supplemented with chloraraphenicol (30 pg/ml). The plates were
grown at 37 °C for 16 hrs before single clones were picked and added to 96-well Axygen® plates
{Corning), containing LB medium (250 ul/well) supplemented with chloramphenicol (30 pg/mlL}.
Afier the plates were shaken at 250 rpmy, 30 °C, and 85% humudity for 20-24 h to grow the cultures to
saturation, an aliquot (30 uL) was used to inoculate 2 mL 96-well Costar” deep plates (Corning)
containing TB medm (900 pLl) supplemented with chioramphenicol (30 pe/mL), trace clement
solution (740 ug/L ammounum molvbdate tetrahvdrate, 5 8 mgs/L zinc sulfate heptahvdrate, 620 ug/L
boric acid anhydrous, 1 mg/L copper sulfate pentahydrate, and 4 mgs/L manganese chloride
tetrahydrate), and 0.03 g/L ammontum iron {IH) citrate. After being shaken at 250 rpm, 30 °C, and
85% hunudity to an ODgeo of 0.8 ~ 1.2, P4530 expression was induced by addition of IPTG (500 uM)
and the heme precursor S-aminolevelinic acid (5-ALA) to a final concentration of 500 uM. The
culturcs were shaken at 250 rpm, 26 °C, 85% hunudity for 24 hrs before the cells were centrifuged
and stored at -80 °C.

[0106] Cell lysis was accomplished by resuspending cell pellets in 96-well Costar® plates (Cormning)
with Iyvais buffer (300 pl/well) containing potassium phosphate, pH 8.0 (100 mM}, MgSG, (10 mM),
DTT (1 mM), lvsozyme (1 mg/mL), PMBS (0.5 mg/mL), and DNAscl (3 pgs/mL). The lysis
reactions were shaken using a table top shaker (setting 8-10) at room temperature for 1.25 hrs. The
ysis reaction was centrifuged to peliet cellular debnis and the supernatant was used in the activity
assays described in Example 2.

{3107} For the production of lyophilized protein powders, LB agar plates supplemented with
chloramphenicol (30 pa/ml) were streaked with . cofi containing a desired B. megarerium P450-

BM3 variant in an IPTG-inducible vector. The plates were grown at 37 °C for 16 hrs before single
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clones were selected to inoculate a 13 mL Falcon™ tabe (Fisher) containing TB media (3 mL)
supplemented with chioramphenicol (30 pg/mL). The tube was shaken at 200 rpny, 30 °C, and 85%
humidity for 20-24 h to grow the cultures to saturation. Then, 2.5 mb of the overnight culture was
used to inoculate sterile 1L flasks containing TB medium {250 mL) supplemented with
chloramphenicol (30 pg/ml), trace element solution (as described above), and 0.05 g/l ammonium
iron (I) citrate. After being shaken at 250 rpm, 30 °C, and 83% humdity to an ODgg of 0.8 - 1.2,
P450 expression was mduced by addition of IPTG (500 uM) and the heme precursor S-aminolevehnic
acid {5-ALA} to a final concentration of 500 uM. The cultures were grown for additional 20-24 hours
and centrifuged in pre-weighed 250 mb centrifuge botties for 20 minutes at 4000 rpm, 4 °C. The
supemnatants were discarded, and the centrifuge bottles containing cell pellets were weighed. The
pellets were resuspended in 30 mM potassiam phosphate buffer with 2 mM DTT, pH 80 S mL of
buffer per gram of cell pellet). The cells were lysed using a microfluidizer homogenizer, and the
suspensions of cells and lysate were collected in sterile 50 mL centrifuge tubes. The samples were
centrifuged for 30 minutes at 10,000 rpr, 4 °C. The clarified lvsate was collected mto a plastic petri
plate and frozen at -80 °C prior to lvophilization. The enzyme-containing Ivsates were lyophilized

using standard methods known in the art.

EXAMPLEZ
ARRBAY SYSTEMS & RESULTS

16108} In this Example, the tost systems used to assess the activities and generalist propertics (e,
activity on a broad substrate range} are descnbed.

L Activity-Based High Throughput Screening (HTP) for Enzymatic Activity:
{8109] Diclofenac (See, Figure 1) was used as a substrate for high throughput (HTP) screening
assays to detect variants with improved activity. Enzyvmatic activity screens were mitiated by adding
60 pL tyvsate and 120 pl of the reaction mixture to each well of a 96-well {2 mL) plate. The reaction
mixture contained the recyeling system (120 mM potassium phosphate. 1.2 mM NADP+, 30 mM
glucose, and 0.6 mg/mL glucose dehydrogenase), co-solvent (7.5% DMSO0), and substrate (3 mM
diclofenac). The reactions were shaken at 250 rpm, 30 °C, 85% humidity for 4-24 hrs. The reactions
were guenched by the addition of acetonitrile (400 pl to 1 ml) to cach well. The quenched reactions
were centrifuged to remove precipitated proteins prior to analysis with HPLC and LCMS, ag

described below.
1. Validation of Generalist Properties:
{6118} Enzvme stocks (~12 pM) were prepared by dissolving ~20 mg of each enzyme in 100 mM

potassiun phosphate buffer, pH 8.0 (1 mL). The concentration of cach enzyme stock solution was
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determined by the UV-visible absorption spectroscopy {after centrifugation to remove particulates)
and diluted to standardize at 12 pM heme protein. Substrate sohations were prepared by dissolving
cach substrate in DMSO to reach a final concentration of 20 mM or 40 mM. Reaction mix (235 pl)
followed by enzyme solution (50 pul.) was added to the plates. The substrate stock solution was added
to the enzyme solutions {15 gL at the two different concentrations). Each reaction contained 100 mM
potassium phosphate, 1 0 mM NADP+, 25 mM ghicose. 0.5 mg/mb. glucose dehvdrogenase, 5%
DMSO and substrate at 1 or 2 M. Loratadine, imatinib, and gefitiib (Sece, Figure 1) were selected
as substrates 1o addition to diclofenac to validate wmproved BM3 variants. The reactions were shaken
at 450 rpm at 30 °C over 24 hours. All reactions were diluted with acetomitnile to a final concentration
of 0.5 mM substrate. The plates were then centrifuged at 3,000g for 1 hour at 20 °C. The supematant

was diuted 1:1 with acetonitrile, filtered using a 0.4 micron filter, and analyzed by UPLC-MS.

[11 BPLC, LOCMS and UPLC-MS Analysis:
(8311} For HPLC and LCMS analysis, 150 gl of cach quenched reaction sample was transferred to
96-well round bottom plates for analysis by HPLC on an Agilent Technologics 1200 series equipped
with an autosampler. 10 pl of guenched sample was injected onto an Onyx Monolithic CI8 column
{2 x 50 mm). The column was cluted at a constant flow rate of 0.5 mL/min; conditions with solvent A
(0. 1% formic acid v/v, in H,O) and solvent B (0.1% formic acid v/v, in acetonitriie) used to elute the
products of the reaction were: 0-1 mun, A/B 90:10; 1-2 min, A/B 80:20; 2-4 min, A/B 70:30; 4-4.5
man, A/B 66:40; 4.5-4.9 mun, A/B 10:90, and 4.9-5.3 mun, A/B 9618, Column cluent was monitored
by UV at 270 nmm. Alternatively, analysis by LC-UV-MS was performed for some substrates on a
Thermo LXQ ton trap system using a Surveyor Plus LC-PDA system for sample separation.
Guenched sanple (0.01 mi) was injected onto a Waters Xbridge C18 columan (3 x50 mm, 5 ). The
column was chuted at a constant flow rate of 0.5 mL min; the conditions with solvent A (0.1% formic
acid v/v, in H,O) and solvent B {0.1% formic acid v/v, in acetonitrile) used to clute the products of the
reaction were: 0-1.5 min, A/B 90:10; 1.5-5.5 min, A/B 20:80; 3 5-6.0 min, A/B 1.99; 6.0-6 25 min,
A/B 80:10; 6.25-7.5 min, A/B 90:10. Column cluent was monitored by PDA (200-500 nm) prior to
MS analysis in positive ESI mode (capillary temperature 330°C, SkV spray voltage). The column
cluent was diverted to waste for the first 1.5 munates of the run. For the remainder of the LC nun, both
MS (/2 125-1000 scan range) and MS/MS were collected. MS/MS spectra were acquired in 3 data-
dependent manner for the nth most intense ions cmploving dynamic exclusion for dominate ions after
the 5™ oceurrence with an exclusion duration of 30 seconds. Data were analyzed using Xcalibur
aoftware for substrate and product base peaks and MS/MS transitions.
{112} For UPLC-MS analysis, the guenched and filtered reactions were transferred to 96-well HTP
plates for analysis by UPLC on a Waters Acquity H-class system cquipped with an autosanmpler. 1 ul
of quenched sample was injected onto an Acquity UPLC HSS T3 column, 100A, (1.8 uny; 2.1 x 100

mm}. The colamn was ¢luted at a constant flow rate of 0.6 mL/min; conditions with solvent A (0.05%

.
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trifluorcacetic acid v/v, in H,O) and solvent B {0.05% trifluorcacetic acid v/v, in acetonitrile) used to
chite the products of the reaction were: (-2 min, A/B 95:5; 2-2.9 min, A/B 5:95; 2.9-3 nun, A/B 95:5;
3-3.5 min, A/B 95:5. Column cluent was monitored by PDA (200-600 nm) prior to MS analysis in
positive EST mode (desolvation temperature 350°C, 3.25kV spray voltage, cone voltage 25V). The
colomn eluent was diverted to waste for the first 0.7 minutes of the ron. For the remainder of the LC
run, both MS (m/z 95-600 scan range) and MS/MS were collected. MS/MS spectra were acquired in a
data-dependent manner for the nth most intense tons employing dynamic exclusion for dominate ions
after the 5™ oecurrence with an exclusion duration of 30 seconds. Data were analyzed using

MassLyax and Virscidian software for substrate and product base peaks and MS/MS transitions.

iv. Results:

[8113] The ability to generate enzymes that bave mmproved activity for a vast range of substrates
requires an evolution approach that optimizes both substrate binding and rate-limiting electron
transfer. Fighteen mutations identified previously that generally optimize both parameters (See, U.S.
Pat. Appln. Publ. No. 2016/0010063, the contents of which arc incorporated heremn by reference in its
entirety and for all purposes) were recombined using the eight alternate backbones histed in Table -1,
from the 96-well commercially available MCYP panel (MUY P-0343; Codexas). The purpose of thas
approach was to screen a combinatorial library from each lineage built on an altemate backbone using
diclofenac as a screening substrate to identify and sclect improved variants. Lyophilized powders of
the most improved variants were screened agamst a suite of compounds to determune the magnitude of
mnprovements on multiple substrates {¢.g., generalist properties). This approach has been referred {o
the “transferability of gencralist diversity.” The variants, substrates screened, and mutations are
summarized in Tables 2 through 9. Figure 2 is a graphical summary for the MCYP-1.2-A12 lincage
{one of the cight lincages summarized in Tables 2-9). In Figure 2, the percent conversion for cach
substrate screened is plotted as a function of cach enzyme screened. In this Figure, the performance

% conversion at fmiM substrate loading) of two evolved P450s (varianis 16 and 17} is compared to
the parental backbone, MCYP-1.2-A12. As shown in Figure 2 and summarized in Table 4, the
parental backbone (MCYP-1.2-A12) extubited low activity for each substrate screened. The evolved
variants (variants 16 and 17) have improved and significant activity for three out of four substrates
screened. Similar trends were observed for the remaining lineages. The performance (%% conversion at
ImM substrate loading) of variants 14 and 15 was compared to their parcntal backbone, MCYP-12-
AO7. The performance (% conversion at ImM substrate loading) of the parental backbone (MCYP-
1.2-A07} 1s summanized in Table 3 and exhibits low activity for imatinib and gefitinib, and moderate
activity for diclofenac and loratadine. The evoived variants exhibit moderate activity for all four
substrates. For cach lincage, an cvolved variant exhibits activity for at least one substrate that the

corresponding parental backbone showed little to no activity and/or extubits mmproved performance

8
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(% conversion at imM substrate loading) for at least one substrate for which the parental backbone
exhibits activity.

{0114} The same trend is observed for the MCYP-1.2-A03 lineage (See, Figure 3), although MCYP-
1.2-A05 15 a chimera. The P450 domain is 86% identical to Bacillus subtilis P430. These resulis
indicate that the combination of analogous muiations/positions should smpart improvemenis in P430
enzymes from other organisms.

{0115] In Tables 2-9, “TON is calculated as ([substrate]* % conversion/[P450]) and"FIOPC is
calculated as either the TON (vanant)/TON (parent) or % conversion (varant)/% conversion (parent).

The following Table provides the key to the remaining entrics.

% Conversion | Netation | TON Notation | FIOPC Notation
G -5400 + 0-1000 08-30 *

501 -10.00 ++ 10G1-5000 # 301-50 ok
10.01-15.00 A 5001-10000 H 501-100 i
15.01--20.00 At 10000-50000 | 10.03 - 1500 | **kx

Table 2. Resulis for Variants 6,7, and 8
{with substitetions shown with reference to SEQ} 1D N(:2)

Variant 6

Yariant 7

Variant 8

SF Validation | Parent (SEQ Q%ﬁf;i ;58{1}1&:;12 | vsisplisrTizey, | PUSRIL2IOYK236H
. e L e ) GV - g . THT- >
Substrate(s) IDNO:2) | N579TT582A:E624D, %zif Kg?; g?‘iﬁ;g S333T.NSTIT;T582A;
AB32SDT27S.Q931K) | O ) E624D;D727S)
[Diclofenac) = | mM ) )
) ) {Diclofenac] = 1 mM | [Diclofenac] =1 mM
[Diclofenac]
=1 mM TON = # _ o
TON=4# TON =#
TON? =+ % Conv. =++

% Cony. =+

Y% Conv. =+

Diclofenac
% Conv. = + FIOPCP (AD3) = _ o ,
v FIOPC (A0S)y=**** | FIOPC (AQ5) = #%**
N [Loratadine] | [Loratadine] = 1 mM | [Loratadine] =1 mM | Loratadime] = 1 mM
\\‘L /k i ¢ .rJ
T /E[ " =1 mM
//"( TON=# TON =4 TON =#
~ TON =+
Loratadine % Cony. = ++ % Cony. = ++ % Conv. = ++

3G
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Table 2, Results for Variants 6,7, and 8

{with substitutions shown with reference to SEQ 1D NG:2)

Variant 6 Variant 7 Variant 8
(VSIS:DIISRL2IOY; | . ..o imoy. | (DHSRL219Y:K236H
K236HPISIT:S353T, | (V2! S:Di},gg’“ﬁ\i :
Substrate(s} IDNOG:2) | N579TT5824,E624D: Iffifzg;ggziz §353T:N379TT582A;
AB328;D7278:Q931K) IBLAEOZALDTETS) E624D:D37278)

SF Validation | Parent (SEQ

% Conv. =+

FIoPC (AOf?) = wEkR 4 EIGPC (1@05) = REFE FIOPC (Af)ﬁ) ek

[Imatinib] = {Imatinib] = 1 mM [Imatinub] = 1 mM [Enatinib] = 1 mM
o I mM
A lLNH | T . -
(Ej X ~ TON = #4 TON = 4 TON = #
N £ /\N/'\\N T T oon 4
[ N] N [ ON = #
% Conv. = ++++ % Conv, = 4+ % Conv. = ++++
Imatinib ,
% Conv. =
++ FIOPC (AQ5)=* FIOPC (AQ5) = #% FIOPC (A5 =*
o [Gefitinib] = I mM [Gefitinib] = 1 mM [Gefitinib] = 1 mM
[Gefitinib] =
o~ O tmM - 7
[N TON =4 TON =+ TON =4
P
TON =1
% Conv. =+ % Conv. =+ % Cony. = +
Gefitimb
% Conv. =+ ‘ '
FIOPC (A0S)=* FIOPC (AD5) =+ FIOPC (A0S =*
Table 3. Results for Variants 14 and 18
{with substitutions shown with reference to SE{ 1D NO:43
. Variant 15
Backbone Variant 14
e (K32R;C485:195P;
SF Validation - (CA85:195P:G115R; e
(SEQ ID , ) L216Y D232HE349T;
Subsirate(s} L216Y;D232H:M491 A,
N 4) MAGTANSTAT TITTA,
N374T:D7228)
E619D:.D7228)
U}«O’Na‘ [Dhclofenac] = [Diclofenac] = 1 mM Diclofenac] = 1 mM
HN—'{:J{ 1mM
il
1§ TON = 4 TON =

=3(-
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Table 3. Results for Variants 14 and 15

{with substitutions shown with reference to SEQ 1D NO:4}

Variant 14

Variant 15

Backbone K32R;C485:195P;
SF Validation (C48S:195P:GI15R: (IR CABSIAP:
] {(SEQ 1D ] L216Y D232HE349T:
Substrate(s) 1L216Y D232, M491A; ]
N4 ) MAGIANSTATTSTTA;
N374T,D7228)
E619D.D7225)
Diclofenac TON =#
% Conv. = ++++ %o Conv. = ++++
% Cony. =
+++ FIOPC (AQ7)y=** FIOPC ATy =*
[Loratadine] = [Loratadine] = I mM [Loratadine} = 1 mM
e I mM
4/ va~~N—;/ - ¥
j\ TON = # TON = H##
e TON = 4
o7 \9
~ % Conv. = +++ % Conv, == ++++
Loratadine % Cony. =
bt FIOPC (AQTy=* FIOPC (AO7y=+*#
- {Imatinib] = 1 mM {Imatinib} = 1 mM
{Imatinib] = 1
AN j‘NH Yl‘l}\’i T I : L
LT L. TON =+ TON =
N W TON=4#

Imatinib

Y% Cony. = ++

% Conv. = +++

FIOPC (AQ7) = *

% Conv. = ++++

FIOPC (AQT) = ¥¥

-
/n”\ir,’
i
o HN SR
SUL RPN

}
N
P

\O/L/ “//I

Gefitinib

[Gefittmbl =1
mM

TON =4

% Conv. =+

[Gefitinib] = 1 mM

TON = ##4

% Conv, = ++++

FIOPC (AQ7)= *#%%

[Gefitinib] = 1 mM

TON = HH

% Conv, = ++++

FIOPC (AO7)= *##%
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Table 4. Resulis for Variants 14 and 15

{with substitutions shown with reference to SEQ ID NG:6)

Variant 16

Variant 17

SF Validation Backbone (K32R:CA88:Y52F: (I&QR;L%E?;:YDZ’I*;.
- - ) e ) 195P;.Q111IR,GLISR,
) , (REQ ID GLISR;L216Y D232H, Y AT TYr AL
Substrate(s) | E340KMA91ATS774; | LL7OV:L216Y.Da3aH,
NG:6) EM()’D‘/A{}T?’/'S“’EV)’:’Z:ZS; E349T . M491AT577A;
e EsioD:D72285)
o Diclofenac) = 1 mM [Diclofenac] = 1 mM
[Dnclofenac] =
%o I mM ,
S TON = ## TON = ##
HN/\\//JI
e TON = # - ,
% Conv. = ++++ % Cony, = ++++
Diclofenac

% Conv. = ++

FIOPC (A12) = *

FIOPC (A1) =¥

{Loratadine] = 1 mM

[Loratadine] = | mM

[Loratadine] =
Ci\fﬁ\ﬁ I I mM
< H & TON =1 TON =4
)
oo TON =4 '
~ % Conv, =+ % Conv, =+
Loratadine
% Conv, =+
FIOPC (A12y=* FIOPC (A12) =*
. [Imatinib] = 1 mM [Imatmib} = 1 mM
[matinib] = 1
. i " mM
o TON = i# TON = #4
‘/ = /\l NEY
.KN\: \\V)L“E‘J\\N)L\H/’\
S Al TON=#4
Y% Conv, = ++++ % Conv. = ++++
{matimb
% Conv. =+
FIOPC (A12) = ###* FIOPC (A12) = *#4*
o {Gefitinib] = | mM [Gefitinib] = | mM
[Gefitinib] = 1
s \T’F
o s mM _
Vhoal TON = #4 TON = H#
\r_v’:\/)\m’?l
TON =4
% Conv. = ++++ % Conv. = +-+++
Gefitinib

% Conv., = ++

FIOPC (A12) = ***
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Table 5. Results for Variants 9, 10, and 11

{with substitutions shown with reference to SEQ 1D NO:8)
Variant 10 Variant 11
Yariant 9 (
SF Validation (Y 52F:D232H. 349 {K32R;Y52F,K95P; {(KOSP,QIHIR.GLISR,
{ ‘ Backbone K- QUURGHISRIITOY, | 176V L216Y E349T;
Substrate(s} E619D; D72 28:R762 L216Y . D232H:P3477, | M491ATSTTAEGLS
H) E349TM491ATS77A, D
E619D,D7225) D7228)
- , {Diclofenac] = 1 . o
[Diclofenac] M {Diclofenac] = 1 mM [Diclofenac] = 1 mM
mM
o = mM
— | TON = # TON = #
HN'J\\/” TON == #“{'
L\Lﬁ\/‘rl TON =#
* , % Cony. = +++ % Conv. = ++++
Diclofenac % Conv. = ++++
% Conv
et FIOPC (BO2y = * FIOPC (B0O2) = *
FIGPC (B0O2) = *
o [Loratadine} = 1 o 7
{Loratadine] M [Loratadine} = 1 mM [Loratadine} = I mM
m
by T, =1mM
ﬁ\\L/‘\./'k/N?’ e VAT
Py o TON =# T'ON = #
() TON=#
N TON=#
foiaaas)
N
Loratadine

% Convy. =

% Conv. = ++

FIOPC (B02) = *

[Imatinib] = 1 mM

Y% Conv, = ++

FIOPC (B0Z2) = *

(3/0 COHV L= b

FIOPC (B02) =*

[Gefitinib] = 1 mM

TON = ##
% Conv. =

R

FIOPC (B02) = *

[Imatinib} = 1 mM
TON =
(,)'/0 (_‘,Onv. SRR

FIOPC (B02) = **

[Imatinib] = I mM
TON =
(,)/0 COUV. e

_%_ .‘{_.

FIOPC (B02) = *

++
{imatib] =
o I mM
/}‘/}L"N‘n‘
() YV | TON =
‘N ! \?\4//
|
Imatinub )
% Conv. =
e
[Gefitinib] =
o~
o~ pee 1 mM
N ,\/o\/\\‘ A "
Y w
TON =4
Gefitinib

% Conv. =+

Fi

TON =+#

% Conv. =+

OPC (B02) = *

[Gefitinib] = 1 mM
TON =#

% Conv. = ++

[Gefitinib] = 1 oM
TON =+

% Conv. =+
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Table 6. Resulisfor Variants 3,4, and 3

{with sabstitetions shown with reference to SE( 1D NO:10)

SF Validation

Variant 3
(K32R;C488:YS2F;

Variant 4

(K32R:C488:Y32F:
195011 1R L216Y:

YVariant 5

(C435:195P;G115R;

Backbone DT N AT , . . ¥,
Substrate(s) TOSPAIGYIDIIIN. | 1y 5o paaTTiERA0K, | A 16YIS23IRDa3H,
E349K M491 A N5S74T; M4 1 ’&D’Ni74TD'E619D/' MASTANSTAT, TSTTA;
la T« LA AN > b3 e . S
D7228) DT225) E619D;D7228)
[Diclofenac) | [Diclofenac] = 1 mM {Dhclofenac] = 1 mM [Diclofenac] = 1 mM
. =i mM
u}.o'ma‘
j’¢\ TON = ## TON =+ TON = ##
ey
CI\E/’? \u/ TON =
> % Conv, = 44+ Y% Conv, = ++++ % Cony. = +H++
Diclofenac .
% Conv. =
s FIOPC (B12) = FIOPC B12y= FIOPC(Bi2)=*
{Loratadine] | {Loratadine] = 1 mM [Loratadine = 1 mM iLoratadine] = | mM
o (\\ =1 mM
N /L TON = ## TON = # TON =
N/ J pomve :Iv =
oo TON = H#
~ %% Conv. = 44+ % Conv, = +-+++ % Conv. = 4+
Loratadine en Convy, =
o+ FIGPC (B12)=* FIOPC (B12y=* FIOPC (Bi2) =+
[Imatinib] = [Imatinib] = 1 mM {Imatinib] = 1 mM [Imatinib] = | mM
o I mM
oy TON = ## TON = ## TON = HH
SdeNe
f&\j ‘\{)\D)\\,\)\ H/\\‘x rfGN - #
N S
E % Conv. = ++++ % Conv. = ++++ % Conv. = ++++
Iraatmib
i % Conv. =
b FIOPC (B12) = ¥%% FIOPC (B{2) = *** FIOPC (BO2) = *¥
[ Gefitinibj [Gefitinib] = 1 mM [Gefitinib] = I mM [Gefitinib] = T mM
j,kl \ A =1 mM
e j;,: TON = #4 TON = #4 TON =
TON =4
Gofitinib % Cony. = ++++ Y% Conv. = ++++ % Conv. = ++++

Yo Conv. =
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{with substitutions shown with reference to SEQ 1D NO:10)

Table 6. Results for Varianis 3

o4, and 5

Variant 3 Variant 4 Yariant 5
SF Validation (K32R;C488.Y5 (RIZRCABSYIIE: (0 486,195P.G115R:
) Backbone VP.T A P 195P,QHIIRL216Y, a3 .
Substrate(s) I93P.L2 16Y,D23 Hj D237H.P347T 349K L216Y; Sv 1R D232H;
E349K:M491A;NS74T, M 491 «‘xN 57 4TE 61495; MASTANSTAT,T77A;
33 ‘ - + &y - > b} N Iy ) N
D7228) D7225) E619D3:,D7228)
++ FIOPC (B12) = #*% FIOPC (B12) = #** FIOPC (B12) = #%*
Table 7. Results for Variants 12 and 13
{with substitutions shown with reference to SEQ 1D NO:12)
Variant 12 Variant 13

SF Validation Backbone (K32R;(48S.Y52F, (K32R.(488:Y52F,

Substrate(s) ¢ 195P;Q11IR:G1I5R; 195P,G115R,D232H;
D232H,M491A;TS7TA; MADTANSTAT . TSTTA;
A6278.D7225) E610D:A62TS, D7228)

) [Diclofenac} = | mM [Diclofenac) = | mM

[Diclofenac]
O o'Na' =1 mM
. TON = # TON =
I
Xr TON =4
% Conv, = +++ % Conv. = ++++
Diclofenac

% Conv. =+

FIOPC (D06) = **

FIOPC (D06) = *#**

{Loratadine] = 1 mM

[Loratadine] = 1 mM

% Conv. =

[Loratadine]
““"\\/\\/\#/—}f:, =1 mM
Vo TON =4 TON =4
L/
oo TON = # |
~ % Conv. = ++ Y Conv. =+
Loratadine
% Conv. = + ] ) o !
FIOPC (DG6Yy =% FIOPC (DO6) = *
{Imatinibj = 1 [Imatinib] = 1 mM {Imatinib] = 1 mM
:j j\ mM
{ f e TON = #4 TON = 44
sIhaaaw
\?;’ TON =4+
Imatinib % Conv 4+ % Cony. = ++++
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Table 7. Results for Variants 12 and 13

{with substitutions shown with reference to SEQ 1D NO:12)

Yariant 12

Variant 13

SF Validation Backbone (K32R;C48S;Y32F, (K32R.C488:Y52F,
Substrate(s) 195P.Q1LIR.GIISR: 195P,G115R.D232H;
D232H:M491ATS77A: | M49IANSTAT.TS7TA:
A6278:D7225) E619D;A6275,D7228)
o FIOPC (D0O6) = *** FIOPC (D06) = ***
) {Gefitimb] = 1 mM [Gefitinib] = 1 mM
) {Gefitimb] =
N r 1 mM
fo N HN Cl TN = 4 K =
Chnsaiy TON =+ TON = #
oAl
TON =+
% Conv. = + % Conv. = +
Gefitimb

Y% Conv. =+

FIOPC (D06) = *

FIOPC (DO6) = **#+

Table 8. Results for Variants 1 and 2

{with substitutions shown with reference to SEQ 1D NO:14)

Yariant §
(YSZF:K93P:.G115R,

Variant 2

SF Validation (Y32F.GlISRT176V;
. Backbone T176V L216Y.D232H; ) ,
Substrate{s} o ) LZ1oY D232HP347T;

E349T.M491ATS77A;
E349TT577A,137228)
E619D)
) [Diclofenac) = 1 mM [Diclofenac] = 1 mM
[Diclofenac]
el =1 mM ‘
N / TON =# TON =+
RN
m\/)\,cl
) TON =+ , ,
% Conv. =+ % Cony, =+
Duclofenac
% Conv. =+ .
FIOPC (F02) = #**% FIOPC (F(2) = *##*
' [Loratadine] = 1 mM [Loratadine] = 1 mM
[Loratading]
Uy =1 mM
S TON =4 TON = #
¢
= TON =#
~ % Conv. =+ % Conv, =+
Loratadine

% Conv. =+

FIOPC (FO2) = *

FIOPC (F02) = *
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Table 8. Results for Variants 1 and 2

{with substitutions shown with rveference to SEQ 1D NG:14)

SF Validation

Substrate{s)

Backbone

Variant 1
(Y52F KO5P.GLISR;
T176V L216Y 3232H;
E349T,M491AT5T7A;
E6i9D)

Variant 2
{(Y32F.G1ISR.T176V;
L218Y D232H P347T,

3497 T37TADT228)

{Imatinib] = 1

{Imatinib} = 1 mM

{Imatinib] = I mM

',;\_/"?\NH mM o o
A i\ N TON = 4 TON =4
Ay }LﬁAN}\E“j
'\'r\‘xf' ' S TON =
% Conv. = ++++ % Cony -+
Imatinib
% Conv. =+ ’ ‘ ' ‘
FIOPC (FO2) = #¥%¥ FIOPC (F(Q) = ###*
, . [Gefitinib] = 1 mM [Gefitinib] = | mM
[Gefitinib] =
4 | mM
N~ BN ' . P
i\/,&wﬁ,\(«\: A TON =4 TON =4
o P
TON =+ ]
% Conv. =+ % Cony. =+
Gefitinib

% Conv. =+

FIOPC (FO2) =*

FIOPC (F02) = *

Table 9. Results for Variants 18 and 19
{with substitutions shown with reference to SEQ 1D NO:16)

Variant 18
(K32R;C48S8;Y52F;

Yariant 19

Cy 5P [176V- 7. C48S8;Y52F . 195P;
SKF Validation Substrate{s) Backbone 195 1176V L216Y; . ¢ 7t P
s D232H:E349K: M491A: QIIRIT6VIL2I6Y;

AT6TT) NST4T.DT7225)
[Diclofenac] Diclofenac) = T mM [Diclofenac] = 1 mM

RV =§mM
i TON = ## TON = ##
Ch St
g TON = ##
Diiclofenac % Conv. = ++++ Y Conv, = ++++

% Conv. =
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Table 9. Results for Variants 18 and 19

{with substitutions shown with reference to SEQ 1D NO:16)

Variant 18
{(K32R.C485,Y52F;
195P; 1176V L216Y;

Yariant 19
{C488;Y52F 195D,

Enatiub

% Conv. =+

% Conv, = +++

FIOPC (F12) = **

SF Validation Substrate{s Backbone - 7t s
) D232HE349K  M491A: QIIIR 76V L216Y,;
N574T-E619D-D722S: D232H:P347T;.M491A
,A767T§ NST4T.D7225)
bt FIOPC (F12) = * FIOPC (F12y=*
[Loratadine] {Loratacdine} = § mM {Loratadine] = | mM
“lﬁfj{:—\ ,ﬁ\? =1 mM
C L v TON=# TON =
¥ TON = #
~ % Cony. = ++ % Cony. = +++
Loratadine % Conv. =
+++ FIOPCFI12y =+ FIOPC(Fo2y =+
o [Imatinib] = 1 mM [Imatinib] = | mM
[Imatinib} = 1
I~ iN y mM . o .
gl PN TON = TON =
F’N' S L‘\N/‘\\Nzk N
'\NJ T \[pj TON = #

Y% Conv. = +++

FIOPC (F12) = **

X
o HN Sy

i ) i
RWLANPE Y’\\y,& 14
T
oA

Gefitintb

{Gefitimb] =
imM

TON =#

Y% Conv, =+

[Gefitimib] = 1 mM

TON = 4

% Cony. = ++++

FIOPC (F12) = *x¥%

[Gefitinib] = T mM

TON = 4

% Conv, = ++++

FIOPC (F12) = ***x

[6116] While the invention has been described with reference to the specific embodiments, various

changes can be made and equivalents can be substituted to adapt to a particular situation, material,

composition of matter, process, process step or steps, thereby achieving benefits of the invention

without departing from the scope of what is claimed.

{3117} For all purposes 1n the United States of America, cach and everv publication and patent

document cited in this disclosure 1s incorporated herein by reterence as if each such publication or
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document was specifically and individually indicated to be incorporated herein by reference. Citation
of publications and patent documents is not intended as an indication that any such document is

pertinent prior art, nor does it counstitiiic an admission as to its contents or date.



The Claims defining the Invention are as follows:

1. A recombinant cytochrome P450-BM3 variant having at least 80% sequence identity
to a polypeptide sequence comprising the sequence set forth in SEQ ID NO:2;

wherein the variant has a polypeptide sequence comprising the sequence selected from the
group comprising:

SEQ ID NO:2:

SEQ ID NO:2 comprising substitutions V51S; D118R; L219Y; K236H; P351T; S353T;
N579T; T582A; E624D; A632S; D727S; and Q931K;

SEQ ID NO:2 comprising substitutions VV51S; D118R; T179V; L219Y; P351T; N579T;
T582A; E624D; D727S;

SEQ ID NO:2 comprising substitutions D118R; L219Y; K236H; S353T; N579T; T582A;
E624D; D727S;

SEQ ID NO:4:

SEQ ID NO:4 comprising substitutions C48S; 195P; G115R; L216Y; D232H; M491A;
N574T; and D722S;

SEQ ID NO:4 comprising substitutions K32R; C48S; 195P; L216Y; D232H; E349T; M491A,
N574T; T577A; E619D; and D722S;

SEQ ID NO:6:

SEQ ID NO:6 comprising substitutions K32R; C48S; Y52F; G115R; L216Y; D232H; E349K;
MA491A; T577A; E619D; A627S; and D722S;

SEQ ID NO:6 comprising substitutions K32R; C48S; Y52F; 195P; Q111R; G115R; 1176V,
L216Y; D232H; E349T; M491A; T577A; E619D; and D722S;

SEQ ID NO:8:
SEQ ID NO:8 comprising substitutions Y52F; D232H; E349K; E619D; D722S; R762H;

SEQ ID NO:8 comprising substitutions K32R; Y52F; K95P; Q111R; G115R; 1176V; L216Y;
D232H; P347T; E349T; M491A,; T577A; E619D; and D722S;

SEQ ID NO:8 comprising substitutions K95P; Q111R; G115R; 1176V, L216Y; E349T,;
M491A; T577A,; E619D; and D722S;
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SEQ ID NO:10:

SEQ ID NO:10 comprising substitutions K32R; C48S; Y52F; 195P; L216Y; D232H; E349K;
M491A; N574T; and D722S;

SEQ ID NO:10 comprising substitutions K32R; C48S; Y52F; 195P; Q111R; L216Y; D232H;
P347T; E349K; M491A; N574T; E619D; and D722S;

SEQ ID NO:10 comprising substitutions C48S; 195P; G115R; L216Y; S231R; D232H;
M491A; N574T; T577A; E619D; and D722S;

SEQ ID NO:12:

SEQ ID NO:12 comprising substitutions K32R; C48S; Y52F; 195P; Q111R; G115R; D232H;
M491A; TS77A; A627S; D722S;

SEQ ID NO:12 comprising substitutions K32R; C48S; Y52F; 195P; G115R; D232H; M491A,;
N574T; T577A; E619D; A627S; and D722S;

SEQ ID NO:14:

SEQ ID NO:14 comprising substitutions Y52F; K95P; G115R; T176V; L216Y; D232H;
E349T; M491A; T577A; and E619D;

SEQ ID NO:14 comprising substitutions Y52F; G115R; T176V; L216Y; D232H; P347T,;
E349T; T577A; D722S; or

SEQ ID NO:16:

SEQ ID NO:16 comprising substitutions K32R; C48S; Y52F; 195P; 1176V; L216Y; D232H,;
E349K; M491A; N574T; E619D; D722S; A767T; and

SEQ ID NO:16 comprising substitutions C48S; Y52F; 195P; Q111R; 1176V; L216Y; D232H;
P347T; M491A; N574T; and D722S.

2. The recombinant cytochrome P450-BM3 variant of Claim 1, wherein the variant has

at least 90% sequence identity to a polypeptide sequence comprising the sequence set forth in SEQ 1D
NOS:2, 4, 6, 8, 10, 12, 14, or 16.

3. The recombinant cytochrome P450-BM3 variant of Claim 1 or Claim 2, wherein said

variant oxidizes at least three organic substrates.

4. The recombinant cytochrome P450-BM3 variant of Claim 3, wherein said organic

substrate is selected from the group comprising loratadine, imatinib, geftinib, and diclofenac.
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5. The recombinant cytochrome P450-BM3 variant of any one of Claims 1 to 4, wherein
the variant exhibits improved oxidizing activity relative to the oxidizing activity exhibited by SEQ ID
NO:2, with respect to an organic substrate selected from the group comprising loratadine, imatinib,
geftinib, and diclofenac.

6. A recombinant polynucleotide sequence encoding the recombinant cytochrome P450-
BM3 variant of any one of Claims 1 to 5.

7. The recombinant polynucleotide sequence of Claim 6, wherein said sequence
comprises SEQ ID NO:1, 3,5, 7, 9, 11, 13, or 15.

8. An expression vector comprising the polynucleotide sequence of Claim 6 or 7.

9. The vector of Claim 8, wherein said polynucleotide sequence is operably linked with
regulatory sequences suitable for expression of said polynucleotide sequence in a suitable non-human

host cell.

10. The vector of Claim 8 or Claim 9, wherein said non-human host cell is a prokaryotic
or eukaryotic cell.

11. The vector of Claim 10, wherein said non-human host cell is a prokaryotic cell.
12. The vector of Claim 10 or Claim 11, wherein said non-human host cell is E. coli.
13. A non-human host cell comprising the vector of Claim 8 or Claim 9.

14. A method for producing at least one recombinant cytochrome P450-BM3 variant
comprising culturing the non-human host cell of Claim 13 under conditions such that the recombinant

cytochrome P450-BM3 variant of any of Claims 1 to 5 is produced by said non-human host cell.

15. The method of Claim 14, further comprising the step of recovering said at least one

recombinant cytochrome P450 variant.
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ABSTRACT

The present invention provides improved P450-BM3 variants with improved activity. In
some embodiments, the P450-BM3 variants exhibit improved activity over a wide range of substrates.

FIGURE 1
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SEQUENCE

Erika M.

MOORE, Jeffrey C.

<120>
<130>

<160> 16
<210> 1
<211> 3165
<212> DNA
<213>

<220>
<223>

<400> 1

atgttaatga
cttccgcatc
ggaccgattt
cttgtggctg
aaggttcgcg
agaaaagcgc
gagaaaatgg
gaagaaattg
gggtttaact
atggtccgtg
gcttatgatg
gacagcatta
cgcatgctga
tttcagatca
gcgatttatt
cgcgtgttaa
atggttttaa
aaggaggata
ttaattccaa
ccggaacggt
ggacagcgeg
cttgtattaa
gcattaacga
atcaatgtac
gaaaacgctc
ggaacggcegce
acgcttgatt

P450_

CX2-150USP1

BM3

aacaggcaag
tggaaaaaga
tccgttttga
aagtgtgtga
cattttccgg
acaacattct
tcgatatcgc
atgtagcgga
atcgattcaa
cactggatga
aaaacaagcg
ttgcagagcg
atgtggaaga
tcacgttttt
gtctgcttac
cggatgacac
atgaaaccct
ctgttcttgg
aactgcaccg
ttgaagatcc
cttgtattgg
agcattttga
tcaagccgga
agagaaaaga
ataatacgcc
gtgatttagc
cacacgccgg

Artificial Sequence

cgcaatacct
acagctttct
ttttccggga
tgaagaacgg
tgacggattg
gatgccgacg
aacccagctg
cgatatgaca
cagcttttac
agcaatgaac
ccagtttcaa
cagggcgaat
tccggaaact
gattgccggc
acatccggaa
gcctgaatat
cagactgtat
cggggaatat
ggatcaaaac
ttcaagtatc
catgcagttt
attgataaac
tgattttaaa
acaggcagaa
gctgettgtg
agatattgca
aaatcttccg

LISTING

cagcccaaaa
caatccttat
gtatccagtg
tttgataaaa
gccactagtt
ttcagccagc
attcaaaagt
cgtctgacgc
cgagatcagc
aagctgcagc
gaagatatca
ggagaccagg
ggtgaaaagc
catgaaacaa
aaactgaaaa
aaacaaatcc
ccaacagctc
ccgatcagca
gcttggggac
cctcaccatg
gctcttcaag
catactggct
attactgtga
cagtctgcta
ctatacggtt
atgagcaaag
cgcgaaggag
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catacggacc
ggcggatagc
tttttgtgtc
gcattgaagg
ggacgcatga
gggccatgaa
ggagccggtt
ttgatacgat
ctcatccatt
gagcaaatcc
aggtgatgaa
atgaaaaaga
tcgacgacga
caagcgggtt
aagctcagga
agcagctcaa
cggetttttce

aagggcagcc
cggatgcgga
cgtataagcc
aagcgacaat
acgaactaaa
aaccgcgaaa
aaaaagtacg
caaatatggg
gatttgcacc
ctgtattaat

33

tttaaaaaat
tgatgaattg
cggccacaat
cgccttggaa
gcctaactgg
ggactatcat
aaaccccaat
tgggttatgc
tattacaagt
agacgaccca
cgacctagtc
tttgctcgcc
aaatatccgc
gctatccttt
ggaagcggat
atacattcgg
tctatatgcg
agtcactgtt
agatttccgt
gtttggaaac
ggttctcggt
aatcaaagaa
aacagcggca
Ccaaaaaggca
aacagctgaa
gcaggtcgca
tgtaacggcg

60
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



tcttataacg
tctgctgatg
gctactacgt
gaaaacatcg
gaatggcgtg
agtgaagata
cttgcgaaaa
ccaggcagtg
caagaaggag
acagcaaggt
ttagctcatt
cttcaagatc
ccgcataaag
gcaaaacgtt
agcgaattta
cctcgtgtcg
agcggatatg
gatacgatta
gaaacgccgc
caggcgcgca
ggctgeccegtt
gaaggcatca
gttcagcacg
cacttctata
aaaagctatg
ctagaagaaa

<210> 2
<211> 1054
<212> PRT

gtcatccgcc
aagtaaaagg
atcaaaaagt
ctgaccgcgg
aacatatgtg
ataaatctac
tgcacggtgc
cacgaagcac
atcatttagg
tcggcctaga
tgccactcgc
ctgttacgcg
tagagcttga
taacaatgct
tcgcecttct
atgaaaaaca
gagaatataa
cgtgctttat
ttatcatggt
aacagctaaa
cacctcatga
ttacgcttca
taatggaaca
tttgcggaga
ctgacgttca
aaggccgata

hp3238sgw-sp.sequence listing ST25

tgataacgca
cgttcgctac
gcctgetttt
tgaagcagat
gagtgacgta
tctttcactt
gttttcaacg
gcgacatctt
tgttattcct
tgcatcacag
taaaacagta
cacgcagctt
agccttgcett
tgaactgctt
gccaagcata
agcaagcatc
aggaattgcg
ttccacaccg
cggaccggga
agaacaagga
agactatctg
taccgctttt
agacggcaag
cggaagccaa
ccaagtgagt
cgcaaaagac

<213> Artificial Sequence

<220>

<223> P450_

<400> 2
Met Leu
1

Pro

Met

Leu Lys

Leu Trp Arg

35

Pro Gly Val
50

Val Cys

65

Lys

Asp

Val Arg

Glu Pro Asn

Gln Arg Ala

BM3

Lys Gln

Asn Leu
20
Ile Ala

Ser Ser

Glu Glu

Ala Phe
85
Trp Arg
100

Met Lys

Ala
Pro
Asp
Val
Arg
70

Ser

Lys

Asp

Ser Ala

His Leu

Ile

Glu

aagcaatttg
tccgtatttg
atcgatgaaa
gcaagcgacg
gcagcctact
caatttgtcg
aacgtcgtag
gaaattgaac
cgcaactatg
caaatccgtc
tccgtagaag
cgcgcaatgg
gaaaagcaag
gaaaaatacc
cgcccgegcet
acggtcagcg
tcgaactatc
cagtcagaat
acaggcgtcg
cagtcacttg
tatcaagaag
tctcgcatgc
aaattgattg
atggcacctg
gaagcagacg
gtgtgggctg

Pro Gln
10

Lys Glu

25

Glu Leu
40
Phe Val
55
Phe Asp

Gly Asp

Ala His

Gly
Ser
Lys
Gly

Asn

Pro Ile

Gly His
Ile
75
Ala

Ser

Leu
90

Ile Leu

105

Tyr His

Glu

Lys Met

tcgactggtt
gatgcggcega
cgcttgecgc
actttgaagg
ttaacctcga
acagcgccgc
caagcaaaga
ttccaaaaga
aaggaatagt
tggaagcaga
agcttctgca
ctgctaaaac
cctacaaaga
cggecgtgtga
attactcgat
ttgtctcagg
ttgccgagct
ttacgctgcc
cgccgtttag
gagaagcaca
agcttgaaaa
caaatcagcc
aacttcttga
ccgttgaagc
ctcgcttatg
ggtaa

Pro Lys Thr

Gln Ser
30
Phe

Leu
Phe Arg
45
Asn Leu Val
60
Glu

Gly Ala

Thr Ser Trp
Thr
110

Ile

Met Pro

Val Asp

Page 2 of 33

agaccaagcg
taaaaactgg
taaaggggca
cacatatgaa
cattgaaaac
ggatatgccg
acttcaacag
agcttcttat
aaaccgtgta
agaagaaaaa
atacgtggag
ggtctgcccg
acaagtgctg
aatgaaattc
ttcttcatca
agaagcgtgg
gcaagaagga
aaaagaccct
aggctttgtg
tttatacttc
cgcccaaagc
gaaaacatac
tcaaggagcg
aacgcttatg

gctgcagcag

Tyr
15
Gln

Gly
Ser

Asp Phe

Ala Glu

Glu
80
His

Leu

Thr
95
Phe Ser

Ala Thr

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
3165



Gln
Val
145
Gly
Phe
Gln
Phe
Ala
225
Arg
Glu
Thr
Pro
Asp
305
Met
Ser
Ser
Gln
Glu
385
Gly
Met
Gly
Phe
Arg
465
Glu
Gly
Lys

Leu

Leu
130
Ala
Phe
Ile
Arg
Gln
210
Glu
Met
Asn
Thr
Glu
290
Asp
Val
Leu
Lys
Asn
370
Asp
Gln
Val
Tyr
Lys
450
Lys
Asn
Thr
Gly

Pro

115
Ile

Asp
Asn
Thr
Ala
195
Glu
Arg
Leu
Ile
Ser
275
Lys
Thr
Leu
Tyr
Gly
355
Ala
Pro
Arg
Leu
Glu
435
Ile
Glu
Ala
Ala
Phe

515
Arg

Gln
Asp
Tyr
Ser
180
Asn
Asp
Arg
Asn
Arg
260
Gly
Leu
Pro
Asn
Ala
340
Gln
Trp
Ser
Ala
Gly
420
Leu
Thr
Gln
His
Glu
500
Ala

Glu

Lys
Met
Arg
165
Met
Pro
Ile
Ala
Val
245
Phe
Leu
Lys
Glu
Glu
325
Lys
Pro
Gly
Ser
Cys
405
Leu
Lys
Val
Ala
Asn
485
Gly

Pro

Gly

Trp
Thr
150
Phe
Val
Asp
Lys
Asn
230
Glu
Gln
Leu
Lys
Tyr
310
Thr
Glu
Val
Pro
Ile
390
Ile
Val
Ile
Lys
Glu
470
Thr
Thr
Gln

Ala

hp3238sgw-sp.sequence listing ST25

Ser
135
Arg
Asn
Arg
Asp
Val
215
Gly
Asp
Ile
Ser
Ala
295
Lys
Leu
Asp
Thr
Asp
375
Pro
Gly
Leu
Lys
Pro
455
Gln
Pro
Ala
Val

Val

120
Arg Leu

Leu Thr
Ser Phe

Ala Leu
185

Pro Ala

200

Met Asn

Asp Gln
Pro Glu

Ile Thr
265

Phe Ala

280

Gln Glu

Gln Ile
Arg Leu

Thr Vval
345

Val Leu

360

Ala Glu

His His
Met Gln

Lys His
425

Glu Ala

440

Arg Lys

Ser Ala
Leu Leu

Arg Asp
505

Ala Thr

520

Leu Ile

Asn
Leu
Tyr
170
Asp
Tyr
Asp
Asp
Thr
250
Phe
Ile
Glu
Gln
Tyr
330
Leu
Ile
Asp
Ala
Phe
410
Phe
Leu
Thr
Lys
Val
490
Leu

Leu

Val

Pro
Asp
155
Arg
Glu
Asp
Leu
Glu
235
Gly
Leu
Tyr
Ala
Gln
315
Pro
Gly
Pro
Phe
Tyr
395
Ala
Glu
Thr
Ala
Lys
475
Leu
Ala
Asp

Thr

Asn
140
Thr
Asp
Ala
Glu
Val
220
Lys
Glu
Ile
Cys
Asp
300
Leu
Thr
Gly
Lys
Arg
380
Lys
Leu
Leu
Ile
Ala
460
Val
Tyr
Asp

Ser

Ala
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125

Glu Glu Ile

Ile
Gln
Met
Asn
205
Asp
Asp
Lys
Ala
Leu
285
Arg
Lys
Ala
Glu
Leu
365
Pro
Pro
Gln
Ile
Lys
445
Ile
Arg
Gly
Ile
His

525
Ser

Gly
Pro
Asn
190
Lys
Ser
Leu
Leu
Gly
270
Leu
Val
Tyr
Pro
Tyr
350
His
Glu
Phe
Glu
Asn
430
Pro
Asn
Lys
Ser
Ala
510
Ala

Tyr

Leu
His
175
Lys
Arg
Ile
Leu
Asp
255
His
Thr
Leu
Ile
Ala

335
Pro

Arg
Gly
Ala
415
His
Asp
Val
Lys
Asn
495
Met
Gly

Asn

Asp
Cys
160
Pro
Leu
Gln
Ile
Ala
240
Asp
Glu
His
Thr
Arg
320
Phe
Ile
Asp
Phe
Asn
400
Thr
Thr
Asp
Gln
Ala
480
Met
Ser

Asn

Gly



His
545
Ser
Asp
Glu
Ala
His
625
Ser
Ala
Val
His
His
705
Thr
Glu
Glu
Gln
Glu
785
Ala
Glu
Arg
Ser
Glu
865
Asp
Pro
Val
Gln

Pro

530
Pro

Ala
Lys
Thr
Asp
610
Met
Glu
Asp
Ala
Leu
690
Leu
Ala
Glu
Glu
Leu
770
Leu
Lys
Met
Tyr
Ile
850
Tyr
Thr
Lys
Ala
Gly

930
His

Pro
Asp
Asn
Leu
595
Ala
Trp
Asp
Met
Ser
675
Glu
Gly
Arg
Glu
Leu
755
Arg
Glu
Arg
Lys
Tyr
835
Thr
Lys
Ile
Asp
Pro
915
Gln

Glu

Asp
Glu
Trp
580
Ala
Ser
Ser
Asn
Pro
660
Lys
Ile
Val
Phe
Lys
740
Leu
Ala
Ala
Leu
Phe
820
Ser
Val
Gly
Thr
Pro
900
Phe

Ser

Asp

Asn
Val
565
Ala
Ala
Asp
Asp
Lys
645
Leu
Glu
Glu
Ile
Gly
725
Leu
Gln
Met
Leu
Thr
805
Ser
Ile
Ser
Ile
Cys
885
Glu
Arg

Leu

Tyr

hp3238sgw-sp.

535

Ala Lys Gln Phe

550
Lys

Thr
Lys
Asp
Val
630
Ser
Ala
Leu
Leu
Pro
710
Leu
Ala
Tyr
Ala
Leu
790
Met
Glu
Ser
Val
Ala
870
Phe
Thr
Gly
Gly

Leu

Gly
Thr
Gly
Phe
615
Ala
Thr
Lys
Gln
Pro
695
Arg
Asp
His
Val
Ala
775
Glu
Leu
Phe
Ser
Val
855
Ser
Ile
Pro
Phe
Glu

935
Tyr

Val
Tyr
Ala
600
Glu
Ala
Leu
Met
Gln
680
Lys
Asn
Ala
Leu
Glu
760
Lys
Lys
Glu
Ile
Ser
840
Ser
Asn
Ser
Leu
Val
920
Ala

Gln

Arg
Gln
585
Glu
Gly
Tyr
Ser
His
665
Pro
Glu
Tyr
Ser
Pro
745
Leu
Thr
Gln
Leu
Ala
825
Pro
Gly
Tyr
Thr
Ile
905
Gln
His

Glu
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Val
Tyr
570
Lys
Asn
Thr
Phe
Leu
650
Gly
Gly
Ala
Glu
Gln
730
Leu
Gln
Val
Ala
Leu
810
Leu
Arg
Glu
Leu
Pro
890
Met
Ala

Leu

Glu

Asp
555
Ser
Val
Ile
Tyr
Asn
635
Gln
Ala
Ser
Ser
Gly
715
Gln
Ala
Asp
Cys
Tyr
795
Glu
Leu
Val
Ala
Ala
875
Gln
Val
Arg
Tyr

Leu

540
Trp

Val
Pro
Ala
Glu
620
Leu
Phe
Phe
Ala
Tyr
700
Ile
Ile
Lys
Pro
Pro
780
Lys
Lys
Pro
Asp
Trp
860
Glu
Ser
Gly
Lys
Phe

940
Glu

Leu Asp Gln

Phe
Ala
Asp
605
Glu
Asp
Val
Ser
Arg
685
Gln
Val
Arg
Thr
Val
765
Pro
Glu
Tyr
Ser
Glu
845
Ser
Leu
Glu
Pro
Gln
925
Gly

Asn

Gly
Phe
590
Arg
Trp
Ile
Asp
Thr
670
Ser
Glu
Asn
Leu
Val
750
Thr
His
Gln
Pro
Ile
830
Lys
Gly
Gln
Phe
Gly
910
Leu

Cys

Ala

Cys
575
Ile
Gly
Arg
Glu
Ser
655
Asn
Thr
Gly
Arg
Glu
735
Ser
Arg
Lys
Val
Ala
815
Arg
Gln
Tyr
Glu
Thr
895
Thr
Lys
Arg

Gln

Ala
560
Gly
Asp
Glu
Glu
Asn
640
Ala
Val
Arg
Asp
Val
720
Ala
Val
Thr
Val
Leu
800
Cys
Pro
Ala
Gly
Gly
880
Leu
Gly
Glu

Ser

Ser



945
Glu Gly Ile

Pro Lys Thr

Ile Glu Leu
995
Gln Met
1010
Val His

Ser

Asp
1025
Leu Glu Glu

<210> 3
<211> 3150
<212> DNA

Ile
Tyr
980
Leu

Ala

Gln

Thr
965
Val
Asp

Pro

Val

hp3238sgw-sp.

950
Leu

Gln

Gln

Ala

Ser
1030

His Thr Ala

His Val Met
985
Gly Ala His
1000
Val Glu Ala
1015
Glu Ala Asp

Gly Arg Tyr Ala Lys

sequence listing ST25

Phe
970
Glu
Phe
Thr
Ala

Asp

955
Ser Arg Met Pro

Gln Asp Gly Lys
990

Tyr Ile Cys Gly

1005
Leu Met Lys Ser
1020

Arg Leu Trp Leu

1035

Val Trp Ala Gly

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 3

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcega
acgcaaagca

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
ggtgacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac

1050

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
Page 5 of

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc

33

960
Asn Gln
975
Lys Leu

Asp Gly

Tyr Ala

Gln Gln
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgcgtgat
tgattcacac
taacggtcat
tgatgaagta

60
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
1680



aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 4
<211> 1049
<212> PRT

gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagecgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 4
Met Thr
1

Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85
Ala His
100

Tyr His

Met
Asn
Gly
Ser
Lys
70

Gly

Asn

Ala

Pro Gln

Thr Asp

Pro

Lys

ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10

Pro Val

25

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Val

Ile Leu

Phe
Arg
Ser
Thr

Leu

Lys Phe

Leu Ile

Gln Ala
75
Ser Trp
90

Pro Ser

105

Met Met

120

Val

Asp Ile

actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser

Ala Val

125
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tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Cys

Cys Asp

Ala Arg
80
Ile Asn
95
Gln Ala

Leu Val

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln

Ala

Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val

Val
530

Trp
Thr
Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala

515
Leu

Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr

Ile

Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu

Leu

Val

Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp

Thr

hp3238sgw-sp.

Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp

Ser

Ala
535

Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His

520
Ser

Asp
Thr
Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala

Tyr

Page 7 of
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Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met

Gly

Asn

His
Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser

Asn

Gly

Ile
140
Leu
His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
33

Glu
Cys
Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro

525
Pro

Val
Gly
Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg

Pro

Ser
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu

Asp

Glu
Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro

Gly

Asn



Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly

Leu
945

Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu

930
Tyr

Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala

Gln

Phe
Arg
Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His

Glu

Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala

Leu

Glu

Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr

Leu
950

hp3238sgw-sp.

Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe

935
Glu

Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly

Asn

Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu

Cys

Ala

Page 8 of
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Ala Ser Ala

Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg

Gln

555
Gly

Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu

Ser

Ser
955

Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro

940
Glu

Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His

Gly

Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu

Ile

Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser

Asp

Ile

Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu

Tyr

Thr
960



Leu His Thr

Gln His Val

Gln Gly Ala
995
Val Glu
1010
Glu Ala

Ala

Ser
1025
Arg Tyr Ala

<210> 5
<211> 3150
<212> DNA

Ala

Met
980
His

Phe
965
Glu

Phe

Ser
Gln

Tyr

hp3238sgw-sp.

Arg Met Pro

Asp Gly Lys
985
Ile Cys Gly

sequence listing ST25

Asn
970
Lys

Asp

Gln Pro Lys Thr Tyr

975

Leu Ile Glu Leu Leu
990

Gly Ser Gln Met Ala

Val
Asp

Pro

Ala Thr

Asp Ala

Leu

Arg

1000
Met Lys
1015
Leu Trp

1030

Lys Asp

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 5

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttcttg
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc

BM3

aggaaatgcc
ataaaccggt
aggcgcctgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggsg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgecgcga
acgcaaagca
gctactccgt

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgceg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc

Ser Tyr

Leu Gln

Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gegttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa

Page 9 of

1005

Ala Asp Val His Gln

1020

Gln Leu Glu Glu Lys
1035

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac

33

Val

Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa

60
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
1680
1740



aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgegtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 6
<211> 1049
<212> PRT

cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcegc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgcgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>
<223> P450_

<400> 6

Met Thr Ile
1
Asn

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Leu

Trp Lys Lys

Met Lys Gly

115
Trp

Gln Lys

BM3

gccgctaaag
gaaggcacat
ctcgacattg
gccgeggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

gggcagaaaa
atgaagaatg
aaaacagtga
tgccgecttgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Met
Asn
Gly
Ser
Lys
70

Gly
Asn

Ala

Leu

Pro
Thr
Glu
Ser
55

Asn
Leu
Ile

Met

Asn

Gln
Asp
Ile
40

Gln
Leu
Phe
Leu
Met

120
Ala

Pro Lys Thr

10
Lys Pro Val
25
Phe

Lys Phe

Arg Leu Ile

Gln Ala
75

Trp

Ser

Thr Ser

90

Leu Pro Ser

105

Val Asp Ile

Asp Glu His

Phe
Gln
Glu
Lys
60

Leu
Thr
Phe

Ala

Ile

Page 10 of 33

Gly
Ala
Ala
45

Glu
Lys
His
Ser
Val

125
Glu

Glu
Leu
30

Pro
Ala
Phe
Glu
Gln
110
Gln

Val

Leu
15

Met
Gly
Cys
Ala
Ile
95

Gln

Leu

Ser

Lys
Lys
Cys
Asp
Arg
80

Asn
Ala

Val

Glu

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala

Ala

130
Met

Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val

530
Lys

Thr
Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515

Leu

Gln

Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile

Phe

Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu

Val

Val

Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr

Asp

hp3238sgw-sp.

135

Leu Asp Thr

Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala

535
Trp

Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520

Ser

Leu

Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr

Asp

sequence listing ST25

Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly

Asn

Gln

Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn

Gly

Ala

140
Leu

His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His

540
Ser

Page 11 of 33

Cys Gly Phe

Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525

Pro

Ala

Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg

Pro

Asp

Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp

Glu

Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly

Asn

Val



545
Lys

Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu

945
Leu

Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr

His

Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln

Thr

Arg
Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu

Ala

Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu

Glu

Phe

550
Ser

Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu

950
Ser

hp3238sgw-sp.

Val Phe Gly

Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu

Arg

Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly

Asn

Met

Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

sequence listing ST25

Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln

Asn

555
Gly

Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser

955
Gln

Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro
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Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly

Lys

Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile

Thr

Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile

Tyr

560
Ala

Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr

960
Val



Gln His Val

Gln Gly Ala
995
Ala Val Glu
1010
Ser Glu Ala
1025
Arg Tyr Ala

<210> 7
<211> 3150
<212> DNA

965
Met Glu
980
His Phe

Ala Thr

Asp Ala

hp3238sgw-sp.sequence listing ST25

Gln Asp Gly Lys
985
Tyr Ile Cys Gly

1000

Leu Met Lys Ser

1015

Arg Leu Trp Leu

1030

Lys Asp

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 7

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtaccgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtttca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcega
acgcaaagca
gctactccgt
cttttatcga

gcagccgaaa
tcaagctttg
tcgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
cggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt

970

1035

Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggaag
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa
gccgctaaag

Page 13 of

Lys Leu Ile Glu Leu Leu

990

Asp Gly Ser Gln Met Ala

1005

Tyr Ala Asp Val His Gln

1020

Gln Gln Leu Glu Glu Lys

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaaaaaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcaacacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa

33

975
Asp

Pro
Val

Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagtatatt
cggctttaac
tatgatccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcaacgtgcg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgcgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac

60
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
1680
1740
1800



cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 8
<211> 1049
<212> PRT

cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagecgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>
<223> P450_

<400> 8
Met Thr
1

Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115
Trp

Gln Lys

130

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Met
Asn
Gly
Ser
Lys
70

Gly
Asn

Ala

Leu

Pro Gln

Thr Asp

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

Pro
Lys
25

Phe
Arg
Ser

Thr

Leu

gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10
Pro Val

Lys Phe

Leu Ile

Ala
75
Trp

Gln

Ser
90

Pro Ser

105

Met Met
120
Asn Ala

135

Val

Asp

Asp Ile

Glu Tyr

atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala Val
125
Ile Glu

140

Val

Page 14 of 33

gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Arg

Cys Asp

Ala Arg
80
Lys Asn
95
Gln Ala

Leu Val

Pro Glu

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala

Ala
545

Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val

530
Lys

Thr
Phe
Ile
Asp
195
Lys
Ser
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515

Leu

Gln

Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile

Phe

Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu

Val

Val

Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr

Asp
550

hp3238sgw-sp.

Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala

535
Trp

Asp Thr
Arg Asp

Glu Val
185

Asp Glu

200

Leu Val

Asp Asp
Glu Pro

Ile Ala
265

Phe Leu

280

Thr Arg

Leu Lys
Thr Ala

Gly Glu
345

Gln Leu

360

Arg Pro

Lys Pro
Leu His

Phe Glu
425

Leu Lys

440

Leu Gly

Arg Lys

Gly Ser

Ile Ala
505

His Ala

520

Ser Tyr

Leu Asp

sequence listing ST25
Gly Leu Cys

Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly

Asn

Gln

155
Pro

Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn

Gly

Ala
555

His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His

540
Ser
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Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525

Pro

Ala

Gly
Phe
Gln
190
Phe
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg

Pro

Asp

Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp

Glu

Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly

Asn

Val
560



Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu

945
Leu

Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr

His

Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln

Thr

Arg
Gln

580
Glu

Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala

820
Pro

Tyr
Thr
Ile
900
Gln
His
Glu

Ala

Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu

Glu

Phe
965

Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu

950
Ser

hp3238sgw-sp.

Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu

Arg

Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly

Asn

Met

Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

sequence listing ST25

Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln

Asn
970

Gly
Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser

955
Gln

Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro
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Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly

Lys

Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile

Thr

Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile

Tyr
975

Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr

960
Val



Gln His Val

Gln Gly Ala
995
Ala Val Glu
1010
Ser Glu Ala
1025
Arg Tyr Ala

<210> 9
<211> 3150
<212> DNA

Met
980
His
Ala

Asp

hp3238sgw-sp.sequence listing ST25

Glu Gln Asp Gly Lys
985
Phe Tyr Ile Cys Gly

1000

Thr Leu Met Lys Ser

1015

Ala Arg Leu Trp Leu

1030

Lys
1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 9

atgacaatta
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag

BM3

aagaaatgcc
ataaaccggt
aggcgcctgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggsg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgecgcega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag

tcagccaaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
agcaacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgceg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt

1035

Asp Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gegttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat

Page 17 of

Lys Leu Ile Glu Leu Leu

990

Asp Gly Ser Gln Met Ala

1005

Tyr Ala Asp Val His Gln

1020

Gln Gln Leu Glu Glu Lys

agcttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac

gggcagaaaa
atgaagaatg

33

Asp
Pro
Val

Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat

60
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
1680
1740
1800
1860



atgtggagtg
tctactcttt
ggtgegtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 10
<211> 1049
<212> PRT

acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcegc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 10
Met Thr
1

Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115
Gln Lys Trp
130
Met

Asp Thr

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Arg Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala

Leu

Thr

Pro Gln

Thr Asp

Pro

Lys

ctcgacattg
gccgeggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10

Pro Val

25

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Ala

Ile Leu

Phe
Arg
Ser
Thr

Leu

Lys Phe

Leu Ile

Gln Ala
75
Ser Trp
90

Pro Ser

105

Met Met
120
Asn Ala
135

Leu Asp

Val
Asp

Thr

Asp Ile

Glu His

Ile Gly

aaaacagtga
tgccgcttgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgcecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggcectg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala val
125
Ile Glu
140

Leu

Val

Cys Gly
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agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Cys

Cys Asp

Ala Arg
80
Ile Asn
95
Gln Ala

Leu Val

Ser Glu

Phe Asn

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



145
Tyr

Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala

545
Lys

Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys

Gly

Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu

Gln

Val

Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe

Arg

Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val

Tyr

150
Phe

Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp

550
Ser

hp3238sgw-sp.

Tyr Arg Asp

Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp

Val

Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser

Leu

Phe

Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr
Asp

Gly

sequence listing ST25

Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn

Gln

Cys

155
Pro

Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala

555
Gly

His Pro Phe

Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540

Ser

Asp
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Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro

Ala

Lys

Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro

Asp

Asn

Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu

Trp

160
Ile

Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val

560
Ala



Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945

Leu

Gln

Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr
His

His

Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln
Thr

Val

Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu
Ala

Met

565
Lys

Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe

965
Glu

hp3238sgw-sp.

Val Pro Ala

Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950

Ser

Gln

Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg

Asp

Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn

Met

Gly

Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

Lys

sequence listing ST25

570

Ile Asp Glu Thr

Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn

970
Lys

Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln

Leu

Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro

Ile
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Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys

Glu

Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr

Leu

575
Ala

Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr

975
Leu

Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val

Asp



Gln Gly Ala His
995
Ala Val Glu Ala

1010

Ser Glu Ala Asp

1025

Arg Tyr Ala Lys

<210> 11
<211> 3150
<212> DNA

980

hp3238sgw-sp.sequence listing ST25

1000

1015

1030

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 11

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac

985
Phe Tyr Ile Cys Gly Asp Gly Ser Gln Met Ala Pro

1035

Asp Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg

Page 21 of

990
1005

1020

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga

33

Thr Leu Met Lys Ser Tyr Ala Asp Val His Gln Val

Ala Arg Leu Trp Leu Gln Gln Leu Glu Glu Lys Gly

1040

tttaccgtta
aggagaaatc
tctaattaaa
attttcccgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgcgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa

60
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
1680
1740
1800
1860
1920



tctactcttt
ggtgcgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 12
<211> 1049
<212> PRT

cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 12
Met Thr Ile
1
Asn

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115
Gln Lys Trp
130
Met

Asp Thr

145

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Arg Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala

Leu

Thr

Pro Gln

Thr Asp

Pro

Lys

gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10

Pro Val

25

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

Phe
Arg
Ser
Thr

Leu

Lys Phe

Leu Ile

Gln Ala
75
Ser Trp
90

Pro Ser

105

Met Met
120
Asn Ala
135

Leu Asp

150

Val
Asp

Thr

Asp Ile

Glu His

Ile Gly

155

tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcgg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala Val
125
Ile Glu
140

Leu

Val

Cys Gly
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gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys
Cys

Cys Asp

Ser Arg
80
Ile Asn
95
Gln Ala

Leu Val

Ser Glu

Phe Asn

160

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala

545
Lys

Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys

Gly

Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu

Gln

Val

Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe

Arg

Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val

Tyr
565

Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp

550
Ser

hp3238sgw-sp.

Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp

Val

Arg Asp

Glu Val
185

Asp Glu

200

Leu Val

Asp Asp
Glu Pro

Ile Ala
265

Phe Leu

280

Ala Arg

Leu Lys
Thr Ala

Gly Glu
345

Gln Leu

360

Arg Pro

Lys Pro
Leu His

Phe Glu
425

Leu Lys

440

Leu Gly

Arg Lys
Gly Ser
Ile Ala
505
His Ala
520
Ser Tyr
Leu Asp

Phe Gly

sequence listing ST25

Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn

Gln

Cys
570

Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala

555
Gly

His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540

Ser

Asp

Page 23 of 33

Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro

Ala

Lys

Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro

Asp

Asn

Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu

Trp
575

Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val

560
Ala



Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945

Leu

Gln

Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr
His

His

Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln
Thr

Val

Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu
Ala

Met
980

Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe

965
Glu

Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950

Ser

Gln

hp3238sgw-sp.

Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg

Asp

Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn

Met

Gly

Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

Lys
985

sequence listing ST25
Asp Glu Thr

Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn

970
Lys

Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln

Leu

Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro

Ile
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Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys

Glu

Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr

Leu
990

Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr

975
Leu

Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val

Asp



995

hp3238sgw-sp.sequence listing ST25
Gln Gly Ala His Phe Tyr Ile Cys Gly Asp Gly Ser Gln Met Ala Pro

1000

1005

Ala Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gln Val

1010

1015

1020

Ser Glu Ala Asp Ala Arg Leu Trp Leu Gln Gln Leu Glu Glu Lys Gly
1030
Arg Tyr Ala Lys Asp Val Trp Ala Gly

1025

<210> 13
<211> 3150
<212> DNA

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 13

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtaccgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt

BM3

aggaaatgcc
ataaaccggt
aggcgcctgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagcaatgaa
gccagtttca
gcaaagcaag
cagaaacggsg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgecgcega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt

gcagccgaaa
tcaagctttg
tcttgtaacg
ctttgataaa
atttacaagc
cttcagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagcagcag
agaagatatc
cggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgceg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc

1035

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacgaga
agtggtcttt
gcagcagaag
cagcttaaat
gegttttccc
ggcgacgaac
gatgtggaag
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg

gccgeggata

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaaaaaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattacaag
cagacgaccc
acgacctagt
tattaacgca
acattcgcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgecttgce
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1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
tatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac

60
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
1680
1740
1800
1860
1920
1980



ggtgegtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 14
<211> 1049
<212> PRT

caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcegc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgcgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 14
Met Thr
1
Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115
Trp

Gln Lys

130

Asp Met Thr

145
Tyr

Arg Phe

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Arg Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala

Leu

Thr

Pro Gln

Thr Asp

Pro

Lys

aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10

Pro Val

25

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

Phe
Arg
Ser
Thr

Leu

Lys Phe

Leu Ile

Gln Ala
75
Ser Trp
90

Pro Ser

105

Met Met
120
Asn Ala
135

Leu Asp

150

Asn Ser

Phe

Tyr Arg

Val
Asp
Thr

Asp Gln

Asp Ile

Glu His

Ile Gly
155
Pro

aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggcectg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala val
125
Ile Glu
140

Leu

Val

Cys Gly

His Pro Phe
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cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Leu

Cys Asp

Ala Arg
80
Lys Asn
95
Gln Ala

Leu Val

Pro Glu

Phe Asn
160

Ile Thr

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys

Thr

Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Leu
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly

Thr

Val
Asp
195
Lys
Ser
Asp
Ile
Ser
275
Ala
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val

Tyr

Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg

Gln

165
Ala

Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr

565
Lys

hp3238sgw-sp.

Leu Asp Glu

Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550

Ser

Val

Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val

Pro

Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu

Phe

Ala

Ala
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu

425
Lys

Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly

Phe

sequence listing ST25

170

Met Asn Lys Gln

Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys

570
Ile

Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly

Asp

Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser

Asp

Glu
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Gln
205
Ile
His
Glu
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys

Thr

Gln
190
Phe
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp

Asn

Leu

175
Arg

Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp

575
Ala

Ala
Glu
Arg
Asn
240
Arg
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala

Ala



Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945
Leu

Gln

Gln

Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr
His
His

Gly

Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln
Thr
Val

Ala

580
Glu

Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu
Ala
Met

980
His

Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe
965
Glu

Phe

Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950
Ser

Gln

Tyr

hp3238sgw-sp.

Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg
Asp

Ile

Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn
Met
Gly

Cys

585
Arg

Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala
Pro
Lys

985
Gly

sequence listing ST25

Gly Glu Ala

Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn
970
Lys

Asp

Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln

Leu

Gly

His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu
Pro

Ile

Ser
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Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys
Glu

Gln

590
Ala

Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr
Leu

990
Met

Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr
975

Leu

Ala

Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val
Asp

Pro



995

hp3238sgw-sp.sequence listing ST25

1000

1005

Ala Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gln Val

1010

1015

1020

Ser Glu Ala Asp Ala Arg Leu Trp Leu Gln Gln Leu Glu Glu Lys Gly
1030
Arg Tyr Ala Lys Asp Val Trp Ala Gly

1025

<210> 15
<211> 3150
<212> DNA

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 15

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttctgg
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgcgtttt

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
agtgacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc

1035

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa

atgggaacag

gcaccgcagg
ttaattgtaa

tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
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1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgcgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga

60
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
1680
1740
1800
1860
1920
1980
2040



agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 16
<211> 1049
<212> PRT

atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

hp3238sgw-sp.sequence listing ST25

tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 16
Met Thr Ile
1
Asn

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Leu

Trp Lys Lys

Met Lys Gly

115
Trp

Gln Lys

130

Asp Met Thr

145
Tyr

Arg Phe

BM3

Lys Glu Me

Leu Leu As

20

Glu Leu G1

Tyr Leu Se

Phe Asp Ly

70

Gly Asp Gl
85

Ala His As

100

Tyr

His Al

Glu Arg Le
Th
15

Ph

Arg Leu

Ser
165

Asn

t Pro Gln

n Thr Asp

Pro

Lys

aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Lys Thr
10

Pro Val

25

Glu Ile
40

Gln

y

Ser
55
Asn

r

S Leu

Leu Val

y

n Ile Leu

Phe
Arg
Ser
Thr

Leu

Lys Phe

Leu Ile

Gln Ala
75
Ser Trp
90

Pro Ser

105

Met Met
120

Ala

a

Asn
135
Leu

u

r
0
e

Asp

Tyr Arg

Val
Asp
Thr

Asp

Asp Ile

Glu His

Ile Gly
155
Gln Pro

170

cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala Val
125
Ile Glu
140

Leu

Val

Cys Gly

His Pro Phe
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aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Cys

Cys Asp

Ala Arg
80
Ile Asn
95
Gln Ala

Leu Val

Ser Glu

Phe Asn
160
Ile Ile

175

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys

Thr

Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly

Thr

Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val

Tyr

Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg

Gln
580

Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr

565
Lys

Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550

Ser

Val

hp3238sgw-sp.

Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val

Pro

Glu Val
185

Asp Glu

200

Leu Val

Asp Asp
Glu Pro

Ile Ala
265

Phe Leu

280

Ala Arg

Leu Lys
Thr Ala

Gly Glu
345

Gln Leu

360

Arg Pro

Lys Pro
Leu His

Phe Glu
425

Leu Lys

440

Leu Gly

Arg Lys
Gly Ser
Ile Ala
505
His Ala
520
Ser Tyr
Leu Asp
Phe Gly

Ala Phe
585

sequence listing ST25
Asn Lys Leu

Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys

570
Ile

Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly

Asp

Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser

Asp

Glu
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Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys

Thr

Gln Arg
190
Cys Gln

Ala Asp
Met Leu

Asn Ile
255

Thr Ser

270

His Val

Pro Val
Val Leu

Leu Tyr
335

Lys Gly

350

Thr Ile

Asn Pro
Gln Arg

Val Leu
415

Tyr Glu

430

Val val

Pro Ser
Ala His

Ala Glu
495
Phe Ala
510
Arg Glu

Pro Asp
Asp Glu
Asn Trp

575

Leu Ala
590

Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala

Ala



Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945
Leu

Gln

Gln

Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr
His
His

Gly

Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln
Thr
Val

Ala
995

Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu
Ala
Met

980
His

Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe
965
Glu

Phe

Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950
Ser

Gln

Tyr

hp3238sgw-sp.

Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg
Asp

Ile

Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn
Met

Gly

Cys
1000

Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala
Pro
Lys

985
Gly

sequence listing ST25

Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn
970
Lys

Asp

Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln

Leu

Gly

Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu
Pro

Ile

Ser

Page 32 of 33

Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys
Glu

Gln
1005

Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr
Leu

990
Met

Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr
975

Leu

Ala

Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val
Asp

Pro



hp3238sgw-sp.sequence listing ST25
Ala Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gln Val

1010 1015 1020
Ser Glu Ala Asp Ala Arg Leu Trp Leu Gln Gln Leu Glu Glu Lys Gly
1025 1030 1035 1040
Arg Tyr Ala Lys Asp Val Trp Ala Gly
1045
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